
 
 
 

    City of Hamilton
 

    CITY COUNCIL
  AGENDA

 
19-017

Wednesday, October 9, 2019, 5:00 P.M.
Council Chambers, Hamilton City Hall

71 Main Street West

Call to Order

1. APPROVAL OF AGENDA

(Added Items, if applicable, will be noted with *)

2. DECLARATIONS OF INTEREST

3. CEREMONIAL ACTIVITIES

3.1 Presentation of the Office of the Governor General - Sovereign's Medal for
Volunteers

3.2 2019 Monarch Awards

“for gardens that nature loves, by gardeners who love nature”

4. APPROVAL OF MINUTES OF PREVIOUS MEETING

4.1 September 25, 2019



5. COMMUNICATIONS

5.1 Correspondence from the Ministry of Natural Resources and Forestry respecting the
Proposed Changes to the Aggregate Resources Act.

Recommendation: Be received and referred to the General Manager of Planning and
Economic Development for appropriate action.

5.2 Correspondence from Nancy Smith, Executive Director, Interval House of Hamilton
respecting the Be More Than a Bystander (BMTB) program and requesting that the
Hamilton sign be lit in purple and grey during the month February of 2020.

Recommendation: Be received.

5.3 Correspondence from the Township of Springwater to the Ministry of Attorney
General in response to the Ministry's letter respecting Joint and Several Liability
Consultation.

Recommendation: Be received.

5.4 Correspondence from Daryl Vaillancourt, Chief, Humane Programs and Community
Outreach, Ontario SPCA and Humane Society respecting Provincial animal welfare
legislation, which is in the midst of a significant transition.

Recommendation: Be received and referred to the General Manager of Planning and
Economic Development for appropriate action.

5.5 Correspondence from the Regional Municipality of Durham to the Honourable Ernie
Hardeman, Minister of Agriculture, Food and Rural Affairs respecting the Golden
Horseshoe Food and Farming Alliance Funding Renewal Request (2019-EDT-14).

Recommendation: Be received

5.6 Correspondence from the Ministry of Transportation respecting a Gas Tax Program
Review Survey to be completed by November 4, 2019.

Recommendation: Be received and referred to the General Manager of Public Works
for appropriate action.

5.7 Correspondence from Michael Ronney requesting that City Council undertake a
review of the Parking By-law No. 01-218.

Recommendation: Be received and referred to the General Manager of Planning and
Economic Development for appropriate action.



5.8 Correspondence and a petition containing 273 signatures from Jonathan Lambert
requesting the immediate upgrade of Glancaster Road (between Twenty and Rymal)
in order to provide safe pedestrian access to nearby amenities.  

(A copy of the petition is available for viewing in the Office of the City Clerk)

Recommendation: Be received and referred to the General Manager of Public Works
for appropriate action.

5.9 Correspondence from the Honourable Todd Smith, Minister of Children, Community
and Social Services respecting important updates to the social assistance in Ontario.

Recommendation: Be received and referred to the General Manager of Healthy and
Safe Communities for appropriate action.

5.10 Correspondence from Paul Dube, Ombudsman Ontario respecting the Final Report
on the investigation into complaints about closed meetings held by the City of
Hamilton on February 9 and 23, 2019.

Recommendation: Be received.

6. COMMITTEE REPORTS

6.1 Special General Issues Committee Report 19-018 - September 27, 2019

6.2 Public Works Committee Report 19-014 - September 30, 2019

6.3 Planning Committee Report 19-015 - October 1, 2019

6.4 General Issues Committee Report 19-019 - October 2, 2019

6.5 Hamilton Renewable Power Inc. Shareholder Report 19-001 - October 2, 2019

6.6 Audit, Finance and Administration Committee Report 19-014 - October 3, 2019

7. MOTIONS

7.1 Control System on Northbound Ramp of the Lincoln Alexander Parkway at Garth
Street

7.2 Levels of Congestion on Garth Street and Scenic Drive at Peak Hours

7.3 Review of Position of Director, Physician Recruitment

7.4 City Enrichment Fund 2020 Budget Enhancement Request for the Concession Street
BIA



7.5 Amendment to Item 25 of the General Issues Committee Report 19-002 (Operating
Budget), respecting Transit Service Levels, Demand and Growth Opportunities by
Ward

7.6 Amendment to Item 27 of the General Issues Committee Report 19-002 (Operating
Budget), respecting Alternative Funding Options for Transit

7.7 Removal of Private Ash Tree at 85 Fiddlers Green Road, Ancaster (Ward 12)

8. NOTICES OF MOTIONS

8.1 Reconsideration of Item 26 of the General Issues Committee Report 19-002
(Operating Budget) respecting a System-Wide Approach to Public Transit

9. STATEMENTS BY MEMBERS

10. PRIVATE AND CONFIDENTIAL

11. BY-LAWS AND CONFIRMING BY-LAW

11.1 246

To Amend By-law No. 01-218, as amended, Being a By-law To Regulate On-Street
Parking

Schedule 6 – Time Limit
Schedule 8 – No Parking
Schedule 13 – No Stopping
Ward: 1,2,3,8

11.2 247

To rename a portion of Upper Mount Albion Road to Columbus Gate
Ward: 9

11.3 248

To Amend Zoning By-law No. 05-200 with respect to lands located at 2274
Powerline Road West, Ancaster
Ward: 12

11.4 249

To Amend Zoning By-law No. 05-200, Respecting Lands Located at 560-580
Highland Road West, Hamilton
Ward: 6



11.5 250

To Permanently Close and Sell a portion of the public unassumed alleyway abutting
the east side of 195 Emerald Street South, Hamilton, Ontario,  namely Part  of the
Alley on Registered Plan 248 in the City of Hamilton, Designated as Parts 1 and 2
on Plan 62R-21003, being part of PIN 17175-0217 (LT); City of Hamilton.

Ward: 2

11.6 251

To Confirm Proceedings of Council

12. ADJOURNMENT



4.1 

 

 
 
 
 
 
 
 

 

CITY COUNCIL 
MINUTES 19-016 

5:00 p.m. 
September 25, 2019 

Council Chamber 
Hamilton City Hall 

71 Main Street West 
 

 

Present: 
 
 
 
 
Absent: 

Mayor F. Eisenberger, Deputy Mayor – A. VanderBeek 
Councillors M. Wilson, J. Farr, N. Nann, C. Collins, S. Merulla, T. Jackson, E. 
Pauls, J. P. Danko, B. Clark, M. Pearson, B. Johnson, L. Ferguson, and J. 
Partridge 
 
Councillor T. Whitehead – Personal 

 
Mayor Eisenberger called the meeting to order and recognized that Council is meeting on 
the traditional territories of the Erie, Neutral, HuronWendat, Haudenosaunee and 
Mississaugas.  This land is covered by the Dish with One Spoon Wampum Belt Covenant, 
which was an agreement between the Haudenosaunee and Anishinaabek to share and 
care for the resources around the Great Lakes.  It was further acknowledged that this land 
is covered by the Between the Lakes Purchase, 1792, between the Crown and the 
Mississaugas of the Credit First Nation.  
 
The Mayor called upon Gen Kelsang Rabgye, the Resident Teacher of Samudra 
Kadampa Buddhist Centre in Hamilton, to provide the invocation. 
 

APPROVAL OF THE AGENDA 
 

The Clerk advised of the following changes to the agenda: 
 
5. COMMUNICATIONS 
 

5.9 Correspondence requesting that Council withdraw their support for 
negotiations with Cardus and their proposed use of Balfour House: 

 
(a) Robert Brosius 
(b) Ruth Cameron 
(c) Robert Brosius 
(d) Michael Demone 

 
Recommendation: Be received and referred to the consideration of Item 1 
of General Issues Committee Report 19-017. 
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5.10 Correspondence from Michael Van Pelt, President and CEO, Cardus 

respecting the Proposal for the Adaptive Re-Use of Balfour 
House/Chedoke Estate. 

 
Recommendation: Be received and referred to the consideration of Item 1 
of General Issues Committee Report 19-017. 

 
5.11 Correspondence from the Honourable Steve Clark, Minister of Municipal 

Affairs and Housing respecting the launching of a consultation on potential 
changes to the delivery of building code services. 
 
Recommendation: Be received and referred to the General Manager of 
Planning and Economic Development for appropriate action. 

 
7. MOTIONS 
 

7.1 Control System on Northbound Ramp of the Lincoln Alexander Parkway at 
Garth Street 
 
Deferred to the October 9th, 2019 Council meeting. 

 
7.2 Levels of Congestion on Garth Street and Scenic Drive at Peak Hours 

 
Deferred to the October 9th, 2019 Council meeting. 

 
7.5  Review of Position of Director, Physician Recruitment  
 

Revised from “Retention”. 
 

8. NOTICES OF MOTION 
 

8.1 Amendment to the Terms of the Reference of the Accessible Transit Services 
Review Sub-Committee 

 
(Clark/Partridge) 
That the agenda for the September 25, 2019 meeting of Council be approved, as amended. 
 
Result: Motion CARRIED by a vote of 15 to 0, as follows: 

 
 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 
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YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 

DECLARATIONS OF INTEREST 

 
Councillor Wilson declared a conflict with respect to Item 9 of the Planning Committee 
Report 19-014, respecting Report LS19037 / PED19198, Appeal to the Local Planning 
Appeal Tribunal on the City of Hamilton’s Approval of Official Plan Amendment (OPA 102) 
and Zoning By-law Amendment (By-law 18-114) for the Lands Located at 44 Hughson 
Street South, 75 James Street South and 9 Jackson Street East by Fengate Hamilton Lands 
GP Inc. and LPF Hamilton Lands LP due to her spouse’ s potential involvement, directly or 
through firms with which he is associated, in negotiations that might arise as a result of the 
Report’ s implementation. 

 
Councillor M. Wilson declared an interest to Items 8, (d)(i), (e)(iii) and (g)(iv) of the General 
Issues Committee Report 19-017, respecting Report PED18168(b) - Sports, Entertainment 
and Convention Venues Review, as her spouse’s involvement or potential involvement, 
directly or through firms with which he is associated in negotiations that might arise as a 
result of the reports implementation. 
 

APPROVAL OF MINUTES OF PREVIOUS MEETING 

 
4.1 September 11, 2019 
 
 (VanderBeek/Pearson) 

That the Minutes of the September 11, 2019 meeting of Council be approved, as 
presented. 
 
Result: Motion CARRIED by a vote of 15 to 0, as follows: 

 
 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
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 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 

COMMUNICATIONS 

 
(VanderBeek/Ferguson) 
That Council Communications 5.1 to 5.11 be approved, as amended, as follows: 
 
5.1 Correspondence from the City of Kitchener requesting support for their resolution 

respecting the lobbying of the Federal Government to review the regulations related 
to consumer packaging on single-use wipes to remove the word flushable. 

 
Recommendation: Be endorsed. 
 

5.2 Correspondence from the City of Kitchener requesting support for their resolution 
respecting that the Province of Ontario review producer requirements and look for 
extended producer responsibility for all packaging. 

 
Recommendation: Be received. 

 
5.3 Correspondence from the Municipality of Hasting Highlands requesting support for 

their resolution endorsing a mandatory septic re-inspection reporting system.  
 

Recommendation: Be received. 
 

5.4 Correspondence from Gary Carr, Regional Chair, Halton Region to the Honourable 
Doug Ford, Premier of Ontario requesting support for their resolution that the Minister 
of Municipal Affairs and Housing immediately restore the amendments to the 
Planning Act that mandate the evaluation of appeals on a consistency and conformity 
with Provincial policies and plans basis and that the Government of Ontario eliminate 
the LPAT entirely, as an antiquated body that slows delivery and adds costs to 
housing supply via expensive and drawn out tribunal hearings. 

 
Recommendation: Be received.  

 
5.5 Correspondence from the Township of Zorra requesting support for their resolution 

supporting the continuation of the mandatory and non-mandatory programs of the 
Upper Thames River Conservation Authority (UTRCA) with the provision that no 
programs of the UTRCA or of the other Conservation Authorities in Ontario be 
"wound down" and that the Ministry of Environment, Conservation and Parks give 
clear direction on what programs are considered mandatory and non-mandatory and 
on how those programs will be funded in the future. 

 
Recommendation: Be endorsed. 

 
5.6 Correspondence from the Township of McNab/Braeside in support of the City of 

Hamilton's resolution respecting a Response to the Proposed Provincial 
Restructuring of Local Public Health Agencies. 
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Recommendation: Be received. 

 
 
5.7 Correspondence from the Municipality of Chatham-Kent to the Honourable Doug 

Downey, Attorney General of Ontario requesting support for their resolution 
respecting Provincial Funding Cuts to Legal Aid Ontario. 

 
Recommendation: Be received. 

 
5.8 Correspondence from the Town of Newmarket requesting support for their resolution 

respecting More Homes, More Choices Act, 2019 - Bill 108 Proposed Regulations.  
 

Recommendation: Be received. 
 

5.9 Correspondence requesting that Council withdraw their support for negotiations 
with Cardus and their proposed use of Balfour House: 

 
(a) Robert Brosius 
(b) Ruth Cameron 
(c) Robert Brosius 
(d) Michael Demone 

 
Recommendation: Be received and referred to the consideration of Item 1 of 
General Issues Committee Report 19-017. 
 

5.10 Correspondence from Michael Van Pelt, President and CEO, Cardus respecting 
the Proposal for the Adaptive Re-Use of Balfour House/Chedoke Estate. 

 
Recommendation: Be received and referred to the consideration of Item 1 of 
General Issues Committee Report 19-017. 

 
5.11 Correspondence from the Honourable Steve Clark, Minister of Municipal Affairs 

and Housing respecting the launching of a consultation on potential changes to 
the delivery of building code services. 

 
Recommendation: Be received and referred to the General Manager of Planning 
and Economic Development for appropriate action. 
 
Result: Motion CARRIED by a vote of 15 to 0, as follows: 

 
 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
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 YES - Councillor Lloyd Ferguson 
YES - Mayor Fred Eisenberger 

 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
(Ferguson/Johnson) 
That Council move into Committee of the Whole for consideration of the reports. 

CARRIED 
 

PUBLIC WORKS COMMITTEE REPORT 19-013 

 
2. Proposed Permanent Closure and Sale of a Portion of Fletcher Avenue, 

Hamilton (PW19075) (Ward 5) (Item 8.1) 
 

Result: Motion CARRIED by a vote of 15 to 0, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
3. Hamilton Transit Bus Maintenance and Storage Facility – Transit Project 

Assessment Process (PW19081) (Ward 3) (Item 10.1) 
 

Result: Motion CARRIED by a vote of 15 to 0, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 



 
Council Minutes 19-016  September 25, 2019 

Page 7 of 35 
 

 

 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
4. To Recognize Distracted Driving by Handheld Device as a Violation of the 

Criminal Code of Canada, 1985 (City Wide) (Item 11.1) 
 

Result: Motion CARRIED by a vote of 14 to 1, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 NO - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
5. Enforcement of One-Meter Law for Cyclist Safety (City Wide) (Item 11.2) 
 

Result: Motion CARRIED by a vote of 15 to 0, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
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 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
 
 
 
6. Installation of Speed Cushions on Oakcrest Drive, Hamilton (Ward 6) (Item 11.3) 
 

Result: Motion CARRIED by a vote of 15 to 0, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 

7. Installation of a Speed Cushion on Inchbury Street, Hamilton, between 
Tecumseth Street and York Boulevard (Ward 1) (Item 11.4) 

 

Result: Motion CARRIED by a vote of 15 to 0, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 
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8. Installation of a Speed Cushion on Oxford Street, Hamilton, between Barton 
Street West and York Boulevard (Ward 1) (Item 11.5) 

 

Result: Motion CARRIED by a vote of 15 to 0, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 
 

9. Standardization of Enterprise Asset Management Systems - Phase 2 
(CONFIDENTIAL PW19035(a)/FCS19040(a)) (City Wide) (Item 14.2) 

 

Result: Motion CARRIED by a vote of 15 to 0, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 
 

(Ferguson/Johnson) 
That the THIRTEENTH Report of the Public Works Committee be adopted, as presented, 
and the information section received. 
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Result: Motion CARRIED by a vote of 15 to 0, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 

BOARD OF HEALTH CLERK’S REPORT 19-009 

 
(Wilson/Danko) 
That the NINTH Clerk’s Report of the Board of Health, be received for information. 

CARRIED 
 

PLANNING COMMITTEE REPORT 19-014 

 
2. Greensville Area Special Event Parking Pilot Program (PED19189) (Ward 13) 

(Item 7.2) (REVISED) 
 

Result: Motion CARRIED by a vote of 15 to 0, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 
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3. Hamilton Municipal Heritage Committee Report 19-006 (Item 7.3) 
 

Result: Motion CARRIED by a vote of 15 to 0, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
4. Support the “C” Gaming Model – Princess Bingo (Item 8.1) 
 

Result: Motion CARRIED by a vote of 12 to 3, as follows: 
 

 NO - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 NO - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 NO - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
5. Application for Zoning By-law Amendment for Lands Located at 455 

Sprinbrook Avenue, 253 Fair Street and Block 14, Plan 62M-1161 (Ancaster) 
(PED19169) (Ward 12) (Item 8.2) 

 
Result: Motion CARRIED by a vote of 15 to 0, as follows: 
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 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 
 

6. Application for a Zoning By-law Amendment for Lands Located at 1351, 1355, 
1359 and 1375 Upper James Street and 16, 24, 34, 40 and 48 Stone Church 
Road East, Hamilton (PED19059) (Ward 8) (Item 8.3) 

 
Result: Motion CARRIED by a vote of 15 to 0, as follows: 

 
 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
7. Properties of Potential Cultural Heritage Interest in Waterdown (Item 11.1) 

(Revised) 
 

Result: Motion CARRIED by a vote of 15 to 0, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
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 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
 
8. Upper Mount Albion Road Completion (Item 12.2) 
 

Result: Motion CARRIED by a vote of 15 to 0, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
9. Appeal to the Local Planning Appeal Tribunal on the City of Hamilton’s 

Approval of Official Plan Amendment (OPA 102) and Zoning By-law 
Amendment (By-law 18-114) for the Lands Located at 44 Hughson Street South, 
75 James Street South and 9 Jackson Street East by Fengate Hamilton Lands 
GP Inc. and LPF Hamilton Lands LP (LS19037/PED19198) (Wards 1 and 2) (Item 
14.1) 

 
Result: Motion CARRIED by a vote of 14 to 0, as follows: 

 
 CONFLICT - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
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 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
 
 
 
(Pearson/Clark) 
That the FOURTEENTH Report of the Planning Committee be adopted, as presented, and 
the information section received. 
 
Result: Motion CARRIED by a vote of 15 to 0, as follows: 

 
 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 

GENERAL ISSUES COMMITTEE REPORT 19-017 

 
1. Proposal for the Adaptive Re-Use of Balfour House/Chedoke Estate (PED19168) 

(Ward 14) (Item 10.1) 
 

(Clark/Pearson) 
That Item 1 of the General Issues Committee Report 19-017, respecting Report 
PED19168 - Proposal for the Adaptive Re-Use of Balfour House/Chedoke Estate, be 
amended by adding a new sub-section (d), to read as follows: 
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(d) That the Cardus Institute (Cardus) be advised that any information it 
provides, in accordance with Cardus’ forthcoming, detailed proposal for 
the adaptive re-use and lease of the Balfour/Chedoke Estate, is being 
provided voluntarily as part of its unsolicited proposal, and by 
requesting and reviewing this information, the City is not making any 
commitments to pursue or enter into any leasing arrangement for 
Balfour/Chedoke House. 

 
Main Motion, as amended, to read as follows: 

 
1. Proposal for the Adaptive Re-Use of Balfour House/Chedoke Estate 

(PED19168) (Ward 14) (Item 10.1) 
 

(a) That staff be directed to request, from the Cardus Institute, a detailed 
proposal to be submitted to the General Manager of the Planning & 
Economic Development Department within a two-month period, for the 
adaptive re-use and lease of the Balfour/Chedoke Estate, located at 1 
Scenic Drive, Hamilton, with that submission to include the following, 
and report back to the General Issues Committee: 

 
(i) A functional plan including, but not limited to, the types of uses 

that would be provided on the site, the nature of any physical 
changes to the site (buildings and land) that would be required to 
accommodate those uses, and anticipated use capacity and 
related requirements; 

 
(ii) The opportunities for public access to the site; and, 
 
(iii) Demonstration of the viability and sustainability of their business 

model, and their financial capacity to undertake all necessary 
improvements to the site, with no financial contribution from the 
City; 

 
(b) That staff be directed to include in their forthcoming report, respecting 

the proposal from the Cardus Institute regarding the adaptive re-use 
and lease of the Balfour/Chedoke Estate, located at 1 Scenic Drive, 
Hamilton, any proposed uses that would require changes to the in-
force-and-effect zoning or Official Plan policies on the site; 

 
(c) That staff be directed to seek a preliminary opinion from the Ontario 

Heritage Trust (OHT) on the proposal received for the Adaptive Re-Use 
and Lease of the Balfour House/Chedoke Estate, located at 1 Scenic 
Drive, Hamilton in order to identify any preliminary or potential concerns 
the OHT may have with the proposed use(s), and include this 
preliminary opinion in the staff report for Committee’s information; and, 

 
(d) That the Cardus Institute (Cardus) be advised that any information 

it provides, in accordance with Cardus’ forthcoming, detailed 
proposal for the adaptive re-use and lease of the Balfour/Chedoke 



 
Council Minutes 19-016  September 25, 2019 

Page 16 of 35 
 

 

Estate, is being provided voluntarily as part of its unsolicited 
proposal, and by requesting and reviewing this information, the 
City is not making any commitments to pursue or enter into any 
leasing arrangement for Balfour/Chedoke House. 

 
Result: Amendment CARRIED by a vote of 15 to 0, as follows: 

 
 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 
 

Result: Main Motion, as amended, CARRIED by a vote of 13 to 2, as follows: 
 

 NO - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 NO - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
2. Equity, Diversity and Inclusion Framework (HUR19019) (City Wide) (Item 10.2) 
 

Result: Motion CARRIED by a vote of 15 to 0, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
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 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
 
 
 
3. Barton Kenilworth Tax Increment Grant Program - 286 Sanford Avenue North, 

Hamilton (PED19184) (Ward 3) (Item 10.3) 
 

Result: Motion CARRIED by a vote of 15 to 0, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
4. Hamilton Tax Increment Grant Program - 244 Dundas Street East, Waterdown 

(PED19185) (Ward 15) (Item 10.4) 
 

Result: Motion CARRIED by a vote of 15 to 0, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
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 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
7. Advisory Committee for Persons with Disabilities Report 19-007, August 13, 

2019 (Item 10.7) 
 

Result: Motion CARRIED by a vote of 15 to 0, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
8. Bulldogs/Cadillac Fairview Proposal (Item 11.1) 
 

Result: Motion CARRIED by a vote of 14 to 0, as follows: 
 

 CONFLICT - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
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 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
(Eisenberger/Pearson)  
That the SEVENTEENTH Report of the General Issues Committee be adopted, as 
amended, and the information section received. 
 
Result: Motion CARRIED by a vote of 15 to 0, as follows: 

 
 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 

SOLE VOTING MEMBER HAMILTON FARMERS’ MARKET REPORT 19-002 

 
1. Hamilton Farmers’ Market Board Resolution - Vendor Director Appointment 

(Item 4.1) 
 

Result: Motion CARRIED by a vote of 15 to 0, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
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 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
(Eisenberger/Partridge)  
That the SECOND Report of the Sole Voting Member of the Hamilton Farmers’ Market be 
adopted, as presented, and the information section received. 
 
Result: Motion CARRIED by a vote of 15 to 0, as follows: 

 
 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 

AUDIT, FINANCE & ADMINISTRATION COMMITTEE REPORT 19-013 
 

1. Trunked Two-Way Radio System Upgrade (FCS18068(a) / HSC18037(a)) (City 
Wide) (Item 14.2) 

 

(Collins/Merulla) 
That the recommendation of Item 1 of Audit, Finance and Administration Committee 
Report 19-013 respecting the Trunked Two-Way Radio System Upgrade 
(FCS18068(a) / HSC18037(a)) be deleted in its entirety and the following be inserted 
therein: 
 
That the recommendations of Report FCS18068(a) / HSC18037(a), respecting 
Trunked Two-Way Radio System Upgrade remain confidential until after Council 
approval. 
 
That the recommendations of Report FCS18068(a) / HSC18037(a), respecting   
Trunked Two-Way Radio System Upgrade remain confidential until execution of the 
necessary agreements and the ancillary documents. 
 
Result: Amendment CARRIED by a vote of 14 to 1, as follows: 
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 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
   NO - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 
 

Result: Main Motion, as Amended CARRIED by a vote of 14 to 1, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 NO - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
(Collins/Merulla) 
That the THIRTEENTH Report of the Audit, Finance & Administration Committee be 
adopted, as amended, and the information section received. 
 
Result: Motion CARRIED by a vote of 15 to 0, as follows: 

 
YES - Councillor Maureen Wilson 

 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
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 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 

EMERGENCY & COMMUNITY SERVICES COMMITTEE REPORT 19-011 
 

1. Renewal of the Advertising Rights for J.L. Grightmire Arena with Duck Sports 
(on Behalf of the Dundas Real McCoys Senior Hockey Club) (HSC19055) (Ward 
13) (Item 7.2) 

 

Result: Motion CARRIED by a vote of 15 to 0, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 

2. Call for Proposal for Service System Managers Employment Services 
Transformation (HSC19041(a)) (City Wide) (Item 10.1) 
 
Result: Motion CARRIED by a vote of 14 to 0, as follows: 

 
 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 
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YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 NOT PRESENT - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 

3. Elimination of the Transition Child Benefit (HSC19050) (City Wide) (Item 10.2) 
 

Result: Motion CARRIED by a vote of 13 to 0, as follows: 
 

 YES - Councillor Maureen Wilson 
 NOT PRESENT - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 NOT PRESENT - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
(Merulla/Nann) 
That the ELEVENTH Report of the Emergency & Community Services Committee be 
adopted, as presented, and the information section received. 
 
Result: Motion CARRIED by a vote of 12 to 0, as follows: 

 
YES - Councillor Maureen Wilson 

 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 NOT PRESENT - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 NOT PRESENT - Councillor Brenda Johnson 
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 YES - Councillor Maria Pearson 
 NOT PRESENT - Councillor Brad Clark 

 
(Ferguson/Pearson) 
That the Committee of the Whole Rise and Report. 

CARRIED 
 

MOTIONS  
 

Mayor Eisenberger relinquished the Chair to introduce the following Motion. 
 

7.3 Ontario Health Teams 
 
 (Eisenberger/Clark) 

WHEREAS, the meeting of the Board of Health did not achieve quorum on September 
16, 2019, where Report BOH19020(b) respecting the Ontario Health Teams Update, 
was to be considered; and, 
 
WHEREAS, the execution of the Hamilton Health Team application is required in 
advance of the October 9, 2019 deadline to the Ministry of Health (MOH). 
 
THEREFORE BE IT RESOLVED: 
 
(a) That the General Manager of Healthy and Safe Communities be authorized 

and directed to continue to participate in the local planning and development 
of Hamilton's Ontario Health Team application including the goals, principles, 
and objectives of Year 1 in accordance with the application; 
 

(b) That staff be directed to report back to Board of Health with any updates on 
Hamilton’s Ontario Health Team (OHT) proposal development including 
updates on the Ministry’s process, future agreements, proposed changes to 
the provision of services, reallocation of resources related to the local Ontario 
Health Team planning; and,  

 
(c) That the Mayor and City Clerk be authorized and directed to execute the 

Hamilton Health Team application in advance of the October 9, 2019 deadline 
to the Ministry of Health (MOH).  

 
Result: Motion CARRIED by a vote of 14 to 0, as follows: 

 
YES - Councillor Maureen Wilson 

 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 
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YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 NOT PRESENT -Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
Mayor Eisenberger assumed the Chair. 
 
7.4 Ward 3 Social Infrastructure 
 

(Nann/Merulla) 
WHEREAS, Beautiful Alleys has been coordinating resident-led initiatives annually 
since 2012 to keep Ward 3 Alleys clean, green and safe; 
 
WHEREAS, BIPOC 2SLGBTQIA+ residents in the city are leading important work to 
debrief and strategize effective responses to targeted hate and violence with the 
organizational support of Speqtrum Youth; 
 
WHEREAS, the Bagshaw Room, the largest community room at First Place used by 
residents and the larger community, requires a new partition to accommodate two 
activities to occur simultaneously; and, 
 
WHEREAS, the motion respecting Ward 3 Social Infrastructure was to be considered 
at the October 3, 2019 Emergency & Community Services Committee, and that 
meeting has now been cancelled; 
 
THEREFORE, BE IT RESOLVED: 
 
(a) That the following initiatives, be approved for funding through the 

corresponding accounts: 
 

(i) That Beautiful Alleys through the GALA Neighbourhood Association be 
granted funds in the amount of $3,000, for coordinating future clean-ups 
and training, from the Ward 3 Cell Tower Fund (3301609603); 

 
(ii) That Speqtrum Youth Advocacy be granted $3,000, to support the work 

of BIPOC 2SLGBTQIA+ residents, from the Ward 3 Cell Tower Fund 
(3301609603); and, 

 
(iii) That CityHousing be granted $16,000, for the construction and 

maintenance of a new partition wall for the Bagshaw room, from the 
Ward 3 Area Rating Discretionary Account - Social Infrastructure 
(3301909300);  

 
(b) That the Mayor and City Clerk be authorized and directed to execute any 

required agreement(s) and ancillary documents, with such terms and 
conditions in a form satisfactory to the City Solicitor. 
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Result: Motion CARRIED by a vote of 14 to 0, as follows: 
 

YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 NOT PRESENT - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 
 

7.5 Review of Position of Director, Physician Retention Recruitment 
 

(VanderBeek/Clark) 
WHEREAS, the meeting of the Board of Health did not achieve quorum on September 
16, 2019, where the Physician Recruitment and Retention Steering Committee Report 
19-001, was to be considered; and 
 
WHEREAS, the Working Group to review the position of the Director, Physician 
Recruitment is scheduled for October 7, 2019.  
 
 
THEREFORE BE IT RESOLVED: 
 
That the General Manager, Finance and Corporate Services; the General Manager, 
Healthy and Safe Communities, and the Executive Director, Human Resources and 
Organizational Development, or their designates, be invited to participate in the 
meetings of the Working Group of the Physician Recruitment and Retention Steering 
Committee to review the position of Director, Physician Recruitment. 

 
(Ferguson/VanderBeek) 
That the motion respecting Review of Position of Director, Physician Retention 
Recruitment, be deferred to the October 9, 2019 Council Meeting. 

CARRIED 
 
7.6 Restoration of the Memorial Cairn 
 

(Jackson/Merulla) 
WHEREAS, the Memorial Cairn was originally built in 1969, sponsored by Legion 
Branch 163 and the Chedoke Hospital; 
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WHEREAS, the recent sale of the Chedoke lands, transferred the ownership of the 
Memorial Cairn to Wellwood (situated on the same property); 
 
WHEREAS, Wellwood has applied to the Commemorative War Memorial Partnership 
Project, through Veterans Affairs for funding for the restoration of the Memorial Cairn 
on the former Chedoke Hospital Property grounds, 501 Sanatorium Road, Hamilton; 
 
WHEREAS, the funding from the Commemorative War Memorial Partnership Project 
would not cover 100% of the $6,000 required for the restoration of the Memorial Cairn; 
and 
 
WHEREAS, Wellwood is unable to sponsor or fundraise for this project as it is not 
related to Wellwood’s mission, To serve those touched by cancer. 
 
THEREFORE BE IT RESOLVED: 
 
(a) That the City of Hamilton approve one time funding in the amount of $1,500, 

for the stone masonry work that is required to restore the Memorial Cairn, 
adjacent to Wellwood on the former Chedoke Hospital Property grounds, 501 
Sanatorium Road, Hamilton from to be funded from the Ward 14 Area Rating 
Reserve Account #108064; and 
 

(b) That the Mayor and City Clerk be authorized and directed to execute any 
required agreement(s) and ancillary documents, with such term and conditions 
in a form satisfactory to the City Solicitor. 

 
Result: Motion CARRIED by a vote of 14 to 0, as follows: 

 
YES - Councillor Maureen Wilson 

 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 NOT PRESENT - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
7.7 Funding for Construction of Rolston Path within Captain Cornelius Park (Ward 

8) 
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(Danko/Pauls) 
WHEREAS, City Council has made a concerted effort to focus on initiatives to help 
improve communities across the City based on the resident voice; 
 
WHEREAS, the Rolston Neighbourhood Action Plan was endorsed by Council in 
March 2016; 
 
WHEREAS, Captain Cornelius Park, and the urban forest on the property, has been 
deemed a prominent asset within the Rolston Community by the residents;  
 
WHEREAS, through the youth voice and the resident engagement resulting in a 
desire to improve environmentally appropriate access to the urban forest for all 
residents has been deemed a priority;  
 
WHEREAS, through a substantial community engagement process, the residents 
designed their wishes for a fully accessible path through the forest; and, 
 
WHEREAS, Phase 1 of the path construction has been completed and costs to 
complete Phase 2 exceed the previously allocated funding; 
 
THEREFORE, BE IT RESOLVED: 
 
(a) That a contribution of $30,000 be made to the Neighbourhood Strategy Project 

(2051255204) from the Ward 8 Area Rating Reserve Fund (108058), to assist 
in funding the construction of an Accessibility for Ontarians with Disabilities 
Act, 2005, compliant path (“Rolston Path”) and accompanying amenities 
through the urban forest of Captain Cornelius Park; and, 
 

(b) That the Mayor and City Clerk be authorized and directed to execute any 
required agreement(s) and ancillary documents, with such terms and conditions 
in a form satisfactory to the City Solicitor. 

 
 

Result: Motion CARRIED by a vote of 15 to 0, as follows: 
 

YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
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 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 
 

7.8 Amendment to Item 7 of the Planning Committee Report 16-020, respecting 
Report PED16205 - Update and Declaration of Surplus and Sale of Downtown 
City-owned Surface Parking Lots 

 

(Pearson/Clark) 
That sub-section (d) to Item 7 of the Planning Committee Report 16-020, respecting 
Report PED16205 -  Update and Declaration of Surplus and Sale of Downtown City-
owned Surface Parking Lots, which was approved by Council on November 23, 
2016, be amended by deleting the words “to the abutting property owner of 252 
James Street North, (The Synod of The Diocese of Niagara; the Incumbent and 
Churchwardens of Christ’s Church Cathedral)”, to read as follows: 
 

(c) That Car Park Lot No. 70, identified in Appendix “D” and “D-2” (207-211 
Hughson Street North), attached to Report PED16205, be sold at fair 
market value to the abutting property owner of 252 James Street 
North, (The Synod of The Diocese of Niagara; the Incumbent and 
Churchwardens of Christ’s Church Cathedral); 

 
Main Motion, as amended, to read as follows: 
 
7. Update and Declaration of Surplus and Sale of Downtown City-owned 

Surface Parking Lots (PED16205) (Ward 2) (Item 8.2) 
 
(a) That City-owned surface parking lots, identified in Appendices “C” and 

“D” attached to Report PED16205, be declared surplus to the 
requirements of the City of Hamilton in accordance with the “Procedural 
By-law for the Sale of Land”, being By-law No. 14-204; 

 
(b) That Car Park Lot No. 69 (12 York Boulevard) being part of a larger 

parcel known as 12-28 York Boulevard, being part of PIN No. 
175860078 and identified in Appendix “D” and “D-1”, attached to Report 
PED16205, be severed and sold at fair market value to the abutting 
property owner of 95-105 James Street North, 15 Vine Street, and 107-
109 James Street. North; (1263261 Ontario Inc.);  

 
(c) That Car Park Lot No. 70, identified in Appendix “D” and “D-2” 

(207-211 Hughson Street North), attached to Report PED16205, be 
sold at fair market value; 

 
(d) That the Real Estate Section of the Economic Development Division of 

the Planning and Economic Development Department be authorized 
and directed to sell the lands identified in recommendations(a), (b) and 
(c) to this Report PED16205 at fair market value, on terms and 
conditions satisfactory to the General Manager of Planning and 
Economic Development, and in a form satisfactory to the City Solicitor; 
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(e) That all contents within confidential Appendices “A”, “B”, “C”, and “D”, to 
Report PED16205 remain confidential, with the exception only releasing 
the list of properties that have been declared surplus in Appendices “C”, 
and “D”, as may be amended, following approval of Council. 

 
Result: Motion CARRIED by a vote of 15 to 0, as follows: 

 
YES - Councillor Maureen Wilson 

 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 
7.9 Amendment to the Terms of the Reference of the Accessible Transit Services 

Review Sub-Committee 
 

(Merulla/Collins) 
WHEREAS there is a necessity for the Accessible Transit Services Review Sub-
Committee to meet as soon as possible;  
 
WHEREAS the current membership of the Accessible Transit Services Review Sub-
Committee as per the Terms of Reference is five (5) Councillors, which requires three 
(3) members for quorum; and, 
 
WHEREAS, there are currently two (2) Councillors appointed to the Accessible 
Transit Services Review Sub-Committee. 
 
THEREFORE, BE IT RESOLVED:  

 
That the Accessible Transit Services Review Sub-Committee’s membership be 
reduced to three (3) Councillors. 
 
Result: Motion CARRIED by a vote of 15 to 0, as follows: 

 
YES - Councillor Maureen Wilson 

 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
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 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 

NOTICES OF MOTION  

 
Councillor Merulla introduced a Notice of Motion respecting an Amendment to the Terms of 
the Reference of the Accessible Transit Services Review Sub-Committee. 
 

8.1  Amendment to the Terms of the Reference of the Accessible Transit Services 
Review Sub-Committee 

  
(Merulla/Collins) 
That the Rules of Order be waived to allow for the introduction of a Motion respecting 
an Amendment to the Terms of the Reference of the Accessible Transit Services 
Review Sub-Committee, due to its time sensitivity given that a meeting of the Sub-
Committee is to be scheduled as soon as possible. 

 

Result: Motion CARRIED by a 2/3’s majority vote of 15 to 0, as follows: 
 

 YES - Councillor Maureen Wilson 
 YES - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
 YES - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 YES - Councillor Brad Clark 

 

STATEMENTS BY MEMBERS 

 
Members of Council used this opportunity to discuss matters of general interest. 
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BY-LAWS 
 

(VanderBeek/Johnson) 
That Bills No. 19-219 to No. 19-245, be passed and that the Corporate Seal be affixed 
thereto, and that the By-laws, be numbered, be signed by the Mayor and the City Clerk to 
read as follows: 
 
  

By-law No.  
  

219 Removal of Part Lot Control from Lot 121 of Registered Plan 876 
“South Airfield Park” known as 10 and 12 Eaton Place, Hamilton 
Removal of Part Lot Control Registered Plan No. 876 
Ward: 4 

  

220 Respecting: Removal of Part Lot Control, Lots 221, 222, and 234 
on Registered Plan No. 865 “North Airfield Park” municipally 
known as 34 Sumach Street, and 31 Eastwood Place 
Ward: 4 

  

221 Respecting: The removal of Part Lot Control from Lot 95 on 
Registered Plan No. 876 
“South Airfield Park” known as 47 and 49 Eastvale Place. 
Ward: 4 

  

222 Removal of Part Lot Control 
Respecting: Removal of Part Lot Control, Lot 136 and Part of Lot 
135 on Registered Plan No. 876 “South Airfield Park” municipally 
known as 64, 66, and 68 Eaton Place. Registered Plan No.876 
Ward: 4 

  

223 Respecting: Removal of Part Lot Control, Lot 2 on Registered 
Plan No. 1087 “North Airfield Park Extension” municipally known 
as 689 Britannia Avenue. 

 Ward: 4 
  

224 To Amend By-law No. 01-218, as amended, Being a By-law To 
Regulate On-Street Parking 
Schedule 4: Special Event Parking Zones 
Ward: 13 

  

225 To Amend By-law No. 01-218, as amended, Being a By-law To 
Regulate On-Street Parking Schedule 8: No Parking 
Schedule 12 – Permit Parking Schedule 14 – Wheelchair loading 
zone 
Schedule 20 – School Bus Loading Zone 
Ward: 1,3,4,8,15 

  

226 To Establish City of Hamilton Land 
Described as Block 24 on Plan 62M-1212 as Part of Highvalley 
Road 
Ward: 12 
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227 To Establish City of Hamilton Land Described as Blocks 64 and 65 
on Plan 62M- 
1260 as Part of Klein Circle 
Ward: 12 

  

228 To Impose a Sanitary Sewer Charge Upon Owners of Land 
Abutting Fifty Road from South Service Road to approximately 68 
metres South of South Service Road, in the City of Hamilton 
Ward: 10 

  

229 To Impose a Sanitary Sewer Charge Upon Owners of Land 
Abutting South Service Road from Fifty Road to approximately 
140 metres East of Fifty Road, in the City of Hamilton 
Ward: 10 

  

230 To Impose a Sanitary Sewer Charge Upon Owners of Land 
Abutting South Service Road from Oriole Avenue to Fifty Road, in 
the City of Hamilton 
Ward: 10 

  

231 To Impose Watermain and Storm Sewer Charges Upon Owners of 
Land Abutting Vince Mazza Way from Winona Road to South 
Service Road, in the City of Hamilton 
Ward: 10 

  

232 To Adopt: Official Plan Amendment NO. 126 to the Urban 
Hamilton Official plan 
respecting: 2782 Barton Street East, Hamilton 
Ward: 5 

  

233 To amend Zoning By-law No. 05-200 with respect to lands located 
at 1351, 1355, 1359, 1375 Upper James Street and 16, 24, 34, 40 
and 48 Stone Church Road East, Hamilton 
Ward: 8 

  

234 To Amend Zoning By-law no. 6593 (Hamilton) 
Respecting Lands at 2782 Barton Street East, in the City of 
Hamilton 
Ward: 5 

  

235 To Amend Zoning By-law No. 87-57 Respecting Lands Located at 
455 Springbrook Avenue, 253 Fair Street and Block 14, Plan 62M-
1161 
Ward: 12 

  

236 Removal of Part Lot Control 
Block 207, within Registered Plan No. 62M-1238 “Mountainview 
Heights Phase 2”, municipally known as, 35,37,39,41,43 and 45 
Riverwalk Drive. 
Ward: 15 

  

237 Removal of Part Lot Control, Lots 1 and 13, Registered Plan No. 
1162, “Mohawk Park Extension”, known as 2 & 4 Seeley Avenue 
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and 485 & 487 East 25th Street, Hamilton 
Ward: 7 

  

238 The removal of Part Lot Control from Lot 138 on Registered Plan 
No. 865 “North Airfield Park” known as 27 Grimsby Street. 
Ward: 4 

  

239 Removal of Part Lot Control 
Block 207, within Registered Plan No. 62M-1238 “Mountainview 
Heights Phase 2”, municipally known as, 35,37,39,41,43 and 45 
Riverwalk Drive. 
Ward: 15 

  

240 Removal of Part Lot Control, Lots 18, 21, 22, 23, and 24, 
Registered Plan No. 1162, “Mohawk Park Extension”, known as 
373, 375, 379, 381, 385 & 387 East 23rd Street and 305, 307, 314 
& 316 East 24th Street, Hamilton 
Ward: 7 

  

241 Removal of Part Lot Control, Lots 27, 35, and 39, Registered Plan 
No. 1162, “Mohawk Park Extension”, known as 383 East 22nd 
Street, 374 East 21st Street and 643 Upper Wentworth Street, 
Hamilton 
Ward: 7 

  

242 Removal of Part Lot Control from Lot 106 of Registered Plan 865 
“North Airfield Park” known as 4 and 5 Martha Street, Hamilton 
Ward: 4 

  

243 Removal of Part Lot Control 
Block 208, Registered Plan No. 62M-1238 “Mountainview Heights 
Phase 2”, municipally known as, 47,49,51,53,55 and 57 Riverwalk 
Drive. 
Ward: 15 

  

244 Removal of Part Lot Control from Lot 172 of Registered Plan 865 
“North Airfield Park” known as 89 Martha Street, Hamilton 
Ward: 4 

  

245 To Confirm the Proceedings of City Council 
 
Result: Motion CARRIED by a vote of 12 to 0, as follows: 

 
 YES - Councillor Maureen Wilson 
 NOT PRESENT - Councillor Jason Farr 
 YES - Councillor Nrinder Nann 
 YES - Councillor Sam Merulla 
 YES - Councillor Chad Collins 
 YES - Councillor Tom Jackson 
 YES - Councillor Esther Pauls 
 YES - Councillor John-Paul Danko 
 YES - Councillor Lloyd Ferguson 

YES - Mayor Fred Eisenberger 
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 NOT PRESENT - Councillor Judi Partridge 
 NOT PRESENT - Councillor Terry Whitehead 
 YES - Deputy Mayor Arlene VanderBeek 
 YES - Councillor Brenda Johnson 
 YES - Councillor Maria Pearson 
 NOT PRESENT - Councillor Brad Clark 

 
(Ferguson/Pearson) 
That, there being no further business, City Council be adjourned at 7:51 p.m. 

CARRIED 
 
 
Respectfully submitted, 
 
 
 
Mayor F. Eisenberger 

 
 
 
Andrea Holland 
City Clerk 



Pilon, Janet

Subject: Proposed changes to the Aggregate Resources Act

From: Aggregates (MNRF) <Aggregates ontario.ca 
Sent: September 20, 2019 10:37 AM
Subject: Proposed changes to the Aggregate Resources Act / Projet de modification de la Loi sur les ressources en
agregats

Ontario ©

Ministry of Natural Resourcesand
Forestry
Natural Resources Conser ation Policy
Branch
Policy Division
300 Water Street
Peterborough, ON K9J 8M5

Minis tens des Richesses naturelles et
de la Foresterie
Direction des politiques de conservation
des richesses naturelles
Division de felaboration des politiques
300, rue Water
Peterborough (Ontario) K9J SMS

Subject: Proposed changes to the Aggregate Resources Act

Dear Head of Council and Clerk,

The Ministry of Natural Resources and Forestry recognizes the critical role Ontario's municipalities
play in the lives of Ontarians, We value our strong collaborative partnership with municipalities and
the associations that represent their interests.

We want to advise you that the Ministry of Natural Resources and Forestry is proceeding with
changes to the way aggregates are managed in Ontario and would like to invite municipal input on
the changes we are proposing.

We have released an aggregate proposal that aims to cut red tape, create jobs, and promote
economic growth within Ontario s aggregate industry   an industry that generates $1.6 billion in
production revenue annually and supports more than 28,000 jobs in aggregate-related sectors.

The proposal draws on feedback from industry, municipalities, Indigenous communities and other
stakeholders. It will create opportunities for growth while maintaining a steadfast commitment to
protecting the environment and addressing impacts to communities.

A summary of the proposed legislative changes, and instructions for providing feedback, can be
found on the Environmental Registry (ERO# 019-0556) at the following link:

https://ero.ontario.ca/notice/019-0556

My ministry is also considering some regulatory changes and would appreciate any initial feedback
you have on these topics. As a next step, we expect to consult further on specific details related to

i
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regulatory proposals at a later date, I look forward to your input on these proposals and potential
future changes.

If you have any questions about the proposed changes, please contact Andrew MacDonald,
Resource Development Section, at 705-755-1222 or aggregates@ontario.ca.

Kind regards,

Original signed by Ala Boyd

Ala Boyd
A/Director, Natural Resources Conservation Policy Branch
Policy Division, Ministry of Natural Resources and Forestry
300 Water Street, 2 South
Peterborough, ON K9J 3C7
Telephone: 705-755-1241
Facsimilie: 705-755-1971
ala.bovd@ontario.ca
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September 24, 2019 

Dear Mayor Fred Eisenberger and City Councilors: 

City of Hamilton 

Via email 

I am writing regarding Be More Than a Bystander (BMTB), a program of 

Interval House of Hamilton’s Mentor Action.  In February 2019, the city 

honored and paid tribute to Be More Than A Bystander to end gender-

based violence with the lighting of the Hamilton sign in the MentorAction 

colours of purple and grey.  Thank you. 

We ask and hope that the city will do so again in February 2020, when we 

celebrate the annual Be More Than A Bystander month with a series of Be 

More Than A Bystander billboards, PSAs, op ed, podcasts and a 

fundraising Gala at Sheraton Hamilton.  Thus we ask for the lighting of the 

Hamilton sign in front of city hall in the Be More Than A Bystander colours – 

purple and grey - for one week in February 2020 and that February as a 

month to acknowledge community-wide Be More Than A  Bystander 

initiatives be placed on the Council Agenda to  again provide a strong 

municipal voice to the importance of Be More Than a Bystander in ending 

gender based violence. 

As you are aware, Be More Than a Bystander is a community program to 

end gender-based violence. Be More Than a Bystander started with EVA 

BC (Ending Violence Association) in partnership with the BC Lions.  IHOH 

purchased the rights to bring BMTB to Hamilton in 2016, and we now have 

Hamilton’s premiere sports organizations on board:  Hamilton Bulldogs, 

McMaster University Athletics, and the Hamilton Tiger Cats.  Hamilton is the 

only Canadian city to have all the major sports organizations as partners in 

BMTB.  Led through IHOH MentorAction, BMTB is a combination of short 

videos played on local TV and radio stations, as well as an education 

program aimed at junior high and high school students.  The message 

comes from male athletes, hockey, football, etc. – sports icons, in 

collaboration with one of IHOH professionals – while sports celebrities using 

their status and public profile to Break the Silence of Violence Against 
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Women.  The PSAs and in school component, show ideas on how to 

communicate that abusive behaviors, words, action, and pictures, are 

unacceptable, inappropriate and intolerable.   

 

Thank you for standing up and speaking out against gender-based 

violence; thank you for Being More Than A Bystander.  

 

Sincerely, 

 

 

 
 

 

Nancy Smith 

Executive Director, Interval House of Hamilton 

 

Cc: Val Sargeant, MentorAction Chair 
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Click here to view this email in your browser

October 1, 2019

To all Ontario Mayors, CAO's and Clerks:

Municipalities can have a positive impact on the lives of animals.

What does the future of animal welfare look like? It s a question on the minds
of pet owners, animal advocates, police and municipalities. Provincial animal
welfare legislation is in the midst of a significant transition, and it requires a
collaborative approach in order to be successful.

Historically, the Ontario SPCA and Humane Society was contracted to
enforce the Province of Ontario’s animal welfare legislation. In January 2019,
a Superior Court judge ruled that it was unconstitutional for the Government
of Ontario to permit a charity to provide law enforcement services. That ruling
was a catalyst behind the Ontario SPCA and Humane Society’s decision not
to renew its contract with the government, which expired on March 31,2019.

To help ensure a smooth transition period, the Ontario SPCA offered the
provincial government a three-month transition phase and continued to
enforce the legislation until June 28, 2019. After that date, enforcement
services transitioned back to the government.

As Ontario's Animal Charity since 1873, the Ontario SPCA understands first
hand how no one organization can do this work alone. The Ontario SPCA
presented to the government a model of animal protection where the
organization provides animal support services to the province and its
enforcement agencies. Through the expertise of all agencies involved, this
model will maximize resources for the best possible protection of animals.

So what does this mean for municipalities and their law enforcement officers?
It means that you have the capacity to have a significant impact on the lives

http://support.ontariospca.ca/site/MessageViewer?em_id:=21596.0&dlv_id=44229 01/10/2019
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of animals. Ensuring the pets in your community are protected requires a
unified effort, at the heart of which are animal bylaws.

To put the significance of bylaws in perspective, the Ontario SPCA received
approximately 14,000 calls last year concerning animal well-being. Of those,
56% related to standards of care issues alone. The Ontario SPCA estimates
that as much as 65% of its annual call volume could be addressed at the
municipal level through bylaws. With comprehensive bylaws in place across
the province at the municipal level, those numbers could be further reduced.

Implementing or enhancing existing bylaws relating to animals left unattended
in vehicles, standards of care, tethering, and other areas of common concern
can prevent such incidents from escalating to cases of serious neglect. As
municipal law enforcement officers are familiar with compliance-based
enforcement, they have the skills and expertise to provide early
intervention and education that can resolve a situation before it escalates to a
level where police need to become involved, or animals need to be removed,
which can become quite resource intensive.

The Ontario SPCA continues to support police and municipalities. The
Ontario SPCA and Humane Society s province-wide 310-SPCA (7722) hotline
remains active, offering support to municipalities and officers who need
information or access to resources.

With over 145 years of experience, the Ontario SPCA has the skills,
knowledge and infrastructure needed to provide support to government
agencies, like municipal law enforcement. Through Ontario SPCA
Enforcement Support Services, the Ontario SPCA provides expertise in
animal care, veterinary medicine, animal transportation and understanding of
the collection and processing of forensic evidence to help build cases against
animal abusers.

Animal protection is much bigger than any one organization or enforcement
agency. It will take a collaborative effort to make our communities a better
place for animals and people.

To learn more about the Ontario SPCA and how it can support animal welfare
efforts at the municipal level, visit ontariospca.ca or contact:

Central & South - Darren Grandel, Senior Director, Animal Protection, Ontario
SPCA, at dgrandel@ospca.on.ca,

East - Bonnie Bishop, Director, Animal Protection, Ontario SPCA, at
bbishop@ospca.on.ca,

http://. upport.ontariospca.ca/site/MessageViewer?em_id=21596.0&dlv_id=44229 01/10/2019
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North - Arista Wogenstahl, Director, Animal Protection, Ontario SPCA, at
awogenstahl@ospca.on.ca.

Sincerely,

Daryl Vaillancourt
Chief, Humane Programs and Community Outreach
Ontario SPCA and Humane Society

CC; Ontario Association of Chiefs of Police

Ontario SPCA and Humane Society, Provincial Office
16586 Woodbine Ave. Stouffville, ON L4A 2W3

1-888-668-7722 info@ospca.on.ca

Privacy Policy Email Preferences
© 2019 Ontario SPCA and Humane Society

i tf i hv

blackbaud
nonprofit software
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If you require this information in an accessible format, please contact 1-800-372-1102 extension 2097. 

September 27, 2019 

The Honourable Ernie Hardeman 
Minister of Agriculture, Food and Rural Affairs 
77 Grenville Street, 11th Floor 
Toronto, ON M5S 1B3 

Dear Minister Hardeman: 

RE: Golden Horseshoe Food and Farming Alliance Funding 
Renewal Request (2019-EDT-14), Our File: D02 

Council of the Region of Durham, at its meeting held on September 25, 
2019, adopted the following recommendations of the Planning & 
Economic Development Committee: 

“A) That contributions of $30,000 to the Golden Horseshoe Food and 
Farming Alliance be included in the Business Plans and Budget 
submissions for the years 2020 to 2021, for consideration by 
Council through the annual Business Plans and Budgets process, 
and subject to approval of funding from the other six municipal 
partners; and 

B) That a copy of Report #2019-EDT-14 of the Commissioner of
Planning and Economic Development be circulated to the Ontario
Ministry of Agriculture, Food and Rural Affairs; the Regional
Municipalities of Halton, Peel, York, Niagara; Cities of Hamilton
and Toronto; and the Golden Horseshoe Food and Farming
Alliance.”

Please find enclosed a copy of Report #2019-EDT-14 for your 
information. 

Ralph Walton 

Ralph Walton, 
Regional Clerk/Director of Legislative Services 

RW/tf 

c: Please see attached list 

The Regional 
Municipality of 
Durham 

Corporate Services 
Department – 
Legislative Services 

605 Rossland Rd. E. 
Level 1 
P.O. Box 623 
Whitby, ON   L1N 6A3 
Canada 

905-668-7711
1-800-372-1102
Fax: 905-668-9963

durham.ca 
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c: G. Milne, Regional Clerk, Regional Municipality of Halton 

K. Lockyer, Regional Clerk, Regional Municipality of Peel 
C. Raynor, Regional Clerk, Regional Municipality of York 
A-M. Norio, Clerk, Regional Municipality of Niagara 
J. Pilon, Acting Clerk, City of Hamilton 
U. Watkiss, Clerk, City of Toronto 
J. Horner, Executive Director, Golden Horseshoe Food and Farming 

Alliance 
B. Bridgeman, Commissioner of Planning and Economic Development 



If this information is required in an accessible format, please contact 1-800-372-1102 ext. 2564 

The Regional Municipality of Durham 
Report 

To: Planning and Economic Development Committee 
From: Commissioner of Planning and Economic Development 
Report: #2019-EDT-14 
Date: September 3, 2019 

Subject: 

Golden Horseshoe Food and Farming Alliance Funding Renewal Request 

Recommendation: 

That the Planning and Economic Development Committee recommends to Regional 
Council: 

A. That contributions of $30,000 to the Golden Horseshoe Food and Farming Alliance 
be included in the Business Plans and Budget submissions for the years 2020 to 
2021, for consideration by Council through the annual Business Plans and 
Budgets process, and subject to approval of funding from the other six municipal 
partners; and

B. That a copy of this report be circulated to the Ontario Ministry of Agriculture, Food, 
and Rural Affairs, the Regional Municipalities of Halton, Peel, York, Niagara, Cities 
of Hamilton and Toronto, and the Golden Horseshoe Food and Farming Alliance. 

Report: 

1. Purpose

1.1 The purposes of this report are to provide an update on the activities and initiatives 
of Golden Horseshoe Food and Farming Alliance (GHFFA), and to request support 
for annual funding from Durham Region of $30,000 annually for a three year term, 
subject to approval by Council through the annual Business Plans and Budgets 
process. A funding request letter from the GHFFA is attached (Attachment #1). 
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1.2 The Executive Director and Chair of the GHFFA will be attending this Committee 
meeting as a delegation. 

2. Background 

2.1 The GHFFA was formed in 2012, and is comprised of the Regional Municipalities of 
Durham, Halton, Peel, York and Niagara, the Cities of Toronto and Hamilton, 
Federations of Agriculture, the Province of Ontario, the Federal Department of 
Agriculture and Agri-Food Canada, non-profits and other agricultural industry 
stakeholders. Regional Councillor Debbie Bath-Hadden is Durham’s Council-
appointed representative on the GHFFA committee. 

2.2 This multiple partner approach enables the Region to share resources and respond 
to agricultural issues with a common voice. 

2.3 In 2013, the GHFFA developed the Golden Horseshoe Food and Farming Action 
Plan to support food and farming across the Golden Horseshoe. The Action Plan 
provides a blueprint for a more integrated and coordinated approach to food and 
farming viability, ensuring that the Golden Horseshoe retains, enhances, and 
expands its role as a leading food and farming cluster in North America. 

2.4 It also focuses on removing barriers and enhancing the opportunities to promote a 
competitive and sustainable food and farming sector in the Golden Horseshoe. The 
Action Plan has the following objectives: 

a. To respond to the common challenges and opportunities that arise from the 
large concentration of population; growth pressures; lack of compatibility 
between agricultural and urban land uses; a myriad of regulations; and a 
growing cluster of food and farming enterprises located in the Golden 
Horseshoe. 

b. To enhance competitiveness, promote sustainability, and remove barriers that 
stand in the way of achieving these goals to support food and farming 
businesses in the Golden Horseshoe. 

3. 2018-2019 Implementation and Support of the Action Plan 

3.1 The achievements of the GHFFA include projects, outreach and engagement 
initiatives and communications. 
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Projects include:  

a. Transitioning the GHFFA from a project under the auspices of the Toronto and 
Region Conservation Authority to an independent, not-for-profit organization. 

b. Food and Farming Asset Mapping: Leading an ongoing project to maintain a 
database and map agri-food supply chain assets across the Golden 
Horseshoe, which included the development of a business plan for 
sustainability with Queen’s Business School and formation of the project 
module ‘ConnectOn’. 

c. Local Food Procurement in Long-Term Care Homes: Following a successful 
pilot in Durham Region to increase local food procurement in Long Term Care 
homes, Durham continues to work with GHFFA and the University of Guelph in 
a three year study to determine the economic impact of offering local food in 
facilities to improve the nutritional health and well-being of residents. 

d. Engaging in a study with Holland Marsh Growers to map the value chain for 
Ontario Carrots used domestically, imported and exported. 

e. Commissioning a study by the Canadian Urban Institute with the City of 
Toronto to demonstrate the value of the Ontario Food Terminal. 

f. Continuing support to Durham Region to recognize Farm Families who have 
been farming for at least 150 years. 

Significant engagement initiatives include: 

• Municipal Agriculture Economic Development and Planning Forum; 
• A workshop in Niagara Region focusing on Small Plot Farming; 
• Food and Farming Asset Mapping Training Workshops; and 
• Collaboration with Mohawk College to promote healthy local food choices by 

food service providers at colleges and universities. 

Engagement policy review and communication initiatives: 

• Continued consultation with the Province and municipal partners on Provincial 
Agricultural System mapping, implementation procedures and methodology; 

• Consultation on Schedule 10 of Bill 66 – Restoring Ontario’s Competitiveness 
Act 2018; and 
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• The publishing monthly of online e-newsletters and stories showcasing 
agriculture in the Golden Horseshoe, including activities and businesses within 
Durham Region. 

3.2 The Action Plan was unanimously endorsed by all member municipalities, including 
Durham Region. Municipal contributions to the implementation of the Action Plan 
have been through in-kind contributions of staff time and resources, as well as 
annual funding in the amount of $30,000 from each of the member municipalities 
since its inception in 2012. 

3.3 The Action Plan is currently being refreshed to plan for opportunities and challenges 
over the next five years. 

4. Financial Implications 

4.1 The Region of Durham has been making annual funding contributions to the 
GHFFA in the amount of $30,000 per year, which have been included annually in 
the Economic Development and Tourism Division Business Plan and Budget. 
Funding for this year was included in the approved 2019 Business Plan and Budget, 
and support is being requested for the continued annual contribution of $30,000 in 
funding for the years 2020 to 2021, subject to Regional Council’s approval of the 
annual Business Plans and Budget and funding from the other six municipal 
partners. 

4.2 The seven funding member municipalities have also been requested to contribute 
$30,000 per year for the next three years and these funds will be used to leverage 
additional funding from various Provincial government programs as well as Federal 
programs that may become available. 

5. Conclusion 

5.1 The Region’s continued participation and support of the GHFFA is essential to 
ensuring a coordinated and effective approach to growing the food and farming 
sector in the Golden Horseshoe. 

5.2 Continued annual funding of the GHFFA in the amount of $30,000 annually for 
three years has been requested by the GHFFA. Funding for 2019 is included in the 
approved 2019 Business Plans and Budgets, and subsequently will be included in 
future Business Plans and Budgets submissions for the consideration of Council. It 
is expected the other member municipalities of Halton, Peel, York, Niagara, Toronto 
and Hamilton will also be making equal annual contributions. These funds will be 
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used to leverage additional Provincial and Federal funding programs to refresh and 
implement the Action Plan. 

6. Attachments 

Attachment #1: Letter from Golden Horseshoe Food and Farming Alliance 

Respectfully submitted, 

Original signed by 

Brian Bridgeman, MCIP, RPP 
Commissioner of Planning and  
Economic Development 

Recommended for Presentation to Committee 

Original signed by 

Elaine C. Baxter-Trahair 
Chief Administrative Officer 









Pilon, Janet

Subject: Gas Tax Program Review Survey

From: MTO-PGT <MTO-PGT@ontario.ca>

Sent: September 30; 2019 3:57 PM
To: MTO-PGT <MTO-PGT(5)ontario.ca>

Subject: Gas Tax Program Review Survey

Ministry of Transportation  inistere des Transports

Policy and Planning Division Division des politiques et de la planification
Transit Policy and Programs Group Groupe des politiques et des programmes
Executive Director s Office relatifs aux transports en commun

Bureau du directeur general

SO"1 Floor, Ste. 3000
777 Bay Street
Toronto, Ontario M7A2J8
Tel: (416) 585-7347
Fax: (416) 585-7343

30e etage bureau 3000
777, rue Bay
Toronto (Ontario) M7A 2J8
Tel, : (416) 585-7347
Telec. : (416) 585-7343

Ontario ©

September 30, 2019

Re: Gas Tax Program Review Survey

In Budget 2019, the government of Ontario committed to consulting with municipalities
on a review of the Dedicated Gas Tax Funds for Public Transportation Program ( Gas
Tax Program ).

Since the launch of the Gas Tax Program in 2004, the province has committed over
$4.1 billion to Ontario municipal transit services through the program.

The program has not been reviewed since its inception. Therefore, this review will
examine various aspects of the program to ensure it continues to meet municipal needs
and reflects goals of responsible planning and sustainable government. Feedback
provided will be used to inform government decision-making regarding potential
changes to the program.

Over the summer, the Ministry of Transportation consulted with municipal transit
agencies through meetings with the Ontario Public Transit Association. The  inistry is
now seeking to engage all municipalities, through the circulation of the attached survey
for your consideration and input.

Please send your responses and any questions to the Ministry of Transportation at
MTO-PGT@ontario.ca. We ask that you provide your completed surveys by November
4, 2019.

We look forward to hearing from you and thank you in advance for your valuable
feedback and insights.

i
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Sincerely,

James Nowlan
Executive Director



1 
GAS TAX PROGRAM REVIEW – MUNICPAL FEEDBACK 

Re: Gas Tax Program Review – Municipal Feedback 

Overview   

Ontario’s Dedicated Gas Tax Funds for Public Transportation Program has not been 
reviewed since its inception in 2004.  The province is seeking to review the program to 
ensure it continues to apply tax dollars effectively and meet the needs of municipalities 
and transit riders.  

The Ministry is consulting with municipalities to review program parameters and identify 
opportunities for improvement. Feedback received will inform any recommended 
changes to the program. 

Please send your responses and any questions to the Ministry of Transportation at 
MTO-PGT@ontario.ca. We ask that you provide your completed surveys by November 
4, 2019. 

Stakeholder Information:  

What municipality are you submitting your feedback on behalf of? Please specify your 
role/responsibility within this municipality. 

Municipality:

Role/Position:

Section A – For Municipalities Not Receiving Gas Tax Funds 

1. General Transportation Challenges

a. If your municipality has a transit system, what has prevented you from
joining the Gas Tax Program?

Ministry of Transportation 

Policy and Planning Division 
Transit Policy and Programs Group  
Executive Director’s Office 

30th Floor, Ste. 3000 
777 Bay Street 
Toronto, Ontario  M7A 2J8 
Tel: (416) 585-7347 
Fax: (416) 585-7343 

Ministère des Transports 

Division des politiques et de la planification 
Groupe des politiques et des programmes 
relatifs aux transports en commun 
Bureau du directeur général 

30e étage bureau 3000 
777, rue Bay 
Toronto (Ontario)   M7A 2J8 
Tél. : (416) 585-7347 
Téléc. : (416) 585-7343
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GAS TAX PROGRAM REVIEW – MUNICPAL FEEDBACK 

b. If you do not have a transit system, what are the barriers (financial and non-
financial) your municipality faces in launching a transit system?

c. What would be the benefits of launching a transit system or community
transportation services in your municipality?

d. What funding sources have you considered for launching your transit
system? (e.g., Community Transportation Grants, Federal Gas Tax program,
etc.)
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GAS TAX PROGRAM REVIEW – MUNICPAL FEEDBACK 

e. How could the Gas Tax program be improved to help to offer improved
transit service in your municipality?

Section B – For Municipalities Receiving Gas Tax Funds 

1. General Feedback

a. From the perspective of your municipality, what are the main benefits and/or
limitations of the Gas Tax program?

b. Are there opportunities to reduce burdensome reporting/administrative
requirements?
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GAS TAX PROGRAM REVIEW – MUNICPAL FEEDBACK 

c. What other program changes would make the Gas Tax a better program for
supporting transit services in your municipality?

d. For municipalities that have launched transit systems since the Gas Tax
Program was introduced in 2004, what are the challenges you faced in
implementing a new transit system? How could the Gas Tax Program be
adjusted to make it easier to launch a transit system?

2. 75% Municipal Own-Spending Cap

a. If the funding cap has been applied to your annual allocation, how has the
cap impacted your investments in transit initiatives?
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GAS TAX PROGRAM REVIEW – MUNICPAL FEEDBACK 

b. For municipalities that could access greater Gas Tax funding by increasing
municipal transit spending (thereby raising their Gas Tax funding ceiling):
what barriers, challenges, or realities have prevented this?

3. Ridership/Population Allocation Formula

a. What opportunities exist to increase ridership in your system?

b. Does the 70% ridership/30% population allocation formula address the
transit needs in your community? Please explain why/why not.
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GAS TAX PROGRAM REVIEW – MUNICPAL FEEDBACK 

c. Are there other criteria that should be reflected in the allocation formula?

4. Baseline Spending Requirement

a. Would you support removing the baseline requirement? Why or why not?

b. If the baseline requirement were removed, how would your transit
investments change as a result?

c. How would you use the additional flexibility to grow transit in your
municipality?
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GAS TAX PROGRAM REVIEW – MUNICPAL FEEDBACK 

d. If not removed, can the baseline requirement be altered to better support
your municipality?

5. Regional/Local Allocation Model

a) Is the program meeting the needs of your regional and local transit
agencies?  If not, how could this be improved?

b) How should the needs of regional and local transit agencies be balanced in
the allocation formula or program requirements? What changes could
achieve this?
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GAS TAX PROGRAM REVIEW – MUNICPAL FEEDBACK 

6. Other

a) Are there any additional comments or concerns you have about the Gas Tax
program?



Pilon, Janet

Subject: Suggest need for review of Parking By-law

From: Michael Ronney
Sent: September 30, 2019 4:05 PM
To: clerk(5)hamilton.ca
Cc: Office of the Mayor <mavor(5)hamilton.ca>; Danko, John-Paul <John-Paul.Danko(5)hamilton.ca>
Subject: Fwd: Suggest need for review of Parking By-law

To whom it may concern:

At the suggestion of the Mayor's office, I am forwarding my suggestion for review of Parking By-
Law No. 01-218. I believe my note to the Mayor and to John-Paul Danko are self explanatory. A

change to the By-Law might provide an opportunity for delivery companies to consider making
changes in their delivery policies, and hopefully discouraging delivery drivers from stopping to
make deliveries in the most hazardous zones. 1 believe a change to the Parking By-Law could
help make our streets safer!

Would you kindly share with the appropriate committee?

Thank you,
Michael Ronney

Forwarded message 
From: Michael Ronney

Date: Mon, Sep 30, 2019 at 11:12 AM
Subject: Suggest need for review of Parking By-law
To: Danko, John-Paul <iohn-paul.dan o(5)hamilton.ca>, Fred Eisenberger <mavor(5>hamilton.ca>

Dear John-Paul and Mayor Fred,

An article in today's Hamilton Spectator (see PDF attached) stirred my ongoing concern within the
City of Hamilton for the safety of pedestrians, cyclists and users of streets in general. The issue is
the blanket exemption afforded in the City of Hamilton in the current By-law (see excerpts below)

to Canada Post and a wide variety of delivery vehicles to park in no stopping zones, in bike lanes,
and pretty anywhere which is convenient for the delivery drivers. Too often these vehicles block
pedestrian access and/or visibility, impact bike safety, and interfere with the ability of other

vehicles to turn safely at intersections. There are reasons for the  no

stopping1 zones. With the exception of true emergency vehicles

i
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(ambulance, police and fire), and in the interest of safety, the 'no
stopping' zones need to be observed by everyone.

I would welcome attention from City Council to undertake a review of Parking By-Law No. 01-218.

Yours truly,
Michael

CITY OF HAMILTON BY-LAW NO. 01-218:

DEFINITIONS

1. For the purposes of this by-law:
(a) "Authorized Emergency Vehicle" means:

1. (i) any vehicle owned or operated by the City of Hamilton while the operator is engaged in the
performance of his or her duties;

2. (ii) any vehicle owned or operated by a Police Service, a Fire Department or a Ministry of the
Province;

3. (iii) any vehicle owned or operated by an ambulance service, a mortuary or a funeral home
while the operator is engaged in the performance of his or her duties;

4. (iv) any vehicle owned or operated bv a public utility including but not limited to
vehicles owned or operated bv Canada Post, a telephone company, a natural gas utility,
a hydro electric power provider, and any other public utility, telegraph or
telecommunications company, provided that such vehicles are each clearl  identified
bv a crest or other marking and provided the operator is actively engaged in the
provision of the services offered bv the utility;

AND FURTHER:

EXEMPTION

7. The provisions of this Bv-law respectin  parking, stoppin  or standing of vehicles
shall not apply to:

i. (a) Authorized emer ency vehicles where the operator is engaged in the
performance of their duties;

Michael Ronney

2



Canada Post racking up close to $1 million a 
year in parking fines, data shows

The information, obtained by The Canadian Press through freedom of information requests, 
indicates the bulk of the citations are in and around Toronto.

 by Colin Perkel 

Data shows the Crown corporation has paid out almost $7.5 million in parking fines over the past decade. - Colin 
Perkel , THE CANADIAN PRESS 
Canada Post is racking up close to $1 million annually in parking tickets as drivers struggle to 
navigate increasingly congested city streets, data show.
The information, obtained by The Canadian Press through freedom of information requests, 
indicates the bulk of the citations are in and around Toronto.
"To meet the needs of Canadians, our employees have to routinely park their vehicles," said 
Canada Post spokesman Jon Hamilton. "With the concentration of addresses in urban 
downtown cores and a rising demand for pickups and deliveries, this can cause challenges, 
not just for Canada Post but for all delivery companies."

Data shows the Crown corporation has paid out almost $7.5 million in parking fines over 
the past decade. The worst year was in 2016 with $943,293 paid, slightly more than last 
year's $914,831, and almost quadruple the $289,908 recorded in 2009.
Under the federal Canada Post Act, the corporation has, with some exceptions, the "sole and 
exclusive privilege of collecting, transmitting and delivering letters to the addressee thereof 



within Canada." The corporation has a fleet of almost 13,000 vehicles that delivered close to 
eight billion pieces of mail last year.
Eric Holmes, a spokesman for the City of Toronto, said mailbox placements are approved with
the "general preference" they not be placed along high-volume streets.
"Illegally parking, stopping, or standing a vehicle is dangerous for pedestrians, cyclists and 
other motorists and creates congestion," Holmes said. "Enforcement of parking violations is 
one way the City of Toronto helps deter this behaviour."
Hamilton said the corporation was an "active participant" in partnerships with Toronto, 
Montreal and Vancouver that aim to ease congestion, especially in downtown cores and along
major access routes.
"We also review our operations to make changes, such as adjusting pickup and delivery 
times, where possible," Hamilton said. "It's a bigger discussion than simply designating more 
delivery zones."
Overall, the fines are barely a rounding error for Canada Post, which lost $270 million last 
year on revenue of $6.6 billion dollars — three-quarters of the corporation's total revenues. 
The company initially refused a June 2016 request for the ticket data, citing "commercial 
sensitivity."

It relented in June after belated intervention from the information commissioner and released 
the total value of tickets by region paid from 2009 until mid-2016. Asked for updated figures, 
the country's largest retail network insisted on receiving a new formal access-to-information 
request before providing them.
All regions of Canada show ticketing of branded Canada Post vehicles, but most citations are 
in major urban centres, where thousands of mail addresses can be concentrated in a few 
blocks. Despite the daunting logistics of pickup and delivery, a Toronto traffic police 
spokesman was blunt:
"This is an easy one," Sgt. Brett Moore said. "There is no preferential treatment for Canada 
Post."
In general, Canada Post's drivers are on the hook for traffic violations. However, company 
policy makes allowance for parking tickets — with an excuse — except in designated 
accessibility spots.
Emilie Tobin, with the Canadian Union of Postal Workers, said the idea of parking exemptions 
for Canada Post vehicles is a complex topic given that the company is federally regulated but 
drivers have to follow varying provincial and municipal bylaws.
"In some areas, it is difficult to find a legal parking space, so our members do have to park 
illegally and some do incur parking tickets," Tobin said. "It's not an ideal system and postal 
workers would prefer that routes could be structured in a way that allowed for legal parking 
100 per cent of the time."



September 29, 2019 

Good Day Mr. Mayor and Members of Council, 

The following email was sent to Councillors Johnson, Whitehead and Ferguson and the 
Mayor.  After numerous requests for Councillor Johnson to take action to implement 
safety measures on Glancaster Road, we are hopeful that this petition from her 
Constituents will help move things along faster.  Hoping that by going this route as well 
will help us with our request. 

Councillor Johnson, 

Please find attached the +250 signatures from concerned families who are 
requesting an immediate upgrade of Glancaster Road (between Twenty and 
Rymal) that will provide safe pedestrian access to near by amenities including 
schools, medical offices, public transit and churches. 

Over the past few years, you and your office have been contacted numerous times 
of the dangers this stretch of roadway poses to our families and we have yet to 
see any action to address this issue.  Will it take a fatality for you and the city to 
finally look this way?  We hope not.  We are asking that you take this situation 
seriously and begin to take steps to remedy this immediately. 

I have copied Councillors Whitehead and Ferguson as a portion of Glancaster 
Road falls within their wards.  However, since this impacts the residents of 
L0R1W0, it is YOU who represent our needs.  It is YOU who we voted into office. 
It is YOU who we hold accountable.  I am also copying in the Mayor and other City 
officials in hopes this can be escalated in a timely manner.  I will also be sharing 
this will local media. 

You have been silent on this matter for far too long and we look forward to hearing 
what your plans are to address this situation. 

Should you wish to engage in further dialogue with the residents of our 
neighbourhood, I'm sure something can be arranged. 

Jonathan Lambert (on behalf of the residents of Kooperfield Park) 

Online Petition Link: http://chng.it/zsJBsfzp 

Please see Appendix “A”, attached hereto, for a copy of the petition. 

Thank you, 

Jonathan Lambert 
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Install safe pedestrian access down Glancaster
Road

Jonathan Lambert started this petition to Brenda Johnson (Councillor Ward 11) and 3 others 
WHY ARE WE STARTING THIS PETITION?
There are approximately 450 homes (~1350 residents), with more development in progress, in the 
Glancaster Road and Twenty Road area with no safe pedestrian access to nearby amenities such as: 
medical offices, schools, HSR, churches and local businesses. Residents are forced to utilize the 
narrow shoulder (or use the road itself during the winter months as snow removal equipment simply 
clears the 2 lanes for vehicle traffic). With minimal street lights and vehicles travelling at high speeds, 
this is not safe for people who walk, bike, push strollers or require wheelchairs to travel.
WHAT ARE WE ASKING FOR?
We are asking the City Of Hamilton to install:
Safe pedestrian access (ie: sidewalks, walk ways, etc)
Street lights
Bike lanes (if feasible)
The impacted area should start from the corner of Twenty Road and proceed north down Glancaster 
Road to connect with Rymal Road.
IMPACT TO OUR COMMUNITY
Minimize potential fatalities (pedestrians being struck by automobiles) and/or injuries (pedestrians 
walking on uneven ground)
Reduce carbon emissions with fewer cars being used for short distances
Increase and promote a healthy and active lifestyle
WHAT DO WE NEED?
We are asking for your support to sign the below petition asking for safe pedestrian access for the 
residents of our community.   This petition will be delivered to:
Fred Eisenberger (Mayor Of Hamilton)
Brenda Johnson (Councillor, Ward 11) 
Lloyd Ferguson (Councillor, Ward 12) 
Terry Whitehead (Councillor, Ward 14) 
Please join us and spread the word all social media platforms with the
hastag #WALKGLANCASTER.  Share your stories, pictures and tag the above councillors!

Appendix "A" to Correspondence from Jonathan Lambert respecting Safety Measures on Glancaster Road



The petition contains 273 signatures.

A copy of the petition is available for 
viewing in the Office of the City Clerk.

Appendix "A" to Correspondence from Jonathan Lambert respecting Safety Measures on Glancaster Road



Ministry of Children, 
Community and Social 
Services 

Minister’s Office 

438 University Avenue 

7th Floor  

Toronto, Ontario  

M7A 1N3 

Tel.: (416) 325-5225 

Fax: (416) 325-5240 

Ministère des Services à 
l’enfance et des Services 
sociaux et communautaires 

Bureau du Ministre 

438, avenue University 

7e étage 

Toronto, Ontario 

M7A 1N3 

Tél. : (416) 325-5225 

Téléc. : (416) 325-5240 

October 2, 2019 

His Worship Fred Eisenberger, Mayor 
City of Hamilton 
71 Main Street West, 2nd Floor 
Hamilton, Ontario 
L8P 4Y5 

Dear Mayor Eisenberger: 

I am writing to you regarding important updates to social assistance in Ontario. 

Earlier this year, we announced changes to Ontario Works, the Ontario Disability Support 
Program (ODSP) and the Transition Child Benefit (TCB). 

After careful consideration, these programs will continue in their current form to all 
recipients in accordance with existing policies and regulations. 

We are working with Hamilton Social Services local offices to communicate these changes. 
The ministry will also be making every effort to contact all TCB recipients by mail to inform 
them we are not proceeding with these changes and encouraging them to contact their 
caseworker with any questions. 

…/cont’d 
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While providing for the continuity of services for people receiving social assistance, we are 
focusing on the broader plan to improve our social assistance and employment programs. 
The Ontario government is transforming the system into simpler, more effective supports, 
so that everyone can contribute to the success of our province. We are listening and 
exploring the best ways to bring positive outcomes for those in need. 

 
Sincerely,       

 
 
Todd Smith 
Minister 
 
 
 

 



October 4, 2019 

Via email to the Mayor 

Council for the City of Hamilton 
Hamilton City Hall 
2nd floor - 71 Main Street West 
Hamilton, Ontario L8P 4Y5 

Dear Members of Council for the City of Hamilton, 
Re: Report – Office of the Ontario Ombudsman 

I have completed my investigation into whether the City of Hamilton’s City Manager 
Recruitment Steering Committee held improper closed meetings on February 9 and February 
23, 2019. Please find my final report enclosed. 
In accordance with section 14.1 (8) of the Ombudsman Act, the municipality should make my 
report available to the public, and we ask that this be done no later than the next council 
meeting. In accordance with s. 239.2(12) of the Municipal Act, 2001, the City should pass a 
resolution stating how it intends to address this report. 

Pursuant to section 14.1 (9) of the Ombudsman Act, I will also post a copy of the report on 
my website at www.ombudsman.on.ca. 

Yours truly, 

J. Paul Dubé
Ombudsman of Ontario

CC: Andrea Holland 
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Ombudsman Report 
 

Investigation into complaints about  
closed meetings held by  

the City of Hamilton  
on February 9 and 23, 2019 

 
 

Paul Dubé 
Ombudsman of Ontario 

October 2019 
 
 



City of Hamilton 
Closed meetings on  

February 9 and 23, 2019 
October 2019 

 

 

 
           1  
   
  

 

Complaint 
 

1 My Office received 77 complaints about two meetings held by the City of 
Hamilton’s City Manager Recruitment Steering Committee on February 9 
and February 23, 2019. During those meetings, the committee met in 
closed session to interview candidates for the position of City Manager.  
The meetings were closed under the “personal matters” exception in the 
Municipal Act, 20011 (s. 239(2)(b)). 
 

2 Although a large number of complaints, most focused on the same few 
issues: That the meetings took place approximately 60 kilometres outside of 
Hamilton, at the White Oaks Resort and Spa in the Town of Niagara-on-the-
Lake; that members of the public who tried to attend on February 9 were 
asked to leave the premises by White Oaks staff; and that the start time of 
that meeting was changed from 9 a.m. to 8:30 a.m. without sufficient notice 
to the public. Some complainants also told my Office that the committee 
denied their requests to speak at the February 9 meeting. One raised 
concerns about being prevented from hearing any declarations of conflict of 
interest by committee members.  

 

Ombudsman jurisdiction 
 

3 Under the Municipal Act, all meetings of council, local boards, and 
committees of council must be open to the public, unless they fall within 
prescribed exceptions.  
 

4 As of January 1, 2008, the Act gives Ontarians the right to request an 
investigation into whether a municipality has complied with the Act in 
closing a meeting to the public. Municipalities may appoint their own 
investigators. The Act designates the Ombudsman as the default 
investigator for municipalities that have not appointed their own.  
 

5 The Ombudsman is the closed meeting investigator for the City of Hamilton. 
 

6 In addition, the Ombudsman Act provides that our Office has the authority 
to conduct impartial reviews and investigations of other types of complaints 
about the administrative conduct of Ontario’s public sector organizations, 
including municipalities. 
 

                                                 
1 SO 2001, c 25. 
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7 In investigating closed meeting complaints, we consider whether the open 
meeting requirements of the Act and the municipality’s governing 
procedures were followed.  
 

8 Our Office has investigated hundreds of closed meetings since 2008. To 
assist municipal councils, staff, and the public, we have developed an 
online digest of our open meeting cases.2 This searchable repository was 
created to provide easy access to the Ombudsman’s decisions on, and 
interpretations of, the open meeting rules. Council members and staff can 
consult the digest to inform their discussions and decisions on whether 
certain matters can or should be discussed in closed session, as well as 
issues related to open meeting procedures. Summaries of all of our Office’s 
investigations that are cited in this report can be found in the digest. 
 

Committee procedures 
 

9 Hamilton’s procedural by-law (By-law No. 18-270) lists six standing 
committees. Although the City Manager Recruitment Steering Committee is 
not included in that list, the acting city Clerk confirmed to us that provisions 
of the procedural by-law that refer to standing committees also apply to this 
committee.  
 

10 Section 3.3 and section 5.5(2) of the procedural by-law address the location 
of council and committee meetings: 

 
3.3   Meetings of Council shall be held in the Council 
Chambers at City Hall in the City of Hamilton or at such 
other place within the City of Hamilton as Council may from 
time to time determine. 
 
5.5(2)   In addition to regularly scheduled Standing 
Committee meetings, a special meeting of a Standing 
Committee may be scheduled when required, at the call of 
the Chair, at locations and times to permit convenient access 
for members of the public most affected by such a matter 
with at least 48 hours notice, delivering notice in accordance 
with subsection 3.4(3) and 3.4(4).3 

 

                                                 
2 The digest can be found on our website here: https://www.ombudsman.on.ca/digest/home 
3 Subsections 3.4(3) and 3.4(4) govern the notice to be given to council members about special 
meetings of council. 

https://www.ombudsman.on.ca/digest/home
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11 With respect to notice of committee meetings, section 5.5 provides pre-
determined meeting dates and times for the listed standing committees. 
The City Manager Recruitment Steering Committee is not included in the 
list. Section 5.5(1)(3) states that: 

 
Advance notice of Committee meetings for the public’s information 
may be found by accessing the Committee and Council Meeting 
Calendar on the City’s website at www.hamilton.ca. 

 
12 Under the procedural by-law, delegations by members of the public are 

permitted at committees. Section 5.11 states that interested persons may 
make a delegation request and the decision on whether or not to allow them 
to speak at the meeting is made by the appropriate committee.  

 

Investigative process 
 

13 On March 6, 2019, I advised the city that we would investigate the concerns 
raised by complainants about the meetings of February 9 and 23. 
 

14 Members of my Office’s Open Meeting Team reviewed relevant portions of 
the city’s by-laws and policies, and the Act. We also reviewed the records 
from the open and closed sessions of the committee meetings on February 
9 and February 23. The committee did not make audio or video recordings 
of these meetings. 

 
15 We interviewed members of the committee, members of council who 

attended the meetings, the then-acting city Clerk, members of a recruitment 
firm retained by the city, members of the public, and staff members at White 
Oaks. 

 
16 We also reviewed a cell phone video that captured an interaction between 

members of the public and White Oaks staff on February 9, 2019. 
 
17 My Office received full co-operation in this matter. 

 

http://www.hamilton.ca/
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Background 
 
The City Manager Recruitment Steering Committee  

 
18 In June 2018, Hamilton’s then City Manager announced that he was leaving 

his position. The City Manager is responsible for the general control and 
management of the government administration and affairs of the city.  
 

19 In September 2018, council established the City Manager Recruitment 
Steering Committee. Its mandate was to recommend the appointment of a 
new manager by assisting with the recruitment process and interviewing 
candidates after the October 2018 municipal election, once the newly 
elected council began its term. The committee’s membership was to be 
comprised of the Mayor and the chairs of the city’s standing committees. 
Staff recommended that a recruitment firm be engaged to assist the city 
with recruitment by conducting a nationwide search for candidates for the 
position.  

 
20 Once the new term of council began and the chairs of the standing 

committees were selected, the City Manager Recruitment Steering 
Committee consisted of Mayor Fred Eisenberger and Councillors Chad 
Collins, Sam Merulla, Maria Pearson, and Lloyd Ferguson. 

 
21 According to the acting city Clerk, this committee was a committee of 

council, given that all of its members are also members of council, and it 
reports directly to council. As such, it was subject to the open meeting 
requirements under the provisions of the Municipal Act, 2001 and the city’s 
procedural by-law.  
 

22 In March 2019, a new City Manager was chosen and announced by the 
city. The City Manager Recruitment Committee is no longer active, but the 
concerns raised by these complaints and addressed by my 
recommendations provide an opportunity for Hamilton and other 
municipalities to ensure transparency in their practices and procedures in 
similar situations. 
 

 
Events leading up to the committee’s first meeting 
 
23 Staff scheduled three meetings of the committee for February 1, February 

9, and February 23, 2019. A recruitment firm was also retained by the city, 
which initiated the recruitment process and advertised for the City Manager 
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position. By February 1, 2019, the firm had prepared a short list of 
candidates.  
 

24 On December 16, 2018, Councillor Nrinder Nann wrote an opinion article in 
a local newspaper, calling for more diversity in the committee’s 
membership.4 Councillor Nann noted that there was only one woman on the 
committee and no people of colour, and that all of the members had served 
on council prior to the 2018 election, despite one-third of the council being 
newly elected. 

 
25 The agenda for council’s meeting on January 23, 2019 included a motion by 

Councillor Maureen Wilson, urging that a new steering committee be 
established to recruit the City Manager, and that equity, diversity, and 
inclusiveness be incorporated into the recruitment process. Consideration 
of the motion was postponed during this meeting. 
 
 

Committee meeting on February 1, 2019 
 

26 The committee held its first public meeting on February 1, 2019. A 
recruitment specialist from the recruitment firm was also in attendance.  
 

27 We were told that during this meeting, the committee decided to adjust the 
start time of the upcoming meeting on February 9 from 9 a.m. to 8:30 a.m. 
in order to accommodate members’ schedules. 
 

28 The committee also heard from the recruitment specialist about the 
interview process. We were told that the specialist recommended that the 
committee hold the interviews in a location separate from the city 
administration building, in order to maintain the confidentiality of the 
process and the privacy of candidates. According to the specialist, it is a 
standard practice to hold interviews for such a position (or a similar 
position) outside of a municipality’s administration building. She told us she 
recommended White Oaks as a location for the committee’s interviews 
because its layout and busy atmosphere offered privacy for arriving and 
departing candidates. 

 
29 Based on the specialist’s advice at the February 1 meeting, the committee 

decided to hold its candidate interviews during the February 9 and 23 
meetings at White Oaks.  
 

                                                 
4 https://www.thespec.com/opinion-story/9084305-new-city-manager-hiring-demands-diversity/ 

https://www.thespec.com/opinion-story/9084305-new-city-manager-hiring-demands-diversity/
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30 The recruitment specialist told my Office that she had concerns about the 
privacy and confidentiality of the February 9 and 23 meetings once she 
became aware of a post on Twitter urging residents to request to delegate 
at the meeting and offering free transportation by bus. The tweet included a 
graphic with the following text: 

 
Hamilton City Council meets in Niagara-on-the-Lake? 
 
Sounds confusing? We think so too. On February 9th, the City of 
Hamilton will be having a meeting to discuss who should be our 
new City Manager. Where? In Niagara-on-the-Lake, 66 kilometres 
from Hamilton City Hall itself. 
 
If you agree that this meeting lacks in transparency and is 
undemocratic, request to delegate and have your voice heard at the 
meeting! 
 
How to request to delegate? Email clerk@hamilton.ca and cc the 
Mayor as well as your local Ward Councillors. 
 
How to get there? 
Meet us at the Burlington GO station at 7:45 a.m. on Saturday, 
February 9th (bus will depart at 7:54 a.m.). Bus fare can be covered 
for all those attending. 

 
31 The recruitment specialist told my Office that the confidentiality and privacy 

of candidates during a recruitment process is paramount, and it was her 
duty to ensure that the candidates’ privacy would be maintained if 
protesters showed up at the meetings.  
 

32 Some of the committee members told us they recalled the acting city Clerk 
saying that holding the meetings outside of the city administration building 
was permissible and that the open meeting rules would apply to the 
meetings. 

 
33 The acting Clerk told my Office that after the February 1 meeting, she 

updated the February 9 meeting start time on the members’ electronic 
calendars, changing it to 8:30 a.m. However, she did not update the public 
meeting notice on the city’s website. This was an oversight, she said. The 
public meeting notice said the meeting at White Oaks on February 9 would 
start at 9 a.m. It was not updated by city staff until 7 a.m. on February 7. 

 
34 We were told by complainants that the February 9 meeting start time was 

not updated on all sections of the city’s website. For example, the city’s 
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online meeting calendar and committees web page indicated that the 
meeting would begin at 9 a.m. On February 13, my Office confirmed that 
the committee’s web page still listed the start time of the meeting as 9 a.m. 
The acting Clerk told us she was unaware that these sections of the city’s 
website were not updated.  
 
 

General Issues Committee meeting on February 6 
 
35 On February 6, during a meeting of the General Issues Committee, 

Councillor Nann, seconded by Councillor Wilson, introduced a motion to 
postpone the February 9 and 23 meetings of the City Manager Recruitment 
Steering Committee. Her motion noted in part that the committee’s 
membership was made up exclusively of incumbent council members and 
“ought to more accurately reflect both the composition of this term of 
Council and the demographic makeup of the city's residents.” Councillor 
Nann also called for public delegations on the composition of the committee 
before any further meetings took place. 
 

36 Several members of the public delegated to the General Issues Committee 
on Councillor Nann’s motion, but it was ultimately defeated by a vote of 11 
to 3.  

 
 
Arranging the meetings at White Oaks 

 
37 The acting Clerk, the recruitment specialist and the Director of Sales for 

White Oaks told my Office that the February 9 and February 23 meetings 
were arranged by the recruitment firm; the city did not participate in 
organizing or co-ordinating them with White Oaks. However, the acting 
Clerk told my Office that she spoke to the recruitment specialist over the 
phone multiple times to facilitate the details for the meetings. 

 
38 During one of these conversations, the acting Clerk advised the recruitment 

specialist that the public would be allowed to attend the open session 
portions of the meetings. The recruitment specialist also recalled this 
conversation. The recruitment specialist told us she informed White Oaks 
staff that members of the public might attend the meetings. 

 
39 The Director of Sales for White Oaks told my Office that she did not receive 

instructions from the recruitment firm to allow members of the public to 
attend the meeting. In fact, she said she was instructed by another 
employee of the recruitment firm that the February 9 and 23 meetings were 
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private, not public, and to direct any members of the public who tried to 
attend the meetings to leave. She said that prior to the meetings, the 
recruitment firm raised concerns that people might protest the meetings. In 
light of these concerns, the firm instructed White Oaks to increase security. 
The firm told her the meetings were not open to the public and that only 
committee members and candidates for the City Manager position were 
permitted to attend (the job candidates would be sent an email telling them 
where to go at White Oaks). She said the firm’s instructions were that any 
members of the public who showed up to attend the meetings should be 
directed off the White Oaks property.  
 
 

The February 9 meeting 
 

40 Four members of the public advised my Office that they took public transit 
to White Oaks to attend the committee’s meeting on February 9, 2019. 
They said they arrived at approximately 9:15 a.m., after the meeting had 
already started.  
 

41 The four were met by a staff person at White Oaks. This interaction was 
captured by a cell phone video filmed by one of the members of the public 
that lasts 3 minutes and 23 seconds. It shows the four people waiting in the 
foyer of White Oaks. The staff person tells them that they cannot attend the 
meeting because it is a private meeting. A second White Oaks employee 
arrives and asks whether the four individuals had received an email, 
explaining that White Oaks staff were told to admit only those who were 
sent an email (i.e., the candidates for City Manager). One member of the 
public tells the White Oaks staff that the meeting should be open to the 
public. The four are told that unless they are staying at White Oaks as 
guests, they must leave – which they do. 

 
42 Ombudsman staff spoke to a journalist who also tried to attend the meeting. 

The journalist told us he arrived at the meeting room in White Oaks at 8:35 
a.m. and was surprised to find the door was closed, as he believed the 
meeting was scheduled to begin at 9 a.m. At that point, a White Oaks 
employee approached the journalist and asked him if he had received an 
email; when he said he had not, the employee asked him to leave and 
escorted him from the premises. The recruitment firm specialist recalled 
seeing the journalist in the hallway while the meeting was in closed session 
at approximately 8:45 a.m. 

 
43 The open session minutes for the committee meeting indicate that it began 

at 8:30 a.m. The five members of the committee – Mayor Eisenberg and 
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Councillors Collins, Merulla, Pearson and Ferguson – were present, as well 
as the acting Clerk and the recruitment specialist. Two additional council 
members, Councillors John-Paul Danko and Maureen Wilson, were also 
present. 

 
44 In open session, the committee approved the agenda for the meeting and 

the minutes of the previous meeting. No declarations of conflict of interest 
were recorded. The acting Clerk told us the open session lasted 
approximately three minutes. We were told that the door to the meeting 
room was kept open during this time, and the hallway was checked for 
would-be spectators. No members of the public were present. 

 
45 The committee then passed a resolution to close the meeting, as follows:  

 
That Committee move into Closed Session respecting Item 4.2, 
pursuant to Section 8.1, Sub-section (b) of the City’s Procedural 
By-law 18-270, and Section 239(2), Sub-section (b) of the Ontario 
Municipal Act, 2001, as amended, as the subject matter pertains to 
personal matters about an identifiable individual, including City 
employees. 

 
46 The closed session minutes indicate that the closed session began at 8:33 

a.m. and lasted until 4:36 p.m.  
 

47 We were told by those present that the committee met with candidates and 
conducted interviews during the closed session. Once all of the interviews 
were concluded, the committee reviewed the candidates and discussed the 
interviews, also behind closed doors.  

 
48 Most of the committee members told us they were unaware at the time that 

members of the public had attempted to attend the open session. They 
learned this later via social media.  

 
49 The recruitment specialist told my Office that it wasn’t until the end of the 

day that she learned about the four members of the public who had tried to 
attend the meeting that morning.  

 
50 The acting Clerk recalled that late in the morning, when the committee was 

in closed session, she was alerted by city staff about posts on social media 
stating that the public had been barred from the meeting. She informed the 
Mayor that members of the public might be at White Oaks, waiting to attend 
the meeting. During the committee’s lunch break, Mayor Eisenberg went to 
the front foyer to see if anyone was waiting, but found no one. He also 
asked the front desk if members of the public had inquired about the 
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meeting, but was told by White Oaks staff that they were unaware of 
anyone waiting.  

 
51 The committee reported back in open session with a one-line summary of 

the closed session: “Staff were provided with direction in Closed Session.” 
 

52 The committee adjourned the meeting at 4:41 p.m.  
 
 

After the February 9 meeting 
 

53 The member of the public who took the cell phone video capturing the 
interaction between the four members of the public and White Oaks staff 
uploaded it to social media. Some council members also made statements 
on social media and to local news media in response to the controversy 
surrounding the meeting’s location and the fact that members of the public 
had been excluded from White Oaks.  
 

54 We were told that the recruitment firm contacted the Director of Sales for 
White Oaks after the February 9 meeting with updated instructions for 
allowing public attendance at the February 23 meeting. Those instructions 
clarified that people should be allowed to be present at the open sessions 
at the beginning and end of the meeting.  
 

55 On February 12, the acting Clerk issued a public report, updating council on 
the recruitment process. The report addressed the February 9 meeting and 
provided explanations for holding the meeting at White Oaks and changing 
the start time. The report also notes that White Oaks staff had been 
instructed to allow members of the public to attend the open portions of the 
meeting.  

 
56 The report states: 

 
In light of some public confusion this past weekend respecting the 
City Manager Recruitment Steering Committee meeting held 
Saturday February 9th at White Oaks Conference Centre, Clerks 
would like to provide clarity with respect to the process for these 
meetings. 
[…] 
 
With respect to public attendance during these meetings, the public 
is welcome to be present during the open session portion of the 
meetings. Due to the nature of these meetings, open session 
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typically only lasts a couple of minutes so that the candidate 
interviews can begin and the schedule set out for the candidates 
can be adhered.  
… 
 
The location for the City Manager Recruitment Steering Committee 
meetings was chosen by the executive search firm […] because it 
afforded the candidates their privacy, is situated right off a main 
area highway, is well-equipped to host professional meetings of this 
nature and profile, and meets the requirement under the Municipal 
Act of hosting the meeting in an adjacent municipality, meaning it is 
a municipality nearby.  
 
The start time of the Saturday, February 9th meeting was initially set 
for 9:00 a.m. The meeting start time was later amended to 8:30 
a.m. to accommodate the schedules of Steering Committee 
members and was updated to the City of Hamilton’s website the 
morning of Thursday, February 7th.  
 
The next City Manager Recruitment Steering Committee meeting, 
when there will be further candidate interviews, will take place 
Saturday February 23rd at White Oaks Conference Centre at 9:00 
a.m. As was the case with this past Saturday’s meeting, the 
meeting will be open in public session, and will move into closed 
session so that the schedule set out for the candidates can be 
adhered. At the conclusion of the interviews, the Committee will put 
forward a motion to move out of camera and wait the prescribed 
five (5) minutes to allow any media or members of the public to 
return, after which the Committee will put forward a motion to 
adjourn. 
[…] 
 
Staff at White Oaks Conference Centre were and have been 
advised of the above process and have been instructed to allow 
public access to the meeting just prior to, and at, 9:00 a.m. with the 
understanding that, as was the case this past Saturday, the 
meeting will very likely be in closed session very shortly after 9:00 
a.m., at which time the meeting will be closed to the public […]. 
 
The motion to move out of camera will be at the discretion of the 
Committee once they have deemed the in camera portion of the 
meeting concluded. 
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The February 23 meeting 
 
57 The committee met for a second time at White Oaks on February 23, 2019 

at 9 a.m. All committee members were present, as well as Councillors 
Danko and Wilson, the recruitment specialist and the acting city Clerk.  
 

58 We were told that members of the public attended the open session 
portions of the meeting and waited in the White Oaks lounge before the 
meeting began and during the closed session.  

 
59 The open session minutes indicate that the meeting began at 9 a.m. and 

that the committee approved the meeting agenda and the minutes of the 
previous meeting. No declarations of conflict of interest were recorded. The 
committee moved in camera at 9:02 a.m.  

 
60 The resolution that was passed to close the meeting was as follows:  

 
That Committee move into Closed Session respecting Item 4.2, 
pursuant to Section 8.1, Sub-section (b) of the City’s Procedural 
By-law 18-270, and Section 239(2), Sub-section (b) of the Ontario 
Municipal Act, 2001, as amended, as the subject matter pertains to 
personal matters about an identifiable individual, including City 
employees. 

 
61 The closed session minutes indicate that it lasted until 4:52 p.m., and that 

the committee conducted interviews for the position of City Manager during 
this time. According to those present, the committee conducted interviews 
and then discussed the candidates. 

  
62 After the closed session, members of the public were permitted back into 

the meeting. The committee reported back in open session with a one-line 
summary of the closed session: “Staff were provided with direction in 
Closed Session.” 

 
63 The committee adjourned the meeting at 4:57 p.m.  
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Analysis 
 
Relevant provisions from the Municipal Act, 2001 
 
64 Before moving into closed session on February 9 and 23, the committee 

cited the “personal matters” exception to the open meeting rules, found in 
section 239(2)(b) of the Act: 
 

A meeting or part of a meeting may be closed to the public if the 
subject matter being considered is, 
 
(b)  personal matters about an identifiable individual, including 
municipal or local board employees. 

 
65 A new definition of “meeting” came into force on January 1, 2018, as part of 

the Modernizing of Ontario’s Municipal Legislation Act, 2017. It states that: 
 

“meeting” means any regular, special or other meeting of a council, 
of a local board or of a committee of either of them, where, 
 
(a) a quorum of members is present, and  
(b) members discuss or otherwise deal with any matter in a way 
that materially advances the business or decision-making of the 
council, local board or committee.  

 
66 With regard to the location of meetings, section 236 of the Act states:  

 
The council of a municipality shall hold its meetings and keep its 
public offices within the municipality or an adjacent municipality at a 
place set out in the municipality’s procedure by-law; however, in the 
case of an emergency, it may hold its meetings and keep its public 
offices at any convenient location within or outside the municipality. 
 
 

Applicability of the open meeting rules 
 
67 The committee chose to conduct interviews during its meetings on February 

9 and 23. The open meeting requirements in the Municipal Act apply to 
these meetings. However, those rules would not have prevented the 
committee from holding the candidate interviews in private, outside of a 
formal meeting.  
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68 The February 9 and 23 meetings occurred in phases. Each meeting began 
with a short open session. After passing a resolution to close the meeting, 
the committee conducted candidate interviews. After all of the interviews 
were completed, the committee remained in closed session to discuss the 
qualifications of the individual candidates, and then provided direction to 
staff as a result of those discussions. The committee returned to open 
session to adjourn the meeting. 
 

69 In my report on an investigation we conducted of council “information 
sessions in the Village of Casselman, I considered the new definition of 
“meeting” and determined that the word must be understood not only in its 
ordinary sense, but also according to the way it is used and in light of the 
objectives of the open meeting legislation. With respect to “materially 
advances,” the test involves considering the extent to which the discussions 
at issue move the business of the municipality forward, based on factual 
indicators. As that report states, this refers in particular to: 

 
discussions, debates or decisions that are intended to lead to 
specific outcomes or to persuade decision-makers one way or 
another are likely to “materially advance” the business or decision-
making. Mere receipt or exchange of information is unlikely to 
“materially advance” business or decision-making, as long as there 
is no attempt to discuss or debate that information as it relates to a 
specific matter that is or will be before a council, committee or local 
board.5 [emphasis added] 

 
70 Actions like voting, reaching an agreement, providing direction or input to 

staff, and discussing or debating a proposal, course of action or strategy 
are factual indicators that business or decision-making has materially 
advanced. On the other hand, merely receiving information does not 
materially advance business or decision-making. 
 

71 In the Village of Casselman report, I found that the staff information 
sessions did not meet the definition of “meeting,” even though they were 
attended by a quorum of council, because members of council were not 
materially advancing business or decision-making. Rather, they were 
merely receiving information as observers.  
 

72 In the present case, the City of Hamilton treated the February 9 and 23 
committee meetings as “meetings” according to the Act: Notice of the 
meetings was provided, agendas were prepared, minutes were taken by the 

                                                 
5 Casselman (Village of) (Re), 2018 ONOMBUD 11 (CanLII), at para 31, <http://canlii.ca/t/hvmtk>. 

http://canlii.ca/t/hvmtk
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acting Clerk, and members were informed that the meetings would be 
subject to the open meeting rules.  

 
73 It is clear that some portions of the meetings did materially advance the 

business of the committee. For example, the committee approved minutes 
of previous meetings and provided direction to staff with respect to the 
recruitment process. In addition, the committee discussed the candidate 
interviews while in closed session. These are all factual indicators that the 
business or decision-making of the committee had materially advanced.  

 
74 In considering the interviews, which formed the majority of both meetings, I 

find that the definition of “meeting” was not met. While conducting the 
interviews, the committee members did not discuss or otherwise deal with a 
matter in a way that materially advanced the business or decision-making of 
the committee. The dialogue between the committee and the individual 
candidates did not materially advance the committee’s business. The open 
meeting requirements in the Act therefore do not apply to the interview 
portions of the meetings. The committee could have chosen to conduct the 
candidate interviews (without any subsequent discussion about the 
candidates) outside of a formal meeting. 

 
75 However, the information that the committee received during the interviews 

formed the basis of its subsequent discussions about the individual 
candidates. These discussions did materially advance the business or 
decision-making of the committee. Therefore, those portions of the closed 
sessions are subject to the open meeting rules. 

 
76 Given that the committee combined both the interviews and the discussion 

of qualifications on February 9 and 23, the open meeting requirements in 
the Municipal Act applied to both meetings.  

 
 

Applicability of the “personal matters” exception 
  
77 The committee cited the personal matters exception when it moved into 

closed session on February 9 and February 23.  
 

78 This exception applies to discussions that reveal “personal information 
about an identifiable individual.” Generally, information that pertains to an 
individual in their professional capacity does not fit within the personal 
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matters exception.6 However, discussions regarding the hiring of a specific 
individual, including their employment history and past job performance, fit 
within the exception.7 
 

79 In a report on an investigation in the Township of Russell, our Office found 
that an in-camera discussion about a candidate for the position of deputy 
clerk fit within the personal matters exception.8 During the discussion, 
council identified the candidate by name and covered the candidate’s 
employment history, job performance and salary information. This qualified 
as personal information.  
 

80 A similar discussion by council for the Town of Amherstburg was also found 
to fit within the personal matters exception.9 In that case, the discussion 
involved the review of the employment history and qualifications of an 
individual who was a candidate for town treasurer. Councillors expressed 
opinions about the individual’s suitability for the positon.  
 

81 In the present case, during the February 9 and February 23 closed sessions 
the committee conducted interviews and discussed the suitability of 
individual candidates for Hamilton’s City Manager position. This type of 
discussion includes personal information about the candidates and 
therefore fits within the “personal matters” exception.  

 
 

Location of the meetings 
 
82 Almost all of the complaints we received noted that the meetings occurred 

outside of the City of Hamilton. White Oaks is located approximately 60 
kilometres outside the city, in the Town of Niagara-on-the-Lake which is 
separated from the city by the Town of Grimsby, the Town of Lincoln, and 
the City of St. Catharines. We were told by complainants that White Oaks 
has limited accessibility by public transit and it would have been more 
convenient for the public to have the meetings closer to or within Hamilton’s 
borders.  

 
83 In her report to council, the acting Clerk indicated that the meeting location 

was chosen for several reasons, including maintaining the privacy of the 
                                                 
6 Letter to the Township of Russell, August 8, 2014, online < 
https://www.ombudsman.on.ca/Files/sitemedia/Documents/Russell-Twp-Closing-Letter-FINAL-
EN.pdf>. 
7 Letter to the City of Elliot Lake, September 8, 2014, online < 
https://www.ombudsman.on.ca/Files/sitemedia/Documents/Elliot-Lake-Sept-8-2014.pdf>. 
8 Russell (Township of) (Re), 2015 ONOMBUD 29 (CanLII), http://canlii.ca/t/gtp73. 
9 Amherstburg (Town of) (Re), 2015 ONOMBUD 13 (CanLII), http://canlii.ca/t/gtp5z. 

https://www.ombudsman.on.ca/Files/sitemedia/Documents/Russell-Twp-Closing-Letter-FINAL-EN.pdf
https://www.ombudsman.on.ca/Files/sitemedia/Documents/Russell-Twp-Closing-Letter-FINAL-EN.pdf
https://www.ombudsman.on.ca/Files/sitemedia/Documents/Elliot-Lake-Sept-8-2014.pdf
http://canlii.ca/t/gtp73
http://canlii.ca/t/gtp5z
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candidates, ease of accessibility and the nature and profile of the venue. 
Members of the committee and the recruitment specialist gave us similar 
reasons for holding the meeting outside of the city administration buildings. 
 

84 The acting Clerk also states in her report that White Oaks met the 
requirements of section 236 of the Act to host the meeting in “an adjacent 
municipality,” which she says means “a municipality nearby.” 
 

85 Unlike other open meeting provisions in the Municipal Act, which expressly 
apply to meetings of councils, local boards, or committees of either of them, 
section 236 does not refer to local boards or committees of council. When 
section 236 is given a plain and ordinary interpretation, it does not apply to 
meetings of a committee.  

 
86 In a 2014 report on a closed meeting investigation in the City of 

Burlington,10 Local Authority Services considered the application of section 
236 to a meeting of council outside of city hall. The closed meeting 
investigator found that section 236 contains requirements regarding where 
meetings of council can be held. 
 

87 Unlike councils, some types of committees may require flexibility in their 
meeting locations for a variety of reasons. For example, it is not unusual for 
more than one municipality to form joint committees to address shared 
issues. It would not be possible for committees that are made up of 
members from several municipalities to satisfy the requirements of section 
236 when holding meetings.   

 
88 In this case, the meetings at issue are meetings of a committee. Therefore, 

section 236 does not apply to the February 9 or February 23 meetings. 
 

89 Section 5.5(2) of the city’s procedural by-law states that special meetings of 
standing committees may be called by the chair “at locations and times to 
permit convenient access for members of the public most affected by such 
a matter.” As noted in Paragraph 8, this section applies to all committees, 
not just standing committees. 

 
90 However, Section 5.5(2) of the procedural by-law does not apply to the 

February 9 and 23 meetings. We were told by the city that these should be 
considered regularly scheduled meetings, not special meetings. There is no 
indication that they were special meetings called by the chair of the 
committee. 

 
                                                 
10 http://www.agavel.com/?page_id=28 

http://www.agavel.com/?page_id=28
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91 It is evident that the recruitment process was a topic of intense public 
interest. The public was deeply engaged in the city’s selection of a qualified 
City Manager and understandably participated in the process by attending 
public meetings and making delegations. However, the Municipal Act allows 
parts of the recruitment process to take place outside of the public spotlight. 
Interviews and the committee’s review and discussion of qualifications 
involve inherently personal information about the candidates. The general 
public interest in this part of the recruitment process is minimal. Most hiring 
interviews take place in private for good reason – potential applicants would 
be much less likely to apply to a job where their privacy could not be 
protected. In order to avoid deterring prospective applicants and to attract 
the best candidates, the city has a practical and legitimate interest in 
maintaining confidentiality during the recruitment process.  

 
92 In this case, the committee and the hiring process were already under 

public scrutiny. In light of this and in order to maintain the integrity of the 
recruitment process, the committee held the interviews at a suitable location 
outside of the city. It is unrealistic for members of the public to have access 
to the candidate interviews and committee’s discussions involving 
candidates’ qualifications.  
 

93 The committee did not violate the Municipal Act or the city’s procedural by-
law by holding the February 9 and 23 meetings at White Oaks. 

 
 

Notice of the February 9 meeting 
 

94 Many of the complaints we received noted that the committee failed to 
provide adequate notice that the start time of the February 9 meeting had 
changed from 9 a.m. to 8:30 a.m. 
 

95 Under the Municipal Act, every municipality and local board must pass a 
procedural by-law which governs the calling, place and proceedings of 
meetings.11 The Act also requires municipalities to include a public notice 
requirement in their procedural by-laws, but does not specify what the 
public notice requirement should be. 

 
96 The city’s procedural by-law provides a regular meeting schedule for the six 

standing committees, but not other committees, including the City Manager 
Recruitment Steering Committee. According to the city, the committee’s 
regular meetings were scheduled by the Clerk with the committee’s 
approval.  

                                                 
11 Municipal Act, 2001, RSO 1990 s 238(2) 
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97 Section 5.5(2) of the city’s procedural by-law states that special meetings of 

committees require at least 48 hours’ notice. Section 5.5(3) directs the 
public to the city’s online meeting calendar for advance notice of committee 
meetings. The procedural by-law is otherwise silent on the minimum notice 
required prior to a regular meeting of a committee. Section 5.5(2) does not 
apply, as neither of the meetings in question was a special meeting of the 
committee.  

 
98 The city should update its procedural by-law to clarify how meetings of 

committees, other than the six enumerated standing committees, are 
scheduled. The procedural by-law should also be updated to include notice 
requirements for regular committee meetings.  

 
99 The public notice of the February 9 meeting posted on the city’s website 

initially gave the start time as 9 a.m. According to the acting Clerk, the 
committee decided on February 1 to change this. While the new start time 
was added to the committee members’ calendars, the acting Clerk forgot to 
adjust it on the public notice. The public notice was eventually changed at 
7:30 a.m., February 7.  

 
100 Complainants also noted that the new start time was not changed on every 

section of the city’s website. Our Office confirmed that on February 13, the 
committee’s web page still listed the start time of the February 9 meeting as 
9 a.m. The acting Clerk told us she was unaware that these parts of the 
website were not updated. 

 
101 The public notice for the February 9 meeting was updated 49 hours before 

meeting was scheduled. Although the technical requirements of the 
procedural by-law were met, I am concerned that the city did not update the 
meeting time on all areas of its website. In future, the city should take care 
to ensure that any changes to notice of a meeting are reflected in all 
relevant areas of the website.  
 
 

Public attendance at the February 9 meeting 
 

102 We also received complaints that White Oaks staff denied members of the 
public and a journalist entrance to the open portions of the February 9 
committee meeting.  

 
103 My investigation determined that White Oaks staff did indeed prevent 

members of the public and a journalist from attending the open portions of 
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the February 9 meeting. This was the result of a breakdown in 
communication between the city, the recruitment firm, and White Oaks staff.  

 
104 Prior to the meeting, the city, through the acting Clerk, conveyed to the 

recruitment firm that the public was entitled to attend the open portions of 
the meeting. The recruitment firm, concerned about protest activity and 
protecting candidate confidentiality during the interviews, unilaterally 
instructed White Oaks staff that the meetings were private and that any 
members of the public who showed up should be directed off of the 
property. These instructions were followed by White Oaks staff on February 
9. The recruitment firm failed to convey to White Oaks staff what they had 
been told by the city – that portions of the meeting must be open to the 
public. The city had no direct communication with White Oaks staff.  

 
105 The city relied on the recruitment firm to manage access to the meeting. 

The city attempted to convey appropriate instructions for opening the 
meeting to the public, but failed to ensure that the instructions were passed 
on to the White Oaks staff or followed. Ultimately, it is the city’s 
responsibility to ensure that the meetings of council and its committees 
comply with the open meeting rules and legislation.  

 
106 In a 2016 meeting in the City of London investigated by my Office,12 

members of the public were asked to leave a council meeting due to a 
security disruption. The doors to the city hall were locked while the public 
waited outside. Once the disruption was resolved and the meeting 
resumed, security staff were instructed to unlock the doors, but they failed 
to carry out the instructions and the public remained locked out of the 
building. My Office found that although the city did not intentionally prohibit 
members of the public from attending the meeting, it was nonetheless in 
violation of the open meeting rules while the doors remained locked. It is 
the city’s obligation to ensure that the public can freely observe all open 
meetings of council and committees. 
 

107 In fact, in between the two meetings discussed in this report, council for the 
City of Hamilton held a meeting on February 13, 2019 that went into the 
wee hours of February 14, and a member of the public found the doors 
locked at 1:30 a.m. This was during a closed session, and city staff quickly 

                                                 
12 
https://www.canlii.org/en/on/onombud/doc/2016/2016onombud4/2016onombud4.html?searchUrl
Hash=AAAAAQAlb21idWRzbWFuIG9udGFyaW8gY2l0eSBvZiBsb25kb24gMjAxNgAAAAAB&res
ultIndex=9 
 

https://www.canlii.org/en/on/onombud/doc/2016/2016onombud4/2016onombud4.html?searchUrlHash=AAAAAQAlb21idWRzbWFuIG9udGFyaW8gY2l0eSBvZiBsb25kb24gMjAxNgAAAAAB&resultIndex=9
https://www.canlii.org/en/on/onombud/doc/2016/2016onombud4/2016onombud4.html?searchUrlHash=AAAAAQAlb21idWRzbWFuIG9udGFyaW8gY2l0eSBvZiBsb25kb24gMjAxNgAAAAAB&resultIndex=9
https://www.canlii.org/en/on/onombud/doc/2016/2016onombud4/2016onombud4.html?searchUrlHash=AAAAAQAlb21idWRzbWFuIG9udGFyaW8gY2l0eSBvZiBsb25kb24gMjAxNgAAAAAB&resultIndex=9
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unlocked the doors to allow the person in (the open session resumed at 
about 2:50 a.m.) As I noted in my July 4, 2019 letter to the city, outlining my 
review of this and an incident involving a committee meeting in April, the 
city has recognized the importance of making meetings accessible to the 
public, and put in place a formal written procedure to ensure the doors are 
unlocked for all meetings, at all times of day.13 

 
108 In this case, the City of Hamilton relied on the recruitment firm to arrange 

every aspect of the meetings at White Oaks. Even though the city had no 
direct communication with White Oaks staff, it is not absolved of its 
obligation to ensure the meeting met the open meeting requirements. In the 
end, the public was denied access to a meeting that the city was required 
by law to keep open. Municipalities must be aware that by using a third 
party to control access to meetings, they run the risk of being held 
responsible if the third party’s actions result in the meeting being improperly 
closed to the public.  

 
109 I acknowledge that the city took corrective action after the February 9 

meeting to ensure that the next meeting on February 23 was open to the 
public. The acting Clerk’s report made it clear that members of the public 
would be allowed to attend the open portions of the meeting, and White 
Oaks provided access to a lounge area for the public to wait in while the 
meeting was closed.  
 
 

Delegations 
 
110 Two complainants told my Office that they asked to make a delegation 

during the February 9 committee meeting, but were refused by the acting 
Clerk. They raised concerns that these refusals violated the city’s 
delegation policy. 
 

111 In her response to their requests, the acting Clerk advised them that the 
committee would not hear delegations at the February 9 meeting. She 
offered them the options of requesting a delegation at an upcoming General 
Issues Committee meeting or providing their comments in writing for 
inclusion at the February 13 council meeting. 

 
112 Section 5.11 of the city’s procedural by-law contains the procedures for 

requesting delegations before standing committees. It states that interested 

                                                 
13 https://www.ombudsman.on.ca/Media/ombudsman/ombudsman/resources/Municipal-
Meetings/Ontario-Ombudsman-review-Hamilton-July-2019.pdf 

https://www.ombudsman.on.ca/Media/ombudsman/ombudsman/resources/Municipal-Meetings/Ontario-Ombudsman-review-Hamilton-July-2019.pdf
https://www.ombudsman.on.ca/Media/ombudsman/ombudsman/resources/Municipal-Meetings/Ontario-Ombudsman-review-Hamilton-July-2019.pdf
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persons may make a delegation request and the appropriate committee 
decides whether or not to grant it.  

 
113 In her report to council, the acting Clerk noted that the City Manager 

Recruitment Steering Committee did not receive delegations during its 
meetings, but members of the public could request delegations before the 
General Issues Committee.  

 
114 The city’s decision to refuse the delegation requests does not violate the 

delegation policy contained in the procedural by-law. Under that policy, the 
committee has the discretion to refuse to hear delegations. Further, it is not 
unusual for a committee tasked with recruitment to refuse public 
delegations. Although the complainants might have preferred to make 
delegations directly to the committee, the city provided them with two 
alternatives, delegating before the General Issues Committee or providing 
their comments in writing to council. 

 
 
Declarations of conflict of interest  

 
115 One complaint to my Office raised concerns related to the committee’s 

declarations of conflict of interest. Specifically, the complaint alleged that 
the February 9 and 23 meetings were arranged at White Oaks in order to 
prevent the public from observing any declarations of conflict of interest by 
committee members. 
 

116 Under the Municipal Conflict of Interest Act14, council members must 
disclose whether they have a pecuniary interest in any matter under 
consideration at a meeting. These disclosures must be recorded in the 
minutes of the meeting. New requirements in the Municipal Conflict of 
Interest Act also require that members file a written statement of any 
disclosures with the clerk. The effect of a disclosure is that, with limited 
exceptions, the member cannot take part in any discussion or vote on any 
matter in which he or she has a conflict of interest. 
 

117 The open session minutes of both the February 9 and February 23 
meetings do not record any declarations of conflict of interest by committee 
members. The available evidence therefore does not support this 
complaint. 
 

  

                                                 
14 R.S.O. 1990, c. M.50. 
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Opinion 
 
118 The City Manager Recruitment Steering Committee did not violate the 

Municipal Act, 2001 on February 9 and 23, 2019 when it met in closed 
session under the personal matters exception. However, members of the 
public were prevented from attending the open portions of the February 9 
meeting. Based on this evidence, I find the February 9 meeting was illegally 
closed to the public.  
 

119 I recognize that the city took steps to correct its failure to adhere to the 
open meeting rules and ensured that the subsequent committee meeting on 
February 23 remained open to the public.  

 
120 The location of the meetings at White Oaks Resort and Spa was 

permissible under the Municipal Act, 2001 and did not violate the city’s 
procedural by-law. 

 
121 The change in the start time of the February 9 meeting did not violate the 

city’s procedural by-law. However, the city failed to ensure that the meeting 
start time was updated on the city’s online meeting calendar. In future, the 
city should take steps to ensure that meeting times and locations are 
updated on every relevant section of the city’s website. The city should also 
clarify its procedural by-law with respect to notice for all committee 
meetings.  

 
122 The committee did not violate the city’s delegation policy by refusing to 

permit members of the public to delegate during the February 9, 2019 
meeting.  

 
 
Recommendations 

 
123 I make the following recommendations to assist council in fulfilling its 

obligations under the Act and enhancing the transparency of its meetings: 
 

Recommendation 1 
All members of council for the City of Hamilton should be vigilant in 
adhering to their individual and collective obligations to ensure that council 
complies with its responsibilities under the Municipal Act, 2001 and its own 
procedural by-law. 
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Recommendation 2 
The City of Hamilton should ensure that the public has access to and can 
observe all open meetings of council and committees, including those that 
occur outside of their usual locations. 
 
Recommendation 3 
The City of Hamilton should update its procedural by-law to provide notice 
for all committee meetings, in addition to those of its standing committees.   

 
Report  
 
124 Council for the City of Hamilton was given the opportunity to review a 

preliminary version of this report and provide comments to our Office. All 
comments received were considered in the preparation of this final report.   
 

125 This report will be published on my Office’s website, and should be made 
public by the City of Hamilton as well. In accordance with s.239.2(12) of the 
Municipal Act, 2001, council should pass a resolution stating how it intends 
to address this report. 

 
 

 
__________________________ 
 
Paul Dubé 
Ombudsman of Ontario 
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SPECIAL GENERAL ISSUES COMMITTEE 

REPORT 19-018 
9:30 a.m. 

Friday, September 27, 2019 
Council Chambers 
Hamilton City Hall 

71 Main Street West 
______________________________________________________________________ 
 
Present: Mayor F. Eisenberger, Councillors M. Wilson, J. Farr, N. Nann,  

S. Merulla, C. Collins, T. Jackson, E. Pauls, J.P. Danko, B. Clark,  
M. Pearson, B. Johnson, L. Ferguson, A. VanderBeek 
 

Absent: Councillors J. Partridge and T. Whitehead – Personal  
______________________________________________________________________ 

 
THE GENERAL ISSUES COMMITTEE PRESENTS REPORT 19-018 FOR 
INFORMATION: 
 
(a) APPROVAL OF AGENDA (Item 2) 

 
The Committee Clerk advised that there were no changes to the agenda. 

 
The agenda for the September 27, 2019 General Issues Committee meeting was 
approved, as presented. 

 
 
(b) DECLARATIONS OF INTEREST (Item 3) 

 
 There were no declarations of interest. 
 
 
(c) PRIVATE & CONFIDENTIAL (Item 4) 

 
(i) Restorative Practice Training (Item 4.1) 
 

Committee moved into Closed Session respecting Item 4.1, pursuant to 
Section 8.3 of the City's Procedural By-law 18-270, and Section 239(2), 
Sub-section 3.1 of the Ontario Municipal Act, 2001, as amended, as this 



General Issues Committee   September 27, 2019 
Report 19-018    Page 2 of 2 
 
 

 
Council – September 25, 2019 

meeting is being held for the purposes of educating or training members; 
and, at the meeting, no member discusses or otherwise deals with any 
matter in a way that materially advances the business or decision-making 
of Council or the Committee. 

 
 

(d) ADJOURNMENT (Item 5) 
 

There being no further business, the General Issues Committee adjourned at 
3:36 p.m. 

 
Respectfully submitted,  

      
 
 
_________________________________ 

    Mayor F. Eisenberger 
    Chair, General Issues Committee  

Stephanie Paparella 
Legislative Coordinator, 
Office of the City Clerk 
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PUBLIC WORKS COMMITTEE 

REPORT 19-014 
9:30 a.m. 

Monday, September 30, 2019 
Council Chambers 
Hamilton City Hall 

71 Main Street West 
________________________________________________________________________ 
 
Present: Councillors L. Ferguson (Chair), J.P. Danko (Vice-Chair), C. Collins, 

J. Farr, T. Jackson, S. Merulla, E. Pauls, M. Pearson, and A. 
VanderBeek 

 
Absent with  
Regrets: Councillor N. Nann – Personal 
 Councillor T. Whitehead – City Business 
________________________________________________________________________ 

 
THE PUBLIC WORKS COMMITTEE PRESENTS REPORT 19-014 AND 
RESPECTFULLY RECOMMENDS: 
 
1. Backflow Prevention Program and Enforcement Update (PW19085) (City 

Wide) (Item 7.1) 
 
That Report PW19085, respecting Backflow Prevention Program and 
Enforcement Update, be received. 

 
 
2. Beach Boulevard Community Stormwater Ponding Study (PW19084) (Ward 

5) (Item 9.1) 
 

(a) That Appendix “A” attached to Public Works Committee Report 19-014, 
respecting the Beach Boulevard Community Stormwater Ponding Study, 
be endorsed; 

 
(b) That staff be directed to proceed with the next steps in the planning of 

infrastructure improvements to the Beach Boulevard Community through a 
Municipal Class Environmental Assessment including Public Consultation; 

 
(c) That a transfer of landlocked City parcels abutting the Ministry of 

Transportation Noise Barrier wall to the Ministry of Transportation at a 
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nominal consideration (Two dollars - $2) be approved as per details in 
Appendix “B” attached to Public Works Committee Report 19-014; 

 
(d) That the Planning and Economic Development Department be directed to 

undertake and report back at the November 19, 2019 Planning Committee 
meeting on a City initiative, for properties on the west side (bay side) of 
Beach Boulevard, to amend; 

 
(i) The “C S/1436 and S/1436a” (Urban Protected Residential, etc.) 

and the “G/S-1436” (Neighbourhood Shopping Centre, etc) districts 
in Hamilton Zoning By-law No. 6593 to increase the minimum 
ground floor elevation of any building or addition from 76.0 metres 
to 76.5 metres above sea level; and, 

 
(ii) The Neighbourhood Commercial (C2) Zone in Zoning By-law No. 

05-200 to include similar restrictions respecting the elevation, 
setbacks and other requirements from Zoning By-law No. 6593; 

 
(e) That a hold be placed on the sale of City of Hamilton owned properties 

located in areas where future stormwater infrastructure may be installed; 
this hold is recommended until the Municipal Class Environmental 
Assessment is completed and preferred solutions are confirmed. 

 
  (Due to bulk, Appendix “A” to Item 2 of Public Works Committee Report 19-014, is not printed in 

the agenda, it is however, available for viewing in the City Clerk’s Office and on-line at 
www.hamilton.ca) 

 
3. Proposed Underground Tunnel under Concession Road 4 West, 

Flamborough (PW19082) (Ward 13) (Item 10.1) 
 
(a) That the proposal from Lafarge Canada Inc. to build an underground 

tunnel under Concession Road 4 West, Flamborough, (“Subject Lands”), 
as shown on Appendix "C", “D” and “E”, attached to Public Works 
Committee Report 19-014, be approved, subject to the following 
conditions: 

 
(i)  That the applicant enters into an Easement Agreement with the City 

of Hamilton over the Subject Lands;  
 
(ii) That the Real Estate Section of the Planning and Economic 

Development Department be authorized and directed to enter into 
an easement agreement over the Subject Lands on such terms and 
conditions deemed appropriate by the General Manager of 
Planning and Economic Development, and to the satisfaction of the 
General Manager of Public Works and the City Solicitor; 

 

http://www.hamilton.ca/
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(iii) That the applicant submits all required structural engineering and 
design drawings prepared by a Professional Engineer and peer 
reviewed by a Professional Engineer to the satisfaction of the 
Director, Engineering Services; 

 
(iv) That the applicant be fully responsible for the deposit of a stratified 

reference plan in the proper land registry office, and that said plan 
be prepared by an Ontario Land Surveyor, to the satisfaction of the 
Manager, Geomatics and Corridor Management Section, and that 
the applicant also deposit a reproducible copy of said plan with the 
Manager, Geomatics and Corridor Management Section; 

 
(v) That the structure would remain under the ownership of the 

applicant, who is therefore responsible for renewal, rehabilitation 
and/or maintenance for all and/or any associated costs related to 
and including the structure at 100% owners expense; 

 
(vi) That the applicant be compliant with the Ontario Structural 

Inspection Manual (OSIM) and provide a biannual inspection report 
to the satisfaction of the Manager, Asset Management Section; 

 
(vii) That the applicant submit a Hydrogeological Brief conducted by a 

qualified Professional Engineer on the proposed tunnel project to 
the satisfaction of the Director, Hamilton Water; 

 
(viii) That the closure and sale of a portion of Moxley Road approved 

through report PW18082 be completed; 
 
(ix) That the Applicant apply for all required permits through the 

Building Division; 
 
(x) That the City Solicitor be authorized to complete the transaction on 

behalf of the City, including paying any necessary expenses, 
amending the closing, due diligence and    other dates, and 
amending and waiving terms and conditions on such terms as 
considered reasonable;  

 
(xi) That the applicant enters into an Encroachment Agreement through 

the City’s Corridor Management Section for the existing Conveyor 
Belt tunnel encroaching under Concession Road 4 West, 
Flamborough; and, 

 
(xii) That the Applicant fully reimburse the City for any out-of-pocket 

costs related to the underground tunnel project. 
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4. Operations and Maintenance of the Material Recycling Facility Request for 
Proposals C11-12-19 Selection of Successful Proponent (PW19086) (City 
Wide) (Item 10.2) 
 
(a)  That Project B, Operation and Maintenance of the City’s Material 

Recycling Facility Container Line and the off-site Transfer, Processing and 
Marketing of Fibre Materials, be selected as the preferred option for 
operating and maintaining the City’s Material Recycling Facility; 

 
(b)  That Canada Fibers Limited be selected as the Successful Proponent for 

Project B of Request for Proposals Contract C11-12-19, for the operation 
and maintenance of the City’s Material Recycling Facility; 

  
(c) That the one-time transition cost for Project B of approximately $1.115M 

be partially funded by Capital Project ID 5122051700 MRF Lifecycle 
Replacement (approximately $650,000) with the remaining funds to be 
funded by the Waste Management Recycling Program Reserve #112270; 

 
(d) That the General Manager of Public Works be authorized and directed to 

finalize the terms and conditions of the contract with Canada Fibres 
Limited, in accordance with the provisions of Request for Proposals 
Contract C11-12-19 for Project B; and, 

 
(e) That the Mayor and City Clerk be authorized and directed to execute the 

contract with Canada Fibers Limited and any ancillary documents for 
Contract C11-12-19 for Project B, with content acceptable to the General 
Manager of Public Works and in a form acceptable to the City Solicitor. 

 
 

5. DARTS 2018 Variance Funding (PW19088) (City Wide) (Item 10.3) 
 
That the General Manager of Public Works be authorized and directed to pay 
DARTS an additional $312,634 from account 12607-006100 for 53,330 additional 
trips provided for the year 2018, over and above those funds approved within the 
2018 Transit Division budget. 

 
 

6. Central Park Remediation Project (Ward 2) (Item 11.1) 
 

WHEREAS, in 2014, the City of Hamilton’s Waste Management Division retained 
SNC Lavalin Inc. (SNC) under a Roster Contract to undertake Central Park 
Phase I and Phase II Environmental Site Assessment (ESA) investigations. 
These reports were finalized in 2014 and 2018, respectively; 
  
WHEREAS, in 2018, the Waterfront Development Office retained SNC, under the 
Procurement By-Law 17-064 Policy 11, to prepare the Central Park Remedial 
Action Plan (RAP), Risk Assessment (RA), Risk Management Measures (RMM), 
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and Voluntary Abatement Program (VAP) necessary to start soil remediation of 
the park as part of the planned park redevelopment project in 2020; the total 
value of this assignment being $249,000; 
  
WHEREAS, SNC has completed their scope of work, they identified an 
opportunity to fine tune each RMM through additional design of underground 
infrastructure, testing, and implementation support that will reduce future risk, 
extraneous work and the overall cost of soil remediation; 
  
WHEREAS, staff intends to undertake this additional work; however, staff’s 
authority to assign any more of the work to SNC has reached the threshold set 
by the Procurement By-Law (Policy 11) of $250,000; 
  
WHEREAS, if SNC is retained for any additional work on this project, it must be 
through a RFP process or approved directly by Council as a single source; and, 
  
WHEREAS, SNC is best suited to expedite this technical work in order that the 
City can maintain its 2020 construction schedule; at significant risk if undertaking 
a normal RFP process; 
  
THEREFORE, BE IT RESOLVED:  
 
(a) That staff be authorized and directed to negotiate with SNC Lavalin Inc. a 

price (estimated at $375,000) to carry-out supplemental site assessments, 
detailed design of underground infrastructure, and additional 
implementation support for the Central Park Remediation Project; and, 

 
(b) That, should an acceptable Engineering Fee with SNC Lavalin Inc. be 

agreed upon for the Central Park Remediation Project, staff be authorized 
and directed to enter into and execute any required contract and any 
ancillary documents required to give effect thereto with SNC Lavalin Inc. in 
a form satisfactory to the City Solicitor, to be funded from the approved 
budget Project ID #5121692001 Central Park Remediation. 

 
 
7. Installation of Speed Cushions on London Street South, Hamilton, between 

King Street East and Main Street East (Ward 4) (Item 11.2) 
 
WHEREAS, a petition respecting the installation of speed cushions on London 
Street South, Hamilton, between King Street East and Main Street East was 
received with 43 signatures (attached as Appendix “F” to Public Works 
Committee Report 19-014);  
 
THEREFORE, BE IT RESOLVED:  

 
(a) That staff be directed to install speed cushions (2 locations) on London 

Street South, Hamilton, between King Street East and Main Street East, at 
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a cost not to exceed $12,000, be funded from the Ward 4 Area Rating 
Reserve Fund (108054); and, 

 
(b)     That the Mayor and City Clerk be authorized and directed to execute any 

required agreement(s) and ancillary documents to install speed cushions 
on London Street South, Hamilton, between King Street East and Main 
Street East, with such terms and conditions in a form satisfactory to the 
City Solicitor.              
 

 
8. Capital Improvement Projects (Ward 2) (Added Item 11.3) 

 
WHEREAS, the new Community Centre at 125 Barton Street is an adaptive 
reuse of a former City of Hamilton Carpenters Shop, and the new community use 
would greatly benefit from the addition of an accessible rear door; 
 
WHEREAS, speed cushions are the most desired street calming infrastructure in 
Ward 2 and over the last year and several residents have petitioned their 
neighbours for speed cushions; and, 
 
WHEREAS, the safety and security of residents at City Housing Hamilton (CHH) 
remains a very high priority in addition to engaging with each other, CHH staff, 
and City of Hamilton staff and their Ward Councillor; 
 
THEREFORE, BE IT RESOLVED: 
 
(a) That funding for the following Capital Improvement projects, to be financed 

from the Ward 2 Area Rating Capital Reserve Fund (108052), be approved: 
 

(i) $70,000 for an accessible rear door at 125 Barton Community Hall; 
and, 

 
(ii) $35,000 towards speed cushions in Ward 2; 

 
(b) That funding for the following Capital Improvement projects, to be financed 

from the Ward 2 Area Rating Capital Reserve Discretionary Account 
(3301809200), be approved: 
 
(i) $16,046 for high efficiency window replacement in the Community 

Room at 226 Rebecca Street; and, 
 
(ii) $8,350 for protective fencing at 226 Rebecca Street; 

 
(c) That the Mayor and City Clerk be authorized and directed to execute any 

required agreement(s) and ancillary documents, with such terms and 
conditions in a form satisfactory to the City Solicitor. 
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9. 35 Market Street, Dundas (CONFIDENTIAL LS19009(c)/PW19020(c)/ 
HSC19054) (City Wide) (Outstanding Business List Item) (Item 14.2) 
 
(a) That the directions, respecting Report LS19009(c)/PW19020(c)/ 

HSC19054, be approved; and, 
 
(b)  That the recommendations and content of Report 

LS19009(c)/PW19020(c)/HSC19054 remain confidential. 
 
 
FOR INFORMATION: 
 
(a) CHANGES TO THE AGENDA (Item 2) 

 
The Committee Clerk advised of the following changes to the agenda: 
 
5. COMMUNICATIONS (Item 5) 

 
5.1 Correspondence from Suzanne Mammel, Hamilton-Halton Home 

Builders’ Association, respecting the Implementation of the 
Proposed New Hamilton Fire Flow Policy 
 
Recommendation: Be received. 

 
6.  DELEGATION REQUESTS (Item 6) 

 
6.1 Larry Di Ianni, Monument Builders of Hamilton, respecting the City 

of Hamilton's Cemeteries Business Plan (for a future meeting) 
 
6.2 Doug King, Ontario Monument Builders Association, respecting the 

City of Hamilton's Cemeteries Business Plan (for a future meeting) 
 
6.3 Warren Haley, Sharp Monuments, respecting the City of Hamilton's 

Cemeteries Business Plan (for a future meeting) 
 
6.4 Marty Langlois, Woodland Memorials, respecting the City of 

Hamilton's Cemeteries Business Plan (for a future meeting) 

 
12.  NOTICES OF MOTION (Item 12) 

 
12.1 Gage Park Accessible Swing Addition (Ward 3) 
 
12.2 RA Riddell School and Gilkson Park Improvements (Ward 14) 

 
The agenda for the September 30, 2019 Public Works Committee meeting was 
approved, as amended. 
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(b) DECLARATIONS OF INTEREST (Item 3) 
 
 There were no declarations of interest. 
 
 
(c) APPROVAL OF MINUTES OF THE PREVIOUS MEETING (Item 4) 
 

(i) September 16, 2019 (Item 4.1) 
The Minutes of the September 16, 2019 meeting of the Public Works 
Committee were approved, as presented. 
 
 

(d) COMMUNICATIONS (Item 5) 
 

(i) Correspondence from Suzanne Mammel, Hamilton-Halton Home 
Builders’ Association, respecting the Implementation of the 
Proposed New Hamilton Fire Flow Policy (Added Item 5.1) 

 
The correspondence from Suzanne Mammel, Hamilton-Halton Home 
Builders’ Association, respecting the Implementation of the Proposed New 
Hamilton Fire Flow Policy, was received. 

 
The correspondence from Suzanne Mammel, Hamilton-Halton Home 
Builders’ Association, respecting the Implementation of the Proposed New 
Hamilton Fire Flow Policy, was referred to Public Works staff for 
appropriate action and a report back to the Public Works Committee 
meeting on November 18, 2019, respecting the City of Hamilton’s 
Watermain Fire Flow Requirement Design Guideline Policy (Outstanding 
Business List Item). 
   
 

(e) DELEGATION REQUESTS (Item 6) 
 
The following delegation requests were approved for a future meeting: 
 
(i) Larry Di Ianni, Monument Builders of Hamilton, respecting the City of 

Hamilton's Cemeteries Business Plan (Added Item 6.1) 
 

(ii) Doug King, Ontario Monument Builders Association, respecting the City of 
Hamilton's Cemeteries Business Plan (Added Item 6.2) 

 
(iii) Warren Haley, Sharp Monuments, respecting the City of Hamilton's 

Cemeteries Business Plan (Added Item 6.3) 
 
(iv) Marty Langlois, Woodland Memorials, respecting the City of Hamilton's 

Cemeteries Business Plan (Added Item 6.4) 
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(f) CONSENT ITEMS (Item 7) 
 
(i) Keep Hamilton Clean and Green Committee Minutes (Item 7.2) 

 
The following minutes from the Keep Hamilton Clean and Green 
Committee, were received: 
 
(1) May 21, 2019 (Item 7.2(a)) 
(2) June 18, 2019 (Item 7.2(b)) 

 
 

(g) STAFF PRESENTATIONS (Item 9) 
 

(i) Beach Boulevard Community Stormwater Ponding Study (PW19084) 
(Ward 5) (Item 9.1) 
 
Mark Bainbridge, Director, Water & Wastewater Planning and Capital, 
addressed Committee respecting Report PW19084, the Beach Boulevard 
Community Stormwater Ponding Study, with the aid of a presentation. 
 
The presentation, respecting Report PW19084, the Beach Boulevard 
Community Stormwater Ponding Study, was received. 
 
A copy of the presentation is available on the City’s website at 
www.hamilton.ca or through the Office of the City Clerk. 
 
Report PW19084, respecting the Beach Boulevard Community 
Stormwater Ponding Study, was amended by revising recommendation 
(d) to include direction to Staff to report back at the November 19, 2019 
Planning Committee meeting, as follows: 

 
(d) That the Planning and Economic Development Department be 

directed to undertake and report back at the November 19, 2019 
Planning Committee meeting on a City initiative, for properties on 
the west side (bay side) of Beach Boulevard, to amend: 

 
(i)        The “C S/1436 and S/1436a” (Urban Protected Residential, 

etc.) and the “G/S-1436” (Neighbourhood Shopping Centre, 
etc) districts in Hamilton Zoning By-law No. 6593 to increase 
the minimum ground floor elevation of any building or 
addition from 76.0 metres to 76.5 metres above sea level; 
and, 

 
(ii)       The Neighbourhood Commercial (C2) Zone in Zoning By-law 

No. 05-200 to include similar restrictions respecting the 
elevation, setbacks and other requirements from Zoning By-
law No. 6593. 

http://www.hamilton.ca/
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For disposition of this matter, refer to Item 2. 
 
 

(h) NOTICES OF MOTION (Item 12) 
 

(i) Gage Park Accessible Swing Addition (Ward 3) (Added Item 12.1) 
 
As Councillor Nann was not in attendance, the following Notice of Motion 
will be considered as a Motion at the November 4, 2019 Public Works 
Committee meeting: 

 
WHEREAS, Gage Park is an active City Wide park in Ward 3, with 
recreational amenities supporting the community; 
 
WHEREAS, a community minded and engaged resident initiated a 
fundraising program to support the addition of an independent swing for 
children and adults in wheelchairs at the westerly play area of Gage Park; 
and, 
 
WHEREAS, the addition of this new amenity would also require site 
preparation and rubber surfacing; 
 
THEREFORE, BE IT RESOLVED: 
 
(a) That Environmental Services Division staff be directed to initiate the 

implementation of a new wheelchair swing at the Gage Park westerly 
play area, including site preparation, rubber surfacing and swing, with 
an upset limit of $50,000.00, to be funded from the Ward 3 Area 
Rating Reserve Account 108053; 

 
(b) That money received by the City from the citizen-led fundraising 

program for the implementation of a new wheelchair swing at the 
Gage Park westerly play area, be placed in the Ward 3 Area Rating 
Reserve Account 108053 to offset the costs of the project; and,  

 
(c) That the Mayor and City Clerk be authorized and directed to execute 

any required agreement(s) and ancillary documents for the 
implementation of a new wheelchair swing at the Gage Park westerly 
play area, with such terms and conditions in a form satisfactory to the 
City Solicitor. 

 
 

(ii) RA Riddell School and Gilkson Park Improvements (Ward 14) (Added 
Item 12.2) 
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As Councillor Whitehead was not in attendance, the following Notice of 
Motion will be considered as a Motion at the November 4, 2019 Public 
Works Committee meeting: 
 
WHEREAS, an existing basketball court located on Hamilton Wentworth 
School Board (HWDSB) lands at 200 Cranbrook Drive (RA Riddell 
School), adjacent to Gilkson Park, provides active use for the Gilkson 
community residents; 
 
WHEREAS, the basketball court was constructed and maintained by the 
City of Hamilton on HWDSB lands in 1994; 
 
WHEREAS, the basketball court is beyond its lifecycle and the community 
and park users would benefit from the replacement of this amenity; and, 
 
WHEREAS, the community and park users would also benefit from a 
pathway connection from the play structure to the basketball court; 
 
THEREFORE, BE IT RESOLVED: 

 
(a) That the existing basketball court located at 200 Cranbrook Drive, 

adjacent to Gilkson Park, be replaced with a new standard multi-use 
court and new park pathway, at a cost of $120,000, to be funded from 
the Ward 14 Area Rating Account #108064; and,  

 
(b) That the Mayor and City Clerk be authorized and directed to execute 

any required agreement(s) and ancillary documents for the 
replacement of the existing basketball court located at 200 Cranbrook 
Drive with a new standard multi-use court and new park pathway, 
with such terms and conditions in a form satisfactory to the City 
Solicitor. 

 
 

(iii) Capital Improvement Projects (Ward 2) (Added Item 12.3) 
 
The Rules of Order were waived to allow for the introduction of a Motion 
respecting Capital Improvement Projects (Ward 2). 
 
For further disposition of this matter, refer to Item 8. 

 
 
(i) GENERAL INFORMATION / OTHER BUSINESS (Item 13) 
 

(i) Amendments to the Outstanding Business List (Item 13.1) 
 

The following amendments to the Public Works Committee’s Outstanding 
Business List, were approved: 
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(a) Items Requiring a New Due Date: 

 
(i) Waste Management System Development – Public 

Engagement Strategy Results and Preliminary Waste 
Management System Alternatives 
Item on OBL: I 
Current Due Date: December 2, 2019 
Proposed New Due Date: February 2020 

 
(ii) Functional Traffic Study for Kenilworth Avenue from Main 

Street to Barton Street 
Item on OBL: J 
Current Due Date: October 18, 2019 
Proposed New Due Date: November 4, 2019 

 
(iii) PRESTO Operating Agreement 

Item on OBL: N 
Current Due Date: September 30, 2019 
Proposed New Due Date: November 4, 2019 

 
(iv) Sackville Hill Seniors Recreation Centre's Expansion 

Item on OBL: Q 
Current Due Date: September 30, 2019 
Proposed New Due Date: December 2, 2019 

 
(v) Emergency Shoreline Protection Works 

Item on OBL: R 
Current Due Date: November 4, 2019 
Proposed New Due Date: November 18, 2019 

 
(vi) Hamilton-Halton Homebuilders’ Association (HHHBA) 

Delegation on Water Main Approval Issues and 
Recommendations for Masterwater/wastewater Servicing 
Studies 
Item on OBL: T 
Current Due Date: October 18, 2019 
Proposed New Due Date: November 18, 2019 

 
(vii) To Create a Hamilton General Hospital Safety Zone 

Item on OBL: U 
Current Due Date: November 4, 2019 
Proposed New Due Date: February 21, 2020 

 
(viii) Redevelopment / Reuse of the former King George School 

Site, at 77 Gage Avenue North 
Item on OBL: V 
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Current Due Date: September 30, 2019 
Proposed New Due Date: December 2, 2019 
 

(ix) Timely Notice of Any Discharges of Untreated or Partially 
Treated Sewerage into Hamilton Harbour from Local 
Municipal Sewerage Treatment Plants 
Item on OBL: AJ 
Current Due Date: September 16, 2019 
Proposed New Due Date: November 18, 2019 

 
(x) Eligibility Requirements for Riders to Access DARTS Transit 

Item on OBL: AN 
Current Due Date: September 30, 2019 
Proposed New Due Date: Q4 2019 

 
(xi) Additional Report on Vision Zero 

Item on OBL: AP 
Current Due Date: October 18, 2019 
Proposed New Due Date: November 4, 2019 

 
(xii) Road Safety Review and Appropriate Measures at the York 

Road and Newman Road Intersection 
Item on OBL: AAE 
Current Due Date: October 18, 2019 
Proposed New Due Date: February 21, 2020 

 
(b) Items Considered Complete and Needing to be Removed: 

 
(i) 35 Market Street, Dundas 

Addressed as Item 14.2 on today's agenda - Report 
LS19009(c)/PW19020(c)/HSC19054 
Item on OBL: AS 

 
 
(j) PRIVATE AND CONFIDENTIAL (Item 14) 
 

Committee determined that discussion of Item 14.1 was not required in Closed 
Session, so the item was addressed in Open Session, as follows: 
 
(i) Closed Session Minutes - September 16, 2019 (Item 14.1) 

 
The Closed Session Minutes of the September 16, 2019 meeting of the 
Public Works Committee were approved, as presented, and shall remain 
confidential. 
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Committee determined that discussion of Item 14.2 was not required in Closed 
Session, so the item was addressed in Open Session, as follows: 

 

(ii) 35 Market Street, Dundas (LS19009(c)/PW19020(c)/HSC19054) (City 
Wide) (Outstanding Business List Item) (Item 14.2) 

 
For disposition of this matter, please refer to Item 9. 
 
 

(k) ADJOURNMENT (Item 15) 
 

There being no further business, the Public Works Committee was adjourned at 
10:59 a.m. 

 
 

Respectfully submitted,  
   

 
 

Councillor L. Ferguson 
    Chair, Public Works Committee 
 
 
 

Alicia Davenport 
Legislative Coordinator 
Office of the City Clerk 
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Executive Summary
Due to recent flooding in 2017, the Hamilton Water Division ini ated a study to inves gate the cause of 
water ponding on the Rights of Way (ROW), and provide poten al mi ga on measures that the City of 
Hamilton (COH) could implement in order to reduce future flooding impacts. This study is theore cal in 
nature and includes a review of exis ng condi ons, an assessment of current ponding issues, a review of 
the poten al impact of future condi ons, and generates a list of possible solu ons to mi gate the 
current ponding, including poten al costs.

Beach Boulevard has experienced flooding da ng back to 1943. Previous studies have been undertaken 
by the COH and the Ministry of Transporta on (MTO) that link the chronic flooding to several causes 
including but not limited to: varia ons in water level of Lake Ontario, the construc on of the Queen 
Elizabeth Way (QEW), an undersized stormwater system and the lack of general opera on and 
maintenance of catch basins and ditches. The COH Master Drainage Plan (1999) indicated that once the 
level of Lake Ontario exceeds 75.2 MASL, the Beach Boulevard Community will experience chronic 
ponding on the ROW. 

The level of Lake Ontario is governed by the Interna onal Joint Commission (IJC) based on Plan 2014 
(released in 2017). Plan 2014 allows the level of Lake Ontario to fluctuate 1.57m (73.56 MASL to 75.73 
MASL). However, on May 29, 2017 Lake Ontario reached a record high water level of 75.88 MASL which 
caused widespread flooding across Ontario, Quebec and the USA. As of result of high levels on Lake 
Ontario and severe storms, the Beach Boulevard Community experienced large amounts of ponding on 
the ROW. The COH a empted to mi gate impacts by installing pumps on the majority of the side streets 
that moved water back into Lake Ontario. Residents also a empted to mi gate risks by dewatering their 
basements and discharging onto the sidewalks and ROW; this has created health and safety issues due 
to algae growth and slippery condi ons. 

Dillon Consul ng Limited (Dillon) was requested by the COH to conduct a Stormwater Ponding Study for 
the City of Hamilton. Dillon created a baseline hydraulic model in order to analyze the capacity of the 
current system. The model showed that none of the exis ng sub-systems (except Gra on) can convey 
the 5-year design storm and that in the event of high water level in Lake Ontario, the capacity of the 
exis ng system would further be reduced. The original scope of the hydraulic assignment was modified 
to include a risk assessment to be er define a preferred alterna ve for sub-system. 

A 2D PCSWMM model was used to characterize the spa al and temporal extent of the ponding in the 
ROW.  Sixteen scenarios were simulated, including: four storm scenarios (2, 5, 10, 100 year storm), two 
different lake levels (74.27 MASL, 75.88 MASL), and two different outlet condi ons (exis ng outlet 
capacity one 1 barrel, increased outlet capacity with 3 barrels). The following mi ga on measures were 
noted as preferred alterna ves that required further inves ga on and implementa on.

Opera on and Maintenance: The following recommenda ons rela ng to Opera on and maintenance 
have already been undertaken by the COH and MTO. 

· There is currently no defined Maintenance Agreement between the COH and MTO for
stormwater ditches, outlets and catch basins located within the in the Beach Boulevard
Community. The COH and MTO should jointly formalize a Maintenance Agreements that defines
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responsibilities for day-to-day maintenance and emergency situations relating to the
aforementioned assets.

· COH should continue to transfer ownership of landlocked properties in the ditch area between
MTO Noise Barrier wall and MTO chain link fence to the MTO.

Legisla on/Programs: The following recommendations relating to Legislation and/or Programs can be
initiated immediately by the COH.  Actual implementation of the recommendations may vary depending
solution development and approvals required.

· COH should consider prohibi ng all forms of below ground structures (e.g., basement, crawl 
spaces) and inves gate the crea on of a “basement filling” program for proper es.

· COH should consider upda ng the language in By-Law 99-169 to clearly indicate that no 
basement or crawl spaces are allowed in the study area unless the property owner can prove 
the structure will have no nega ve impact on the stormwater system.

· COH should consider upda ng By-Law 99-196 to change the minimum allowable ground floor 
eleva on from 76 MASL to 76.5 MASL to account for the increase in allowable lake level under 
Plan 2014.

· COH should implement program that educates the Commi ee of Adjustments and the general 
public why below-ground floors, basements and crawl spaces are prohibited in the Beach 
Boulevard Community.

· COH should work with the MTO to determine the design/construc on feasibility of different 
alterna ves presented in this study. A Cost Sharing Plan between the COH and MTO should be 
inves gated by the COH. 

· That a hold be placed on the sale of City of Hamilton-owned proper es located in areas where 
future stormwater infrastructure may be installed, or areas of historical or modelled ponding. 
This hold is recommended un l the EA is completed and preferred solu ons are confirmed. Sale 
of other City of Hamilton owned proper es in this area must be done by the Real Estate Sec on 
in consulta on with the Public Works Department and should be in conformity with future 
Zoning By-law No. 6593 changes recommended under this study. 

· COH should con nue to work with the MTO, HPA and HCA to confirm the exis ng size and 
condi ons of outlets within the QEW right-of-way. This study assignment did not include 
physical confirma on of the exis ng system condi ons. 

Lot Level

· COH should consider installing proper back water valves to protect residents from the poten al 
risk of system surcharging.

· Residents are encouraged to install founda on drains, weeping les and a sump pump, if 
required, to address basement flooding. Water should be directed to a free draining outlet, 
storm sewer or storm water harves ng feature on resident’s property; any direc on of storm 
water to a sanitary/combined sewer is in viola on of the exis ng Sewer-Use By-law.

· COH should consider installing direct connec on features for private property owners that 
would convey basement dewatering flows directly into the storm sewer system.      

Infrastructure: The existing stormwater system should be upgraded to handle the 5 year storm under a
high Lake Ontario water level. This upgrade should occur in conjunction with other scheduled
infrastructure works.
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Based on the additional Risk Assessment, the following sub-catchment specific recommendations have
been developed. The recommendations are based on an assumed level of service of the highest
recorded level of Lake Ontario (75.88 MASL), a minor storm of 5 years and a major storm of 100 years.
Prior to the implementation of any of the following sub-catchment recommendations, the COH will need
to clearly define the desired level of service for the study area and complete an Environmental
Assessment.

· Eastport System - Installa on of a new single gravity outlet that matches the exis ng capacity.   
· Hamilton Harbour System - Installa on of a new gravity system that has an increased outlet 

capacity under the QEW.    
· Dunraven System - Installa on of a new pumping sta on that outlets to Lake Ontario or the 

Eastport Ditch.   
· Lagoon System - Installa on of a new pumping sta on that outlets to Lake Ontario or the 

Eastport Ditch.   
· Townhouse System - COH to confirm DEM data. Outlet loca on, size and condi on should be 

verified by staff.  
· Bayside System - Installa on of a new pumping sta on that outlets to Lake Ontario or the 

Eastport Ditch.   
· Fletcher System - Installa on of a new pumping sta on that outlets to Lake Ontario or the 

Eastport Ditch.   

Conclusions

The City of Hamilton has experienced flooding in the Beach Boulevard area dating back to 1943. The
intent of the Beach Boulevard Community Stormwater Ponding Study is to investigate the cause of
water ponding on the Rights of Way (ROW), and provide potential mitigation measures that the City of
Hamilton (COH) could implement in order to reduce future flooding impacts. Some of the
recommendations listed can be implemented by the City immediately (e.g., development of
Maintenance Agreements with the MTO, property transfers, etc.). Sub-Catchment specific
recommendations require more consideration and may take more time to implement. The installation
of a new pumping station or new outlet would require confirmation existing conditions (e.g., outlet
pipes under the QEW, Eastport Ditch outlet), and may be subject to an Environmental Assessment
and/or other regulatory approvals/requirements. COH is required to confirm a level of service for the
Beach Boulevard Community; other areas within the COH have a level of service of a 5 year storm. COH
should work with the MTO to develop cost sharing agreements for this work, similar to that agreed on
for the Grafton Pumping Station.
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1.0 Introduction
Ongoing street ponding in the vicinity of Beach Boulevard in Hamilton required the City of Hamilton 
(COH) to inves gate the situa on and assess poten al mi ga on measures for ponding on the rights-of-
way (ROW), associated with lake levels, surface drainage, ground water and exis ng infrastructure. The 
COH requested Dillon Consul ng Limited (Dillon) to assist with this study.

1.1 Description of Study Area
The limits of the study are as shown in Figure 1. 

 
Figure 1: Study Area
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1.2 Scope of Study
The scope of this study is to review exis ng condi ons, assess the current ponding issues, review the 
poten al impact of future condi ons, and to generate a list of possible solu ons to mi gate the current 
ponding, including poten al costs. A Risk Assessment was also requested and a 2D PCSWMM Model was 
developed to provide a list of recommenda on for various sub-systems. All ground and infrastructure 
coordinates are reported in NAD83 unless otherwise specified. Water levels in Lake Ontario as defined 
by the Interna onal Joint Commission (IJC) are referenced to the Interna onal Great Lakes Datum 
(IGLD). NAD83 is a horizontal coordinate system which referenced NAVD88 as a ver cal datum. NAVD88 
and IGLD ver cal datum are one and the same.

1.3 Previous Studies and Reports
Previous studies and reports were reviewed and summarized as part of this study. The following reports 
were provided to Dillon by the COH and have been used as background informa on to inform this study 
in addi on to any other referenced material:

· MMM Group - Master Drainage Plan – Hamilton Beaches (1999) – summarized in sec on 1.3.1
· McCormick Rankin Corpora on (MRC) - Exis ng Condi ons Drainage Inves ga on & Preliminary 

Design of Flood Protec on for Beach Boulevard Community (2008) – summarized in sec on 1.3.2

According to MRC, flooding in the study area is a historical problem that dates back as far as 1943. This 
flooding prompted the COH to purchase proper es on Beach Boulevard in 1970’s with the inten on to 
convert the residen al proper es into park land. However, in 1999 the COH started selling proper es to 
be re-developed for residen al use. 

Reoccurring flooding led the COH to hire MMM to complete a Master Drainage Plan for the Beach 
Boulevard Community. This study concluded that flooding occurs in the study area when lake water 
levels exceed 75.2 metres above sea level (MASL). Addi onally, ponding would occur on side streets 
during the 2-year storm frequency because the stormwater system did not have enough capacity to 
convey this flow. Updates were made to the stormwater system as required and By-Laws (discussed in 
sec on 1.5) were put in place to limit the number of addi onal basements and crawl spaces that could 
be built in this area.

In 2008, the Ministry of Transporta on of Ontario (MTO) retained MRC to conduct an addi onal study 
regarding flooding of the Beach Boulevard Community in rela on to the Queen Elizabeth Way (QEW) 
ROW. MRC concluded that the street flooding problems can be a ributed to a combina on of the 
minimal eleva on difference between lake water levels and Beach Boulevard and land use changes over 

me. MRC also concluded that several of the end-of-street catch basins were in extremely poor 
condi on and would require water to pool on the street before it could overflow into the pipe network 
because catch basins were not located at the localized lowest spot. The report recommended a pump 
sta on with a discharge outlet into a ditch on Eastport Drive. 

1.3.1 Master Drainage Plan – Hamilton Beaches, MMM Group

The following are key points taken from the Master Drainage Plan – Hamilton Beaches prepared by 
MMM Group (1999):
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· Public works staff noted that once lake levels exceed 75.2 MASL, prolonged flooding of streets 
and proper es occur during rainfall and snowmelt events.

· Flooding was par cularly chronic at Windermere Avenue, Knapmans Drive, Wickham Avenue, 
Gra on Avenue, Comet Avenue, Granville Avenue, Clare Avenue, Lagoon Avenue and Arden 
Avenue. 

· The COH had site plan control for all redevelopment lots west (harbour side) of Beach 
Boulevard. It was recommended that the COH obtain site plan control for the east side of Beach 
Boulevard, since any redevelopment in this area had the poten al to impact exis ng 
development.

1.3.2 Exis ng Condi ons Drainage Inves ga on & Preliminary Design of Flood Protec on for Beach 
Boulevard Community, McCormick Rankin Corpora on

The following key points were noted within the Exis ng Condi ons Drainage Inves ga on & Preliminary 
Design of Flood Protec on for Beach Boulevard Community prepared by MRC (2008):

· Field inves ga ons revealed that the as-built end-of-street drainage systems deviate from the 
MTO contract drawings. Many of these systems were not installed due to difficul es associated 
with high groundwater levels during construc on. Only the following 3 of the 13 ditch inlet catch 
basins were installed with the correct size: Granville Avenue, Bayside Avenue, and Lagoon 
Avenue

· The QEW drainage system that intercepts flows from the Beach Boulevard Community operated 
independently of the drainage system that serves the highway. The known loca ons of pipes 
crossing the QEW are shown in Figures 1-1 to 1-5.

· Drainage contributed from the Beach Boulevard Community and QEW between Dunraven 
Avenue and Wickham Drive was conveyed to Hamilton Harbour by a large diameter storm 
sewer. Drainage contributed between Wickham Drive and Kirk Avenue was conveyed to Redhill 
Creek by a deep, well vegetated ditch that was filled with sediment and debris. Water levels in 
the ditch were coincident with water levels in Hamilton Harbour.

· Observa ons obtained from a 27 mm storm on November 29, 2005, included the following:
o Windermere Avenue, Comet Avenue, Granville Avenue, and Lagoon Avenue all 

experienced significant flooding;
o Low to moderate flooding was observed on Dunraven Avenue, Rembe Avenue, 

Wickham Avenue, Clare Avenue, Arden Avenue, and Bayside Avenue;
o Flooding on Windermere Avenue inundated residen al streets and driveways;
o Catch basins on Comet Avenue were blocked by sediment and debris; and
o Locarno Avenue, North Park Avenue and Kirk Avenue appeared to drain properly.

· The historical storm from August 24, 1982 that generated 94 mm of rainfall with lake levels at 
74.8 MASL was used as an input to the model.

· Water deten on ponds were not considered as a viable alterna ve because they would be 
difficult to construct with respect to the upli  forces produced by high groundwater eleva ons.

· A 920 m long gravity storm sewer system with a pumping sta on at Gra on Avenue and a force 
main with an outlet to Eastport Ditch was recommended and constructed.

· It was concluded that lake levels greatly influence the capacity of the storm sewer system. As 
such, during high lake levels, flooding within the Beach Boulevard Community occurs at much 
lower precipita on intensi es than it does when lake levels are low. 
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1.4 Geology and Hydrogeology
The following geotechnical inves ga ons were conducted within the study area:

· E.M. Peto Associated Limited – Soils Report, Low Li  Pumping Sta on Discharge Main, Intake 
Line (1961)

· Morton and Partners Limited – Subsurface Condi ons Proposed Eastport Watermain at Beach 
Boulevard and Eastport Arterial Road (1986)

· Peto MacCallum LTD - Hydrogeological Inves ga on, Groundwater Sampling, Beach Boulevard, 
Hamilton, Ontario (1989)

· Mountainview Geotechnical LTD - Geotechnical Inves ga on – Proposed Sewers at Beach 
Boulevard Van Wagner Beach Rd. to Lagoon Hamilton, Ontario (1992)

These reports conclude that the subsurface of the Beach Boulevard Community is primarily highly 
permeable coarse sand and gravel overlying shale bedrock at eleva ons between 55 and 65 MASL. In 
addi on, the groundwater eleva on coincides with the surface water levels of Lake Ontario and 
Hamilton Harbour. 

1.5 Relevant Legislation
The following regula ons and plans were reviewed, those deemed applicable to this study are 
summarized in this sec on:

· City of Hamilton By-Laws: 6593, 99-169, 99-170, 10-118, and 14-090
· Plan 2014 – Lake Ontario - St. Lawrence River, Protec ng against extreme water levels, restoring 

wetlands and preparing for climate change – Interna onal Joint Commission (IJC)
· Ontario Regula on 161/06, Hamilton Conserva on Authority’s Regula on of Development, 

Interference with Wetlands and Altera ons to Shorelines and Watercourses – under 
Conserva on Authori es Act, R.S.O 1990, c. C.27 

1.5.1 By-Law -

The following are excerpts from the COH’s Zoning By-Law 99-169 that apply to land on the west 
(harbour) side of Beach Boulevard:

· The minimum ground floor eleva on of any building or any building addi on shall be 76.0 m 
above mean sea level;

· No basement or cellar shall be permi ed for any building.

A copy of the exis ng Zoning By-Law can be found in Appendix B.

1.5.2 Plan  – Lake Ontario - St. Lawrence River

Plan 2014 replaced Plan 1958-D in January 2017 and regulates the levels of Lake Ontario by dicta ng the 
ou lows under different criteria. A comparison of the Plan 2014 to the former Plan 1958-D can be found 
in Appendix A. The levels in these plans are targets, as such lake levels may be above or below the given 
criteria due to several factors including but not limited to precipita on levels and temperature.

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 13 of 472



City of Hamilton
Beach Boulevard Community Stormwater Ponding Study - Revised
August 2019 – 17-5898

5

The IJC released a set of recommended updates regarding Plan 1958-D based on a 14 year study and 
extensive public consulta on. The following are excerpts from the updated Plan 2014:

· H4. The regulated monthly mean level of Lake Ontario shall not exceed the following eleva ons 
in the corresponding months.

TABLE 1: Plan 2014 Regulated Monthly Levels of Lake Ontario, Datum: IGLD 1985

Month Maximum 
(m)

Minimum 
(m)

January 75.26 73.56

February 75.37 73.62

March 75.33 73.87

April 75.60 73.97

May 75.73 74.22

June 75.69 74.27

July 75.63 74.26

August 75.49 74.15

September 75.24 74.04

October 75.25 73.83

November 75.18 73.67

December 75.23 73.57

· H.11 Consistent with other requirements, the levels of Lake Ontario shall be regulated for the 
benefit of property owners on the shores of Lake Ontario in the United States and Canada. 

· H.14 In the event that Lake Ontario water levels reach or exceed extremely high levels, the 
works in the Interna onal Rapids Sec on shall be operated to provide all possible relief to the 
riparian owners upstream and downstream.

· B2.2 Flow Limits
o I Limit – maximum flows for ice forma on and stability. During ice cover forma on, 

either downstream on the Beauharnois Canal or on the cri cal por ons of the 
Interna onal Sec on, the maximum flow is 6,230 m3/s. Once a complete ice cover has 
formed on the key sec ons of the river, the winter flow constraints prevent the river 
level at Long Sault from falling lower than 71.8 MASL. The I limit also limits the 
maximum flow with an ice cover present in the Beauharnois and/or interna onal 
channels to no more than 9,430 m3/s.

o L Limit – maximum flows to maintain adequate levels and safe veloci es for naviga on 
in the Interna onal Sec on of the river. Maximum releases are limited to 10,700 m3/s if 
the Lake Ontario level should rise above 76.0 MASL during the naviga on season and 
11,500 m3/s during the non-naviga on season. 

o F Limit – the maximum flow to limit flooding on Lake St. Louis and near Montreal in 
considera on of Lake Ontario level. It is a mul er rule that a empts to balance 
upstream and downstream flooding damages by keeping the level of Lake St. Louis 
below a given stage for corresponding Lake Ontario level. 

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 14 of 472



City of Hamilton
Beach Boulevard Community Stormwater Ponding Study - Revised
August 2019 – 17-5898

6

· C.2 Minor Devia ons for the St. Lawrence River
o Minor devia ons, while not necessarily limited to only these situa ons, could include 

those to address con ngencies such as
§ Short-term flow capacity limita ons due to hydropower unit maintenance;
§ Assistance to commercial vessels on the river due to unan cipated low water 

levels;
§ Assistance, when appropriate, with recrea onal boat haul-out on 

Lake St. Lawrence and Lake St. Louis at the beginning or at the end of the 
boa ng season, and 

§ Unexpected ice problems on the river downstream of Montreal.
o The inten on is for minor flow devia ons to be restored by equivalent offse ng 

devia ons from the plan flow as soon as condi ons permit to avoid or minimize 
cumula ve impacts on the Lake Ontario water level and avoid changing balance of 
benefits under the approved regula on plan. 

o However, the Board shall not allow the cumula ve effect of these minor devia ons to 
cause the Lake Ontario water level to vary by more than +/- 2 cm from that which would 
have occurred had the release prescribed if the approved plan been strictly followed. 

o However, if circumstances are such that minor devia ons cause the Lake Ontario level 
to vary more than +/- 2 cm from the level resul ng from the approved plan, then the 
Board shall advise the Commission in advance as soon as the poten al need for the 
long-term devia on is known. 

· C.3 Major Devia ons
o Major devia ons are significant departure from the approved regula on plan that are 

made in response to extreme high or low levels of Lake Ontario in accordance with 
criterion H14 of the revised Order of Approval.

o In the event that Lake Ontario water levels reach or exceed extremely high levels, the 
works in the Interna onal Rapids Sec on shall be operated to provide all possible relief 
to the riparian owners upstream and downstream. 

A copy of the current Plan can be found in Appendix C. Several of the maximum and minimum lake level 
did change as a result of Plan 2014, these varia ons can be seen in Appendix A. 

1.6 Drawings and GIS Information Reviewed

Table 2 provides a list of key drawings that were reviewed as part of this study, a full list of all provided 
drawings can be found in Appendix L. 
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TABLE 2: Key Drawings Reviewed

Drawing Name Agency Contact 
No.

Drawing 
No. Descrip on

Beach Boulevard Interceptor City of 
Hamilton

PW-09-43 
(S) 09-S-11

Proposed 900mm Diameter Force 
Main Construc on Crossing the 
Queen Elizabeth Way

Beach Boulevard Interceptor City of 
Hamilton

PW-11-54 
(S) 11-S-20 Proposed Pumping Sta on, Storm 

Sewer and Ditch Construc on

Beach Boulevard Plan City of 
Hamilton B-354-S Catch basin and Manholes South End 

of Skyway Bridge
East Port Industrial Park - 
Proposed Sanitary Sewer, 
Forcemain and Watermain

City of 
Hamilton

RHW-83-
74 83-S-9 Drawings that show parts of Eastport 

Ditch.

QEW Crossing for Proposed 
Sanitary Sewer

City of 
Hamilton 802-111 92-S-1 Some informa on and about 

basement depths in the study area.
Proposed Sanitary Sewer - 
Phase 1

City of 
Hamilton 802-111 92-S-57 Informa on and about basement 

depths in the study area.
Proposed Sanitary Sewer - 
Phase 2

City of 
Hamilton 802-111 93-S-1 Informa on and about basement 

depths in the study area.
QEW Crossing for Proposed 
Sanitary Sewer

City of 
Hamilton 93-S-40 Some informa on and about 

basement depths in the study area.
Van Wagners' Beach 
Boulevard

City of 
Hamilton

PW-04-40 
(HSW) 04-H-80 Road Reconstruc on and Storm 

Sewer Removal near study area

Several GIS layers were provided to Dillon and have been used as background informa on to inform this 
study in addi on to any other referenced material, a list of all reviewed GIS layers can be found in 
Appendix L.

1.7 Work Done by Others in Southern Ontario
Ponding on the ROW is a common problem for several municipalities in southern Ontario. For example
the City of Toronto has several ongoing Basement Flooding Environmental Assessment Studies. The
recommended solutions included the following (City of Toronto, 2017):

· Larger sewer pipes,
· Twinning of sewers,
· Underground storage tanks, 
· Bio-reten on sidewalks/medians swale, and
· Wet/dry ponds.

Addi onally, in 2015 the Town of Essex completed a basement flooding study to address recent 
basement flooding that occurred as a result of storm surges in their sanitary sewer system. The 
following were the recommended high priority solu ons (Stantec, 2015):
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· Re-commissioning Essex southwest lagoons,
· Inlet pumping sta on upgrades at Essex pollu on control plant,
· Pumping sta on upgrades, and
· Increase sanitary sewer size.

Lastly, the Regional Municipality of Halton has created a long term region wide approach to reduce the 
risk of flooding from sewer surcharging as a result of severe flooding in 2014. Some of the systems they 
are planning to implement over the next 10 years include (The Region Municipality of Halton, 2015):

· $60 million dollar system improvement program,
· Inter-jurisdic onal basement flooding working group,
· Permanent wastewater flow metering program,
· Voluntary downspout disconnec on program based on a 100% subsidy for eligible residents,
· Voluntary weeping le disconnec on program based on a 100% subsidy for eligible residents,
· Extraneous flow reduc on public educa on program, and
· Dedicated staff resources to develop, implement, sustain and monitor the Region Wide 

Basement Flooding Mi ga on Program.

COH should look into joining the Inter-jurisdic onal basement flooding working group.
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2.0 Existing Drainage System Performance
The following sec ons discuss the exis ng condi ons of the Beach Boulevard Community drainage 
system.

2.1 Background Information
Background informa on was provided by several stakeholders to assist in this study. This sec on will 
summarize some of the key informa on in rela on to this study.

2.1.1 Ontario Lake Levels

As previously men oned, the water level of Lake Ontario majorly affects the drainage system in the 
Beach Boulevard Community. It was noted in the Master Drainage Plan that once the lake level exceeds 
75.2 MASL the study area will experience chronic ponding on the ROW. The IJC allows a 1.2m fluctua on 
of Lake Ontario’s water level from 74.16 MASL to 75.38 MASL. The Interna onal Lake Ontario – St. 
Lawrence River Board is responsible for regula ng the water level and ou low of Lake Ontario in 
accordance with the 2014 IJC Plan. 

Up un l 2017 the highest recorded water level on Lake Ontario was 75.82 MASL in June 1952. According 
to Environment Canada, on May 29, 2017 Lake Ontario reached a record high water level of 75.88 MASL. 
The COH confirmed that several streets in the Beach Boulevard Community are located below this water 
level, specifically Tower Drive and Bayside Avenue. Historical lake levels and projected forecasts of lake 
levels for Lake Ontario can be seen in Figure 2. The historical lake levels are lake wide averages from 
several sta ons and therefore could be influenced by wind and storm surge condi ons.

Figure 2: Historical and Forecasted (red shading) Lake Ontario Water Levels (US Army Corps of Engineers, 2018)

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 18 of 472



City of Hamilton
Beach Boulevard Community Stormwater Ponding Study - Revised
August 2019 – 17-5898

10

The Great Lakes – St. Lawrence River Adap ve Management Commi ee (GLAM) and the IJC a ributed 
the 2017 high lake levels to several factors including but not limited to: 

· Wet, mild and highly fluctua ng winter weather condi ons,
· Above-normal inflows from the upper great lakes,
· Excessive snowpack and late melt in the O awa River Basin,
· Record O awa River spring freshet, and
· Extreme rain events over the en re basin in April and May.

Fluctua ng temperatures resulted in varied ou low from Lake Ontario between January and March 
2017. Then due to intense storms and snow melts, the levels in Lake Ontario reached record highs and 
triggered criterion H14 (as defined in sec on 1.5.2) which authorized the board to follow an alterna ve 
strategy and alter ou lows to provide all possible relief to riparian property owners living along the 
shorelines of the en re system. However, the board chose not to alter the ou low and to enforce the 
current “F-Limit” for Plan 2014. It wasn’t un l June 14th, 2017 that the board decided to increase the 
Lake Ontario ou low to 10,400 m3/s (Caldwell, 2017). 

2.1.2 Documented Ponding Incidents

Previous studies have documented chronic ponding on the ROW in the Beach Boulevard Community 
da ng back as far as 1943. Chronic ponding was observed on Windermere Avenue, Knapmans Drive, 
Wickham Avenue, Gra on Avenue, Comet Avenue, Granville Avenue, Clare Avenue, Lagoon Avenue and 
Arden Avenue. A summary of the affected areas can be seen in Table 3. 

As a result of the high water levels in Lake Ontario, Transport Canada and Natural Resources Canada 
took a series of aerial photographs along the Lake Ontario shoreline to document the flooding. These 
photos were taken on June 8 2017, 10 days a er the peak recorded lake level. Figures that indicate 
areas of visible ponding in the study area and are located in Appendix D, a summary of the affected 
areas can be found in Table 3, see reports for detailed defini ons of flooding levels.

The COH has no fica on records of ponding on the ROW or basement flooding occurring on several of 
the Beach Boulevard Community streets since 2002. With the increase of water levels that have been 
observed in the past couple years the number of no fica ons the COH received has increased. A 
summary of the no ces can be seen in Table 3, see reports for detailed defini ons of flooding levels. 
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TABLE 3: Summary of Documented Flooding Incidents in the Beach Boulevard Community

Street
Minimum 
Eleva on 

(MASL)

Master 
Drainage 

Plan 
Flooding

November 29, 
2005 (MRC, 

2008)

June 8, 
2017 City of Hamilton Service Requests

Eastport Drive - - - Visible 
Flooding No documented Service Requests

Beach Boulevard - - - No Visible 
Flooding

08/11/2003 – Street Flooded
03/15/2004 – Street Flooded

01/31/2005 – Property Flooded
11/15/2005 – Street Flooded

07/18/2006 – Property Flooded
02/23/2007 – Street Flooded

05/06/2008 – Property Flooded
06/09/2008 – Street Flooded
09/28/2010 – Street Flooded
09/30/2011 – Street Flooded
06/01/2012 – Street Flooded
05/10/2013 – Street Flooded

02/21/2014 – Catch Basin Flooded
07/28/2014 – Street Flooded
04/21/2017 – Street Flooded
05/01/2017 – Street Flooded

05/04/2017 – Property Flooded
05/05/2017 – Several Basements 

Flooded
05/06/2017 – Street Flooded

Dunraven 
Avenue 75.9

No 
Documented 

Flooding

Low to 
Moderate 
Flooding

Visible 
Flooding No documented Service Requests

Locarno Avenue 75.75
No 

Documented 
Flooding

Appears to 
Drain Properly

Visible 
Flooding

12/01/2006 – Sewer Flooded
01/15/2007 – Street/Property Flooded

06/29/2009 – Catch Basin Flooded
07/22/2012 – Basement Flooded

North Park 
Avenue 75.75 - Appears to 

Drain Properly
No Visible 
Flooding

11/29/2011 – Street Flooded
10/28/2015 – Street Flooded

Rembe Avenue 75.8 -
Low to 

Moderate 
Flooding

No Visible 
Flooding No documented Service Requests

Windermere 
Avenue 75.92 Chronic 

Flooding
Significant 
Flooding

No Visible 
Flooding

04/28/2008 – Street Flooded
05/20/2011 – Property Flooded

12/20/2013 – Street Flooded

Knapmans Drive 75.79 Chronic 
Flooding

No Documented 
Flooding

Visible 
Flooding No documented Service Requests

Killarney Avenue 76.98 - - No Visible 
Flooding No documented Service Requests
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Street
Minimum 
Eleva on 

(MASL)

Master 
Drainage 

Plan 
Flooding

November 29, 
2005 (MRC, 

2008)

June 8, 
2017 City of Hamilton Service Requests

Wickham Avenue 75.83 Chronic 
Flooding

Low to 
Moderate 
Flooding

Visible 
Flooding

05/17/2002 – Several Basements 
Flooded 

06/01/2011 – Street Flooded
04/21/2017 – Basement Flooded

Gra on Avenue 75.77 Chronic 
Flooding - Visible 

Flooding

07/10/2006 – MH Flooded
07/31/2006 – Street Flooded
07/11/2009 – Street Flooded

Comet Avenue 75.66 Chronic 
Flooding

Significant 
Flooding

Visible 
Flooding

12/31/2004 – Street Flooded
02/16/2005 – Street Flooded
10/22/2005 – Street Flooded

09/16/2015 – Basement Flooded

Granville Avenue 75.74 Chronic 
Flooding

Significant 
Flooding

Visible 
Flooding

05/03/2002 – Street Flooded
6/7/2002 – COH Pumping Storm 

Water
11/03/2003 – Street Flooded
05/12/2004 – Street Flooded
06/01/2004 – Street Flooded

Clare Avenue 75.66 Chronic 
Flooding

Low to 
Moderate 
Flooding

Visible 
Flooding

11/03/2003 – Street Flooded
05/12/2004 – Street Flooded
12/01/2006 – Street Flooded

Woodland 
Avenue 77.18 - - No Visible 

Flooding No documented Service Requests

Dexter Avenue 76.87 - - No Visible 
Flooding No documented Service Requests

Lagoon Avenue 75.99 Chronic 
Flooding

Significant 
Flooding

Visible 
Flooding No documented Service Requests

Arden Avenue 75.67 Chronic 
Flooding

Low to 
Moderate 
Flooding

Visible 
Flooding

05/05/2008 – Street Flooded
05/04/2017 – Street Flooded From 

Pumping
05/12/2017 – Street Flooded onto 

Private Property

Sierra Avenue - - - No Visible 
Flooding No documented Service Requests

Tower’s Drive 75.8 - - No Visible 
Flooding 05/13/2017 – Basement Flooded

Lakeside Avenue 76.72 - - Visible 
Flooding No documented Service Requests

Bayside Avenue 75.88 -
Low to 

Moderate 
Flooding

Visible 
Flooding

04/01/2017 – Street/Basement 
Flooded

04/04/2017 – Street Flooded
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Street
Minimum 
Eleva on 

(MASL)

Master 
Drainage 

Plan 
Flooding

November 29, 
2005 (MRC, 

2008)

June 8, 
2017 City of Hamilton Service Requests

Fitch Avenue 76.78 - - No Visible 
Flooding No documented Service Requests

Mareve Avenue 76.8 - - Visible 
Flooding No documented Service Requests

Wark Avenue 75.75 - - Visible 
Flooding No documented Service Requests

Kirk Avenue - - Appears to 
Drain Properly

Visible 
Flooding

06/10/2013 – Street Flooded
05/12/2017 – Street/Property/ 

Basement Flooded

2.1.3 Basements

Although the development of new basements is restricted under the current By-Law, several below 
ground structures were iden fied in the 1993 survey that was conducted for the proposed sanitary 
sewer and force main. Addi onally, during a site visit (September 22, 2017), several addi onal below 
ground floors were noted in newer buildings. These structures may have required approval from the 
Commi ee of Adjustments. The Commi ee of Adjustment is a group of volunteers that makes decisions 
on behalf of the COH. Figure 2-1 to 2-2 depicts the loca ons of known basements and their rela ve 
eleva on (if known) based on available informa on. 

The Commi ee of Adjustment can make minor variances to the COH’s Zoning By-Law to allow the 
following:

· Enlargements extension or change to legal nonconforming uses;
· A parcel of land to be split into more than one lot or as a lot addi on to abu ng lands; and
· Mortgages, par al discharge of mortgages, valida on of tle, access right-of-way, easements 

and leases over 21 years. 

The Commi ee can allow variances by following four main criteria:
· The variance is minor;
· It is desirable for the appropriate development or use of land, building or structure;
· General interest and purpose of the By-Law is maintained; and,
· The official plan is maintained.

If a property owner wishes to receive an amendment to the By-Law they must complete an online form 
and pay an applica on fee. They must then a end a public hearing that will be set within 30 days of the 
ini al applica on. This hearing will determine the outcome of the applica on. 
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2.2 Current Operating Conditions
Due to high lake levels and intense storms, the Beach Boulevard Community experienced large amounts 
of ponding on the ROW in 2017. The COH installed temporary pumps on several of the side streets to aid 
in mi ga ng water damages during these events. It was es mated that the upper daily opera on and 
maintenance costs of these pumps was approximately $10,000 per day. Several residents that live near 
the temporary pumps have complained about the increased noise that the pumps caused throughout 
the summer of 2017 and the loca on where the water was being discharged. 

In addi on, residents had been using sump pumps to dewater their basements. Most of these pumps 
were discharged onto the sidewalks and ROW, crea ng health and safety issues due to algae growth and 
slippery condi ons. These condi ons are forecasted to become worse in the winter due to ice forma on 
which can cause further slip and trip hazards. Residents also expressed concerned that they don’t have 
anywhere to connect their dewatering outlets. 

Residen al sump pumping could also create large hydraulic pressure gradients that could cause 
basement founda ons to crack. This gradient is caused by a change in subsurface pressures as a result of 
groundwater pumping.

2.3 Hydraulic Analysis
The COH Comprehensive Development Guidelines and Financial Policies Manual (City of Hamilton, 2016)
outlines the methodologies and parameters for storm sewer design. The COH design criteria is
summarized in the Table 4.

The Rational Method and Manning’s Equation have been used to complete the evaluation of the existing
storm drainage infrastructure to assess the hydraulic capacity of the existing storm sewer infrastructure,
which is in accordance with Comprehensive Development Guidelines. Runoff coefficients were based on
those in Table F.1 Coefficient of Imperviousness Table in the Comprehensive Development Guidelines.
The IDF parameters for the Mount Hope gauge were used, and were also obtained from the
Comprehensive Development Guidelines.

TABLE 4: COH Design Criteria
Design Return Period Initial Time of Concentration

Hamilton 5-Year 10 minutes

The following sec ons provide some background as to the analysis taken for each outlet and the 
methods used to calculate appropriate discharge flows. Each outlet was separated into a sub system 
which created a series of eight sub-catchments that can be seen in Figures 1-1 to 1-7. 

2.3.1 System Flows 

System catchments and storm sewers were delineated based on available topography and grading
information. The existing flow rates for each outlet were analysed to calculate the storm flows. The
storm flows are based on the Mount Hope IDF parameters. These flows will be used to recommend
relevant storm water management strategies for each outlet.
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The current capacity of the storm systems were analyzed using the Ra onal Method based on the 
informa on provided including the following assump ons:

· Where pipe slope informa on is missing, a slope of 0.3 % was assumed based on consistency 
with adjacent known slopes;

· If the pipe is over capacity the velocity was assumed to be the full pipe velocity;
· C value of the sub catchment is 0.5 (-).

2.3.2 Basement Pumping Flows

Basement dewatering flow rates were calculated based on the lake water level and the rela ve depths 
of the known basements. The basement geometry was analyzed to determine the three dimensional 
dewatering area. The following assump ons were made in order to complete the basement pumping 
analysis:

· Hydraulic conduc vity of 1.45x10-3 m/s was used (Morton & Partners Limited, 1986).
· Due to the highly conduc ve ground material, it was assumed that pumping drawdown cones 

would not influence each other. 
· Each resident would pump water from the four corners of their home un l the groundwater 

level was below that of their basement, they would then con nue to pump at this rate un l the 
lake water level decreased to below their basement level.

· Radius of pumping well is 5 cm in diameter. 
· The basements would be pumped dry regardless of the pump size required to accomplish this. 
· The basement distribu on is representa ve of the Beach Boulevard Community and represents 

half of the number of basements present. 

Due to the assump ons that were made, this is a conserva ve approach that may overes mate 
pumping volumes. To ensure that the system is not oversized during a more detailed design, an 
addi onal basement survey and pumping ques onnaire should be conducted to more accurately 
es mate the pumping rate. The effect of the lake level on the overall pumping rate can be seen in Figure 
3. Figure 3 is the combined total pumping for all buildings located north of the QEW.

Figure 3: Estimated Basement Pumping Rate Curve for Entire Beaches System
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2.3.3 Current Capacity

Several combina ons of storm frequencies and lake levels were analyzed to determine the current 
condi ons of the storm systems. Each of the 8 sub-systems were analyzed to determine the maximum 
storm, lake level and combina on that they could convey. Only one sub-system can convey the 2-year 
storm interval and none can convey the 5-year storm interval. This would indicate that most of the 
systems are not sufficiently sized to convey the minor storm flows. In addi on to pipes being undersized 
several outlets would be submerged during high lake levels which would further decrease the pipe 
capacity. Flows are then forced to above ground flow on the ROW. Outputs from the various analyses 
can be seen in Appendix E. 

The minimum lake level that causes basement pumping was approximately 74 MASL, once above this 
level, basement pumping rates increased exponen ally as the lake level con nued to rise. All systems 
could convey the basement pumping rate corresponding with a lake level of 75.5 MASL without 
addi onal storm flows (except two pipes in the Gra on sub-system). However, once the lake level 
surpassed 75.5 MASL, sub-systems began surcharging. Table 5 summarizes the lake levels at which each 
sub system surcharges.

TABLE 5: Sub-System Summary

Sub-System Critical Lake Level
(MASL)

Flow at Failure
Point (L/s)

Max System Flow
at Critical Lake

Level (L/s)

Eastport Outlet 76.4 336 336

Hamilton Harbour Outlet 75.6 46 336

Dunraven Outlet 75.8 46 336

Grafton Outlet 75.4 27 1496
Lagoon Outlet 75.7 336 336

Townhouse Outlet 75.7 204 204

Bayside Outlet 75.6 336 336

Fletcher Outlet 75.8 336 336

Since most system could not convey the two year storm and no smaller storm IDF curves were provided, 
lake levels and storm results were not combined for this analysis. 

2.3.4 Service Level

In order to determine the most effec ve mi ga on strategy a stormwater service level needs to be 
defined. In the majority of the COH the service level for the stormwater system is the 5 year design 
storm. However, most other subdivisions don’t have other significant inputs of storm water (basement 
pumping or groundwater infiltra on), therefore the same approach for defining the service level in the 
Beach Boulevard Community may not be appropriate. Great care needs to be taken when the COH 
decides what service level they want to provide to their residents. It is suggested that a service level be 
defined for the Beach Boulevard Community. Overland flow routes on the Lake side of the QEW are 
restricted in their outlet by the presence of the QEW. Pipes under the QEW provide the only means of 
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outlet. Based on available informa on, the pipes are not able to handle the major storm and could 
cause ponding on the upstream ends of the culverts. 

2.3.5 Effects of Lake Level on Opera onal Capacity

In addi on to the increased storm intensi es and basement pumping, higher lake levels may have a 
nega ve impact on the capacity of the stormwater systems. Several of the outlets are located in the 
Eastport Ditch on the harbour side of the QEW. When the level in Lake Ontario rises the groundwater 
levels in the Beach Boulevard Community will rise as well. Several of the outlets in the Eastport Ditch are 
below the highest allowable lake level (as defined by Plan 2014). This decreases the outlet capacity of 
the system and may cause backwater flooding to occur in several of the sub catchments due to reduced 
capaci es.

2.4 Planning Review
The following is a summary of the Planning Review, a full copy of this review can be found in Appendix H.

The COH’s Official Plan includes a special policy (UH-2) identifying the potential for additional
development risks related to shoreline erosion and flooding resulting from Lake-based storm events.
The Zoning By-Law features a specific regulation prohibiting new basements for certain lands on the
east side of Beaches Boulevard (By-Law 99-169) and west side of Beaches Boulevard (By-Law 99-170).
While there has been a continuous level of development in the Study Area over the last decade, there
have only been a handful of new basements constructed. It does not appear as though additional major
planning policies or regulations could be implemented to resolve or address issues related to increased
basement flooding in the Study Area. The COH could consider the following minor adjustments:

· Updating Special Policy Area designation UH-2 to reference the potential risks related to
basement flooding so as to align with the language/restrictions in the Zoning By-Law;

· Reviewing the geographic limits of By-Law 99-169 and 99-170 to ensure that all properties which
could be vulnerable to basement flooding are covered by the basement prohibition regulation
(which appears to be the case, but should be confirmed).
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3.0 Future Conditions
As part of the evalua on of the exis ng system, future condi ons, such as climate change and lake level 
increases were considered. Increased lake levels and storm intensi es would impact the current 
capacity of the stormwater system. Addi onally, with high lake levels in combina on with wave uprush, 
water could be driven inland past the 100-year flood level limit. It was noted that the current high point 
(a pedestrian and bike path) which protects the Beach Boulevard Community was close to being over 
topped in the recent high water period. Due to the topography in the area if this were the happen the 
water could pool in the Beach Boulevard Community. Therefore, mi ga on measures also considered 
poten al solu ons to this problem should it occur in the future. 

The Ontario Ministry of Natural Resources (MNR) outlined in their guide for public health and safe 
policies regarding the Great Lakes – St Lawrence River System that flood allowances on Lake Ontario 
should include a 15 m allowance for wake uprush or other related hazards. 

This distance does not take into account wave protec on features such as dikes or wave breakers. 
Mi ga on measures to address this type of flooding risk are addressed in the next sec ons. 

The COH is working with several other municipalities to reduce their GHG emissions in response to the
climate change initiatives. They have acknowledged that climate change increases the stresses and costs
on infrastructure including storm water management assets. In addition, all infrastructure is at risk of
increased damage due to extreme weather events. These considerations have been taken into account
in the creation and evaluation of alternatives.
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4.0 Mitigation Measures
The following mi ga on measures have been iden fied as poten al solu ons to improve/reduce 
flooding and ponding in the Beach Boulevard Community. They have been analysed based on their 
feasibility and effec veness in the study area. Mi ga on measures are separated based on their 
implementa on method and ability to address the three different types of flooding that have the 
poten al to nega vely impact the Beach Boulevard Community. 

· Stormwater refers to the flow that surcharges from the storm sewers during mes of large rain 
events. 

· Surface water refers lake inunda on (water that comes from the lake flooding the Beach 
Boulevard Community). 

· Groundwater refers to the water that is entering resident’s basements or that is being pumped 
on the street. If pumped, groundwater tends to pond in low spots or could enter directly into 
the storm water pipes. In addi on, at mes of high lake level (when the lake level/groundwater 
level is higher than the ground surface) groundwater can seep out of the ground and pond at 
low points on the street. 

Some mi ga on measures will not be relevant for addressing the ponding on the ROW but they have 
s ll been summarized in the following sec ons. 

4.1 Legislative Mitigation Measures
The following mi ga on measures address changes or updates to the legisla ve system. 

4.1.1 By-Law Updates

The COH currently has By-Law 99-169 in place for a por on of the Beach Boulevard Community that 
prohibits basement (living space) construc on. However, property owners can obtain approval from the 
Commi ee of Adjustments which would allow the construc on of a basement. In addi on there is 
currently a minimum eleva on required for the first floor ground level of 76 MASL which with the old 
Lake Ontario maximum water level of 75.23 MASL would give a freeboard of 0.77 m. However the new 
IJC Plan 2014 has a Lake Ontario maximum water level of 75.73 MASL (allowable in May), therefore if 
the COH wishes to maintain the same freeboard of 0.77 m then they would need to update the By-Law 
to allow a higher minimum ground floor eleva on (76.50 MASL).

In addi on to upda ng this sec on of the By-Law, regula ons regarding lot level remedia on measures 
(as discussed in the sec on 4.3) could be added to either require or encourage property owners to 
implement lot level stormwater management prac ces. For instance, the Region of Peel implemented a 
“Basement Flooding Remedia on Subsidy Program” which helps cover the costs of sump pumps and 
back water valve installa on (Region of Peel, 2010). 

The province of British Columbia has provincial guidelines that state that all new construction containing
habitable space must be located above the historical 1 in 200 year flood event plus an additional safety
margin. This elevation is referred to as the flood construction level (FCL). The FCL is mainly applied to
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variations in sea level and the potential for sea level rise but a similar concept could be applied to the
level of the Great Lakes (The Arlington Group Planning + Architecture Inc., 2013).

The City of Vancouver also regulates building on lands subject to the FCL and specifies construc on 
materials, service equipment installa on and allowing for covenants on a property tle which 
acknowledge the risk of flooding (The Arlington Group Planning + Architecture Inc., 2013). This ensures 
that property owners are aware of the flooding risk and take the responsibility of choosing to build or 
live in below grade structures on the property. 

Another op on would be to implement a basement filling program; this would eliminate the need for 
dewatering and protect the residents from flooding risks. 

4.1.2 Community and Commi ee of Adjustment Educa on

Educa ng the Beach Boulevard Community (public and developers) as to why certain By-Laws are in 
place and about stormwater management prac ces could benefit the community. Addi onally, 
educa ng the Commi ee of Adjustments as to why certain By-Laws are in place could lower the amount 
of adjustments that are approved that may nega vely impact the stormwater system. 

4.2 Non-Structural Mitigation Measures
The following are non-structural mi ga on measures that were considered when formula ng 
alterna ve solu ons. 

4.2.1 Property Acquisi on 

The COH previously purchased properties in the 1970’s with the intention of creating recreational space
due to chronic surface ponding concerns. This alternative would be very costly but could minimize
impact on residents. HCA recommend temporarily halting the sale of some municipal properties within
the community until the proper mitigation measures are implemented. Specific Hamilton-owned
properties located in areas where future stormwater infrastructure may be installed, where ponding has
historically occurred or where modelling indicates a likelihood of ponding. This hold is recommended
until the EA is completed and preferred solutions are confirmed.  Sale of other City of Hamilton owned
properties in this area must be done by the Real Estate Section in consultation with the Public Works
Department and should be in conformity with future Zoning By-law No. 6593 changes recommended
under this study.

4.3 Lot Level Mitigation Measures
The risk of ROW ponding is influenced by basement pumping flows and basement pumping rates are 
dependent on many variables related to building construc on, lot development, and service to these 
lots. Reducing basement pumping rates begins with lot-level control. The following is a list of lot-level 
techniques that individual homeowners should consider to help reduce the rate of basement pumping. 
The following list is not an exhaus ve, but rather a list of sugges ons that are relevant for home owners, 
business owners and developers in the study area to consider given the nature of basement pumping 
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that were observed in this assessment. Many of the following recommenda ons require li le effort and 
cost, while others that are highly effec ve may require more resources.

4.3.1 Improve Lot Grading

Improving lot grading by reducing minimum lot grades from 2% to 0.5% away from the building 
founda on can decrease the amount of surface runoff, an example of this can be seen in Figure 4. Such 
a change would require revising the municipality’s development standards related to lot grading and 
private drainage systems. This may be difficult to achieve, especially in exis ng homes that are already 
level with or below the adjacent street. Ac ve drainage systems (i.e. trench drains) can help where 
natural overland drainage is not possible, however this can be costly. In addi on to lot re-grading the 
ground eleva on of the property could be raised to ensure that the house sits above the flood eleva on. 
Similarly to lot regrading, this would be difficult to achieve, with exis ng development.

Figure 4: Lot Grading Recommendations (Ontario Ministry of the Environment, 2003)

4.3.2 Installa on of Founda ons Drains and Sump Pumps

If homes do not have a foundation drain installed, there is an increased risk of basement flooding from
foundation infiltration. This can be significantly reduced by installing weeping tiles around the building’s
foundation and directing water to a free-draining outlet or to a municipal storm sewer. Alternatively, a
sump pump may be installed to actively pump water collected by the weeping tile. A basement sump
pump can directly discharge to the storm sewer system, but it prohibited from discharging to the
sanitary sewer system (as per COH By-Laws 10-118 and 14-090).

4.3.3 Increased Vegeta on

Plan ng new trees and other vegeta on along streets can reduce stormwater runoff and peak flows. 
Addi onally, canopies can provide cover of impermeable surfaces and divert water onto lawns or other 
stormwater features. 

4.3.4 Installa on of Rear Lawn Ponding

Creating a ponding area in the rear yard or along the lot line can detain water and decrease the peak
runoff rates. This may be difficult to achieve, especially because it would require regrading of lots and
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portions of private property to be flooded during peak flow events. A typical layout for this mitigation
measure can be seen in Figure 5.

Figure 5: Rear Lot Ponding (Ontario Ministry of the Environment, 2003)

4.3.5 Installa on of Soak Away Pits

Soak away pits infiltrate water through below grade infiltra on trenches and can decrease the volume of 
water directed into the storm system. Roof leaders and sump pumps can be directed to these pits 
instead of into the storm water system which can be seen in Figure 6. Soak away pits do not perform 
well in areas with high water tables because the bo om of the soak away pit ideally needs to be 1 m 
above the seasonal high water table. Addi onally, this may be difficult to achieve because it would 
involve excava on and installa on of soak away pits on private property.

Figure 6: Soak away Pits (Ontario Ministry of the Environment, 2003)

4.3.6 Installa on of Stormwater Harves ng

Stormwater harves ng is the collec on and u liza on of runoff which can dras cally reduce the amount 
of runoff produced by a property. Typically, roof runoff is collected and stored onsite; it can then be 
used for irriga on of lawns or gardens or as part of a grey water system. Incen ves can put in place to 
encourage home owner to implement this type of technology. 
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4.4 Stormwater System Mitigation Measures
The following are stormwater system mi ga on measures that could improve the func onality of the 
Beach Boulevard Community stormwater system. Most mi ga on measures on this list can be 
implemented as standalone solu ons or could be implemented together as a combined alterna ve. 

4.4.1 Increase Inlet Capacity

Increasing inlet capaci es could allow more runoff to enter the storm sewer system. This could help 
prevent ponding on the ROW due to blocked inlets. However, if the system does not have capacity to 
convey the increase in inflow then this alterna ve will have limited impact on the system. Increasing 
inlet capacity should only be implemented if the storm sewer pipe sizes are upgraded as well. 

4.4.2 Increase Pipe Size

Increasing the pipe sizes could increase the capacity of the current systems. This method could be used 
in conjunc on with other recommended stormwater management prac ces. In addi on to increasing 
the pipe sizes, the slope of the pipes could also be altered to achieve a similar result. However, with high 
groundwater levels construc on of new pipe systems can be very costly, therefore this method would 
be rela vely costly and would disturb the municipal roads in the area. 

4.4.3 Pervious Pipe System

Pervious pipe systems are used in place of, or in conjunc on with tradi onal storm sewer system. The 
use of perforated sewer allows exfiltra on of water through the pipe wall and into the surrounding soil. 
Pervious pipe systems are not recommended in areas with high water tables and therefore it would be 
difficult or impossible to implement this type of stormwater management technology in the Beach 
Boulevard Community. 

4.4.4 Installa on of System Storage

System storage can decrease the peak flow volumes by retaining runoff and releasing it slowly over 
me. System storage can be as simple as oversized pipes or underground storage tanks depending on 

the deten on volumes and implementa on loca ons. Oversized pipes could be implemented 
throughout the system by installing one size up at all loca ons or by installing a sec on of very large 
pipes towards the end of the system. Since system storage is a flexible alterna ve it would be feasible to 
implement in the Beach Boulevard Community. However, space limita ons need to be considered when 
selec ng a loca on. The COH currently owns several proper es in the study area that could be used as 
system storage. Addi onally, pumps may be required to move water to and from the proposed storage 
loca ons. 

4.4.5 Construc on of Storm Ponds

Both dry and wet stormwater ponds can act as a form of surface water storage and can provide 
regula on of peak flows. However, stormwater ponds require large areas of land and perform be er in 
areas with low water tables. Therefore, the implementa on of stormwater ponds could be complicated 
for this study area. However, the COH owns some proper es at the ends of the following streets: 
Renfrew, Rembe, Windermere, Knapmans, Wickham, Gra on, Comet, Granville, Clare, Lagoon, and 
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Arden. In combina on with strategic property acquisi on of non-COH owned proper es could be used 
as several smaller stormwater management facili es. 

4.4.6 Construc on of Pumping Sta ons

Pumping sta ons allow gravity systems to move up gradient by pu ng addi onal energy into the 
stormwater system. There is one pumping sta on located on Gra on Avenue that conveys the runoff 
under the QEW. Pumping sta ons overcome issues associated with gravity flow limits such as the 
restricted capacity of pipe outlets. 

4.4.7 Increase Outlet Capacity

Increasing the outlet capacity of substandard outlets could allow more stormwater to exit the system. 
This could involve reloca ng the outlet to another loca on, expanding the size of the current outlets or 
crea ng addi onal outlet loca ons. In addi on to upda ng infrastructure, proper documenta on would 
need to be created concerning maintenance of the outlet structures. 

4.4.8 Opera on and Maintenance

Several of the exis ng inlets and ditches require regular maintenance by the COH and/or MTO. Ensuring 
that the system is properly maintained can increase the performance and life me of the system. It is 
advised that an opera on and maintenance agreement between the COH and MTO is created in 
addi on to a list of assets.

4.5 Lake Overtopping Mitigation Measures

The following lake level mitigation measures address the concern of high Lake Ontario levels from
overtopping the localized high point and negatively impacting the Beach Boulevard Community. This has
never been reported but with higher allowable lake levels under Plan 2014 the COH may want to
consider the risk of barrier overtopping. Additional approval from the Hamilton Conservation Authority
(HCA) would be required for any of the following mitigation measures.

4.5.1 Barrier Grading / Dike Construc on

Currently, the study area is protected by an elevated bike path that runs along the lake side of the Beach 
Boulevard Community. It could be possible to increase the eleva on of this bike path to provide 
sufficient protec on from poten al wave ac on. This would require coordina on with various COH 
departments and u li es located within this corridor. Significant eleva on increases of the path would 
be limited by the exis ng structures adjacent to the path. Due to reduced wave ac on and the size of 
open water on the harbour side of the study area, there is not expected to be a benefit to construc ng a 
barrier or dike on the harbour side.

4.5.2 Construc on of Seawalls

Seawalls are large ver cal structures that block wave ac on from hi ng land. They are typically steel 
sheet piles or ridged poured concrete. Once installed, seawalls require rela vely low opera on and 
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maintenance, however they do have a rela vely high ini al capital cost. A typical schema c of this 
mi ga on measure can be seen in Figure 7. 

Figure 7: Seawalls (Manitoba Conservation, 2001)

4.5.3 Construc on of Breakwater Structures

Breakwaters are offshore structures that absorb the energy of waves that hit them. They are typically 
located 100 m to 600 m offshore and are typically made of large rocks or concrete. These structures may 
reduce to level of wave uprush.

4.6 Groundwater Control Mitigation Measures
The following mi ga on measures address the groundwater driven basement flooding which in turn 
contributes to the stormwater system ponding. 

4.6.1 Sump Pump Dewatering

The installation of sump pumps would protect property owners from basement flooding but would
require major upgrades to COH infrastructure due to increased flows. The COH would also need to
supply private connections to the storm sewer system that the residents could outlet their sump pumps
to. Additionally, there is currently no way to regulate the amount of dewatering each property owner is
undertaking. Additional investigations should be completed to provide more accurate estimations of the
dewatering volumes prior to completing the design of new infrastructure.

4.6.2 COH Driven Dewatering

COH driven dewatering would require the COH to install pumping wells throughout the Beach Boulevard 
Community to lower the groundwater table of the area. This would allow the COH to regulate the 
volumes of water removed and where the discharge is directed. Addi onally, wells would be located 
strategically to maximize the efficiency of the process but would have high annual maintenance and 
opera onal costs. However, this would put a large strain on the current infrastructure and would 
require addi onal work to manage the groundwater pumping discharge. 
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4.6.3 Installa on of Groundwater Barrier

Groundwater barriers could be installed around the perimeter of the study area. They would act as a 
barrier between Lake Ontario and the groundwater system. This would allow be er control of the 
groundwater system by hindering the recharge of groundwater from the lake. However, the barrier 
would need to be installed down to bedrock and therefore is only cost effec ve in areas with shallow 
depths to bedrock which is not the case in the Beach Boulevard Community.
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4.7 Screening of Mitigation Measures

TABLE 6: Screening of Mitigation Measures

Control Type Control Measure Responsibility Advantage Disadvantage Rela ve Cost Rela ve 
Impact

Rela ve Time of 
Implementa on Comment

Recommended 
for Further 

Inves ga on

Legisla ve 
Mi ga on 
Measures

By-Law Updates COH
Could prevent further basements from 
being installed and increasing poten al 
dewatering.

Difficult to enforce and monitor effec veness 
of changes. Low Moderate Short Term

Would prevent further increase in 
dewatering. Does not reduce current 
dewatering.

Recommended

Community and 
Commi ee of 
Adjustments 
Educa on

COH

Would increase the awareness and 
causes of basement flooding in area. 
Poten ally decrease the number of 
approved basement being constructed.

None. Low Low Short Term

Could prevent further problems from 
developing.
Does not fix current problems.
Should educate Commi ee of Adjustments 
in addi on to Residents.

Recommended

Non-
Structural 
Mi ga on 
Measures

Property 
Acquisi on COH

No new infrastructure required. Would 
reduce the amount of water being 
pumped into sewer system through 
private connec ons and reduce run-off. 

Costly op on that would displace a 
community from their homes. Low public 
acceptance. 

High High Long Term / 
Ongoing

Could buy all proper es or select proper es 
in study area. Recommended

Lot Level 
Mi ga on 
Measures

Improve Lot 
Grading

COH/Home 
Owner

Reduce local ponding, high 
inflow/infiltra on into founda on drain 
and peak flow rates. 

Requires co-opera on of home owners. 
Poten al for long term ponding on private 
property, an increase of overland flow.

Low to 
Moderate Low Short Term / 

Ongoing
Recommended implementa on where 
possible and for all new development.

Recommended
Where Possible

Installa on of 
Founda on Drains 
and Sump Pumps

Home Owner
Decrease the amount of flooding 
experienced by home owners with 
floors located below the water table. 

Requires installa on in basement and regular 
inspec on to ensure proper opera on. 
Requires emergency energy backup supply to 
be installed. Could put a strain on the 
stormwater system if discharge is not 
managed properly. Requires co-opera on of 
home owners.

Low to 
Moderate Low Short Term / 

Ongoing
Could improve localized problems but 
would not be a standalone solu on.

Recommended 
Where Possible

Increased 
Vegeta on Home Owner Reduc on of stormwater runoff volume 

and peak flow.

Requires maintenance year round. Requires 
co-opera on of home owners. Negligible 
impact. 

Low to 
Moderate Low Short Term / 

Ongoing
Could improve localized problems but 
would not be a standalone solu on.

Recommended 
Where Possible

Lot Level 
Mi ga on 
Measures

Installa on of Rear 
Lawn Ponding Home Owner

Reduces local ponding, high 
inflow/infiltra on into founda on drain 
and system peak flow rates.

Requires co-opera on of home owners. 
Poten al for long term ponding on private 
property, an increase of overland flow.

Low to 
Moderate Moderate Short Term / 

Ongoing
Would not be effec ve due to high water 
table.

Not 
Recommended

Installa on of Soak 
Away Pits Home Owner

Effec ve at lowering the volume of 
storm water entering the sewer system 
from roof leaders and/or sump pumps.

Requires opera on and maintenance year 
round. Requires co-opera on of home 
owners.

Low to 
Moderate Low Short Term / 

Ongoing
Would not be effec ve due to high water 
table.

Not 
Recommended
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Control Type Control Measure Responsibility Advantage Disadvantage Rela ve Cost Rela ve 
Impact

Rela ve Time of 
Implementa on Comment

Recommended 
for Further 

Inves ga on

Installa on of 
Stormwater 
Harves ng

Home Owner

Retains stormwater for later use by the 
property owner. Would decrease the 
peak runoff flows into the storm 
system.

Requires co-opera on of home owners. 
Depending on storage type could increase the 
poten al for mosquitos. 

Low to 
Moderate Low Short Term / 

Ongoing
Could improve localized problems but 
would not be a standalone solu on.

Recommended 
Where Possible

Stormwater 
System 
Mi ga on 
Measures
Stormwater 
System 
Mi ga on 
Measures

Increase Inlet 
Capacity COH Effec ve at conveying runoff into the 

stormwater system. 

Can cause surcharging in the system if not 
properly implemented. High capital costs of 
associated pipe improvements. 

Moderate Moderate Short Term If the capacity of the system increases, this 
could be applied. Recommended

Increase Pipe Size COH
Effec ve at preven ng surcharges in 
the system and increasing the overall 
capacity of the system.

High capital costs and construc on 
requirements. Long implementa on me 
frame.

Moderate Moderate Long Term Would increase the capacity of the current 
system. Recommended

Pervious Pipe 
System COH Aid in mi ga ng pipe surcharging by 

infiltra ng excess storm water.

Requires water table to be well below pipe 
depth. High capital cost and high opera on 
and maintenance cost. 

Moderate Low Long Term Would not be effec ve due to high water 
table.

Not 
Recommended

Installa on of 
System Storage COH Reduces/regulates peak flow rates by 

providing storage in the system. 
High material costs and requires space to 
store runoff either above or below ground. Moderate High Long Term Recommended for reten on of runoff 

during peak flow events. Recommended

Installa on of 
Storm Pond COH Decreases peak flow rates and 

improves quality of storm water.

Not effec ve in areas with high water tables. 
Requires large surface area and can create 
habitats for mosquitos. 

Moderate High Long Term Would not be effec ve due to high water 
table. Recommended

Pumping Sta on COH
Increase the total energy in the system 
and allow for transport of flow up 
gradient. 

High capital and opera onal cost High High Long Term Could be effec ve at increasing the system 
capacity. Recommended

Increase Outlet 
Capacity COH/MTO Increase the outlet capacity of the 

system.

Is not be a standalone solu on, would need to 
be implemented with other remedial 
measures. 

Moderate Moderate Short Term / Long 
Term

Could be effec ve at increasing the system 
capacity. Recommended

Opera on and 
Maintenance COH/MTO Increases the capacity and lifespan of 

the system. None. Low High Short Term Recommended for all components of storm 
system. Recommended

Lake 
Overtopping 
Mi ga on 
Measures

Barrier Grading / 
Dike Construc on COH Could provide protec on for the Beach 

Boulevard Community.
May require the closure of a public 
recrea onal path. Medium Low Long Term

Not recommended as part of the current 
study. However, if future studies regarding 
lake overtopping is a concern, then this 
should be revisited as an alterna ve. 
Further consulta on with regulatory bodies 
and stakeholders would be required as part 
of any required works.

Not 
Recommended

Installa on of 
Seawalls COH New construc on required. High capital cost. Medium to 

High Low Long Term Not recommended due to high capital cost. Not 
Recommended
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Control Type Control Measure Responsibility Advantage Disadvantage Rela ve Cost Rela ve 
Impact

Rela ve Time of 
Implementa on Comment

Recommended 
for Further 

Inves ga on

Installa on of 
Breakwater 
Structures

COH Breaks up waves before they reach 
shore.

High capital cost and could cause nega ve 
impacts to the aqua c environment.

Medium to 
High Low Long Term

Not recommended as part of the current 
study. However, if future studies regarding 
Lake overtopping is a concern, then this 
should be revisited as an alterna ve. 
Further consulta on with regulatory bodies 
and stakeholders would be required as part 
of any required works.

Not 
Recommended

Groundwater 
Control 
Mi ga on 
Measures

Sump Pump 
Dewatering Home Owner

Provides relief for property owners 
based on an as need basis. Low capital 
cost for the COH.

Can put strain on the storm system depending 
on how discharge is managed. Puts cost on 
home owners. 

Low to 
Moderate Moderate Ongoing

Recommended for property owners to 
con nue to pump water as needed 
however this cannot be discharged onto 
sidewalks, roadways, adjacent proper es or 
sanitary sewers (as per COH By-Laws 10-118 
and 14-090). COH should consider providing 
private connec ons to storm sewers to 
avoid overland discharge. 

Recommended

COH Driven 
Dewatering COH

Provides protec on for homeowners 
from groundwater driven ponding. 
Allows the COH to control and regulate 
pumping rates and water discharge. 

Creates responsibility and ongoing costs for 
the COH. Creates problems with water 
disposal and environmental permits to take 
water. 

Moderate to 
High Moderate Ongoing Would put liability on the COH and 

therefore would not be recommended.
Not 

Recommended

Installa on of a 
Groundwater 
Barrier

COH
Effec ve at elimina ng the connec on 
between the lake level and 
groundwater level.

High capital cost.
Would require maintenance and observa on 
for proper func onality. 

High Moderate Long Term Not recommended due to deep bedrock 
depths.

Not 
Recommended
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4.8 Recommended For Further Investigation
The following sec ons describe the recommended mi ga on measure and how they can be applied to 
the Beach Boulevard Community. 

4.8.1 Legisla ve Mi ga on Measures

It is recommended that the following legisla ve mi ga on measures are considered in the alterna ve 
genera on process:

· By-Law Updates, and
· Community Educa on.

It is recommended that that COH consider upda ng the By-Law to address the ponding issues on the 
Lake side of the Beach Boulevard Community. Educa ng the Commi ee of Adjustments and the general 
public as to why belowground floors, basements and crawl spaces are prohibited could prevent 
addi onal problems occurring in the future. The COH could also consider changing the language in the 
By-Laws to prevent the approval of basement structures and crawl spaces unless the property owner 
can prove it will have no nega ve impact drainage pathways, the water system or neighbouring 
proper es. The property owner should also take full responsibility if such impacts occur. This would also 
need to be added to property tles to ensure the owners were aware of their responsibili es when 
purchasing a property. Another alterna ve would be to ban all forms of below ground floors and start a 
“basement filling” program to address exis ng basements. Lastly, the COH should consider upda ng the 
minimum allowable ground floor eleva on to 76.5 MASL (from 76 MASL) to account for the increase in 
allowable lake level by the IJC under Plan 2014.

Neither of these mi ga on measures will solve the current ponding on the ROW problems and 
therefore will not be considered in the genera on of alterna ves. Therefore, these mi ga on measures 
should be considered in addi on to the recommended alterna ves. 

4.8.2 Non-Structural Mi ga on Measures

It is recommended that the following non-structural mi ga on measure be considered in the alterna ve 
genera on process:

· Property Acquisi on 

Strategic property acquisi on is recommended because it will eliminate the some problem areas (if 
proper es are within areas of concern). In addi on, select proper es could be acquired by the COH to 
create stormwater management facili es as needed. This mi ga on measure will be considered in 
Alterna ve 1 and Alterna ve 2. COH should place a hold on that future sales of all COH owned 
proper es along the side streets in the Beach Boulevard community (from the MTO chain-link fence to 
Beach Boulevard) un l the recommenda ons of this study have been further inves gated for 
design/construc on feasibility and the desired mi ga on measures are approved by Council. . The COH 
will need to define service levels for the Beach Boulevard Community and will need to comply with all 
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Federal/Provincial legisla on related to the recommenda on chosen to implement (e.g., Ministry of the 
Environment, Conserva on and Parks (MECP, formerly MOECC) approval, MTO approval, EA). 

4.8.3 Lot Level Mi ga on Measures

It is recommended that the following lot level mi ga on measures are considered in the alterna ve 
genera on process:

· Improve lot grading; 
· Install founda on drains and sump pumps;
· Increase vegeta on, and
· Stormwater Harves ng. 

All the above men oned lot level mi ga on measures could be effec ve at reducing peak runoff in the 
Beach Boulevard Community but because they require co-opera on and maintenance from the property 
owners they were not considered in the genera on of alterna ves. However, the COH should set up 
incen ve programs to encourage the installa on of these stormwater management prac ces in new and 
old developments. 

4.8.4 Stormwater System Mi ga on Measures

It is recommended that the following stormwater system mi ga on measures are considered in the 
alterna ve genera on process:

· Increase inlet capacity;
· Increase pipe size;
· System storage;
· Pumping sta ons; 
· Increase outlet capacity, and 
· Opera on and Maintenance.

These recommended mi ga on measures help remove the water from the study area by altering the 
capacity of the current stormwater system. Different combina ons of these mi ga on measures will be 
evaluated in Alterna ve 3, Sec on 5.5. 

4.8.5 Lake Overtopping Mi ga on Measures

No lake overtopping mi ga on measures were recommended in this report because there are no 
reported incidents of this happening. However with a higher allowable lake level the risk of a storm 
event that could overtop the current barrier are higher. It is recommended that an addi onal study is 
completed by the COH to assess the associated risks of such an event occurring. 

4.8.6  Groundwater Control Mi ga on Measures

It is recommended that the following groundwater control mi ga on measure be considered in the 
alterna ve genera on process:
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· Privately operated sump pump dewatering.

It will be assumed for all alterna ve genera on that residents will con nue to pump their basements dry 
when lake water levels are high. This amount of water will be considered when designing and evalua ng 
alterna ves in combina on with the design storms. However, as per COH By-Laws 14-090 and 10-118, 
residents must not discharge pumped water onto sidewalks, ROW, adjacent proper es or into sanitary 
sewers.
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5.0 Stormwater System Alternative Solutions
The following are alterna ves solu ons that have been generated based on the analyzed mi ga on 
measures. They may be implemented as standalone solu ons or in conjunc on with another alterna ve. 
These alterna ves effec vely mi gate ponding on the ROW under minor (5 year) and major (100 year) 
storm events in addi on to residen al pumping and fluctua ng lake levels. The alterna ves costs and 
feasibility was es mated based on the available informa on. 

5.1 Assumptions

To determine which poten al op ons are to be recommended for implementa on or further study, a 
number of assump ons had to be agreed to by the study team. These assump ons include input 
parameters, service levels and overall approach methods.

For the purpose of designing minor flow systems, the 5 year return frequency storm will be used. The 
minor storm will be managed primarily using storm sewers. The major storm, 100 year return frequency, 
will be managed using a combina on of storm sewers and overland flow.

Each storm water system within the study area eventually discharges to a large ditch across the QEW 
which runs along Eastport Drive. For the purpose of this study, it is assumed that this ditch has sufficient 
capacity and depth. During detailed design, the capacity of this ditch should be verified. To assess 
poten al capacity of the outlets beneath the QEW, each outlet will be assumed to have a 0.25% slope, a 
minimum cover of 0.6m and no water input from the QEW. The eleva on of the low spots of the 
perpendicular streets to Beach Boulevard range from 75.66 MASL to 77.18 MASL.

It is assumed that residents will con nue to use dewatering techniques to keep their basements dry 
using their own private infrastructure. Residents currently discharge this water onto the roads and 
sidewalks within the Beach Boulevard Community. Provisions should be provided to allow for residents 
to discharge this water into the storm sewer system without resor ng to overland flow. This could be 
accomplished using direct connec ons to storm sewers or via catchbasins on private property. 
Catchbasins located on private property should remain the responsibility of the homeowners. The storm 
sewer system may have to be extended to provide connec ons to residents. Residents shall con nue to 
be responsible for their own pumping infrastructure (sump pumps).

The assumed lake eleva on will have a great impact on the assessment of op ons and 
recommenda ons. This eleva on will impact the capacity of the ou alls beneath the QEW to the 
Eastport ditch, and the amount of water that will be discharge from homeowner dewatering to the 
storm sewer system. Under high water level scenarios, the capacity of the outlets to drain via gravity can 
be reduced to zero. Addi onally, the flows from dewatering increase exponen ally the higher the lake 
level rises.

For this study, a Lake Ontario level of 75.88 MASL, represen ng the highest Lake Ontario level of record 
and the highest minimum allowable Lake Ontario level (under Plan 2014) of 74.56 MASL was used for 
modeling and recommenda ons, as high and low levels respec vely
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5.2 Operation and Maintenance
Currently the ditch system between the end of streets and the noise wall is in poor condi on due to lack 
of maintenance. The MTO requested that the COH confirm ownership of proper es in this ditched area 
between the MTO Fence and the MTO noise barrier wall.  The COH has confirmed ownership and the 
majority of ditch is owed by the MTO. There are pockets of proper es owned by the COH which cannot 
be accessed by COH staff without entering property owned by the MTO. It is recommended that the 
pockets of COH owned land which are landlocked between MTO proper es, and are inaccessible, are 
transferred to the MTO to facilitate MTO opera on and maintenance of this area. Figures 1-1 to 1-7 
illustrate current property ownership and further detail can be found in Appendix M. 

It is recommended that the MTO install access gates on the MTO owned chain-link fence to facilitate 
maintenance work in the area between the MTO chain-link fence and the MTO noise barrier wall. It is 
recommended that the COH and MTO work together to develop and maintain a Maintenance 
Agreement for this area.  This agreement should address day to day maintenance and emergency 
situa ons to expedite response.

Proper opera on and maintenance will not be a standalone solu on to the ponding problems but can 
have an immediate impact on ponding within the ROW. Regardless of what alterna ve is selected these 
ditches should be maintained to allow proper drainage of the side streets. This consists of clearing the 
over grown vegeta on and regrading ditches to ensure proper drainage to ditch inlets. Residen al 
pumping of basements should temporarily be directed to these areas to address health and safety 
concerns. 

5.3 Sump Pump Connections
Residents are currently u lizing sump pumps to dewater below ground floors (including both crawl 
spaces and basements). The groundwater is currently being discharged onto the ROW which is causing 
several health and safety problems related to algae and ice (primarily slipping hazards). It is 
recommended that the COH put in direct or private connec ons that would allow residents to outlet 
their pumps into the storm system or offline storage systems. Proper backwater valves will need to be 
installed to protect residents from the poten al risk of system surcharging. One op on for private 
connec ons are called “birdcage catchbasin” (OPSD 400.120) the cost of these systems can range from 
$5,000 to 7,500 per loca on. 

5.4 Stormwater System Alternative 1 – Purchase Residential Land
Stormwater System Alterna ve 1 consists of the COH purchasing all or some the proper es in the Beach 
Boulevard Community which would require the residents to be relocated. The COH could turn the land 
into recrea onal space or use it as non-residen al land. Property acquisi on can occur in three different 
capaci es, buying all the proper es, buying a por on of the proper es or buying proper es as they are 
being sold. 
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5.5 Stormwater System Alternative 2 – Stormwater Management Facility
Stormwater System Alterna ve 2 consists of the COH purchasing proper es (if required) at the end of 
the side streets and conver ng them into several central stormwater management facili es. These 
facili es could consist of storage features, swales or ditched channels. This alterna ve could store major 
flows and dewatering from residen al occupants and release it back into the system or to an outlet a er 
the peak event. The inten on of this alterna ve is to decrease peak flow rates during major storm 
events. This alterna ve could be implemented with other recommended solu ons that would handle 
the minor flow rates. 

This system could be designed to handle up to the 100 year event in conjunc on with the storm sewer 
system or could be designed to handle the residen al pumping and overland flows during high lake 
levels when the func onality of the outlets are compromised. 

The COH currently owns several proper es along the ends of the following side streets: Renfrew, 
Rembe, Windermere, Knapmans, Wickham, Gra on, Comet, Granville, Clare, Lagoon, and Arden. With 
some strategic property acquisi on this alterna ve could be implemented with limited impacts to 
residents. A summary of proper es the COH currently owns can be seen in Figures 1-1 to 1-7, Dillon has 
advised the COH to put a hold of all proper es on the harbour side of Beach Boulevard un l a decision is 
made regarding the storm water management plans.

The volume of storage required was calculated based on the following assump ons for each catchment 
in addi onal to the assump ons made in the ra onal method flow calcula ons described previously:

· The storm system can convey the 5 year storm with no lake level influence.
· The required storage service level is the 100 year storm with a lake level of 76 MASL and no 

basement pumping inflow.
· Minimum ini al me of concentra on is equal to 10 minutes.

Copies of the storage volume calcula ons can be seen in Appendix F. The following assump ons were 
made to es mate requires storage area for each catchment:

· The maximum allowable height of water corresponds to the lowest land eleva on in the vicinity 
of the proposed ponding area. This will ensure no ponding will occur on the ROW. 

· A freeboard of 0.2 m is required.
· A graded slope of 5:1.

The rela ve dimensions of storage can be found in Appendix F.

5.6 Stormwater System Alternative 3 – Upgrade Stormwater System
The following three alterna ves involve upgrading the current storm system to convey the major storm 
flows or the minor storm flows in conjunc on with other alterna ves. Basement pumping rates and 
varying lake levels will be considered in designing for all alterna ves. Direct connec on for sump pumps 
should also be considered as part of the upgrades for the following alterna ves. 
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5.6.1 Stormwater System Altera ve A – Gravity System

Stormwater System Alterna ve 3A would consist of upgrading the storm pipe system to convey all major 
and/or minor flows through a gravity sewer system. This would require large pipe size upgrades that 
could convey storm flows to an outlet point where it will be stored or released. The Beach Boulevard 
Community is very flat and therefore could require deep excava on to achieve the required grade of the 
storm pipes. With increasing lake levels the eleva on of the outlets becomes a concern that could limit 
the conveyance of the system. If the Eastport ditch is selected as an outlet loca on check valves could 
be installed to ensure lake level flooding of the ditch would not backflow into the system. 

The main constraint associated with this alterna ve is the low eleva on gradient of the study area. 
Gravity systems require sufficient slopes to ensure proper drainage; the Beach Boulevard’s current 
grade is not large enough to implement gravity sewers without a large amount of excava on which is 
then influenced by the high groundwater table. All of this increases the poten al cost of gravity storm 
sewer installa ons. 

The exis ng condi ons model was used to determine the necessary pipe size upgrades for the various 
poten al service levels. The following assump ons were made rela ng to pipe sizing in addi onal to the 
assump ons made in the ra onal method flow calcula ons described above:

· All pipes will be replaced regardless of size upgrades,
· Standard pipe sizes were used ,
· Pipes were designed to flow at 95%, and
· Dewatering flows were added to storm flows rela ve to Lake Ontario levels.

In addi on, the cost of materials associated with each level of service was calculated. Different scaling 
factors were used to es mate the installa on costs. The following assump ons were used in 
determining the rela ve costs of each service level:

· All manholes would be replaced and no addi onal manholes would be installed, 
· No inlet or outlet structures would be replaced (included in road work in required),
· No major dewatering would be required, and
· Costs are exclusive of taxes and other poten al fees.

The detailed cost breakdown for each catchment area can be seen in Appendix G and a comparison of 
the total cost for different storm return frequencies can be seen in Figure 8.
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Figure 8: Relative Cost of Upgrading the Stormwater System

5.6.2 Alterna ve B – Pumping Sta ons

Alterna ve 3B would consist of upgrading the storm pipe system to convey major and/or minor flows to 
a few larger pumping sta ons which would move water to a storage or ou all loca on. There is 
currently one pumping sta on located on Gra on Avenue that connects to the gravity storm system. 
This pumping system currently has a capacity of 3,468 L/s and cost $6.5 million CAD to construct. The 
installa on of new pumping systems could use the current gravity infrastructure and could pump water 
from a holding ditch to an outlet up gradient. This outlet would be at a higher eleva on and therefore 
may be protected from rising lake levels. The outlet loca on could be the Hamilton Harbour, the 
Eastport Ditch, Lake Ontario or a new storm water management facility. The current gravity system 
would require upgrades or modifica ons to move water to a few centralized pumping loca ons. 

It is es mated the Beach Boulevard Community would require at least two addi onal pumping sta ons 
to service the current systems (one to the east and west of the current Gra on pumping sta on). Based 
on the capital cost of the Gra on pumping sta on this could cost $13 million CAD. 

5.6.3 Alterna ve C – Individual Street Pumping with Larger Header

Alterna ve 3C would consist of upgrading the storm pipe system to convey major and/or minor flows to 
the end of each small street where it would be pumped to an ou all or larger collec on system. All side 
streets would drain overland to a localized low point at the end of the right away. From here smaller 
pumps would send the water to a larger stormwater storage facility or connec on system located up 
gradient (most likely along Beach Boulevard). From here the system would carry the stormwater to an 
outlet located either across the QEW on the harbour side of the Beach Boulevard Community or directly 
to Lake Ontario (providing proper permits could be obtained). 

This would allow several small systems to operate independently of each other but would require 
upgrades and/or modifica ons of the current gravity storm sewer system. However, since this 
alterna ve allows all the storm systems to be independent of each other it could be implemented over 
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me or on an as needed basis. Lastly, this would allow the connec on of larger pumping systems to be 
connected if needed during larger ponding incidents. 

5.7 Alternative 4 – Do Nothing
Doing nothing may con nue to cost the COH opera onal costs of pumping the Beach Boulevard 
Community storm system (10,000 CAD per day) and upkeep of the current stormwater ditch system. 
Addi onally, health and safety concerns would con nue to occur due to residen al pumping of 
basements. Doing nothing would also increase the poten al risk to the COH due to water related issues 
such as but not limited to flooding, premature wear of infrastructure, increase maintenance, increased 
insurance costs, and addi onal staff me to address the associated issues. 

5.8 Gravity System Information - 2018
With the assump ons stated in sec on 5.1 the feasibility of several gravity outlet into the Eastport ditch 
were analyzed for each system (with the excep on of Gra on due to the already constructed pumping 
sta on). Only two of the seven catchments could freely drain with a lake level of 74.88 MASL under the 
physical constraints. Both systems require an outlet pipe diameter of 300 mm, this would not have 
capacity to drain the two subsystems with the assumed service level. Table 7 shows the lake level and 
outlet pipe size required to drain the 5-Year system with the assumed basement pumping level with free 
flowing pipes, full details can be seen in Appendix I. 

TABLE 7: Free Flowing Outlet Summary

Catchment Flow
L/s

D
mm

Ground
MASL

Length
m

Lake Level
m

Eastport 223 600 76.00 106.4 74.44

Hamilton Harbour 521 750 76.00 152.3 74.16

Dunraven 604 825 75.90 109.0 74.09

Lagoon 799 900 75.99 95.6 74.13

Townhouse 557 750 76.00 103.0 74.28

Bayside 1232 1050 75.88 80.0 73.90

Fletcher 682 825 76.00 167.5 74.04

However, if the COH wishes to have flow through submerged pipe outlets the systems can convey the 
design flow with a lake level of 74.88 MASL with outlet pipe diameters summarized in Table 8, full 
details can be seen in Appendix I. 
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TABLE 8: Submerged Outlet Summary

Catchment Qrequired

L/s
D

mm
Ground
MASL

Length
m

Obvert
MASL

ΔH
m

Qactual

L/s

Eastport 223 300 76.00 106.4 74.76 1.15 378

Hamilton Harbour 521 375 76.00 152.3 74.57 1.15 574

Dunraven 565 375 75.90 109.0 74.58 1.05 635

Lagoon 751 450 75.99 95.6 74.64 1.14 1111

Townhouse 528 375 76.00 103.0 74.69 1.15 680

Bayside 1154 450 75.88 80.0 74.57 1.03 1132

Fletcher 638 450 76.00 167.5 74.47 1.15 883

5.9 Agency Liaison
The following sec ons summarize comments received from Agency Liaisons. 

5.9.1 Hamilton Conserva on Authority (HCA)

The HCA was provided a dra  copy of the Stormwater Ponding Study Report. On March 26, 2018, the 
HCA provided formal comments on the report to the COH. The comments were incorporated into the 
dra  Stormwater Ponding Study Report. In general, the HCA was suppor ve of the recommenda ons 
noted in Sec on 4, with the excep on of the Lake Overtopping Mi ga on measures. HCA has stated 
they do not support these methods because the Beach Boulevard Community is located in a dynamic 
beach system. In addi on, HCA believes that the COH should put emphasis on not selling any addi onal 
municipal proper es in the Beach Boulevard Community in order to not aggravate the exis ng problem 
and to enable the provision of addi onal stormwater reten on or Low Impact Development (LID) 
measures. 

Future projects in the area may be subject to HCA approval. COH project teams will need to include HCA 
in preliminary discussions to ensure HCA legal approvals are obtained prior to work commencing. 

5.9.2 Hamilton Ports Authority (HPA)

HPA was contacted to determine the loca on and condi on of outlets. HPA will need to be involved in 
future assessment as HPA ac vi es may encumber the future capacity of the outlets Future HPA 
ac vi es may encumber the capacity of outlets due to con nued filling and development. The loca on 
and condi ons of outlets on HPA proper es are not well known or understood at this me. HPA’s 
property drains towards the Hamilton Harbour. To their knowledge there is no stormwater conveyance 
from HPA’s proper es under the QEW or Eastport Drive. In addi on, HPA is not aware of any 
stormwater conveyance from the Beach Boulevard Community proper es onto HPA’s property. Figures 
provided by HPA are located in Appendix J. 

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 48 of 472



City of Hamilton
Beach Boulevard Community Stormwater Ponding Study - Revised
A  2019 – 17-5898

40

5.9.3 Ministry of Transporta on Ontario (MTO)

MTO and COH staff conducted a site visit on September 18, 2017 to discuss asset ownership and 
maintenance responsibili es of the ditch between the MTO noise barrier wall and the MTO chain-link 
fence. During the site visit, MTO staff noted that they owned property in the vicinity of Fletcher Avenue. 
MTO requested that the COH provides property ownership informa on prior to any further discussion 
regarding asset ownership and maintenance.

In July 2018, the MTO contacted COH staff to address flooding/maintenance concerns of the ditch 
behind 170 Beach Boulevard. It was confirmed that the ditch is not owned by the COH and that the COH 
is not able to maintain the area on behalf of the MTO.

The COH did locate a sec on of ditch that they owned behind 144 Beach Boulevard which was located 
between two MTO owned por ons of land.  The COH transferred this sec on of ditch to the MTO which 
will allow unhindered maintenance of the ditch.

The COH Geoma cs and Corridor Management staff conducted a further assessment of COH/MTO 
ownership between Fletcher Avenue and Dunraven Avenue to confirm if there were any COH owned 
sec ons of ditch. There were por ons of COH owned land located between MTO land. It is 
recommended that these parcels of land, which are not easily accessible for maintenance, be 
transferred to the MTO in a similar fashion to 144 Beach Boulevard.

A future discussion is recommended between the COH and MTO to develop a Maintenance 
Agreement. 

Future projects in the area will be subject to MTO approval. COH project teams working in the area will 
be required to communicate with the MTO Corridor Management representa ve to ensure any MTO 
legal approvals are obtained. Cost sharing between the MTO and COH for proposed infrastructure 
updates (similar to the Gra on Pumping Sta on) is an op on that should be explored for any municipal 
works in the Beach Boulevard Community. 

A conference call occurred on January 23rd, 2019 between the MTO, COH and Dillon to review the report 
and recommenda ons. A revised report was issued to the MTO on February 13th, 2019 for review and 
comment. As of the date of issue of this report, comments have not been received from the MTO for 
inclusion in the report.

5.9.4 Environment Canada (EC)

EC was provided a dra  copy of the Stormwater Ponding Study Report. On October 15, 2018, EC 
provided formal comments on the report to the COH.  The comments were incorporated into the dra  
Stormwater Ponding Study Report.

EC was provided a second copy of the Final Stormwater Ponding Study Report. On March 14, 2019, EC 
forwarded a copy of a report created by the Great Lakes-St. Lawrence River Adap ve Management 
(GLAM) Commi ee en tled Summary of 2017 Great Lake Basin Condi ons and Water Level Impacts to 
Support Ongoing Regula on Plan Evalua on (Appendix N). This report concluded the 2017 outcomes 
under Plan 2014 would have been comparable to the outcomes that would have occurred under Plan 
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1958D. Addi onally, Plan 2014 performed as it was intended to in order to reduce (not eliminate) costal 
damages and flooding. 

5.9.5 Canadian Center for Inlands Water (CCIW)

No comments have been received to date
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6.0 Additional 2D Hydraulic Modeling
Dillon was requested by the COH to perform a risk assessment as part of an addi onal study to be er 
define the preferred op on to address the ponding within the ROW within the Beach Boulevard 
Community. This informa on can also be used by the COH to determine an appropriate level of service 
and will guide the recommenda on of the overall study. A 2D PCSWMM model was chosen to 
characterize the spa al and temporal extent of the ponding on the ROW. The desired outcome of the 
model was to delineate the amount of surface ponding that would occur during the various design 
storm frequencies and chosen lake water levels combina ons. In addi on, the model will assess ponding 
dura on for each scenario.

6.1 Modeling Methods
The Stormwater Management Model (SWMM) was first developed in 1971 by the USEPA, the current 
modeling so ware (SWMM 5) is used throughout the world for planning, analysis, design, management 
and li ga on related to stormwater runoff, combined sewers, sanitary sewers and other drainage 
systems (James, Rossman, & James, 2010). The following sec ons describe the components of the 
PCSWMM model and discuss key assump ons.

6.1.1 Hydrology

Runoff
Subcatchments were discre zed based on exis ng data for the stormwater system provided by the COH, 
with addi onal catchments added to define the QEW and adjacent ditches. A total of 57 catchments are 
present in the model. Surface slopes were assumed to be 0.01% throughout the model, based on 
topography data provided by the COH. Subcatchment flow lengths were es mated using a measuring 
tool within PCSWMM to determine a representa ve flow length for each subcatchment. Flow lengths 
ranged from 77 to 1,930 m. Percent imperviousness was es mated using 2015 aerial photos obtained 
from the COH.  Percent imperviousness ranged from 35% to 75%. Manning’s roughness and depression 
storage values were assumed to be the same for each subcatchment. The values used in the model are 
listed in Table 9.

TABLE 9: Manning’s roughness and depression storage volumes
Parameter Value Reference

Manning’s n (Impervious) 0.11 (McCuen, Johnson, & Ragan, 2002)

Manning’s n (Pervious) 0.15 (McCuen, Johnson, & Ragan, 2002)

Depression Storage (Impervious) 1.5 mm (ASCE, 1992)

Depression Storage (Pervious) 3.5 mm (ASCE, 1992)

Infiltra on
The Green-Ampt method was selected to represent infiltra on. Through site observa ons, sand was 
found to be the predominant soil cover on the subsurface.  Infiltra on parameters were determined 
based on Rawls (1983) data for sand, and are presented in Table 10.

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 51 of 472



City of Hamilton
Beach Boulevard Community Stormwater Ponding Study - Revised
A  2019 – 17-5898

43

TABLE 10: Infiltration Parameter Values (Rawls, ASCE, Brakensiek, & Miller, 1983)
Parameter Value

Suc on head (mm) 49.02

Hydraulic Conduc vity (mm/hr) 120.34

Ini al deficit (frac on) 0.413

Precipita on
IDF curve data was provided for the nearby Mount Hope sta on. This data was used to determine a 6 
hour Chicago storm. Since only one event is being modeled, evapora on and snowmelt were not 
considered.

6.1.2 Hydraulics

Both 1D and 2D components were created for the model. The 1D component of the model represents 
the piped system within the subdivisions as well as the ditch system along the QEW. The 2D component 
of the model represents surface flow and ponding. The model inventory is listed Table 11 below.

TABLE 11: Model inventory
Layer Number of Entries (1D) Number of Entries (1D+2D)

Junc ons 160 39,704

Ou alls 14 439

Storages 1 1

Conduits 156 108,197

Pumps 1 1

Outlets 7 81

Junc ons
Junc ons were used to represent both manholes and catchbasins in the 1D system. Eleva ons were 
determined using a digital eleva on model (DEM) created from contours provided by the COH. In the 
Gra on area, where drawings were available, eleva ons were input from site data. Catch basins were 
assumed to be located at the lowest point in the ROW; where catch basins were not located there the 
loca ons were edited to ensure the system would fully drain.

Backwater effects were added as ini al depths in 1D and 2D junc ons upstream of fixed stage ou alls. 
Ini al depths varied based on the invert eleva on and the lake level. A baseline flow value was applied 
to junc ons to represent pumping from residen al proper es. Pumping was only applied to models 
running lake levels higher than 74 MASL. Pumping rates were determined using the procedure described 
in sec on 2.3.2. Pumping rates were divided by 8 to represent an equal amount of water being pumped 
into each catchment. Figure 3 in sec on 2.3.2 shows the pumping rate vs. lake level.
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Ou alls
Ou alls were used to represent boundary condi ons for Lake Ontario. Two kinds of ou alls were used; 
fixed and normal. Fixed ou alls were used to represent 1D boundary condi ons. The fixed stage was 
assigned as the lake level of the simula on. Normal ou alls were used to represent the 2D boundary 
condi on. The ou all stage in these nodes was based on normal flow depth in the connec ng conduit. 
Eleva ons were assigned based on the DEM.

Storages
One storage unit was used in the model to represent the reservoir at the Gra on pumping sta on. The 
storage unit was given a footprint area of 44.46 m2, and depth of 2.55 m for a total volume of 113.37 m3. 
Based on drawings, the invert eleva on of the reservoir was set at 75.3 MASL with a rim eleva on of 
77.85 MASL.

Conduits
To represent the underground storm network, a series of circular conduits were used. Conduit 
geometries, eleva ons and Manning’s roughness values were input using GIS data provided by the COH 
and the DEM. 

Trapezoidal conduits were used to represent ditches adjacent to the QEW. Ditch dimensions were 
approximated based on site observa ons and correspondence with the COH. A maximum depth of 
2.5 m, bo om width of 1 m, and side slopes of 3:1 (horizontal:ver cal) were assumed. A Manning’s 
roughness of 0.013 was assumed based on values in ASCE (1982) for unmaintained channels.  A seepage 
rate of 1.02 mm/hr was also assumed for the ditches to represent infiltra on within the ditch. 

To represent flow on the surface, rectangular open conduits were used as created using PCSWMM’s 2D 
mesh creator. Eleva ons were determined using the DEM. Mesh resolu ons, seepage rates, and 
Manning’s roughness values are summarized in Table 11. Manning’s roughness es mates were based on 
ASCE (1992) values. Connec ons between the 1D and 2D models differed based on the exis ng 1D 
system. To connect 1D stormwater pipes, connec ons via SWMM5 outlets, were used. Informa on on 
the outlets is provided in Table 12. To connect ditches with 2D surface channels, direct connec ons 
were used.  Direct connec ons allow 1D and 2D conduits to share a node.

TABLE 12: 2D Mesh Parameters
Type Mesh Style Resolu on (m) Roughness Seepage Rate (mm/hr)

Parcels Hexagonal 5 0.06 1.02

Roads Hexagonal/ Rectangular 5-10 0.011 0

QEW Direc onal 5-10 0.011 0

Pumps
One pump was modeled to represent the Gra on pumping sta on. An ideal SMWM5 pump was used to 
represent pumping condi ons. Ideal pumps assume the inflow rate at the upstream node is equal to the 
pumping rate. A start-up depth of 1 m was used with a shut-off depth of 0 m, to assume the pump is 
opera ng during all rainfall events at a capacity that prohibits flooding in Gra on. Inlet and outlet 
eleva ons were determined from site drawings.
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Outlets
Outlets were used to represent catchbasins connec ons between the 1D stormwater pipe and 2D 
overland flow system. A ra ng curve was developed to represent flow through condi ons and is shown 
in Table 13.  

TABLE 13: Catch-basin Outlet Rating Curve
Head (m) Ou low (m3/s)

0 0

0.01 0.05

0.23 0.05

6.2 Modeled Scenarios
A series of sixteen scenarios were simulated using two different lake levels, four different storm
frequencies and two different outlet conditions. The two lake levels represent the highest recorded lake
level (75.88 MASL) and the highest minimum target lake level under plan 2014 (74.56 MASL). The four
storms that were selected represent the 2 year, 5 year, 10 year and 100 year return intervals. Lastly, two
different outlet conditions were modeled. The first was the existing configurations for single gravity
outlet, with the exception of the Grafton subcatchment that was modeled with the existing pumping
station. The next outlet condition was used to assess the feasibility of a gravity system for each
catchment. To do this the existing outlets were tripled to determine if the system could operate
assuming sufficient gravity capacity under the QEW. A summary of the modeled scenarios are as follow:

· 2 year, 5 year, 10 year and 100 year High Low Lake Level (74.56 MASL) with single barrel outlets
· 2 year, 5 year, 10 year and 100 year High High Lake Level (75.88 MASL) with single barrel outlets
· 2 year, 5 year, 10 year and 100 year High Low Lake Level (74.56 MASL) with triple barrel outlets
· 2 year, 5 year, 10 year and 100 year High High Lake Level (75.88 MASL) with triple barrel outlets

A summary of the ponding depths for each modeling scenario can be seen in Appendix K. 

6.3 Model Results and Option Alternative Evaluation
The model outputs from each subcatchment were assessed individually to determine the preferred 
recommenda on. The following are the three op ons that were considered for each catchment. 

1. Exis ng single outlet gravity system that has sufficient capacity under the 5 year high lake level 
design scenario.

2. Upgraded gravity system with larger capacity under the QEW that has sufficient capacity under 
the 5 year high lake level design scenario.

3. Pumping sta on that outlets either into Hamilton Harbour or Lake Ontario and has sufficient 
capacity under the 100 year high lake level design scenario.

The op ons were deemed feasible if the level of ponding present is acceptable to the COH. The 
es mated cost and associated service level for the feasible op ons were compared to determine a 
single preferred alterna ve for each subcatchment. 
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TABLE 14: Summary of the model results and evaluations

System 5YR-HH Single Outlet Gravity System 5YR-HH Triple Outlet Gravity System 100YR-HH Pumping Required

Eastport

· Ponding occurs on private property owned by COH and on Eastport Drive with
a maximum depth of 0.29m. Outlet pipes pass under the QEW in a raised
portion and outlet into Hamilton Harbour.

· A single 0.6m gravity outlet is sufficient for the Eastport system if the
aforementioned ponding is deemed acceptable. 2

· Estimated cost range
o Capital Cost (if new outlet and pipe crossing needed): $200,000
o Operational Cost: Regular cleaning and pipe maintenance

· Future Activities
o Confirmation of current outlet location, size and condition.

Single outlet provides sufficient capacity for the Eastport system if the
aforementioned ponding is deemed acceptable. 2

Gravity provides sufficient capacity for the Eastport system if the
aforementioned ponding is deemed acceptable.2

Hamilton Harbour

· Ponding occurs on private property owned privately and by the COH. No
ponding occurs on ROW. Outlet pipes pass under the QEW in a raised portion
and outlets into Hamilton Harbour.

· Single 0.6m gravity outlet is not sufficient for the Hamilton Harbour system.

· Limited ponding occurs and could be an artifact of the DEM.
· Gravity drainage for the Hamilton Harbour System is feasible if the capacity of

the outlet is increased and the aforementioned ponding is deemed
acceptable. 2

· Estimated cost range
o Capital Cost: $300,000
o Operational Cost: Regular cleaning and pipe maintenance

· Future Activities
o Further calculations required to confirm necessary capacity of

gravity outfall.

· Gravity provides sufficient capacity for the Hamilton Harbour system if the
capacity of the outlet is increased and we accept the aforementioned
ponding is deemed acceptable.

· Constructing a pumping station would increase the capacity of the system
from to 100YR-HH capacity. The pumping station could either outlet into
Lake Ontario or under the QEW into the Hamilton Harbour. This outlet would
not be impacted by backwater effects caused by high lake levels.

o Capital Cost (Hamilton Harbour Outlet): $2,200,000
o Capital Cost (Lake Ontario Outlet)1: $2,400,000
o Operational Cost: $15,000/year plus regular cleaning and pipe

maintenance.

Dunraven

· Ponding occurs on private property owned privately, by the COH and MTO.
Ponding occurs on Dunraven Avenue, Locarno Avenue and Renfrew Avenue
with a maximum depth of 0.30m.

· A single 0.6m gravity outlet is not sufficient for the Dunraven system.

· Ponding occurs on the lower portion of Dunraven Avenue (maximum depth of
0.27m) and on an undeveloped parcel owned by MTO (PIN 17568-0019,
maximum depth of 0.23m). Limited ponding is present on the edge of a
privately owned parcel (PIN 17568-0013, maximum depth 0.06m) but could
be an artifact of the DEM and mesh size.

· Gravity drainage for the Dunraven System is feasible if the capacity of the
outlet is increased and the aforementioned ponding is deemed acceptable. 2

· Estimated cost range
o Capital Cost: $2,300,000
o Operational Cost: Regular cleaning and pipe maintenance

· Future Activities
o Further calculations required to confirm necessary capacity of

gravity outfall.
o Confirm capacity of Eastport ditch is sufficient to prevent additional

backwater effects on outlet.

· Constructing a pumping station would increase the capacity of the system to
have a 100YR-HH capacity. The pumping station could either outlet into Lake
Ontario or under the QEW into the Eastport Ditch. This outlet would not be
impacted by backwater effects caused by high lake levels.

o Capital Cost (Eastport Ditch Outlet): $3,000,000
o Capital Cost (Lake Ontario Outlet) 1: $2,900,000
o Operational Cost: $15,000/year plus regular cleaning and pipe

maintenance.
· Future Activities

o Further calculations required to confirm the capacity of a pumping
station.

o Environmental Assessment for pumping station.

Grafton Not considered in this analysis
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System 5YR-HH Single Outlet Gravity System 5YR-HH Triple Outlet Gravity System 100YR-HH Pumping Required

Lagoon

· Ponding occurs on private property owned privately and by COH. Ponding
occurs on Clare Avenue, Lagoon Avenue and Arden Avenue with a maximum
depth of 0.54m.

· Single 0.6m gravity outlet is not sufficient for the Lagoon system.
· The extent of flooding is significant enough that adding additional stormwater

management features is not reasonable.

· Ponding occurs on the lower portion of Lagoon Avenue (maximum depth of
0.35m) and Arden Avenue (maximum depth of 0.30m). Additionally, ponding
is present on four undeveloped parcel owned by COH (maximum depth of
0.23m) and two developed privately owned properties (maximum depth of
0.15m).

· The COH owns several properties at the bottom of Clare Avenue, Lagoon
Avenue and Arden Avenue. If this area is re-graded and converted into a
stormwater management facility to provide relief from ponding on private
property and the capacity of the outlet is increased, then gravity drainage for
the Lagoon System is feasible. 2

· Estimated cost range
o Capital Cost: $1,900,000 + potential property acquisition cost (1

undeveloped lot and 1 residential lot)
o Operational Cost: Regular cleaning and pipe maintenance

· Future Activities
o Further calculations required to confirm the necessary capacity of

gravity outfall and stormwater management facility.
o Confirm capacity of Eastport ditch is sufficient to prevent additional

backwater effects on outlet.
o Re-grading of COH owned properties.

· Constructing a pumping station would increase the capacity of the system to
have a 100YR-HH capacity. The pumping station could either outlet into Lake
Ontario or under the QEW into the Eastport Ditch. This outlet would not be
impacted by backwater effects caused by high lake levels.

o Capital Cost (Eastport Ditch Outlet): $3,200,000
o Capital Cost (Lake Ontario Outlet): $3,400,000
o Operational Cost: $20,000/year plus regular cleaning and pipe

maintenance
· Future Activities

o Further calculations required to confirm the capacity of a pumping
station.

o Environmental Assessment for pumping station.

Townhouse

· Ponding occurs on private property owned around the privately owned
townhouse complex. However, since these are relatively new buildings, the
ponding could be a result of the low quality DEM and not a deficiency in the
Townhouse system. 2

· Future Activities
o Confirm of current outlet location, size and condition.

No concerns about capacity in this system. 2 No concerns about capacity in this system. 2

Bayside

· Ponding occurs on private property owned privately and by COH. Ponding
occurs on Towers Drive, Bayside Avenue and Wark Avenue with a maximum
depth of 0.49m.

· Single 0.6m gravity outlet is not sufficient for the Bayside system.
· The extent of flooding is significant enough that adding additional stormwater

management features is not reasonable.

· Ponding occurs on the lower portion of Towers Drive (maximum depth of
0.20m), Bayside Avenue (maximum depth of 0.18m) and Wark Avenue
(maximum depth 0.23m). Additionally, ponding is present on three
undeveloped parcel owned by COH on Bayside Avenue and Wark Avenue
(maximum depth of 0.26m) and several privately owned properties on Towers
Drive and Bayside Avenue (maximum depth of 0.20m).

· The COH owns several properties at the bottom of Bayside Avenue and Wark
Avenue. If this area is re-graded and converted into a stormwater
management facility to provide relief from ponding on private property and
the capacity of the outlet is increased then gravity drainage for this portion of
Bayside system may be feasible. 2 However, COH does not own property on
Towers Drive and would have to purchase land.

· Estimated cost range
o Capital Cost: $1,800,000 + property acquisition costs (2 undeveloped

lots)
o Operational Cost: Regular cleaning and pipe maintenance

· Future Activities
o Further calculations required to confirm the necessary capacity of

gravity outfall and stormwater management facility.
o Confirm capacity of Eastport ditch is sufficient to prevent additional

backwater effects on outlet.
o Purchasing of land at the bottom of Towers Drive.
o Re-grading of COH owned properties.

· Constructing a pumping station would increase the capacity of the system to
have a 100YR-HH capacity. The pumping station could either outlet into Lake
Ontario or under the QEW into the Eastport Ditch. This outlet would not be
impacted by backwater effects caused by high lake levels.

o Capital Cost (Eastport Ditch Outlet): $4,300,000
o Capital Cost (Lake Ontario Outlet) 1: $3,700,000
o Operational Cost: $25,000/year plus regular cleaning and pipe

maintenance.
· Future Activities

o Further calculations required to confirm the capacity of a pumping
station.

o Environmental Assessment for pumping station.
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System 5YR-HH Single Outlet Gravity System 5YR-HH Triple Outlet Gravity System 100YR-HH Pumping Required

Fletcher

· Ponding occurs on private property owned privately, by COH and by MTO.
Ponding occurs on Kirk Road and Fletcher Avenue with a maximum depth of
0.38m.

· Single 0.6m gravity outlet is not sufficient for the Fletcher system.
· The Extent of flooding is significant enough that adding additional stormwater

management features is not reasonable.

· Ponding occurs on Kirk Road (maximum depth of 0.15m), on an undeveloped
parcel owned by MTO (maximum depth 0.07m) and on the edge of three
parcels (maximum depth 0.15m). Ponding occurs on privately owned property
and the ROW of Fletcher Avenue.

· Gravity drainage for the Fletcher System is not feasible unless COH acquires
several properties at the bottom of Kirk Road. 2 COH owns property southeast
Fletcher Avenue that could be regraded to provide additional storage in this
system.

· Estimated cost range
o Capital Cost: $2,400,000 + property acquisition costs (3-4 residential

lots).
o Operational Cost: Regular cleaning and pipe maintenance.

· Future Activities
o Further calculations required to confirm the necessary capacity of

gravity outfall and stormwater management facility.
o Purchasing of land at the bottom of Kirk Road.
o Re-grading of COH owned properties.

· Constructing a pumping station would increase the capacity of the system to
have a 100YR-HH capacity. The pumping station could either outlet into Lake
Ontario or under the QEW into the Hamilton Harbour. This outlet would not
be impacted by backwater effects caused by high lake levels.

o Capital Cost (Hamilton Harbour Outlet): $3,200,000
o Capital Cost (Lake Ontario Outlet) 1: $3,000,000
o Operational Cost: $20,000/year plus regular cleaning and pipe

maintenance.
· Future Activities

o Further calculations required to confirm the capacity of a pumping
station.

o Environmental Assessment for pumping station.

1Costs for piping under roadway assumed to be done at same time as road works.
2Assuming the Eastport Ditch has sufficient capacity
All Costs rounded up to the nearest $100,000.

Not feasible nor recommended
Feasible but not preferred
Preferred recommendation
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6.4 Model Errors
Differences in model results, such as variance between maximum water depths in 2D cells, can be
attributed to model routing error. Model routing continuity error ranged from 1.4% to 5.5% across the
different model scenarios. Industry standard recommends a routing error between 0% and 5%, however
continuity errors below 10% are considered reasonable (Rossman, 2015). Thus the model may still
exhibit some fluctuations in cell depths in the final results. These fluctuations were observed in the
order of millimetres, which is acceptable for our purposes and scope.
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7.0 Study Recommendations
The following tables represents a general summary of the various recommendations to address ponding
within the Beaches Community. There are recommendations for future works, legislative changes,
residential alterations and physical outlet recommendations. Sub-catchment system recommendations
will need to be re-evaluated after the COH determines a level of service for the Beach Boulevard
Community. In addition, sub-catchment recommendations will be subject to an Environmental
Assessment and other regulatory requirements. The impact of dewatering on the capacity of the
systems being designed should be verified as part of the design process.

TABLE 15: General recommendation for the entire Beach Boulevard Community
Category Recommenda ons

General

· Confirm the capacity of the Eastport Ditch.
· Con nue to work with MTO, HPA and HCA to confirm exis ng size and condi ons of 

outlets within the QEW right-of-way.
· Work with MTO to construct a Cost Sharing Plan for the proposed recommenda ons. 

Legisla ve

· Con nue to transfer ownership of landlocked proper es on the QEW side of the noise 
wall to MTO. 

· Educate the Commi ee of Adjustments and the general public as to why below-ground 
floors, basements and crawl spaces are prohibited in the Beach Boulevard Community.

· Consider banning all forms of below ground structures and start a “basement filling”
program.

· Consider changing the language in the By-Laws to prevent the approval of basement 
structures unless the property owner can prove the structure will have no nega ve 
impact on the water system. 

· Update the minimum allowable ground floor eleva on to 76.5 MASL (from 76 MASL) to 
account for the increase in allowable lake level by the IJC under Plan 2014. 

· Halt the sale of noted COH owned property sales un l the recommenda ons of this study 
are available for review and accepted by the COH and the recommended EA is completed.

· Work with the MTO to finalize a maintenance agreement for all stormwater ditches in the 
Beach Boulevard Community. 

Lot Level

· Create an incen ve program to encourage the installa on of lot level stormwater 
management prac ces.

· Install proper backwater valves to protect residents from the poten al risk of system 
surcharging. 

· Install direct storm sewer connec ons for private property owners to convey the 
basement and dewatering pumping flows.

Infrastructure

· Con nue to work with the MTO to conduct regular maintenance of catch basins, ditches 
and outlets. 

· Upgrade all stormwater pipes to handle the 5 year storm under high lake levels in parallel 
with other infrastructure works as they occur. 
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TABLE 16: Sub-catchment specific recommendations
Sub-catchment Recommenda on

Eastport
· A gravity system with the current outlet capacity is recommended. 
· The current outlet should be assessed to determine if a new outlet is required. 
· If a new outlet is required, the required size of the new outlet should be confirmed.

Hamilton Harbour
· A gravity system with an increased outlet capacity under the QEW is recommended. 
· Confirma on of the required size/quan ty of addi onal pipes needed to meet the desired 

service level is required. 

Dunraven

· A pumping sta on that outlets into either Lake Ontario or Hamilton Harbour is 
recommended. 

· An environmental assessment will need to be completed to determine the preferred 
configura on. 

· As part of the environmental assessment, the capacity of the pumping sta on should be 
confirmed. Addi onally, the environmental assessment should determine if combining 
sub-catchments to minimize the number of required pumping sta ons is a feasible 
alterna ve. 

Gra on · No addi onal catchment specific recommenda ons.

Lagoon

· A pumping sta on that outlets into either Lake Ontario or Hamilton Harbour is 
recommended. 

· An environmental assessment will need to be completed to determine the preferred 
configura on. 

· As part of the environmental assessment, the capacity of the pumping sta on should be 
confirmed. Addi onally, the environmental assessment should determine if combining 
sub-catchments to minimize the number of required pumping sta ons is a feasible 
alterna ve.

Townhouse · Confirm flow path of discharge water from this catchment.

Bayside

· A pumping sta on that outlets into either Lake Ontario or Hamilton Harbour is 
recommended. 

· An environmental assessment will need to be completed to determine the preferred 
configura on. 

· As part of the environmental assessment, the capacity of the pumping sta on should be 
confirmed. Addi onally, the environmental assessment should determine if combining 
sub-catchments to minimize the number of required pumping sta ons is a feasible 
alterna ve.

Fletcher

· A pumping sta on that outlets into either Lake Ontario or Hamilton Harbour is 
recommended. 

· An environmental assessment will need to be completed to determine the preferred 
configura on. 

· As part of the environmental assessment, the capacity of the pumping sta on should be 
confirmed. Addi onally, the environmental assessment should determine if combining 
sub-catchments to minimize the number of required pumping sta ons is a feasible 
alterna ve.

The following are me es mates for the key infrastructure recommenda ons:
· Gravity Outlet Detailed Design: 3 – 6 months
· Environmental Assessment for Pumping Sta on: 8 – 24 months
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· Pumping Sta on Detailed Design: 8 – 12 months

The purpose of this report was to determine the likely causes of ponding on the COH ROW within the
Beaches Community, identify possible mitigation means, and recommend preferred solutions. Some of
these recommendation could be implemented immediately, whereas others will require additional
study, design, and public consultation. There are still activities that are required as part of advancing the
recommendation, primarily an Environmental Assessment for the potential pumping stations, and
confirmation on the level of service for design purposes. Further discussions and agreements will be
required with the HPA and MTO for new infrastructure and the maintenance of existing infrastructure,
including potential cost sharing.

8.0 Conclusions
The City of Hamilton has experienced flooding in the Beach Boulevard area dating back to 1943. The
intent of the Beach Boulevard Community Stormwater Ponding Study is to investigate the cause of
water ponding on the Rights of Way (ROW), and provide potential mitigation measures that the City of
Hamilton (COH) could implement in order to minimize future flooding impacts. Some of the
recommendations listed can be implemented by the City immediately (e.g., development of
Maintenance Agreements with the MTO, property transfers, etc.). Sub-Catchment specific
recommendations require more consideration and may take more time to implement. The installation
of a new pumping station or new outlet would require confirmation existing conditions (e.g., outlet
pipes under the QEW, Eastport Ditch outlet), and may be subject to an Environmental Assessment
and/or other regulatory approvals/requirements. COH is required to confirm a level of service for the
Beach Boulevard Community; other areas within the COH have a level of service of a 5 year storm. COH
should work with the MTO to develop cost sharing agreements for this work, similar to that agreed on
for the Grafton Pumping Station.
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Appendix A

City of Hamilton
Beach Boulevard Community Stormwater Ponding
Study - Revised
August 2019 – 17-5898

A - 1

A International Joint Committee Plan
Comparison
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Level

January - 6,230

1-14 Febuary - 6,800 I Limit

14-28 Febuary - 7,360 Page 60

March - 7,930

Lake Ontario level (m, 

IGLD 1985)

≤74.22

> 74.22 and ≤ 74.34

> 74.34 and ≤ 74.54 L Limit, Table B3

> 74.54 and ≤ 74.70 Page 61

> 74.70 and ≤ 75.13

> 75.13 and ≤ 75.44

> 75.44 and ≤ 75.70

> 75.70 and ≤ 76.00

> 76.00

Any

month Minimum (m) Maximum (m)

January 73.56 75.26

February 73.62 75.37

Minimum: 74.00 Minimum: March 73.78 75.33 Minimum:

Criteria (j) April 73.97 75.60 Regulation H7

Page 39 May 74.22 75.73 Page 53

Maximum : 75.23 Maximum: June 74.27 75.69 Maximum:

Criteria (h) July 74.26 75.63 Regulation Condition H4

Page 39 August 74.15 75.49 Page 53

September 74.04 75.24

October 73.83 75.25

November 73.67 75.18

December 73.57 75.23

Lake Ontario  Minimum and 

Maximum Water Level (m)

Navigation Maximum Flow 

(m
3
/s)

Ice Formation Maximum Flow 

(m
3
/s)

1958-D Plan 2014

- -

Lake Ontario, Level IGLD

For outside Seaway season                                                                                                    

11,500

L Limit Flow (m
3
/s)

5,950

For Seaway naigation season                                                                                                

Page 32 6,230

5,950+1,333 (Lake Ontario level - 74.22)

6,111+9,100 (Lake Ontario level - 74.34)

7,930+2,625 (Lake Ontario level - 74.54)

8,350+1,000 (Lake Ontario level - 74.70)

8,780+3,645 (Lake Ontario level - 75.13

9,910

10,200

10,700
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Appendix B

City of Hamilton
Beach Boulevard Community Stormwater Ponding
Study - Revised
August 2019 – 17-5898

B - 1

B City of Hamilton Zoning Bylaw 99-169
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Bill No. C-73 A 
 
 

The Corporation of the City of Hamilton 
 

BY-LAW NO. 99-169 
 

To Amend: 

Zoning By-law No. 6593 

Respecting: 
 

LANDS LOCATED EAST (LAKE SIDE) OF BEACH BOULEVARD, 
IN THE BEACH NEIGHBOURHOOD · 

 
WHEREAS the Council of The Corporation of the City of Hamilton 

passed Zoning By-law No. 6593 on the 25th day of July 1950, which by-law was 
approved by the Ontario Municipal Board by Order dated the 7th day of December 
1951, (File No. P.F.C. 3821); 

 
AND WHEREAS this by-law is in conformity with the Official Plan of 

the Hamilton Planning Area, approved by the Minister under the Planning Act. on 
June 1, 1982. 

 
NOW THEREFORE the Council of The Corporation of the City of 

Hamilton enacts as follows: 
 
 

1. The "C11 (Urban Protected Residential, etc.} District, the "G" 
(Neighbourhood Shopping Centre, etc.) District, and the "H" (Community 
Shopping and Commercial, etc.) District provisions, as contained in Section 9, 
13 and 14, respectively, of Zoning By.:.law No. 65931 applicable to the lands 
east (lake side) of Beach Boulevard, the extent and boundaries of which are 
shown on plans hereto annexed as Schedules "A·, "A-1" and aA-2", are 
amended to the extent only of the special requirement that,                      · 

 
(a) all buildings and structures, including accessory buildings, 

shall provide a side yard along each side lot line, of a width 
of at least 
1.7 metres; and, 

 
(b) notwithstanding clause (a), a side yard maybe reduced to a 

width of at  least 1.5 metres, only where a common swale 
between the adjoining  properties has been approved under 
a Lot Grading Agreement or approved under a Site Plan 
Control Agreement; and, 

 
(c) notwithstanding clauses (a) and (b), Sections 18(3)(v)1 (viccc), 

and (vi)(e) shall not apply to side yards. 
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By-law Respecting Beach Boulevard 
2 

 
 
 

3. No building or structure shall be erected, altered, extended or enlarged, nor 
shall any building or structure or part thereof be used, nor shall any land be used, except in 
accordance with the "C", "G" and "H" District provisions, subject to the special 
requirements referred to in sections 1and 2 of this by-law. 

 
 
 

4. By-law No. 6593 is amended by adding this by-law to section 198 as 
Schedule S-1435. 

 
 
 

5. Sheets No. E-80b, E..SOC, E-80d, E..aOe, E-80f and E-80g of the District 
Maps are amended  by marking the  lands referred to in sections  1and2 of this by-law, 
S-1435. 

 
 

6. The Municipal Clerk is hereby authorized  and directed to proceed with the 
giving of notice of the passing of this by-law, in accordance with the Planning Act. 

 

 
 
 
 

PASSED this 30th day of November AD.1999 
 
 

MUNICIPAL CLERK                                     MAYOR 
 

(1999)  23Ro  R.P.D.C.(12A)-, November 30 
City Initiative 98-D 
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The Corporation of the City of Hamilton 
 

BY-LAW NO. 99- 170 
 

To Amend: 
 

Zoning By-law No. 6593 and 
To Repeal Zoning By-law No. 98 281 

 
Respecting: 

 
LANDS LOCATED WEST (BAY SIDE) OF BEACH BOULEVARD, IN 

THE BEACH NEIGHBOURHOOD 
 
 
 

WHEREAS the Council of The Corporation of the City of Hamilton passed 
Zoning By-law No. 6593 on the 25th day of July 1950, which by law was approved by the 
Ontario Municipal Board by Order dated the 7th day of December 1951, (File No. P.F.C. 
3821; 

 
AND WHEREAS the Council of The Corporation of the City of Hamilton 

passed  By-law  No.  98-281  on the 10 th day of  November  1998 to  establish  special 
requirements under Section 198 of Zoning By-law No. 6593 for the ."C" District, in respect of  
lands  located  on  the  west  side  (bay  side)  of  Beach  Boulevard,  in the  Beach 
Neighbourhood, the extent and boundaries of which are shown on a plan thereto 
annexed as Schedule "A", which by-law came into force on the day it was passed in 
accordance with the Planning Act;· 

 
 
 

AND WHEREAS the Council of The Corporation of the City of Hamilton, in 
adopting Section - of the 19th Report of the Planning and Development Committee at its 
meeting held on the 9

th day of November 1999, recommended that Zoning By-law No. 6593 
be amended as hereinafter provided and that Zoning By-law No. 98-281 be repealed in its 
entirety;  

 
 

AND WHEREAS this by-law is in conformity .with the Official Plan of the 
Hamilton Planning Area, approved by the Minister under the Planning Act on June 1, 
1982. 

 
 
 

NOW THE FORE the Council of The Corporation of the City of Hamilton 
enacts as follows: 
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By-law Respecting Beach Boulevard 
2  

 
 

notwithstanding clause (a), a side yard maybe reduced to a width 
of at least 1.5 metres, only where a common swale between the 
adjoining properties has been approved under a lot Grading 
Agreement or approved under a Site Plan Control Agreement; and, 

 
notwithstanding clauses (a) and (b), Sections  18(3)(v), (viccc), and 
(vi)(e) shall not apply to side yards; and, 

 
(d)  the minimum ground floor elevation of any building or any building 

addition shall be 76.0 metres above mean sea level, as defined by the 
Geodetic  Survey Datum, except for any building addition less than 14 
square metres in area and any accessory building or structure; and, 

 
no basement or cellar shall be permitted for any building; and, 

 
(f)  any addition, less than 14 square metres in area, shall have a 

minimum floor elevation at or above the existing ground floor 
elevation of the building; and, 

 
prior to the issuance of a building permit for every new building, a 
Lot Grading Agreement with the City of Hamilton shall be entered into 
and registered on title to the satisfaction of the Building 
Department Director, except for developments that require approval 
under the Site Plan Control By-law No. 79-275, as amended. 

 
 
 
2. The °C" (Urban Protected Residential, etc.) District provisions, as 
contained in Section 9 of Zoning By-law No. 6593, applicable to the lands comprised in Blocks 
“1 ” and “2”, the extent and boundaries of each Block are shown on a plan hereto annexed as 
Schedule “A-3”, are amended to the extent only of the special requirement that, 

 
No building or structure, except fences shall be located within 4.5 
metres of the rear lot line: 

 
(i) every fence, excluding the supporting posts must be at least 

.075m from the ground to the bottom of the fence, so as not 
to obstruct the natural flow of water. 

 
 
 

4. No building or structure shall be erected, altered, extended or enlarged, nor shall 
any building or structure or part thereof be used, nor shall any land be used, except in accordance 
with the "C, "G" and "H" District provisions, subject to the special requirements referred to in 
sections 1and 2 of this by-law. 
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Bill No. C- 051

The Corporation of the City of Hamilton

BY-LAW NO. 00- 136

To Amend:

Zoning By-law No. 6593
As Amended by Zoning By-laws No. 99-169 and 99-170

Respecting:

LANDS LOCATED AT
MUNICIPAL NOS, 869-1019 and 870-1064 BEACH BOULEVARD

WHEREAS the Council of The Corporation of the City of Hamilton passed
Zoning By-law No. 6593 on the 25th day of July 1950, which by-law was approved by the
Ontario Municipal Board by Order dated the 7th day of December 1951, (File No. P.F.C.
3821);

AND WHEREAS the Council of The Corporation of the City of Hamilton
passed By-law No. 99-169 on the 30ÿ day of November 1999 to establish special
requirements under Section 19B of Zoning By-law No. 6593, for the "C", "G" and "H"
Districts, in respect of the lands located east (Lake Side) of Beach Boulevard, in the
Beach Neighbourhood, the extent and boundaries of which are shown on a plan thereto
annexed as Schedule "A", which by-law came into force on the day it was passed in
accordance with the Planning Act;

AND WHEREAS the Council of The Corporation of the City of Hamilton
passed By-law No. 99-170 on the 30th day of November 1999 to establish special
requirements under Section 19B of Zoning By-law No. 6593, for the "C", "G" and "H"
Districts, in respect of the lands located west (Bay Side) of Beach Boulevard, in the
Beach Neighbourhood, the extent and boundaries of which are shown on a plan thereto
annexed as Schedule "A", which by-law came into force on the day it was passed in
accordance with the Planning Act;

AND WHEREAS the Council of The Corporation of the City of Hamilton, in
adopting Section 5 of Report Thirteen of the Planning and Development Committee at its
meeting held on the 9th day of August 2000, recommended that Zoning By-law No. 6593,
as amended by By-laws No. 99-169 and 99-170, be further amended as hereinafter
provided;

AND WHEREAS this by-law is in conformity with the Official Plan of the
Hamilton Planning Area, approved by the Minister under the Planning Act on June 1,
1982.

NOW THEREFORE the Council of The Corporation of the City of Hamilton
enacts as follows:

1.         The "C" (Urban Protected Residential, etc.) District provisions, as contained
in Section 9 of Zoning By-law No. 6593, as amended by By-laws No. 99-169 and 99-170,
applicable to the lands shown on a plan hereto annexed as Schedule "A" and forming
part of this by-law, are further amended to the extent only of the special requirements
that,

(a) notwithstanding subsection 9. (2) of Zoning By-law No. 6593, no
building shall exceed two storeys and no structure shall exceed 9.0
metres in height; and,
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2
By-law Respecting 869-1019 and 870-1064 Beach Boulevard

(b) notwithstanding Section 9. (3) (i) of Zoning By-law No. 6593, the
maximum front yard depth for the dwelling shall not exceed 12.0
metres; and,

(c) for a dwelling with a carport or attached or detached garage, then
the following provisions shall apply:

(i) notwithstanding any other provision of this by-law or Zoning
By-law No. 6593, the front wall of the carport or garage shall
be located a minimum of 1.5 metres behind the main wall of
the dwelling and in every case have a front yard depth of not
less than 7.5 metres; and,

Sections i8. (2) (i) and 18. (3) (iii) of Zoning By-law No. 6593
shall not apply.

2.         No building or structure shall be erected, altered, extended or enlarged, nor
shall any building or structure or part thereof be used, nor shall any land be used, except
in accordance with the "C" District provisions, subject to the special requirements referred
to in sections 1 and 2 of By-law No. 99-169, sections 1 and 2 of By-law No. 99-170 and
section i of this by-law.

3.          By-law No. 6593 is amended by adding this by-law to section 19B as
Schedule S-i435a and S-1436a.

4.         Sheets No. E-80e and E-80f of the District Maps are amended by marking
the lands referred to in sections 1 and 2 of By-law No. 99-169, sections 1 and 2 of By-law
No. 99-170 and further amended by section 1 of this by-law, S-1435a and S-1436a.

5.          In all other respects, By-laws No. 99-169 and 99-170, are hereby
confirmed, unchanged.

6.          The Acting Municipal Clerk is hereby authorized and directed to proceed
with the giving of notice of the passing of this by-law, in accordance with the Planning Act.

PASSED this   9th       day of           August                 A.D. 2000

ACTING MUNICIPAL CLERK MAYOR

(2000) 13 R.P.D.C.
City Initiative 00-D

, August 9
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For more information on regulation of Lake Ontario and St Lawrence River water levels or the 
International Joint Commission (IJC), please visit the IJC’s website: www.ijc.org. Information also can 
be obtained by contacting any of the following IJC offices:

United States Section Office
2000 L Street, NW, Suite 615
Washington, DC 20440
Phone: 202-736-9000
Fax: 202-632-2006

Canadian Section Office
234 Laurier Avenue West
22nd Floor
Ottawa, ON K1P 6K6
Phone: 613-995-2984
Fax: 613-993-5583

Great Lakes Regional Office
100 Ouellette Avenue
8th Floor
Windsor, ON N9A 6T3
Phone: 519-257-6700
Fax: 519-257-6740

This report may be cited as: 
International Joint Commission (2014). Lake Ontario St. Lawrence River Plan 201: Protecting against 
extreme water levels, restoring wetlands and preparing for climate change.

ISBN:  E95-2/18-2014E-PDF 
978-1-100-24424-2

Cover:  Istockphoto.com

@IJCsharedwaters 

Facebook.com/internationaljointcommission

A Report to the Governments of  
Canada and the United States by the 

International Joint Commission
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The Akwesasne people have lived in the territory 
that currently straddles the borders of Ontario, 
Quebec and New York for centuries.  Although 
divided by an international border today, the 
Akwesasne live as one community, with some 
people in this nation residing just two miles 
downstream of the Moses-Saunders dam on 
Kawhno:ke, also known as Cornwall Island.

The Akwesasne live within sight of the Moses-
Saunders Dam and in the 1950s they watched the 
dam be built across their western view. Perhaps they, 
more than any, appreciate the change to nature that 
was made, and they continue to press their concerns 
for the well-being and long-term health of the Lake 
Ontario and St. Lawrence River basins.  

On July 19, 2013 during the International Joint 
Commission’s Public Hearings on Plan 2014 that 
were held throughout communities within the 
basins, Henry Lickers, Environmental Science Officer 
and former member of the International Lake 
Ontario – St Lawrence River Study Board, honored 
Commissioners with an invocation that traditionally 
opens and closes his nation’s meetings with 
governments and contains the teachings of how 
one is to conduct one’s self in harmony with the 
natural world. 

These words that come before all else are the ones that 
open everything, and we heard a little bit about the 
good mind and bringing your mind together to think 
about the problems. These are all of our problems. These 
are our issues and we feel responsible for them, whether 
it’s my boating friends or my little minnow, we have a 
responsibility to them.

And we say whenever we are gathered, one of us is 
chosen to do a greetings and thanks giving and I’d like 
you to think about the people of this world. There are 
many people that aren’t as well off as we are and they 
live across this world and across this River. And I would 
say to you that my sons and daughters and your sons 
and daughters live in that water as well. So I ask you to 
bring together your minds and think about the peoples 
of this world, and can we agree that they are important 
to us? 

I ask you to think about the Mother Earth, for she 
continues to carry out her responsibility to us, never 
ceasing in her responsibility. We say that if you look at 
the colors of the soils of that world, in those colors of 
those soils you see the colors of every one of our skins 
and we know that she is our mother and that she will 
continue in her responsibility. So I ask you to bring 
together your minds and think about the Mother Earth, 
and can we agree that she is important to us?

Today we have concentrated on the waters and the 
fishes of this world; they have been most important to 
our discussions and we know that they will continue 
to carry out their responsibilities. And they don’t need 
anyone to teach them what their responsibilities to us 
are, but they continue to do this. So I ask you to bring 
together your minds and think about the waters and the 
aquatic life like our fishes, and can we agree that they 
are important to us? 

I know that we have spent a little time talking about the 
plants of this world, and the Haudenosaunee looked 
at the plants and we have a special relationship with 
them. We have three, called the Three Sisters: corn, beans 
and squash that have helped sustain our populations. 
But we also know that in those waters have been many 
medicine plants that can help us and it seems that the 
waters and the marshes and the wetlands seem to be 
those places where those medicine plants are. And then 
we talk about the trees. The trees that give so much to us 
and all of the things we see around us that are beneficial 
to make our lives a better place to live upon this world. 
So I ask you to bring together your minds and think 
about the plants of this world, and can we agree that 
they are important to us? 

We don’t live here alone. We live here with many other 
species and this morning I rose and heard the crows 
crying in my backyard, waking me as usual. But we also 
have other animals; the four legged type. Some of them 
living in our own homes and we call them our pets but 
we treat them like they’re our brothers and sisters. And 
so I would say to you that all of the animals and birds 
of this world deserve the same respect and deserve the 
same as our brothers and sisters. And so I ask you to 
bring together your minds and think about the animals 
and birds of this world, and can we agree that they are 
important to us? 

Preface
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Today as we look outside we see the Four Great Winds 
getting ready to blow us a blustering night I think, 
and during that time we will hear the voices of our 
grandfathers. We call those the Thunderers, and they 
speak to us. But what they tell us is to be ever vigilant 
as we live upon this land for the land is changing and 
we must be ready for it. We must be the ones that help 
fulfill our responsibilities to the world around us. And so 
I ask you to bring together your minds and think about 
the Four Great Winds and those Thunderers, and can we 
agree that they are important to us? 

This morning our elder brother the sun rose as he has 
done millennium after millennium, never ceasing in his 
responsibility to us and to all of creation. That we could 
carry out our responsibilities as such, this would truly be 
a wonderful thing. So I ask you to bring together your 
minds and think about our elder brother the sun, and 
can we agree that he is important to us? 

This evening we’ll see our grandmother moon as she 
turns her face to us every 28 days, and that 28-day cycle 
is the cycle of all female things in this world. And without 
that 28-day cycle it would truly be a lonely place. But 
she’s also very powerful and she has the ability to move 
all of the waters of this world, even the waters of the 
first environment: the womb. And so I ask you to bring 
together your minds and think about grandmother 
moon and through her all female things upon this world, 
and can we agree that she is important to us? 

In the evening we see the stars as they shine down 
upon us, and the Haudenosaunee say these are our 
aunties and uncles and they are still here with us looking 
down upon us. They guide us across the surface of this 
Earth and foretell of great events that will occur in 
our communities, but they too are carrying out their 
responsibilities to us. And so I ask you to bring together 
your minds and think about those stars, and can we 
agree that they are important to us? 

Again we know that we don’t exist here alone but we 
know that there’s a spiritual world that surrounds us 
and that there are many spirits out there that can help 
us in our deliberations. The Haudenosaunee say that 
whenever our deliberations are so tough and that we 
really need to think about our answers and questions, 
that if we look deep into our souls those answers will 
come to us and lead us to peace and harmony upon this 
world. And so I ask you to bring together your minds and 
think about the spiritual world that surrounds us, and 
can we agree that they are important to us?

We know that there are many other teachers in this 
world and we sit here today and listen to our problems 
that we have, but we know that we have the knowledge 
that come to us down the corridors of time from elders 
and ancestors that have preceded us and each of us 
have those trusted elders that we have listened to in the 
past and hear their knowledge today and we will build 
on that knowledge that this will be a better place. And so 
I ask you to bring together your minds and think about 
those teachers of the world, and can we agree that they 
are important to us? 

It has come that at this time we will cover our Council fire 
and as the Haudenosaunee would say “unbind that stout 
cord that bound us all in this place that we could talk 
about our responsibilities to the world. And I’ll cut that 
cord now that we may each go our own separate way.” 
But before we do that, the Haudenosaunee say we must 
never ask anything of the Creator, but on your behalf 
today I’ll ask two things of the Creator: I’ll ask that as you 
proceed from this place to your homes, your lodgings 
and your communities, that no impediment is placed in 
your way and that you arrive there safely. And the second 
thing I’ll ask on your behalf is that when you arrive at 
your homes, your lodgings and your communities, that 
you see the happy smiling faces of your people and that 
no misfortune has befallen them while you’ve been here. 

And so now those words have been said and our Council 
fire is closed but I call on you my friends one last time 
to bring together your finest thoughts and your finest 
thanksgiving and we’ll pile them in a huge pile before 
us to send to the Creator of all things for the beauty that 
surrounds us. Ne onkwa’nikònra
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The United States of America and Canada are the applicants on the St. Lawrence Power Project as well 
as the Parties to the Boundary Waters Treaty.  The International Joint Commission (the Commission) 
seeks the views and concurrence of the United States and Canada on the matter of amending the Order 
of Approval for the St. Lawrence Power Project (Docket No. 67 and 68). The Commission submits its 
conclusions on the matter of regulating Lake Ontario and St. Lawrence River levels and flows in a spirit 
consistent with the Boundary Waters Treaty. 

The International Joint Commission, after 14 years of scientific study and public engagement, advances 
Plan 2014 as the preferred option for regulating Lake Ontario-St. Lawrence River water levels and flows.  
Scientific studies reveal that the Commission’s 1956 Orders of Approval and regulation of the flows through 
the power project following Plan 1958D with deviations, have harmed ecosystem health primarily by 
substantially degrading 26,000 hectares (64,000 acres) of shoreline wetlands.  After exhaustive consideration 
of alternative plans, the Commission concludes that Plan 2014 offers the best opportunity to reverse some 
of the harm while balancing upstream and downstream uses and minimizing possible increased damage to 
shoreline protection structures.  

The Commission was created by a century-old treaty between the United States and Canada to help the 
two countries address challenging issues arising from managing their shared waters.  The Commission has 
respectfully considered the diverse and often competing uses and interests affected by any regulation plan 
in reaching its conclusion that the current method of regulating the levels and flows of Lake Ontario and the 
St. Lawrence River needs to be modified.  The Commission seeks the concurrence of the Parties on revising 
the Order to consider ecosystem health with respect to all other interests and uses of the Lake Ontario-St. 
Lawrence River system.  

Plan 2014 is designed to provide for more natural variations of water levels of Lake Ontario and the St. 
Lawrence River that are needed to restore ecosystem health.  It will continue to moderate extreme high and 
low levels, better maintain system-wide levels for navigation, frequently extend the recreational boating 
season and slightly increase hydropower production.  More year-to-year variation in water levels improves 
coastal health.  Thriving wetland habitats support highly valued recreational opportunities, filter polluted 
run-off, and provide nurseries for fisheries and wildlife.  Ecosystem health was not considered in the 1950s 
when decisions were made to artificially compress the natural variability of levels of Lake Ontario.   

Plan 2014 incorporates insights from more than 50 years of operational experience, significantly increased 
knowledge gained through the Commission’s five-year landmark study, and additional analysis by U.S. and 
Canadian experts and important contributions from Quebec, Ontario and New York State, as well as from 
municipal governments, indigenous governments, and shipping, fishing, recreational, riparian, cultural, 
environmental and other interests that depend upon the St. Lawrence River and Lake Ontario.       

The Commission acknowledges that erosion and storm damage are realities along the Lake Ontario 
shoreline.  Varying degrees of erosion and damage to structures built close to the shoreline were present 
before the dam was built, are present under Plan 1958D with deviations (Plan 1958DD) and will exist under 
Plan 2014 or any other regulation plan.  Due to local geology, as well as land use and development patterns, 
some south shore areas of Lake Ontario are uniquely vulnerable to occasional higher waters.  In comparing 
Plan 2014 to Plan 1958DD, the Commission recognizes that costs to maintain hardened shoreline protection 
structures, such as shorewalls and revetments, may increase by a relatively small amount under Plan 2014.  

International Joint Commission                          
Canada and United States                                        

Commission mixte internationale 
Canada et États-Unis
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However, before selecting Plan 2014,  the Commission considered an exhaustive list of options in order to 
select the best possible  plan to provide significant environmental restoration with overall economic benefits 
and the smallest increase in damage to any property, infrastructure, shipping or recreational interests.  

Based on the science and consultations that guided the development of Plan 2014 – as well as on the 
principles and objectives of the recently reaffirmed Great Lakes Water Quality Agreement – the Commission 
recommends that governments and the Commission’s Lake Ontario-St. Lawrence Board adopt an adaptive 
management strategy to foster a binational technical network, and support performance evaluation.  The 
Board will provide regular public engagement opportunities through annual and special meetings, regular 
electronic updates, and timely responses to questions and comments received through its website or via 
social media.  

Recognizing that modifications to Plan 1958DD have been the subject of discussion for several decades, 
the Commission believes Plan 2014 should be implemented soon after a timely review and concurrence by 
the Parties on the question of amending the Order of Approval.  Once adopted, no significant changes would 
occur to Plan 2014 without a convenient opportunity for all interested parties to be heard and consultation 
with the governments.  The accompanying report provides a brief historical overview, description of Plan 
2014, responses to common concerns, alternatives considered and information on its public engagement 
process.  Annexes provide further technical aspects of Plan 2014 regulation rules, governance, and an 
adaptive management program.  

Plan 2014 represents the culmination of considerable work undertaken by all interests in the basin.  Plan 
2014 found widespread but not unanimous support throughout the basin.  The Commission appreciates 
the more than $20 million financial investment by the Governments of Canada and the United States, which 
made possible the extensive scientific studies and public engagement that provide the foundation for Plan 
2014.  The Commission thanks the scores of Study Board and Public Advisory Group participants, hundreds 
of involved scientists and technical experts, its own staff and the thousands of people who have commented 
on the impacts of regulating levels and flows in Lake Ontario and the St. Lawrence River.  On whole, the IJC is 
confident that Plan 2014 is the best management path for the human, plant, and animal communities and for 
the commercial interests that depend on Lake Ontario and the St. Lawrence River system in both Canada and 
the United States.    

Lana Pollack Gordon Walker
United States Chair Interim Canadian Chair

Richard Moy Benoît Bouchard
Commissioner Commissioner

Dereth Glance
Commissioner 
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This report to the Governments of Canada and 
the United States presents the conclusions of the 
International Joint Commission (IJC) investigation 
regarding needed changes to the 1952 and 1956 
Orders of Approval for the St. Lawrence River Power 
Project. 

After years of intensive analysis and extensive 
consultation with governments, experts, Lake 
Ontario and St. Lawrence River interests, and the 
public, the IJC concludes that a new approach to 
regulating the flows and levels of the St. Lawrence 
River and Lake Ontario, Plan 2014, should be 
implemented as soon as possible.  A summary 
description of Plan 2014 is included in the main 
body of this report, with further technical details 
provided in the annexes.

The IJC finds that the regulation of water levels 
and flows in the St. Lawrence River in accordance 
with the 1952 and 1956 Orders of Approval has 
damaged ecosystems along the coast of Lake 
Ontario and upper St. Lawrence River over the last 
50 years or more.  The effects of the regulation of 
water flows and lake levels on ecosystems were 
not fully understood or considered when the 
existing Order of Approval and regulation plan were 
developed.  However, robust coastal ecosystems are 
now recognized as essential in both countries, and 
the IJC finds that the effects on ecosystems should 
now be considered along with effects to other 
interestsand uses.  

The IJC has reached these conclusions in 
consideration of the results from 14 years of study 
and extensive open public consultations with all 
interested parties.  In 2000, the U.S. and Canadian 
governments agreed to provide about $20 million 
over five years for the IJC to conduct a thorough and 
comprehensive study to evaluate and recommend 
improvements to the regulation of Lake Ontario 
levels and outflows, including, among other issues, 
environmental concerns.  This investment enabled 
the IJC to undertake scientific studies to understand 
and measure the effects of water levels and 
conduct extensive engagement with people from 

all interests in the formulation and evaluation of 
hundreds of potential alternative regulation plans.  

Among the conclusions of its 2006 final report 
(IJC, 2006), the IJC’s Lake Ontario-St. Lawrence 
River Study Board found that the compression of 
the range of water levels on Lake Ontario and the 
upper river has degraded coastal wetlands.  It found 
that environmental conditions could be improved 
by changing the regulation plan, but not without 
tradeoffs that will reduce some existing economic 
benefits.  

The IJC invited public comment and undertook 
a thorough review of the 2006 report and public 
comments.  In 2008, the IJC invited comment on a 
proposed new Order of Approval and regulation 
plan, known as Plan 2007, based on one of the 
three options recommended by the Study Board.  
The IJC heard widespread opposition to Plan 
2007 throughout the Lake Ontario–St. Lawrence 
River basin.   In 2008, the IJC concluded that Plan 
2007 was not viable, and sought the advice of 
governments on how to proceed. 

In 2009, a new group was established with officials 
appointed by the two federal governments and the 
governments of New York, Ontario and Quebec to 
advise the IJC on the potential for a new regulation 
plan.  Of the many regulation plans developed to 
date, the group determined that a plan that resulted 
in more natural flows and lake levels was preferable.  
It then worked to refine a regulation plan that the 
IJC developed into Plan 2014.  

The IJC finds that Plan 2014 provides the best 
response to the range of issues that must be 
considered in regulating the water levels and flows 
of the Lake Ontario-St. Lawrence River system.  
Plan 2014 will mitigate much of the harm done 
by the existing regulation regime to the shoreline 
environment, while striving to maintain the benefits 
to other interests and users throughout the system.  
Plan 2014 will respect the order of precedence of 
uses specified in the Boundary Waters Treaty of 1909, 
while protecting interests that may be harmed by 
regulation. 

Executive Summary
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Plan 2014 returns Lake Ontario levels to more natural variability, while continuing 
to moderate extreme low and high water levels
Figures Ex-1, Ex-2 and Ex-3 are examples of what are known as a “spaghetti graph”.  In these graphs, 
each year’s water levels are shown as a separate line running from January to December.  These three 
simulations of Lake Ontario levels were run using the historical water supply data for 1900-2000.  The 
thick black dashed lines in each graph follow the minimum and maximum levels of Plan 1958DD for any 
year.

Under Plan 1958DD, the range of water levels is more compressed, particularly at the beginning of the 
year, when lower levels mean less productive wetlands. 

By contrast, Plan 2014 represents a return to more natural level variability for Lake Ontario.  It would 
relax the compressed Lake Ontario levels of Plan 1958-DD, but with the upper levels still substantially 
controlled to protect Lake Ontario riparians.  The maximum level simulated under Plan 2014 is only 6 cm 
(a little more than 2 in) higher than the maximum level under Plan 1958DD.

The Natural Plan (referred to as Plan E in study documents) represents the release of Lake Ontario water 
through the existing flow control structures equivalent to what would occur with the unregulated 
river as it was circa 1953-1955 after removal of Gut Dam, but before any of the structures or channels 
approved in the 1952 and 1956 Orders were built, with minimal adjustments to reflect necessary ice 
management with the structures in place. 

The reduction in high levels from Plan E to either Plan 2014 or Plan 1958DD represents the benefit 
provided to riparians along the Lake Ontario shoreline in terms of reduced damages to coastal shoreline 
protection structures and fewer flooded houses.   In water supply conditions more extreme than 
historical conditions, Plan 2014 would operate under the same premise as Plan 1958DD: protecting 
riparians both upstream and downstream of the control structures. 
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Figure Ex-1 

Lake Ontario Levels, Simulated for Plan 1958DD 
(1 line for each of 101 years historical record)

Figure Ex-2 

Lake Ontario Levels, Simulated for Plan 2014  
(1 line for each of 101 years historical record)

Figure Ex-3 

Lake Ontario Levels, Simulated for No Regulation (Plan E)  
(1 line for each of 101 years historical record)
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Compared to the existing regulation plan for Lake 
Ontario and the St. Lawrence River, Plan 2014 will:

•  provide essentially the same level of benefits to 
domestic water uses;

•  provide essentially the same level of benefits for 
navigation;

•  increase by a small amount the generation of 
hydropower at the Moses-Saunders dam and the 
Hydro-Quebec facilities on the St. Lawrence River;

•  provide riparians (owners of shoreline property) 
on the upper and lower river essentially the same 
level of protection;

•  result in a small reduction of benefits to riparians 
on Lake Ontario, in the form of increased costs of 
maintaining shoreline protection structures;

•  work to restore the natural environment of Lake 
Ontario and the upper St. Lawrence River  that 
support wetlands, birds, amphibians, fish, and 
mammals;

•  have a mixed effect on recreational boaters; and,

•  provide essentially the same benefits 
downstream of the dam as does the current 
regulation regime.  

Some of the benefits now enjoyed by domestic 
water users, commercial navigation, hydropower 
producers and riparians on the St. Lawrence River 
are the result of ad hoc, discretionary decisions 
by the International St. Lawrence River Board 
of Control.  Plan 2014 will make these benefits 
more assured and predictable, by removing the 
discretionary aspect of many of these decisions and 
formally making them part of the Plan’s regulation 
rules.

Regulation of Lake Ontario outflows since 1960 
has substantially compressed the range of Lake 
Ontario water levels compared to what would have 
occurred without regulation.  Figures Ex-1 to Ex-3 
illustrate this compression using what have come to 
be known as “spaghetti” graphs.  These three graphs 
show 101 years of Lake Ontario water levels, with 
each year’s level shown as a separate line running 
from January to December.  These simulations were 
run using the historical water supply data for  
1900-2000:

•  Figure Ex-1 shows the compression of the range 
of lake levels resulting from the application of the 
current regulation regime (called Plan 1958-D with 
deviations, or Plan 1958DD);  

•  Figure Ex-2 shows the lake levels with  Plan 2014 
applied; and 

•  Figure Ex-3 shows what levels would be with no 
regulation except that minor amount necessary to 
control ice jam flooding.  

The compression of lake levels shown in Ex-1 has 
benefitted property development along the Lake 
Ontario shore, but caused substantial harm to 
coastal ecosystems.  To address that harm, Plan 2014 
produces more natural water level cycles, while 
continuing to moderate extreme high and low 
water levels. The benefit provided to Lake Ontario 
shoreline property interests under either Plan 2014 
or Plan 1958DD is clear when comparing Figure Ex-3 
to either of the other two figures.  The IJC’s analysis 
found that without lake level regulation, property 
damage along the Lake Ontario shoreline would 
average more than $45 million1 per year  
(IJC, 2006).  

Plan 2014 is projected to have little effect on 
buildings compared to the current plan but likely 
will increase the costs of shore protection structures, 
such as sea walls and revetments.  Plan 2014 will 
continue to provide significant benefits for riparians 
relative to what they would experience if there were 
no lake level regulation. 

Plan 2014 will have little impact on 
buildings compared to the current 
plan, but is likely to increase the cost  
of shore protection.  

1   All economic values are expressed in $US 2005.
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Despite a 10-year open and vigorous competition 
to design the ideal regulation plan, no plan has 
ever been developed that can help restore coastal 
ecosystems, maintain all the benefits to other 
interests and gain unanimous public support.  After 
examining many alternative regulation plans, the IJC 
concludes that no regulation plan can meaningfully 
reduce the current risk of damage to some shoreline 
protection structures and some properties along 
the south shore of Lake Ontario.  However, it may 
be possible to significantly reduce that risk through 
better coastal zone and floodplain management.  
The IJC acknowledges the domestic efforts to 
address coastal hazard risks and offers its support to 
these efforts as requested.   

Plan 2014 should be implemented as soon as 
possible.  In the near term, Plan 2014 will provide 
benefits to coastal ecosystems around Lake Ontario.  
Its more natural variation in levels and generally 
higher fall-through-spring water elevations 
will benefit wetlands, birds, fish, mammals, and 
amphibians.   In most years, Plan 2014 will extend 
the boating season on Lake Ontario.  Plan 2014 will 
slightly increase the production of hydropower.  
Overall, navigation will be held whole.  Shippers 
will benefit from more consistent available drafts 
at different sections on the route from Montreal to 
Lake Ontario that will occur with Plan 2014, though 
tonnage transported per ship between Lake Ontario 
ports will be reduced in the driest years.  Important 
opportunities to restore coastal wetlands arise 
with low and high water supply conditions that 
historically have occurred every few decades.  If such 
an opportunity to expand meadow marsh is lost 
due to delayed implementation of Plan 2014, then 
the next opportunity may not arise for decades.  

Since the IJC began regulating flows and water 
levels in the St. Lawrence River, much information 
and knowledge have been gained.  Realizing 
that there is always more to learn, Plan 2014 
performance will be tracked and evaluated.  
Applying an adaptive management framework, 
which includes ongoing monitoring and evaluation 
of plan performance, as well as continued public 
involvement, will allow for additional scientific 
knowledge to suggest opportunities to further 
improve and refine the plan over time.  In this 
approach, both countries will continue to benefit 
from the investments made by the governments 

to develop an evaluation system for the regulation 
plans.  Research over the last two decades has 
identified key areas, such as long-term weather 
forecasting, where improvements to information 
could further strengthen performance of the plan.  

Adaptive management will provide insights 
and prompt recommendations, but once a new 
to the Order of Approval is approved and Plan 
2014 is implemented, changes to the Order and 
regulation plan will occur only after considerable 
public consultation and the concurrence of the 
Governments of the United States and Canada.    

The IJC concludes that Plan 2014 will provide the 
best possible balance between the multiple – 
and sometimes conflicting – uses and interests, 
including domestic and sanitary use, navigation, 
hydropower, and coastal development, while 
addressing environmental harm caused by past 
regulation and enhancing recreational boating 
opportunities in most years.  The IJC has found 
widespread support for Plan 2014 with people 
around the basin, as well as strong opposition 
concentrated in Lake Ontario south shoreline 
property owners in New York.  After thoroughly 
reviewing and considering thousands of comments 
from people throughout the Lake Ontario and St. 
Lawrence River watershed, the IJC believes that Plan 
2014 is the best plan to maintain and improve Lake 
Ontario-St. Lawrence River water levels and flows for 
all uses and interests.    

Despite an open and vigorous design 
competition to produce the ideal 
regulation plan, no plan has ever been 
developed that gained the support of 
all interests.  
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1.1 Purpose of the Report
This report to the Governments of Canada and 
the United States presents the conclusions of the 
International Joint Commission (IJC) investigation 
regarding needed changes to the 1952 and 1956 
Orders of Approval regulating water levels and flows 
in Lake Ontario and the St. Lawrence River.

After more than 14 years of intensive analysis and 
extensive consultation with governments, experts, 
Lake Ontario and St. Lawrence River interests, and 
the public, the IJC concludes that a new approach to 
regulating the flows and levels of the St. Lawrence 
River and Lake Ontario, Plan 2014, should be 
implemented as soon as possible.  

The report presents: 

•  an overview of the Lake Ontario-St. Lawrence 
River setting;

•	 	a	review	of	the	history	of	the	regulation	of	 
Lake Ontario and the St. Lawrence River since  
the 1950s;

•	 	a	review	of	the	IJC’s	efforts	to	develop	a	
new regulation plan and the role of public 
participation in this effort;

•	 	a	description	of	the	rationale	and	key	features	of	
Plan 2014; 

•	 	a	review	of	the	expected	effects	of	Plan	2014	on	
the uses and interests in the Lake Ontario- 
St. Lawrence River basin, including ecosystems; 
and,

•	 	a	discussion	of	the	role	that	adaptive	
management can play in improving the outcomes 
of Lake Ontario-St. Lawrence River water level 
regulation.

The Annex provides technical details on the 
operations of Plan 2014, information on an adaptive 
management strategy, references, and a glossary.

1.2 Setting
Figure 1 shows a map of the Lake Ontario-St. 
Lawrence River system drainage basin.  Lake Ontario 
has a water surface area of about 18,960 km2  
(7,340 mi2). The lake’s watershed is about 64,030 km2 

(24,720 mi2) in size, though it receives water draining 
from the entire Great Lakes watershed, which covers 
more than 765,000 km2 (more than 295,000 mi2).  

The St. Lawrence River at the northeast end of Lake 
Ontario is the natural outlet for the Great Lakes.  
Numerous rocky islands and reefs dominate the 
broad channel of the river for the first 80 km (about 
50 mi) forming the section known as the Thousand 
Islands.  The river then flows through the Galops 
channels, and into Lake St. Lawrence.  Approximately 
160 km (100 mi) downstream from Lake Ontario are 
the structures that are used to control the flow from 
Lake Ontario. The Moses-Saunders powerhouses 
use most of the flow and the roughly 24.5 m (80 ft) 
drop from Lake St. Lawrence into Lake St. Francis for 
hydroelectric generation.  Additional water may be 
released through the gates of the nearby Long Sault 
Dam.  From Lake St. Francis, the river flows through 
the Beauharnois Power and Navigation Canal and 
down the adjacent Coteau Rapids to Lake St. Louis, 
and then down the Lachine Rapids at Montreal.  
At Montreal, the St. Lawrence River is joined by its 
largest tributary, the Ottawa River, which drains 
a basin of about 146,300 km2 (56,500 mi2).  From 
Montreal, the river flows through the St. Lawrence 
lowlands to Lake St. Pierre and finally to the Gulf of 
St. Lawrence.

The St. Lawrence River and Seaway connects the 
Great Lakes to the Atlantic Ocean and provides 
navigation for lake and ocean-going vessels with 
drafts to up to 8.08 m (26.5 ft).  Typically, the Seaway 
from Montreal to Lake Ontario is open from mid 
or late March until late December, depending in 
part on ice conditions in the river.  The Montreal 
and downstream ports of the St. Lawrence River 
are open year-round and can accommodate larger, 
deeper-draft ships.

The net water supplies to Lake Ontario and the 
upper St. Lawrence River are made up primarily 
of inflow from Lake Erie (about 80% of the total), 
precipitation onto the lake’s surface and runoff 
to the lake from streams that drain its watershed, 
minus evaporation from the lake’s surface.  Each of 
these components varies on timescales that range 
from seconds to seasons to decades (Figure 2).  
Within each year from 1860 to 2013, there re wet 
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and dry periods.  But decades-long trends are also 
visible – for example, the long decline to the 1940s, 
the high supplies of the 1950s before the dam was 
built, a relatively quick return to the very dry 1960s, 
followed by three decades of high levels.  Scientists 
have tried to understand the driving factors behind 
these long-term cycles, but for now they are 
unpredictable.  

The water level of Lake Ontario changes in response 
to the difference between the supply it receives and 
its outflow.  The supply is uncontrolled, while the 
Moses-Saunders and Long Sault Dam on the  
St. Lawrence control the outflow.  A change in 
outflow of 323 cubic meters per second (m3/s) for a 
period of one week will cause a change of  

1 centimeter (cm) in the Lake Ontario level, while a 
change in flow of this amount will cause a change in 
the level of Lake St. Lawrence of 16 cm and of Lake 
St. Louis of 10 cm.2   The use of the dam to change 
the amount of water that would naturally flow from 
Lake Ontario into the St. Lawrence River provides 
some control over the impacts of water levels, 
but that control is very limited.  There are physical 
limits to the amount of water that can be released.  
Larger releases may reduce Lake Ontario flooding 
but increase river flooding.  Smaller releases can 
deepen water at Lake Ontario ports but reduce 
Seaway depths.  A release that makes sense based 
on current supply conditions may or may not seem 
right in retrospect, but the ability to foresee water 
supply conditions even two months away is limited.

2   In US customary units, about 29,000 cubic feet per second (cfs) for 1 week equates to a 1 inch change in the Lake Ontario level, while this change in 
flow of 29,000 cfs would change the level of Lake St. Lawrence by 16.5 inches and of Lake St. Louis by 10 inches.

Figure 1 

Lake Ontario-St. Lawrence River Drainage Basin
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Figure 2 

Recorded Lake Ontario Net Total Supplies 1860-2013
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Measurement Units Used in the Report
Metric units are presented first in this report, given that most of the collection, modeling and analysis of 
data undertaken in this study and previous studies used the metric system.  The equivalent United States 
customary system units are provided, as well. 

All water surface elevations are referenced to the International Great Lakes Datum, 1985 (IGLD 1985).
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2.  Regulating Water Levels and Flows of the 
Lake Ontario-St. Lawrence River System 

This section presents a review of the history of the 
regulation of Lake Ontario and the St. Lawrence 
River since the 1950s.  It describes the efforts of the 
IJC to develop a new regulation plan and provide 
interested parties with opportunities to comment 
on various proposed plans.   Figure 3 presents a 
timeline of significant events in the history of Lake 
Ontario-St. Lawrence River regulation.3  

2.1  History of the Project and Current 
Regulation Plan

2.1.1 The 1952 Order of Approval

In accordance with the Boundary Waters Treaty of 
1909, the Governments of Canada and the United 
States submitted an application to the IJC in June 
1952 for approval to develop a hydroelectric power 
project in the International Rapids section of the  
St. Lawrence River (Figure 4).  Operation of this 
project would determine the outflow from Lake 

Ontario and thus affect the water levels of the lake 
as well as the flows and levels of the St. Lawrence 
River from Lake Ontario downstream as far as 
Trois Rivières, QC.  The design and operation of 
the hydropower dam would affect the design and 
operation of the St. Lawrence Seaway, then under 
construction.  Under the terms of the Treaty, the 
hydropower use could not materially conflict with or 
restrain the navigation use. 

The IJC considered the information received from 
the governments and from public hearings in 
1952 on the application.  On October 29, 1952, 
the IJC issued an Order of Approval adopting 
conditions for the construction and operation of the 
project presented by the governments.  The Order 
established the International St. Lawrence River 
Board of Control (the Board of Control) to carry out 
the IJC’s instructions and ensure that the provisions 
in the Order related to flows in the river were met. 

 

3   This report focuses on the regulation of water levels and flows of Lake Ontario and the upper St. Lawrence River since the 1950s.  However, the 
natural regime of the outlet from Lake Ontario into the St. Lawrence River was first changed in 1825 to facilitate navigation.  By 1850, works in the 
St. Lawrence River provided a minimum channel depth of 2.7 m (9 ft) from the Atlantic Ocean to Lake Ontario.  Between 1884 and 1905, a canal-
building program undertaken by the Canadian government enabled ships with a 4.3 m (14 ft) draft to navigate from Montreal to Lake Superior.  
(Source: IJC,1976)
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Figure 3 

Timeline of Significant Events, Lake Ontario-St. Lawrence River Regulation
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In 1952, following record floods in the early 1950s, 
the governments asked the IJC to determine, 
“having regard for all other interests”, whether 
measures could be taken to regulate the level of 
Lake Ontario for the benefit of property owners on 
the shores of the lake, “having in mind the order of 
precedence to be observed in the uses of boundary 
waters as provided in Article VIII of the Boundary 
Waters Treaty of 1909” (IJC, 1952).  The historical 
record up to that time showed that the range of 
Lake Ontario monthly average levels had been more 
than 1.8 m (6 ft).  The IJC advised the governments 
that the project could be operated so that Lake 
Ontario could be regulated within a narrower 1.2 m 

(4 ft) target range of elevations from April through 
November for the benefit of shoreline property 
owners, provided that natural water supplies were 
no more extreme than those experienced in the 
past.  As was the norm at the time, environmental 
interests were not considered in the analysis..  The 
IJC recommended 11 criteria for regulating Lake 
Ontario outflows and a regulation plan for setting 
the outflows in a manner that would meet the 
criteria.  It also listed the benefits that the project 
and Order would provide to shoreline owners on 
Lake Ontario, to navigation on Lake Ontario and 
in the International Rapids section, and to power 
development in the International Rapids section.

Figure 4 

Control Structures at Cornwall, ON and Massena, NY
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2.1.2 The 1956 Order of Approval

In December 1955, the governments approved 
the provisions recommended by the IJC.  After 
additional public hearings, the IJC amended its 
Order of Approval on July 2, 1956 to incorporate 
the design range of elevations for Lake Ontario, 
the 11 criteria, and a regulation plan.  The project 
was to provide no less protection for navigation 
and riparian interests (shoreline property owners) 
downstream than with unregulated flows.  The 
criteria addressed: 

•  regulated outflows from Lake Ontario and their 
effect on the minimum level of Montreal Harbour; 

•  winter outflows to permit power generation;

•  outflows during the annual spring break-up in 
Montreal Harbour and during the annual flood 
discharge from the Ottawa River; 

•  minimum regulated outflows to secure the 
maximum dependable flow for power; 

•  limiting the maximum outflow to reduce the 
required channel excavation; 

•	 	reduction	in	the	frequency	of	high	Lake	Ontario	
levels to benefit riparians; and, 

•  both maximum and minimum lake levels 
intended to benefit shoreline owners on Lake 
Ontario and navigation and other interests. 

Several of these criteria are contingent on the water 
supplies to Lake Ontario being within the range of 
supplies experienced during the period of record 
(1860-1954), adjusted to account for the diversions 
into and out of the Great Lakes basin.  The IJC 
recognized that not all of the criteria could be met 
when water supplies to Lake Ontario were more 
extreme than those experienced in the past.  The 
11th criterion, criterion k, specifies how Lake Ontario 
outflows should be regulated when water supplies 
are higher or lower than those experienced in the 
past.  

The project includes many components.  The 
principal structure used to regulate Lake Ontario 
outflows is the Moses-Saunders Power Dam that 
crosses the St. Lawrence River between Cornwall, 
Ontario, and Massena, New York (Figure 5).  The 
nearby Long Sault Dam acts as a spillway when 
specified outflows from Lake Ontario exceed the 
capacity of the power dam.  In addition, the river 
channel was enlarged in several locations to carry 
the higher flows needed to reduce maximum Lake 
Ontario levels and to facilitate navigation. 

Initially, an evolving set of rules was used to 
determine how much water to release from Lake 
Ontario on a weekly basis, with each ruleset named 
Plan 1958 and a dashed letter suffix to denote the 
version.  The IJC put Plan 1958-A into operation in 
April 1960.  The IJC approved revised versions of 

Figure 5 

Moses-Saunders Dam 
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that plan that were made operational in January 
1962 (Plan 1958-C) and October 1963 (Plan 1958-D).  
These refined plans were developed to better meet 
the criteria specified in the 1956 Order of Approval 
(IJC, 1963). 

Plan 1958-D has remained in effect since 1963.  Its 
rules use recent water supplies to the lake, lake 
levels, the time of year, Ottawa River flows, and 
various flow limits to determine the flow to be 
released for the coming week.  These rules have 
been programmed to produce the specific weekly 
release for any given set of conditions. 

2.1.3 Deviations from Plan 1958-D

The regulation criteria, Plan 1958-D, and the project 
were designed for the hydrological conditions 
experienced from 1860 to 1954.  For that reason, 
Plan 1958-D without deviations would not have 
performed well for riparians under the more 
extreme high water supply conditions experienced 
since that time.  Without the deviations required by 
criterion k of the 1956 Order to deal with supplies 
more extreme than those experienced from 1860 to 
1954, Plan 1958-D would have raised Lake Ontario 
levels to about 77.0 m (about 253 ft.).  In spite of 
the major deviations from Plan 1958-D made in 
accordance with criterion k during these periods 
of extreme supplies, Lake Ontario levels have been 
outside the 1.2 m (4 ft.) target range specified in the 
1956 Order for a total of 78 weeks since regulation 
began, with actual levels ranging about 0.3 m (1 ft) 
above and below the target range.

In a 1960 telegram to the Board of Control, the IJC 
granted authority to temporarily deviate from the 
regulation plan flow under emergency conditions 
and when ice formed and broke up during winter 
operations (Figure 6) (IJC, 1960). 

In 1961, at the Board’s request, the IJC granted 
“discretionary authority” for the Board to deviate 
temporarily from the plan to provide beneficial 
effects or relief from adverse effects to an interest, 
without causing appreciable adverse effects to any 
of the other interests.  Given that the Lake Ontario 
outflow is quite often different from the Plan 1958-D 
outflow because of deviations, the current approach 

to regulation now is called “Plan 1958-D with 
deviations” or 1958DD.

2.2  Review of the Regulation Plan

2.2.1 Levels Reference Study

During the record high water levels of 1986 on 
the upper Great Lakes, the governments issued 
a reference4 to the IJC to examine and report on 
methods of alleviating the adverse consequences 
of fluctuating water levels in the Great Lakes–St. 
Lawrence River basin (the Levels Reference Study).  
One of the specific requests in the reference was for 

Figure 6 

Portion of 1960 IJC Telegram to the Board of Control

4   A reference is a request from the governments for the IJC to study and recommend solutions to a transboundary issue.  The word is derived from 
Article IX of the Boundary Waters Treaty of 1909, which stipulates that such issues “shall be referred from time to time to the International Joint 
Commission for examination and report, whenever either the Government of the United States or the Government of the Dominion of Canada shall 
request that such questions or matters of difference be so referred.”
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the IJC to review and revise its earlier studies on lake 
level regulation. 

The IJC ’s Levels Reference Study Board report 
(IJC, 1993) recommended that the “Orders of 
Approval for the regulation of Lake Ontario be 
revised to better reflect the current needs of the 
users and interests of the system.”  Among other 
recommendations, the Board suggested that criteria 
should be added that consider the environmental 
interests on Lake Ontario and the St. Lawrence River.

2.2.2 Lake Ontario-St. Lawrence River Study

In April 1999, the IJC informed the Governments of 
Canada and the United States that it was becoming 
increasingly urgent to review the regulation 
of Lake Ontario levels and outflows in view of 
dissatisfaction on the part of some riparians and 
boaters, in light of environmental concerns, and 
because of the potential for climate change to affect 
lake levels (Figure 7).  In response, the governments 
appropriated approximately $20 million for the IJC 
to undertake the five-year Lake Ontario-St. Lawrence 
River study (IJC, 2006).  

The IJC appointed a binational Study Board to 
conduct the study (Figure 8).  The Board was to 
assess the impacts of fluctuating water levels on 
the affected uses and interests and present the IJC 
with options for regulating the lake.  Approximately 
200 researchers and more than 20 organizations 
participated directly in the study.   

The IJC also created an independent Public Interest 
Advisory Group (PIAG) as part of the Study (see 
section 2.3, below).  The Study Board and PIAG 
interacted from the beginning to create a rigorous, 
thorough and transparent study.  The U.S. and 
Canadian PIAG co-chairs were also Study Board 
members.

The analysis was carried out by technical work 
groups. Six of the groups were formed around the 
interest areas of navigation, municipal and industrial 
water use, hydropower, recreation, coastal impacts 
and the environment.  Other groups managed 
climatological and hydrological research, common 
data needs such as Geographic Information System 
(GIS) of nearshore topography and bathymetry, 
data archiving and storage, and the formulation 

and evaluation of regulation plans.  Each group was 
composed of experts and stakeholders5.

In planning its work, the Study Board recognized 
that there are many possible effects that changes 
to the regulation of Lake Ontario outflows could 
have on the interests and uses.  As not every 
possible effect could be studied and evaluated in 
detail, the Study Board chose to limit the extent 
of impact studies in all water sectors to those that 
best fit the study’s purpose (that is, determining 
whether improvements can be made in flow 
regulation), budget, and timeline.  The measures 

5   For a full list of participants in the Lake Ontario-St. Lawrence River Study, see IJC, 2006.

Figure 7 

Portion of IJC 1999 Letter to Governments 

Figure 8 

A Meeting of the Lake Ontario- St. Lawrence River 
Study Board
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used to characterize the effects on each interest 
were consistent with widely-accepted planning and 
evaluation principles.  

Economic performance indicators (for example, the 
value of additional hydropower energy produced) 
were approved by a separate advisory panel of four 
economic experts and based on scopes of work 
approved by the Study Board.  

An binational team of environmental scientists 
worked with the Study Board to select the 
quantitative environmental “performance 
indicators” used in its evaluation (for example, an 
index of reproductive success for the Black Tern).  
Their selection was based on the sensitivity of the 
indicator to changes in water levels and flows, the 
significance and representativeness of the indicator, 
and the certainty in the research results. 

Experts and members of the public worked with 
the Study Board to create a sound and transparent 
review and decision-making process.  Together, 
they defined regulation plan objectives and then 
collaborated to create a computer evaluation model 
that measured how well alternative regulation plans 
met those objectives.  The Study Board conducted 
six “practice” decisions using this collaboratively-
built model starting in the second year of the 
five-year study to refine the decision framework 
and make sure that the research being done was 
sufficient for the decision.  After each practice 
decision, the results were disseminated through the 
PIAG to the larger public and adjustments made to 
the research and models based on the feedback. 

This collaborative framework supported a 
wide-ranging plan formulation and evaluation 
effort.   Four plan formulation teams worked 
in friendly competition, each taking a different 
design approach.  One team tried to improve the 
parameters in Plan 1958-D; another added rules to 
modify  the pre-project or “natural” releases in order  
to moderate extreme levels; a third used “interest-
satisfaction” curves; and a fourth used optimization 
models.  The teams collaborated electronically, and 
then worked together in workshops to compare 
results and share lessons learned.  Their intensive 

use of the evaluation model also provided an 
effective peer review of that model.  

The design of the evaluation model allowed 
each plan formulator to evaluate new plan rules 
quickly, and that in turn permitted a much more 
thorough exploration of alternative regulation 
plans than would have been possible in traditional 
water resources studies.  The legacy of the Study’s 
comprehensive and collaborative approach is 
a framework that has been used since 2006 to 
formulate and evaluate hundreds of alternative 
regulation plans, including Plans 2007, Bv7 and 
2014.  In addition, the approach will be used in the 
future to support adaptive management.  

Consideration of Climate Change and Variability 

To ensure that the regulation plans developed in 
the study could perform under a wide range of 
water supply conditions, plans were tested with 
stochastically-generated water supplies6 as well as 
the historical water supplies. The plans also were 
tested with four climate chan ge scenarios.  

The historical supplies covered the period 1900-
2000.  The stochastic data provided the equivalent 
of another 495 water supply datasets, each set 101 
years long.  Some sequences had much wetter and 
some much drier periods than any experienced 
in the 20th century.  All the economic evaluations 
shown in Table 2, in section 4, are based on the 
stochastic water supplies.

The four climate change supply sequences were 
based on the range of predictions from scenarios 
from the latest available two Global Circulation 
Models (Mortsch et al, 2005).  The changes from base 
temperature, precipitation, humidity, wind speed 
and solar radiation for each of these four scenarios 
were used to adjust the historical recorded series of 
these climate properties.  

To quantify the impact climate change might have 
for Lake Ontario interests, the evaluation model was 
run for each of these four different climate change 
scenarios using Plan 1958DD in all four evaluations.  
The warmest and driest of four scenarios was 
the most damaging.  With this scenario, Lake 

6   Stochastic generation is a statistical method used in water resources studies for nearly 50 years to develop simulated water supply data that include 
conditions both wetter and drier than the historical data.  The stochastic supplies are considered plausible because they have the same statistical 
properties as the historical supplies (e.g., the same average, standard deviation).  The rules in Plan 1958-D (without deviations) were flawed because 
they were based on an analysis using recorded data from 1860-1954.  Actual water supplies in the 1960s were lower than any in the 1860-1954 
record, and supplies in the 1970s, 1980s and 1990s were wetter, requiring deviations from 1958-D.
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Ontario levels and flows were generally lower than 
experienced with historical supplies, reducing 
hydropower benefits by more than $68 million a 
year, and recreational boating opportunities were 
reduced by almost $50 million a year (IJC, 2006).  On 
the plus side, Lake Ontario shore protection damage 
was reduced slightly by about $1 million per year.  

Alternative plans were also tested to determine their 
suitability under climate change and other extreme 
climate scenarios.  These analyses showed that 
changes in climate could overcome the influence 
of regulation plans to protect stakeholders.  For 
example, when tested using the driest portion of 
the stochastic water supplies, Lake Ontario levels 
dropped to 73.04 m (239.63 ft) under Plan 1958DD.  
This is 74 cm (2.5 ft) lower than the historical 
1958DD minimum.  By comparison, using the same 
water supplies but replacing Plan 1958DD with Plan 
2014, the minimum Lake Ontario level simulated 
was 73.20 m (240.15 ft).  This is clearly higher than 
the comparable 1958DD minimum, but still about .6 
m (2 ft) below the historical levels.  Similarly, when 
water supplies were extremely high, Plan 2014 and 
Plan 1958DD produce very high but very similar 
levels (76.62 m/251.4 ft for Plan 2014; 76.56 m/251.2 
ft for Plan 1958DD).

Key Study Board Findings

The Study Board used the evaluation model to 
determine the limits of lake level regulation to 
address stakeholder concerns.  The Study Board 
found that regulation has provided significant 
economic benefits to basin interests, particularly 
to riparians on Lake Ontario.  The assessment 
of benefits to riparians included substantial 
information on the minimum level of risks under 
any regulation plan.  The Board found that even 
if Lake Ontario were regulated solely for the 
benefit of Lake Ontario shoreline property owners, 
disregarding the interests of shoreline owners on 
the lower river, navigation and all other uses and 
interests, then Lake Ontario shoreline damages 
would be reduced by only about 5% from the levels 
produced by Plan 1958DD.  Lake Ontario shoreline 
protection structures in particular were vulnerable, 
with many too low to avoid destruction no matter 
how the lake was regulated.  In addition, erosion 
of the unprotected shoreline could not be slowed 
appreciably by regulation.

The Study Board also found that the compression 
of the range of Lake Ontario levels had resulted “…
in a more narrowly defined transition zone within 
wetlands from submerged to upland plants, thus 
reducing the diversity of plant types along the shore 
and populations of animal species who feed on and 
live in the environments affected by the reduced 
water level ranges.”  Regulation also has caused 
dewatering drawdowns in the fall through early 
spring, to the detriment of some habitat.  The Study 
Board noted that these degraded environmental 
conditions could be improved by changing the 
regulation plan, but not without tradeoffs that 
would reduce some existing economic benefits. 

The evaluation of alternative plans 
showed that Lake Ontario shoreline 
protection structures in particular were 
vulnerable, with many too low to avoid 
destruction no matter how the lake 
was regulated.  

The Study Board proposed three regulation plans 
(Plan A+, Plan B+, and Plan D+) that provided net 
economic and environmental improvements when 
compared to Plan 1958DD, but with varying trade-
offs among the uses and interests on the lake and 
river.  The Study Board found that, compared to the 
case without regulation, Plan 1958DD reduced the 
damages due to fluctuating water levels on Lake 
Ontario shoreline properties by about 60%, that 
“coastal damages occur regardless of the regulation 
plan”, and that “the current Regulation Plan 1958-D 
with Deviations comes close to minimizing damages 
for Lake Ontario shoreline property owners.”  

2.2.3 Development of Plan 2007

Following the release of the Study Board’s final 
report, the IJC invited public comment and 
subsequently undertook a thorough review of 
the report and public comments.  The IJC then 
asked experts who had been associated with the 
Study to explore whether any of the three plans 
recommended by the Study Board could be refined 
to restore more of the environmental benefits 
while maintaining as much as possible the level of 
protection and benefits that other interests and 
uses enjoy under Plan 1958DD.  This new work by 
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the IJC resulted in additional candidate plans being 
developed. 

In March 2008, the IJC invited comment on a 
proposed new Order of Approval and regulation 
plan, known as Plan 2007.  The proposed new Order 
of Approval, among other things, made provision 
for the environment and recreational boating.  The 
simulation models developed in the Lake Ontario–
St. Lawrence River Study showed that the proposed 
regulation plan would have provided net economic 
improvements compared to Plan 1958DD and 
benefits to shoreline property owners comparable 
to those currently received under Plan 1958DD.  The 
models also showed that Plan 2007 would have 
provided more environmental improvements than 
the existing Plan 1958DD.  Nonetheless, at the public 
hearings held on the proposal in the summer of 
2008, the IJC heard widespread opposition to Plan 
2007 throughout the Lake Ontario-St. Lawrence 
River basin.   

In September 2008, the IJC wrote the U.S. 
Department of State and the Canadian Department 
of Foreign Affairs and International Trade to inform 
them that the testimony at the hearings and the 
approximately 1,200 comments submitted outside 
the hearings showed serious divisions by political 
unit and little support for Plan 2007, but broad, 
strong interest in returning to more natural levels 
and flows.  

The IJC informed the governments that “the 
Commission has determined that Plan 2007 is not a 
practical option for implementation and concludes 
that the regulation of water levels and flows should 
be based on a revised set of goals and objectives 
and criteria, specifically moving towards more 
natural flows to benefit the environment, while 
respecting other interests.”

2.2.4 Development of Plan 2014

In October 2009, the IJC wrote to the governments 
of the United States, Canada, Quebec, New York and 
Ontario asking each government to nominate two 
senior officials to a Working Group to  advise the IJC 
on its proposals on how to:

•  manage water levels and flows in the Lake 
Ontario-St. Lawrence River system; and,

•  better define and adequately protect all interests 
– economic, social and environmental– both 
upstream and downstream of the Moses-
Saunders Dam, in compliance with the Boundary 
Waters Treaty of 1909.

After reviewing the range of regulation plans that 
had been developed to date, the Working Group 
agreed to investigate and further refine a set of 
release rules based on Plan B+, known as Bv7 
(that is, the seventh version of the candidate B 
plan).  The Working Group also considered a more 
detailed adaptive management strategy to respond 
to climate change, modifications to the plan’s 
management oversight structure and policies on 
deviations from the plan.  

All of the design and analysis done leading up to 
Plan 2007 and to Plan Bv7 used the same evaluation 
model and, with several minor improvements, the 
same performance indicators that the Lake Ontario-
St. Lawrence River Study Board had developed with 
stakeholders.  Using that system, the Working Group 
was able to evaluate about 60 variations on Plan Bv7 
before recommending a version to the IJC.  

In 2012, the IJC conducted public information 
sessions and invited comment on Plan Bv7.  After 
further consultation with stakeholders, deliberation 
and refinement to the proposed regulation plan 
and the other components, the IJC then developed 
a formal proposal, known as Plan 2014.  Plan 2014 
included modifications to the rules of Bv7 to better 
balance Lake Ontario and river levels during low 
supply periods. Also, set of high and low lake levels 
were added to trigger special actions to better 
protect water intakes, navigation, boating and 
riparian interests.    

Tables 1 and 2, presented in section 4, summarize 
a comparison of the environmental and economic 
performance of Plan 2014 and other regulation 
plans as measured using the performance indicators 
developed in the Lake Ontario-St. Lawrence River 
Study.  

2.3  Public Participation in Plan  
Development

Throughout the studies into regulating Lake 
Ontario and the St. Lawrence River, the IJC has made 
extensive efforts to involve all interested parties in 
the formulation and evaluation of new regulation 
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plans.  These efforts have allowed the people whose 
lives would be affected by lake level regulation 
to help define the problem and the measures of 
success, help design new plans and communicate 
the results (Figure 9).  The efforts during and after 
the Lake Ontario-St. Lawrence River Study were 
preceded by public outreach and involvement 
activities of the Board of Control.  

Public Interest Advisory Group Role in the Lake 
Ontario-St. Lawrence River Study

Figure 10 shows the locations where the IJC hosted 
hearings, technical sessions and other public 
meetings during and after the Lake Ontario-St. 
Lawrence River Study.  

During the work that led up to the 2006 report, the 
20 members of PIAG worked with organizations and 
interests throughout the study area and conducted 
public participation activities on key issues to assist 
the Study Board in its deliberations.  PIAG members 
acted as liaisons to each of the study science 
teams, suggesting performance metrics that were 
used in the coastal, environment and recreational 
boating technical work groups.  PIAG members 
also reviewed the candidate plans and provided 
feedback into the Study Board’s decision-making 
process. 

In the executive summary of its final report, the 
PIAG reported that it could not find a consensus on 
a regulation plan (see text box).  The inability of the 
PIAG as a group to endorse any of the candidate 
plans (regulation plans presented as options from 
the Study Board for the IJC) was the first, but not the 
last indication that no regulation plan can satisfy all 
interests.  

In the executive summary of its final report, the 
PIAG reported that it could not find a consensus on 
a regulation plan (see text box).  The inability of the 
PIAG as a group to endorse any of the candidate 
plans (regulation plans presented as options from 
the Study Board for the IJC) was the first, but not the 
last indication that no regulation plan can satisfy all 
interests. 

The inability of the Public Interest 
Advisory Group to endorse any of the 
candidate plans was the first, but not 
the last, indication that no regulation 
plan can satisfy all interests.

Figure 9 

PIAG Members Participating in a Review of 
Performance Metrics during the Lake Ontario- 
St. Lawrence River Study   

Figure 10 

Location of Public Meetings on Lake Ontario 
Regulation, 2005-2013 

In the summer of 2013, the IJC held hearings or 
technical sessions on Plan 2014 in Alexandria Bay, 
Cornwall, Jordan, Lockport, Montreal, Rochester, 
Williamson, and Oswego.  There was widespread 
strong opposition to the plan in south shore 
communities, with a minority expressing support.  
Shipping industry representatives in Montreal 
supported the ecosystem goals so long as the order 
of precedence was maintained.  There was strong, 
widespread support for Plan 2014 elsewhere around 
the lake and in communities along the river.

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 120 of 472



Lake Ontario - St. Lawrence River Plan 201416

Public Hearings on Plan 2014

In the summer of 2013, the IJC invited public 
comment and convened public hearings on the 
proposed Plan 2014.  More than 5,500 comments 
were received, in total.  This included 206 oral 
testimonies at the 12 hearings and public 
teleconferences, over 3,500 signatures on four 
different petitions, more than 700 post cards and 
form letters, and nearly 1,000 written website, email 
and unique letter responses.  This latter group of 
responses ranged from short endorsements or 
rejections of Plan 2014 to formal responses from 
local governments, governmental departments and 
non-governmental organizations.  

The response was polarized.  Most south shore 
property owners in New York State who participated 
in the hearings and their local governments strongly 
opposed Plan 2014, though a few respondents from 
that area either supported Plan 2014 or supported 
the environmental objective but not Plan 2014 
itself.  Save our Sodus, a non-profit group, presented 
a petition with more than 400 comments that either 
opposed Plan 2014 or documented past flooding 
and erosion problems that had occurred under 
the current regulation rules.  The concerns of these 
citizens were that the higher high water levels of 
Plan 2014 would cause more shoreline damage, and 
that the lower low levels would make boating more 
difficult.

Executive Summary from Public Interest Advisory Group Final Report 
November 30, 2005
The International Lake Ontario - St. Lawrence River Study has been a trailblazer. The International Joint 
Commission (IJC) decided prior to the initiation of this Study to have the public represented at the “table” 
right from the start. The Public Interest Advisory Group (PIAG) had a separate mandate from the IJC, 
allowing it to act independently. We were an internal “peer review” group for the Study. To develop this 
“peer review” group, the IJC selected members of the public, in many cases, who were the toughest and 
most active critics of the International St. Lawrence River Board of Control’s operations prior to the Study. 
Through this process, PIAG members met and learned from each other, gaining a better understanding 
of the system geographically and technically and of the various concerns of the regions. Consequently, 
the Study has now developed a cadre of lay-experts available to the International Joint Commission in 
the public interest. 

Another facet of our mandate was to ensure effective communication between the public, which we 
represented, and the Study and its technical work groups. We provided input to Study decisions and 
communication and education to the public. We were there at the table for all Study Board discussions. 
The PIAG assisted the decision process, ensuring that the public input was considered and that the 
process remained transparent. 

The Study Board kept an arms-length approach to our activities. We tested several innovative 
instruments of public outreach; the results of what worked and what did not work will be provided to 
the International St. Lawrence River Board of Control. 

The two main lessons learned from the Study are: 

We have to realize that the Study cannot satisfy the needs of all of the interests all of the time.  This is 
indeed the case as the PIAG as a group does not favor any one candidate plan over another. 

Communications cannot be an ad hoc procedure. The IJC must commit funds to ensure proper 
communications of the Board of Control by means of dedicated communication person(s) and budget 
to allow publication of meetings and other important communications, using techniques developed by 
PIAG during this Study and other valid methods of ensuring two-way communication.

(From: Lake Ontario-St. Lawrence River Study Public Interest Advisory Group, 2005)  

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 121 of 472



Lake Ontario - St. Lawrence River Plan 2014 17

The U.S. Department of Transportation raised 
concerns that the priority given to environmental 
objectives in Plan 2014 violated the Treaty, reflecting 
similar statements by several other respondents 
involved with commercial navigation on the seaway, 
including the St. Lawrence Seaway Management 
Corporation, the Canadian Shipowners Association 
and the Shipping Federation of Canada.  The 
concern from commercial navigation was that Plan 
2014 would create significantly lower levels on Lake 
Ontario in a few years out of a hundred, thus forcing 
ships to carry reduced loads.

Other than these groups, there was general, and 
often strong, support for Plan 2014.  For example, 
the U.S. Environmental Protection Agency (USEPA) 
supported Plan 2014, writing that Plan 1958DD has 
significantly degraded Lake Ontario wetlands and 
vital fish and wildlife populations, and that Plan 
2014 would increase the diversity and functioning 
of 26,000 ha (64,000 acres) of coastal wetlands.  
Conservation Ontario wrote to explain the 
significant economic value of wetlands and asserted 
that Plan 2014 would contribute to the economic, 
ecological and social well-being of the Lake Ontario 
and St. Lawrence River.  The U.S. Department of the 
Interior wrote that Plan 2014 would best meet the 
stated goals and that it represented the most logical 
approach to bringing water level regulation into 

the 21st century.  The City of Montreal supported 
Plan 2014, as well.  The Nature Conservancy noted 
that selecting Plan 2014 would reverse decades 
of environmental harm, while rejecting it would 
not solve the coastal impact problems that would 
have to be confronted no matter the regulation 
plan.  Audubon New York wrote to advise that Plan 
2014 was central to the long-term success of the 
Great Lakes Restoration Initiative and the overall 
restoration of this important ecosystem.  Ducks 
Unlimited commented that the IJC and other 
principal interests had done an outstanding job of 
balancing the needs and requirements of all the 
major parties, and encouraged the IJC to implement 
Plan 2014.

“Selecting Plan 2014 will reverse 
decades of environmental harm; 
rejecting Plan 2014 will not solve 
coastal damage problems.”

- The Nature Conservancy
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3. Regulation Plan 2014

After more than 14 years of intensive analysis and 
extensive consultation with governments, experts, 
Lake Ontario and St. Lawrence River interests, and 
the public, the IJC concludes that a new approach to 
regulating the flows and levels of the St. Lawrence 
River and Lake Ontario, Plan 2014, should be 
implemented as soon as possible. 

Section 3 presents:

• the rationale for Plan 2014;

• a description of the key features of the plan; and,

•  an overview of the role of the International Lake 
Ontario–St. Lawrence River Board in overseeing 
implementation of the plan. 

3.1  Rationale 
Based on the comprehensive Lake Ontario- 
St. Lawrence River Study, extensive consultations 
with governments and the public on two revised 
regulation plan proposals, and subsequent analysis 
and refinements, the IJC finds that Plan 2014 
provides the best response to the range of issues 
that must be considered in regulating the flows 

through the Moses-Saunders Dam.  These issues 
include the requirement of Article VIII of the Treaty 
to follow the order of precedence of water uses 
while providing “suitable and adequate protection” 
for interests that may be harmed by operation of 
the project. 

Plan 2014 maintains the order of precedence while 
addressing the harm done by the 1956 Order and 
existing regulation rules to Lake Ontario coastal 
ecosystems.  The IJC finds that the coastal and 
riverine ecosystems are an interest that existed 
but was not considered when the 1956 Order was 
developed.  The design of Plan 2014 takes into 
consideration the more extreme water supplies 
experienced since 1954, the even more extreme 
supplies that may be experienced in the future, and 
other improvements in knowledge and analytical 
techniques.  

Plan 2014 has been designed to satisfy the 
conditions and criteria specified in a revised Order 
of Approval for Lake Ontario-St. Lawrence River 
regulation.  These conditions and criteria are listed 
in Annex A of this report.

Highlights of the Proposed Conditions and Criteria of an Order of Approval
Lake Ontario regulation plans must be consistent with the IJC Order of Approval governing the 
operation of the control structures.  The IJC has concluded that some of the conditions and criteria in the 
1952 and 1956 Orders of Approval for the St. Lawrence Power Project must be updated.  Annex A lists 
the conditions and criteria to be included in a new Order of Approval that would govern Plan 2014 and 
subsequent plans. 

The new conditions provide formal recognition of an established practice, which is that the IJC may issue 
directives to guide regulation of the discharge in addition to the criteria listed in this condition.  The 
requirement that no less protection be provided for interests downstream than would have occurred 
under pre-project conditions carries over from the 1956 Order.  The period of supplies used to evaluate 
plans is updated to 1900-2008, which encompasses more extreme high and low supply events than the 
1860-1954 supply sequence upon which the criteria of the 1956 Order were based.
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The criteria establish objectives and performance standards that Plan 2014 and any future regulation 
plans must meet when tested with the 1900-2008 supply sequence.  The updated criteria recognize 
that:

•	 	low	levels	at	any	time	of	year	affect	Port	of	Montreal	navigation	(the	Port	operates	all	year)	as	well	
as water intakes and other uses and interests, and that the frequency of low levels is of concern in 
addition to the minimum level;

•	 low	levels	affect	water	intakes	as	well	as	navigation	and	other	uses	and	interests	on	Lake	St.	Louis;	

•	 	adequate	levels	for	navigation	in	the	Montreal	to	Lake	Ontario	section	of	the	river	need	to	be	
considered together for Seaway uses;

•	 	releases	above	certain	thresholds	can	cause	currents	that	threaten	safe	navigation	or	reduce	
hydropower production if they are above the capacities of the hydropower plants;   

•	 	maintaining	minimum	flows	as	high	as	possible	maintains	a	dependable	amount	of	electricity	
generation;

•	 	high	levels	can	damage	shoreline	property	and	other	uses	and	interests	affected	by	flooding	on	Lake	
St. Louis and Lake St. Lawrence throughout the year;  

•	 	high	levels	can	damage	shoreline	property	and	other	uses	and	interests	affected	by	flooding	and	
erosion on Lake Ontario throughout the year, and that the seasonality of supplies to the lake, ice 
restrictions on winter flows and the fall storm season warrant maximum levels that vary through the 
year;    

•	 	when	tested	with	the	more	extreme	1900-2008	supplies,	no	plan	can	maintain	Lake	Ontario	levels	
within the range set in 1956;

•	 	low	levels	can	impact	water	intakes,	shipping,	boating	and	other	uses	and	interests	on	Lake	Ontario	
throughout the year, and that the seasonality of supplies to the lake warrant minimum levels that 
vary through the year;   

•	 	when	Lake	Ontario	water	levels	reach	or	exceed	extremely	high	levels,	management	of	releases	
should provide all possible relief to the riparian owners upstream and downstream;

•	 	when	Lake	Ontario	levels	reach	or	fall	below	extremely	low	levels,	management	of	releases	should	
provide all possible relief to municipal water intakes, navigation and power purposes, upstream and 
downstream; 

•	 	deviations	from	the	approved	plan	to	provide	all	possible	relief	to	interests	are	more	clearly	triggered	
by specific Lake Ontario levels, rather than “supplies outside the range of the past,” which is more 
ambiguous;

•	 	releases	must	be	adjusted	to	avoid	ice	jam	flooding	whenever	ice	forms,	to	protect	uses	and	interests	
upstream and downstream;

•	 	water	levels	affect	ecosystems	and	that	releases	must	be	managed	to	enhance	wetland	health						
whenever possible; and, 

•	 releases	must	be	managed	to	benefit	recreational	boating	whenever	possible.

In addition, current practices authorized in various letters are formally recognized in the Order for 
the first time.  A new condition states that the IJC will issue directives to guide peaking and ponding 
operations and for deviations from the plan of regulation to address such matters as winter operations, 
emergencies and other special short-term situations.  The installation of ice booms in the St. Lawrence 
River is also authorized subject to established conditions.    
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 3.2  Key Features
This section summarizes the features of Plan 2014.  
For more technical information on the plan, see 
Annexes B and C.

3.2.1 A More Natural Hydrological Regime

The objective of Plan 2014 is to maintain beneficial 
uses for the key water-using interests while 
returning the Lake Ontario-St. Lawrence River 
system to a more natural hydrological regime, 
thereby helping to restore coastal and riverine 
ecosystems.  This approach was first used during 
the Lake Ontario-St. Lawrence River Study to 
create Plans B and B+, and in 2012 to create Plan 
Bv7 (see Annex B for more details).  Plan Bv7 
included revisions made to Plan B+ by the IJC 
based on advice from the working group, public 
and stakeholder input.  These revisions included 
additional rules to maintain navigation and flood 
reduction benefits on the St. Lawrence River below 
the control dam, rules to maintain navigation 
and boating benefits on Lake St. Lawrence, and 
adjustments to better balance Lake Ontario and St. 
Lawrence River levels below the dam.  

Plan 2014 will use the releases prescribed by Plan 
Bv7 rules until Lake Ontario levels reach specified 
high or low trigger elevations.  If levels reach the 
high trigger levels, then the Board will “provide all 
possible relief to the riparian owners upstream and 
downstream.”  If the levels reach the low triggers, 
then the Board will “provide all possible relief to 
municipal water intakes, navigation and power 
purposes, upstream and downstream.”  This is the 
same logic the Board applies when it operates 
under criterion k of the existing 1956 Order.  

Unlike the current plan, which is not based on the 
natural release, Plan 2014 rules start with the natural 
release, adjust it for supply conditions and then 
modify it when necessary to protect the various 
interests and the uses in the order of precedence of 
Article VIII of the Treaty. 

In its natural state, without a dam regulating the 
release, the outflow from Lake Ontario is mainly a 
function of the lake level and, to a lesser degree, the 
resistance to flow in the river.  Heavy vegetation or 
ice in the river channel can reduce the flow.  If the 

lake rises, then the natural release increases.  As lake 
levels change gradually, natural releases change 
gradually, as well.

Unlike the current plan, which is not 
based on the natural release, Plan 
2014 rules start with the natural 
release and then modify it to protect 
the various interests and the uses in 
the order of precedence of Article VIII 
of the Treaty.

3.2.2 Adjusting for Changing Supplies

The eventual outcome of a water release decision 
cannot be fully known at the time it is made, 
because the outcome depends in part on future 
water supply conditions.  Adjusting the release 
based on trends in the long-term supply and using 
supply forecasts, even though uncertain, improves 
release decisions.  The release rules in Plan 2014 use 
an index of the long-term trend in supplies and a 
short-term statistical supply forecast to adjust the 
natural release.  Although the releases in Plan 2014 
tend to change less from week to week than with 
Plan 1958-D, this adjustment to the natural flow 
makes Plan 2014 respond to changing supplies 
more quickly than nature would to reduce the risk 
of coastal damage, unsafe navigation conditions, or 
other undesirable outcomes.  

As in Plan 1958-D, flow limits are used in Plan 2014 
to satisfy some of the criteria set out in the Order 
of Approval.  This includes preventing river levels 
from falling too low or rising too high, facilitating 
stable river ice formation and providing acceptable 
navigation conditions and safe operating conditions 
for control structures.  However, the Plan 2014 flow 
limits improve upon those in Plan 1958-D that 
were developed in the 1950s before the project 
started operation.  The Plan 2014 limits incorporate 
the knowledge gained from more than 50 years of 
operational experience, including during times of 
extreme supplies outside the design range of Plan 
1958-D.    
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3.2.3 Short-Term “River” Deviations

From time to time, the Board of Control has used 
the authority granted to it by the IJC to deviate 
from the releases specified by Plan 1958-D, first to 
avoid a temporary problem and then later to restore 
Lake Ontario levels to what they would have been 
without the deviation from the Plan specified flow.  
For example, ships entering the St. Lawrence River 
may encounter shallower conditions than expected 
based on forecasts of river levels used to load the 
ships in overseas ports.  

The Board of Control occasionally has discharged 
more than the plan release for a day or two to 
increase river depths by up to several centimeters (a 
few inches) near Montreal, thus avoiding the need to 
re-direct the ship to another port or transfer cargo 
to lighten the ship.  The larger releases lowered Lake 
Ontario by a fraction of a centimeter below the plan 
intent, so the Board then ordered a discharge less 
than the plan release to bring Lake Ontario back 
to its plan intended level.  This practice was not 
foreseen in the 1956 Order but has developed under 
a policy approved by the IJC in 1961 to grant the 
Board of Control the authority to make discretionary 
deviations from the Plan specified release to provide 
benefits or relief to interests when they can be 
made without adverse impacts to others.  

Under the proposed new order, these deviations for 
shipping and similar short-term “river” deviations 
would be specifically directed by the IJC and would 
continue in an identical manner under Plan 2014, 
except that the cumulative effect of these minor 
deviations would be limited to the equivalent of 
plus-or-minus 2 cm (nearly 1 inch) of water on Lake 
Ontario, unless there is a special approval by the IJC.

3.2.4  Less Frequent Need for Major Deviations 
from the Plan

Both Plans 1958-DD and 2014 include major 
deviations to moderate Lake Ontario levels from 
what they otherwise would be if the plan rules were 
followed as written.  However, under Plan 2014, 
these major deviations would be less frequent and 
more clearly exercised.  Criterion k of the 1956 Order 
requires that the release “provide all possible relief 
to the riparian owners upstream and downstream” 

when supplies exceed those experienced from 
1860 to 1954, and to provide all possible relief to 
navigation and power interests when supplies 
are less than 1860-1954 supplies.  The Board of 
Control advises the IJC when supplies are outside 
the 1860-1954 range, but it is the IJC that makes 
the determination that releases should be made 
according to this criterion, not the Board of Control.  

Under criterion H14 of the proposed new Order, the 
same relief would be provided to riparian owners 
upstream and downstream when Lake Ontario 
levels hit high trigger levels.  All possible relief to 
municipal water intakes, navigation and power 
purposes, upstream and downstream, would be 
provided when Lake Ontario reaches low trigger 
levels.  Weekly Lake Ontario levels are expected 
to be at or above the higher trigger levels 2% of 
the time, and at or below the low trigger levels 
5% of the time.  The IJC directive to the Board on 
deviations from Plan 2014 is provided in Annex C.

Some future water supplies likely will be greater 
and some likely smaller than any on record.  The 
supplies of the 1960s dipped lower and the supplies 
of the 1970s, 1980s and 1990s peaked higher than 
the 1860-1954 supplies that were used to design 
Plan 1958-D.  The magnitude and frequency of these 
extreme supplies were estimated by hydrologists 
by using stochastic modeling.  The high trigger 
levels are nearly as high as recorded highs on Lake 
Ontario, so they do not diminish coastal damages 
significantly based on 20th century supplies.  
However, in more extreme supply conditions, the 
sustained application of criteria k and H14 tends to 
make Plan 2014 and Plan 1958DD releases, levels 
and projected damages more similar. 

The more natural, but still compressed, Lake Ontario 
levels of Plan 2014 are shown in comparison to 
those of Plan 1958DD and the Natural plan in 
Figures Ex-1 through Ex-3 of the Executive Summary.

3.3  I nternational Lake Ontario– 
St. Lawrence River Board

The IJC establishes boards to ensure compliance 
with its Orders of Approval and to put its approved 
regulation plans into operation.  Typically, the IJC 
appoints to its boards experienced water managers 
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from government agencies on both sides of the 
border and other people with expertise on the 
water uses and an understanding of how local 
interests are affected by water regulation.  These 
boards: direct the dam owners as to the amount 
of water they must release to comply with the 
regulation Orders; oversee the day-to-day regulation 
operations; maintain a liaison with stakeholders and 
the public; and report to the IJC on conditions and 
regulation actions.   

The IJC will transform the existing International 
St. Lawrence River Board of Control into the 
International Lake Ontario–St. Lawrence River Board 
to implement the Plan 2014 regulation plan and the 
directives stemming from the Order of Approval.  
This new Board would be responsible for making 
release decisions in accordance with the rules of 
the regulation plan (Annex B) and the directive on 
deviations (Annex C), and other duties assigned by 
IJC directives.  The new Board will have at least 10 
members, with an equal number from each country, 
including at least one Board member from each of 
the five federal, provincial and state jurisdictions.  In 
addition, the IJC would appoint members to obtain 
a balance of expertise on the Board from across the 
Lake Ontario–St. Lawrence River basin, including 
First Nations and Tribes.  

The IJC would appoint one member from each 
country to serve as co-chairs of the Board.  Each 
of the co-chairs of the Board would appoint a 
Regulation Representative who would maintain 
a database of hydrological information for the 
Board, conduct the regulation plan calculations, 
make needed within-the-week flow adjustments, 
coordinate and keep account of flow deviations, and 
advise the Board on regulation operations.

The new Board would also: oversee the normal 
hourly and daily flow variations carried out by the 
hydropower entities according to the directive on 
peaking and ponding issued by the IJC; guide the 
development and implementation of an adaptive 
management plan; and promote outreach and 
engagement with the public and industry so that 
everyone interested in the regulation of the Lake 
Ontario-St. Lawrence River system can access 
the Board’s information and has opportunities to 
express views regarding regulation.   The Board will 
report at least semi-annually to the IJC.

Annex D addresses the governance of Plan 2014 in 
more detail.
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4.   Effects of Plan 2014  
on the Uses and Interests

The Boundary Waters Treaty of 1909 lists an order 
of precedence for the uses of boundary waters.  It 
gives precedence to water uses for domestic and 
sanitary water purposes, uses for navigation, and 
for hydroelectric generation and irrigation.  The 
Treaty also requires that the IJC ensure, as part of its 
approval of a project, that “suitable and adequate 
provision be made for the protection and indemnity 
of all interests” on either side of the boundary.  The 
IJC respects the order of precedence of the listed 
uses while ensuring that all legitimate interests are 
protected. 

Section 4 presents an overview of the projected 
effects of Plan 2014 on the uses and key interests 
served by the waters of Lake Ontario and the  
St. Lawrence River, compared to the effects under 
the existing Plan 1958DD.  The uses and interests 
are:

• municipal and industrial water use;

• commercial navigation;

• hydropower generation;

• coastal development;

• ecosystems; and,

•	 recreational	boating.

Tables 1 and 2 summarize the expected 
environmental and economic performance, 
respectively, of Plan 2014 relative to five other 
regulation plans, including the existing plan, Plan 
1958DD.  Performance estimates used in this section 
of the report are drawn from these tables.7 

7   Economic effects in Table 2 are expressed in U.S. dollars using the Canadian exchange rate of 0.833 of September 2005, reflecting the study 
timeframe.  Updating costs and benefits to current dollars would entail consideration of changes in the exchange rate, energy and real estate prices, 
changes in the costs of operating ships, and more.  However, updated costs would not change the conclusions of the analysis summarized in this 
section.  
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Table 1  
Environmental Performance Indicators for Six Regulation Plans

Environmental Performance, Ratio to 
1958DD, Historical water supplies

Regulation plans

Natural 1958DD 2007 B+ Bv7 2014

Lake Ontario

Meadow marsh 1.56 1.00 1.22 1.44 1.46 1.41

Spawning habitat supply (Low Veg 18C) 0.88 1.00 0.93 0.95 0.96 0.96

Spawning habitat supply (High Veg 24C) 1.08 1.00 1.01 1.00 0.98 0.99

Spawning habitat supply (Low Veg 24C) 1.11 1.00 1.01 1.02 1.05 1.04

Northern Pike - YoY recruitment 1.03 1.00 1.02 1.00 0.98 0.99

Largemouth Bass - YoY recruitment 0.96 1.00 0.98 0.98 0.98 0.98

Least Bittern - reproductive index 1.13 1.00 0.93 1.04 1.12 1.11

Virginia Rail reproductive index 1.15 1.00 0.96 1.11 1.16 1.15

Black Tern reproductive index 1.16 1.00 0.97 1.12 1.19 1.16

Yellow Rail preferred breeding habitat 1.01 1.00 0.99 1.01 1.04 1.02

King Rail preferred breeding habitat 1.27 1.00 1.04 1.10 1.19 1.16

Upper River

Spawning habitat supply - Low Veg 18C 1.04 1.00 1.01 1.01 1.02 1.01

Spawning habitat supply - High Veg 24C 1.02 1.00 1.02 1.01 1.00 1.01

Spawning habitat supply - Low Veg 24C 1.04 1.00 1.01 1.01 1.02 1.01

Northern Pike - YOY recruitment 1.06 1.00 1.00 1.03 1.03 1.03

Largemouth Bass - YOY recruitment 1.00 1.00 1.00 1.00 1.00 1.00

Northern Pike - YOY net productivity 2.07 1.00 1.01 1.46 1.39 1.39

Virginia Rail (RALI) - reproductive index 1.33 1.00 1.31 1.27 1.17 1.17

Muskrat house density,drowned river mouth wetlands 14.29 1.00 1.35 2.99 2.59 2.56

Lower River

Golden Shiner - suitable feeding habitat area 1.01 1.00 1.02 1.00  
 
 
 
 
 
 
 

See note

1.00

Wetlands fish - abundance index 0.97 1.00 0.81 0.90 1.00

Migratory wildfowl - habitat area 0.94 1.00 1.00 0.97 0.98

Least Bittern reproductive index 1.06 1.00 1.03 1.03 1.02

Virginia Rail reproductive index 1.04 1.00 0.96 1.05 1.03

Migratory wildfowl productivity 1.02 1.00 1.00 1.01 1.01

Black Tern reproductive index 1.01 1.00 0.95 0.97 1.01

Northern Pike reproductive area 1.01 1.00 0.97 1.03 1.01

Eastern Sand Darter reproductive area 1.00 1.00 1.03 0.99 1.00

Spiny Softshell Turtle reproductive habitat area 1.01 1.00 1.01 1.01 0.99

Bridle Shiner reproductive habitat area 0.97 1.00 1.06 0.92 0.95

Muskrat surviving houses 1.05 1.00 1.14 0.99 0.96

Shading indicates species at risk

Note: Scores above 1.1 and below 0.9 are considered significantly different from Plan 1958DD results.  Lower river results for Bv7 are 
not available; scores for a similar plan ranged from 0.94 (Muskrat) to 1.03 (Virginia Rail and Wetland fish abundance index)

      

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 129 of 472



Lake Ontario - St. Lawrence River Plan 2014 25

Table 2  
Average Annual Net Economic Benefits for Six Regulation Plans 
(in $US million 2005)

Economic Benefits (Net Average Annual, 
using stochastic water supplies)

Natural 1958DD 2007 B+ Bv7 2014

Total -$20.80 $0.00 $3.55 $1.31 $1.61 $3.12

Municipal and industrial water use $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

  St. Lawrence River one time infrastructure costs $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

  Lake St. Louis water quality investments $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

Commercial Navigation -$0.05 $0.00 -$0.29 -$1.24 -$0.02 $0.00

  Ontario -$0.02 $0.00 $0.00 -$0.01 -$0.01 -$0.01

  Seaway -$0.02 $0.00 -$0.31 -$1.19 -$0.01 $0.00

  Montreal -$0.01 $0.00 $0.02 -$0.04 $0.00 $0.01

Hydropower $12.59 $0.00 $2.37 $6.08 $5.40 $5.26

  NYPA-OPG $8.77 $0.00 $0.77 $3.85 $3.45 $3.41

  Hydro-Quebec $3.82 $0.00 $1.60 $2.22 $1.95 $1.85

Coastal -$29.88 $0.00 $0.16 -$2.78 -$3.17 -$2.23

  Ontario total -$27.38 $0.00 $0.06 -$2.53 -$3.11 -$2.22

    Shore protection maintenace -$19.85 $0.00 $0.03 -$2.16 -$2.62 -$1.94

    Erosion to unprotected developed parcels -$0.58 $0.00 $0.01 -$0.17 -$0.17 -$0.16

    Flooding -$6.94 $0.00 $0.02 -$0.20 -$0.32 -$0.11

  Upper St. Lawrence River flooding -$2.00 $0.00 $0.01 -$0.04 -$0.07 -$0.01

  Lower St. Lawrence River flooding -$0.49 $0.00 $0.08 -$0.22 $0.00 $0.00

Recreational Boating -$3.46 $0.00 $1.32 -$0.74 -$0.60 $0.10

  Above dam -$5.31 $0.00 -$0.15 -$1.42 -$1.33 -$0.68

    Ontario -$4.93 $0.00 -$0.27 -$1.18 -$1.11 -$0.57

    Alexandria Bay -$0.36 $0.00 $0.06 -$0.29 -$0.25 -$0.14

    Ogdensburg -$0.07 $0.00 $0.01 $0.00 -$0.02 -$0.01

    Lake St. Lawrence $0.05 $0.00 $0.05 $0.05 $0.04 $0.05

Below the dam $1.85 $0.00 $1.47 $0.68 $0.72 $0.78

  Lake St. Louis $1.03 $0.00 $0.74 $0.49 $0.45 $0.48

  Montreal $0.64 $0.00 $0.55 $0.19 $0.20 $0.22

  Lake St. Pierre $0.18 $0.00 $0.18 $0.00 $0.07 $0.08
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4.1 Municipal and Industrial Water Use

4.1.1 Overview of the Use8 

Municipal and industrial water uses include public 
and private sector organizations using water for 
domestic, municipal and industrial purposes.  This 
group includes owners/operators of municipal 
water and wastewater treatment facilities and large 
self-supplied industrial plants.

4.1.2 Effects of Plan 2014

The analysis concludes that there would be no 
change in the economic impacts on municipal and 
industrial water and wastewater use under Plan 
2014.  Regulation under Plan 2014 would continue 
to provide benefits to domestic water uses in 
the Lake Ontario-St. Lawrence River region.  In its 
2006 report, the Lake Ontario-St. Lawrence River 
Study Board concluded that domestic use on the 
St. Lawrence River would be affected by water 
levels regardless of the regulation plan.  However, 
additional analysis undertaken for this study 
concludes that there would be no difference in 
those effects between Plans 2014 and 1958DD.  

The Study Board’s municipal and industrial water 
use studies9 were based on the responses to 
questionnaires sent to 43 water treatment plants 
and 79 wastewater treatment plants in the basin.  
Shore well10 and industrial users were also studied.  
Researchers and utility managers considered how 
low and high critical lake and river level elevations 
would affect domestic water uses.   
The questionnaire responses were supplemented 
by telephone conversations and on-site visits in 
Quebec, New York and Ontario.  Other issues, such 
as the impact of frazil ice at lower water surface 
elevations, were investigated, as well. 

The Study Board identified two potential low 
water issues: whether water supply plants could 
draw water through the intake; and whether the 
quality of water drawn in at those levels would 
require additional treatment to avoid taste and 
odor problems.  In general, evaluation of the ability 

to withdraw water was based on the minimum 
amount of water or “cover” that an operator would 
prefer to have above an intake structure.  On Lake 
Ontario, water intakes are at least 3.6 m (12 ft) below 
chart datum (also known as low water datum), with 
large system intakes 12 to 18 m (40 to 60 ft) deep.  
St. Lawrence River water treatment plant operators 
reported taste and odor problems had occurred 
at low river stages, and researchers developed 
cost estimates for treatment based on operator 
experience.  

The Study Board concluded that during long 
droughts, St. Lawrence River municipal water 
suppliers would need to undertake additional 
treatment because of taste and odor issues caused 
by the tendency for increased algal blooms at lower 
water elevations.  However, the frequency and 
magnitude of this effect would be the same under 
Plan 2014 as under Plan 1958DD.

The Study Board also identified potential high water 
effects on water supply operations and wastewater 
treatment discharges.  Flood damages to plant and 
shore protection structures were measured under 
the coastal sector in the Lake Ontario-St. Lawrence 
River Study.  Wastewater treatment plant operators 
identified the high and low water elevations that 
would begin to affect or even interrupt the services 
they provided.

During and after the 2000-2006 Study, concerns 
were raised about the flooding of water supply 
and wastewater infrastructure on the Lake Ontario 
south shore.  In all these cases, the facilities reported 
experiencing problems with the lake levels in 
recent decades under the current regulation plan.  
Following additional interviews and analysis, the 
Study Board concluded that, “municipal, industrial 
and domestic water-use facilities are generally not 
vulnerable to water level changes.”  For example, 
the Study Board reported that the Ginna Nuclear 
Generating Station planned to address design issues 
relating to the intake of water at low water levels 
that could occur with any regulation plan.  However, 
the Monroe County potable water treatment plant 
in Greece on the south shore of Lake Ontario would 

8  Based on Lake Ontario-St. Lawrence River Study Municipal, Industrial and Domestic Water Uses Technical Work Group Report (IJC, 2006a).
9  IJC, 2004
10  A shore well is a well close to a lake in which the well water levels are directly influenced by lake levels.
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experience problems even within the historical high 
water level range.  

The Study Board also found that the Montreal water 
supply system could be at risk in the future if river 
levels fell below historical lows in conditions similar 
to those modeled with the driest climate change 
scenario. 

During the IJC’s 2013 public hearings on Plan 2014, 
representatives from the Village of Sodus Point, NY, 
reported that the main municipal sewer lift station 
was “at an elevation of 248 feet above sea level” and 
that higher Plan 2014 water levels would create a 
health and environmental hazard from some low-
lying Wayne County septic systems (Figure 11).  As 
noted earlier in this report, the IJC acknowledges 
that Lake Ontario levels would exceed this level 
slightly more often under Plan 2014 than under Plan 
1958DD.  However, Lake Ontario has risen above 
75.59 m (248.0 ft) under Plan 1958DD in the 1970s 
and 1990s and will under any regulation plan with 
high water supplies to the lake.  Parts of Wayne 
County,  including septic tanks on Crescent Beach, 
will continue to be vulnerable to flooding and 
erosion under any regulation plan.  

Regulation of Lake Ontario levels under either Plan 
2014 or Plan 1958DD greatly reduces the frequency 
and depth of flooding in Sodus Point that would 
occur without regulation.  The IJC recognizes that 
Lake Ontario’s shoreline, particularly the south 
shore, is vulnerable to damage that can occur with 
any regulation plan due to extremely high supplies 
that have occurred a few times in the 20th century.  
The IJC supports collaborative attempts to reduce 
this vulnerability.  Moreover, the IJC’s extensive 
work with communities along the Lake Ontario-St. 
Lawrence River shoreline in Canada and the United 
States provides a unique opportunity to promote 
greater public and private collaboration to address 
this challenge.

4.2 Commercial Navigation

4.2.1 Overview of the Use11 

Commercial navigation uses include domestic 
and international commercial ships transporting 
goods in the St. Lawrence and Lake Ontario system, 
including the St. Lawrence Seaway and the Port 

of Montreal.  Ship traffic at the Port of Montreal 
includes ship transiting the Seaway and larger, 
deeper-draft ocean-going ships.

An estimated 70,000 jobs and nearly $4 billion in 
income and expenditures have been attributed 
to St. Lawrence River-Great Lakes commerce 
that transited the New York State waters (Martin 
Associates, 2011).  The Port of Montreal handles 
more than 30 million tonnes of cargo annually and 
over 1 million TEUs (twenty-foot equivalent unit 
containers) (Port of Montreal, 2012).  

The St. Lawrence River hydropower project was 
designed and built separately from the Seaway 
locks and channels but was to “be adaptable to the 
improvement of the International Rapids Section 
of the St. Lawrence River for navigation purposes” 
(IJC, 1952).  The regulation of water levels and flows 
affects the water depths available on Lake Ontario 
and the St. Lawrence Seaway, which runs from 
Lake Ontario to Montreal.  Lake Ontario outflow 
regulation also affects the levels at the Port of 
Montreal and those in the St. Lawrence ship channel 
as far downstream as Trois Rivières, QC.  

4.2.2 Effects of Plan 2014

The IJC finds that, overall, Plan 2014 would provide 
about the same benefits as Plan 1958DD for 
commercial navigation in the Lake Ontario-St. 
Lawrence Seaway, as well as for ships using the Port 
of Montreal and lower St. Lawrence River.  

Plan 2014 was developed and refined in 
collaboration with representatives of the navigation 
industry, including officials from the Canadian and 
U.S. St. Lawrence Seaway agencies and the Port 
of Montreal.  The plan includes rules to support 
adequate levels for full-draft ships on the Seaway 
at all points in the navigation channel from Lake 
Ontario to Lake St. Louis.  Formalized rules built into 
the plan mean that the Seaway would no longer 
have to rely on discretionary deviations by the 
Board of Control to provide adequate levels on Lake 
St. Lawrence and Lake St. Louis for shipping.  

To address situations when water supplies are 
extremely low and threaten the plan’s ability 
to maintain full depths throughout the system, 
the revised Orders would give authority to the 

11  Based on Lake Ontario-St. Lawrence River Study Commercial Navigation Technical Work Group Report (IJC, 2006b).
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Board to deviate from the Bv7 release rules when 
Lake Ontario levels are at low trigger levels to 
provide relief to water intakes, navigation and 
hydropower in the system, consistent with the 
order of precedence of uses specified in the Treaty.  
In response to comments received during public 
consultations on Plan 2014, the IJC modified the 
draft directive to grant the Board the authority to 
deviate without first needing approval from the IJC 
(see Annex C).

The revised Order would establish the International 
Lake Ontario-St. Lawrence River Board, reporting to 
the IJC, to oversee daily operations and oversight 
of Lake Ontario-St. Lawrence River water levels and 
flows.  In recognition that safe navigation depends 
on adequate water levels throughout the system, 
navigation expertise will be included on this Board.

Shipping Costs

The IJC’s Lake Ontario-St. Lawrence River Study of 
the effects of regulation on commercial navigation 
was designed by experts from the Great Lakes-St. 
Lawrence Seaway Navigation community12.  The 
Study measured the impact of available water 
depths and water velocities on shipping costs in 
the different reaches of the Lake Ontario and St. 
Lawrence River system.  Table 2 lists the results using 
the Study’s commercial navigation performance 
indicators. 

The Commission finds that, overall, 
Plan 2014 will provide about the 
same benefits as Plan 1958DD for 
commercial navigation in the Lake 
Ontario-St. Lawrence Seaway as well 
as for ships using the Port of Montreal 
and lower St. Lawrence River. 

Review of the navigation performance indicators 
after the Study found that the cost of light-loading13 
ships due to limited available depths downstream 
of Montreal had been underestimated, as only the 
effect on the ship travel cost on the St. Lawrence 
River had been included rather than the effect on 
travel costs on the entire ocean route.  (A post-study 
analysis showed that correcting this error would 
not change plan rankings).  Later, Seaway entities 
also questioned several of the assumptions in the 
Study’s economic analysis of navigation, particularly 
those regarding costly ship stoppages due to unsafe 
velocities in the international section of the St. 
Lawrence River (St. Lawrence Seaway Management 
Corporation. 2008).  They suggested that instead of 
an economic analysis, an analysis of water levels and 
flows resulting from the regulation plans would be 
more appropriate.  

A full suite of water level and flow statistics defined 
by the Study Board’s navigation work group is 
available for all regulation plans, including Plan 
2014.  This analysis indicates the frequency and 
magnitude of levels that require light-loading by 
ships on different routes and the frequency of flows 
greater than that considered safe by the Seaway.   
Although such statistics do not reveal the economic 
impact on navigation, the IJC did consider these 
statistics in its evaluation.  This analysis shows that: 

•  the frequency of low levels on the St. Lawrence 
River at Montreal would be about the same 
under Plan 2014 as Plan 1958DD;

•  Plan 2014 would increase the frequency of rare 
low levels Lake Ontario14 that cause some ships 
that operate only on Lake Ontario to light-load; 
and, 

•  overall, there would be slightly fewer draft 
restrictions due to low levels for ships transiting 
the route from Lake Ontario to Montreal with 
Plan 2014 than with Plan 1958DD, which is the 
result of the rules built into Plan 2014 that better 
coordinate levels on the river with those on  
the lake.     

12   The Navigation Technical Working Group was led by representatives from the Canadian St. Lawrence Seaway Management Corporation, the U.S. 
Army Corps of Engineers, and the Shipping Federation of Canada.  It also included members from the Port of Montreal, the Montreal Port Authority, 
Transport Quebec, the Canadian Coast Guard, and the U.S. St. Lawrence Seaway Development Corporation (IJC 2006).

13   To light-load means to take on a load less than the ship capacity or less than a complete cargo, as the fully loaded ship would be too close to the 
channel bottom because of low water levels

14   Analyses using the stochastic 50,000-year water supply set indicated that the frequency of quarter-month mean Lake Ontario levels below 74.27 
m (the lake level required for full Seaway draft ships to transit without restrictions) during the nominal seaway season would increase from 1.8% to 
3.3% of the time.  The frequency of Lake Ontario levels below 74.00 m during the nominal seaway season would increase from 0.3% to 0.8% of the 
time.     
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Some navigation interests are concerned that lower 
Plan 2014 Lake Ontario levels, while very infrequent, 
could significantly impact commercial operations.  
Ships that do not leave Lake Ontario would have to 
carry reduced loads in those periods.  However, most 
ships that traverse Lake Ontario are on their way 
to the St. Lawrence River or upper Great Lakes, and 
are loaded based on the minimum depth available 
along their entire route.  The loading depths of 
ships that transit Lake Ontario and the upper Great 
Lakes may not be affected by lower Lake Ontario 
levels due to even shallower conditions on the 
upper lakes.  The Lake Ontario-St. Lawrence River 
Study navigation analysis models did not consider 
the effect that water levels on the upper Great 
Lakes may have on shipping, but historical data 
demonstrate that Lakes Superior, Michigan and 
Huron are far more likely to determine ship loading 
than Lake Ontario levels under Plan 2014.  Depths of 
water shown on Great Lakes navigation charts are 
referenced to one low water elevation called chart 
datum on each lake.  Based on simulations using 
historical water supplies, Lake Ontario would be 
below chart datum during the seaway season 4% 
of the time under Plan 2014, while Lake Superior 
would be below chart datum 19% of the time and 
Lakes Michigan and Huron, 21% of the time.  Thus, 
though Plan 2014 does not affect levels of any of 
the Great Lakes except Lake Ontario, water levels on 
the upper lakes should be taken into consideration 
when evaluating the effects of Lake Ontario 
regulation plans.   

Other Benefits to Navigation Interests

The IJC concludes that Plan 2014 would offer 
benefits for navigation beyond providing adequate 
shipping depths.  These additional benefits include 
the following: 

•  Certainty of benefits that have previously been 
obtained through deviations at the discretion of the 
Board of Control.  Criterion H1 of the conditions to 
be included in a new Order of Approval (Annex 
A) would mandate limits on the occurrence 
of low levels at the Port of Montreal to rates 
similar to what has been achieved through past 
discretionary deviations from Plan 1958-D by 
the Board of Control.  Criterion H2 would provide 

similar protection of levels on the Seaway at Lake 
St. Louis.  

•  Clearer definition of the conditions required for 
long-term major deviations that help commercial 
navigation.  Criterion H14 would provide 
protection for navigation similar to criterion k of 
the current orders.  The IJC changed the Directive 
on Deviations based on comments received 
during the 2013 Hearings on Plan 2014 so that 
the Board would no longer need to seek IJC 
approval to make these deviations.  Under the 
current orders, the IJC has to approve criterion k 
deviations.

•  Greater ability to improve operations. With an 
adaptive management framework in place,   the 
performance of Plan 2014 for navigation would 
be monitored and suggested improvements 
tested.

•  Safer velocities.  More natural changes in flow 
from week to week and better maximum 
outflow rules would provide safer velocities for 
navigation in some circumstances.

In addition, minor deviations authorized now as part 
of Plan 1958DD to provide short-term assistance 
to commercial navigation would continue under 
Plan 2014.  Deviations from the new regulation plan 
are expected to be much less frequent, because 
procedures to provide adequate river levels in the 
Seaway have been built into the new plan that were 
not in Plan 1958-D.

4.3 Hydropower

4.3.1 Overview of the Use15 

Hydropower uses include: the two hydroelectric 
generating stations on the international section of 
the St. Lawrence River (the Robert-Moses station 
owned by the New York Power Authority and 
the Robert H Saunders station of Ontario Power 
Generation, which together form the Moses 
Saunders Dam); and the Beauharnois and Les Cedres 
stations of Hydro Quebec at the outlet of Lake  
St. Francis.

 Combined, these power plants have an annual 
hydropower production of approximately  

15   Based on Lake Ontario-St. Lawrence River Study Hydroelectric Power Generation Technical Work Group Report (IJC, 2006c). 
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25 million MWh (13 million MWh at Moses-Saunders 
and 12 million MWh at Beauharnois-Les Cedres).  
The market value of this energy is approximately  
$1.5 billion U.S. a year at current market rates.16  
These hydroelectric plants produce enough energy 
to meet the needs of about two million homes. 

4.3.2 Effects of Plan 2014

Under Plan 2014, the slightly higher and more 
natural fall through spring Lake Ontario levels that 
benefit coastal ecosystems also would slightly 
increase the head17 and thus, energy production 
at the Moses-Saunders power plants.  Plan 2014 
also would slightly increase the amount and value 
of hydropower produced at the Hydro-Quebec 
plants.  Although the higher Lake Ontario levels 
also would slightly reduce the head at the Niagara 
power plants, the net effect would be to increase 
the production of hydropower at all these plants by 
about 0.4%, or enough to supply the needs of about 
8,000 homes. 

In the Lake Ontario-St. Lawrence River Study, the 
economic experts panel advised the Study Board 
that the best metric to reflect societal impact in 
the energy sector was the increase in the value of 
hydropower energy caused by different regulation 
plans.  Other societal metrics, such as the reduction 
in carbon emissions, were acknowledged but not 
evaluated in economic terms. 

The Hydropower Technical Work Group of the Lake 
Ontario-St. Lawrence River Study helped design 
other metrics that were important to hydropower 
producers, termed the stability and predictability 
of flows.  More stable releases change less from 
week to week, while more predictable releases 
change less from month to month.  When possible, 
hydropower producers will take turbines out of 
production for maintenance only when the water 
release can be routed through other turbines that 
remain in service.  A large, unexpected release 
increase may require spilling part of the release 
(that is, releasing the water but not running it 
through a turbine to create electricity).  Plan 2014 

would provide slightly more stable and predictable 
releases, thereby reducing the chance of energy 
losses during turbine maintenance.18 

 4.4 Coastal Development

4.4.1 Overview of the Interest19  

Coastal development interests include individuals 
and organizations with a direct interest in the 
property along the shorelines of Lake Ontario 
and the St. Lawrence River (riparian property), 
particularly private property owners.

Approximately 60% of the Lake Ontario and St. 
Lawrence River shoreline is devoted to residential 
land use.  In some of the developed counties, such as 
Monroe County, in New York on the southeast shore, 
the percentage of developed property is much 
higher, at almost 90% (Figures 11 and 12).   
The Lake Ontario-St. Lawrence River Study 
concluded that an estimated 25,000 privately 
owned riparian properties are located on Lake 
Ontario and the St. Lawrence River upstream of the 
Moses-Saunders Dam.  More than 3,000 shoreline 
property parcels are located below elevation 76.2 
m (250 ft) and could be at risk of flooding on Lake 
Ontario and the upper St. Lawrence River.

On the St. Lawrence River downstream of the 
Moses-Saunders dam, there are an estimated 
5,770 single-family dwellings within the 100-year 
floodplain, with an estimated value of $380 million.  

 Shoreline protection structures are already present 
for a large percentage of riparian properties 
exposed to flooding and erosion hazards around 
the shores of Lake Ontario (Figure 13).  Analysis 
undertaken as part of the Lake Ontario-St. Lawrence 
River Study found that approximately half of the 
developed shoreline length has been armoured 
with some sort of shorewall or revetment.  In 
addition, shore protection measures have been 
added to about half of the total frontage on both 
the Canadian and American shores of the lower  
St. Lawrence River.

16   Estimated price of $60 per MWh.
17   The change in elevation between the water level upstream and downstream of the hydropower dam.  Head, flow and turbine efficiency determine 

how much power is generated.   All else being equal, greater head means more power generation.
18   Flow into a turbine can be redirected to other turbines when it is necessary to perform maintenance or repair tasks, but only if the total flow is small 

enough to fit the capacity of the remaining turbines.  When possible, turbine maintenance is scheduled for periods when releases are expected to 
be low.  Plan 2014 releases do not change as much as 1958DD releases from week to week or even month to month.

19   Based on Lake Ontario-St. Lawrence River Study Coastal Processes Technical Work Group Report (IJC, 2006d).
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Figure 11 

Crescent Beach, Wayne County, NY

Figure 12 

Monroe County, NY

These photographs, taken in March 2012, show two locations on the south shore of Lake Ontario when water levels are at 74.98 m 
(246.00 ft) IGLD 1985.   This level is slightly above average for that time of the year, more typical of mid-summer levels, though 0.78 m 
(2.6 ft) below the maximum recorded level.  Almost all the damage estimated by Lake Ontario coastal computer models is related to 
shore protection structures (either damage to existing structures or erosion that requires a new structure to protect a building).  But 
there are some buildings that are vulnerable to flooding and storm damage, no matter the regulation plan. 
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4.4.2 Effects of Plan 2014

Over the past several decades, many property 
owners and their municipal and state elected 
representatives on the south shore on Lake Ontario 
in New York have expressed concern about coastal 
property damage from high lake levels.  During 
public hearings on Plans 2007 and 2014, property 
owners spoke to the IJC about damage that has 
occurred in the past and additional damage that 
could result with a change in the regulation plan.  

The damages, as identified in Table 3, suggest 
that Lake Ontario coastal development will be 
vulnerable, no matter the regulation plan.  Both the 
gross and net damages in Table 3 show that these 
damages are mainly to shore protection structures, 
not homes.  The vulnerable shore protection 
structures typically are revetments made of large 
rocks piled in a sloping cross-section on the graded 
bank of the shore, or vertical shore walls made of 
concrete or steel sheet-piles capped by a concrete 
or stone pad, or a combination of these structures.  

The structures are meant to stop erosion of the bank 
by absorbing or reflecting the energy of coastal 
waves.  The size of the rock, the steepness of the side 
slope and especially the elevation of the top of the 
structure are all important factors in the design of a 
revetment.  A single major storm event with waves 
that rush over the top of such structures can cause 
significant erosion damage to the structure. 

Computer simulations show that average annual 
damages to the Lake Ontario coastal development 
are expected to be somewhat larger under Plan 
2014 than under Plan 1958DD.  These long-term 
simulations are based on estimates of the damages 
under 1958DD and each alternative plan.  For 

Figure 13 

Examples of Shore Protection, Lake Ontario 

(source: U.S. Army Corps of Engineers)
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example, the average net increase in damage to 
all Lake Ontario shore protection structures for 
Plan 2014 is estimated at $1.94 million per year 
(the difference between estimated average annual 
damages of $15.48 million for Plan 1958DD and 
$17.43 million for Plan 2014). 

The fact that Plan 2014 would cause more 
damage on average does not mean that 
continued regulation under Plan 1958DD would 
guarantee lower coastal damages.  In some future 
circumstances, Plan 2014 could reduce damages 
compared to those under Plan 1958DD.  The 
damages summarized in Table 3 are based on 
thousands of simulations of different water supply 
scenarios, each representing a different, possible 
sequence of water flowing into Lake Ontario.  Of 

these, there are more scenarios in which Plan 2014 
damages are greater than Plan 1958DD damages, 
but many in which Plan 1958DD is more damaging.  
The near-term future could include either type of 
water supply sequence. 

Coastal damage will occur no matter 
the regulation plan

Most of the damage is to shore 
protection structures, not homes

More often than not, Plan 2014 would 
increase damages compared to Plan 
1958DD

Table 3  
Gross and Net Damage to Lake Ontario Coastal Development 
(in $US millions 2005)

Expected Average Annual Lake Ontario Coastal Damages 1958DD 2014 Bv7  Natural

Damages $18.15 $20.37 $21.26 $45.53

Shore Protection Maintenance $15.48 $17.43 $18.11 $35.33

Erosion to Unprotected Developed Parcels $2.50 $2.66 $2.67 $3.08

Flooding $0.17 $0.28 $0.49 $7.11

% total damage attributed to shore protection structures 85% 86% 85% 78%

Net change from 1958DD damages $0.00 $2.22 $3.11 $27.38

Net damages to shore protection structures $1.94 $2.62 $19.85

% of changes attributes to shore protection structures 88% 84% 73%

Under either Plan 1958DD or Plan 2014, only about 1% of expected coastal damage is due to flooding of buildings; the rest is due to 
damage to existing shore protection (85-86%) and the costs of new shore protection because of erosion of unprotected developed 
parcels (13-14%).  Five percent of the increase in coastal damages along Lake Ontario under Plan 2014 is due to increased flooding.  

The Natural Plan (referred to as Plan E in Study documents) represents the release of Lake Ontario water through the existing flow 
control structures equivalent to what would occur with the river as it was circa 1953-1955 after removal of Gut Dam, but before any 
of the structures or channels approved in the 1952 and 1956 Orders were built, with minimal adjustments to reflect necessary ice 
management with the structures in place. Plan 2014 combines the release rules of Bv7 with deviations described in Annex C. 
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Tradeoffs in Managing the Natural and 
Developed Shore

 There are challenges to balancing healthy coastal 
wetlands and property damage along the Lake 
Ontario shoreline.  In its 2006 report, the Lake 
Ontario-St. Lawrence River Study Board found that 
Plan 1958DD came close to minimizing damages 
for Lake Ontario shoreline property owners but had 
reduced the diversity of plant types along the shore 
and populations of animal species that feed on and 
live in the environments affected by the reduced 
water level ranges.

The Study Board and Working Group produced 
a range of regulation plans that met the Treaty’s 
requirements but that produced different levels 
of benefits among interests.  No plan, however, 
could completely overcome this inherent conflict.  
Plans that restored a significant measure of coastal 
ecosystem health did so with more natural lake 
levels.  More natural levels, by contrast, increased 
damages to vulnerable shoreline development.  An 
alternative such as Plan 2007, which relaxed the 
compressed summer levels Lake Ontario while 
keeping autumn and winter levels unnaturally low, 
resulted in a slight reduction in coastal damages 
on average, but did little to reverse the harm to the 
environment. 

In selecting a new regulation plan, the IJC chose to 
strike a balance between the two objectives.  Plan 
2014 produces a large improvement in coastal 
ecosystems in return for a small reduction in the 
benefits provided in the 1956 Order for those 
shoreline property owners who need to maintain 
shore protection to limit erosion and flooding.   

Most south shore residents who testified in the 2013 
hearings opposed Plan 2014.  They argued that Plan 
2014:

• would cause significant coastal damage;

•  is based on past studies that underestimated 
impacts to south shore residents; 

•  is unfair because only the south shore would be 
hurt by Plan 2014;

•  changed the rules for regulating Lake Ontario 
water levels after decades of long-term 
development decisions were made based on the 
previous regulation rules;  

•  damages should be mitigated if the plan were 
implemented; and, 

• is based on flawed wetland science. 

The IJC considered each of these concerns carefully 
before making its findings in support of Plan 2014.  

Concern 1: Coastal Damage

Some south shore residents expressed concern 
that the new regulation plan would destroy coastal 
development and with it, the associated tax revenue, 
property values and tourism opportunities upon 
which shoreline counties depend. 

This risk exists no matter the regulation plan.  
While models demonstrate that Plan 2014 is likely 
to increase coastal damage to shore protection 
structures on Lake Ontario by a relatively small 
margin, the same models also demonstrate that 
coastal damage could occur under either plan in the 
near future. 

About 87% of the increase in expected damages 
to Lake Ontario coastal development under Plan 
2014 would be to shore protection structures 
(Figure 14).  This incremental damage could be 
avoided by designing such structures a few inches 
higher.  Another 7% of the increase in cost would 
be due to new shore protection structures for 
currently unprotected developed properties.  These 
structures would be built with either Plan 2014 or 
Plan 1958DD.  But it is expected that they would be 
needed sooner with the higher frequency of higher 
levels under Plan 2014.  

Figure 14 

Increases in Lake Ontario Coastal Damage under 
Plan 2014, by Type 

Flooding

Erosion

Shore protection
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The incremental increase from Plan 1958DD to 
Plan 2014 flooding damage to homes and other 
buildings is about 5%.  Based on the best estimates 
available to the IJC, Plan 2014 would not change 
the floodplain delineation.  Rather, the 5% increase 
in damages is based on the use of standard “depth 
damage” relationships that show the typical increase 
in damages with each additional centimeter 
(or inch) of flooding.  The Plan 2014 maximum 
Lake Ontario level in the historical simulation, for 
example, is 6 cm (less than 3 inches) higher than the 
Plan 1958DD maximum level (Figure 15).  

Water levels could be both higher and lower than 
any on record, regardless of the plan.  With Plan 
2014, if Lake Ontario water levels reach the high 
trigger levels, then releases from the dam would 
need to provide all possible relief to the riparian 
owners upstream and downstream.  This is the same 
release requirement provided by criterion k of the 
1956 Order.  The proposed new Order would define 
a clear threshold for the relief to riparians, thus 
eliminating the need for IJC authorization.  

The potential for record-breaking water supplies 
to cause serious damage to shoreline property was 
noted in testimony before the IJC.  The risks of this 
level of damage are about the same under Plan 
1958DD and Plan 2014.  Because of the triggers, 
the more extreme the water supplies, the more 
Plan 2014 levels and releases would resemble Plan 
1958DD levels and releases.  At Lake Ontario levels 
of 76.0 m (249.34 ft) and higher, Plan 1958DD levels 
are higher than Plan 2014 levels 50% of the time.

Concern 2: Measurement of Effects

As noted, the Lake Ontario-St. Lawrence River 
Study Board had to limit studies in all categories, 
including coastal property damage, to those effects 
that were significant and useful in discerning 
differences between alternative regulation plans.  
An expert panel of economists advised the Study 
Board that measurement of secondary effects 
would have been practically impossible and, more 
importantly, unnecessary for plan ranking because 
the secondary effects moved proportionately with 
the major economic and environmental effects.

The Study Board accepted the expert opinion.  The 
IJC endorses this finding. 

Concern 3: Distribution of Effects

The negative net effects of Plan 2014 are all above 
the dam, because Plan 2014 is designed to reverse 
some of the environmental damage caused by 
compression of the range of Lake Ontario levels 
called for in the 1956 Order to reduce Lake Ontario 
coastal damage. 

The compression of Lake Ontario levels 
since 1960 helped some riparians and 
hurt coastal ecosystems.

More natural levels hurt some 
shoreline protection structures and 
help coastal ecosystems. 

Plan 2014 eliminates much of the 
environmental damage caused by past 
regulation while preserving most of the 
benefits to riparians.

Figure 15 

Comparing Maximum Triggering Levels of the  
Two Plans 

Based on historical supplies, Plan 2014’s projected 
maximum level would be 6 cm (2.4 in) higher than the 
maximum level under 1958DD.  By way of comparison,  
a tennis ball is about 6.7 cm in diameter
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As Table 3 shows, without water level regulation the 
damage to existing development on Lake Ontario 
and the St. Lawrence River would be more than 
$27 million per year higher on average than under 
the current regulation regime.  Plan 2014 would 
eliminate much of the environmental damage 
caused by past regulation while preserving most of 
the benefits to shoreline property owners. 

The meadow marsh performance indicator was 
used by the Study Board as an important indicator 
of how well a regulation plan produced diverse and 
robust wetland ecosystems. As shown in Tables 1 
and 2, Plan 2014 would restore about 72% of the 
lost natural meadow marsh performance indicator20 
and a third of the lost natural northern pike young-
of-year net productivity21 at only about 8% of the 

Lake Ontario coastal damage expected in the 
natural unregulated system (Natural Plan/Plan E).  
Plan 2014 produces significant environmental gains 
while reducing the level of coastal damages caused 
by Plans B+ and Bv7.  Wildlife biologists and coastal 
engineers worked together for years to achieve this 
result. 

Concern 4: Past Siting and Design Decisions

During the 2013 hearings, the IJC heard testimony 
from some representatives of Lake Ontario’s south 
shore that the IJC should not change the regulation 
plan because so many siting and design decisions 
had been made based on the lake levels expected 
with the 1956 Order.  

20   The meadow marsh indicator is the ratio of the area of meadow marsh created by a plan after a long drought compared to the area produced by 
Plan 1958DD.  The simulation of the Natural Plan (which is not, strictly speaking, a regulation plan, but rather refers to measures that are necessary 
in winter to avoid ice jams), produced a meadow marsh score of 1.56; Plan 2014 scores 1.41, a 41% increase in meadow marsh area. Damage to 
riparians was estimated in the Flood Erosion and Protection System (FEPS) model; three coastal damage indicators were used by the Study Board: 
flooding, erosion and shore protection damage, measured as the average annual change in damages or costs in each of the three sectors.  The FEPS 
modeling indicated that the Natural Plan would on average cause $27.38 million more in damages along the Lake Ontario shore than Plan 1958DD, 
while Plan 2014 would cause $2.22 million.  Comparing these two indicators, Plan 2014 gets 72% of the Natural Plan meadow marsh score for 8% of 
the E coastal damage cost.

21   Young-of-year productivity is the amount of young fish (egg, fry, and juvenile, stages before sexual maturity) introduced into the system each year, 
measured in terms of the number and weight of the fish. 

Figure 16 

Spaghetti Graphs of Plan 1958DD and Plan 2014. Lake Ontario Levels

Note:  historical water supplies, spliced at mid-year to compare levels.

Plan 2014 increases the frequency of high lake elevations compared to 1958DD, but water levels under either plan will destroy shore 

protection designed for only the 1.22 m (4ft) range.  
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However, the IJC also heard testimony that 
development in this region typically has not been 
designed to withstand the actual levels experienced 
with the existing regulation plan, Plan 1958DD.  
Some testified that south shore development that 
flooded in the 1970s flooded again in the 1990s 
and will flood again at those same elevations.  The 
IJC also heard testimony from south shore citizens 
during the hearings that shore protection structures 
are still being designed based on only a 1.22 m (4 ft) 
range in Lake Ontario levels.  The “four-foot range” 
is a reference to the first part of a phrase in the 
1956 Order to regulate Lake Ontario levels “within a 
range of stage from elevation 74.15 meters (243.3 feet) 
(navigation season) to elevation 75.37 meters (247.3 
feet), as nearly as may be.” 

Note that the “nearly as may be” clause 
acknowledged even then that natural variation in 
water supplies could cause a wider range of levels.  
The criteria in the IJC’s 1956 Order were clearly 
formulated on the knowledge that this range could 
not be guaranteed if supplies were more extreme 
than supplies of the past period of record (1860-
1954).  Water supplies to Lake Ontario in the 1970s, 
1980s and 1990s were more extreme than those of 
the 1860-1954 period.  As the split-screen spaghetti 
graph in Figure 16 shows, water levels under either 
plan will exceed the 1.22 m (4 ft) range even with 
historical supplies. 

The fact that Lake Ontario levels will, despite the 
best efforts of the Board of Control under the 
existing 1956 Order, rise above and fall below the 
1.22 m target range was demonstrated in the 1960s, 
1970s and 1990s.  Stochastic hydrology analysis 
developed by scientists during the Lake Ontario-St. 
Lawrence River Study suggests that it is possible 
that Lake Ontario levels under Plan 1958DD could 
rise above 76.5 m (251 ft) and fall below 73.0 m. 
(240 ft), a range of 3.5 m (11 ft) (Figure 17).  These 
elevations were the most extreme reached in 
the simulation using the stochastic supplies.  The 
damaging water elevations seen in 1952 (before 
regulation), 1973 and 1993 are not uncommon.  As 
a result, some communities along the south shore 
will suffer coastal damages, again no matter the 
regulation plan.

As suggested by the stochastic supply analysis, it 
is likely that future water levels will again reach 
the high levels recorded in the 1970s and 1990s, 

regardless of the regulation plan.  The Lake Ontario-
St. Lawrence River Study evaluation models verify 
this, showing that when the stochastic supplies are 
used as input to the plans, the average annual shore 
protection costs on Lake Ontario are $15.48 million 
under Plan 1958DD, and $17.43 under Plan 2014 
(Table 3). 

The projected effects of first-floor flooding of homes 
and other buildings and erosion to unprotected 
developed parcels are much smaller.  Flooding 
damages under Plan 1958DD average $170,000 per 
year and $280,000 per year under Plan 2014.  Study 
models do not indicate an increase in the number 
of homes flooded by Plan 2014 compared to Plan 
1958DD.  

Analysis using models developed for the Lake 
Ontario-St. Lawrence River Study suggests that Plan 
2014 would not trigger a change in the floodplain 
delineation or in the base flood elevation.  As noted, 
the difference in the maximum Lake Ontario levels 
of Plan 2014 and 1958DD in the historical water 
supply simulation is 6 cm (about 2.4 in).  Given that 
floodplains are delineated at whole-foot increments, 
they are unlikely to be affected by such small 
increases in static levels. 

Figure 17 

Lake Ontario Water Level Ranges, Plan 2014 and 
Plan 1958DD
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The stochastic water supply data include much wetter and drier 
periods than have been recorded.  Plan 2014 maximum Lake 
Ontario levels are 6 cm (2 in) higher than Plan 1958DD for the 
historical simulations, shown as solid lines in the figure above, as 
well as for the stochastic simulations, shown as dashed lines.
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Analysis by the Study Board suggests 
that Plan 2014 would not change the 
floodplain delineation or the base 
flood elevation, which is specified in 
whole-foot increments.  

Study models do not indicate an 
increase in the number of first-floor 
flooding of homes under Plan 2014 
compared to 1958DD. 

The performance indicator used in the Study’s 
evaluation model that accounts for the erosion of 
unprotected developed parcels of land measures 
the cost of future shore protection built when 
erosion brings the top of the shoreline within 10 m 
(33 ft) of the building to be protected.  Plan 2014 
would not change the number of these shoreline 
structures that eventually would be needed to 
protect their buildings, but typically would require 
homeowners to build the protection structures 
earlier, because the rate of erosion of the bank 
would be slightly higher.  That is, the increase in 
average Plan 2014 erosion costs over Plan 1958DD 
costs represents the cost of building the same 
structure sooner.  The two categories of damage 
relating to shore protection structures account for 
about 99% of the coastal damage under Plan 2014, 
with about 1% related to the flooding category.

Concern 5: Mitigation of Damages

The regulation of the outflows from Lake Ontario 
under the rules of Plan 2014 would continue to 
substantially reduce natural high levels and reduce 
the damages the south shore would experience 
without regulation of flows.  As a result, Plan 2014 
would benefit, not injure, south shore riparians 
relative to the unregulated condition.  

The IJC’s studies have underscored what other 
studies and past experience have shown: that future 
high Lake Ontario levels under any regulation 
plan, coupled with storms and wave action, can 
be expected to damage or threaten existing shore 
protection, water and wastewater systems and even 
some homes.

The IJC recognizes the complexity and difficulty of 
coastal zone and floodplain management, and the 

evolving and varied views evident in the responses 
to Hurricanes Hazel (1954), Katrina (2005) and Sandy 
(2013).  However, the IJC believes that complex 
decisions to invest and manage coastal zones and 
floodplains should be based on the best available 
evidence of risk.

The level of risk accepted in the design of homes, 
structures and infrastructure systems is addressed 
by domestic regulations.  The IJC can only inform 
those considerations with evidence from its own 
investigations.  The IJC heard testimony and 
collected evidence in its own studies showing that 
damages or expense to avoid damages to shore 
protection structures and water and wastewater 
systems would occur under either Plan 1958DD or 
Plan 2014 more often than the common 1-in-100 
years standard.

The IJC is considering the findings and 
recommendations from its International Great 
Lakes–St. Lawrence River Adaptive Management 
Task Team (IJC, 2013).  The Task Team, led by experts 
from Environment Canada and the  United States 
Army Corps of Engineers (USACE), investigated ways 
to adaptively manage the risks of and response 
to the impacts of low and high Great Lakes water 
levels, including those that cannot be managed 
through regulation of the levels of Lakes Superior 
and Ontario.  The Task Team recommended that the 
negative impacts of very high and very low levels 
could be reduced if stakeholders and managers 
more effectively shared existing information on 
these risks to better support strategic decisions and 
investments. 

Concern 6: Assessment of Damage to Wetlands

Some riparians who opposed Plan 2014 because of 
the effects on property on the south shore of Lake 
Ontario told the IJC that the environmental studies 
used as the basis for justifying Plan 2014 were 
flawed.  The IJC reviewed the findings of the Lake 
Ontario-St. Lawrence River Study, the peer review 
commissioned by the IJC, and subsequent evidence 
and arguments on this subject before concluding 
that the evidence is overwhelming that current 
regulation rules damage the environment.

The Lake Ontario-St. Lawrence River Study Board 
sought out leading Great Lakes scientists to 
investigate and quantify the relationship between 
water levels and various aspects of coastal 
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ecosystem health.  The relationships were based on 
extensive field data and each study was required to 
validate the results.  

As the Study used new data and methods, the IJC 
engaged the U.S. National Research Council and the 
Royal Society of Canada to conduct an independent 
peer review.  The Study Board also conducted an 
extensive internal review process.  The National 
Research Council review concluded that the breadth 
of the study was impressive, and commended 
the scale and inclusiveness of the studies and 
models (National Research Council, 2006).  On the 
environmental studies, the reviewers concluded 
that “given the complexity of the LOSLR22 system, 
binational interests, and the range of scientific and 
other information compiled, the undertaking of this 
comprehensive study is a major contribution by 
itself” and that the “identification and inclusion of 
performance indicators advance understanding of 
the Lake Ontario-St. Lawrence River system.”  

Concluding that there were few precedents for 
a study of this scale and that opportunities for 
improvement were to be expected, the peer 
reviewers raised three general criticisms: 

•  the level of empirical su pport varied among 
different studies (there were more data 
supporting some performance indicator 
algorithms than others);

•  the level of integration among the models should 
be more dynamic, with feedback loops that would 
constitute a true systems model; and,

•  ongoing monitoring and analysis are needed to 
provide a strong scientific basis for long-term 
decision making about water level and flow 
regulation in the Lake Ontario-St. Lawrence River 
basin. 

The Study Board co-chairs and technical work group 
leads responded to the peer review (IJC, 2006e), 
concluding that none of the concerns raised by the 
reviewers challen ged the “appropriateness and 
sufficiency of the studies and models used to inform 
decisions related to regulation plan options.”  The 
co-chairs agreed with and addressed some of the 
peer review comments, but concluded that on other 
issues, such as lack of available documentation 
and the temporal resolution of the models, the 
peer review process should have allowed more 
communication between reviewers and study 
scientists.  Study Board decisions were formulated 
after extensive debate among leading experts and 
in cooperation with the PIAG.  The peer review 
process guaranteed the independence of peer 
reviewers, but as structured, that independence 
provided them with less information than study 
experts used in their decision making.

The peer review did raise questions about the 
wetlands study, and those questions were answered 
by the Study Board (IJC, 2006e).  The wetlands study 
was published in a peer-reviewed journal after the  
Study Board finished its work (Wilcox and Xie, 2007), 
and, still later, the relationships between water levels 
and wetland plants were verified in a published 
study based on historical aerial photographs  
(Wilcox et al., 2008).  

The IJC accepts the Study Board’s response to the 
peer review and the scientific conclusions of the 
Lake Ontario-St. Lawrence River Study, including 
in particular, the Study Board findings on the 
relationships between Lake Ontario water levels and 
coastal ecosystems. 

Figure 18 

Upper St. Lawrence River Wetland

(Photo: Doug Wilcox)

22   Lake Ontario-St. Lawrence River
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4.4.3  Prevention of Coastal Damage in the 
Province of Ontario

Modeling undertaken for the Lake Ontario-St. 
Lawrence River Study indicates that there would 
be coastal damage on the Canadian shore of Lake 
Ontario, particularly in the Niagara and Halton 
regional municipalities, under any regulation plan.  
However, the response from riparian interests 
along the Canadian shore of Lake Ontario has been 
markedly different.  No concern was expressed 
in Ontario about Plan 2014 damage to coastal 
development during the 2013 hearings on Plan 
2014.  There was some concern expressed during 
the meetings in Ontario held by the PIAG in 2005, 
but in public meetings in the province from 2005 
through 2013, the objective of more natural 
regulation received strong support.  

The Ontario response can be attributed in part to a 
different history and institutional setting.  In 1954, 
Hurricane Hazel caused about $1 billion ($Cdn 2013) 
dollars damage in the Toronto region, killing 81 
people and leaving thousands homeless.  After the 
hurricane, the provincial government amended the 

Conservation Authorities Act to enable an authority 
to acquire lands for recreation and conservation 
purposes and to regulate hazard lands for the safety 
of the community.23 

Along parts of the Ontario shore of Lake Ontario, 
local and regional governments are converting 
privately owned waterfront properties at risk of 
flooding or erosion to public space.  For example, 
after the flooding of the 1970s, the City of 
Burlington, Halton Region and Conservation Halton 
began the Beach Property Acquisition Program with 
support from the Province of Ontario.  After the 
purchase of 129 properties on a willing seller basis, 
less than 4% of the designated area remains under 
private ownership (City of Burlington et al., 2011).

4.4.4 Summary

In summary, the IJC recognizes that there are 
challenges to balancing ecosystem protection 
interests and benefits to shore property 
development interests along the Lake Ontario 
shoreline.  Each regulation plan involves a tradeoff 
among interests.  Plans that restore a significant 

Figure 19 
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23   Environment Canada website, Hurricane Hazel Mitigation  
http://www.ec.gc.ca/ouragans-hurricanes/

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 145 of 472



Lake Ontario - St. Lawrence River Plan 2014 41

measure of coastal ecosystem health do so with 
more natural lake levels.  More natural levels, by 
contrast, could increase damages to shoreline 
development.  

In selecting a new regulation plan, the IJC chose to 
strike a balance between the two objectives.  Plan 
2014 would produce a large improvement in coastal 
ecosystems in return for a small reduction in the 
benefits provided in the 1956 Order for those who 
live along the shore of Lake Ontario.  The effects of 
Plan 2014 on shoreline property on the lake and 
river are summarized in Figure 19. 

South shore residents who opposed Plan 2014 in 
the public hearings identified a range of concerns.  
The IJC considered each of these concerns carefully 
before making its findings in support of Plan 
2014.  Table 4 summarizes the IJC’s response to the 
concerns.

The IJC finds that costs will have to be borne to 
maintain hardened shore structures along the shore 
of Lake Ontario regardless of the future regulation 
plan.  Furthermore, the IJC finds that the benefits 
to wetlands are scientifically credible and that the 
evidence of harm by the current regulation plan is 
too great to ignore.

Public Concern IJC Response

1. Coastal Damage Plan 2014 is not expected to change the floodplain delineation 
along Lake Ontario’s shoreline

Coastal damage will be experienced under either existing plan or 
Plan 2014

Most of this damage is to shoreline protection structures

Most of the increase in damage to shore protection structures 
expected with Plan 2014 could be avoided by building these 
structures a few cm (inches) higher

New shore protection structures will eventually be needed for 
currently unprotected developed properties under either plan, 
but likely would be needed sooner under Plan 2014

2.  Measurement of Effects IJC accepts the findings of the Study Board and its expert 
panel of economists that measurement of secondary effects is 
unnecessary for plan ranking, because secondary effects move 
proportionately with the major economic and environmental 
effects

3.  Distribution of Effects The compression of Lake Ontario levels under the existing plan 
helped some riparians and hurt coastal ecosystems

Plan 2014 strikes a balance; it does not fully restore ecosystem 
health so that it can preserve most of the protection to riparians 

Table 4  

Summary of the IJC’s Response to Key Concerns Expressed by Residents of Lake Ontario’s South Shore
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Public Concern IJC Response

4.  Past Siting and Design Decisions IJC heard testimony that many designs are not based on the 
current plan; some shore protection structures are being 
designed to accommodate only a 1.2 m (4 ft) range of water 
levels, even though the range of levels under Plan 1958DD has 
been about 1.8 m (6 ft)

More than 90% of the impact to coastal property involves 
existing or new protection structures; as a result, some 
communities along the south shore will suffer coastal damages 
to existing development, no matter the regulation plan

Plan 2014 is not expected to change the floodplain delineation 
that has guided home design along the Lake Ontario’s shoreline

5.  Mitigation of Damages Future high Lake Ontario water levels under any regulation 
plan can be expected to damage or threaten existing shore 
protection, water and wastewater systems, and even some 
homes

Meaningful reductions in the level of risk can only be realized 
through the design of homes, structures and infrastructure 
systems; while these are addressed by domestic regulations, the 
IJC can inform those considerations with evidence from its own 
investigations

6.   Assessment of Damage to 
Wetlands

The IJC reviewed the findings of the Lake Ontario-St. Lawrence 
River Study, the peer review of that Study, and subsequent 
evidence and arguments on the subject of the integrity of the 
environmental science before concluding that the evidence 
is overwhelming that current regulation rules damage the 
environment

24   Based on Lake Ontario-St. Lawrence River Study Environmental Technical Work Group Report (IJC, 2006f ).

4.5 Ecosystems

4.5.1 Overview of the Interest24 

The ecosystems interest includes the biological 
components of the natural environment of Lake 
Ontario and the St. Lawrence River, together with 
the ecological services that the natural environment 
provides to people who live and work in the region.

The biological communities of Lake Ontario and 
the St. Lawrence River have, by necessity, evolved to 
adapt to the natural range of water levels and water 
level changes that occur on time scales ranging 
from wind-driven seiches that can occur several 

times daily, to the seasonal cycle, to changes that 
occur over decades and longer.

The biological effects of water level fluctuations are 
greatest in shallow water, where even small changes 
in water levels can result in conversion of a standing 
water environment to an environment in which 
sediments are exposed to the air, or vice versa.  The 
localized effects of this change in the environment 
are evident in the relatively immobile plant 
communities that occur in wetlands.  In fact, the 
patterns of water level change are the driving force 
that determines the overall diversity and condition 
of wetland plant communities and the habitats they 
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provide for a multitude of invertebrates, amphibians, 
reptiles, fish, birds and mammals.

There are more than 80 species of plants and 
animals in the Lake Ontario-St. Lawrence coastal 
zone that are sensitive to water level fluctuations 
and that are being tracked as species of concern by 
the Natural Heritage Program in New York and the 
Natural Heritage Information Centre in Ontario.  Of 
these species, 30 are officially designated by state, 
provincial or federal authorities as threatened or 
endangered.  In the Quebec section of the lower 
St. Lawrence River, there are 13 special concern, 
vulnerable, threatened and/or endangered species 
affected by water levels.

The coastal wetland area within Lake Ontario and 
the St. Lawrence River is about 26,000 ha (64,000 
acres) in size.  These wetlands are made up of 
four basic types: submerged aquatic vegetation; 
emergent marsh; meadow marsh; and upland 
vegetation (trees/shrubs) (Wilcox, et al., 2005).   
More than 80% of the wetland area occurs in the 
eastern half of the Lake Ontario basin and Thousand 
Islands region.

Further down the river, the ecological value of Lake 
St. Pierre marshes has been recognized by their 
designation as a Ramsar wetland by an international 
compact.  The lake is a UNESCO Biosphere Reserve 
and is included as a protected site under the Eastern 
Habitat Joint Venture.  With more than 12,000 ha 
(30,000 acres) of swamps and marshes, Lake St. 
Pierre accounts for 80% of lower St. Lawrence River 
wetlands.  The lake also supports a large population 
of nesting blue heron, a major staging area for 
migratory wildfowl and 167 species of nesting birds.  
Permanently submerged areas, wetlands and the 
spring floodplain are home to 13 amphibian and 79 
fish species, many of which are sought by sport and 
commercial fisheries.

4.5.2 Effects of Plan 2014

The Lake Ontario-St. Lawrence River Study Board 
concluded that the:

 “…current regulation plan has reduced the 
range and occurrences of extreme Lake Ontario 
levels as intended under the existing Order of 
Approval.  From an environmental perspective, 

this has resulted in a smaller transition zone 
within wetlands from submerged to upland 
plants, thus reducing the diversity of plant 
life along the shore and negatively impacting 
birds, fish and mammals that depend on those 
plants.  Regulation has also caused dewatering 
drawdowns in the fall through early spring, to the 
detriment of some habitat.” (IJC, 2006)  

Comparing the variability of the 101 years of Lake 
Ontario water levels resulting with no regulation 
and with regulation under Plan 1958DD (shown in 
Figures Ex-1 and Ex-3 in the Executive Summary) 
demonstrates that regulation of Lake Ontario has 
restricted the natural fluctuations of its water levels, 
both in terms of reducing its extremes and year-
to-year variability.  These figures also show that 
Plan 1958DD typically has reduced the lake levels 
significantly in the winter compared to the natural 
levels.  

Different plants have different watering 
requirements.  The compression of the range of lake 
levels has allowed the trees and shrubs to grow 
closer to the water and cattails and other emergent 
plants that tolerate persistent flooding to expand 
their range up the shoreline, squeezing out meadow 
marsh plants in-between (see Figure 20).  The strong 
correlations between plant types and flooding 
history were evident in the extensive sampling of 
wetlands at 32 sites around Lake Ontario during 
the Lake Ontario-St. Lawrence River Study.  Study 
researchers carefully inventoried the kinds of plants 
growing at different elevations, and were then able 
to show strong relationships between the type of 
plants found on the shore and how recently the 
shore had been flooded at that elevation (Wilcox 
et al., 2005).  They determined that upland plants 
dominated above elevations that had not been 
inundated in the past 30 years.  As well, there was 
little meadow marsh vegetation at elevations that 
had been kept wet in the growing season for the 
last five years.  

These results were consistent with the published 
water tolerances for upland and meadow marsh 
plants.  Regulation plans could then be evaluated 
based on these evident relationships.  Plan 2014 
would allow both more frequent low and more 
frequent high Lake Ontario water levels that would 
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expand the meadow marsh areas from time to 
time, creating a dynamic diversity in wetland plants 
and the animal life associated with them, while still 
controlling most of the high levels that can damage 
coastal development.

Plan 2014 also would help restore bird species such 
as the Black Tern, Least Bittern, and King Rail (Figure 
21), which are listed as at-risk by either New York 
State or the Province of Ontario (DesGranges et al., 
2005).  

The health of muskrat and northern pike species 
is an indication of the health of the ecosystem 
more generally.  The more natural fall-winter-
spring drawdown of Lake Ontario levels with Plan 
2014 would benefit the environment for muskrat 
overwintering survival and northern pike access 
to spawning habitat in the spring.  Environmental 

scientists and organizations that responded during 
the IJC’s 2013 public hearings supported these 
findings, though in some cases they expressed 
concern that the implementation of a new plan was 
taking years and that Plan 2014 ceded some of the 
environmental benefits attributed to Plans B+ and 
Bv7.

The U.S. Department of Interior, the USEPA, 
Conservation Ontario, and many  environmental 
non-governmental organizations in New York, 
Ontario and Quebec that responded during the 
2013 hearings supported Plan 2014 because of its 
environmental benefits.  Many of these respondents 
noted the finding from IJC studies that past 
regulation of Lake Ontario levels has caused the 
loss of wetland plant diversity.  Even some residents 
of Lake Ontario’s south shore said during the 2013 
hearings that they had personally observed this 

Figure 20 

Compressing Natural Water Level Variability Reduces Plant and Animal Diversity  
Source: Wilcox, 2012

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 149 of 472



Lake Ontario - St. Lawrence River Plan 2014 45

impact over the decades they had lived there.  In 
addition to confirming the scientific assessment of 
the relationship between water level patterns and 
wetland health, several thousand expressions of 
support for a regulation plan that addressed the 
environment were received by the IJC, documenting 
the public interest in ecosystem health. 

The restoration of more natural water level regimes 
in Lake Ontario and the St. Lawrence River is not 
a traditional wetland restoration project, which 
typically includes harvesting and planting, physical 
transformations of the wetlands, or cleanup of 
pollutants.  Nonetheless, as the USEPA noted, “Plan 
2014 will increase the diversity and functioning 
of 64,000 acres of coastal wetlands by allowing 
hydrologic conditions to support native wetland 
plant seed germination and growth”(USEPA, 2013). 

Focusing on scale alone, there are few wetland 
restoration projects in the history of such projects 
in North America that have affected as large an 
area.  By comparison, the Everglades Restoration is 
much larger, costing billions of dollars and affecting 
millions of acres, but is considered the largest 

ecosystem restoration project in the world.  Napa 
Sonoma Marsh Restoration project in California, 
when completed, is expected to restore as many 
as 10,000 acres at a cost of $55 million (2004 U.S. 
dollars) USACE, 2004).  The Emiquon Floodplain 
Restoration on the Illinois River, near Peoria, Illinois, 
will restore about 5,400 acres at a cost of over $13 
million (USACE, 2014). 

Ecosystem Effects of Plan 2014 on the Lower  
St. Lawrence River 

As shown in Table 1, there are no significant 
differences to ecosystems on the lower river among 
the various regulation plans.  The relationship 
between releases from the Moses-Saunders dam 
and each lower river ecosystem performance 
indicator is different.  Factors such as mean water 
depth or levels, mean current velocity and water 
level decrease over certain parts of the year are 
important drivers of many of these indicators.  
However, the changes from the Plan 1958DD 
release patterns to Plan 2014 patterns were not 
enough to make a significant difference to the 

Figure 21 

Plan 2014 Would Help Several Species of At-risk Birds  

Regulation of Lake Ontario levels since 1960 has greatly reduced the variability of water levels, and for over 50 years, that has 
affected natural life along the coastal zone of the lake.  Plan 2014 would restore enough of the natural variability to make significant 
improvements to the environment while protecting most of the benefits to riparians along the Lake Ontario shorelines. 

Ecosystem performance indicators associated with particular species, such as the three at-risk bird species shown here, often have 
broader significance because they are applicable to many species with the same habitat requirements.

Black Tern Least Bittern King Rail
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lower river ecosystem given the defined sensitivity 
of the indicators to changes in those parameters.  
Variability of the flows from the Ottawa River and 
other tributaries dampen the effects of the release 
patterns at the Moses-Saunders dam.  The spaghetti 
graphs of Lake St. Louis in Figure 22 (for Plan 
1958DD) and Figure 23 (for Plan 2014) show how 
little the river levels change between the two plans.  
River levels downstream of Lake St. Louis are even 
less affected by the change in plans.

To conclude, the IJC finds that:

•  robust coastal ecosystems are in the interests of 
both countries;

•  the existing regulation plan has harmed and 
continues to harm those ecosystems;  and, 

•  Plan 2014 would address much, though not all, of 
this damage over time.  

The IJC, therefore, believes that Plan 2014 should be 
implemented as quickly as possible. 
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Lake St. Louis Levels, Plan 1958DD, Historical Supplies 
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4.6 Recreational Boating

4.6.1 Overview of the Interest25 

The recreational boating interest includes pleasure 
boating and fishing, marinas and the commercial 
cruise ship industry.  Lake Ontario and the St. 
Lawrence River support a large recreational boating 
and sport fishing industry.  Analysis undertaken 
for the IJC’s Lake Ontario-St. Lawrence River 
Study found that recreational boaters in the U.S. 
and Canada spent an estimated $430 million on 
boating-related trips taken on Lake Ontario and the 
St. Lawrence River in 2002.

4.6.2 Effects of Plan 2014

Compared to Plan 1958DD, Plan 2014 would reduce 
average recreational boating benefits on Lake 

Ontario and the river upstream of Ogdensburg, 
NY and increase them on Lake St. Lawrence and 
the river below the dam (see summary in Table 
2).  However, Plan 2014 did receive some support 
from many boaters upstream of Ogdensburg.  Field 
studies and statements during public meetings and 
hearings suggest that there are two reasons for this 
upstream support.  

Firstly, in most years, upstream boaters would 
prefer Plan 2014 because of the higher water levels 
later in the autumn, which  would extend their 
boating season.  The tradeoff is that there also 
would be summers in which Lake Ontario levels 
were noticeably and more naturally lower, which 
allows the re-establishment of meadow marsh 
vegetation at lower shore elevations.  Those low lake 
level summers would be relatively rare.  In terms of 
economic impacts, the adverse effects of the bad 
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Figure 23 

Lake St. Louis Levels, Plan 2014, Historical Supplies

25   Based on Lake Ontario-St. Lawrence River Study Recreational Boating and Tourism Technical Work Group Report (IJC, 2006g).
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summers would be slightly greater than the benefits 
enjoyed in the good summers and fall, largely 
because there are more boaters in the summer.

Secondly, it is important to note that despite the 
negative impacts, many upstream boaters will not 
be affected during the low summers.  The negative 
economic impacts result in part from the fact that 
some docks are so shallow that they are unusable 
even when Lake Ontario is at average water levels.  
In fact, the range of lake levels with no impact on 
boaters is significantly narrower than the four-
foot range referenced by south shore (Figure 24).  
Boaters who participated in plan formulation and 
evaluation exercises asked plan formulators to 
minimize the frequency, severity and duration of 
water levels on Lake Ontario below 74.74 m  
(245.2 ft) or above 75.35 m (247.2 ft) from April 15th 
through to October 15th.  Under Plan 1958DD, levels 

are outside this range more than 30% of the time.  
However, many boaters have dockage better suited 
to a wide range of water levels and would not be 
as affected by the occasional low summer levels 
caused by Plan 2014.

4.7  Protection of Other Benefits to the 
Interests 

Some benefits to interests are provided in an ad 
hoc manner now under Plan 1958DD.  However, the 
balance among interests would be more assured 
and predictable under Plan 2014 than under 
Plan 1958DD.  The performance estimates in this 
report for Plan 1958DD are modeled in part on the 
judgments that the Board of Control has applied 
when it deviated from the prescriptive rules of Plan 
1958-D.  However, changes in the membership of 
the Board could result in different judgments.

Figure 24 

Preferred Lake Ontario Water Level Ranges of Recreational Boating Interests
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This graph shows the frequency of water levels in 10 cm (4 in) bands for three regulation plans using the historical water supplies.  
The 1.22 m (4 ft) range of the 1956 Order and the range of levels preferred by boaters are superimposed.  The preferred range 
was provided by boaters and verified in a study of dock depths and the drafts of registered boats undertaken for the Study Board 
(Connelly et al., 2005).  The most common depths under Plan 1958DD are within the preferred boating range, though 1958DD levels 
are below the range about 20% of the time.  The most common 2014 depths straddle the lower edge of the range boaters prefer.  Not 
all boats are kept in shallow docks. 

Plan 2014 received some support from boaters because it generally provides greater Lake Ontario and upper river depths in the fall, 
extending the boating season.
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The Board of Control sometimes must address 
inherent potential for conflict.  For example:

•  in times of high supply, releases to reduce high 
Lake Ontario levels could cause flood damages 
downstream, especially during the spring freshet 
when flows from the Ottawa River and other 
downstream tributaries are also high; and, 

•  in times of low supply, increased releases to 
maintain adequate downstream levels for water 
intakes and ships using the Seaway or the Port of 
Montreal could adversely affect levels for boating 
and navigation above the dam.

By some estimates, about half of the weekly releases 
include deviations made by the Board of Control.  
As a result, these deviations are a key part of the 
performance of Plan 1958DD.  For example, based 
on simulations using the historical supplies, the 
maximum Lake Ontario level under Plan 1958-D (no 
deviations) would be 77.07 m (252.85 ft).  Modeled 
deviations from the rules of 1958-D reduce that to 
75.68 m (248.29 ft).  If a future Board negotiated 
deviations differently or future IJC Commissioners 
made different determinations about whether to 
invoke criterion k, then future results could vary 
considerably under the existing Order and plan.

By contrast, the results from Plan 2014 would 
be inherently more predictable.  Plan rules were 
designed around a longer supply record with a 
much wider range of supplies than those used in 
the 1950s to design Plan 1958-D.  Consequently, the 
written rules can be used much more frequently, 
perhaps in more than 90% of future decisions.  
Under Plan 2014, the maximum level of Lake Ontario 
using the historical supplies would be the same with 
or without deviations. 

Table 2 indicates, that on the whole, Plan 2014 
would maintain the balance struck under the 
1956 Order and 1958DD.  Effects on municipal and 
industrial water intakes are the same under both 
plans (that is, $0 net difference).  There is a slight 
shift in recreational boating benefits from above to 
below the dam, primarily because of the modeled 
tradeoff between typically higher autumn and 
the occasional low summer levels induced by Plan 
2014, which would create, on average, about 5% less 
recreational opportunities above the dam and 5% 
more below the dam.  Overall, impacts to navigation 
are neutral. 

Under the existing plan, if Lake Ontario levels get 
very high or very low and the IJC wants to trigger 
a major deviation so as to provide relief to affected 
interests, then it first must determine, on the advice 
of its Board of Control, whether the current supplies 
fall outside the range of past supplies.  Under the 
Order for Plan 2014, no action by the IJC would be 
needed for the Board to act.  When Lake Ontario 
levels hit the high-trigger levels, the Board would 
deviate from the Plan as needed to protect riparians 
upstream and downstream, and when the Lake 
levels hit the low triggers, the Board would deviate 
to protect municipal water intakes, navigation and 
hydropower production.

4.8   Summary of Effects of Plan 2014 on 
the Uses and Interests

Table 5 presents a summary of the effects of Plan 
2014, compared to the current Plan 1958DD, on 
each of the uses and interests.
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Uses/Interests Effects of Plan 2014 

Municipal and Industrial Water Use Overall, no difference in economic effects between the two plans

With low water levels:

no net effect on Lake Ontario water treatment plants•	

no change in frequency and magnitude of effects on St. •	
Lawrence River municipal water suppliers during long 
droughts

With high water levels:

most water supply and treatment plants not vulnerable •	

septic tanks in some rural New York state areas along the •	
lake’s shoreline would continue to be vulnerable to flooding 
and erosion under any regulation plan

Commercial Navigation Overall, no difference in economic effects between the two plans

No change in frequency of low levels on the St. Lawrence River at 
Montreal 

Lower levels several months per century would force some ships 
(mainly those that operate only on Lake Ontario) to carry lighter 
loads

Slightly fewer draft restrictions due to low levels for ships 
transiting the route from Lake Ontario to Montreal 

Allows for safer currents

Provides greater predictability/certainty of benefits

Provides flexibility to improve operations on an ongoing basis

Hydropower Generation Increases hydropower energy generation slightly

Provides slightly more stable and predictable releases, allowing 
for more effective scheduling of maintenance 

Coastal Development Provides riparians on the upper and lower river essentially the 
same level of protection

Results in a small reduction of benefits to riparians on Lake 
Ontario in the form of increased costs of maintaining shoreline 
protection structures

No change in risks of serious damage to shoreline property from 
water levels outside historical levels

Ecosystems Helps restores ecosystem diversity and function of coastal 
wetlands along Lake Ontario due to more natural water level 
regimes and cycles

Recreational Boating Recreational Boating

Table 5  

Summary of Effects of Plan 2014 on the Uses and Interests
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5. The Role of Adaptive Management

Adaptive management is an ongoing planning 
process that can improve actions through long-term 
monitoring, modeling and assessment – “a learning 
by doing” approach that compares actual and 
predicted results.  Through adaptive management, 
decisions can be reviewed and adjusted as new 
information and knowledge become available or as 
conditions change.

The 2012 Protocol amending the Canada-United 
States Great Lakes Water Quality Agreement 
(Governments of Canada and the United States, 
2012) noted the role of adaptive management.  
The Protocol confirmed adaptive management as 
a guiding principle and approach for the Parties 
in working towards the goals of the Agreement.  
The Parties also committed to using adaptive 
management “as a framework for organizing science 
to provide and monitor the effectiveness of science-
based management options.” 

The IJC concludes that adaptive management is 
a cost-effective way to improve the outcomes of 
Lake Ontario-St. Lawrence River level regulation.  
Adaptive management can provide an objective 
measure of how well a plan is meeting its goals, 
replacing the current ad hoc approach to regulation 
plan improvement.  It can focus basin research on 
the issues of particular importance to the interests. 

The Lake Ontario-St. Lawrence River Study Board 
designed the research and modeling approach 
of that study to facilitate adaptation of new 
information.  For example:

•  quantitative analyses were done to identify the 
issues where advances in knowledge, such as 
better long-term weather forecasting, would likely 
improve outcomes from Lake Ontario regulation;

•  research was explicitly designed and organized to 
address the objectives for regulation developed 
by the Study Board in consultation with the 
public;

•  the evaluation models used by the Study Board 
were designed to be both comprehensive and 
easy to use and adapt; and,

•  research and models were saved so as to be more 
easily accessible to future users.

There were concerns raised during the 2013 public 
hearings on Plan 2014 that adaptive management 
could lead to changes in the regulation plan that 
were not considered and reviewed by stakeholders.  
The IJC appreciates these concerns but confirms 
that this will not be the case.  While adaptive 
management is expected to more effectively 
produce suggestions for changes in the regulation 
plan, the process for implementing a revision to 
the plan would not change.  The IJC intends to 
maintain its extensive consultations with the federal 
governments as Parties to the Treaty, with the state 
of New York and provinces of Ontario and Quebec, 
and with industry, shoreline stakeholders, and the 
public at large.  Proposed changes to the regulation 
rules in Plan 2014 would be widely publicized and 
any significant changes would require a public 
review process, as is the case now.

Annex E provides more details on the role of 
adaptive management as an important tool 
for improving the outcomes of Lake Ontario-St. 
Lawrence River regulation.   
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6. Summary 

After more than 14 years of intensive analysis and 
extensive consultation with governments, experts, 
Lake Ontario and St. Lawrence River interests, and 
the public, the IJC concludes that a new approach to 
regulating the flows and levels of the St. Lawrence 
River and Lake Ontario is needed.  

The IJC finds that the regulation of water levels and 
flows in the St. Lawrence River in accordance with 
the 1952 and 1956 Orders of Approval has damaged 
ecosystems along the shores of Lake Ontario and 
St. Lawrence River over the last 50 years.  Under 
likely future water level and climate conditions, 
further damage to coastal ecosystems and shoreline 
property can be expected.

The IJC acknowledges that the effects of the 
regulation of water flows and lake levels on 
ecosystems were not fully understood in the 
development of the existing Order of Approval and 
regulation plan.  However, the IJC finds that these 
effects should now be considered. 

The IJC must act on this finding, and is therefore 
seeking the concurrence of the Governments of 
the United States and Canada that Plan 2014 be 
implemented as soon as possible. 

Plan 2014 would respect the order of precedence 
of uses specified in the Boundary Waters Treaty of 
1909, while protecting interests that may be harmed 
by regulation.  

Compared to the existing regulation plan for Lake 
Ontario and the St. Lawrence River, Plan 2014 would:

•  provide essentially the same level of benefits to 
domestic water uses;

•  provide essentially the same level of benefits to 
navigation;

•  increase, by a small amount, the generation of 
hydropower at the Moses-Saunders dam and the 
Hydro-Quebec facilities on the St. Lawrence River;

•  provide riparians on the upper and lower river 
essentially the same level of protection;

•  result in a small reduction of benefits to riparians 
on Lake Ontario, in the form of increased costs of 
maintaining shoreline protection structures;

•  work to restore the natural environment of Lake 
Ontario and the St. Lawrence River that supports 
wetlands, birds, amphibians, fish, and small 
mammals; 

•  have a mixed effect on recreational boating 
interests; and,

•  provide essentially the same benefits downstream 
of the dam as does the current regulation regime. 

In addition, some of the benefits now enjoyed 
by domestic water, navigation, hydropower and 
riparians on the St. Lawrence River are the result of 
ad hoc, discretionary decisions by the International 
St. Lawrence River Board of Control.  Plan 2014 
would make these benefits more assured and 
predictable, by removing the discretionary aspect of 
many of these decisions and formally making them 
part of the Plan’s regulation rules.

The implementation of Plan 2014 would produce 
a substantial improvement in coastal ecosystem 
health while preserving most of the benefits 
currently enjoyed by riparians along the shoreline 
of Lake Ontario.  The IJC does not control coastal 
property management, but will support, when 
requested, efforts to reduce the vulnerability 
of coastal structures.  In this regard, adaptive 
management can play a helpful role.
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Annex A 

International Joint Commission Order of 
Approval for Lake Ontario – St. Lawrence 
River
Note: All elevations use the 1985 International Great 
Lakes Datum and metric system of measurement. 

A1. Regulation conditions 

A.  All interests on either side of the International 
Boundary which are injured by reason of the 
construction, maintenance and operation of 
the works shall be given suitable and adequate 
protection and indemnity in accordance with 
the laws in Canada or the Constitution and 
laws in the United States respectively, and in 
accordance with the requirements of Article VIII 
of the Treaty. 

B.  The works shall be so planned, located, 
constructed, maintained and operated as not to 
conflict with or restrain uses of the waters of the 
St. Lawrence River for purposes given preference 
over uses of water for power purposes by the 
Treaty, namely, uses for domestic and sanitary 
purposes and uses for navigation, including the 
service of canals for the purpose of navigation, 
and shall be so planned, located, constructed, 
maintained and operated as to give effect to the 
provisions of this Order.

C.  The works shall be constructed, maintained and 
operated in such manner as to safeguard the 
rights and lawful interests of other engaged or 
to be engaged in the development of power in 
the St. Lawrence River below the International 
Rapids Section.

D.  The works shall be so designed, constructed, 
maintained and operated as to safeguard so far 
as possible the rights of all interests affected by 
the levels of the St. Lawrence River upstream 
from the Iroquois regulatory structure and 
by the levels of Lake Ontario and the lower 
Niagara River; and any change in levels resulting 
from the works which injuriously affects such 
rights shall be subject to the requirements 
of paragraph A relating to protection and 
indemnification.

E.  The hydro-electric plants approved by this Order 
shall not be subjected to operating rules and 
procedures more rigorous than are necessary 
to comply with the provisions of the foregoing 
paragraphs B, C and D.

F.  Before Ontario Power Generation or any 
successor make any changes to any part of 
the works, it shall submit to the Government 
of Canada, and before the New York Power 
Authority makes any changes to any part of the 
works, it shall submit to the Government of the 
United States, for approval in writing, detailed 
plans and specifications of that part of the 
works located in their respective countries and 
details of the program of construction thereof 
or such details of such plans and specifications 
or programs of construction relating thereto 
as the respective governments may require. 
Following the approval of any plan, specification 
or program, if Ontario Power Generation or the 
New York Power Authority wishes to make any 
change therein, it shall first submit the changed 
plan, specification or program for approval in a 
like manner

G.  A Board to be known as the International Lake 
Ontario-St. Lawrence River Board   (hereinafter 
referred to as the “Board”) consisting of an 
equal number of members from Canada and 
the United States, shall be established by the 
Commission.  The Board shall include but is not 
limited to at least one member each nominated 
by the State of New York, the Province of 
Quebec, the Province of Ontario, and the United 
States and Canadian federal governments. 
The duties of the Board shall be to execute 
the instructions of the Commission as issued 
from time to time with respect to this Order. 
The duties of the Board shall be to ensure that 
the provisions of the Order relating to water 
levels and the regulation of the discharge of 
water from Lake Ontario and the flow of water 
through the International Rapids Section as 
herein set out are complied with, and Ontario 
Power Generation and the New York Power 
Authority shall duly observe any direction 

Proposed Regulation Conditions Adaptive 
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given them by the Board for the purpose of 
ensuring such compliance.  The Board shall 
report to the Commission at such times as 
the Commission may determine.  In the event 
of any disagreement among the members of 
the Board which they are unable to resolve, 
the matter shall be referred by them to the 
Commission. The Board may, at any time, make 
representations to the Commission in regard to 
any matter affecting or arising out of the terms 
of the Order with respect to water levels and the 
regulation of discharges and flows.

H.  The discharge of water from Lake Ontario and 
the flow of water through the International 
Rapids Section shall be regulated to meet the 
requirements of conditions B, C, and D  hereof 
and shall be regulated within a range of levels 
as specified in the below listed criteria, as nearly 
as may be, and following the Commission’s 
directive(s). The project works shall be operated 
in such a manner as to provide no less protection 
for navigation and riparian interests downstream 
than would have occurred under pre-project 
conditions and with the 1900 to 2008 adjusted 
supplies and conditions specified in the basis of 
comparison.  The Commission will indicate in an 
appropriate fashion, as the occasion may require, 
the inter-relationship of the criteria, the range of 
elevations and the other requirements.

 H1.   The regulated outflow from Lake Ontario 
shall be such as not to increase the 
frequency of low levels or reduce the 
minimum level of Montreal Harbour below 
those listed in the table below which 
would have occurred with the 1900 to 
2008 adjusted supplies and conditions 
(hereinafter called the “supplies of the 
past as adjusted”) that are defined in 
the document “Basis of Comparison 
Conditions for Lake Ontario – St. Lawrence 
River Regulation” .

Montreal Jetty #1 
Level IGLD 

meters feet Number of quarter-months 
in 1900-2008 below level

5.55 18.21 811

5.50 18.21 679

5.40 17.72 366

5.30 17.39 153

5.20 17.06 83

5.10 16.73 45

5.00 16.40 15

4.90 16.08 1

4.80 15.75 1

4.70 15.42 minimum

 H2.  The regulated outflow from Lake Ontario 
shall be such as not to increase the 
frequency of low levels or reduce the 
minimum level of Lake St. Louis below those 
listed in the table below which would have 
occurred with the supplies of the past as 
adjusted. 

Lake St. Louis at Pointe Claire 
Level IGLD 

meters feet Number of quarter-months 
in 1900-2008 below level

20.70 67.01 735

20.60 67.58 161

20.50 67.26 87

20.40 66.93 21

20.30 66.6 2

20.20 66.27 1

20.10 65.94 0

20.10 65.94 minimum
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 H3.  The regulated outflow from Lake Ontario 
shall be such that the frequencies of 
occurrence of high water levels on Lake 
St. Louis as measured at the Pointe Claire 
gauge are not greater than those listed 
below with supplies of the past as adjusted.

Lake St. Louis at Pointe Claire 
Level IGLD 

Meters Feet Number of quarter-months 
in 1900-2008 above level

22.50 73.82 0

22.40 73.49 9

22.33 73.26 15

22.20 72.83 51

22.10 72.51 97

22.00 72.18 221

22.48 73.75 maximum

 H4.  The regulated monthly mean level of Lake 
Ontario shall not exceed the following 
elevations (IGLD85) in the corresponding 
months with the supplies of the past as 
adjusted. 

Lake Ontario 
Level IGLD

month (m) (ft)

January 75.26 246.92

February 75.37 247.28

March 75.33 247.15

April 75.60 248.03

May 75.73 248.46

June 75.69 248.33

July 75.63 248.13

August 75.49 247.67

September 75.24 246.85

October 75.25 246.88

November 75.18 246.65

December 75.23 246.82

 H5.  The regulated winter outflows from Lake 
Ontario shall be maintained so that the 
difficulties of river ice management for 
winter power operation are minimized in 
the International Rapids Section of the St. 
Lawrence River and the outlet of Lake St. 
Francis. 

 H6.  Under regulation, the frequency of 
occurrences of monthly mean elevations 
of approximately 75.07 meters (m), 246.3 
feet (ft) IGLD 1985 and higher on Lake 
Ontario shall not be greater than would 
have occurred with supplies of the past as 
adjusted and with pre-project conditions.

 H7.  The regulated monthly mean water levels 
of Lake Ontario, with supplies of the past as 
adjusted shall not be less than the following 
elevations (IGLD 1985) in the corresponding 
months.

Lake Ontario 
Level IGLD

month (m) (ft)

January 73.56 241.34

February 73.62 241.54

March 73.78 242.06

April 73.97 242.68

May 74.22 243.50

June 74.27 243.67

July 74.26 243.64

August 74.15 243.27

September 74.04 242.91

October 73.83 242.22

November 73.67 241.70

December 73.57 241.37

 H8.  Consistent with other requirements, 
the outflow from Lake Ontario shall be 
regulated so as to maintain adequate levels 
for navigation in the Montreal to Lake 
Ontario section of the St. Lawrence River.
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 H9.  Consistent with other requirements, the 
maximum regulated outflow from Lake 
Ontario shall be maintained as low as 
possible to maintain safe velocities for 
Seaway navigation and to minimize spill 
at the hydropower facilities in the St. 
Lawrence River.

 H10.  Consistent with other requirements, the 
minimum regulated monthly outflow 
from Lake Ontario shall be such as to 
secure the maximum dependable flow for 
power. 

 H11.  Consistent with other requirements, the 
levels of Lake Ontario shall be regulated 
for the benefit of property owners on 
the shores of Lake Ontario in the United 
States and Canada so as to reduce 
extremes of stage which have occurred 
under pre-project conditions and 
supplies of the past as adjusted on Lake 
Ontario.

 H12.  Consistent with other requirements, 
the outflow from Lake Ontario shall be 
regulated so as to enhance biodiversity 
and the resiliency of wetlands on Lake 
Ontario and on the St. Lawrence River.

 H13.  Consistent with other requirements, 
the outflow from Lake Ontario shall be 
regulated so as to benefit recreational 
boating on Lake Ontario and on the St. 
Lawrence River.  

 H14.  In the event that Lake Ontario water 
levels reach or exceed extremely high 
levels, the works in the International 
Rapids Section shall be operated to 
provide all possible relief to the riparian 
owners upstream and downstream.  
In the event that Lake Ontario levels 
reach or fall below extremely low levels 
the works in the International Rapids 
Section shall be operated to provide 
all possible relief to municipal water 
intakes, navigation and power purposes, 
upstream and downstream. The high 
and low water levels at which this 
provision applies will be established by a 
Commission directive to the Board. 

The Commission shall approve a plan of regulation, 
and associated operational guides and issue 
directives for the discharge of water from Lake 
Ontario and its flow through the International 
Rapids Section of the St Lawrence River that 
satisfy the criteria and conditions of this Order 
with criterion “H14” governing principles of relief, 
should extreme levels be experienced.  The flow of 
water through the International Rapids Section of 
the St Lawrence River in any period shall equal the 
discharge of water from Lake Ontario as determined 
for that period.  

The Commission’s directives to the Board shall make 
provision for peaking and ponding operations and 
for deviations from the plan of regulation to address 
such matters as winter operations, emergencies and 
other special short-term situations.    

Subject to the requirements of conditions B, C and D 
hereof, and of the range of levels, and criteria, above 
written, the Board, after obtaining the approval 
of the Commission, may temporarily modify or 
change the restrictions as to the discharge of water 
from Lake Ontario and the flow of water through 
the International Rapids Section for the purpose 
of determining what modifications or changes in 
the plan of regulation may be advisable. The Board 
shall report to the Commission the results of such 
experiments, together with its recommendations 
as to any changes or modifications in the plan of 
regulation. When the plan of regulation has been 
improved so as best to meet the requirements of 
all interests, within the range of levels and criteria 
above defined, the Commission will recommend to 
the two governments that it be implemented and, if 
the two governments thereafter agrees, such plan of 
regulation shall be given effect as if contained in this 
Order. Should there be a change to the approved 
regulation plan, then the Commission will consult 
with governments as appropriate.

I.  The works shall be operated so that the forebay 
water level at the power houses does not 
exceed a maximum instantaneous elevation of 
74.48 m (244.36 feet). 
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J.  Ontario Power Generation and the New York 
Power Authority, and any successor entities, shall 
maintain and supply for the information of the 
Board  accurate records relating to water levels 
and the discharge of water through the works 
and the regulation of the flow of water through 
the International Rapids Section as the Board  
may determine to be suitable and necessary, 
and shall install and maintain such gauges, carry 
out such measurements, and perform such 
other services as the Board may deem necessary 
for these purposes. 

K.  The installation, maintenance, operation and 
removal of the ice booms in the St. Lawrence 
River by Ontario Power Generation and the New 
York Power Authority, and any successor entities, 
are subject t o the following:

Any significant modifications in the design 1. 
or location of the booms shall require the 
approval of the Commission;

The placement and removal of ice booms 2. 
shall be timed so as not to interfere with the 
requirements of navigation; and

The St. Lawrence Seaway Management 3. 
Corporation and the St. Lawrence Seaway    
Development Corporation, and any 
successor entities, shall be kept informed of 
all such operations.

L.  The Board shall report to the Commission as of 
31 December each year on the effect, if any, of 
the operation of the down-stream hydro-electric 
power plants and related structures on the 
tail-water elevations at the hydro-electric power 
plants approved by this Order. 

No later than 15 years after the effective date of this 
Order,and periodically thereafter, the Commission 
will conduct a review of the results of regulation 
under this Order. This review will be to assess 
the extent to which the results predicted by the 
research and models used to develop any approved 
regulation plan occurred as expected, consistent 
with the adaptive management plan.  The review 
will be based upon the information available at the 
time of the review and may provide the basis for 
possible changes to the regulation of water levels 
and flows. 

A2. Definitions:
St. Lawrence River – the section of the St. 1. 
Lawrence River that is affected by flow 
regulation, which stretches from Lake Ontario to 
the outlet of Lake St. Pierre.

International Rapids Section - the section of 2. 
the St. Lawrence River that prior to the project 
was characterized by series of rapids from 
Ogdensburg, NY- Prescott, ON to Cornwall,  
ON – Massena, NY.

Pre-project conditions – the hydraulic channel 3. 
characteristics that existed in the Galops 
Rapids Section of the St. Lawrence River as of 
March 1955 that formed the control section 
for Lake Ontario outflows prior to the project.  
This is defined by a stage-discharge capacity 
relationship for this condition that also accounts 
for the effects of glacial isostatic adjustment.  
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Annex B 

Lake Ontario – St. Lawrence Plan 2014
Lake Ontario - St. Lawrence Plan 2014 is the 
combination of the mechanistic release rules 
labeled “Bv7” together with discretionary decisions 
made by the International Lake Ontario - St. 
Lawrence River Board to deviate from the flows 
specified by the release rules Bv7 according to the 
Directive on Operational Adjustments, Deviations 
and Extreme Conditions.  In that regard, Bv7 is 
analogous to Plan 1958-D.  Each is a set of functions 
that can be programmed to produce a release based 
on established categories of input conditions such 
as current water levels. The following is a technical 
description of the Bv7 algorithm or release rules.

B1.  Technical Description of Plan Bv7 
Release Rules

B1.1 Objectives

The objective of the Bv7 release rules is to return the 
Lake Ontario-St. Lawrence River System to a more 
natural hydrological regime, while limiting impacts 
to other interests.  Bv7 rules build on the B+ rules 
developed during the International Lake Ontario - 
St. Lawrence River Study.  Bv7 differs from B+ in  
that it includes additional rules to maintain 
navigation and flood reduction benefits on the 
lower St. Lawrence River (Lake St. Louis to Lake  
St. Pierre) and adjustments to the B+ rules to 
balance Lake Ontario and lower river levels.  Bv7 
maintains most of the benefits of the current 
regulation regime because the range of levels and 
flows that Bv7 produces are closer to the current 
regulation regime than to unregulated conditions.

B1.2 Goals

The goals of the rules are to:

•  Maintain more natural seasonal level and flow 
hydrographs on the lake and river;

•  Provide stable lak e releases;

•  Maintain benefits to coastal interests as much 
as possible while enhancing environmental 
conditions;

•  Maintain benefits to recreational boating as 
much as possible while enhancing environmental 
conditions;

•  Obtain inter-annual highs and lows required for 
healthy vegetation habitats;

•  Enhance diversity, productivity, and sustainability 
of species sensitive to water level fluctuations;

•  Provide flood and low water protection to the 
lower St. Lawrence River comparable to Plan 1958-
D with Deviations; and,

•  Maintain benefits as much as possible for 
municipal water intakes, commercial navigation 
and hydropower interests while taking other 
interests into account.

Bv7 uses short-term forecasts and a longer-term 
index of water supplies in conjunction with the pre-
project stage-discharge relationship to determine 
lake releases.  Rules are included to reduce the 
risk of flooding on the lake and river.  Flow limits 
are applied to prevent river flows from falling too 
low, facilitate stable river ice formation, provide 
acceptable navigation conditions, provide safe 
operating conditions for control structures, and 
ensure controlled week-to-week changes in flows.

B2. Approach

B2.1 Rule Curves

Lake releases are primarily a function of a sliding 
rule curve based on the pre-project stage-discharge 
relationship adjusted to recent long-term supply 
conditions. The open-water pre-project stage-
discharge relationship, in units of cubic meters per 
second (m3/s) is:

Pre-project release = 555.823(Lake Ontario level – 0.035-69.474)1.5

In the equation above, the 0.035 meter term adjusts 
the Lake Ontario level (referenced to IGLD 1985) 
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for differential crustal movement fixed to the year 
201026.  The pre-project relationship is that from 
Caldwell and Fay (2002), but here the ice retardation 
effect is not considered. 

The flow computed with this equation is then 
adjusted depending on the recent supply 
conditions.  As water supplies trend above normal, 

lake releases are increased.  As supplies trend below 
normal, lake releases are decreased.

For supplies above normal (the index is greater 
than or equal to 7,011 m3/s), the lake release is 
determined by:

26   The year 2010 was selected by the ILOSLRS Plan Formulation and Evaluation Group to compare what pre-project conditions would be near the 
completion of the Study.  The year should be fixed as otherwise there would be a gradual increase in the lake level due to the continual adjustment 
for glacial isostatic uplift of the lake’s outlet.

27   See Lee (2004) for the derivation of the forecast algorithms

Climate A_NTS
max

A_NTS
avg

A_NTS
min

Historical (1900-2000) 8552 m3/s 7011 m3/s 5717 m3/s

The rule curve parameters should be updated periodically to account for climate change.

Table B1.  
Bv7 Rule Curve Parameter Values based on Historical Supplies

For supplies below normal (the index is less than 
7,011 m3/s), the lake release is determined by:

In the equation above, F_NTS  is a supply index 
based on the net total supply for the past 52 weeks 
(48 quarter-months), and A_NTS represents the 
maximum, minimum and average statistics of the 
annual net total supply series.  The constants C

1
 and 

C
2
 determine the rate of flow adjustment to the  

pre-project release.  C
1
 is further dependent on 

the long-term trend in supplies. If the categorical 
long-term trend indicator is 1 (demonstrating above 
normal supplies; that is, when the current supply 
value exceeds 7,237 m3/s) and the confidence 
indicator is 3 (indicating high confidence in extreme 
supplies; that is, when the current supply value 
exceeds 7,426 m3/s), then C

1
 is set to 2,600 m3/s, 

otherwise it is equal to 2,200 m3/s.  The value of 
C

2
 is 600 m3/s.  The exponents P1 and P2 serve to 

accelerate or decelerate the rate of flow adjustment.  
The values of P

1
 and P

2
 are 0.9 and 1.0, respectively.

The flow is further reduced by 200 m3/s if the  
52 week (48 quarter-month) running lake level 
mean is less than or equal to 74.6 m IGLD 1985. 

Variability of releases from one week (or quarter-
month) to the next is smoothed by taking the 
average of short-term forecasts27 of releases four 
weeks (or quarter-months) into the future:

This averaging also has the impact of accelerating 
releases during periods of rising lake levels (typically 
spring), and decelerating releases during periods of 
falling lake levels (typically fall).  Sensitivity analysis 
indicated that forecasts four quarter-months into 
the future were optimal.

Bv7 also has a rule to reduce the risk of Lake Ontario 
and St. Lawrence River flooding in the following 
spring and summer.  If the level of Lake Ontario is 
relatively high, then it adds to the rule curve flow 
to reduce the level of Lake Ontario in the fall.  It 
lowers otherwise high Lake Ontario by the onset 
of winter, thus preparing for spring and making 
temporary lake storage available for reduced flows 
during the Ottawa River freshet.  It also provides 
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some benefit (relative to the Natural Plan) to 
the lower river muskrats by reducing winter den 
flooding.  The rule strives to lower Lake Ontario to 
74.8 m by January 1 whenever Lake Ontario level is 
above 74.8 m at the beginning of September.  The 
rule curve flow is linearly increased by the amount 
needed to eliminate the storage on the lake above 
74.8 m over the remaining time before January 1.  A 
check is made to ensure that the adjusted flow for 
the first week of September does not exceed that 
of the last week in August to prevent falling levels 
affecting Lake St. Lawrence recreational boaters 
through the Labor Day weekend.  The adjusted flow 
is constrained by the L Limits.

B2.2 Flow Limits

Several flow limits, adapted from previous plan 
development, are used in Bv7.  If the rule curve flow 
(described above) falls outside of these limits, then 
the lowest of the maxima, or the minimum limit, as 
applicable, constrains the rule curve flow.  

•  J Limit – maximum change in flow from one week 
(or quarter-month) to the next unless another 
limit takes precedence.  Flows are permitted to 
increase or decrease by up to 700 m3/s.  If the lake 
is above 75.2 m, and ice is not forming, then the 
flow may increase by up to 1,420 m3/s from one 
week (or quarter-month) to the next.

•  M Limit – minimum limit flows t o balance low 
levels of Lake Ontario and Lake St. Louis primarily 
for Seaway navigation interests.  This limit uses a 
one week (or quarter-month) forecast of Ottawa 
River and local tributary flows to estimate the 
inflows to Lake St. Louis, other than those from 

Lake Ontario.  In actual operation, the flow will 
be adjusted from day-to-day to maintain the 
level of Lake St. Louis above the applicable level 
determined by the Lake Ontario stage.

•  I Limit – maximum flows for ice formation and 
stability.28  During ice cover formation, either 
downstream on the Beauharnois Canal or on the 
critical portions of the International Section, the 
maximum flow is 6,230 m3/s.  Once a complete 
ice cover has formed on the key sections of the 
river, the winter flow constraint prevents the river 
level at Long Sault from falling lower than 71.8 m.  
(Note the J limit also applies.)  This limit may apply 
in the non-Seaway season whether ice is present 
or not.  This flow limit is calculated using the 
stage-fall discharge equation for Kingston-Long 
Sault, which includes an ice roughness parameter 
that must be forecast for the coming period.  
This limit prevents low levels that might impact 
municipal water intakes on Lake St. Lawrence, and 
also acts to limit the shear stress on the ice cover 
and maintain stability of the ice cover.  The I limit 
also limits the maximum flow with an ice cover 
present in the Beauharnois and/or international 
channels to no more than 9,430 m3/s. 

•  L Limit – maximum flows to maintain adequate 
levels and safe velocities for navigation in the 
International Section of the river (navigation 
season) and the overall maximum flow limit (non-
navigation season).  Maximum releases are limited 
to 10,700 m3/s if the Lake Ontario level should rise 
above 76.0 m during the navigation season and 
11,500 m3/s during the non-navigation season.

 

28   Managing flows during ice formation on the Beauharnois Canal and upstream is paramount, since a restriction caused by a build-up of rough ice in 
the Beauharnois Canal or upper river can constrain outflows the remainder of the winter which may, in some cases, exacerbate high Lake Ontario 
levels.  During ice formation, operation of the Iroquois Dam must be done in consideration of ice conditions on Lake St. Lawrence.
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Lake Ontario level  
(m, IGLD 1985)

Total Flow from Lake St. Louis 
(m3/s)

Approximate Corresponding Lake St. 
Louis level at Pointe Claire  

(m IGLD 1985)

> 74.2 6,800 20.64 

> 74.1 and ≤ 74.2 6,500 20.54

> 74.0 and ≤ 74.1 6,200 20.43

> 73.6 and ≤ 74.0 6,100 20.39

≤ 73.6 Minimum of 5,770 or  
pre-project flow

20.27 or less

Table B3.   
L Limits as used in Plan Bv7.

Lake Ontario level (m, IGLD 1985) L Limit Flow (m3/s)

For Seaway navigation season  
(i.e. quarter-months 13-47):

≤ 74.22 5,950

> 74.22 and ≤ 74.34 5,950+1,333 (Lake Ontario level – 74.22)

> 74.34 and ≤ 74.54 6,111+9,100 (Lake Ontario level – 74.34)

> 74.54 and ≤ 74.70 7,930+2,625 (Lake Ontario level – 74.54)

> 74.70 and ≤ 75.13 8,350+1,000 (Lake Ontario level – 74.70)

> 75.13 and ≤ 75.44 8,780+3,645 (Lake Ontario level – 75.13)

> 75.44 and ≤ 75.70 9,910

> 75.70 and ≤ 76.00 10,200

> 76.00 10,700

For outside Seaway season  
(i.e. quarter-months 48-12) all levels

Any 11,500

Table B4.   
Lake St. Louis (Pointe Claire) levels corresponding to Lake Ontario levels for limiting lower St. Lawrence River 
flooding damages (F limits).

Lake Ontario level (m, IGLD 1985) Pte. Claire level (m, IGLD 1985)

< 75.3 22.10

≥ 75.3  and < 75.37 22.20

≥ 75.37  and < 75.5 22.33

≥ 75.5  and < 75.6 22.40

≥ 75.6 22.48

Table B2.  
M Limits as used in Plan Bv7.
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An additional rule limits the maximum flow in the 
Seaway season to prevent the weekly mean level 
of Lake St. Lawrence at Long Sault Dam from falling 
below 72.60 m.  To deal with very low levels, if the 
Lake Ontario level is below chart datum (74.20 m) 
then the level of Lake St. Lawrence at Long Sault 
Dam in this rule is allowed to be equally below the 
72.60 m level.

A final check ensures that the L Limit does not 
exceed the actual channel hydraulic capacity (in 
m3/s) defined as (Lee et al., 1994):

channel capacity = 747.2(Lake Ontario level – 69.10)1.47

•  F limit – the maximum flow to limit flooding on 
Lake St. Louis and near Montreal in consideration 
of Lake Ontario level.  It is a multi-tier rule that 
attempts to balance upstream and downstream 
flooding damages by keeping the level of Lake 
St. Louis  below a given stage for a corresponding 
Lake Ontario level as follows: 

This limit uses a one week (or quarter-month) 
forecast of the Ottawa River and local tributary 
inflows and the following relationship between Lake 
St. Louis outflows and levels at Pointe Claire:

 

In this equation, R is the roughness factor and Q 
(in m3/s) is the total flow from Lake St. Louis.  In 
operation the flow will be adjusted from day to day 
to maintain the level of Lake St. Louis below the 
applicable level determined by the Lake Ontario 
stage.

B3. Application
Bv7 uses imperfect forecasts of Lake Ontario 
total supplies, Ottawa River and local tributary 
flows, ice formation and ice roughness.  The water 
supply forecasts are based on time-series analysis 
of the historical data as described in Lee (2004).  
Overall, the statistical forecasts were found to 
have similar error to those in use operationally.  
Because the operational methods generally rely 
upon hydrometeorological data not available for 
either the historical time series or the stochastic 
time series, actual forecasts could not be used.  
However, it was envisioned that operationally, 

the best available real-time forecasts would be 
used.  In addition, because week-ahead forecasts 
will generally be imperfect, it is expected that in 
actual operations the flows will be adjusted within 
the week29 taking into account the actual ice and 
downstream inflow conditions to achieve the intent 
of the Bv7 rules and limits.  

B3.1 Procedure

For each of the next four weeks (quarter-1. 
months), calculate the Lake Ontario annual net 
total supply index, forecast the weekly (quarter-
monthly) Lake Erie inflow and Lake Ontario net 
basin supply, Ottawa River and local tributary 
flows to Lake St. Louis, and ice roughness.

For each of the next four weeks (quarter-2. 
months), sequentially route the supplies and 
determine forecasts of lake outflows using the 
sliding rule curve.

Average the next four weeks (quarter-months) 3. 
forecast releases to determine the next period’s 
release.

If the current time period is within September 4. 
through December inclusive, and Lake Ontario 
was at or above 74.8 m on September 1 (end of 
quarter-month 32), then increase the basic rule 
curve by the amount needed to achieve 74.8 m 
by January 1, not exceeding the flow in the week 
before Labor Day (quarter-month 32) in the flow 
in the Labor Day week (quarter-month 33).

Apply the M, L, I, J and F limits. If the plan flow is 5. 
outside of the maximum of the minimum limits 
and the minimum of the maximum limits, the 
appropriate limit becomes the plan flow.   

B4.   Simulation of Bv7 with 1900-2008 
Hydrology and Ice Conditions

The tables on the following pages are based only on 
the Bv7 release rules, not the deviations in Plan 2014.  
The tables show how often under Bv7 water levels 
will be above a range of levels for Lake Ontario, Lake 
St. Lawrence, Lake Louis and Montreal Harbour, and 
how often releases from the Moses-Saunders dam 
will be above certain flows.   The tables are based 
on a simulation of Bv7 on a quarter-monthly time 
step and with the 1900-2008 dataset of supplies and 
inflows, ice conditions, channel roughness factors, 

29   See Annex C for more on operational adjustments
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and related conditions.  This 109-year simulation 
includes 436 quarter-months for each calendar 
month, 5,232 quarter-months in all.  For example, 
in Table B-5, Lake Ontario never rises above 75.80 
meters, but rises above 75.70 meters six times in 
May and three times in June.

The tables are:

•  Table B 5 Bv7 Historical Lake Ontario Levels

•  Table B 6 Bv7 Historical Lake Ontario Outflows

•  Table B 7 Bv7 Historical Lake St Lawrence at Long 
Sault Dam Levels

•  Table B 8 Bv7 Historical Lake St. Louis Levels

•  Table B 9 Bv7 Historical Montreal Harbour at  
Jetty 1 Levels                                                     

 

Table B5.   
Bv7 Historical Lake Ontario Levels

Lake Ontario 
Quarter-monthly mean levels 

Number of Occurences Above Level Shown ... 1900-2008 supplies simulation

 
Jan

 
Feb

 
Mar

 
Apr

 
May

 
Jun

 
Jul

 
Aug

 
Sep

 
Oct

 
Nov

 
Dec

All 
Months

Level  
(m IGLD 1985)

75.8 0 0 0 0 0 0 0 0 0 0 0 0 0

75.7 0 0 0 0 6 3 0 0 0 0 0 0 9

75.6 0 0 0 6 10 12 6 0 0 0 0 0 34

75.5 0 0 0 12 23 27 13 2 0 0 0 0 77

75.4 0 0 1 24 43 52 30 9 0 0 0 0 159

75.3 2 6 3 39 90 91 61 18 1 0 0 0 311

75.2 12 15 19 70 143 146 107 46 6 4 1 4 573

75.1 17 28 33 115 183 204 176 99 26 4 4 5 894

75.0 32 50 68 166 241 269 245 179 69 11 4 7 1341

74.9 63 79 115 216 296 322 312 251 136 34 17 23 1864

74.8 121 138 166 274 340 357 357 312 230 116 66 76 2553

74.7 163 185 226 339 381 397 389 368 306 230 143 135 3262

74.6 209 223 266 371 410 420 412 402 361 310 257 215 3856

74.5 306 295 335 397 418 420 419 410 394 351 321 312 4378

74.4 360 366 379 410 426 428 426 417 410 392 363 364 4741

74.3 390 390 396 418 428 429 432 421 413 408 391 388 4904

74.2 407 405 401 425 434 436 435 427 418 412 411 408 5019

74.1 415 409 411 428 436 436 436 436 423 418 420 414 5082

74.0 420 419 420 434 436 436 436 436 434 424 421 422 5138

73.9 424 424 427 435 436 436 436 436 436 429 424 424 5167

73.8 424 425 432 436 436 436 436 436 436 434 428 424 5183

73.7 431 432 436 436 436 436 436 436 436 436 433 430 5214

73.6 432 435 436 436 436 436 436 436 436 436 436 432 5223

73.5 436 436 436 436 436 436 436 436 436 436 436 436 5232

Maximum Level 75.31 75.39 75.46 75.7 75.75 75.72 75.65 75.59 75.36 75.26 75.22 75.25 75.75

Minimum Level 73.55 73.56 73.72 73.84 74.16 74.24 74.2 74.12 73.96 73.76 73.61 73.55 73.55
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Table B6.   
Bv7 Historical Lake Ontario Outflows

Lake Ontario 
Quarter-monthly mean Outflows 

Number of Occurences Above Flow Shown ... 1900-2008 supplies simulation

 
Jan

 
Feb

 
Mar

 
Apr

 
May

 
Jun

 
Jul

 
Aug

 
Sep

 
Oct

 
Nov

 
Dec

All 
Months

Flow (m3/s)

10400 0 0 0 0 0 0 0 0 0 0 0 0 0

10200 0 0 0 0 0 0 0 0 0 0 0 0 0

10000 0 0 0 0 4 1 0 0 0 0 0 0 5

9800 2 0 2 5 14 15 5 1 0 0 0 0 44

9600 2 0 2 8 18 21 10 1 0 0 0 0 62

9400 2 0 6 9 22 24 16 3 0 0 0 0 82

9200 2 1 10 9 27 26 21 6 0 2 0 0 104

9000 2 5 15 12 37 37 25 10 1 4 1 3 152

8800 2 5 19 18 40 53 33 15 8 4 2 4 203

8600 2 7 24 31 61 70 61 32 24 8 4 7 331

8400 2 10 34 42 75 93 80 52 45 20 20 27 500

8200 5 24 48 66 104 115 95 65 59 30 29 29 669

8000 11 36 61 92 123 137 114 86 79 49 46 42 876

7800 13 48 76 114 147 165 135 108 110 69 59 52 1096

7600 26 63 97 130 175 192 172 132 139 86 73 67 1352

7400 33 76 121 168 201 220 207 165 164 114 91 84 1644

7200 38 97 149 212 244 259 250 216 199 136 115 100 2015

7000 50 128 178 246 292 299 290 260 238 178 147 114 2420

6800 99 174 211 284 326 340 322 297 262 212 179 146 2852

6600 123 224 256 325 356 365 360 333 286 251 225 177 3281

6400 151 265 305 358 390 387 376 374 347 312 279 216 3760

6200 322 338 349 386 401 407 414 415 403 376 348 331 4490

6000 373 375 394 399 408 419 428 432 420 405 382 381 4816

5800 398 401 409 404 421 429 434 434 427 412 400 403 4972

5600 416 416 415 412 425 432 436 436 434 427 414 413 5076

5400 424 422 421 421 431 435 436 436 435 431 423 425 5140

5200 429 429 427 429 433 436 436 436 436 432 430 434 5187

5000 434 435 431 431 435 436 436 436 436 432 435 435 5212

4800 435 436 433 434 436 436 436 436 436 435 436 435 5224

4600 436 436 436 436 436 436 436 436 436 436 436 436 5232

Maximum Flow 9910 9290 9910 9910 10200 10200 9910 9880 9150 9220 9060 9180 10200

Minimum Flow 4620 4910 4650 4780 4870 5250 5640 5760 5290 4800 4980 4780 4620
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Table B7.   
Bv7 Historical Lake St. Lawrence at Long Sault Dam Levels

Lake St. Lawrence at Long Sault Dam 
Quarter-monthly mean levels 

Number of Occurences Above Level Shown ... 1900-2008 supplies simulation

 
Jan

 
Feb

 
Mar

 
Apr

 
May

 
Jun

 
Jul

 
Aug

 
Sep

 
Oct

 
Nov

 
Dec

All 
Months

Level (m IGLD 
1985)

74.4 0 0 0 0 0 0 0 0 0 0 0 0 0

74.3 4 0 0 0 0 0 0 0 0 0 0 0 4

74.2 6 0 0 0 0 0 0 0 0 0 0 1 7

74.1 8 0 0 0 0 0 0 0 0 0 0 2 10

74.0 13 1 0 0 0 0 0 0 0 0 0 5 19

73.9 21 2 0 3 1 4 6 1 0 0 0 10 48

73.8 30 6 6 67 139 130 95 52 7 0 2 19 553

73.7 44 10 18 138 208 209 190 141 28 13 15 33 1047

73.6 60 11 46 212 277 280 255 210 94 82 57 63 1647

73.5 90 14 76 278 336 314 287 259 177 155 138 134 2258

73.4 114 20 110 323 373 353 318 300 223 211 203 195 2743

73.3 136 29 132 369 397 386 346 331 270 267 257 242 3162

73.2 156 41 156 392 418 409 382 351 314 301 292 285 3497

73.1 186 65 188 414 428 422 409 374 341 336 328 323 3814

73.0 208 88 216 431 431 432 423 399 368 362 359 350 4067

72.9 221 114 242 433 432 434 429 412 393 388 381 374 4253

72.8 241 152 264 434 433 436 433 427 415 404 400 391 4430

72.7 261 180 292 434 435 436 435 433 426 416 417 410 4575

72.6 275 212 312 436 436 436 436 436 436 435 428 425 4703

72.5 299 228 331 436 436 436 436 436 436 436 433 432 4775

72.4 320 257 349 436 436 436 436 436 436 436 435 434 4847

72.3 339 276 359 436 436 436 436 436 436 436 436 434 4896

72.2 351 291 373 436 436 436 436 436 436 436 436 436 4939

72.1 359 307 382 436 436 436 436 436 436 436 436 436 4972

72.0 370 323 392 436 436 436 436 436 436 436 436 436 5009

71.9 376 336 402 436 436 436 436 436 436 436 436 436 5038

71.8 401 380 424 436 436 436 436 436 436 436 436 436 5129

71.7 436 436 436 436 436 436 436 436 436 436 436 436 5232

Maximum Level 74.35 74.09 73.88 73.92 73.92 73.93 73.93 73.91 73.86 73.74 73.81 74.29 74.35

Minimum Level 71.74 71.71 71.72 72.66 72.66 72.84 72.69 72.66 72.63 72.6 72.39 72.22 71.71
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Table B8.   
Bv7 Historical Lake St. Louis Levels

Lake St. Louis at Pointe Claire 
Quarter-monthly mean levels 

Number of Occurences Above Level Shown ... 1900-2008 simulation

 
Jan

 
Feb

 
Mar

 
Apr

 
May

 
Jun

 
Jul

 
Aug

 
Sep

 
Oct

 
Nov

 
Dec

All 
Months

Level (m IGLD 
1985)

22.5 0 0 0 0 0 0 0 0 0 0 0 0 0

22.4 0 0 0 3 4 2 0 0 0 0 0 0 9

22.3 0 0 0 10 17 6 0 0 0 0 0 0 33

22.2 0 0 0 14 26 11 0 0 0 0 0 0 51

22.1 1 4 5 27 45 15 0 0 0 0 0 0 97

22.0 3 8 15 80 85 26 2 0 0 0 0 2 221

21.9 7 14 25 107 101 45 7 0 0 1 4 5 316

21.8 13 20 39 131 123 58 19 4 0 1 6 10 424

21.7 23 35 57 162 155 77 30 8 1 3 10 18 579

21.6 43 63 72 200 196 101 44 17 8 7 22 28 801

21.5 68 96 96 237 240 145 79 30 22 23 34 40 1110

21.4 93 128 134 276 279 188 114 63 51 41 52 63 1482

21.3 133 157 156 311 318 229 152 91 77 73 91 86 1874

21.2 175 193 179 337 347 268 187 128 110 90 124 106 2244

21.1 234 240 222 366 375 308 241 167 148 125 157 144 2727

21.0 279 280 262 394 397 344 288 226 190 165 183 183 3191

20.9 347 337 298 405 409 380 326 271 241 203 211 223 3651

20.8 385 369 335 413 419 404 366 318 277 245 249 263 4043

20.7 405 406 384 421 426 415 393 369 329 301 295 321 4465

20.6 423 419 412 428 436 436 436 430 418 412 408 402 5060

20.5 431 427 423 432 436 436 436 436 426 421 419 417 5140

20.4 435 433 436 436 436 436 436 436 436 430 421 427 5198

20.3 436 434 436 436 436 436 436 436 436 436 436 435 5229

20.2 436 436 436 436 436 436 436 436 436 436 436 435 5231

20.1 436 436 436 436 436 436 436 436 436 436 436 435 5231

20.0 436 436 436 436 436 436 436 436 436 436 436 436 5232

Maximum Level 22.16 22.17 22.2 22.48 22.48 22.48 22.04 21.86 21.74 21.94 21.98 22.08 22.48

Minimum Level 20.35 20.21 20.41 20.41 20.63 20.61 20.62 20.55 20.42 20.38 20.38 20.1 20.1
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Table B9.   
Bv7 Historical Montreal Harbour at Jetty 1 Levels

Montreal Harbour at Jetty #1 
Quarter-monthly mean levels 

Number of Occurences Above Level Shown ... 1900-2008 supplies simulation

 
Jan

 
Feb

 
Mar

 
Apr

 
May

 
Jun

 
Jul

 
Aug

 
Sep

 
Oct

 
Nov

 
Dec

All 
Months

Level (m IGLD 
1985)

9.2 0 0 0 0 0 0 0 0 0 0 0 0 0

9.0 1 1 0 0 0 0 0 0 0 0 0 0 2

8.8 1 1 0 2 1 1 0 0 0 0 0 0 6

8.6 1 3 0 3 9 2 0 0 0 0 0 0 18

8.4 1 5 0 7 22 5 0 0 0 0 0 0 40

8.2 1 5 3 18 40 7 0 0 0 0 0 0 74

8.0 2 5 5 53 66 12 0 0 0 0 0 0 143

7.8 2 7 11 84 85 21 0 0 0 0 0 0 210

7.6 3 15 23 115 103 27 3 0 0 0 0 2 291

7.4 5 22 32 157 132 38 6 0 0 0 6 5 403

7.2 14 32 63 199 181 60 11 3 0 1 7 8 579

7.0 32 51 88 240 224 85 34 13 3 6 15 23 814

6.8 60 86 119 286 273 124 58 23 8 21 27 37 1122

6.6 96 144 152 321 328 185 106 43 37 43 67 65 1587

6.4 139 182 189 350 356 239 155 88 70 75 112 94 2049

6.2 183 224 239 382 375 291 201 144 114 107 144 130 2534

6.0 262 295 287 399 402 343 271 198 174 148 179 185 3143

5.9 300 327 306 410 411 362 296 237 205 176 195 206 3431

5.8 336 352 333 415 419 381 322 272 234 196 214 225 3699

5.7 368 373 361 420 423 396 352 305 267 235 236 252 3988

5.6 384 397 381 427 431 410 380 336 289 267 272 286 4260

5.5 404 414 402 428 434 422 393 373 321 309 316 316 4532

5.4 413 420 417 430 436 426 420 411 392 365 355 359 4844

5.3 427 430 428 432 436 433 434 430 416 406 396 397 5065

5.2 432 433 434 435 436 436 436 435 426 421 412 410 5146

5.1 436 434 435 435 436 436 436 436 431 423 420 426 5184

5.0 436 436 436 436 436 436 436 436 436 430 431 431 5216

4.9 436 436 436 436 436 436 436 436 436 436 436 434 5230

4.8 436 436 436 436 436 436 436 436 436 436 436 435 5231

4.7 436 436 436 436 436 436 436 436 436 436 436 435 5231

4.6 436 436 436 436 436 436 436 436 436 436 436 436 5232

Maximum Level 9.08 9.17 8.34 8.96 8.94 8.9 7.73 7.26 7.19 7.4 7.5 7.69 9.17

Minimum Level 5.11 5.03 5.03 5.06 5.43 5.27 5.21 5.2 5.01 4.94 4.91 4.7 4.7
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Annex C 

Directive to the International Lake Ontario -  
St. Lawrence River Board on Operational Adjustments, 
Deviations and Extreme Conditions

This directive was created in conjunction with the 
proposed revised Order of Approval.  It provides 
specific protocols and guidance to the International 
Lake Ontario-St. Lawrence River Board for 
implementing a regulation plan approved by the 
Commission, particularly as they relate to making 
operational adjustments, deviating from that plan, 
and managing extreme conditions.  This directive 
updates and replaces all past directives on these 
topics to the former International St. Lawrence 
River Board of Control, including letters from the 
International Joint Commission (the Commission) 
dated May 5, 1961 and October 18, 1963 that vested 
the Board with limited authority to deviate from the 
approved regulation plan.

Plan 2014 is the combination of the mechanistic 
release rules labeled “Bv7” (described in Annex B) 
together with discretionary decisions made by the 
International Lake Ontario - St. Lawrence River Board 
to deviate from the flows specified by the rules of 
Bv7 according to this directive on deviations.  In that 
regard, Bv7 is analogous to Plan 1958-D; each is a set 
of release rules that solves algorithms to produce an 
unambiguous release amount each week.

Under the revised Order of Approval, the 
International Lake Ontario – St. Lawrence River 
Board is responsible for ensuring compliance 
with the Order pertaining to the regulation of 
the St. Lawrence River and Lake Ontario and 
any requirements outlined in directives from 
the Commission.  This includes setting weekly 
discharges for the St. Lawrence River through the 
flow control structures of the Moses-Saunders 
hydro-electric plant located at Cornwall-Massena 
according to the regulation plan approved by the 
Commission.  Bv7 release rules are designed to 
handle a broader range of water supply situations 
than the previous release rules (Plan 1958-D).  In 
most instances, it will be important to release flows 
as determined by the release rules in order to realize 
its expected benefits.  Therefore, the Commission 

anticipates fewer, more limited instances where flow 
releases would differ from those of the release rules 
than was the case with 1958-D.

The following sections of this Annex describe and 
differentiate between operational adjustments, 
minor, major, and emergency deviations.  The 
Annex also explains when and how the Board can 
adjust and deviate from the outflows prescribed by 
the regulation plan.  If the Board cannot establish 
consensus regarding deviations from plan outflows, 
then the issue shall be raised immediately to the 
Commission through the Commission’s Engineering 
Advisors located in Washington, DC and Ottawa, ON.  
In such cases, the Board must reach consensus on 
an interim outflow in consideration of the particular 
circumstances at the time and that is consistent with 
the Treaty, while the Commission makes a decision.  

C1.   Operational Adjustments due to 
Inaccurate Forecasts

The rules and logic of the regulation plan determine 
the flow to be released for the coming week based 
on observed and forecasted hydrologic and ice 
conditions.  As forecasts of conditions have some 
uncertainty, there will be occasions when the actual 
within-the-week conditions experienced differ 
significantly from the forecasted conditions used to 
calculate the regulation plan flow.  Due to inaccurate 
forecasts, in some cases adjustments to the flows 
determined by the regulation plan at the beginning 
of the regulation week will be required later in the 
week in order to maintain the intent of the plan.  
The Board will consider these flow adjustments as 
within-plan operations and not as deviations from 
the plan.  

The rules and logic of the plan provide protection 
against extreme high and low levels downstream 
in balance with Lake Ontario levels.  The Board shall 
oversee operational adjustments to successfully 
manage rapidly varying flood and low flows coming 
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from the Ottawa River in accordance with the rules 
set out in the regulation plan, unless conditions 
require minor or major deviations as defined below.  
The plan also includes rules, based on decades of 
operational experience, to form and manage the ice 
cover in the river reaches of importance upstream 
of the Moses-Saunders and Beauharnois hydro-
electric plants.  The Board shall also continue flow 
changes as needed for ice management in these 
river reaches consistent with the intent of the 
plan.  Ottawa River discharges and ice conditions 
can change significantly from day-to-day, and the 
week-ahead forecasts of Ottawa River flows and 
ice conditions used for regulation calculations are 
subject to rapid variations due to changing weather 
conditions.  Therefore, short-term within-the-week 
flow adjustments will be made when needed to 
avoid flooding near Montreal consistent with the 
intent of the plan when the Ottawa River flow is 
very high and changing rapidly.  Such adjustments 
will also be made when required to maintain 
St. Lawrence River levels above the minimums 
specified in the plan when inflows to the river are 
varying.  As ice conditions can vary quickly due to 
changing weather conditions, it is anticipated that 
adjustments will also be necessary for the formation 
of a smooth ice cover to prevent ice jams in the 
International Rapids Section of the St. Lawrence 
River and the Beauharnois Canal.  Within-the-week 
flow adjustments may also be required to address 
other unexpected within-the--week changes 
in river conditions.  These flow adjustments are 
consistent with and accounted for in the design 
of the regulation plan, which was developed with 
the assumption that the flows during the Ottawa 
River freshet, droughts and the ice formation would 
be adjusted in practice within the week as they 
have been with Plan 1958DD.  Therefore, no future 
offsetting adjustments are needed to compensate 
for within-the-week flow adjustments due to 
uncertainties in forecasts of Ottawa River flows, ice 
conditions, or other weather-related circumstances 
that are made to maintain the intent of the Plan.  

The Board may direct its Regulation Representatives 
to be responsible for monitoring conditions, making 
operational flow adjustments and tracking their 
use.  Tracking records will be used to replicate plan 
results, as needed for subsequent plan reviews.

C2.   Minor Deviations for the  
St. Lawrence River

To respond to short-term needs on the St. Lawrence 
River, the Commission will allow the Board to make 
minor discretionary deviations from the approved 
regulation plan that have no appreciable effect 
on Lake Ontario levels.  Minor deviations are 
made to provide beneficial effects or relief from 
adverse effects to an interest when this can be 
done without appreciable adverse effects to other 
interests, and consistent with the requirements of 
the Order of Approval.  Unlike flow adjustments 
made to maintain the intent of the plan, minor 
deviations from the plan require accounting and 
flow restoration. 

Minor deviations, while not necessarily limited to 
only these situations, could include those to address 
contingencies such as:

•  short-term flow capacity limitations due to 
hydropower unit maintenance;

•  assistance to commercial vessels on the river due 
to unanticipated low water levels;

•  assistance, when appropriate, with recreational 
boat haul-out on Lake St. Lawrence or Lake 
St. Louis at the beginning or at the end of the 
boating season; and,

•  unexpected ice problems on the river 
downstream of Montreal. 

These deviations will affect levels on Lake St. 
Lawrence and the St. Lawrence River downstream 
to Montreal, but due to the relatively small volume 
of water involved, such deviations would have 
a very minor effect on Lake Ontario levels and 
the river upstream of Cardinal, ON.  The intention 
is for minor flow deviations to be restored by 
equivalent offsetting deviations from the plan flow 
as soon as conditions permit to avoid or minimize 
cumulative impacts on the Lake Ontario level and 
avoid changing the balance of benefits under the 
approved regulation plan. Some discretion will be 
left to the Board as to whether conditions permit 
the restoration of the volume of water released or 
held back by these deviations.  However, the Board 
shall not allow the cumulative effect of these minor 
deviations to cause the Lake Ontario level to vary 
by more than +/- 2 cm from that which would 
have occurred had the releases prescribed by the 
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approved plan been strictly followed.  The intent is 
to accommodate, where possible, those needs of the 
river interests that are difficult to foresee and build 
into the plan, while being consistent with the intent 
of the regulation plan and Order of Approval.

The Board will provide post-action reports to the 
Commission of these minor deviations from plan 
flows as part of normal semi-annual reporting 
requirements. However, if circumstances are such 
that minor deviations cause the Lake Ontario level 
to vary more than  +/- 2 cm from the level resulting 
from the approved plan (i.e., potentially having a 
significant impact on Lake Ontario levels), then 
the Board shall advise the Commission in advance 
as soon as the potential need for the longer-
term deviation is known.  If there is a need for a 
longer-term deviation, the Board must provide a 
flow restoration plan and obtain approval from 
the Commission, or obtain a waiver from the 
Commission not requiring flow restoration. It is 
intended that such a waiver be rarely used so as to 
avoid changing the balance of benefits associated 
with the approved regulation plan. 

The Board may direct its Regulation Representatives 
to approve minor deviations from plan flow, within 
parameters set by the Board.

C3. Major Deviations
Major deviations are significant departures from the 
approved regulation plan that are made in response 
to extreme high or low levels of Lake Ontario in 
accordance with criterion H14 of the revised Order 
of Approval:  

In the event that Lake Ontario water levels reach 
or exceed extremely high levels, the works in the 
International Rapids Section shall be operated to 
provide all possible relief to the riparian owners 
upstream and downstream.  In the event that 
Lake Ontario levels reach or fall below extremely 
low levels, the works in the International Rapids 
Section shall be operated to provide all possible 
relief to municipal water intakes, navigation and 
power purposes, upstream and downstream.  The 
high and low water levels at which this provision 
applies will be established by a Commission 
directive to the Board.

Major deviations are expected to significantly alter 
the level of Lake Ontario compared to the level that 
would occur by following the approved regulation 
plan. Although the approved regulation plan 
was developed to perform under a wide range of 
hydrological conditions and with the experience 
gained in four decades of regulation operations, 
extreme high or low Lake Ontario water levels could 
require major deviations from the plan.  Extreme 
high and low Lake Ontario levels to trigger major 
deviations are set out in Table C-1 of this report 
based on quarter-month levels through the year.  If 
the Board expects that lake levels will be outside 
the range defined by the trigger levels, then based 
on analysis using the technical expertise at its 
disposal, the Board will inform the Commission 
that it expects to make a major deviation from the 
plan once the trigger level is reached to moderate 
the extreme levels.  The Board is authorized to 
use its discretion to set flows in such conditions 
and deviate from the approved plan to provide 
balanced relief to the degree possible, upstream 
and downstream, in accordance with criterion 
H14 and the Treaty.  For example, if the lake level is 
above the high trigger, then the Board could decide 
to increase the flow to the maximum specified by 
the limits used in the approved regulation plan if 
the plan flow is not already at this maximum, or it 
could apply the maximum flow limits used in Plan 
1958DD, or it could release another flow consistent 
with criterion H14.  While major deviations take 
downstream interests into account, they are not 
triggered by downstream levels, as the Bv7 release 
rules are designed to prevent extreme levels 
downstream, provided that Lake Ontario levels are 
not at extremes.

The Commission emphasizes that for the objectives 
of the approved regulation plan to be met, the 
regulation plan needs to be followed until water 
levels reach any of the defined triggers.  The 
Board shall keep the Commission informed of the 
difference between the Lake Ontario level and 
the defined trigger levels. The Board will provide 
regular reports on implementation of the major 
deviation to the Commission.  As the extreme event 
ends, the Board shall develop for Commission 
approval a strategy to return to plan flows and 
recommendations as to whether or not equivalent 
offsetting deviations from the plan flow should be 
made, as appropriate on a case-by-case basis.   
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The effectiveness of major deviations initiated 
with the trigger levels defined in Table C-1 will 
be assessed as part of the adaptive management 
process through follow-up monitoring and 
modeling.  The trigger levels or implementation 
of major deviations could be modified by the 
Commission through future directives if warranted.

C4. Emergency Deviations
Emergency situations are considered to be those 
that threaten the physical integrity of the water 
management system and that may lead to a loss 
of the ability to control the flows in the system, 
or unusual life-threatening situations.  Examples 
could include the failure of a lock gate, flooding 
of the hydropower control works, failure of a 
spillway gate, dike failure, a regional power outage, 
or other such active or imminent incidents.  Such 
incidents arise only on extremely rare occasions.  
In such cases, immediate action is required and 
the Board is directed to authorize the Regulation 
Representatives to direct and approve, on the 
Board’s behalf, emergency flow changes as required.  
The Regulation Representatives will report any such 
emergency actions as soon as possible to the Board 
and immediately thereafter the Board will report 
such actions to the Commission. 

The Board will determine the need to make 
subsequent equivalent offsetting deviations from 
the plan flow, as appropriate, on a case-by-case 
basis.

Table C1. 
Lake Ontario Trigger Levels for Major Deviations
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Annex D 

Directive to the International Lake Ontario -  
St. Lawrence River Board
This directive updates and replaces the November 
16, 1953 directive that created the International 
St. Lawrence River Board of Control.  This directive 
creates and directs the International Lake Ontario-
St. Lawrence River Board as a new Board, with 
any further direction to the new Board to be 
issued by the International Joint Commission (the 
Commission) from this date forward.

D1.  Function and Composition of  
the Board

The International Lake Ontario-St. Lawrence 
River Board (Board) is responsible for ensuring 
compliance with the Order of Approval pertaining 
to the regulation of flows and levels of the St. 
Lawrence River and Lake Ontario, the regulation 
plan approved by the Commission and any 
requirements or duties outlined in directives from 
the Commission.

The Board shall perform duties specifically 
assigned to it in the Order of Approval as well as 
those assigned to it by the Commission directives.  
Under the Order, the Board has duties related to 
flow regulation and responsibilities related to 
adaptive management, communications and public 
involvement.  To carry out these duties, the Board 
shall meet at least twice a year, hold teleconferences 
as needed, and provide semi-annual reports to the 
Commission.  It will also hold at least two meetings 
with the public annually.

The Board shall have an equal number of members 
from each country. The Commission shall determine 
the number of members (normally a minimum of 
10) and shall normally appoint each member for a 
three-year term. Members may serve for more than 
one term. Members shall act in their personal and 
professional capacity, and not as representatives 
of their countries, agencies or institutions. They are 
to seek decisions by consensus according to the 
tradition of the Commission.

Within this binational balance, at least one 
Board member will be from each of the five 

jurisdictions – federal, provincial and state.  The 
jurisdictions may nominate members to serve on 
the Board.  The Commission will review nominees, 
in consultation with the respective nominating 
federal, state or provincial jurisdiction, to ensure 
that all Board members are suited to fulfilling the 
new and continuing responsibilities of the Board.  
The expertise of potential Board members, their 
ability to act impartially and effectively with good 
judgment, their commitment to work towards 
Board consensus, engage appropriately with the 
public and reach decisions quickly when necessary 
will be key considerations for the Commission in 
the appointment of candidates to the Board.  The 
Commission will appoint the nominees if it finds 
them suitable.  If the Commission determines 
a nominee is not suitable, it will request the 
nominating jurisdiction to make an additional 
nomination (or nominations) until the Commission 
determines the nominee is suitable.  In addition 
to members nominated by the jurisdictions, the 
Commission itself may appoint members to obtain 
an appropriate balance of expertise and geographic 
representation on the Board.  The Commission shall 
appoint one member from each country to serve as 
co-chairs of the Board. Each co-chair is to appoint a 
Secretary, who, under the general supervision of the 
chair(s), shall carry out such duties as are assigned 
by the chairs or the Board as a whole. Upon request 
to the Commission, either co-chair may appoint an 
alternate member to act as Chair when they are not 
available to the Board.

The co-chairs of the Board, through the assistance 
of the Board secretaries, shall be responsible for 
maintaining proper liaison between the Board and 
the Commission, among the Board members and 
between the Board and its sub-groups.  Chairs shall 
ensure that all members of the Board are informed 
of all instructions, inquiries, and authorizations 
received from the Commission and also of activities 
undertaken by or on behalf of the Board, progress 
made, and any developments affecting such 
progress.
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In order to provide prompt action which may be 
necessary under winter operations or emergency 
conditions, each of the co-chairs of the Board 
shall appoint a Regulation Representative who is 
authorized by the Board to act on its behalf in such 
situations.  Among other duties, the Regulation 
Representatives shall maintain a database of 
hydrological information for the Board, conduct the 
regulation plan calculations, make needed within-
the-week flow adjustments, coordinate and keep 
account of flow deviations, and advise the Board on 
regulation operations. 

The Board shall appoint an Operations Advisory 
Group (OAG) composed of representatives from the 
operating entities and shall keep the Commission 
informed of OAG membership.  The Board and the 
Regulation Representatives may consult with OAG 
members individually or collectively as the occasion 
requires.

D2. Flow Regulation
The Board shall set flows from Lake Ontario into 
the St. Lawrence River through the Moses-Saunders 
Dam and Long Sault Dam in accordance with the 
Order of Approval, normally as specified by the 
approved weekly flow regulation plan and directives 
from the Commission.  It shall also approve the gate 
setting at the Iroquois Dam in consideration of Lake 
St. Lawrence levels and ice management, which may 
be delegated to the Regulation Representatives for 
prompt action.

The Board shall oversee the normal flow variations 
carried out by the hydropower entities according 
to the directive on peaking and ponding issued 
by the Commission.  The Board shall also supervise 
the Regulation Representatives in their conduct of 
within-the-week flow adjustments and shall direct 
minor and major flow deviations when required, 
consistent with the Commission’s directive and 
Order of Approval. 

Following the regulation plan will be important 
over the long-term to ensure that the expected 
objectives for system regulation are achieved.  

D3. Adaptive Management
The Board will take part in an adaptive management 
plan designed to verify that the effects of the 

new regulation plan over time are as anticipated, 
react to the influence of changing conditions 
such as climate change, and adapt or improve the 
implementation of the regulation plan as required.  
The Board may also use the information acquired 
through the adaptive management strategy to 
propose to the Commission modifications to the 
plan should it learn over time that conditions 
(climatic, socio-economic or environmental) have 
changed enough such that the plan is no longer 
meeting its intended objectives or improvements to 
the plan could realize increased benefits. 

D4.  Communications and Public  
Involvement

The Board is directed to have a communications 
committee.  The aim of the communications 
committee is to ensure that everyone interested 
in the regulation of the Lake Ontario-St. Lawrence 
River system is informed and has opportunities 
to express personal views regarding regulation.  
The communications committee will ensure that 
the Board is proactive in acquiring knowledge 
about stakeholder needs and perspectives on an 
ongoing basis and in providing them with regular 
information about Board decisions and the issues 
before the Board. The Commission encourages 
the Board to take advantage of multiple means, 
including modern technology and alternative 
communications fora, to better inform and receive 
input from stakeholders and the public within the 
framework of the Commission’s communication 
strategy.  The Board may collaborate with other 
Commission boards, governmental and quasi-
governmental organizations to effectively 
strengthen information delivery and involve the 
public.  

The Commission (through its public information 
officers) shall be informed, in advance, of plans 
for any public meetings or public involvement in 
the Board deliberations.  The Board shall report 
in a timely manner to the Commission on these 
meetings, including representations made to the 
Board.

The Board shall provide the text of media releases 
and other public information materials to the 
Secretaries of the Commission for review by the 
Commission’s Public Information Officers, prior to 
their release in English and French.
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Reports, including semi-annual reports, and 
correspondence of the Board shall normally 
remain privileged and be available only to the 
Commission and to members of the Board and 
its committees (including appropriate individuals 
who support these entities with respect to Lake 
Ontario-St. Lawrence River activities) until their 
release has been authorized by the Commission.  
Board members and committees shall maintain 
files in accordance with the Commission policy on 
segregation of documents.  All Board members shall 
be provided with these policy documents at the 
time of their appointment to the Board.

The Board shall provide minutes of Board meetings 
to the Commission within 45 days of the close of 
the meeting in keeping with the Commission’s April 
2002 Policy Concerning Public Access to Minutes of 
Meetings.  The minutes will subsequently be put on 
the Commission’s website.

To facilitate communication between the Board 
and the relevant federal, state and provincial 
jurisdictions of the Lake Ontario–St. Lawrence River 
system, the Commission shall request from these 
jurisdictions the name of an appropriate contact 
person and provide these names to the Board.  The 
Board should note that its communications with the 
jurisdictions are only with respect to the carrying 
out of the functions of the Board, as set out in the 
Order of Approval and associated directives.  It 
will remain the role of the Commission to engage 
all the jurisdictions (federal, state, provincial), as 
appropriate in the consideration of any changes 
to the regulation plan or directives to the Board.  
Any issues raised by the jurisdictions with the 
Board in these respects should be redirected to the 
Commission.   

D5. Other Aspects
According to need and on an ad-hoc basis, the 
Board may establish any other committees and 
working groups as may be required to discharge its 
responsibilities effectively.  The Commission shall 
be kept informed of the duties and composition of 
any committee or working group.  Commissioners 
and relevant Commission staff are invited to any 
meetings of the Board and any committees the 
Board may establish.  Unless other arrangements 
are made, members of the Board, committees, or 
working groups will make their own arrangements 
for reimbursement of necessary expenditures.  The 
Commission should also be informed of the Board’s 
plans and progress and of any developments or cost 
impediments, actual or anticipated, that are likely to 
affect carrying out the Board’s responsibilities.

If, in the opinion of the Board or of any member, 
any instruction, directive, or authorization received 
from the Commission lacks clarity or precision, 
then the matter shall be referred promptly to the 
Commission for appropriate action.  In the event of 
any unresolved disagreement among the members 
of the Board, the Board shall refer the matter 
forthwith to the Commission for decision.
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Annex E 

Adaptive Management Strategy

The International Joint Commission (IJC) is working 
with the governments in the basin to develop 
adaptive management as an important tool for 
improving management of the Lake Ontario- 
St. Lawrence River regulation plan.   An adaptive 
management strategy will enable the IJC to take 
advantage of future scientific and management 
advances, to ensure that the effects of regulation 
are those that have been calculated by the model 
used to develop the regulation plan, and to adjust 
for possible long-term changes in the amount of 
water entering the system (net basin supplies).  
The IJC does not have the resources or capacity to 
undertake adaptive management alone, but will 
work with jurisdictions and stakeholder groups 
that have capacity for monitoring various effects 
of regulation to identify the most important 
monitoring needs.  The IJC will act on the results, 
as appropriate, using its standard procedures of 
reviews, consultations and hearings, if necessary, 
to make adjustments or changes.  The benefits of 
an adaptive management strategy would apply 
to any regulation plan. Given that the adaptive 
management components will be funded and 
managed collaboratively by different governments 
and stakeholders, the list of components will 
gradually be built up and evolve over time.  The 
IJC has worked with funding sources and interest 
groups to establish a framework for a Lake 
Ontario-St. Lawrence River adaptive management 
strategy based on the key monitoring priorities 
and estimated costs.  The aspects of regulation 
that are incorporated into or affected by adaptive 
management include the regulation rules, the 
directive on deviations from those rules, and 
governance procedures. 

E1. The Adaptive Management Process
Adaptive management is a process for improving 
decisions that cycles through these steps:

•  estimate the impacts of a decision using best 
available models, but identify areas of uncertainty 
in those model predictions;

•  make a decision that produces an appropriate 
balance of estimated impacts;

•  monitor indicators of the impacts of the decision 
related to the key areas of uncertainty and 
compare them to what the models predicted;

•  change the models if necessary based on 
monitoring evidence; and,

•  change the decision if warranted based on the 
revised models.

There are two main areas of uncertainty in 
evaluating the performance of regulation rules for 
the Lake Ontario-St. Lawrence River system:

Will future water supplies be different from 1. 
those used to test the rules?

Will the impacts of levels and flows be different 2. 
from the modeled impacts used in designing 
the rules?

The adaptive management strategy will address 
the water supply and impact uncertainties and 
will support periodic evaluations to determine if 
new evidence can be used to develop improved 
regulation rules.  Review of the regulation rules may 
occur at any time monitoring evidence suggests 
that it is warranted, but the first review is to take 
place within 15 years of the implementation of the 
adaptive management program.

E1.1.  The Adaptive Management Committee

The International Lake Ontario-St. Lawrence River 
Board will oversee an Adaptive Management 
Committee (Committee) made up of technical 
experts who will coordinate the monitoring, 
research and modeling needed to carry out the 
adaptive management strategy.  The Committee 
members will be appointed by the IJC with the 
advice of its boards.   They will report to the Board 
on their work and present periodically their 
assessment of the monitoring results.  The Board 
may use information developed by the Committee 
to propose modifications of the regulation rules 
to the IJC.  The Committee will work with the 
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Board to provide for public input to the adaptive 
management process.  Changes to the regulation 
plan, as always, will require approval of the 
Commissioners. 

E2.  Water Supply Research and  
Monitoring 

The outcomes of regulation rules will depend 
on the water supplies that occur in the coming 
years, so there is a potential to improve the 
rules if more is known about future climate.  The 
adaptive management strategy identifies three 
areas in which reduced uncertainty could improve 
regulation rules; forecasting, triggers and climate 
research.

E2.1  Forecasting

Two categories of forecast in particular hold promise 
for better regulation, and will have the highest 
priority for adaptive management research.

Better forecasts of supplies could help further 1. 
reduce flooding along the shores of Lake 
Ontario and the St. Lawrence River caused by 
extremely wet winters and severe ice conditions 
that limit the winter outflow.  If it were possible 
to improve the six-to-eight month forecasts 
of the amount of water entering Lake Ontario 
during the coming winter and early spring, then 
the regulation rules could be adjusted in the fall 
and winter depending on the risk of unusually 
wet conditions in the coming months.  This 
could reduce property damage along the Lake 
Ontario coast while still improving ecosystem 
health.

Integrated Lake Ontario-Ottawa River forecasts. 2. 
Independent forecasting systems exist or are 
under development for Lake Ontario supplies as 
well as Ottawa River flows, but there is no joint 
probabilistic forecast of Lake Ontario supplies 
and Ottawa River flow. An integrated Lake 
Ontario and Ottawa River ensemble forecasting 
system would support better short-term (2-4 
week) water level forecasts, which could, for 
example, help the shipping industry forecast 
the available water draft for ships arriving at the 
Port of Montreal.

E2.2  Refined Deviation Triggers

The Proposal for Lake Ontario – St-Lawrence River 
regulation includes authority for the Board to 
deviate from the regulation rules when Lake Ontario 
levels reach trigger levels.  Currently these triggers 
are set using statistics based on the historical record.  
There are high triggers for each quarter-month of 
the year which represent levels that are expected 
to be exceeded 2% of the time; the low triggers are 
levels that Lake Ontario is expected to be below 
5% of the time.  Adjusting releases at these triggers 
improves economic benefits without significant 
impact to the ecosystem, but further research might 
produce even better economic and environmental 
results using a different mix of trigger levels.

E2.3   Creation of a Coordinated Lake 
Ontario-St. Lawrence River Climate 
Change Model

Water supply datasets for the lake and river are 
needed to simulate the effects of climate change 
with different regulation rules.  Datasets that reflect 
many different possible future climates for Lake 
Ontario have been developed, but there are not as 
many for the river.  Given that the impact of climate 
change on lake and river levels is uncertain, it is 
important to test regulation rules using a wide 
array of supplies. Developing river datasets is more 
difficult because the flow from the major tributary 
to the St. Lawrence – the Ottawa River – is affected 
by the operation of a number of reservoirs in its 
basin.  This adds a significant amount of work 
compared to what is necessary for estimating lake 
supplies because in addition to modeling rainfall, 
evaporation and runoff, the operating policies for 
these reservoirs on the Ottawa River have to be 
determined and simulated to estimate the inflows 
to the St. Lawrence River.  It is also necessary to 
have a coordinated model to properly simulate 
the coincidence of high and low supplies to Lake 
Ontario with high and low flows from the Ottawa 
River basin.  The development of a coordinated 
climate model for these two regions would help 
assure that regulation rules will work well under 
different possible future climate conditions. 
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E2.4.   Environmental Impact Research and 
Monitoring 

The Shared Vision Model of the Lake Ontario-
St. Lawrence River system combines all of the 
performance models and the data used to design 
and evaluate the proposed regulation rules. The 
Integrated Ecological Response Model (IERM) 
portion of the Shared Vision Model demonstrates 
that the proposed rules will help wetland 
vegetation, bird communities, northern pike and 
muskrat (the muskrat is important because it is 
an indicator for the general health of a riparian 
ecosystem).  Performance indicators for these 
elements of the Lake Ontario and St. Lawrence 
River environment played a critical role in plan 
selection because they were sensitive to water 
level changes and representative of a broader 
ecosystem response.  The monitoring design for 
these four indicators will seek to isolate water level 
changes from other stressors and drivers that could 
influence the performance indicator’s response. 
Efforts have already been initiated to establish 
mid- and long-term monitoring protocols.  The 
Integrated Ecological Response Model predicts 
that the proposed regulation rules will not make 
a significant difference in the lower St. Lawrence 
River environment relative to the current regulation 
rules.  However, there will be an effort to integrate 
existing monitoring data requirements to ensure 
that the proposed regulation rules do not result in 
unexpected negative environmental impacts on the 
lower St. Lawrence River. 

E3.  Economic Impact Research and 
Monitoring 

The Flood and Erosion Prediction System (FEPS) 
portion of the Shared Vision Model indicates 
that the rules will increase maintenance costs 
to existing shore protection structures on Lake 
Ontario.  However, those estimates rely heavily 
on the assumptions made by coastal engineers 
when the model was developed.  The Lake Ontario-
St. Lawrence River Study Board recognized the 
uncertainty in this assumption and suggested that 
measurements of the actual elevations of the top of 
structures be made. 

Surveys of some of these structures already have 
been made and indicate considerable variability 
in the height of these shore protection structures, 

with many structures being higher than previously 
assumed for these locations.  The higher the shore 
protection height, the less likely they are to be 
overtopped.  Given that, this limited survey suggests 
some shore protection structures in the surveyed 
areas would be less sensitive to the changes in 
water levels brought about by the proposed 
regulation rules than is currently estimated by FEPS.

Although FEPS shows very little change in flooding 
with the proposed regulation rules, work has 
also been initiated to assess the use of a different 
model - the Flood Tool - to estimate the sensitivity 
of shoreline flooding impacts with a broader range 
of storm surge and wave conditions.  Under the 
adaptive management strategy, measurements of 
shore protection in more areas would be taken and 
the use of the Flood Tool evaluated for a number 
of sites.  The results of these activities will support 
continued improvements to the Flood and Erosion 
Prediction System and a refined assessment of 
potential effects along the Lake Ontario shoreline.

While refinements to the Flood and Erosion 
Prediction System have the highest priority among 
the economic indicators, the Adaptive Management 
Strategy will also address updates to model the 
impacts to recreational boating, hydropower, and 
navigation as funding becomes available. 

Models of recreational boating requirements and 
use in the Shared Vision Model predict that the 
proposed regulation rules will tend to provide 
deeper water in the fall on Lake Ontario and the 
river compared to the current rules, but less depth 
on the lake and River during those years that 
experience the driest summers.  On balance, the 
models predict slightly negative boating impacts 
above Lake St. Lawrence, because the estimated 
boating activity in summer months is much higher 
than in fall.  Future boat ownership and use could 
change these assumptions.  Adaptive management 
could include a targeted survey of boat ownership 
and use patterns throughout the boating season. 

The proposed regulation rules produce about the 
same loading conditions for commercial navigation 
on average as the current rules, but the proposed 
rules are expected to provide a modest increase 
in the value of hydropower produced at both the 
Moses-Saunders and Beauharnois plants.   The Study 
Board recognized that there was less uncertainty in 
the models used to evaluate these sectors and that 
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hydropower and shipping agencies already gather 
much of the data needed for tracking performance.  
The adaptive management strategy assumes data 
for these sectors will continue to be available in the 
future for regulation rule evaluations, but updates to 
the model may be needed. 

E4.  Periodic Assessments of the  
Regulation Rules

Over time, the evidence collected from the water 
supply and impact research and monitoring may 
suggest there is need to develop an improved set 
of regulation rules.  The adaptive management 
strategy calls for the maintenance of the tools and 
expertise developed during the Lake Ontario-St. 
Lawrence River Study to facilitate the formulation 
and evaluation of regulation rules in the future.

The tools include: the Shared Vision Model; the 
Integrated Ecological Response Model for Lake 
Ontario and the St. Lawrence River; the Integrated 
Ecological Response Model for the lower St. 
Lawrence River; the Flood and Erosion Prediction 
System; a subsequent flood impact analysis 
tool developed for Lake Ontario to more closely 
assess local flooding and wave surge impacts; and 
information management systems to make the 
latest research and best data readily available.  The 
Shared Vision Model has already been re-designed 
for use in adaptive management.  The adaptive 
management strategy calls for periodic model 
exercises and training to maintain agency familiarity 
with the tools needed to evaluate plans.

E5. Summary
The IJC always has strived to improve its regulation 
rules over time; adaptive management is a more 
structured, science-based and effective way of doing 
it because:

•  data collection is more purposeful and better 
coordinated, increasing the chances that the data 
needed to inform  regulation decisions will be 
available;

•  on-going evaluation of the rules should be 
easier because the tools and knowledge needed 
to assess performance are maintained on a 
continuing basis, with a relatively small, steady 
effort; and,

•  decisions are more transparent because the 
community of experts, decision makers and 
stakeholders that helped build the models used 
in adaptive management will be sustained in the 
outreach efforts of the new International Lake 
Ontario – St. Lawrence Board.  
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Annex G 

Glossary

ADAPTIVE MANAGEMENT – A planning process that can provide a structured, iterative approach for improving actions 
through long-term monitoring, modeling and assessment.  Through adaptive management, decisions can be reviewed, 
adjusted and revised as new information and knowledge becomes available or as conditions change.  

BASIN; WATERSHED – The region or area of which the surface waters and groundwater ultimately drain into a 
particular course or body of water.

BASIN (LAKE ONTARIO – ST. LAWRENCE RIVER) – The surface area contributing runoff to Lake Ontario and the St. 
Lawrence River downstream to Trois Rivières, QC.

BOUNDARY WATERS TREATY OF 1909 – The agreement between the United States and Canada that established 
principles and mechanisms for the resolution of disputes related to boundary waters shared by the two countries.  The 
International Joint Commission was created as a result of this treaty.

CHART DATUM – The water level used to calculate the water depths that are shown on “navigation charts” and are a 
reference point for harbor and channel dredging.  Also known as Low Water Datum.

CLIMATE – The prevalent weather conditions of a given region (temperature, precipitation, wind speed, atmospheric 
pressure, etc.) observed throughout the year and averaged over a number of years.

CLIMATE CHANGE – A change of climate that is attributed directly or indirectly to human activity, that alters the 
composition of the global atmosphere, and which is in addition to natural climate variability observed over comparable 
time periods.

COAST – The land or zone adjoining a large body of water.

COASTAL EROSION – The wearing away of a shoreline as a result of the action of water current, wind and waves.

COSMOS MODEL – Name of the erosion prediction numerical model used in the 2006 Lake Ontario-St. Lawrence River 
Study.

DEVITATIONS – Temporary changes to a regulation plan to provide beneficial effects or relief from adverse effects to an 
interest, without causing appreciable adverse effects to any of the other interests.

DIRECTIVE  –.An IJC instruction to a new or existing Study Board specifying the study’s terms of reference, including 
tasks and responsibilities.

DRAINAGE BASIN – The area that contributes runoff to a stream, river, or lake.

ECOSYSTEM – A biological community in interaction with its physical environment, and including the transfer and 
circulation of matter and energy.

ENVIRONMENT – Air, land or water; plant and animal life including humans; and the social, economic, cultural, physical, 
biological and other conditions that may act on an organism or community to influence its development or existence.

EROSION – The wearing away of land surfaces through the action of rainfall, running water, wind, waves and water 
current. Erosion results naturally from weather or runoff, but human activity such as the clearing of land for farming, 
logging, construction or road building can intensify the process.

FLOOD AND EROSION PROTECTION SYSTEM (FEPS) – A series of numerical models including COSMOS that compile 
and evaluate shoreline data to compute flood and erosion damages.

FLOODING – The inundation of low-lying areas by water.

FLOODPLAIN – The lowlands surrounding a watercourse (river or stream) or a standing body of water (lake), which are 
subject to flooding.

FRAZIL ICE – Stream ice with the consistency of slush, formed when small ice crystals develop in supercooled stream 
water as air temperatures drop below freezing. These ice crystals join and are pressed together by newer crystals as they 
form.

FRESHET – The sudden overflow or rise in level of a stream as a result of heavy rains or snowmelt.
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HABITAT – The particular environment or place where a plant or an animal naturally lives and grows.

HYDROELECTRIC POWER – Electrical energy produced by the action of moving water.

ICE JAM – An accumulation of river ice, in any form which obstructs the normal river flow.

INTERESTS – In the context of the report, the groups or sectors served by the waters of Lake Ontario and the St. 
Lawrence River, including municipal and industrial water uses, commercial navigation, hydroelectric power generation, 
coastal development, ecosystems, and recreational boating.  Under the Boundary Waters Treaty of 1909, the interests of 
domestic and sanitary water uses, navigation and hydroelectric generation and irrigation are given order of precedence 
in water uses in the development of regulation plans.

INTERNATIONAL JOINT COMMISSION (IJC) – International independent agency formed in 1909 by the United States 
and Canada under the Boundary Waters Treaty to prevent and resolve boundary waters disputes between the two 
countries.  The IJC makes decisions on applications for projects such as dams in boundary waters, issues Orders of 
Approval and regulates the operations of many of those projects.  It also has a permanent reference under the Great 
Lakes Water Quality Agreement to help the two national governments restore and maintain the chemical, physical, and 
biological integrity of those waters. 

INTERNATIONAL LAKE ONTARIO - ST. LAWRENCE RIVER STUDY – A study, sponsored by the IJC and completed in 
2006, to examine the effects of water level and flow variations on all users and interest groups and to determine if better 
regulation is possible at the existing installations controlling Lake Ontario outflows.

INTERNATIONAL REACH – The portion of the St. Lawrence River that is between Lake Ontario and the  
Moses-Saunders Dam.

INTERNATIONAL ST. LAWRENCE RIVER BOARD OF CONTROL – Board established by the International Joint 
Commission in its 1952 Order of Approval. Its main duty is to ensure that outflows from Lake Ontario meet the 
requirements of the Commission’s Order. The Board also develops regulation plans and conducts special studies as 
requested by the Commission.

LIGHT LOAD – A load less than the ship capacity, required when a fully loaded ship would be too close to the channel 
bottom because of low water levels.

LOWER ST. LAWRENCE RIVER – The portion of the St. Lawrence River downstream of the Moses-Saunders Dam is called 
the lower St. Lawrence in this Study. It includes Lake St. Francis, Lake St. Louis, Montreal Harbour, Lake St. Pierre and the 
portions of the River connecting these lakes as far downstream as Trois Rivieres, QC.

MARINA – A private or publicly-owned facility allowing recreational watercraft access to water, and offering mooring 
and related services.

MARSH – An area of low, wet land, characterized by shallow, stagnant water and plant life dominated by grasses and 
cattails.

MEASURE, STRUCTURAL – Any measure that requires some form of construction. Commonly includes control works 
and shore protection devices.

MODEL, COMPUTER – A series of equations and mathematical terms based on physical laws and statistical theories 
that simulate natural processes.

MONTHLY MEAN WATER LEVEL – The arithmetic average of all past observations (of water levels or flows) for that 
month. 

ORDERS OF APPROVAL – In ruling upon applications for approval of projects affecting boundary or transboundary 
waters, such as dams and hydroelectric power stations, the IJC can regulate the terms and conditions of such projects 
through Orders of Approval to maintain specific targets with respect to water levels and flows in the lakes and 
connecting channels.

PEAKING – The variation of hourly water flows above and below the daily average flow (for instance, midday flow 
higher than evening and night flows), primarily due to hydroelectric generating operations during which water is 
stocked during periods of off-peak demand in order to increase hydroelectric power generation at peak periods.

PERFORMANCE INDICATOR – A measure of economic, social or environmental health. In the context of the Study, 
performance indicators relate to impacts of different water levels in Lake Ontario and the St. Lawrence River.

PLAN FORMULATION METHOD – A particular way of searching for a better regulation plan; mathematical optimization 
based on economic benefits, for example.  
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PONDING – The variation of daily water flows above and below the weekly average flow (for instance, average weekday 
flow higher than average weekend flow), primarily due to hydroelectric generating operations.

PUBLIC INTEREST ADVISORY GROUP (PIAG) – The group of volunteers from the United States and Canada that 
worked to ensure effective communication between the public and the 2006 International Lake Ontario-St. Lawrence 
River Study Board.

REFERENCE – A request from government for the IJC to study and recommend solutions to transboundary issue.  The 
word is derived from Article IX of 1909 Boundary Waters Treaty, which stipulates that such issues “shall be referred from 
time to time to the International Joint Commission for examination and report, whenever either the Government of the 
United States or the Government of the Dominion of Canada shall request that such questions or matters of difference 
be so referred.”

REGULATION PLANS – In the context of the report, the control of waterflows through regulatory structures to meet 
the needs of various water-using interests in a basin.  These plans have incorporated the specific objectives established 
in the IJC’s Orders of Approval, established monthly outflow levels, and allocated flows to various water-using interests, 
such as hydroelectric generation.

REGULATORY STRUCTURES – Adjustable structures, such as a gated dam, that can be raised or lowered to adjust water 
levels and flows both upstream and downstream.  

REVETMENT – A natural (e.g., grass, aquatic plants) or artificial (e.g., concrete, stone, asphalt, earth, sand bag) covering to 
protect an embankment or other structure from erosion.

RIPARIAN – Of, relating to or found along a shoreline.

RIPARIANS – Persons residing on the banks of a body of water.  Typically associated with private owners of shoreline 
property.

SHORE WELL – A well close to a lake in which the well water levels are directly influenced by lake levels.

SHORELINE – Intersection of a specified plane of water with the shore.

STAKEHOLDER – An individual, group, or institution with an interest or concern, either economic, societal or 
environmental, that is affected by fluctuating water levels or by measures proposed to respond to fluctuating water 
levels within the Lake Ontario–St. Lawrence River Basin.

STOCHASTIC – Random.  A stochastic process is one whose behavior is non-deterministic, in that a system’s subsequent 
state is determined both by the process’s predictable actions and by a random element.

STOCHASTIC SUPPLIES – Simulated sequences of water supply conditions that reflect climate variability.

UPPER ST. LAWRENCE RIVER – The portion of the St. Lawrence River upstream of the Moses-Saunders Dam is called 
the upper St. Lawrence River. It includes the entire river from Kingston/Cape Vincent to the power dam and locks at 
Cornwall-Massena, including Lake St. Lawrence.

WATER LEVEL – The elevation of the surface of the water of a lake or at a particular site on the river. The elevation is 
measured with respect to average sea level. 

WATER SUPPLY – Water reaching the Great Lakes as a direct result of precipitation, less evaporation from land and lake 
surfaces.

WATERFOWL – Birds that are ecologically dependant on wetlands for their food, shelter and reproduction.

WAVE – An oscillatory movement in a body of water which results in an alternate rise and fall of the surfaces.

WAVE CREST – The highest part of a wave.

WETLANDS – An area characterized by wet soil and high biologically productivity, providing an important habitat for 
waterfowl, amphibians, reptiles and mammals.
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Appendix D

City of Hamilton
Beach Boulevard Community Stormwater Ponding
Study - Revised
August 2019 – 17-5898

D - 1

D 2017 Aerial Photos Showing Ponding Water
 (Taken June 8, 2017)
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Map Data 2017 Google 

Transport Canada NASP / Natural Resources Canada CCRP – Aerial Photo Flood Observations 2017-06-08 - 142219  

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 193 of 472



 Map Data 2017 Google 

Transport Canada NASP / Natural Resources Canada CCRP – Aerial Photo Flood Observations 2017-06-08 - 142200  
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 Map Data 2017 Google 

Transport Canada NASP / Natural Resources Canada CCRP – Aerial Photo Flood Observations 2017-06-08 - 142200  
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Map Data 2017 Google 

Transport Canada NASP / Natural Resources Canada CCRP – Aerial Photo Flood Observations 2017-06-08 - 142156  
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 Map Data 2017 Google 

Transport Canada NASP / Natural Resources Canada CCRP – Aerial Photo Flood Observations 2017-06-08 - 142146  
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 Map Data 2017 Google 

Transport Canada NASP / Natural Resources Canada CCRP – Aerial Photo Flood Observations 2017-06-08 - 142142  
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Appendix E

City of Hamilton
Beach Boulevard Community Stormwater Ponding
Study - Revised
August 2019 – 17-5898

E - 1

E 1-D Excel Model Outputs

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 199 of 472



Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 76 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 6.02 m3/s a 2317.4 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 11 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.836

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 0 0 0 0 0 0
375 0 0 0 0 0 0 0 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 181.81 9.96 9.96 22.51 32.47 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 15.90% 0.70 0.73 525 110.50$      3,393.95$         450 63 56 118 0 0 0 0 0
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 181.81 25.72 25.72 58.16 83.88 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 100.79% 0.75 1.39 0.38 450 101.30$      6,365.67$         525 31 0 0 77 77 0 0 55
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.39 172.33 42.38 68.10 145.95 214.06 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 104.85% 0.94 1.90 0.535 600 148.70$      16,012.41$       600 108 71 104 0 0 18 0 105
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.29 160.97 98.17 176.22 352.78 529.00 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 157.30% 1.19 0.77 0.71 750 300.50$      16,439.30$       675 0 0 0 86 70 31 52 0
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 14.06 156.84 17.06 193.28 377.02 570.30 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 169.58% 1.19 1.49 0.73 750 300.50$      31,960.44$       750 161 112 139 138 0 0 160 0

825 0 0 107 94 115 9 0 137
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 181.81 39.49 39.49 89.29 128.78 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 280.55% 0.65 1.43 0.44 450 101.30$      5,646.16$         900 0 167 0 122 38 0 207 76
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 181.81 72.72 72.72 164.43 237.16 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 516.64% 0.65 1.83 0.555 600 148.70$      10,591.62$       975 0 45 14 115 0 0 39 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 169.56 73.67 146.39 308.70 455.08 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 991.40% 0.65 0.34 0.705 750 300.50$      3,958.53$         1050 0 187 112 215 0 0 0 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 181.81 8.88 8.88 20.08 28.95 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 63.08% 0.69 0.25 300 79.70$        841.18$            1200 0 64 109 215 96 81 104 192
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 167.49 10.96 166.23 346.25 512.47 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 378.66% 0.85 1.93 0.74 750 300.50$      29,605.65$       1350 0 0 0 15 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 156.65 83.26 249.48 486.06 735.54 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 360.30% 0.94 1.06 0.845 900 418.20$      25,086.02$       1500 0 0 0 0 0 0 76 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 151.33 54.68 304.16 572.43 876.59 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 260.65% 1.19 0.38 0.855 900 418.20$      11,357.30$       1650 0 0 0 17 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 149.51 23.10 327.26 608.51 935.76 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 278.25% 1.19 1.12 0.875 900 418.20$      33,556.37$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 144.41 70.96 398.22 715.20 1113.42 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 331.07% 1.19 0.64 0.935 975 458.80$      20,851.76$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 141.69 85.57 523.28 922.10 1445.38 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 429.78% 1.19 0.15 1.03 1050 525.50$      5,733.79$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 141.05 1.01 524.28 919.72 1444.00 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 429.37% 1.19 0.06 1.03 1050 525.50$      2,102.36$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 140.82 0.00 524.28 918.21 1442.49 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 428.92% 1.19 0.13 1.03 1050 525.50$      4,780.70$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 140.30 0.00 524.28 914.79 1439.07 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 524.07% 0.97 1.10 1.11 1200 658.60$      42,176.21$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 135.95 0.00 524.28 886.44 1410.72 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 419.47% 1.19 0.15 1.02 1050 525.50$      5,621.94$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 135.38 0.00 524.28 882.72 1407.00 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 418.37% 1.19 2.13 1.02 1050 525.50$      80,020.15$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 181.81 26.03 26.03 58.86 84.89 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 184.94% 0.65 1.53 0.375 450 101.30$      6,045.86$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.53 171.42 57.18 83.21 177.40 260.61 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 567.74% 0.65 1.47 0.575 600 148.70$      8,538.81$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 13.01 162.58 51.39 134.60 272.16 406.76 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 300.55% 0.85 1.62 0.675 750 300.50$      24,790.52$       
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.62 153.96 85.82 220.42 422.06 642.47 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 314.71% 0.94 1.90 0.805 825 348.60$      37,468.02$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.52 145.03 102.86 323.28 583.09 906.37 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 443.98% 0.94 0.25 0.915 975 458.80$      6,515.74$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 181.81 27.68 27.68 62.58 90.26 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 108.44% 0.75 1.30 0.385 450 101.30$      5,932.94$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.30 172.94 52.53 80.21 172.51 252.71 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 186.73% 0.85 0.91 0.565 600 148.70$      6,939.85$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.21 167.23 52.54 132.75 276.09 408.84 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 302.08% 0.85 1.11 0.68 750 300.50$      16,975.38$       
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.77 143.93 51.97 508.01 909.34 1417.34 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 421.44% 1.19 0.18 1.025 1050 525.50$      6,807.51$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.95 143.15 9.91 517.91 922.03 1439.94 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 428.16% 1.19 1.38 1.03 1050 525.50$      51,889.96$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.34 137.48 77.67 595.58 1018.33 1613.91 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 479.89% 1.19 1.53 1.075 1200 658.60$      71,780.96$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 181.81 51.30 51.30 116.01 167.31 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 364.49% 0.65 1.97 0.485 525 110.50$      8,481.96$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 168.68 84.55 135.85 285.00 420.85 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 505.66% 0.75 0.72 0.685 750 300.50$      9,815.09$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 164.37 35.20 171.06 349.68 520.74 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 384.77% 0.85 0.96 0.745 750 300.50$      14,752.34$       
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 159.00 56.65 227.70 450.26 677.96 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 500.94% 0.85 1.84 0.82 825 348.60$      32,665.47$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 181.81 161.46 161.46 365.09 526.55 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 1865.30% 0.58 1.63 0.745 750 300.50$      16,949.09$       
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 170.77 84.04 245.50 521.40 766.90 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 1670.70% 0.65 1.93 0.86 900 418.20$      31,372.17$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 159.50 47.86 293.36 581.95 875.32 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 1051.71% 0.75 0.77 0.9 975 458.80$      15,972.32$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 155.44 0.00 293.36 567.13 860.49 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 635.81% 0.85 0.92 0.895 900 418.20$      19,646.58$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 149.73 107.38 628.45 1170.29 1798.74 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 881.10% 0.94 0.25 1.18 1200 658.60$      9,464.83$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 148.54 18.65 647.10 1195.44 1842.54 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 547.87% 1.19 1.23 1.13 1200 658.60$      57,646.85$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 143.08 68.94 716.04 1274.13 1990.17 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 591.77% 1.19 0.53 1.16 1200 658.60$      24,954.70$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 181.81 314.61 314.61 711.38 1025.99 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 168.26% 1.38 0.97 0.905 975 458.80$      36,705.39$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.97 175.10 86.33 400.94 873.14 1274.08 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 208.95% 1.38 1.21 0.985 1050 525.50$      52,606.19$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.17 167.44 164.77 565.71 1178.01 1743.73 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 221.79% 1.47 0.86 1.105 1200 658.60$      49,807.51$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 181.81 128.60 128.60 290.78 419.38 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 91.09% 1.47 0.98 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 10.98 175.02 262.16 390.76 850.57 1241.33 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 269.61% 1.29 1.49 0.975 1050 525.50$      60,442.57$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 13.03 162.43 0.00 956.47 1932.16 2888.63 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 193.13% 1.73 0.15 1.335 1350 847.00$      12,811.65$       

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 140.85 42.79 1715.30 3004.64 4719.94 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 315.57% 1.73 0.16 1.605 1650 1,240.60$   20,795.66$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 181.81 51.15 51.15 115.67 166.82 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 123.26% 0.85 1.50 0.485 525 110.50$      8,470.50$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.50 171.61 69.55 120.70 257.61 378.31 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 279.53% 0.85 1.37 0.66 675 227.90$      15,989.75$       
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.88 163.32 74.65 195.35 396.78 592.14 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 290.05% 0.94 0.25 0.78 825 348.60$      4,939.64$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 13.13 161.90 0.00 195.35 393.34 588.69 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 288.36% 0.94 1.78 0.775 825 348.60$      35,028.43$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.90 152.57 79.36 274.71 521.24 795.96 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 389.89% 0.94 0.66 0.87 900 418.20$      15,684.19$       
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.56 149.38 452.17 726.88 1350.37 2077.25 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 617.66% 1.19 1.34 1.18 1200 658.60$      62,957.34$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 181.81 104.60 104.60 236.52 341.12 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 743.13% 0.65 0.81 0.635 675 227.90$      7,164.02$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 181.81 76.86 76.86 173.80 250.66 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 185.21% 0.85 0.35 0.565 600 148.70$      2,668.33$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 176.17 0.00 181.46 397.59 579.05 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 283.64% 0.94 0.16 0.775 825 348.60$      3,090.05$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 175.12 248.42 429.88 936.25 1366.13 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 669.19% 0.94 1.43 1.065 1200 658.60$      53,417.01$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 181.81 115.34 115.34 260.81 376.16 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 451.96% 0.75 0.87 0.66 675 227.90$      8,963.30$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 175.75 39.35 154.69 338.12 492.82 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 364.14% 0.85 1.21 0.725 750 300.50$      18,520.71$       
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 168.03 71.52 226.21 472.72 698.94 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 516.44% 0.85 0.89 0.83 900 418.20$      19,085.31$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 162.77 40.10 266.31 539.12 805.43 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 394.53% 0.94 0.24 0.875 900 418.20$      5,610.76$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 161.44 12.49 278.80 559.78 838.59 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 410.78% 0.94 0.34 0.885 900 418.20$      7,989.65$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 181.81 109.83 109.83 248.34 358.16 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 264.64% 0.85 0.25 0.645 675 227.90$      2,856.08$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 180.06 19.43 129.25 289.44 418.69 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 309.37% 0.85 1.85 0.685 750 300.50$      28,441.49$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 167.89 60.65 189.90 396.53 586.44 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 174.37% 1.19 0.06 0.735 750 300.50$      1,201.29$         
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.16 167.55 117.06 306.96 639.66 946.62 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 281.48% 1.19 1.80 0.88 900 418.20$      53,774.23$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.96 157.38 80.12 387.09 757.65 1144.73 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 340.38% 1.19 0.55 0.945 975 458.80$      17,881.44$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 154.56 33.78 699.67 1344.91 2044.59 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 607.95% 1.19 0.22 1.175 1200 658.60$      10,201.65$       
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.72 153.47 0.00 699.67 1335.42 2035.09 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 605.13% 1.19 1.23 1.17 1200 658.60$      58,042.30$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.96 147.57 469.73 1169.41 2146.15 3315.56 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 985.87% 1.19 0.96 1.405 1500 1,036.00$   71,225.29$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.92 143.30 0.00 1169.41 2084.06 3253.47 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 967.41% 1.19 0.10 1.395 1500 1,036.00$   7,547.54$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 181.81 52.48 52.48 118.66 171.13 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 372.81% 0.65 1.13 0.49 525 110.50$      4,855.63$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 174.03 0.00 52.48 113.58 166.05 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 361.75% 0.65 0.27 0.485 525 110.50$      1,176.59$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 172.26 29.97 82.45 176.63 259.08 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 126.91% 0.94 1.85 0.57 600 148.70$      15,540.00$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.25 161.22 114.85 197.30 395.59 592.88 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 290.42% 0.94 0.54 0.78 825 348.60$      10,703.56$       
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.79 158.26 30.39 227.69 448.15 675.84 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 200.96% 1.19 1.49 0.775 825 348.60$      37,156.30$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.28 150.71 106.87 334.55 627.06 961.62 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 285.93% 1.19 1.07 0.885 900 418.20$      31,922.91$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.35 145.77 218.85 553.41 1003.25 1556.66 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 462.87% 1.19 0.20 1.06 1200 658.60$      9,329.66$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.55 144.89 0.00 553.41 997.20 1550.61 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 461.07% 1.19 0.87 1.06 1200 658.60$      41,056.29$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.43 141.16 116.88 670.29 1176.71 1847.00 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 549.20% 1.19 0.24 1.13 1200 658.60$      11,303.27$       
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.67 140.16 0.00 670.29 1168.45 1838.74 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 546.74% 1.19 0.60 1.13 1200 658.60$      28,145.96$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.27 137.76 0.00 670.29 1148.43 1818.72 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 540.79% 1.19 0.77 1.125 1200 658.60$      36,336.22$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 75.5 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 1.54 m3/s a 2317.4 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 11 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.836

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 0 0 0 0 0 0
375 63 0 118 0 0 0 0 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 181.81 2.54 2.54 22.51 25.05 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 12.27% 0.65 0.79 525 110.50$      3,393.95$         450 0 56 0 77 0 0 0 55
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 181.81 6.56 6.56 58.16 64.73 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 77.77% 0.84 1.25 375 98.30$        6,177.15$         525 138 71 104 0 77 18 0 0
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.25 173.26 10.82 17.38 146.74 164.12 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 80.39% 1.06 1.70 525 110.50$      11,898.93$       600 0 0 0 0 70 31 52 105
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 12.94 162.94 25.05 44.97 357.09 402.07 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 119.55% 1.19 0.77 0.64 675 227.90$      12,467.61$       675 161 112 139 168 0 0 160 0
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.71 158.70 4.35 49.33 381.48 430.81 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 128.10% 1.19 1.49 0.655 675 227.90$      24,238.88$       750 0 0 107 150 115 9 0 137

825 0 167 14 157 38 0 207 76
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 181.81 10.08 10.08 89.29 99.37 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 216.48% 0.65 1.43 0.4 450 101.30$      5,646.16$         900 0 45 0 295 0 0 39 0
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 181.81 18.56 18.56 164.43 182.99 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 398.65% 0.65 1.83 0.505 525 110.50$      7,870.70$         975 0 187 221 0 0 81 0 77
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 169.56 18.80 37.36 308.70 346.05 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 753.88% 0.65 0.34 0.635 675 227.90$      3,002.16$         1050 0 64 0 201 0 0 104 115
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 181.81 2.27 2.27 20.08 22.34 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 48.67% 0.65 0.27 300 79.70$        841.18$            1200 0 0 0 29 96 0 0 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 167.49 2.80 42.42 346.25 388.67 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 287.18% 0.85 1.93 0.665 675 227.90$      22,453.00$       1350 0 0 0 0 0 0 76 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 156.65 21.25 63.67 486.06 549.73 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 269.28% 0.94 1.06 0.76 825 348.60$      20,911.02$       1500 0 0 0 17 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 151.33 13.95 77.62 572.43 650.05 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 193.29% 1.19 0.38 0.765 825 348.60$      9,467.13$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 149.51 5.89 83.52 608.51 692.02 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 205.77% 1.19 1.12 0.785 825 348.60$      27,971.66$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 144.41 18.11 101.62 715.20 816.83 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 242.88% 1.19 0.64 0.835 900 418.20$      19,006.56$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 141.69 21.84 133.54 922.10 1055.64 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 313.89% 1.19 0.15 0.915 975 458.80$      5,006.02$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 141.05 0.26 133.80 919.72 1053.52 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 313.26% 1.19 0.06 0.915 975 458.80$      1,835.51$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 140.82 0.00 133.80 918.21 1052.01 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 312.81% 1.19 0.13 0.915 975 458.80$      4,173.90$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 140.30 0.00 133.80 914.79 1048.59 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 381.87% 0.97 1.10 0.985 1050 525.50$      33,652.60$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 135.95 0.00 133.80 886.44 1020.23 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 303.36% 1.19 0.15 0.905 975 458.80$      4,908.37$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 135.38 0.00 133.80 882.72 1016.51 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 302.26% 1.19 2.13 0.905 975 458.80$      69,863.45$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 181.81 6.64 6.64 58.86 65.50 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 142.70% 0.65 1.53 0.345 375 98.30$        5,866.81$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.53 171.42 14.59 21.24 177.40 198.63 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 432.72% 0.65 1.47 0.52 525 110.50$      6,345.25$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 13.01 162.58 13.11 34.35 272.16 306.51 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 226.47% 0.85 1.62 0.61 675 227.90$      18,801.19$       
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.62 153.96 21.90 56.25 422.06 478.31 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 234.29% 0.94 1.90 0.72 750 300.50$      32,298.17$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.52 145.03 26.25 82.50 583.09 665.59 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 326.03% 0.94 0.25 0.815 825 348.60$      4,950.71$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 181.81 7.06 7.06 62.58 69.64 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 83.68% 0.85 1.15 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.15 173.90 13.41 20.47 173.47 193.93 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 143.30% 0.85 0.91 0.515 525 110.50$      5,157.05$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.06 168.12 13.41 33.88 277.56 311.44 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 230.12% 0.85 1.11 0.615 675 227.90$      12,874.17$       
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.77 143.93 13.26 129.64 909.34 1038.98 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 308.94% 1.19 0.18 0.91 975 458.80$      5,943.45$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.95 143.15 2.53 132.17 922.03 1054.20 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 313.46% 1.19 1.38 0.915 975 458.80$      45,303.74$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.34 137.48 19.82 151.99 1018.33 1170.32 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 347.99% 1.19 1.53 0.955 975 458.80$      50,004.71$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 181.81 13.09 13.09 116.01 129.10 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 281.25% 0.65 1.97 0.44 450 101.30$      7,775.77$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 168.68 21.58 34.67 285.00 319.67 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 384.09% 0.75 0.72 0.62 675 227.90$      7,443.79$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 164.37 8.98 43.65 349.68 393.33 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 290.63% 0.85 0.96 0.67 675 227.90$      11,188.21$       
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 159.00 14.46 58.11 450.26 508.37 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 375.63% 0.85 1.84 0.735 750 300.50$      28,158.27$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 181.81 41.20 41.20 365.09 406.30 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 1439.30% 0.58 1.63 0.675 750 300.50$      16,949.09$       
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 170.77 21.45 62.65 521.40 584.05 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 1272.36% 0.65 1.93 0.775 825 348.60$      26,150.98$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 159.50 12.21 74.87 581.95 656.82 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 789.18% 0.75 0.77 0.81 825 348.60$      12,135.90$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 155.44 0.00 74.87 567.13 641.99 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 474.36% 0.85 0.92 0.805 825 348.60$      16,376.85$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 149.73 27.40 160.38 1170.29 1330.67 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 651.82% 0.94 0.25 1.055 1200 658.60$      9,464.83$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 148.54 4.76 165.14 1195.44 1360.58 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 404.56% 1.19 1.23 1.01 1050 525.50$      45,996.69$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 143.08 17.59 182.73 1274.13 1456.86 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 433.19% 1.19 0.53 1.035 1050 525.50$      19,911.47$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 181.81 80.29 80.29 711.38 791.67 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 129.83% 1.38 0.97 0.825 900 418.20$      33,457.27$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.97 175.10 22.03 102.32 873.14 975.46 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 159.97% 1.38 1.21 0.89 900 418.20$      41,864.72$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.17 167.44 42.05 144.37 1178.01 1322.38 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 168.19% 1.47 0.86 0.995 1050 525.50$      39,741.65$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 181.81 32.82 32.82 290.78 323.60 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 70.29% 1.41 1.02 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.02 174.76 66.90 99.72 849.29 949.01 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 206.12% 1.29 1.49 0.88 900 418.20$      48,101.02$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 13.03 162.43 0.00 244.09 1932.16 2176.25 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 145.50% 1.73 0.15 1.2 1200 658.60$      9,961.92$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 140.85 10.92 437.74 3004.64 3442.38 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 230.15% 1.73 0.16 1.425 1500 1,036.00$   17,366.04$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 181.81 13.05 13.05 115.67 128.72 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 95.11% 0.97 1.32 0.455 525 110.50$      8,470.50$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.32 172.80 17.75 30.80 259.39 290.19 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 214.42% 0.85 1.37 0.595 600 148.70$      10,432.98$       
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.69 164.38 19.05 49.85 399.36 449.22 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 220.05% 0.94 0.25 0.705 750 300.50$      4,258.07$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 12.94 162.94 0.00 49.85 395.87 445.72 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 218.33% 0.94 1.78 0.7 750 300.50$      30,195.19$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.72 153.48 20.25 70.11 524.37 594.47 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 291.20% 0.94 0.66 0.78 825 348.60$      13,073.91$       
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.38 150.25 115.39 185.50 1358.25 1543.75 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 459.03% 1.19 1.34 1.055 1200 658.60$      62,957.34$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 181.81 26.69 26.69 236.52 263.21 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 573.41% 0.65 0.81 0.575 600 148.70$      4,674.37$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 181.81 19.62 19.62 173.80 193.41 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 142.91% 0.85 0.35 0.515 525 110.50$      1,982.86$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 176.17 0.00 46.31 397.59 443.90 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 217.44% 0.94 0.16 0.7 750 300.50$      2,663.68$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 175.12 63.40 109.70 936.25 1045.96 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 512.35% 0.94 1.43 0.965 975 458.80$      37,211.85$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 181.81 29.44 29.44 260.81 290.25 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 348.74% 0.75 0.87 0.595 600 148.70$      5,848.37$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 175.75 10.04 39.48 338.12 377.60 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 279.00% 0.85 1.21 0.66 675 227.90$      14,046.16$       
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 168.03 18.25 57.73 472.72 530.45 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 391.95% 0.85 0.89 0.75 825 348.60$      15,908.99$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 162.77 10.23 67.96 539.12 607.08 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 297.37% 0.94 0.24 0.785 825 348.60$      4,676.97$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 161.44 3.19 71.15 559.78 630.93 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 309.06% 0.94 0.34 0.8 825 348.60$      6,659.95$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 181.81 28.03 28.03 248.34 276.36 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 204.20% 0.85 0.25 0.585 600 148.70$      1,863.53$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 180.06 4.96 32.99 289.44 322.42 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 238.23% 0.85 1.85 0.62 675 227.90$      21,570.10$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 167.89 15.48 48.46 396.53 444.99 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 132.32% 1.19 0.06 0.665 675 227.90$      911.06$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.16 167.55 29.87 78.34 639.66 718.00 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 213.49% 1.19 1.80 0.795 825 348.60$      44,824.72$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.96 157.38 20.45 98.78 757.65 856.43 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 254.66% 1.19 0.55 0.85 900 418.20$      16,299.08$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 154.56 8.62 178.56 1344.91 1523.47 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 453.00% 1.19 0.22 1.05 1050 525.50$      8,139.94$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.72 153.47 0.00 178.56 1335.42 1513.97 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 450.17% 1.19 1.23 1.05 1050 525.50$      46,312.22$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.96 147.57 119.87 298.43 2146.15 2444.58 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 726.89% 1.19 0.96 1.255 1350 847.00$      58,231.49$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.92 143.30 0.00 298.43 2084.06 2382.49 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 708.43% 1.19 0.10 1.245 1350 847.00$      6,170.63$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 181.81 13.39 13.39 118.66 132.05 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 287.66% 0.65 1.13 0.445 450 101.30$      4,451.36$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 174.03 0.00 13.39 113.58 126.97 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 276.60% 0.65 0.27 0.44 450 101.30$      1,078.63$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 172.26 7.65 21.04 176.63 197.67 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 96.83% 1.07 1.62 0.53 600 148.70$      15,540.00$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.02 162.48 29.31 50.35 398.68 449.03 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 219.96% 0.94 0.54 0.705 750 300.50$      9,226.68$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.57 159.47 7.76 58.11 451.58 509.69 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 151.55% 1.19 1.49 0.7 750 300.50$      32,029.46$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.06 151.80 27.27 85.38 631.59 716.97 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 213.19% 1.19 1.07 0.795 825 348.60$      26,610.06$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.13 146.78 55.85 141.23 1010.21 1151.43 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 342.38% 1.19 0.20 0.945 975 458.80$      6,499.31$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.33 145.88 0.00 141.23 1004.07 1145.30 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 340.55% 1.19 0.87 0.945 975 458.80$      28,601.01$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.20 142.10 29.83 171.06 1184.56 1355.62 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 403.09% 1.19 0.24 1.005 1050 525.50$      9,018.93$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.44 141.09 0.00 171.06 1176.18 1347.24 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 400.60% 1.19 0.60 1.005 1050 525.50$      22,457.79$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.04 138.66 0.00 171.06 1155.87 1326.93 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 394.56% 1.19 0.77 1 1050 525.50$      28,992.84$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 75 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 0.40 m3/s a 2317.4 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 11 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.836

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 0 0 0 0 0 0
375 63 0 118 0 0 0 0 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 181.81 0.66 0.66 22.51 23.17 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 11.35% 0.64 0.81 525 110.50$      3,393.95$         450 0 56 0 77 77 0 0 55
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 181.81 1.70 1.70 58.16 59.86 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 71.92% 0.83 1.26 375 98.30$        6,177.15$         525 138 71 104 0 0 18 0 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.26 173.14 2.80 4.50 146.64 151.14 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 74.03% 1.04 1.72 525 110.50$      11,898.93$       600 0 0 139 0 70 31 52 0
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 12.99 162.69 6.48 11.64 356.56 368.20 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 109.48% 1.19 0.77 0.62 675 227.90$      12,467.61$       675 161 112 0 224 0 0 160 107
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.75 158.47 1.13 12.76 380.93 393.69 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 117.06% 1.19 1.49 0.635 675 227.90$      24,238.88$       750 0 87 107 94 115 9 46 31

825 0 126 14 237 38 0 200 76
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 181.81 2.61 2.61 89.29 91.90 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 200.20% 0.65 1.43 0.39 450 101.30$      5,646.16$         900 0 187 112 215 0 0 0 0
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 181.81 4.80 4.80 164.43 169.24 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 368.68% 0.65 1.83 0.49 525 110.50$      7,870.70$         975 0 64 109 76 0 81 0 192
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 169.56 4.86 9.67 308.70 318.36 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 693.55% 0.65 0.34 0.62 675 227.90$      3,002.16$         1050 0 0 0 140 96 0 104 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 181.81 0.59 0.59 20.08 20.66 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 45.01% 0.64 0.27 300 79.70$        841.18$            1200 0 0 0 15 0 0 7 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 167.49 0.72 10.98 346.25 357.22 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 263.95% 0.85 1.93 0.645 675 227.90$      22,453.00$       1350 0 0 0 0 0 0 69 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 156.65 5.50 16.47 486.06 502.53 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 246.16% 0.94 1.06 0.735 750 300.50$      18,025.71$       1500 0 0 0 17 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 151.33 3.61 20.08 572.43 592.52 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 176.18% 1.19 0.38 0.74 750 300.50$      8,160.85$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 149.51 1.52 21.61 608.51 630.12 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 187.36% 1.19 1.12 0.755 825 348.60$      27,971.66$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 144.41 4.69 26.29 715.20 741.50 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 220.48% 1.19 0.64 0.805 825 348.60$      15,843.34$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 141.69 5.65 34.55 922.10 956.65 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 284.46% 1.19 0.15 0.885 900 418.20$      4,563.03$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 141.05 0.07 34.62 919.72 954.34 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 283.77% 1.19 0.06 0.885 900 418.20$      1,673.08$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 140.82 0.00 34.62 918.21 952.83 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 283.32% 1.19 0.13 0.88 900 418.20$      3,804.55$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 140.30 0.00 34.62 914.79 949.41 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 345.75% 0.97 1.10 0.95 975 458.80$      29,381.18$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 135.95 0.00 34.62 886.44 921.05 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 273.87% 1.19 0.15 0.87 900 418.20$      4,474.02$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 135.38 0.00 34.62 882.72 917.33 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 272.77% 1.19 2.13 0.87 900 418.20$      63,681.11$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 181.81 1.72 1.72 58.86 60.58 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 131.97% 0.65 1.53 0.335 375 98.30$        5,866.81$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.53 171.42 3.78 5.49 177.40 182.89 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 398.43% 0.65 1.47 0.5 525 110.50$      6,345.25$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 13.01 162.58 3.39 8.89 272.16 281.04 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 207.66% 0.85 1.62 0.59 600 148.70$      12,267.39$       
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.62 153.96 5.67 14.55 422.06 436.61 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 213.87% 0.94 1.90 0.695 750 300.50$      32,298.17$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.52 145.03 6.79 21.35 583.09 604.43 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 296.08% 0.94 0.25 0.785 825 348.60$      4,950.71$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 181.81 1.83 1.83 62.58 64.41 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 77.39% 0.84 1.16 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.16 173.81 3.47 5.30 173.37 178.67 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 132.02% 0.85 0.91 0.5 525 110.50$      5,157.05$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.08 168.03 3.47 8.77 277.42 286.18 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 211.46% 0.85 1.11 0.595 600 148.70$      8,400.13$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.77 143.93 3.43 33.54 909.34 942.88 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 280.36% 1.19 0.18 0.88 900 418.20$      5,417.51$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.95 143.15 0.65 34.20 922.03 956.23 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 284.33% 1.19 1.38 0.885 900 418.20$      41,294.73$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.34 137.48 5.13 39.32 1018.33 1057.66 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 314.49% 1.19 1.53 0.915 975 458.80$      50,004.71$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 181.81 3.39 3.39 116.01 119.40 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 260.10% 0.65 1.97 0.43 450 101.30$      7,775.77$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 168.68 5.58 8.97 285.00 293.97 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 353.21% 0.75 0.72 0.6 675 227.90$      7,443.79$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 164.37 2.32 11.29 349.68 360.98 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 266.72% 0.85 0.96 0.65 675 227.90$      11,188.21$       
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 159.00 3.74 15.03 450.26 465.29 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 343.80% 0.85 1.84 0.71 750 300.50$      28,158.27$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 181.81 10.66 10.66 365.09 375.75 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 1331.10% 0.58 1.63 0.655 675 227.90$      12,854.23$       
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 170.77 5.55 16.21 521.40 537.61 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 1171.19% 0.65 1.93 0.75 825 348.60$      26,150.98$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 159.50 3.16 19.37 581.95 601.32 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 722.50% 0.75 0.77 0.785 825 348.60$      12,135.90$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 155.44 0.00 19.37 567.13 586.50 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 433.36% 0.85 0.92 0.775 825 348.60$      16,376.85$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 149.73 7.09 41.50 1170.29 1211.79 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 593.58% 0.94 0.25 1.02 1050 525.50$      7,552.03$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 148.54 1.23 42.73 1195.44 1238.17 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 368.17% 1.19 1.23 0.975 1050 525.50$      45,996.69$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 143.08 4.55 47.28 1274.13 1321.41 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 392.92% 1.19 0.53 0.995 1050 525.50$      19,911.47$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 181.81 20.77 20.77 711.38 732.16 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 120.07% 1.38 0.97 0.8 825 348.60$      27,889.06$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.97 175.10 5.70 26.47 873.14 899.61 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 147.53% 1.38 1.21 0.865 900 418.20$      41,864.72$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.17 167.44 10.88 37.35 1178.01 1215.37 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 154.58% 1.47 0.86 0.965 975 458.80$      34,697.37$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 181.81 8.49 8.49 290.78 299.28 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 65.00% 1.39 1.03 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.03 174.65 17.31 25.80 848.75 874.55 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 189.95% 1.29 1.49 0.855 900 418.20$      48,101.02$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 13.03 162.43 0.00 63.15 1932.16 1995.31 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 133.41% 1.73 0.15 1.165 1200 658.60$      9,961.92$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 140.85 2.83 113.26 3004.64 3117.90 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 208.46% 1.73 0.16 1.375 1500 1,036.00$   17,366.04$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 181.81 3.38 3.38 115.67 119.05 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 87.96% 0.97 1.32 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.32 172.76 4.59 7.97 259.34 267.31 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 197.51% 0.85 1.37 0.58 600 148.70$      10,432.98$       
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.70 164.35 4.93 12.90 399.29 412.19 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 201.91% 0.94 0.25 0.68 750 300.50$      4,258.07$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 12.95 162.91 0.00 12.90 395.80 408.69 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 200.20% 0.94 1.78 0.68 750 300.50$      30,195.19$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.72 153.45 5.24 18.14 524.28 542.41 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 265.70% 0.94 0.66 0.755 825 348.60$      13,073.91$       
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.39 150.22 29.86 47.99 1358.02 1406.02 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 418.07% 1.19 1.34 1.02 1050 525.50$      50,233.96$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 181.81 6.91 6.91 236.52 243.42 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 530.30% 0.65 0.81 0.56 600 148.70$      4,674.37$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 181.81 5.08 5.08 173.80 178.87 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 132.17% 0.85 0.35 0.5 525 110.50$      1,982.86$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 176.17 0.00 11.98 397.59 409.57 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 200.62% 0.94 0.16 0.68 750 300.50$      2,663.68$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 175.12 16.40 28.38 936.25 964.64 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 472.52% 0.94 1.43 0.935 975 458.80$      37,211.85$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 181.81 7.62 7.62 260.81 268.43 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 322.52% 0.75 0.87 0.58 600 148.70$      5,848.37$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 175.75 2.60 10.21 338.12 348.34 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 257.38% 0.85 1.21 0.64 675 227.90$      14,046.16$       
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 168.03 4.72 14.94 472.72 487.66 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 360.33% 0.85 0.89 0.725 750 300.50$      13,713.86$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 162.77 2.65 17.58 539.12 556.70 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 272.69% 0.94 0.24 0.76 825 348.60$      4,676.97$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 161.44 0.82 18.41 559.78 578.19 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 283.22% 0.94 0.34 0.77 825 348.60$      6,659.95$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 181.81 7.25 7.25 248.34 255.59 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 188.85% 0.85 0.25 0.57 600 148.70$      1,863.53$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 180.06 1.28 8.53 289.44 297.97 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 220.17% 0.85 1.85 0.605 675 227.90$      21,570.10$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 167.89 4.00 12.54 396.53 409.07 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 121.64% 1.19 0.06 0.645 675 227.90$      911.06$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.16 167.55 7.73 20.27 639.66 659.93 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 196.23% 1.19 1.80 0.77 825 348.60$      44,824.72$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.96 157.38 5.29 25.56 757.65 783.20 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 232.88% 1.19 0.55 0.82 825 348.60$      13,586.46$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 154.56 2.23 46.20 1344.91 1391.11 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 413.64% 1.19 0.22 1.015 1050 525.50$      8,139.94$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.72 153.47 0.00 46.20 1335.42 1381.62 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 410.82% 1.19 1.23 1.015 1050 525.50$      46,312.22$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.96 147.57 31.02 77.21 2146.15 2223.36 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 661.11% 1.19 0.96 1.21 1350 847.00$      58,231.49$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.92 143.30 0.00 77.21 2084.06 2161.28 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 642.65% 1.19 0.10 1.2 1200 658.60$      4,798.08$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 181.81 3.46 3.46 118.66 122.12 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 266.04% 0.65 1.13 0.43 450 101.30$      4,451.36$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 174.03 0.00 3.46 113.58 117.04 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 254.98% 0.65 0.27 0.425 450 101.30$      1,078.63$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 172.26 1.98 5.44 176.63 182.07 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 89.19% 1.07 1.62 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.03 162.46 7.58 13.03 398.64 411.67 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 201.65% 0.94 0.54 0.68 750 300.50$      9,226.68$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.57 159.46 2.01 15.03 451.54 466.57 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 138.73% 1.19 1.49 0.675 675 227.90$      24,291.23$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.06 151.78 7.06 22.09 631.53 653.62 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 194.35% 1.19 1.07 0.765 825 348.60$      26,610.06$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.13 146.76 14.45 36.54 1010.12 1046.66 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 311.22% 1.19 0.20 0.915 975 458.80$      6,499.31$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.33 145.87 0.00 36.54 1003.98 1040.52 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 309.40% 1.19 0.87 0.91 975 458.80$      28,601.01$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.20 142.09 7.72 44.26 1184.46 1228.72 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 365.36% 1.19 0.24 0.97 975 458.80$      7,874.19$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.44 141.08 0.00 44.26 1176.08 1220.34 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 362.86% 1.19 0.60 0.97 975 458.80$      19,607.29$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.04 138.64 0.00 44.26 1155.78 1200.03 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 356.83% 1.19 0.77 0.96 975 458.80$      25,312.88$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 74.5 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 0.13 m3/s a 2317.4 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 11 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.836

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 0 0 0 0 0 0
375 63 0 118 0 0 0 0 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 181.81 0.22 0.22 22.51 22.73 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 11.13% 0.63 0.81 525 110.50$      3,393.95$         450 0 56 0 77 77 0 0 55
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 181.81 0.56 0.56 58.16 58.72 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 70.55% 0.83 1.27 375 98.30$        6,177.15$         525 138 71 104 0 0 18 0 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.27 173.11 0.92 1.48 146.62 148.10 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 72.55% 1.04 1.73 525 110.50$      11,898.93$       600 0 0 139 33 70 31 52 0
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.00 162.63 2.14 3.84 356.42 360.26 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 107.12% 1.19 0.77 0.615 675 227.90$      12,467.61$       675 161 112 0 191 0 0 160 107
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.76 158.41 0.37 4.21 380.78 384.99 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 114.48% 1.19 1.49 0.63 675 227.90$      24,238.88$       750 0 87 107 169 115 9 46 31

825 0 126 14 162 38 0 200 76
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 181.81 0.86 0.86 89.29 90.15 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 196.40% 0.65 1.43 0.385 450 101.30$      5,646.16$         900 0 187 112 215 0 0 0 0
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 181.81 1.58 1.58 164.43 166.02 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 361.67% 0.65 1.83 0.485 525 110.50$      7,870.70$         975 0 64 109 163 0 81 0 192
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 169.56 1.60 3.19 308.70 311.88 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 679.44% 0.65 0.34 0.615 675 227.90$      3,002.16$         1050 0 0 0 52 96 0 104 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 181.81 0.19 0.19 20.08 20.27 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 44.16% 0.64 0.28 300 79.70$        841.18$            1200 0 0 0 15 0 0 76 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 167.49 0.24 3.62 346.25 349.87 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 258.52% 0.85 1.93 0.64 675 227.90$      22,453.00$       1350 0 0 0 0 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 156.65 1.81 5.43 486.06 491.49 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 240.75% 0.94 1.06 0.725 750 300.50$      18,025.71$       1500 0 0 0 17 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 151.33 1.19 6.62 572.43 579.06 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 172.18% 1.19 0.38 0.73 750 300.50$      8,160.85$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 149.51 0.50 7.13 608.51 615.63 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 183.06% 1.19 1.12 0.75 825 348.60$      27,971.66$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 144.41 1.55 8.67 715.20 723.87 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 215.24% 1.19 0.64 0.795 825 348.60$      15,843.34$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 141.69 1.86 11.40 922.10 933.50 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 277.57% 1.19 0.15 0.875 900 418.20$      4,563.03$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 141.05 0.02 11.42 919.72 931.14 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 276.87% 1.19 0.06 0.875 900 418.20$      1,673.08$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 140.82 0.00 11.42 918.21 929.63 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 276.42% 1.19 0.13 0.875 900 418.20$      3,804.55$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 140.30 0.00 11.42 914.79 926.21 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 337.30% 0.97 1.10 0.94 975 458.80$      29,381.18$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 135.95 0.00 11.42 886.44 897.85 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 266.97% 1.19 0.15 0.865 900 418.20$      4,474.02$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 135.38 0.00 11.42 882.72 894.13 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 265.87% 1.19 2.13 0.86 900 418.20$      63,681.11$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 181.81 0.57 0.57 58.86 59.43 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 129.47% 0.65 1.53 0.33 375 98.30$        5,866.81$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.53 171.42 1.25 1.81 177.40 179.21 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 390.41% 0.65 1.47 0.5 525 110.50$      6,345.25$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 13.01 162.58 1.12 2.93 272.16 275.09 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 203.26% 0.85 1.62 0.585 600 148.70$      12,267.39$       
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.62 153.96 1.87 4.80 422.06 426.86 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 209.09% 0.94 1.90 0.69 750 300.50$      32,298.17$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.52 145.03 2.24 7.04 583.09 590.13 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 289.07% 0.94 0.25 0.78 825 348.60$      4,950.71$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 181.81 0.60 0.60 62.58 63.18 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 75.92% 0.84 1.17 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.17 173.78 1.14 1.75 173.35 175.09 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 129.37% 0.85 0.91 0.495 525 110.50$      5,157.05$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.08 168.01 1.14 2.89 277.38 280.27 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 207.09% 0.85 1.11 0.59 600 148.70$      8,400.13$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.77 143.93 1.13 11.06 909.34 920.40 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 273.68% 1.19 0.18 0.87 900 418.20$      5,417.51$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.95 143.15 0.22 11.28 922.03 933.31 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 277.52% 1.19 1.38 0.875 900 418.20$      41,294.73$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.34 137.48 1.69 12.97 1018.33 1031.30 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 306.65% 1.19 1.53 0.91 975 458.80$      50,004.71$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 181.81 1.12 1.12 116.01 117.13 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 255.16% 0.65 1.97 0.425 450 101.30$      7,775.77$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 168.68 1.84 2.96 285.00 287.96 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 345.99% 0.75 0.72 0.595 600 148.70$      4,856.92$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 164.37 0.77 3.73 349.68 353.41 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 261.13% 0.85 0.96 0.645 675 227.90$      11,188.21$       
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 159.00 1.23 4.96 450.26 455.22 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 336.36% 0.85 1.84 0.705 750 300.50$      28,158.27$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 181.81 3.52 3.52 365.09 368.61 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 1305.79% 0.58 1.63 0.655 675 227.90$      12,854.23$       
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 170.77 1.83 5.35 521.40 526.75 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 1147.52% 0.65 1.93 0.745 750 300.50$      22,542.65$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 159.50 1.04 6.39 581.95 588.34 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 706.90% 0.75 0.77 0.775 825 348.60$      12,135.90$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 155.44 0.00 6.39 567.13 573.51 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 423.76% 0.85 0.92 0.77 825 348.60$      16,376.85$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 149.73 2.34 13.69 1170.29 1183.98 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 579.96% 0.94 0.25 1.01 1050 525.50$      7,552.03$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 148.54 0.41 14.09 1195.44 1209.53 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 359.65% 1.19 1.23 0.965 975 458.80$      40,158.48$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 143.08 1.50 15.59 1274.13 1289.73 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 383.50% 1.19 0.53 0.99 1050 525.50$      19,911.47$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 181.81 6.85 6.85 711.38 718.24 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 117.79% 1.38 0.97 0.795 825 348.60$      27,889.06$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.97 175.10 1.88 8.73 873.14 881.87 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 144.62% 1.38 1.21 0.855 900 418.20$      41,864.72$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.17 167.44 3.59 12.32 1178.01 1190.33 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 151.40% 1.47 0.86 0.96 975 458.80$      34,697.37$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 181.81 2.80 2.80 290.78 293.58 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 63.77% 1.38 1.04 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.04 174.62 5.71 8.51 848.61 857.12 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 186.17% 1.29 1.49 0.85 900 418.20$      48,101.02$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 13.03 162.43 0.00 20.83 1932.16 1952.99 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 130.58% 1.73 0.15 1.155 1200 658.60$      9,961.92$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 140.85 0.93 37.35 3004.64 3041.99 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 203.39% 1.73 0.16 1.36 1500 1,036.00$   17,366.04$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 181.81 1.11 1.11 115.67 116.78 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 86.29% 0.96 1.33 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.33 172.75 1.51 2.63 259.31 261.94 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 193.55% 0.85 1.37 0.575 600 148.70$      10,432.98$       
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.70 164.33 1.63 4.25 399.25 403.50 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 197.65% 0.94 0.25 0.675 750 300.50$      4,258.07$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 12.95 162.89 0.00 4.25 395.76 400.01 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 195.94% 0.94 1.78 0.675 750 300.50$      30,195.19$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.73 153.44 1.73 5.98 524.23 530.21 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 259.72% 0.94 0.66 0.75 825 348.60$      13,073.91$       
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.39 150.21 9.85 15.83 1357.90 1373.73 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 408.47% 1.19 1.34 1.01 1050 525.50$      50,233.96$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 181.81 2.28 2.28 236.52 238.80 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 520.22% 0.65 0.81 0.555 600 148.70$      4,674.37$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 181.81 1.67 1.67 173.80 175.47 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 129.66% 0.85 0.35 0.495 525 110.50$      1,982.86$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 176.17 0.00 3.95 397.59 401.54 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 196.69% 0.94 0.16 0.675 750 300.50$      2,663.68$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 175.12 5.41 9.36 936.25 945.61 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 463.20% 0.94 1.43 0.93 975 458.80$      37,211.85$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 181.81 2.51 2.51 260.81 263.32 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 316.39% 0.75 0.87 0.575 600 148.70$      5,848.37$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 175.75 0.86 3.37 338.12 341.49 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 252.32% 0.85 1.21 0.635 675 227.90$      14,046.16$       
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 168.03 1.56 4.93 472.72 477.65 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 352.93% 0.85 0.89 0.72 750 300.50$      13,713.86$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 162.77 0.87 5.80 539.12 544.92 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 266.92% 0.94 0.24 0.755 825 348.60$      4,676.97$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 161.44 0.27 6.07 559.78 565.85 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 277.18% 0.94 0.34 0.765 825 348.60$      6,659.95$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 181.81 2.39 2.39 248.34 250.73 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 185.26% 0.85 0.25 0.565 600 148.70$      1,863.53$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 180.06 0.42 2.81 289.44 292.25 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 215.94% 0.85 1.85 0.6 675 227.90$      21,570.10$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 167.89 1.32 4.14 396.53 400.67 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 119.14% 1.19 0.06 0.64 675 227.90$      911.06$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.16 167.55 2.55 6.68 639.66 646.35 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 192.19% 1.19 1.80 0.765 825 348.60$      44,824.72$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.96 157.38 1.74 8.43 757.65 766.08 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 227.79% 1.19 0.55 0.815 825 348.60$      13,586.46$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 154.56 0.74 15.24 1344.91 1360.15 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 404.44% 1.19 0.22 1.01 1050 525.50$      8,139.94$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.72 153.47 0.00 15.24 1335.42 1350.65 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 401.61% 1.19 1.23 1.005 1050 525.50$      46,312.22$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.96 147.57 10.23 25.47 2146.15 2171.62 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 645.72% 1.19 0.96 1.2 1200 658.60$      45,278.94$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.92 143.30 0.00 25.47 2084.06 2109.53 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 627.26% 1.19 0.10 1.19 1200 658.60$      4,798.08$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 181.81 1.14 1.14 118.66 119.80 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 260.98% 0.65 1.13 0.43 450 101.30$      4,451.36$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 174.03 0.00 1.14 113.58 114.72 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 249.92% 0.65 0.27 0.42 450 101.30$      1,078.63$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 172.26 0.65 1.80 176.63 178.43 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 87.40% 1.07 1.63 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.03 162.45 2.50 4.30 398.60 402.90 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 197.36% 0.94 0.54 0.675 750 300.50$      9,226.68$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.57 159.44 0.66 4.96 451.49 456.45 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 135.72% 1.19 1.49 0.67 675 227.90$      24,291.23$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.07 151.77 2.33 7.29 631.47 638.75 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 189.93% 1.19 1.07 0.76 825 348.60$      26,610.06$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.13 146.75 4.77 12.05 1010.02 1022.07 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 303.91% 1.19 0.20 0.905 975 458.80$      6,499.31$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.33 145.86 0.00 12.05 1003.88 1015.93 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 302.08% 1.19 0.87 0.905 975 458.80$      28,601.01$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.21 142.07 2.55 14.60 1184.35 1198.94 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 356.50% 1.19 0.24 0.96 975 458.80$      7,874.19$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.45 141.07 0.00 14.60 1175.97 1190.57 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 354.01% 1.19 0.60 0.96 975 458.80$      19,607.29$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.05 138.63 0.00 14.60 1155.67 1170.27 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 347.97% 1.19 0.77 0.955 975 458.80$      25,312.88$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 74 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 0.00 m3/s a 2317.4 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 11 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.836

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 0 0 0 0 0 0
375 63 0 118 0 0 0 0 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 181.81 0.00 0.00 22.51 22.51 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 11.03% 0.63 0.81 525 110.50$      3,393.95$         450 0 56 0 77 77 0 0 55
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 181.81 0.00 0.00 58.16 58.16 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 69.88% 0.82 1.27 375 98.30$        6,177.15$         525 138 71 104 0 0 18 0 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.27 173.10 0.00 0.00 146.60 146.60 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 71.81% 1.04 1.73 525 110.50$      11,898.93$       600 0 0 139 33 70 31 147 0
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.00 162.59 0.00 0.00 356.35 356.35 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 105.96% 1.19 0.77 0.61 675 227.90$      12,467.61$       675 161 112 0 191 115 9 66 137
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.77 158.38 0.00 0.00 380.71 380.71 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 113.20% 1.19 1.49 0.625 675 227.90$      24,238.88$       750 0 167 107 169 38 0 46 0

825 0 45 14 162 0 0 200 76
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 181.81 0.00 0.00 89.29 89.29 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 194.52% 0.65 1.43 0.385 450 101.30$      5,646.16$         900 0 187 112 215 0 0 0 0
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 181.81 0.00 0.00 164.43 164.43 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 358.22% 0.65 1.83 0.485 525 110.50$      7,870.70$         975 0 64 109 163 0 81 0 192
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 169.56 0.00 0.00 308.70 308.70 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 672.50% 0.65 0.34 0.61 675 227.90$      3,002.16$         1050 0 0 0 52 96 0 104 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 181.81 0.00 0.00 20.08 20.08 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 43.73% 0.64 0.28 300 79.70$        841.18$            1200 0 0 0 15 0 0 76 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 167.49 0.00 0.00 346.25 346.25 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 255.84% 0.85 1.93 0.64 675 227.90$      22,453.00$       1350 0 0 0 0 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 156.65 0.00 0.00 486.06 486.06 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 238.09% 0.94 1.06 0.725 750 300.50$      18,025.71$       1500 0 0 0 17 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 151.33 0.00 0.00 572.43 572.43 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 170.21% 1.19 0.38 0.73 750 300.50$      8,160.85$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 149.51 0.00 0.00 608.51 608.51 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 180.94% 1.19 1.12 0.745 750 300.50$      24,112.12$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 144.41 0.00 0.00 715.20 715.20 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 212.66% 1.19 0.64 0.795 825 348.60$      15,843.34$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 141.69 0.00 0.00 922.10 922.10 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 274.18% 1.19 0.15 0.87 900 418.20$      4,563.03$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 141.05 0.00 0.00 919.72 919.72 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 273.48% 1.19 0.06 0.87 900 418.20$      1,673.08$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 140.82 0.00 0.00 918.21 918.21 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 273.03% 1.19 0.13 0.87 900 418.20$      3,804.55$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 140.30 0.00 0.00 914.79 914.79 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 333.14% 0.97 1.10 0.935 975 458.80$      29,381.18$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 135.95 0.00 0.00 886.44 886.44 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 263.58% 1.19 0.15 0.86 900 418.20$      4,474.02$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 135.38 0.00 0.00 882.72 882.72 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 262.47% 1.19 2.13 0.855 900 418.20$      63,681.11$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 181.81 0.00 0.00 58.86 58.86 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 128.23% 0.65 1.53 0.33 375 98.30$        5,866.81$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.53 171.42 0.00 0.00 177.40 177.40 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 386.46% 0.65 1.47 0.495 525 110.50$      6,345.25$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 13.01 162.58 0.00 0.00 272.16 272.16 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 201.09% 0.85 1.62 0.585 600 148.70$      12,267.39$       
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.62 153.96 0.00 0.00 422.06 422.06 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 206.74% 0.94 1.90 0.685 750 300.50$      32,298.17$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.52 145.03 0.00 0.00 583.09 583.09 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 285.62% 0.94 0.25 0.775 825 348.60$      4,950.71$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 181.81 0.00 0.00 62.58 62.58 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 75.19% 0.84 1.17 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.17 173.77 0.00 0.00 173.33 173.33 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 128.07% 0.85 0.91 0.49 525 110.50$      5,157.05$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.08 168.00 0.00 0.00 277.36 277.36 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 204.94% 0.85 1.11 0.585 600 148.70$      8,400.13$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.77 143.93 0.00 0.00 909.34 909.34 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 270.39% 1.19 0.18 0.865 900 418.20$      5,417.51$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.95 143.15 0.00 0.00 922.03 922.03 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 274.16% 1.19 1.38 0.87 900 418.20$      41,294.73$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.34 137.48 0.00 0.00 1018.33 1018.33 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 302.80% 1.19 1.53 0.905 975 458.80$      50,004.71$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 181.81 0.00 0.00 116.01 116.01 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 252.72% 0.65 1.97 0.425 450 101.30$      7,775.77$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 168.68 0.00 0.00 285.00 285.00 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 342.43% 0.75 0.72 0.595 600 148.70$      4,856.92$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 164.37 0.00 0.00 349.68 349.68 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 258.38% 0.85 0.96 0.64 675 227.90$      11,188.21$       
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 159.00 0.00 0.00 450.26 450.26 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 332.69% 0.85 1.84 0.705 750 300.50$      28,158.27$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 181.81 0.00 0.00 365.09 365.09 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 1293.33% 0.58 1.63 0.65 675 227.90$      12,854.23$       
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 170.77 0.00 0.00 521.40 521.40 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 1135.87% 0.65 1.93 0.745 750 300.50$      22,542.65$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 159.50 0.00 0.00 581.95 581.95 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 699.23% 0.75 0.77 0.775 825 348.60$      12,135.90$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 155.44 0.00 0.00 567.13 567.13 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 419.04% 0.85 0.92 0.765 825 348.60$      16,376.85$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 149.73 0.00 0.00 1170.29 1170.29 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 573.26% 0.94 0.25 1.005 1050 525.50$      7,552.03$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 148.54 0.00 0.00 1195.44 1195.44 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 355.46% 1.19 1.23 0.96 975 458.80$      40,158.48$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 143.08 0.00 0.00 1274.13 1274.13 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 378.86% 1.19 0.53 0.985 1050 525.50$      19,911.47$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 181.81 0.00 0.00 711.38 711.38 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 116.66% 1.38 0.97 0.79 825 348.60$      27,889.06$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.97 175.10 0.00 0.00 873.14 873.14 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 143.19% 1.38 1.21 0.855 900 418.20$      41,864.72$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.17 167.44 0.00 0.00 1178.01 1178.01 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 149.83% 1.47 0.86 0.955 975 458.80$      34,697.37$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 181.81 0.00 0.00 290.78 290.78 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 63.16% 1.38 1.04 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.04 174.61 0.00 0.00 848.54 848.54 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 184.30% 1.29 1.49 0.845 900 418.20$      48,101.02$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 13.03 162.43 0.00 0.00 1932.16 1932.16 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 129.18% 1.73 0.15 1.15 1200 658.60$      9,961.92$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 140.85 0.00 0.00 3004.64 3004.64 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 200.89% 1.73 0.16 1.355 1500 1,036.00$   17,366.04$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 181.81 0.00 0.00 115.67 115.67 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 85.47% 0.96 1.33 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.33 172.74 0.00 0.00 259.30 259.30 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 191.59% 0.85 1.37 0.57 600 148.70$      10,432.98$       
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.70 164.32 0.00 0.00 399.23 399.23 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 195.56% 0.94 0.25 0.67 675 227.90$      3,229.33$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 12.95 162.89 0.00 0.00 395.73 395.73 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 193.85% 0.94 1.78 0.67 675 227.90$      22,900.11$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.73 153.43 0.00 0.00 524.20 524.20 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 256.78% 0.94 0.66 0.745 750 300.50$      11,269.97$       
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.39 150.20 0.00 0.00 1357.84 1357.84 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 403.75% 1.19 1.34 1.005 1050 525.50$      50,233.96$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 181.81 0.00 0.00 236.52 236.52 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 515.25% 0.65 0.81 0.555 600 148.70$      4,674.37$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 181.81 0.00 0.00 173.80 173.80 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 128.42% 0.85 0.35 0.495 525 110.50$      1,982.86$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 176.17 0.00 0.00 397.59 397.59 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 194.75% 0.94 0.16 0.67 675 227.90$      2,020.14$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 175.12 0.00 0.00 936.25 936.25 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 458.62% 0.94 1.43 0.925 975 458.80$      37,211.85$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 181.81 0.00 0.00 260.81 260.81 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 313.37% 0.75 0.87 0.575 600 148.70$      5,848.37$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 175.75 0.00 0.00 338.12 338.12 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 249.83% 0.85 1.21 0.63 675 227.90$      14,046.16$       
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 168.03 0.00 0.00 472.72 472.72 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 349.29% 0.85 0.89 0.715 750 300.50$      13,713.86$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 162.77 0.00 0.00 539.12 539.12 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 264.08% 0.94 0.24 0.75 825 348.60$      4,676.97$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 161.44 0.00 0.00 559.78 559.78 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 274.21% 0.94 0.34 0.765 825 348.60$      6,659.95$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 181.81 0.00 0.00 248.34 248.34 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 183.49% 0.85 0.25 0.565 600 148.70$      1,863.53$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 180.06 0.00 0.00 289.44 289.44 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 213.86% 0.85 1.85 0.595 600 148.70$      14,074.04$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 167.89 0.00 0.00 396.53 396.53 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 117.91% 1.19 0.06 0.635 675 227.90$      911.06$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.16 167.55 0.00 0.00 639.66 639.66 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 190.20% 1.19 1.80 0.76 825 348.60$      44,824.72$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.96 157.38 0.00 0.00 757.65 757.65 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 225.28% 1.19 0.55 0.81 825 348.60$      13,586.46$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 154.56 0.00 0.00 1344.91 1344.91 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 399.90% 1.19 0.22 1.005 1050 525.50$      8,139.94$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.72 153.47 0.00 0.00 1335.42 1335.42 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 397.08% 1.19 1.23 1 1050 525.50$      46,312.22$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.96 147.57 0.00 0.00 2146.15 2146.15 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 638.15% 1.19 0.96 1.195 1200 658.60$      45,278.94$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.92 143.30 0.00 0.00 2084.06 2084.06 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 619.69% 1.19 0.10 1.18 1200 658.60$      4,798.08$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 181.81 0.00 0.00 118.66 118.66 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 258.49% 0.65 1.13 0.43 450 101.30$      4,451.36$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 174.03 0.00 0.00 113.58 113.58 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 247.43% 0.65 0.27 0.42 450 101.30$      1,078.63$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 172.26 0.00 0.00 176.63 176.63 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 86.52% 1.07 1.63 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.03 162.44 0.00 0.00 398.57 398.57 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 195.24% 0.94 0.54 0.67 675 227.90$      6,997.54$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.57 159.43 0.00 0.00 451.46 451.46 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 134.24% 1.19 1.49 0.665 675 227.90$      24,291.23$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.07 151.76 0.00 0.00 631.43 631.43 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 187.75% 1.19 1.07 0.755 825 348.60$      26,610.06$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.14 146.74 0.00 0.00 1009.96 1009.96 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 300.31% 1.19 0.20 0.9 975 458.80$      6,499.31$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.33 145.85 0.00 0.00 1003.83 1003.83 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 298.48% 1.19 0.87 0.9 975 458.80$      28,601.01$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.21 142.06 0.00 0.00 1184.28 1184.28 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 352.14% 1.19 0.24 0.955 975 458.80$      7,874.19$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.45 141.06 0.00 0.00 1175.91 1175.91 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 349.65% 1.19 0.60 0.955 975 458.80$      19,607.29$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.05 138.62 0.00 0.00 1155.61 1155.61 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 343.62% 1.19 0.77 0.95 975 458.80$      25,312.88$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 76 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 6.02 m3/s a 1954.8 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 10 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.826

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 0 0 0 0 0 0
375 63 0 60 0 0 0 0 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 164.61 9.96 9.96 20.38 30.34 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 14.86% 0.69 0.75 525 110.50$      3,393.95$         450 0 56 59 0 0 0 0 0
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 164.61 25.72 25.72 52.66 78.38 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 94.17% 0.86 1.22 375 98.30$        6,177.15$         525 31 0 0 77 77 0 0 55
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.22 156.76 42.38 68.10 132.77 200.87 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 98.39% 1.07 1.67 0.53 600 148.70$      16,012.41$       600 108 71 104 0 0 18 0 105
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 12.89 147.22 98.17 176.22 322.66 498.88 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 148.34% 1.19 0.77 0.695 750 300.50$      16,439.30$       675 0 0 139 119 70 31 147 0
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.66 143.27 17.06 193.28 344.40 537.68 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 159.88% 1.19 1.49 0.71 750 300.50$      31,960.44$       750 161 112 0 105 0 0 66 0

825 0 0 107 94 115 9 46 137
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 164.61 39.49 39.49 80.84 120.33 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 262.14% 0.65 1.43 0.43 450 101.30$      5,646.16$         900 0 167 14 237 38 0 161 76
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 164.61 72.72 72.72 148.87 221.60 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 482.75% 0.65 1.83 0.54 600 148.70$      10,591.62$       975 0 45 0 215 0 0 39 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 153.14 73.67 146.39 278.80 425.18 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 926.26% 0.65 0.34 0.69 750 300.50$      3,958.53$         1050 0 187 221 0 0 81 0 77
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 164.61 8.88 8.88 18.18 27.05 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 58.94% 0.68 0.26 300 79.70$        841.18$            1200 0 64 0 215 96 0 104 115
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 151.20 10.96 166.23 312.58 478.81 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 353.79% 0.85 1.93 0.72 750 300.50$      29,605.65$       1350 0 0 0 15 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 141.13 83.26 249.48 437.90 687.38 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 336.71% 0.94 1.06 0.825 900 418.20$      25,086.02$       1500 0 0 0 0 0 0 76 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 136.20 54.68 304.16 515.21 819.37 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 243.64% 1.19 0.38 0.835 900 418.20$      11,357.30$       1650 0 0 0 17 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 134.52 23.10 327.26 547.50 874.76 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 260.11% 1.19 1.12 0.855 900 418.20$      33,556.37$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 129.82 70.96 398.22 642.92 1041.14 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 309.58% 1.19 0.64 0.91 975 458.80$      20,851.76$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 127.31 85.57 523.28 828.52 1351.80 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 401.95% 1.19 0.15 1.005 1050 525.50$      5,733.79$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 126.72 1.01 524.28 826.29 1350.58 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 401.59% 1.19 0.06 1.005 1050 525.50$      2,102.36$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 126.51 0.00 524.28 824.90 1349.18 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 401.18% 1.19 0.13 1.005 1050 525.50$      4,780.70$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 126.03 0.00 524.28 821.76 1346.04 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 490.19% 0.97 1.10 1.085 1200 658.60$      42,176.21$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 122.03 0.00 524.28 795.71 1319.99 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 392.49% 1.19 0.15 0.995 1050 525.50$      5,621.94$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 121.51 0.00 524.28 792.29 1316.58 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 391.48% 1.19 2.13 0.995 1050 525.50$      80,020.15$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 164.61 26.03 26.03 53.29 79.32 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 172.81% 0.65 1.53 0.37 375 98.30$        5,866.81$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.53 154.87 57.18 83.21 160.27 243.48 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 530.43% 0.65 1.47 0.56 600 148.70$      8,538.81$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 13.01 146.63 51.39 134.60 245.46 380.06 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 280.83% 0.85 1.62 0.66 675 227.90$      18,801.19$       
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.62 138.64 85.82 220.42 380.05 600.47 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 294.13% 0.94 1.90 0.785 825 348.60$      37,468.02$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.52 130.38 102.86 323.28 524.22 847.50 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 415.14% 0.94 0.25 0.89 900 418.20$      5,939.15$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 164.61 27.68 27.68 56.66 84.33 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 101.33% 0.75 1.30 0.38 450 101.30$      5,932.94$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.30 156.29 52.53 80.21 155.90 236.11 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 174.46% 0.85 0.91 0.555 600 148.70$      6,939.85$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.21 150.96 52.54 132.75 249.23 381.98 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 282.24% 0.85 1.11 0.66 675 227.90$      12,874.17$       
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.77 129.37 51.97 508.01 817.37 1325.37 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 394.09% 1.19 0.18 1 1050 525.50$      6,807.51$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.95 128.65 9.91 517.91 828.67 1346.58 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 400.40% 1.19 1.38 1.005 1050 525.50$      51,889.96$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.34 123.44 77.67 595.58 914.34 1509.91 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 448.97% 1.19 1.53 1.05 1050 525.50$      57,274.36$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 164.61 51.30 51.30 105.03 156.34 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 340.58% 0.65 1.97 0.475 525 110.50$      8,481.96$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 152.32 84.55 135.85 257.35 393.20 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 472.44% 0.75 0.72 0.67 675 227.90$      7,443.79$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 148.30 35.20 171.06 315.49 486.55 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 359.51% 0.85 0.96 0.725 750 300.50$      14,752.34$       
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 143.30 56.65 227.70 405.82 633.53 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 468.11% 0.85 1.84 0.8 825 348.60$      32,665.47$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 164.61 161.46 161.46 330.54 492.00 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 1742.91% 0.58 1.63 0.725 750 300.50$      16,949.09$       
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 154.27 84.04 245.50 471.01 716.51 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 1560.92% 0.65 1.93 0.835 900 418.20$      31,372.17$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 143.78 47.86 293.36 524.57 817.93 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 982.76% 0.75 0.77 0.88 900 418.20$      14,558.90$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 140.01 0.00 293.36 510.82 804.18 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 594.20% 0.85 0.92 0.875 900 418.20$      19,646.58$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 134.73 107.38 628.45 1053.01 1681.46 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 823.65% 0.94 0.25 1.15 1200 658.60$      9,464.83$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 133.63 18.65 647.10 1075.41 1722.51 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 512.18% 1.19 1.23 1.1 1200 658.60$      57,646.85$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 128.59 68.94 716.04 1145.10 1861.14 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 553.40% 1.19 0.53 1.135 1200 658.60$      24,954.70$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 164.61 314.61 314.61 644.07 958.67 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 157.22% 1.38 0.97 0.885 900 418.20$      33,457.27$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.97 158.32 86.33 400.94 789.44 1190.38 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 195.22% 1.38 1.21 0.96 975 458.80$      45,929.06$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.17 151.15 164.77 565.71 1063.47 1629.18 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 207.22% 1.47 0.86 1.08 1200 658.60$      49,807.51$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 164.61 128.60 128.60 263.27 391.87 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 85.11% 1.46 0.98 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 10.98 158.20 262.16 390.76 768.82 1159.57 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 251.86% 1.29 1.49 0.95 975 458.80$      52,770.80$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 13.03 146.49 0.00 956.47 1742.60 2699.07 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 180.46% 1.73 0.15 1.305 1350 847.00$      12,811.65$       

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 126.53 42.79 1715.30 2699.32 4414.63 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 295.16% 1.73 0.16 1.565 1650 1,240.60$   20,795.66$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 164.61 51.15 51.15 104.72 155.88 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 115.18% 0.85 1.50 0.475 525 110.50$      8,470.50$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.50 155.05 69.55 120.70 232.76 353.46 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 261.17% 0.85 1.37 0.645 675 227.90$      15,989.75$       
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.88 147.32 74.65 195.35 357.92 553.27 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 271.01% 0.94 0.25 0.76 825 348.60$      4,939.64$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 13.13 146.00 0.00 195.35 354.71 550.06 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 269.44% 0.94 1.78 0.76 825 348.60$      35,028.43$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.90 137.35 79.36 274.71 469.25 743.96 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 364.42% 0.94 0.66 0.85 900 418.20$      15,684.19$       
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.56 134.40 452.17 726.88 1214.96 1941.84 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 577.40% 1.19 1.34 1.15 1200 658.60$      62,957.34$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 164.61 104.60 104.60 214.14 318.74 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 694.37% 0.65 0.81 0.62 675 227.90$      7,164.02$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 164.61 76.86 76.86 157.35 234.21 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 173.06% 0.85 0.35 0.55 600 148.70$      2,668.33$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 159.32 0.00 181.46 359.55 541.01 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 265.01% 0.94 0.16 0.755 825 348.60$      3,090.05$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 158.33 248.42 429.88 846.50 1276.38 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 625.22% 0.94 1.43 1.04 1050 525.50$      42,621.68$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 164.61 115.34 115.34 236.13 351.48 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 422.30% 0.75 0.87 0.64 675 227.90$      8,963.30$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 158.92 39.35 154.69 305.75 460.44 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 340.22% 0.85 1.21 0.71 750 300.50$      18,520.71$       
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 151.71 71.52 226.21 426.81 653.02 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 482.51% 0.85 0.89 0.81 825 348.60$      15,908.99$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 146.81 40.10 266.31 486.26 752.57 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 368.64% 0.94 0.24 0.85 900 418.20$      5,610.76$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 145.57 12.49 278.80 504.77 783.58 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 383.83% 0.94 0.34 0.865 900 418.20$      7,989.65$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 164.61 109.83 109.83 224.84 334.66 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 247.28% 0.85 0.25 0.63 675 227.90$      2,856.08$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 162.96 19.43 129.25 261.95 391.21 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 289.06% 0.85 1.85 0.665 675 227.90$      21,570.10$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 151.58 60.65 189.90 358.01 547.91 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 162.92% 1.19 0.06 0.715 750 300.50$      1,201.29$         
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.16 151.27 117.06 306.96 577.48 884.44 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 262.99% 1.19 1.80 0.86 900 418.20$      53,774.23$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.96 141.81 80.12 387.09 682.67 1069.76 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 318.09% 1.19 0.55 0.92 975 458.80$      17,881.44$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 139.19 33.78 699.67 1211.18 1910.86 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 568.19% 1.19 0.22 1.145 1200 658.60$      10,201.65$       
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.72 138.18 0.00 699.67 1202.39 1902.07 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 565.57% 1.19 1.23 1.145 1200 658.60$      58,042.30$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.96 132.73 469.73 1169.41 1930.32 3099.73 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 921.69% 1.19 0.96 1.37 1500 1,036.00$   71,225.29$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.92 128.79 0.00 1169.41 1873.08 3042.48 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 904.67% 1.19 0.10 1.36 1500 1,036.00$   7,547.54$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 164.61 52.48 52.48 107.43 159.90 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 348.35% 0.65 1.13 0.48 525 110.50$      4,855.63$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 157.32 0.00 52.48 102.67 155.14 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 337.98% 0.65 0.27 0.475 525 110.50$      1,176.59$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 155.65 29.97 82.45 159.61 242.06 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 118.57% 0.94 1.85 0.56 600 148.70$      15,540.00$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.25 145.37 114.85 197.30 356.70 553.99 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 271.37% 0.94 0.54 0.76 825 348.60$      10,703.56$       
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.79 142.62 30.39 227.69 403.87 631.55 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 187.79% 1.19 1.49 0.755 825 348.60$      37,156.30$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.28 135.63 106.87 334.55 564.32 898.87 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 267.28% 1.19 1.07 0.865 900 418.20$      31,922.91$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.35 131.06 218.85 553.41 902.07 1455.48 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 432.78% 1.19 0.20 1.035 1050 525.50$      7,444.18$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.55 130.26 0.00 553.41 896.50 1449.90 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 431.12% 1.19 0.87 1.03 1050 525.50$      32,759.00$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.43 126.82 116.88 670.29 1057.20 1727.49 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 513.66% 1.19 0.24 1.1 1200 658.60$      11,303.27$       
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.67 125.91 0.00 670.29 1049.60 1719.89 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 511.40% 1.19 0.60 1.1 1200 658.60$      28,145.96$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.27 123.70 0.00 670.29 1031.20 1701.49 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 505.93% 1.19 0.77 1.095 1200 658.60$      36,336.22$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 75.5 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 1.54 m3/s a 1954.8 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 10 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.826

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 0 0 0 0 0 0
375 63 0 118 0 0 0 0 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 164.61 2.54 2.54 20.38 22.92 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 11.23% 0.63 0.81 525 110.50$      3,393.95$         450 0 56 0 77 77 0 0 55
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 164.61 6.56 6.56 52.66 59.22 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 71.16% 0.83 1.27 375 98.30$        6,177.15$         525 138 71 104 0 0 18 0 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.27 156.47 10.82 17.38 132.52 149.90 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 73.43% 1.04 1.72 525 110.50$      11,898.93$       600 0 0 139 0 70 31 52 0
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 12.99 146.71 25.05 44.97 321.53 366.51 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 108.98% 1.19 0.77 0.615 675 227.90$      12,467.61$       675 161 112 0 224 0 0 160 107
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.76 142.79 4.35 49.33 343.24 392.56 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 116.73% 1.19 1.49 0.635 675 227.90$      24,238.88$       750 0 87 107 94 115 9 46 31

825 0 126 14 237 38 0 200 76
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 164.61 10.08 10.08 80.84 90.92 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 198.07% 0.65 1.43 0.385 450 101.30$      5,646.16$         900 0 187 112 215 0 0 0 0
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 164.61 18.56 18.56 148.87 167.43 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 364.75% 0.65 1.83 0.485 525 110.50$      7,870.70$         975 0 64 109 76 0 81 0 192
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 153.14 18.80 37.36 278.80 316.15 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 688.74% 0.65 0.34 0.615 675 227.90$      3,002.16$         1050 0 0 0 140 96 0 104 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 164.61 2.27 2.27 18.18 20.44 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 44.53% 0.64 0.28 300 79.70$        841.18$            1200 0 0 0 15 0 0 7 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 151.20 2.80 42.42 312.58 355.01 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 262.31% 0.85 1.93 0.645 675 227.90$      22,453.00$       1350 0 0 0 0 0 0 69 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 141.13 21.25 63.67 437.90 501.56 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 245.69% 0.94 1.06 0.73 750 300.50$      18,025.71$       1500 0 0 0 17 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 136.20 13.95 77.62 515.21 592.83 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 176.28% 1.19 0.38 0.74 750 300.50$      8,160.85$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 134.52 5.89 83.52 547.50 631.02 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 187.63% 1.19 1.12 0.755 825 348.60$      27,971.66$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 129.82 18.11 101.62 642.92 744.55 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 221.39% 1.19 0.64 0.805 825 348.60$      15,843.34$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 127.31 21.84 133.54 828.52 962.06 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 286.07% 1.19 0.15 0.885 900 418.20$      4,563.03$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 126.72 0.26 133.80 826.29 960.09 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 285.48% 1.19 0.06 0.885 900 418.20$      1,673.08$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 126.51 0.00 133.80 824.90 958.70 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 285.07% 1.19 0.13 0.885 900 418.20$      3,804.55$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 126.03 0.00 133.80 821.76 955.55 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 347.99% 0.97 1.10 0.955 975 458.80$      29,381.18$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 122.03 0.00 133.80 795.71 929.50 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 276.38% 1.19 0.15 0.875 900 418.20$      4,474.02$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 121.51 0.00 133.80 792.29 926.09 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 275.37% 1.19 2.13 0.875 900 418.20$      63,681.11$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 164.61 6.64 6.64 53.29 59.93 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 130.57% 0.65 1.53 0.33 375 98.30$        5,866.81$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.53 154.87 14.59 21.24 160.27 181.51 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 395.42% 0.65 1.47 0.5 525 110.50$      6,345.25$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 13.01 146.63 13.11 34.35 245.46 279.81 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 206.75% 0.85 1.62 0.59 600 148.70$      12,267.39$       
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.62 138.64 21.90 56.25 380.05 436.30 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 213.72% 0.94 1.90 0.695 750 300.50$      32,298.17$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.52 130.38 26.25 82.50 524.22 606.72 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 297.20% 0.94 0.25 0.785 825 348.60$      4,950.71$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 164.61 7.06 7.06 56.66 63.72 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 76.56% 0.84 1.16 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.16 157.09 13.41 20.47 156.70 177.17 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 130.91% 0.85 0.91 0.495 525 110.50$      5,157.05$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.08 151.70 13.41 33.88 250.45 284.33 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 210.09% 0.85 1.11 0.59 600 148.70$      8,400.13$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.77 129.37 13.26 129.64 817.37 947.01 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 281.59% 1.19 0.18 0.88 900 418.20$      5,417.51$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.95 128.65 2.53 132.17 828.67 960.84 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 285.70% 1.19 1.38 0.885 900 418.20$      41,294.73$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.34 123.44 19.82 151.99 914.34 1066.33 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 317.07% 1.19 1.53 0.92 975 458.80$      50,004.71$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 164.61 13.09 13.09 105.03 118.12 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 257.33% 0.65 1.97 0.425 450 101.30$      7,775.77$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 152.32 21.58 34.67 257.35 292.02 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 350.87% 0.75 0.72 0.6 675 227.90$      7,443.79$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 148.30 8.98 43.65 315.49 359.15 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 265.37% 0.85 0.96 0.645 675 227.90$      11,188.21$       
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 143.30 14.46 58.11 405.82 463.93 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 342.80% 0.85 1.84 0.71 750 300.50$      28,158.27$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 164.61 41.20 41.20 330.54 371.75 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 1316.91% 0.58 1.63 0.655 675 227.90$      12,854.23$       
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 154.27 21.45 62.65 471.01 533.66 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 1162.58% 0.65 1.93 0.75 825 348.60$      26,150.98$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 143.78 12.21 74.87 524.57 599.43 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 720.23% 0.75 0.77 0.785 825 348.60$      12,135.90$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 140.01 0.00 74.87 510.82 585.68 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 432.76% 0.85 0.92 0.775 825 348.60$      16,376.85$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 134.73 27.40 160.38 1053.01 1213.38 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 594.37% 0.94 0.25 1.02 1050 525.50$      7,552.03$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 133.63 4.76 165.14 1075.41 1240.55 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 368.87% 1.19 1.23 0.975 1050 525.50$      45,996.69$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 128.59 17.59 182.73 1145.10 1327.83 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 394.83% 1.19 0.53 1 1050 525.50$      19,911.47$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 164.61 80.29 80.29 644.07 724.35 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 118.79% 1.38 0.97 0.795 825 348.60$      27,889.06$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.97 158.32 22.03 102.32 789.44 891.76 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 146.25% 1.38 1.21 0.86 900 418.20$      41,864.72$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.17 151.15 42.05 144.37 1063.47 1207.84 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 153.63% 1.47 0.86 0.965 975 458.80$      34,697.37$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 164.61 32.82 32.82 263.27 296.09 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 64.31% 1.38 1.04 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.04 157.88 66.90 99.72 767.24 866.96 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 188.30% 1.29 1.49 0.85 900 418.20$      48,101.02$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 13.03 146.49 0.00 244.09 1742.60 1986.69 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 132.83% 1.73 0.15 1.16 1200 658.60$      9,961.92$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 126.53 10.92 437.74 2699.32 3137.07 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 209.74% 1.73 0.16 1.38 1500 1,036.00$   17,366.04$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 164.61 13.05 13.05 104.72 117.78 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 87.02% 0.97 1.32 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.32 156.12 17.75 30.80 234.36 265.16 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 195.92% 0.85 1.37 0.575 600 148.70$      10,432.98$       
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.70 148.27 19.05 49.85 360.23 410.08 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 200.88% 0.94 0.25 0.68 750 300.50$      4,258.07$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 12.95 146.93 0.00 49.85 356.98 406.83 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 199.28% 0.94 1.78 0.675 750 300.50$      30,195.19$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.72 138.16 20.25 70.11 472.03 542.13 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 265.56% 0.94 0.66 0.755 825 348.60$      13,073.91$       
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.39 135.17 115.39 185.50 1221.97 1407.47 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 418.51% 1.19 1.34 1.02 1050 525.50$      50,233.96$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 164.61 26.69 26.69 214.14 240.83 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 524.65% 0.65 0.81 0.555 600 148.70$      4,674.37$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 164.61 19.62 19.62 157.35 176.97 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 130.76% 0.85 0.35 0.495 525 110.50$      1,982.86$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 159.32 0.00 46.31 359.55 405.86 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 198.81% 0.94 0.16 0.675 750 300.50$      2,663.68$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 158.33 63.40 109.70 846.50 956.21 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 468.39% 0.94 1.43 0.93 975 458.80$      37,211.85$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 164.61 29.44 29.44 236.13 265.57 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 319.08% 0.75 0.87 0.575 600 148.70$      5,848.37$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 158.92 10.04 39.48 305.75 345.22 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 255.08% 0.85 1.21 0.635 675 227.90$      14,046.16$       
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 151.71 18.25 57.73 426.81 484.54 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 358.02% 0.85 0.89 0.725 750 300.50$      13,713.86$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 146.81 10.23 67.96 486.26 554.22 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 271.48% 0.94 0.24 0.76 825 348.60$      4,676.97$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 145.57 3.19 71.15 504.77 575.92 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 282.11% 0.94 0.34 0.77 825 348.60$      6,659.95$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 164.61 28.03 28.03 224.84 252.86 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 186.84% 0.85 0.25 0.565 600 148.70$      1,863.53$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 162.96 4.96 32.99 261.95 294.94 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 217.93% 0.85 1.85 0.6 675 227.90$      21,570.10$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 151.58 15.48 48.46 358.01 406.47 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 120.86% 1.19 0.06 0.64 675 227.90$      911.06$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.16 151.27 29.87 78.34 577.48 655.81 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 195.00% 1.19 1.80 0.765 825 348.60$      44,824.72$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.96 141.81 20.45 98.78 682.67 781.45 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 232.36% 1.19 0.55 0.82 825 348.60$      13,586.46$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 139.19 8.62 178.56 1211.18 1389.74 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 413.23% 1.19 0.22 1.015 1050 525.50$      8,139.94$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.72 138.18 0.00 178.56 1202.39 1380.95 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 410.62% 1.19 1.23 1.015 1050 525.50$      46,312.22$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.96 132.73 119.87 298.43 1930.32 2228.75 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 662.71% 1.19 0.96 1.215 1350 847.00$      58,231.49$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.92 128.79 0.00 298.43 1873.08 2171.51 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 645.69% 1.19 0.10 1.2 1200 658.60$      4,798.08$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 164.61 13.39 13.39 107.43 120.82 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 263.20% 0.65 1.13 0.43 450 101.30$      4,451.36$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 157.32 0.00 13.39 102.67 116.06 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 252.84% 0.65 0.27 0.425 450 101.30$      1,078.63$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 155.65 7.65 21.04 159.61 180.65 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 88.49% 1.07 1.63 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.03 146.52 29.31 50.35 359.52 409.87 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 200.77% 0.94 0.54 0.68 750 300.50$      9,226.68$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.57 143.73 7.76 58.11 406.99 465.10 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 138.30% 1.19 1.49 0.675 675 227.90$      24,291.23$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.06 136.62 27.27 85.38 568.43 653.81 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 194.41% 1.19 1.07 0.765 825 348.60$      26,610.06$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.13 131.98 55.85 141.23 908.37 1049.60 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 312.10% 1.19 0.20 0.915 975 458.80$      6,499.31$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.33 131.16 0.00 141.23 902.71 1043.94 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 310.41% 1.19 0.87 0.915 975 458.80$      28,601.01$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.20 127.67 29.83 171.06 1064.29 1235.35 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 367.33% 1.19 0.24 0.97 975 458.80$      7,874.19$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.45 126.75 0.00 171.06 1056.58 1227.64 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 365.03% 1.19 0.60 0.97 975 458.80$      19,607.29$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.04 124.51 0.00 171.06 1037.91 1208.97 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 359.48% 1.19 0.77 0.965 975 458.80$      25,312.88$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 75 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 0.40 m3/s a 1954.8 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 10 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.826

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 0 0 0 0 0 0
375 63 0 118 0 0 0 0 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 164.61 0.66 0.66 20.38 21.04 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 10.31% 0.62 0.83 525 110.50$      3,393.95$         450 0 56 0 77 77 0 0 55
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 164.61 1.70 1.70 52.66 54.36 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 65.31% 0.81 1.29 375 98.30$        6,177.15$         525 138 71 104 0 0 18 0 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.29 156.33 2.80 4.50 132.40 136.90 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 67.06% 1.02 1.76 525 110.50$      11,898.93$       600 0 13 139 33 70 31 147 0
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.05 146.42 6.48 11.64 320.91 332.54 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 98.88% 1.35 0.68 0.605 675 227.90$      12,467.61$       675 161 99 107 191 115 9 66 137
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.72 142.97 1.13 12.76 343.68 356.44 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 105.99% 1.19 1.49 0.61 675 227.90$      24,238.88$       750 0 167 0 169 38 0 207 76

825 0 45 14 162 0 0 39 0
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 164.61 2.61 2.61 80.84 83.45 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 181.80% 0.65 1.43 0.375 450 101.30$      5,646.16$         900 0 187 221 215 0 0 0 77
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 164.61 4.80 4.80 148.87 153.68 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 334.78% 0.65 1.83 0.47 525 110.50$      7,870.70$         975 0 64 0 201 0 81 0 115
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 153.14 4.86 9.67 278.80 288.46 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 628.41% 0.65 0.34 0.595 600 148.70$      1,958.85$         1050 0 0 0 14 96 0 104 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 164.61 0.59 0.59 18.18 18.76 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 40.87% 0.63 0.28 300 79.70$        841.18$            1200 0 0 0 15 0 0 76 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 151.20 0.72 10.98 312.58 323.56 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 239.08% 0.85 1.93 0.62 675 227.90$      22,453.00$       1350 0 0 0 17 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 141.13 5.50 16.47 437.90 454.37 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 222.57% 0.94 1.06 0.705 750 300.50$      18,025.71$       1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 136.20 3.61 20.08 515.21 535.29 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 159.17% 1.19 0.38 0.71 750 300.50$      8,160.85$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 134.52 1.52 21.61 547.50 569.11 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 169.22% 1.19 1.12 0.73 750 300.50$      24,112.12$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 129.82 4.69 26.29 642.92 669.22 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 198.99% 1.19 0.64 0.775 825 348.60$      15,843.34$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 127.31 5.65 34.55 828.52 863.07 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 256.63% 1.19 0.15 0.85 900 418.20$      4,563.03$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 126.72 0.07 34.62 826.29 860.91 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 255.99% 1.19 0.06 0.85 900 418.20$      1,673.08$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 126.51 0.00 34.62 824.90 859.52 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 255.58% 1.19 0.13 0.85 900 418.20$      3,804.55$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 126.03 0.00 34.62 821.76 856.37 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 311.87% 0.97 1.10 0.915 975 458.80$      29,381.18$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 122.03 0.00 34.62 795.71 830.33 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 246.89% 1.19 0.15 0.84 900 418.20$      4,474.02$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 121.51 0.00 34.62 792.29 826.91 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 245.88% 1.19 2.13 0.835 900 418.20$      63,681.11$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 164.61 1.72 1.72 53.29 55.01 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 119.84% 0.65 1.53 0.32 375 98.30$        5,866.81$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.53 154.87 3.78 5.49 160.27 165.77 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 361.13% 0.65 1.47 0.485 525 110.50$      6,345.25$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 13.01 146.63 3.39 8.89 245.46 254.35 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 187.94% 0.85 1.62 0.57 600 148.70$      12,267.39$       
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.62 138.64 5.67 14.55 380.05 394.60 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 193.29% 0.94 1.90 0.67 675 227.90$      24,495.02$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.52 130.38 6.79 21.35 524.22 545.56 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 267.24% 0.94 0.25 0.755 825 348.60$      4,950.71$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 164.61 1.83 1.83 56.66 58.49 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 70.27% 0.82 1.18 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.18 156.97 3.47 5.30 156.58 161.88 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 119.61% 0.85 0.91 0.48 525 110.50$      5,157.05$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.10 151.59 3.47 8.77 250.27 259.04 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 191.40% 0.85 1.11 0.57 600 148.70$      8,400.13$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.77 129.37 3.43 33.54 817.37 850.91 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 253.01% 1.19 0.18 0.845 900 418.20$      5,417.51$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.95 128.65 0.65 34.20 828.67 862.86 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 256.57% 1.19 1.38 0.85 900 418.20$      41,294.73$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.34 123.44 5.13 39.32 914.34 953.66 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 283.57% 1.19 1.53 0.885 900 418.20$      45,579.71$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 164.61 3.39 3.39 105.03 108.42 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 236.19% 0.65 1.97 0.415 450 101.30$      7,775.77$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 152.32 5.58 8.97 257.35 266.32 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 319.99% 0.75 0.72 0.58 600 148.70$      4,856.92$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 148.30 2.32 11.29 315.49 326.79 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 241.46% 0.85 0.96 0.625 675 227.90$      11,188.21$       
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 143.30 3.74 15.03 405.82 420.86 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 310.97% 0.85 1.84 0.685 750 300.50$      28,158.27$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 164.61 10.66 10.66 330.54 341.20 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 1208.71% 0.58 1.63 0.635 675 227.90$      12,854.23$       
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 154.27 5.55 16.21 471.01 487.22 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 1061.41% 0.65 1.93 0.725 750 300.50$      22,542.65$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 143.78 3.16 19.37 524.57 543.94 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 653.55% 0.75 0.77 0.755 825 348.60$      12,135.90$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 140.01 0.00 19.37 510.82 530.19 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 391.75% 0.85 0.92 0.75 825 348.60$      16,376.85$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 134.73 7.09 41.50 1053.01 1094.50 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 536.13% 0.94 0.25 0.98 1050 525.50$      7,552.03$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 133.63 1.23 42.73 1075.41 1118.13 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 332.47% 1.19 1.23 0.935 975 458.80$      40,158.48$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 128.59 4.55 47.28 1145.10 1192.38 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 354.55% 1.19 0.53 0.96 975 458.80$      17,384.17$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 164.61 20.77 20.77 644.07 664.84 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 109.03% 1.38 0.97 0.77 825 348.60$      27,889.06$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.97 158.32 5.70 26.47 789.44 815.91 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 133.81% 1.38 1.21 0.835 900 418.20$      41,864.72$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.17 151.15 10.88 37.35 1063.47 1100.82 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 140.01% 1.47 0.86 0.93 975 458.80$      34,697.37$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 164.61 8.49 8.49 263.27 271.76 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 59.03% 1.36 1.06 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.06 157.75 17.31 25.80 766.64 792.44 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 172.12% 1.29 1.49 0.825 900 418.20$      48,101.02$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 13.03 146.49 0.00 63.15 1742.60 1805.76 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 120.73% 1.73 0.15 1.12 1200 658.60$      9,961.92$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 126.53 2.83 113.26 2699.32 2812.58 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 188.05% 1.73 0.16 1.325 1350 847.00$      14,197.91$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 164.61 3.38 3.38 104.72 108.10 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 79.87% 0.95 1.34 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.34 156.02 4.59 7.97 234.21 242.18 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 178.94% 0.85 1.37 0.56 600 148.70$      10,432.98$       
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.71 148.18 4.93 12.90 360.02 372.92 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 182.67% 0.94 0.25 0.655 675 227.90$      3,229.33$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 12.96 146.85 0.00 12.90 356.77 369.67 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 181.08% 0.94 1.78 0.655 675 227.90$      22,900.11$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.74 138.09 5.24 18.14 471.77 489.91 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 239.98% 0.94 0.66 0.725 750 300.50$      11,269.97$       
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.40 135.10 29.86 47.99 1221.34 1269.33 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 377.43% 1.19 1.34 0.98 1050 525.50$      50,233.96$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 164.61 6.91 6.91 214.14 221.04 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 481.54% 0.65 0.81 0.54 600 148.70$      4,674.37$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 164.61 5.08 5.08 157.35 162.43 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 120.02% 0.85 0.35 0.48 525 110.50$      1,982.86$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 159.32 0.00 11.98 359.55 371.53 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 181.99% 0.94 0.16 0.655 675 227.90$      2,020.14$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 158.33 16.40 28.38 846.50 874.89 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 428.56% 0.94 1.43 0.9 975 458.80$      37,211.85$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 164.61 7.62 7.62 236.13 243.75 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 292.87% 0.75 0.87 0.56 600 148.70$      5,848.37$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 158.92 2.60 10.21 305.75 315.96 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 233.46% 0.85 1.21 0.615 675 227.90$      14,046.16$       
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 151.71 4.72 14.94 426.81 441.74 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 326.40% 0.85 0.89 0.7 750 300.50$      13,713.86$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 146.81 2.65 17.58 486.26 503.84 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 246.80% 0.94 0.24 0.735 750 300.50$      4,031.64$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 145.57 0.82 18.41 504.77 523.18 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 256.28% 0.94 0.34 0.745 750 300.50$      5,741.01$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 164.61 7.25 7.25 224.84 232.09 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 171.49% 0.85 0.25 0.55 600 148.70$      1,863.53$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 162.96 1.28 8.53 261.95 270.49 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 199.86% 0.85 1.85 0.58 600 148.70$      14,074.04$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 151.58 4.00 12.54 358.01 370.55 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 110.18% 1.19 0.06 0.62 675 227.90$      911.06$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.16 151.27 7.73 20.27 577.48 597.74 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 177.74% 1.19 1.80 0.74 750 300.50$      38,639.78$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.96 141.81 5.29 25.56 682.67 708.23 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 210.59% 1.19 0.55 0.79 825 348.60$      13,586.46$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 139.19 2.23 46.20 1211.18 1257.38 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 373.88% 1.19 0.22 0.98 1050 525.50$      8,139.94$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.72 138.18 0.00 46.20 1202.39 1248.59 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 371.26% 1.19 1.23 0.975 1050 525.50$      46,312.22$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.96 132.73 31.02 77.21 1930.32 2007.53 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 596.93% 1.19 0.96 1.165 1200 658.60$      45,278.94$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.92 128.79 0.00 77.21 1873.08 1950.29 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 579.91% 1.19 0.10 1.155 1200 658.60$      4,798.08$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 164.61 3.46 3.46 107.43 110.89 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 241.58% 0.65 1.13 0.415 450 101.30$      4,451.36$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 157.32 0.00 3.46 102.67 106.13 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 231.21% 0.65 0.27 0.41 450 101.30$      1,078.63$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 155.65 1.98 5.44 159.61 165.05 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 80.85% 1.06 1.65 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.05 146.42 7.58 13.03 359.27 372.30 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 182.37% 0.94 0.54 0.655 675 227.90$      6,997.54$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.59 143.63 2.01 15.03 406.72 421.75 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 125.41% 1.19 1.49 0.65 675 227.90$      24,291.23$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.08 136.53 7.06 22.09 568.07 590.16 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 175.48% 1.19 1.07 0.74 750 300.50$      22,938.39$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.15 131.90 14.45 36.54 907.82 944.36 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 280.80% 1.19 0.20 0.88 900 418.20$      5,924.18$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.35 131.08 0.00 36.54 902.17 938.71 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 279.12% 1.19 0.87 0.875 900 418.20$      26,070.06$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.22 127.60 7.72 44.26 1063.67 1107.92 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 329.44% 1.19 0.24 0.935 975 458.80$      7,874.19$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.46 126.67 0.00 44.26 1055.97 1100.23 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 327.15% 1.19 0.60 0.93 975 458.80$      19,607.29$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.06 124.43 0.00 44.26 1037.32 1081.58 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 321.60% 1.19 0.77 0.925 975 458.80$      25,312.88$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 74.5 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 0.13 m3/s a 1954.8 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 10 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.826

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 0 0 0 0 0 0
375 63 56 118 0 0 0 0 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 164.61 0.22 0.22 20.38 20.60 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 10.09% 0.61 0.83 525 110.50$      3,393.95$         450 0 0 0 77 77 0 0 55
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 164.61 0.56 0.56 52.66 53.22 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 63.94% 0.81 1.30 375 98.30$        6,177.15$         525 138 71 104 0 0 18 0 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.30 156.29 0.92 1.48 132.37 133.86 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 65.57% 1.02 1.76 525 110.50$      11,898.93$       600 0 13 139 33 70 31 147 0
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.06 146.35 2.14 3.84 320.74 324.58 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 96.51% 1.35 0.67 0.605 675 227.90$      12,467.61$       675 161 99 107 191 115 9 66 137
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.73 142.91 0.37 4.21 343.53 347.74 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 103.40% 1.19 1.49 0.605 675 227.90$      24,238.88$       750 0 167 0 216 38 0 207 76

825 0 45 14 230 0 0 39 0
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 164.61 0.86 0.86 80.84 81.70 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 177.99% 0.65 1.43 0.37 375 98.30$        5,478.95$         900 0 187 221 100 0 81 0 77
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 164.61 1.58 1.58 148.87 150.46 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 327.77% 0.65 1.83 0.465 525 110.50$      7,870.70$         975 0 64 0 215 0 0 104 115
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 153.14 1.60 3.19 278.80 281.98 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 614.30% 0.65 0.34 0.59 600 148.70$      1,958.85$         1050 0 0 0 0 96 0 0 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 164.61 0.19 0.19 18.18 18.37 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 40.02% 0.62 0.28 300 79.70$        841.18$            1200 0 0 0 15 0 0 76 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 151.20 0.24 3.62 312.58 316.20 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 233.64% 0.85 1.93 0.615 675 227.90$      22,453.00$       1350 0 0 0 17 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 141.13 1.81 5.43 437.90 443.33 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 217.16% 0.94 1.06 0.7 750 300.50$      18,025.71$       1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 136.20 1.19 6.62 515.21 521.83 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 155.17% 1.19 0.38 0.705 750 300.50$      8,160.85$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 134.52 0.50 7.13 547.50 554.63 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 164.92% 1.19 1.12 0.72 750 300.50$      24,112.12$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 129.82 1.55 8.67 642.92 651.59 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 193.75% 1.19 0.64 0.765 825 348.60$      15,843.34$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 127.31 1.86 11.40 828.52 839.92 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 249.75% 1.19 0.15 0.84 900 418.20$      4,563.03$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 126.72 0.02 11.42 826.29 837.71 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 249.09% 1.19 0.06 0.84 900 418.20$      1,673.08$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 126.51 0.00 11.42 824.90 836.32 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 248.68% 1.19 0.13 0.84 900 418.20$      3,804.55$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 126.03 0.00 11.42 821.76 833.17 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 303.42% 0.97 1.10 0.905 975 458.80$      29,381.18$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 122.03 0.00 11.42 795.71 807.12 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 240.00% 1.19 0.15 0.83 900 418.20$      4,474.02$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 121.51 0.00 11.42 792.29 803.71 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 238.98% 1.19 2.13 0.83 900 418.20$      63,681.11$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 164.61 0.57 0.57 53.29 53.86 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 117.33% 0.65 1.53 0.32 375 98.30$        5,866.81$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.53 154.87 1.25 1.81 160.27 162.09 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 353.11% 0.65 1.47 0.48 525 110.50$      6,345.25$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 13.01 146.63 1.12 2.93 245.46 248.39 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 183.54% 0.85 1.62 0.565 600 148.70$      12,267.39$       
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.62 138.64 1.87 4.80 380.05 384.85 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 188.51% 0.94 1.90 0.665 675 227.90$      24,495.02$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.52 130.38 2.24 7.04 524.22 531.26 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 260.23% 0.94 0.25 0.75 825 348.60$      4,950.71$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 164.61 0.60 0.60 56.66 57.26 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 68.80% 0.82 1.19 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.19 156.94 1.14 1.75 156.55 158.30 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 116.96% 0.85 0.91 0.475 525 110.50$      5,157.05$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.10 151.56 1.14 2.89 250.22 253.11 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 187.02% 0.85 1.11 0.565 600 148.70$      8,400.13$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.77 129.37 1.13 11.06 817.37 828.43 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 246.33% 1.19 0.18 0.835 900 418.20$      5,417.51$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.95 128.65 0.22 11.28 828.67 839.95 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 249.75% 1.19 1.38 0.84 900 418.20$      41,294.73$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.34 123.44 1.69 12.97 914.34 927.30 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 275.73% 1.19 1.53 0.875 900 418.20$      45,579.71$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 164.61 1.12 1.12 105.03 106.15 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 231.24% 0.65 1.97 0.41 450 101.30$      7,775.77$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 152.32 1.84 2.96 257.35 260.31 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 312.77% 0.75 0.72 0.575 600 148.70$      4,856.92$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 148.30 0.77 3.73 315.49 319.22 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 235.87% 0.85 0.96 0.62 675 227.90$      11,188.21$       
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 143.30 1.23 4.96 405.82 410.78 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 303.52% 0.85 1.84 0.68 750 300.50$      28,158.27$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 164.61 3.52 3.52 330.54 334.06 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 1183.40% 0.58 1.63 0.63 675 227.90$      12,854.23$       
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 154.27 1.83 5.35 471.01 476.36 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 1037.74% 0.65 1.93 0.72 750 300.50$      22,542.65$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 143.78 1.04 6.39 524.57 530.96 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 637.96% 0.75 0.77 0.75 825 348.60$      12,135.90$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 140.01 0.00 6.39 510.82 517.21 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 382.16% 0.85 0.92 0.74 750 300.50$      14,117.17$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 134.73 2.34 13.69 1053.01 1066.69 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 522.51% 0.94 0.25 0.97 975 458.80$      6,593.48$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 133.63 0.41 14.09 1075.41 1089.50 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 323.96% 1.19 1.23 0.93 975 458.80$      40,158.48$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 128.59 1.50 15.59 1145.10 1160.69 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 345.13% 1.19 0.53 0.95 975 458.80$      17,384.17$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 164.61 6.85 6.85 644.07 650.92 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 106.75% 1.38 0.97 0.765 825 348.60$      27,889.06$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.97 158.32 1.88 8.73 789.44 798.17 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 130.90% 1.38 1.21 0.825 900 418.20$      41,864.72$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.17 151.15 3.59 12.32 1063.47 1075.79 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 136.83% 1.47 0.86 0.925 975 458.80$      34,697.37$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 164.61 2.80 2.80 263.27 266.07 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 57.79% 1.35 1.06 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.06 157.72 5.71 8.51 766.48 774.99 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 168.33% 1.29 1.49 0.815 825 348.60$      40,095.68$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 13.03 146.49 0.00 20.83 1742.60 1763.43 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 117.90% 1.73 0.15 1.11 1200 658.60$      9,961.92$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 126.53 0.93 37.35 2699.32 2736.68 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 182.97% 1.73 0.16 1.31 1350 847.00$      14,197.91$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 164.61 1.11 1.11 104.72 105.84 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 78.20% 0.95 1.34 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.34 155.99 1.51 2.63 234.17 236.80 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 174.97% 0.85 1.37 0.555 600 148.70$      10,432.98$       
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.72 148.16 1.63 4.25 359.96 364.21 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 178.41% 0.94 0.25 0.65 675 227.90$      3,229.33$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 12.97 146.82 0.00 4.25 356.71 360.97 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 176.82% 0.94 1.78 0.65 675 227.90$      22,900.11$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.75 138.06 1.73 5.98 471.70 477.68 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 233.99% 0.94 0.66 0.72 750 300.50$      11,269.97$       
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.41 135.08 9.85 15.83 1221.15 1236.98 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 367.81% 1.19 1.34 0.975 1050 525.50$      50,233.96$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 164.61 2.28 2.28 214.14 216.41 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 471.46% 0.65 0.81 0.535 600 148.70$      4,674.37$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 164.61 1.67 1.67 157.35 159.03 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 117.50% 0.85 0.35 0.475 525 110.50$      1,982.86$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 159.32 0.00 3.95 359.55 363.50 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 178.06% 0.94 0.16 0.65 675 227.90$      2,020.14$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 158.33 5.41 9.36 846.50 855.86 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 419.24% 0.94 1.43 0.895 900 418.20$      33,918.91$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 164.61 2.51 2.51 236.13 238.64 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 286.73% 0.75 0.87 0.555 600 148.70$      5,848.37$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 158.92 0.86 3.37 305.75 309.12 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 228.40% 0.85 1.21 0.61 675 227.90$      14,046.16$       
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 151.71 1.56 4.93 426.81 431.73 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 319.00% 0.85 0.89 0.69 750 300.50$      13,713.86$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 146.81 0.87 5.80 486.26 492.06 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 241.03% 0.94 0.24 0.725 750 300.50$      4,031.64$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 145.57 0.27 6.07 504.77 510.84 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 250.23% 0.94 0.34 0.735 750 300.50$      5,741.01$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 164.61 2.39 2.39 224.84 227.23 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 167.90% 0.85 0.25 0.545 600 148.70$      1,863.53$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 162.96 0.42 2.81 261.95 264.77 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 195.63% 0.85 1.85 0.575 600 148.70$      14,074.04$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 151.58 1.32 4.14 358.01 362.14 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 107.68% 1.19 0.06 0.615 675 227.90$      911.06$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.16 151.27 2.55 6.68 577.48 584.16 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 173.70% 1.19 1.80 0.735 750 300.50$      38,639.78$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.96 141.81 1.74 8.43 682.67 691.10 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 205.50% 1.19 0.55 0.785 825 348.60$      13,586.46$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 139.19 0.74 15.24 1211.18 1226.42 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 364.67% 1.19 0.22 0.97 975 458.80$      7,106.77$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.72 138.18 0.00 15.24 1202.39 1217.63 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 362.06% 1.19 1.23 0.965 975 458.80$      40,433.97$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.96 132.73 10.23 25.47 1930.32 1955.79 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 581.55% 1.19 0.96 1.155 1200 658.60$      45,278.94$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.92 128.79 0.00 25.47 1873.08 1898.54 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 564.53% 1.19 0.10 1.14 1200 658.60$      4,798.08$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 164.61 1.14 1.14 107.43 108.57 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 236.52% 0.65 1.13 0.415 450 101.30$      4,451.36$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 157.32 0.00 1.14 102.67 103.81 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 226.15% 0.65 0.27 0.405 450 101.30$      1,078.63$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 155.65 0.65 1.80 159.61 161.40 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 79.06% 1.05 1.65 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.05 146.39 2.50 4.30 359.20 363.49 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 178.05% 0.94 0.54 0.65 675 227.90$      6,997.54$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.59 143.60 0.66 4.96 406.63 411.59 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 122.39% 1.19 1.49 0.645 675 227.90$      24,291.23$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.09 136.50 2.33 7.29 567.96 575.24 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 171.05% 1.19 1.07 0.73 750 300.50$      22,938.39$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.16 131.88 4.77 12.05 907.65 919.70 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 273.47% 1.19 0.20 0.87 900 418.20$      5,924.18$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.36 131.05 0.00 12.05 902.00 914.05 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 271.79% 1.19 0.87 0.87 900 418.20$      26,070.06$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.23 127.57 2.55 14.60 1063.48 1078.07 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 320.56% 1.19 0.24 0.925 975 458.80$      7,874.19$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.47 126.65 0.00 14.60 1055.78 1070.38 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 318.27% 1.19 0.60 0.92 975 458.80$      19,607.29$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.07 124.41 0.00 14.60 1037.14 1051.74 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 312.73% 1.19 0.77 0.915 975 458.80$      25,312.88$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 74 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 0.00 m3/s a 1954.8 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 10 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.826

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 0 0 0 0 0 0
375 63 56 118 0 0 0 0 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 164.61 0.00 0.00 20.38 20.38 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 9.98% 0.61 0.84 525 110.50$      3,393.95$         450 0 0 0 77 77 0 0 55
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 164.61 0.00 0.00 52.66 52.66 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 63.27% 0.81 1.30 375 98.30$        6,177.15$         525 138 71 104 0 0 18 0 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.30 156.27 0.00 0.00 132.36 132.36 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 64.83% 1.01 1.77 525 110.50$      11,898.93$       600 0 13 139 33 70 31 147 0
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.07 146.31 0.00 0.00 320.66 320.66 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 95.35% 1.36 0.67 0.605 675 227.90$      12,467.61$       675 161 99 107 191 115 9 66 137
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.74 142.88 0.00 0.00 343.45 343.45 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 102.12% 1.19 1.49 0.605 675 227.90$      24,238.88$       750 0 167 14 251 38 0 207 76

825 0 45 0 295 0 0 39 0
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 164.61 0.00 0.00 80.84 80.84 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 176.12% 0.65 1.43 0.37 375 98.30$        5,478.95$         900 0 187 221 0 0 81 0 77
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 164.61 0.00 0.00 148.87 148.87 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 324.32% 0.65 1.83 0.465 525 110.50$      7,870.70$         975 0 64 0 215 96 0 104 115
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 153.14 0.00 0.00 278.80 278.80 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 607.36% 0.65 0.34 0.59 600 148.70$      1,958.85$         1050 0 0 0 0 0 0 0 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 164.61 0.00 0.00 18.18 18.18 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 39.60% 0.62 0.28 300 79.70$        841.18$            1200 0 0 0 15 0 0 76 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 151.20 0.00 0.00 312.58 312.58 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 230.97% 0.85 1.93 0.615 675 227.90$      22,453.00$       1350 0 0 0 17 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 141.13 0.00 0.00 437.90 437.90 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 214.50% 0.94 1.06 0.695 750 300.50$      18,025.71$       1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 136.20 0.00 0.00 515.21 515.21 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 153.20% 1.19 0.38 0.7 750 300.50$      8,160.85$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 134.52 0.00 0.00 547.50 547.50 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 162.80% 1.19 1.12 0.715 750 300.50$      24,112.12$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 129.82 0.00 0.00 642.92 642.92 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 191.17% 1.19 0.64 0.76 825 348.60$      15,843.34$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 127.31 0.00 0.00 828.52 828.52 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 246.36% 1.19 0.15 0.835 900 418.20$      4,563.03$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 126.72 0.00 0.00 826.29 826.29 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 245.70% 1.19 0.06 0.835 900 418.20$      1,673.08$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 126.51 0.00 0.00 824.90 824.90 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 245.28% 1.19 0.13 0.835 900 418.20$      3,804.55$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 126.03 0.00 0.00 821.76 821.76 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 299.26% 0.97 1.10 0.9 975 458.80$      29,381.18$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 122.03 0.00 0.00 795.71 795.71 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 236.60% 1.19 0.15 0.825 900 418.20$      4,474.02$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 121.51 0.00 0.00 792.29 792.29 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 235.59% 1.19 2.13 0.825 900 418.20$      63,681.11$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 164.61 0.00 0.00 53.29 53.29 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 116.10% 0.65 1.53 0.315 375 98.30$        5,866.81$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.53 154.87 0.00 0.00 160.27 160.27 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 349.16% 0.65 1.47 0.48 525 110.50$      6,345.25$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 13.01 146.63 0.00 0.00 245.46 245.46 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 181.37% 0.85 1.62 0.56 600 148.70$      12,267.39$       
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.62 138.64 0.00 0.00 380.05 380.05 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 186.16% 0.94 1.90 0.66 675 227.90$      24,495.02$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.52 130.38 0.00 0.00 524.22 524.22 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 256.78% 0.94 0.25 0.745 750 300.50$      4,267.61$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 164.61 0.00 0.00 56.66 56.66 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 68.08% 0.82 1.19 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.19 156.93 0.00 0.00 156.53 156.53 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 115.66% 0.85 0.91 0.475 525 110.50$      5,157.05$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.11 151.55 0.00 0.00 250.20 250.20 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 184.87% 0.85 1.11 0.565 600 148.70$      8,400.13$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.77 129.37 0.00 0.00 817.37 817.37 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 243.04% 1.19 0.18 0.835 900 418.20$      5,417.51$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.95 128.65 0.00 0.00 828.67 828.67 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 246.40% 1.19 1.38 0.835 900 418.20$      41,294.73$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.34 123.44 0.00 0.00 914.34 914.34 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 271.87% 1.19 1.53 0.87 900 418.20$      45,579.71$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 164.61 0.00 0.00 105.03 105.03 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 228.81% 0.65 1.97 0.41 450 101.30$      7,775.77$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 152.32 0.00 0.00 257.35 257.35 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 309.21% 0.75 0.72 0.57 600 148.70$      4,856.92$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 148.30 0.00 0.00 315.49 315.49 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 233.11% 0.85 0.96 0.615 675 227.90$      11,188.21$       
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 143.30 0.00 0.00 405.82 405.82 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 299.86% 0.85 1.84 0.675 750 300.50$      28,158.27$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 164.61 0.00 0.00 330.54 330.54 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 1170.94% 0.58 1.63 0.625 675 227.90$      12,854.23$       
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 154.27 0.00 0.00 471.01 471.01 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 1026.10% 0.65 1.93 0.715 750 300.50$      22,542.65$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 143.78 0.00 0.00 524.57 524.57 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 630.28% 0.75 0.77 0.745 750 300.50$      10,461.38$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 140.01 0.00 0.00 510.82 510.82 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 377.44% 0.85 0.92 0.735 750 300.50$      14,117.17$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 134.73 0.00 0.00 1053.01 1053.01 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 515.81% 0.94 0.25 0.965 975 458.80$      6,593.48$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 133.63 0.00 0.00 1075.41 1075.41 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 319.77% 1.19 1.23 0.925 975 458.80$      40,158.48$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 128.59 0.00 0.00 1145.10 1145.10 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 340.49% 1.19 0.53 0.945 975 458.80$      17,384.17$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 164.61 0.00 0.00 644.07 644.07 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 105.62% 1.38 0.97 0.76 825 348.60$      27,889.06$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.97 158.32 0.00 0.00 789.44 789.44 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 129.47% 1.38 1.21 0.82 825 348.60$      34,897.27$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.17 151.15 0.00 0.00 1063.47 1063.47 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 135.26% 1.47 0.86 0.92 975 458.80$      34,697.37$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 164.61 0.00 0.00 263.27 263.27 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 57.18% 1.35 1.07 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.07 157.70 0.00 0.00 766.40 766.40 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 166.46% 1.29 1.49 0.815 825 348.60$      40,095.68$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 13.03 146.49 0.00 0.00 1742.60 1742.60 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 116.51% 1.73 0.15 1.105 1200 658.60$      9,961.92$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 126.53 0.00 0.00 2699.32 2699.32 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 180.47% 1.73 0.16 1.305 1350 847.00$      14,197.91$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 164.61 0.00 0.00 104.72 104.72 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 77.38% 0.95 1.35 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.35 155.98 0.00 0.00 234.15 234.15 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 173.01% 0.85 1.37 0.55 600 148.70$      10,432.98$       
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.72 148.15 0.00 0.00 359.93 359.93 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 176.31% 0.94 0.25 0.645 675 227.90$      3,229.33$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 12.97 146.81 0.00 0.00 356.68 356.68 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 174.72% 0.94 1.78 0.645 675 227.90$      22,900.11$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.75 138.05 0.00 0.00 471.66 471.66 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 231.04% 0.94 0.66 0.715 750 300.50$      11,269.97$       
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.41 135.07 0.00 0.00 1221.05 1221.05 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 363.08% 1.19 1.34 0.97 975 458.80$      43,857.92$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 164.61 0.00 0.00 214.14 214.14 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 466.50% 0.65 0.81 0.535 600 148.70$      4,674.37$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 164.61 0.00 0.00 157.35 157.35 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 116.27% 0.85 0.35 0.475 525 110.50$      1,982.86$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 159.32 0.00 0.00 359.55 359.55 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 176.12% 0.94 0.16 0.645 675 227.90$      2,020.14$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 158.33 0.00 0.00 846.50 846.50 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 414.65% 0.94 1.43 0.89 900 418.20$      33,918.91$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 164.61 0.00 0.00 236.13 236.13 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 283.72% 0.75 0.87 0.555 600 148.70$      5,848.37$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 158.92 0.00 0.00 305.75 305.75 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 225.91% 0.85 1.21 0.61 675 227.90$      14,046.16$       
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 151.71 0.00 0.00 426.81 426.81 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 315.36% 0.85 0.89 0.69 750 300.50$      13,713.86$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 146.81 0.00 0.00 486.26 486.26 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 238.19% 0.94 0.24 0.725 750 300.50$      4,031.64$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 145.57 0.00 0.00 504.77 504.77 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 247.26% 0.94 0.34 0.735 750 300.50$      5,741.01$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 164.61 0.00 0.00 224.84 224.84 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 166.13% 0.85 0.25 0.545 600 148.70$      1,863.53$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 162.96 0.00 0.00 261.95 261.95 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 193.55% 0.85 1.85 0.575 600 148.70$      14,074.04$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 151.58 0.00 0.00 358.01 358.01 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 106.45% 1.19 0.06 0.61 675 227.90$      911.06$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.16 151.27 0.00 0.00 577.48 577.48 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 171.71% 1.19 1.80 0.73 750 300.50$      38,639.78$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.96 141.81 0.00 0.00 682.67 682.67 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 202.99% 1.19 0.55 0.78 825 348.60$      13,586.46$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 139.19 0.00 0.00 1211.18 1211.18 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 360.14% 1.19 0.22 0.965 975 458.80$      7,106.77$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.72 138.18 0.00 0.00 1202.39 1202.39 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 357.53% 1.19 1.23 0.965 975 458.80$      40,433.97$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.96 132.73 0.00 0.00 1930.32 1930.32 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 573.97% 1.19 0.96 1.15 1200 658.60$      45,278.94$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.92 128.79 0.00 0.00 1873.08 1873.08 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 556.95% 1.19 0.10 1.135 1200 658.60$      4,798.08$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 164.61 0.00 0.00 107.43 107.43 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 234.03% 0.65 1.13 0.41 450 101.30$      4,451.36$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 157.32 0.00 0.00 102.67 102.67 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 223.66% 0.65 0.27 0.405 450 101.30$      1,078.63$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 155.65 0.00 0.00 159.61 159.61 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 78.18% 1.05 1.65 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.06 146.37 0.00 0.00 359.16 359.16 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 175.93% 0.94 0.54 0.645 675 227.90$      6,997.54$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.60 143.59 0.00 0.00 406.59 406.59 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 120.90% 1.19 1.49 0.64 675 227.90$      24,291.23$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.09 136.49 0.00 0.00 567.90 567.90 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 168.86% 1.19 1.07 0.725 750 300.50$      22,938.39$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.16 131.86 0.00 0.00 907.56 907.56 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 269.86% 1.19 0.20 0.865 900 418.20$      5,924.18$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.36 131.04 0.00 0.00 901.91 901.91 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 268.18% 1.19 0.87 0.865 900 418.20$      26,070.06$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.23 127.56 0.00 0.00 1063.37 1063.37 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 316.19% 1.19 0.24 0.92 975 458.80$      7,874.19$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.47 126.64 0.00 0.00 1055.68 1055.68 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 313.90% 1.19 0.60 0.915 975 458.80$      19,607.29$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.07 124.40 0.00 0.00 1037.04 1037.04 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 308.36% 1.19 0.77 0.91 975 458.80$      25,312.88$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 76 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 6.02 m3/s a 1719.5 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 10 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.823

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 0 0 0 0 0 0
375 63 0 118 0 0 0 0 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 146.10 9.96 9.96 18.09 28.04 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 13.74% 0.67 0.76 525 110.50$      3,393.95$         450 0 56 0 0 0 0 0 0
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 146.10 25.72 25.72 46.74 72.46 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 87.06% 0.85 1.23 375 98.30$        6,177.15$         525 138 0 0 77 77 0 0 55
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.23 139.12 42.38 68.10 117.83 185.93 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 91.08% 1.07 1.67 525 110.50$      11,898.93$       600 0 71 104 0 0 18 0 105
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 12.90 130.71 98.17 176.22 286.47 462.69 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 137.58% 1.19 0.77 0.675 675 227.90$      12,467.61$       675 55 13 139 119 70 31 147 0
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.66 127.21 17.06 193.28 305.80 499.08 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 148.40% 1.19 1.49 0.695 750 300.50$      31,960.44$       750 106 99 0 105 115 9 66 137

825 0 87 107 169 0 0 46 0
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 146.10 39.49 39.49 71.75 111.24 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 242.34% 0.65 1.43 0.415 450 101.30$      5,646.16$         900 0 126 14 162 38 0 200 76
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 146.10 72.72 72.72 132.14 204.86 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 446.28% 0.65 1.83 0.525 600 148.70$      10,591.62$       975 0 163 13 215 0 0 0 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 135.95 73.67 146.39 247.52 393.90 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 858.12% 0.65 0.34 0.67 675 227.90$      3,002.16$         1050 0 24 208 76 0 81 0 77
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 146.10 8.88 8.88 16.13 25.01 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 54.49% 0.67 0.26 300 79.70$        841.18$            1200 0 64 0 140 96 0 104 115
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 134.25 10.96 166.23 277.53 443.75 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 327.88% 0.85 1.93 0.7 750 300.50$      29,605.65$       1350 0 0 0 15 0 0 76 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 125.33 83.26 249.48 388.88 638.37 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 312.70% 0.94 1.06 0.8 825 348.60$      20,911.02$       1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 120.97 54.68 304.16 457.60 761.76 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 226.51% 1.19 0.38 0.81 825 348.60$      9,467.13$         1650 0 0 0 17 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 119.48 23.10 327.26 486.30 813.56 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 241.91% 1.19 1.12 0.83 900 418.20$      33,556.37$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 115.32 70.96 398.22 571.13 969.35 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 288.23% 1.19 0.64 0.89 900 418.20$      19,006.56$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 113.10 85.57 523.28 736.06 1259.34 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 374.46% 1.19 0.15 0.98 1050 525.50$      5,733.79$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 112.58 1.01 524.28 734.09 1258.37 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 374.17% 1.19 0.06 0.98 1050 525.50$      2,102.36$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 112.39 0.00 524.28 732.86 1257.14 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 373.81% 1.19 0.13 0.98 1050 525.50$      4,780.70$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 111.97 0.00 524.28 730.08 1254.36 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 456.80% 0.97 1.10 1.055 1200 658.60$      42,176.21$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 108.43 0.00 524.28 707.01 1231.30 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 366.12% 1.19 0.15 0.97 975 458.80$      4,908.37$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 107.97 0.00 524.28 703.99 1228.28 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 365.22% 1.19 2.13 0.97 975 458.80$      69,863.45$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 146.10 26.03 26.03 47.30 73.33 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 159.75% 0.65 1.53 0.355 375 98.30$        5,866.81$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.53 137.49 57.18 83.21 142.29 225.50 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 491.24% 0.65 1.47 0.545 600 148.70$      8,538.81$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 13.01 130.20 51.39 134.60 217.96 352.56 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 260.50% 0.85 1.62 0.64 675 227.90$      18,801.19$       
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.62 123.13 85.82 220.42 337.53 557.95 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 273.31% 0.94 1.90 0.76 825 348.60$      37,468.02$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.52 115.82 102.86 323.28 465.67 788.95 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 386.46% 0.94 0.25 0.865 900 418.20$      5,939.15$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 146.10 27.68 27.68 50.29 77.96 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 93.68% 0.86 1.14 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.14 139.61 52.53 80.21 139.26 219.46 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 162.16% 0.85 0.91 0.54 600 148.70$      6,939.85$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.05 134.83 52.54 132.75 222.59 355.34 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 262.56% 0.85 1.11 0.645 675 227.90$      12,874.17$       
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.77 114.93 51.97 508.01 726.11 1234.11 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 366.96% 1.19 0.18 0.97 975 458.80$      5,943.45$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.95 114.29 9.91 517.91 736.16 1254.07 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 372.89% 1.19 1.38 0.98 1050 525.50$      51,889.96$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.34 109.68 77.67 595.58 812.39 1407.96 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 418.65% 1.19 1.53 1.02 1050 525.50$      57,274.36$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 146.10 51.30 51.30 93.22 144.53 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 314.85% 0.65 1.97 0.46 525 110.50$      8,481.96$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 135.23 84.55 135.85 228.48 364.33 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 437.76% 0.75 0.72 0.65 675 227.90$      7,443.79$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 131.68 35.20 171.06 280.13 451.18 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 333.38% 0.85 0.96 0.705 750 300.50$      14,752.34$       
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 127.26 56.65 227.70 360.38 588.08 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 434.53% 0.85 1.84 0.775 825 348.60$      32,665.47$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 146.10 161.46 161.46 293.38 454.84 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 1611.27% 0.58 1.63 0.705 750 300.50$      16,949.09$       
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 136.95 84.04 245.50 418.15 663.66 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 1445.78% 0.65 1.93 0.815 825 348.60$      26,150.98$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 127.67 47.86 293.36 465.82 759.19 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 912.18% 0.75 0.77 0.855 900 418.20$      14,558.90$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 124.34 0.00 293.36 453.65 747.02 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 551.97% 0.85 0.92 0.85 900 418.20$      19,646.58$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 119.67 107.38 628.45 935.30 1563.75 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 765.99% 0.94 0.25 1.12 1200 658.60$      9,464.83$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 118.69 18.65 647.10 955.22 1602.32 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 476.44% 1.19 1.23 1.07 1200 658.60$      57,646.85$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 114.23 68.94 716.04 1017.27 1733.31 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 515.39% 1.19 0.53 1.105 1200 658.60$      24,954.70$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 146.10 314.61 314.61 571.65 886.26 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 145.34% 1.38 0.97 0.86 900 418.20$      33,457.27$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.97 140.54 86.33 400.94 700.78 1101.72 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 180.68% 1.38 1.21 0.93 975 458.80$      45,929.06$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.17 134.20 164.77 565.71 944.20 1509.91 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 192.05% 1.47 0.86 1.05 1050 525.50$      39,741.65$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 146.10 128.60 128.60 233.67 362.27 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 78.68% 1.44 1.00 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.00 140.37 262.16 390.76 682.16 1072.92 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 233.04% 1.29 1.49 0.92 975 458.80$      52,770.80$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 13.03 130.08 0.00 956.47 1547.34 2503.81 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 167.40% 1.73 0.15 1.265 1350 847.00$      12,811.65$       

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 112.41 42.79 1715.30 2398.13 4113.43 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 275.02% 1.73 0.16 1.525 1650 1,240.60$   20,795.66$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 146.10 51.15 51.15 92.95 144.10 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 106.48% 0.85 1.50 0.46 525 110.50$      8,470.50$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.50 137.65 69.55 120.70 206.63 327.33 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 241.86% 0.85 1.37 0.625 675 227.90$      15,989.75$       
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.88 130.81 74.65 195.35 317.81 513.16 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 251.37% 0.94 0.25 0.74 750 300.50$      4,258.07$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 13.13 129.64 0.00 195.35 314.97 510.32 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 249.98% 0.94 1.78 0.735 750 300.50$      30,195.19$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.90 121.98 79.36 274.71 416.76 691.47 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 338.71% 0.94 0.66 0.825 900 418.20$      15,684.19$       
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.56 119.38 452.17 726.88 1079.16 1806.03 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 537.02% 1.19 1.34 1.12 1200 658.60$      62,957.34$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 146.10 104.60 104.60 190.06 294.66 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 641.92% 0.65 0.81 0.6 675 227.90$      7,164.02$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 146.10 76.86 76.86 139.66 216.52 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 159.99% 0.85 0.35 0.535 600 148.70$      2,668.33$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 141.42 0.00 181.46 319.16 500.63 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 245.23% 0.94 0.16 0.73 750 300.50$      2,663.68$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 140.55 248.42 429.88 751.44 1181.32 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 578.66% 0.94 1.43 1.01 1050 525.50$      42,621.68$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 146.10 115.34 115.34 209.58 324.93 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 390.41% 0.75 0.87 0.625 675 227.90$      8,963.30$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 141.07 39.35 154.69 271.41 426.10 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 314.84% 0.85 1.21 0.69 750 300.50$      18,520.71$       
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 134.69 71.52 226.21 378.93 605.15 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 447.14% 0.85 0.89 0.785 825 348.60$      15,908.99$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 130.36 40.10 266.31 431.77 698.08 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 341.95% 0.94 0.24 0.83 900 418.20$      5,610.76$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 129.27 12.49 278.80 448.22 727.02 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 356.13% 0.94 0.34 0.84 900 418.20$      7,989.65$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 146.10 109.83 109.83 199.56 309.38 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 228.60% 0.85 0.25 0.61 675 227.90$      2,856.08$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 144.64 19.43 129.25 232.51 361.76 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 267.30% 0.85 1.85 0.65 675 227.90$      21,570.10$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 134.58 60.65 189.90 317.85 507.76 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 150.98% 1.19 0.06 0.695 750 300.50$      1,201.29$         
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.16 134.30 117.06 306.96 512.71 819.67 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 243.73% 1.19 1.80 0.835 900 418.20$      53,774.23$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.96 125.93 80.12 387.09 606.24 993.33 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 295.36% 1.19 0.55 0.895 900 418.20$      16,299.08$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 123.62 33.78 699.67 1075.67 1775.34 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 527.89% 1.19 0.22 1.115 1200 658.60$      10,201.65$       
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.72 122.72 0.00 699.67 1067.89 1767.56 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 525.58% 1.19 1.23 1.11 1200 658.60$      58,042.30$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.96 117.90 469.73 1169.41 1714.64 2884.04 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 857.56% 1.19 0.96 1.335 1350 847.00$      58,231.49$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.92 114.41 0.00 1169.41 1663.97 2833.38 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 842.50% 1.19 0.10 1.325 1350 847.00$      6,170.63$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 146.10 52.48 52.48 95.35 147.82 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 322.04% 0.65 1.13 0.465 525 110.50$      4,855.63$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 139.65 0.00 52.48 91.14 143.62 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 312.87% 0.65 0.27 0.46 525 110.50$      1,176.59$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 138.18 29.97 82.45 141.69 224.14 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 109.79% 0.94 1.85 0.54 600 148.70$      15,540.00$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.25 129.08 114.85 197.30 316.74 514.03 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 251.79% 0.94 0.54 0.74 750 300.50$      9,226.68$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.79 126.65 30.39 227.69 358.65 586.33 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 174.34% 1.19 1.49 0.735 750 300.50$      32,029.46$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.28 120.46 106.87 334.55 501.22 835.78 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 248.52% 1.19 1.07 0.84 900 418.20$      31,922.91$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.35 116.43 218.85 553.41 801.31 1354.72 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 402.82% 1.19 0.20 1.005 1050 525.50$      7,444.18$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.55 115.71 0.00 553.41 796.38 1349.79 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 401.36% 1.19 0.87 1.005 1050 525.50$      32,759.00$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.43 112.67 116.88 670.29 939.22 1609.52 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 478.58% 1.19 0.24 1.075 1200 658.60$      11,303.27$       
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.67 111.86 0.00 670.29 932.50 1602.79 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 476.58% 1.19 0.60 1.07 1200 658.60$      28,145.96$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.27 109.91 0.00 670.29 916.21 1586.50 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 471.74% 1.19 0.77 1.07 1200 658.60$      36,336.22$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 75.5 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 1.54 m3/s a 1719.5 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 10 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.823

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 0 0 0 0 0 0
375 63 56 118 0 0 0 0 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 146.10 2.54 2.54 18.09 20.63 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 10.11% 0.61 0.83 525 110.50$      3,393.95$         450 0 0 0 77 77 0 0 55
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 146.10 6.56 6.56 46.74 53.30 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 64.04% 0.81 1.29 375 98.30$        6,177.15$         525 138 71 104 0 0 18 0 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.29 138.75 10.82 17.38 117.51 134.89 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 66.08% 1.02 1.76 525 110.50$      11,898.93$       600 0 13 139 33 70 31 147 0
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.06 129.97 25.05 44.97 284.84 329.81 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 98.07% 1.35 0.67 0.605 675 227.90$      12,467.61$       675 161 99 107 191 115 9 66 137
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.73 126.92 4.35 49.33 305.09 354.41 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 105.38% 1.19 1.49 0.61 675 227.90$      24,238.88$       750 0 167 0 216 38 0 207 76

825 0 45 14 230 0 0 39 0
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 146.10 10.08 10.08 71.75 81.83 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 178.27% 0.65 1.43 0.37 375 98.30$        5,478.95$         900 0 187 221 100 0 81 0 77
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 146.10 18.56 18.56 132.14 150.69 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 328.29% 0.65 1.83 0.465 525 110.50$      7,870.70$         975 0 64 0 201 0 0 0 115
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 135.95 18.80 37.36 247.52 284.87 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 620.60% 0.65 0.34 0.595 600 148.70$      1,958.85$         1050 0 0 0 14 96 0 104 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 146.10 2.27 2.27 16.13 18.40 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 40.08% 0.62 0.28 300 79.70$        841.18$            1200 0 0 0 15 0 0 76 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 134.25 2.80 42.42 277.53 319.95 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 236.41% 0.85 1.93 0.62 675 227.90$      22,453.00$       1350 0 0 0 17 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 125.33 21.25 63.67 388.88 452.55 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 221.68% 0.94 1.06 0.705 750 300.50$      18,025.71$       1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 120.97 13.95 77.62 457.60 535.22 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 159.15% 1.19 0.38 0.71 750 300.50$      8,160.85$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 119.48 5.89 83.52 486.30 569.82 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 169.43% 1.19 1.12 0.73 750 300.50$      24,112.12$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 115.32 18.11 101.62 571.13 672.76 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 200.04% 1.19 0.64 0.775 825 348.60$      15,843.34$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 113.10 21.84 133.54 736.06 869.60 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 258.57% 1.19 0.15 0.855 900 418.20$      4,563.03$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 112.58 0.26 133.80 734.09 867.89 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 258.06% 1.19 0.06 0.85 900 418.20$      1,673.08$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 112.39 0.00 133.80 732.86 866.66 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 257.70% 1.19 0.13 0.85 900 418.20$      3,804.55$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 111.97 0.00 133.80 730.08 863.87 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 314.60% 0.97 1.10 0.92 975 458.80$      29,381.18$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 108.43 0.00 133.80 707.01 840.81 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 250.01% 1.19 0.15 0.84 900 418.20$      4,474.02$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 107.97 0.00 133.80 703.99 837.79 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 249.11% 1.19 2.13 0.84 900 418.20$      63,681.11$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 146.10 6.64 6.64 47.30 53.94 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 117.52% 0.65 1.53 0.32 375 98.30$        5,866.81$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.53 137.49 14.59 21.24 142.29 163.52 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 356.23% 0.65 1.47 0.48 525 110.50$      6,345.25$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 13.01 130.20 13.11 34.35 217.96 252.31 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 186.43% 0.85 1.62 0.565 600 148.70$      12,267.39$       
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.62 123.13 21.90 56.25 337.53 393.78 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 192.89% 0.94 1.90 0.67 675 227.90$      24,495.02$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.52 115.82 26.25 82.50 465.67 548.17 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 268.52% 0.94 0.25 0.755 825 348.60$      4,950.71$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 146.10 7.06 7.06 50.29 57.35 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 68.91% 0.82 1.19 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.19 139.32 13.41 20.47 138.97 159.44 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 117.81% 0.85 0.91 0.475 525 110.50$      5,157.05$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.10 134.56 13.41 33.88 222.16 256.04 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 189.18% 0.85 1.11 0.57 600 148.70$      8,400.13$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.77 114.93 13.26 129.64 726.11 855.75 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 254.45% 1.19 0.18 0.85 900 418.20$      5,417.51$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.95 114.29 2.53 132.17 736.16 868.33 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 258.19% 1.19 1.38 0.85 900 418.20$      41,294.73$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.34 109.68 19.82 151.99 812.39 964.38 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 286.75% 1.19 1.53 0.885 900 418.20$      45,579.71$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 146.10 13.09 13.09 93.22 106.31 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 231.61% 0.65 1.97 0.41 450 101.30$      7,775.77$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 135.23 21.58 34.67 228.48 263.15 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 316.18% 0.75 0.72 0.575 600 148.70$      4,856.92$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 131.68 8.98 43.65 280.13 323.78 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 239.24% 0.85 0.96 0.62 675 227.90$      11,188.21$       
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 127.26 14.46 58.11 360.38 418.49 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 309.22% 0.85 1.84 0.685 750 300.50$      28,158.27$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 146.10 41.20 41.20 293.38 334.58 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 1185.26% 0.58 1.63 0.63 675 227.90$      12,854.23$       
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 136.95 21.45 62.65 418.15 480.81 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 1047.44% 0.65 1.93 0.72 750 300.50$      22,542.65$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 127.67 12.21 74.87 465.82 540.69 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 649.65% 0.75 0.77 0.755 825 348.60$      12,135.90$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 124.34 0.00 74.87 453.65 528.52 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 390.52% 0.85 0.92 0.745 750 300.50$      14,117.17$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 119.67 27.40 160.38 935.30 1095.68 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 536.71% 0.94 0.25 0.98 1050 525.50$      7,552.03$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 118.69 4.76 165.14 955.22 1120.36 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 333.14% 1.19 1.23 0.935 975 458.80$      40,158.48$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 114.23 17.59 182.73 1017.27 1200.00 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 356.82% 1.19 0.53 0.96 975 458.80$      17,384.17$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 146.10 80.29 80.29 571.65 651.94 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 106.92% 1.38 0.97 0.765 825 348.60$      27,889.06$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.97 140.54 22.03 102.32 700.78 803.10 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 131.71% 1.38 1.21 0.83 900 418.20$      41,864.72$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.17 134.20 42.05 144.37 944.20 1088.57 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 138.46% 1.47 0.86 0.925 975 458.80$      34,697.37$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 146.10 32.82 32.82 233.67 266.49 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 57.88% 1.35 1.06 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.06 140.01 66.90 99.72 680.42 780.14 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 169.45% 1.29 1.49 0.82 825 348.60$      40,095.68$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 13.03 130.08 0.00 244.09 1547.34 1791.43 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 119.77% 1.73 0.15 1.115 1200 658.60$      9,961.92$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 112.41 10.92 437.74 2398.13 2835.87 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 189.60% 1.73 0.16 1.325 1350 847.00$      14,197.91$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 146.10 13.05 13.05 92.95 106.00 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 78.32% 0.95 1.34 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.34 138.49 17.75 30.80 207.88 238.69 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 176.36% 0.85 1.37 0.555 600 148.70$      10,432.98$       
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.72 131.55 19.05 49.85 319.61 369.47 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 180.98% 0.94 0.25 0.655 675 227.90$      3,229.33$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 12.97 130.37 0.00 49.85 316.74 366.60 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 179.57% 0.94 1.78 0.65 675 227.90$      22,900.11$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.74 122.62 20.25 70.11 418.94 489.05 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 239.56% 0.94 0.66 0.725 750 300.50$      11,269.97$       
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.41 119.98 115.39 185.50 1084.65 1270.14 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 377.67% 1.19 1.34 0.98 1050 525.50$      50,233.96$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 146.10 26.69 26.69 190.06 216.75 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 472.20% 0.65 0.81 0.535 600 148.70$      4,674.37$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 146.10 19.62 19.62 139.66 159.28 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 117.69% 0.85 0.35 0.475 525 110.50$      1,982.86$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 141.42 0.00 46.31 319.16 365.47 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 179.02% 0.94 0.16 0.65 675 227.90$      2,020.14$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 140.55 63.40 109.70 751.44 861.14 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 421.82% 0.94 1.43 0.895 900 418.20$      33,918.91$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 146.10 29.44 29.44 209.58 239.02 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 287.19% 0.75 0.87 0.555 600 148.70$      5,848.37$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 141.07 10.04 39.48 271.41 310.88 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 229.71% 0.85 1.21 0.61 675 227.90$      14,046.16$       
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 134.69 18.25 57.73 378.93 436.66 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 322.65% 0.85 0.89 0.695 750 300.50$      13,713.86$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 130.36 10.23 67.96 431.77 499.73 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 244.79% 0.94 0.24 0.73 750 300.50$      4,031.64$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 129.27 3.19 71.15 448.22 519.37 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 254.41% 0.94 0.34 0.74 750 300.50$      5,741.01$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 146.10 28.03 28.03 199.56 227.59 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 168.16% 0.85 0.25 0.545 600 148.70$      1,863.53$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 144.64 4.96 32.99 232.51 265.50 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 196.17% 0.85 1.85 0.575 600 148.70$      14,074.04$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 134.58 15.48 48.46 317.85 366.31 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 108.92% 1.19 0.06 0.615 675 227.90$      911.06$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.16 134.30 29.87 78.34 512.71 591.05 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 175.75% 1.19 1.80 0.74 750 300.50$      38,639.78$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.96 125.93 20.45 98.78 606.24 705.03 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 209.64% 1.19 0.55 0.79 825 348.60$      13,586.46$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 123.62 8.62 178.56 1075.67 1254.22 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 372.94% 1.19 0.22 0.98 1050 525.50$      8,139.94$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.72 122.72 0.00 178.56 1067.89 1246.44 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 370.63% 1.19 1.23 0.975 1050 525.50$      46,312.22$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.96 117.90 119.87 298.43 1714.64 2013.07 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 598.58% 1.19 0.96 1.165 1200 658.60$      45,278.94$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.92 114.41 0.00 298.43 1663.97 1962.40 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 583.51% 1.19 0.10 1.155 1200 658.60$      4,798.08$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 146.10 13.39 13.39 95.35 108.74 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 236.89% 0.65 1.13 0.415 450 101.30$      4,451.36$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 139.65 0.00 13.39 91.14 104.53 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 227.72% 0.65 0.27 0.41 450 101.30$      1,078.63$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 138.18 7.65 21.04 141.69 162.73 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 79.71% 1.06 1.65 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.05 129.99 29.31 50.35 318.97 369.32 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 180.91% 0.94 0.54 0.655 675 227.90$      6,997.54$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.59 127.53 7.76 58.11 361.12 419.23 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 124.66% 1.19 1.49 0.65 675 227.90$      24,291.23$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.09 121.25 27.27 85.38 504.48 589.86 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 175.39% 1.19 1.07 0.74 750 300.50$      22,938.39$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.16 117.15 55.85 141.23 806.31 947.54 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 281.75% 1.19 0.20 0.88 900 418.20$      5,924.18$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.35 116.42 0.00 141.23 801.31 942.53 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 280.26% 1.19 0.87 0.88 900 418.20$      26,070.06$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.23 113.34 29.83 171.06 944.85 1115.90 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 331.81% 1.19 0.24 0.935 975 458.80$      7,874.19$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.47 112.52 0.00 171.06 938.03 1109.09 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 329.78% 1.19 0.60 0.935 975 458.80$      19,607.29$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.07 110.54 0.00 171.06 921.53 1092.59 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 324.88% 1.19 0.77 0.93 975 458.80$      25,312.88$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 75 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 0.40 m3/s a 1719.5 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 10 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.823

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 0 0 0 0 0 0
375 63 56 118 0 0 0 0 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 146.10 0.66 0.66 18.09 18.75 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 9.18% 0.60 0.86 525 110.50$      3,393.95$         450 0 0 0 77 77 0 0 55
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 146.10 1.70 1.70 46.74 48.44 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 58.20% 0.79 1.32 375 98.30$        6,177.15$         525 138 71 104 0 0 49 13 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.32 138.60 2.80 4.50 117.39 121.88 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 59.70% 1.00 1.80 525 110.50$      11,898.93$       600 161 112 139 33 70 0 196 0
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.12 129.65 6.48 11.64 284.14 295.78 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 87.95% 1.35 0.68 600 148.70$      8,134.85$         675 0 0 107 285 115 9 50 137
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.80 126.61 1.13 12.76 304.36 317.12 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 94.29% 1.36 1.31 600 148.70$      15,815.36$       750 0 213 14 157 38 0 161 76

825 0 187 112 295 0 0 39 0
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 146.10 2.61 2.61 71.75 74.36 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 162.00% 0.65 1.43 0.36 375 98.30$        5,478.95$         900 0 64 109 76 0 81 0 192
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 146.10 4.80 4.80 132.14 136.94 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 298.32% 0.65 1.83 0.45 525 110.50$      7,870.70$         975 0 0 0 140 96 0 104 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 135.95 4.86 9.67 247.52 257.18 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 560.27% 0.65 0.34 0.57 600 148.70$      1,958.85$         1050 0 0 0 0 0 0 0 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 146.10 0.59 0.59 16.13 16.72 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 36.42% 0.61 0.29 300 79.70$        841.18$            1200 0 0 0 15 0 0 76 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 134.25 0.72 10.98 277.53 288.50 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 213.17% 0.85 1.93 0.595 600 148.70$      14,650.12$       1350 0 0 0 17 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 125.33 5.50 16.47 388.88 405.35 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 198.56% 0.94 1.06 0.675 750 300.50$      18,025.71$       1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 120.97 3.61 20.08 457.60 477.68 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 142.04% 1.19 0.38 0.68 750 300.50$      8,160.85$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 119.48 1.52 21.61 486.30 507.91 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 151.03% 1.19 1.12 0.695 750 300.50$      24,112.12$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 115.32 4.69 26.29 571.13 597.42 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 177.64% 1.19 0.64 0.74 750 300.50$      13,657.27$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 113.10 5.65 34.55 736.06 770.61 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 229.14% 1.19 0.15 0.815 825 348.60$      3,803.61$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 112.58 0.07 34.62 734.09 768.71 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 228.57% 1.19 0.06 0.815 825 348.60$      1,394.64$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 112.39 0.00 34.62 732.86 767.48 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 228.21% 1.19 0.13 0.815 825 348.60$      3,171.36$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 111.97 0.00 34.62 730.08 764.69 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 278.48% 0.97 1.10 0.875 900 418.20$      26,781.19$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 108.43 0.00 34.62 707.01 741.63 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 220.52% 1.19 0.15 0.805 825 348.60$      3,729.42$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 107.97 0.00 34.62 703.99 738.61 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 219.62% 1.19 2.13 0.8 825 348.60$      53,082.82$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 146.10 1.72 1.72 47.30 49.02 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 106.79% 0.65 1.53 0.31 375 98.30$        5,866.81$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.53 137.49 3.78 5.49 142.29 147.78 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 321.94% 0.65 1.47 0.465 525 110.50$      6,345.25$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 13.01 130.20 3.39 8.89 217.96 226.84 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 167.61% 0.85 1.62 0.545 600 148.70$      12,267.39$       
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.62 123.13 5.67 14.55 337.53 352.08 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 172.47% 0.94 1.90 0.64 675 227.90$      24,495.02$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.52 115.82 6.79 21.35 465.67 487.02 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 238.56% 0.94 0.25 0.725 750 300.50$      4,267.61$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 146.10 1.83 1.83 50.29 52.12 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 62.62% 0.80 1.21 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.21 139.19 3.47 5.30 138.84 144.14 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 106.50% 0.85 0.91 0.46 525 110.50$      5,157.05$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.13 134.44 3.47 8.77 221.96 230.72 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 170.48% 0.85 1.11 0.55 600 148.70$      8,400.13$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.77 114.93 3.43 33.54 726.11 759.65 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 225.88% 1.19 0.18 0.81 825 348.60$      4,515.88$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.95 114.29 0.65 34.20 736.16 770.36 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 229.06% 1.19 1.38 0.815 825 348.60$      34,422.15$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.34 109.68 5.13 39.32 812.39 851.71 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 253.25% 1.19 1.53 0.845 900 418.20$      45,579.71$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 146.10 3.39 3.39 93.22 96.61 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 210.46% 0.65 1.97 0.395 450 101.30$      7,775.77$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 135.23 5.58 8.97 228.48 237.45 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 285.30% 0.75 0.72 0.555 600 148.70$      4,856.92$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 131.68 2.32 11.29 280.13 291.42 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 215.33% 0.85 0.96 0.6 675 227.90$      11,188.21$       
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 127.26 3.74 15.03 360.38 375.41 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 277.39% 0.85 1.84 0.655 675 227.90$      21,355.31$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 146.10 10.66 10.66 293.38 304.04 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 1077.06% 0.58 1.63 0.605 675 227.90$      12,854.23$       
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 136.95 5.55 16.21 418.15 434.36 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 946.26% 0.65 1.93 0.695 750 300.50$      22,542.65$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 127.67 3.16 19.37 465.82 485.19 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 582.97% 0.75 0.77 0.725 750 300.50$      10,461.38$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 124.34 0.00 19.37 453.65 473.02 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 349.51% 0.85 0.92 0.715 750 300.50$      14,117.17$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 119.67 7.09 41.50 935.30 976.79 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 478.47% 0.94 0.25 0.94 975 458.80$      6,593.48$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 118.69 1.23 42.73 955.22 997.95 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 296.74% 1.19 1.23 0.9 975 458.80$      40,158.48$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 114.23 4.55 47.28 1017.27 1064.55 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 316.54% 1.19 0.53 0.92 975 458.80$      17,384.17$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 146.10 20.77 20.77 571.65 592.43 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 97.16% 1.57 0.85 0.755 825 348.60$      27,889.06$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.85 141.19 5.70 26.47 704.03 730.50 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 119.80% 1.38 1.21 0.8 825 348.60$      34,897.27$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.06 134.79 10.88 37.35 948.33 985.69 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 125.37% 1.47 0.86 0.895 900 418.20$      31,626.94$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 146.10 8.49 8.49 233.67 242.16 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 52.60% 1.32 1.09 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.09 139.88 17.31 25.80 679.77 705.57 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 153.25% 1.29 1.49 0.79 825 348.60$      40,095.68$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 12.91 130.63 0.00 63.15 1553.87 1617.02 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 108.11% 1.73 0.15 1.075 1200 658.60$      9,961.92$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 112.41 2.83 113.26 2398.13 2511.39 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 167.91% 1.73 0.16 1.27 1350 847.00$      14,197.91$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 146.10 3.38 3.38 92.95 96.33 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 71.17% 0.93 1.37 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.37 138.36 4.59 7.97 207.69 215.66 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 159.35% 0.85 1.37 0.535 600 148.70$      10,432.98$       
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.74 131.44 4.93 12.90 319.34 332.23 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 162.74% 0.94 0.25 0.63 675 227.90$      3,229.33$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 12.99 130.26 0.00 12.90 316.47 329.37 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 161.34% 0.94 1.78 0.625 675 227.90$      22,900.11$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.77 122.52 5.24 18.14 418.60 436.74 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 213.93% 0.94 0.66 0.695 750 300.50$      11,269.97$       
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.43 119.89 29.86 47.99 1083.80 1131.79 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 336.54% 1.19 1.34 0.94 975 458.80$      43,857.92$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 146.10 6.91 6.91 190.06 196.97 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 429.09% 0.65 0.81 0.515 525 110.50$      3,473.56$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 146.10 5.08 5.08 139.66 144.74 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 106.94% 0.85 0.35 0.46 525 110.50$      1,982.86$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 141.42 0.00 11.98 319.16 331.15 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 162.21% 0.94 0.16 0.625 675 227.90$      2,020.14$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 140.55 16.40 28.38 751.44 779.82 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 381.99% 0.94 1.43 0.865 900 418.20$      33,918.91$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 146.10 7.62 7.62 209.58 217.20 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 260.97% 0.75 0.87 0.535 600 148.70$      5,848.37$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 141.07 2.60 10.21 271.41 281.62 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 208.09% 0.85 1.21 0.59 600 148.70$      9,164.83$         
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 134.69 4.72 14.94 378.93 393.87 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 291.03% 0.85 0.89 0.67 675 227.90$      10,400.63$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 130.36 2.65 17.58 431.77 449.35 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 220.11% 0.94 0.24 0.705 750 300.50$      4,031.64$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 129.27 0.82 18.41 448.22 466.63 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 228.57% 0.94 0.34 0.715 750 300.50$      5,741.01$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 146.10 7.25 7.25 199.56 206.81 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 152.81% 0.85 0.25 0.525 525 110.50$      1,384.81$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 144.64 1.28 8.53 232.51 241.04 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 178.11% 0.85 1.85 0.555 600 148.70$      14,074.04$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 134.58 4.00 12.54 317.85 330.39 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 98.24% 1.35 0.05 0.605 675 227.90$      911.06$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.15 134.33 7.73 20.27 512.84 533.11 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 158.52% 1.19 1.80 0.71 750 300.50$      38,639.78$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.95 125.96 5.29 25.56 606.38 631.94 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 187.91% 1.19 0.55 0.755 825 348.60$      13,586.46$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 123.64 2.23 46.20 1075.91 1122.11 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 333.66% 1.19 0.22 0.94 975 458.80$      7,106.77$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.71 122.75 0.00 46.20 1068.13 1114.33 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 331.34% 1.19 1.23 0.935 975 458.80$      40,433.97$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.95 117.92 31.02 77.21 1715.00 1792.22 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 532.91% 1.19 0.96 1.12 1200 658.60$      45,278.94$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.91 114.44 0.00 77.21 1664.31 1741.53 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 517.84% 1.19 0.10 1.105 1200 658.60$      4,798.08$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 146.10 3.46 3.46 95.35 98.81 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 215.27% 0.65 1.13 0.4 450 101.30$      4,451.36$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 139.65 0.00 3.46 91.14 94.60 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 206.10% 0.65 0.27 0.395 450 101.30$      1,078.63$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 138.18 1.98 5.44 141.69 147.14 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 72.07% 1.04 1.68 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.08 129.85 7.58 13.03 318.63 331.66 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 162.46% 0.94 0.54 0.625 675 227.90$      6,997.54$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.62 127.39 2.01 15.03 360.74 375.78 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 111.74% 1.19 1.49 0.625 675 227.90$      24,291.23$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.12 121.13 7.06 22.09 503.98 526.07 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 156.42% 1.19 1.07 0.705 750 300.50$      22,938.39$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.19 117.04 14.45 36.54 805.54 842.08 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 250.39% 1.19 0.20 0.845 900 418.20$      5,924.18$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.38 116.31 0.00 36.54 800.55 837.09 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 248.91% 1.19 0.87 0.84 900 418.20$      26,070.06$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.26 113.24 7.72 44.26 943.98 988.24 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 293.85% 1.19 0.24 0.895 900 418.20$      7,177.39$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.50 112.42 0.00 44.26 937.18 981.44 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 291.83% 1.19 0.60 0.89 900 418.20$      17,872.21$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.10 110.45 0.00 44.26 920.71 964.97 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 286.93% 1.19 0.77 0.885 900 418.20$      23,072.90$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 74.5 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 0.13 m3/s a 1719.5 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 10 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.823

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 0 0 0 0 0 0
375 63 56 118 0 0 0 0 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 146.10 0.22 0.22 18.09 18.31 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 8.97% 0.59 0.86 525 110.50$      3,393.95$         450 0 71 0 77 77 0 0 55
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 146.10 0.56 0.56 46.74 47.30 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 56.83% 0.79 1.33 375 98.30$        6,177.15$         525 138 0 104 0 0 49 13 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.33 138.56 0.92 1.48 117.35 118.84 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 58.21% 0.99 1.81 525 110.50$      11,898.93$       600 161 112 139 82 70 0 196 0
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.14 129.57 2.14 3.84 283.96 287.80 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 85.58% 1.35 0.68 600 148.70$      8,134.85$         675 0 87 107 236 115 9 50 137
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.82 126.53 0.37 4.21 304.15 308.36 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 91.69% 1.35 1.31 600 148.70$      15,815.36$       750 0 126 14 237 38 0 161 76

825 0 187 112 215 0 0 39 0
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 146.10 0.86 0.86 71.75 72.61 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 158.19% 0.65 1.43 0.355 375 98.30$        5,478.95$         900 0 64 109 163 0 81 0 192
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 146.10 1.58 1.58 132.14 133.72 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 291.31% 0.65 1.83 0.445 450 101.30$      7,215.41$         975 0 0 0 52 96 0 104 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 135.95 1.60 3.19 247.52 250.70 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 546.16% 0.65 0.34 0.565 600 148.70$      1,958.85$         1050 0 0 0 0 0 0 0 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 146.10 0.19 0.19 16.13 16.33 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 35.57% 0.60 0.29 300 79.70$        841.18$            1200 0 0 0 15 0 0 76 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 134.25 0.24 3.62 277.53 281.15 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 207.74% 0.85 1.93 0.59 600 148.70$      14,650.12$       1350 0 0 0 17 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 125.33 1.81 5.43 388.88 394.31 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 193.15% 0.94 1.06 0.67 675 227.90$      13,670.74$       1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 120.97 1.19 6.62 457.60 464.22 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 138.04% 1.19 0.38 0.675 675 227.90$      6,189.21$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 119.48 0.50 7.13 486.30 493.43 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 146.72% 1.19 1.12 0.69 750 300.50$      24,112.12$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 115.32 1.55 8.67 571.13 579.80 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 172.40% 1.19 0.64 0.735 750 300.50$      13,657.27$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 113.10 1.86 11.40 736.06 747.45 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 222.25% 1.19 0.15 0.805 825 348.60$      3,803.61$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 112.58 0.02 11.42 734.09 745.51 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 221.67% 1.19 0.06 0.805 825 348.60$      1,394.64$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 112.39 0.00 11.42 732.86 744.28 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 221.31% 1.19 0.13 0.805 825 348.60$      3,171.36$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 111.97 0.00 11.42 730.08 741.49 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 270.03% 0.97 1.10 0.865 900 418.20$      26,781.19$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 108.43 0.00 11.42 707.01 718.43 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 213.62% 1.19 0.15 0.795 825 348.60$      3,729.42$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 107.97 0.00 11.42 703.99 715.41 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 212.72% 1.19 2.13 0.795 825 348.60$      53,082.82$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 146.10 0.57 0.57 47.30 47.87 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 104.28% 0.65 1.53 0.305 375 98.30$        5,866.81$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.53 137.49 1.25 1.81 142.29 144.10 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 313.92% 0.65 1.47 0.46 525 110.50$      6,345.25$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 13.01 130.20 1.12 2.93 217.96 220.89 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 163.21% 0.85 1.62 0.54 600 148.70$      12,267.39$       
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.62 123.13 1.87 4.80 337.53 342.33 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 167.69% 0.94 1.90 0.635 675 227.90$      24,495.02$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.52 115.82 2.24 7.04 465.67 472.71 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 231.55% 0.94 0.25 0.715 750 300.50$      4,267.61$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 146.10 0.60 0.60 50.29 50.89 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 61.15% 0.80 1.22 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.22 139.16 1.14 1.75 138.81 140.55 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 103.85% 0.85 0.91 0.455 525 110.50$      5,157.05$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.13 134.41 1.14 2.89 221.90 224.79 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 166.10% 0.85 1.11 0.545 600 148.70$      8,400.13$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.77 114.93 1.13 11.06 726.11 737.17 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 219.19% 1.19 0.18 0.8 825 348.60$      4,515.88$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.95 114.29 0.22 11.28 736.16 747.44 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 222.25% 1.19 1.38 0.805 825 348.60$      34,422.15$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.34 109.68 1.69 12.97 812.39 825.36 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 245.42% 1.19 1.53 0.835 900 418.20$      45,579.71$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 146.10 1.12 1.12 93.22 94.34 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 205.52% 0.65 1.97 0.395 450 101.30$      7,775.77$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 135.23 1.84 2.96 228.48 231.44 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 278.08% 0.75 0.72 0.55 600 148.70$      4,856.92$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 131.68 0.77 3.73 280.13 283.85 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 209.74% 0.85 0.96 0.59 600 148.70$      7,300.08$         
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 127.26 1.23 4.96 360.38 365.34 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 269.94% 0.85 1.84 0.65 675 227.90$      21,355.31$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 146.10 3.52 3.52 293.38 296.90 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 1051.75% 0.58 1.63 0.6 675 227.90$      12,854.23$       
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 136.95 1.83 5.35 418.15 423.50 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 922.60% 0.65 1.93 0.685 750 300.50$      22,542.65$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 127.67 1.04 6.39 465.82 472.21 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 567.37% 0.75 0.77 0.715 750 300.50$      10,461.38$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 124.34 0.00 6.39 453.65 460.04 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 339.92% 0.85 0.92 0.71 750 300.50$      14,117.17$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 119.67 2.34 13.69 935.30 948.98 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 464.85% 0.94 0.25 0.93 975 458.80$      6,593.48$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 118.69 0.41 14.09 955.22 969.31 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 288.22% 1.19 1.23 0.89 900 418.20$      36,604.79$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 114.23 1.50 15.59 1017.27 1032.86 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 307.12% 1.19 0.53 0.91 975 458.80$      17,384.17$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 146.10 6.85 6.85 571.65 578.50 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 94.87% 1.57 0.85 750 300.50$      24,040.91$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.85 141.20 1.88 8.73 704.06 712.79 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 116.90% 1.38 1.21 0.79 825 348.60$      34,897.27$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.06 134.80 3.59 12.32 948.37 960.69 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 122.19% 1.47 0.86 0.885 900 418.20$      31,626.94$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 146.10 2.80 2.80 233.67 236.47 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 51.36% 1.31 1.09 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.09 139.84 5.71 8.51 679.61 688.12 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 149.46% 1.29 1.49 0.78 825 348.60$      40,095.68$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 12.91 130.63 0.00 20.83 1553.93 1574.76 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 105.29% 1.73 0.15 1.065 1200 658.60$      9,961.92$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 112.41 0.93 37.35 2398.13 2435.48 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 162.83% 1.73 0.16 1.255 1350 847.00$      14,197.91$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 146.10 1.11 1.11 92.95 94.06 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 69.50% 0.93 1.37 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.37 138.32 1.51 2.63 207.64 210.27 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 155.36% 0.85 1.37 0.53 600 148.70$      10,432.98$       
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.75 131.41 1.63 4.25 319.26 323.51 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 158.47% 0.94 0.25 0.62 675 227.90$      3,229.33$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 13.00 130.23 0.00 4.25 316.40 320.65 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 157.07% 0.94 1.78 0.62 675 227.90$      22,900.11$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.78 122.50 1.73 5.98 418.51 424.50 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 207.94% 0.94 0.66 0.69 750 300.50$      11,269.97$       
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.44 119.86 9.85 15.83 1083.57 1099.40 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 326.90% 1.19 1.34 0.93 975 458.80$      43,857.92$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 146.10 2.28 2.28 190.06 192.34 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 419.01% 0.65 0.81 0.51 525 110.50$      3,473.56$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 146.10 1.67 1.67 139.66 141.33 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 104.43% 0.85 0.35 0.455 525 110.50$      1,982.86$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 141.42 0.00 3.95 319.16 323.12 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 158.28% 0.94 0.16 0.62 675 227.90$      2,020.14$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 140.55 5.41 9.36 751.44 760.80 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 372.67% 0.94 1.43 0.855 900 418.20$      33,918.91$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 146.10 2.51 2.51 209.58 212.10 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 254.84% 0.75 0.87 0.53 600 148.70$      5,848.37$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 141.07 0.86 3.37 271.41 274.78 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 203.03% 0.85 1.21 0.585 600 148.70$      9,164.83$         
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 134.69 1.56 4.93 378.93 383.86 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 283.63% 0.85 0.89 0.665 675 227.90$      10,400.63$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 130.36 0.87 5.80 431.77 437.57 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 214.34% 0.94 0.24 0.695 750 300.50$      4,031.64$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 129.27 0.27 6.07 448.22 454.29 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 222.53% 0.94 0.34 0.705 750 300.50$      5,741.01$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 146.10 2.39 2.39 199.56 201.95 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 149.22% 0.85 0.25 0.52 525 110.50$      1,384.81$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 144.64 0.42 2.81 232.51 235.32 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 173.88% 0.85 1.85 0.55 600 148.70$      14,074.04$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 134.58 1.32 4.14 317.85 321.99 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 95.74% 1.36 0.05 0.605 675 227.90$      911.06$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.15 134.33 2.55 6.68 512.84 519.52 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 154.48% 1.19 1.80 0.705 750 300.50$      38,639.78$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.95 125.96 1.74 8.43 606.39 614.82 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 182.81% 1.19 0.55 0.75 825 348.60$      13,586.46$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 123.64 0.74 15.24 1075.92 1091.15 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 324.45% 1.19 0.22 0.93 975 458.80$      7,106.77$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.71 122.75 0.00 15.24 1068.13 1083.37 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 322.14% 1.19 1.23 0.925 975 458.80$      40,433.97$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.95 117.92 10.23 25.47 1715.01 1740.47 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 517.52% 1.19 0.96 1.105 1200 658.60$      45,278.94$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.91 114.44 0.00 25.47 1664.32 1689.79 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 502.45% 1.19 0.10 1.095 1200 658.60$      4,798.08$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 146.10 1.14 1.14 95.35 96.49 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 210.21% 0.65 1.13 0.395 450 101.30$      4,451.36$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 139.65 0.00 1.14 91.14 92.28 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 201.04% 0.65 0.27 0.39 450 101.30$      1,078.63$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 138.18 0.65 1.80 141.69 143.49 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 70.29% 1.03 1.69 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.09 129.82 2.50 4.30 318.53 322.83 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 158.14% 0.94 0.54 0.62 675 227.90$      6,997.54$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.63 127.36 0.66 4.96 360.64 365.59 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 108.71% 1.19 1.49 0.615 675 227.90$      24,291.23$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.12 121.09 2.33 7.29 503.84 511.13 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 151.98% 1.19 1.07 0.7 750 300.50$      22,938.39$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.19 117.01 4.77 12.05 805.33 817.38 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 243.04% 1.19 0.20 0.835 900 418.20$      5,924.18$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.39 116.28 0.00 12.05 800.34 812.39 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 241.56% 1.19 0.87 0.83 900 418.20$      26,070.06$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.27 113.21 2.55 14.60 943.74 958.34 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 284.96% 1.19 0.24 0.885 900 418.20$      7,177.39$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.51 112.39 0.00 14.60 936.95 951.54 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 282.94% 1.19 0.60 0.88 900 418.20$      17,872.21$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.11 110.42 0.00 14.60 920.49 935.08 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 278.04% 1.19 0.77 0.875 900 418.20$      23,072.90$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 74 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 0.00 m3/s a 1719.5 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 10 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.823

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 0 0 0 0 0 0
375 63 56 118 0 0 0 0 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 146.10 0.00 0.00 18.09 18.09 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 8.86% 0.59 0.87 525 110.50$      3,393.95$         450 0 71 0 77 77 0 0 55
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 146.10 0.00 0.00 46.74 46.74 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 56.16% 0.78 1.33 375 98.30$        6,177.15$         525 138 0 104 0 70 49 13 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.33 138.54 0.00 0.00 117.34 117.34 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 57.48% 0.99 1.82 525 110.50$      11,898.93$       600 161 112 139 82 0 0 200 0
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.15 129.52 0.00 0.00 283.87 283.87 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 84.41% 1.34 0.68 600 148.70$      8,134.85$         675 0 87 107 236 115 9 46 137
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.83 126.48 0.00 0.00 304.04 304.04 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 90.41% 1.35 1.31 600 148.70$      15,815.36$       750 0 126 14 237 38 0 200 76

825 0 187 112 215 0 0 0 0
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 146.10 0.00 0.00 71.75 71.75 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 156.31% 0.65 1.43 0.355 375 98.30$        5,478.95$         900 0 64 109 163 0 81 0 192
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 146.10 0.00 0.00 132.14 132.14 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 287.86% 0.65 1.83 0.445 450 101.30$      7,215.41$         975 0 0 0 52 96 0 104 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 135.95 0.00 0.00 247.52 247.52 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 539.21% 0.65 0.34 0.56 600 148.70$      1,958.85$         1050 0 0 0 0 0 0 0 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 146.10 0.00 0.00 16.13 16.13 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 35.14% 0.60 0.29 300 79.70$        841.18$            1200 0 0 0 15 0 0 76 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 134.25 0.00 0.00 277.53 277.53 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 205.06% 0.85 1.93 0.585 600 148.70$      14,650.12$       1350 0 0 0 17 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 125.33 0.00 0.00 388.88 388.88 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 190.49% 0.94 1.06 0.665 675 227.90$      13,670.74$       1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 120.97 0.00 0.00 457.60 457.60 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 136.07% 1.19 0.38 0.67 675 227.90$      6,189.21$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 119.48 0.00 0.00 486.30 486.30 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 144.60% 1.19 1.12 0.685 750 300.50$      24,112.12$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 115.32 0.00 0.00 571.13 571.13 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 169.82% 1.19 0.64 0.73 750 300.50$      13,657.27$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 113.10 0.00 0.00 736.06 736.06 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 218.86% 1.19 0.15 0.8 825 348.60$      3,803.61$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 112.58 0.00 0.00 734.09 734.09 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 218.28% 1.19 0.06 0.8 825 348.60$      1,394.64$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 112.39 0.00 0.00 732.86 732.86 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 217.91% 1.19 0.13 0.8 825 348.60$      3,171.36$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 111.97 0.00 0.00 730.08 730.08 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 265.87% 0.97 1.10 0.86 900 418.20$      26,781.19$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 108.43 0.00 0.00 707.01 707.01 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 210.23% 1.19 0.15 0.79 825 348.60$      3,729.42$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 107.97 0.00 0.00 703.99 703.99 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 209.33% 1.19 2.13 0.79 825 348.60$      53,082.82$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 146.10 0.00 0.00 47.30 47.30 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 103.04% 0.65 1.53 0.305 375 98.30$        5,866.81$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.53 137.49 0.00 0.00 142.29 142.29 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 309.97% 0.65 1.47 0.46 525 110.50$      6,345.25$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 13.01 130.20 0.00 0.00 217.96 217.96 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 161.05% 0.85 1.62 0.535 600 148.70$      12,267.39$       
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.62 123.13 0.00 0.00 337.53 337.53 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 165.34% 0.94 1.90 0.63 675 227.90$      24,495.02$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.52 115.82 0.00 0.00 465.67 465.67 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 228.11% 0.94 0.25 0.71 750 300.50$      4,267.61$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 146.10 0.00 0.00 50.29 50.29 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 60.42% 0.80 1.22 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.22 139.14 0.00 0.00 138.79 138.79 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 102.55% 0.85 0.91 0.455 525 110.50$      5,157.05$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.14 134.39 0.00 0.00 221.88 221.88 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 163.94% 0.85 1.11 0.54 600 148.70$      8,400.13$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.77 114.93 0.00 0.00 726.11 726.11 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 215.91% 1.19 0.18 0.795 825 348.60$      4,515.88$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.95 114.29 0.00 0.00 736.16 736.16 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 218.89% 1.19 1.38 0.8 825 348.60$      34,422.15$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.34 109.68 0.00 0.00 812.39 812.39 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 241.56% 1.19 1.53 0.83 900 418.20$      45,579.71$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 146.10 0.00 0.00 93.22 93.22 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 203.08% 0.65 1.97 0.39 450 101.30$      7,775.77$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 135.23 0.00 0.00 228.48 228.48 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 274.53% 0.75 0.72 0.545 600 148.70$      4,856.92$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 131.68 0.00 0.00 280.13 280.13 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 206.98% 0.85 0.96 0.59 600 148.70$      7,300.08$         
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 127.26 0.00 0.00 360.38 360.38 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 266.28% 0.85 1.84 0.645 675 227.90$      21,355.31$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 146.10 0.00 0.00 293.38 293.38 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 1039.29% 0.58 1.63 0.6 675 227.90$      12,854.23$       
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 136.95 0.00 0.00 418.15 418.15 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 910.95% 0.65 1.93 0.685 750 300.50$      22,542.65$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 127.67 0.00 0.00 465.82 465.82 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 559.69% 0.75 0.77 0.71 750 300.50$      10,461.38$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 124.34 0.00 0.00 453.65 453.65 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 335.20% 0.85 0.92 0.705 750 300.50$      14,117.17$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 119.67 0.00 0.00 935.30 935.30 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 458.15% 0.94 0.25 0.925 975 458.80$      6,593.48$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 118.69 0.00 0.00 955.22 955.22 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 284.03% 1.19 1.23 0.885 900 418.20$      36,604.79$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 114.23 0.00 0.00 1017.27 1017.27 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 302.48% 1.19 0.53 0.905 975 458.80$      17,384.17$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 146.10 0.00 0.00 571.65 571.65 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 93.75% 1.57 0.85 750 300.50$      24,040.91$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.85 141.20 0.00 0.00 704.06 704.06 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 115.46% 1.38 1.21 0.79 825 348.60$      34,897.27$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.06 134.80 0.00 0.00 948.37 948.37 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 120.62% 1.47 0.86 0.88 900 418.20$      31,626.94$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 146.10 0.00 0.00 233.67 233.67 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 50.75% 1.31 1.10 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.10 139.83 0.00 0.00 679.52 679.52 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 147.59% 1.29 1.49 0.78 825 348.60$      40,095.68$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 12.91 130.63 0.00 0.00 1553.93 1553.93 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 103.89% 1.73 0.15 1.06 1200 658.60$      9,961.92$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 112.41 0.00 0.00 2398.13 2398.13 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 160.34% 1.73 0.16 1.245 1350 847.00$      14,197.91$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 146.10 0.00 0.00 92.95 92.95 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 68.68% 0.93 1.38 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.38 138.30 0.00 0.00 207.61 207.61 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 153.40% 0.85 1.37 0.525 525 110.50$      7,752.82$         
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.75 131.39 0.00 0.00 319.22 319.22 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 156.37% 0.94 0.25 0.62 675 227.90$      3,229.33$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 13.00 130.21 0.00 0.00 316.36 316.36 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 154.97% 0.94 1.78 0.615 675 227.90$      22,900.11$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.78 122.48 0.00 0.00 418.47 418.47 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 204.98% 0.94 0.66 0.685 750 300.50$      11,269.97$       
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.44 119.85 0.00 0.00 1083.45 1083.45 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 322.16% 1.19 1.34 0.925 975 458.80$      43,857.92$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 146.10 0.00 0.00 190.06 190.06 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 414.05% 0.65 0.81 0.51 525 110.50$      3,473.56$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 146.10 0.00 0.00 139.66 139.66 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 103.19% 0.85 0.35 0.455 525 110.50$      1,982.86$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 141.42 0.00 0.00 319.16 319.16 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 156.34% 0.94 0.16 0.62 675 227.90$      2,020.14$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 140.55 0.00 0.00 751.44 751.44 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 368.09% 0.94 1.43 0.85 900 418.20$      33,918.91$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 146.10 0.00 0.00 209.58 209.58 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 251.82% 0.75 0.87 0.53 600 148.70$      5,848.37$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 141.07 0.00 0.00 271.41 271.41 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 200.54% 0.85 1.21 0.58 600 148.70$      9,164.83$         
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 134.69 0.00 0.00 378.93 378.93 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 279.99% 0.85 0.89 0.66 675 227.90$      10,400.63$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 130.36 0.00 0.00 431.77 431.77 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 211.50% 0.94 0.24 0.69 750 300.50$      4,031.64$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 129.27 0.00 0.00 448.22 448.22 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 219.56% 0.94 0.34 0.7 750 300.50$      5,741.01$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 146.10 0.00 0.00 199.56 199.56 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 147.45% 0.85 0.25 0.52 525 110.50$      1,384.81$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 144.64 0.00 0.00 232.51 232.51 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 171.80% 0.85 1.85 0.55 600 148.70$      14,074.04$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 134.58 0.00 0.00 317.85 317.85 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 94.51% 1.36 0.05 600 148.70$      594.45$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.15 134.33 0.00 0.00 512.84 512.84 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 152.49% 1.19 1.80 0.7 750 300.50$      38,639.78$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.95 125.96 0.00 0.00 606.39 606.39 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 180.31% 1.19 0.55 0.745 750 300.50$      11,711.80$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 123.64 0.00 0.00 1075.92 1075.92 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 319.92% 1.19 0.22 0.925 975 458.80$      7,106.77$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.71 122.75 0.00 0.00 1068.13 1068.13 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 317.61% 1.19 1.23 0.92 975 458.80$      40,433.97$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.95 117.92 0.00 0.00 1715.01 1715.01 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 509.95% 1.19 0.96 1.1 1200 658.60$      45,278.94$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.91 114.44 0.00 0.00 1664.32 1664.32 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 494.88% 1.19 0.10 1.085 1200 658.60$      4,798.08$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 146.10 0.00 0.00 95.35 95.35 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 207.72% 0.65 1.13 0.395 450 101.30$      4,451.36$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 139.65 0.00 0.00 91.14 91.14 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 198.55% 0.65 0.27 0.39 450 101.30$      1,078.63$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 138.18 0.00 0.00 141.69 141.69 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 69.41% 1.03 1.69 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.09 129.80 0.00 0.00 318.49 318.49 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 156.01% 0.94 0.54 0.62 675 227.90$      6,997.54$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.64 127.34 0.00 0.00 360.58 360.58 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 107.22% 1.19 1.49 0.615 675 227.90$      24,291.23$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.13 121.08 0.00 0.00 503.77 503.77 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 149.79% 1.19 1.07 0.695 750 300.50$      22,938.39$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.20 116.99 0.00 0.00 805.22 805.22 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 239.43% 1.19 0.20 0.83 900 418.20$      5,924.18$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.40 116.27 0.00 0.00 800.23 800.23 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 237.95% 1.19 0.87 0.825 900 418.20$      26,070.06$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.27 113.19 0.00 0.00 943.62 943.62 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 280.58% 1.19 0.24 0.88 900 418.20$      7,177.39$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.51 112.38 0.00 0.00 936.83 936.83 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 278.56% 1.19 0.60 0.875 900 418.20$      17,872.21$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.11 110.41 0.00 0.00 920.37 920.37 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 273.67% 1.19 0.77 0.87 900 418.20$      23,072.90$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 76 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 6.02 m3/s a 1343.7 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 9 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.814

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 0 0 0 0 0 0
375 63 0 118 0 0 0 0 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 122.29 9.96 9.96 15.14 25.10 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 12.29% 0.65 0.79 525 110.50$      3,393.95$         450 0 56 0 77 0 0 0 55
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 122.29 25.72 25.72 39.12 64.84 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 77.91% 0.84 1.25 375 98.30$        6,177.15$         525 138 71 104 0 77 18 0 0
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.25 116.13 42.38 68.10 98.36 166.46 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 81.54% 1.06 1.69 525 110.50$      11,898.93$       600 0 0 0 0 0 31 52 105
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 12.94 108.78 98.17 176.22 238.41 414.63 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 123.29% 1.19 0.77 0.645 675 227.90$      12,467.61$       675 161 112 139 119 70 0 160 0
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.70 105.78 17.06 193.28 254.29 447.57 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 133.08% 1.19 1.49 0.665 675 227.90$      24,238.88$       750 0 0 107 199 115 9 0 137

825 0 167 0 157 38 0 207 76
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 122.29 39.49 39.49 60.06 99.55 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 216.87% 0.65 1.43 0.4 450 101.30$      5,646.16$         900 0 45 14 295 0 0 39 0
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 122.29 72.72 72.72 110.60 183.32 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 399.37% 0.65 1.83 0.505 525 110.50$      7,870.70$         975 0 187 112 0 0 81 0 77
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 113.48 73.67 146.39 206.60 352.99 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 768.99% 0.65 0.34 0.64 675 227.90$      3,002.16$         1050 0 64 109 163 0 0 0 115
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 122.29 8.88 8.88 13.50 22.38 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 48.76% 0.65 0.27 300 79.70$        841.18$            1200 0 0 0 52 96 0 104 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 112.00 10.96 166.23 231.54 397.77 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 293.91% 0.85 1.93 0.67 675 227.90$      22,453.00$       1350 0 0 0 15 0 0 76 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 104.32 83.26 249.48 323.70 573.18 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 280.77% 0.94 1.06 0.77 825 348.60$      20,911.02$       1500 0 0 0 17 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 100.58 54.68 304.16 380.48 684.64 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 203.58% 1.19 0.38 0.78 825 348.60$      9,467.13$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 99.31 23.10 327.26 404.20 731.45 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 217.50% 1.19 1.12 0.8 825 348.60$      27,971.66$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 95.75 70.96 398.22 474.22 872.44 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 259.42% 1.19 0.64 0.855 900 418.20$      19,006.56$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 93.86 85.57 523.28 610.85 1134.12 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 337.23% 1.19 0.15 0.94 975 458.80$      5,006.02$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 93.42 1.01 524.28 609.14 1133.42 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 337.02% 1.19 0.06 0.94 975 458.80$      1,835.51$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 93.26 0.00 524.28 608.09 1132.37 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 336.71% 1.19 0.13 0.94 975 458.80$      4,173.90$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 92.90 0.00 524.28 605.72 1130.00 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 411.52% 0.97 1.10 1.015 1050 525.50$      33,652.60$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 89.89 0.00 524.28 586.11 1110.39 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 330.17% 1.19 0.15 0.935 975 458.80$      4,908.37$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 89.49 0.00 524.28 583.54 1107.82 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 329.41% 1.19 2.13 0.935 975 458.80$      69,863.45$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 122.29 26.03 26.03 39.59 65.62 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 142.96% 0.65 1.53 0.345 375 98.30$        5,866.81$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.53 114.81 57.18 83.21 118.82 202.03 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 440.11% 0.65 1.47 0.52 525 110.50$      6,345.25$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 13.01 108.51 51.39 134.60 181.65 316.25 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 233.68% 0.85 1.62 0.615 675 227.90$      18,801.19$       
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.62 102.43 85.82 220.42 280.80 501.22 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 245.52% 0.94 1.90 0.73 750 300.50$      32,298.17$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.52 96.18 102.86 323.28 386.71 709.99 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 347.78% 0.94 0.25 0.835 900 418.20$      5,939.15$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 122.29 27.68 27.68 42.09 69.77 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 83.83% 0.85 1.15 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.15 116.59 52.53 80.21 116.30 196.50 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 145.20% 0.85 0.91 0.515 525 110.50$      5,157.05$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.06 112.46 52.54 132.75 185.66 318.41 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 235.27% 0.85 1.11 0.62 675 227.90$      12,874.17$       
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.77 95.42 51.97 508.01 602.85 1110.85 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 330.31% 1.19 0.18 0.935 975 458.80$      5,943.45$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.95 94.87 9.91 517.91 611.10 1129.01 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 335.71% 1.19 1.38 0.94 975 458.80$      45,303.74$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.34 90.95 77.67 595.58 673.65 1269.23 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 377.40% 1.19 1.53 0.98 1050 525.50$      57,274.36$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 122.29 51.30 51.30 78.03 129.33 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 281.75% 0.65 1.97 0.44 450 101.30$      7,775.77$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 112.85 84.55 135.85 190.68 326.53 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 392.33% 0.75 0.72 0.625 675 227.90$      7,443.79$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 109.79 35.20 171.06 233.56 404.61 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 298.96% 0.85 0.96 0.675 750 300.50$      14,752.34$       
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 105.98 56.65 227.70 300.12 527.82 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 390.00% 0.85 1.84 0.745 750 300.50$      28,158.27$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 122.29 161.46 161.46 245.57 407.03 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 1441.90% 0.58 1.63 0.675 750 300.50$      16,949.09$       
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 114.35 84.04 245.50 349.13 594.63 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 1295.40% 0.65 1.93 0.78 825 348.60$      26,150.98$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 106.34 47.86 293.36 387.97 681.34 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 818.64% 0.75 0.77 0.82 825 348.60$      12,135.90$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 103.47 0.00 293.36 377.52 670.88 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 495.71% 0.85 0.92 0.815 825 348.60$      16,376.85$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 99.47 107.38 628.45 777.42 1405.87 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 688.65% 0.94 0.25 1.075 1200 658.60$      9,464.83$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 98.63 18.65 647.10 793.79 1440.89 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 428.44% 1.19 1.23 1.03 1050 525.50$      45,996.69$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 94.83 68.94 716.04 844.44 1560.48 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 464.00% 1.19 0.53 1.06 1200 658.60$      24,954.70$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 122.29 314.61 314.61 478.49 793.10 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 130.07% 1.38 0.97 0.825 900 418.20$      33,457.27$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.97 117.45 86.33 400.94 585.67 986.61 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 161.80% 1.38 1.21 0.895 900 418.20$      41,864.72$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.17 111.97 164.77 565.71 787.75 1353.46 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 172.15% 1.47 0.86 1.005 1050 525.50$      39,741.65$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 122.29 128.60 128.60 195.59 324.19 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 70.41% 1.41 1.02 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.02 117.21 262.16 390.76 569.60 960.36 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 208.59% 1.29 1.49 0.885 900 418.20$      48,101.02$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 13.03 108.41 0.00 956.47 1289.55 2246.02 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 150.17% 1.73 0.15 1.215 1350 847.00$      12,811.65$       

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 93.28 42.79 1715.30 1989.85 3705.16 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 247.72% 1.73 0.16 1.465 1500 1,036.00$   17,366.04$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 122.29 51.15 51.15 77.80 128.95 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 95.28% 0.97 1.32 0.455 525 110.50$      8,470.50$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.32 115.80 69.55 120.70 173.83 294.53 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 217.62% 0.85 1.37 0.6 675 227.90$      15,989.75$       
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.69 109.79 74.65 195.35 266.74 462.09 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 226.35% 0.94 0.25 0.71 750 300.50$      4,258.07$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 12.94 108.77 0.00 195.35 264.26 459.61 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 225.14% 0.94 1.78 0.71 750 300.50$      30,195.19$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.72 102.09 79.36 274.71 348.80 623.51 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 305.42% 0.94 0.66 0.795 825 348.60$      13,073.91$       
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.38 99.83 452.17 726.88 902.44 1629.32 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 484.47% 1.19 1.34 1.08 1200 658.60$      62,957.34$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 122.29 104.60 104.60 159.09 263.69 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 574.44% 0.65 0.81 0.575 600 148.70$      4,674.37$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 122.29 76.86 76.86 116.90 193.76 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 143.17% 0.85 0.35 0.515 525 110.50$      1,982.86$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 118.22 0.00 181.46 266.80 448.26 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 219.58% 0.94 0.16 0.7 750 300.50$      2,663.68$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 117.47 248.42 429.88 628.01 1057.89 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 518.20% 0.94 1.43 0.97 975 458.80$      37,211.85$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 122.29 115.34 115.34 175.43 290.77 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 349.37% 0.75 0.87 0.595 600 148.70$      5,848.37$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 117.92 39.35 154.69 226.86 381.55 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 281.93% 0.85 1.21 0.66 675 227.90$      14,046.16$       
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 112.39 71.52 226.21 316.19 542.40 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 400.78% 0.85 0.89 0.755 825 348.60$      15,908.99$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 108.65 40.10 266.31 359.86 626.17 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 306.73% 0.94 0.24 0.795 825 348.60$      4,676.97$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 107.71 12.49 278.80 373.47 652.27 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 319.51% 0.94 0.34 0.81 825 348.60$      6,659.95$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 122.29 109.83 109.83 167.04 276.86 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 204.57% 0.85 0.25 0.585 600 148.70$      1,863.53$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 121.02 19.43 129.25 194.54 323.79 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 239.25% 0.85 1.85 0.62 675 227.90$      21,570.10$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 112.29 60.65 189.90 265.21 455.12 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 135.33% 1.19 0.06 0.67 675 227.90$      911.06$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.16 112.05 117.06 306.96 427.77 734.73 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 218.47% 1.19 1.80 0.8 825 348.60$      44,824.72$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.96 104.84 80.12 387.09 504.70 891.79 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 265.17% 1.19 0.55 0.86 900 418.20$      16,299.08$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 102.85 33.78 699.67 894.98 1594.65 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 474.16% 1.19 0.22 1.07 1200 658.60$      10,201.65$       
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.72 102.08 0.00 699.67 888.30 1587.98 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 472.18% 1.19 1.23 1.07 1200 658.60$      58,042.30$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.96 97.95 469.73 1169.41 1424.59 2594.00 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 771.32% 1.19 0.96 1.285 1350 847.00$      58,231.49$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.92 94.98 0.00 1169.41 1381.34 2550.74 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 758.45% 1.19 0.10 1.275 1350 847.00$      6,170.63$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 122.29 52.48 52.48 79.81 132.29 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 288.18% 0.65 1.13 0.445 450 101.30$      4,451.36$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 116.68 0.00 52.48 76.15 128.63 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 280.21% 0.65 0.27 0.44 450 101.30$      1,078.63$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 115.41 29.97 82.45 118.34 200.79 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 98.36% 1.07 1.63 0.53 600 148.70$      15,540.00$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.03 108.43 114.85 197.30 266.06 463.36 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 226.97% 0.94 0.54 0.71 750 300.50$      9,226.68$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.57 106.30 30.39 227.69 301.02 528.71 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 157.21% 1.19 1.49 0.71 750 300.50$      32,029.46$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.06 100.90 106.87 334.55 419.83 754.38 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 224.31% 1.19 1.07 0.81 825 348.60$      26,610.06$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.13 97.39 218.85 553.41 670.31 1223.71 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 363.87% 1.19 0.20 0.97 975 458.80$      6,499.31$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.33 96.77 0.00 553.41 666.03 1219.44 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 362.60% 1.19 0.87 0.97 975 458.80$      28,601.01$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.20 94.14 116.88 670.29 784.74 1455.03 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 432.65% 1.19 0.24 1.035 1050 525.50$      9,018.93$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.44 93.44 0.00 670.29 778.92 1449.22 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 430.92% 1.19 0.60 1.03 1050 525.50$      22,457.79$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.04 91.75 0.00 670.29 764.86 1435.15 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 426.74% 1.19 0.77 1.03 1050 525.50$      28,992.84$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 75.5 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 1.54 m3/s a 1343.7 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 9 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.814

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 0 0 0 0 0 0
375 63 56 118 0 0 0 0 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 122.29 2.54 2.54 15.14 17.68 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 8.66% 0.59 0.87 525 110.50$      3,393.95$         450 0 71 0 77 77 0 0 55
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 122.29 6.56 6.56 39.12 45.68 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 54.89% 0.78 1.34 375 98.30$        6,177.15$         525 138 0 104 0 70 49 13 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.34 115.69 10.82 17.38 97.98 115.36 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 56.51% 0.98 1.82 525 110.50$      11,898.93$       600 161 112 139 138 0 0 200 0
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.17 107.87 25.05 44.97 236.42 281.39 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 83.67% 1.34 0.68 600 148.70$      8,134.85$         675 0 87 107 180 115 9 46 137
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.85 105.26 4.35 49.33 253.01 302.34 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 89.90% 1.35 1.31 600 148.70$      15,815.36$       750 0 126 14 237 38 0 200 76

825 0 187 112 215 0 0 0 0
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 122.29 10.08 10.08 60.06 70.14 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 152.79% 0.65 1.43 0.35 375 98.30$        5,478.95$         900 0 64 109 163 0 81 0 192
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 122.29 18.56 18.56 110.60 129.16 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 281.38% 0.65 1.83 0.44 450 101.30$      7,215.41$         975 0 0 0 52 96 0 104 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 113.48 18.80 37.36 206.60 243.96 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 531.47% 0.65 0.34 0.56 600 148.70$      1,958.85$         1050 0 0 0 0 0 0 0 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 122.29 2.27 2.27 13.50 15.77 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 34.35% 0.60 0.29 300 79.70$        841.18$            1200 0 0 0 15 0 0 76 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 112.00 2.80 42.42 231.54 273.97 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 202.43% 0.85 1.93 0.585 600 148.70$      14,650.12$       1350 0 0 0 17 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 104.32 21.25 63.67 323.70 387.37 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 189.75% 0.94 1.06 0.665 675 227.90$      13,670.74$       1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 100.58 13.95 77.62 380.48 458.10 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 136.22% 1.19 0.38 0.67 675 227.90$      6,189.21$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 99.31 5.89 83.52 404.20 487.71 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 145.02% 1.19 1.12 0.685 750 300.50$      24,112.12$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 95.75 18.11 101.62 474.22 575.85 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 171.23% 1.19 0.64 0.73 750 300.50$      13,657.27$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 93.86 21.84 133.54 610.85 744.39 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 221.34% 1.19 0.15 0.805 825 348.60$      3,803.61$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 93.42 0.26 133.80 609.14 742.93 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 220.91% 1.19 0.06 0.805 825 348.60$      1,394.64$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 93.26 0.00 133.80 608.09 741.89 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 220.60% 1.19 0.13 0.805 825 348.60$      3,171.36$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 92.90 0.00 133.80 605.72 739.52 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 269.31% 0.97 1.10 0.865 900 418.20$      26,781.19$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 89.89 0.00 133.80 586.11 719.90 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 214.06% 1.19 0.15 0.795 825 348.60$      3,729.42$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 89.49 0.00 133.80 583.54 717.34 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 213.30% 1.19 2.13 0.795 825 348.60$      53,082.82$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 122.29 6.64 6.64 39.59 46.23 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 100.72% 0.65 1.53 0.305 375 98.30$        5,866.81$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.53 114.81 14.59 21.24 118.82 140.05 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 305.10% 0.65 1.47 0.455 525 110.50$      6,345.25$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 13.01 108.51 13.11 34.35 181.65 216.00 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 159.60% 0.85 1.62 0.535 600 148.70$      12,267.39$       
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.62 102.43 21.90 56.25 280.80 337.05 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 165.10% 0.94 1.90 0.63 675 227.90$      24,495.02$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.52 96.18 26.25 82.50 386.71 469.21 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 229.84% 0.94 0.25 0.715 750 300.50$      4,267.61$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 122.29 7.06 7.06 42.09 49.16 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 59.06% 0.79 1.23 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.23 116.21 13.41 20.47 115.92 136.39 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 100.77% 0.85 0.91 0.455 525 110.50$      5,157.05$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.14 112.10 13.41 33.88 185.08 218.95 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 161.78% 0.85 1.11 0.535 600 148.70$      8,400.13$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.77 95.42 13.26 129.64 602.85 732.49 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 217.80% 1.19 0.18 0.8 825 348.60$      4,515.88$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.95 94.87 2.53 132.17 611.10 743.27 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 221.01% 1.19 1.38 0.805 825 348.60$      34,422.15$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.34 90.95 19.82 151.99 673.65 825.64 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 245.50% 1.19 1.53 0.835 900 418.20$      45,579.71$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 122.29 13.09 13.09 78.03 91.12 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 198.51% 0.65 1.97 0.385 450 101.30$      7,775.77$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 112.85 21.58 34.67 190.68 225.35 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 270.76% 0.75 0.72 0.545 600 148.70$      4,856.92$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 109.79 8.98 43.65 233.56 277.21 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 204.83% 0.85 0.96 0.585 600 148.70$      7,300.08$         
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 105.98 14.46 58.11 300.12 358.23 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 264.69% 0.85 1.84 0.645 675 227.90$      21,355.31$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 122.29 41.20 41.20 245.57 286.77 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 1015.89% 0.58 1.63 0.595 600 148.70$      8,387.12$         
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 114.35 21.45 62.65 349.13 411.78 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 897.06% 0.65 1.93 0.68 750 300.50$      22,542.65$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 106.34 12.21 74.87 387.97 462.84 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 556.11% 0.75 0.77 0.71 750 300.50$      10,461.38$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 103.47 0.00 74.87 377.52 452.38 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 334.26% 0.85 0.92 0.705 750 300.50$      14,117.17$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 99.47 27.40 160.38 777.42 937.80 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 459.37% 0.94 0.25 0.925 975 458.80$      6,593.48$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 98.63 4.76 165.14 793.79 958.93 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 285.13% 1.19 1.23 0.885 900 418.20$      36,604.79$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 94.83 17.59 182.73 844.44 1027.18 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 305.43% 1.19 0.53 0.905 975 458.80$      17,384.17$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 122.29 80.29 80.29 478.49 558.78 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 91.64% 1.57 0.85 750 300.50$      24,040.91$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.85 118.02 22.03 102.32 588.50 690.82 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 113.29% 1.38 1.21 0.78 825 348.60$      34,897.27$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.06 112.48 42.05 144.37 791.34 935.71 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 119.01% 1.47 0.86 0.875 900 418.20$      31,626.94$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 122.29 32.82 32.82 195.59 228.41 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 49.61% 1.30 1.10 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.10 116.81 66.90 99.72 567.65 667.37 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 144.95% 1.29 1.49 0.77 825 348.60$      40,095.68$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 12.91 108.88 0.00 244.09 1295.20 1539.29 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 102.92% 1.73 0.15 1.055 1200 658.60$      9,961.92$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 93.28 10.92 437.74 1989.85 2427.60 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 162.31% 1.73 0.16 1.25 1350 847.00$      14,197.91$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 122.29 13.05 13.05 77.80 90.85 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 67.13% 0.92 1.38 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.38 115.49 17.75 30.80 173.36 204.16 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 150.85% 0.85 1.37 0.525 525 110.50$      7,752.82$         
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.76 109.51 19.05 49.85 266.07 315.92 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 154.75% 0.94 0.25 0.615 675 227.90$      3,229.33$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 13.01 108.50 0.00 49.85 263.60 313.45 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 153.54% 0.94 1.78 0.615 675 227.90$      22,900.11$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.79 101.86 20.25 70.11 347.99 418.10 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 204.80% 0.94 0.66 0.685 750 300.50$      11,269.97$       
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.45 99.60 115.39 185.50 900.41 1085.91 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 322.89% 1.19 1.34 0.925 975 458.80$      43,857.92$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 122.29 26.69 26.69 159.09 185.78 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 404.72% 0.65 0.81 0.505 525 110.50$      3,473.56$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 122.29 19.62 19.62 116.90 136.52 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 100.87% 0.85 0.35 0.455 525 110.50$      1,982.86$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 118.22 0.00 46.31 266.80 313.11 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 153.37% 0.94 0.16 0.615 675 227.90$      2,020.14$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 117.47 63.40 109.70 628.01 737.71 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 361.36% 0.94 1.43 0.845 900 418.20$      33,918.91$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 122.29 29.44 29.44 175.43 204.86 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 246.15% 0.75 0.87 0.525 600 148.70$      5,848.37$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 117.92 10.04 39.48 226.86 266.34 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 196.79% 0.85 1.21 0.58 600 148.70$      9,164.83$         
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 112.39 18.25 57.73 316.19 373.92 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 276.29% 0.85 0.89 0.655 675 227.90$      10,400.63$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 108.65 10.23 67.96 359.86 427.82 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 209.57% 0.94 0.24 0.69 750 300.50$      4,031.64$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 107.71 3.19 71.15 373.47 444.62 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 217.79% 0.94 0.34 0.7 750 300.50$      5,741.01$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 122.29 28.03 28.03 167.04 195.06 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 144.13% 0.85 0.25 0.515 525 110.50$      1,384.81$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 121.02 4.96 32.99 194.54 227.52 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 168.12% 0.85 1.85 0.545 600 148.70$      14,074.04$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 112.29 15.48 48.46 265.21 313.68 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 93.27% 1.36 0.05 600 148.70$      594.45$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.15 112.08 29.87 78.34 427.88 506.22 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 150.52% 1.19 1.80 0.695 750 300.50$      38,639.78$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.95 104.86 20.45 98.78 504.83 603.61 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 179.48% 1.19 0.55 0.745 750 300.50$      11,711.80$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 102.88 8.62 178.56 895.19 1073.74 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 319.27% 1.19 0.22 0.925 975 458.80$      7,106.77$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.71 102.11 0.00 178.56 888.51 1067.07 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 317.29% 1.19 1.23 0.92 975 458.80$      40,433.97$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.95 97.97 119.87 298.43 1424.91 1723.34 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 512.43% 1.19 0.96 1.1 1200 658.60$      45,278.94$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.91 95.00 0.00 298.43 1381.64 1680.07 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 499.56% 1.19 0.10 1.09 1200 658.60$      4,798.08$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 122.29 13.39 13.39 79.81 93.20 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 203.04% 0.65 1.13 0.39 450 101.30$      4,451.36$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 116.68 0.00 13.39 76.15 89.54 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 195.07% 0.65 0.27 0.385 450 101.30$      1,078.63$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 115.41 7.65 21.04 118.34 139.38 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 68.28% 1.03 1.70 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.10 108.14 29.31 50.35 265.35 315.70 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 154.64% 0.94 0.54 0.615 675 227.90$      6,997.54$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.64 106.03 7.76 58.11 300.23 358.34 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 106.55% 1.19 1.49 0.61 675 227.90$      24,291.23$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.13 100.65 27.27 85.38 418.80 504.18 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 149.92% 1.19 1.07 0.695 750 300.50$      22,938.39$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.20 97.16 55.85 141.23 668.74 809.97 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 240.84% 1.19 0.20 0.83 900 418.20$      5,924.18$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.40 96.54 0.00 141.23 664.48 805.71 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 239.58% 1.19 0.87 0.83 900 418.20$      26,070.06$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.28 93.92 29.83 171.06 782.98 954.03 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 283.68% 1.19 0.24 0.885 900 418.20$      7,177.39$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.52 93.23 0.00 171.06 777.19 948.25 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 281.96% 1.19 0.60 0.88 900 418.20$      17,872.21$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.12 91.55 0.00 171.06 763.19 934.25 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 277.80% 1.19 0.77 0.875 900 418.20$      23,072.90$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 75 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 0.40 m3/s a 1343.7 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 9 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.814

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 60 0 0 0 0 0
375 63 56 59 77 0 0 0 11

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 122.29 0.66 0.66 15.14 15.80 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 7.74% 0.57 0.90 525 110.50$      3,393.95$         450 0 71 104 0 77 18 0 44
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 122.29 1.70 1.70 39.12 40.82 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 49.04% 0.76 1.38 375 98.30$        6,177.15$         525 138 0 139 33 70 31 147 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.38 115.51 2.80 4.50 97.83 102.33 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 50.13% 0.96 1.88 525 110.50$      11,898.93$       600 161 112 0 105 115 9 66 137
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.26 107.52 6.48 11.64 235.63 247.27 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 73.52% 1.31 0.69 600 148.70$      8,134.85$         675 0 167 107 302 38 0 207 76
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.95 104.86 1.13 12.76 252.07 264.83 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 78.75% 1.33 1.33 600 148.70$      15,815.36$       750 0 45 14 230 0 0 39 0

825 0 251 221 100 0 81 0 77
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 122.29 2.61 2.61 60.06 62.67 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 136.52% 0.65 1.43 0.335 375 98.30$        5,478.95$         900 0 0 0 215 96 0 104 115
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 122.29 4.80 4.80 110.60 115.40 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 251.41% 0.65 1.83 0.425 450 101.30$      7,215.41$         975 0 0 0 0 0 0 0 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 113.48 4.86 9.67 206.60 216.27 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 471.14% 0.65 0.34 0.535 600 148.70$      1,958.85$         1050 0 0 0 15 0 0 76 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 122.29 0.59 0.59 13.50 14.09 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 30.69% 0.58 0.30 300 79.70$        841.18$            1200 0 0 0 17 0 0 0 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 112.00 0.72 10.98 231.54 242.52 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 179.20% 0.85 1.93 0.56 600 148.70$      14,650.12$       1350 0 0 0 0 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 104.32 5.50 16.47 323.70 340.17 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 166.63% 0.94 1.06 0.635 675 227.90$      13,670.74$       1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 100.58 3.61 20.08 380.48 400.56 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 119.11% 1.19 0.38 0.64 675 227.90$      6,189.21$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 99.31 1.52 21.61 404.20 425.80 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 126.61% 1.19 1.12 0.655 675 227.90$      18,286.70$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 95.75 4.69 26.29 474.22 500.52 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 148.83% 1.19 0.64 0.695 750 300.50$      13,657.27$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 93.86 5.65 34.55 610.85 645.40 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 191.91% 1.19 0.15 0.765 825 348.60$      3,803.61$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 93.42 0.07 34.62 609.14 643.75 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 191.42% 1.19 0.06 0.76 825 348.60$      1,394.64$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 93.26 0.00 34.62 608.09 642.71 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 191.11% 1.19 0.13 0.76 825 348.60$      3,171.36$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 92.90 0.00 34.62 605.72 640.34 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 233.19% 0.97 1.10 0.82 825 348.60$      22,324.06$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 89.89 0.00 34.62 586.11 620.72 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 184.57% 1.19 0.15 0.75 825 348.60$      3,729.42$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 89.49 0.00 34.62 583.54 618.16 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 183.81% 1.19 2.13 0.75 825 348.60$      53,082.82$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 122.29 1.72 1.72 39.59 41.31 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 89.99% 0.74 1.35 300 79.70$        4,756.71$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.35 115.66 3.78 5.49 119.70 125.19 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 272.73% 0.65 1.47 0.435 450 101.30$      5,816.96$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 12.82 109.26 3.39 8.89 182.91 191.79 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 141.72% 0.85 1.62 0.51 525 110.50$      9,115.98$         
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.44 103.09 5.67 14.55 282.60 297.16 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 145.56% 0.94 1.90 0.6 675 227.90$      24,495.02$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.34 96.75 6.79 21.35 389.01 410.35 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 201.01% 0.94 0.25 0.68 750 300.50$      4,267.61$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 122.29 1.83 1.83 42.09 43.92 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 52.77% 0.77 1.26 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.26 116.05 3.47 5.30 115.76 121.06 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 89.45% 0.97 0.80 450 101.30$      4,727.69$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.07 112.44 3.47 8.77 185.63 194.39 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 143.64% 0.85 1.11 0.515 525 110.50$      6,242.20$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.59 95.98 3.43 33.54 606.40 639.94 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 190.28% 1.19 0.18 0.76 825 348.60$      4,515.88$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.77 95.43 0.65 34.20 614.68 648.87 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 192.94% 1.19 1.38 0.765 825 348.60$      34,422.15$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.15 91.45 5.13 39.32 677.39 716.72 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 213.11% 1.19 1.53 0.795 825 348.60$      37,993.99$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 122.29 3.39 3.39 78.03 81.42 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 177.37% 0.65 1.97 0.37 375 98.30$        7,545.49$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 112.85 5.58 8.97 190.68 199.65 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 239.88% 0.75 0.72 0.52 525 110.50$      3,609.21$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 109.79 2.32 11.29 233.56 244.85 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 180.92% 0.85 0.96 0.56 600 148.70$      7,300.08$         
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 105.98 3.74 15.03 300.12 315.15 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 232.86% 0.85 1.84 0.615 675 227.90$      21,355.31$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 122.29 10.66 10.66 245.57 256.23 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 907.69% 0.58 1.63 0.57 600 148.70$      8,387.12$         
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 114.35 5.55 16.21 349.13 365.34 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 795.89% 0.65 1.93 0.65 675 227.90$      17,096.41$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 106.34 3.16 19.37 387.97 407.34 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 489.43% 0.75 0.77 0.68 750 300.50$      10,461.38$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 103.47 0.00 19.37 377.52 396.89 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 293.26% 0.85 0.92 0.67 675 227.90$      10,706.50$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 99.47 7.09 41.50 777.42 818.91 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 401.14% 0.94 0.25 0.88 900 418.20$      6,010.01$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 98.63 1.23 42.73 793.79 836.52 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 248.74% 1.19 1.23 0.84 900 418.20$      36,604.79$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 94.83 4.55 47.28 844.44 891.72 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 265.15% 1.19 0.53 0.86 900 418.20$      15,845.82$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 122.29 20.77 20.77 478.49 499.27 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 81.88% 1.55 0.86 750 300.50$      24,040.91$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.86 117.97 5.70 26.47 588.24 614.72 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 100.81% 1.38 1.21 0.755 825 348.60$      34,897.27$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.07 112.43 10.88 37.35 791.01 828.37 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 105.36% 1.47 0.86 0.835 900 418.20$      31,626.94$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 122.29 8.49 8.49 195.59 204.08 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 44.33% 1.26 1.13 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.13 116.66 17.31 25.80 566.93 592.73 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 128.74% 1.29 1.49 0.74 750 300.50$      34,563.26$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 12.92 108.84 0.00 63.15 1294.69 1357.84 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 90.78% 1.97 0.13 1050 525.50$      7,948.67$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 93.28 2.83 113.26 1989.85 2103.11 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 140.61% 1.73 0.16 1.185 1200 658.60$      11,039.84$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 122.29 3.38 3.38 77.80 81.18 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 59.98% 0.90 1.42 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.42 115.33 4.59 7.97 173.12 181.09 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 133.80% 0.85 1.37 0.5 525 110.50$      7,752.82$         
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.79 109.37 4.93 12.90 265.72 278.62 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 136.48% 0.94 0.25 0.59 600 148.70$      2,107.07$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 13.04 108.36 0.00 12.90 263.26 276.16 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 135.27% 0.94 1.78 0.585 600 148.70$      14,941.85$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.82 101.74 5.24 18.14 347.58 365.72 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 179.14% 0.94 0.66 0.65 675 227.90$      8,547.17$         
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.48 99.49 29.86 47.99 899.37 947.36 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 281.70% 1.19 1.34 0.88 900 418.20$      39,976.86$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 122.29 6.91 6.91 159.09 165.99 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 361.62% 0.65 0.81 0.485 525 110.50$      3,473.56$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 122.29 5.08 5.08 116.90 121.98 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 90.13% 0.97 0.31 450 101.30$      1,817.77$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 118.22 0.00 11.98 266.80 278.78 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 136.56% 0.94 0.16 0.59 600 148.70$      1,318.10$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 117.47 16.40 28.38 628.01 656.39 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 321.53% 0.94 1.43 0.81 825 348.60$      28,273.87$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 122.29 7.62 7.62 175.43 183.04 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 219.93% 0.75 0.87 0.505 525 110.50$      4,345.96$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 117.92 2.60 10.21 226.86 237.07 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 175.17% 0.85 1.21 0.555 600 148.70$      9,164.83$         
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 112.39 4.72 14.94 316.19 331.13 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 244.67% 0.85 0.89 0.625 675 227.90$      10,400.63$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 108.65 2.65 17.58 359.86 377.45 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 184.89% 0.94 0.24 0.66 675 227.90$      3,057.61$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 107.71 0.82 18.41 373.47 391.88 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 191.96% 0.94 0.34 0.67 675 227.90$      4,354.00$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 122.29 7.25 7.25 167.04 174.29 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 128.78% 0.85 0.25 0.495 525 110.50$      1,384.81$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 121.02 1.28 8.53 194.54 203.07 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 150.05% 0.85 1.85 0.52 525 110.50$      10,458.52$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 112.29 4.00 12.54 265.21 277.75 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 82.59% 1.34 0.05 600 148.70$      594.45$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.15 112.08 7.73 20.27 427.87 448.14 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 133.25% 1.19 1.80 0.665 675 227.90$      29,304.51$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.95 104.86 5.29 25.56 504.82 530.37 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 157.70% 1.19 0.55 0.71 750 300.50$      11,711.80$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 102.87 2.23 46.20 895.17 941.37 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 279.91% 1.19 0.22 0.88 900 418.20$      6,477.88$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.71 102.11 0.00 46.20 888.50 934.69 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 277.93% 1.19 1.23 0.875 900 418.20$      36,855.89$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.95 97.97 31.02 77.21 1424.88 1502.09 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 446.64% 1.19 0.96 1.045 1050 525.50$      36,128.27$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.91 95.00 0.00 77.21 1381.61 1458.82 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 433.78% 1.19 0.10 1.035 1050 525.50$      3,828.41$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 122.29 3.46 3.46 79.81 83.28 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 181.41% 0.65 1.13 0.375 450 101.30$      4,451.36$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 116.68 0.00 3.46 76.15 79.62 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 173.44% 0.65 0.27 0.37 375 98.30$        1,046.68$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 115.41 1.98 5.44 118.34 123.78 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 60.64% 1.00 1.74 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.14 107.96 7.58 13.03 264.92 277.94 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 136.15% 0.94 0.54 0.585 600 148.70$      4,565.75$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.69 105.86 2.01 15.03 299.76 314.79 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 93.60% 1.36 1.31 600 148.70$      15,849.52$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.00 101.13 7.06 22.09 420.77 442.86 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 131.68% 1.19 1.07 0.665 675 227.90$      17,396.53$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.07 97.60 14.45 36.54 671.75 708.29 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 210.61% 1.19 0.20 0.79 825 348.60$      4,938.23$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.26 96.98 0.00 36.54 667.45 703.99 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 209.33% 1.19 0.87 0.79 825 348.60$      21,731.28$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.14 94.33 7.72 44.26 786.36 830.62 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 246.98% 1.19 0.24 0.84 900 418.20$      7,177.39$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.38 93.63 0.00 44.26 780.52 824.78 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 245.25% 1.19 0.60 0.835 900 418.20$      17,872.21$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 17.98 91.93 0.00 44.26 766.39 810.65 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 241.04% 1.19 0.77 0.83 900 418.20$      23,072.90$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 74.5 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 0.13 m3/s a 1343.7 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 9 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.814

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 60 0 0 0 0 0
375 63 56 59 77 0 0 0 55

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 122.29 0.22 0.22 15.14 15.36 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 7.52% 0.56 0.91 525 110.50$      3,393.95$         450 0 71 104 0 77 18 0 0
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 122.29 0.56 0.56 39.12 39.68 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 47.68% 0.75 1.39 375 98.30$        6,177.15$         525 138 0 139 33 70 31 147 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.39 115.47 0.92 1.48 97.80 99.28 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 48.63% 0.95 1.89 525 110.50$      11,898.93$       600 161 112 107 105 115 9 66 137
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.28 107.42 2.14 3.84 235.43 239.27 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 71.15% 1.30 0.70 600 148.70$      8,134.85$         675 0 167 14 337 38 0 207 76
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.98 104.76 0.37 4.21 251.81 256.02 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 76.13% 1.32 1.34 600 148.70$      15,815.36$       750 0 208 0 195 0 0 39 0

825 0 88 221 100 0 81 0 132
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 122.29 0.86 0.86 60.06 60.92 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 132.71% 0.65 1.43 0.335 375 98.30$        5,478.95$         900 0 0 0 215 96 0 104 60
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 122.29 1.58 1.58 110.60 112.19 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 244.40% 0.65 1.83 0.42 450 101.30$      7,215.41$         975 0 0 0 0 0 0 0 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 113.48 1.60 3.19 206.60 209.79 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 457.03% 0.65 0.34 0.53 600 148.70$      1,958.85$         1050 0 0 0 15 0 0 76 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 122.29 0.19 0.19 13.50 13.70 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 29.84% 0.57 0.31 300 79.70$        841.18$            1200 0 0 0 17 0 0 0 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 112.00 0.24 3.62 231.54 235.16 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 173.76% 0.85 1.93 0.55 600 148.70$      14,650.12$       1350 0 0 0 0 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 104.32 1.81 5.43 323.70 329.13 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 161.22% 0.94 1.06 0.625 675 227.90$      13,670.74$       1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 100.58 1.19 6.62 380.48 387.10 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 115.10% 1.19 0.38 0.63 675 227.90$      6,189.21$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 99.31 0.50 7.13 404.20 411.32 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 122.31% 1.19 1.12 0.645 675 227.90$      18,286.70$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 95.75 1.55 8.67 474.22 482.90 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 143.59% 1.19 0.64 0.685 750 300.50$      13,657.27$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 93.86 1.86 11.40 610.85 622.24 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 185.02% 1.19 0.15 0.75 825 348.60$      3,803.61$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 93.42 0.02 11.42 609.14 620.55 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 184.52% 1.19 0.06 0.75 825 348.60$      1,394.64$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 93.26 0.00 11.42 608.09 619.51 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 184.21% 1.19 0.13 0.75 825 348.60$      3,171.36$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 92.90 0.00 11.42 605.72 617.14 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 224.74% 0.97 1.10 0.81 825 348.60$      22,324.06$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 89.89 0.00 11.42 586.11 597.52 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 177.67% 1.19 0.15 0.74 750 300.50$      3,214.83$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 89.49 0.00 11.42 583.54 594.96 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 176.91% 1.19 2.13 0.74 750 300.50$      45,758.43$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 122.29 0.57 0.57 39.59 40.16 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 87.49% 0.74 1.35 300 79.70$        4,756.71$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.35 115.65 1.25 1.81 119.68 121.49 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 264.67% 0.65 1.47 0.43 450 101.30$      5,816.96$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 12.82 109.25 1.12 2.93 182.88 185.81 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 137.30% 0.85 1.62 0.505 525 110.50$      9,115.98$         
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.44 103.08 1.87 4.80 282.57 287.37 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 140.77% 0.94 1.90 0.595 600 148.70$      15,982.49$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.34 96.74 2.24 7.04 388.96 396.00 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 193.98% 0.94 0.25 0.67 675 227.90$      3,236.57$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 122.29 0.60 0.60 42.09 42.70 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 51.30% 0.77 1.27 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.27 116.01 1.14 1.75 115.72 117.47 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 86.80% 0.96 0.81 450 101.30$      4,727.69$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.08 112.39 1.14 2.89 185.55 188.44 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 139.24% 0.85 1.11 0.51 525 110.50$      6,242.20$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.59 95.97 1.13 11.06 606.33 617.39 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 183.58% 1.19 0.18 0.75 825 348.60$      4,515.88$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.77 95.42 0.22 11.28 614.61 625.89 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 186.11% 1.19 1.38 0.755 825 348.60$      34,422.15$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.16 91.44 1.69 12.97 677.32 690.29 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 205.26% 1.19 1.53 0.78 825 348.60$      37,993.99$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 122.29 1.12 1.12 78.03 79.15 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 172.42% 0.65 1.97 0.37 375 98.30$        7,545.49$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 112.85 1.84 2.96 190.68 193.63 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 232.66% 0.75 0.72 0.515 525 110.50$      3,609.21$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 109.79 0.77 3.73 233.56 237.28 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 175.33% 0.85 0.96 0.555 600 148.70$      7,300.08$         
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 105.98 1.23 4.96 300.12 305.08 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 225.42% 0.85 1.84 0.61 675 227.90$      21,355.31$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 122.29 3.52 3.52 245.57 249.08 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 882.38% 0.58 1.63 0.565 600 148.70$      8,387.12$         
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 114.35 1.83 5.35 349.13 354.47 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 772.22% 0.65 1.93 0.645 675 227.90$      17,096.41$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 106.34 1.04 6.39 387.97 394.36 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 473.83% 0.75 0.77 0.67 675 227.90$      7,933.94$         
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 103.47 0.00 6.39 377.52 383.91 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 283.66% 0.85 0.92 0.665 675 227.90$      10,706.50$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 99.47 2.34 13.69 777.42 791.10 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 387.52% 0.94 0.25 0.87 900 418.20$      6,010.01$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 98.63 0.41 14.09 793.79 807.88 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 240.22% 1.19 1.23 0.83 900 418.20$      36,604.79$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 94.83 1.50 15.59 844.44 860.04 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 255.73% 1.19 0.53 0.85 900 418.20$      15,845.82$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 122.29 6.85 6.85 478.49 485.34 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 79.60% 1.55 0.86 750 300.50$      24,040.91$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.86 117.95 1.88 8.73 588.15 596.88 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 97.89% 1.57 1.06 0.755 825 348.60$      34,897.27$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 11.93 113.05 3.59 12.32 795.39 807.71 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 102.73% 1.47 0.86 0.83 900 418.20$      31,626.94$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 122.29 2.80 2.80 195.59 198.39 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 43.09% 1.26 1.14 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.14 116.62 5.71 8.51 566.74 575.25 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 124.94% 1.29 1.49 0.73 750 300.50$      34,563.26$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 12.78 109.42 0.00 20.83 1301.56 1322.39 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 88.41% 1.96 0.13 1050 525.50$      7,948.67$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 93.28 0.93 37.35 1989.85 2027.21 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 135.54% 1.73 0.16 1.17 1200 658.60$      11,039.84$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 122.29 1.11 1.11 77.80 78.91 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 58.31% 0.89 1.43 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.43 115.28 1.51 2.63 173.05 175.68 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 129.81% 0.85 1.37 0.495 525 110.50$      7,752.82$         
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.80 109.33 1.63 4.25 265.63 269.88 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 132.20% 0.94 0.25 0.58 600 148.70$      2,107.07$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 13.05 108.32 0.00 4.25 263.17 267.42 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 131.00% 0.94 1.78 0.58 600 148.70$      14,941.85$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.83 101.70 1.73 5.98 347.47 353.45 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 173.14% 0.94 0.66 0.645 675 227.90$      8,547.17$         
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.49 99.46 9.85 15.83 899.09 914.92 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 272.05% 1.19 1.34 0.87 900 418.20$      39,976.86$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 122.29 2.28 2.28 159.09 161.37 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 351.53% 0.65 0.81 0.48 525 110.50$      3,473.56$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 122.29 1.67 1.67 116.90 118.57 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 87.61% 0.97 0.31 450 101.30$      1,817.77$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 118.22 0.00 3.95 266.80 270.75 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 132.63% 0.94 0.16 0.58 600 148.70$      1,318.10$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 117.47 5.41 9.36 628.01 637.37 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 312.21% 0.94 1.43 0.8 825 348.60$      28,273.87$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 122.29 2.51 2.51 175.43 177.94 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 213.80% 0.75 0.87 0.495 525 110.50$      4,345.96$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 117.92 0.86 3.37 226.86 230.23 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 170.11% 0.85 1.21 0.545 600 148.70$      9,164.83$         
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 112.39 1.56 4.93 316.19 321.12 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 237.27% 0.85 0.89 0.62 675 227.90$      10,400.63$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 108.65 0.87 5.80 359.86 365.66 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 179.12% 0.94 0.24 0.65 675 227.90$      3,057.61$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 107.71 0.27 6.07 373.47 379.54 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 185.91% 0.94 0.34 0.66 675 227.90$      4,354.00$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 122.29 2.39 2.39 167.04 169.43 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 125.19% 0.85 0.25 0.49 525 110.50$      1,384.81$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 121.02 0.42 2.81 194.54 197.35 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 145.82% 0.85 1.85 0.515 525 110.50$      10,458.52$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 112.29 1.32 4.14 265.21 269.35 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 80.09% 1.33 0.05 600 148.70$      594.45$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.15 112.08 2.55 6.68 427.87 434.55 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 129.21% 1.19 1.80 0.66 675 227.90$      29,304.51$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.95 104.86 1.74 8.43 504.81 513.24 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 152.61% 1.19 0.55 0.7 750 300.50$      11,711.80$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 102.87 0.74 15.24 895.16 910.40 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 270.70% 1.19 0.22 0.865 900 418.20$      6,477.88$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.71 102.11 0.00 15.24 888.49 903.72 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 268.72% 1.19 1.23 0.865 900 418.20$      36,855.89$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.95 97.97 10.23 25.47 1424.87 1450.34 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 431.25% 1.19 0.96 1.03 1050 525.50$      36,128.27$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.91 95.00 0.00 25.47 1381.60 1407.07 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 418.39% 1.19 0.10 1.02 1050 525.50$      3,828.41$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 122.29 1.14 1.14 79.81 80.95 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 176.36% 0.65 1.13 0.37 375 98.30$        4,319.53$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 116.68 0.00 1.14 76.15 77.29 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 168.38% 0.65 0.27 0.365 375 98.30$        1,046.68$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 115.41 0.65 1.80 118.34 120.14 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 58.85% 0.99 1.75 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.15 107.92 2.50 4.30 264.80 269.10 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 131.81% 0.94 0.54 0.58 600 148.70$      4,565.75$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.70 105.81 0.66 4.96 299.63 304.58 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 90.57% 1.35 1.31 600 148.70$      15,849.52$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.01 101.08 2.33 7.29 420.57 427.86 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 127.22% 1.19 1.07 0.655 675 227.90$      17,396.53$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.08 97.56 4.77 12.05 671.45 683.50 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 203.24% 1.19 0.20 0.78 825 348.60$      4,938.23$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.28 96.93 0.00 12.05 667.15 679.21 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 201.96% 1.19 0.87 0.775 825 348.60$      21,731.28$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.15 94.29 2.55 14.60 786.02 800.62 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 238.06% 1.19 0.24 0.825 900 418.20$      7,177.39$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.39 93.59 0.00 14.60 780.19 794.78 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 236.33% 1.19 0.60 0.825 900 418.20$      17,872.21$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 17.99 91.90 0.00 14.60 766.07 780.66 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 232.13% 1.19 0.77 0.82 825 348.60$      19,232.93$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 74 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 0.00 m3/s a 1343.7 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 9 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.814

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 60 0 0 0 0 0
375 63 56 59 77 0 0 0 55

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 122.29 0.00 0.00 15.14 15.14 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 7.42% 0.56 0.91 525 110.50$      3,393.95$         450 0 71 104 0 77 18 0 0
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 122.29 0.00 0.00 39.12 39.12 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 47.00% 0.75 1.39 375 98.30$        6,177.15$         525 138 0 139 33 70 31 147 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.39 115.45 0.00 0.00 97.78 97.78 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 47.90% 0.95 1.90 525 110.50$      11,898.93$       600 161 112 107 105 115 9 66 137
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.29 107.37 0.00 0.00 235.32 235.32 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 69.97% 1.30 0.70 600 148.70$      8,134.85$         675 0 167 14 337 38 0 207 76
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.99 104.70 0.00 0.00 251.68 251.68 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 74.84% 1.32 1.35 600 148.70$      15,815.36$       750 0 232 13 195 0 0 39 0

825 0 64 208 100 0 81 0 192
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 122.29 0.00 0.00 60.06 60.06 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 130.84% 0.65 1.43 0.33 375 98.30$        5,478.95$         900 0 0 0 215 96 0 104 0
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 122.29 0.00 0.00 110.60 110.60 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 240.95% 0.65 1.83 0.415 450 101.30$      7,215.41$         975 0 0 0 0 0 0 0 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 113.48 0.00 0.00 206.60 206.60 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 450.08% 0.65 0.34 0.525 600 148.70$      1,958.85$         1050 0 0 0 15 0 0 76 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 122.29 0.00 0.00 13.50 13.50 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 29.42% 0.57 0.31 300 79.70$        841.18$            1200 0 0 0 17 0 0 0 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 112.00 0.00 0.00 231.54 231.54 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 171.09% 0.85 1.93 0.55 600 148.70$      14,650.12$       1350 0 0 0 0 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 104.32 0.00 0.00 323.70 323.70 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 158.56% 0.94 1.06 0.62 675 227.90$      13,670.74$       1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 100.58 0.00 0.00 380.48 380.48 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 113.13% 1.19 0.38 0.625 675 227.90$      6,189.21$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 99.31 0.00 0.00 404.20 404.20 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 120.19% 1.19 1.12 0.64 675 227.90$      18,286.70$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 95.75 0.00 0.00 474.22 474.22 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 141.01% 1.19 0.64 0.68 750 300.50$      13,657.27$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 93.86 0.00 0.00 610.85 610.85 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 181.63% 1.19 0.15 0.745 750 300.50$      3,278.79$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 93.42 0.00 0.00 609.14 609.14 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 181.12% 1.19 0.06 0.745 750 300.50$      1,202.20$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 93.26 0.00 0.00 608.09 608.09 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 180.81% 1.19 0.13 0.745 750 300.50$      2,733.78$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 92.90 0.00 0.00 605.72 605.72 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 220.59% 0.97 1.10 0.805 825 348.60$      22,324.06$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 89.89 0.00 0.00 586.11 586.11 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 174.28% 1.19 0.15 0.735 750 300.50$      3,214.83$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 89.49 0.00 0.00 583.54 583.54 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 173.51% 1.19 2.13 0.735 750 300.50$      45,758.43$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 122.29 0.00 0.00 39.59 39.59 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 86.25% 0.74 1.35 300 79.70$        4,756.71$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.35 115.64 0.00 0.00 119.67 119.67 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 260.70% 0.65 1.47 0.43 450 101.30$      5,816.96$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 12.83 109.24 0.00 0.00 182.87 182.87 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 135.12% 0.85 1.62 0.5 525 110.50$      9,115.98$         
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.44 103.07 0.00 0.00 282.55 282.55 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 138.40% 0.94 1.90 0.59 600 148.70$      15,982.49$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.34 96.74 0.00 0.00 388.94 388.94 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 190.52% 0.94 0.25 0.665 675 227.90$      3,236.57$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 122.29 0.00 0.00 42.09 42.09 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 50.58% 0.77 1.28 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.28 115.99 0.00 0.00 115.70 115.70 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 85.49% 0.96 0.81 450 101.30$      4,727.69$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.08 112.36 0.00 0.00 185.51 185.51 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 137.07% 0.85 1.11 0.505 525 110.50$      6,242.20$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.59 95.96 0.00 0.00 606.29 606.29 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 180.28% 1.19 0.18 0.745 750 300.50$      3,892.78$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.77 95.41 0.00 0.00 614.57 614.57 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 182.74% 1.19 1.38 0.75 825 348.60$      34,422.15$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.16 91.44 0.00 0.00 677.28 677.28 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 201.39% 1.19 1.53 0.775 825 348.60$      37,993.99$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 122.29 0.00 0.00 78.03 78.03 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 169.99% 0.65 1.97 0.365 375 98.30$        7,545.49$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 112.85 0.00 0.00 190.68 190.68 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 229.10% 0.75 0.72 0.51 525 110.50$      3,609.21$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 109.79 0.00 0.00 233.56 233.56 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 172.57% 0.85 0.96 0.55 600 148.70$      7,300.08$         
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 105.98 0.00 0.00 300.12 300.12 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 221.76% 0.85 1.84 0.605 675 227.90$      21,355.31$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 122.29 0.00 0.00 245.57 245.57 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 869.92% 0.58 1.63 0.56 600 148.70$      8,387.12$         
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 114.35 0.00 0.00 349.13 349.13 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 760.57% 0.65 1.93 0.64 675 227.90$      17,096.41$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 106.34 0.00 0.00 387.97 387.97 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 466.16% 0.75 0.77 0.665 675 227.90$      7,933.94$         
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 103.47 0.00 0.00 377.52 377.52 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 278.94% 0.85 0.92 0.66 675 227.90$      10,706.50$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 99.47 0.00 0.00 777.42 777.42 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 380.81% 0.94 0.25 0.865 900 418.20$      6,010.01$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 98.63 0.00 0.00 793.79 793.79 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 236.03% 1.19 1.23 0.825 900 418.20$      36,604.79$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 94.83 0.00 0.00 844.44 844.44 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 251.09% 1.19 0.53 0.845 900 418.20$      15,845.82$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 122.29 0.00 0.00 478.49 478.49 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 78.47% 1.54 0.86 750 300.50$      24,040.91$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.86 117.94 0.00 0.00 588.10 588.10 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 96.45% 1.57 1.06 0.755 825 348.60$      34,897.27$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 11.93 113.05 0.00 0.00 795.37 795.37 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 101.16% 1.47 0.86 0.83 900 418.20$      31,626.94$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 122.29 0.00 0.00 195.59 195.59 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 42.48% 1.25 1.15 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.15 116.60 0.00 0.00 566.64 566.64 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 123.07% 1.29 1.49 0.725 750 300.50$      34,563.26$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 12.78 109.42 0.00 0.00 1301.54 1301.54 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 87.02% 1.96 0.13 1050 525.50$      7,948.67$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 93.28 0.00 0.00 1989.85 1989.85 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 133.04% 1.73 0.16 1.16 1200 658.60$      11,039.84$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 122.29 0.00 0.00 77.80 77.80 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 57.49% 0.89 1.43 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.43 115.26 0.00 0.00 173.02 173.02 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 127.84% 0.85 1.37 0.49 525 110.50$      7,752.82$         
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.81 109.31 0.00 0.00 265.58 265.58 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 130.09% 0.94 0.25 0.575 600 148.70$      2,107.07$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 13.06 108.30 0.00 0.00 263.12 263.12 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 128.89% 0.94 1.78 0.575 600 148.70$      14,941.85$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.83 101.69 0.00 0.00 347.42 347.42 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 170.18% 0.94 0.66 0.64 675 227.90$      8,547.17$         
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.50 99.44 0.00 0.00 898.95 898.95 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 267.30% 1.19 1.34 0.865 900 418.20$      39,976.86$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 122.29 0.00 0.00 159.09 159.09 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 346.57% 0.65 0.81 0.475 525 110.50$      3,473.56$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 122.29 0.00 0.00 116.90 116.90 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 86.38% 0.96 0.31 450 101.30$      1,817.77$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 118.22 0.00 0.00 266.80 266.80 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 130.69% 0.94 0.16 0.58 600 148.70$      1,318.10$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 117.47 0.00 0.00 628.01 628.01 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 307.62% 0.94 1.43 0.795 825 348.60$      28,273.87$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 122.29 0.00 0.00 175.43 175.43 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 210.78% 0.75 0.87 0.495 525 110.50$      4,345.96$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 117.92 0.00 0.00 226.86 226.86 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 167.62% 0.85 1.21 0.545 600 148.70$      9,164.83$         
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 112.39 0.00 0.00 316.19 316.19 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 233.63% 0.85 0.89 0.615 675 227.90$      10,400.63$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 108.65 0.00 0.00 359.86 359.86 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 176.28% 0.94 0.24 0.645 675 227.90$      3,057.61$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 107.71 0.00 0.00 373.47 373.47 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 182.94% 0.94 0.34 0.655 675 227.90$      4,354.00$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 122.29 0.00 0.00 167.04 167.04 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 123.42% 0.85 0.25 0.485 525 110.50$      1,384.81$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 121.02 0.00 0.00 194.54 194.54 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 143.74% 0.85 1.85 0.515 525 110.50$      10,458.52$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 112.29 0.00 0.00 265.21 265.21 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 78.86% 1.33 0.05 600 148.70$      594.45$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.15 112.08 0.00 0.00 427.87 427.87 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 127.22% 1.19 1.80 0.655 675 227.90$      29,304.51$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.95 104.86 0.00 0.00 504.81 504.81 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 150.10% 1.19 0.55 0.695 750 300.50$      11,711.80$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 102.87 0.00 0.00 895.16 895.16 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 266.17% 1.19 0.22 0.86 900 418.20$      6,477.88$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.71 102.10 0.00 0.00 888.48 888.48 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 264.19% 1.19 1.23 0.86 900 418.20$      36,855.89$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.95 97.97 0.00 0.00 1424.86 1424.86 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 423.68% 1.19 0.96 1.025 1050 525.50$      36,128.27$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.91 95.00 0.00 0.00 1381.59 1381.59 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 410.81% 1.19 0.10 1.015 1050 525.50$      3,828.41$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 122.29 0.00 0.00 79.81 79.81 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 173.87% 0.65 1.13 0.37 375 98.30$        4,319.53$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 116.68 0.00 0.00 76.15 76.15 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 165.89% 0.65 0.27 0.36 375 98.30$        1,046.68$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 115.41 0.00 0.00 118.34 118.34 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 57.97% 0.99 1.76 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.16 107.89 0.00 0.00 264.74 264.74 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 129.68% 0.94 0.54 0.575 600 148.70$      4,565.75$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.70 105.79 0.00 0.00 299.56 299.56 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 89.07% 1.35 1.31 600 148.70$      15,849.52$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.02 101.05 0.00 0.00 420.46 420.46 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 125.02% 1.19 1.07 0.65 675 227.90$      17,396.53$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.09 97.53 0.00 0.00 671.28 671.28 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 199.60% 1.19 0.20 0.775 825 348.60$      4,938.23$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.29 96.91 0.00 0.00 666.98 666.98 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 198.33% 1.19 0.87 0.77 825 348.60$      21,731.28$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.16 94.27 0.00 0.00 785.83 785.83 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 233.66% 1.19 0.24 0.82 825 348.60$      5,982.87$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.40 93.57 0.00 0.00 780.00 780.00 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 231.93% 1.19 0.60 0.82 825 348.60$      14,897.78$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.00 91.87 0.00 0.00 765.88 765.88 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 227.73% 1.19 0.77 0.815 825 348.60$      19,232.93$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 76 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 6.02 m3/s a 1049.5 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 8 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.803

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 0 0 0 0 0 0
375 63 0 118 0 0 0 0 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 103.04 9.96 9.96 12.76 22.71 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 11.13% 0.63 0.81 525 110.50$      3,393.95$         450 0 56 0 77 77 0 0 55
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 103.04 25.72 25.72 32.96 58.68 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 70.51% 0.83 1.27 375 98.30$        6,177.15$         525 138 71 104 0 0 18 0 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.27 97.55 42.38 68.10 82.62 150.72 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 73.83% 1.04 1.72 525 110.50$      11,898.93$       600 0 0 139 0 70 31 52 0
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 12.99 91.07 98.17 176.22 199.60 375.82 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 111.75% 1.19 0.77 0.625 675 227.90$      12,467.61$       675 161 112 0 224 0 0 160 0
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.76 88.49 17.06 193.28 212.71 405.99 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 120.72% 1.19 1.49 0.64 675 227.90$      24,238.88$       750 0 60 107 94 115 9 46 137

825 0 107 14 237 38 0 161 76
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 103.04 39.49 39.49 50.60 90.09 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 196.27% 0.65 1.43 0.385 450 101.30$      5,646.16$         900 0 45 0 215 0 0 39 0
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 103.04 72.72 72.72 93.19 165.91 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 361.44% 0.65 1.83 0.485 525 110.50$      7,870.70$         975 0 187 221 76 0 81 0 77
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 95.34 73.67 146.39 173.57 319.96 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 697.03% 0.65 0.34 0.62 675 227.90$      3,002.16$         1050 0 64 0 140 96 0 104 115
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 103.04 8.88 8.88 11.38 20.26 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 44.13% 0.64 0.28 300 79.70$        841.18$            1200 0 0 0 15 0 0 0 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 94.05 10.96 166.23 194.44 360.66 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 266.49% 0.85 1.93 0.645 675 227.90$      22,453.00$       1350 0 0 0 0 0 0 76 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 87.40 83.26 249.48 271.18 520.66 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 255.04% 0.94 1.06 0.745 750 300.50$      18,025.71$       1500 0 0 0 17 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 84.17 54.68 304.16 318.40 622.56 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 185.12% 1.19 0.38 0.755 825 348.60$      9,467.13$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 83.08 23.10 327.26 338.12 665.38 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 197.85% 1.19 1.12 0.77 825 348.60$      27,971.66$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 80.02 70.96 398.22 396.30 794.52 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 236.25% 1.19 0.64 0.825 900 418.20$      19,006.56$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 78.40 85.57 523.28 510.21 1033.49 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 307.30% 1.19 0.15 0.91 975 458.80$      5,006.02$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 78.02 1.01 524.28 508.72 1033.01 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 307.16% 1.19 0.06 0.91 975 458.80$      1,835.51$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 77.88 0.00 524.28 507.83 1032.11 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 306.89% 1.19 0.13 0.91 975 458.80$      4,173.90$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 77.57 0.00 524.28 505.80 1030.08 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 375.13% 0.97 1.10 0.98 1050 525.50$      33,652.60$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 75.00 0.00 524.28 489.03 1013.31 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 301.31% 1.19 0.15 0.905 975 458.80$      4,908.37$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 74.66 0.00 524.28 486.84 1011.12 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 300.65% 1.19 2.13 0.9 975 458.80$      69,863.45$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 103.04 26.03 26.03 33.36 59.39 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 129.38% 0.65 1.53 0.33 375 98.30$        5,866.81$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.53 96.50 57.18 83.21 99.86 183.07 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 398.82% 0.65 1.47 0.505 525 110.50$      6,345.25$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 13.01 91.02 51.39 134.60 152.37 286.97 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 212.04% 0.85 1.62 0.595 600 148.70$      12,267.39$       
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.62 85.76 85.82 220.42 235.11 455.53 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 223.14% 0.94 1.90 0.705 750 300.50$      32,298.17$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.52 80.39 102.86 323.28 323.20 646.49 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 316.68% 0.94 0.25 0.805 825 348.60$      4,950.71$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 103.04 27.68 27.68 35.47 63.14 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 75.87% 0.84 1.17 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.17 97.97 52.53 80.21 97.73 177.93 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 131.47% 0.85 0.91 0.495 525 110.50$      5,157.05$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.08 94.38 52.54 132.75 155.81 288.56 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 213.21% 0.85 1.11 0.595 600 148.70$      8,400.13$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.77 79.73 51.97 508.01 503.75 1011.75 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 300.84% 1.19 0.18 0.9 975 458.80$      5,943.45$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.95 79.27 9.91 517.91 510.57 1028.48 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 305.81% 1.19 1.38 0.91 975 458.80$      45,303.74$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.34 75.90 77.67 595.58 562.23 1157.81 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 344.27% 1.19 1.53 0.95 975 458.80$      50,004.71$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 103.04 51.30 51.30 65.75 117.05 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 254.99% 0.65 1.97 0.425 450 101.30$      7,775.77$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 94.79 84.55 135.85 160.16 296.01 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 355.67% 0.75 0.72 0.6 675 227.90$      7,443.79$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 92.13 35.20 171.06 195.99 367.04 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 271.21% 0.85 0.96 0.65 675 227.90$      11,188.21$       
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 88.83 56.65 227.70 251.55 479.25 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 354.12% 0.85 1.84 0.72 750 300.50$      28,158.27$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 103.04 161.46 161.46 206.91 368.37 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 1304.94% 0.58 1.63 0.655 675 227.90$      12,854.23$       
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 96.09 84.04 245.50 293.39 538.89 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 1173.98% 0.65 1.93 0.75 825 348.60$      26,150.98$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 89.14 47.86 293.36 325.22 618.59 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 743.24% 0.75 0.77 0.79 825 348.60$      12,135.90$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 86.66 0.00 293.36 316.19 609.55 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 450.39% 0.85 0.92 0.79 825 348.60$      16,376.85$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 83.21 107.38 628.45 650.36 1278.81 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 626.41% 0.94 0.25 1.04 1050 525.50$      7,552.03$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 82.49 18.65 647.10 663.90 1311.00 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 389.82% 1.19 1.23 0.995 1050 525.50$      45,996.69$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 79.22 68.94 716.04 705.51 1421.55 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 422.69% 1.19 0.53 1.025 1050 525.50$      19,911.47$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 103.04 314.61 314.61 403.16 717.77 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 117.71% 1.38 0.97 0.795 825 348.60$      27,889.06$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.97 98.80 86.33 400.94 492.67 893.61 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 146.55% 1.38 1.21 0.86 900 418.20$      41,864.72$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.17 94.02 164.77 565.71 661.49 1227.20 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 156.09% 1.47 0.86 0.97 975 458.80$      34,697.37$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 103.04 128.60 128.60 164.79 293.39 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 63.72% 1.38 1.04 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.04 98.50 262.16 390.76 478.68 869.43 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 188.84% 1.29 1.49 0.855 900 418.20$      48,101.02$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 13.03 90.93 0.00 956.47 1081.66 2038.13 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 136.27% 1.73 0.15 1.175 1200 658.60$      9,961.92$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 77.90 42.79 1715.30 1661.77 3377.08 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 225.79% 1.73 0.16 1.415 1500 1,036.00$   17,366.04$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 103.04 51.15 51.15 65.55 116.71 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 86.23% 0.96 1.33 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.33 97.32 69.55 120.70 146.10 266.80 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 197.13% 0.85 1.37 0.58 600 148.70$      10,432.98$       
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.70 92.10 74.65 195.35 223.76 419.11 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 205.30% 0.94 0.25 0.685 750 300.50$      4,258.07$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 12.95 91.22 0.00 195.35 221.61 416.96 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 204.25% 0.94 1.78 0.685 750 300.50$      30,195.19$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.73 85.45 79.36 274.71 291.93 566.64 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 277.57% 0.94 0.66 0.765 825 348.60$      13,073.91$       
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.39 83.50 452.17 726.88 754.82 1481.70 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 440.58% 1.19 1.34 1.04 1050 525.50$      50,233.96$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 103.04 104.60 104.60 134.04 238.64 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 519.88% 0.65 0.81 0.555 600 148.70$      4,674.37$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 103.04 76.86 76.86 98.50 175.36 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 129.57% 0.85 0.35 0.495 525 110.50$      1,982.86$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 99.47 0.00 181.46 224.49 405.95 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 198.85% 0.94 0.16 0.675 750 300.50$      2,663.68$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 98.81 248.42 429.88 528.29 958.16 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 469.35% 0.94 1.43 0.935 975 458.80$      37,211.85$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 103.04 115.34 115.34 147.81 263.15 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 316.18% 0.75 0.87 0.575 600 148.70$      5,848.37$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 99.21 39.35 154.69 190.86 345.56 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 255.33% 0.85 1.21 0.635 675 227.90$      14,046.16$       
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 94.39 71.52 226.21 265.55 491.76 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 363.36% 0.85 0.89 0.725 750 300.50$      13,713.86$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 91.14 40.10 266.31 301.87 568.18 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 278.32% 0.94 0.24 0.765 825 348.60$      4,676.97$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 90.32 12.49 278.80 313.19 592.00 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 289.99% 0.94 0.34 0.78 825 348.60$      6,659.95$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 103.04 109.83 109.83 140.74 250.56 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 185.14% 0.85 0.25 0.565 600 148.70$      1,863.53$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 101.92 19.43 129.25 163.84 293.09 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 216.56% 0.85 1.85 0.6 675 227.90$      21,570.10$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 94.30 60.65 189.90 222.73 412.63 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 122.69% 1.19 0.06 0.645 675 227.90$      911.06$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.16 94.09 117.06 306.96 359.22 666.18 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 198.09% 1.19 1.80 0.77 825 348.60$      44,824.72$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.96 87.84 80.12 387.09 422.88 809.97 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 240.84% 1.19 0.55 0.83 900 418.20$      16,299.08$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 86.13 33.78 699.67 749.44 1449.11 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 430.89% 1.19 0.22 1.03 1050 525.50$      8,139.94$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.72 85.46 0.00 699.67 743.68 1443.36 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 429.18% 1.19 1.23 1.03 1050 525.50$      46,312.22$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.96 81.91 469.73 1169.41 1191.24 2360.65 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 701.93% 1.19 0.96 1.24 1350 847.00$      58,231.49$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.92 79.36 0.00 1169.41 1154.12 2323.53 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 690.89% 1.19 0.10 1.23 1350 847.00$      6,170.63$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 103.04 52.48 52.48 67.25 119.72 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 260.81% 0.65 1.13 0.43 450 101.30$      4,451.36$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 98.13 0.00 52.48 64.04 116.52 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 253.83% 0.65 0.27 0.425 450 101.30$      1,078.63$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 97.02 29.97 82.45 99.48 181.93 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 89.12% 1.07 1.62 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.03 90.95 114.85 197.30 223.17 420.47 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 205.96% 0.94 0.54 0.685 750 300.50$      9,226.68$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.57 89.11 30.39 227.69 252.33 480.02 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 142.73% 1.19 1.49 0.685 750 300.50$      32,029.46$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.06 84.45 106.87 334.55 351.36 685.91 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 203.95% 1.19 1.07 0.78 825 348.60$      26,610.06$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.13 81.43 218.85 553.41 560.43 1113.84 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 331.20% 1.19 0.20 0.935 975 458.80$      6,499.31$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.33 80.89 0.00 553.41 556.76 1110.16 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 330.10% 1.19 0.87 0.935 975 458.80$      28,601.01$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.20 78.63 116.88 670.29 655.51 1325.80 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 394.22% 1.19 0.24 1 1050 525.50$      9,018.93$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.44 78.04 0.00 670.29 650.53 1320.82 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 392.74% 1.19 0.60 0.995 1050 525.50$      22,457.79$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.04 76.59 0.00 670.29 638.49 1308.79 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 389.16% 1.19 0.77 0.995 1050 525.50$      28,992.84$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 75.5 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 1.54 m3/s a 1049.5 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 8 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.803

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 60 0 0 0 0 0
375 63 56 59 77 0 0 0 55

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 103.04 2.54 2.54 12.76 15.30 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 7.49% 0.56 0.91 525 110.50$      3,393.95$         450 0 71 104 0 77 18 0 0
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 103.04 6.56 6.56 32.96 39.53 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 47.49% 0.75 1.39 375 98.30$        6,177.15$         525 138 0 139 33 70 31 147 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.39 97.06 10.82 17.38 82.21 99.59 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 48.78% 0.95 1.89 525 110.50$      11,898.93$       600 161 112 0 105 115 9 66 137
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.28 90.08 25.05 44.97 197.42 242.39 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 72.07% 1.31 0.70 600 148.70$      8,134.85$         675 0 167 107 302 38 0 207 76
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.98 87.78 4.35 49.33 211.00 260.32 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 77.41% 1.33 1.34 600 148.70$      15,815.36$       750 0 45 14 230 0 0 39 0

825 0 251 221 100 0 81 0 77
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 103.04 10.08 10.08 50.60 60.68 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 132.20% 0.65 1.43 0.335 375 98.30$        5,478.95$         900 0 0 0 215 96 0 104 115
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 103.04 18.56 18.56 93.19 111.75 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 243.44% 0.65 1.83 0.42 450 101.30$      7,215.41$         975 0 0 0 0 0 0 0 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 95.34 18.80 37.36 173.57 210.93 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 459.51% 0.65 0.34 0.53 600 148.70$      1,958.85$         1050 0 0 0 15 0 0 76 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 103.04 2.27 2.27 11.38 13.64 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 29.72% 0.57 0.31 300 79.70$        841.18$            1200 0 0 0 17 0 0 0 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 94.05 2.80 42.42 194.44 236.86 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 175.01% 0.85 1.93 0.555 600 148.70$      14,650.12$       1350 0 0 0 0 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 87.40 21.25 63.67 271.18 334.85 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 164.02% 0.94 1.06 0.63 675 227.90$      13,670.74$       1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 84.17 13.95 77.62 318.40 396.02 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 117.76% 1.19 0.38 0.635 675 227.90$      6,189.21$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 83.08 5.89 83.52 338.12 421.64 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 125.37% 1.19 1.12 0.65 675 227.90$      18,286.70$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 80.02 18.11 101.62 396.30 497.93 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 148.06% 1.19 0.64 0.69 750 300.50$      13,657.27$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 78.40 21.84 133.54 510.21 643.75 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 191.42% 1.19 0.15 0.76 825 348.60$      3,803.61$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 78.02 0.26 133.80 508.72 642.52 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 191.05% 1.19 0.06 0.76 825 348.60$      1,394.64$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 77.88 0.00 133.80 507.83 641.62 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 190.78% 1.19 0.13 0.76 825 348.60$      3,171.36$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 77.57 0.00 133.80 505.80 639.59 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 232.92% 0.97 1.10 0.82 825 348.60$      22,324.06$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 75.00 0.00 133.80 489.03 622.83 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 185.20% 1.19 0.15 0.755 825 348.60$      3,729.42$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 74.66 0.00 133.80 486.84 620.64 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 184.54% 1.19 2.13 0.75 825 348.60$      53,082.82$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 103.04 6.64 6.64 33.36 40.00 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 87.14% 0.74 1.35 300 79.70$        4,756.71$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.35 97.22 14.59 21.24 100.61 121.85 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 265.45% 0.65 1.47 0.43 450 101.30$      5,816.96$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 12.82 91.66 13.11 34.35 153.44 187.79 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 138.75% 0.85 1.62 0.505 525 110.50$      9,115.98$         
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.44 86.32 21.90 56.25 236.63 292.88 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 143.47% 0.94 1.90 0.6 675 227.90$      24,495.02$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.34 80.87 26.25 82.50 325.14 407.64 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 199.68% 0.94 0.25 0.68 750 300.50$      4,267.61$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 103.04 7.06 7.06 35.47 42.53 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 51.10% 0.77 1.27 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.27 97.54 13.41 20.47 97.30 117.76 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 87.01% 0.97 0.81 450 101.30$      4,727.69$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.08 94.38 13.41 33.88 155.82 189.70 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 140.17% 0.85 1.11 0.51 525 110.50$      6,242.20$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.59 80.20 13.26 129.64 506.73 636.37 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 189.22% 1.19 0.18 0.76 825 348.60$      4,515.88$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.77 79.73 2.53 132.17 513.56 645.73 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 192.01% 1.19 1.38 0.765 825 348.60$      34,422.15$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.16 76.33 19.82 151.99 565.36 717.35 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 213.30% 1.19 1.53 0.795 825 348.60$      37,993.99$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 103.04 13.09 13.09 65.75 78.84 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 171.75% 0.65 1.97 0.365 375 98.30$        7,545.49$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 94.79 21.58 34.67 160.16 194.83 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 234.09% 0.75 0.72 0.515 525 110.50$      3,609.21$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 92.13 8.98 43.65 195.99 239.64 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 177.07% 0.85 0.96 0.555 600 148.70$      7,300.08$         
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 88.83 14.46 58.11 251.55 309.66 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 228.80% 0.85 1.84 0.61 675 227.90$      21,355.31$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 103.04 41.20 41.20 206.91 248.11 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 878.93% 0.58 1.63 0.565 600 148.70$      8,387.12$         
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 96.09 21.45 62.65 293.39 356.04 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 775.64% 0.65 1.93 0.645 675 227.90$      17,096.41$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 89.14 12.21 74.87 325.22 400.09 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 480.71% 0.75 0.77 0.675 750 300.50$      10,461.38$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 86.66 0.00 74.87 316.19 391.05 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 288.94% 0.85 0.92 0.665 675 227.90$      10,706.50$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 83.21 27.40 160.38 650.36 810.74 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 397.13% 0.94 0.25 0.875 900 418.20$      6,010.01$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 82.49 4.76 165.14 663.90 829.04 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 246.51% 1.19 1.23 0.84 900 418.20$      36,604.79$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 79.22 17.59 182.73 705.51 888.24 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 264.12% 1.19 0.53 0.86 900 418.20$      15,845.82$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 103.04 80.29 80.29 403.16 483.45 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 79.28% 1.54 0.86 750 300.50$      24,040.91$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.86 99.23 22.03 102.32 494.83 597.14 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 97.93% 1.57 1.06 0.755 825 348.60$      34,897.27$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 11.93 94.96 42.05 144.37 668.12 812.49 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 103.34% 1.47 0.86 0.83 900 418.20$      31,626.94$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 103.04 32.82 32.82 164.79 197.61 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 42.92% 1.25 1.14 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.14 98.07 66.90 99.72 476.59 576.31 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 125.17% 1.29 1.49 0.73 750 300.50$      34,563.26$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 12.78 91.80 0.00 244.09 1092.05 1336.14 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 89.33% 1.96 0.13 1050 525.50$      7,948.67$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 77.90 10.92 437.74 1661.77 2099.52 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 140.37% 1.73 0.16 1.185 1200 658.60$      11,039.84$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 103.04 13.05 13.05 65.55 78.61 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 58.08% 0.89 1.43 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.43 96.90 17.75 30.80 145.46 176.27 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 130.24% 0.85 1.37 0.495 525 110.50$      7,752.82$         
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.80 91.73 19.05 49.85 222.86 272.71 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 133.59% 0.94 0.25 0.585 600 148.70$      2,107.07$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 13.05 90.85 0.00 49.85 220.73 270.58 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 132.54% 0.94 1.78 0.58 600 148.70$      14,941.85$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.83 85.13 20.25 70.11 290.86 360.96 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 176.81% 0.94 0.66 0.65 675 227.90$      8,547.17$         
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.49 83.20 115.39 185.50 752.11 937.61 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 278.80% 1.19 1.34 0.875 900 418.20$      39,976.86$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 103.04 26.69 26.69 134.04 160.73 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 350.16% 0.65 0.81 0.48 525 110.50$      3,473.56$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 103.04 19.62 19.62 98.50 118.11 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 87.27% 0.97 0.31 450 101.30$      1,817.77$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 99.47 0.00 46.31 224.49 270.80 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 132.65% 0.94 0.16 0.58 600 148.70$      1,318.10$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 98.81 63.40 109.70 528.29 637.99 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 312.51% 0.94 1.43 0.8 825 348.60$      28,273.87$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 103.04 29.44 29.44 147.81 177.24 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 212.96% 0.75 0.87 0.495 525 110.50$      4,345.96$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 99.21 10.04 39.48 190.86 230.34 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 170.20% 0.85 1.21 0.55 600 148.70$      9,164.83$         
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 94.39 18.25 57.73 265.55 323.28 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 238.87% 0.85 0.89 0.62 675 227.90$      10,400.63$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 91.14 10.23 67.96 301.87 369.83 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 181.16% 0.94 0.24 0.655 675 227.90$      3,057.61$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 90.32 3.19 71.15 313.19 384.34 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 188.27% 0.94 0.34 0.665 675 227.90$      4,354.00$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 103.04 28.03 28.03 140.74 168.77 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 124.70% 0.85 0.25 0.49 525 110.50$      1,384.81$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 101.92 4.96 32.99 163.84 196.83 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 145.43% 0.85 1.85 0.515 525 110.50$      10,458.52$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 94.30 15.48 48.46 222.73 271.19 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 80.64% 1.33 0.05 600 148.70$      594.45$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.15 94.12 29.87 78.34 359.30 437.64 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 130.13% 1.19 1.80 0.66 675 227.90$      29,304.51$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.95 87.86 20.45 98.78 422.97 521.76 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 155.14% 1.19 0.55 0.705 750 300.50$      11,711.80$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 86.14 8.62 178.56 749.60 928.16 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 275.98% 1.19 0.22 0.875 900 418.20$      6,477.88$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.71 85.48 0.00 178.56 743.85 922.40 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 274.27% 1.19 1.23 0.87 900 418.20$      36,855.89$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.95 81.92 119.87 298.43 1191.49 1489.92 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 443.02% 1.19 0.96 1.045 1050 525.50$      36,128.27$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.91 79.37 0.00 298.43 1154.35 1452.78 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 431.98% 1.19 0.10 1.035 1050 525.50$      3,828.41$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 103.04 13.39 13.39 67.25 80.64 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 175.67% 0.65 1.13 0.37 375 98.30$        4,319.53$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 98.13 0.00 13.39 64.04 77.43 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 168.69% 0.65 0.27 0.365 375 98.30$        1,046.68$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 97.02 7.65 21.04 99.48 120.52 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 59.04% 0.99 1.75 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.15 90.51 29.31 50.35 222.09 272.44 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 133.45% 0.94 0.54 0.585 600 148.70$      4,565.75$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.70 88.69 7.76 58.11 251.14 309.24 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 91.95% 1.36 1.31 600 148.70$      15,849.52$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.01 84.61 27.27 85.38 352.03 437.41 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 130.06% 1.19 1.07 0.66 675 227.90$      17,396.53$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.08 81.58 55.85 141.23 561.45 702.68 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 208.94% 1.19 0.20 0.785 825 348.60$      4,938.23$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.28 81.04 0.00 141.23 557.76 698.99 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 207.84% 1.19 0.87 0.785 825 348.60$      21,731.28$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.15 78.77 29.83 171.06 656.66 827.72 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 246.12% 1.19 0.24 0.835 900 418.20$      7,177.39$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.39 78.17 0.00 171.06 651.66 822.72 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 244.63% 1.19 0.60 0.835 900 418.20$      17,872.21$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 17.99 76.72 0.00 171.06 639.57 810.63 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 241.04% 1.19 0.77 0.83 900 418.20$      23,072.90$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 75 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 0.40 m3/s a 1049.5 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 8 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.803

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 60 0 0 0 0 0
375 63 56 59 77 0 0 0 55

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 103.04 0.66 0.66 12.76 13.41 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 6.57% 0.54 0.95 525 110.50$      3,393.95$         450 0 71 104 0 77 18 0 0
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 103.04 1.70 1.70 32.96 34.66 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 41.64% 0.73 1.44 375 98.30$        6,177.15$         525 138 112 139 82 70 31 208 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.44 96.88 2.80 4.50 82.05 86.55 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 42.39% 0.92 1.96 525 110.50$      11,898.93$       600 161 60 107 150 115 9 50 137
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.40 89.69 6.48 11.64 196.56 208.20 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 61.91% 1.27 0.72 600 148.70$      8,134.85$         675 0 153 14 243 38 0 200 76
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 14.12 87.34 1.13 12.76 209.94 222.70 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 66.22% 1.29 1.38 600 148.70$      15,815.36$       750 0 187 221 295 0 0 0 77

825 0 64 0 201 0 81 0 115
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 103.04 2.61 2.61 50.60 53.21 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 115.92% 0.65 1.43 0.315 375 98.30$        5,478.95$         900 0 0 0 14 96 0 104 0
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 103.04 4.80 4.80 93.19 97.99 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 213.47% 0.65 1.83 0.4 450 101.30$      7,215.41$         975 0 0 0 0 0 0 7 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 95.34 4.86 9.67 173.57 183.24 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 399.18% 0.65 0.34 0.505 525 110.50$      1,455.63$         1050 0 0 0 15 0 0 69 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 103.04 0.59 0.59 11.38 11.96 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 26.06% 0.55 0.32 300 79.70$        841.18$            1200 0 0 0 17 0 0 0 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 94.05 0.72 10.98 194.44 205.41 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 151.78% 0.85 1.93 0.525 525 110.50$      10,886.60$       1350 0 0 0 0 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 87.40 5.50 16.47 271.18 287.65 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 140.90% 0.94 1.06 0.595 600 148.70$      8,919.87$         1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 84.17 3.61 20.08 318.40 338.48 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 100.65% 1.19 0.38 0.605 675 227.90$      6,189.21$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 83.08 1.52 21.61 338.12 359.73 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 106.96% 1.19 1.12 0.615 675 227.90$      18,286.70$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 80.02 4.69 26.29 396.30 422.60 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 125.66% 1.19 0.64 0.65 675 227.90$      10,357.71$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 78.40 5.65 34.55 510.21 544.76 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 161.98% 1.19 0.15 0.715 750 300.50$      3,278.79$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 78.02 0.07 34.62 508.72 543.34 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 161.56% 1.19 0.06 0.715 750 300.50$      1,202.20$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 77.88 0.00 34.62 507.83 542.44 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 161.29% 1.19 0.13 0.715 750 300.50$      2,733.78$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 77.57 0.00 34.62 505.80 540.41 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 196.80% 0.97 1.10 0.77 825 348.60$      22,324.06$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 75.00 0.00 34.62 489.03 523.65 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 155.71% 1.19 0.15 0.705 750 300.50$      3,214.83$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 74.66 0.00 34.62 486.84 521.46 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 155.05% 1.19 2.13 0.705 750 300.50$      45,758.43$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 103.04 1.72 1.72 33.36 35.08 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 76.42% 0.72 1.38 300 79.70$        4,756.71$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.38 97.11 3.78 5.49 100.50 106.00 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 230.91% 0.65 1.47 0.41 450 101.30$      5,816.96$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 12.85 91.56 3.39 8.89 153.28 162.16 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 119.82% 0.85 1.62 0.48 525 110.50$      9,115.98$         
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.47 86.24 5.67 14.55 236.40 250.96 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 122.93% 0.94 1.90 0.565 600 148.70$      15,982.49$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.37 80.80 6.79 21.35 324.85 346.19 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 169.58% 0.94 0.25 0.64 675 227.90$      3,236.57$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 103.04 1.83 1.83 35.47 37.29 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 44.81% 0.74 1.31 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.31 97.37 3.47 5.30 97.12 102.42 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 75.68% 0.94 0.82 450 101.30$      4,727.69$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.14 94.16 3.47 8.77 155.45 164.22 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 121.34% 0.85 1.11 0.485 525 110.50$      6,242.20$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.62 80.13 3.43 33.54 506.28 539.82 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 160.51% 1.19 0.18 0.715 750 300.50$      3,892.78$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.80 79.66 0.65 34.20 513.12 547.31 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 162.74% 1.19 1.38 0.715 750 300.50$      29,672.56$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.18 76.26 5.13 39.32 564.89 604.22 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 179.66% 1.19 1.53 0.745 750 300.50$      32,751.56$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 103.04 3.39 3.39 65.75 69.13 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 150.61% 0.65 1.97 0.35 375 98.30$        7,545.49$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 94.79 5.58 8.97 160.16 169.13 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 203.21% 0.75 0.72 0.49 525 110.50$      3,609.21$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 92.13 2.32 11.29 195.99 207.28 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 153.16% 0.85 0.96 0.525 525 110.50$      5,424.74$         
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 88.83 3.74 15.03 251.55 266.58 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 196.98% 0.85 1.84 0.58 600 148.70$      13,933.89$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 103.04 10.66 10.66 206.91 217.57 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 770.73% 0.58 1.63 0.535 600 148.70$      8,387.12$         
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 96.09 5.55 16.21 293.39 309.60 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 674.47% 0.65 1.93 0.61 675 227.90$      17,096.41$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 89.14 3.16 19.37 325.22 344.59 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 414.03% 0.75 0.77 0.635 675 227.90$      7,933.94$         
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 86.66 0.00 19.37 316.19 335.56 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 247.94% 0.85 0.92 0.63 675 227.90$      10,706.50$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 83.21 7.09 41.50 650.36 691.85 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 338.90% 0.94 0.25 0.825 900 418.20$      6,010.01$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 82.49 1.23 42.73 663.90 706.63 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 210.11% 1.19 1.23 0.79 825 348.60$      30,512.74$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 79.22 4.55 47.28 705.51 752.79 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 223.84% 1.19 0.53 0.81 825 348.60$      13,208.64$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 103.04 20.77 20.77 403.16 423.93 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 69.52% 1.51 0.88 750 300.50$      24,040.91$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.88 99.14 5.70 26.47 494.37 520.85 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 85.42% 1.56 1.07 750 300.50$      30,082.13$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 11.95 94.86 10.88 37.35 667.39 704.75 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 89.64% 1.67 0.75 825 348.60$      26,363.35$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 103.04 8.49 8.49 164.79 173.29 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 37.64% 1.21 1.18 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.18 97.91 17.31 25.80 475.80 501.60 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 108.95% 1.29 1.49 0.695 750 300.50$      34,563.26$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 12.71 92.08 0.00 63.15 1095.29 1158.45 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 77.45% 1.93 0.13 1050 525.50$      7,948.67$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 77.90 2.83 113.26 1661.77 1775.03 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 118.68% 1.73 0.16 1.115 1200 658.60$      11,039.84$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 103.04 3.38 3.38 65.55 68.93 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 50.93% 0.87 1.48 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.48 96.72 4.59 7.97 145.19 153.16 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 113.17% 0.85 1.37 0.47 525 110.50$      7,752.82$         
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.85 91.57 4.93 12.90 222.47 235.37 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 115.29% 0.94 0.25 0.55 600 148.70$      2,107.07$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 13.10 90.69 0.00 12.90 220.34 233.24 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 114.25% 0.94 1.78 0.55 600 148.70$      14,941.85$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.88 85.00 5.24 18.14 290.39 308.53 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 151.13% 0.94 0.66 0.61 675 227.90$      8,547.17$         
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.54 83.07 29.86 47.99 750.94 798.94 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 237.56% 1.19 1.34 0.825 900 418.20$      39,976.86$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 103.04 6.91 6.91 134.04 140.95 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 307.05% 0.65 0.81 0.455 525 110.50$      3,473.56$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 103.04 5.08 5.08 98.50 103.57 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 76.53% 0.95 0.32 450 101.30$      1,817.77$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 99.47 0.00 11.98 224.49 236.47 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 115.83% 0.94 0.16 0.555 600 148.70$      1,318.10$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 98.81 16.40 28.38 528.29 556.67 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 272.68% 0.94 1.43 0.76 825 348.60$      28,273.87$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 103.04 7.62 7.62 147.81 155.43 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 186.75% 0.75 0.87 0.475 525 110.50$      4,345.96$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 99.21 2.60 10.21 190.86 201.08 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 148.57% 0.85 1.21 0.52 525 110.50$      6,810.45$         
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 94.39 4.72 14.94 265.55 280.48 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 207.25% 0.85 0.89 0.59 600 148.70$      6,786.19$         
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 91.14 2.65 17.58 301.87 319.45 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 156.48% 0.94 0.24 0.62 675 227.90$      3,057.61$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 90.32 0.82 18.41 313.19 331.60 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 162.43% 0.94 0.34 0.625 675 227.90$      4,354.00$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 103.04 7.25 7.25 140.74 147.99 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 109.35% 0.85 0.25 0.465 525 110.50$      1,384.81$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 101.92 1.28 8.53 163.84 172.38 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 127.37% 0.85 1.85 0.49 525 110.50$      10,458.52$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 94.30 4.00 12.54 222.73 235.27 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 69.96% 1.30 0.05 600 148.70$      594.45$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.15 94.11 7.73 20.27 359.28 379.55 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 112.86% 1.19 1.80 0.625 675 227.90$      29,304.51$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.95 87.86 5.29 25.56 422.95 448.51 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 133.36% 1.19 0.55 0.665 675 227.90$      8,882.26$         
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 86.14 2.23 46.20 749.57 795.77 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 236.62% 1.19 0.22 0.825 900 418.20$      6,477.88$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.72 85.48 0.00 46.20 743.81 790.01 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 234.91% 1.19 1.23 0.825 900 418.20$      36,855.89$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.95 81.92 31.02 77.21 1191.44 1268.65 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 377.23% 1.19 0.96 0.98 1050 525.50$      36,128.27$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.91 79.37 0.00 77.21 1154.30 1231.51 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 366.19% 1.19 0.10 0.97 975 458.80$      3,342.48$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 103.04 3.46 3.46 67.25 70.71 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 154.04% 0.65 1.13 0.355 375 98.30$        4,319.53$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 98.13 0.00 3.46 64.04 67.51 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 147.06% 0.65 0.27 0.345 375 98.30$        1,046.68$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 97.02 1.98 5.44 99.48 104.93 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 51.40% 0.96 1.81 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.21 90.31 7.58 13.03 221.60 234.62 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 114.93% 0.94 0.54 0.55 600 148.70$      4,565.75$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.75 88.50 2.01 15.03 250.59 265.63 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 78.98% 1.33 1.34 600 148.70$      15,849.52$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.09 84.36 7.06 22.09 351.01 373.10 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 110.94% 1.19 1.07 0.62 675 227.90$      17,396.53$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.16 81.35 14.45 36.54 559.90 596.44 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 177.35% 1.19 0.20 0.74 750 300.50$      4,256.85$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.36 80.82 0.00 36.54 556.24 592.78 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 176.26% 1.19 0.87 0.74 750 300.50$      18,732.79$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.23 78.56 7.72 44.26 654.92 699.18 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 207.90% 1.19 0.24 0.785 825 348.60$      5,982.87$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.47 77.97 0.00 44.26 649.95 694.21 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 206.42% 1.19 0.60 0.785 825 348.60$      14,897.78$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.07 76.53 0.00 44.26 637.94 682.20 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 202.85% 1.19 0.77 0.78 825 348.60$      19,232.93$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 74.5 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 0.13 m3/s a 1049.5 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 8 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.803

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 60 0 0 0 0 0
375 63 56 59 77 0 0 0 55

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 103.04 0.22 0.22 12.76 12.97 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 6.36% 0.54 0.96 525 110.50$      3,393.95$         450 0 71 104 0 77 18 0 0
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 103.04 0.56 0.56 32.96 33.52 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 40.28% 0.72 1.45 375 98.30$        6,177.15$         525 138 112 139 82 70 31 208 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.45 96.83 0.92 1.48 82.01 83.49 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 40.90% 0.91 1.98 525 110.50$      11,898.93$       600 161 60 107 150 115 9 50 137
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.43 89.58 2.14 3.84 196.33 200.17 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 59.52% 1.26 0.73 600 148.70$      8,134.85$         675 0 153 14 243 38 0 200 76
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 14.15 87.22 0.37 4.21 209.66 213.87 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 63.59% 1.27 1.39 600 148.70$      15,815.36$       750 0 187 221 295 0 0 0 77

825 0 64 0 215 96 81 104 115
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 103.04 0.86 0.86 50.60 51.46 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 112.11% 0.65 1.43 0.315 375 98.30$        5,478.95$         900 0 0 0 0 0 0 0 0
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 103.04 1.58 1.58 93.19 94.77 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 206.46% 0.65 1.83 0.395 450 101.30$      7,215.41$         975 0 0 0 0 0 0 76 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 95.34 1.60 3.19 173.57 176.76 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 385.07% 0.65 0.34 0.495 525 110.50$      1,455.63$         1050 0 0 0 15 0 0 0 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 103.04 0.19 0.19 11.38 11.57 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 25.21% 0.55 0.32 300 79.70$        841.18$            1200 0 0 0 17 0 0 0 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 94.05 0.24 3.62 194.44 198.06 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 146.34% 0.85 1.93 0.52 525 110.50$      10,886.60$       1350 0 0 0 0 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 87.40 1.81 5.43 271.18 276.61 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 135.50% 0.94 1.06 0.585 600 148.70$      8,919.87$         1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 84.17 1.19 6.62 318.40 325.02 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 96.64% 1.35 0.33 0.605 675 227.90$      6,189.21$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.49 83.21 0.50 7.13 338.66 345.78 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 102.82% 1.19 1.12 0.605 675 227.90$      18,286.70$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.61 80.14 1.55 8.67 396.90 405.58 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 120.60% 1.19 0.64 0.64 675 227.90$      10,357.71$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.25 78.51 1.86 11.40 510.97 522.36 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 155.32% 1.19 0.15 0.705 750 300.50$      3,278.79$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.40 78.13 0.02 11.42 509.47 520.89 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 154.88% 1.19 0.06 0.705 750 300.50$      1,202.20$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.46 78.00 0.00 11.42 508.57 519.99 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 154.62% 1.19 0.13 0.705 750 300.50$      2,733.78$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.59 77.68 0.00 11.42 506.53 517.95 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 188.62% 0.97 1.10 0.76 825 348.60$      22,324.06$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.69 75.11 0.00 11.42 489.72 501.13 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 149.01% 1.19 0.15 0.695 750 300.50$      3,214.83$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.84 74.77 0.00 11.42 487.52 498.93 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 148.36% 1.19 2.13 0.695 750 300.50$      45,758.43$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 103.04 0.57 0.57 33.36 33.93 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 73.91% 0.72 1.39 300 79.70$        4,756.71$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.39 97.08 1.25 1.81 100.47 102.28 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 222.81% 0.65 1.47 0.405 450 101.30$      5,816.96$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 12.86 91.53 1.12 2.93 153.23 156.16 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 115.38% 0.85 1.62 0.475 525 110.50$      9,115.98$         
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.48 86.21 1.87 4.80 236.33 241.13 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 118.12% 0.94 1.90 0.555 600 148.70$      15,982.49$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.37 80.77 2.24 7.04 324.76 331.80 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 162.53% 0.94 0.25 0.63 675 227.90$      3,236.57$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 103.04 0.60 0.60 35.47 36.07 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 43.34% 0.74 1.33 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.33 97.32 1.14 1.75 97.08 98.83 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 73.02% 0.94 0.83 450 101.30$      4,727.69$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.15 94.10 1.14 2.89 155.35 158.24 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 116.92% 0.85 1.11 0.475 525 110.50$      6,242.20$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.63 80.11 1.13 11.06 506.14 517.20 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 153.79% 1.19 0.18 0.7 750 300.50$      3,892.78$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.81 79.64 0.22 11.28 512.98 524.25 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 155.89% 1.19 1.38 0.705 750 300.50$      29,672.56$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.19 76.24 1.69 12.97 564.75 577.72 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 171.78% 1.19 1.53 0.73 750 300.50$      32,751.56$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 103.04 1.12 1.12 65.75 66.86 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 145.66% 0.65 1.97 0.345 375 98.30$        7,545.49$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 94.79 1.84 2.96 160.16 163.12 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 195.99% 0.75 0.72 0.48 525 110.50$      3,609.21$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 92.13 0.77 3.73 195.99 199.71 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 147.57% 0.85 0.96 0.52 525 110.50$      5,424.74$         
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 88.83 1.23 4.96 251.55 256.51 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 189.53% 0.85 1.84 0.57 600 148.70$      13,933.89$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 103.04 3.52 3.52 206.91 210.42 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 745.42% 0.58 1.63 0.53 600 148.70$      8,387.12$         
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 96.09 1.83 5.35 293.39 298.74 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 650.80% 0.65 1.93 0.605 675 227.90$      17,096.41$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 89.14 1.04 6.39 325.22 331.61 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 398.44% 0.75 0.77 0.625 675 227.90$      7,933.94$         
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 86.66 0.00 6.39 316.19 322.57 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 238.35% 0.85 0.92 0.62 675 227.90$      10,706.50$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 83.21 2.34 13.69 650.36 664.05 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 325.28% 0.94 0.25 0.815 825 348.60$      5,009.78$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 82.49 0.41 14.09 663.90 677.99 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 201.60% 1.19 1.23 0.775 825 348.60$      30,512.74$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 79.22 1.50 15.59 705.51 721.10 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 214.42% 1.19 0.53 0.795 825 348.60$      13,208.64$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 103.04 6.85 6.85 403.16 410.01 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 67.24% 1.50 0.89 750 300.50$      24,040.91$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.89 99.12 1.88 8.73 494.25 502.98 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 82.49% 1.55 1.07 750 300.50$      30,082.13$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 11.96 94.82 3.59 12.32 667.09 679.41 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 86.41% 1.67 0.76 825 348.60$      26,363.35$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 103.04 2.80 2.80 164.79 167.60 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 36.40% 1.20 1.19 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.19 97.86 5.71 8.51 475.59 484.10 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 105.15% 1.29 1.49 0.685 750 300.50$      34,563.26$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 12.72 92.03 0.00 20.83 1094.70 1115.53 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 74.58% 1.91 0.13 1050 525.50$      7,948.67$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 77.90 0.93 37.35 1661.77 1699.13 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 113.60% 1.73 0.16 1.095 1200 658.60$      11,039.84$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 103.04 1.11 1.11 65.55 66.67 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 49.26% 0.86 1.49 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.49 96.67 1.51 2.63 145.12 147.75 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 109.17% 0.85 1.37 0.465 525 110.50$      7,752.82$         
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.86 91.52 1.63 4.25 222.36 226.62 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 111.01% 0.94 0.25 0.545 600 148.70$      2,107.07$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 13.11 90.65 0.00 4.25 220.24 224.50 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 109.97% 0.94 1.78 0.54 600 148.70$      14,941.85$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.89 84.96 1.73 5.98 290.27 296.25 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 145.12% 0.94 0.66 0.6 675 227.90$      8,547.17$         
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.55 83.03 9.85 15.83 750.63 766.46 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 227.90% 1.19 1.34 0.815 825 348.60$      33,323.61$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 103.04 2.28 2.28 134.04 136.32 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 296.97% 0.65 0.81 0.45 525 110.50$      3,473.56$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 103.04 1.67 1.67 98.50 100.17 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 74.01% 0.94 0.32 450 101.30$      1,817.77$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 99.47 0.00 3.95 224.49 228.44 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 111.90% 0.94 0.16 0.545 600 148.70$      1,318.10$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 98.81 5.41 9.36 528.29 537.65 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 263.36% 0.94 1.43 0.75 825 348.60$      28,273.87$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 103.04 2.51 2.51 147.81 150.32 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 180.61% 0.75 0.87 0.465 525 110.50$      4,345.96$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 99.21 0.86 3.37 190.86 194.23 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 143.52% 0.85 1.21 0.515 525 110.50$      6,810.45$         
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 94.39 1.56 4.93 265.55 270.47 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 199.85% 0.85 0.89 0.58 600 148.70$      6,786.19$         
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 91.14 0.87 5.80 301.87 307.67 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 150.71% 0.94 0.24 0.61 675 227.90$      3,057.61$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 90.32 0.27 6.07 313.19 319.26 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 156.39% 0.94 0.34 0.62 675 227.90$      4,354.00$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 103.04 2.39 2.39 140.74 143.13 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 105.76% 0.85 0.25 0.46 525 110.50$      1,384.81$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 101.92 0.42 2.81 163.84 166.66 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 123.14% 0.85 1.85 0.485 525 110.50$      10,458.52$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 94.30 1.32 4.14 222.73 226.86 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 67.46% 1.29 0.05 600 148.70$      594.45$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.15 94.11 2.55 6.68 359.28 365.96 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 108.82% 1.19 1.80 0.615 675 227.90$      29,304.51$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.95 87.86 1.74 8.43 422.95 431.38 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 128.27% 1.19 0.55 0.655 675 227.90$      8,882.26$         
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 86.14 0.74 15.24 749.56 764.79 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 227.41% 1.19 0.22 0.815 825 348.60$      5,399.78$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.72 85.48 0.00 15.24 743.80 759.04 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 225.70% 1.19 1.23 0.81 825 348.60$      30,722.06$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.95 81.92 10.23 25.47 1191.42 1216.89 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 361.84% 1.19 0.96 0.965 975 458.80$      31,542.63$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.91 79.37 0.00 25.47 1154.28 1179.75 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 350.79% 1.19 0.10 0.955 975 458.80$      3,342.48$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 103.04 1.14 1.14 67.25 68.39 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 148.98% 0.65 1.13 0.35 375 98.30$        4,319.53$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 98.13 0.00 1.14 64.04 65.19 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 142.01% 0.65 0.27 0.34 375 98.30$        1,046.68$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 97.02 0.65 1.80 99.48 101.28 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 49.61% 0.95 1.83 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.23 90.26 2.50 4.30 221.46 225.76 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 110.59% 0.94 0.54 0.545 600 148.70$      4,565.75$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.77 88.44 0.66 4.96 250.45 255.41 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 75.94% 1.32 1.34 600 148.70$      15,849.52$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.12 84.29 2.33 7.29 350.71 358.00 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 106.45% 1.19 1.07 0.61 675 227.90$      17,396.53$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.18 81.28 4.77 12.05 559.44 571.49 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 169.93% 1.19 0.20 0.73 750 300.50$      4,256.85$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.38 80.75 0.00 12.05 555.78 567.83 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 168.84% 1.19 0.87 0.725 750 300.50$      18,732.79$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.26 78.50 2.55 14.60 654.40 669.00 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 198.92% 1.19 0.24 0.775 825 348.60$      5,982.87$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.50 77.91 0.00 14.60 649.44 664.04 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 197.45% 1.19 0.60 0.77 825 348.60$      14,897.78$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.10 76.47 0.00 14.60 637.45 652.04 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 193.88% 1.19 0.77 0.765 825 348.60$      19,232.93$       
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Dillon Consulting Limited CITY OF HAMILTON
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 74 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 0.00 m3/s a 1049.5 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 8 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.803

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 60 0 0 0 0 0
375 63 56 59 77 0 0 0 55

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 103.04 0.00 0.00 12.76 12.76 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 6.25% 0.53 0.96 525 110.50$      3,393.95$         450 0 71 104 0 77 49 0 0
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 103.04 0.00 0.00 32.96 32.96 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 39.60% 0.72 1.46 375 98.30$        6,177.15$         525 138 112 139 82 70 0 208 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.46 96.80 0.00 0.00 81.99 81.99 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 40.16% 0.90 1.99 525 110.50$      11,898.93$       600 161 87 107 150 152 9 50 137
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.44 89.53 0.00 0.00 196.22 196.22 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 58.34% 1.25 0.73 600 148.70$      8,134.85$         675 0 126 14 243 0 0 200 76
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 14.17 87.16 0.00 0.00 209.51 209.51 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 62.30% 1.27 1.40 600 148.70$      15,815.36$       750 0 187 221 295 0 81 0 77

825 0 64 0 215 96 0 104 115
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 103.04 0.00 0.00 50.60 50.60 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 110.24% 0.65 1.43 0.31 375 98.30$        5,478.95$         900 0 0 0 0 0 0 0 0
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 103.04 0.00 0.00 93.19 93.19 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 203.01% 0.65 1.83 0.39 450 101.30$      7,215.41$         975 0 0 0 0 0 0 76 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 95.34 0.00 0.00 173.57 173.57 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 378.12% 0.65 0.34 0.495 525 110.50$      1,455.63$         1050 0 0 0 15 0 0 0 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 103.04 0.00 0.00 11.38 11.38 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 24.79% 0.55 0.32 300 79.70$        841.18$            1200 0 0 0 17 0 0 0 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 94.05 0.00 0.00 194.44 194.44 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 143.67% 0.85 1.93 0.515 525 110.50$      10,886.60$       1350 0 0 0 0 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 87.40 0.00 0.00 271.18 271.18 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 132.83% 0.94 1.06 0.58 600 148.70$      8,919.87$         1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 84.17 0.00 0.00 318.40 318.40 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 94.67% 1.36 0.33 600 148.70$      4,038.33$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.49 83.21 0.00 0.00 338.66 338.66 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 100.70% 1.19 1.12 0.605 675 227.90$      18,286.70$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.61 80.14 0.00 0.00 396.91 396.91 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 118.02% 1.19 0.64 0.635 675 227.90$      10,357.71$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.25 78.52 0.00 0.00 510.97 510.97 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 151.94% 1.19 0.15 0.7 750 300.50$      3,278.79$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.40 78.14 0.00 0.00 509.48 509.48 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 151.49% 1.19 0.06 0.7 750 300.50$      1,202.20$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.46 78.00 0.00 0.00 508.57 508.57 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 151.22% 1.19 0.13 0.7 750 300.50$      2,733.78$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.59 77.69 0.00 0.00 506.54 506.54 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 184.47% 0.97 1.10 0.75 825 348.60$      22,324.06$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.69 75.11 0.00 0.00 489.72 489.72 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 145.62% 1.19 0.15 0.69 750 300.50$      3,214.83$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.84 74.77 0.00 0.00 487.52 487.52 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 144.96% 1.19 2.13 0.685 750 300.50$      45,758.43$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 103.04 0.00 0.00 33.36 33.36 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 72.67% 0.72 1.39 300 79.70$        4,756.71$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.39 97.06 0.00 0.00 100.45 100.45 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 218.82% 0.65 1.47 0.4 450 101.30$      5,816.96$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 12.86 91.52 0.00 0.00 153.20 153.20 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 113.20% 0.85 1.62 0.47 525 110.50$      9,115.98$         
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.48 86.20 0.00 0.00 236.29 236.29 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 115.75% 0.94 1.90 0.555 600 148.70$      15,982.49$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.38 80.76 0.00 0.00 324.71 324.71 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 159.06% 0.94 0.25 0.62 675 227.90$      3,236.57$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 103.04 0.00 0.00 35.47 35.47 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 42.61% 0.73 1.33 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.33 97.30 0.00 0.00 97.06 97.06 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 71.71% 0.94 0.83 450 101.30$      4,727.69$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.16 94.06 0.00 0.00 155.30 155.30 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 114.75% 0.85 1.11 0.475 525 110.50$      6,242.20$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.63 80.10 0.00 0.00 506.07 506.07 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 150.48% 1.19 0.18 0.695 750 300.50$      3,892.78$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.81 79.63 0.00 0.00 512.90 512.90 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 152.51% 1.19 1.38 0.7 750 300.50$      29,672.56$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.20 76.23 0.00 0.00 564.67 564.67 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 167.90% 1.19 1.53 0.725 750 300.50$      32,751.56$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 103.04 0.00 0.00 65.75 65.75 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 143.23% 0.65 1.97 0.345 375 98.30$        7,545.49$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 94.79 0.00 0.00 160.16 160.16 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 192.44% 0.75 0.72 0.48 525 110.50$      3,609.21$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 92.13 0.00 0.00 195.99 195.99 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 144.81% 0.85 0.96 0.515 525 110.50$      5,424.74$         
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 88.83 0.00 0.00 251.55 251.55 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 185.87% 0.85 1.84 0.565 600 148.70$      13,933.89$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 103.04 0.00 0.00 206.91 206.91 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 732.96% 0.58 1.63 0.525 600 148.70$      8,387.12$         
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 96.09 0.00 0.00 293.39 293.39 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 639.15% 0.65 1.93 0.6 675 227.90$      17,096.41$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 89.14 0.00 0.00 325.22 325.22 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 390.76% 0.75 0.77 0.625 675 227.90$      7,933.94$         
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 86.66 0.00 0.00 316.19 316.19 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 233.63% 0.85 0.92 0.615 675 227.90$      10,706.50$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 83.21 0.00 0.00 650.36 650.36 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 318.57% 0.94 0.25 0.805 825 348.60$      5,009.78$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 82.49 0.00 0.00 663.90 663.90 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 197.41% 1.19 1.23 0.77 825 348.60$      30,512.74$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 79.22 0.00 0.00 705.51 705.51 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 209.78% 1.19 0.53 0.79 825 348.60$      13,208.64$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 103.04 0.00 0.00 403.16 403.16 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 66.12% 1.49 0.89 750 300.50$      24,040.91$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.89 99.11 0.00 0.00 494.18 494.18 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 81.04% 1.55 1.08 750 300.50$      30,082.13$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 11.97 94.79 0.00 0.00 666.93 666.93 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 84.83% 1.66 0.76 825 348.60$      26,363.35$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 103.04 0.00 0.00 164.79 164.79 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 35.79% 1.20 1.20 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.20 97.84 0.00 0.00 475.48 475.48 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 103.27% 1.29 1.49 0.68 750 300.50$      34,563.26$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 12.73 92.00 0.00 0.00 1094.37 1094.37 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 73.17% 1.91 0.13 1050 525.50$      7,948.67$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 77.90 0.00 0.00 1661.77 1661.77 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 111.10% 1.73 0.16 1.085 1200 658.60$      11,039.84$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 103.04 0.00 0.00 65.55 65.55 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 48.44% 0.86 1.49 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.49 96.65 0.00 0.00 145.08 145.08 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 107.20% 0.85 1.37 0.46 525 110.50$      7,752.82$         
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.87 91.50 0.00 0.00 222.31 222.31 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 108.90% 0.94 0.25 0.54 600 148.70$      2,107.07$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 13.12 90.63 0.00 0.00 220.19 220.19 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 107.86% 0.94 1.78 0.54 600 148.70$      14,941.85$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.89 84.94 0.00 0.00 290.20 290.20 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 142.15% 0.94 0.66 0.595 600 148.70$      5,576.85$         
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.56 83.02 0.00 0.00 750.47 750.47 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 223.15% 1.19 1.34 0.805 825 348.60$      33,323.61$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 103.04 0.00 0.00 134.04 134.04 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 292.01% 0.65 0.81 0.445 450 101.30$      3,184.36$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 103.04 0.00 0.00 98.50 98.50 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 72.78% 0.94 0.32 450 101.30$      1,817.77$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 99.47 0.00 0.00 224.49 224.49 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 109.97% 0.94 0.16 0.54 600 148.70$      1,318.10$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 98.81 0.00 0.00 528.29 528.29 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 258.78% 0.94 1.43 0.745 750 300.50$      24,372.63$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 103.04 0.00 0.00 147.81 147.81 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 177.60% 0.75 0.87 0.465 525 110.50$      4,345.96$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 99.21 0.00 0.00 190.86 190.86 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 141.03% 0.85 1.21 0.51 525 110.50$      6,810.45$         
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 94.39 0.00 0.00 265.55 265.55 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 196.21% 0.85 0.89 0.575 600 148.70$      6,786.19$         
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 91.14 0.00 0.00 301.87 301.87 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 147.87% 0.94 0.24 0.605 675 227.90$      3,057.61$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 90.32 0.00 0.00 313.19 313.19 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 153.41% 0.94 0.34 0.615 675 227.90$      4,354.00$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 103.04 0.00 0.00 140.74 140.74 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 103.99% 0.85 0.25 0.455 525 110.50$      1,384.81$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 101.92 0.00 0.00 163.84 163.84 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 121.06% 0.85 1.85 0.48 525 110.50$      10,458.52$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 94.30 0.00 0.00 222.73 222.73 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 66.23% 1.29 0.05 600 148.70$      594.45$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.15 94.11 0.00 0.00 359.28 359.28 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 106.83% 1.19 1.80 0.615 675 227.90$      29,304.51$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.95 87.85 0.00 0.00 422.95 422.95 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 125.76% 1.19 0.55 0.65 675 227.90$      8,882.26$         
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 86.14 0.00 0.00 749.55 749.55 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 222.88% 1.19 0.22 0.805 825 348.60$      5,399.78$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.72 85.48 0.00 0.00 743.80 743.80 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 221.16% 1.19 1.23 0.805 825 348.60$      30,722.06$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.95 81.92 0.00 0.00 1191.41 1191.41 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 354.26% 1.19 0.96 0.96 975 458.80$      31,542.63$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.91 79.37 0.00 0.00 1154.28 1154.28 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 343.22% 1.19 0.10 0.95 975 458.80$      3,342.48$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 103.04 0.00 0.00 67.25 67.25 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 146.49% 0.65 1.13 0.345 375 98.30$        4,319.53$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 98.13 0.00 0.00 64.04 64.04 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 139.52% 0.65 0.27 0.34 375 98.30$        1,046.68$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 97.02 0.00 0.00 99.48 99.48 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 48.73% 0.95 1.84 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.24 90.23 0.00 0.00 221.40 221.40 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 108.45% 0.94 0.54 0.54 600 148.70$      4,565.75$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.78 88.42 0.00 0.00 250.37 250.37 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 74.45% 1.32 1.35 600 148.70$      15,849.52$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.13 84.25 0.00 0.00 350.55 350.55 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 104.24% 1.19 1.07 0.605 675 227.90$      17,396.53$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.20 81.25 0.00 0.00 559.20 559.20 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 166.28% 1.19 0.20 0.725 750 300.50$      4,256.85$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.40 80.72 0.00 0.00 555.54 555.54 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 165.19% 1.19 0.87 0.72 750 300.50$      18,732.79$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.27 78.47 0.00 0.00 654.13 654.13 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 194.50% 1.19 0.24 0.765 825 348.60$      5,982.87$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.51 77.87 0.00 0.00 649.18 649.18 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 193.03% 1.19 0.60 0.765 825 348.60$      14,897.78$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.11 76.44 0.00 0.00 637.19 637.19 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 189.47% 1.19 0.77 0.76 825 348.60$      19,232.93$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 76 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 6.02 m3/s a 646 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 6 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.781

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 0 0 0 0 0 0
375 63 56 118 0 0 0 0 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 74.10 9.96 9.96 9.17 19.13 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 9.37% 0.60 0.85 525 110.50$      3,393.95$         450 0 0 0 77 77 0 0 55
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 74.10 25.72 25.72 23.70 49.43 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 59.39% 0.80 1.32 375 98.30$        6,177.15$         525 138 71 104 0 0 49 0 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.32 69.66 42.38 68.10 59.00 127.10 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 62.26% 1.01 1.78 525 110.50$      11,898.93$       600 55 13 139 33 70 0 147 0
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.10 64.52 98.17 176.22 141.41 317.63 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 94.45% 1.36 0.67 600 148.70$      8,134.85$         675 106 99 107 191 115 9 66 137
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 13.77 62.80 17.06 193.28 150.97 344.25 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 102.36% 1.19 1.49 0.605 675 227.90$      24,238.88$       750 0 167 0 251 38 0 207 76

825 0 45 14 295 0 0 39 0
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 74.10 39.49 39.49 36.39 75.88 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 165.31% 0.65 1.43 0.36 375 98.30$        5,478.95$         900 0 187 221 0 0 81 0 77
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 74.10 72.72 72.72 67.02 139.74 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 304.42% 0.65 1.83 0.455 525 110.50$      7,870.70$         975 0 64 0 201 0 0 104 115
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 68.10 73.67 146.39 123.97 270.36 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 588.98% 0.65 0.34 0.58 600 148.70$      1,958.85$         1050 0 0 0 14 96 0 0 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 74.10 8.88 8.88 8.18 17.06 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 37.17% 0.61 0.29 300 79.70$        841.18$            1200 0 0 0 15 0 0 76 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 67.10 10.96 166.23 138.72 304.95 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 225.32% 0.85 1.93 0.61 675 227.90$      22,453.00$       1350 0 0 0 17 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 62.02 83.26 249.48 192.42 441.91 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 216.47% 0.94 1.06 0.7 750 300.50$      18,025.71$       1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 59.58 54.68 304.16 225.36 529.52 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 157.45% 1.19 0.38 0.71 750 300.50$      8,160.85$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.54 58.75 23.10 327.26 239.12 566.38 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 168.41% 1.19 1.12 0.725 750 300.50$      24,112.12$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.66 56.46 70.96 398.22 279.63 677.85 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 201.56% 1.19 0.64 0.775 825 348.60$      15,843.34$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.30 55.25 85.57 523.28 359.59 882.86 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 262.52% 1.19 0.15 0.86 900 418.20$      4,563.03$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.45 54.97 1.01 524.28 358.44 882.72 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 262.48% 1.19 0.06 0.855 900 418.20$      1,673.08$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.51 54.87 0.00 524.28 357.77 882.06 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 262.28% 1.19 0.13 0.855 900 418.20$      3,804.55$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.63 54.64 0.00 524.28 356.27 880.55 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 320.67% 0.97 1.10 0.925 975 458.80$      29,381.18$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.73 52.73 0.00 524.28 343.84 868.12 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 258.13% 1.19 0.15 0.85 900 418.20$      4,474.02$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.88 52.48 0.00 524.28 342.22 866.51 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 257.65% 1.19 2.13 0.85 900 418.20$      63,681.11$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 74.10 26.03 26.03 23.99 50.02 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 108.97% 0.65 1.53 0.31 375 98.30$        5,866.81$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.53 68.99 57.18 83.21 71.40 154.61 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 336.82% 0.65 1.47 0.47 525 110.50$      6,345.25$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 13.01 64.78 51.39 134.60 108.44 243.04 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 179.58% 0.85 1.62 0.56 600 148.70$      12,267.39$       
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.62 60.78 85.82 220.42 166.61 387.03 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 189.59% 0.94 1.90 0.665 675 227.90$      24,495.02$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.52 56.74 102.86 323.28 228.12 551.40 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 270.10% 0.94 0.25 0.76 825 348.60$      4,950.71$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 74.10 27.68 27.68 25.51 53.18 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 63.90% 0.81 1.21 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.21 70.01 52.53 80.21 69.83 150.04 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 110.86% 0.85 0.91 0.465 525 110.50$      5,157.05$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.12 67.23 52.54 132.75 111.00 243.75 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 180.10% 0.85 1.11 0.56 600 148.70$      8,400.13$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.77 56.25 51.97 508.01 355.37 863.38 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 256.72% 1.19 0.18 0.85 900 418.20$      5,417.51$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.95 55.90 9.91 517.91 360.06 877.97 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 261.06% 1.19 1.38 0.855 900 418.20$      41,294.73$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.34 53.40 77.67 595.58 395.55 991.13 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 294.71% 1.19 1.53 0.895 900 418.20$      45,579.71$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 74.10 51.30 51.30 47.28 98.58 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 214.77% 0.65 1.97 0.4 450 101.30$      7,775.77$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 67.68 84.55 135.85 114.34 250.19 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 300.61% 0.75 0.72 0.565 600 148.70$      4,856.92$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 65.62 35.20 171.06 139.61 310.66 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 229.55% 0.85 0.96 0.61 675 227.90$      11,188.21$       
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 63.10 56.65 227.70 178.70 406.40 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 300.29% 0.85 1.84 0.675 750 300.50$      28,158.27$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 74.10 161.46 161.46 148.80 310.26 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 1099.08% 0.58 1.63 0.61 675 227.90$      12,854.23$       
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 68.68 84.04 245.50 209.69 455.19 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 991.64% 0.65 1.93 0.705 750 300.50$      22,542.65$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 63.34 47.86 293.36 231.09 524.46 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 630.15% 0.75 0.77 0.745 750 300.50$      10,461.38$       
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 61.46 0.00 293.36 224.23 517.60 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 382.45% 0.85 0.92 0.74 750 300.50$      14,117.17$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 58.85 107.38 628.45 459.99 1088.44 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 533.16% 0.94 0.25 0.98 1050 525.50$      7,552.03$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 58.32 18.65 647.10 469.31 1116.41 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 331.96% 1.19 1.23 0.935 975 458.80$      40,158.48$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 55.87 68.94 716.04 497.52 1213.56 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 360.85% 1.19 0.53 0.965 975 458.80$      17,384.17$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 74.10 314.61 314.61 289.93 604.54 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 99.14% 1.57 0.85 0.755 825 348.60$      27,889.06$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.85 71.16 86.33 400.94 354.83 755.77 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 123.94% 1.38 1.21 0.81 825 348.60$      34,897.27$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.06 67.41 164.77 565.71 474.28 1039.99 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 132.28% 1.47 0.86 0.91 975 458.80$      34,697.37$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 74.10 128.60 128.60 118.51 247.11 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 53.67% 1.33 1.08 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.08 70.41 262.16 390.76 342.18 732.94 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 159.19% 1.29 1.49 0.8 825 348.60$      40,095.68$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 12.92 65.01 0.00 956.47 773.37 1729.84 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 115.66% 1.73 0.15 1.105 1200 658.60$      9,961.92$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 54.88 42.79 1715.30 1170.76 2886.07 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 192.96% 1.73 0.16 1.335 1350 847.00$      14,197.91$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 74.10 51.15 51.15 47.14 98.29 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 72.63% 0.94 1.36 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.36 69.52 69.55 120.70 104.35 225.05 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 166.29% 0.85 1.37 0.545 600 148.70$      10,432.98$       
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.74 65.50 74.65 195.35 159.14 354.49 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 173.64% 0.94 0.25 0.645 675 227.90$      3,229.33$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 12.99 64.83 0.00 195.35 157.50 352.85 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 172.84% 0.94 1.78 0.64 675 227.90$      22,900.11$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.76 60.45 79.36 274.71 206.54 481.25 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 235.74% 0.94 0.66 0.72 750 300.50$      11,269.97$       
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.43 58.99 452.17 726.88 533.25 1260.13 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 374.70% 1.19 1.34 0.98 1050 525.50$      50,233.96$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 74.10 104.60 104.60 96.39 200.99 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 437.87% 0.65 0.81 0.52 525 110.50$      3,473.56$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 74.10 76.86 76.86 70.83 147.70 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 109.13% 0.85 0.35 0.465 525 110.50$      1,982.86$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 71.31 0.00 181.46 160.92 342.39 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 167.72% 0.94 0.16 0.635 675 227.90$      2,020.14$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 70.79 248.42 429.88 378.47 808.35 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 395.96% 0.94 1.43 0.875 900 418.20$      33,918.91$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 74.10 115.34 115.34 106.30 221.64 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 266.30% 0.75 0.87 0.54 600 148.70$      5,848.37$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 71.10 39.35 154.69 136.79 291.48 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 215.37% 0.85 1.21 0.6 675 227.90$      14,046.16$       
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 67.36 71.52 226.21 189.51 415.73 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 307.18% 0.85 0.89 0.685 750 300.50$      13,713.86$       
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 64.87 40.10 266.31 214.85 481.16 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 235.69% 0.94 0.24 0.72 750 300.50$      4,031.64$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 64.24 12.49 278.80 222.76 501.57 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 245.69% 0.94 0.34 0.73 750 300.50$      5,741.01$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 74.10 109.83 109.83 101.21 211.04 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 155.93% 0.85 0.25 0.53 600 148.70$      1,863.53$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.25 73.22 19.43 129.25 117.71 246.96 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 182.48% 0.85 1.85 0.56 600 148.70$      14,074.04$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.10 67.30 60.65 189.90 158.94 348.85 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 103.73% 1.19 0.06 0.605 675 227.90$      911.06$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.16 67.14 117.06 306.96 256.30 563.26 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 167.48% 1.19 1.80 0.725 750 300.50$      38,639.78$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.96 62.35 80.12 387.09 300.18 687.26 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 204.36% 1.19 0.55 0.78 825 348.60$      13,586.46$       
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.50 61.05 33.78 699.67 531.26 1230.93 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 366.01% 1.19 0.22 0.97 975 458.80$      7,106.77$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.72 60.55 0.00 699.67 526.91 1226.58 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 364.72% 1.19 1.23 0.97 975 458.80$      40,433.97$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.96 57.88 469.73 1169.41 841.72 2011.13 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 598.00% 1.19 0.96 1.165 1200 658.60$      45,278.94$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.92 55.97 0.00 1169.41 813.96 1983.37 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 589.75% 1.19 0.10 1.16 1200 658.60$      4,798.08$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 74.10 52.48 52.48 48.36 100.83 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 219.67% 0.65 1.13 0.4 450 101.30$      4,451.36$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 70.26 0.00 52.48 45.85 98.33 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 214.21% 0.65 0.27 0.4 450 101.30$      1,078.63$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 69.40 29.97 82.45 71.16 153.61 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 75.24% 1.05 1.67 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.07 64.62 114.85 197.30 158.55 355.85 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 174.31% 0.94 0.54 0.645 675 227.90$      6,997.54$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.61 63.22 30.39 227.69 179.01 406.69 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 120.93% 1.19 1.49 0.64 675 227.90$      24,291.23$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.10 59.69 106.87 334.55 248.37 582.92 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 173.33% 1.19 1.07 0.735 750 300.50$      22,938.39$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.17 57.43 218.85 553.41 395.28 948.69 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 282.09% 1.19 0.20 0.88 900 418.20$      5,924.18$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.37 57.03 0.00 553.41 392.54 945.95 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 281.28% 1.19 0.87 0.88 900 418.20$      26,070.06$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.24 55.35 116.88 670.29 461.44 1131.73 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 336.52% 1.19 0.24 0.94 975 458.80$      7,874.19$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.48 54.91 0.00 670.29 457.74 1128.03 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 335.42% 1.19 0.60 0.94 975 458.80$      19,607.29$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.08 53.84 0.00 670.29 448.83 1119.12 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 332.77% 1.19 0.77 0.935 975 458.80$      25,312.88$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 75.5 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 1.54 m3/s a 646 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 6 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.781

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 11 60 0 0 0 0 0
375 63 56 59 77 0 0 0 55

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 74.10 2.54 2.54 9.17 11.71 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 5.74% 0.52 0.98 525 110.50$      3,393.95$         450 0 71 104 0 77 49 0 0
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 74.10 6.56 6.56 23.70 30.27 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 36.37% 0.70 1.49 375 98.30$        6,177.15$         525 138 112 139 138 70 0 208 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.49 69.12 10.82 17.38 58.55 75.92 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 37.19% 0.89 2.03 525 110.50$      11,898.93$       600 161 87 107 169 152 9 63 137
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.52 63.45 25.05 44.97 139.06 184.03 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 54.72% 1.23 0.74 600 148.70$      8,134.85$         675 0 126 14 168 0 0 187 76
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 14.26 61.63 4.35 49.33 148.15 197.48 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 58.72% 1.25 1.42 600 148.70$      15,815.36$       750 0 251 221 295 0 81 0 77

825 0 0 0 215 96 0 104 115
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 74.10 10.08 10.08 36.39 46.47 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 101.23% 0.65 1.43 0.305 375 98.30$        5,478.95$         900 0 0 0 0 0 0 0 0
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 74.10 18.56 18.56 67.02 85.58 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 186.43% 0.65 1.83 0.38 450 101.30$      7,215.41$         975 0 0 0 0 0 0 76 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 68.10 18.80 37.36 123.97 161.33 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 351.46% 0.65 0.34 0.48 525 110.50$      1,455.63$         1050 0 0 0 15 0 0 0 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 74.10 2.27 2.27 8.18 10.45 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 22.76% 0.53 0.33 300 79.70$        841.18$            1200 0 0 0 17 0 0 0 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 67.10 2.80 42.42 138.72 181.15 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 133.85% 0.85 1.93 0.5 525 110.50$      10,886.60$       1350 0 0 0 0 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 62.02 21.25 63.67 192.42 256.09 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 125.44% 0.94 1.06 0.57 600 148.70$      8,919.87$         1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 59.58 13.95 77.62 225.36 302.98 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 90.09% 1.35 0.33 600 148.70$      4,038.33$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.49 58.85 5.89 83.52 239.52 323.04 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 96.05% 1.36 0.99 0.605 675 227.90$      18,286.70$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.48 56.82 18.11 101.62 281.42 383.04 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 113.90% 1.19 0.64 0.63 675 227.90$      10,357.71$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.11 55.60 21.84 133.54 361.82 495.36 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 147.29% 1.19 0.15 0.69 750 300.50$      3,278.79$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.27 55.31 0.26 133.80 360.65 494.45 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 147.02% 1.19 0.06 0.69 750 300.50$      1,202.20$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.32 55.21 0.00 133.80 359.97 493.77 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 146.82% 1.19 0.13 0.69 750 300.50$      2,733.78$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.45 54.97 0.00 133.80 358.44 492.24 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 179.26% 0.97 1.10 0.745 750 300.50$      19,243.78$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.55 53.04 0.00 133.80 345.85 479.65 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 142.62% 1.19 0.15 0.685 750 300.50$      3,214.83$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.70 52.79 0.00 133.80 344.21 478.00 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 142.13% 1.19 2.13 0.68 750 300.50$      45,758.43$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 74.10 6.64 6.64 23.99 30.63 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 66.73% 0.70 1.41 300 79.70$        4,756.71$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.41 69.36 14.59 21.24 71.77 93.01 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 202.62% 0.65 1.47 0.39 450 101.30$      5,816.96$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 12.89 65.09 13.11 34.35 108.96 143.31 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 105.89% 0.85 1.62 0.46 525 110.50$      9,115.98$         
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.50 61.05 21.90 56.25 167.36 223.61 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 109.53% 0.94 1.90 0.54 600 148.70$      15,982.49$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.40 56.97 26.25 82.50 229.05 311.55 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 152.61% 0.94 0.25 0.615 675 227.90$      3,236.57$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 74.10 7.06 7.06 25.51 32.57 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 39.13% 0.72 1.36 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.36 69.52 13.41 20.47 69.35 89.82 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 66.36% 0.92 0.85 450 101.30$      4,727.69$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.21 66.99 13.41 33.88 110.60 144.47 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 106.75% 0.85 1.11 0.46 525 110.50$      6,242.20$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.65 56.47 13.26 129.64 356.81 486.45 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 144.64% 1.19 0.18 0.685 750 300.50$      3,892.78$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.84 56.12 2.53 132.17 361.50 493.67 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 146.79% 1.19 1.38 0.69 750 300.50$      29,672.56$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.22 53.60 19.82 151.99 397.05 549.04 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 163.25% 1.19 1.53 0.72 750 300.50$      32,751.56$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 74.10 13.09 13.09 47.28 60.37 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 131.52% 0.65 1.97 0.33 375 98.30$        7,545.49$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 67.68 21.58 34.67 114.34 149.01 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 179.04% 0.75 0.72 0.465 525 110.50$      3,609.21$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 65.62 8.98 43.65 139.61 183.26 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 135.41% 0.85 0.96 0.505 525 110.50$      5,424.74$         
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 63.10 14.46 58.11 178.70 236.81 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 174.98% 0.85 1.84 0.555 600 148.70$      13,933.89$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 74.10 41.20 41.20 148.80 190.00 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 673.07% 0.58 1.63 0.51 525 110.50$      6,232.53$         
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 68.68 21.45 62.65 209.69 272.34 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 593.30% 0.65 1.93 0.585 600 148.70$      11,155.05$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 63.34 12.21 74.87 231.09 305.96 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 367.62% 0.75 0.77 0.61 675 227.90$      7,933.94$         
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 61.46 0.00 74.87 224.23 299.10 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 221.00% 0.85 0.92 0.605 675 227.90$      10,706.50$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 58.85 27.40 160.38 459.99 620.37 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 303.88% 0.94 0.25 0.795 825 348.60$      5,009.78$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 58.32 4.76 165.14 469.31 634.45 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 188.65% 1.19 1.23 0.76 825 348.60$      30,512.74$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 55.87 17.59 182.73 497.52 680.26 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 202.27% 1.19 0.53 0.78 825 348.60$      13,208.64$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 74.10 80.29 80.29 289.93 370.22 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 60.71% 1.46 0.91 750 300.50$      24,040.91$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.91 70.96 22.03 102.32 353.85 456.17 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 74.81% 1.53 1.09 750 300.50$      30,082.13$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.00 67.58 42.05 144.37 475.48 619.85 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 78.84% 1.64 0.77 825 348.60$      26,363.35$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 74.10 32.82 32.82 118.51 151.33 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 32.87% 1.17 1.23 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.23 69.95 66.90 99.72 339.93 439.65 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 95.49% 1.47 1.31 0.68 750 300.50$      34,563.26$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 12.77 65.42 0.00 244.09 778.15 1022.24 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 68.35% 1.88 0.13 1050 525.50$      7,948.67$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 54.88 10.92 437.74 1170.76 1608.51 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 107.54% 1.73 0.16 1.075 1200 658.60$      11,039.84$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 74.10 13.05 13.05 47.14 60.20 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 44.48% 0.84 1.53 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.53 69.01 17.75 30.80 103.59 134.39 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 99.30% 0.97 1.21 0.455 525 110.50$      7,752.82$         
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.74 65.50 19.05 49.85 159.13 208.99 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 102.37% 0.94 0.25 0.53 600 148.70$      2,107.07$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 12.99 64.82 0.00 49.85 157.49 207.34 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 101.57% 0.94 1.78 0.53 600 148.70$      14,941.85$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.76 60.45 20.25 70.11 206.53 276.64 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 135.51% 0.94 0.66 0.585 600 148.70$      5,576.85$         
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.43 58.99 115.39 185.50 533.24 718.73 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 213.71% 1.19 1.34 0.795 825 348.60$      33,323.61$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 74.10 26.69 26.69 96.39 123.09 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 268.15% 0.65 0.81 0.435 450 101.30$      3,184.36$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 74.10 19.62 19.62 70.83 90.45 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 66.83% 0.92 0.32 450 101.30$      1,817.77$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 71.31 0.00 46.31 160.92 207.23 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 101.51% 0.94 0.16 0.53 600 148.70$      1,318.10$         

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 70.79 63.40 109.70 378.47 488.18 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 239.13% 0.94 1.43 0.725 750 300.50$      24,372.63$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 74.10 29.44 29.44 106.30 135.73 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 163.08% 0.75 0.87 0.45 525 110.50$      4,345.96$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 71.10 10.04 39.48 136.79 176.26 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 130.24% 0.85 1.21 0.495 525 110.50$      6,810.45$         
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 67.36 18.25 57.73 189.51 247.24 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 182.69% 0.85 0.89 0.56 600 148.70$      6,786.19$         
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 64.87 10.23 67.96 214.85 282.82 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 138.54% 0.94 0.24 0.59 600 148.70$      1,995.03$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 64.24 3.19 71.15 222.76 293.91 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 143.97% 0.94 0.34 0.6 675 227.90$      4,354.00$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 74.10 28.03 28.03 101.21 129.24 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 95.49% 0.97 0.22 0.455 525 110.50$      1,384.81$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.22 73.33 4.96 32.99 117.88 150.86 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 111.47% 0.85 1.85 0.47 525 110.50$      10,458.52$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.07 67.39 15.48 48.46 159.15 207.61 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 61.73% 1.27 0.05 600 148.70$      594.45$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.12 67.23 29.87 78.34 256.67 335.01 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 99.61% 1.35 1.59 0.605 675 227.90$      29,304.51$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.71 62.96 20.45 98.78 303.09 401.87 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 119.50% 1.19 0.55 0.64 675 227.90$      8,882.26$         
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.26 61.63 8.62 178.56 536.27 714.83 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 212.55% 1.19 0.22 0.79 825 348.60$      5,399.78$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.47 61.12 0.00 178.56 531.83 710.39 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 211.23% 1.19 1.23 0.79 825 348.60$      30,722.06$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.71 58.39 119.87 298.43 849.14 1147.57 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 341.23% 1.19 0.96 0.945 975 458.80$      31,542.63$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.67 56.44 0.00 298.43 820.83 1119.26 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 332.81% 1.19 0.10 0.935 975 458.80$      3,342.48$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 74.10 13.39 13.39 48.36 61.75 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 134.52% 0.65 1.13 0.335 375 98.30$        4,319.53$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 70.26 0.00 13.39 45.85 59.25 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 129.07% 0.65 0.27 0.33 375 98.30$        1,046.68$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 69.40 7.65 21.04 71.16 92.20 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 45.16% 0.93 1.87 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.27 64.08 29.31 50.35 157.23 207.58 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 101.68% 0.94 0.54 0.53 600 148.70$      4,565.75$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.81 62.70 7.76 58.11 177.56 235.66 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 70.07% 1.30 1.37 600 148.70$      15,849.52$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.18 59.52 27.27 85.38 247.67 333.04 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 99.03% 1.35 0.94 0.605 675 227.90$      17,396.53$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.12 57.53 55.85 141.23 395.99 537.21 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 159.74% 1.19 0.20 0.71 750 300.50$      4,256.85$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.32 57.13 0.00 141.23 393.23 534.46 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 158.92% 1.19 0.87 0.71 750 300.50$      18,732.79$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.19 55.45 29.83 171.06 462.22 633.28 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 188.30% 1.19 0.24 0.755 825 348.60$      5,982.87$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.43 55.00 0.00 171.06 458.51 629.57 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 187.20% 1.19 0.60 0.755 825 348.60$      14,897.78$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.03 53.93 0.00 171.06 449.56 620.62 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 184.54% 1.19 0.77 0.75 825 348.60$      19,232.93$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 75 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 0.40 m3/s a 646 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 6 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.781

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 66 60 0 0 0 0 0
375 63 71 116 77 0 0 0 55

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 74.10 0.66 0.66 9.17 9.83 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 4.82% 0.49 1.04 525 110.50$      3,393.95$         450 0 13 186 33 147 49 147 0
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 74.10 1.70 1.70 23.70 25.40 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 30.52% 0.67 1.56 375 98.30$        6,177.15$         525 138 99 107 199 115 9 107 135
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.56 68.90 2.80 4.50 58.36 62.86 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 30.79% 0.84 2.13 525 110.50$      11,898.93$       600 161 213 14 157 38 0 165 183
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.69 63.01 6.48 11.64 138.09 149.72 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 44.52% 1.17 0.78 600 148.70$      8,134.85$         675 0 187 221 201 0 0 39 77
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 14.47 61.13 1.13 12.76 146.94 159.70 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 47.49% 1.19 1.49 600 148.70$      15,815.36$       750 0 64 0 320 96 81 104 115

825 0 0 0 76 0 0 0 0
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 74.10 2.61 2.61 36.39 39.00 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 84.96% 0.73 1.27 300 79.70$        4,442.24$         900 0 0 0 0 0 0 76 0
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 74.10 4.80 4.80 67.02 71.82 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 156.46% 0.65 1.83 0.355 375 98.30$        7,001.72$         975 0 0 0 0 0 0 0 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 68.10 4.86 9.67 123.97 133.64 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 291.13% 0.65 0.34 0.445 450 101.30$      1,334.44$         1050 0 0 0 32 0 0 0 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 74.10 0.59 0.59 8.18 8.77 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 19.10% 0.51 0.35 300 79.70$        841.18$            1200 0 0 0 0 0 0 0 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 67.10 0.72 10.98 138.72 149.70 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 110.61% 0.85 1.93 0.465 525 110.50$      10,886.60$       1350 0 0 0 0 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 62.02 5.50 16.47 192.42 208.90 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 102.33% 0.94 1.06 0.53 600 148.70$      8,919.87$         1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 59.58 3.61 20.08 225.36 245.45 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 72.98% 1.31 0.35 600 148.70$      4,038.33$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.50 58.83 1.52 21.61 239.43 261.04 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 77.62% 1.33 1.01 600 148.70$      11,931.69$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.51 56.76 4.69 26.29 281.10 307.40 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 91.40% 1.35 0.56 600 148.70$      6,758.19$         1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.07 55.68 5.65 34.55 362.37 396.93 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 118.02% 1.19 0.15 0.635 675 227.90$      2,486.64$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.22 55.40 0.07 34.62 361.20 395.82 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 117.70% 1.19 0.06 0.635 675 227.90$      911.76$            2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.28 55.29 0.00 34.62 360.52 395.14 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 117.49% 1.19 0.13 0.635 675 227.90$      2,073.30$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.40 55.06 0.00 34.62 358.99 393.61 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 143.34% 0.97 1.10 0.685 750 300.50$      19,243.78$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.50 53.12 0.00 34.62 346.35 380.97 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 113.28% 1.19 0.15 0.625 675 227.90$      2,438.14$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.65 52.87 0.00 34.62 344.70 379.32 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 112.79% 1.19 2.13 0.625 675 227.90$      34,703.31$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 74.10 1.72 1.72 23.99 25.71 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 56.01% 0.68 1.47 300 79.70$        4,756.71$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.47 69.18 3.78 5.49 71.59 77.09 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 167.93% 0.65 1.47 0.365 375 98.30$        5,644.69$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 12.95 64.94 3.39 8.89 108.71 117.60 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 86.89% 0.96 1.43 450 101.30$      8,357.00$         
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.37 61.36 5.67 14.55 168.22 182.77 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 89.53% 1.07 1.67 525 110.50$      11,876.70$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.04 57.70 6.79 21.35 231.99 253.33 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 124.09% 0.94 0.25 0.565 600 148.70$      2,111.79$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 74.10 1.83 1.83 25.51 27.33 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 32.84% 0.68 1.43 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.43 69.32 3.47 5.30 69.15 74.44 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 55.00% 0.88 0.88 450 101.30$      4,727.69$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.31 66.70 3.47 8.77 110.12 118.88 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 87.84% 0.97 0.97 450 101.30$      5,722.48$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.29 57.19 3.43 33.54 361.34 394.88 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 117.42% 1.19 0.18 0.635 675 227.90$      2,952.29$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.47 56.83 0.65 34.20 366.06 400.25 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 119.01% 1.19 1.38 0.64 675 227.90$      22,503.75$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 17.86 54.24 5.13 39.32 401.76 441.08 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 131.15% 1.19 1.53 0.66 675 227.90$      24,838.87$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 74.10 3.39 3.39 47.28 50.67 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 110.38% 0.65 1.97 0.31 375 98.30$        7,545.49$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 67.68 5.58 8.97 114.34 123.31 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 148.16% 0.75 0.72 0.435 450 101.30$      3,308.71$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 65.62 2.32 11.29 139.61 150.90 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 111.50% 0.85 0.96 0.47 525 110.50$      5,424.74$         
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 63.10 3.74 15.03 178.70 193.74 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 143.15% 0.85 1.84 0.515 525 110.50$      10,354.37$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 74.10 10.66 10.66 148.80 159.46 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 564.87% 0.58 1.63 0.475 525 110.50$      6,232.53$         
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 68.68 5.55 16.21 209.69 225.90 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 492.13% 0.65 1.93 0.545 600 148.70$      11,155.05$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 63.34 3.16 19.37 231.09 250.47 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 300.94% 0.75 0.77 0.565 600 148.70$      5,176.73$         
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 61.46 0.00 19.37 224.23 243.60 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 179.99% 0.85 0.92 0.56 600 148.70$      6,985.77$         

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 58.85 7.09 41.50 459.99 501.48 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 245.65% 0.94 0.25 0.73 750 300.50$      4,318.53$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 58.32 1.23 42.73 469.31 512.04 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 152.25% 1.19 1.23 0.7 750 300.50$      26,302.58$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 55.87 4.55 47.28 497.52 544.80 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 162.00% 1.19 0.53 0.715 750 300.50$      11,386.10$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 74.10 20.77 20.77 289.93 310.70 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 50.95% 1.40 0.95 750 300.50$      24,040.91$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.95 70.84 5.70 26.47 353.23 379.70 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 62.27% 1.47 1.13 750 300.50$      30,082.13$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.08 67.35 10.88 37.35 473.82 511.17 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 65.02% 1.58 0.80 825 348.60$      26,363.35$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 74.10 8.49 8.49 118.51 127.00 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 27.58% 1.11 1.29 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.29 69.76 17.31 25.80 339.01 364.81 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 79.24% 1.44 1.33 675 227.90$      26,212.87$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 12.88 65.12 0.00 63.15 774.61 837.76 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 56.01% 1.80 0.14 1050 525.50$      7,948.67$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 54.88 2.83 113.26 1170.76 1284.02 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 85.85% 1.96 0.14 1050 525.50$      8,808.74$         

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 74.10 3.38 3.38 47.14 50.52 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 37.33% 0.80 1.60 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.60 68.79 4.59 7.97 103.27 111.23 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 82.19% 0.96 1.22 450 101.30$      7,107.34$         
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.82 65.28 4.93 12.90 158.60 171.50 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 84.01% 1.06 0.22 525 110.50$      1,565.78$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 13.04 64.69 0.00 12.90 157.16 170.06 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 83.30% 1.06 1.57 525 110.50$      11,103.39$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.61 60.79 5.24 18.14 207.70 225.84 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 110.63% 0.94 0.66 0.545 600 148.70$      5,576.85$         
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.28 59.31 29.86 47.99 536.16 584.16 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 173.70% 1.19 1.34 0.735 750 300.50$      28,725.60$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 74.10 6.91 6.91 96.39 103.30 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 225.04% 0.65 0.81 0.405 450 101.30$      3,184.36$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 74.10 5.08 5.08 70.83 75.91 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 56.09% 0.89 0.34 450 101.30$      1,817.77$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 71.31 0.00 11.98 160.92 172.91 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 84.70% 1.07 0.14 525 110.50$      979.49$            

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.95 70.85 16.40 28.38 378.79 407.17 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 199.45% 0.94 1.43 0.675 750 300.50$      24,372.63$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 74.10 7.62 7.62 106.30 113.91 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 136.87% 0.75 0.87 0.42 450 101.30$      3,984.13$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 71.10 2.60 10.21 136.79 147.00 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 108.62% 0.85 1.21 0.465 525 110.50$      6,810.45$         
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 67.36 4.72 14.94 189.51 204.45 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 151.07% 0.85 0.89 0.525 525 110.50$      5,042.87$         
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 64.87 2.65 17.58 214.85 232.44 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 113.86% 0.94 0.24 0.55 600 148.70$      1,995.03$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 64.24 0.82 18.41 222.76 241.17 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 118.14% 0.94 0.34 0.555 600 148.70$      2,840.89$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 74.10 7.25 7.25 101.21 108.46 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 80.14% 0.95 0.22 450 101.30$      1,269.51$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.22 73.32 1.28 8.53 117.86 126.39 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 93.39% 0.97 1.63 450 101.30$      9,587.76$         
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 11.85 68.04 4.00 12.54 160.71 173.25 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 51.51% 1.21 0.05 600 148.70$      594.45$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 11.90 67.88 7.73 20.27 259.15 279.42 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 83.08% 1.34 1.60 600 148.70$      19,120.58$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.50 63.50 5.29 25.56 305.68 331.24 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 98.49% 1.35 0.48 0.605 675 227.90$      8,882.26$         
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 13.98 62.30 2.23 46.20 542.11 588.31 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 174.93% 1.19 0.22 0.735 750 300.50$      4,654.72$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.20 61.78 0.00 46.20 537.56 583.76 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 173.58% 1.19 1.23 0.735 750 300.50$      26,483.01$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.43 58.98 31.02 77.21 857.76 934.97 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 278.01% 1.19 0.96 0.875 900 418.20$      28,751.37$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.39 56.99 0.00 77.21 828.80 906.02 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 269.40% 1.19 0.10 0.865 900 418.20$      3,046.70$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 74.10 3.46 3.46 48.36 51.82 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 112.90% 0.65 1.13 0.315 375 98.30$        4,319.53$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 70.26 0.00 3.46 45.85 49.32 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 107.44% 0.65 0.27 0.31 375 98.30$        1,046.68$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 69.40 1.98 5.44 71.16 76.60 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 37.52% 0.89 1.96 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.36 63.84 7.58 13.03 156.65 169.68 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 83.12% 1.06 0.48 525 110.50$      3,392.84$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.84 62.63 2.01 15.03 177.35 192.38 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 57.20% 1.24 1.43 600 148.70$      15,849.52$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.27 59.32 7.06 22.09 246.82 268.91 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 79.96% 1.33 0.95 600 148.70$      11,350.88$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.23 57.32 14.45 36.54 394.53 431.07 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 128.18% 1.19 0.20 0.655 675 227.90$      3,228.41$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.43 56.93 0.00 36.54 391.80 428.34 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 127.37% 1.19 0.87 0.655 675 227.90$      14,207.00$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.30 55.25 7.72 44.26 460.60 504.85 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 150.12% 1.19 0.24 0.695 750 300.50$      5,157.35$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.54 54.81 0.00 44.26 456.92 501.17 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 149.02% 1.19 0.60 0.695 750 300.50$      12,842.18$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.14 53.75 0.00 44.26 448.04 492.30 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 146.38% 1.19 0.77 0.69 750 300.50$      16,579.16$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 74.5 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 0.13 m3/s a 646 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 6 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.781

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 66 60 0 0 0 0 0
375 63 71 116 77 0 0 0 55

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 74.10 0.22 0.22 9.17 9.39 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 4.60% 0.49 1.05 525 110.50$      3,393.95$         450 0 13 186 33 147 49 147 0
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 74.10 0.56 0.56 23.70 24.26 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 29.15% 0.66 1.58 375 98.30$        6,177.15$         525 138 99 107 199 115 9 107 135
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.58 68.84 0.92 1.48 58.31 59.79 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 29.29% 0.83 2.16 525 110.50$      11,898.93$       600 161 213 14 157 38 0 204 183
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.74 62.89 2.14 3.84 137.82 141.66 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 42.12% 1.15 0.79 600 148.70$      8,134.85$         675 0 251 221 201 0 81 0 132
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 14.53 60.99 0.37 4.21 146.60 150.81 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 44.84% 1.17 1.51 600 148.70$      15,815.36$       750 0 0 0 320 96 0 104 60

825 0 0 0 76 0 0 0 0
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 74.10 0.86 0.86 36.39 37.25 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 81.15% 0.73 1.27 300 79.70$        4,442.24$         900 0 0 0 0 0 0 76 0
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 74.10 1.58 1.58 67.02 68.60 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 149.45% 0.65 1.83 0.35 375 98.30$        7,001.72$         975 0 0 0 0 0 0 0 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 68.10 1.60 3.19 123.97 127.16 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 277.02% 0.65 0.34 0.44 450 101.30$      1,334.44$         1050 0 0 0 32 0 0 0 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 74.10 0.19 0.19 8.18 8.38 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 18.25% 0.50 0.35 300 79.70$        841.18$            1200 0 0 0 0 0 0 0 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 67.10 0.24 3.62 138.72 142.34 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 105.18% 0.85 1.93 0.46 525 110.50$      10,886.60$       1350 0 0 0 0 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 62.02 1.81 5.43 192.42 197.86 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 96.92% 1.07 0.93 0.53 600 148.70$      8,919.87$         1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.03 59.86 1.19 6.62 226.44 233.07 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 69.30% 1.30 0.35 600 148.70$      4,038.33$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.38 59.10 0.50 7.13 240.53 247.65 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 73.64% 1.31 1.02 600 148.70$      11,931.69$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.39 56.99 1.55 8.67 282.24 290.91 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 86.50% 1.35 0.56 600 148.70$      6,758.19$         1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 16.96 55.90 1.86 11.40 363.77 375.16 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 111.55% 1.19 0.15 0.625 675 227.90$      2,486.64$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.11 55.61 0.02 11.42 362.58 374.00 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 111.21% 1.19 0.06 0.62 675 227.90$      911.76$            2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.16 55.50 0.00 11.42 361.90 373.31 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 111.00% 1.19 0.13 0.62 675 227.90$      2,073.30$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.29 55.26 0.00 11.42 360.35 371.77 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 135.39% 0.97 1.10 0.67 675 227.90$      14,594.53$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.39 53.31 0.00 11.42 347.60 359.02 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 106.75% 1.19 0.15 0.615 675 227.90$      2,438.14$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.54 53.06 0.00 11.42 345.94 357.36 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 106.26% 1.19 2.13 0.61 675 227.90$      34,703.31$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 74.10 0.57 0.57 23.99 24.56 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 53.50% 0.67 1.49 300 79.70$        4,756.71$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.49 69.13 1.25 1.81 71.54 73.35 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 159.80% 0.65 1.47 0.355 375 98.30$        5,644.69$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 12.96 64.90 1.12 2.93 108.64 111.57 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 82.44% 0.96 1.43 450 101.30$      8,357.00$         
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.40 61.30 1.87 4.80 168.05 172.85 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 84.67% 1.07 1.68 525 110.50$      11,876.70$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.08 57.63 2.24 7.04 231.69 238.73 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 116.94% 0.94 0.25 0.555 600 148.70$      2,111.79$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 74.10 0.60 0.60 25.51 26.11 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 31.37% 0.68 1.44 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.44 69.26 1.14 1.75 69.09 70.84 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 52.34% 0.87 0.89 450 101.30$      4,727.69$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.34 66.62 1.14 2.89 109.98 112.87 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 83.40% 0.96 0.98 450 101.30$      5,722.48$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.33 57.12 1.13 11.06 360.88 371.94 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 110.59% 1.19 0.18 0.62 675 227.90$      2,952.29$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.51 56.76 0.22 11.28 365.59 376.87 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 112.06% 1.19 1.38 0.625 675 227.90$      22,503.75$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 17.89 54.18 1.69 12.97 401.28 414.25 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 123.18% 1.19 1.53 0.645 675 227.90$      24,838.87$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 74.10 1.12 1.12 47.28 48.40 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 105.43% 0.65 1.97 0.305 375 98.30$        7,545.49$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 67.68 1.84 2.96 114.34 117.30 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 140.94% 0.75 0.72 0.425 450 101.30$      3,308.71$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 65.62 0.77 3.73 139.61 143.33 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 105.91% 0.85 0.96 0.46 525 110.50$      5,424.74$         
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 63.10 1.23 4.96 178.70 183.66 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 135.70% 0.85 1.84 0.505 525 110.50$      10,354.37$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 74.10 3.52 3.52 148.80 152.31 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 539.56% 0.58 1.63 0.47 525 110.50$      6,232.53$         
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 68.68 1.83 5.35 209.69 215.04 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 468.46% 0.65 1.93 0.535 600 148.70$      11,155.05$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 63.34 1.04 6.39 231.09 237.48 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 285.34% 0.75 0.77 0.555 600 148.70$      5,176.73$         
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 61.46 0.00 6.39 224.23 230.62 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 170.40% 0.85 0.92 0.55 600 148.70$      6,985.77$         

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 58.85 2.34 13.69 459.99 473.67 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 232.03% 0.94 0.25 0.715 750 300.50$      4,318.53$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 58.32 0.41 14.09 469.31 483.40 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 143.74% 1.19 1.23 0.685 750 300.50$      26,302.58$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 55.87 1.50 15.59 497.52 513.12 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 152.57% 1.19 0.53 0.7 750 300.50$      11,386.10$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 74.10 6.85 6.85 289.93 296.78 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 48.67% 1.39 0.96 750 300.50$      24,040.91$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.96 70.80 1.88 8.73 353.05 361.78 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 59.33% 1.46 1.15 750 300.50$      30,082.13$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.11 67.28 3.59 12.32 473.35 485.67 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 61.77% 1.57 0.80 825 348.60$      26,363.35$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 74.10 2.80 2.80 118.51 121.31 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 26.35% 1.10 1.30 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.30 69.71 5.71 8.51 338.76 347.27 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 75.43% 1.43 1.34 675 227.90$      26,212.87$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 12.91 65.03 0.00 20.83 773.57 794.40 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 53.11% 1.78 0.14 1050 525.50$      7,948.67$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 54.88 0.93 37.35 1170.76 1208.12 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 80.77% 1.94 0.14 1050 525.50$      8,808.74$         

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 74.10 1.11 1.11 47.14 48.26 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 35.66% 0.79 1.62 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.62 68.73 1.51 2.63 103.18 105.80 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 78.18% 0.95 1.23 450 101.30$      7,107.34$         
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.85 65.20 1.63 4.25 158.41 162.66 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 79.68% 1.06 0.22 525 110.50$      1,565.78$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 13.07 64.60 0.00 4.25 156.96 161.21 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 78.97% 1.05 1.59 525 110.50$      11,103.39$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.66 60.69 1.73 5.98 207.36 213.34 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 104.50% 0.94 0.66 0.53 600 148.70$      5,576.85$         
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.32 59.21 9.85 15.83 535.29 551.12 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 163.87% 1.19 1.34 0.72 750 300.50$      28,725.60$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 74.10 2.28 2.28 96.39 98.67 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 214.96% 0.65 0.81 0.4 450 101.30$      3,184.36$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 74.10 1.67 1.67 70.83 72.51 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 53.57% 0.88 0.34 450 101.30$      1,817.77$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 71.31 0.00 3.95 160.92 164.88 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 80.76% 1.06 0.14 525 110.50$      979.49$            

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.95 70.85 5.41 9.36 378.77 388.13 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 190.12% 0.94 1.43 0.665 675 227.90$      18,484.27$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 74.10 2.51 2.51 106.30 108.81 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 130.73% 0.75 0.87 0.415 450 101.30$      3,984.13$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 71.10 0.86 3.37 136.79 140.15 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 103.56% 0.85 1.21 0.455 525 110.50$      6,810.45$         
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 67.36 1.56 4.93 189.51 194.44 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 143.67% 0.85 0.89 0.515 525 110.50$      5,042.87$         
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 64.87 0.87 5.80 214.85 220.65 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 108.09% 0.94 0.24 0.54 600 148.70$      1,995.03$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 64.24 0.27 6.07 222.76 228.83 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 112.09% 0.94 0.34 0.545 600 148.70$      2,840.89$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 74.10 2.39 2.39 101.21 103.60 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 76.55% 0.95 0.22 450 101.30$      1,269.51$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.22 73.31 0.42 2.81 117.85 120.66 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 89.16% 0.97 1.63 450 101.30$      9,587.76$         
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 11.85 68.03 1.32 4.14 160.67 164.80 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 49.00% 1.20 0.06 600 148.70$      594.45$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 11.91 67.86 2.55 6.68 259.07 265.76 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 79.02% 1.33 1.61 600 148.70$      19,120.58$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.52 63.45 1.74 8.43 305.44 313.87 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 93.33% 1.36 0.48 600 148.70$      5,795.49$         
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.00 62.26 0.74 15.24 541.74 556.97 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 165.61% 1.19 0.22 0.72 750 300.50$      4,654.72$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.21 61.73 0.00 15.24 537.19 552.43 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 164.26% 1.19 1.23 0.72 750 300.50$      26,483.01$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.45 58.94 10.23 25.47 857.20 882.67 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 262.46% 1.19 0.96 0.855 900 418.20$      28,751.37$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.41 56.95 0.00 25.47 828.29 853.75 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 253.86% 1.19 0.10 0.845 900 418.20$      3,046.70$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 74.10 1.14 1.14 48.36 49.50 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 107.84% 0.65 1.13 0.31 375 98.30$        4,319.53$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 70.26 0.00 1.14 45.85 47.00 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 102.38% 0.65 0.27 0.305 375 98.30$        1,046.68$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 69.40 0.65 1.80 71.16 72.96 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 35.74% 0.88 1.99 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.39 63.78 2.50 4.30 156.49 160.79 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 78.76% 1.05 0.49 525 110.50$      3,392.84$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.87 62.56 0.66 4.96 177.14 182.10 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 54.15% 1.23 1.45 600 148.70$      15,849.52$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.32 59.22 2.33 7.29 246.39 253.67 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 75.43% 1.32 0.96 600 148.70$      11,350.88$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.28 57.21 4.77 12.05 393.73 405.78 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 120.66% 1.19 0.20 0.64 675 227.90$      3,228.41$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.48 56.81 0.00 12.05 391.01 403.06 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 119.85% 1.19 0.87 0.64 675 227.90$      14,207.00$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.36 55.15 2.55 14.60 459.70 474.30 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 141.03% 1.19 0.24 0.68 750 300.50$      5,157.35$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.60 54.71 0.00 14.60 456.04 470.64 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 139.94% 1.19 0.60 0.68 750 300.50$      12,842.18$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.20 53.65 0.00 14.60 447.20 461.80 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 137.31% 1.19 0.77 0.675 675 227.90$      12,573.68$       

Hydraulic Calculations Design Calculations

Grafton

Lagoon

Townhouse

Bayside

Fletcher

Pipe Information

Beach Boulevard Community Stormwater Ponding  Study 
ARC
December 2017

Eastport

Hamilton 
Harbour

Dunraven

Length (m)

Dillon Consulting Limited CITY OF HAMILTON

Breithaupt STORM SEWER DESIGN

Kitchener, ON

Hydraulic Conditions Design Storm Other Hydraulic Restrictions
2
Mount Hope

Area
No.

System 
Name

Street Name
From
MH
No.

To
MH
No.

Area 
(ha)

Hydrology Flow Calculations

Total Area (ha) C Value Area x C Cumm.
A x C Cumm. Tc I

(mm/hr)
Pumping 

Flow (L/S)

Cumm 
Pumping 

Flow (L/S)

Total Storm
Flow
(L/s)

Total 
Flow
(L/s)

D
(m)

Pipe
Slope
m/m

n Length (m)
A

Full
m2

Q
Full
(L/s)

V
Full

(m/s)
Unit Cost Cost

%
Flow

Capacity

Actual
Velocity
(m/s)

Time of 
Flow 
(min)

Pipe Sizes 
(m)

Pipe Sizes 
(mm)

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 228 of 472



Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 74 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 0.00 m3/s a 646 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 6 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0.781

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 66 60 0 0 0 0 0
375 63 71 116 77 0 0 0 55

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 74.10 0.00 0.00 9.17 9.17 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 4.49% 0.48 1.06 525 110.50$      3,393.95$         450 0 13 186 33 147 49 147 0
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 74.10 0.00 0.00 23.70 23.70 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 28.48% 0.66 1.59 375 98.30$        6,177.15$         525 138 159 107 199 115 9 107 135
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.59 68.81 0.00 0.00 58.28 58.28 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 28.55% 0.82 2.18 525 110.50$      11,898.93$       600 161 153 14 157 38 0 204 183
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.77 62.82 0.00 0.00 137.68 137.68 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 40.94% 1.15 0.80 600 148.70$      8,134.85$         675 0 251 221 289 0 81 0 192
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 14.56 60.91 0.00 0.00 146.43 146.43 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 43.54% 1.16 1.52 600 148.70$      15,815.36$       750 0 0 0 232 96 0 104 0

825 0 0 0 76 0 0 0 0
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 74.10 0.00 0.00 36.39 36.39 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 79.28% 0.73 1.28 300 79.70$        4,442.24$         900 0 0 0 0 0 0 76 0
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 74.10 0.00 0.00 67.02 67.02 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 146.00% 0.65 1.83 0.345 375 98.30$        7,001.72$         975 0 0 0 0 0 0 0 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 68.10 0.00 0.00 123.97 123.97 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 270.08% 0.65 0.34 0.435 450 101.30$      1,334.44$         1050 0 0 0 32 0 0 0 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 74.10 0.00 0.00 8.18 8.18 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 17.82% 0.50 0.35 300 79.70$        841.18$            1200 0 0 0 0 0 0 0 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 67.10 0.00 0.00 138.72 138.72 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 102.50% 0.85 1.93 0.455 525 110.50$      10,886.60$       1350 0 0 0 0 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 62.02 0.00 0.00 192.42 192.42 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 94.26% 1.08 0.93 525 110.50$      6,628.42$         1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.03 59.86 0.00 0.00 226.45 226.45 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 67.33% 1.29 0.35 600 148.70$      4,038.33$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.38 59.10 0.00 0.00 240.52 240.52 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 71.52% 1.31 1.02 600 148.70$      11,931.69$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.40 56.98 0.00 0.00 282.17 282.17 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 83.90% 1.34 0.56 600 148.70$      6,758.19$         1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 16.96 55.88 0.00 0.00 363.66 363.66 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 108.13% 1.19 0.15 0.615 675 227.90$      2,486.64$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.12 55.59 0.00 0.00 362.47 362.47 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 107.78% 1.19 0.06 0.615 675 227.90$      911.76$            2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.17 55.49 0.00 0.00 361.79 361.79 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 107.58% 1.19 0.13 0.615 675 227.90$      2,073.30$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.30 55.25 0.00 0.00 360.24 360.24 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 131.19% 0.97 1.10 0.66 675 227.90$      14,594.53$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.40 53.29 0.00 0.00 347.50 347.50 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 103.33% 1.19 0.15 0.605 675 227.90$      2,438.14$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.55 53.04 0.00 0.00 345.85 345.85 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 102.84% 1.19 2.13 0.605 675 227.90$      34,703.31$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 74.10 0.00 0.00 23.99 23.99 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 52.26% 0.66 1.50 300 79.70$        4,756.71$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.50 69.10 0.00 0.00 71.51 71.51 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 155.79% 0.65 1.47 0.355 375 98.30$        5,644.69$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 12.97 64.87 0.00 0.00 108.60 108.60 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 80.24% 0.95 1.44 450 101.30$      8,357.00$         
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.41 61.27 0.00 0.00 167.95 167.95 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 82.27% 1.06 1.69 525 110.50$      11,876.70$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.10 57.58 0.00 0.00 231.52 231.52 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 113.41% 0.94 0.25 0.55 600 148.70$      2,111.79$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 74.10 0.00 0.00 25.51 25.51 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 30.64% 0.67 1.45 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.45 69.24 0.00 0.00 69.06 69.06 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 51.03% 0.87 0.90 450 101.30$      4,727.69$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.35 66.58 0.00 0.00 109.91 109.91 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 81.22% 0.96 0.98 450 101.30$      5,722.48$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.35 57.08 0.00 0.00 360.61 360.61 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 107.23% 1.19 0.18 0.615 675 227.90$      2,952.29$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.53 56.72 0.00 0.00 365.33 365.33 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 108.63% 1.19 1.38 0.615 675 227.90$      22,503.75$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 17.91 54.14 0.00 0.00 401.00 401.00 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 119.24% 1.19 1.53 0.64 675 227.90$      24,838.87$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 74.10 0.00 0.00 47.28 47.28 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 103.00% 0.65 1.97 0.305 375 98.30$        7,545.49$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 67.68 0.00 0.00 114.34 114.34 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 137.38% 0.75 0.72 0.42 450 101.30$      3,308.71$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 65.62 0.00 0.00 139.61 139.61 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 103.15% 0.85 0.96 0.455 525 110.50$      5,424.74$         
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 63.10 0.00 0.00 178.70 178.70 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 132.04% 0.85 1.84 0.5 525 110.50$      10,354.37$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 74.10 0.00 0.00 148.80 148.80 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 527.11% 0.58 1.63 0.465 525 110.50$      6,232.53$         
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 68.68 0.00 0.00 209.69 209.69 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 456.81% 0.65 1.93 0.53 600 148.70$      11,155.05$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 63.34 0.00 0.00 231.09 231.09 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 277.66% 0.75 0.77 0.55 600 148.70$      5,176.73$         
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 61.46 0.00 0.00 224.23 224.23 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 165.68% 0.85 0.92 0.54 600 148.70$      6,985.77$         

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 58.85 0.00 0.00 459.99 459.99 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 225.32% 0.94 0.25 0.71 750 300.50$      4,318.53$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 58.32 0.00 0.00 469.31 469.31 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 139.55% 1.19 1.23 0.675 675 227.90$      19,947.95$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 55.87 0.00 0.00 497.52 497.52 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 147.94% 1.19 0.53 0.69 750 300.50$      11,386.10$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 74.10 0.00 0.00 289.93 289.93 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 47.55% 1.38 0.97 750 300.50$      24,040.91$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.97 70.78 0.00 0.00 352.96 352.96 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 57.88% 1.45 1.15 750 300.50$      30,082.13$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.12 67.24 0.00 0.00 473.10 473.10 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 60.17% 1.56 0.81 825 348.60$      26,363.35$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 74.10 0.00 0.00 118.51 118.51 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 25.74% 1.09 1.31 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.31 69.68 0.00 0.00 338.63 338.63 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 73.55% 1.42 1.35 675 227.90$      26,212.87$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 12.93 64.99 0.00 0.00 773.03 773.03 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 51.68% 1.76 0.14 1050 525.50$      7,948.67$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 54.88 0.00 0.00 1170.76 1170.76 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 78.28% 1.93 0.14 1050 525.50$      8,808.74$         

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 74.10 0.00 0.00 47.14 47.14 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 34.83% 0.79 1.63 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.63 68.70 0.00 0.00 103.13 103.13 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 76.20% 0.95 1.24 450 101.30$      7,107.34$         
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.86 65.16 0.00 0.00 158.31 158.31 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 77.55% 1.05 0.22 525 110.50$      1,565.78$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 13.09 64.56 0.00 0.00 156.85 156.85 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 76.83% 1.05 1.60 525 110.50$      11,103.39$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.68 60.64 0.00 0.00 207.17 207.17 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 101.48% 0.94 0.66 0.53 600 148.70$      5,576.85$         
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.35 59.16 0.00 0.00 534.82 534.82 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 159.03% 1.19 1.34 0.71 750 300.50$      28,725.60$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 74.10 0.00 0.00 96.39 96.39 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 210.00% 0.65 0.81 0.395 450 101.30$      3,184.36$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 74.10 0.00 0.00 70.83 70.83 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 52.34% 0.87 0.34 450 101.30$      1,817.77$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 71.31 0.00 0.00 160.92 160.92 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 78.83% 1.05 0.14 525 110.50$      979.49$            

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.95 70.85 0.00 0.00 378.76 378.76 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 185.53% 0.94 1.43 0.66 675 227.90$      18,484.27$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 74.10 0.00 0.00 106.30 106.30 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 127.72% 0.75 0.87 0.41 450 101.30$      3,984.13$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 71.10 0.00 0.00 136.79 136.79 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 101.07% 0.85 1.21 0.455 525 110.50$      6,810.45$         
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 67.36 0.00 0.00 189.51 189.51 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 140.03% 0.85 0.89 0.51 525 110.50$      5,042.87$         
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 64.87 0.00 0.00 214.85 214.85 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 105.24% 0.94 0.24 0.535 600 148.70$      1,995.03$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 64.24 0.00 0.00 222.76 222.76 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 109.12% 0.94 0.34 0.54 600 148.70$      2,840.89$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 74.10 0.00 0.00 101.21 101.21 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 74.78% 0.94 0.22 450 101.30$      1,269.51$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.22 73.31 0.00 0.00 117.84 117.84 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 87.07% 0.97 1.63 450 101.30$      9,587.76$         
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 11.86 68.01 0.00 0.00 160.63 160.63 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 47.76% 1.19 0.06 600 148.70$      594.45$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 11.91 67.85 0.00 0.00 259.01 259.01 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 77.02% 1.32 1.62 600 148.70$      19,120.58$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.53 63.42 0.00 0.00 305.29 305.29 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 90.78% 1.35 0.48 600 148.70$      5,795.49$         
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.01 62.23 0.00 0.00 541.46 541.46 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 161.00% 1.19 0.22 0.715 750 300.50$      4,654.72$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.23 61.70 0.00 0.00 536.92 536.92 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 159.65% 1.19 1.23 0.71 750 300.50$      26,483.01$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.46 58.91 0.00 0.00 856.80 856.80 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 254.77% 1.19 0.96 0.85 900 418.20$      28,751.37$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.42 56.93 0.00 0.00 827.92 827.92 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 246.18% 1.19 0.10 0.835 900 418.20$      3,046.70$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 74.10 0.00 0.00 48.36 48.36 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 105.35% 0.65 1.13 0.305 375 98.30$        4,319.53$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 70.26 0.00 0.00 45.85 45.85 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 99.89% 0.74 0.24 0.305 375 98.30$        1,046.68$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.37 69.50 0.00 0.00 71.26 71.26 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 34.91% 0.87 2.00 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.37 63.83 0.00 0.00 156.61 156.61 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 76.72% 1.05 0.49 525 110.50$      3,392.84$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.86 62.60 0.00 0.00 177.26 177.26 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 52.71% 1.22 1.46 600 148.70$      15,849.52$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.31 59.23 0.00 0.00 246.46 246.46 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 73.28% 1.31 0.97 600 148.70$      11,350.88$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.28 57.21 0.00 0.00 393.76 393.76 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 117.08% 1.19 0.20 0.635 675 227.90$      3,228.41$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.48 56.82 0.00 0.00 391.05 391.05 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 116.28% 1.19 0.87 0.635 675 227.90$      14,207.00$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.35 55.15 0.00 0.00 459.74 459.74 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 136.70% 1.19 0.24 0.67 675 227.90$      3,911.35$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.59 54.71 0.00 0.00 456.08 456.08 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 135.61% 1.19 0.60 0.67 675 227.90$      9,739.54$         
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.19 53.65 0.00 0.00 447.24 447.24 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 132.99% 1.19 0.77 0.665 675 227.90$      12,573.68$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 76 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 6.02 m3/s a 0 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 0 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 66 60 0 0 0 0 0
375 63 71 59 77 0 0 0 55

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 0.00 9.96 9.96 0.00 9.96 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 4.88% 0.50 1.03 525 110.50$      3,393.95$         450 0 0 104 0 147 49 52 0
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 0.00 25.72 25.72 0.00 25.72 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 30.91% 0.67 1.56 375 98.30$        6,177.15$         525 138 112 139 138 0 9 156 105
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 11.56 0.00 42.38 68.10 0.00 68.10 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 33.36% 0.86 2.09 525 110.50$      11,898.93$       600 161 87 107 169 152 0 211 137
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 13.64 0.00 98.17 176.22 0.00 176.22 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 52.40% 1.22 0.75 600 148.70$      8,134.85$         675 0 126 14 283 0 0 39 76
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 14.39 0.00 17.06 193.28 0.00 193.28 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 57.47% 1.25 1.42 600 148.70$      15,815.36$       750 0 187 221 180 0 81 0 77

825 0 64 0 215 96 0 104 115
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 0.00 39.49 39.49 0.00 39.49 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 86.03% 0.74 1.26 300 79.70$        4,442.24$         900 0 0 0 0 0 0 0 0
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 0.00 72.72 72.72 0.00 72.72 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 158.42% 0.65 1.83 0.355 375 98.30$        7,001.72$         975 0 0 0 0 0 0 76 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.83 0.00 73.67 146.39 0.00 146.39 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 318.90% 0.65 0.34 0.46 525 110.50$      1,455.63$         1050 0 0 0 15 0 0 0 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 0.00 8.88 8.88 0.00 8.88 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 19.34% 0.51 0.35 300 79.70$        841.18$            1200 0 0 0 17 0 0 0 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.17 0.00 10.96 166.23 0.00 166.23 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 122.82% 0.85 1.93 0.485 525 110.50$      10,886.60$       1350 0 0 0 0 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.10 0.00 83.26 249.48 0.00 249.48 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 122.21% 0.94 1.06 0.565 600 148.70$      8,919.87$         1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.16 0.00 54.68 304.16 0.00 304.16 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 90.44% 1.35 0.33 600 148.70$      4,038.33$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 15.49 0.00 23.10 327.26 0.00 327.26 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 97.31% 1.35 0.99 0.605 675 227.90$      18,286.70$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 16.48 0.00 70.96 398.22 0.00 398.22 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 118.41% 1.19 0.64 0.635 675 227.90$      10,357.71$       1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 17.11 0.00 85.57 523.28 0.00 523.28 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 155.59% 1.19 0.15 0.705 750 300.50$      3,278.79$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 17.27 0.00 1.01 524.28 0.00 524.28 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 155.89% 1.19 0.06 0.705 750 300.50$      1,202.20$         2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 17.32 0.00 0.00 524.28 0.00 524.28 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 155.89% 1.19 0.13 0.705 750 300.50$      2,733.78$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 17.45 0.00 0.00 524.28 0.00 524.28 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 190.93% 0.97 1.10 0.76 825 348.60$      22,324.06$       2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 18.55 0.00 0.00 524.28 0.00 524.28 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 155.89% 1.19 0.15 0.705 750 300.50$      3,214.83$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 18.70 0.00 0.00 524.28 0.00 524.28 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 155.89% 1.19 2.13 0.705 750 300.50$      45,758.43$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 0.00 26.03 26.03 0.00 26.03 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 56.71% 0.68 1.47 300 79.70$        4,756.71$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 11.47 0.00 57.18 83.21 0.00 83.21 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 181.27% 0.65 1.47 0.375 450 101.30$      5,816.96$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 12.94 0.00 51.39 134.60 0.00 134.60 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 99.46% 0.96 1.43 0.455 525 110.50$      9,115.98$         
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 14.37 0.00 85.82 220.42 0.00 220.42 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 107.97% 0.94 1.90 0.54 600 148.70$      15,982.49$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 16.27 0.00 102.86 323.28 0.00 323.28 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 158.36% 0.94 0.25 0.62 675 227.90$      3,236.57$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 0.00 27.68 27.68 0.00 27.68 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 33.25% 0.69 1.42 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 11.42 0.00 52.53 80.21 0.00 80.21 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 59.26% 0.90 0.87 450 101.30$      4,727.69$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 12.29 0.00 52.54 132.75 0.00 132.75 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 98.09% 0.97 0.97 0.455 525 110.50$      6,242.20$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 16.52 0.00 51.97 508.01 0.00 508.01 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 151.05% 1.19 0.18 0.695 750 300.50$      3,892.78$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 16.70 0.00 9.91 517.91 0.00 517.91 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 154.00% 1.19 1.38 0.705 750 300.50$      29,672.56$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 18.08 0.00 77.67 595.58 0.00 595.58 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 177.09% 1.19 1.53 0.74 750 300.50$      32,751.56$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 0.00 51.30 51.30 0.00 51.30 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 111.77% 0.65 1.97 0.315 375 98.30$        7,545.49$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 11.97 0.00 84.55 135.85 0.00 135.85 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 163.23% 0.75 0.72 0.45 525 110.50$      3,609.21$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 12.69 0.00 35.20 171.06 0.00 171.06 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 126.39% 0.85 0.96 0.49 525 110.50$      5,424.74$         
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 13.65 0.00 56.65 227.70 0.00 227.70 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 168.25% 0.85 1.84 0.545 600 148.70$      13,933.89$       
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 0.00 161.46 161.46 0.00 161.46 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 571.97% 0.58 1.63 0.48 525 110.50$      6,232.53$         
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 0.00 84.04 245.50 0.00 245.50 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 534.83% 0.65 1.93 0.56 600 148.70$      11,155.05$       
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 0.00 47.86 293.36 0.00 293.36 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 352.48% 0.75 0.77 0.6 675 227.90$      7,933.94$         
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.33 0.00 0.00 293.36 0.00 293.36 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 216.76% 0.85 0.92 0.6 675 227.90$      10,706.50$       

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.49 0.00 107.38 628.45 0.00 628.45 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 307.84% 0.94 0.25 0.795 825 348.60$      5,009.78$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 15.74 0.00 18.65 647.10 0.00 647.10 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 192.41% 1.19 1.23 0.765 825 348.60$      30,512.74$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 16.97 0.00 68.94 716.04 0.00 716.04 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 212.91% 1.19 0.53 0.795 825 348.60$      13,208.64$       
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 0.00 314.61 314.61 0.00 314.61 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 51.59% 1.41 0.95 750 300.50$      24,040.91$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 10.95 0.00 86.33 400.94 0.00 400.94 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 65.75% 1.49 1.12 750 300.50$      30,082.13$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.07 0.00 164.77 565.71 0.00 565.71 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 71.95% 1.62 0.78 825 348.60$      26,363.35$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 0.00 128.60 128.60 0.00 128.60 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 27.93% 1.12 1.28 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.28 0.00 262.16 390.76 0.00 390.76 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 84.87% 1.45 1.32 675 227.90$      26,212.87$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 12.85 0.00 0.00 956.47 0.00 956.47 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 63.95% 1.85 0.14 1050 525.50$      7,948.67$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.50 0.00 42.79 1715.30 0.00 1715.30 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 114.68% 1.73 0.16 1.1 1200 658.60$      11,039.84$       

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 0.00 51.15 51.15 0.00 51.15 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 37.80% 0.80 1.59 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 11.59 0.00 69.55 120.70 0.00 120.70 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 89.18% 0.97 1.21 450 101.30$      7,107.34$         
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 12.80 0.00 74.65 195.35 0.00 195.35 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 95.69% 1.07 0.22 0.53 600 148.70$      2,107.07$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 13.02 0.00 0.00 195.35 0.00 195.35 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 95.69% 1.07 1.56 0.53 600 148.70$      14,941.85$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 14.58 0.00 79.36 274.71 0.00 274.71 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 134.57% 0.94 0.66 0.585 600 148.70$      5,576.85$         
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 15.24 0.00 452.17 726.88 0.00 726.88 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 216.13% 1.19 1.34 0.795 825 348.60$      33,323.61$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 0.00 104.60 104.60 0.00 104.60 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 227.87% 0.65 0.81 0.41 450 101.30$      3,184.36$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 0.00 76.86 76.86 0.00 76.86 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 56.79% 0.89 0.34 450 101.30$      1,817.77$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.81 0.00 0.00 181.46 0.00 181.46 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 88.89% 1.07 0.14 525 110.50$      979.49$            

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.94 0.00 248.42 429.88 0.00 429.88 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 210.57% 0.94 1.43 0.69 750 300.50$      24,372.63$       

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 0.00 115.34 115.34 0.00 115.34 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 138.59% 0.75 0.87 0.425 450 101.30$      3,984.13$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.87 0.00 39.35 154.69 0.00 154.69 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 114.30% 0.85 1.21 0.47 525 110.50$      6,810.45$         
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.08 0.00 71.52 226.21 0.00 226.21 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 167.15% 0.85 0.89 0.545 600 148.70$      6,786.19$         
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 12.97 0.00 40.10 266.31 0.00 266.31 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 130.45% 0.94 0.24 0.58 600 148.70$      1,995.03$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.21 0.00 12.49 278.80 0.00 278.80 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 136.57% 0.94 0.34 0.59 600 148.70$      2,840.89$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 0.00 109.83 109.83 0.00 109.83 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 81.15% 0.96 0.22 450 101.30$      1,269.51$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.22 0.00 19.43 129.25 0.00 129.25 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 95.50% 0.97 1.63 0.455 525 110.50$      10,458.52$       
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 11.84 0.00 60.65 189.90 0.00 189.90 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 56.47% 1.24 0.05 600 148.70$      594.45$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 11.90 0.00 117.06 306.96 0.00 306.96 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 91.27% 1.35 1.58 600 148.70$      19,120.58$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 13.48 0.00 80.12 387.09 0.00 387.09 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 115.10% 1.19 0.55 0.63 675 227.90$      8,882.26$         
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 14.03 0.00 33.78 699.67 0.00 699.67 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 208.05% 1.19 0.22 0.785 825 348.60$      5,399.78$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 14.24 0.00 0.00 699.67 0.00 699.67 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 208.05% 1.19 1.23 0.785 825 348.60$      30,722.06$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 15.48 0.00 469.73 1169.41 0.00 1169.41 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 347.72% 1.19 0.96 0.955 975 458.80$      31,542.63$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 16.44 0.00 0.00 1169.41 0.00 1169.41 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 347.72% 1.19 0.10 0.955 975 458.80$      3,342.48$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 0.00 52.48 52.48 0.00 52.48 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 114.32% 0.65 1.13 0.315 375 98.30$        4,319.53$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.13 0.00 0.00 52.48 0.00 52.48 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 114.32% 0.65 0.27 0.315 375 98.30$        1,046.68$         

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.40 0.00 29.97 82.45 0.00 82.45 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 40.39% 0.90 1.92 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 13.33 0.00 114.85 197.30 0.00 197.30 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 96.64% 1.07 0.48 0.53 600 148.70$      4,565.75$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 13.80 0.00 30.39 227.69 0.00 227.69 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 67.70% 1.29 1.38 600 148.70$      15,849.52$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 15.18 0.00 106.87 334.55 0.00 334.55 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 99.48% 1.35 0.94 0.605 675 227.90$      17,396.53$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 16.12 0.00 218.85 553.41 0.00 553.41 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 164.55% 1.19 0.20 0.72 750 300.50$      4,256.85$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 16.32 0.00 0.00 553.41 0.00 553.41 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 164.55% 1.19 0.87 0.72 750 300.50$      18,732.79$       

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 17.19 0.00 116.88 670.29 0.00 670.29 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 199.31% 1.19 0.24 0.775 825 348.60$      5,982.87$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 17.43 0.00 0.00 670.29 0.00 670.29 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 199.31% 1.19 0.60 0.775 825 348.60$      14,897.78$       
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 18.03 0.00 0.00 670.29 0.00 670.29 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 199.31% 1.19 0.77 0.775 825 348.60$      19,232.93$       
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 75.5 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 1.54 m3/s a 0 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 0 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 151 117 133 0 31 0 55
375 63 0 59 142 0 0 39 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 0.00 2.54 2.54 0.00 2.54 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 1.24% 0.33 1.56 525 110.50$      3,393.95$         450 0 99 186 190 147 18 214 0
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 0.00 6.56 6.56 0.00 6.56 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 7.89% 0.46 2.29 375 98.30$        6,177.15$         525 138 60 122 14 152 90 33 135
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 12.29 0.00 10.82 17.38 0.00 17.38 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 8.51% 0.58 3.07 525 110.50$      11,898.93$       600 161 404 221 125 96 0 351 374
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 15.37 0.00 25.05 44.97 0.00 44.97 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 13.37% 0.84 1.09 600 148.70$      8,134.85$         675 0 0 0 201 0 0 0 0
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 16.45 0.00 4.35 49.33 0.00 49.33 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 14.67% 0.86 2.05 600 148.70$      15,815.36$       750 0 0 0 180 0 0 0 0

825 0 0 0 76 0 0 0 0
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 0.00 10.08 10.08 0.00 10.08 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 21.95% 0.53 1.76 300 79.70$        4,442.24$         900 0 0 0 0 0 0 0 0
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 0.00 18.56 18.56 0.00 18.56 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 40.43% 0.62 1.90 300 79.70$        5,676.88$         975 0 0 0 0 0 0 0 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 11.90 0.00 18.80 37.36 0.00 37.36 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 81.38% 0.73 0.30 300 79.70$        1,049.90$         1050 0 0 0 32 0 0 0 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 0.00 2.27 2.27 0.00 2.27 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 4.94% 0.34 0.51 300 79.70$        841.18$            1200 0 0 0 0 0 0 0 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 12.21 0.00 2.80 42.42 0.00 42.42 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 31.34% 0.76 2.15 450 101.30$      9,980.21$         1350 0 0 0 0 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 14.36 0.00 21.25 63.67 0.00 63.67 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 31.19% 0.84 1.18 525 110.50$      6,628.42$         1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 15.54 0.00 13.95 77.62 0.00 77.62 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 23.08% 0.98 0.46 600 148.70$      4,038.33$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 16.00 0.00 5.89 83.52 0.00 83.52 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 24.83% 1.00 1.34 600 148.70$      11,931.69$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 17.34 0.00 18.11 101.62 0.00 101.62 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 30.22% 1.06 0.72 600 148.70$      6,758.19$         1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 18.05 0.00 21.84 133.54 0.00 133.54 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 39.71% 1.14 0.16 600 148.70$      1,622.48$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 18.21 0.00 0.26 133.80 0.00 133.80 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 39.78% 1.14 0.06 600 148.70$      594.90$            2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 18.27 0.00 0.00 133.80 0.00 133.80 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 39.78% 1.14 0.13 600 148.70$      1,352.79$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 18.41 0.00 0.00 133.80 0.00 133.80 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 48.73% 0.98 1.09 600 148.70$      9,522.63$         2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 19.50 0.00 0.00 133.80 0.00 133.80 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 39.78% 1.14 0.16 600 148.70$      1,590.83$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 19.65 0.00 0.00 133.80 0.00 133.80 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 39.78% 1.14 2.23 600 148.70$      22,643.19$       3000 0 0 0 0 0 0 0 0

Manhole 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 0.00 6.64 6.64 0.00 6.64 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 14.47% 0.47 2.12 300 79.70$        4,756.71$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 12.12 0.00 14.59 21.24 0.00 21.24 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 46.26% 0.65 1.48 300 79.70$        4,576.62$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 13.60 0.00 13.11 34.35 0.00 34.35 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 25.38% 0.72 1.91 450 101.30$      8,357.00$         
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 15.51 0.00 21.90 56.25 0.00 56.25 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 27.55% 0.82 2.19 525 110.50$      11,876.70$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 17.70 0.00 26.25 82.50 0.00 82.50 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 40.41% 0.91 0.26 525 110.50$      1,569.29$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 0.00 7.06 7.06 0.00 7.06 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 8.49% 0.47 2.09 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 12.09 0.00 13.41 20.47 0.00 20.47 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 15.12% 0.62 1.25 450 101.30$      4,727.69$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 13.34 0.00 13.41 33.88 0.00 33.88 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 25.03% 0.72 1.31 450 101.30$      5,722.48$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 17.97 0.00 13.26 129.64 0.00 129.64 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 38.55% 1.13 0.19 600 148.70$      1,926.31$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 18.16 0.00 2.53 132.17 0.00 132.17 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 39.30% 1.13 1.45 600 148.70$      14,683.23$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 19.61 0.00 19.82 151.99 0.00 151.99 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 45.19% 1.17 1.55 600 148.70$      16,206.85$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 0.00 13.09 13.09 0.00 13.09 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 28.52% 0.57 2.25 300 79.70$        6,117.76$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 12.25 0.00 21.58 34.67 0.00 34.67 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 41.66% 0.73 0.75 375 98.30$        3,210.73$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 13.00 0.00 8.98 43.65 0.00 43.65 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 32.25% 0.77 1.06 450 101.30$      4,973.08$         
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 14.06 0.00 14.46 58.11 0.00 58.11 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 42.94% 0.83 1.88 450 101.30$      9,492.29$         
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 0.00 41.20 41.20 0.00 41.20 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 145.97% 0.58 1.63 0.29 300 79.70$        4,495.31$         
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.63 0.00 21.45 62.65 0.00 62.65 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 136.49% 0.65 1.93 0.335 375 98.30$        7,374.19$         
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.56 0.00 12.21 74.87 0.00 74.87 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 89.95% 0.86 0.68 375 98.30$        3,422.14$         
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.24 0.00 0.00 74.87 0.00 74.87 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 55.32% 0.88 0.89 450 101.30$      4,758.96$         

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 15.95 0.00 27.40 160.38 0.00 160.38 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 78.56% 1.05 0.23 525 110.50$      1,588.01$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 16.17 0.00 4.76 165.14 0.00 165.14 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 49.10% 1.20 1.22 600 148.70$      13,015.62$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 17.39 0.00 17.59 182.73 0.00 182.73 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 54.33% 1.23 0.51 600 148.70$      5,634.32$         
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 0.00 80.29 80.29 0.00 80.29 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 13.17% 0.97 1.37 750 300.50$      24,040.91$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 11.37 0.00 22.03 102.32 0.00 102.32 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 16.78% 1.04 1.60 750 300.50$      30,082.13$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 12.98 0.00 42.05 144.37 0.00 144.37 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 18.36% 1.14 1.11 825 348.60$      26,363.35$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 0.00 32.82 32.82 0.00 32.82 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 7.13% 0.76 1.90 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 11.90 0.00 66.90 99.72 0.00 99.72 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 21.66% 1.04 1.84 675 227.90$      26,212.87$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 14.09 0.00 0.00 244.09 0.00 244.09 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 16.32% 1.29 0.20 1050 525.50$      7,948.67$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 17.90 0.00 10.92 437.74 0.00 437.74 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 29.27% 1.52 0.18 1050 525.50$      8,808.74$         

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 0.00 13.05 13.05 0.00 13.05 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 9.65% 0.55 2.34 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 12.34 0.00 17.75 30.80 0.00 30.80 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 22.76% 0.70 1.67 450 101.30$      7,107.34$         
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 14.01 0.00 19.05 49.85 0.00 49.85 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 24.42% 0.79 0.30 525 110.50$      1,565.78$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 14.31 0.00 0.00 49.85 0.00 49.85 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 24.42% 0.79 2.12 525 110.50$      11,103.39$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 16.43 0.00 20.25 70.11 0.00 70.11 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 34.34% 0.87 0.72 525 110.50$      4,144.20$         
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 17.15 0.00 115.39 185.50 0.00 185.50 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 55.16% 1.23 1.29 600 148.70$      14,214.63$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 0.00 26.69 26.69 0.00 26.69 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 58.15% 0.68 0.77 300 79.70$        2,505.36$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 0.00 19.62 19.62 0.00 19.62 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 14.49% 0.62 0.49 450 101.30$      1,817.77$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 10.77 0.00 0.00 46.31 0.00 46.31 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 22.68% 0.77 0.19 525 110.50$      979.49$            

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 10.96 0.00 63.40 109.70 0.00 109.70 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 53.74% 0.97 1.39 525 110.50$      8,962.31$         

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 0.00 29.44 29.44 0.00 29.44 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 35.37% 0.70 0.94 375 98.30$        3,866.14$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 10.94 0.00 10.04 39.48 0.00 39.48 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 29.17% 0.75 1.37 450 101.30$      6,243.42$         
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 12.31 0.00 18.25 57.73 0.00 57.73 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 42.66% 0.83 0.92 450 101.30$      4,623.01$         
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 13.23 0.00 10.23 67.96 0.00 67.96 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 33.29% 0.86 0.26 525 110.50$      1,482.52$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 13.49 0.00 3.19 71.15 0.00 71.15 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 34.85% 0.87 0.37 525 110.50$      2,111.09$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 0.00 28.03 28.03 0.00 28.03 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 20.71% 0.68 0.31 450 101.30$      1,269.51$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.31 0.00 4.96 32.99 0.00 32.99 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 24.37% 0.71 2.21 450 101.30$      9,587.76$         
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 12.52 0.00 15.48 48.46 0.00 48.46 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 14.41% 0.86 0.08 600 148.70$      594.45$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 12.60 0.00 29.87 78.34 0.00 78.34 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 23.29% 0.98 2.18 600 148.70$      19,120.58$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 14.78 0.00 20.45 98.78 0.00 98.78 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 29.37% 1.05 0.62 600 148.70$      5,795.49$         
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 15.40 0.00 8.62 178.56 0.00 178.56 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 53.09% 1.22 0.21 600 148.70$      2,303.35$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 15.61 0.00 0.00 178.56 0.00 178.56 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 53.09% 1.22 1.20 600 148.70$      13,104.91$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 16.81 0.00 119.87 298.43 0.00 298.43 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 88.74% 1.35 0.85 600 148.70$      10,223.17$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 17.66 0.00 0.00 298.43 0.00 298.43 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 88.74% 1.35 0.09 600 148.70$      1,083.32$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 0.00 13.39 13.39 0.00 13.39 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 29.17% 0.57 1.28 300 79.70$        3,502.20$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.28 0.00 0.00 13.39 0.00 13.39 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 29.17% 0.57 0.31 300 79.70$        848.63$            

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 11.59 0.00 7.65 21.04 0.00 21.04 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 10.31% 0.62 2.82 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 14.41 0.00 29.31 50.35 0.00 50.35 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 24.66% 0.79 0.65 525 110.50$      3,392.84$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 15.06 0.00 7.76 58.11 0.00 58.11 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 17.28% 0.90 1.97 600 148.70$      15,849.52$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 17.02 0.00 27.27 85.38 0.00 85.38 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 25.39% 1.01 1.26 600 148.70$      11,350.88$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 18.29 0.00 55.85 141.23 0.00 141.23 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 41.99% 1.15 0.20 600 148.70$      2,106.47$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 18.49 0.00 0.00 141.23 0.00 141.23 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 41.99% 1.15 0.90 600 148.70$      9,269.77$         

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 19.39 0.00 29.83 171.06 0.00 171.06 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 50.86% 1.21 0.24 600 148.70$      2,552.07$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 19.63 0.00 0.00 171.06 0.00 171.06 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 50.86% 1.21 0.59 600 148.70$      6,354.85$         
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 20.22 0.00 0.00 171.06 0.00 171.06 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 50.86% 1.21 0.76 600 148.70$      8,204.06$         
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 75 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 0.40 m3/s a 0 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 0 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 151 117 152 0 31 0 55
375 63 0 59 67 0 0 39 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 0.00 0.66 0.66 0.00 0.66 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 0.32% -1.00 525 110.50$      3,393.95$         450 0 99 186 190 147 18 214 0
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 0.00 1.70 1.70 0.00 1.70 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 2.04% 0.30 3.43 375 98.30$        6,177.15$         525 138 60 122 14 152 90 33 135
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 13.43 0.00 2.80 4.50 0.00 4.50 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 2.20% 0.39 4.59 525 110.50$      11,898.93$       600 161 404 221 125 96 0 351 374
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 #VALUE! #VALUE! 6.48 11.64 0.00 11.64 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 3.46% 0.56 1.62 600 148.70$      8,134.85$         675 0 0 0 201 0 0 0 0
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 #VALUE! #VALUE! 1.13 12.76 0.00 12.76 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 3.79% 0.58 3.06 600 148.70$      15,815.36$       750 0 0 0 180 0 0 0 0

825 0 0 0 76 0 0 0 0
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 0.00 2.61 2.61 0.00 2.61 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 5.68% 0.36 2.60 300 79.70$        4,442.24$         900 0 0 0 0 0 0 0 0
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 0.00 4.80 4.80 0.00 4.80 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 10.46% 0.43 2.78 300 79.70$        5,676.88$         975 0 0 0 0 0 0 0 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 12.78 0.00 4.86 9.67 0.00 9.67 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 21.06% 0.52 0.42 300 79.70$        1,049.90$         1050 0 0 0 32 0 0 0 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 0.00 0.59 0.59 0.00 0.59 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 1.28% 0.23 0.77 300 79.70$        841.18$            1200 0 0 0 0 0 0 0 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 13.20 0.00 0.72 10.98 0.00 10.98 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 8.11% 0.52 3.16 450 101.30$      9,980.21$         1350 0 0 0 0 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 16.36 0.00 5.50 16.47 0.00 16.47 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 8.07% 0.58 1.74 525 110.50$      6,628.42$         1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 18.10 0.00 3.61 20.08 0.00 20.08 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 5.97% 0.66 0.68 600 148.70$      4,038.33$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 18.78 0.00 1.52 21.61 0.00 21.61 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 6.43% 0.68 1.97 600 148.70$      11,931.69$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 20.75 0.00 4.69 26.29 0.00 26.29 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 7.82% 0.72 1.05 600 148.70$      6,758.19$         1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 21.81 0.00 5.65 34.55 0.00 34.55 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 10.27% 0.78 0.23 600 148.70$      1,622.48$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 22.04 0.00 0.07 34.62 0.00 34.62 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 10.29% 0.78 0.09 600 148.70$      594.90$            2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 22.13 0.00 0.00 34.62 0.00 34.62 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 10.29% 0.78 0.19 600 148.70$      1,352.79$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 22.32 0.00 0.00 34.62 0.00 34.62 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 12.61% 0.67 1.58 600 148.70$      9,522.63$         2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 23.91 0.00 0.00 34.62 0.00 34.62 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 10.29% 0.78 0.23 600 148.70$      1,590.83$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 24.13 0.00 0.00 34.62 0.00 34.62 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 10.29% 0.78 3.26 600 148.70$      22,643.19$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 0.00 1.72 1.72 0.00 1.72 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 3.74% 0.32 3.15 300 79.70$        4,756.71$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 13.15 0.00 3.78 5.49 0.00 5.49 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 11.97% 0.44 2.15 300 79.70$        4,576.62$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 15.31 0.00 3.39 8.89 0.00 8.89 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 6.57% 0.49 2.82 450 101.30$      8,357.00$         
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 18.13 0.00 5.67 14.55 0.00 14.55 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 7.13% 0.55 3.23 525 110.50$      11,876.70$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 21.36 0.00 6.79 21.35 0.00 21.35 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 10.46% 0.62 0.38 525 110.50$      1,569.29$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 0.00 1.83 1.83 0.00 1.83 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 2.20% 0.31 3.13 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 13.13 0.00 3.47 5.30 0.00 5.30 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 3.91% 0.42 1.86 450 101.30$      4,727.69$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 14.99 0.00 3.47 8.77 0.00 8.77 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 6.48% 0.49 1.94 450 101.30$      5,722.48$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 21.74 0.00 3.43 33.54 0.00 33.54 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 9.97% 0.77 0.28 600 148.70$      1,926.31$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 22.02 0.00 0.65 34.20 0.00 34.20 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 10.17% 0.78 2.12 600 148.70$      14,683.23$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 24.14 0.00 5.13 39.32 0.00 39.32 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 11.69% 0.81 2.25 600 148.70$      16,206.85$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 0.00 3.39 3.39 0.00 3.39 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 7.38% 0.39 3.32 300 79.70$        6,117.76$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 13.32 0.00 5.58 8.97 0.00 8.97 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 10.78% 0.50 1.09 375 98.30$        3,210.73$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 14.41 0.00 2.32 11.29 0.00 11.29 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 8.35% 0.52 1.56 450 101.30$      4,973.08$         
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 15.97 0.00 3.74 15.03 0.00 15.03 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 11.11% 0.57 2.74 450 101.30$      9,492.29$         
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 0.00 10.66 10.66 0.00 10.66 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 37.77% 0.54 1.73 250 70.00$        3,948.21$         
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 11.73 0.00 5.55 16.21 0.00 16.21 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 35.31% 0.60 2.08 300 79.70$        5,978.87$         
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 13.81 0.00 3.16 19.37 0.00 19.37 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 23.27% 0.62 0.93 375 98.30$        3,422.14$         
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 14.74 0.00 0.00 19.37 0.00 19.37 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 14.31% 0.61 1.28 450 101.30$      4,758.96$         

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 18.71 0.00 7.09 41.50 0.00 41.50 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 20.33% 0.75 0.32 525 110.50$      1,588.01$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 19.03 0.00 1.23 42.73 0.00 42.73 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 12.70% 0.83 1.76 600 148.70$      13,015.62$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 20.79 0.00 4.55 47.28 0.00 47.28 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 14.06% 0.85 0.74 600 148.70$      5,634.32$         
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 0.00 20.77 20.77 0.00 20.77 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 3.41% 0.65 2.05 750 300.50$      24,040.91$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 12.05 0.00 5.70 26.47 0.00 26.47 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 4.34% 0.70 2.38 750 300.50$      30,082.13$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 14.43 0.00 10.88 37.35 0.00 37.35 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 4.75% 0.77 1.64 825 348.60$      26,363.35$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 0.00 8.49 8.49 0.00 8.49 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 1.84% 0.50 2.84 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 12.84 0.00 17.31 25.80 0.00 25.80 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 5.60% 0.70 2.72 675 227.90$      26,212.87$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 16.07 0.00 0.00 63.15 0.00 63.15 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 4.22% 0.87 0.29 1050 525.50$      7,948.67$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 21.53 0.00 2.83 113.26 0.00 113.26 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 7.57% 1.03 0.27 1050 525.50$      8,808.74$         

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 0.00 3.38 3.38 0.00 3.38 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 2.50% 0.37 3.49 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 13.49 0.00 4.59 7.97 0.00 7.97 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 5.89% 0.47 2.47 450 101.30$      7,107.34$         
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 15.97 0.00 4.93 12.90 0.00 12.90 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 6.32% 0.54 0.44 525 110.50$      1,565.78$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 16.41 0.00 0.00 12.90 0.00 12.90 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 6.32% 0.54 3.13 525 110.50$      11,103.39$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 19.54 0.00 5.24 18.14 0.00 18.14 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 8.89% 0.59 1.06 525 110.50$      4,144.20$         
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 20.59 0.00 29.86 47.99 0.00 47.99 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 14.27% 0.86 1.86 600 148.70$      14,214.63$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 0.00 6.91 6.91 0.00 6.91 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 15.05% 0.47 1.10 300 79.70$        2,505.36$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 0.00 5.08 5.08 0.00 5.08 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 3.75% 0.41 0.72 450 101.30$      1,817.77$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 11.10 0.00 0.00 11.98 0.00 11.98 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 5.87% 0.52 0.28 525 110.50$      979.49$            

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 11.39 0.00 16.40 28.38 0.00 28.38 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 13.90% 0.67 2.01 525 110.50$      8,962.31$         

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 0.00 7.62 7.62 0.00 7.62 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 9.15% 0.48 1.38 375 98.30$        3,866.14$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 11.38 0.00 2.60 10.21 0.00 10.21 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 7.55% 0.51 2.02 450 101.30$      6,243.42$         
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 13.39 0.00 4.72 14.94 0.00 14.94 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 11.04% 0.57 1.34 450 101.30$      4,623.01$         
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 14.73 0.00 2.65 17.58 0.00 17.58 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 8.61% 0.59 0.38 525 110.50$      1,482.52$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 15.11 0.00 0.82 18.41 0.00 18.41 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 9.02% 0.59 0.54 525 110.50$      2,111.09$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 0.00 7.25 7.25 0.00 7.25 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 5.36% 0.46 0.45 450 101.30$      1,269.51$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.45 0.00 1.28 8.53 0.00 8.53 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 6.31% 0.48 3.27 450 101.30$      9,587.76$         
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 13.72 0.00 4.00 12.54 0.00 12.54 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 3.73% 0.58 0.12 600 148.70$      594.45$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 13.84 0.00 7.73 20.27 0.00 20.27 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 6.03% 0.67 3.22 600 148.70$      19,120.58$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 17.06 0.00 5.29 25.56 0.00 25.56 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 7.60% 0.71 0.91 600 148.70$      5,795.49$         
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 17.97 0.00 2.23 46.20 0.00 46.20 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 13.74% 0.85 0.30 600 148.70$      2,303.35$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 18.28 0.00 0.00 46.20 0.00 46.20 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 13.74% 0.85 1.73 600 148.70$      13,104.91$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 20.01 0.00 31.02 77.21 0.00 77.21 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 22.96% 0.98 1.17 600 148.70$      10,223.17$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 21.18 0.00 0.00 77.21 0.00 77.21 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 22.96% 0.98 0.12 600 148.70$      1,083.32$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 0.00 3.46 3.46 0.00 3.46 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 7.55% 0.39 1.89 300 79.70$        3,502.20$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 11.89 0.00 0.00 3.46 0.00 3.46 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 7.55% 0.39 0.46 300 79.70$        848.63$            

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 12.34 0.00 1.98 5.44 0.00 5.44 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 2.67% 0.41 4.21 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 16.55 0.00 7.58 13.03 0.00 13.03 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 6.38% 0.54 0.95 525 110.50$      3,392.84$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 17.51 0.00 2.01 15.03 0.00 15.03 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 4.47% 0.61 2.92 600 148.70$      15,849.52$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 20.43 0.00 7.06 22.09 0.00 22.09 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 6.57% 0.68 1.86 600 148.70$      11,350.88$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 22.29 0.00 14.45 36.54 0.00 36.54 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 10.87% 0.79 0.30 600 148.70$      2,106.47$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 22.59 0.00 0.00 36.54 0.00 36.54 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 10.87% 0.79 1.31 600 148.70$      9,269.77$         

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 23.90 0.00 7.72 44.26 0.00 44.26 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 13.16% 0.84 0.34 600 148.70$      2,552.07$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 24.24 0.00 0.00 44.26 0.00 44.26 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 13.16% 0.84 0.85 600 148.70$      6,354.85$         
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 25.10 0.00 0.00 44.26 0.00 44.26 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 13.16% 0.84 1.10 600 148.70$      8,204.06$         
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Min Slope 0.3 % Frequency Mannings n = 0.015 dia. < 0.6 m
Project: Lake Level 74.5 m Location 0.013 dia. => 0.6 m
Design by: Total Basement Q 0.13 m3/s a 0 Min.Velocity = 0.9 m/s
Date: Minimum Tc 10 min b 0 Max. Velocity = 3.65 m/s

Min. dia. 0.3 m c 0

Pipe Sizes

(mm) Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse Bayside Fletcher

300 0 151 117 152 0 31 0 55
375 63 0 59 67 0 0 39 0

0 Beach HZ07B001 HZ07B002 0.09 0.09 0.50 0.04 0.04 10.00 0.00 0.22 0.22 0.00 0.22 0.525 0.00300 0.015 30.71 0.22 204.15 0.94 0.11% -1.00 525 110.50$      3,393.95$         450 0 99 186 190 147 18 214 0
1 Beach HZ06B007 HZ06B008 0.23 0.23 0.50 0.12 0.12 10.00 0.00 0.56 0.56 0.00 0.56 0.375 0.00300 0.015 62.84 0.11 83.23 0.75 0.67% -1.00 375 98.30$        6,177.15$         525 138 60 122 14 152 90 33 135
2 Beach HZ06B008 HZ07B002 0.38 0.61 0.50 0.19 0.30 #VALUE! #VALUE! 0.92 1.48 0.00 1.48 0.525 0.00300 0.015 107.68 0.22 204.15 0.94 0.73% -1.00 525 110.50$      11,898.93$       600 161 404 221 125 96 0 351 374
3 Eastport HZ07B002 HZ07B004 0.88 1.58 0.50 0.44 0.79 #VALUE! #VALUE! 2.14 3.84 0.00 3.84 0.600 0.00300 0.013 54.71 0.28 336.31 1.19 1.14% 0.40 2.26 600 148.70$      8,134.85$         675 0 0 0 201 0 0 0 0
4 Eastport HZ07B004 HZ07OF01 0.15 1.73 0.50 0.08 0.87 #VALUE! #VALUE! 0.37 4.21 0.00 4.21 0.600 0.00300 0.013 106.36 0.28 336.31 1.19 1.25% 0.42 4.27 600 148.70$      15,815.36$       750 0 0 0 180 0 0 0 0

825 0 0 0 76 0 0 0 0
5 Beach HZ06B006 HZ06B005 0.35 0.35 0.50 0.18 0.18 10.00 0.00 0.86 0.86 0.00 0.86 0.300 0.00300 0.015 55.74 0.07 45.90 0.65 1.87% 0.26 3.63 300 79.70$        4,442.24$         900 0 0 0 0 0 0 0 0
6 Beach HZ05B005 HZ05B006 0.65 0.65 0.50 0.33 0.33 10.00 0.00 1.58 1.58 0.00 1.58 0.300 0.00300 0.015 71.23 0.07 45.90 0.65 3.45% 0.31 3.86 300 79.70$        5,676.88$         975 0 0 0 0 0 0 0 0
7 Beach HZ05B006 HZ05B008 0.66 1.31 0.50 0.33 0.66 13.86 0.00 1.60 3.19 0.00 3.19 0.300 0.00300 0.015 13.17 0.07 45.90 0.65 6.94% 0.38 0.58 300 79.70$        1,049.90$         1050 0 0 0 32 0 0 0 0
8 Beach HZ05B007 HZ05B008 0.08 0.08 0.50 0.04 0.04 10.00 0.00 0.19 0.19 0.00 0.19 0.300 0.00300 0.015 10.55 0.07 45.90 0.65 0.42% -1.00 300 79.70$        841.18$            1200 0 0 0 0 0 0 0 0
9 Beach HZ05B008 HZ06B001 0.10 1.49 0.50 0.05 0.74 #VALUE! #VALUE! 0.24 3.62 0.00 3.62 0.450 0.00300 0.015 98.52 0.16 135.34 0.85 2.67% 0.37 4.39 450 101.30$      9,980.21$         1350 0 0 0 0 0 0 0 0
10 Beach HZ06B001 HZ06B002 0.75 2.23 0.50 0.37 1.12 #VALUE! #VALUE! 1.81 5.43 0.00 5.43 0.525 0.00300 0.015 59.99 0.22 204.15 0.94 2.66% 0.41 2.42 525 110.50$      6,628.42$         1500 0 0 0 0 0 0 0 0
11 Beach HZ06B002 HZ06B003 0.49 2.72 0.50 0.24 1.36 #VALUE! #VALUE! 1.19 6.62 0.00 6.62 0.600 0.00300 0.013 27.16 0.28 336.31 1.19 1.97% 0.48 0.95 600 148.70$      4,038.33$         1650 0 0 0 0 0 0 0 0
12 Beach HZ06B003 HZ06B004 0.21 2.93 0.50 0.10 1.47 #VALUE! #VALUE! 0.50 7.13 0.00 7.13 0.600 0.00300 0.013 80.24 0.28 336.31 1.19 2.12% 0.49 2.75 600 148.70$      11,931.69$       1800 0 0 0 0 0 0 0 0
13 Beach HZ06B004 HZ06B005 0.64 3.57 0.50 0.32 1.78 #VALUE! #VALUE! 1.55 8.67 0.00 8.67 0.600 0.00300 0.013 45.45 0.28 336.31 1.19 2.58% 0.52 1.47 600 148.70$      6,758.19$         1950 0 0 0 0 0 0 0 0
14 - HZ06B005 HZ06B009 0.77 4.69 0.50 0.38 2.34 #VALUE! #VALUE! 1.86 11.40 0.00 11.40 0.600 0.00300 0.013 10.91 0.28 336.31 1.19 3.39% 0.56 0.32 600 148.70$      1,622.48$         2100 0 0 0 0 0 0 0 0
15 - HZ06B009 HZ06B012 0.01 4.69 0.50 0.00 2.35 #VALUE! #VALUE! 0.02 11.42 0.00 11.42 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 3.39% 0.56 0.12 600 148.70$      594.90$            2250 0 0 0 0 0 0 0 0
- - HZ06B012 HZ06B010 0.00 4.69 0.50 0.00 2.35 #VALUE! #VALUE! 0.00 11.42 0.00 11.42 0.600 0.00300 0.013 9.10 0.28 336.31 1.19 3.39% 0.56 0.27 600 148.70$      1,352.79$         2400 0 0 0 0 0 0 0 0
- - HZ06B010 HZ06B014 0.00 4.69 0.50 0.00 2.35 #VALUE! #VALUE! 0.00 11.42 0.00 11.42 0.600 0.00200 0.013 64.04 0.28 274.59 0.97 4.16% 0.49 2.19 600 148.70$      9,522.63$         2550 0 0 0 0 0 0 0 0
- - HZ06B014 HZ06B016 0.00 4.69 0.50 0.00 2.35 #VALUE! #VALUE! 0.00 11.42 0.00 11.42 0.600 0.00300 0.013 10.70 0.28 336.31 1.19 3.39% 0.56 0.32 600 148.70$      1,590.83$         2700 0 0 0 0 0 0 0 0
- - HZ06B016 HZ06OF01 0.00 4.69 0.50 0.00 2.35 #VALUE! #VALUE! 0.00 11.42 0.00 11.42 0.600 0.00300 0.013 152.27 0.28 336.31 1.19 3.39% 0.56 4.52 600 148.70$      22,643.19$       3000 0 0 0 0 0 0 0 0

MHs 5 15 11 18 7 4 14 11
16 Beach HZ05B004 HZ05B003 0.23 0.23 0.50 0.12 0.12 10.00 0.00 0.57 0.57 0.00 0.57 0.300 0.00300 0.015 59.68 0.07 45.90 0.65 1.23% 0.23 4.41 300 79.70$        4,756.71$         
17 Beach HZ05B003 HZ05B002 0.51 0.75 0.50 0.26 0.37 14.41 0.00 1.25 1.81 0.00 1.81 0.300 0.00300 0.015 57.42 0.07 45.90 0.65 3.95% 0.32 2.99 300 79.70$        4,576.62$         
18 Beach HZ05B002 HZ05B001 0.46 1.21 0.50 0.23 0.60 17.39 0.00 1.12 2.93 0.00 2.93 0.450 0.00300 0.015 82.50 0.16 135.34 0.85 2.17% 0.35 3.92 450 101.30$      8,357.00$         
19 Beach HZ05B001 HZ04B010 0.77 1.97 0.50 0.38 0.99 21.31 0.00 1.87 4.80 0.00 4.80 0.525 0.00300 0.015 107.48 0.22 204.15 0.94 2.35% 0.40 4.50 525 110.50$      11,876.70$       
20 Beach HZ04B010 HZ04B009 0.92 2.89 0.50 0.46 1.45 25.81 0.00 2.24 7.04 0.00 7.04 0.525 0.00300 0.015 14.20 0.22 204.15 0.94 3.45% 0.45 0.53 525 110.50$      1,569.29$         
22 Beach HZ04B006 HZ04B007 0.25 0.25 0.50 0.12 0.12 10.00 0.00 0.60 0.60 0.00 0.60 0.375 0.00300 0.015 58.57 0.11 83.23 0.75 0.72% -1.00 375 98.30$        5,757.24$         
23 Beach HZ04B007 HZ04B008 0.47 0.72 0.50 0.24 0.36 #VALUE! #VALUE! 1.14 1.75 0.00 1.75 0.450 0.00300 0.015 46.67 0.16 135.34 0.85 1.29% 0.30 2.59 450 101.30$      4,727.69$         
24 Beach HZ04B008 HZ04B009 0.47 1.19 0.50 0.24 0.59 #VALUE! #VALUE! 1.14 2.89 0.00 2.89 0.450 0.00300 0.015 56.49 0.16 135.34 0.85 2.14% 0.35 2.70 450 101.30$      5,722.48$         
25 Beach HZ04B009 HZ04B011 0.47 4.55 0.50 0.23 2.27 #VALUE! #VALUE! 1.13 11.06 0.00 11.06 0.600 0.00300 0.013 12.95 0.28 336.31 1.19 3.29% 0.56 0.39 600 148.70$      1,926.31$         
26 Dunraven HZ04B011 HZ04B012 0.09 4.64 0.50 0.04 2.32 #VALUE! #VALUE! 0.22 11.28 0.00 11.28 0.600 0.00300 0.013 98.74 0.28 336.31 1.19 3.35% 0.56 2.94 600 148.70$      14,683.23$       
27 Dunraven HZ04B012 HZ04B12 0.70 5.33 0.50 0.35 2.67 #VALUE! #VALUE! 1.69 12.97 0.00 12.97 0.600 0.00300 0.013 108.99 0.28 336.31 1.19 3.86% 0.58 3.12 600 148.70$      16,206.85$       

28 Beach/Rembe HZ04B004 HZ04B003 0.46 0.46 0.50 0.23 0.23 10.00 0.00 1.12 1.12 0.00 1.12 0.300 0.00300 0.015 76.76 0.07 45.90 0.65 2.43% 0.28 4.62 300 79.70$        6,117.76$         
29 Beach/Windmere HZ04B003 HZ04B002 0.76 1.22 0.50 0.38 0.61 14.62 0.00 1.84 2.96 0.00 2.96 0.375 0.00300 0.015 32.66 0.11 83.23 0.75 3.55% 0.36 1.51 375 98.30$        3,210.73$         
30 Beach HZ04B002 HZ04B001 0.32 1.53 0.50 0.16 0.77 16.13 0.00 0.77 3.73 0.00 3.73 0.450 0.00300 0.015 49.09 0.16 135.34 0.85 2.75% 0.38 2.17 450 101.30$      4,973.08$         
31 Beach/Killarney HZ04B001 HZ03B012 0.51 2.04 0.50 0.25 1.02 18.30 0.00 1.23 4.96 0.00 4.96 0.450 0.00300 0.015 93.70 0.16 135.34 0.85 3.66% 0.41 3.80 450 101.30$      9,492.29$         
50 Beach/Woodland HZ03B008 HZ03B009 1.45 1.45 0.50 0.72 0.72 10.00 0.00 3.52 3.52 0.00 3.52 0.250 0.00300 0.015 56.40 0.05 28.23 0.58 12.46% 0.40 2.36 250 70.00$        3,948.21$         
34 Beach/Granville HZ03B009 HZ03B010 0.75 2.20 0.50 0.38 1.10 12.36 0.00 1.83 5.35 0.00 5.35 0.300 0.00300 0.015 75.02 0.07 45.90 0.65 11.65% 0.44 2.84 300 79.70$        5,978.87$         
35 Beach/Comet HZ03B010 HZ03B011 0.43 2.63 0.50 0.21 1.31 15.20 0.00 1.04 6.39 0.00 6.39 0.375 0.00300 0.015 34.81 0.11 83.23 0.75 7.68% 0.45 1.28 375 98.30$        3,422.14$         
- - HZ03B011 HZ03B012 0.00 2.63 0.50 0.00 1.31 16.48 0.00 0.00 6.39 0.00 6.39 0.450 0.00300 0.015 46.98 0.16 135.34 0.85 4.72% 0.44 1.77 450 101.30$      4,758.96$         

36 Beach/Grafton HZ03B012 HZ03B013 0.96 5.63 0.50 0.48 2.81 22.10 0.00 2.34 13.69 0.00 13.69 0.525 0.00300 0.015 14.37 0.22 204.15 0.94 6.70% 0.54 0.44 525 110.50$      1,588.01$         
37 Beach/Grafton HZ03B013 HZ03B014 0.17 5.79 0.50 0.08 2.90 22.54 0.00 0.41 14.09 0.00 14.09 0.600 0.00300 0.013 87.53 0.28 336.31 1.19 4.19% 0.60 2.44 600 148.70$      13,015.62$       
38 Grafton HZ03B014 HZ03B015 0.62 6.41 0.50 0.31 3.21 24.98 0.00 1.50 15.59 0.00 15.59 0.600 0.00300 0.013 37.89 0.28 336.31 1.19 4.64% 0.62 1.03 600 148.70$      5,634.32$         
40 Rembe HZ04B014 HZ04B016 2.82 2.82 0.50 1.41 1.41 10.00 0.00 6.85 6.85 0.00 6.85 0.750 0.00300 0.013 80.00 0.44 609.77 1.38 1.12% 0.47 2.86 750 300.50$      24,040.91$       
41 Windermere HZ04B016 HZ04B018 0.77 3.59 0.50 0.39 1.79 12.86 0.00 1.88 8.73 0.00 8.73 0.750 0.00300 0.013 100.11 0.44 609.77 1.38 1.43% 0.50 3.32 750 300.50$      30,082.13$       
42 Wickham HZ04B018 HZ03B016 1.48 5.07 0.50 0.74 2.53 16.18 0.00 3.59 12.32 0.00 12.32 0.825 0.00300 0.013 75.63 0.53 786.22 1.47 1.57% 0.55 2.29 825 348.60$      26,363.35$       
44 Clare HZ03B020 HZ03B018 1.15 1.15 0.50 0.58 0.58 10.00 0.00 2.80 2.80 0.00 2.80 0.675 0.00300 0.013 86.00 0.36 460.41 1.29 0.61% -1.00 675 227.90$      19,599.38$       
45 Comet/Granville HZ03B018 HZ03B016 2.35 3.50 0.50 1.17 1.75 #VALUE! #VALUE! 5.71 8.51 0.00 8.51 0.675 0.00300 0.013 115.02 0.36 460.41 1.29 1.85% 0.51 3.79 675 227.90$      26,212.87$       
- - HZ03B016 HZ03B015 0.00 8.56 0.50 0.00 4.28 #VALUE! #VALUE! 0.00 20.83 0.00 20.83 1.050 0.00300 0.013 15.13 0.87 1495.68 1.73 1.39% 0.62 0.40 1050 525.50$      7,948.67$         

47 Grafton HZ03B015 HZ03PS08 0.38 15.36 0.50 0.19 7.68 #VALUE! #VALUE! 0.93 37.35 0.00 37.35 1.050 0.00300 0.013 16.76 0.87 1495.68 1.73 2.50% 0.74 0.38 1050 525.50$      8,808.74$         

48 Sierra HZ03B001 HZ03B002 0.46 0.46 0.50 0.23 0.23 10.00 0.00 1.11 1.11 0.00 1.11 0.450 0.00300 0.015 76.66 0.16 135.34 0.85 0.82% -1.00 450 101.30$      7,765.27$         
49 Beach/Arden HZ03B002 HZ03B003 0.62 1.08 0.50 0.31 0.54 #VALUE! #VALUE! 1.51 2.63 0.00 2.63 0.450 0.00300 0.015 70.16 0.16 135.34 0.85 1.94% 0.34 3.45 450 101.30$      7,107.34$         
83 Beach/Lagoon HZ03B003 HZ03B004 0.67 1.75 0.50 0.33 0.87 #VALUE! #VALUE! 1.63 4.25 0.00 4.25 0.525 0.00300 0.015 14.17 0.22 204.15 0.94 2.08% 0.38 0.61 525 110.50$      1,565.78$         
- - HZ03B004 HZ03B005 0.00 1.75 0.50 0.00 0.87 #VALUE! #VALUE! 0.00 4.25 0.00 4.25 0.525 0.00300 0.015 100.48 0.22 204.15 0.94 2.08% 0.38 4.36 525 110.50$      11,103.39$       

51 Lagoon HZ03B005 HZ03B006 0.71 2.46 0.50 0.36 1.23 #VALUE! #VALUE! 1.73 5.98 0.00 5.98 0.525 0.00300 0.015 37.50 0.22 204.15 0.94 2.93% 0.43 1.47 525 110.50$      4,144.20$         
52 Lagoon/Arden HZ03B006 HZ03B007 4.05 6.51 0.50 2.02 3.25 #VALUE! #VALUE! 9.85 15.83 0.00 15.83 0.600 0.00300 0.013 95.59 0.28 336.31 1.19 4.71% 0.62 2.58 600 148.70$      14,214.63$       

53 Beach HZ02B015 HZ02B011 0.94 0.94 0.50 0.47 0.47 10.00 0.00 2.28 2.28 0.00 2.28 0.300 0.00300 0.015 31.43 0.07 45.90 0.65 4.96% 0.34 1.53 300 79.70$        2,505.36$         
54 Beach HZ02B010 HZ02B011 0.69 0.69 0.50 0.34 0.34 10.00 0.00 1.67 1.67 0.00 1.67 0.450 0.00300 0.015 17.94 0.16 135.34 0.85 1.24% 0.30 1.01 450 101.30$      1,817.77$         
- - HZ02B011 HZ02B013 0.00 1.62 0.50 0.00 0.81 11.53 0.00 0.00 3.95 0.00 3.95 0.525 0.00300 0.015 8.86 0.22 204.15 0.94 1.94% 0.38 0.39 525 110.50$      979.49$            

56 Beach/Townhouses HZ02B013 HZ02OF03 2.22 3.85 0.50 1.11 1.92 11.92 0.00 5.41 9.36 0.00 9.36 0.525 0.00300 0.015 81.11 0.22 204.15 0.94 4.59% 0.49 2.78 525 110.50$      8,962.31$         

57 Beach/Tower HZ02B009 HZ02B008 1.03 1.03 0.50 0.52 0.52 10.00 0.00 2.51 2.51 0.00 2.51 0.375 0.00300 0.015 39.33 0.11 83.23 0.75 3.02% 0.34 1.91 375 98.30$        3,866.14$         
58 Beach/Tower HZ02B008 HZ02B007 0.35 1.39 0.50 0.18 0.69 11.91 0.00 0.86 3.37 0.00 3.37 0.450 0.00300 0.015 61.63 0.16 135.34 0.85 2.49% 0.37 2.81 450 101.30$      6,243.42$         
59 Beach HZ02B007 HZ02B006 0.64 2.03 0.50 0.32 1.01 14.72 0.00 1.56 4.93 0.00 4.93 0.450 0.00300 0.015 45.64 0.16 135.34 0.85 3.64% 0.41 1.86 450 101.30$      4,623.01$         
60 Beach/Lakeside HZ02B006 HZ02B005 0.36 2.38 0.50 0.18 1.19 16.58 0.00 0.87 5.80 0.00 5.80 0.525 0.00300 0.015 13.42 0.22 204.15 0.94 2.84% 0.42 0.53 525 110.50$      1,482.52$         
61 Lakeside HZ02B005 HZ02B004 0.11 2.50 0.50 0.06 1.25 17.11 0.00 0.27 6.07 0.00 6.07 0.525 0.00300 0.015 19.10 0.22 204.15 0.94 2.97% 0.43 0.74 525 110.50$      2,111.09$         
63 Beach/Wark HZ01B005 HZ01B030 0.98 0.98 0.50 0.49 0.49 10.00 0.00 2.39 2.39 0.00 2.39 0.450 0.00300 0.015 12.53 0.16 135.34 0.85 1.77% 0.33 0.63 450 101.30$      1,269.51$         
64 Beach/Wark HZ01B030 HZ01B006 0.17 1.16 0.50 0.09 0.58 10.63 0.00 0.42 2.81 0.00 2.81 0.450 0.00300 0.015 94.65 0.16 135.34 0.85 2.08% 0.35 4.55 450 101.30$      9,587.76$         
65 Beach/Mareve HZ01B006 HZ01B007 0.54 1.70 0.50 0.27 0.85 15.19 0.00 1.32 4.14 0.00 4.14 0.600 0.00300 0.013 4.00 0.28 336.31 1.19 1.23% 0.41 0.16 600 148.70$      594.45$            
66 Beach/Townhouses HZ01B007 HZ01B008 1.05 2.75 0.50 0.52 1.37 15.35 0.00 2.55 6.68 0.00 6.68 0.600 0.00300 0.013 128.58 0.28 336.31 1.19 1.99% 0.48 4.49 600 148.70$      19,120.58$       
67 Beach/Fitch HZ01B008 HZ02B004 0.72 3.47 0.50 0.36 1.73 19.84 0.00 1.74 8.43 0.00 8.43 0.600 0.00300 0.013 38.97 0.28 336.31 1.19 2.51% 0.51 1.27 600 148.70$      5,795.49$         
68 Beach/Bayside HZ02B004 HZ02B003 0.30 6.26 0.50 0.15 3.13 21.10 0.00 0.74 15.24 0.00 15.24 0.600 0.00300 0.013 15.49 0.28 336.31 1.19 4.53% 0.61 0.42 600 148.70$      2,303.35$         
- - HZ02B003 HZ02B002 0.00 6.26 0.50 0.00 3.13 21.53 0.00 0.00 15.24 0.00 15.24 0.600 0.00300 0.013 88.13 0.28 336.31 1.19 4.53% 0.61 2.40 600 148.70$      13,104.91$       

70 Bayside HZ02B002 HZ02B001 4.21 10.47 0.50 2.10 5.24 23.93 0.00 10.23 25.47 0.00 25.47 0.600 0.00300 0.013 68.75 0.28 336.31 1.19 7.57% 0.71 1.61 600 148.70$      10,223.17$       
- - HZ02B001 HZ02OF02 0.00 10.47 0.50 0.00 5.24 25.54 0.00 0.00 25.47 0.00 25.47 0.600 0.00300 0.013 7.29 0.28 336.31 1.19 7.57% 0.71 0.17 600 148.70$      1,083.32$         

72 Beach/Kirk HZ01B003 HZ01B002 0.47 0.47 0.50 0.23 0.23 10.00 0.00 1.14 1.14 0.00 1.14 0.300 0.00300 0.015 43.94 0.07 45.90 0.65 2.49% 0.28 2.62 300 79.70$        3,502.20$         
- - HZ01B002 HZ01B001 0.00 0.47 0.50 0.00 0.23 12.62 0.00 0.00 1.14 0.00 1.14 0.300 0.00300 0.015 10.65 0.07 45.90 0.65 2.49% 0.28 0.64 300 79.70$        848.63$            

74 Beach HZ01B001 HP02B007 0.27 0.74 0.50 0.13 0.37 13.26 0.00 0.65 1.80 0.00 1.80 0.525 0.00300 0.015 104.51 0.22 204.15 0.94 0.88% -1.00 525 110.50$      11,547.88$       
75 Beach HP02B007 HP02B006 1.03 1.77 0.50 0.51 0.88 #VALUE! #VALUE! 2.50 4.30 0.00 4.30 0.525 0.00300 0.015 30.70 0.22 204.15 0.94 2.10% 0.39 1.33 525 110.50$      3,392.84$         
76 Beach HP02B006 HP02B005 0.27 2.04 0.50 0.14 1.02 #VALUE! #VALUE! 0.66 4.96 0.00 4.96 0.600 0.00300 0.013 106.59 0.28 336.31 1.19 1.47% 0.44 4.07 600 148.70$      15,849.52$       
77 Beach HP02B005 HP02B004 0.96 3.00 0.50 0.48 1.50 #VALUE! #VALUE! 2.33 7.29 0.00 7.29 0.600 0.00300 0.013 76.33 0.28 336.31 1.19 2.17% 0.49 2.60 600 148.70$      11,350.88$       
78 Beach/Fletcher HP02B004 HP02B008 1.96 4.96 0.50 0.98 2.48 #VALUE! #VALUE! 4.77 12.05 0.00 12.05 0.600 0.00300 0.013 14.17 0.28 336.31 1.19 3.58% 0.57 0.41 600 148.70$      2,106.47$         
- - HP02B008 HP02B009 0.00 4.96 0.50 0.00 2.48 #VALUE! #VALUE! 0.00 12.05 0.00 12.05 0.600 0.00300 0.013 62.34 0.28 336.31 1.19 3.58% 0.57 1.82 600 148.70$      9,269.77$         

80 Fletcher HP02B009 HP02B010 1.05 6.00 0.50 0.52 3.00 #VALUE! #VALUE! 2.55 14.60 0.00 14.60 0.600 0.00300 0.013 17.16 0.28 336.31 1.19 4.34% 0.60 0.47 600 148.70$      2,552.07$         
- - HP02B010 HP02B011 0.00 6.00 0.50 0.00 3.00 #VALUE! #VALUE! 0.00 14.60 0.00 14.60 0.600 0.00300 0.013 42.74 0.28 336.31 1.19 4.34% 0.60 1.18 600 148.70$      6,354.85$         
- - HP02B011 HP02OF01 0.00 6.00 0.50 0.00 3.00 #VALUE! #VALUE! 0.00 14.60 0.00 14.60 0.600 0.00300 0.013 55.17 0.28 336.31 1.19 4.34% 0.60 1.52 600 148.70$      8,204.06$         

Design Calculations Length (m)

Grafton

Lagoon

Townhouse

Bayside

Fletcher

Pipe Information

December 2017
ARC
Beach Boulevard Community Stormwater Ponding  Study 

Eastport

Hamilton 
Harbour

Dunraven

Dillon Consulting Limited CITY OF HAMILTON

Breithaupt STORM SEWER DESIGN

Kitchener, ON

Hydraulic Conditions Design Storm Other Hydraulic Restrictions
0
Mount Hope

Area
No.

System 
Name

Street Name
From
MH
No.

To
MH
No.

Hydrology Flow Calculations

Area 
(ha) Total Area (ha) C Value Area x C Cumm.

A x C Cumm. Tc I
(mm/hr)

Pumping 
Flow (L/S)

Cumm 
Pumping 

Flow (L/S)

Total Storm
Flow
(L/s)

Total 
Flow
(L/s)

D
(m)

Pipe
Slope
m/m

n Length (m)
A

Full
m2

Q
Full
(L/s)

V
Full

(m/s)
Unit Cost Cost

%
Flow

Capacity

Actual
Velocity
(m/s)

Time of 
Flow 
(min)

Pipe Sizes 
(m)

Pipe Sizes 
(mm)

Hydraulic Calculations

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 233 of 472



Appendix F

City of Hamilton
Beach Boulevard Community Stormwater Ponding
Study - Revised
August 2019 – 17-5898

F - 1

F Storage Calculations
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Eastport
Hamilton
Harbour

Dunraven Lagoon Townhouses Bayside Fletcher

Lake Level 76 76 76 76 76 76 76
100yr Storage 141 454 506 563 268 952 567
Lowest road elevation 76 77 77 76 76 76 77
Storage pond bottom elevation 75 75 75 75 75 75 75
Max depth of the storage pond 0.6 1.6 1.7 0.6 0.6 0.5 1.5
Area of City owned Properties (m2) 567 728 1,052 1,619 567 5,544

Slope X:1 5 5 5 5 5 5 5
Top Length (m) 27 31 32 91 62 113 35
Top Width 21 31 32 21 16 35 30
Base Length (m) 21 14 15 85 56 108 20
Base Width (m) 15 15 15 15 10 15 15
Required Area (m2) 561 957 1,030 1,903 989 3,935 1,060

 Storm water pond Calc
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Appendix G

City of Hamilton
Beach Boulevard Community Stormwater Ponding
Study - Revised
August 2019 – 17-5898

G - 1

G Detailed Costing
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Storm 5YR
Lake Level 74

Amount Cost Amount Cost Amount Cost Amount Cost Amount Cost Amount Cost Amount Cost Amount Cost
300 79.7 2.5 0 -$ 11 2,103$ 60 11,892$ 0 -$ 0 -$ 0 -$ 0 -$ 0 -$
375 98.3 2.57 63 15,875$ 56 14,081$ 59 14,796$ 77 19,392$ 0 -$ 0 -$ 0 -$ 55 13,791$
450 101.3 2.64 0 -$ 71 19,049$ 104 27,838$ 0 -$ 77 20,500$ 49 13,206$ 0 -$ 0 -$
525 110.5 2.71 138 41,444$ 112 33,447$ 139 41,621$ 82 24,482$ 70 21,010$ 0 -$ 208 62,329$ 105 31,295$
600 148.7 2.78 161 66,582$ 87 36,024$ 107 44,431$ 150 62,052$ 152 62,900$ 9 3,664$ 50 20,518$ 137 56,754$
675 227.9 2.85 0 -$ 126 81,637$ 14 9,224$ 243 157,708$ 0 -$ 0 -$ 200 129,955$ 76 49,580$
750 300.5 2.92 0 -$ 187 164,069$ 221 193,645$ 295 258,964$ 0 -$ 81 71,168$ 0 -$ 77 67,130$
825 348.6 2.99 0 -$ 64 66,749$ 0 -$ 215 224,533$ 96 99,638$ 0 -$ 104 108,004$ 115 119,940$
900 418.2 3.06 0 -$ 0 -$ 0 -$ 0 -$ 0 -$ 0 -$ 0 -$ 0 -$
975 458.8 3.13 0 -$ 0 -$ 0 -$ 0 -$ 0 -$ 0 -$ 76 109,190$ 0 -$

1050 525.5 3.2 0 -$ 0 -$ 0 -$ 15 25,436$ 0 -$ 0 -$ 0 -$ 0 -$
1200 658.6 3.27 0 -$ 0 -$ 0 -$ 17 36,100$ 0 -$ 0 -$ 0 -$ 0 -$
1350 847 3.34 0 -$ 0 -$ 0 -$ 0 -$ 0 -$ 0 -$ 0 -$ 0 -$
1500 1036 3.41 0 -$ 0 -$ 0 -$ 0 -$ 0 -$ 0 -$ 0 -$ 0 -$
1650 1240.6 3.48 0 -$ 0 -$ 0 -$ 0 -$ 0 -$ 0 -$ 0 -$ 0 -$

Manhole 6500 - 5 32,500$ 15 97,500$ 11 71,500$ 18 117,000$ 7 45,500$ 4 26,000$ 14 91,000$ 11 71,500$
156,401$ 514,658$ 414,947$ 925,667$ 249,548$ 114,038$ 520,998$ 409,990$

TOTAL 3,306,246$

Bayside Fletcher
Size Each Multiplier

Eastport Hamilton Harbour Dunraven Grafton Lagoon Townhouse
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H Planning Memo
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MEMO 
 
 

DILLON CONSULTING LIMITED  
  

www.dillon.ca 

Page 1 of 5 

TO: Angela Doyle, City of Hamilton 

FROM: Paddy Kennedy and Zahra Jaffer 

cc: Denis Viens 

DATE: January 19, 2018 

SUBJECT: Planning Review of Beach Strip Flooding Study – Draft Memo 

OUR FILE: File #17-5898 

 

The purpose of the following memo is to provide a summary of the planning considerations for the 
Beach Strip Flooding Study. The Flooding Study is being undertaken by the City to understand the 
potential opportunities for addressing flooding issues in the Beaches area. The planning review 
consisted of the following elements: 

1. Review of the local context; 
2. Review of the local planning policies; 
3. Review of Zoning By-Law; 
4. Review of historical building permit data; and, 
5. Summary of findings and recommendations.  

 
A summary of the findings for each of the above components is provided below. 
 

Local Context 

The Study Area is approximately 211 hectares in size, extending approximately 4.3km along a narrow 
strip of waterfront land in the north-west limits of the City (see Figure 1). The Study Area is bounded by 
the Hamilton Harbour to the west and Lake Ontario to the east, and is bisected by the QEW. The Study 
Area east of the QEW is populated with a mix of low-rise residential dwellings, parks and open space 
uses. A range of industrial uses are located to the west of the QEW within the Study Area. For purposes 
of this review for the Beaches Flooding Study, only the lands east of the QEW were focused on.  
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Policy Framework Review 

Lands within the Study Area east of the QEW are designated in the City’s Official Plan as 
Neighbourhoods, with some Open Space lands designated along the waterfront (see Figure 2 on the 
following page, showing excerpt from Schedule E-1 of the Official Plan). The uses permitted under the 
Neighbourhoods designation include residential as well as a range of supporting amenity services, 
institutional uses, and a range of commercial uses. The lands west of the QEW have the Official Plan 
designation of Shipping and Navigation. 
 

FIGURE 1 STUDY AREA 
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Lands within the Study Area are subject to Special Policy Area designation UH-2 (Map H-6 of the Official 
Plan), for which the following policies apply, as quoted in the Official Plan: 
 

a. “The City shall ensure that appropriate shoreline protection measures as may be prescribed by 
the province and  will be taken to mitigate flooding, erosion and pollution. 

 
b. Recreational-oriented and water-related commercial uses, such as theme parks, amusement 

parks, boating facilities, interpretive centres, craft centres, etc., shall be permitted, in addition 
to those uses set out in Section C.3.3 - Open Space of Volume 1. This policy does not purport to 
prohibit or otherwise regulate the Hamilton Port Authority from using their lands for bona fide 
shipping and navigation purposes.” 
 

 
   

 
Some portions along the shoreline of the Study Area also fall within Hamilton Conservation Authority’s 
Regulated Areas, meaning that some forms of development within the Regulated Areas are subject to 
Conservation Authority approval.    
 
 
 

FIGURE 2 HAMILTON OFFICIAL PLAN LAND USE, EXCERPT FROM SCHEDULE E-1 

Neighbourhoods 

Open Space 

Shipping & Navigation 
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Zoning By-Law Review 

The City of Hamilton Zoning By-Law is currently undergoing an update. The existing City of Hamilton 
Zoning By-Law No. 6593 was referred to for purposes of this review. The following key points are noted: 

 Most lands in the Study Area east of the QEW are zoned as “Urban Protected Residential”, 

which allows for single family residential uses as well as some community services such as 

retirement homes, nurseries, etc. 

o The maximum permitted height is 11 metres 

o Front Yards are restricted to 6 metres in depth 

o Sideyard 1.2 metres 

o Rear yard 7.5 metres 

o There is a minimum lot width of 12 metres 

 Zoning By-Law amendment 99-170 was passed in 1999 which includes regulations which restrict 

basement developments on the east side of Beach Boulevard.  The amendment was enacted to 

implement the findings of the City’s Beach Master Drainage Study (1999), and included: 

o Requirements for a minimum side yard for all structures of 1.7 metres (reduced to 1.5 

metres if a common swale is present) 

o Prohibition on basements 

o Minimum ground floor elevation for all buildings of 76.0 metres above mean sea level. 

The Zoning By-law is one of the main tools for limiting the development of basements in the Study Area, 
thereby limiting the potential vulnerability to flooding risks.  
 

Building Permit Data Review 

Building Permit data for the Study Area was requested from the City covering the period from 2009-
2017, with a focus on lands east of the QEW. The data received was processed through GIS (see Figure 
3-1 attached for a summary) and in Excel format. Figures 3-2 to 3-7 break down the Study Area to allow 
for clearer understanding of the information. Properties with a blue outline indicate a permit issued 
within this time frame; the colour of the building footprint indicates the depth of basement. A number 
of the properties where a permit was issued appear to have basements, although the depth is not 
known. These properties represent instances where the City may undertake further investigation to 
determine if appropriate compliance is in place with respect to limiting the construction of basements in 
the Study Area.  
 
The following points are noted as a result of the data review: 

 Of the large number of Building Permits issued over the past 10 years since 2007, approximately 

32% represent new construction, with an additional 13% being additions and 15% alterations. It 

would appear that approximately 50% of parcels in the beach strip have received a Building 

Permit for some variety of activity over the past 10 years. 

 A total of approximately 90 units were added in the Study Area between 2009 and 2017. 
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 A total of approximately $36.8M in development was permitted between 2009-2017, across 204 

permits issued that had an associated cost of project construction. The highest development 

cost was $6.7M for the Grafton Pumping Station (2012). 

 8 Building Permits were issued for a new basement within the Study Area. The Development 

Applications data received from the City for the same time period did not show any applications 

for Zoning By-Law amendments related specifically to basements within the time period.  

 

Summary  

The City’s Official Plan includes a Special Policy (UH-2) identifying the potential for additional 
development risks related to shoreline erosion and flooding resulting from Lake-based storm events. 
The Zoning By-law features a specific regulation prohibiting new basements for certain lands on the east 
side of Beaches Boulevard (By-Law 99-170). While there has been a continuous level of development in 
the Study Area over the last decade, there have only been a handful of new basements have been 
constructed. It does not appear as though additional major planning policies or regulations could be 
implemented to resolve or address issues related to increased basement flooding in the Study Area. The 
City could consider the following minor adjustments: 

 Updating Special Policy Area designation UH-2 to reference the potential risks related to 
basement flooding so as to align with the language/restrictions in the Zoning By-law. 

 Reviewing the geographic limits of the Amendment 99-170 to ensure that all properties which 
could be vulnerable to basement flooding are covered by the basement prohibition regulation 
(which appears to be the case, but should be confirmed).  
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I Outlet Size Estimation
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Assumptions Diameter
Wall

Thickness
D+1w

Slope 0.25% 300 70 0.37
Cover 0.6 375 76 0.45
Lake Lvl 74.85 450 64 0.51

525 89 0.61
Ground Elv Length Δh Pipe Δh Elev Pipe D 600 95 0.70

MASL m m m mm 675 102 0.78
Eastport 76.00 106.4 0.266 0.55 - 750 108 0.86
Hamilton Harbour 76.00 152.3 0.381 0.55 300 825 114 0.94
Dunraven 75.90 109.0 0.273 0.45 - 900 121 1.02
Lagoon 75.99 95.6 0.239 0.54 - 975 127 1.10
Townhouse 76.00 103.0 0.258 0.55 - 1050 133 1.18
Bayside 75.88 80.0 0.200 0.43 - 1200 146 1.35
Fletcher 76.00 167.5 0.419 0.55 300

Flow Slope n D D D+1W Ground Elv Length Δh Pipe Lake Lvl
L/s (-) (-) m mm m MASL m m m

Eastport 223 0.0025 0.013 0.53 600 0.70 76.00 106.4 0.266 74.44
Hamilton Harbour 521 0.0025 0.013 0.73 750 0.86 76.00 152.3 0.381 74.16
Dunraven 604 0.0025 0.013 0.77 825 0.94 75.90 109.0 0.273 74.09
Lagoon 799 0.0025 0.013 0.855 900 1.02 75.99 95.6 0.239 74.13
Townhouse 557 0.0025 0.013 0.745 750 0.86 76.00 103.0 0.258 74.28
Bayside 1232 0.0025 0.013 1.005 1050 1.18 75.88 80.0 0.200 73.90
Fletcher 682 0.0025 0.013 0.805 825 0.94 76.00 167.5 0.419 74.04

Flow Slope n D D D+1W Ground Elv Length Δh Pipe Lake Lvl
L/s (-) (-) m mm m MASL m m m

Eastport 223 0.005 0.013 0.465 525 0.61 76.00 106.4 0.532 74.25
Hamilton Harbour 521 0.005 0.013 0.64 675 0.78 76.00 152.3 0.762 73.86
Dunraven 604 0.005 0.013 0.675 750 0.86 75.90 109.0 0.545 73.90
Lagoon 799 0.005 0.013 0.75 825 0.94 75.99 95.6 0.478 73.97
Townhouse 557 0.005 0.013 0.655 675 0.78 76.00 103.0 0.515 74.11
Bayside 1232 0.005 0.013 0.885 900 1.02 75.88 80.0 0.400 73.86
Fletcher 682 0.005 0.013 0.71 750 0.86 76.00 167.5 0.838 73.70

Q D D+1W Ground Elv Length Δh Pipe Overt ΔH n Kc Ke Q
L/s mm m MASL m m MASL m (-) (-) (-) L/s

Eastport 223 300 0.37 76.00 106.4 0.266 74.76 1.15 0.013 0.105 0.5 378
Hamilton Harbour 521 375 0.45 76.00 152.3 0.381 74.57 1.15 0.013 0.078 0.5 574
Dunraven 565 375 0.45 75.90 109.0 0.273 74.58 1.05 0.013 0.078 0.5 635
Lagoon 751 450 0.51 75.99 95.6 0.239 74.64 1.14 0.013 0.061 0.5 1111
Townhouse 528 375 0.45 76.00 103.0 0.258 74.69 1.15 0.013 0.078 0.5 680
Bayside 1154 450 0.51 75.88 80.0 0.200 74.57 1.03 0.013 0.061 0.5 1132
Fletcher 638 450 0.51 76.00 167.5 0.419 74.47 1.15 0.013 0.061 0.5 883

Catchment

Catchment

Catchment

Catchment
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Appendix J

City of Hamilton
Beach Boulevard Community Stormwater Ponding
Study - Revised
August 2019 – 17-5898

J - 1

J Figures Provided by HPA
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Appendix K

City of Hamilton
Beach Boulevard Community Stormwater Ponding
Study - Revised
August 2019 – 17-5898

K - 1

K PCSWMM Ponding Summary
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System Lake Level
Storm 2Year 5Year 10Year 100Year 2Year 5Year 10Year 100Year 2Year 5Year 10Year 100Year 2Year 5Year 10Year 100Year

Eastport Eastport 0.12 0.28 0.29 0.29 0.31 0.12 0.28 0.29 0.29 0.31
Hamilton Harbour Hamilton Harbour Outlet 0.02 0.03 0.03 0.04 0.09 0.09 0.09 0.1 0.02 0.03 0.03 0.03 0.02 0.03 0.03 0.03
Dunraven Dunraven Avenue 0.29 0.3 0.31 0.32 0.33 0.29 0.15 0.27 0.28 0.3

Locarno Avenue 0.26 0.27 0.27 0.28 0.29 0.26 0.02 0.24 0.26
Renfrew Avenue 0.22 0.3 0.3 0.31 0.32 0.22 0.05 0.28
North Park Avenue 0.2 0.2 0.21 0.22 0.19
Rembe Avenue 0.19 0.19 0.2 0.2 0.07 0.07 0.07 0.19
Windermere Avenue
Knapmans Drive
Wickham Avenue 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07
Grafton Avenue
Comet Avenue
Granville Avenue
Clare Avenue 0.54 0.54 0.54 0.54 0.14 0.14 0.14 0.15
Lagoon Avenue 0.4 0.4 0.4 0.41 0.35 0.35 0.35 0.39
Arden Avenue 0.41 0.43 0.43 0.43 0.44 0.41 0.3 0.3 0.3 0.43

Townhouse Townhouse System 0.09 0.12 0.15 0.11 0.12 0.12 0.15 0.09 0.12 0.15 0.12 0.11 0.12 0.15
Towers Drive 0.31 0.42 0.42 0.43 0.44 0.31 0.2 0.2 0.2 0.34
Bayside Avenue 0.19 0.33 0.39 0.4 0.4 0.42 0.18 0.32 0.2 0.2 0.26 0.33
Wark Avenue 0.4 0.49 0.49 0.49 0.51 0.4 0.26 0.26 0.26 0.38
Kirk Road 0.29 0.37 0.38 0.38 0.4 0.29 0.15 0.15 0.15 0.3
Fletcher Avenue 0.04 0.08 0.22 0.26 0.32 0.32 0.32 0.34 0.22 0.26 0.17 0.18 0.22 0.26

Grafton

Lagoon

Bayside

Fletcher

74.27 75.88 74.27 75.88
TRIPLESINGLE
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2Year-HL-SO

2Year-HL-TO

2Year-HH-SO

2Year-HH-TO
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5Year-HL-SO

5Year-HL-TO

5Year-HH-SO

5Year-HH-TO
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10Year-HL-SO

10Year-HL-TO

10Year-HH-SO

10Year-HH-TO
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100Year-HL-SO

100Year-HL-TO

100Year-HH-SO

100Year-HH-TO
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Appendix L

City of Hamilton
Beach Boulevard Community Stormwater Ponding
Study - Revised
August 2019 – 17-5898

L - 1

L Drawings and GIS Layers Reviewed
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Drawing Name Agency Contract No. Drawing Set No. Discription

Beach Boulevard Interceptor City of Hamilton PW-09-43 (S) 09-S-11
Proposed 900mm Dia Force Main Construction Crossing the
Queen Elizabeth Way

Beach Boulevard Interceptor City of Hamilton PW-11-54 (S) 11-S-20 Proposed Pumping Station, Storm Sewer and Ditch Construction
Northeast Gateway Study City of Hamilton PD-00-35
Pipeline Route Sheet City of Hamilton M-1904-83
Arden Ave City of Hamilton ER-63-110 A-293
Beach Boulevard Plan - 1938 B-167-WW
QEW Connection - 1958 City of Hamilton B-309-H
Beach Boulevard Plan City of Hamilton B-354-S Catch basin and Manholes South End of Skyway Bridge
Plan and Profile of Storm Sewers B-396-S
General Maps of Area - 1962 Township of Saltfleet B-404-BW
General Maps of sewers - 1964 B-445-S
New Meter for Burlington Beach City of Hamilton C-101-WW
Beach Pumping Station City of Hamilton C-131-WW
Post-Chlorinating Building City of Hamilton F-135-WW
Depth of Hamilton Harbour -
1963

Canadian Hydrographic
Service

H-393-M

Grading, Drainage, Granular Base
and Hot-mix Paving

Provine of Onario -
Department of Highways

62-301 H-400

Woodward Ave to Parkdale
Pumping Station

City of Hamilton B-310

Mareve Avenue City of Hamilton EW-65-3 M-136-W
Sewage Treatment Plant Outfall City of Hamilton O-72-S
Report of Pollution of Burlington
Bay

Departmet of Health of
Ontario

P-95-S

King to Beach - 1957 City of Hamilton Q-34-H
QEW Connection - 1957 City of Hamilton Q-35-H

Ontario Hydro Transmission Line
The Hydro-Electric
Power Commission of
Ontario

Q-62-H

Wark Avenue - 1966 City of Hamilton EW-65-34 W-159-W
Beach Road Storm Connection at
C.N.R. Crossing

City of Hamilton ER-68-52 65-S-129

East Port Industrial Park -
Proposed Sanitary Sewer,
Forcemain and Watermain

City of Hamilton RHW-83-74 83-S-9 Drawings that show parts of Easport Dith.
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Drawing Name Agency Contract No. Drawing Set No. Discription
East Port Development - Pier 25 -
Stage 1

City of Hamilton 180112 84-S-54

Windermere Basin Storm
Drainage

City of Hamilton 91-S-69

QEW Crossing for Proposed
Sanitary Sewer

City of Hamilton 802-111 92-S-1 Some information and about basement depths in the study area.

Proposed Sanitary Sewer - Phase
1

City of Hamilton 802-111 92-S-57 Information and about basement depths in the study area.

Proposed Sanitary Sewer - Phase
2

City of Hamilton 802-111 93-S-1 Information and about basement depths in the study area.

QEW Crossing for Proposed
Sanitary Sewer

City of Hamilton 93-S-40 Some information and about basement depths in the study area.

Low Lift Pumping Station City of Hamilton 04-W-29
Woodland Avenue City of Hamilton EW-71-5 74-W-515
48" Saltfleet Trunk Watermain City of Hamilton 823-09 76-W-608
Watermain Cleaning City of Hamilton 802-19 80-W-29
Cameron Avenue - Proposed
Watermain

City of Hamilton 813-49 81-W-29

Beach Boulevard - Proposed
watermain

City of Hamilton T111-22 82-W-25

Beach Boulevard - Proposed
watermain

City of Hamilton 802-65 86-W-1

Granville Ave - Proposed
Watermain

City of Hamilton 86-W-21

East Port Watermain City of Hamilton 86-W-31
Skyway Park City of Hamilton PW-11-04 09-P-24
Modifications of Burlington
Channel Vertical Lift Bridge and
Approaches

Public Works Canada 41412

QEW Grading
Provine of Onario -
Department of Highways

443-97-00 2005-2008

Eastport Drive - Sidewalk
Extension and Granular Trail

City of Hamilton C15-06-12 12-P-02

Proposed Sewage Pumping
Station No. 3 & 4

City of Hamilton RHW-92-61 92-S-55

QEW Grading City of Hamilton 86-74 94-H-33
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Drawing Name Agency Contract No. Drawing Set No. Discription

Van Wagners' Beach Boulevard City of Hamilton PW-04-40 (HSW) 04-H-80 Road Reconstruction and Storm Sewer Removal near study area

MTO New Construction City of Hamilton 86-74 83-74-C5
Eastport Sewage Pumping
Station

City of Hamilton 816-18 83-S-68

Stormwater Drainage Hamilton Port Authority
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GISFeaturesSummaryList

Shapefile Name Shapefile Description Source Type Extent LastUpdate Update Frequency

ALLEYS

The layer is to help understand what alleys exist throughout the urban area of the City of Hamilton and if they are Publically owned or Private. Additionally the
inventory describes publically owned (City of Hamilton ownership) which alleys are Assumed maintained and serviced by the City and those that are Unassumed.
This layer can also be used in conjunction with the ALLEYS_CENTERLINE featureclass that will reflect additional details within the Alleyway property extents.
Using Teranet property boundaries and property ownership information, the following inventory shows alleyway extent. Each polygon is unique and associated
by a Teranet PIN. Additional information is attributed to the alley polygon as it relates to information gathered from city records and city bylaws. Geomatics and
Corridor Management Section maintain the layer and rely on information communicated from Planning and Economic Development Department, Real Estate
Section to adjust the layer with changes in ownership and alleyway status changes.

Parcels Area Full Coverage

ALLEYS_CENTERLINE

The layer is to help understand what parts of alleys exist throughout the urban area of the City of Hamilton and if they are Publically owned or Private.
Additionally the inventory describes publically owned (City of Hamilton ownership) which alleys are Assumed maintained and serviced by the City and those that
are Unassumed. This layer can also be used in conjunction with the ALLEYS featureclass that will reflect Alleyway property extents. The alley centerlines were
drawn following the center of the ALLEYS featureclass that is Teranet property based. Attribute information from the ALLEYS polygon feature is carried to the
lines that fall within its extent. This includes property ownership information and researched city alleyway status along with city bylaws. Each centerline is
unique and topologically correct and associated by a Teranet PIN (Property Identity Number). Where multiple Centerline segments are within an ALLEYS
polygon, the lines are attributed with a PIN sequence number PIN_SEQ. PIN + PIN_SEQ together creates a unique identifier and child records of the parent
ALLEYS polygon. Geomatics and Corridor Management Section maintain this layer and rely on information communicated from Planning and Economic
Development Department Real Estate Section to adjust the layer with changes in Ownership and alleyway status changes.

Parcels Line Full Coverage

ASSET_BRIDGE_TXT Bridge ID text for use in conjunction with the ASSET_BRIDGES feature. Schematic Text Full Coverage Daily
ASSET_BRIDGES Point features representing bridge and culvert structures that are >=3 metres in span, including City, rail and private bridges. Schematic Point Full Coverage Daily
ASSET_HANSEN_CENTRELINE An Oracle copy of the Asset Management road network table as it exists in Hansen. Combination Line Full Coverage Dynamic
BEACHES Point location for City of Hamilton public recreational bathing beaches. Schematic Point Full Coverage June, 2017 Static
BELL_CANADA_DUCT Combination Line Full Coverage March, 2013 Yearly
BELL_CANADA_STRUCTURE Combination Point Full Coverage March, 2013 Yearly

BIKEWAYS
Line features representing existing and proposed bikeways in the City of Hamilton. Further information on some metadata for this feature can be found here:
G:\Tabular\Documents\BIKEWAYS_descriptions_for_TYPE_field.docx.

Combination Line Full Coverage February, 2013 Yearly

BIKEWAYS_EXISTING
Oracle view of BIKEWAYS showing only the records with a STATUS of EXISTING, CONSTRUCTED or DETAILED DESIGN, CONSTRUCTED. Further information on
some metadata for this feature can be found here: G:\Tabular\Documents\BIKEWAYS_descriptions_for_TYPE_field.docx.

Schematic Line Full Coverage Dynamic

BUILDINGS
Polygon feature representing buildings which were compiled by digitizing the building footprints from the aerial photography. Most residential buildings were
compiled as "best-fit" rectangles. Smaller units, such as sheds, may not be captured.

Ortho2012 Area Full Coverage Dynamic

BUILDINGS_TXT Text representing the names of some of the larger and more prominent buildings in Hamilton. Schematic Text Partial Dynamic

CITY_ALLEYS

Please refer to ALLEYS as the most up-to-date data set. The alleyway data is a compilation of all the known city and private alleyways in the City of Hamilton. The
geospatial component of this project was extracted from the Teranet mapping and the starting point was a custom Land Registry data extract, obtained from
Teranet  to populate the majority of the ownership fields. In many cases, the lands that were not moved forward to LTCQ during automation and are still in the
registry system require a compressive title search to confirm ownership. All the known information, for example, By-Laws, have been added, but are not a
complete inventory of all the By-Laws. Staff verification is still necessary.

Combination Area Full Coverage Dynamic

CITY_ROAD_WIDENING
The proposed ultimate road widening layer was created using the “Road Classification and Right-of-Way Width Project” final report dated June 2009, all
proposed widenings should be confirmed with the current Official Plan. Staff verification is still necessary.

Combination Area Full Coverage Monthly

COAXIAL_CABLE_DUCT Combination Line Full Coverage Yearly
COAXIAL_CABLE_STRUCTURE Combination Point Full Coverage Yearly
DTM_2002_CONT_TXT Contour text (in metres).  Use in conjunction with the DTM_2002_CONTOURS feature. Schematic Text Full Coverage 2002 Static

DTM_2002_CONTOURS
1 metre contours as generated by GeoMedia Grid using the 2002 DTM data. Category 'type' determines major and minor contours, the major ones being every
10 metres.

Ortho2002 Line Full Coverage 2002 Static

DTM_2007_CONT_TXT Contour text (in metres). Use in conjunction with the DTM_2007_CONTOURS feature. Schematic Text Full Coverage 2007 Static

DTM_2007_CONTOURS
1 metre contours as generated by FME (Feature Manipulation Engine) using the 2007 DTM data. Category 'type' determines major and minor contours, the
major ones being every 10 metres.

Ortho2007 Line Full Coverage 2007 Static

DTM_2010_CONT_TXT Contour text (in metres). Use in conjunction with the DTM_2010_CONTOURS feature. Schematic Text Full Coverage 2010 Static

DTM_2010_CONTOURS
1 metre contours as generated by FME (Feature Manipulation Engine) using the 2010 DTM data. Category 'type' determines major and minor contours, the
major ones being every 10 metres.

Ortho2010 Line Full Coverage 2010 Static

DTM_2014_CONTOURS
1 metre contours as generated by GeoMedia Grid 2014 using the 2014 DTM data. Category 'type' determines major and minor contours, the major ones being
every 10 metres.

Ortho2014 Line Full Coverage September, 2015 Static

EME_DRAINAGE
Environmental Monitoring and Enforcement. This layer provides information on the City of Hamilton’s natural drainage sites by its streams, swamps, shorelines
and ditches.

Combination Line Full Coverage July, 2016 Yearly

EME_WATERSHED Environmental Monitoring and Enforcement. The Watershed layer provides information on where the surface water contained in that area will drain to. Combination Area Full Coverage July, 2016 Yearly

HHI_PRIM_ARC Horizon Utilities primary hydro lines. Note: this data requires field verification if there are proposed works to be done that may affect the utility. Schematic Line Partial October, 2008 Static
HHI_PRIM_AREA Horizon Utilities primary hydro areas. Note: this data requires field verification if there are proposed works to be done that may affect the utility. Schematic Area Partial October, 2008 Static
HHI_PRIM_LINE Horizon Utilities primary hydro lines. Note: this data requires field verification if there are proposed works to be done that may affect the utility. Schematic Line Partial October, 2008 Static

HHI_PRIM_POINT Horizon Utilities primary hydro points. Note: this data requires field verification if there are proposed works to be done that may affect the utility. Schematic Point Partial October, 2008 Static

HHI_SEC_AREA Horizon Utilities secondary hydro areas. Note: this data requires field verification if there are proposed works to be done that may affect the utility. Schematic Area Partial October, 2008 Static

HHI_SEC_LINE Horizon Utilities secondary hydro lines. Note: this data requires field verification if there are proposed works to be done that may affect the utility. Schematic Line Partial October, 2008 Static

HHI_SEC_POINT Horizon Utilities secondary hydro points. Note: this data requires field verification if there are proposed works to be done that may affect the utility. Schematic Point Partial October, 2008 Static
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GISFeaturesSummaryList

Shapefile Name Shapefile Description Source Type Extent LastUpdate Update Frequency

HHI_SEC_TEXT Horizon Utilities secondary hydro text. Note: this data requires field verification if there are proposed works to be done that may affect the utility. Schematic Text Partial October, 2008 Static

HHI_SERV Horizon Utilities service lines. Note: this data requires field verification if there are proposed works to be done that may affect the utility. Schematic Line Partial October, 2008 Static
HORIZON_CHAMBERS External Point Full Coverage Static
HORIZON_DUCT External Line Full Coverage Static
HRCA_FLOODPLAINS Hamilton Region Conservation Authority floodplains. Please note that this data is not accurate and should not be used for legal purposes. External Area Full Coverage Static

INTRINSIC_GW_SUSCEPTIBILITY

This feature identifies groundwater susceptibility to contamination by assigning a high, medium, or low susceptibility to each area. This layer combines
information from the Grand River Source Protection Area Assessment Report (August 16, 2012) Map 4-1 titled Aquifer Vulnerability, Halton Assessment Report
(January 26, 2012) Figure 6.6 titled Intrinsic Groundwater Susceptibility, Hamilton Assessment Report (February 9, 2012) Figure 6.3 titled Intrinsic Groundwater
Susceptibility, and Niagara Peninsula Source Protection Act Assessment Report (November 28, 2013) Figure 4.3 titled Groundwater Vulnerability Rules
37(1)/37(2)/38(1). Maps located on \\corona\world\Public Works\Hamilton Water\Source Protection Maps\Assessment Report
Maps\INTRINSIC_GW_SUSCEPTIBILITY\.

External Area Full Coverage August, 2015 Yearly

LAKE_TXT Use in conjunction with the LAKES feature. Schematic Text Full Coverage Static
LAKES Minor lake features, captured from aerial photography. Ortho1992 Area Full Coverage 1992 Static
LED_CONVERSION_COLLECTORS Point Full Coverage Dynamic
MAJOR_LAKE_FILL Water fill for Cootes Paradise, Hamilton Harbour and Lake Ontario. Schematic Area Full Coverage Static

MINOR_STM_SEPARATED_D
Each polygon represents the drainage area (subcatchment) for each individual pipe segment in the complete separated storm sewer system comprising the
major and minor storm flow routes.Each polygon is assigned an ID corresponding to the Hansen ID of the manhole or inlet the area drains to. (Layer is under
construction, and is updated as required by Capital Plan preparation or as new subdivisions are approved).

Schematic Area Full Coverage Dynamic

MINOR_STM_SEPARATED_L
Each polygon represents the drainage area (subcatchment) for each individual pipe segment in the trunk separated storm sewer system comprising the major
and minor storm flow routes.  Each polygon is assigned an ID corresponding to the Hansen ID of the manhole or inlet the area drains to.  (Layer is under
construction, and is updated annually…or as required).

Schematic Area Full Coverage December, 2006 Yearly

MNR_NRVIS_WATER NRVIS (Natural Resources and Values Information System).  Water polygons from the Ministry of Natural Resources.  Last updated November, 2005. External Area Full Coverage November, 2005 Static

MNR_NRVIS_WETLANDS NRVIS (Natural Resources and Values Information System). Data from the Minstry of Natural Resources. Last updated May, 2006. External Area Full Coverage May, 2006 Static

MNR_SOLRIS_WETLANDS
SOLRIS (Southern Ontario Land Resource Information System) is a land mapping project which uses satellite imagery, state-of-the-art mapping technology and
field testing to provide ecological land classification mapping. Project partners include the Ministry of Natural Resources and Ducks Unlimited. Last updated
November, 2005.

External Area Full Coverage November, 2005 Static

MNR_SOLRIS_WOODLANDS
SOLRIS (Southern Ontario Land Resource Information System) is a land mapping project which uses satellite imagery, state-of-the-art mapping technology and
field testing to provide ecological land classification mapping. Project partners include the Ministry of Natural Resources and Ducks Unlimited. Last updated
November, 2005.

External Area Full Coverage November, 2005 Static

MNR_WETLAND

Not all wetlands have been identified and mapped. Active maintenance is ongoing throughout the province. The currency and accuracy of the spatial
representa on is variable and requires
on-the-ground verification. Certain attributes identify which wetlands have been evaluated with the Ontario Wetland Evaluation System (OWES) and of those
which ones have been designated as Provincially Significant wetlands (PSW). Sources for wetland data included Wetland Interim (OBM/NTS), Forest Resource
Inventory (FRI), Southern Ontario Land Recourse Inventory System (SOLRIS) and MNR district data. Wetlands are lands that are seasonally or permanently
flooded by shallow water as well as lands where the water table is close to the surface; in either case the presence of abundant water causes the formation of
hydric (moist) soils and has favoured the dominance of either hydrophytic (water loving) or water tolerant plants. Data provided by the Ministry of Natural
Resources through Land Information Ontario. Further information can be found on G:\Tabular\Documents\MNR_WETLAND.pdf.

External Area Full Coverage August, 2014. Static

MNR_WOODED_AREAS Data from the Ministry of Natural Resources.  Received June 2003. External Area Full Coverage June, 2003 Static
MNR_WRIP_WATERFLOW Last updated November, 2005. External Area Full Coverage November, 2005 Static

MOE_WELLS
This well feature has been provided by the Ministry of the Environment, February 2007.  For information on structure and codes, refer to
G:\Tabular\Documents\MOE_Wells.TXT. Licence expires in December 2008.

External Point Full Coverage February, 2007 Static

NRNC1_COLLECTOR Oracle view displaying only the collector roads from NRNC1_ROADSEG. External Line Extended 2003 Static
NRNC1_FREEWAY Oracle view displaying only the freeways from NRNC1_ROADSEG. External Line Extended 2003 Static
NRNC1_LOCAL_STREET Oracle view displaying only the local roads from NRNC1_ROADSEG. External Line Extended 2003 Static
NRNC1_RAMPS Oracle view displaying only the ramps from NRNC1_ROADSEG. External Line Extended 2003 Static
NRNC1_ROADSEG National Road Network, Canada, Level 1. Copyright Natural Resources Canada. External Line Extended 2003 Static
OBM_CONTOUR Ontario Base Map data from the Ministry of Natural resources.  Data captured from aerial photography taken in 1975 and 1982. External Line Full Coverage Static
OBM_LAKE_ELEVATION_PNT Ontario Base Map data from the Ministry of Natural resources.  Data captured from aerial photography taken in 1975 and 1982. External Point Full Coverage Static

OBM_SPOT_HEIGHT
Ontario Base Map data from the Ministry of Natural resources.  The height in metres is an attribute of the point feature.  Data was captured from aerial
photography taken in 1975 and 1982.

External Point Full Coverage Static

ORTHO_1999_COVERAGE
Area feature showing the coverage of the aerial photography that was flown in May 1999.  Coverage consisted of the urban areas of Hamilton only.  12.5 cm
resolution.

Ortho1999 Area 1999 Ortho Coverage Static

ORTHO_2002_COVERAGE Area feature showing the coverage of the aerial photography that was flown in April 2002.  Coverage includes the entire City of Hamilton at 20 cm resolution. Ortho2002 Area 2002 Ortho Coverage Static

ORTHO_TILES
Individual ortho tiles covering the entire City of Hamilton including a 1 km buffer where available.  The tiles are attributed with whether they are available for
1999, 2002, 2005 or 2007 orthos.  Each tile is 1km by 1km and 15 cm digital resolution for the 2007 orthos.

Ortho2005 Area Extended Static

PARCEL Ownership-based parcels from Teranet Inc.  This feature contains only the assessable parcel features.  Non-assessable parcels are in the PARCEL_ROADS feature. External Area Full Coverage Quarterly

PARCEL_ADDRESS_PNT Points generated from the PARCEL_ADDRESS_TXT feature. Created in order to use the addresses in spatial queries. Schematic Point Full Coverage Daily
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Shapefile Name Shapefile Description Source Type Extent LastUpdate Update Frequency

PARCEL_ASSESSMENT

This description of the PARCEL_ASSESSMENT feature was copied from Teranet's Product Description document. "The intent with assessment mapping is to map
only assessable parcels. One major category of land which is not assessed is roads. Thus, in southern Ontario and the settled parts of northern Ontario,
assessment mapping appears as blocks of land separated by the road pattern. In the unsettled areas of the north, most assessable parcels will coincide with
certain types of Crown parcel and  assessment maps will appear as islands of parcels within large areas where there are no assessment parcels.
Assessment parcels are generally created for railways and these are generally broken by roads, rivers and Map Block boundaries. All railway parcels which fall
within one municipality and which have the same owner may receive the same ARN.  For more information of this data, please refer to the directory
G:\Tabular\Documents\TeranetOPMA.

Parcels Area Full Coverage Quarterly

PARCEL_BLOCK_INDEX An index of the Teranet blocks.  Now includes the 1 km buffer zone of our new delivery area. Schematic Area Full Coverage July, 2005 Static

PARCEL_OASYS
An Oracle view joining the PARCEL graphics with data from the OASYS table.  This view contains more detailed property information than the
PARCEL_ASSESSMENT view.

Parcels Area Full Coverage November, 2008 Quarterly

PARCEL_PUBLIC_LANDS
A parcel view where the Oasys names identifier is equal to "L" (Local government and public utilities), "P" (Provincial government including agencies) or "G"
(Federal government including agencies). Displays only owner records where PRIME_SUB=0000.

Parcels Area Full Coverage Quarterly

PARCEL_ROADS
Ownership-based parcels from Teranet Inc.  This feature contains only the non-assessable parcel features.  Ex. Roads, alleys, etc.  The assessable parcels are in
the PARCEL feature.

Parcels Area Full Coverage March, 2009 Quarterly

PARKING_CONTROL_AREAS Schematic Area Full Coverage Static
PARKING_LOTS Currently includes the Municipal Car Parks only. Combination Area Partial Yearly
PARKS An Oracle view of the PED_PARKS_OS feature representing only the parks within the City of Hamilton.  Area is in hectares. Combination Area Full Coverage Dynamic

PARKS_OPERATIONS_DISTRICTS
Boundary Layer that shows the Districts used by Parks and Cemeteries for all aspects of operations and planning.  Note that these district boundaries are similar
to, but not to be confused with, the totally separate GIS feature used by Public Works called PW_ROAD_MAINT_DISTRICTS.

Schematic Area Full Coverage February, 2016 Static

PED_BYLAW_NUMBER
A file number that is associated with a zoning code to a site-specific property or properties.  Indicates that a change has been made to the original zoning
designation.

Schematic Text Full Coverage Dynamic

PED_CITY_PROPERTIES
City of Hamilton owned and leased properties. Still under development. Detailed metadata located on G:\Tabular\Documents\Metadata for
ORACLE_PED_CITY_PROPERTIES.doc.

Parcels Area Full Coverage Dynamic

PED_DEV_APP Point locations of development applications. Parcels Point Full Coverage Daily
PED_ZONING_BNDRY The zoning boundary delineates the extent of an area representing a specific zone within the mapsheets. Combination Area Full Coverage Dynamic

PED_ZONING_CODE
The zone code is text for the zoning boundary feature and designates the permitted use for each property. Use in conjunction with the feature
PED_ZONING_BNDRY.

Schematic Text Full Coverage Dynamic

PRISM_PRIVATE_DRAIN PD.  Private Drains. Schematic Point Full Coverage Dynamic
PW_BENCHMARKS Survey benchmarks from varying sources. Survey Point Full Coverage September, 2007 Static
PW_ROAD_GRIDS Area Full Coverage Static
RAILWAY_BRIDGE Railway features crossing over another feature.  Originally captured by aerial photography. Ortho2007 Line Full Coverage Sept, 2010 Static
RAILWAY_LINE A centreline for the railway.  Originally captured by aerial photography. Ortho2007 Line Full Coverage Sept, 2010 Static
RAILWAY_TUNNEL Railway features crossing under another feature.  Originally captured by aerial photography. Ortho2007 Line Full Coverage Sept, 2010 Static
RAILWAYS An Oracle view combining the three graphic features RAILWAY_BRIDGE, RAILWAY_LINE and RAILWAY_TUNNEL. Ortho2007 Line Full Coverage Sept, 2010 Static
RIVERS Line feature representing water courses and originally captured by 1992 aerial photography. Ortho1992 Line Full Coverage 2000 Static
ROAD_ACCESS_RAMP Street centreline feature.  Attributes include the street name, cross streets, left and right address ranges, etc. Combination Line Full Coverage Dynamic
ROAD_ACCESS_RMP_BRIDGE Street centreline feature.  Attributes include the street name, cross streets, left and right address ranges, etc. Combination Line Full Coverage Dynamic
ROAD_CUT Used for the GO360 Permit Tracking desktop application. Point Dynamic
ROAD_HIGHWAY_CASING ROAD_HIGHWAY_CTRLN buffered by 10 metres. Combination Line Full Coverage Dynamic
ROAD_HIGHWAY_CTRLN Street centreline feature.  Attributes include the street name, cross streets, left and right address ranges, etc. Combination Line Full Coverage Dynamic
ROAD_INTERSECTIONS A point feature representing the intersection of 3 or more road segments.  Linked to Hansen through the COMPKEY field. Combination Point Full Coverage Dynamic
ROAD_MAINT_DIST Used for the GO360 Permit Tracking desktop application. Area Dynamic
ROAD_MAJOR_BRIDGE Street centreline feature.  Attributes include the street name, cross streets, left and right address ranges, etc. Combination Line Full Coverage Dynamic
ROAD_MAJOR_CASING ROAD_MAJOR_CTRLN buffered by 30 metres. Combination Line Full Coverage Dynamic
ROAD_MAJOR_CTRLN Street centreline feature.  Attributes include the street name, cross streets, left and right address ranges, etc. Combination Line Full Coverage Dynamic
ROAD_MAJOR_INTERSECT These segments complete the ROAD_MAJOR_CASING feature where they intersect with the ROAD_MINOR_CASING feature. Combination Line Full Coverage Dynamic
ROAD_MINOR_BRIDGE Street centreline feature.  Attributes include the street name, cross streets, left and right address ranges, etc. Combination Line Full Coverage Dynamic
ROAD_MINOR_CASING ROAD_MINOR_CTRLN buffered by 20 metres. Combination Line Full Coverage Dynamic
ROAD_MINOR_CTRLN Street centreline feature.  Attributes include the street name, cross streets, left and right address ranges, etc. Combination Line Full Coverage Dynamic
ROAD_MINOR_INTERSECT These segments complete the ROAD_MINOR_CASING feature where they intersect with the ROAD_PRIVATE_CASING feature. Combination Line Full Coverage Dynamic
ROAD_PRIVATE_CASING ROAD_PRIVATE_CTRLN buffered by 20 metres. Combination Line Full Coverage Dynamic
ROAD_PRIVATE_CTRLN Street centreline feature.  Attributes include the street name, cross streets, left and right address ranges, etc. Combination Line Full Coverage Dynamic
ROAD_SIDEWALK Sidewalks captured from the 2010 aerial photography. Source is First Base Solutions. City contact for source data is Gord McGuire. Ortho2010 Line Full Coverage Spring, 2010 Static

SEW_ZONES
This layer divides the City into east and west sewer zones in order to designate responsibility areas for east and west crews. The current divide between the
zones is Upper/Lower Wentworth Street.

Area Full Coverage April, 2017 Static

SEWER_BACK_WATER_VALVE Valves which are installed to prevent sewer backups on properties. Schematic Point Full Coverage Dynamic

SEWER_CATCHBASINS
A catchbasin is a chamber or well, usually at the street curb line, for the admission of surface water to a sewer or sub-drain, having at its base a sediment sump
to retain grit and below detritus the point of overflow. Originally captured by Roadware in May, 2005.

GPS Point Partial Dynamic

SEWER_CHAMBER Combination Point Full Coverage Dynamic
SEWER_FLOOD_COMP_GRANT Area Full Coverage
SEWER_FLOOD_DATES Area Full Coverage
SEWER_FLOW_ARROW Oriented points to show the direction of flow for the SEWER_MAINS.  Types include storm, sanitary and combined. Combination Point Full Coverage Dynamic
SEWER_INDEX A index to the sewer sheet areas.  Each sewer sheet determines the naming convention of the features withing that area. Combination Area Full Coverage Static
SEWER_LATERAL_ZONES Schematic Area Full Coverage Static
SEWER_LIFT Schematic Point Full Coverage Dynamic
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GISFeaturesSummaryList

Shapefile Name Shapefile Description Source Type Extent LastUpdate Update Frequency

SEWER_MAIN
A channel or conduit that carries wastewater and stormwater runoff from the source to a treatment plant or receiving stream. "Sanitary" sewers carry
household, industrial, and commercial waste. "Storm" sewers carry runoff from rain or snow. "Combined" sewers handle both.  This feature includes the sewer
mains types combined, force, sanitary and storm.

Combination Line Full Coverage Dynamic

SEWER_MH All sewer manholes including catchbasins, combined, sanitary and storm. Combination Point Full Coverage Dynamic
SEWER_MH_LEAD A leader line for the SEWER_MH_TXT to be used where the text cannot be placed next to the SEWER_MH feature. Schematic Line Full Coverage Dynamic
SEWER_MISC_LEAD A leader line for the SEWER_MISC_TXT to be used where the text cannot be placed next to a  feature. Schematic Line Full Coverage Dynamic
SEWER_NODE All sewer nodes including cross, elbow, inlet, manhole pump, outfall, reducer, stub, tee and valve types. Combination Point Full Coverage Dynamic
SEWER_NODE_LEAD A leader line for the SEWER_NODE_TXT to be used where the text cannot be placed next to the SEWER_NODE feature. Schematic Line Full Coverage Dynamic
SEWER_NODE_TXT Use in conjunction with the SEWER_NODE and SEWER_NODE_LEAD features. Schematic Text Full Coverage Dynamic
SEWER_SERVICE_LINE Sanitary laterals. Combination Line Full Coverage November, 2009 Static
SEWER_SIGN Schematic Point Full Coverage Dynamic
SEWER_TREATMENT Sewer treatment plant. Schematic Area Full Coverage Dynamic
SEWER_USE_LAWS Schematic Area Full Coverage Dynamic
SEWER_VALVE All sewer valves including air, blow off and line types. Combination Point Full Coverage Dynamic

SHORELINE
Includes the shoreline for Lake Ontario, Hamilton Harbour and Cootes Paradise as captured from 1992 aerial photography. Some minor updates have been
made since.

Ortho1992 Line Full Coverage 1992 Static

SMN_STRUCT_GRADE Sewer CCTV inspection results. Schematic Line Full Coverage Weekly

SRFCE_WTR_INTAKE_PROT_ZONE_PLY

This feature identifies intake protection zones associated with surface water, which need protection from possible threats, and assigns vulnerability scores of 1,
2, 4.8, or 6 to each area. This layer combines information from the  Niagara Peninsula Source Protection Act Assessment Report (November 28, 2013) Figure
11.2 titled Grimsby WTP IPZ-1/IPZ-2 Delineations and Hamilton Assessment Report (February 9, 2012) Figure 6.1 titled Woodward Intake Protection Zone (IPZ).
Maps located on \\corona\world\Public Works\Hamilton Water\Source Protection Maps\Assessment Report Maps\SRFCE_WTR_INTAKE_PROT_ZONE_PLY\.

External Area Partial August, 2015 Yearly

SRFCE_WTR_INTAKE_PROT_ZONE_PNT This feature identifies the centroids of the intake protection zones associated with surface water. External Point Partial August, 2015 Yearly
STORM_STORAGE_BASIN Schematic Area Full Coverage April, 2010 Static
STORM_STORAGE_BASIN_INLET Schematic Point Full Coverage
STORM_STORAGE_BASIN_OUTLET Schematic Line Full Coverage
STREETCENTERLINE An Oracle view combining all the ROAD centrline features. Combination Line Full Coverage Dynamic
SURVEY_DIST Used for the GO360 Permit Tracking desktop application. Area Dynamic
TRAILS Trails within the City of Hamilton. Includes existing and proposed. Combination Line Full Coverage Dynamic
TRAILS_EXISTING An Oracle view of the TRAILS feature displaying only the existing trails within the City of Hamilton. Combination Line Full Coverage Dynamic
TRAILS_RETIRED Contains the trails that have been removed from the TRAILS feature. Combination Line Full Coverage Dynamic
TRANSMISSION_LINE The transmission lines as captured from 1992 aerial photography. Ortho1992 Line Partial 1992 Static
TREE_FUTURE_PLANTING Potential locations for new trees to be planted within the City's road allowance were captured using GPS, 2006. GPS Point Urban Area Dynamic
TREE_INVENTORY Trees within the City's road allowance were captured using GPS, 2006. GPS Point Urban Area 2006 Static

UTI_GAS_PIPES
Schematic layer of Union Gas/Duke Energy gas distribution pipes found within the City of Hamilton. The feature differentiates the size of pipes and the pressure
value for each pipe. Pipe material and install dates are also part of the feature class. This data has been provided by Union Gas/Duke Energy. Field verification
has not been completed at this time.

External Line Full Coverage June, 2010 Yearly

UTI_HYDRO_ONE_OVERHEAD
Schematic layer of large overhead transmission lines throughout the City of Hamilton. This feature has been supplied by Hydro One. Field verification has not
been completed at this time.

External Line Full Coverage June, 2010 Yearly

UTI_HYDRO_ONE_STRUCTURES
Schematic layer of large hydro transmission structures throughout the City of Hamilton, including poles and hydro towers. This feature has been supplied by
Hydro One. Field verification has not been completed at this time.

External Point Full Coverage June, 2010 Yearly

UTI_HYDRO_ONE_UNDERGRND
Schematic layer of large underground transmission lines throughout the City of Hamilton. This feature has been supplied by Hydro One. Field verification has not
been completed at this time.

External Line Full Coverage June, 2010 Yearly

UTI_PIPELINES
Schematic layer of large pipeline utilities found within the City Of Hamilton. The features consist of Natural Gas Transmission, Oil and Petroleum Transmission,
Liquid Hydrogen, Liquid Nitrogen, Oxygen and District Heating and Cooling. This feature has been collected from various sources, to create a layer that is a
compilation of all large utilities. Field verification has not been completed at this time.

Combination Line Full Coverage June, 2010 Yearly

UTI_POLES
Location of utility poles owned by the City, by public utilities such as Hydro, Bell, etc. or privately owned. Source is First Base Solutions. City contact for source
data is Gord McGuire.

Ortho2010 Point Full Coverage Spring, 2010 Static

UTI_TELECOM_FIBER
Schematic layer of large telecommunication utilities found within the City of Hamilton. The features consist of underground cables owned by companies such as:
Bell Canada, Rogers/Group Telecom, Level3 Communications, Cogeco Cable and AllStream Communications. This feature has been collected from various
sources, to create a layer that is a compilation of all large utilities. Field verification has not been completed at this time.

Combination Line Full Coverage June, 2010 Yearly

VEGETATION

For trees, the intention was to capture individual trees in parks and all trees within the road right-of-way (defined as the area in front of buildings or in line with
buildings), or when there are no buildings, approximately 20 metres either side of the centreline of the road. The intent was not to collect trees behind buildings
or in back yards.  Masses of trees will be captured using the "TREELINE/WOODED AREA" type.  Only hedges that appear to be along dividing lines between
properties were captured.  The edge of marshes were also digitized.

Ortho1990 Compound Old City of Hamilton Static

WATER_BACKFLOW_PREVENTOR Point Full Coverage Dynamic

WATER_HYDRANT
A water source consisting of an upright pipe, usually in a street, connected to a water main with a valve to which a hose can be attached, for example, by the fire
department.

Combination Point Full Coverage Dynamic

WATER_HYDRANT_BRANCH Schematic Line Full Coverage Dynamic
WATER_HYDRANT_LEAD A leader line for the WATER_HYDRANT_TXT to be used where the text cannot be placed next to the WATER_HYDRANT feature. Schematic Line Full Coverage Dynamic
WATER_INDEX A index to the water sheet areas.  Each water sheet determines the naming convention of the features withing that area. Schematic Area Full Coverage Static
WATER_MAIN All water mains within the City of Hamilton. Schematic Line Full Coverage Dynamic

WATER_MAINT_DISTRICT
Water Maintenance District.  These two district areas are used to divide the Water and Sewer features into two DGN files, respectively, when exporting them to
Microstation design files.

Schematic Area Full Coverage Dynamic

WATER_METERS Includes seasonal meters. Schematic Point Full Coverage Dynamic
WATER_MISC_LEAD A leader line for the WATER_MISC_TXT. Schematic Line Full Coverage Dynamic

Page 4

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 269 of 472



GISFeaturesSummaryList

Shapefile Name Shapefile Description Source Type Extent LastUpdate Update Frequency
WATER_NODE All water nodes including cross, elbow, pumping station, reducer, stub and tee types. Combination Point Full Coverage Dynamic
WATER_NODE_LEAD A leader line for the WATER_NODE_TXT to be used where the text cannot be placed next to the WATER_NODE feature. Schematic Line Full Coverage Dynamic
WATER_SERVICE_LINE Schematic Line Full Coverage Dynamic
WATER_SMPLG_STN Water sampling station. Schematic Point Full Coverage Dynamic
WATER_VALVE All water valves including air, backflow, blowoff, check, level, line, pressure reducing, service and tapping types. Combination Point Full Coverage Dynamic
WATER_VALVE_LEAD A leader line for the WATER_VALVE_TXT to be used where the text cannot be placed next to the WATER_VALVE feature. Schematic Line Full Coverage Dynamic
WW_PRESSURE_DIST Each polygon represents the boundary of each water pressure district and comprises all demand areas contained within that boundary. Schematic Area Full Coverage December, 2006 Yearly
WW_SAN_SEWER Each polygon represents the drainage area (subcatchment) for each individual length of sanitary sewer. Schematic Area Full Coverage Dynamic

WW_STORM_COMB
Each polygon represents the drainage area (subcatchment) for each individual length of combined sewer. Each polygon is assigned an ID corresponding to the
Hansen ID of the manhole or inlet the area drains to.

Schematic Area Full Coverage Dynamic

WW_WATERMAIN
Each polygon represents the water demand area for each point in the detailed model of the waterworks system.  The detailed model comprises all watermains
in the distribution system.  Polygons are assigned ID's corresponding to the Hansen ID of the point of application of the demand on the system in the detailed
model of the waterworks system.

Schematic Area Full Coverage Dynamic
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Appendix M

City of Hamilton
Beach Boulevard Community Stormwater Ponding
Study - Revised
August 2019 – 17-5898

M - 1

M Property Ownership
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Appendix N

City of Hamilton
Beach Boulevard Community Stormwater Ponding
Study - Revised
August 2019 – 17-5898

N - 1

N GLAM 2017 Plan Evaluation
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Executive Summary 
 

This is a special report of the International Joint Commission’s (IJC) Great Lakes – St. Lawrence 
River Adaptive Management (GLAM) Committee covering the hydroclimate, flows and water 
level conditions, as well as their impacts on multiple interests, experienced in 2017 throughout 
the Great Lakes-St Lawrence River system.  The focus is on the extraordinary conditions caused 
by record rainfall, runoff and the resulting high water levels on Lake Ontario and the St. 
Lawrence River in 2017.  The information gathered for the 2017 event will be used to support 
the primary objective of the GLAM Committee: to evaluate the regulation of outflows from Lake 
Superior and Lake Ontario, and the effects of this regulation on interests throughout the system.   
This on-going evaluation will help the IJC to better regulate water releases from Lake Ontario 
and Lake Superior and the information compiled for this report will be used over time to 
adaptively manage and improve the rules governing those releases.  

The information gathered came from a variety of sources in both countries; however, much of 
the quantitative economic and environmental data on impacts from high water levels in 2017 
required to support the validation of models used to evaluate the performance of the regulation 
plans is not available.  The GLAM Committee will continue to refine the impact models as more 
data become available and the ongoing evaluation of the regulation plans will focus on the 
priority areas identified in this report. 

Lake Ontario and St. Lawrence River – the story in 2017 
 

During 2017, the Lake Ontario – St. Lawrence River experienced one of the most extreme 
hydrologic events recorded in the basin in over 100 years.  The simultaneous occurrence of 
record-breaking rainfall over both the Lake Ontario and St. Lawrence River basins, combined 
with high inflows from Lake Erie and record flows out of the Ottawa River, culminated in new 
record high water levels on Lake Ontario and the St. Lawrence River and extensive impacts 
across various interests and regions.  Lake Ontario’s daily level peaked at 75.88 m (248.95 ft) in 
late May, the highest recorded on the lake since records began in 1918.  Water levels 
downstream on the St. Lawrence River also approached (and in some cases exceeded) record 
highs.  At Lake Saint-Louis near Montreal, levels were close to record highs throughout much of 
the spring and new record highs were set for the months of June, July and August. 

Impacts from high water conditions  
 
Coastal properties across Lake Ontario and the St. Lawrence River in New York, Ontario and 
Quebec experienced significant impacts from flooding, erosion and damage to shore protection 
structures.  Impacts were widespread across the basin, with some areas experiencing greater 
impacts than others.  Reports of flooded homes, roads, driveways, trails, lawns, emergency 
response and extensive sandbagging efforts to protect houses and properties made the news for 
months. Reports of shoreline erosion and loss of beaches, vegetation and land, decks and docks 
were common on the south and north shores of Lake Ontario.  There were reports of shore 

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 278 of 472



protection structures failing or being damaged by wave action with the high water conditions, 
leaving properties even more vulnerable. States of emergency were issued across all US counties 
bordering Lake Ontario and the upper St. Lawrence River and for a number of Canadian 
municipalities, particularly on the lower St. Lawrence River during the peak flooding in May 
2017. 

Municipal and industrial water and wastewater uses experienced some direct impacts such as 
increased storm water infiltration in wastewater collection systems and treatment plants leading 
to sewer overflows, though these may have been due to the excessive rainfall rather than the high 
lake and river levels in some cases.  Nonetheless, by all accounts, the millions of users of larger 
municipal water and wastewater systems were able to rely on necessary services in 2017.  

Commercial navigation experienced impacts due to very high velocities on the St. Lawrence 
River. To ensure safe navigation and prevent losses that would have arisen with a closure of the 
Seaway, this sector applied a number of mitigation measures to adapt to the extreme conditions. 
Despite the associated costs and delays due to the necessary mitigation measures, it was still a 
very productive year for the commercial navigation sector due to robust economic demand.  

The hydropower sector reported some adverse impacts related to the high water despite overall 
increases in energy production realized in 2017 through the Moses-Saunders and Beauharnois 
dams.  These impacts included losses to future production opportunity due to increased spillage 
of water, increased operating costs to mobilize crews more frequently for additional gate 
operations and to clean additional debris and the need to defer maintenance on various pieces of 
equipment.  

Environmental impacts from water levels are often most influenced by seasonal and multi-year 
cycles, and the effects of high water in 2017 are expected to be more apparent in future years.  
Field data from the surveillance in 2017 did show a reduction of percent cover of meadow marsh 
from 2015, as predicted by the wetland vegetation response model used to evaluate Lake Ontario 
regulation plans.  The GLAM Committee is working with environmental agencies in 2018 to 
measure shifts in vegetative guild areas caused by 2017 water level conditions, but evident only 
in subsequent years, because of the lag in response from plant communities.   

Recreational boating and tourism activities were negatively impacted throughout the Lake 
Ontario – St. Lawrence River in 2017 due to problems with flooded docks and marina facilities, 
shoreline access and floating and submerged debris, with some locations appearing to be more 
vulnerable than others.  The GLAM Committee is conducting a marina and yacht club survey to 
better document 2017 impacts.  
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Reviewing Lake Ontario regulation plans evaluations: perspectives from 2017 
 

The GLAM Committee reappraised several aspects of Lake Ontario regulation plans evaluations 
in light of the record high levels in 2017.  The key findings are presented in Section 7, while 
Section 6.3 of this report provides the analysis and rationale for these major findings. 

Key Findings 
 

• The year 2017 was unusually wet across the entire Great Lakes with record-breaking 
precipitation and water levels on the Lake Ontario-St. Lawrence River system, but Lake 
Ontario and St. Lawrence River levels under Plan 2014 were not higher than they would 
have been had the International Lake Ontario-St. Lawrence River Board been operating 
under Plan 1958D and previous operating and deviation authorities (see Finding 7.1). 

• Environmental outcomes from 2017 conditions are important in validating environmental 
models used in plan evaluations, but impacts are not expected to be realized immediately. 
Additional years of monitoring wetlands’ response to 2017 high water levels is needed to 
complete the wetlands model validation (see Finding 7.9). 

• Plan 2014 generally performed as it was expected to under extreme weather and water 
supply conditions, in that it helped to reduce, but could not eliminate the coastal damages 
and flooding that occur during such extreme events, while also attempting to balance and 
minimize impacts on other interests.  A fresh review of particular items related to how the 
plan performed in 2017 might provide insights that could be used to improve the way 
regulation plans are tested and evaluated in the future.  This includes: 

o The impacts of modifying certain rules of Plan 2014, including the maximum 
outflow limits that balance upstream and downstream high water levels (F-limit) 
and that balance high water conditions with protections for navigation (L-limit) 
should continue to be reviewed (see Finding 7.5).  Plan 2014’s maximum limits 
are defined based on decades of board experience in balancing coastal impacts 
above and below the dam and balancing those impacts with maintaining safe 
water velocities and river levels for ships in the St. Lawrence Seaway.  An 
updated analysis of impacts supported by socio-economic and environmental 
performance indicators, informed by what was learned in 2017, would allow the 
GLAM Committee to better understand and explain the tradeoffs and balances 
inherent in the current limits and other Plan 2014 rules; and 

o Changes to the trigger levels that authorize the board to deviate from Plan 2014 
should continue to be investigated. Even though the GLAM Committee found that 
no significant water level reduction could have been achieved in 2017 as a result 
of any realistic adjustment to the existing high trigger levels (see Section 6.3.2.2), 
adjustment of trigger levels was the most common suggestion offered by the 
public to reduce coastal damages. Ongoing analysis, building on previous studies 
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by the IJC, supported by lessons learned in 2017 and future years, and covering a 
wide array of inflow conditions should be investigated (see Finding 7.6). 

• The hydroclimate conditions of 2017 raised some questions about future plan evaluations. 
Specifically: 

o The unprecedented ice and precipitation conditions, and the effects this had on 
regulated outflows and the water levels that occurred in 2017, highlighted the 
importance of further and more detailed analysis of such unique scenarios to 
complement the historical and stochastic hydrologic analyses that have been 
performed previously (see Finding 7.7); and 

o Improvements in seasonal forecasts are still a work in progress and it may be 
years, even decades, before they have the skill to inform regulation plan 
decisions, so a first step is to test the hypothesis that forecasts could reduce 
flooding while protecting uses.  A next step would be to assess the risk of 
incorrect forecasts (see Finding 7.8). 
 

The upper Great Lakes 
 

All of the upper Great Lakes began 2017 with water levels above average and they remained 
above average throughout the year.  Water levels from June to December 2017 on Lake Superior 
approached the recorded monthly maximums set in 1985.  Lake Michigan-Huron had a higher 
than average rise from April through July, and Lake Erie came within 15 cm (5.9 in) of its 1986 
monthly record high level for May.    

Impacts from high water conditions 
 
Data collected by the GLAM Committee indicates that the above average water levels in the 
upper Great Lakes were tolerated well by the municipal and industrial sector, hydropower and 
commercial navigation.  Recreational boating and tourism, for the most part, also seemed to 
benefit from the higher water levels, with the exception of some minor, temporary impacts to 
marinas on Lake Erie.  However, there were adverse coastal impacts on all of the upper Great 
Lakes in 2017, primarily occurring during periods of strong winds and waves, which accelerated 
coastal erosion.  These impacts were a concern frequently cited by coastal interests during 2017; 
nevertheless, they were generally able to cope with the levels experienced.  Ecosystem responses 
were not detected from just one year of data; however, there is currently research underway in 
Georgian Bay that might help validate existing ecosystem modelling assumptions.  

Reviewing Lake Superior regulation plan evaluations: perspectives from 2017 
 
Regulation of Lake Superior outflows has much less influence on the levels of the upper Great 
Lakes than regulation of flows through the Moses-Saunders Dam has on Lake Ontario and the St. 
Lawrence River, and the incremental impacts of different regulation plans tend to be smaller and 
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harder to discern on any of the upper Great Lakes, particularly during a single year and when 
water levels are within historical ranges.  One exception, though, is the St. Marys River, where 
water levels are more sensitive to changes in the outflow from Lake Superior and, as a result, 
regulation decisions can significantly change impacts.  In recent years, including 2017, the board 
has deviated from Plan 2012 in order to accommodate expected temporary reductions in 
hydropower plant capacity on the St. Marys River and reduce the potential that these reductions 
may have in causing adverse impacts related to high and fluctuating flows in the St. Marys 
Rapids.  Reduced hydropower plant capacity can occur as a result of both expected (e.g., 
maintenance) and unexpected (e.g., mechanical failure) turbine outages.  The timing and 
magnitude of such occurrences varies and is not easy to predict, but when they do vary during 
periods of higher levels and flows, more water is typically released through the St. Marys Rapids 
to offset the lost hydropower capacity and maintain Lake Superior outflows.  Such conditions 
were not considered during the development of Plan 2012.   

The 2017 deviation strategy by the board allowed for reduced and more gradual flow changes in 
the St. Marys Rapids, which resulted in slightly less flooding on Whitefish Island and may have 
reduced environmental impacts, without causing problems for the commercial navigation 
industry.  The 2017 operations suggest that the GLAM Committee should investigate 
modifications to Plan 2012 to produce these sorts of benefits routinely, perhaps using predictions 
of available turbine capacity as an input. Because the expected benefits of the board’s deviations 
for the St. Marys River fish habitat and the reduction in high water damages to Whitefish Island 
are now qualitative, research to quantify the relationship between flows over the rapids and the 
environmental and coastal benefits could help produce more beneficial rules. 

Key Finding 
 
High outflows from Lake Superior in 2017, as in other recent years, have highlighted two 
potential impacts on the St. Marys River requiring further analysis.  Additional regulation plan 
performance indicators should be developed in order to i) assess potential impacts of various 
release scenarios on the spawning habitats of native fish species in the river and ii) to capture 
flooding impacts on the river and Whitefish Island adjacent to the St. Marys Rapids (see Finding 
7.4). 

Great Lakes basin as a whole 
 
The GLAM Committee reported two key findings on data availability and model improvements 
that relate to the entire Great Lakes Basin (7.2 and 7.3). 

First, while performance indicators generally captured critical sectors in 2017, conditions raised 
questions about model details and on-going monitoring required for validation.  Little 
quantitative economic and environmental data on impacts from the high water levels in 2017 are 
available, but such data are essential for the improvement of regulation plan evaluation 
estimates.  Some impacts could not be compared with existing performance indicators, either 
because the data were not available to support the comparison, or because the impacts observed 
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weren’t directly captured by the existing performance indicators.  The GLAM Committee is in 
the process of estimating some impacts, has supported efforts by others to do so, and will report 
on these efforts in the future as the data become available (see Finding 7.2).  The Committee 
realizes the importance of pursuing on-going monitoring needs into the future to validate models 
and update performance indicators as needed to support the ongoing review of the regulation 
plans. 

Second, simulations of water levels and flows under Plan 2012 and Plan 2014, as well as 
alternative regulation strategies, should be continually tested and improved as appropriate to 
minimize inherent uncertainties (see Finding 7.3). 
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1.0 Introduction 
 
The International Joint Commission (IJC) and their International Lake Superior Board of 
Control (ILSBC) and International Lake Ontario-St. Lawrence River Board (ILOSLRB) 
serve to manage the outflows of Lake Superior and Lake Ontario in accordance with Orders of 
Approval issued by the IJC under the 1909 Boundary Waters Treaty. Outflows are managed 
under widely varying hydrological and climatic (hydroclimate) conditions, including changes in 
precipitation and temperature, which are two primary drivers of water levels in the system. The 
intent of outflow management is to achieve expected outcomes over the long-term. Outflows are 
managed using regulation plans - rules that guide how much water is released through the 
regulatory structures under a range of possible conditions to meet the needs of various water- 
using interests throughout the basin. The Great Lakes-St. Lawrence River system is large, 
dynamic and diverse - always changing and often in ways that cannot be predicted. As a result, it 
is critical that outflow management and its associated benefits are tracked over time to ensure 
outcomes and trade-offs across a wide range of socio-economic and environmental interest 
categories are as expected and continue to be achieved as the system changes.  This is the 
mandate of the Great Lakes-St. Lawrence River Adaptive Management (GLAM) Committee, a 
16-member binational committee established by the IJC in January 2015.  This report is the 
GLAM Committee’s summary of basin conditions and regulation outcomes and covers the 
period of January 1, 2017 to December 31, 2017. The intent is to provide an overview of climate 
and hydrological (water supplies, water levels and flow) conditions within the Great Lakes – St. 
Lawrence system through the year and to highlight their importance in the plan review process. It 
is also to identify and document any observed, reported and anecdotal evidence of impacts, both 
positive and negative, of water levels and flows and compare these actual results against 
simulated results to test alternative scenarios and conditions. 

While all the Great Lakes were well above average in 2017, Lake Ontario and the St. Lawrence 
River started out fairly typical for water levels. However, the cumulative effect of highly variable 
winter weather, unprecedented ice conditions, massive spring storms and exceptional rainfall 
within the Lake Ontario and St. Lawrence River basin resulted in record high water levels, 
flooding and, in places, intense coastal damages. Many residents and communities suffered 
significant financial and emotional stress along with the physical damages.   
 

This report serves to document observed impacts and the information will be used to support an 
adaptive management approach towards the on-going assessment of regulation plan performance 
to inform future improvements. 
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1.1 Purpose and objectives 
 

The GLAM Committee reports directly to the ILSBC and the ILOSLRB, as well as to the 
International Niagara Board of Control (INBC). The primary objectives of this GLAM 
Committee report to the boards are to: 

• review and evaluate the performance of the Lake Superior and Lake Ontario regulation 
plans based on 2017 conditions and new information gathered;  

• determine how long-term regulation plan evaluations may be influenced by what was 
learned in 2017; 

• identify pieces missing to adequately evaluate plan operations and rules; and 

• use information gathered and learned to prioritize next steps in the ongoing review of the 
regulation plan. 
 

This report and its Annexes support the Committee’s essential mission to coordinate the required 
monitoring, modelling and assessment related to the ongoing evaluation of regulation plans on 
the Great Lakes – St. Lawrence River, and report that information back to the ILSBC, ILOSLRB 
and the IJC. By documenting critical information regarding hydroclimate conditions, effects 
associated with observed water levels and flows and simulations of alternative regulation 
strategies, this report provides critical information to help support the adaptive management 
process.  The overarching adaptive management strategy provides a roadmap of where the 
GLAM Committee is going and what is needed to conduct a full evaluation of the regulation 
plans within the requirements of the IJC Directive. The annual work plans are driven by this 
long-term strategy, but also by what is learned each year.  

Ultimately, the GLAM Committee is to track performance of the regulation plans over time with 
the intent of providing the necessary information to the boards and the IJC for improving water 
management outcomes. Plan performance must be considered under a range of water level 
conditions. Based on the conditions of 2017, performance indicators may need to be revisited to 
account for the impacts of extreme conditions not currently captured by models.  It may take 
several years of monitoring and evaluation to fully understand how well the performance 
indicators represent what actually happened in 2017 and subsequent years. This report, covering 
conditions in 2017, provides a starting point for reviewing plan performance and identifying 
priority areas for further investigation in support of adaptive management. 

1.2 Overall GLAM Committee approach to ongoing regulation plan 
review 
 

As part of the GLAM Committee’s on-going process to review the regulation plans, a strategy 
has been established that includes efforts to perform a regular check-up of what has been 
happening over recent years in terms of water levels and supplies, the management of outflows 
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and the effects these have on various interests. The idea is to generate a stream of information 
that will identify and assess priorities for future work. It should be noted that it is not possible for 
the GLAM Committee to track each and every interest on an annual, ongoing basis, nor update 
every tool utilized in the evaluation process at this level of frequency. It was nevertheless 
determined to be important for the GLAM Committee to continually stay abreast of the critical 
aspects required to evaluate regulation plans so that proper maintenance and updating of the data 
and tools can occur when necessary and can be done efficiently.  

In accordance with the IJC directive (http://ijc.org/en_/GLAM/Directive), this review of the 
existing regulation plans will consider not only whether the plans are meeting intended 
objectives over time, but also how the Great Lakes – St. Lawrence River system may be 
changing, and how that might alter the outcomes of water regulation and the decisions made on 
how best to regulate outflows.  Regulation plan performance is not evaluated in isolation or using 
absolute outcomes.  Instead, performance is typically evaluated on a relative scale against some 
baseline condition such as an existing regulation plan or the case without regulation. The ability 
to evaluate a regulation plan begins with the calculation of water levels and flows resulting from 
hydrologic conditions and a given regulation plan. Water levels and flows are then used as the 
primary inputs to predictive models which use performance indicators to assess the potential 
positive and negative impacts to various interests including municipal and industrial water uses, 
hydropower, navigation, riparian land owners, recreational boating and tourism and the 
environment. The better the ability to understand and predict future water levels and impacts 
from changing water supplies, the more robust water management planning will be.  In 2017, 
unprecedented high water levels throughout the Lake Ontario-St. Lawrence River system due to 
extreme water supply conditions illustrated the impacts of system-wide high water and the 
importance of understanding other potential future water supply conditions, and improving tools 
to estimate outcomes under such exceptional conditions.  It also provided a unique opportunity to 
conduct further testing to examine the effects and limitations of outflow management under 
extreme conditions and to test whether outcomes could have been improved using different 
regulation choices.  

The GLAM Committee activities build, in part, from two previous IJC studies, including the 
Lake Ontario-St. Lawrence River Study (LOSLRS) from 2000 to 2006 and the International 
Upper Great Lakes Study (IUGLS) from 2007 to 2012. In the IUGLS, the evaluation of 
alternative regulation plans was framed by the expected impacts of Lake Superior outflow 
regulation on both Lake Superior and Lakes Michigan-Huron water levels. However, due to a 
combination of physical and operational constraints on the system, outflow regulation can do 
little to reduce long-term water level fluctuations on Lakes Michigan-Huron without resulting in 
a disproportionate increase in extreme water level fluctuations on Lake Superior (IUGLS, 2012). 
Performance indicators and more broadly defined coping zones (see Section 5.1.1) were used to 
identify potential water level and flow impacts on the key interest groups. The IUGLS resulted in 
a recommended regulation plan being proposed to the IJC which was, after considerable public 
consultation, adopted as Plan 2012 and implemented at the beginning of 2015. The LOSLRS 
provided an improved understanding of the effects of Lake Ontario outflow regulation on a 
variety of interests, including the environment. It also helped lead to an improved understanding 
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of the overall functioning of the Lake Ontario-St. Lawrence River system and the impacts of 
potential climate scenarios. Through the LOSLRS, three alternative regulation plans were 
recommended for the IJC’s consideration, one of which eventually led to the development and 
implementation of the current regulation plan known as Plan 2014. This plan was implemented 
in January 2017 after considerable public consultation and with concurrence of governments.  

The plan evaluation developed under the IUGLS and LOSLRS produced options with varying 
mixes of performance results relative to the baseline conditions used during those efforts. 
Ideally, a regulation plan would be superior in every aspect relative to the baseline condition, but 
typically, gains in one area are accompanied by losses in other areas. Ultimately, it is up to the 
IJC to decide whether those trade-offs are acceptable as they did with both Plan 2012 for Lake 
Superior outflows and Plan 2014 for Lake Ontario outflows. Moving forward, the GLAM 
Committee is responsible for acquiring and using information on regulation plan outcomes to 
support the boards in assessing plan performance using existing established decision criteria, 
such as those enumerated in the IJC’s Orders of Approval. The intent is to support the boards in 
providing recommendations to the IJC for possible regulation plan changes and improvements.  

The GLAM Committee will use information from this annual assessment to support the long-
term adaptive management process by: 

• Gathering evidence about the water levels and flows throughout the upper Great Lakes 
system and the Lake Ontario and St. Lawrence River in 2017 and the impacts, both 
positive and negative, that occurred because of them; 

• Adding new information and gaining new insights into what is likely to occur under a 
range of conditions and extremes such as 2017, that had only previously been simulated;  

• Where feasible, compare the actual observed impacts to the expected impacts based on 
existing models and tools; and 

• Analyze the differences between the modeled and actual impacts, both positive and 
negative, to: 

o Determine where impact models should be improved;  
o Report on how the plan performed under alternative hydroclimate conditions in 

comparison to what would have been expected under the previous regulation 
plans 1977A and 1958D with Deviations; and 

o Report on data and information that would help contribute to the ongoing and 
overarching question “Are the regulation plans performing as expected and are 
there possible outcomes that can be improved?”.  

Monitoring and model validation are critical components of the adaptive management process to 
ensure that the outcomes of the modeled results are realized in real-world operations. The 
GLAM Committee must coordinate the monitoring and assessment efforts to validate and update 
models and assess changing conditions over time. This is no small task and will take 
considerable ongoing monitoring efforts and assessment to evaluate the regulation plans under a 
variety of conditions over a number of years, potentially even decades.  It is important to note 
that monitoring and analysis based on only a single year is not enough to draw conclusions on 
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the long-term performance of a regulation plan. However, the information gathered in 2017 is 
vital to support prioritization of ongoing GLAM Committee activities including improvements to 
existing plan evaluation tools and possible areas where the performance of the existing 
regulation plans for Lake Superior and Lake Ontario outflows can be improved.   

1.3 Report structure and content 
 

While the report covers the entire Great Lakes-St. Lawrence River basin, it separates results into 
two sections.  The first covers the upper Great Lakes area associated with ILSBC and affected by 
Lake Superior outflows, including Lakes Superior, Michigan-Huron, Erie and the connecting 
channels for the St. Marys and Niagara rivers (Note, however, that there is negligible effect of 
regulation of Lake Superior outflows on Lake Erie and the Niagara River). The second covers 
the Lake Ontario-St. Lawrence River system associated with the ILOSLRB and Lake Ontario 
outflow management. 

The report was compiled with the input from various GLAM subject matter experts working in 
groups.  The three main groups were the hydroclimate working group, the impact assessment 
working group and the plan review and evaluation group.  The impact assessment group 
consisted of six sub-groups tasked with compiling the impacts to the main six interest areas of 
the Great Lakes: municipal and industrial water use, hydropower, commercial navigation, 
coastal, ecosystem and recreational boating.  These experts conducted outreach where necessary 
to collect information from industry and local interests to ensure that the reported information 
was as fulsome as possible. 

The conditions in 2017 were extraordinary across the Lake Ontario-St. Lawrence River system 
and, as a result, the ILOSLRB produced a report in June 2018 titled “Observed Conditions and 
Regulated Outflows in 2017” (ILOSLRB, 2018) that outlines in detail the causes of the record 
high water levels in 2017 on Lake Ontario and the St. Lawrence River, as well as the regulation 
of outflows by the board during the event.  This GLAM report provides a summary of 
information on the effects of 2017 water level conditions on various interest categories and how 
this information will be used going forward. It also initiates preliminary water level simulations 
of alternative outflow management strategies. Key findings are provided to support both the 
ILSBC and ILOSLRB as well as guide long-term GLAM Committee efforts. Given the extreme 
conditions within the Lake Ontario-St. Lawrence River system, an additional set of Annexes 
(referred to as the Annex 1-Impact Assessment and Annex 2-Plan Review) has been prepared to 
provide further detail on the impacts of what occurred in 2017 across various sectors and regions 
in the Lake Ontario-St. Lawrence River system and implications for model improvements to 
support ongoing evaluation of the regulation plan.  
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2.0 The Great Lakes – St. Lawrence River 
System 
The Great Lakes are a series of interconnected lakes shared between Canada and the United 
States. From west to east they are Superior, Michigan, Huron, Erie and Ontario. They span more 
than 1,200 kilometers (750 miles) and collectively cover an area of more than 244,000 km2 
(94,000 m2).  The lakes cover about 1/3 of the area in the Great Lakes basin (Figure 2-1) which 
has a total drainage area of 766,000 km2 (296,000 m2) and provides drinking water and water use 
to more than 30 million people. These vast inland freshwater seas are the largest surface 
freshwater system on Earth. Only the polar ice caps contain more fresh water. They contain 84% 
of North America's surface fresh water and about one fifth of the world's supply of surface fresh 
water (USEPA, n.d.) 

Water flows from Lake Superior to Lakes Huron and Michigan, southward to Lake Erie, and 
finally northward to Lake Ontario and down the St. Lawrence River to the Atlantic Ocean. On 
average, a drop of water which finds its way into Lake Superior from runoff or rainfall takes 
more than two centuries to travel through the Great Lakes system and along the St. Lawrence 
River to the ocean. The travelling time is based on retention times or how long, on average, it 
takes for each of the lakes to replace its water with new water (Statistics Canada, 2010). The 
surfaces of Lakes Superior, Huron, Michigan and Erie are all close in elevation above sea level 
(Figure 2-2). Lakes Michigan and Huron are hydrologically considered one lake, as their 
surfaces are at the same elevation above sea level and are joined through the Straits of Mackinac. 
Lake Ontario is significantly lower, so the four upper lakes are commonly called the "upper 
Great Lakes" and will be referred to as such within this report. The upper Great Lakes include 
the four Great Lakes mentioned (Superior, Michigan, Huron and Erie), their drainage basins, and 
the connecting channels of the St. Marys River, the Straits of Mackinac, the St. Clair River 
system (including Lake St. Clair and the Detroit River) and the upper Niagara River above the 
Falls (Figure 2-1). 
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Figure 2-1: Great Lakes-St. Lawrence River system (Source: ECCC) 

 

Figure 2-2: Water surface profile of the Great Lakes System (IGLD 1985) (Source: IUGLS, 2012) 
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The Lake Ontario – St. Lawrence River system covers the Niagara River below the Falls, the 
Welland Canal, Lake Ontario, the upper St. Lawrence River above the dam and the lower St. 
Lawrence River below the dam through to Trois-Rivières where the effects of the ocean tides 
become the dominant factor affecting water levels.  The system also includes the vast amounts of 
water that enter into the St. Lawrence River from the Ottawa River basin below the dam in the 
Montreal area.  

There are two locations on the Great Lakes-St. Lawrence River system where dams are used to 
manage outflows from one lake to another. The first is on the St. Marys River between the cities 
of Sault Ste. Marie, MI and Sault Ste. Marie, ON and controls the water flows from Lake 
Superior into Lake Huron. In the area known as the St. Marys Rapids, the St. Marys River falls 
approximately 6 meters (20 feet) in a distance of 1.2 kilometers (0.75 mile) (Figure 2-2). Since 
1797, when the first lock was built to allow boats to bypass these rapids, various navigation and 
power structures have been erected along the river. Today, water is routed through a series of 
structures that stretch across the St. Marys River, including three hydropower plants, a series of 
navigation canals and locks, and a gated dam at the head of the rapids known as the 
Compensating Works. The release of water from Lake Superior has been regulated since the 
completion of the Compensating Works in 1921. 

The second location where flow regulation occurs is on the St. Lawrence River at Cornwall, ON 
and Massena, NY. The St. Lawrence River hydropower project was approved by the IJC in 1952.  
This authorized the construction of the Moses-Saunders hydropower dam and Long Sault 
spillway dams at Cornwall, ON and Massena, NY, which together are used to control the outflow 
from Lake Ontario.  The hydropower project included channel excavation to enlarge the river’s 
flow capacity and also facilitated building the series of navigation locks and deepening of 
sections of the river channel for navigation as part of the St. Lawrence Seaway construction 
during the 1950s (Figure 2-1). The area immediately upstream of Moses-Saunders Dam is known 
as Lake St. Lawrence. Lake St. Lawrence was created when the Moses-Saunders Dam went into 
operation in 1958 and serves as a forebay for the dam. Large increases in outflows cause large 
and rapid drops in water levels on Lake St. Lawrence. Conversely, large reductions in outflows 
result in large and rapid water level rises on Lake St. Lawrence (ILOSLRB, 2018).  

The IJC oversees the management of outflows from Lake Superior and Lake Ontario by the 
power companies that operate the dams on the St. Marys River and on the St. Lawrence River at 
Cornwall/Massena. The structures were built and are operated in accordance with the IJC Orders 
of Approval. Outflows are set according to IJC-approved regulation plans which are designed to 
meet the operating criteria contained in the Orders of Approval.  A regulation plan is a set of 
rules and limits that specify how much water to release under differing water level and water 
supply conditions. It is important to note that ability to alter lake levels through the regulation 
plans is limited and is dominated by changes in water supplies, which are driven by weather.  

As previously noted, the IJC established boards to regulate the outflows in accordance with the 
regulation plans. The ILSBC was established to regulate monthly outflows in accordance with 
the IJC’s 1914 Order of Approval.  Since 1978, the IJC has issued several supplements to the 
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1914 Order, with the most recent occurring in July of 2014. The current regulation plan, known 
as Plan 2012, was established by the 2014 Orders and was implemented in January 2015. Plan 
2012 replaces the previous Plan 1977A that was in operation between 1990 and 2014. Plan 2012 
does not result in significantly different levels from Plan 1977A in most cases, but provides a 
more robust plan, taking into account a broader possible range of water supplies, and is expected 
to provide fewer month-to-month changes in flow on the St. Marys River compared to the 
previous plan, along with a more natural flow relationship to Lake Superior levels (IUGLS, 
2012). 

The International St. Lawrence River Board of Control was originally established in 1952 and 
was renamed the ILOSLRB as part of the 2016 revision to the Orders of Approval. The board 
regulates weekly outflows to meet the conditions and criteria of the Order of Approval. It 
monitors water supplies, river ice conditions and levels of Lake Ontario and the St. Lawrence 
River through Trois-Rivières, which is the downstream limit of the influence of regulation on 
water levels. The previous regulation plan, which had been in place since 1963, was known as 
Plan 1958-D. Plan 2014, which became effective on January 7, 2017, prescribes a new set of 
rules that the board must ordinarily follow in setting the outflows from Lake Ontario through the 
St. Lawrence River.  Plan 2014 was designed to provide more natural variation of water levels of 
Lake Ontario and the St. Lawrence River than would occur using the previous regulation plan, 
Plan 1958-D with deviation (Plan 1958-DD), which was found to have negatively impacted the 
environment (IJC, 2014). This effort to have more natural variability is considered critical for the 
restoration of ecosystem health in the system. Over the long-term, the plan is expected to 
continue to moderate extreme high and low levels, better maintain system-wide levels for 
navigation, frequently extend the recreational boating season in the upper St. Lawrence River 
and slightly increase hydropower production relative to Plan 1958-DD (IJC, 2014). For more 
information on the Lake Ontario-St. Lawrence River system and the regulation of outflows, 
please refer to the board report “Observed Conditions and Regulated Outflows in 2017” 
(ILOSLRB, 2018). 

A partial structure also exists above Niagara Falls on the Niagara River, known as the Chippawa-
Grass Island Pool (CGIP) Control Structure. This structure does not regulate the outflows of 
Lake Erie; rather, is it used for apportionment purposes for directing water to the power plants or 
over Niagara Falls in order to meet the objectives of an institutional agreement between Canada 
and the United States known as the Niagara River Treaty of 1950. The purpose of the Treaty is to 
ensure water required for domestic, sanitary and navigation purposes is available, while 
preserving the scenic beauty of Niagara Falls and allowing for the diversion of water for 
hydropower purposes. Operation of this structure is the responsibility of the power entities, 
Ontario Power Generation (OPG) and New York Power Authority (NYPA), supervised by the 
IJC’s INBC (http://www.ijc.org/en_/inbc).  
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3.0 The Regulation Plans 
 
This section provides additional detail regarding the regulation plans for Lake Superior and Lake 
Ontario outflows. For a more detailed description of Plan 2014 and how it functions, please refer 
to the ILOSLRB report “Observed Conditions and Regulated Outflows in 2017” (ILOSLRB, 
2018). It should be noted that, for both plans, their ability to alter lake levels in response to short-
term variances of regulated outflows is very limited as actual water levels in Lakes Superior and 
Ontario are dominated by water supplies. The challenge is to balance the objectives of the 
regulation plans given the limitations of existing control structures, the natural hydrologic 
systems and the unpredictability of weather events. 

3.1 Plan 2012 for Lake Superior outflows 
 
Plan 2012 was the recommended plan identified during the IUGLS. Plan 2012 is a set of rules for 
how much flow to let out of Lake Superior into Lake Michigan-Huron through the St. Marys 
River under varying conditions. The basic objectives and limits for the regulation plan are set out 
in the IJC’s 1914 Order of Approval which acknowledges the needs of various interest groups on 
Lake Superior and the St. Marys River including navigation, hydropower and riparian owners. 
Since 1978, the IJC has issued several additions to the original Order and in July 2014, the IJC 
issued a new Supplementary Order of Approval that enabled the ILSBC to adopt Regulation Plan 
2012 as the means for regulating Lake Superior outflows henceforth.   

Plan 2012 was developed to try to maintain much of the natural variability in lake levels that 
existed using Plan 1977A, while recognizing the capacities of the current structures at Sault Ste. 
Marie, winter flow restrictions to reduce ice jams, and a broader range of possible water supplies 
in the lakes. It also retains the balancing principle of water levels on Lake Superior and Lake 
Michigan-Huron of the previous plan (1977A). Plan 2012 begins with more natural flows, 
meaning that when Lake Superior water supplies trend above normal, lake releases are increased 
and as supplies trend below normal, lake releases are decreased. The Plan then applies a 
balancing principle which adjusts the outflows depending on the difference of each lake’s level 
from seasonal target levels based on average conditions.  The Plan sets limits to respect physical 
and operational limits. For example, the November maximum is 3260 m3/s (115,120 ft3/s), 
except if Lake Superior is greater than 183.9 m (603.3 ft). Plan 2012 also determines the flow to 
be released through the rapids and multi-use allocation.  

The overall objectives of Plan 2012 are to improve existing benefits to stakeholders throughout 
the upper Great Lakes system relative to Plan 1977A, balance Lake Superior and Lake 
Michigan-Huron water levels relative to their long-term average conditions and follow more 
natural month-to-month outflow patterns in the St. Marys River. Additionally, Plan 2012 is 
designed to avoid infrequent but serious adverse effects on spawning habitat of lake sturgeon and 
provide smaller month-to-month flow changes in the St. Marys River. 
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In most cases, it is anticipated that outflows will be set as is prescribed by Plan 2012. However, 
as authorized by 2014 Order of Approval, the board may deviate from the plan in certain 
circumstances or may ask the IJC to approve other deviations from the plan that the board 
believes are beneficial.  

3.2 Plan 2014 for Lake Ontario outflows 
 
The objective of Plan 2014 release rules, as described in the IJC’s report to governments on Plan 
2014 (IJC, 2014) is to return the Lake Ontario-St. Lawrence River system to a more natural 
hydrological regime, while limiting impacts to other interests. The 1956 Orders’ criteria under 
Plan 1958-D did not address contemporary considerations such as environmental and 
recreational boating needs and were designed using historically observed water supplies up to 
1954, which consisted of a shorter period of record and did not include several more extreme 
supply sequences occurring since its development (ILOSLRB, 2018). Regulation of outflows 
with Plan 1958-D with deviations, as practiced beginning in the 1960s, was found by the Lake 
Ontario-St. Lawrence River Study Board to have harmed the environment (LOSLRS, 2006). 
After 14 years of scientific study, extensive public engagement and consideration of many 
alternative plans, the Commission concluded that Plan 2014 offered the best opportunity to 
reverse some of the harm to the environment while balancing upstream and downstream uses and 
minimizing possible increased damage to shoreline protection structures (IJC, 2014). The IJC 
issued an updated Supplementary Order of Approval on December 8, 2016 after obtaining the 
concurrence of the governments of Canada and the United States.  This Supplementary Order 
replaces the 1952 and 1956 Orders and includes revised and additional regulation criteria based 
on the Commission’s findings and the performance of Plan 2014 release rules with 1900 to 2008 
hydrologic conditions.  

Lake releases for Plan 2014 begin with a sliding rule curve based on the pre-project stage-
discharge relationship such that as Lake Ontario levels or water supplies increase, outflows 
increase and as water levels or supplies decrease, outflows decrease. The Plan then uses a series 
of flow “limits” to address specific conditions. Table 3-1 provides a very brief summary of the 
various limits that apply. For more detail, please refer to the “Observed Conditions and 
Regulated Outflows in 2017” report (ILOSLRB, 2018). 
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 Table 3-1: Plan 2014 flow limits (Source: IJC, 2014) 
 
Limit Description 
“F” 
Limit 

multi-tier rule that defines the maximum flow to limit flooding on 
Lake Saint-Louis and near Montreal in consideration of the level of 
Lake Ontario  

“I” Limit also referred to as the Ice limit; limits the maximum flows for ice 
formation and stability during ice cover formation 

“J” Limit defines the maximum change in flow from one week to the next 
unless another limit takes precedence 

“L” 
Limit 

defines the maximum outflow that can be released from Lake 
Ontario while still maintaining adequate levels and safe velocities 
for navigation in the international section of the St. Lawrence River 

“M” 
Limit 

defines the minimum limit flows to balance low levels of Lake 
Ontario and Lake Saint-Louis primarily for Seaway navigation 
interests 

 
 

  
In addition to the plan limits, criterion H14 of the 2016 Orders of Approval authorizes the board 
to deviate from the rules of Plan 2014 when Lake Ontario water levels are extremely high or low. 
The IJC’s December 2016 Directive on Operational Adjustments, Deviations and Extreme 
Conditions, defines extreme high and low levels of Lake Ontario to be used as thresholds to 
authorize major deviations from the Plan. The ILOSLRB is required to follow the regulation plan 
when levels are within these triggers. However, Plan 2014 allows for minor deviations to 
respond to short-term needs on the river (e.g. short-term hydropower maintenance, assistance to 
commercial vessels due to unanticipated low levels, assistance for boat haul-out) that are limited 
to +/- 2 cm (0.79 in) impact on Lake Ontario.   The directive also allows for operational 
adjustments when actual within-week conditions differ significantly from the forecasted 
conditions used to calculate the regulation plan flow. For more information on deviations and 
operational adjustments, please refer to the IJC’s December 2016 Directive on Operational 
Adjustments, Deviations and Extreme Conditions. 

4.0 Summary of 2017 Hydroclimate 
Conditions and Observed Water Levels and 
Flows 
 

Water levels and outflow regulation plans are influenced most predominantly by the 
hydroclimate conditions of the basin and whether it is wet or dry, cold or warm over any given 
year and over longer-term patterns. The conditions observed across the Great Lakes – St. 
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Lawrence River basin in 2017 included higher than average seasonal temperature and 
precipitation. The majority of the region experienced a wet spring with persistent heavy rain and 
snowfall, causing a pronounced rise in Great Lakes levels across the system.  These conditions 
were most severe in the Lake Ontario-St. Lawrence River basin, which experienced a relatively 
wet winter followed by record rainfall in the spring, resulting in record water levels and flows. 

The ILOSLRB’s May 2018 report (“Observed Conditions and Regulated Outflows in 2017”) 
makes clear that the weather and water supply conditions in 2017 dictated the outflows that were 
released during 2017 and limited the board’s ability to regulate water levels upstream and 
downstream of the Moses-Saunders dam. The board report provides a detailed explanation of 
why Lake Ontario reached record high levels in 2017, including a comprehensive description of 
the 2017 hydroclimate conditions and their role in causing the record levels that occurred.   

Hydroclimate is defined as the study of the influence of climate upon the waters of the land 
including the energy and moisture exchanges between the atmosphere and the earth’s surface.  
This report also addresses the 2017 hydroclimate conditions, but not only has a different scope 
(i.e., it covers all of the Great Lakes) but a somewhat different purpose than the board report. 
While both reports consider the interaction of regulation rules and weather on water levels, in 
this report the focus of the GLAM Committee is to consider how 2017 conditions might inform 
their IJC directive to assess whether future water supplies will be different from those used to 
test the current management of levels and flows.  By examining what occurred and searching for 
clues about how to improve future outcomes under similarly severe conditions, the GLAM 
Committee asks: “What can be learned from the 2017 hydroclimate conditions that could 
influence future plan evaluations and help improve the Lake Superior and Lake Ontario 
regulation plans?” 

4.1 Overview of the 2017 Great Lakes hydroclimate 
 
This section provides a general overview of weather, water supply, water levels and flow 
conditions in 2017 across the entire Great Lakes-St. Lawrence River system, in order to provide 
the context for all subsequent sections of this report. It includes a general overview for the entire 
basin and then an assessment of the hydroclimate for the upper Great Lakes and for the Lake 
Ontario-St. Lawrence River portion of the system. 

4.1.1 Overview for the Great Lakes 
 

It was a wet year overall for the Great Lakes (Figure 4-1) with generally near to above average 
precipitation across the basin, and most of the areas north of the lakes seeing the 2017 
precipitation totals 10 to 50% greater than average.  Most of the Great Lakes region experienced 
a wet spring with persistent heavy rain and snowfall; in particular, portions of the province of 
Ontario experienced more than twice the average amount of precipitation in April and May.  Fall 
was wet in the central Great Lakes, with the state of Michigan experiencing record October 
rainfall. 
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The temperature was at least 0.5ºC above the annual average for most of the Great Lakes region, 
with some areas over 1.0ºC above average (Figure 4-2).   There were also a few areas around the 
west end of Lake Superior and the south end of Lake Michigan that were closer to average 
overall for 2017.  As a result of these higher than average temperatures, especially during the 
cold season months (almost all of the basin experienced near-record to record-breaking high 
temperatures in January and February), snow accumulations and snow cover duration were less 
than normal.  Fall warm spells in September and October set temperature records in some eastern 
areas of the region. 

Winter and fall warm spells led to record warm temperatures in parts of the basin and the Great 
Lakes maximum ice cover for the year was 35% below the long-term average, at just 19.4% areal 
coverage (National Oceanic and Atmospheric Administration (NOAA) and Environment and 
Climate Change Canada (ECCC), 2018) (NOAA: GLERL, n.d.). More information on climate 
trends and impacts for the entire Great Lakes Basin can be found in the Annual Climate Trends 
and Impacts Summary for the Great Lakes Basin produced by NOAA and ECCC.   

The primary driver of water levels across the Great Lakes-St. Lawrence River basin is the 
amount of water coming into the system, referred to as water supplies. Total water supplies to 
the lakes, termed Net Total Supplies (NTS), is the combination of the water that is entering from 
the upstream lake (inflow) as well as water entering from the lake’s basin itself, known as Net 
Basin Supplies (NBS). NBS is the total of the precipitation that falls directly on the lake surface 
and the runoff that enters the lake through tributaries and the surrounding drainage basin, minus 
the evaporation that comes off the lake.  The NBS is computed in two different ways: the 
“component” method uses measurements and modelled estimates of the three main components 
of NBS, i.e., precipitation, runoff and evaporation; whereas the “residual” method calculates the 
NBS as the residual water necessary to account for the change in storage (i.e., monthly lake level 
change) and the measured amount of inflow and outflow from the lake via their connecting 
channels.  

Figure 4-3 compares 2017 to average component NBS while Figure 4-4 shows 2016, 2017 and 
average monthly residual NBS.  Runoff into the Great Lakes was significantly higher than  
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Figure 4-1: Map displaying annual anomalies for total precipitation accumulation in the Great Lakes region. 
Anomalies for precipitation are % departure from the 2002-2016 mean. Data for precipitation data is a merged 
dataset containing ECCC model and Numerical Weather Prediction (NWP) model data. Figure created by ECCC. 

 

Figure 4-2: Map displaying annual anomalies for temperature in the Great Lakes region. Anomalies for temperature 
are departures from the 1981-2010 mean. Data for temperature are from ECCC model output. Figure created by 
ECCC. 
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Figure 4-3: Great Lakes Basin NBS components from the GLERL Hydromet Database, red - 2017, black - 1981-
2010 average. (Source: Coordinating Committee on Great Lakes Basic Hydraulic and Hydrologic Data, 2017) 

 

 

Figure 4-4: Great Lakes Basin residual NBS– (red) compared to the 1981-2010 average (black) for 2016 and 2017.  
(Source:  Coordinating Committee on Great Lakes Basic Hydraulic and Hydrologic Data, 2017) 
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average in the first half of 2017, and monthly precipitation was average or higher over the Great 
Lakes in 2017, except for the month of September. Evaporation over the lakes was fairly close to 
average throughout the year, and runoff into the lakes was much higher than average in March 
through June and again in November. The overall NBS for the entire Great Lakes basin was wet 
for the entire year of 2017 and was dominated by what occurred over the Lake Ontario basin in 
2017.  

Water levels on the upper Great Lakes, including Lake Superior, Lakes Michigan-Huron and 
Lake Erie all began 2017 well above long-term average levels, while Lake Ontario started the 
year very near its long-term monthly average.  With the above average precipitation in the basin, 
water levels in the five Great Lakes remained above average throughout the year, continuing a 
similar trend during the past several years for the upper Great Lakes.  Water levels are based on 
lakewide averages and are discussed in 4.1.2 and 4.1.3 below. Note that lake-wide average water 
levels are computed from a network of stations located around the lakes.  Water levels at 
individual locations can vary depending on weather conditions, including winds, barometric 
pressure, storm surge and wave heights 

4.1.2 Hydroclimate highlights for the Upper Great Lakes 
 

As discussed in the previous section, it was generally wet over the Great Lakes basin in 2017, 
including the upper Great Lakes (Superior, Michigan-Huron and Erie).  

It was generally wet on Lake Superior throughout the year, with all months except for July 
recording above average precipitation.  Of particular note was that the precipitation on Lake 
Superior was almost twice the average during both January and December of 2017.  The 
evaporation over the lake was generally higher than average both at the beginning and end of the 
year, while runoff was either close to the average or slightly above for the entire year.  Not 
surprisingly, given the generally above-average precipitation and runoff, the residual NBS was 
above average for most of the year, with only March and November coming in below average 
(Figure 4-5). 

Precipitation over Lake Michigan/Huron was close to its average for most months of the year, 
with the exceptions of April, June and October, which were well above average, and September, 
which was the only month that recorded well below average precipitation (Figure 4-6).  
September was actually the fifth driest on record for that month, but this was followed by its 
wettest October on record.  The lake evaporation was generally a bit higher than average while 
runoff was very close to average the entire year.  The residual NBS followed the precipitation 
with most of the year being above average and only falling slightly below average during the last 
few months of the year. 

On Lake Erie, the precipitation was generally close to average with only May being well above 
average and September well below (Figure 4-7).  A storm system on November 5 produced 72 
mm (2.85 in) of precipitation in Erie, PA, a record for daily November precipitation for the 
location (NOAA and ECCC (2017).  The lake evaporation was close to average most of the year  
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Figure 4-5: Lake Superior 2017 NBS components (left) and residual NBS for 2016-2017 (right) 

      

Figure 4-6: Lake Michigan-Huron 2017 NBS components (left) and residual NBS for 2016-2017 (right) 

      

Figure 4-7: Lake Erie 2017 NBS components (left) and residual NBS for 2016-2017 (right) 

NOTE: NBS is the total of the precipitation that falls directly on the lake surface and the runoff that enters the lake through 
tributaries and the surrounding drainage basin, minus the evaporation that comes off the lake.  The NBS is computed in two 
different ways: the “component” method uses measurements and modelled estimates of the three main components of NBS, 
i.e., precipitation, runoff and evaporation; whereas the “residual” method calculates the NBS as the residual water 
necessary to account for the change in storage (i.e., monthly lake level change) and the measured amount of inflow and 
outflow from the lake via their connecting channels.    
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except for a below average month in September.  The runoff was near or slightly below average 
in most months, but May and November were well above average, while December was well 
below.  The residual NBS showed significantly above average values during the spring, peaking 
in May, and from there it decreased, becoming below average in September before recovering in 
November. 

As a result of their levels at the start of the year and overall wet conditions throughout, all the 
upper Great Lakes experienced well above average water levels in 2017 (Figure 4-8). 

After starting 2017 above average, Lake Superior saw a greater than average rise in water levels 
from April through October, leading to water levels near the recorded monthly maximums set in 
1985 from June to December.  In October, Lake Superior’s monthly level of 183.81 m 
(603.05 ft) was just 10 cm (3.9 in) below the highest water level recorded in any month on record 
in October 1985.  By the end of December, the water levels had gone down, resulting in an end 
of year water level that was 18 cm (7.1 in) higher than when it began 2017. 

Water levels started and remained well above average on Lake Michigan-Huron throughout the 
year.  Due primarily to high precipitation in April and June, the lake recorded a higher than 
average rise from April through July.  After the summer, the lake level experienced close to the 
typical seasonal decline and ended the year 26 cm (10.2 in) higher than it began the year. 

Overall, above average NBS on Lake Erie, particularly in January and May, lead to an above 
average rise in water levels in the spring.  The lake came within 15 cm (5.9 in) of its 1986 
monthly record high level for May and within 21 cm (8.2 in) of the highest recorded level on 
Lake Erie set in June 1986 of 175.04 m (574.3 ft).  The lake had a pretty typical seasonal decline 
during the summer and fall and the lake was 18 cm (7.1 in) higher at the end of the year 
compared to where it started in 2017.    
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Figure 4-8: Maximum and Average 1918-2017 Monthly Water Levels and Daily Average Water Levels from 2017 
for Lake Superior (A), Lake Michigan-Huron (B), and Lake Erie (C). (Source: Coordinating Committee on Great 
Lakes Basic Hydraulic and Hydrologic Data, 2017) 

In terms of temperatures, January and February were unusually warm across the upper Great 
Lakes basin.  The following spring and summer months were closer to normal, but starting again 
in autumn, temperatures were generally unseasonably warm across the basin in September and 
October. For example, Chicago experienced seven consecutive days with record breaking warm 
temperatures up to 35ºC (95ºF) from September 20-26. Later in November, record cold 
temperatures were set in many parts of southern Ontario, New York and Pennsylvania. 

A strong wind event on October 24 led to straight-line-wind damage and high waves along the 
southern coastline of Lake Superior. Wind gusts as high as 124 kph (77 mph) resulted in downed 
trees and power lines leading to road closures and widespread power outages. A wave up to 
9.1 m (30 ft) in height was also reported during this event, which is the highest ever recorded on 
the lake (NOAA: National Weather Service, 2017). 

Snow Water Equivalent (SWE) describes the equivalent amount of liquid water stored in the 
snow pack. It indicates the water column that would theoretically result should the whole snow 
pack melt instantaneously.  Not all basin snowmelt makes it directly to the Great Lakes but the 
amount that does is captured as part of the runoff component discussed earlier in this section.  
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Based on data provided by the Snow Data Assimilation System (SNODAS), during the winter of 
2016-17, both Lake Superior and Lake Huron had a pretty typical sequence of SWE compared to 
the 2010-2016 average (Figure 4-9A and B)).  Lake Michigan started out the winter season with 
higher SWE, but showed a steady decline starting around the beginning of 2017 (Figure 4-9C).  
The early fall of 2016 saw a dramatic accumulation of snow in Lake Erie to well above the 
average value, but then quickly declined and remained low for the rest of the season (Figure 4-
9D).  

 

Figure 4-9: SWE from the Snow Data Assimilation System (SNODAS) for each of the upper Great Lakes 

 

4.1.3 Hydroclimate highlights for Lake Ontario – St. Lawrence River  
 
The Lake Ontario – St. Lawrence River experienced perhaps the most extreme hydroclimate 
conditions recorded in the basin in over 100 years during 2017, as generally wet conditions from 
January through March were followed by two of the wettest months ever recorded in April and 
May, raising water levels throughout the system and culminating in new record highs (Figure 4-
10). 
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Figure 4-10: Maximum and Average 1918-2017 Monthly Water Levels and Daily Average Water Levels from 2017 
for Lake Ontario (A) (Source: Coordinating Committee on Great Lakes Basic Hydraulic and Hydrologic Data, 2017) 
and the St. Lawrence River at Point Claire on Lake Saint-Louis near Montreal, QC (B) (Source: Government of 
Canada).  

As fully documented in the board’s report, the most significant aspects of this event began in 
April, as a series of large, heavy storms passed through the region throughout the month, quickly 
raising water levels of Lake Ontario and the St. Lawrence River.  These storms also saturated the 
land surface and raised water levels of inland rivers and tributaries, the most significant of which 
is the large Ottawa River basin, which feeds into the St. Lawrence River near Montreal.  The wet 
conditions continued and culminated in two extremely large and slow-moving systems that 
passed through the region back-to-back, the first from April 29 to May 1 and the second from 
May 4-8.  Ottawa River flows set record highs on May 8, and combined with high inflows from 
Lake Erie, the result was an exceptional volume of water entering the Lake Ontario - St. 
Lawrence River system during this period.    

The water level on Lake Ontario started the year very close to its average.  As the first three 
months of the year were generally wet, the lake level rose more than average, and began April 
around 30 cm (11.8 in) above the average.  The extreme water supplies in the spring contributed 
to the record-breaking rise in Lake Ontario during the months of April and May, and the lake 
peaked at 75.88 m (248.95 ft) in late May, the highest level ever recorded on the lake since 
records began in 1918.  Levels remained high through the summer, but as conditions became 
relatively drier and high outflows were released, the level of the lake fell dramatically in the 
subsequent months, breaking record declines in August and September 2017.  The level of Lake 
Ontario was about 25 cm (9.8 in) higher than average at the beginning of October and stayed at 
about this level relative to average until the end of the year.  

Water levels on the St. Lawrence River as measured at Point Claire on Lake Saint-Louis (Figure 
4-10 B) began the year below average, continuing a trend that had begun in the summer of 2016. 
In February, water levels edged upward with a sudden and pronounced rise following a 
significant thaw event marked by thunderstorms and rainfall. Levels varied through March 
responding to flows, weather and ice conditions but rose quickly throughout the first three weeks 
of April following another thaw event again marked by thunderstorms and rainfall. Water levels 
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rose throughout the first third of May as Ottawa River outflows rose rapidly due to heavy 
rainfall. Levels generally fell in June as the Ottawa River outflows declined but rose again 
following heavy rainfalls in the latter half of the month.  Lake Saint-Louis levels in June, July 
and August set new record high monthly means. Water levels began to decline through the fall 
but remained above average. As they neared average in October, another storm hit and levels on 
the St. Lawrence River rose rapidly towards the end of the month. By the end of the year, Lake 
Saint-Louis declined to near-average levels. 

The main trend of the extraordinary weather patterns experienced in late April and early May 
2017 were what is referred to as a high-amplitude or meridional flow pattern (Figure 4-11), 
which are characterized by deep pressure ridges and troughs that tend to direct the general air 
flow pattern from north-to-south or from south-to-north. This type of pattern can result in storms 
following a path directly over the Great Lakes after obtaining moisture from the Gulf of Mexico, 
and this occurred in late April and early May 2017.  These storm systems are often slow moving 
and thus have lots of time to release their moisture over an area, which adds to the amount of 
precipitation they deliver.  In late April and early May 2017, this effect was augmented by an 
area of high pressure over the east coast of North America, which caused the moisture-laden 
systems to slow down even more and resulted in well above-normal precipitation totals across 
Lake Ontario, the St. Lawrence and Ottawa Rivers (Figure 4-12).  
 
 
 

 
Figure 4-11: Analysis of 00z (8 p.m. EDT) May 2nd, 2017 500mb chart courtesy of the National Weather Service 
Storm Prediction Centre. Ridge lines have been drawn in blue, and troughs in red. The general steering flow from 
the Gulf of Mexico has been depicted by the black arrow. (Source:  NOAA, Storm Prediction Centre, 2017)  
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Figure 4-12: Anomaly for total precipitation accumulation in April and May 2017 in the Great Lakes region based 
on % departure from the 2002-2016 mean. Precipitation data are a merged dataset containing ECCC model and 
Numerical Weather Prediction (NWP) model data. (Source: ECCC – Meteorological Service of Canada) 

 
After the wet spring, the rest of the summer and early fall saw closer to average precipitation on 
Lake Ontario.  However, another extremely wet month came in October when the lake saw 
almost as much precipitation as it did during May.  A particularly strong storm late that month 
helped maintain high runoff conditions into November. 
 
In 2017, fluctuating temperatures during the winter months influenced Lake Ontario outflows 
and water levels primarily due to their role in creating unique ice conditions in the St. Lawrence 
River. January and February were much warmer than average, with record-breaking warm 
temperatures in February across much of the Great Lakes basin.   This was followed by much 
colder temperatures in March, all of which contributed to an unprecedented freeze-thaw cycle, 
with an ice cover forming and then melting five times on the St. Lawrence River.  As explained 
in the board’s report (ILOSLRB, 2018), these variable ice conditions required outflows to be 
nearly continuously adjusted to avoid disturbing the fragile ice cover and potentially causing it to 
collapse and create ice jams.  

The influence of wind and waves can, of course, greatly increase the problems associated with 
high water levels.  Depending on the direction and strength of the wind, waves can build up over 
a long fetch on large lakes such as Lake Ontario. Both wind speed and wave height, which are 
tightly correlated, are greatly dependent on local conditions; however, generally speaking, the 
highest wind speeds tend to occur in the spring and fall.  

To get an idea of wind conditions on Lake Ontario during the spring of April and May 2017, 
when lake levels were approaching their peak and a number of wind-related high water events 
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were also noted, data from a buoy located off the north coast of Lake Ontario near Prince 
Edward Point (Lat 43.79N Long 76.87W) were examined. Based on these data, the average and 
maximum wind speeds during April and May were typical when compared to the historical 
record of this station that goes back to 1992.  The measured maximum wave heights recorded at 
this buoy during April and May were 1.24 m (4.07 ft) and 1.56 m (5.12 ft), respectively.  In the 
historical record, the maximum wave height for April averages 1.9 m (6.23 ft) and for May it 
averages 2.4 m (7.87 ft).  There is nothing in this data record that indicates there was anything 
unusual about the wind speed or wave height during these two months of the year at this 
location. Nevertheless, with the record high water levels, even these relatively normal wind and 
wave conditions and storm surge (e.g. April 30, 2017) were an important contributor to shoreline 
impacts as discussed in Section 5. 

In the Lake Ontario basin, data from the US Army Corps of Engineers (USACE) indicates that 
the daily SWE value was a little higher at the beginning of February than the 2009 to 2017 
average for that time of year (Figure 4-13).  However, the warm temperatures during February 
resulted in a dramatic drop in the SWE.  It recovered somewhat during March but was then 
followed by the typical late season melt. 

In the Ottawa River basin, the SWE in the southern half of the basin was slightly below average 
at the beginning of April, while in the northern half it was above average, although values were 
well below what had been seen in the previous year. 

Looking specifically at the NBS components for Lake Ontario, the story was dominated by the 
very wet spring (Figure 4-14).  The precipitation on the lake was double the average during the 
months of May and October and only significantly below average during September.  The lake 
evaporation was close to average for the entire year.  The runoff into the lake rebounded from a 
slightly below average start to well over double the average amount during May.  It then 
gradually decreased over the summer before jumping well above average during November.   
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Figure 4-13: Lake Ontario SWE from the Snow Data Assimilation System (SNODAS) 

 

  

 

 

 

 

 

     

      
Figure 4-14: Lake Ontario 2017 NBS components (left) and residual NBS for 2016-2017 (right) 

NOTE: NBS is the total of the precipitation that falls directly on the lake surface and the runoff that enters the lake through 
tributaries and the surrounding drainage basin, minus the evaporation that comes off the lake.  The NBS is computed in two 
different ways: the “component” method uses measurements and modelled estimates of the three main components of NBS, 
i.e., precipitation, runoff and evaporation; whereas the “residual” method calculates the NBS as the residual water 
necessary to account for the change in storage (i.e., monthly lake level change) and the measured amount of inflow and 
outflow from the lake via their connecting channels.    
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4.2 Could the hydroclimate conditions of 2017 have been 
predicted? 
 
Total water supplies to the Lake Ontario and Ottawa River basins are a primary driver of water 
level changes in the system and as a result, represent an important aspect of outflow regulation 
on the St. Lawrence River.  Plan 2014 incorporates indicators of future water supply conditions, 
as did its predecessor Plan 1958-DD, in an attempt to reduce the frequency and severity of 
extreme water levels from what would occur without regulation.   

During the LOSLRS and subsequent efforts, a range of simulations were done to illustrate the 
potential benefit of improved forecasts of water supply conditions should sufficient 
improvements become available in the future.  The results suggested that in theory at least, 
foreknowledge of wet or dry weather three to six months in advance could improve regulation 
plan performance in some situations by providing the opportunity to adjust outflows in time to 
reduce, though not eliminate, the risk of extreme water levels.  So how well did existing long-
range seasonal forecasts predict the extreme conditions of 2017 and can anything be learned 
from the event to improve predictions in the future?   

The long-range forecasts did not do well.  As an example, the North American Multi-Model 
Ensemble (NMME) is a multi-model seasonal forecasting system that uses forecast data 
produced by research centers from both the US and Canada.  Each month the NMME uses data 
from a suite of individual models to create six-month global forecasts of both temperature and 
precipitation.  These are among the most sophisticated seasonal forecasting models currently 
available. 

Figure 4-15 below shows the distribution of NMME model forecasts for Lake Ontario 
precipitation done in March 2017 for the following six months. The figure indicates a wide range 
of possible precipitation forecasts were produced by the various models (see the figure caption 
for a detailed description of the figure), ranging from above-normal (red) “wet” conditions to 
below-normal (blue) “dry” conditions, but with most model forecasts falling in the near-normal 
(grey) category.  Very few of the forecasts exceeded the historical ranges, indicating that extreme 
precipitation was not considered likely in the months of April and May. Interestingly, the 
average of the forecasted May precipitation was slightly below the historical average for the 
month, suggesting that most models were calling for a drier-than-normal May. 
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Figure 4-15: Distribution of NMME six month forecasts made in March 2017. The red, grey, and blue bars represent 
above, near, and below average ranges based on 1981-2010 data, respectively.  The box for each month represents 
the 25th to 75th percentile while the horizontal black bar in the middle of the box is the median of all the forecast 
models and the green dot is the actual value of precipitation for that month. (Source: NOAA – Great Lakes 
Environmental Research Laboratory (GLERL), March 2017) 

The green dots show actual precipitation that occurred, with above-normal precipitation in April 
followed by well-above normal precipitation in May.  Thus, it can be seen that even one month 
in advance there were no reliable signals in the available forecasts that the precipitation during 
the spring of 2017 was going to be extreme.  Furthermore, forecasts three to six months in 
advance tend to be even more uncertain, and while an accurate forecast this far in advance might 
allow the lowering of lake levels ahead of extreme supplies, it is also possible that other factors 
may preclude it (this was indeed the case in 2017, as ice conditions would have limited flows 
from January through March and prevented the high outflows that would have been necessary to 
lower Lake Ontario in advance of what were unpredicted extreme water supplies later in spring). 

The question remains, is there any way of improving these forecasts? What if, for example, the 
same climatological conditions preceded the 2017 high water as had preceded high water events 
in previous years, then perhaps a forecast of high water could be made whenever those 
conditions appeared.   

Teleconnection patterns are the name given to large-scale patterns of pressure and circulation 
anomalies that can encompass large areas of the globe.  Depending on the teleconnection pattern, 
one can persist from weeks to months to years and have significant impact on weather patterns 
many thousands of kilometers away.  These patterns reflect the changes that are seen in the 
atmospheric wave and jet stream patterns across the planet.  The teleconnection patterns that are 
generally thought to have some influence on North American weather to varying degrees are: 
The North Atlantic Oscillation (NAO), Pacific/North American pattern (PNA), the El Niño-
Southern Oscillation (ENSO), and the Arctic Oscillation (AO).   
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Typically, correlations between the teleconnections and weather patterns are strongest when the 
teleconnections are either in the high or low end of their ranges, but this was not the case for any 
of  these teleconnection patterns during the first half of 2017: NAO 0.3 (ranges from -3 to +3), 
PNA 0.3 (ranges from -3 to +3), ENSO 0.1 (ranges from -2 to +3), and AO 0.4 (ranges from -4 
to +4).  Thus, there was no indication from the values of the teleconnection patterns that there 
would be record high precipitation over Lake Ontario during April and May. 

A recent paper (Carter and Steinschneider, 2018) catalogues similarities and differences among 
seven modern Lake Ontario floods (1951, 1952, 1973, 1974, 1976, 1993, and 2017) and using 
other referenced work, provides a high-level overview of the climatic drivers and teleconnection 
patterns of interest.  Although there were significant high-water years on record before 1951, 
there was less recorded about climate phenomena that could help explain the cause of the high 
levels. 

In six of the seven flood years (the one exception being 1993), wintertime precipitation over the 
Great Lakes was above average and most were well above average. Four of the six years were 
also coincident with low values of ENSO (commonly referred to as La Niña), including 1951, 
1974, 1976 and 2017.  Historically, La Niña years have shown a tendency towards relatively dry 
weather conditions in the southern US, and wet conditions in the north and in southern Canada, 
including the Great Lakes, and this was indeed the case in 2017.  Physically, this happens 
because the jet stream in the eastern Pacific moves north and more water moves through an 
atmospheric “river” of water vapor over the Pacific northwest.  The fact that there are some 
common ocean and atmospheric conditions present in some of these high-water years suggests 
the possibility that floods could be forecast with a somewhat greater degree of accuracy in 
advance.   

However, not all La Niña years have resulted in wet winter weather on the Great Lakes or in 
high water levels later in spring.  This is, in part, because ENSO is just one of the influences of 
weather in the Great Lakes, and there are many effects that are not captured in these 
teleconnections.   
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Figure 4-16:  Great Lakes and Ottawa River cumulative precipitation anomalies for December through March, 
categorized based on ENSO conditions (Source: Carter and Steinschneider, 2018).   

As can be seen in Figure 4-16, while both strong and mild/moderate La Niña years have shown 
an overall tendency towards above average winter precipitation (as indicated by the positive grey 
bars) in the Great Lakes and Ottawa River basins, not all years have shown this (as indicated by 
the black whiskers both above and below zero).  Nor have all wet winters resulted in high water 
conditions in spring of the subsequent year. This indicates that although ENSO conditions may 
have some effect on the weather patterns on the Great Lakes, they are by no means a perfect 
indicator and there are certainly other important factors that influence high water conditions in 
the basin. 
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So, are there other global factors that could be used in combination with La Niña to forecast high 
water levels? Testing of the regulation plans during the LOSLRS showed that Lake Ontario 
levels over 75.5 meters are caused in great part by high NBS.  High inflows from Lake Erie can 
contribute to these high levels, but high Lake Erie inflows are also somewhat more predictable, 
and regulation plans take that into account (LOSLRS, 2006).  As was evident during the extreme 
wet conditions in 2017, high springtime NBS resulting from both heavy over-lake and over-land 
precipitation, may be an even more important driver of Lake Ontario flooding.  Carter and 
Steinschneider (2018) argue that while ENSO conditions in the Pacific Ocean may provide some 
indication of winter weather conditions in the Great Lakes, teleconnection patterns in the 
Atlantic Ocean may be more indicative of spring weather, specifically, the position of the North 
Atlantic subtropical high (NASH).  The NASH causes air flow to turn clockwise around a center 
with high atmospheric pressure located roughly due east of Florida. The position and orientation 
of the western edge of the NASH is a strong driver of summertime precipitation in the 
southeastern United States and may have some influence on springtime precipitation on the 
eastern Great Lakes.   

Carter and Steinschneider (2018) have argued that the position of the western edge of the NASH 
may be connected to high springtime NBS on Lake Ontario.  For example, of the seven flood 
years reviewed, four showed high spring precipitation anomalies, and three of these, including 
2017, corresponded to years where the western ridge of the NASH was shifted furthest west than 
normal (Figure 4-17).   
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Figure 4-17:  Great Lakes cumulative precipitation anomalies for April through June for seven historical high water 
years categorized based on NASH conditions (Source: Carter and Steinschneider, 2018).   

This suggests that efforts to produce a forecast of high lake levels based on ENSO and NASH 
may hold some promise. The first step would be to further investigate the relationship between 
these teleconnection patterns, water supplies and Great Lakes water levels.  Even if strong 
relationships are indicated, it would then be necessary to determine how well and how far in 
advance these factors can be forecasted, given any actions taken through outflow regulation 
would need to occur weeks, if not months, in advance to have a meaningful impact at reducing 
risk.  Although there exists some skill in the forecasting of ENSO, at the moment, there is no 
forecast of NASH that has shown any skill in accurate prediction. 
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As illustrated by the recent work of Carter and Steinschneider (2018) and the results of the 
predictive capacity of the current operational models (NMME), a considerable gap remains 
between available long-term water supply forecasts and operational decisions.  Improving the 
skill of long-term water supply forecasts is an area of active research and there is the potential 
that such work will improve forecast confidence and accuracy in the future.  In the long-term, 
regulation of Lake Ontario outflows may benefit from forecast improvements that provide 
sufficient lead time (and confidence) to support lowering or raising of levels in anticipation of 
extreme conditions to reduce their frequency and severity.  However, such improvements seem 
to be a ways off and even if successful, are not likely to eliminate trade-offs between interests.   

4.3 How did 2017 fit with historical conditions? 
 
In addressing the GLAM Committee’s directive of assessing whether future water supplies will 
be different from those used to test the current outflow regulation plans, it is important to track 
historical data to assess whether conditions may be changing over time. It is widely understood 
that climate is not stationary and that decadal and longer-term trends are to be expected 
(Livingstone, 2008). It is only through on-going monitoring that the magnitude and direction of 
those trends can be detected across the Great Lakes. The conditions of 2017 were undoubtedly 
highly unusual, but the GLAM Committee is interested in knowing just how unusual they were 
relative to the historical record and whether these conditions are consistent with recent data 
conditions that might indicate a trend and possibly a greater chance of such conditions occurring 
again or occurring more frequently in the future. Such trends, if they exist, could inform the 
robustness of the regulation plan evaluations.    

This section examines the various components of the NBS including over-lake precipitation, lake 
evaporation and basin runoff, and the recent conditions across the five Great Lakes basins and 
how 2017 compared with recent historical data. 

Although there are many different variables that are available, this report will focus on the ones 
that are relevant when considering the regulation plans that currently exist, namely precipitation, 
runoff, and evaporation.  Currently the longest consistent source of this type of data for the Great 
Lakes comes from NOAA’s Great Lakes Environmental Research Laboratory (GLERL) based 
on their Advanced Hydrological Prediction System (AHPS).  Also note that the data from the 
most recent years is considered preliminary. 

As with any sequence of meteorological data, there is a lot of variability in the annual totals and 
this can mask longer-term trends.  Thus, it can be useful to summarize the data over longer time 
periods.  This can be seen in the total over-lake precipitation for Lake Superior: while there is a 
lot of variation in the annual data, a general trend is much more easily seen in the data averaged 
over decadal periods (Figure 4-18).  In this case, it appears a trend towards increasing 
precipitation has occurred during the last century, although it has somewhat leveled out since the 
1970s.  The total for 2017 (1080.1 mm; 42.5 in) continued the pattern of high over-lake 
precipitation over the last few years. 
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Figure 4-18: Annual and decadal over-lake precipitation for Lake Superior. 

 
The Lake Superior lake evaporation shows a clear trend of increasing values (note that reliable 
evaporation data only goes back to the 1950s) with a notable jump between the 1990s and the 
2000s (Figure 4-19).  For 2017, the lake evaporation (713.9 mm; 28.1 in) was one of highest 
seen in the historical record.  While runoff into the lake has seen a general reduction over the 
past three decades (Figure 4-20), the value for 2017 (713.1 mm; 28.1 in) was the highest seen in 
the past 20 years. 

  
 

 
Figure 4-19:  Lake Superior decadal average evaporation 
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Figure 4-20: Lake Superior decadal average runoff 
 
As in Lake Superior, Lakes Michigan/Huron have also seen a general rise in over-lake 
precipitation over the past century and a general levelling off in the most recent decades (Figure 
4-21).  The 2017 over-lake precipitation (877.7 mm; 34.6 in) is a little higher than the average 
value for the past few decades.  Lake evaporation experienced a marked increase between the 
decade of the 1990s and the 2000s, with 2017 (688.3 mm; 27.1 in) coming in about the same as 
the average for the 2010s (Figure 4-22).   

The amount of runoff coming in to Lakes Michigan/Huron has seen a sharp reduction in value in 
the most recent decade, with the decade of the 2010s being the lowest in the records going back 
to 1950 (of course, this decade is incomplete and the addition of a couple more years may change 
this finding, but likely not significantly) (Figure 4-23).  Although the value for 2017 (751.4 mm; 
29.6 in) was above the 2010 decadal average, it was still less than the previous four decadal 
averages. 
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Figure 4-21: Lake Michigan-Huron decadal average precipitation 
 

 
 
Figure 4-22: Lake Michigan-Huron decadal average evaporation 
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Figure 4-23: Lake Michigan-Huron decadal average runoff 
 
The over-lake precipitation on Lake Erie has seen generally increasing values since the middle of 
the last century, although so far, the current decade is slightly below the value for the decade of 
the 2000s (Figure 4-24).  The value for 2017 (927.1 mm; 36.5 in) was the highest in the past six 
years.  Although the lake evaporation has been increasing, there was not the same sharp rise seen 
on Lake Erie as in the previous lakes (Figure 4-25).  The amount of evaporation in 2017 (956.0 
mm; 37.6 in) was just a little less than the average of the past decade.  Once again, runoff saw a 
marked decrease during the last decade coming into Lake Erie (Figure 4-26).  With the increase 
in precipitation, it can be assumed that overland evaporation also had to increase in the past 
decade.  The 2017 value for runoff (826.6 mm; 32.5 in) was the highest seen since 2011, but less 
than the decadal average for the 2000s. 

 
 
Figure 4-24: Lake Erie decadal average precipitation 
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Figure 4-25: Lake Erie decadal average evaporation 

 
 
Figure 4-26: Lake Erie decadal average runoff 
 
After rising in the decades of the latter half of the last century, the over-lake precipitation on 
Lake Ontario has remained relatively steady the last few decades (Figure 4-27).  In 2017, the 
total over-lake precipitation value (1222.2 mm; 48.1 in) was the highest total in the recorded 
history of the lake which goes back to 1900.  Evaporation over the lake has shown a steady 
decadal increase since the 1990s (Figure 4-28).  The value for 2017 (742.4 mm; 29.2 in) was 
typical of what we have seen in the past decade.  The runoff into Lake Ontario has seen a 
dramatic decrease in the last decade; in fact, since records began in 1950, four of the lowest five 
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values have occurred since 2012 (Figure 4-29).  However, the 2017 value (2363.4 mm) did not 
fit this trend whatsoever and was instead the highest value of runoff into Lake Ontario on record. 
 
 

 
Figure 4-27: Lake Ontario decadal average over-lake precipitation 

 

 

Figure 4-28: Lake Ontario decadal average evaporation 
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Figure 4-29: Lake Ontario decadal average runoff 

It is possible that recent trends in over-lake precipitation and evaporation may continue into the 
future given a changing climate, but it is beyond the capabilities of the current state of research 
to confidently state when these types of condition will be repeated.  The conditions in 2017, 
while a rare occurrence, seem to mostly fit within the range of water supply conditions used 
during the past IJC studies (IUGLS and LOSLRS), which were based largely on historical 
climate conditions, supplemented with statistical and climate models describing potential future 
scenarios.  However, it is unclear whether such conditions may occur more frequently in the 
future.    

4.4 What was extraordinary about the 2017 Great Lakes 
hydroclimate? 

4.4.1 Record precipitation on both the Lake Ontario and Ottawa River basins 
 

The Ottawa River basin covers an area of 146,300 km2 (56,480 square miles) and is the largest 
tributary to the lower St. Lawrence River.  The flow of the Ottawa River combines with the 
outflow from Lake Ontario upstream of Montreal, and as a result, it is critical in the regulation of 
Lake Ontario and the St. Lawrence River. 

Figure 4-30 depicts what an extraordinary precipitation year 2017 was for Lake Ontario and the 
Ottawa River basin.  Total precipitation over Lake Ontario during April-May (source data from 
GLERL (Hunter et al., 2015)) from 1900-2017 is plotted against the same parameter at the City 
of Ottawa in the southern part of the Ottawa River basin (source data from ECCC meteorological  
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Figure 4-30: Comparison of the total April and May 2017 precipitation between over-lake Lake Ontario 
precipitation and the meteorological station “Ottawa CDA”.  
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station “Ottawa CDA” at the Central Experimental Farm in the City of Ottawa; this station was 
used to represent the Ottawa River basin as it had data back to 1900).  Each year is a dot and 
each dot is color coded to show the maximum monthly Lake Ontario elevation during April-May 
in that year.  The year 2017 stands far apart from the past 117 years, setting records for high 
water levels, Lake Ontario basin precipitation and Ottawa River basin precipitation.  Under a 
stationary climate, there would only be a 0.6% chance of this happening in a given year (or a 1 in 
160-year event).  

For the Ottawa CDA station, the total precipitation for April 2017 of 159.0 mm (6.26 in.) was the 
highest seen in the historical record (0.7% chance or a 1 in 148-year event), while the 172.4 mm 
(6.79 in.) in May was the third highest in the record (0.7% or 1 in 136-year event).  The 
combined April and May total was the highest in the historical record (0.6% or 1 in 166-year 
event). 

The April 2017 total over-lake precipitation for Lake Ontario of 111.8 mm (4.40 in.) was the 
fifth highest seen in the record (0.8% chance or a 1 in 119-year event).  For May, the total of 
150.3 mm (5.92 in.) was the second highest only behind 1919 when 152.1 mm (5.99 in.) fell 
(0.8% chance or a 1 in 127-year event).  The total for both April and May of 2017 was 262.1 mm 
(10.32 in.), which is the highest in the record (0.8% chance or a 1 in 132-year event), but only 
slightly higher than the 257.6 mm (10.14 in.) in 2011.  

The extreme precipitation in the Lake Ontario and the Ottawa River basins was further 
exacerbated by high inflows to Lake Ontario from Lake Erie.  The wet conditions in the Lake 
Ontario basin in 2017 (Figure 4-31) are further illustrated through the weekly NTS for the year, 
which includes the effects of both Lake Ontario NBS and Lake Erie inflows. As shown in Figure 
4-32, NTS exceeded record highs on multiple occasions in 2017, the most notable being the start 
of May, where NTS exceeded the highest values ever previously recorded (1900-2016). 

Although it is difficult to attribute conditions in one particular year to the effects of climate 
change, one of the predicted outcomes from climate change is more severe storms and extreme 
precipitation. One sequence of climate parameters based on the most recent future climate 
scenarios used during the IUGLS suggests that months with extreme precipitation over Lake 
Ontario would be anywhere from two to three times more common during 2050 when compared 
to the current climate (MacKay and Seglenieks, 2013). The U.S. National Climate Assessment 
for 2018 Great Lakes Synthesis report indicates that the tendency towards more intense 
precipitation events is projected to continue into the future (GLISA, 2018;D’Orgeville et al., 
2014; Notaro, M. et al. ), although it also notes that model projections for precipitation changes 
are less certain than those for temperatures (GLISA, 2018; Pryor et al. 2013; Kunkel et al. 2013). 
The runoff amounts of 2017 were within the bounds of the water supply data used to evaluate the 
plans in the LOSLRS, but for the GLAM Committee it raises the question of whether our 
simulations adequately test the possibility of a significant upward shift in magnitude and/or 
frequency of high precipitation and runoff.  This is further discussed in Section 6. 
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Figure 4-31: Weekly net basin supplies (NBS) for the Lake Ontario basin in 2017. (Source: International Lake 
Ontario – St. Lawrence River Board) 
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Figure 4-32: Weekly net total supplies (NTS) for the Lake Ontario basin in 2017. (Source: International Lake 
Ontario – St. Lawrence River Board) 

 

4.4.2 Fluctuating ice conditions 
 

The ice conditions along the St. Lawrence River and downstream of the Moses-Saunders Dam at 
Beauharnois in early 2017 also influenced the regulated outflows from Lake Ontario that were 
released during the winter.  Formation of a stable ice cover in the critical areas of the St. 
Lawrence River is important as it reduces the risk of ice jams, which can severely restrict 
outflows and potentially result in flooding upstream.  As ice begins to form, outflows are 
typically reduced to lower the current velocities in the St. Lawrence River, which helps prevent 
the fragile ice cover from breaking up or collapsing on itself, and also reduces the potential for 
frazil ice development (i.e., super-cooled ice crystals), which can accumulate and further 
increase the risk of ice jams at critical locations.  Once an ice cover has formed and is stable, 
these risks are reduced and outflows can be safely increased.  However, if the ice cover becomes 
unstable or breaks up subsequently, flow must be again reduced in order to reduce the risks 
upstream and downstream. 
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During many years since regulation of Lake Ontario and the St. Lawrence River began, the 
pattern seen in the St. Lawrence River has generally been that cold temperatures at the beginning 
of winter would create an ice cover in the critical sections (i.e., the Beauharnois Canal and 
international section of the river), and then this ice would remain stable during the winter and 
eventually melt out when warmer temperatures returned in the spring.  Historically, ice records 
on the St. Lawrence River date back to 1961; however, early records generally only include dates 
of first and last ice on the St. Lawrence River, and they do not describe fluctuations in 
temperatures and/or ice conditions in detail.  More detailed records including such information 
have only been kept since about the year 2000.  

In 2017, ice briefly came and went during the mild and near record warm temperatures in 
January and February, before reforming again as temperatures became unusually cold in March 
over the Lake Ontario-St. Lawrence River basins.  Substantial ice cover formed and disappeared 
twice on the St. Lawrence River during March 2017, both unprecedented events. Overall, the 
winter experienced five periods of ice formation in the critical areas of the St. Lawrence River, 
which is likely the most freeze/thaw cycles ever seen on the river (the board report (“Observed 
Conditions and Regulated Outflows in 2017”) covers ice conditions in greater detail). 

Future climate scenarios generally agree that higher temperatures, especially during the winter 
period, are more likely to be seen in the coming decades (GLISA, 2018).  There is some 
evidence of this in the historical record.  For example, using data from the airport at Dorval, QC, 
which is near Montreal and not far from Beauharnois or Moses-Saunders dams, during the 
decades of the 1960s and the 1970s there were no years that 25 or more days in January and 
February recorded temperatures above zero.  During the 1980s, there was one of these years; the 
1990s saw two; while the 2000s recorded this only once.  However, since 2010 this has already 
happened four times, including 2017.   

Thus, it is not unreasonable to expect the pattern of warmer temperatures and, by extension, 
fluctuating ice conditions to continue, and such potential patterns and trends are an important 
consideration and area of research for GLAM, given they can influence outflow regulation and 
the ability of regulation plans to release water during the winter months.   

4.5 Key findings: what can be learned from the 2017 hydroclimate 
conditions? 
 

While the NBS of 2017 was very wet across the Great Lakes basin and even record-breaking in 
some weeks over the Lake Ontario basin, it was the combined precipitation over the Lake 
Ontario and Ottawa River basin with high inflows from Lake Erie that made 2017 so 
extraordinary. The unusual St. Lawrence River ice conditions in 2017 added to the extreme 
levels. What these unusual events in 2017 highlight is the importance of testing plausible 
extreme conditions in coordination with GLAM’s plan evaluation efforts.  The GLAM 
Committee recognizes the importance of continued analysis in this area, particularly in terms of 
how extreme hydroclimate conditions may be able to impact outflow regulation.  
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While extremes have happened in the past, there is no doubt that 2017 was a rare event within 
the historical record. Whether the conditions of 2017 are more likely to happen in the future is 
difficult to assess. The high water supplies were unforeseen by most seasonal forecasts at the 
start of the year, indicating that extreme precipitation was not likely in April and May of 2017. In 
addition, it should be remembered that long-range seasonal precipitation predictions are still very 
much a work in progress. Research and development of more sophisticated long-term forecasting 
tools is an involved process requiring multiple years and substantial resources.  This is an area of 
ongoing research globally, but long-range seasonal precipitation predictions will continue to be a 
challenge going forward.  Though the existing forecasting models show some potential 
improvements in skill over the past couple years, it is unclear how these models could currently 
be leveraged to assist the GLAM Committee’s long-term goals of plan review and evaluation.  
Furthermore, the accuracy of such forecasts decreases at longer lag times, whereas outflow 
release decisions would need to be modified weeks or months in advance to significantly reduce 
the risk of high water levels and flooding on Lake Ontario and the St. Lawrence River.   

A preliminary analysis of the implications of varying hydroclimate conditions is initiated in 
Section 6 of this report and is further described in the Annex 2-Plan Review. Future work in this 
area is anticipated.  

5.0 Impact Assessment of 2017 Water 
Levels and Flows 
 

5.1 Introduction 
 
This section provides a general overview of impacts experienced across a range of sectors in 
2017 throughout the Great Lakes-St. Lawrence system based on observed water levels and 
conditions. Unless otherwise indicated, there are two geographic regions referred to in describing 
the various interest categories: the upper Great Lakes (lakes Superior, Michigan, Huron, Erie and 
the connecting channels) and Lake Ontario and the St. Lawrence River above the dam at 
Cornwall/Massena and below the dam to Trois-Rivières. It is important to clarify that this 
report is not intended to represent a full economic or environmental analysis of high water 
impacts in 2017. Instead, the intent is to capture the critical types of impacts and get a 
sense of the geographic distribution to support long-term efforts to validate and improve 
existing models linking water level changes to impacts and ultimately, evaluate the 
performance of the outflow regulation strategies that are currently in place. In certain 
cases, data are still being collected. If and when these datasets become available, the 
GLAM Committee will look to incorporate the information into future analyses and 
reports. In general, there is a lack of standard after-event damage survey information 
collected and reported on by various levels of government. This has been identified as a 
critical limitation to the GLAM Committee in undertaking model validation activities. 
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5.1.1 Performance indicators and coping zones 
 

Six key interest categories are covered in this review, including municipal and industrial water 
use, commercial navigation, hydropower, shoreline property interests, environmental interests 
and recreational boating and tourism. All of these sectors are affected by changes in Great Lakes 
water levels or flows in the connecting channels and all were impacted to varying degrees by 
high water levels in 2017 across the entire Great Lakes-St. Lawrence Region, particularly on the 
Lake Ontario-St. Lawrence River system. In documenting impacts and benefits, the GLAM 
Committee paid particular attention to the existing performance indicators that had been 
established by the previous IJC studies (both LOSLRS and IUGLS) and had been part of the 
models used in the evaluation and ultimate selection of the existing regulation plans.  

Performance indicators represent a quantifiable measure of the relationship between an 
economic, social or environmental benefit or cost and different water levels and flows in the 
Great Lakes-St. Lawrence River system. These relationships must: 

• represent something of significance to the interest;  

• demonstrate a measurable sensitivity to water level changes; and 

• have confidence/certainty in the data and science that support it.   

Performance indicators were not meant to be used in isolation or to reflect absolute impacts, 
rather they were designed to be used in a relative comparison of regulation plan alternatives.  
They were to represent broader societal impacts and capture outcomes and tradeoffs between 
interests and over broad geographic scales. A full list of the performance indicators used for both 
the upper lakes and the Lake Ontario-St. Lawrence River system during the past IJC studies can 
be found in Appendix 1. The record conditions of 2017 on Lake Ontario and the St. Lawrence 
River were outside the range of conditions for which data were available to develop the existing 
performance indicators. Therefore, information from 2017 is critical to support the validation and 
improvement of a number of the LOSLRS performance indicators and to add new information 
and give new insights into what is likely to occur under conditions that had only previously been 
simulated.    
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Resiliency is defined as the ability to recover from or adjust easily to misfortune or change. The GLAM Committee 
does not use resiliency in the same way as they would a performance indicator or coping zone to evaluate how a 
change in water levels would affect an interest. Nevertheless, the resilience of an interest plays a big part in how 
those performance indicators and coping zones are defined. For example, the municipal and industrial interest 
category tends to be quite resilient to water level changes because the consequences are so large for negative impacts 
that they tend to be conservative when constructing major plants to ensure service to the public is not interrupted. 
This, in turn, affects how a performance or coping zone is defined for this interest.  Likewise, changes to the 
commercial navigation industry over the past 10-20 years, such as the inclusion of bow thrusters, improved power-
to-length ratios and automatic information systems (AIS), have made them more resilient to water level and flow 
changes over the years. These changes need to factor back into the algorithms developed for performance indicators 
in terms of an interest’s sensitivity to water level changes. 

RESILIENCY 

Coping zones were water level zones used exclusively during the IUGLS and defined generally 
by the water level regime (level, range, rate of change, frequency), location and other factors that 
cause vulnerabilities for a particular interest, such as a lack of resilience. Resiliency can affect 
any interest’s ability to cope with water levels and is defined as the capacity to recover quickly 
from difficulties (see box below). 

The coping zones were defined as a reflection of an interest’s ability to “cope” with a given 
water level regime and included three levels of progressively more challenging water level 
conditions as follows: 

• Zone A – A range of water level conditions that the interest would find tolerable;  

• Zone B – A range of water level conditions that would have unfavourable, though 
not irreversible, impacts on the interest; and 

• Zone C – A range of water level conditions that would have severe, long-lasting, 
or permanent adverse impacts on the interest. 

The conditions in 2017 on the upper Great Lakes remained within previously defined coping 
zones established during the IUGLS. Further information on coping zones can be found in 
Appendix 1.  

This section of the report describes each interest category, their general sensitivity to water level 
fluctuation, and summarized specific positive and negative impacts from the high water levels in 
2017. Due to the extensive damages on Lake Ontario and the St. Lawrence River as a result of 
the record high water levels in 2017, the Annexes have been prepared to provide supplementary 
details and information for this portion of the Great Lakes-St. Lawrence River system.  
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5.2 Municipal and industrial water use 
 

The municipal and industrial water use impact category broadly considers the impacts of 
fluctuating water levels on fresh and wastewater treatment for municipalities, industrial users and 
domestic residential users. It focusses on the importance of having enough water to ensure 
adequate intake capacity while not having so much water that shoreline infrastructure facilities 
(e.g. treatment plants) suffer damages.  

Total water withdrawals in the upper Great Lakes basin were estimated during the IUGLS at 
about 112,000 ML/day (29,800 Mgal/day), with four major uses accounting for about 98 percent 
of the water withdrawals in the upper Great Lakes basin: thermoelectric power generation (75 
percent); industrial uses (13 percent); public supplies (nine percent); and, irrigation (one 
percent). Most of this water is returned to the basin. Consumptive uses (that is, uses that do not 
return water to the system) account for less than one percent of the outflows (IUGLS, 2012).  On 
Lake Ontario and the upper St. Lawrence River, at the time of the LOSLRS report, it was 
estimated that about 6.3 million residents along the shores of Lake Ontario and the upper St. 
Lawrence (both Ontario and the US) rely on water withdrawals from the lake and river and there 
were about 2.3 million residents who rely on the lower St. Lawrence River (LOSLRS, 2006).   

Secure access to clean freshwater has been a driver in development along the Great Lakes-St. 
Lawrence River. Water withdrawals remain critical for metropolitan areas, customers of public 
supply facilities, agricultural facilities and the general industry of the Great Lakes and St. 
Lawrence River. Potential water supply interruptions, therefore, are a concern for the Great 
Lakes-St. Lawrence River population. Even temporary interruptions can have serious health and 
financial implications. It is not surprising therefore, that during both the IUGLS and LOSLRS, 
the IJC found that for the most part, the municipal, industrial and domestic water use category is 
resilient to water level changes within the historical range (LOSLRS, 2006; IUGLS, 2012). Any 
vulnerabilities that were found to exist could not be differentiated between alternative regulation 
plans in either study. Therefore, neither Plan 2012 nor Plan 2014 are expected to make things 
better or worse for this interest relative to the regulation plans that they replaced. In other words, 
while impacts are possible at the extremes, they would be expected regardless of the regulation 
plan. The one exception mentioned was private shore wells, but the data were incomplete and did 
not allow for a full assessment.  

5.2.1 UPPER GREAT LAKES - Municipal and industrial water use  
 
Sensitivity to Water Levels and Outflows: The supply of drinking water and the treatment of 
wastewater can both be affected by changing water levels. On the upper Great Lakes, 
quantifiable performance indicators of these impacts were not possible during IUGLS due to the 
size and scope of the upper Great Lakes and the relatively small differences in levels produced 
by alternative regulation plans. Instead, water level coping zones were identified to characterize 
potential operational problems of municipal, industrial and domestic water uses associated with 
fluctuations in water levels and flows (Bartz and Inch, 2011). Some impacts associated with high 
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water levels include flooding of buildings, erosion and shore protection issues (similar to the 
coastal interests), infrastructure inundation (such as tunnels) and increased operating costs when 
infiltration into the plant is higher, thus raising the demand for water (IUGLS, 2012). Impacts 
associated with low water levels could include increased water quality problems and potential 
water intake problems if water depths are insufficient. Historically, on the upper Great Lakes, 
water levels have not caused failures of municipal water intakes and therefore this interest was 
considered to be fairly resilient to water level fluctuations within the historical range.  However, 
based on surveys of critical water levels reported by many specific facilities along the lakes, 
extreme levels at or outside the historical range could cause unusable or compromised water 
intakes, sedimentation problems/increased operations and maintenance requirements and reduced 
water quality (LOSLRS, 2006; IUGLS, 2012). Potential impacts from extreme water levels at or 
beyond historical ranges are substantial given the tens of thousands of surface and groundwater 
intake structures/pipes in place, ranging from high capacity intakes for major metropolitan areas 
to those for individual household usage. Actions to minimize risks, such as installing flood-proof 
equipment, improving shore protection, building flood levees under high water or extending 
intake pipes into deeper water during low water would likely be taken well before a serious crisis 
condition is reached as the consequences are too great to afford the risk (IUGLS, 2012).   

Summary of Observed 2017 Impacts: The GLAM Committee is not aware of high water level 
impacts directly to municipal water supply systems or wastewater treatment systems found along 
the upper Great Lakes in 2017.  
 
Model Assessment: For the upper Great Lakes, no specific performance indicator was 
developed during the IUGLS related to this interest group. This was because the sample size of 
responses from a survey (questionnaire) of municipal facilities undertaken at the time was not 
large enough on the various lakes and, in some cases, the survey responses were too vague to 
develop quantitative relationships to water levels (IUGLS, 2012). Instead, general coping zones 
guidance was developed (Bartz and Inch, 2011) related to i) the population served by public 
water systems that are affected at high and low water levels and ii) the number of water 
withdrawal facilities where problems are expected to occur and/or where operations may cease 
along with the optimal operating range and levels where modifications are necessary for intakes 
and outfalls. In 2017, the water levels were within the range that this interest is expected to cope 
well, based on an understanding developed during the IUGLS. No information was found 
through media or spot-check phone calls with municipal water facilities that would counter this 
expectation at this time.  While it is expected that the coping zones will need to be reviewed at 
some point in the future, there was nothing from 2017 that would highlight this as a priority. 

Key Findings and Next Steps:  Based on the information available, the GLAM Committee is 
not aware of significant loss of water supply or wastewater service in 2017 due to water level 
conditions on the upper Great Lakes. Moving forward, the GLAM Committee will look to 
reassess the coping zones used during the IUGLS and their appropriateness in future 
assessments. 
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5.2.2 LAKE ONTARIO-ST. LAWRENCE RIVER - Municipal and industrial water use 
 
Summary of Performance Indicators:  There were two primary performance indicators related 
to municipal and industrial impacts developed during the LOSLRS to capture potential water 
level impacts to this sector. They were: 

• Infrastructure Performance Indicator: “drinking water production plant infrastructure 
costs required to adapt to critical levels identified” (LOSLRS, 2006) 

• Taste and Odor Performance Indicator: “the costs of upgrading municipal drinking water 
treatment plants to treat taste and odor compounds” (LOSLRS, 2006) 

In addition to the identified performance indicators, background information was gathered on 
other potential impacts as they relate to private self-supplied residential users. Given a lack of 
data and the relatively small number of users compared with those serviced by the broader public 
water supply and wastewater treatment facilities (e.g. Figure 5-1), water level criteria were used 
to identify water levels that were likely to cause problems for self-supply users, but the economic 
impact was not quantified as part of the overall plan evaluation effort. 

 

 

 

Figure 5-1:  RC Harris Water Treatment Plant, Toronto, Ontario. Photo Credit: City of Toronto website: 
https://www.toronto.ca/services-payments/water-environment/tap-water-in-toronto/fast-facts-about-the-citys-water-
treatment-plants/. 

 

Sensitivity to Water Levels and Outflows: During the LOSLRS, the general findings for the 
Lake Ontario and upper St. Lawrence River were that most water levels within the historical 
ranges could be managed by existing water supply facilities (LOSLRS, 2006). Under extremely 
low water conditions, the reduced depth of water above intakes leads to reduced plant capacity 
and this has been identified as a concern for some facilities, particularly in the upper St. 
Lawrence River. There is also the possibility that taste and odor problems increase under low 
water conditions, although there are likely other factors that would also contribute to such 
problems. Under high water conditions, water supply and wastewater infrastructure can be at risk 
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of inundation which reduces service capacity. One particular issue raised in the past on Lake 
Ontario was the need to sandbag a Monroe County Water Authority pumping station to protect 
against flooding (LOSLRS, 2006).  

On the lower St. Lawrence River, water supply issues relate to taste and odor, frazil ice and 
reduced intake capacity and these are primarily associated with low water conditions. Three of 
thirty utilities identified capacity limitations under low water levels. Wastewater treatment plants 
and outflows can be susceptible to high water conditions but, based on survey results conducted 
during the LOSLRS, they were not considered overly sensitive and found to be marginal in 
comparison with the other performance indicators so no high water performance indicator was 
developed in this category (LOSLRS, 2006).  

Summary of Observed 2017 Impacts: High water levels on both Lake Ontario and the St. 
Lawrence River in 2017 led to some direct impacts for municipal water supply. For example, the 
Monroe County Water Authority noted that levels were within 1-2 feet of flooding some critical 
potable water supply infrastructure. Elsewhere in the system and, based on follow up with a 
number of US water treatment operators, there were also impacts to operations including 
increased lift station infiltration. While these direct impacts are noteworthy and directly impacted 
a number of users, the information currently available to the GLAM Committee suggests that 
most of the larger municipal systems and the millions of customers they serve remained 
operational throughout 2017 and were generally able to handle the extreme conditions, albeit 
with adaptive responses in some cases that included sand-bagging. Detailed information is still 
limited in some areas, particularly on the lower St. Lawrence River, and it is possible that there 
were impacts that the GLAM Committee is not currently aware of.  

On the wastewater side, high water levels created additional operational challenges and caused 
damages in some areas. In New York, responses from 31 wastewater treatment plants were 
logged and of those, six reported some degree of negative impacts to plant operations. The most 
commonly reported impact was storm water infiltration leading to combined sewer overflows 
and sanitary sewer overflows which could have been the result of high precipitation and runoff 
and not a direct impact of water levels. Sodus Point in particular reported some sandbagging 
requirements to protect some lift station facilities. There were also reports of excessive pump 
operation requirements in the towns of Sodus Point, Clayton and Ontario, NY.  In addition to 
these impacts, a number of operators also reported an increase in the frequency of times when 
untreated sewage was released and partly attributed that to a higher amount of infiltration into 
the sewage system due to high water levels. It is unclear, based on the current responses, what 
other factors (such as excessive precipitation) contributed to those incidences. The City of 
Hamilton, ON noted that high lake levels reduced the capacity of some of their combined sewer 
overflow tanks as they were submerged by lake water, particularly their Strachan and Eastwood 
facilities (City of Hamilton, 2017).  There were also many examples where drainage (sewer) 
capacity was reduced in low lying areas immediately adjacent to the shoreline, requiring 
operational investments by municipalities (e.g. portions of Sodus Point, Monroe County, 
Niagara-on-the-Lake, Hamilton, Toronto, etc.).  
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The GLAM Committee has not yet identified any locations where primary wastewater treatment 
facilities could not be operated due to the high water conditions. Detailed information is still 
limited in some areas, particularly on the lower St. Lawrence River, and it is possible that there 
were impacts that the GLAM Committee is not currently aware of. 
 
Information on impacts to industrial water users is not readily available at this time and 
information on impacts to self-supply domestic water users is limited. Certainly, there were 
reports of impacts to shore wells and septic systems (both inundation and erosion of leach beds) 
and this was reported through the responses received to an online, self-reporting questionnaire 
distributed to property owners by Conservation Ontario (see box below; Figures 5-2 and 5-3). 
Based on the on-line questionnaire results, impacts to shorewells were reported most 
predominately in Prince Edward County and Lennox and Addington County on the Lake Ontario 
shoreline within the Province of Ontario and in Jefferson and Monroe counties on the New York 
shoreline. While the reported numbers were higher in the US, a larger percentage of Canadian 
respondents reporting impacts to shore wells. The GLAM is not able to quantify the extent of 
those impacts at this time as the GLAM surveys do not represent a statistically representative 
sample and it was not possible for the GLAM Committee to determine if the impact was directly 
related to high water levels, or caused by the excessive rain, runoff and high groundwater tables. 
 
Further information on Lake Ontario-St. Lawrence River municipal and industrial impacts can be 
found in Annex 1-Impact Assessment of this report. There are still gaps in available information 
and the GLAM Committee is gathering further data from municipal and industrial operators. 
That work is expected to be completed by April 2019. 
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In 2017, the GLAM Committee initiated a process to help gather information on impacts 
from high water conditions on shoreline property owners.  The GLAM Committee effort 
complemented and extended a previous independent survey effort undertaken by the New 
York Sea Grant and Cornell University for the New York shoreline earlier in 2017 (New 
York Sea Grant and Cornell University, 2018).  For the GLAM Committee effort, the IJC 
contracted Conservation Ontario to develop and implement an on-line, self-reporting 
questionnaire that property owners could complete (based in part on questions used 
previously in the New York Sea Grant and Cornell Survey).  The questionnaire was 
designed to gather information on the type and extent of shoreline impacts.  Conservation 
Ontario provided a brief project summary and the GLAM Committee often refers to this as 
the Conservation Ontario survey.  However, the GLAM Committee has continued to work 
with the results for analysis and reporting purposes and is the basis for a number of maps 
and graphs in the impact assessment sections of this report. 

 

SHORELINE PROPERTY OWNERS IMPACTS 

 

 
 

Figure 5-2: Percent of survey responses indicating septic flooding (shown as a relative % by County relative to total 
number of that reported impact for Country) (Source: ECCC, based on data acquired through Conservation Ontario 
survey for IJC) 

  

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 340 of 472



 

 
 
Figure 5-3: Percent of survey responses indicating shore well flooding (shown as a % by County relative to total 
number of that reported impact for Country) (Source: ECCC, based on data acquired through Conservation Ontario 
survey for IJC) 

 
Model Assessment: Based on the information and performance indicators developed during the 
LOSLRS, the vast majority of municipal water supply and wastewater services would be 
expected to remain operational during high water levels within the historical range. Water levels 
exceeded historic maximums in 2017 but, based on the limited preliminary information available 
(mainly from direct follow up with a few operators from the US shoreline), it appears that the 
vast majority of service on Lake Ontario was able to be supplied in 2017, which is consistent 
with the conclusions in the LOSLRS. However, there were reports of specific operational 
challenges and adaptive responses in some locations, as well as more general challenges with 
drainage in low lying areas serviced by municipal sewer networks on Lake Ontario that are not 
captured in the current performance indicators and require further assessment by the GLAM 
Committee to determine whether they should be represented in the impact models, and if so, 
how. In addition, 2017 conditions may shed light on potential high water impacts to self-supply 
domestic water users that were not captured in the impact models developed during the 
LOSLRS. It is expected that similar issues would have been observed on the lower St. Lawrence 
River, but the GLAM Committee has little information available for lower St. Lawrence River 
impacts at this time. Efforts are underway to initiate a contract to survey a number of municipal 
and industrial facilities on both Lake Ontario and the St. Lawrence River and gather further 
information in support of longer-term GLAM Committee activities.  The GLAM Committee has 
little validation information available regarding industrial water users and it is not yet clear how 
that gap will be filled. Once gathered, further processing and review of the impact information is 

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 341 of 472



needed before a full comparison can be completed between results from the existing models and 
observed conditions. 
 
Key Findings and Next Steps:  Based on the limited information currently available to the 
GLAM Committee, there were impacts and operational responses required in a number of 
locations on Lake Ontario and the St. Lawrence River due to high water levels in 2017 that 
caused direct impacts to some users. However, users of larger municipal water and wastewater 
systems were able to rely on the necessary services in 2017 despite the extreme high water 
conditions. Less information is currently available regarding self-supply residential users and 
industrial users. Based on responses to the self-reporting survey, impacts in those categories 
were not evenly distributed along the Lake Ontario shoreline.  
 
There were no reported impacts to industrial water users due to the 2017 events, but this is not to 
say there weren’t any.  Industry responses to enquiries were incredibly sparse.  It is not 
conclusive to say that the handful of responses indicating no impacts is an accurate 
representation of the entire industrial community on Lake Ontario and the St. Lawrence River. 
 
The performance indicator for evaluation of municipal and industrial water users on the Lower 
St. Lawrence River is “based on the cost of upgrading municipal drinking water treatment plants 
to treat taste and odor compounds” and “based on costs required to adapt plants to lower than 
critical levels” and while no high water level concerns were expressed for water treatment plants, 
high water levels were suspected to have an impact on wastewater treatment plants in the case of 
floods. Even in this situation, most of the wastewater outfalls on the St. Lawrence River are 
equipped with check values protecting them from backflow (LOSLRS, 2006 - Annex 2).   
Information on the costs of any plant upgrades or renovations was unattainable from 2017, 
highlighting the challenges in assessing impacts to this sector. Given the lack of data for this 
sector, the GLAM Committee is seeking to collect information from municipal and industrial 
operators on the Lake Ontario – St. Lawrence River system on impacts and thresholds associated 
with 2017 conditions to support long-term adaptive management activities.   
 

5.3 Commercial navigation 
 
Commercial navigation captures domestic and international fleets of bulk carriers, tankers, 
barges and other commercial ships transporting goods in the Great Lakes-St. Lawrence Seaway 
system (IUGLS, 2012; IJC, 2014) as well as ocean-going vessels that call on the Port of 
Montreal (Figures 5-4 and 5-5). There are four key geographical sections that are considered for 
commercial navigation: the upper Great Lakes from Lake Erie above the Welland Canal through 
to Duluth, MN on Lake Superior; Lake Ontario (and the Welland Canal connecting Lake Erie to 
Lake Ontario); the Lake Ontario Section of the St. Lawrence Seaway to Montreal (Montreal 
Harbour to Lake Ontario); and the St. Lawrence Navigation Channel (Port of Montreal to Trois- 
Rivières) which can accommodate ocean-going vessels larger than those that can transit the 
Seaway. An estimated 237,868 jobs and $35 billion in economic activity have been attributed to 
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the Great Lakes-St. Lawrence River system (not including the economic benefits of container 
movements to and from the Port of Montreal to overseas markets) (Martin and Associates, 2018). 
Commerce transiting the St. Lawrence Seaway portion (Lake Erie to the Port of Montreal) 
supported 92,661 jobs and $12.9 billion in economic activity. The Port of Montreal is the highest 
volume container port in eastern Canada and one of the fifteenth largest in North America. This 
port handles more than 35 million tons of cargo annually and over 1.2 million Twenty Foot 
Equivalent Units (TEUs) containers (Port of Montreal, 2018). The Port of Montreal supported 
2,673 direct jobs in 2017 (Martin and Associates, 2018) 

During the IUGLS, in consultation with experts of the Great Lakes -St. Lawrence River 
navigation community, the IJC concluded that the current Lake Superior outflow regulation plan, 
Plan 2012, would provide additional economic benefits in terms of transportation costs to 
commercial navigation interests. The plan was compared under a wide variety of wet and dry 
water supply conditions with the old regulation plan (Plan 1977A) and was found to provide a 
more robust plan that performed better under a wide range of potential future water supply 
scenarios. During the LOSLRS, the IJC, in consultation with experts of the Great Lakes -St. 
Lawrence River navigation community, concluded Plan 2014 would provide about the same 
benefits as Plan 1958-DD by including rules to support adequate levels for full-draft ships at all 
points in the navigation channel, from Lake Ontario to Lake Saint-Louis.  It would also maintain 
about the same transportation costs related to the need to light-load ships as a result of limited 
draft depths during low water levels and similar costs related to delays from high velocities 
during high outflows. 

 

 
Figure 5-4: Port of Montreal. Photo credit: Montreal Port Authority, 2012.   
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Figure 5-5: Map of the Great Lakes –St. Lawrence Seaway  
  
 

5.3.1 UPPER GREAT LAKES – Commercial navigation 

 
Sensitivity to Water Levels and Outflows: Outflow regulation under Plan 2012 affects water 
levels and flows throughout the upper Great Lakes system, most notably in the St. Marys River 
and including the “Rock Cut” channel on the west side of Neebish Island, south of Sault Ste. 
Marie, MI where water levels are particularly sensitive to changes in outflows from Lake 
Superior as well as low water periods that occur during relatively dry periods (Figure 5-6). 
Commercial navigation is particularly sensitive to low water conditions, which can require 
reduced navigation speeds and draft and a reduction in cargo carried. The shipping industry in 
the upper Great Lakes generally benefits from higher levels, as ships can carry more cargo with 
fewer trips. The above average water levels throughout the Great Lakes-St. Lawrence system in 
2017 should, therefore, have been generally beneficial to commercial shipping, but this is only 
when moderately high water levels are observed, as was the case for the upper Great Lakes in 
2017.  Impacts increase with more extreme levels and several expensive mitigation measures 
must be imposed to maintain safe navigation, as was experienced on the lower part of the system 
on Lake Ontario and the St. Lawrence River in 2017, but not on the upper Great Lakes. Higher 
water levels also can damage and disable loading/unloading facilities and impact safe operation 
of navigation locks if levels reach the top of approach walls or lock gates (IUGLS, 2012). 
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Figure 5-6: Location of “Rock Cut” leading into the St. Marys River (Source: ECCC) 
 
Summary of Observed 2017 Impacts: The year 2017 saw higher water levels on all the Great 
Lakes.  On the upper Great Lakes, a particular area of concern for shippers is typically the St. 
Marys River and Rock Cut (Figure 5-6). Flow, velocity and depth may limit the carrying 
capacity in these locations more so than the dock depths, however there were no impacts on the 
upper portion of the system found in 2017.  

Table 5-1 compares the monthly freight tonnage passing through the St. Marys Falls Canal for 
2016 and 2017. Single trip tonnage records were set in August and September 2017 at the Soo 
Locks. These higher monthly tonnages were mostly a result of the economic demand for raw 
material and not a direct result of higher water levels; however, the higher water levels provided 
the opportunity for the single trip tonnage records to occur. Had levels been below chart datum, 
the tonnage records would not have been set.  
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Table 5-1: Freight Tonnage moved through the St. Mary Falls Canal in 2017 (Source: US Army 
Corps of Engineers, Detroit District, Soo Area Office) 

Freight Tonnage moved through the St. Marys Falls Canal 

Month 2016 Net Tons 2017 Net Tons Increase/Decrease 

March 999,703 1,423,568 423,865 

April 6,214,977 7,045,959 830,982 

May 7,159,615 8,125,048 965,433 

June 7,540,657 8,552,164 1,011,507 

July 7,236,489 8,692,701 1,456,212 

August 7,446,741 8,645,393 1,198,652 

September 7,789,090 8,946,754 1,157,664 

October 7,315,668 7,676,940 361,272 

November 6,844,907 7,882,489 1,037,582 

December 6,783,280 7,076,676 293,396 

January 2,148,641 1,264,176 -884,465 

Total 67,479,768 75,331,868 7,852,100 

 

Model Assessment: During the IUGLS, an economic performance indicator was developed for 
commercial navigation based on shipping costs along each route at different depths in each 
calendar month.  Coping zones were also developed for the interest based on “ideal conditions” 
for the shipping industry (Zone A) and those at which the impact from changing water levels 
would begin to arise.  These coping zones were developed on a lake-wide scale (one for each 
upper Great Lake) and for the southwest pier of Lake Superior (St. Marys River). Based on this 
assessment, the levels and flows experienced during 2017 were expected to provide generally 
positive conditions for shipping and were within the “A” coping zone and range of water levels 
the shipping industry would find tolerable. 

The USACE Detroit District maintains a database to track tonnage passing through the Soo 
Locks. The GLAM Committee members are working with the Soo Lockmasters and USACE 
Federal Navigation team to collect monthly tonnage data and historic annual tonnage data to 
compare to lakes Superior and Michigan-Huron water levels (with respect to chart datum). In 
order to capture some of the inter-lake shipping routes, federal harbor data can be gathered from 
the USACE Detroit District Operations Office and Federal Navigation team to determine which 
docks are most susceptible to varying water levels. A quick analysis of the monthly tonnage data 
and water level data from the past six years is shown in Figure 5-7. Note the slight increase in 
tonnage in 2014, which followed a number of consecutive low water years (2000-2013). 
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Although this is a narrow dataset (only six years), it is unlikely that regulated water levels are the 
main determinant of shipping traffic through the Soo Locks. There are economic and market 
supply and demand factors to be considered. Was there a high demand for a specific commodity 
in 2014, for example? Was there an economic reason? Further analysis of general sector trends 
would be prudent for commercial navigation. 
 
 
 

 
 
Figure 5-7: Monthly tonnage on Lake Superior and Lakes Michigan-Huron (Source: USACE, Detroit District) 
 
The GLAM Committee was already considering the need for a new model of shipping costs, 
largely because the data used to develop the previous IUGLS performance indicators are 
outdated and do not capture the technological advances on some ships which allow them to 
transit more efficiently and safely. As well, navigation impacts in one area can have 
corresponding or related effects elsewhere in the system, so a system-wide model to replace the 
existing separate Lake Ontario – St. Lawrence and upper Great Lakes models makes sense. 

Key Findings: On the upper Great Lakes, 2017 levels were within the “A” coping zone which 
means that the commercial docks inventoried during the IUGLS had sufficient dock depths and 
dock heights for ship accessibility. Levels during 2017 ranged from 45 cm (1.5 ft) to 1.2 m (4 ft) 
above chart datum across the upper Great Lakes which is within the criteria for increased water 
levels while maintaining minimum dock heights. The one exception was at the Detroit River 
where the reported three-foot increase in level would be acceptable for 96% of the docks. Levels 
on Lake St. Clair (the Detroit River reference point) were 0.76 m to 1.2 m (2.5-4 ft) above chart 
datum which would mean some docks inventoried during the IUGLS would be inaccessible due 
to flooding. However, there were no reports of such incidents. It is possible that the reference 
point of Lake St. Clair may be too conservative and needs to be replaced with Low Water Datum 
elevations for the Detroit River, specifically.  Further investigations will occur in the future. As 
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well, as discussed in the model assessment section, a full Great Lakes-St. Lawrence River 
commercial navigation model should be considered. 

5.3.2 LAKE ONTARIO-ST. LAWRENCE RIVER – Commercial navigation 
 
Sensitivity to Water Levels and Outflows:  Outflow regulation under Plan 2014 affects water 
levels and flows throughout Lake Ontario - St. Lawrence River system downstream to about 
Trois- Rivières, and commercial navigation occurs and is affected by these conditions throughout 
this area, including the Montreal to Lake Ontario (MLO) portion of the St. Lawrence Seaway 
and at the Port of Montreal. Commercial navigation is particularly sensitive to low water 
conditions, which can at times require reduced navigation speeds and draft reductions, which 
result in reduced cargo carried and increased costs. Therefore, critical commercial navigation 
priorities on the Lake Ontario - St. Lawrence River system include the need to reduce the risk of 
low water levels throughout the system and maintain the continued ability of the board to 
accommodate, as necessary and when conditions permit, transit of particular vessels through 
short-term minor deviations. The stability and predictability of water levels, high or low, can also 
be a critical factor, particularly in the St. Lawrence River, as loading decisions are sometimes 
made weeks in advance for international vessels arriving in the Port of Montreal and those 
transiting the Seaway. Stable and predictable levels help to minimize risks of groundings, loss of 
control, collisions, oil/chemical spills and issues related to safe transit velocities. In terms of high 
water impacts, high levels typically result in higher outflows and velocities in the St. Lawrence 
River, which can also be a serious concern to commercial navigation due to increased risks (of 
groundings, loss of control, collisions, oil/chemical spills) and issues related to safe transit 
velocities. If water levels at Iroquois Lock were to reach 75.61 m (248 ft.), the lock would be 
flooded, and its operation would no longer be possible, stopping shipping until levels fall below 
this threshold.  

Summary of Observed 2017 Impacts: The year 2017 saw the highest flows ever recorded over 
a sustained period of time on the St. Lawrence River. These flows required the shipping industry 
to take exceptional measures to ensure safe transit and prevent a shutdown of the Seaway. High 
water level problems which lead to velocity issues in portions of the Seaway have been a concern 
in the past and were among the primary issues during the 2017 record high water level conditions 
(with record outflows of up to 10,400 m3/s). As Lake Ontario levels declined and high flows 
remained, the Seaway was also concerned with low levels in Lake St. Lawrence.    
 
The biggest commercial navigation impact in 2017 related to the exceptional flows in the St. 
Lawrence River and the implementation of a series of mitigation measures (i.e., restrictions 
imposed and services added by the Seaway to ensure safe vessel transits could continue despite 
the challenging conditions). These measures included:   
 

• speed restrictions between Iroquois Lock and Tibbets Point (imposed starting 2 May)  
 

• caution that fenders on approach wall at Iroquois Lock may not be visible (3 May) 
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• additional speed restrictions for the St. Lawrence River from Lake Saint-Louis to Lake 
Ontario (8 May and 15 May)  
 

• no meeting or passing permitted in critical areas (American and Brockville Narrows, 
Wiley-Dondero Canal; 16 May revised 19 May)  
 

• request to exercise caution when navigating in areas of high cross currents (Galop, 
Toussaint and Ogden Islands, Copeland Cut and Polly’s Gut; 16 May) 
 

• request for mariners to operate at the lowest safe speed to minimize wake, particularly 
near shoreline areas (16 May) 
 

• zero tolerance for ships’ draft in excess of the maximum permissible draft and reminder 
to operate at the lowest safe speeds to minimize ship wake, particularly when navigating 
close to shore (13 June) 
 

• a number of transit requirements (13 June), including:  

o requirements that all ships equipped with a bow thruster shall have the bow 
thruster operational when transiting the Montreal to Lake Ontario section of the 
Seaway;  

o all Tall Ships and Tows (Tug/Barge) transiting the Montreal to Lake Ontario 
section of the Seaway shall be capable of making a minimum of 8 knots through 
the water;  

o no transits of Dead Ship tows permitted; and  

o ships unable to transit safely at these flows may be subject to transit restriction 

• assignment of ship inspectors to mission-critical navigation monitoring (13 June), 
cancelled (23 June) 

• modifications to critical areas identified as no meeting or passing zones (American and 
Brockville Narrows and Wiley-Dondero Canal; 13 June) 

• tug assisted ships at Iroquois lock as and when requested (14 June) 

• no ship meets downstream of Beauharnois Lock 3 (14 June) due to high outflows from 
Pointe des Cascades control dam and the increased cross-currents 

• request to exercise caution when navigating in additional identified critical areas in the 
vicinity of Cardinal and Canada Island (20 June) 

• draft reduction to 8.0 m for upbound vessels in the Montreal to Lake Ontario (MLO) 
section (27 June) 
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Table 5-2 provides a list of the mitigation measures taken and the timeline for implementation, 
while Figure 5-8 illustrates Lake Ontario water levels and outflows during the period that 
mitigation measures were in effect.  

Table 5-2: Timing of Seaway Imposed Mitigation Measures  

 

 

Figure 5-8: Graph showing Lake Ontario water levels and outflows during the period that mitigation measures were 

in effect.  

SEAWAY-IMPOSED MITIGATION MEASURE DATES IN 2017 MEASURE WAS APPLICABLE (NOTE: only key dates included here to shorten timeline illustration)
5/2 5/3 5/7 5/8 5/14 5/15 5/16 5/18 5/19 6/12 6/13 6/14 6/20 6/22 6/23 6/27 7/23 7/24 8/10 8/11 8/22 9/14 10/2

Speed restrictions Iroquois Lock to Tibbets Point  1
Notice that Iroquois Lock fenders may not be visible 1
Further speed restrictions (South Shore Canal to Tibbets Point) 1 1
Further speed restrictions (Brockville Narrows to Prescott) 1
No meeting/passing in critical areas 1 1
No meeting/passing in critical areas (revised) 1 1
No meeting/passing in critical areas (revised) 1
Caution for navigating in high cross current areas 1
Caution to minimize wakes 1
Reminder to minimize wakes 1
Zero tolerance for exceeding maximum permissible drafts 1
Bow thrusters must be operational 1
Tall Ships & Tows capable of 8-knot minimum 1
No Dead Ship tows 1
Transit restricted for ships unable to transit safely 1
Ship inspectors reassigned to monitor navigation 1 1 1
Tug assisted ships at Iroquois lock as and when requested 1
No meets downstream of Beauharnois Lock 3 (high outflows/cross-currents) 1
Caution for strong currents Cardinal to Canada Island
Upbound draft reduction to 8.0 m

Lake Ontario water level (m IGLD 1985) 75.58 75.59 75.74 75.76 75.84 75.85 75.85 75.87 75.86 75.82 75.81 75.80 75.77 75.76 75.80 75.80 75.65 75.66 75.50 75.49 75.37 75.09 74.92

Lake Ontario outflow (m3/s) 7250 7010 6210 6390 7910 8320 8720 9210 9260 10190 10210 10290 10400 10400 10420 10390 10390 10390 9880 9920 9870 8960 8620

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 350 of 472



These mitigation measures resulted in the maintenance of safe navigation in more challenging 
conditions. Decreased maneuverability, ship speed management and increases in ship rental costs 
were the main impacts to the trade. Fuel costs also went up as a result of the delays. In their 
report on “Navigation at High Flows – 2017”, the St. Lawrence Seaway Management 
Corporation (SLSMC,2018) reported that transit times increased by two or more hours from the 
typical 24-hour upbound transit or 22-hour downbound transit times through the MLO section, as 
ships took the necessary precautions to safely navigate the system (especially during the period 
when flows were 10,200 m3/s or higher). Iroquois Lock proved to be the most impacted by the 
high flows as vessel approaches to the lock both downbound and upbound were considerably 
more difficult. The tug that was made available for assistance was used on a regular basis, either 
assisting with the use of lines or simply being on stand-by in the event it was needed. Sixty-one 
percent of vessels requested tug assistance, with more requests by downbound vessels.  
 
Another impact, albeit a lesser one, was the reduced number of “walk-throughs” performed at 
Iroquois Lock (i.e., ships moving through the locks without the use of mooring lines). Typically, 
there are approximately 1500 walk-throughs per year at Iroquois, but in 2017 there were only 72 
recorded walk-throughs (all in March and April, prior to the higher flows). This translated to 
slower lockage time as lock personnel had to secure mooring lines. There was also reduced 
availability of ship inspectors for ship inspections due to their reassignment to the critical 
command center in the SLSMC Operations Center from 13 to 23 June, so that a marine officer 
would be on duty at all times. Nevertheless, despite the mitigation measures imposed and the 
challenging conditions many ships faced in 2017, the St. Lawrence Seaway reported 4,119 vessel 
transits, up nine percent from 2016. Total cargo transported was also up almost nine percent 
from 2016 (Table 5-3).  
 
The Port of Montreal had some minor impacts from the high water levels, most notably some 
pavement and concrete were damaged at the port due to inundation and erosive action during the 
spring. As well, some ships needed to be moved around the port to avoid their hulls riding up 
onto the docks. Power to many docks had to be cut as a safety measure from 7 to 17 May 2017, 
when water levels reached +3 m (+9.8 ft) above chart datum at Pier 1. Despite these impacts, the 
Port of Montreal generally benefited from the high water levels, reporting record loads of 37.8 
million tons (Mt) in 2017. This broke the previous record, set in 2016, of 35.4 Mt. 
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Table 5-3: Statistics on commercial navigation traffic through the Seaway (Source: St. Lawrence 
Seaway Management Corporation, 2017) 

 

 

Model Assessment: High velocities in the Seaway between Ogdensburg and Long-Sault would 
be expected under conditions such as those experienced in 2017 as would variable water levels at 
different points in the river due to the high discharges.  In the existing commercial navigation 
model, such conditions would result in an increase in transportation costs through the system (a 
negative impact) due to increased fuel usage, longer transit times and in some cases reduced 
loading capacity.  The record water level and flow conditions of 2017 offered a rare opportunity 
to measure ship performance and impacts to commercial navigation under high channel 
velocities on the St. Lawrence River. Mitigation measures taken by the shipping industry in 2017 
all relate to transportation delays/costs.  Mitigation measures taken by the industry due to high 
velocities and the associated costs of such measures could help in the development of a new 
system-wide commercial navigation model. An updated model would allow for further 
assessment of the existing Plan 2014 L-Limit rules established for safe navigation and additional 
discussion is included in the Annexes to this report. It is not yet clear if a performance indicator 
using transportation costs will be possible because impacts to individual shipping companies and 
cargo owners are not readily available in a form that can be shared. Mostly due to the fact that 
these results concern highly proprietary details on business contracts and commercial trade 
patterns.  It may be that some other metric is necessary and further work on this will be required. 

Key Findings: While commercial navigation experienced impacts due to high velocities on the 
St. Lawrence River, they also were able to tolerate higher flows than expected or than had ever 
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occurred before without shutting down navigation. Overall, despite mitigation measures, it was a 
very productive year for the commercial navigation sector, largely due to economic demand.  

The GLAM Committee did not validate the model using the 2017 level and flow data to measure 
how well it estimated shipping impacts in these extraordinary conditions but may do so in the 
future as part of an effort to improve the navigation model. 

The data used to develop the transportation cost performance indicator for commercial 
navigation on Lake Ontario and the St. Lawrence River is out of date and needs 
updating/modifying and this should be considered a high priority.  In order to accomplish this, 
the GLAM Committee intends to review the transportation cost performance indicator based on 
information gained in 2017 to update the performance indicator for the shipping sector. As noted 
in the model assessment section, it is not yet certain if transportation costs will be possible due to 
highly proprietary details on business contracts and commercial trade patterns.  It may be that 
some other metric is necessary and further work on this will be required.   

5.4 Hydropower 
 
The hydropower generation interest represents “owners/operators of the hydroelectric generating 
stations on the Great Lakes-St. Lawrence River system and the value of energy produced”. On 
the upper Great Lakes, there are two hydropower generating stations located on the US side of 
the St. Marys River, at Sault Ste. Marie, MI – the US government and Cloverland Electric 
Cooperative (CEC) stations. There is one station on the Canadian side, the Francis H. Clergue 
Generating Station, owned and operated by Brookfield Renewable Energy, Inc., at Sault Ste. 
Marie, ON.  The three stations on the St. Marys River have a combined capacity of about 115 
MW. The IJC’s Orders of Approval govern use of water by hydropower stations along the St. 
Marys River and the IJC’s ILSBC ensures outflows are released from Lake Superior in 
accordance with these Orders.  

Further down the system there are three hydropower plants located on the Niagara River 
separating the upper Great Lakes from Lake Ontario because of the Niagara Escarpment. The 
Robert Moses dam (owned and operated by NYPA) is located at Lewiston, NY and has a total 
generating capacity of about 2675 MW (Figure 5-9). On the Canadian side, Sir Adam Beck 1 and 
Sir Adam Beck 2 generating stations (owned and operated OPG) are located across the border at 
Queenston, ON and have a total generating capacity of about 2,000 MW. These stations generate 
much more electricity than those on the St. Marys River because of the higher head made 
possible by the drop over the Niagara Escarpment and the higher flow of the Niagara River. 
Several smaller generating plants, with a total capacity of about 180 MW, also use the waters of 
the Welland Canal. The amount of water available for the plants on the Niagara River and 
Welland Canal depends on Lake Erie’s level and its outflow as well as the Niagara River Treaty 
of 1950.   
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Figure 5-9: Locations of Beck and Moses Dams (Source: INBC 130th Semi-annual report: 28 March, 2018) 
 
Moving down the system, two hydroelectric generating stations are located on the international 
section of the St. Lawrence River located between Massena NY and Cornwall ON, including the 
Robert Moses station owned and operated by the NYPA and the Robert H. Saunders station 
owned and operated by OPG. Together, these stations are known as the Moses-Saunders Dam.  
Further downstream at the outlets of Lake St. Francis are the Beauharnois and Les Cedres 
stations of Hydro-Quebec (IJC, 2014). Combined, these power plants have a generating capacity 
of 3820 MW (1957 MW at the Moses-Saunders and 1853 MW at Beauharnois-Les Cedres) and 
produce enough energy to meet the needs of about two million homes.  
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Figure 5-10: Locations of Moses-Saunders and Beauharnois Dams (Source: ECCC) 

 
 

5.4.1 UPPER GREAT LAKES - Hydropower 
 

Sensitivity to Water Levels and Outflows: The amount of electricity that the hydropower 
stations produce depends on available head (i.e., the difference in water levels upstream and 
downstream of the plants) and the amount of flow through to the stations. In some cases, high 
water conditions enable hydropower operators to increase power generation.  However, very 
high levels and flows can have adverse impacts on their operations. For example, very high lake 
levels and corresponding outflows can result in “excess” water diverted through the spillway and 
thus a missed opportunity to generate additional power due to lack of available hydropower 
capacity (IUGLS, 2012). Similarly, high water levels downstream, which can be compounded by 
high flow through a station/spillway, can result in lower headwater and higher tailwater 
elevations and therefore reduce the operating head on the station and reduce hydropower 
generation.  Low water conditions tend to have greater impact on hydroelectric generation, 
forcing stations to operate below capacity and reducing revenues (IUGLS, 2012). 

Following the IUGLS, it was noted that hydropower plant maintenance activities can also be a 
cause of reduced hydropower capacity during high water periods, and this can result in large, 
frequent fluctuations in St. Marys Rapids flow and water levels and unintended and potentially 
adverse outcomes in the St. Marys Rapids unless strategies can be developed to address them. 
The effects of Lake Superior outflow regulation on any changes in the Lake Erie levels and 
Niagara River flows that result from different Lake Superior regulation plans are small, 
particularly in comparison to the much greater effects of changes in water supply, and Plan 2012 
does not have any significant impact on the power generation on the Niagara River.  

Summary of Observed 2017 Impacts: Owing in part to multiple other factors, the upper Great 
Lakes water levels and flows did not have a significant impact on hydropower operations at the 
Cloverland, Brookfield or US Government plants during 2017, although a significant storm event 
in late October 2017 did lead to water levels approaching critical levels at the Cloverland plant 
for a short period of time, requiring a temporary response. Scheduled maintenance at plants and 
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work in the Cloverland Electric Company canal resulted in significant reductions in hydropower 
capacity which have required reduced flows through the Cloverland plant, as has been the case 
for multiple years during the recent period of relatively high outflows, which required regulation 
plan deviations. Maintenance activities at the Brookfield Renewable power plant also resulted in 
outages which affected regulated outflows. The outages have been analyzed for their impacts to 
regulated outflows and effects of these outages on the St. Marys Rapids have attempted to be 
addressed in the Board of Control’s deviation strategy. The US Government Plant had no 
concerns regarding operations and power production at current levels and did not attribute any 
issues to water levels. They reported their operation is driven by the market and demand for 
power. 
 
Flows in the Niagara River have experienced an increase beginning in 2015. As a result of the 
weather conditions seen in the Lake Erie basin during April and May of 2017, the water level of 
Lake Erie rose quickly at the beginning of May.  The impact of the higher water levels were 
compounded by more frequent and sustained southwest winds pushing water and ice into the 
head of the Niagara.  As a result, the flows in the Niagara River were some of the highest 
experienced since 1998.  Despite these factors, the management of the CGIP and the 
International Niagara Control Works (INCW) above Niagara Falls resulted in no falls flow 
violations in 2017.  Also, the level of the CGIP is regulated under the INBC’s 1993 Directive.  
The unusual conditions in 2017 did not keep the power entities from operating the INCW to 
adhere to the requirements of the 1993 Directive.  The INBC oversees the operation of the 
control works by the power entities, and the board has been in communication with the power 
entities to get feedback on how the high water levels impacted the operation of the control 
works.  Though the increased flows had no overall impact on the regulation of the CGIP and 
subsequent power production, they did create some challenges with respect to Maid of the Mist 
Pool levels.  The power entities worked with the tour boat operators in the Maid of the Mist Pool 
to establish a protocol regarding these levels.  The power entities made careful considerations of 
their operations to reduce adverse effects on the water levels in the Maid of the Mist Pool during 
tour boat operations. 

Power entities’ compensation rates and mechanisms are confidential, so it is not possible to put 
benefits and impacts in dollar terms with respect to 2017 conditions.  OPG 2017 Public Revenue 
Statement noted that OPG generated ~ 1TW more energy across all of its facilities in 2017 than 
2016. This increase in generation was primarily driven by increased water availability in Eastern 
Ontario (St. Lawrence, Ottawa and Madawaska Rivers). At the Saunders generating station, OPG 
generated slightly more energy than forecasted in 2017. However, there was an increase in 
energy production that did not have a direct economic benefit to OPG. The regulatory framework 
in which the Saunders generating station operates within prevents OPG from economically 
benefitting due to any favorable difference between forecast and actual water availability. 
Similarly, NYPA’s St. Lawrence – FDR Power Project generated ~11 percent more energy than 
forecast in 2017. However, NYPA did not realize an economic benefit from the increased 
generation due to depressed market prices for the energy. In fact, NYPA’s revenue fell by 20 
percent between 2016 and 2017.   
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Model Assessment: A model assessment of the upper Great Lakes was not performed this 
reporting period. If the hydropower performance indicators are to be used to quantify economic 
impacts in the future, an updated energy market value analysis should be completed since the 
existing model uses prices developed during the IUGLS. In addition, the lack of ability to 
acquire revenue data from hydropower production may mean the performance indicator needs to 
be revisited.  

Key Findings:  The upper Great Lakes water levels and flows did not have a significant impact 
on hydropower operations on the St. Marys River in 2017. The above-average water levels and 
outflows through the St. Marys River, along with continued maintenance activities in both 
Canada and the US, resulted in flows available for hydropower production that often exceeded 
the capacity of the plants and any surplus water was not used for generation and instead was 
released through the St. Marys Rapids.  

A reassessment of the energy market value and the inability to acquire economic information has 
implications to the hydropower performance indicators moving forward.  

5.4.2 LAKE ONTARIO-ST. LAWRENCE RIVER - Hydropower 
 
Sensitivity to Water Levels and Outflows: Outflow regulation affects water levels and flows 
throughout the Lake Ontario-St. Lawrence River system which, in turn, has impacts on 
hydropower generation. Hydropower generation is particularly sensitive to low water conditions, 
which results in decreased generation. The stability and predictability of water levels and 
outflows can be a critical factor, particularly in the St. Lawrence River, as generation forecasts 
and market prices are affected by changing conditions and uncertainty of forecasting. Extreme 
high water supplies and resulting high levels, as were experienced in 2017, can also be a concern 
due to issues such as increased spillage, head loss, deferral of planned maintenance, increased 
operations and maintenance and other associated increased costs.  

Following the LOSLRS, it was concluded that, under Plan 2014, the slightly higher and more 
natural seasonal autumn through spring Lake Ontario levels that benefit coastal ecosystems also 
would slightly increase the hydraulic head and thus, energy production at the Moses-Saunders 
power plants. Plan 2014 can also slightly increase the amount and value of hydropower produced 
at the Hydro-Quebec plants, as there tends to be less spillage of water and a higher percentage of 
the water can pass through the Beauharnois generating station. Although the higher Lake Ontario 
levels also would slightly reduce the head at the Niagara power plants, the net effect would be to 
increase the production of hydropower at all these plants by about 0.4%, or enough to supply the 
needs of about 8,000 homes. During LOSLRS, the primary performance indicator used (as 
advised by the economic experts) was the increase in the value of hydropower energy caused by 
a change in regulation plans. In addition, important metrics, termed the stability and 
predictability of flows, were developed. More-stable releases change less from week-to-week, 
while more-predictable releases change less from month-to-month. When possible, hydropower 
producers will take turbines out of production for maintenance only when the water release can 
be routed through other turbines that remain in service. A large, unexpected release increase may 
require spilling part of the release (that is, releasing the water but not running it through a turbine 
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to create electricity). Plan 2014 provides slightly more stable and predictable releases, thereby 
reducing the chance of energy losses during turbine maintenance compared with plan 1958-DD. 

Summary of Observed 2017 Impacts: 2017 saw the highest flows ever recorded over a 
sustained period of time through the Moses-Saunders dam on the St. Lawrence River, resulting 
in greater than forecasted energy production, but requiring the power entities to take measures to 
keep units running for extended periods of time to minimize the need for increased spillage of 
water. The plants were run at full available capacity for months, requiring some important 
maintenance activities to be deferred to later dates and while additional maintenance cannot be 
considered a “cost” (as running units more equates to additional compensation from increased 
power generation), it must be noted that there can be considerable cost overruns when plants are 
run for extended periods and generating units suffer breakdowns. Additionally, operation and 
maintenance costs for some activities were higher than initially forecasted due to the higher flow. 
For example, mobilizing crews to perform extra dam or spillway operations and increased debris 
clearing in the forebay resulted in higher operating costs in 2017.  

Model Assessment:  In its 2014 report on Plan 2014, the IJC estimated a market value of the 
roughly 25 million MWh of energy generated from the hydropower dams on the St. Lawrence 
River as approximately $1.5 billion USD a year at a market rate of $60/MWh (based on a 
previous estimate provided by Synapse Energy Economics Inc. in 2005 (IJC, 2006)). It should be 
noted that 2017 rates in each of the three jurisdictions (New York, Ontario and Quebec) were 
likely considerably lower than this. GLAM recognizes that this market value estimate is likely 
overestimated nowadays and will seek updated information if possible. In its 2006 report, the 
LOSLRS calculated an economic baseline for hydropower under Plan 1958-DD as the economic 
surplus (i.e., net operating revenues minus economic cost of capital, before deduction of taxes, 
transfer payments and special pricing) of $250 million USD for Moses-Saunders, and $100 
million USD for Beauharnois-Cedars. This calculation does not consider the value of energy that 
may have been foregone at other sites due to the increase in generation at Moses-Saunders.  
Since the load did not necessarily increase, the generation at other plants would have decreased.  
Again, GLAM recognizes that these previous estimates are likely inflated nowadays and will 
seek updated information with respect to Plan 2014 when performing future plan evaluations. As 
with the upper Great Lakes, inability to acquire dollar values from hydropower production means 
the performance indicator needs to be reevaluated by the GLAM Committee moving forward.  

Key Findings: Though increases in energy production were realized in 2017 through the Moses-
Saunders dam, owing to the high outflows and some periods of increased head at the plant, the 
hydropower sector also saw some adverse impacts related to the high water, such as losses to 
production opportunity due to increased spillage of water, increased operating costs, and the 
need to defer maintenance on various equipment. Future work will require a reassessment of the 
energy market value and hydropower pricing.  Increased flows at hydropower projects resulted in 
several associated impacts to the hydropower sector.  Mobilizing crews more frequently for 
additional gate operations raised the costs for operations in 2017.  Additional gate operations 
also carry an associated incremental yet immeasurable increase in maintenance costs due to wear 
and tear on the mechanical and electrical equipment employed to raise and lower the gates. 
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Due to the inability to collect the data necessary to assess the existing performance indicators, it 
is necessary to develop a strategy for modifying or replacing the existing indicator.  The existing 
performance indicator is “value to society of energy produced – based on megawatt hours by 
quarter month, valued using estimated market values for each quarter month of the year” 
(LOSLRS, 2006).  As stated, power entities’ compensation rates and mechanisms are 
confidential.  Without the estimated market values per quarter month, it is not possible to assess 
this performance indicator with the information available.   It will also be useful for GLAM to 
complete assessment of potential errors in the Long Sault Dam rating curve, including the need 
for further flow verification measurements. The rating curve should be updated as necessary to 
improve the accuracy and precision of reported spillage rates. 

5.5 Coastal 
 
The coastal impact category is focused on direct impacts to shoreline infrastructure, primarily 
residential, along the Great Lakes and St. Lawrence River shoreline. The coastal impact sector is 
defined as individuals and organizations with a direct interest in the property along the shorelines 
and connecting channels of the Great Lakes and the St. Lawrence River (riparian property), 
particularly private property owners (IUGLS, 2012; IJC, 2014). During IUGLS, there were an 
estimated 93,400 properties along the upper Great Lakes shorelines and connecting channels 
(63,700 in the United States and 29,700 in Canada) (IUGLS, 2012). Based on the 2006 IJC’s 
LOSLRS report, the Lake Ontario and the St. Lawrence River are estimated to have 
approximately 25,000 properties directly along or within close proximity to the Lake Ontario and 
upper St. Lawrence River shoreline and approximately 60% of the Lake Ontario-St. Lawrence 
River shoreline is devoted to residential land use. Of these, approximately 3,000 are estimated to 
be located below the elevation of 76.2 m (250 ft) and at risk of flooding (LOSLRS Annex2, 
2006). On the lower St. Lawrence River, approximately 5,770 single-family dwellings fall within 
the 1-100 year flood zone (IJC, 2014). High water levels and wind driven waves which can lead 
to flooding of property and infrastructure, contribute to accelerated bluff recession rates (erosion) 
and reduce the lifespan of existing shoreline protection used to stabilize shorelines. Areas of the 
Great Lakes exposed to large waves are considered open coast shoreline and in those areas, wave 
action can be a significant contributor to shoreline impacts when combined with high water 
levels, storm conditions and short-term storm surge. These conditions can contribute to 
accelerated bluff recession, damage existing shoreline protection, damage and/or destroy homes 
and other structures on shoreline properties and lead to storm induced flooding which can result 
in significant damages over the duration of the storm event. Since Great Lakes water levels can 
remain elevated for prolonged periods of time (weeks to years), multiple storm events can occur 
during an extended period of high water levels. Low water level conditions typically reduce the 
threat of flooding for shoreline property owners and can lead to an apparent reduction in bluff 
recession rates, although the conditions can also lead to increased scouring at the base of bluffs 
and at the toe of shore protection which can increase vulnerability in subsequent high water 
periods (Baird, 2004). There can also be low water issues associated with exposure of mudflats, 
water access issues, etc. (Baird, 2010). 
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5.5.1 UPPER GREAT LAKES - Coastal 
 
Sensitivity to Water Levels and Outflows: Based on the IUGLS, the IJC concluded that Plan 
2012 for the outflows of Lake Superior would provide modest benefits to the coastal interest 
group based primarily on reductions to the total costs of maintaining shoreline protection in lakes 
Superior and Michigan-Huron. While this was the primary performance indicator assessed, 
consideration was also given to high water level and low water level statistics and the robustness 
of the regulation plan in its capacity to meet particular regulation objectives under a broad range 
of plausible future hydrological scenarios, including those related to climate change.  

Coping zones were developed in the IUGLS to help evaluate regulation plan options by allowing 
plan formulators to predict the impacts from extreme water levels. Zone A captures a range of 
water level conditions that the interest would find tolerable, Zone B a range of water level 
conditions that would have unfavorable though not irreversible impacts on the interest, and Zone 
C being a range of water level conditions that would have severe, long-lasting or permanent 
adverse impacts on the interest. The coastal working group further defined zones A, B, and C 
relative to coastal sensitivities and economics based on US and Canadian sites along the upper 
Great Lakes (see Table 5-4). 

Table 5-4: Summary of coastal coping zones defined by the Coastal Zone Technical Working 
Group (IUGLS, 2012) 

 Zone A Zone B Zone C 
Adaptation Interests should largely be 

adapted to conditions in this 
range, having already built some 
shore protection structures.  If 
levels persist for several years at 
the extremes of this zone, there is 
the risk that interests will adapt to 
a narrower range and neglect or 
breach shore protection structures 
or build in locations unsuitable in 
the long-term. 

Adaptation to levels in this zone 
may be limited and require 
construction of additional shore 
protection; structure modification; 
dredging beyond maintenance 
dredging; temporary repurposing 
or temporary loss of use of 
shoreline or set-back 
requirements. 

Adaptation within this zone may 
require shore protection and 
building modifications beyond the 
means of most; major 
infrastructure modifications such 
as moving roads or major 
structures; permanent loss or 
relocation at some locations is 
possible. 

Most 
Vulnerable 
Hot Spot 

Cohesive bluffs with little beach 
to protect them from high water 
and storm surge. 
 
Places with existing shore 
protection if these are not 
maintained or are breached. 

Cohesive bluffs with little beach 
to protect them from high water 
and storm surge. 
 
Places with or adjacent to existing 
shore protection, that may not be 
adequate for more extreme 
conditions. 

Cohesive bluffs with little beach 
to protect them from high water 
and storm surge. 
 
Places with or adjacent to existing 
shore protection, that may not be 
adequate for more extreme 
conditions. 

Ability to 
Recover 

Can adapt to and recover from 
most damages that occur in this 
range.  In some areas, however, 
there is the potential for 
significant bluff failure that could 
result in permanent loss. 

Generally able to recover but may 
have some significant losses due 
to high water level related 
erosion. Capital investments made 
to adapt to this zone may not be 
able to increase resilience to 
future Zone B levels. 

Some interests may not be able to 
recover completely, particularly 
those affected by water level 
related dune and bluff erosion. 

Severity of 
Net Financial 

Loss 

Generally minimal loss in this 
range, but potential for significant 
localized loss if storm surge 
causes bluff to fail. 
 

May be significant but most are 
able to pay cost out of revenues, 
financing and insurance claims. 

Substantial losses, in some cases 
exceeding ability of organizations 
or individuals to repay. Those that 
do rebuild likely to require 
borrowing from future assets to 

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 360 of 472



Minimal to moderate, depending 
on cost of maintenance and 
degree of neglect of existing 
shore protection. 

cover the net costs. May result in 
request for federal emergency aid. 

Suggested 
Indicators for 

Assessing 
Thresholds 

Permits for shore protection (USACE/State); media reports of damages; insurance claims; set-back 
requirements and other local land use regulations.      

 

Summary of Observed 2017 Impacts:  Water levels in all of the upper Great Lakes were above 
average throughout 2017. Lake Superior was well above average throughout the year and, with 
the exception of November, remained within 10 cm (3.9 in) of the maximum recorded monthly 
water level from June to December 2017. This high water level combined with a couple of major 
storms at the end of October 2017 led to significant coastal flooding and erosion of public and 
private property. On October 24, the largest wave recorded in the past 30 years occurred near 
Marquette, MI with offshore wave heights peaking near 9.1 m (30 ft) and measured wind gusts at 
124 km/h (77 mph). Examples of some of the impacts are shown in Figures 5-11 to 5-16. There 
is less information on impacts on the Canadian shoreline but, based on information provided by 
staff from the Ontario Ministry of Natural Resources and Forestry, there were some local 
flooding issues where the Chippewa area meets Lake Superior in December of 2017.  Otherwise, 
there were few reports of impacts.  

 

 
 

Figure 5-11: Powerful waves from 27-Oct-2017 big storm chewed into the dunes along Lake Superior on Duluth's 
Park Point between -about 800 and 900 Lake Avenue South, turning them into a line of "cliffs". Photo credit: Bob 
King / rking@duluthnews.com - http://www.duluthnewstribune.com/news/4351737-park-point-residents-assess-
damage-worry-about-future-storms. 
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Figures 5-12 and 5:13: 24-October-2017 storm causing wave run-up to wash large stone and debris up on Lakeshore 
Blvd. in Marquette, MI. Photo credit: Great Lakes Coastal Reporting Tool (http://superiorwatersheds.org/report-
erosion-hazard. 

 
 

Figure 5-14: Erosion along the Lake Michigan bluffs in Mount Pleasant, WI prompted property owner to tear down 
a teetering garage. Property owner lost 6-8 feet of property since April 2016. Photo credit: Sears, M. Milwaukee 
Journal Sentinel, 2016. 
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Figure 5-15: Reported coastal erosion at Ontonagon Township Park and Campground. For the past three years staff 
have been monitoring the rate of erosion and measured 120-ft of shoreline loss since 2014. Erosion has caused 
closure of selected campsites and impacts to power utilities. Photo credit: Superior Watershed Partnership and Land 
Trust – Great Lakes Coastal Reporting Tool. 

 

Figure 5-16: Shoreline inundation at a park in Sault Ste. Marie, Ontario in October 2017. Photo credit: 
https://www.sootoday.com/local-news/high-water-on-st-marys-river-15-photos-748392. 

There were also reports of localized flooding along the St. Marys River in Sault Ste. Marie 
during a wind event in October, 2017 (see Figure 5-16) and the ILSBC issued news releases 
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throughout the summer and fall of 2017 cautioning users of some expected flooding of low-lying 
areas of Whitefish Island and that some recreational trails and features in these areas would 
likely be inundated (http://ijc.org/en_/ilsbc/) (see Figure 5-17). 

 

Figure 5-17: Recreational trails on Whitefish Island prone to flooding in 2017 (picture taken in 2014). Photo credit: 
ECCC. 

As shown in Figure 5-18 below, water levels in 2017 on Lake Superior hovered near or above 
the High A-B transition coping zone. The expected sensitivities described in Zones A and Zone 
B (see Table 5-4) appear to be representative of 2017 media reports of coastal erosion, flooding, 
and impacts of shoreline protection.   
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Figure 5-18: Comparison of Lake Superior 2017 Monthly water levels relative to the coastal coping zones that were 
established for Lake Superior in the 2012 IUGLS. (Source: USACE Detroit) 

Figure 5-19 is a summary of permit applications received by year from USACE-Detroit District 
Regulatory office on Lake Superior, whose regulatory footprint includes all of the Michigan 
shoreline of Lake Superior. Minnesota and Wisconsin shorelines are under the regulatory 
jurisdiction of USACE- St. Paul District. The figure summarizes the number of permits for new, 
replacement and improvement permits of shoreline projects (i.e. groins, seawall, rip-rap, etc.) 
relative to the lakewide elevation of that year.  As water levels on Lake Superior have begun to 
rise since 2013 or approach the high coping zones, so has the number of permit applications.  
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Figure 5-19: Comparison of permit applications per year received by USACE's Detroit District Regulatory Office  
(LRE) versus annual average water level for Lake Superior. Permit applications summarized in this graph fall under 
Code of Federal Regulation 33 Part 322 – Permits for Structures in or Affecting Navigable Waters of the US 
focusing on project types that fall under shore protection (i.e. seawall, groin, riprap placed for shore protection, etc). 
(Source: USACE, Detroit District) 

 
Lakes Michigan-Huron remained above average throughout the year, but at least 38 cm (~15 in) 
below the maximum recorded levels. While it is expected that higher rates of erosion are 
occurring compared with the low water level years throughout the 2000s, there were little to no 
indications based on media reports or discussions with shoreline managers of flooding or 
unusually high erosion or shore protection structure damages found. Nottawasaga Valley 
Conservation Authority, located on the south shore of Georgian Bay, reported that on November 
16, 2017, higher lake levels combined with strong northwest winds caused the main beach area 
at Wasaga Beach to be flooded, with flooding of the edge of the public road in this area. The 
Town used temporary sand dykes along the beach to attempt to mitigate against the high water 
levels and wave uprush. There were also various reports of increased problems due to shoreline 
erosion along the Lake Huron shoreline of Ontario. 
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Figure 5-20: Comparison of Lake Michigan-Huron 2017 monthly water levels relative to the coastal coping zones 
that were established for Lake Michigan-Huron in the 2012 IUGLS. (Source: USACE Detroit) 

Water levels in 2017 on Lake Michigan-Huron stayed within the tolerance of the low and high 
coping zones previously defined during the IUGLS, nearing the High A-B transition coping zone 
in the late fall (Figure 5-20). The expected sensitivities described in Zones A and Zone B (see 
Table 5-4 above) appear to be representative of 2017 media reports of coastal erosion, flooding 
and impacts of shoreline protection.   

Lake Erie also remained high throughout the year and was within 15 cm (~6 in) of monthly 
record high water levels in May 2017 and within 21 cm (~8 in) of the maximum level on Lake 
Erie of 175.04 m (574.3 ft) International Great Lakes Datum (IGLD) recorded in June 1986. 
There was a notable increase of permit applications through the USACE-Buffalo District 
Regulatory office for Lake Erie shore protection structures when compared with both 2015 and 
2016 (Figure 5-21). On the Canadian shoreline, the Lower Thames Conservation Authority 
reported issues of the dyke overtopping at Rondeau Provincial Park and some homes 
experiencing shore protection failure in June, 2017. Essex Region Conservation Authority 
reported a spike in applications for shoreline repairs and shoreline damages on the east coast of 
Pelee Island and along the Lake Erie shoreline west of Point Pelee between Leamington and 
Kingsville (Essex Region Conservation Authority, personal communication, June 13, 2017).  
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Figure 5-21: Lake Erie permit applications for Buffalo District compared with water levels (2015-2017) (Source: 
USACE Detroit District) 
 

Long Point Conservation Authority reported a lack of beach at the provincial park and erosion of 
exposed shore protection. Water levels in 2017 on Lake Erie hovered near or above the High A-
B transition coping zone (Figure 5-22). The expected sensitivities described in Zones A and 
Zone B (see Table 5-4 above) appear to be representative of 2017 media reports of coastal 
erosion, flooding and impacts of shoreline protection.   
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Figure 5-22: Comparison of Lake Erie 2017 monthly water levels relative to the coastal coping zones that were 
established for Lake Erie in the 2012 IUGLS. Water levels of 2017 on Lake Erie hovered near or above the High 
Zone A-B transition for the coastal coping zones. (Source: USACE Detroit) 

Model Assessments: The primary performance indicator used to compare coastal impacts 
associated with alternative regulation plans during IUGLS was the cost of maintaining existing 
shoreline protection.  In addition to the modelled indicator, coping zones were developed as a 
more general approach to comparing plan performance.  Within the supporting documentation of 
the 2012 IUGLS, a number of suggested ways were listed for assessing the high and low 
thresholds of the coastal coping zones.  For high water coping zones, it was suggested to monitor 
resident flood damages by magnitude ($) and spatial distribution, which could be done through 
insurance claims reporting or complaints to local municipalities. Another possible way to track 
indicator and coping zone outcomes was the implementation of new shore protection or 
replacement of existing protection by tracking of permit issuance and construction value. The 
latter approach was attempted for the upper Great Lakes for 2017 using best available 
information for USACE’s regulatory offices, but without collecting information related to costs. 
Further efforts in this regard need to be evaluated and prioritized by the GLAM Committee as it 
is not yet clear how beneficial this information could be in the on-going plan review.   

Another important consideration when evaluating plan performance is the impact the outflow 
decisions have on Whitefish Island.  Whitefish Island is Batchewana First Nations land, and is 
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primarily recreational with hiking trails, small pavilions and visitor information booths.  The 
island is located immediately downstream of the Compensating Works gates adjacent to the 
rapids and substantial portions of the island flood as more gates are opened.  While flooding of 
the island is unavoidable and expected under higher gate openings, the board attempts to 
minimize impacts to the island when possible.  During the IUGLS, there was no specific 
indicator developed for Whitefish Island coastal impacts, most notably, flooding of recently 
developed areas of the Island.   The GLAM Committee considers a Whitefish Island flooding 
performance indicator an important priority and included the initiation of its development in the 
FY18 work plan.  However, progress was limited and the work will continue in FY19 and 
possibly beyond depending on available resources. 

Key Findings and Next Steps: Coastal impacts on the upper Great Lakes were primarily storm 
driven. While all the lakes were above average, the shoreline interests were primarily able to 
cope with the levels experienced. There are no existing coastal performance indicators for the St. 
Marys River where the implications of a change to the regulation plan may be the greatest and 
this is something that the GLAM Committee should explore further. It had been identified as part 
of previous GLAM Committee work plans, but progress has been limited so far.  

 

5.5.2 LAKE ONTARIO-ST. LAWRENCE RIVER - Coastal 
 
Sensitivity to Water Levels and Outflows: During the development of Plan 2014, the IJC 
concluded that coastal damage would occur no matter the regulation plan, but that Plan 2014 
would increase damages to coastal interests on Lake Ontario and the upper St. Lawrence River 
when compared to the previous regulation plan (1958-DD). Model results suggest most of the 
expected damage would be realized in the cost of maintaining shore protection structures with 
only very minor increases expected to flooding and erosion damages on Lake Ontario over the 
previous regulation plan.  Based on an assessment of potential flooding damages to downstream 
interests on the lower St. Lawrence River (downstream of the Moses-Saunders dam), these 
interests are vulnerable to water level changes, but there were no differences found in impacts or 
benefits between the old regulation plan and Plan 2014.  

There were three primary performance indicators used during the LOSLRS to represent impacts 
to coastal property owners along the Lake Ontario shoreline for the comparison of regulation 
plan options, including: 

• First floor flooding of residential buildings; 
• Erosion to developed (i.e. with building) but unprotected land; and 
• Shore protection maintenance costs. 

 
The first-floor flooding performance indicator was applied to all shoreline areas in the database 
including many of the larger embayments around the lake. However, due to the importance of 
wind and waves in combination with water levels, the erosion and shore protection maintenance 
indicators were applied to only the open coast shorelines and not to the shoreline within 
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protected embayments or the Bay of Quinte where wave action was considered minimal. On the 
upper St. Lawrence River from the Thousand Islands through to the Moses-Saunders dam, the 
primary performance indicator was first floor flooding of residential buildings. 

On the St. Lawrence River downstream of the Moses-Saunders Dam, the primary performance 
indicator was first floor residential flooding, although there were also non-economic metrics on 
the lower river such as kilometers (miles) of roads flooded. In simplest terms, all the Lake 
Ontario, upper St. Lawrence River, and lower St. Lawrence River coastal performance indicators 
generally equate high water levels with increased maintenance costs to shoreline property 
owners. 

 
Summary of Observed 2017 Impacts: NOTE - Much of the information currently available 
to the GLAM Committee to assess these impacts is descriptive and anecdotal, and efforts will 
be ongoing to further quantify impacts going forward. To support the current assessment, the 
GLAM Committee gathered information from a variety of sources including aerial imagery, 
shoreline site visits, damage reports by various agencies, media reports, and permitting 
summaries. As has been noted in previous sections, the GLAM Committee also worked with 
Conservation Ontario to develop and implement an online, self-reporting questionnaire for 
shoreline property owners to seek direct input on the kinds of problems faced due to high 
water levels in 2017. The questionnaire method was not considered a statistically 
representative sample, so it is not possible to test for statistical differences in results from the 
different sub-groups (e.g. Canada vs. US). An overall description of impacts is provided here 
with further details and regional descriptions provided as reference in the Annex 1-Impact 
Assessment. 

Record high water levels in 2017 directly impacted property owners along the Lake Ontario and 
St. Lawrence River shoreline. Damage to homes, properties, and shore protection structures due 
to flooding and erosion were widespread across the Lake Ontario shoreline. By mid-April of 
2017, coastal impacts were being commonly reported along the Lake Ontario shoreline and 
extensive media attention surrounding the coastal damages heightened in May and June as water 
levels rose rapidly and reached record high levels. Impacts continued to be reported through the 
summer and into the fall months, although at a reduced rate. Reports of flooded homes, roads, 
driveways, trails, lawns, emergency response and extensive sandbagging efforts to protect houses 
and properties made the news. Reports of shoreline erosion and loss of beaches, vegetation and 
property (e.g. land, decks and docks) were common. There were also reports of shore protection 
structures failing or being damaged by the high water conditions making property owners even 
more vulnerable to the high water conditions. States of emergency were issued in many locations 
including all U.S. counties bordering the Lake Ontario and upper St. Lawrence River shoreline.  

On the Canadian shoreline, a local state of emergency was declared for a portion of the 
Clarington shoreline as well as all of Prince Edward County. The Mohawks of the Bay of Quinte 
also declared an emergency for their territory in response to the high water levels. On the lower 
St. Lawrence River, emergencies were declared in numerous municipalities in May 2017 during 
the peak flood conditions. Table 5.5 lists the municipalities, separating ones directly on the St. 
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Lawrence River from those on the north shore of Montreal Island that were more directly 
influenced by record high outflows from the Ottawa River. It should be noted that there are many 
other municipalities on the lower St. Lawrence River that suffered from flooding issues but did 
not declare states of emergency. They dealt with the situation on their own.  

 
Table 5-5: Municipalities in the Province of Quebec with local states of emergency during the 
peak flood conditions of May 2017 (Source: Urgence Quebec, 2017),  

 
Municipalities located on the St-Lawrence/Lake Saint-Louis and impacted by the water 

management of Lake Ontario 
Région Mauricie-Municipalité Yamachiche 
Région Lanaudière-Municipalité Sainte-Geneviève-de-Berthier 
Région Lanaudière- Municipalité Saint-Barthélemy 
Région Lanaudière- Municipalité Saint-Ignace-de-Loyola 
Région Lanaudière- Municipalité Lavaltrie 
Région Lanaudière- Municipalité La Visitation-de-l ’île-Dupas  
Région Lanaudière- Municipalité Berthierville 
Région Montérégie – Municipalité Pincourt 
Région Montérégie – Municipalité L’ïle Perrot 
Région de Montréal - Ville de Montréal (portions of Montréal also border Lake of Two Mountains) 

Municipalities located on Lake of Two Mountains (primarily influenced by Ottawa River 
flow): 

Région Laval- Ville de Laval 
Région Laurentides- Municipalité Saint-Eustache 
Région Laurentides- Municipalité Deux-Montagnes 
Région Montérégie- Municipalité Rigaud 
Région Montérégie - Municipalité L’île Cadieux 
Région Montérégie – Municipalité Terrasse-Vaudreuil 
Région Montérégie – Municipalité Pointe Fortune 

 
Flooding was the most commonly reported impact by respondents of the self-reporting survey 
relative to the total number of responses in each Country, followed by erosion and damages to 
shore protection structures (Figure 5-23). Survey respondents indicated the degree to which they 
were impacted by the high water levels (1 being low, 10 being high). A higher proportion of the 
US respondents indicated an impact level of 8, 9, or 10 while a higher proportion of Canadian 
respondents indicated an impact of 7 or lower (Figure 5-24). 
 
Adaptive actions were taken in many locations to counteract the impacts of the high water to 
varying degrees of success. Based on observations from USACE emergency response site visits, 
there were situations where local authorities, residents and business owners were unfamiliar with 
correct methods of employing sandbag defenses and flood water pumping methods, thus causing 
the improper installation of these defenses (USACE Buffalo District site visit reports: e.g. Sodus 
Point, NY, May 19, 2017). 
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Figure 5-23: Percentage of New York (US) and Ontario (Canada) respondents on Lake Ontario reporting flooding, 
erosion and shore protection impacts (Source: ECCC, based on data acquired through Conservation Ontario survey 
for IJC) 

   

 
Figure 5-24: Degree of impact due to high water levels as identified by survey respondents (Source: ECCC, based 
on data acquired through Conservation Ontario survey for IJC) 

A number of media reports also highlighted the psychological impacts of flooding to people that 
live along the shoreline. A recent report by the Intact Centre on Climate Adaptation (June 2018) 
highlights both the worry and stress associated with flooding and the need to take time off to deal 
with flood related response (Decent and Feltmate, 2018). While the Decent and Feltmate report 
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focuses on flooding based on short-term rainfall events in an urban environment, similar issues 
were experienced by flooding victims along the shoreline as illustrated by comments received 
through the Conservation Ontario survey. One respondent referred to it as “a truly devastating 
experience” and there were a couple of responses noting the stress of needing to constantly 
monitor the situation to ensure pumps were working. Another respondent said, “It was also quite 
stressful as we didn’t know when or if the water would recede and how it would affect our 
property” and another noted “the length of time of the flood was a horrendous experience”.  
Related to the responses on stress was the personal financial toll, including the concern about the 
long-term implications. 

Flooding - Lake Ontario and the Upper St. Lawrence River: Flooding of residential property and 
buildings along the Lake Ontario shoreline was observed with particularly hard-hit areas 
including the Olcott and Greece shoreline, Sodus Point, Fair Haven, and stretches of Oswego and 
Jefferson County on the US side as well as portions of Toronto Island, Clarington, Brighton, and 
Prince Edward County on the Canadian side (See Figure 5-25).  Photographic examples of 
impacts are provided in Figures 5-26 to Figure 5-29. On the upper St. Lawrence River, shoreline 
flooding was observed on both the Canadian and US shoreline, particularly in the Thousand 
Islands area. While flooding was the most prominent impact reported on Lake Ontario and the 
upper St. Lawrence River in the self-reporting questionnaire, the type of flooding varied, with 
the most commonly reported impact to lawns and docks and a small percentage reporting first 
floor flooding (Figure 5-30).  A separate and independent survey, undertaken by New York Sea 
Grant and Cornell University earlier in 2017, also reported a much lower percentage of first floor 
flooding when compared with other flooding impacts (New York Sea Grant and Cornell 
University, 2018).  Evidence from the aerial imagery and site visits indicated a high degree of 
sandbagging efforts to prevent first floor flooding in the more vulnerable areas and 35% of 
respondents in Ontario and 40% of respondents in New York who experienced flooding also 
indicated taking this step to protect their property. According to the survey results, property 
owners that undertook adaptive actions such as sandbagging, pumping and clean-up reported that 
their costs to undertake such actions were generally less than $1,000. 
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Figure 5-25: Flooding impacts, by county or municipality (based on a relative scale using the number of flooding 
impacts in each county relative to the total number of responses for the country in which that county falls) (Source: 
ECCC, based on data acquired through Conservation Ontario survey for IJC) 

 

 
Figure 5-26 and 5-27: US shoreline flooding photos submitted through shoreline survey. Photo credits: Kevin 
Herrick, taken July 7, 2017 (left); Robert Rutz, taken April 30, 2017 (right). 
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Figure 5-28: Sandbagging on Toronto Island, May 26, 2017. Photo credit: ©Toronto and Region Conservation 
(TRCA) 

 
Figure 5-29: Cedar Crest Beach Road. The photo on the left was taken May 25, 2017.  Photo credit: Clarington Fire 
and Emergency Services.  The photo on the right was taken June 14, 2017.  Photo credit: ECCC. 
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Figure 5-30: Types of flooding impacts reported by US and Canadian respondents to Conservation Ontario 
questionnaire (reported as percentage of respondents by province or state) (Source: ECCC, based on data acquired 
through Conservation Ontario survey for IJC) 

   

Flooding - Lower St. Lawrence River:  Downstream of the Moses-Saunders dam, the most 
significant and extensive flooding occurred during the Ottawa River freshet in early May. Flood 
damages associated with high St. Lawrence River levels (which were driven by a combination of 
record Ottawa River flows and high flows through the St. Lawrence, which were being set in an 
attempt to balance high levels and flooding upstream and downstream) occurred in the Lake 
Saint-Louis area as well as the Sorel and Lake Saint-Pierre area downstream to Trois-Rivières. 
Oblique imagery collected by Transport Canada during the flood peak was used to provide a 
general assessment of some of the more critically impacted areas. Those areas are highlighted in 
Figure 5-31 and an example of the imagery from the Sorel area is included for reference (Figure 
5-32). Based on this visual assessment it was clear that entire neighbourhoods were affected and 
according to municipal reports over two thousand homes were either directly impacted or 
isolated as a result of the flooding on the lower St. Lawrence River. Municipal reports during the 
flooding period indicated over 1100 homes were evacuated across 24 municipalities, either 
because of flooding in the community or because access to roads was cut-off due to the flooding 
(Source: Centre des Opérations Gouvernementales, 2017). There were numerous examples of 
extensive sandbagging efforts. Record high outflows from Lake Ontario beginning in late May 
2017 kept levels high and near flood levels much longer than they would have been otherwise on 
the St. Lawrence River near Montreal. While there were media reports of costs associated with 
flooding in the Province of Quebec during the spring event, it was not possible to differentiate 
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costs associated only with the St. Lawrence River from those on the Ottawa River and other parts 
of the province. 

 

 
Figure 5-31: Preliminary map of high concentration building impacts identified through oblique imagery review 
(Source: ECCC/IJC estimates based on aerial imagery collected through the Transport Canada National Aerial 
Surveillance Program in May 2017.) 
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Figure 5-32: High water in the Chenail-du-Moine area near Sorel on May 9, 2017. Photo credit: Transport Canada 
National Aerial Surveillance Program, 2017. 

 
Shoreline Erosion – Lake Ontario-Upper St. Lawrence River: Shoreline bluff recession (erosion) 
was evident from the aerial imagery and site visits in many locations along the Lake Ontario 
shoreline and appeared to be due to the combination of high water levels, wave action and 
saturated ground conditions from persistent rainfall in many areas. Based on the responses to the 
self-reporting survey for shoreline property owners, erosion impacts were more commonly 
reported in counties/municipalities on the south, east and northeast shoreline of the lake relative 
to the total number of survey responses in each country (Figure 5-33). Most commonly, residents 
reported loss of shoreline that directly impacted their property to varying degrees including loss 
of vegetation, loss of access to the beach/water and other infrastructure that was directly adjacent 
to the shoreline (Figure 5-34). In the most extreme cases, homes and buildings needed to be 
evacuated due to risk that the building itself would possibly fail (i.e. collapse or be condemned), 
although based on the information currently available to the GLAM Committee from the sources 
listed earlier, this did not appear to be a common occurrence relative to the overall number of 
buildings directly adjacent to the Lake Ontario shoreline. A high percentage of respondents in 
New York State indicated “other” as one of their impacts, suggesting impacts were not captured 
by the pre-defined categories in the survey. However, a review of the responses in the “other” 
category indicates that many US respondents included “shore protection damages” within this 
category. For reporting purposes, responses to questions on shore protection are discussed 
separately in the next section. 
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Figure 5-33: Survey responses indicating erosion impacts, by county or municipality (based on a relative scale using 
the number of erosion impacts in each county relative to the total number of responses for the country in which that 
county falls) (Source: ECCC, based on data acquired through Conservation Ontario survey for IJC) 

 
 
 

 
Figure 5-34: Percent of respondents indicating property features impacted by erosion (Source: ECCC, based on data 
acquired through Conservation Ontario survey for IJC) 
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Public lands and shoreline trails were also damaged by erosion (Figure 5-35). Such impacts 
would not be captured by the erosion performance indicator developed during the LOSLRS as 
that indicator only considers properties with buildings on them. A number of park properties 
required immediate action to stabilize the shoreline and protect further loss of land and direct 
impacts to infrastructure such as trails.  

 

 
Figure 5-35: Shoreline erosion at Confederation Beach Park, City of Hamilton (photo taken May 17, 2017). Photo 
credit: City of Hamilton. 

 
Shoreline Erosion – Lower St. Lawrence River: A detailed study on shoreline erosion on the 
lower St. Lawrence River is being undertaken through partner agencies. The GLAM Committee 
was not able to acquire the detailed project scope since it is not yet available. Further effort will 
be required to pursue this information in the future. 

Shoreline Protection Impacts – Lake Ontario-Upper and the St. Lawrence River: Damages were 
observed to existing shoreline protection structures in many locations including private 
residences and public shorelines (Figure 5-36 and 5-37). Given the replacement value of 
shoreline protection, overall costs associated with these impacts appear to be high. For example, 
the City of Toronto estimated potential repair requirements of $7.38 million as a result of high 
water level conditions in 2017 (City of Toronto, 2018). Based on the responses to the 
Conservation Ontario self-reporting survey, the Canadian counties with the highest percentage of 
reported shore protection impacts relative to the overall response rate were Northumberland and 
Prince Edward County. On the US shoreline, both Monroe and Jefferson Counties had a high 
percentage of the total respondents in this category (Figure 5-38). 
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Figure 5-36: Overtopping of shore protection, Stoney Creek, ON. Photo credit: ECCC, May 2017. 

 

 
 

Figure 5-37: US shoreline shore protection photos submitted through shoreline survey. Photo 
credit: L. Frosini, taken May 21, 2017. 
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Figure 5-38: Survey responses indicating shore protection impacts, by county or municipality (based on a relative 
scale using the number of shore protection impacts in each county relative to the total number of responses for the 
country in which that county falls) (Source: ECCC, based on data acquired through Conservation Ontario survey for 
IJC) 

Shoreline Protection Impacts – Lower St. Lawrence River: As flooding was the performance 
indicator used on the lower river during the LOSLRS and the primary adverse impact 
experienced in 2017, the GLAM Committee has not pursued information on impacts to shoreline 
protection structures on the lower St. Lawrence River. A detailed study on shoreline erosion in 
the lower St. Lawrence River is being undertaken through partner agencies and the GLAM 
Committee will be able to follow this study. The detailed project scope is not yet available. 
Further effort will be required to pursue this information in the future. 

Model Assessment: The three primary performance indicators representing impacts to coastal 
property owners on Lake Ontario are first floor flooding of residential buildings, erosion to 
developed but unprotected land and shore protection structure maintenance costs.  The primary 
performance indicator on the St. Lawrence River is first floor flooding. The GLAM Committee 
has only completed a preliminary comparison of performance indicator results to the available 
descriptive information of coastal impacts based on similar high years from the historical record 
and from water supply scenarios.  Based on the existing models, it was expected that there would 
be first floor flooding damages at various locations along the Lake Ontario and upper St. 
Lawrence River shoreline under 2017 water level conditions (~250 individual properties) and 
that first floor flooding damages would increase quickly as water levels rose above 75.6 m (248 
ft). It was also expected that shore protection maintenance would represent some of the greatest 
coastal impacts due to the total number (over 4,500) and value of existing shore protection and 
the significant costs required to make repairs if damaged.  Erosion rates were also expected to 
increase above long-term rates necessitating new shoreline protection in areas where it was not 
previously installed.  On the lower river, first floor flooding of homes and inundation of roads 
directly along the St. Lawrence River were expected at levels observed in 2017. The existing 
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model suggests the greatest impacts along the St. Lawrence River would be downstream of 
Montreal in the Sorel and Lake Saint-Pierre areas which seems to be consistent with what was 
observed on the lower river during late April and early May of 2017 when low-lying areas were 
inundated.  Overall, the types of impacts observed in 2017 appear to be consistent with broad 
categories used to represent potential regulation plan impacts to shoreline property owners 
throughout the Lake Ontario – St. Lawrence River system but further assessment is required to 
determine how closely actual impacts aligned with the modelled estimates of at-risk locations.  It 
is important to note that no performance indicators are designed or able to capture all potential 
impacts.  They are developed as indicators of response under various water level conditions and 
the intent was not to quantify all impacts, but to have indicators that could potentially 
differentiate regulation plan alternatives. 

While much of what was observed in 2017 was consistent with the broad characterizations of the 
existing performance indicators, the record high water levels of 2017 on Lake Ontario and the St. 
Lawrence River also led to related impacts that are not directly captured by existing performance 
indicators. For example, the cost to install new shore protection to protect public infrastructure 
such as shoreline trails and park facilities was not considered in the shore protection performance 
indicator that only addressed protecting homes or buildings.  The flooding indicator did not 
consider impacts beyond those related to first floor inundation, such as flood water surrounding 
homes or impacting crawl spaces and storage buildings, inundation of secondary buildings (e.g. 
sheds or garages), and the extensive sand bagging operations and expense.  In the on-line 
property survey, first floor flooding represented a fairly small percentage of the number of 
individuals reporting flooding impacts which is consistent with expectation but also suggests 
there are a range of other potential flooding concerns that are not directly assessed in the model 
and are of concern to property owners.  Finally, a number of media reports also highlighted the 
psychological impacts of flooding to people that live along the shoreline and this was also 
reflected in answers to the on-line shoreline survey where people also noted stress related to the 
personal financial toll, including the concern about the long-term implications (see the LOSLR 
Annex 1-Impact Assessment for more details).  While it may not be possible to incorporate such 
psychological impacts into a measurable performance indicator, it is important to recognize these 
impacts in the context of significant high water events. 

Recognizing again that performance indicators are to be representative of impacts, but will never 
capture all impacts, further processing and review of the impact information is needed before a 
comparison can be completed between results from the existing models and observed conditions. 
In addition, further review of the performance indicators is needed to make sure the most 
significant impacts observed under actual water level conditions are adequately represented.  

Key Findings and Next Steps: On Lake Ontario and the St. Lawrence River, impacts from 
record high water levels were widely distributed across the lake and river shorelines, although 
there were particularly hard-hit areas. To date, much of the information available to document 
impacts is descriptive rather than quantitative and based on self-reporting surveys, photographs 
and interpretation of aerial imagery. The GLAM Committee is awaiting formal reporting by 
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various state and provincial agencies on 2017 impacts and so a comprehensive database of the 
distribution of property level impacts is not currently available.  

The conditions in 2017 caused significant impacts to coastal interests throughout the entire 
system.  Coastal property owners on the US and Canadian shores of Lake Ontario and the St. 
Lawrence River as well as property owners along the lower St. Lawrence River all experienced 
damages due to flooding, erosion and failed shoreline protection structures. Assessment of the 
aerial imagery datasets, Conservation Ontario questionnaire results, and site visit reports indicate 
that the most commonly reported impacts were flooding, followed by erosion and then impacts 
to shore protection structures.   
 
Based on the information currently available to the GLAM Committee in the form of 
questionnaire responses, aerial imagery datasets and site visit reports, there is reasonable 
confidence in the reporting of the types of impacts and the areas affected.  However, information 
is not yet available to quantify a specific number of properties impacted due to a number of 
factors, such as the inherent uncertainty in the reliability of the questionnaire responses and the 
possibility of error in the aerial imagery assessment. To this end, there are a number of measures 
that could be taken to improve the evaluation of the coastal performance indicators: 

• Consider whether the current definitions of the performance indicators need to be 
reevaluated based on observed response to actual system conditions. For example, 
should the erosion metric be applied where shoreline protection infrastructure 
other than residential buildings were at risk in 2017; 

• Study the correlation of areas employing sandbag defenses and the number of 
instances of first floor flooding in those areas; and 

• Continue efforts to obtain official statistics on flood damages and use these data 
to validate the modeled estimates of first floor flood damages at various static 
lake levels.  A level of 75.6 m (248 ft) and below is especially significant to 
consider in this analysis due to reports of coastal properties being damaged at 
these levels. 

 

5.6 Ecosystem 
 
The ecosystem interest broadly captures “the biological components of the natural environment 
of Great Lakes and the St. Lawrence River, together with the ecological services they provide to 
people who live and work in the region” (IUGLS, 2012; IJC, 2014). This includes habitat 
conditions influenced by water level and flow conditions, notably nearshore coastal wetland 
habitats, as well as the bird, fish, mammals, invertebrate, amphibian and reptiles that are directly 
impacted by water level and flow conditions on Lake Ontario and the St. Lawrence River for 
some critical portion of their life cycle.  
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5.6.1 UPPER GREAT LAKES – Ecosystem 
 
Sensitivity to Water Levels and Outflows: On the upper Great Lakes, a range of possible 
indicators were considered across the large geographic area that could be used to represent 
potential regulation plan impacts, both positive and negative. While water level fluctuations 
affect varying habitats and species differently, some general characteristics were identified and 
expected responses associated with water level changes on the upper Great Lakes as well as 
flows in the St. Marys River. Through the development of an Integrated Ecological Response 
Model 2 (IERM2) and associated coping zones, potential vulnerabilities and benefits from 
changing water levels were characterized to broadly compare regulation plan alternatives.  

Coastal wetlands in the Georgian Bay area were found to be particularly sensitive to low water 
levels during the IUGLS, partly because of the geomorphology of the shoreline and the 
limitations due to the Precambrian Shield and natural shelf that would allow wetlands to migrate 
downslope. Questions were raised during that time as to whether wetlands would be able to 
recover when high water returned. The GLAM Committee is aware of research that has been 
conducted and is awaiting results which should be released soon. 

Generally speaking, detailed performance indicators were not practical during the IUGLS given 
the limited impact that regulation of outflows can have on the upper Great Lakes system. The 
one exception was to the St. Marys River. While specific ecosystem performance indicators were 
not developed for the St. Marys River during the IUGLS, some priority items were identified for 
follow-up from the IUGLS to validate assumptions. Three of these priorities for the St. Marys 
River included: 

• Verifying the potential benefits of slowing the speed of gate setting changes at the 
Compensating Works to reduce the risk of fish and other aquatic animals from being 
flushed out of or stranded in the St. Marys Rapids; and 

• Determining whether additional environmental benefits could be achieved by increasing 
the minimum gate setting to increase the wetted surface area and provide additional 
habitat in the St. Marys Rapids. 

Summary of Observed 2017 Impacts: Coping zones for ecosystem interests established in the 
IUGLS are different from ones in the other five interests in two ways. First, the high and low 
water levels that cause problems for municipal water systems, navigation, hydropower, coastal 
development and recreational boating are generally good for ecosystems. Second, ecosystem 
coping zone definitions are generally complex, often combining water level, time of the year and 
persistence. The existing tools from the IUGLS to measure the impacts of NBS and water level 
to the 34 individual ecosystem indicators is best set up to compare regulation plans that were 
studied and not annual water level variations of the recent past (IERM2 Coping Zone 
Calculator). Development of a different tool to evaluate recent annual changes in water level 
respective to the established IUGLS ecosystem indicators is a task for future GLAM efforts.  
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Further studies by ECCC are underway examining the potential impacts of climate changes and 
water levels on Great Lakes coastal wetlands. Results will not be available for another four 
years. 

 
Model Assessment: Through the development of the Integrated Ecological Response Model 2 
(IERM2) and associated coping zones during the IUGLS, potential vulnerabilities and benefits 
from changing water levels were broadly characterized and used to compare regulation plan 
alternatives. It was generally concluded during IUGLS that the small differences between 
regulation plans tested did not result in detectable ecosystem response on Lake Superior and 
Lakes Michigan-Huron.  However, with the implementation of Plan 2012, one of the areas that 
was identified to potentially be sensitive to changes in a regulation plan were ecosystems on the 
St. Marys River. To begin to address this specific area, a two-dimensional hydrodynamic model 
was developed covering the full extent of the St. Marys River by USACE. Work in 2017 focused 
on recreating the gated flow scenarios from 2015. In 2015, a partial-gate strategy was 
implemented to more evenly spread water across the rapids. These scenarios were contrasted 
with a more traditional full-gate opening approach. Water depths and velocities were computed 
on an approximate 4 m (13.1 ft) grid throughout the rapids. These data combined with LiDAR, 
photogrammetric data, temperature and limited biological data were compiled using an IERM 
developed for the St. Marys Rapids. The IERM predicts areas where various fish species are 
likely to spawn and their fry are able to survive. Work is expected to continue in the future with 
the goal of optimizing habitat based on the St. Marys Fisheries Task Group. For example, a US 
Geological Survey (USGS) Biological Station team received funding for fiscal year 2018 from 
USEPA for a three-year sampling plan to collect larval fish in the St. Marys Rapids.  The 
collected samples and recorded species will be used as future validation for the UGL-IERM2 
model relative to target species for spawning in the rapids (lake sturgeon, whitefish, and 
walleye). In addition, a proposal request for 2018 (via the IJC’s International Watersheds 
Initiative) has been made to support the collection of sidescan sonar identifying substrate 
throughout the St. Marys Rapids and St. Marys River. The project will produce a map that will 
detail locations of silt/clay/mud, sand, cobble or bedrock in the project area. The spatial locations 
of substrate will build finer resolution in the IERM ecohydraulic model and improve prediction 
of target species spawning habitat and influences of water level and velocity changes in the 
rapids.  

Modeling work is expected to continue with the goal of optimizing habitat based on ecohydraulic 
model outputs and insight from St. Marys Fisheries Task Group.  

Key Findings and Next Steps: It is clear that GLAM needs a fully functional eco-hydraulic 
model in the St. Marys Rapids to establish the impacts of various release scenarios on the 
spawning habitats of native species. While an IERM2 model is currently under development, it is 
not ready to produce reliable results at the time of this report.  Once the model has been updated, 
calibrated and validated then results can be used to guide the potential development of 
environmental performance indicators for the St. Marys Rapids.  Also, there is currently research 
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underway in Georgian Bay by McMaster University and additional studies being done by ECCC 
that may help validate assumptions that water level fluctuations are beneficial to wetland health. 

5.6.2 LAKE ONTARIO – ST. LAWRENCE RIVER – Ecosystem 
 
Sensitivity to Water Levels and Outflows: Thirty-one ecosystem performance indicators were 
developed covering Lake Ontario, the upper St. Lawrence River (above the dam) and lower St. 
Lawrence River (below the dam) during the LOSLRS. These indicators were chosen by experts 
based on their sensitivity to water levels changes, their significance in terms of ecosystem 
function and services to a region and based on the confidence in the scientific results. Coastal 
wetlands provide an ecologically important and biologically diverse transitional zone between 
open water and land. The coastal wetland meadow marsh indicator for Lake Ontario was 
established as a fundamental indicator of ecosystem response to water level changes as it 
provides diverse wetland vegetation reflecting the history of the range and duration of water 
level changes and provides important species habitat.  
 

There have been many studies over the past twenty years indicating that the suite of performance 
indicators developed for the initial study would respond, to varying degrees, to extreme water 
levels and flows.  A period of high water levels, for example, as occurred in 2017 on Lake 
Ontario, is expected to have the effect of forcing a wetland’s shrub zone to a higher elevation and 
allowing expansion of the meadow marsh communities. Monitoring how coastal wetland habitats 
change with respect to elevation is important for teasing apart the influence of water-level 
management and other factors that play a role in habitat change, such as invasive species, 
alterations to adjacent upland areas, or other changes in hydrologic inputs. However, from a 
resourcing perspective it is not feasible to investigate the responses of all the LOSLRS 
performance indicators to the 2017 conditions.  Therefore, efforts were concentrated on 
identifying which of these indicators would be most affected and which indicators were already 
being monitored.  Indicators theorized to show a large response to a high water level event 
including those which were being monitored in 2017, such as meadow marsh, are reported on in 
this section and in more detail in Annex 1-Impact Assessment.  Efforts to develop methods for 
long term monitoring programs to collect data on indicator response in the future were taken and 
fully detailed monitoring programs are currently in the works. 

Following the LOSLRS, it was concluded that, under Plan 2014, a more natural variability in 
water levels would produce significant environmental gains when compared to the previous plan 
1958-DD. The strong correlations between plant types and flooding history provide the scientific 
evidence. In order to effectively assess the impacts of the 2017 event on the ecosystem, several 
efforts were tracked.  Surveys of wetland plant communities were done in prescribed areas on 
Lake Ontario where surveys had been conducted in recent years.  Surveys prior to 2017 provide 
a comparative baseline for the performance of meadow marsh in 2017.  Additionally, various 
federal, state and provincial government agencies that were conducting studies on relative fish 
and animal species that make up some of the performance indicators were willing to collaborate 
their findings and provide a snapshot of how those indicators performed in 2017. On the lower 
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St. Lawrence River, while there are numerous ecosystem indicators that are sensitive to water 
level changes, there is not expected to be a significant change in water levels from the old plan to 
the new plan. Nevertheless, the extreme events of 2017 provide a good test of modelled results.  

When discussing the impacts of high water to the ecosystem performance indicators, it should be 
emphasized that many of the environmental indicators are responding to seasonal and multi-year 
cycles and take time to respond.  Many of the performance indicators currently being monitored 
are expected to see measurable impacts due to a high water event over several years and not 
within a matter of months.  This fact remains a challenge for the GLAM Committee.  It is 
impossible to report on some of the ecosystem impacts from the 2017 high water event on Lake 
Ontario and the St. Lawrence River until they have come to fruition. For this report, the 
ecosystem section focuses on data collected to date and the results of models and expert opinion 
on expected outcomes.  Follow-up monitoring will be needed to determine if these outcomes are 
realized over the coming years. 

Summary of Observed 2017 Impacts: The impacts from the 2017 event on Lake Ontario and 
the St. Lawrence River are largely unclear at this point. Some early results from wetland 
monitoring efforts are indicating some vegetation response is occurring even within the high 
water year.  Model results on the lower river are mixed. There is much data collection and 
analysis remaining to be done.  Data collected in 2017 can be used to inform comparative years 
in the future.  Observed impacts to the wetland plant communities are summarized in the surveys 
of 32 specific sites around the entire Lake Ontario shoreline.  Results from this survey are 
summarized in the Annex 1-Impact Assessment. 

The efforts of wetland surveying by the Canadian Wildlife Service (CWS) and New York 
Department of Environmental Conservation (NYDEC), supported by the IJC’s International 
Watersheds Initiative, include some information on the initial impacts to wetland plant 
communities at elevations above typical meadow marsh communities.  NYDEC and CWS have 
committed to share data and pursue analysis using the peer-reviewed ordination method used to 
delineate wetland plant communities.  A summary of the CWS and the New York Natural 
Heritage Program (under NYDEC) surveillance efforts are included in Annex 1-Impact 
Assessment.  It is noted that the full extent of inundation of these higher elevation communities 
were not expected to be realized for this year’s monitoring effort, however, early indication from 
this year’s monitoring does indeed indicate some vegetation response. Further monitoring in the 
coming years will be necessary to determine how these vegetation responses are reflected in 
future years.   

Several additional performance indicators were expected to be impacted due to the 2017 
conditions.  At this point, no data have been collected on these performance indicators to 
corroborate the anticipated impacts.  Further efforts are being pursued to establish responses 
from these performance indicators.  Additional performance indicators expected to be impacted 
due to the 2017 conditions are as follows:  

• Changes in bird nesting habitat due to the availability of specific plant species sought 
by endangered/ threatened bird species; 
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• Typha (cattail) die-back due to long term exposure to high water as predicted in the 
wetlands model; 

• Possible invasion of Phragmites to replace cattails after disturbance; 
• Fish spawning increase due to expanded spawning habitat; flooding increases size of 

the nearshore, providing more cover for fish spawning and survivability; 
• Shorelines experiencing heavy tree loss creating debris fields and the associated 

impacts to water quality and/or species habitat; and 
• Shoreline changes such as cut-back of dunes and subsequent habitat loss for dune 

nesting birds, and the breaching of barrier beaches causing the exposure of protected 
wetlands to open lake waves.  

The GLAM Committee is currently actively engaged in the development of long-term 
monitoring programs to collect response data on specific performance indicators.  As part of this 
effort, the project on state of science of remote sensing for ecosystem indicators is currently 
underway (an IJC International Watersheds Initiative project (Ryerson, 2018)) and should 
provide some specific methodologies to establish long term monitoring programs that the GLAM 
Committee could manage with its limited resources. 

Modelling Assessment: The LOSLRS developed an extensive IERM covering 32 environmental 
indicators, notably nearshore coastal wetland habitats, as well as the bird, fish, mammals, 
invertebrate, amphibian, and reptiles that are directly impacted by water level and flow 
conditions on Lake Ontario and the St. Lawrence River for some critical portion of their life 
cycle. In order to identify the specific performance indicators on Lake Ontario and the upper St. 
Lawrence River impacted by 2017 conditions, two approaches were employed. The first was an 
analysis of the original LOSLRS performance indicator algorithms linking outcomes to water 
levels and a comparison of the thresholds associated with those algorithms and the observed 
2017 conditions indicating impacts to specific species indicators. The second was an analysis of 
the IERM model results employing a representative water supply year from the historic series to 
represent the conditions observed in 2017.   

The LOSLRS performance indicator algorithms were developed with the input of various 
professional experts that set metrics for some of the more critical species indicators.  In order to 
establish which species were likely impacted by the 2017 conditions, an assessment of the water 
level fluctuations and static quarter month levels was done with respect to the individual 
indicator’s algorithms identified to be key environmental indicators in the LOSLRS.  These 
algorithms define specific conditions during quarter month time frames that are expected to 
impact the performance of that species in that year.  For example, during quarter months 18 
through 26 (roughly the 2nd week of May through the 2nd week of July), Lake Ontario water level 
fluctuations exceeding a raise or drop of more than 0.2 m (0.66 ft) per quarter month 
(approximately 1 week) are expected to negatively impact the wetland birds Least Bittern and 
Black Tern, which are considered species at risk and designated as Vulnerable by MNRF and 
Threatened or Endangered by NYSDEC.  The 2017 conditions did not exceed a 0.2 m (0.66 ft) 
fluctuation in any specific quarter month within the targeted timeframe, therefore there was no 
negative impact forecasted by the algorithm for these species.  Another factor in the success rate 
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of these wetland birds is the mean water depth below nests within the emergent marsh areas of 
wetlands.  For nesting to be successful, Least Bittern need a mean water depth between 0.2 
meters (0.66 ft) and 1.0 meter (3.28 ft) below their nest. The mean elevation of emergent marsh 
for all types of hydrogeomorphically classified wetlands in 2017 was 74.92 m (245.80 ft), as 
established in the 2017 field sampling analysis of the US wetlands.   In 2017, Lake Ontario 
crested at 75.88 m (248.95 ft) in quarter month 21 which translates to a mean water depth of 1.04 
m (3.41 ft) within the emergent marsh zone.  This is slightly above the algorithm’s anticipated 
maximum water depth below nests for Least Bittern at several different study locations in the 
sensitive quarter month time frames.  Therefore, Least Bittern’s reproductive potential was 
identified by the algorithm to be negatively impacted by the 2017 conditions. The Least Bittern 
was the only key environmental indicator assessed to be negatively impacted by 2017 conditions. 

The second method’s modeling runs performed on the ecosystem performance indicators 
revealed that a comparative high water year selected from the historic set of water supplies 
produced the most impacts in the performance indicators of the Least Bittern, Virginia Rail, 
Black Tern, and upper St. Lawrence River muskrat housing density.  The original study 
algorithm placed significant impact on these bird species related to high water events occurring 
during the months of May, June and July.  This, of course, means that the 2017 event would be 
expected to significantly benefit these performance indicators.  Though the exploratory model 
results indicated significant positive impacts to muskrat housing density, the study algorithm 
emphasized impacts to this performance indicator during high water events from September 
through February. While water levels were significantly lower in the fall compared to their 
record high spring and early summer levels, they did remain well above average into the fall 
months.  The NYDEC has a monitoring program ongoing for muskrat which could help validate 
the algorithm for this performance indicator in future years, but data for muskrats was 
unavailable prior to the finalization of this report. 

Lake Ontario Wetlands algorithm 
 
The IERM calculates wetland vegetation elevation response based on Lake Ontario water levels 
using the:  

• dewatering elevation (highest peak quarter-month water level) for vegetation response to 
dry conditions; and  

• flooding elevation (fourth highest quarter-month water level around the peak to represent 
the highest month of flooding) for vegetation response to wet conditions.    

High water levels such as those experienced in 2017 are expected to flood and result in the die-
off of upland shrubs and trees and meadow marsh up to the flooding elevation.  The flooding 
elevation as described above for 2017 is 75.81 m IGLD85 (248.72 ft) and the IERM algorithm 
predicts the Cattail-dominant meadow marsh plant community would rise in elevation up to 
75.81 m IGLD 85 (248.72 ft). The IERM algorithm is currently programmed to have vegetation 
respond to water levels from the year before, in other words the die-off of upland shrubs and 
trees and meadow marsh would be expected to occur in 2018, one year after the 2017 high water 
levels.  The 2017 conditions cause the IERM algorithm to predict that meadow marsh and upland 
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vegetation will remain unaffected in 2017 by high water levels.  Those plant communities would 
be expected to die-off up to 75.81 m IGLD 85 (248.72 ft) in 2018 in the IERM algorithm. This is 
discussed further in the Annex 1-Impact Assessment. 

 
Lower River IERM Analysis for 2017: Several environmental performance indicators were 
developed during the LOSLRS that aimed to quantify/qualify the impacts of discharge regulation 
on fauna and flora on the lower St. Lawrence River. The 11 indicators presented in the Annex 1-
Impact Assessment are the key indicators selected from a large number of environmental 
indicators (more than 200) developed for the Lower St. Lawrence River that were found to be the 
most sensitive, significant and having the greatest level of certainty in terms of the science and 
model results.  Model results of the 2017 conditions on these 11 indicators can be found in the 
Annex 1-Impact Assessment and indicate a mix of positive and negative scores across the 
performance indicators demonstrating what would be expected by the model under these 
conditions. The GLAM Committee has not yet been able to track down any monitoring data to 
help verify the model results. 
 
Key Findings and Next Steps: When discussing the impacts of high water to the ecosystem 
performance indicators, it should be emphasized that many of the environmental indicators are 
responding to seasonal and multi-year cycles and take time to respond.  Many of the performance 
indicators currently being monitored are expected to see measurable impacts due to a high water 
event over several years and not within a matter of months.   
 
Field data from the surveillance of the Canadian wetlands done by CWS in 2017 (IJC 
International Watershed Initiative project) show a reduction of percent cover of meadow marsh 
from 2015.  This is to be expected as the flooding of these species during the growing season 
affect the meadow marsh species, resulting in smaller coverage area of this particular vegetation 
guild.  It should be noted that shifts in guild extent resulting from 2017 water level conditions 
will not be immediately evident as there is a lag in response from the various plant communities.  
In order to ensure that the wetland response to 2017 conditions is adequately monitored and 
recorded, GLAM has contracted with CWS in 2018 to conduct monitoring of wetlands at 16 sites 
in Canada. The objective of the 2018-2019 collection effort is to assess the vegetation zonation at 
the 16 sites.  Data collected from this monitoring effort will provide a data set that can be 
leveraged to track the wetlands response to the 2017 conditions over time.  It is imperative for 
model validation and future evaluation of the wetland response performance indicator on Lake 
Ontario that these data are collected over the next few years. 
 
In addition to the immediate need for field surveys, GLAM is actively exploring potential 
methods for long term monitoring programs that can be applied to various ecosystem 
performance indicators.  During GLAM’s 2017 data collection efforts, the need for monitoring 
data of the species-specific performance indicators on the lower St. Lawrence River was 
identified.  There was no available monitoring data from 2017 with which results of the lower St. 
Lawrence IERM model runs could be verified.  It is essential to develop a plan to collect data on 
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the lower river species performance indicators so we can validate the model results in the future.  
Remote sensing technologies are being explored to help inform this effort and a remote sensing 
subject matter expert workshop was held on March 26th and 27th of 2018 (Ryerson, 2018).  This 
effort will be dependent upon taking the first step to identify the performance indicators that are 
best suited to a long term monitoring plan and developing the monitoring plan around that small 
set of indicators. 
 

5.7 Recreational boating and tourism 
 

The IUGLS looked at water level impacts to recreational boating activity, marinas and coastal 
tourism including cruise ship traffic (IUGLS, 2012). There was one recreational boating and 
tourism performance indicator used to evaluate regulation plans during the IUGLS. The indicator 
was the change in availability of boat slips across the study area and was represented as a 
Pass/Fail score based on whether changes were considered disproportionate for a particular lake 
or region. The coastal tourism and cruise ship sectors were not represented by a performance 
indicator. Data on boating activities and trends is fairly limited and was identified as an area that 
required further investigation through adaptive management (IUGLS, 2012).  

During the LOSLRS, the recreational boating interest group was defined as including “pleasure 
boating and fishing, marinas and the commercial cruise ship industry” (IJC, 2014).  As noted in 
the IJC’s Plan 2014 report, “Analysis undertaken for the IJC’s Lake Ontario-St. Lawrence River 
Study found that recreational boaters in the US and Canada spent an estimated $430 million on 
boating-related trips taken on Lake Ontario and the St. Lawrence River in 2002.” (IJC, 2014). 
The primary performance indicators were total possible boating days lost and net economic value 
lost (willingness-to-pay). These measures provide an estimate of both recreational loss and 
economic loss as water levels change (IJC, 2006). The willingness-to-pay performance indicator 
was developed based on estimates of days boated and net economic value by water reach, 
country (US or Canada), water access method (private dock, marina, launch ramp, charter boat), 
boat type (sail or power), and boat length class. Net economic value was estimated based on boat 
owners’ willingness-to-pay for boating over and above what they are already paying. The 
performance indicator was applied based on geographic regions that included Lake Ontario, the 
upper St. Lawrence River broken into three sections and referred to as Alexandria Bay, 
Ogdensburg, and Lake St. Lawrence and the lower St. Lawrence River which was divided into 
the Lake Saint-Louis, Montreal, and Lake Saint-Pierre sections (see Figure 5-39). 
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Figure 5-39: Recreational boating reaches as used for the LOSLRS recreational boating performance indicator 
(Source: International Lake Ontario – St. Lawrence River Study Board, 2006, Annex 2) 

 

Tourism was considered during the LOSLRS as part of the Recreational Boating and Tourism 
Technical Working Group activities. However, as noted on page 39 of Annex 2 of the LOSLRS 
(2006), “the economic advisors to the study recommended that the tourism-related IMPLAN 
(Impact Analysis and Planning model) results not be used because they were not comparable 
with measures used by other interest groups.” As a result, the primary indicator for recreational 
boating and tourism impacts was the willingness-to-pay indicator of recreational boating activity.  

5.7.1 UPPER GREAT LAKES – Recreational boating and tourism 
 

Sensitivity to Water Levels and Outflows: While boaters and marina operators are sensitive to 
water level fluctuations on the upper Great Lakes, including both low and high water levels, 
marina operations were found to be more dramatically impacted by low water levels when 
compared to high water levels (IUGLS, 2012). 

During the IUGLS, coping zones (for explanation, see Section 5.1.1) were developed to describe 
potential impacts under varying water levels for the recreational boating sector (Table 5-6).  
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Table 5-6: Summary of Rec Boating Coping Zones relative to Marina Slips. (Source: IUGLS 
2012) 

 Zone A Zone B Zone C 
Max WL (m) Superior: 184.3 

 
Michigan-Huron: 177.3 
 
Erie:174.8 

Superior: There is a jump from 
Zone A to C between 184.3 and 
184.6 
 
Michigan-Huron: 177.3 
(According to 
'Out of Business' and 'Slip Loss' 
numbers, there is a jump from 
 
Zone A to Zone C after 177.3) 
Erie: 174.8 – 174.95 

Superior: > 184.6 
 
Michigan-Huron: > 177.6 
 
Erie: > 174.95 

Min WL (m) Superior: 182.8 
 
Michigan-Huron: 176.1 
 
Erie: 173.61 

Superior: 182.5 
 
Michigan-Huron: 175.5 
 
Erie: 173.61 – 173.46 

Superior: <181.9 
 
Michigan-Huron: < 175.2  
 
Erie: <173.46 

Rate of 
Change 

Quick drops or rises are generally 
considered a negative as interest 
does not have time to adjust 

A quick return to Zone A regime 
would be beneficial. A further 
drop/rise, or prolonged period at 
this elevation could push interest 
to Zone C 

Any length of time in Zone C 
would make it difficult for many 
of the marinas to remain 
operational 

Slip Loss Less than 5% 5% - 30%   Greater than 30%  
Adaptation Interest will take action to protect 

investment even within this zone, 
however, expenditures are within 
expectations 

Property owners likely to take 
action to protect their investment. 
Could make them more resilient 
next time levels are at extremes 
and help them within Zone A 
levels 

Existing adaptation not sufficient 
shore protection overtopped or 
useless because levels are so low. 
Hazard zones have been 
exceeded.  

Suggested 
Indicators for 

Assessing 
Thresholds 

Slip losses and interview 
responses regarding ‘out of 
business’ levels 

Slip losses and interview 
responses regarding ‘out of 
business’ levels 

Slip losses and interview 
responses regarding ‘out of 
business’ levels 

 

The IUGLS found that recreational boating would not be measurably impacted by a change from 
Plan 1977A to Plan 2012 (no disproportional losses). This was based on a measure of the 
usability of boating slips and a pass/fail score based on whether one region of the system might 
suffer dis-benefits relative to another region. 

Summary of Observed 2017 Impacts: Generally speaking, slightly above average water levels 
on the upper Great Lakes are considered beneficial to the recreational boating sector as they 
allow recreational boats to get in and out of marinas and harbors more easily. However, no data 
have been gathered to date by the GLAM Committee to document negative or positive impacts 
of above average water levels in 2017 on the recreational boating and tourism sector. There were 
no negative reports to the ILSBC in 2017 and water levels in 2017 fit within the IUGLS defined 
coping zones for recreational boating (Figures 5-40 to 5-42). There has been no formal validation 
of these coping zones since the 2012 IUGLS. 

Water levels in 2017 on Lake Erie hovered near or above the Zone A Max transition coping 
zone. The expected sensitivities and slip losses described in Zones A (< 5 % slip loss) are closely 
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representative to 2017 media reports where there were some temporary negative impacts to 
floating docks but no permanent loss or damage to slips and access. 

 

Figure 5-40: Coping zones for Lake Superior Recreational Boating (Marina slips) compared with 2017 water levels 
(Source: USACE, Detroit District) 
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Figure 5-41: Coping zones for Lakes Michigan-Huron Recreational Boating (Marina slips) compared with 2017 
water levels (Source: USACE, Detroit District) 
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Figure 5-42: Coping zones for Lake Erie Recreational Boating (Marina slips) compared with 2017 water levels 
(Source: USACE Detroit) 

Model Assessment: There has been no attempt by the GLAM Committee to validate either the 
one performance indicator used during the IUGLS, which was the change in availability of boat 
slips across the study area represented as a Pass/Fail score, or the coping zones developed during 
the IUGLS. Consideration of this will be given future attention as the GLAM Committee 
grapples with needs and priorities, as this sector is minimally affected by the regulation plan.   

 
Key Findings and Next Steps: Recreational boating and tourism activities on the upper Great 
Lakes did not appear to be negatively impacted in 2017, with the exception of some impact to 
Lake Erie marina operators. Otherwise, it would appear the levels of 2017 have been generally 
positive for recreational boating. Given that this interest is not particularly sensitive to Lake 
Superior outflow regulation changes, it is not yet clear how much effort will be applied to this 
sector in future analyses, or whether existing information is sufficient.  
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5.7.2 LAKE ONTARIO-ST. LAWRENCE RIVER – Recreational boating and tourism 
 
Sensitivity to Water Levels and Outflows: As with the upper Great Lakes, recreational boaters 
on Lake Ontario and the St. Lawrence River are sensitive to both low and high water levels. In 
the development of the LOSLRS performance indicators, impacts during lower water periods 
were considered particularly critical as recreational boating activity declines and even stops in 
some places. This is due to low water levels reducing the ability to use boat launches or causing 
docks to no longer be usable due to limited draft for the types of boats that would normally use 
such facilities. Of course, impacts are also experienced under high water conditions such as those 
observed in 2017 as recreational boating opportunities are reduced where water levels inundate 
non-floating docks or boat ramp facilities. Impacts can vary from site to site with some locations 
with deeper water and floating docks able to tolerate greater water level variability compared 
with locations with shallow water and/or non-floating docks (see Figure 5-43). Recreational 
boating activity varies seasonally and during the LOSLRS, willingness-to-pay estimates were 
adjusted monthly from April to October. The vast majority of boating activity typically takes 
place between late June and early September making water levels during that period particularly 
important to this sector when comparing overall regulation plan performance. 

 

Figure 5-43: Platform added to fixed dock to gain access to sailboat, Oak Orchard Creek in Orleans County. Photo 
credit: Diane Kuehn, 2017. 

During the LOSLRS, the IJC concluded based on their analyses of various water supply 
sequences, that Plan 2014 could reduce average recreational boating benefits on Lake Ontario 
and the river upstream of Ogdensburg, NY and increase them on Lake St. Lawrence and the river 
downstream of the Moses-Saunders dam. However, further consultation with the interest during 
public meetings and hearings revealed considerable support from upper St. Lawrence River 
boaters because of the greater chance of higher water levels in the fall which would extend the 
boating season and because many had floating docks which are less sensitive to water level 
fluctuations.  
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Summary of Observed 2017 Impacts: NOTE - Much of the information currently available 
to the GLAM Committee to assess these impacts is descriptive and anecdotal and efforts are 
ongoing to further quantify impacts. To support the current assessment, the GLAM Committee 
gathered information from a variety of sources including a review of available oblique 
imagery acquired during the high water period (Figure 5-44) and responses to the 
Conservation Ontario self-reporting survey (Figure 5-45), as well as public reporting by 
marinas through their social media sites. An overall description of impacts is provided here 
with further details and regional descriptions provided as reference in the Annex 1-Impact 
Assessment. 

Recreational boating opportunities were reduced in many areas of the Lake Ontario, upper St. 
Lawrence, and lower St. Lawrence River shoreline during the extreme high water levels of 2017. 
In general, recreational boating impacts appeared to be most common in Monroe and Wayne 
Counties along with Prince Edward County and portions of the upper St. Lawrence River. 
Impacts were experienced in other areas as well but did not appear to be as concentrated. Many 
marinas experienced significant impacts to operations as non-floating docks were inundated (e.g. 
Figure 5-46) and other facilities (e.g. electrical hookups) were damaged. Given the extreme high 
water conditions, many locations with floating docks were also negatively impacted or required 
short-term modifications to maintain access.  Many state, provincial, and municipal boat ramps 
were impacted leading to prolonged closures in some cases. It is possible that above average 
water levels later in August and into September and early October combined with nice weather 
allowed for some additional boating activity in that period compared to typical years, but further 
work is required to verify that possibility. 

 

Figure 5-44: Representation of impacts identified through oblique imagery review (Source: ECCC/IJC estimates 
based on aerial imagery collected through the Transport Canada National Aerial Surveillance Program in May 2017) 
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Figure 5-45: Percent of survey responses indicating dock/pier flooding (shown as a relative % by County relative to 
total number of that reported impact for Country) (Source: ECCC, based on data acquired through Conservation 
Ontario survey for IJC) 

 

 
Figure 5-46: Kingston Yacht Club, June 14, 2017. Photo credit: ECCC. 
 

In the Lake St. Lawrence area, water level impacts varied widely throughout the boating season. 
As with Lake Ontario and the upper St. Lawrence River in the Thousand Islands area, extreme 
high water conditions early in the year (May, June) led to inundation of docks and boating 
facilities and a reduction in boating opportunities. However, record high outflows starting in late 
May and continuing through July caused a drawdown of water levels in the Lake St. Lawrence 
area. As Lake Ontario levels continued to decline through the summer and outflows remained 
very high, low water level problems were observed on Lake St. Lawrence which required a 
short-term flow reduction over the October 6-October 8, 2017 weekend to allow boat haul-out, a 
situation not untypical in any given year and under the previous regulation plan. 
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On the lower St. Lawrence River, high water levels during May directly impacted boating 
facilities and, in turn, recreational boating opportunities (Figure 5-47). High outflows throughout 
late May, June and into July kept water levels near record levels in the Lake Saint-Louis area but 
the GLAM Committee does not currently have information on how recreational boating 
opportunities were impacted during that period. The same can be said for recreational boating 
downstream in the Montreal and Lake Saint-Pierre reaches. The GLAM Committee is working 
with the IJC to initiate a contract to gather further information in this area through a survey of 
marina operators and that information will support long-term GLAM Committee model 
validation efforts. 

 

 
Figure 5-47: Beaconsfield Yacht Club showing inundation to a portion of the shoreline facilities on May 7, 2017. 
Photo credit: (left) Transport Canada - National Aerial Surveillance Program, (right) Jacob Bruxer, ECCC, May 5, 
2017. 
 

Tourism impacts were reported throughout the system and included loss of beach and facility 
access at state, provincial, and municipal parks, along with impacts to lodging and other private 
shoreline facilities. In the Thousand Islands area of the upper St. Lawrence River, over 82% of 
tourism operations responding to a survey conducted by the 1000 Islands International Tourism 
Council reported some degree of negative impact due to high water levels (1000 Islands 
International Tourism Council, 2017).  As well, tour boat operators in the Thousand Islands area 
saw a reduction in passengers during the peak flood periods. There were many reports of loss-of-
use impacts to public parks along the shoreline including the need to move festivals or shut down 
sites altogether. For example, Toronto Island was closed for 88 days from May 4 to July 30, 
2017 with a loss of ferry revenues alone being estimated at $4.50 million (City of Toronto, 
2018). 

Model Assessment: All recreational boating willingness-to-pay curves developed during 
LOSLRS indicated a loss in recreational boating opportunity under high water conditions with 
the upper threshold at which boating impacts occur and the sensitivity to high water conditions 
differing for each geographic reach (see Annex 1-Impact Assessment for a further example). 
This appears consistent with anecdotal information from 2017 as there were many reports in the 
media and otherwise about negative operational impacts during the period and a reduction in 
boater activity, as well as boat ramp closures, particularly during the peak water level conditions 
throughout the system. Further investigation is needed by the GLAM Committee to understand 
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how adaptive responses impacted recreational boating opportunities and allowed for continued 
functioning in some areas despite extreme conditions, for example making temporary or longer-
term facility modifications to allow continued access. One area not included in the willingness-
to-pay performance indicator is direct impact damages to shoreline facilities such as docks, 
storage buildings, etc. There is some crossover with the coastal performance indicators (e.g. 
flooding of residential buildings) but there were a number of examples where marina facilities 
appeared more sensitive to the high water conditions (i.e. they started flooding at lower water 
levels) due to their proximity to the shoreline and further investigation of these thresholds is 
required. It is also important for the GLAM Committee to establish a performance indicator that 
can be maintained and monitored into the future and there is some concern that willingness-to-
pay may not lend itself well to such updates. This will need to be further explored to determine if 
a simpler proxy can be found. 

There were no broader tourism related performance indicators used during the LOSLRS. Given 
anecdotal information from 2017, there may be opportunities for the GLAM Committee to 
develop or revisit relevant performance indicators in this area. For example, loss of beach use 
had local impacts at a number of state, provincial, and municipal locations. While the LOSLRS 
coastal technical working group tested a preliminary performance indicator related to beach 
impacts, it was not included in the overall evaluation based on advice of the economic advisors 
at the time and may need to be revisited. Also not captured by existing performance indicators 
was the significant impact to tourism caused by the closure of parks and particularly Toronto 
Island and other state and provincial parks which may have negatively affected the local 
economy.  As has been mentioned earlier, while the performance indicators are not expected to 
capture all impacts, they are expected to be measurable representatives of the key impacts that 
are sensitive to water levels and significant to the interest category (i.e. they represent what 
people care about). 

Key Findings and Next Steps: Recreational boating and tourism activities were negatively 
impacted throughout the Lake Ontario – St. Lawrence River in 2017.  As with the coastal 
impacts, recreational boating impacts varied based on site specific conditions with some 
locations appearing to be more vulnerable than others. A priority is the initiation of a marina and 
yacht club owner survey to gather direct information on thresholds and impacts during 2017.  

Due to the inability to assess the current performance indicator, it is necessary to reassess the 
current indicators for recreational boating. Assessing total possible boating days lost and net 
economic value lost or willingness-to-pay is not possible with the information available 
following the 2017 event. Additionally, GLAM intends to pursue the following activities: 
 

• Investigate developing a performance indicator to track tourism, perhaps through 
reported numbers of visitors to beaches and shore adjacent parks; 

• Better define regional high water thresholds throughout the system (some sites are 
very sensitive to high water conditions while others are less sensitive and GLAM 
does not yet have enough information from 2017 to assess any overall reductions 
in recreational boating activities); 
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• Look at how the timing and duration of flooding events impact overall 
recreational boating activity on Lake Ontario and the St. Lawrence River (e.g. 
how significant is a delay in the start of the season to overall recreational boating 
activity?) and how that compares to the LOSLRS performance indicator;  

• Revisit how certain positive and negative impacts spanning multiple impact 
categories are captured by existing performance indicators. For example, potential 
overlaps or gaps between the coastal indicators and the recreational boating and 
tourism indicators related to flooding of non-residential buildings (e.g. marina 
buildings) or loss of use impacts (e.g. closure of park facilities); and 

• Assess how fishing activity may be influenced by water levels as part of a 
performance indicator review. 

6.0 Plan Review and Evaluation  
 

What can be learned from the application of the regulation plans for the outflows from lakes 
Superior and Ontario in 2017 that could inform plan improvements? This section addresses that 
question for both lakes, with heavy emphasis on the Lake Ontario-St. Lawrence River plan 
because of the record high water levels and flows in that basin.  The analysis is based on water 
levels, not economic or environmental impacts because the GLAM Committee is still in the 
process of gathering and documenting those impacts.  In the future, the GLAM Committee will 
present an analysis using economic and environmental performance indicators informed by 
impacts in 2017, but for now, this section highlights areas where the impact analysis is expected 
to add essential insights into the on-going plan review. 

6.1 Introduction 
 
The IJC requires the GLAM Committee to support the ILSBC and the ILOSLRB in the on-going 
assessment of the regulation plans to “make recommendations to the IJC for modifications to the 
regulation plans to address what has been learned and/or to address changed conditions of the 
system1”. The GLAM Committee has developed the evaluation process used in this chapter to 
provide an immediate retrospective and to generate one year of information for 2017 that can be 
added to future assessments to support a long-term plan assessment.  

The GLAM Committee is working to establish an annual plan evaluation that contributes to the 
long-term evaluation strategy by: 

1. Analyzing how water levels and flows in the Great Lakes-St. Lawrence River system are 
influenced by particular hydrologic conditions in any given year (e.g. 2017);  

2. Using net changes from a baseline regulation setting to clarify the impact of a regulation 
decision.   In this report, GLAM uses the former regulation plan, pre-project conditions 

1 IJC 2015 Directive to the GLAM Committee 
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(the unregulated hydraulic conditions) and, in the case of Plan 2014, even compares 
simulated variations from Plan 2014 to the actual Plan 2014 results; 

3. Assessing not only water levels but the impacts, such as flood damage, shipping 
efficiency or power production.  GLAM is in the process of acquiring impact data from 
2017, so will not be able to include impact assessments in this report. This analysis will 
continue into the future; and 

4. Supporting a multi-year analysis using a wide range of hydrologic and other conditions.  
There are several reasons for using multi-year evaluations: 

a. One year influences the next.  Water levels do not return to the same level at the 
end of every year, so the ending level from the previous year can be an important 
input influencing the outcomes from the next year; 

b. Regulation rules that work well in some years and supply conditions may not 
work as well as they could in others. For example, because no one can predict the 
supply of water into the Great Lakes, regulation plans must hedge for the 
possibility of dry or wet futures.  Rules that are best at avoiding drought levels 
might exacerbate flooding in wet years, and vice versa; and 

c. Many of the expected positive outcomes of the regulation plans, especially 
environmental ones, are only expected to be realized after several years, or 
possibly even decades, as they too depend on water supply conditions.  
 

Based on the above, simulations of flows out of Lake Superior and out of Lake Ontario were 
conducted under a variety of scenarios to assess the influence of a number of factors related to 
the extreme water levels event of 2017.  Again, this represents a very preliminary analysis of 
water levels and flows only. It does not include an assessment of negative or positive 
environmental or economic impacts which will be part of the longer-term, on-going review of 
the regulation plans. 

6.2 Lake Superior: review of Plan 2012 performance based on 
conditions in 2017 
 
In 2017, some of the water that normally would have been released from Lake Superior through 
the hydropower plants could not be because some of the turbines were shut down for 
maintenance at different times.  Consequently, under strict application of Plan 2012 rules, the St. 
Mary’s Rapids would have borne much more of the impact from month to month flow changes 
and this may have damaged the fishery and caused flooding impacts on Whitefish Island. The 
ILSBC, with the approval of the IJC, attempted to reduce the risk of these impacts by deviating 
from Plan 2012.  The deviation strategy was based on a projection of how much hydropower 
flow capacity would be lost between April and November (and updated monthly) due to 
scheduled hydropower maintenance, and then rather than releasing all surplus flow through the 
St. Marys Rapids each month, deviations were employed to allow the deficit to be spread more 
evenly and gradually across the period affected by the maintenance of the plants. The deviations 
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were relatively small in terms of the total release of water through the St. Marys River, and in 
fact the ILSBC strategy was designed to ensure that approximately the same amount of water 
was released in total in order to minimize any effects on Lake Superior and Lake Michigan-
Huron levels. 

Nonetheless, should different releases have produced better outcomes? GLAM compared flows 
and levels simulated under several alternative regulation strategies to the actual flows and levels 
that occurred in 2017.  Including the actual flows and water levels, seven release scenarios were 
compared: 

Scenario 1: Recorded levels and flows (“Actual”):  This represents the actual water levels 
and flows that were recorded during 2017 and were the result of the actual weather and water 
supply conditions that occurred within the upper Great Lakes as well as the executed 
regulation strategy employed by the ILSBC. 

Scenario 2:  Simulated (“actual”) levels and flows (“Simulated Actual”):  This scenario 
represents a model simulation of the water levels and flows that occurred in 2017.  The bi-
nationally coordinated water supply conditions recorded in 2017 were used as model inputs 
and the actual deviation strategy employed by the ILSBC was simulated using the 
Coordinated Great Lakes Regulation and Routing Model (CGLRRM).  Calibration 
parameters within the model were adjusted with the objective of simulating as closely as 
possible the actual flow and water level conditions that occurred in 2017.  As a result, 
differences between this scenario and Scenario 1 represent the residual model error, which 
would include both inaccuracies in recorded water supplies and in model calibration 
parameters.  The same coordinated water supply conditions and calibrated model parameters 
from this scenario were then used to simulate all other alternative scenarios (described 
below) in order to provide a fair and consistent comparison of the effects of different 
regulation strategies alone. 

Scenario 3: Plan 2012 with Operationally Expected Side Channel Capacity 
(“P2012_OpExpectedSC”): This simulation was run to most closely reflect the conditions 
that would have occurred had the ILSBC not deviated from Plan 2012 during 2017.  It uses 
the recorded 2017 water supplies and assumed Plan 2012 was followed without any 
deviations.  This scenario used expected side channel capacities (i.e. hydro-power capacities 
that were expected at the time regulation calculations were performed each month) to set the 
Compensating Works gate setting at the start of each month (consistent with how gates are 
actually set operationally) and then the actual side-channel capacity (which can at times vary 
from that expected at the start of the month) was used to simulate the total St. Marys River 
outflow, the St. Marys Rapids flow, and the resulting water levels.  This simulation captures 
the impacts that scheduled hydro-power outages would have had on Plan 2012 performance. 

Scenario 4:  Plan 2012 with Actual Side Channel Capacity (“P2012_ActualSC”):  This 
simulation is similar to Scenario 3 above, the only difference being that the expected side-
channel capacity was not used to set the Compensating Works gates at the start of each 
month.  Instead, the actual side-channel capacity was used both to set the gates and to 
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simulate flows and water levels.  This scenario provides a slightly less accurate reflection of 
operations that would have occurred under Plan 2012, since under actual operations the 
ILSBC must estimate expected side-channel capacity when setting gates each month and 
does not know with exact certainty what the actual side channel capacity will be.  However, 
this scenario was necessary to allow for a consistent comparison to simulations using the old 
regulation Plan 1977A (described below), as the currently available model for the old plan 
does not have the same flexibility as the Plan 2012 model used to simulate the more complex 
operational expected side channel scenario. 

Scenario 5: Plan 2012 with Max Side Channel Capacity (“P2012_MaxSC”): This 
simulation is also similar to Scenario 3 in that it uses the recorded 2017 water supplies and 
assumes Plan 2012 was followed without any deviations, but in this case no limitations to the 
maximum side channel flow were applied.  As a result, this simulation best represents how 
Plan 2012 would have performed if there was no hydropower maintenance in 2017 and the 
actual side channel capacity was at the full maximum values estimated during the IUGLS. 

Scenario 6: Plan 1977A with Actual Side Channel Capacity (“P77A_ActualSC”):  
Similar to the previously described Plan 2012 simulations, the recorded 2017 water supplies 
were used, but in this case the regulation rules from Plan1977A were used without any 
deviations to simulate how the previous regulation plan would have performed during the 
same conditions experienced in 2017.  Similar to Scenario 4 for Plan 2012, this simulation 
used the actual side channel capacity both to set the Compensating Works gate setting and to 
simulate water levels and flows.  When compared to Scenario 4, this analysis provides a 
check to determine if the performance of Plan 2012 that was expected during the IUGLS is 
being realized under actual conditions, including any benefits expected from Plan 2012 in 
comparison to Plan 1977A.   

Scenario 7: Plan 1977A with Max Side Channel Capacity (“P77A_MaxSC”):  This 
simulation is similar to Scenario 5 for Plan 2012 in that it uses the recorded 2017 water 
supplies, but in this case it assumes Plan 1977A was followed without any deviations (as in 
Scenario 6) but with no limitations to the maximum side channel flow applied. This 
simulation was added to better compare with the Plan 2012 maximum side channel 
simulation as this most closely represents how performance of the different regulation plans 
were compared and assessed during the IUGLS. Note that during the IUGLS the differences 
between Plan 1977A and Plan 2012 were found to be relatively small, and it is to be expected 
that there will be many years where these scenarios show very similar results. 

Figure 6-1, Figure 6-2 and Figure 6-3 show the water levels on Lake Superior, Lake Michigan-
Huron, and the flows through the St. Marys River and St. Mary Rapids resulting from each of the 
different release scenarios listed above.     

An important consideration when evaluating the difference between these plans is the flow 
through the St. Marys Rapids and the gate setting at the compensating works associated with that 
flow. The St. Marys Rapids is an important spawning location and overall fishery and is directly 
impacted by the amount of flow released from the compensating works gates.  Another important 
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consideration when evaluating plan performance is the impact the decisions have on Whitefish 
Island.  Whitefish Island is Batchewana First Nations land, and is primarily recreational with 
hiking trails, small pavilions and visitor information booths.  The island is located immediately 
downstream of the Compensating Works gates adjacent to the rapids, and substantial portions of 
the island flood as more gates are opened.  While flooding of the island is unavoidable and 
expected under higher gate openings, the ILSBC attempts to minimize impacts to the island 
when possible.  Figure 6-3 shows what the St. Marys Rapids flow would have been for each 
scenario to better evaluate the impacts of regulation decisions on the rapids themselves and 
Whitefish Island. 

Actual vs Simulated “Actual” Conditions (Scenarios 1 and 2)  
 
As noted above, differences between actual recorded water levels and flows and those simulated 
using the recorded water supplies and the ILSBC’s regulation strategy in 2017 represents the 
residual model error. As shown in Figure 6-1, the actual recorded conditions that occurred in 
2017 are closely replicated by the simulated conditions, with small differences observed in lake 
levels (max of 1 cm (0.4 in.)) and flows (less than 100 m3/s (3,500 cfs)).  To ensure that the 
differences observed in the other scenarios were attributed only to the differences in regulation 
strategies and not caused by these residual model errors, the same coordinated water supply 
conditions and calibrated model parameters from this scenario were then used to simulate all 
other alternative scenarios (described below).   
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Figure 6-1:  Actual water level and flow conditions (Scenario 1) compared to model simulated “actual” conditions 
(Scenario 2).  Both scenarios include effects of ILSBC deviation strategy. 
 
Simulated “Actual” vs. Plan 2012 Conditions (Scenarios 2 – 5) 

These scenarios, shown in Figure 6-2, illustrate the impacts of the deviation strategy that the 
ILSBC executed in 2017 in comparison to what would have occurred following Plan 2012.  As 
shown, the water levels on lakes Superior and Michigan-Huron show very little differences 
between any of the different scenarios.  This is not surprising as the deviation strategy executed 
by the ILSBC was intended to release roughly the same total flow during the year, just spread 
differently across the spring, summer, and fall months.  The largest water level differences 
among any of the scenarios for Lake Superior occurred in June where the difference was a 
maximum of 4 cm (1.6 in.) when comparing the simulated actual level and Plan 2012 assuming 
maximum side-channel capacity was available.  The differences during all other months and 
scenarios were less than this.  Comparing the simulated actual level with the Plan 2012 
simulation that used the operationally expected side-channel flow (i.e., Scenario 3, which is the 
closest representation of what would have occurred in 2017 had Plan 2012 been followed while 
the hydropower outage occurred) shows that Lake Superior levels were at most 3 cm (0.8 in.) 
higher in June, but only 2 cm (0.8 in.) higher in the summer of 2017 as a result of the ILSBC 
regulation strategy.  On Lake Michigan-Huron, the simulated water levels from the various 
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scenarios are even more similar, with a maximum difference of 2 cm (0.8 in.) between any 
scenarios, and levels were at most only 1 cm (0.4 in.) lower due to the ILSBC deviation strategy.  
These water level differences are extremely small and would not be expected to result in any 
measureable positive or negative stakeholder impacts. 

 

 

 
 

 
Figure 6-2:  Simulated “actual” conditions (including effects of ILSBC deviation strategy) compared to simulated 
Plan 2012 conditions with and without side-channel capacity limitations. 
 
When comparing the total flow of the St. Marys River, actual flows were lower than those 
specified by Plan 2012 in May, June and September, higher than those specified by Plan 2012 in 
July and August, and approximately the same in other months.  These fluctuations in total flow 
allowed for much smoother flow changes in the St. Marys Rapids, where hydraulic conditions 
are much more sensitive to fluctuating flows.  The highest total St. Marys River flows that 
occurred in July and August under the 2017 deviation strategy were more than would have been 
prescribed by Plan 2012.  As was noted during the IUGLS, higher flows in the river can result in 
flooding of Soo Harbor just downstream of the Soo Locks and can result in navigation concerns.   
However, this total flow increase was relatively small and did not cause water levels to rise 
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enough to cause flooding in Soo Harbor.  Also, the increase did not generate any known 
problems for the commercial navigation industry. 

St. Marys Rapids flows show large variations between the two regulation strategies, with the 
simulated actual flows showing much less variation than the flows that would have occurred 
under Plan 2012 with actual side-channel flow limitations in 2017.  This was expected as this 
was the primary reason for deviating from Plan 2012 flow in 2017.  Due to the scheduled and 
unscheduled hydropower outages, large month-to-month variations would have been necessary 
in the St. Marys Rapids flow in order to pass the total St. Marys River flow that Plan 2012 
prescribed.  Interestingly, the simulated actual flows show a similar pattern to the Plan 2012 
flows with maximum side-channel capacity available, suggesting that, given the hydropower 
maintenance that occurred, the ILSBC’s deviation strategy resulted in actual flows that more 
closely resembled the expected performance of Plan 2012 from the IUGLS in the St. Marys 
Rapids.  Also notable is that the smaller peak flow resulted in less flooding on Whitefish Island 
than would have occurred had Plan 2012 been strictly followed, while the smoother transitions 
are expected to benefit the environmental health of the rapids.   

Based on these observations, it appears the deviation strategy did achieve the intended objective 
of reducing high and fluctuating flows through the St. Marys Rapids while producing no 
measureable negative impacts.  GLAM is currently developing tools and indicators that can be 
used to perform this analysis using a more quantitative approach in future reports.   

Simulated “Actual” vs. Plan 2012 vs Plan 1977A Conditions (Scenarios 2 – 7) 

A comparison of simulated actual and Plan 2012 conditions was also made to the former 
regulation Plan 1977A, which was the benchmark plan that the performance of all other 
regulation plans were compared against during the IUGLS.  When comparing these simulations, 
observations can be made to determine if the anticipated benefits of switching to the new plan 
would have been realized under the conditions the plan was originally evaluated against.   

Similar to the previous analysis, water level differences on Lake Superior and Lake Michigan-
Huron between the two plans are minimal, but interesting observations can be made in the total 
St. Marys River and St. Marys Rapids flow differences.  An anticipated benefit of switching 
from Plan 1977A to Plan 2012 was that Plan 2012 would produce more gradual flow changes 
from month to month and provide slightly lower peak flows.  As shown in Figure 6-3, in the 
bottom left total river flow graph, Plan 2012 would have indeed provided a more gradual 
increase in flows during the spring and summer season than Plan 1977A, which would have seen 
flows fluctuate more widely during this time, including much higher flows in May and June 
2017.  However, Plan 2012 would have resulted in a more abrupt reduction in flows in the fall 
ahead of the winter minimum gate setting.   

Perhaps most notable are the differences in St. Marys Rapids flows between the two regulation 
plans, shown in the bottom right of Figure 6-3.  In particular, the higher flows prescribed by Plan 
1977A during May 2017 combined with the hydropower maintenance activities would have 
resulted in much higher St. Marys Rapids flows during this month; in fact, all 16 gates would 
have been opened had the old regulation Plan 1977A been strictly followed.  Plan 2012 also 
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would have seen large fluctuations due to hydropower maintenance, though less so than those 
that would have occurred under Plan 1977A.  In contrast and as noted previously, the ILSBC’s 
deviation strategy provided much more gradual flow changes and smoother flow fluctuations 
overall.   

 

 

 

 
Figure 6-3:  Simulated “actual” conditions (including effects of ILSBC deviation strategy) compared to simulated 
Plan 2012 and Plan 1977A conditions, both with and without side-channel capacity limitations. 
 

6.3 Lake Ontario: review of Plan 2014 performance based on 
conditions in 2017 
 

This section provides some preliminary analysis of Plan 2014 performance based on water level 
and flow simulations. It does not include an assessment of negative or positive environmental or 
economic impacts which will be part of the longer-term, ongoing review of the regulation plans. 
The year 2017 provided a unique opportunity to look at various aspects of plan performance 
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under extreme conditions, but it must be noted that plan performance must ultimately be assessed 
under a range of conditions to determine whether overall objectives are being met. This section is 
meant to provide an immediate retrospective review of how Plan 2014 performed during the 
extreme conditions of 2017, allowing the GLAM Committee to further identify and differentiate 
between the hydrologic conditions that occurred, how Plan 2014 responded to those conditions 
and the effects each had on water levels and flows throughout the basin.  This section presents an 
abbreviated version of what is included in Annex 2 – Plan Review. For a more detailed 
discussion of this analysis, please refer to that Annex.  

Section 6.3 covers three areas of investigation. The first is an assessment of how the hydrological 
conditions in 2017 impacted the regulation of outflow and how Plan 2014 would have performed 
if conditions had been different, including had there been more or less challenging ice 
conditions, fewer spring storm events, or a different starting water level in January 2017. The 
second analysis focusses on the effects of modified outflow regulation strategies on water levels 
and flows in 2017, including the effects of modified Plan 2014 rules and maximum flow 
limitations, alternative criterion H14 thresholds for determining when the ILOSLRB could 
deviate, alternative ILOSLRB deviation strategies and comparisons between observed Plan 2014 
conditions and simulations of the old regulation plan 1958-DD and pre-project outlet conditions. 
The final analysis focusses on a specific question from the GLAM Committee directive to assess 
whether future water supplies might be different than those used to evaluate regulation plans. 
This analysis provides a review of 2017 conditions in light of both model uncertainty and also in 
consideration of how observed water levels and hydroclimate conditions compared to those used 
in the development and evaluation of the regulations plans, and what this might mean for future 
evaluations.  

While this review will generate just one year of information, which in itself is insufficient to 
fully evaluate regulation plan performance given the uncertainty and variability in water supply 
conditions from year-to-year and over longer time-spans, the results of this review increase our 
understanding of the system and can be added to future assessments which will also include the 
assessment of environmental and economic performance indicators to support a long-term plan 
assessment. 

6.3.1 Effects of hydrologic conditions in 2017 for Lake Ontario and the St. Lawrence River 
 
Weekly operational simulations of water levels and flows were completed using various 
modifications to the observed hydrologic conditions in 2017.  The modifications represent minor 
changes or “perturbations” of the uncontrolled natural factors, external to regulation, and the 
results of these simulations help to better define the effects that each of the hydrologic factors 
had on the extreme water levels and outflows in 2017.  These simulations can be considered 
sensitivity analyses of the factors considered.  

The simulations include analyses of the effects of: 

a) St. Lawrence River ice conditions.  This is covered in section0, immediately below; 
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b) spring water supplies (in this case April and May), including the multiple heavy 
precipitation events in April and May that occurred across the basin and resulted in 
record NTS to Lake Ontario and record Ottawa River flows into the St. Lawrence River.  
This is covered in section 6.3.1.2; and 

c) a higher Lake Ontario level at the start of 2017 (Section 6.3.1.3). 
 

The rules of Plan 2014 are followed throughout Section 6.3.1 only; the hydrologic inputs are 
varied.  A longer discussion of these simulations is described in detail in Annex 2-Plan Review. 
The following provides the key elements and findings. 

 

 

 

 

 

 

 

 

 

 

 

 

The analysis of hydrologic inflows and plan rules assessed within this section use a “Weekly 
Operational Simulation” method which closely aligns with the actual process of regulating 
outflows.  It is a manually intensive approach that involves reviewing conditions week-by-
week, and at times day-by-day, throughout the Lake Ontario – St. Lawrence River basin, 
including actual water supplies and ice conditions, as well as operational considerations 
(such as hydropower outages, ship requests, boat haul-outs, Seaway ship transits, 
downstream flooding concerns, etc.) to determine if operational adjustments or deviations 
from the plan might have been necessary.  The effects of these on flows and levels is 
assessed, and then regulated outflows from Lake Ontario are computed, along with water 
levels throughout the Lake Ontario – St. Lawrence system, and recomputed if necessary (e.g., 

      

SIMULATING WEEKLY REGULATION DECISIONS 
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6.3.1.1 The impact of ice conditions on levels and flows   
 

St. Lawrence River ice conditions during the period of January to March 2017 were very unusual 
because of highly variable winter temperatures.  The ice conditions over this three month period 
are described in detail in the ILOSLRB report “Observed Conditions and Regulated Outflows in 
2017” (ILOSLRB, 2018). Punctuated by a record five freeze-thaw cycles of the river ice cover, 
highly variable temperatures, and a relatively warm period followed by colder unprecedented ice 
forming conditions in March, ice conditions were very unusual in 2017 and a challenge from an 
operational perspective for managing outflows over this three month period. 

Simulations of various ice scenarios were completed and compared to actual water levels and 
flows from January to March 2017.  The completed analysis (Figure 6-4Error! Reference 
source not found.) shows that, in comparison to other hydrologic factors, the unusual ice 
formation sequence played a relatively small part in raising water levels in 2017, having only 
contributed about 4 cm (1.6 in) more to water levels rising than what would have occurred under 
average ice conditions seen over the past decade. Had ice conditions been minimal and posed no 
restrictions on outflows, water levels would have been at most 12 cm (4.7 in) lower by March 31, 
2017. In comparison, water levels rose 60 cm (23.6 in) during the January to March period 
overall, as a result of the generally above-average water supply conditions during this period. 

 

Figure 6-4: January-March 2017 outflows and water levels under various ice formation sequences  
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Moreover, the 12 cm (4.7 in) maximum difference in water levels from actual conditions would 
have occurred in the highly unlikely scenario that ice conditions imposed no restrictions on 
outflows. This is not to say that ice conditions are not important. For example, in the 2002 
scenario, which was the most challenging scenario reviewed in terms of ice conditions and the 
effects on regulated outflows, the ice conditions could have contributed as much as a 9 cm (8.3 
in) difference in water levels compared to 2017, and as much as 21 cm (8.3 in) in comparison to 
the scenario where ice posed no limitations on outflows. Yet in 2017, the effects on water levels 
from variable ice conditions were far less of a contributor than other hydrologic factors during 
the winter months January through March.  Further details of this analysis can be found in Annex 
2-Plan Review (2.2.1). 

6.3.1.2 The relative impact of water supplies in different time periods 
 

April and May were extremely wet across the Lake Ontario and Ottawa River basins as was 
demonstrated in the ILOSLRB’s report (“Observed Conditions and Regulated Outflows in 
2017”) and in Section 4 of this report.  Figure 6-5 shows five notable storms that occurred during 
this period and the impacts they had on cumulative precipitation totals at five weather stations 
around the Lake Ontario – St. Lawrence River basin.  The heavy precipitation resulted in 
significant increases in the net inflows to Lake Ontario and the St. Lawrence River, including the 
inflows from Lake Erie and the Ottawa River.  To better understand the effects of these different 
factors, individually and collectively, the GLAM Committee simulated water levels and flows 
under seven alternative inflow scenarios (depicted in Figure 6-6) and compared the results to 
what actually occurred in 2017 (Figure 6-7). 
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Figure 6-5: Cumulative April-May precipitation at five stations with five storms used in alternative hydrology 
simulations  
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Figure 6-6: Depiction of seven alternative inflow scenarios used for simulations  
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Figure 6-7 - Lake Ontario outflows, Lake Ontario water levels, Lake Saint-Louis water levels and Lake Saint-Pierre 
water levels under various alternative spring water supply scenarios. 

The simulations allowed the GLAM Committee to identify and differentiate between the 
hydrologic conditions that occurred, how Plan 2014 responded to those conditions and the effects 
each had on water levels and flows throughout the basin. This analysis may help the GLAM 
Committee develop better NBS datasets to use for testing or even refining Plan 2014 in the 
future.   

Alternative inflow sequences to Lake Ontario and the St. Lawrence River (including NBS, Lake 
Erie inflows and Ottawa River flows) were created by reducing those portions of the actual 2017 
sequences to remove the increases that occurred as a result of the most significant storm events 
in April and early May.  Further details are provided in the Annex 2-Plan Review.  Based on this 
analysis, and as demonstrated in Figures 6-6 and 6-7, removal of the April 4-9 storm (Scenario 3) 
had the greatest impact on peak Lake Ontario and Lake Saint-Louis levels in the simulation. 
When only the April 4-9 storm was eliminated from the simulation and NBS were otherwise kept 
the same as what actually occurred in 2017, the peak Lake Ontario level would have been 25 cm 
(9.8 in) below the actual 2017 peak level.  Lake Saint-Louis would have also been maintained 
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lower than actual levels in April, but still would have peaked at levels comparable to actual peak 
2017 levels in May due to the extremely high Ottawa River flows and the similarly extreme wet 
conditions on Lake Ontario, which would have increased Lake Ontario levels to above 75.60 m 
(248 ft) by mid-May.  At levels above 75.60 m (248 ft), outflows would have been adjusted to 
maintain levels at 22.48 m (73.8 ft) on Lake Saint-Louis, the highest tier of the F-limit. 

Removal of each of the May 4-8 (Storm Scenario 4) and April 29-May 1 (Storm Scenario 5) 
storms also significantly reduced peak Lake Ontario water levels in the simulations. The removal 
of the May 4-8 storm resulted in Lake Ontario water levels that were 16 cm (6.3 in) lower than 
actual peak levels, while the removal of the April 29-May 1 storm resulted in peak Lake Ontario 
water levels 14 cm (5.5 in) below actual peak levels. When either of the April 29-May 1 or May 
4-8 storm events are removed, Lake Saint-Louis levels would still have been comparable to 
actual 2017 levels because outflows would have been adjusted to maintain the same F-limit tiers. 
The removal of the April 16-18 or April 20-23 storms had little impact on peak Lake Ontario or 
Lake Saint-Louis water levels. This analysis shows the additive effect of a series of moderately 
rare precipitation anomalies in one year tracking over the same basin one after another.  Further 
details of this analysis can be found in Annex 2-Plan Review (2.2.2). 

6.3.1.3 The impact of higher Lake Ontario Water levels at the start of 2017  
 

In 2016, the fall and early winter levels of Lake Ontario were close to average, but they were set 
under the old regulation Plan 1958-D; how would the water levels that occurred later in 2017 
have been affected had Plan 2014 been in effect previously?  Plan 2014 was implemented 
operationally on January 7, 2017, but prior to its implementation, water levels and flows under 
Plan 2014 had been simulated continuously from 2001 to the end of 2016.  At the end of the 
simulation, Lake Ontario levels were 10 cm (4 in) higher than the actual Lake Ontario levels on 
December 30, 2016.  For the purposes of this review, the GLAM Committee continued to 
simulate Plan 2014 for 2017 with Lake Ontario levels starting 10 cm (3.9 in) higher to determine 
how much effect that would have had on peak 2017 water levels.  The results are shown in 
Figure 6-8. 
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The simulation shows that the initial 10 cm (4 in) difference at the beginning of the year is 
gradually reduced over time.  The peak Lake Ontario level would have been 4 cm (1.6 in) higher 
than the actual peak observed in 2017 and levels would have been only 2 cm (less than an inch) 
higher by the end of the 2017. There are several reasons for this gradual reduction, but all are 
related to the fact that because water levels would have started the year higher, the Plan 2014 
prescribed outflows would have also generally been higher when this was possible.  Had Lake 
Ontario started at higher levels, higher rule curve flows would have been prescribed and could 
have been released during a handful of days in the winter that outflows were not limited by ice 
conditions, and this would have had a small effect on lowering water levels.  Second, because the 
simulated Lake Ontario level was higher when Lake Saint-Louis started to rise and the F-limit 
was first imposed, the initial Lake Saint-Louis level that was maintained and the corresponding 
F-limit outflows that were released were also higher (see Annex 2-Plan Review for F-limit 

 

Figure 6-8: Lake Ontario levels and releases in 2017 simulated based on actual and 10 cm higher January 1st 
Lake Ontario elevation  
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thresholds). The peak level would have been 4 cm (1.6 in) higher at this time.  These higher 
levels continued later into the simulation and this would have also caused slightly higher releases 
in accordance with the L-limit beginning in the fall, again causing levels to converge towards the 
end of the year.   

Higher starting levels on Lake Ontario would not have increased the peak level of 22.48 m 
(73.75 ft) maintained at Lake Saint-Louis since this is the highest tier of the F-limit. 

6.3.2 Effects of modified outflow regulation strategies in 2017 
 

In these scenarios, the actual hydrologic conditions observed in 2017 were used for each 
simulation and then alternative outflow regulation scenarios were developed and applied to 
simulate the outflows that would have been released and the water levels that would have 
occurred throughout the system, given these alternative outflow strategies. These scenarios were 
used to test the implications of modified rules and maximum flow limitations within the plan; 
alternative criterion H14 thresholds for when the ILOSLRB could deviate; alternative ILOSLRB 
deviation strategies; and comparisons between observed Plan 2014 conditions and simulations of 
the old regulation plan 1958-DD and pre-project outlet conditions. Further details of these 
analyses are presented in Annex 2-Plan Review (2.3).  

6.3.2.1 Modifying the rules balancing flooding above and below the dam 
 

The F-limit rules of Plan 2014 prescribe maximum outflow limits to balance high water impacts 
on Lake Ontario and the upper river with those on Lake Saint-Louis and downstream.  A number 
of scenarios based on modifications to the Plan 2014 F-limit rules were tested for their impacts 
on water levels. The two most significant changes to the F-limit that were evaluated result in the 
greatest impacts on water levels upstream and downstream: one of these maintained Lake Saint-
Louis at a maximum of only the 22.33 m (73.26 ft), which would have provided the most 
significant protection to Lake Saint-Louis and more than the F-limit currently provides; while the 
other, which involved a modified F-limit with Lake Saint-Louis maintained at only the single, 
highest tier level of 22.48 m (73.75 ft), illustrates the effects of providing more significant 
protection to Lake Ontario than the F-limit currently provides.  

Under the first of these scenarios, lower outflows from Lake Ontario would have been required 
beginning on May 5 to maintain Lake Saint-Louis levels at 22.33 m (73.26 ft).  As a result of the 
lower flows, Lake Ontario would have peaked at a level that was 6 cm (2.4 in) higher than the 
actual peak observed at the beginning of June.  Under the second scenario, it would have been 
possible to release higher Lake Ontario outflows (rule curve) than actually occurred (F-limit) in 
early April without exceeding 22.48 m (73.75 ft) at Lake Saint-Louis.  Starting April 16, flow 
adjustments would have been required to maintain 22.48 m (73.75 ft) thereafter, though in 
general these outflows also would have been higher given the higher level maintained at Lake 
Saint-Louis.  As a result, Lake Ontario would have been 10 cm (3.9 in) lower by the beginning 
of June but flooding downstream along the St. Lawrence River would have been prolonged as 
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the maximum level (22.48 m; 73.75 ft) would have occurred as early as April 16, 19 days prior 
to actual conditions.     

In summary, these scenarios help demonstrate how the F-limit balances high water upstream and 
downstream and how modifications to the F-limits would alter that balance at the expense of 
upstream or downstream conditions.  While changes to the F-limit could have lowered Lake 
Ontario levels without raising peak Lake Saint-Louis levels, they would have prolonged 
downstream flooding for weeks as is demonstrated by Figure 6-9 below showing water levels at 
Lake Saint-Louis and downstream at Sorel just above Lake Saint-Pierre. Furthermore, it is 
important to note that these modified releases would have been required well before the 
ILOSLRB had any reliable forecast of those later storms, so the ILOSLRB would have had to 
trade certain flooding on Lake Saint-Louis and further downstream in the St. Lawrence for a 
reduction in risk of uncertain flooding on Lake Ontario, a decision that would have had mixed 
effects in 2017, but only negative impacts in most years.  

 

 

Figure 6-9: Simulated Lake Ontario outflows, Lake Ontario water levels, Lake St. Lawrence water levels, Lake 
Saint-Louis water levels and Lake Saint-Pierre water levels based on modified F-limit rules compared to actual 
outflows and water levels in 2017. 
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6.3.2.2 Modified criterion H14 high trigger levels 
 

Under the H14 criterion of the December 8, 2016 Order of Approval, the ILOSLRB is given the 
authority to deviate from the rules set in Plan 2014 when Lake Ontario levels reach or exceed 
high and low water level trigger levels specified in a directive to the ILOSLRB. The high-water 
triggers for each quarter-month are set at levels that are expected to be exceeded only two 
percent of the time.  Many expressed concern in 2017 that the trigger levels were too high, 
meaning the ILOSLRB would have to wait too long to deviate from Plan 2014, resulting in 
higher than necessary Lake Ontario levels.   

To determine the effects of lowering the high triggers on Lake Ontario and St. Lawrence River 
levels, the GLAM Committee simulated Plan 2014 with five and ten percent exceedance level 
triggers (levels that are expected to be exceeded five and ten percent of the time, respectively).  
Results indicated that these changes made no difference in outflows or water levels in 2017 
because in either scenario, when water levels crossed the trigger levels the ILOSLRB would 
have been operating under the Plan 2014 F-limit.  This is assuming that the ILOSLRB would 
have made similar decisions in either of these scenarios as it did in 2017, given the ILOSLRB 
chose to follow the F-limit to continue balancing high water impacts upstream and downstream, 
even after levels crossed the actual H14 thresholds. 

To determine how low the trigger levels would have to be in order for there to be a meaningful 
effect on Lake Ontario levels, the GLAM Committee simulated 2017 conditions using trigger 
levels lowered by as much as one foot as a sensitivity test (refer to Annex 2 – Plan Review 
(2.3.2) for more details). As Figure 6-10 shows, even one-foot lower triggers had a relatively 
small effect, lowering peak Lake Ontario levels by 6 cm (about 2 in) at the most.    

There are several reasons why lowering the triggers has so little effect in 2017, as explained in 
Annex 2-Plan Review, but, for example, as 2017 operations showed, outflows may be limited by 
ice conditions, or downstream flooding.  Furthermore, this effect is only possible because Lake 
Ontario water levels would have exceeded the high threshold levels in mid-February 2017 
instead of the end of April.  Given high-water impacts had yet to occur and there was no 
indication that they would, and based on past operations as recently as 2016, when the ILOSLRB 
had discretionary authority to deviate from Plan 1958-D but did not use it under similar 
scenarios, it seems highly unlikely that the ILOSLRB would have conducted major deviations at 
that time.   
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6.3.2.3 Modified rules for navigation safety   
 

The L-limit of Plan 2014 sets flows to maintain safe water velocities and river levels for ships in 
the St. Lawrence Seaway. The ILOSLRB had authority to conduct major deviations from the end 
of April to the beginning of September 2017.  During that time, the maximum amount of water 
possible was released from Lake Ontario while considering the balancing of high water impacts 
upstream and downstream and the continued operation of commercial navigation through the St. 
Lawrence Seaway. This included the release of maximum L-limit flows starting on August 8.  
After Lake Ontario levels fell back below the criterion H14 high threshold levels in September 
2017, outflows remained high and were largely constrained by the Plan 2014 maximum L-limit 
to the end of the year.  

Two sets of modified L-limit applications are tested here to estimate how much more rapidly the 
reduction in the Lake Ontario levels might have been during this time of declining water levels, 
had slightly higher flows been released.  This would have provided coastal landowners along 
Lake Ontario with somewhat more rapid relief from the higher levels that occurred earlier in the 
year, but absent of new evidence to the effects on commercial navigation, the risks such a 
strategy would impose to shipping are unknown.   

 

Figure 6-10: Lake Ontario levels and releases based on alternative deviation triggers 
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Two scenarios were tested by increasing the plan-prescribed L-limit flows by up to an additional 
i) 200 m3/s and ii) 300 m3/s. The impacts to water levels and outflows of these scenarios are 
illustrated in Figure 6-11. Had up to 200 m3/s more than the plan-prescribed L-limits been 
released, Lake Ontario levels would have been 8 cm (3 inches) lower by the end of December. 
Had up to 300 m3/s more flow been released, this would have caused a 10 cm (3.9 in) reduction 
over the same time period.   

 

6.3.2.4 Modified major deviation scenarios  
 

From June 14 to August 8, 2017 outflows were maintained at 10,400 m3/s, the highest sustained 
outflow on record. Despite these record-high flows, there remains interest in understanding the 
potential impacts on water levels and flows had higher outflows been maintained.  

Three alternative major deviation scenarios were simulated and compared to actual conditions:  a 
simulation of explicit application of Plan 2014 flows with no major deviations in 2017, and two 
extreme simulations of major deviations which demonstrate the effects of maximum possible 
outflows that may have been physically possible in 2017. Each of the latter two of these 
scenarios included increasing outflows to maximum channel capacity (up to 11,500 m3/s) in mid-

 

Figure 6-11: Simulations of Lake Ontario outflows, Lake Ontario water levels and Lake St. Lawrence water 
levels based on modified L-limit flows compared to actual outflows and water levels in 2017. 
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June (instead of 10,400 m3/s), and they are differentiated by the fact that one scenario returns to 
Plan 2014 flows when levels fall below criterion H14 high threshold levels, while the other 
continued to release the maximum outflows through the end of the year (until flow reductions 
were required for ice management). It should be noted that the ILOSLRB did not have authority 
to deviate in this manner (i.e., continuing to deviate after levels of Lake Ontario had fallen below 
criterion H14 levels), but this extreme scenario demonstrates the maximum outflows possible 
within physical limits of the system.  Note that in both of these simulations, the top tier of the F-
limit was respected and Lake Saint-Louis levels were maintained at or below 22.48 m (73.8 ft) 
and it was also ensured that Lake St. Lawrence levels were maintained above 71.80 m (235.6 ft) 
to protect water intakes (consistent with an aspect of the Plan 2014 I-limit). 

It is important to note that these preliminary simulations do not outline the potential impacts to 
various interests throughout the system, including the impacts on commercial navigation, to 
shoreline interests below the Moses-Saunders dam, or to hydropower interests, boaters or the 
environment upstream of Moses-Saunders dam on Lake St. Lawrence, where levels would have 
been reduced significantly had releases exceeded 10,400 m3/s on an ongoing basis. Section 5.4 of 
the “Observed Conditions and Regulated Outflows in 2017” report includes additional 
information on the ILOSLRB’s considerations for maintaining record-high outflows in 2017 and 
the potential impacts of exceeding 10,400 m3/s. These simulations are simply meant to illustrate 
potential impacts to water levels if alternative major deviations were conducted in 2017. 

These scenarios would have had little or no effect on flood damages around Lake Ontario, but 
they would lower end-of-year levels, possibly reducing water levels and the risk of a potential 
repeat of high water conditions in 2018.  Given high water conditions did not occur in 2018, any 
potential benefits of either strategy would not have been realized.  In other years, such lowering 
could induce drought conditions and damages.  In all years, these extreme strategies would likely 
cause substantial damages to many sectors both above and below the dam. 
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As Figure 6-12 shows, the simulation of maximum channel capacity flows through the end of the 
year resulted in the largest impact on water levels. In this scenario, Lake Ontario water levels 
would have been 45 cm (1.5 ft) lower by the end of December. The extreme flows (if feasible on 
a sustained basis) would have maintained Lake Saint-Louis at flood stage longer and would have 
exceeded flows that were considered the maximum for safe commercial navigation during 2017 
operations, with the expectation that St. Lawrence Seaway and all international shipping on the 
Great Lakes would have to be shut down for the year.  Extremely low levels on Lake St. 
Lawrence would also be expected. See Section 5.4 of the “Observed Conditions and Regulated 
Outflows in 2017” report for additional details on the potential adverse effects (ILOSLRB, 
2017). 

The alternative major deviation scenario that was simulated (applying outflows of up to 
11,500 m3/s until water levels fell below the criterion H14 high threshold levels) would have 
resulted in Lake Ontario water levels that were 15 cm (5.9 in) lower at the beginning of 
September, but only 7 cm (2.8 in) lower by the end of December. This is because the higher flow 

 

Figure 6-12: Simulated Lake Ontario outflows, Lake Ontario water levels, Lake St. Lawrence water levels and 
Lake Saint-Louis water levels based on modified major deviation scenarios 

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 428 of 472

http://ijc.org/files/tinymce/uploaded/ISLRBC/ILOSLRB_SummaryReport.pdf
http://ijc.org/files/tinymce/uploaded/ISLRBC/ILOSLRB_SummaryReport.pdf


releases earlier in the summer would lower the lake faster, resulting in lower water levels by 
September as well as lower outflows at that time because the L-limit is a function of lake levels.   

Had the ILOSLRB not conducted any major deviations (i.e. if the ILOSLRB had followed the 
Plan 2014 rules explicitly during the period when they had deviation authority), Lake Ontario 
levels would have peaked 1 cm (0.4 in) higher and would have been 15 cm (5.9 in) higher at the 
beginning of September.  Those higher levels would have allowed higher than actual flows 
(while maintaining safe navigation) after September, and as a result, Lake Ontario levels would 
have been 8 cm (3.2 in) higher than actual levels by the end of December (see section 2.3.4 of 
Annex 2-Plan Review for further details). 

6.3.2.5 Plan 2014 compared with pre-project channel water levels and outflows 
 

A simulation was conducted to compare actual levels and outflows in 2017 to pre-project 
conditions.  Pre-project represents what outflows would have occurred under the channel 
capacity just before the project was built, that is, with no regulation. The results are shown in 
Figure 6-13. 

Under the pre-project simulation, Lake Ontario water levels would have been higher at the 
beginning of the year and would have been higher than actual 2017 levels throughout the year.  
Actual Lake Ontario levels dropped because of higher outflows possible with regulation in June; 
the pre-project peak would have occurred in the first week of July, reaching a level about 18 cm 
(7.1 in) higher than the actual 2017 peak. Levels at the end of 2017 would have been about 76 
cm (2.5 ft) higher than actual Plan 2014 levels. On the lower river on Lake Saint-Louis, water 
levels would have peaked about 53 cm (1.7 ft.) higher with unregulated, pre-project outflows. 

The regulation plans include outflow management to create a stable ice cover to avoid the ice-
jam floods that were common before the dam was built.  The pre-project levels and flows do not 
account for the potential for ice jams under pre-project conditions which would have the 
potential to cause extreme flooding on the upper St. Lawrence River above the dam and in the St. 
Lawrence River above the Beauharnois dam. Ice jam flooding can happen very quickly with 
extreme and devastating results.  
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6.3.2.6 Plan 2014 compared with Regulation Plan 1958-D with deviations 
 

Plan 2014 was implemented January 7, 2017.  This alternative scenario replaces the Plan 2014 
releases that occurred in 2017 with estimates of the releases that would have occurred had the 
previous regulation Plan 1958-D with deviations (1958-DD) remained in operation.   

A discussion of the way flows were simulated is included in section 2.3.5 of t Annex 2-Plan 
Review.  Figure 6-14 compares the actual Lake Ontario outflows and water levels in 2017 to the 
Plan 1958-D prescribed outflows and water levels that would have occurred in 2017 had the 
ILOSLRB followed the Plan 1958-D rules strictly, without deviating (dotted grey series). The 
simulated outflows and water levels that could have occurred in 2017 under operation of Plan 
1958-D with deviations are indicated by the shaded orange series.   

 

Figure 6-13: Simulated pre-project Lake Ontario outflows, Lake Ontario water levels and Lake Saint-Louis 
water levels compared to actual water levels and outflows in 2017. 
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Figure 6-14: Simulated Plan 1958-D with deviations (shaded orange series) and simulated Plan 1958-D prescribed 
outflows and water levels (dotted grey series) compared to actual outflows and water levels in 2017  

Outflows (and therefore water levels) would have been nearly identical under Plan 1958-D with 
deviations in 2017. Specific time periods where outflows could have differed are denoted with 
letters A through E in Figure 6-14 and described below. 

In January, Plan 1958-D typically specified a maximum flow of 6230 m3/s to allow for ice 
formation (even when ice was not actually forming) while Plan 2014 allows for a higher flow 
until ice formation actually begins (A). It is unlikely that the ILOSLRB would have decided to 
deviate from Plan 1958-D and release flows above 6230 m3/s in January, given that there was no 
indication that conditions would be extremely wet later in the spring and the level of Lake 
Ontario was slightly below the long-term average.  As further evidence, as recently as in 2016 
the ILOSLRB did not deviate under similar conditions. The Plan 1958-D prescribed flow would 
have been higher than the Plan 2014 prescribed flow during the weeks ending March 3 through 
March 17 (B), and there would have been limited opportunities during this period to release these 
higher flows. Otherwise, the same outflow adjustments would have been required for ice 
management, but these would have been considered deviations from Plan 1958-D. The 
ILOSLRB likely would have released flows greater than the Plan 1958-D prescribed outflows in 
the short period between March 25 and April 5, after ice conditions in the St. Lawrence River no 
longer limited the outflows, and before the onset of the Ottawa River freshet (C).  

A 

B 

C D E 
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The Plan 2014 F-limit is largely based on how the ILOSLRB used to operate under Plan 1958-D 
during the spring Ottawa River freshet.  During those periods, the ILOSLRB would normally 
deviate from Plan 1958-D, as it did not include an F-limit, in order to balance upstream and 
downstream high water levels and impacts. So, beginning April 5, it was assumed that the 
ILOSLRB would have deviated from Plan 1958-D prescribed outflows, as it had in the past and 
in a similar manner to how outflows were operationally adjusted under the Plan 2014 F-limit, to 
balance upstream and downstream flooding damages.  

Based on the results of this Plan 1958-D simulation, the level of Lake Ontario would have 
peaked within +/- 2 cm (0.8 in) of the actual peak in June 2017. As the ILOSLRB had authority 
to deviate from Plan 2014 by this point, it was assumed that thereafter, the ILOSLRB operating 
under Plan 1958-D would have also deviated and released the same record-high outflows 
through much of the summer.  The ILOSLRB likely would have come to the same consensus to 
decrease outflows to maintain safe conditions for navigation beginning on August 8. As per 
actual operations in 2017, the ILOSLRB likely would have allowed a similar deviation from Plan 
1958-D in October to allow boat haul-out on Lake St. Lawrence (D) and a similar test of flows 
above the maximum L-limit in December (E). Beginning on December 25, it was assumed that 
the ILOSLRB would have decreased flows to facilitate ice formation, as ice had started forming 
in the Beauharnois Canal.  

Based on the results and uncertainties of this simulation, by the end of 2017, the level of Lake 
Ontario would have been within +/- 3 cm (1.2 in) of the actual level had the ILOSLRB been 
operating under Plan 1958-D instead of Plan 2014. 

6.3.3 Observed 2017 Water Levels and Hydroclimate Conditions Compared to Those Used 
in Plan Evaluation  
 

Part of the charge to the GLAM Committee is to help the IJC boards with improved 
understanding of the system and to address future conditions. A key question the GLAM 
Committee is to address is whether future water supplies will be different from those used to test 
the current management of levels and flows. In the LOSLRS, it was recognized that the future 
will not be a repeat of the past; especially when it comes to the weather that drives the water 
supplies in the Great Lakes-St. Lawrence River system. The LOSLRS Board and the IJC 
acknowledged that even without the effects of increased greenhouse gases in the atmosphere, we 
could be confident that there will be periods of higher and lower water supplies sometime in the 
future due to the natural variation in climate. Therefore, the LOSLRS Board chose to test all 
alternative regulation plans using a stochastically generated supply sequence to evaluate their 
hydraulic range and economic benefits.  

Unlike past studies that had often assumed a certain stationarity to climate and assumed what had 
happened in the past was a good reflection of the future, the LOSLRS attempted to look beyond 
the past and attempted to identify alternative future hydroclimate sequences that may be 
possible.  It did this by generating a large 50,000-year sequence of stochastically generated 
supplies to each of the Great Lakes, the Ottawa River and other downstream tributary 
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flows.  While this stochastic time series was based on the statistical characteristics of the 
twentieth century supplies (LOSLRS, 2006), it generated a greater range of conditions to test 
regulation plans and included several more extreme wet and dry events than had occurred 
historically.  The stochastic hydrology model included important probabilistic relationships 
between the supplies from one year to the next, their seasonal patterns and their quarter-month to 
quarter-month correlations (LOSLRS, 2006). Important statistical properties of the system were 
preserved such as the mean, standard deviation and the probability that wet or dry conditions 
would occur in the various drainage basins at the same time. For the most part, the stochastic 
supply sequence was used to assess differences in average annual benefits between alternative 
regulation plans.  

The GLAM Committee is charged with comparing actual observations to planned regulation plan 
results, so must take the differences between operations and planning models into consideration, 
and consider the accuracy with which models represent reality, and determine what may be lost 
by using these generalizing techniques, and whether it is significant. 

Annex 2-Plan Review provides a preliminary review of 2017 conditions in light of both model 
uncertainty and also in consideration of how observed water levels and hydroclimate conditions 
compared to those used in the development and evaluation of the regulations plans, and what this 
might mean for future evaluations. Annex 2-Plan Review includes the following assessments: 

1. Ice Conditions (Annex 2 - 2.4.2.1): Highly variable ice conditions occurred in 2017. Further 
review is needed as to how 2017 ice conditions (formation and stability) relate to historical 
conditions used to evaluate regulation plan alternatives. 

2. Simulation of Lake Saint-Louis Water Levels (Annex 2 - 2.4.2.2) in Plan 2014: Given 
extreme water levels throughout the system in 2017, it was determined that further validation 
of the simulated Lake Saint-Louis levels is required. 

3. Simulation of Lake Ontario Levels (covered here and in Annex 2 – 2.4.2.3): How the 
Lake Ontario water level in 2017 compares with the water level simulated from the 50,000 
year stochastic hydrologic time series. 

4. Water supplies (Annex 2 - 2.4.2.4):  The water supplies in April and May 2017 exceeded 
those that had occurred during the historical period of record 1900-2008 used to evaluate 
regulation plans.   How do they compare to other water supply scenarios used in plan 
evaluation, including the 50,000 year stochastic scenarios?  Climate change scenarios need to 
be updated for this analysis and that will be done in the future. 

5. Ottawa River flows (Annex 2 - 2.4.2.5):  Similar to above, record flows were set in 2017, 
how do these compare to other scenarios used in plan evaluation?  Also, how does the 
combination of high water supplies to Lake Ontario and high Ottawa River flows compare to 
the plan evaluation time series? 

 
Only the second and third simulations are discussed briefly here as their findings seemed 
particularly pertinent.  
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6.3.3.1 Differences between simulated and operational Plan 2014 Lake Saint-Louis (Pt. 
Claire) levels 
 

During the summer of 2017, a review of previous quarter-monthly simulation results for Plan 
2014 revealed significant discrepancies in Lake Saint-Louis water levels in a small number of 
scenarios as a result of an error in how those levels were calculated in the simulations.  

In previous Plan 2014 simulations, it was found that the quarter-monthly F-limit calculation was 
not applied correctly in the model code for Plan 2014 when Lake Ontario water levels were 
above 75.75 m (248.52 ft).  Recall that the Plan 2014 F-limit is a multi-tiered rule that attempts 
to balance high water conditions upstream and downstream by ensuring levels of Lake Saint-
Louis are maintained below certain thresholds depending on the level of Lake Ontario.  To 
accomplish this in the simulation model, a stage-discharge relationship is used to determine the 
Lake Saint-Louis outflow corresponding to each of the F-limit tiers, this flow is reduced by the 
Ottawa River and local tributary flows, and then the remainder is used to set the Lake Ontario 
outflow accordingly.   However, an error was identified whereby the Lake Saint-Louis outflow 
was multiplied by a factor of 10 within the model whenever Lake Ontario was above 75.75 m 
(248.52 ft), which allowed the Lake Saint-Louis level to rise substantially and effectively 
removed any level of protection from this area of the system. The result is that there are 
discrepancies with simulated water levels in some of the most extreme wet scenarios of the 
stochastic Plan 2014 results from the LOSLRS.  Historical results from the LOSLRS were not 
affected by this coding issue since simulated quarter-monthly Lake Ontario levels in the 
historical simulation (and in fact, actual historical levels, prior to 2017) had never rose above 
75.75 m (248.52 ft).  This is also likely what kept the coding error from being identified until 
now.  With the code correction, for the stochastic simulation, the maximum simulated Lake 
Ontario level is changed from 76.62 m (251.38 ft) to 76.66 m (251.51 ft) (increase of 4 cm (1.6 
in)), while the maximum Lake Saint-Louis level is reduced from 23.33 m (76.54 ft) to 22.81m 
(74.84 ft) (decrease of 52 cm (20.5 in)). 

6.3.3.2 Observed 2017 Conditions Compared with the Stochastic Supply Sequence 
 
Lake Ontario levels are the cumulative result of the timing and magnitude of different inflows 
and the releases from the Moses-Saunders Dam. The relationship between input and outcome is 
not simple.  Plan 2014 was designed and tested using both historical water supplies and a broad 
range of potential future water supply conditions and a primary source for these water supplies 
was the statistically generated times series of 50,000 years of water supplies and tributary flows.  
The highest lake level reached in the stochastic simulation using Plan 2014 was 76.66 m 251.5 
ft), which came during an extreme water supply sequence, but while the quarter-monthly NTS 
(flows from Lake Erie plus local inflows to Lake Ontario) were very high in that sequence, they 
were not the highest in the 50,000-year stochastic test data.  
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The 2017 conditions were extreme, exceeding conditions that occurred historically, and while 
similar conditions are captured within the stochastic series used to evaluate regulation plan 
performance, such occurrences are rare (see Figure 6-15).  Continued research as to whether such 
conditions will continue to be rare, or whether they will occur more frequently, is necessary for 
the purposes of developing regulation plans and ensuring robust performance over time. 

More information on this analysis is provided in Annex 2-Plan Review. 

  

 

 

 

 

6.4 Findings and suggested next steps for on-going plan evaluation 
analyses 
 

The Orders of Approval for both Lake Superior and Lake Ontario require the IJC to review the 
results of applying the Plan 2012 and Plan 2014 rules. This includes an assessment of how well 

 

Figure 6-15: 2017 NTS versus NTS range for the entire stochastic series 
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the observed impacts of water levels compare to those predicted by the research and models used 
to develop and select the plans. This review can be used to re-evaluate performance and trade-
offs which may lead to changes to the regulation plans.  Ideas for improvements can come from 
the particular conditions in any one year or more general observations, for example, that there 
might be advantages for using a navigation model that covers the entire Great Lakes - St. 
Lawrence River system.  In this report, the focus is on the former, ideas that arise from 
conditions in 2017, with suggestions for more general assessments where it makes sense. 

6.4.1 Plan review findings - Upper Great Lakes 
 

On Lake Superior, the ILSBC deviated from Plan 2012 releases in 2015 and 2016 based, in large 
part, on a revised and lower estimate of how much flow could be passed through the side 
channels to hydropower turbines.  Greater deviations were required in 2017 when the closure of 
some turbines for maintenance reduced side channel capacity even more.  As discussed in6.2 
Lake Superior: review of Plan 2012 performance based on conditions in 2017, the 2017 
deviation strategy allowed for much smoother flow changes in the St. Marys Rapids without 
causing problems for the commercial navigation industry. Smaller peak flows in the rapids 
resulted in less flooding on Whitefish Island, while the smoother transitions were consistent with 
objectives of Plan 2012 which, based on qualitative research, are expected to benefit the 
environmental health of the rapids (IUGLS, 2012).   

The 2017 operations suggest that the GLAM Committee should investigate modifications to Plan 
2012 to produce these sorts of benefits routinely, perhaps using predictions of available turbine 
capacity as an input.  Because the benefits for the St. Marys fishery and the reduction in high 
water damages to Whitefish Island are now qualitative, research to quantify the relationship 
between flows over the rapids and the environmental and coastal benefits could help produce 
more beneficial rules. 

6.4.2 Plan review findings - Lake Ontario-St. Lawrence River system 
 

The hydrologic events of 2017 provided an extreme challenge to the regulation of Lake Ontario 
and the St. Lawrence River and regulation Plan 2014. The results show that Plan 2014 generally 
performed as it was expected to under extreme weather and water supply conditions in that it 
provided greater flexibility to manage difficult ice conditions through the winter of 2017 and, to 
the extent that this was possible, it attempted to minimize and balance the flood risks during the 
extreme spring weather conditions, which would have occurred regardless of the regulation plan 
in place.  Nonetheless, the analysis in Section 6 revealed some opportunities for improving the 
way regulation plans are tested and evaluated in the future.  The findings can be classified into 
three categories: 

1. Reconsideration of historical and stochastic modelling inputs 
2. Re-evaluation of the plan model processes and algorithms 
3. Reconsideration of plan evaluation and ranking process 
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Each is discussed in separate sub-sections below.   

6.4.2.1 Reconsideration of historical and stochastic modelling inputs 
 

The evaluation and ranking of Lake Ontario regulation plans since the LOSLRS have depended 
in large part on the assumption that a stochastically generated set of simulation model inputs 
including net basin and total water supplies, tributary flows and ice conditions accurately 
represents the range of future hydrologic conditions that could be expected.  No one can be sure 
of the degree to which weather conditions in 2017 were caused by climate change, but the 
analysis in Section 6.3.1 shows that high water levels in 2017 were caused by the sequence and 
simultaneous occurrence of significant events, some apparently independent from one another 
(warm February followed by a cold March, extremely wet April and May).  While some of these 
events may be captured in the stochastic series to some degree, they raise questions about how 
frequently such events may occur in the future, and whether the stochastic datasets provide an 
accurate characterization of the conditions under which plans will be operated. 

In 2017, there were record net basin and total supplies and Ottawa River discharges.  In most, but 
not all cases, the 2017 inflows fell within the maximum stochastic inflows, but the extraordinary 
severity of spring precipitation aligns with expectations of severe storms under climate change.  
The influence of climate change is difficult to prove or disprove, so no one can be sure whether 
2017 was an extraordinarily rare event for the climate in this region, or a moderately rare event 
in a climate that is shifting.  The use of the existing LOSLRS stochastic hydrology is logically 
consistent with the former interpretation.  If the latter is true, the existing stochastic hydrology 
could be misrepresenting the risk of high inflows and should be updated to reflect a changing 
climate.     

Air and surface water temperature trends over the past decades support climate change 
projections for warmer temperatures in the future, which could change ice formation and winter 
runoff patterns and evaporation from the lake surface.  The ice formation cycles that occurred in 
2017 are unprecedented in the historical record and un-represented in the stochastic ice condition 
indicator dataset. Section 6.3.1.1 shows that this year’s ice formation raised water levels several 
centimeters given the conditions in 2016-2017.  The current ice data applied along with the 
stochastic water supply set is simply a sampling from the approximately 40 years of ice record 
available at the time of the LOSLRS.  These ice data include a time series of ice status indicators 
so that the impacts of ice formation and roughness are included in plan testing, but there are no 
indicator strings in those data matching what happened in 2017, so the stochastic simulations 
cannot reveal the impact 2017 ice formation patterns would have in combination with different 
water supply sequences and antecedent water levels. 

Climate change projections for warmer temperatures could also affect the timing and rates of 
runoff from winter rains and snowmelt. It may be that there will be more winter rain and 
snowmelt events with less snow accumulation and/or the time between snowmelt and heavy 
spring rains will increase under climate change to a degree not well represented in the current 
stochastic data (Notaro, 2015; Whitfield and Cannon, 2000; Barnett et al., 2005).  Evaporation 
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and precipitation may each increase under climate change, but the timing of the two may also 
change in ways not well represented in the current stochastic data (Music et al., 2015, Notaro, 
2015; GLISA, 2018).  However, the significant uncertainties in how these factors will change 
with a changing climate remains a challenge in developing a new stochastic dataset as well as 
changing the rules of regulation plans to respond to this uncertainty. 

This section also makes evident that high Lake Ontario levels can be caused by the sequence and 
simultaneous occurrence of climate factors, so forecasting research that predicts simple 
parameters like the amount of spring precipitation may not forecast high water levels.  The 
GLAM Committee concludes that to be useful, fall forecasts should be tested according to their 
ability to predict high spring Lake Ontario levels, not simply high NBS or NTS. Even with such 
research, it could be many years or decades until the skill of such forecasts is to a level that 
might influence regulation plan decisions. 

6.4.2.2 Re-evaluation of the model processes and algorithms 
 

Section 6.3.2 shows that Lake Ontario levels could have been reduced somewhat in 2017 by 
modifying the F and L limits, although modifications may alter the balance of impacts upstream 
and downstream. These current limits are part of Plan 2014 rules and 1958-DD practice that were 
based on long standing perceptions about protecting navigation safety and balancing flooding 
above and below the dam. There is no evidence to date that suggests that changing those 
practices would improve outcomes in any significant way. Changing these limits would shift 
impacts or risks from one area or interest to another. Any future analysis should focus the 
assessment on a broad range of extreme and difficult water supply conditions as well as socio-
economic and environmental performance indicators. 

Section 6.3.2.2 shows no water level reduction would have resulted from any realistic adjustment 
of the H14 high trigger levels based on 2017 conditions.  The reductions in 2017 that could have 
been caused by one-foot lower trigger levels would, if acted upon by the ILOSLRB, cause 
deviations from Plan 2014 rules about 20% of the time, eviscerating the nature of the plan.   
People who suffered through the high levels often expressed the belief that lower trigger levels 
would have helped. Based on the 2017 analysis, the GLAM Committee does not believe that 
examining changes to the triggers provides much promise in terms of looking for plan 
improvements during extreme water supply conditions. However, as with the limits, any future 
analysis of the H14 high trigger should include attention on a broader range of extreme water 
supply conditions as well as socio-economic and environmental performance indicators. 

The simulation of water levels in the river is based on regression equations using past levels, 
tributary flows and releases from Lake Ontario.  Given extreme water levels in 2017, it was 
determined that re-examining the regressions used to simulate Lake Saint-Louis and further 
downstream levels could produce meaningful improvements in the validity of the simulation 
model under extreme flow conditions. 
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Section 6.3.2.7 summarized the discovery of a coding issue in the simulation of Plan 2014 that, 
when Lake Ontario is above 75.75 m, can underestimate Lake Ontario levels and overestimate 
levels at Pointe Claire.  The GLAM Committee concludes that the implications of the quarter-
monthly simulation of Pointe Claire levels for Plan 2014 be investigated to determine the effects 
it may have on plan evaluations and inherent upstream and downstream tradeoffs. This may 
include re-running the full stochastic evaluations to determine the implications for the calculation 
of the performance indicator results. 

6.4.3 Next steps: reconsideration of plan evaluation process 
 

6.4.3.1 Upper Great Lakes: The development of new shorter-term plan evaluation tools 
 
Computer models were developed during the IUGLS (2007-2012) to analyze and compare the 
performance of differing regulation plans.  The plans had to be tested under many different 
hydrologic conditions, so they used century long time series data.  These models are not 
designed for the comparison of different water level regulation rules over only one or two years.  
The GLAM Committee is currently developing short term evaluation tools.  Once these tools are 
developed, the GLAM Committee will produce quantitative reviews of Plan 2012 performance 
in the current and recent years. 
 

6.4.3.2 Lake Ontario – St. Lawrence River: extensive scenario testing 
 

The LOSLRS Board based much of their plan ranking on expected values of economic benefits 
calculated as averages from stochastic simulations and environmental performance indicators 
simulated using the historic record.  Expected values are averages of the impacts times the 
probability of the impact, and ranking based on those averages suggests how the plans are most 
likely to perform.  Scenario analysis can be used in addition to expected value calculations to test 
a plan’s robustness in the face of unusual combinations of conditions.  An additional approach 
that can be used to complement the average annual impacts based on stochastic hydrology, is 
scenario analysis, where plan rules are tested with many short-term input data sets.  This 
approach was used by the IUGLS Board (IUGLS, 2007-2012) and to a lesser degree during and 
after the LOSLRS.  Section 6.3.3 and Annex 2-Plan Review revealed that there is some evidence 
that suggests the stochastic inputs do not fully represent the future conditions Plan 2014 will be 
applied under and this leads the GLAM Committee to conclude that more extensive scenario 
analysis would be beneficial in testing Plan 2014: 

• In some cases, such as in ice formation, there is no doubt that the stochastic data do not 
represent what happened in 2017 and the implications of this should be fully reviewed 
and evaluated; 

• The use of average benefits of regulation plan performance is useful because it 
incorporates the results from all events weighted by their probability of occurrence, but it 
takes attention away from rare events that have the greatest impact on stakeholders (or 
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interests) and which (if possible) may be the most important for regulation plans to 
attempt to better address, particularly if the probability of such rare events is expected to 
increase in the future; and 

• There is some evidence that the probability, magnitude and timing of temperature, 
precipitation, evaporation and runoff may be changing.  Section 6.3.1 shows that the 
coincidence and sequencing of these factors can raise water levels.  Presumably, the 
stochastic simulation includes the correlations among these parameters found in the 
historic record. Scenario analysis would allow the creation of uncharacteristic but 
plausible combinations of these parameters. 

7.0 Key Findings and Next Steps 
 
The GLAM Committee has developed this special report of conditions in 2017 as a component 
of its long-term adaptive management process to review and improve outflow regulation on the 
Great Lakes.  The year 2017 was impactful and challenging, particularly for the interests of the 
Lake Ontario-St. Lawrence River system.  It offered a critical test of both Plan 2012 and Plan 
2014 and a challenge for the GLAM Committee in initiating a reporting process for event-based 
data and information. Information learned in 2017 will be used to guide GLAM Committee 
activities in the coming year and beyond, as resources become available.  The following sections 
highlight critical findings and potential next steps. 

7.1 The year 2017 had extraordinary conditions across Lake Ontario 
and the St. Lawrence River basin, but Plan 2014 did not contribute 
to record high water levels 
 
Finding: 2017 was unusually wet across the entire Great Lakes with record-breaking 
precipitation and water levels on the Lake Ontario-St. Lawrence River system. These conditions 
caused widespread damages to coastal communities and other interest categories upstream and 
downstream of the Moses-Saunders dam.  The GLAM Committee analyses of conditions and 
plan performance in 2017 supports the ILOSLRB finding that Plan 2014 did not cause, or 
meaningfully exacerbate, the flooding and associated damages that occurred in 2017. The 
analysis showed that the outflows released in 2017 under the new regulation plan were very 
similar to those that would have been released had the board still been operating under the old 
regulation plan with previous operating and deviation authorities. 
 

Next Steps: The GLAM Committee will continue to analyze data gathered from 2017 and future 
years to support the on-going evaluation of the regulation plans and search for improvements. 
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7.2 Great Lakes Basin: Quantitative data on impacts from the high 
water levels in 2017 is not widely available and is required for 
performance indicator model validation 

 
Finding:  Performance indicators generally captured critical sectors in 2017, but conditions 
raised questions about model details and on-going monitoring required for validation.  While the 
GLAM Committee pursued various potential data sources, much of the data was not available for 
public distribution and in many cases, quantitative economic and environmental impact data was 
not being actively collected nor consolidated.  In most cases, it was difficult (if not impossible) 
to get the appropriate quantitative data required to validate existing economic and environmental 
performance indicators used in the existing models.  This raises the question about revisiting 
performance indicators to support long-term plan evaluation.  Some areas seem more critical 
than others and the GLAM Committee will need to prioritize performance indicator validation 
efforts to efficiently guide its collection of critical data. There were some impacts that could not 
be compared with existing performance indicators, either because the information was not 
available to support the comparison, or because the impacts observed were not directly captured 
by the existing performance indicators. The impacts experienced in 2017 not captured by 
existing performance indicators may or may not reflect important issues affecting relative 
comparisons of plan performance. Either way, it does highlight the need for regular review and 
updating of the performance indicators as part of the adaptive management process. 

Next Steps:  Once the studies of 2017 impacts are completed, the GLAM Committee should 
compare the results to model predictions, report on the accuracy of performance indicator model 
predictions and modify the performance indicator functions, if necessary.  The GLAM 
Committee should continue to pursue on-going monitoring needs to validate models and update 
performance indicators as required to support the ongoing review of the regulation plans. As 
well, the GLAM Committee should revisit the significance, sensitivity and certainty of all of the 
performance indicators to ensure they can effectively be used in future plan reviews and 
evaluations. 

7.3 Great Lakes Basin: Simulation models will continue to be 
improved 
 

Finding:  The simulations of water levels and flows under Plan 2012 and Plan 2014, as well as 
alternative regulation strategies, should be continually tested and improved as appropriate to 
minimize inherent uncertainties.  For example, on Lake Ontario and the St. Lawrence River 
system, the simulation of Lake Saint-Louis levels is uncertain under very high water supply 
conditions, as are the effects that such conditions may have throughout the lower St. Lawrence 
River.  On the upper Great Lakes, the maximum combined capacity of the side channels, which 
carry flow to the hydropower plants on the St. Marys River, is reduced at times of hydropower 
maintenance activities, but the effects of these reductions in capacity were not considered when 
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Plan 2012 was evaluated.  To reduce the impacts on the St. Marys Rapids during periods of high 
flows and reduced capacity, the ILSBC has had to deviate annually since the plan was 
implemented in 2015.   

Next Steps:  The simulation and evaluation models will be improved, and the new models used 
during subsequent evaluations will be periodically reviewed and updated as appropriate. 

7.4. Upper Great Lakes: New performance indicators need to be 
developed for the St. Marys River 
 

Finding: Lake Superior outflow regulation has the greatest effect on the St. Marys River.  While 
the ILSBC has tried to minimize the potential negative impacts of high and fluctuating flows in 
the St. Marys Rapids by deviating from Plan 2012 during recent years, there is insufficient 
monitoring data or metrics to validate the effects of the ILSBC’s deviation strategies.  The St. 
Marys Rapids ecosystem and the low-lying adjacent shoreline of Whitefish Island are 
particularly sensitive to high flows or changes in flows through the Compensating Works. 
Performance indicators need to be developed to quantify and better understand the impacts in the 
St. Marys Rapids, and these can be used to inform future evaluations of regulation plan 
performance as well as the effects of potential deviation strategies. 

Next Steps:  Continue efforts to develop ecosystem and flooding performance indicators and 
models for the St. Marys River. 

 

7.5 Lake Ontario-St. Lawrence: The impacts of modifying the F and 
L limits should be studied 
 

Finding: The GLAM Committee examined some of the rules of Plan 2014, including the 
maximum flow limits within the plan.  Plan 2014’s maximum limits were established over 
decades of board operation based on expert knowledge and experience in balancing coastal 
impacts above and below the dam (F-limit) and balancing those impacts with maintaining safe 
water velocities and river levels for ships in the St. Lawrence Seaway (L-limit).  A review of 
how these limits applied during 2017 showed that altering them would not eliminate or 
significantly reduce the high flows and water levels that occurred, but it would shift the effects 
from one geographic location and/or interest to another.  The impacts of such actions on various 
interests are uncertain.  While the LOSLRS did investigate the effects of altering these limits, the 
performance indicators used to model the impacts of these limits must be reviewed and informed 
by 2017 conditions and the trade-offs associated with these limits re-evaluated to better 
understand and explain the implications of modifying these limits and other plan rules.   

Next steps:  The GLAM Committee will continue to design and implement studies to review and 
evaluate the socio-economic and environmental implications of modifications to the limits and 
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other plan rules to better understand and explain the inherent tradeoffs and balances of the plan 
rules and limits under a broad range of extreme conditions. 

7.6 Lake Ontario-St. Lawrence:  Changes to trigger levels do not 
substantially influence water levels under the extreme conditions 
seen in 2017 
 

Finding: The GLAM Committee examined the trigger levels for board deviations and whether 
lower trigger levels could have provided additional flood relief upstream and downstream in 
2017. This analysis indicates that no significant reduction of 2017 water levels would have 
resulted from any realistic adjustment of the H14 high trigger levels.  A full analysis beyond 
2017 conditions has not yet been completed and is needed to assess the value of changes to 
trigger levels under other extreme conditions than what occurred in 2017.   

Next Steps: Any future analysis of trigger levels will be done as part of a full review of all rules 
within Plan 2014. Such analysis builds on previous studies by the IJC and is supported by 
lessons learned in 2017 and future years.  It should also include an assessment of a broad array of 
extreme water supply scenarios as well as socio-economic and environmental performance 
indicators. 

7.7 Lake Ontario-St. Lawrence: 2017 hydroclimate conditions 
highlight the importance of using scenario analyses to test and 
evaluate plan performance     
 

Finding: Two components of 2017 weather conditions promote consideration of scenario testing 
(comparing regulation plans using short, extreme inputs) to complement expected value testing 
(using the products of impacts of many different input sets times the probability of that input set 
occurring).  The first condition was the unprecedented forming and melting of ice in the St. 
Lawrence River five times in 2017 and the effects this had on regulated outflows and the water 
levels that occurred.  The stochastic data used in the evaluation of the current plan during and 
after the LOSLRS included many different starting dates and durations of ice cover formation, 
but did not include a scenario in which ice went through several cycles of forming and melting in 
one year.  The second condition was the record precipitation measured at stations on the Lake 
Ontario basin and on the Ottawa River basin, each exceeding historical maximums.   

Expected value analysis offers the best assessment of the overall performance of regulation rules 
under a wide variety of conditions, but the response in very unusual scenarios is dampened by 
the low probability associated with those events.  Climate change challenges the assumption that 
those probabilities can be estimated well.  Scenario testing using many different plausible but 
extreme conditions would allow the GLAM Committee to test how well plans perform under 
extreme conditions not thought likely, offering the chance to adjust plan rules to better 

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 443 of 472



accommodate very unusual conditions.  It should be used in combination with expected value 
testing so that the adjusted plan continued to perform well over a wide variety of conditions 
while also performing about as well as any plan could in plausible but extreme conditions. 

Next Steps: A new set of model inputs should be created expressly for continued scenario 
testing beyond what has previously been analyzed and a framework for evaluating plan 
performance on the basis of both scenario and expected value tests should continue to be devised 
to test a plan’s robustness in the face of unusual combinations of conditions.     

7.8 Lake Ontario-St. Lawrence: Continue to investigate the value of 
forecasting high Lake Ontario water levels to support plan 
improvements 
 

Finding: Analyses of the 2017 conditions provided evidence that high Lake Ontario water levels 
can be caused by the sequence and simultaneous occurrence of different climate factors, so 
forecasting research that predicts simple parameters like the amount of Lake Ontario spring 
precipitation may not forecast high water levels.  The GLAM Committee concludes that to be 
useful, fall forecasts should be tested according to their ability to predict high Lake Ontario water 
levels, not just high NBS or NTS. 

No such forecast exists now, but there may be some potential for trying to produce one based on 
ocean conditions in the fall.  Given that it may be years, even decades or perhaps never, before 
seasonal forecasts have the skill to inform regulation plan decisions, a first step is to test the 
hypothesis that forecasts could reduce flooding while balancing the needs of other interests.   

Next Steps: The GLAM Committee should test perfect forecasts and evaluate the implications of 
using more realistic imperfect forecasts as a means to reduce flooding while balancing other 
interests.  The Committee should also identify the risk of incorrect forecasts.  If results are 
promising, the GLAM Committee should investigate methods to evaluate different relationships 
between ocean conditions and Lake Ontario levels to improve seasonal forecasts. This would be 
done recognizing effective seasonal forecasts as a long-term goal.   

7.9 Lake Ontario - St. Lawrence: Some notable changes in percent 
coverage appeared to occur at specific elevations where vegetation 
communities were flooded by higher water levels in 2017 
 

Finding: Shifts in wetland vegetation extent resulting from 2017 water level conditions will not 
be immediately evident as there is a lag time for response in some guilds.  However, field data 
from the surveillance of the Canadian and U.S. wetlands done in the fall of 2017 show some 
notable changes in percent coverage at specific elevations where vegetation communities were 
flooded by higher water levels in 2017. The meadow marsh guild appears to have experienced 
the most change out of all guilds in 2017. Not surprisingly, the average cover for meadow marsh 
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was lower in 2017, compared with previous data, as these species were stressed by flooding for a 
large portion of the growing season. 

Next Steps: Additional years of monitoring the wetlands’ response to the 2017 high levels as 
well as response to lower water level conditions is needed to complete the validation of the 
meadow marsh algorithm. 
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Appendix 1: Performance Indicators and Coping Zones 
 

Performance Indicators used in LOSLRS, 2006 

 

 
*Priority subsets of key environmental indicators 

Key Environmental Performance Indicators 

Lake Ontario 

Vegetation: 
1. *Wetland Meadow Marsh Community - Total surface area, supply-based (ha) 
Fish: 
2. Fish Guild (Low Vegetation, 18C) - Spawning habitat supply 
3. *Fish Guild (High Vegetation, 24C) - Spawning habitat supply 
4. Fish Guild (Low Vegetation, 24C) - Spawning habitat supply 
5. *Northern Pike – Young-of-year recruitment (#ha) 
6. Largemouth Bass – Young-of-year recruitment (#ha) 
Birds 
7. *Virginia Rail (RALI) - Median reproductive index (index) 
8. Least Bittern (IXEX) - Median reproductive index (index) (Species at risk) 
9. *Black Tern (CHNI) - Median reproductive index (index) (Species at risk) 
10. Yellow Rail (CONO) - Preferred breeding habitat coverage (ha) (Species at risk) 
11. King Rail (RAEL) - Preferred breeding habitat coverage (ha) (Species at risk) 
Upper St. Lawrence River 

Fish: 
12. Fish Guild (Low Vegetation, 18C) - Spawning habitat supply from Thousand Islands to Lake St. Lawrence 
13. *Fish Guild (High Vegetation, 24C) - Spawning habitat supply from Thousand Islands to Lake St. Lawrence 
14. Fish Guild (Low Vegetation, 24C) - Spawning habitat supply from Thousand Islands to Lake St. Lawrence 
15. *Northern Pike – Young-of-year (YOY) recruitment (#ha) from Thousand Islands to Lake St. Lawrence 
16. Largemouth Bass – YOY recruitment (#ha) from Thousand Islands to Lake St. Lawrence 
17. *Northern Pike – YOY net productivity (grams (wet wt.)/ha) in Thousand Islands area 
Birds: 
18. *Virginia Rail (RALI) - Median reproductive index (index) on Lake St. Lawrence 
Mammals: 
19. *Muskrat (ONZI) - House density in drowned river mouth wetlands (#ha) in Thousand Islands area 
Lower St. Lawrence River 

Fish: 
20. *Golden Shiner (NOCR) - Suitable feeding habitat surface area (ha) from Lake St. Louis to Trois-Rivières 
21. Wetland Fish - Abundance index (ha) in Lower St. Lawrence River 
22. *Northern Pike (ESLU) - Suitable reproductive habitat surface area (ha) from Lake St. Louis to Trois-Rivières 
23. Eastern Sand Darter (AMPE) - Reproductive habitat surface area (ha) from Lake St. Louis to Trois-Rivières 

(Species at risk) 
24. *Bridle Shiner (NOBI) - Reproductive habitat surface area (ha) from Lake St. Louis to Trois-Rivières (Species at 

risk) 
Birds: 
25. Migratory Wildfowl - Floodplain habitat surface area (ha) from Lake St. Louis to Trois-Rivières 
26. Least Bittern (IXEX) - Reproductive index (index) from Lake St. Louis to Trois-Rivières (Species at risk) 
27. *Virginia Rail (RALI) - Reproductive index (index) from Lake St. Louis to Trois-Rivières 
28. *Migratory Wildfowl - Productivity (# juveniles) from Lake St. Louis to Trois-Rivières 
29. Black Tern (CHNI) - Reproductive index (index) from Lake St. Louis to Trois-Rivières 
Herpetiles 
30. Frog species - Reproductive habitat surface area (ha) from Lake St. Louis to Trois-Rivières 
31. Spiny Softshell Turtle (APSP) - Reproductive habitat surface area (ha) from Lake St. Louis to Trois-Rivières 

(Species at risk) 
Mammals 
32. *Muskrat (ONZI) - Surviving houses (# of houses) from Lake St. Louis to Trois-Rivières 
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Economic Performance Indicators 

Coastal Performance Indicators 

Lake Ontario 

1. Flood Damages - The economic damages to developed properties based on high water levels, calculated on 
a county basis. 

2. Erosion of Developed Parcels - Damage based on the cost of adding shore protection once the shoreline is 
within a defined distance from the house, calculated on a county basis.  The value of lost material is not 
determined. 

3. Shore Protection Maintenance - The cost of replacing shore protection damaged by water levels, calculated 
on a county basis. 

Upper St. Lawrence River 
4. Flood Damages - The economic damages to developed properties based on high water levels, calculated on 

a county basis.  Based on U.S. counties only due to lack of availability of Canadian parcel data for upper 
St. Lawrence River regional municipalities. 

Lower St. Lawrence River 
5. Flood Damages - Damages associated with high water levels in the St. Lawrence River below the dam on a 

municipality basis; based on water levels at the closest gauge location (eight used for the river). 
6. St. Lawrence River Shore Protection - The cost of replacing shore protection damaged by water levels.  Each 

structure was placed in one of 80 structure zones on the Lower St. Lawrence River.  These zones were 
selected on the basis of location and similarity of hydrodynamic conditions (local wind, wave, river flow and 
level, and shipping climate). 

Non-Economic Performance Indicators (Reported in Board Room and Contextual Narrative) 
• St. Lawrence River Flooding Non-Economic Impacts - Number of expropriated homes; kilometres of 

roads flooded, and area of flooded land.  Damages are determined on a municipality basis; based on 
water levels at the closest gauge location (eight used for the river). 

• St. Lawrence River Erosion - Land lost due to erosion.  Impacts are determined for 27 high-erosion sites 
along the lower St. Lawrence River.  No measurable economic loss as a result of land lost. 
 

Commercial Navigation 

7. Transportation Costs on Lake Ontario - Based on tonne-km travel time.  Costs rise as travel time increases 
and are a function of minimal available channel depth on the lake. 

8. Transportation Costs on the Seaway - Based on tonne-km travel time.  Costs rise as travel time increases and 
are a function of minimal available channel depth along the Seaway, Seaway low-level wait time, and Seaway 
gradient delays (fall between gauges) and associated delay costs due to high-flow velocities between 
Ogdensburg - Cardinal, Cardinal-Iroquois HW, Iroquois TW - Morrisburg, Morrisburg - Long Sault. 

9. Transportation Costs below the Port of Montreal - Based on tonne-km travel time.  Costs rise as travel time 
increases and are a function of minimal available channel depth at Sorel andTrois-Rivières. 
 

Hydropower 

10. Value of energy produced based on station head, flow, efficiency rate and price of electricity. 
11. Cost of foregone peaking opportunities (NYPA and OPG only) based on weekly averaged regulated release 

and value of peaking opportunity. 
12. Predictability/stability of flows to maximize efficiency based on changes in flow and foregone energy 

production. 
13. Frequency and severity of spill at Long Sault Dam during spawning season. 

 
Recreational Boating 

14. Net economic benefits lost by recreational boaters and charter boat patrons as water level varies from ideal 
levels for boating for six reaches (Lake Ontario, Alexandria Bay, Ogdensburg, Lake St. Lawrence, Lake 
St. Louis, Montreal Harbour, and Lac St. Pierre) 
 

Municipal and Industrial Water Uses 

15. Water Quality Infrastructure Costs Avoided on the lower St. Lawrence River - based on cost of upgrading 
municipal drinking water treatment plants to treat taste and odor compounds.  

16. Water Supply Infrastructure Costs Avoided on the lower St. Lawrence River - based on costs required to 
adapt plants to lower than critical levels. 
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Coping Zones for the Upper Great Lakes for Coastal, Recreational Boating, Municipal and Industrial Water 
Uses and Commercial Navigation used in IUGLS, 2012 (hydropower and ecosystem to follow) 

 
Lake Superior Coping Zones (Water Levels) (from IUGLS, 2012) 

 Month 

Interest  
Water 

Level (WL) 
Conditions 

Zone Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Coastal 

High WL 
Zone C 183.59 183.53 183.51 183.57 183.66 183.71 183.78 183.83 183.84 183.85 183.82 183.74 
Zone B 183.51 183.45 183.44 183.46 183.56 183.66 183.73 183.76 183.77 183.71 183.66 183.60 

Acceptable 
WL Zone A 183.51- 

183.15 
183.45- 
183.08 

183.44- 
183.07 

183.46- 
183.09 

183.56- 
183.18 

183.66- 
183.25 

183.73- 
183.33 

183.76- 
183.36 

183.77- 
183.33 

183.71- 
183.30 

183.66-
183.27 

183.60- 
183.20 

Low WL 
Zone B 183.15 183.08 183.07 183.09 183.18 183.25 183.33 183.36 183.33 183.30 183.27 183.20 
Zone C 182.83 182.76 182.74 182.72 182.76 182.85 182.96 183.01 183.02 183.10 183.01 182.92 

Recreational 
Boating 

High WL 
Zone C 

Recreational Boating Off-
Season 

184.6 184.6 184.6 184.6 184.6 184.6 184.6 

Recreational 
Boating Off-

Season 

Zone B 184.3 184.3 184.3 184.3 184.3 184.3 184.3 
Acceptable 

WL Zone A 184.3-
182.8 

184.3-
182.8 

184.3-
182.8 

184.3-
182.8 

184.3-
182.8 

184.3-
182.8 

184.3-
182.8 

Low WL 
Zone B 182.8 182.8 182.8 182.8 182.8 182.8 182.8 
Zone C 181.9 181.9 181.9 181.9 181.9 181.9 181.9 

Municipal 
and 

Industrial 
Water Users 

High WL 
Zone C 184.6 184.6 184.6 184.6 184.6 184.6 184.6 184.6 184.6 184.6 184.6 184.6 
Zone B 184.3 184.3 184.3 184.3 184.3 184.3 184.3 184.3 184.3 184.3 184.3 184.3 

Acceptable 
WL Zone A 184.3-

182.72 
184.3-
182.72 

184.3-
182.72 

184.3-
182.72 

184.3-
182.72 

184.3-
182.72 

184.3-
182.72 

184.3-
182.72 

184.3-
182.72 

184.3-
182.72 

184.3-
182.72 

184.3-
182.72 

Low WL 
Zone B 182.72 182.72 182.72 182.72 182.72 182.72 182.72 182.72 182.72 182.72 182.72 182.72 
Zone C 181.6 181.6 181.6 181.6 181.6 181.6 181.6 181.6 181.6 181.6 181.6 181.6 

Commercial 
Navigation 

High WL 
Zone C 184.7 184.7 184.7 184.7 184.7 184.7 184.7 184.7 184.7 184.7 184.7 184.7 
Zone B 184.4 184.4 184.4 184.4 184.4 184.4 184.4 184.4 184.4 184.4 184.4 184.4 

Acceptable 
WL Zone A 184.4-

183.2 
184.4-
183.2 

184.4-
183.2 

184.4-
183.2 

184.4-
183.2 

184.4-
183.2 

184.4-
183.2 

184.4-
183.2 

184.4-
183.2 

184.4-
183.2 

184.4-
183.2 

184.4-
183.2 

Low WL 
Zone B 183.2 183.2 183.2 183.2 183.2 183.2 183.2 183.2 183.2 183.2 183.2 183.2 
Zone C 182.6 182.6 182.6 182.6 182.6 182.6 182.6 182.6 182.6 182.6 182.6 182.6 
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Location: Lake Superior (from IUGLS, 2012) 
Interest 

Water Level 
Regime 

Characteristic 
Zone A Zone B Zone C 

Coastal  

Frequency of 
extremes 

Some impacts possible near extremes of Zone A. Higher 
frequency of extremes would cause some problems to 
most sensitive stakeholders 

Zone B levels are likely to cause problems for moderately 
sensitive stakeholders and a higher frequency of extremes 
will exacerbate problems 

Zone C levels will cause problems for moderately sensitive 
stakeholders. A higher frequency of extremes are expected to 
lead to large changes in the coastal riparian stakeholder 
community 

Duration 

On high end, can withstand this range with minimal 
damage, regardless of duration, except under extreme 
(>1% exceedance surge/storm event). On low end of 
Zone A, persistent conditions (multiple consecutive 
years) will be a problem for riparians. 

Longer duration of Zone B high levels will increase 
potential for coincidence of large storm event. Persistence 
of two consecutive years (or more) with max levels within 
Zone B likely to be of concern to stakeholders and 
potential exists for damages ranging from moderate to 
substantial, depending on storm events. On low end, two 
consecutive years (or more) with Zone B low levels will be 
of concern to stakeholders 

One year with water levels exceeding high Zone C transition is 
likely to cause moderate damages. Coincidence of a small to 
moderate storm event will increase damages considerably 
and an extreme event will cause substantial damages. On low 
end, conditions have not been experienced within historic 
record and are likely to be of concern, even for one year. 

Rate of Change 

Rapid rising to Max. or lowering to Min. levels will 
reduce time to adapt and will cause concern but 
severity of consequences will be minimal 

Physical modifications (protection, dredging, etc.) are likely 
as adaptation to Zone B levels. Rapid rising to Max. or 
lowering to Min. levels within Zone B may eliminate ability 
to undertake necessary modifications. 

Rapid rising above Max. Zone C threshold or lowering below 
Zone C threshold will restrict ability to take adaptive 
measures (e.g. construct shore protection) and will likely lead 
to substantial damages 

Seasonality Historically, Lake Superior levels peak in July-October period and reach minimum in Feb-Apr, on average. Peak return period surge events for Thunder Bay tend to be greatest in 
summer and fall based on Baird (2010) analysis and so coincide with peak levels limiting the consequence of changes in seasonality. 

Recreational 
Boating 

Frequency of 
extremes 

During 30 year snapshot of the boating season (April 
through November), 0% of months exceed Max. and 
0% of months are less than Min. 

0% of months exceed Max. and 0% of months are less than 
Min. 

0% of months exceed Max. and 0% of months are less than 
Min. 

Duration Can withstand this range with minimal damage Can withstand this range with minimal damage   
Rate of Change Quite resilient Quite resilient Quite resilient 

Seasonality       

Commercial 
Navigation 

Frequency of 
extremes 

Max. - level outside of historic record             Min. - 
levels lower than min. have generally occurred only 
once in past 6 decades. 

Neither high/low levels have been experienced in the 
historic records 

Neither high/low levels have been experienced in the historic 
records 

Duration 
  Shippers are typically able to cope via light loading, 

however, extended periods (2-3 yrs) increase likelihood of 
end users considering a shift in modes of transportation 

  

Rate of Change Stable levels are preferred over rapidly varying levels Stable levels are preferred over rapidly varying levels Stable levels are preferred over rapidly varying levels 

Seasonality For Min:  June to Oct. for first level;  Apr, May, Nov., & 
Dec. for second level 

For min:  June to Oct. for first level;  Apr., May, Nov., & 
Dec. for second level 

For min:  June to Oct. for first level;  Apr., May, Nov., & Dec. 
for second level 

Municipal and 
Industrial Water 

Uses 

Frequency of 
extremes 

The Max. is the historic monthly high plus 3 sd.  The 
Min. is the historic monthly Min. 

The Upper and Lower Levels are where operational 
problems begin and before the elevations where the first 
facility operations cease.  

Levels are significantly outside historical record and pre-
project levels simulation.   

Duration 

Can withstand this range with minimal problems. Short term duration can be tolerated; levels for weeks or 
months are expected to cause operational issues. 

Short term duration (12 to 24 hours) can be tolerated by 
public water supplies; levels for weeks or months will cause 
operational issues in some facilities, require capital changes 
or shut down facilities.   This is the elevation where 
operations begin to cease. 

Rate of Change Quick drops or rises generally can be handled in this A quick rate of change from A to B can be tolerated.  May The quicker Zone C is reached from Zone B, the greater the 
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Interest 
Water Level 

Regime 
Characteristic 

Zone A Zone B Zone C 

zone. require some operational changes if levels remain   chance for disruption in water supply. 

Seasonality 

Timing of seasonal peaks are not an issue. Winter temperatures around freezing might cause frazzle 
ice in some intakes.  Some intakes might be more 
vulnerable to operational issues in winter levels as they are 
the seasonal low.   

Same as B 
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Lake Michigan-Huron Coping Zones (Water Levels) (from IUGLS, 2012) 
 Month 

Interest  
Water 

Level (WL) 
Conditions 

Zone Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Coastal 

High WL 
Zone C 177.01 176.99 177.05 177.19 177.26 177.29 177.31 177.29 177.29 177.33 177.29 177.33 
Zone B 176.79 176.77 176.82 176.91 177.05 177.07 177.11 177.07 177.02 176.95 176.89 176.82 

Acceptable 
WL Zone A 176.79- 

175.94 
176.77-
175.92 

176.82-
175.93 

176.91-
176.0. 

177.05-
176.12 

177.07-
176.17 

177.11-
176.17 

177.07-
176.13 

177.02-
176.09 

176.95-
176.07 

176.89-
176.00 

176.82-
175.96 

Low WL 
Zone B 175.94 175.92 175.93 176.03 176.12 176.17 176.17 176.13 176.09 176.07 176.00 175.96 
Zone C 175.62 175.61 175.63 175.69 175.84 175.88 175.91 175.90 175.87 175.80 175.73 175.67 

Recreational 
Boating 

High WL 
Zone C 

Recreational Boating Off-
Season 

177.6 177.6 177.6 177.6 177.6 177.6 177.6 

Recreational 
Boating Off-

Season 

Zone B 177.3 177.3 177.3 177.3 177.3 177.3 177.3 
Acceptable 

WL Zone A 177.3-
175.8 

177.3-
175.8 

177.3-
175.8 

177.3-
175.8 

177.3-
175.8 

177.3-
175.8 

177.3-
175.8 

Low WL 
Zone B 175.8 175.8 175.8 175.8 175.8 175.8 175.8 
Zone C 175.5 175.5 175.5 175.5 175.5 175.5 175.5 

Municipal 
and 

Industrial 
Water Users 

High WL 
Zone C 178.6 178.6 178.6 178.6 178.6 178.6 178.6 178.6 178.6 178.6 178.6 178.6 
Zone B 177.21 177.21 177.21 177.21 177.21 177.21 177.21 177.21 177.21 177.21 177.21 177.21 

Acceptable 
WL Zone A 177.21-

175.58 
177.21-
175.58 

177.21-
175.58 

177.21-
175.58 

177.21-
175.58 

177.21-
175.58 

177.21-
175.58 

177.21-
175.58 

177.21-
175.58 

177.21-
175.58 

177.21-
175.58 

177.21-
175.58 

Low WL 
Zone B 175.58 175.58 175.58 175.58 175.58 175.58 175.58 175.58 175.58 175.58 175.58 175.58 
Zone C 174.6 174.6 174.6 174.6 174.6 174.6 174.6 174.6 174.6 174.6 174.6 174.6 

Commercial 
Navigation 

High WL 
Zone C 177.5 177.5 177.5 177.5 177.5 177.5 177.5 177.5 177.5 177.5 177.5 177.5 
Zone B 177.2 177.2 177.2 177.2 177.2 177.2 177.2 177.2 177.2 177.2 177.2 177.2 

Acceptable 
WL Zone A 177.2-

175.75 
177.2-
175.75 

177.2-
175.75 

177.2-
175.75 

177.2-
175.75 

177.2-
175.75 

177.2-
175.75 

177.2-
175.75 

177.2-
175.75 

177.2-
175.75 

177.2-
175.75 

177.2-
175.75 

Low WL 
Zone B 175.75 175.75 175.75 175.75 175.75 175.75 175.75 175.75 175.75 175.75 175.75 175.75 
Zone C 175.15 175.15 175.15 175.15 175.15 175.15 175.15 175.15 175.15 175.15 175.15 175.15 

 
  

Appendix "A" to Item 2 of Public Works Committee Report 19-014 
Page 455 of 472



Location: Lake Michigan-Huron (from IUGLS, 2012) 
Interest 

Water Level 
Regime 

Characteristic 
Zone A Zone B Zone C 

Coastal  

Frequency of 
extremes 

On high end, can withstand this range with minimal 
damage, regardless of duration, except under extreme 
(> 10 year return period (10% exceedance) surge/storm 
event). On low end of Zone A, persistent conditions 
(multiple consecutive years) will be a problem for 
riparians. 

Longer duration of Zone B high levels will increase 
potential for coincidence of large storm event. 
Persistence of two consecutive years (or more) with 
Max. levels within Zone B likely to be of concern to 
stakeholders and potential exists for damages ranging 
from moderate to substantial depending on storm 
events. On low end, two consecutive years (or more) 
with Zone B low levels will be of concern to 
stakeholders. 

One year with water levels exceeding high Zone C threshold is 
likely to cause moderate damages. Coincidence of a small to 
moderate storm event will increase damages considerably and 
an extreme event will cause substantial damages. On low end, 
conditions have not been experienced within historic record and 
are likely to be of concern, even for one year. 

Duration 

On high end, can withstand this range with minimal 
damage, regardless of duration, except under extreme 
(>10 year return period (10% exceedance) surge/storm 
event). On low end of Zone A, persistent conditions 
(multiple consecutive years) will be a problem for 
riparians. 

Longer duration of Zone B high levels will increase 
potential for coincidence of large storm event. 
Persistence of two consecutive years (or more) with 
Max. levels within Zone B likely to be of concern to 
stakeholders and potential exists for damages ranging 
from moderate to substantial depending on storm 
events. On low end, two consecutive years (or more) 
with Zone B low levels will be of concern to 
stakeholders 

One year with water levels exceeding high Zone C threshold is 
likely to cause moderate damages. Coincidence of a small to 
moderate storm event will increase damages considerably and 
an extreme event will cause substantial damages. On low end, 
conditions have not been experienced within historic record and 
are likely to be of concern, even for one year. 

Rate of Change 

Rapid rising to Max. or lowering to Min. levels will 
reduce time to adapt and will cause concern but 
severity of consequences will be minimal 

Physical modifications (protection, dredging, etc.) are 
likely as adaptation to Zone B levels. Rapid rising to 
Max. or lowering to Min. levels within Zone B may 
eliminate ability to undertake necessary modifications. 

Rapid rising above Max. Zone C threshold or lowering below 
Zone C threshold will lead to substantial damages 

Seasonality 
Historically, Lake Huron/ Georgian Bay levels peak in June-August period and reach minimum in January-March, on average. Peak return period surge events for Honey Harbour (based 
on nearby Collingwood gauge) tend to be greatest in winter/spring and fall based on Baird (2010) analysis. Moving peak annual levels into the fall (Sept-Nov) would increase potential 
for event damages. 

Recreational 
Boating 

Frequency of 
extremes 

During 30 year snapshot of the boating season (April 
through November), 3% of months exceed Max. and 
19% of months are less than Min. 

 3% of months exceed Max. and 0% of months are less 
than Min. 

 0% of months exceed Max. and 0% of months are less than Min. 

Duration 

Can withstand this range with minimal damage Either extreme will cause significant damage until 
actions are taken to adapt. Many would not be able to 
survive through a season given either extreme. Many 
are especially vulnerable during Spring 'Launch' and Fall 
'Haul-out'. 

Many would not be able to survive through a season given either 
extreme. Many are especially vulnerable during Spring 'Launch' 
and Fall 'Haul-out'. Many would have difficulty surviving longer 
than one season. 

Rate of Change 
Quick drops or rises are generally considered a 
negative as interest does not have time to adjust. 

A quick return to zone A regime would be beneficial. A 
further drop/rise, or prolonged period at this elevation 
could push interest to Zone C 

Any length of time in Zone C would make it difficult for many of 
the marinas to remain operational.  

Seasonality Lows are worse in the fall, winter and spring Lows are worse in the fall, winter and spring Same as B 

Commercial 
Navigation 

Frequency of 
extremes 

Max - has been exceeded in 1952, 1973-74 and 1985-
56;  Min. - levels lower than Min. have generally 
occurred only once in past six decades. 

Levels have been within this range since 1918   

Duration 

  Shippers are typically able to cope via light loading, 
however, extended periods (2-3 yrs) increase likelihood 
of end users considering a shift in modes of 
transportation 
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Interest 
Water Level 

Regime 
Characteristic 

Zone A Zone B Zone C 

Rate of Change Stable levels are preferred over rapidly varying levels Stable levels are preferred over rapidly varying levels Stable levels are preferred over rapidly varying levels 

Seasonality For Min:  May to Sep. for first level;  Apr. & Oct. to Dec. 
for second level 

For Min:  May to Sep. for first level;  Apr. & Oct. to Dec. 
for second level 

For Min:  May to Sep. for first level;  Apr. & Oct. to Dec. for 
second level 

Municipal and 
Industrial Water 

Uses 

Frequency of 
extremes 

The Max. is 0.9 foot (0.29 m) less than the historic 
record; the Min. is the historic record.  The Max. and 
Min. pre-project simulation are outside of Zone A. 

Max. is Max. historical record + 3 ft (0.9 m); Min. is 
Min. historical Min. - 3.2 ft (1 m).  Contains some 
extreme levels of pre-project simulation and historic 
record levels. 

Levels are outside historical record.  

Duration 

Can withstand this range with minimal problems. Short term duration can be tolerated;   levels for weeks 
or months are expected to cause operational issues. 

Short term duration (12 to 24 hours) might be tolerated by public 
water supplies; levels for weeks or months will cause operational 
issues in some facilities, require capital changes or shut down 
facilities.   This is the elevation where operations begin to cease. 

Rate of Change A quick rate of change within A can be tolerated.  A quick rate of change from A to B can be tolerated.  
May require some operational changes if levels remain.   

The quicker Zone C is reached from Zone B, the greater the 
chance for disruption in water supply. 

Seasonality 

Timing of seasonal peaks are not an issue. Winter temperatures around freezing might cause 
frazzle ice in some intakes.  Some intakes might be 
more vulnerable in winter levels as they are the 
seasonal low.   

Same as in B. 
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Lake Erie Coping Zones (Water Levels) (from IUGLS, 2012) 

 
Month 

Interest  
Water 

Level (WL) 
Conditions 

Zone Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Coastal 

High WL 
Zone C 174.57 174.63 174.84 174.97 174.95 174.97 174.93 174.84 174.75 174.75 174.78 174.83 
Zone B 174.45 174.47 174.59 174.70 174.70 174.73 174.70 174.65 174.56 174.46 174.40 174.43 

Acceptable 
WL Zone A 174.45-

173.74 
174.47-
173.69 

174.59-
173.74 

174.70-
173.88 

174.70-
173.99 

174.73-
174.05 

174.70-
174.04 

174.65-
173.99 

174.56-
173.90 

174.46-
173.82 

174.40-
173.71 

174.43-
173.74 

Low WL 
Zone B 173.74 173.69 173.74 173.88 173.99 174.05 174.04 173.99 173.90 173.82 173.71 173.74 
Zone C 173.46 173.50 173.62 173.78 173.86 173.85 173.81 173.75 173.68 173.55 173.48 173.44 

Recreational 
Boating 

High WL 
Zone C 

Recreational Boating Off-
Season 

175.6 175.6 175.6 175.6 175.6 175.6 175.6 

Recreational 
Boating Off-

Season 

Zone B 175.3 175.3 175.3 175.3 175.3 175.3 175.3 
Acceptable 

WL Zone A 175.3-
173.8 

175.3-
173.8 

175.3-
173.8 

175.3-
173.8 

175.3-
173.8 

175.3-
173.8 

175.3-
173.8 

Low WL 
Zone B 173.8 173.8 173.8 173.8 173.8 173.8 173.8 
Zone C 173.5 173.5 173.5 173.5 173.5 173.5 173.5 

Municipal 
and 

Industrial 
Water Users 

High WL 
Zone C 176.1 176.1 176.1 176.1 176.1 176.1 176.1 176.1 176.1 176.1 176.1 176.1 
Zone B 175.04 175.04 175.04 175.04 175.04 175.04 175.04 175.04 175.04 175.04 175.04 175.04 

Acceptable 
WL Zone A 175.04-

173.18 
175.04-
173.18 

175.04-
173.18 

175.04-
173.18 

175.04-
173.18 

175.04-
173.18 

175.04-
173.18 

175.04-
173.18 

175.04-
173.18 

175.04-
173.18 

175.04-
173.18 

175.04-
173.18 

Low WL 
Zone B 173.18 173.18 173.18 173.18 173.18 173.18 173.18 173.18 173.18 173.18 173.18 173.18 
Zone C 171.6 171.6 171.6 171.6 171.6 171.6 171.6 171.6 171.6 171.6 171.6 171.6 

Commercial 
Navigation 

High WL 
Zone C 175.3 175.3 175.3 175.3 175.3 175.3 175.3 175.3 175.3 175.3 175.3 175.3 
Zone B 175 175 175 175 175 175 175 175 175 175 175 175 

Acceptable 
WL Zone A 175-

173.5 
175-

173.5 
175-

173.5 
175-

173.5 
175-

173.5 
175-

173.5 
175-

173.5 
175-

173.5 
175-

173.5 
175-

173.5 
175-

173.5 
175-

173.5 

Low WL 
Zone B 173.5 173.5 173.5 173.5 173.5 173.5 173.5 173.5 173.5 173.5 173.5 173.5 
Zone C 172.9 172.9 172.9 172.9 172.9 172.9 172.9 172.9 172.9 172.9 172.9 172.9 
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Location: Lake Erie (from IUGLS, 2012) 

Interest 
Water Level 

Regime 
Characteristic 

Zone A Zone B Zone C 

Coastal  

Frequency of 
extremes 

On high end, can withstand this range with minimal 
damage, regardless of duration, except under extreme 
(> 10 year return period (10% exceedance) surge/storm 
event). On low end of Zone A, persistent conditions 
(multiple consecutive years) will be a problem for 
riparians. 

Longer duration of Zone B high levels will increase 
potential for coincidence of large storm event. 
Persistence of two consecutive years (or more) with 
max levels within Zone B likely to be of concern to 
stakeholders and potential exists for damages ranging 
from moderate to substantial depending on storm 
events. On low end, two consecutive years (or more) 
will Zone B low levels will be of concern to stakeholders 

One year with water levels exceeding high Zone C threshold is 
likely to cause moderate damages. Coincidence of a small to 
moderate storm event will increase damages considerably and 
an extreme event will cause substantial damages. On low end, 
conditions have not been experienced within historic record and 
are likely to be of concern, even for one year. 

Duration 

On high end, can withstand this range with minimal 
damage, regardless of duration, except under extreme 
(>10 year return period (10% exceedance) surge/storm 
event). On low end of Zone A, persistent conditions 
(multiple consecutive years) will be a problem for 
riparians. 

Longer duration of Zone B high levels will increase 
potential for coincidence of large storm event. 
Persistence of two consecutive years (or more) with 
max levels within Zone B likely to be of concern to 
stakeholders and potential exists for damages ranging 
from moderate to substantial depending on storm 
events. On low end, two consecutive years (or more) 
will Zone B low levels will be of concern to stakeholders 

One year with water levels exceeding high Zone C threshold is 
likely to cause moderate damages. Coincidence of a small to 
moderate storm event will increase damages considerably and 
an extreme event will cause substantial damages. On low end, 
conditions have not been experienced within historic record and 
are likely to be of concern, even for one year. 

Rate of Change 

Rapid rising to Max. or lowering to Min. levels will 
reduce time to adapt and will cause concern but 
severity of consequences will be minimal 

Physical modifications (protection, dredging, etc.) are 
likely as adaptation to Zone B levels. Rapid rising to 
Max. or lowering to Min. levels within Zone B may 
eliminate ability to undertake necessary modifications. 

Rapid rising above Max. Zone C threshold or lowering below 
Zone C threshold will lead to substantial damages 

Seasonality 
Historically, Lake Erie levels peak in May-July period and reach minimum in November-February, on average. Peak return period surge events for Kingsville (further west) tend to be 
greatest in winter/spring and fall based on Baird (2010) analysis. Moving peak annual levels into the spring (April-May) or fall (Sept-Nov) would increase potential for event damages. 
 

Recreational 
Boating 

Frequency of 
extremes 

During 30 year snapshot of the boating season (April 
through November), 12% of months exceed Max. and 
16% of months are less than Min. 

 0% of months exceed Max. and 0% of months are less 
than Min. 

 0% of months exceed Max. and 0% of months are less than Min. 

Duration Can withstand this range with minimal damage If prolonged: between zero and 30% of marinas go out 
of business, and slip loss between five and 30% 

If prolonged: more than 30% of marinas go out of business, and 
slip loss greater than 30% 

Rate of Change 
Quick drops or rises are generally considered a 
negative as interest may need to adapt (dock 
adjustments).  

Quick drops or rises are generally considered a 
negative as interest does not have time to adjust. 

The quicker Zone C is reached from Zone B, the greater the 
damage will be as there will be little time to prepare or react. 

Seasonality Seiches (flooding and ice damage) are worse in the 
winter.  

Seiches (flooding and ice damage) are worse in the off 
season 

Same as B 

Commercial 
Navigation 

Frequency of 
extremes 

Max - exceeded for 2 months in 1986; Min. - levels 
lower than Min. have generally occurred only once in 
past six decades. 

Levels have been within this range since 1918 Levels have been within this range since 1918 

Duration 

  Shippers are typically able to cope via light loading, 
however, extended periods (2-3 yrs) increase likelihood 
of end users considering a shift in modes of 
transportation 

  

Rate of Change Stable levels are preferred over rapidly varying levels Stable levels are preferred over rapidly varying levels Stable levels are preferred over rapidly varying levels 

Seasonality For min:  Apr to Oct. for first level;  Nov. & Dec. for 
second level 

For min:  Apr to Oct. for first level;  Nov. & Dec. for 
second level 

For min:  Apr to Oct. for first level;  Nov. & Dec. for second level 
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Interest 
Water Level 

Regime 
Characteristic 

Zone A Zone B Zone C 

Municipal and 
Industrial Water 

Uses 

Frequency of 
extremes 

Max. is record high; Min. is historic low.     Levels are outside historic range.  Based in part on 
where operational problems occur. 

Levels are outside historical record. Based on reported levels 
where operations cease. 

Duration 

Can withstand this range with minimal problems Short term duration can be tolerated;   levels for weeks 
or months are expect to cause operational issues. 

Short term duration (12 to 24 hours) can be tolerated; levels for 
days or months will cause operational issues in some facilities, 
require capital changes or shut down facilities.   This is the 
elevation where operations begin to cease. 

Rate of Change A quick rate of change within A can be tolerated.  A quick rate of change from A to B can be tolerated.  
May require some operational changes if levels remain   

The quicker Zone C is reached from Zone B, the greater the 
chance for disruption in water supply. 

Seasonality 

Timing of seasonal peaks are not an issue. Winter temperatures around freezing might cause 
frazzle ice in some intakes.  Some intakes might be 
more vulnerable in winter levels as they are the 
seasonal low.   

Same as B 
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Location: St. Marys River: Hydropower Coping Zones (from IUGLS, 2012) 
Hydropower coping zones table for the Cloverland Plant in the St. Marys River.  Levels in metres (IGLD 1985), flows in m3/s (Rose and Yee, 2011) 
Zone L Superior 

Outflows 
L Superior 

Levels 
Others, 
m3/s 

Cloverland 
capacity 850 

US Plant 
capacity 405 

Brookfield 
capacity 1140 

Comments 

A 
ideal 

2374 183.45 94 735 
 

405 1140 Equal share of available hydro water without 
spills. 

A 
ideal 

2374 183.45 94 850 290 1140 Equal share of available hydro water without 
spills. 

A 2036~240
9 

183.26~183.
47 

94 566~770  405 971~1140 Adequate water for peaking operations 
(Cloverland IS curve). 

A/B Below 
1236 

182.74 94 311 260 571 Limited to winter. Cloverland and US Plant 
minimum for ice management and heating.  US 
Plant lockage needs 40 m3/s. 

B Below 
 716 

182.34 94 311 
minimum 

0 311 Limited to winter. Assuming US Plant not 
requiring water for ice management, lockage and 
heating. 

B  184.25     Overtopping bulkheads causing water onto 
generator floor. 

B  Max 
Tailrace  

177.77 m at 
U.S. Slip 

    Maintain level below the top of tailrace tunnel to 
avoid water in generator pits. 

High 
B 

Below 
1526 

182.94 
 

94 311 
minimum 

405 
 

716 Limited to winter. 311 m3/s minimum for ice 
management and heating.  

B/low 
C 

Above 
1084 

182.63 94 90  
minimum 

405 
 

495 90 m3/s minimum for energy market. 

B/low 
C 

 Min Tailrace 
175.96 m at 

US Slip 

    To prevent cavitation damage causing loss of 
generation. 

C Below 
904 

182.51 

 
94 0 405 

 
405 Cloverland Zone C situation due to zero water 

allocation. 
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Ecological Performance Indicators for Lake Superior and Lake Michigan-Huron 

Summary table of the eight primary IUGLS ecological performance indicators (taken directly from IUGLS, 2012, pg. 70) 

PI Code Zone C Condition  Performance Indicators Goal is to Avoid Zone C 
SUP-01 
 

SUP-01 measures the degree to which natural peak water level events on Lake Superior, which 
occur roughly on a 30-year cycle, are lowered by regulation 
 

Prevent/minimize range compression for Lake 
Superior 

SUP-02 SUP-02 measures the degree to which there is a drawdown of Lake Superior following a peak 
water level ‘event’. SUP-01 and SUP-02 scores closer to pre-project (and larger than 1977A) are 
better 
 

Prevent/minimize range compression for Lake 
Superior 

SUP-04 Peak summertime water level rises above 
184.0 m (603.7 ft) for three or more 
consecutive years 

Wild rice abundance in Kakagon Slough, near 
Duluth, MN 

Maintain viability of wild rice population 

SUP-05 Mean spring (Apr-May) water level is 
more than 0.67 m (2.2 ft) below the mean 
level for the preceding 10-year period for 
seven or more consecutive years 

Northern pike habitat and population in Black Bay 
on the north shore of Lake Superior 

Prevent significant decline in northern pike 
abundance 

SMQ-01 Mean flow rate during June maintained 
below 1,700 m3/s (60,035.5 ft3/s) for five 
or more consecutive years 

Lake sturgeon spawning habitat Provide suitable spawning area for lake sturgeon 

SMQ-02 Mean flow rate during May-June 
maintained below 2,000 m3/s (70,600 
ft3/s) for seven or more consecutive years 

Maintenance of flushing flows in the channel into 
Lake George (A small lake near Sault Ste. Marie, 
ON) 

Maintain substrate in Lake George channel 

LMH-07 Mean growing season (Apr-Oct) water 
level is less than 176.00 m (577.4 ft) for a 
period of four or more consecutive years 

Fish and wildlife community eastern Georgian Bay 
wetlands 

Maintain fish access to eastern Georgian Bay 
wetlands (current conditions) 

LMH-08 Mean growing season (Apr-Oct) water 
level is less than 176.12 m (577.8 ft) for a 
period of four or more consecutive years 

Fish and wildlife community eastern Georgian Bay 
wetlands 

Maintain fish access to eastern Georgian Bay 
wetlands (+100 yr conditions) 
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Appendix 2: List of Acronyms 
 

AO – Arctic Oscillation 

CGIP - Chippewa–Grass Island Pool 
CWS – Canadian Wildlife Service 

ECCC - Environment and Climate Change Canada 

ENSO – El Niño-Southern Oscillation 

FEPS - Flood and Erosion Prediction System 

GLAM – Great Lakes – St. Lawrence River Adaptive Management 

GLERL – Great Lakes Environmental Research Laboratory 

IERM – Integrated Ecological Response Model  

IGLD – International Great Lakes Datum 

IJC – International Joint Commission 

ILOSLRB – International Lake Ontario-St. Lawrence River Board 

ILSBC - International Lake Superior Board of Control 

IMPLAN - Impact Analysis and Planning model 

INBC – International Niagara Board of Control 

IWI - International Watersheds Initiative 

IUGLS – International Upper Great Lakes Study 

LOSLRS – Lake Ontario - St. Lawrence River Study 

NAO – North Atlantic Oscillation 

NASH – North Atlantic subtropical high 

NMME – North American Multi-Model Ensemble 

NOAA – National Oceanic and Atmospheric Administration 

NYDEC - New York Department of Environmental Conservation 

NYPA – New York Power Authority 

NBS – Net Basin Supply 

NTS – Net Total Supplies 
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OPG – Ontario Power Generation 

PI – Performance Indicators 

PNA – Pacific/North American pattern 

SWE – Snow Water Equivalent 

USACE – United States Army Corps of Engineers 

USEPA – United States Environmental Protection Agency 

USGS – United States Geological Survey 
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Appendix 3: Glossary of Terms 

ADAPTIVE MANAGEMENT – A planning process that can provide a structured, iterative 
approach for improving actions through long-term monitoring, modeling and assessment. 
Through adaptive management, decisions can be reviewed, adjusted and revised as new 
information and knowledge becomes available or as conditions change. 

ARTIC OSCILLATION (AO) – A pattern in which atmospheric pressure at polar and middle 
latitudes fluctuates between negative and positive phases. The North Atlantic Oscillation is often 
considered to be a regional manifestation of the AO. 

AUTHORITY – The right to enforce laws and regulations or to create policy. 

AVERAGE WATER LEVEL – The arithmetic average of all past observations (of water levels 
or flows) for that month.  The period of record used in this Study commences January 1900. This 
term is used interchangeable with monthly-mean water level. 

BASIN; WATERSHED – The region or area of which the surface waters and groundwater 
ultimately drain into a particular course or body of water. 

BASIN (GREAT LAKES – ST. LAWRENCE RIVER) – The surface area contributing runoff 
to the Great Lakes and the St. Lawrence River downstream to Trois Rivières, QC. 

BARRIER BEACH – An offshore ridge of unconsolidated material (sand, pebbles, etc.) that 
runs parallel to a coastline, is formed in part by high tides and acts as a natural barrier. 

BLUFF – A steep bank or cliff or variable heights, composed of glacial tills and lacustrine 
deposits consisting of clay, silt, gravel and boulders. 

BOUNDARY WATERS TREATY OF 1909 – The agreement between the United States and 
Canada that established principles and mechanisms for the resolution of disputes related to 
boundary waters shared by the two countries. The International Joint Commission was created as 
a result of this treaty. 

CHART DATUM – The water level used to calculate the water depths that are shown on 
“navigation charts” and are a reference point for harbor and channel dredging. Also known as 
Low Water Datum. 

CLIMATE – The prevalent weather conditions of a given region (temperature, precipitation, 
wind speed, atmospheric pressure, etc.) observed throughout the year and averaged over at least 
30 years. 

CLIMATE CHANGE – A non-random change of climate that is attributed directly or indirectly 
to human activity, that alters the composition of the global atmosphere, and which is in addition 
to natural climate variability observed over comparable time periods. 

COAST – The land or zone adjoining a large body of water. 
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COASTAL EROSION – The wearing away of a shoreline as a result of the action of water 
current, wind and waves. 

COMPENSATING WORKS – A set of gated dams located at the mouth of the St Marys 
rapids, which are part of a series of regulatory structures on the St. Marys River used in the 
management of the outflow of water from Lake Superior. The works consists of 16 gates, half of 
which are on the American side, and the other half on the Canadian side of the river. 

COMPUTER MODELLING – The use of computers to develop mathematical models of 
complex systems or processes. 

CONNECTING CHANNELS – A natural or artificial waterway of perceptible extent, which 
either periodically or continuously contains moving water, or which forms a connecting link 
between two bodies of water. On the Great Lakes, the Detroit River, Lake St. Clair and the St. 
Clair River comprise the connecting channel between Lake Huron and Lake Erie. Between Lake 
Superior and Lake Huron, the connecting channel is the St. Marys River. 

CONSERVATION AUTHORITY - Local watershed management agencies that deliver 
services and programs to protect and manage impacts on water and other natural resources in 
partnership with all levels of government, landowners and many other organizations. 

CONSERVATION ONTARIO - Conservation Ontario is the umbrella organization which 
represents all of the conservation authorities in Ontario. This nonprofit organization was founded 
in 1980/81. Conservation Ontario is the network of 36 Conservation Authorities 

COPING ZONE – A range of water level zones defined generally by the water level regime 
(level, range, rate of change, frequency), location and other factors that cause vulnerabilities for a 
particular interest and reflect an interest’s ability to “cope” with a given water level regime. 

DEVIATIONS – Temporary changes to a regulation plan to provide beneficial effects or relief 
from adverse effects to an interest, without causing appreciable adverse effects to any of the 
other interests. 

DIRECTIVE – An IJC instruction to a new or existing Board or Committee specifying their 
terms of reference, including tasks and responsibilities. 

DRAINAGE BASIN – The area that contributes runoff to a stream, river, or lake. 

DUNE – A mound or ridge of sand or other loose sediment formed by the action of wind or 
waves 

DYKE – A wall or earth mound built around a low lying area to prevent flooding. 

ECOHYDRAULIC – Models that integrate the physics and biotic response through algorithms 
relating water levels and other climate drivers to flora and faunal responses. 

ECOSYSTEM – A biological community in interaction with its physical environment, and 
including the transfer and circulation of matter and energy. 
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EL NINO-SOUTHERN OSCILLATION (ENSO) - An irregularly periodic variation in winds 
and sea surface temperatures over the tropical eastern Pacific Ocean, affecting climate of much 
of the tropics and subtropics. 

ENVIRONMENT – Air, land or water; plant and animal life including humans; and the social, 
economic, cultural, physical, biological and other conditions that may act on an organism or 
community to influence its development or existence. 

EROSION – The wearing away of land surfaces through the action of rainfall, running water, 
wind, waves and water current. Erosion results naturally from weather or runoff, but human 
activity such as the clearing of land for farming, logging, construction or road building can 
intensify the process. 

FLOOD AND EROSION PROTECTION SYSTEM (FEPS) – A series of numerical models 
including COSMOS that compile and evaluate shoreline data to compute flood and erosion 
damages. 

FLOODING – The inundation of low-lying areas by water. 

FLOODPLAIN – The lowlands surrounding a watercourse (river or stream) or a standing body 
of water (lake), which are subject to flooding. 

FRAZIL ICE – Stream ice with the consistency of slush, formed when small ice crystals 
develop in supercooled stream water as air temperatures drop below freezing. These ice crystals 
join and are pressed together by newer crystals as they form. 

FRESHET – The sudden overflow or rise in level of a stream as a result of heavy rains or 
snowmelt. 

GEOMORPHOLOGY – The field of earth science that studies the origin and distribution of 
landforms, with special emphasis on the nature of erosional processes. 

GROUNDWATER – Underground water occurring in soils and in pervious rocks. 

HABITAT – The particular environment or place where a plant or an animal naturally lives and 
grows. 

HAZARD ZONES – An area of land that is susceptible to flooding, erosion, or wave impact. 

HYDRAULICS – The study of the mechanical properties of liquids, including energy 
transmission and effects of the flow of water. 

HYDRAULIC MODELING – The use of mathematical or physical techniques to simulate 
water systems and make projections relating to water levels, flows and velocities. 

HYDROCLIMATE – The study of the influence of climate upon the waters of the land 
including the energy and moisture exchanges between the atmosphere and the Earth’s surface 
and energy and moisture transport by the atmosphere. 

HYDROELECTRIC POWER – Electrical energy produced by the action of moving water. 
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HYDROLOGIC ATTRIBUTES – Statistics on water levels and stream flows. 

HYDROLOGIC CYCLE – The natural circulation of water, from the evaporation of seawater 
into the atmosphere, the transfer of water to the air from plants (transpiration), precipitation in 
the form of rain or snow, and runoff and storage in rivers, lakes and oceans. 

HYDROLOGIC MODELING – The use of physical or mathematical techniques to simulate 
the hydrologic cycle and its effects on a watershed. 

HYDROLOGY – The study of the properties of water, its distribution and circulation on and 
below the earth's surface and in the atmosphere. 

ICE JAM – An accumulation of river ice, in any form which obstructs the normal river flow. 

INTEGRATED ECOLOGICAL RESPONSE MODEL (IERM) – Establishes the framework 
for evaluating, comparing, and integrating the responses for the environmental performance 
indicators. 

INTERESTS – In the context of the report, the groups or sectors served by the waters of Lake 
Ontario and the St. Lawrence River, including municipal and industrial water uses, commercial 
navigation, hydroelectric power generation, coastal development, ecosystems, and recreational 
boating. Under the Boundary Waters Treaty of 1909, the interests of domestic and sanitary water 
uses, navigation and hydroelectric generation and irrigation are given order of precedence in 
water uses in the development of regulation plans. 

INTERNATIONAL GREAT LAKES DATUM (IGLD) – The elevation reference system 
used to define water levels within the Great Lakes-St. Lawrence River system. Due to the 
movement of the earth’s crust, the “datum” must be adjusted every 30-40 years. 

INTERNATIONAL JOINT COMMISSION (IJC) – International independent agency formed 
in 1909 by the United States and Canada under the Boundary Waters Treaty to prevent and 
resolve boundary waters disputes between the two countries. The IJC makes decisions on 
applications for projects such as dams in boundary waters, issues Orders of Approval and 
regulates the operations of many of those projects. It also has a permanent reference under the 
Great Lakes Water Quality Agreement to help the two national governments restore and 
maintain the chemical, physical, and biological integrity of those waters. 

INTERNATIONAL REACH – The portion of the St. Lawrence River that is between Lake 
Ontario and the Moses-Saunders Dam. 

INTERNATIONAL LAKE ONTARIO - ST. LAWRENCE RIVER BOARD – Board 
established by the International Joint Commission originally in its 1952 Order of Approval and 
renamed from the St. Lawrence River Board of Control in 2017 with the implementation of Plan 
2014 and the revised Order of Approval. Its main duty is to ensure that outflows from Lake 
Ontario meet the requirements of the Commission’s Order.  

LAKE ONTARIO - ST. LAWRENCE RIVER STUDY (LOSLRS) – A study, sponsored by 
the IJC and completed in 2006, to examine the effects of water level and flow variations on all 
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users and interest groups and to determine if better regulation is possible at the existing 
installations controlling Lake Ontario outflows. 

LA NINA - The positive phase of the El Niño Southern Oscillation and is associated with 
cooler-than-average sea surface temperatures in the central and eastern tropical Pacific Ocean 

LIDAR – which stands for Light Detection and Ranging, is a remote sensing method that uses 
light in the form of a pulsed laser to measure ranges (variable distances) to the Earth. 

LIGHT LOAD – A load less than the ship capacity, required when a fully loaded ship would be 
too close to the channel bottom because of low water levels. 

LOWER ST. LAWRENCE RIVER – The portion of the St. Lawrence River downstream of 
the Moses-Saunders Dam is called the lower St. Lawrence. It includes Lake St. Francis, Lake 
Saint-Louis, Montreal Harbour, Lake Saint-Pierre and the portions of the River connecting these 
lakes as far downstream as Trois-Rivieres, QC. 

MARINA – A private or publicly-owned facility allowing recreational watercraft access to water 
and offering mooring and related services. 

MARSH – An area of low, wet land, characterized by shallow, stagnant water and plant life 
dominated by grasses and cattails. 

MEASURE, STRUCTURAL – Any measure that requires some form of construction. 
Commonly includes control works and shore protection devices. 

MODEL, COMPUTER – A series of equations and mathematical terms based on physical laws 
and statistical theories that simulate natural processes. 

MONTHLY MEAN WATER LEVEL – The arithmetic average of all past observations (of 
water levels or flows) for that month. 

NET BASIN SUPPLY (NBS) – The net amount of water entering one of the Great Lakes, 
comprised as the precipitation onto the lake minus evaporation from the lake, plus groundwater 
and runoff from its local basin. The net basin supply does not include inflow from another Great 
Lake. 

NET TOTAL SUPPLY (NTS) – The Net Basin Supply plus the inflow from another Great 
Lake 

NORTH ATLANTIC OSCILLATION (NAO) - A weather phenomenon in the North Atlantic 
Ocean of fluctuations in the difference of atmospheric pressure at sea level between the Icelandic 
low and the Azores high (also known as the North Atlantic subtropical high). The NAO controls 
the strength and direction of westerly winds and location of storm tracks across the North 
Atlantic and varies over time with no particular periodicity. 

NORTH ATLANTIC SUBTROPICAL HIGH (NASH) – Also known at the “Azores High” is 
a large subtropical semi-permanent centre of high atmospheric pressure typically found south of 
the Azores in the Atlantic Ocean, situated around the latitudes of 30oN. It forms one pole of the 
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North Atlantic oscillation, the other being the Icelandic Low. The system influences the weather 
and climatic patterns of vast areas of North Africa and southern Europe, and to a lesser extent, 
eastern North America. 

OBLIQUE IMAGERY - aerial photography that is captured at approximately a 45 degree angle 
with the ground. 

ORDERS OF APPROVAL – In ruling upon applications for approval of projects affecting 
boundary or transboundary waters, such as dams and hydroelectric power stations, the IJC can 
regulate the terms and conditions of such projects through Orders of Approval to maintain 
specific targets with respect to water levels and flows in the lakes and connecting channels. 

PACIFIC/NORTH AMERICAN (PNA) PATTERN - A climatological term for a large-scale 
weather pattern with two modes, denoted positive and negative, and which relates the atmospheric 
circulation pattern over the North Pacific Ocean with the one over the North American continent. 

PEAKING – The variation of hourly water flows above and below the daily average flow (for 
instance, midday flow higher than evening and night flows), primarily due to hydroelectric 
generating operations during which water is stocked during periods of off-peak demand in order 
to increase hydroelectric power generation at peak periods. 

PERFORMANCE INDICATOR – A measure of economic, social or environmental health. In 
the context of the Study, performance indicators relate to impacts of different water levels in 
Lake Ontario and the St. Lawrence River. 

PLAN FORMULATION METHOD – A particular way of searching for a better regulation 
plan; mathematical optimization based on economic benefits, for example. 

PONDING – The variation of daily water flows above and below the weekly average flow (for 
instance, average weekday flow higher than average weekend flow), primarily due to 
hydroelectric generating operations. 

PUBLIC INTEREST ADVISORY GROUP (PIAG) – The group of volunteers from the 
United States and Canada that worked to ensure effective communication between the public and 
the 2006 International Lake Ontario-St. Lawrence River Study Board. 

REFERENCE – A request from government for the IJC to study and recommend solutions to 
transboundary issue. The word is derived from Article IX of 1909 Boundary Waters Treaty, 
which stipulates that such issues “shall be referred from time to time to the International Joint 
Commission for examination and report, whenever either the Government of the United States or 
the Government of the Dominion of Canada shall request that such questions or matters of 
difference be so referred.” 

REGULATION PLANS – In the context of the report, the control of waterflows through 
regulatory structures to meet the needs of various water-using interests in a basin. These plans 
have incorporated the specific objectives established in the IJC’s Orders of Approval, established 
monthly or weekly outflow levels, and allocated flows to various water-using interests, such as 
hydroelectric generation. 
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REGULATORY STRUCTURES – Adjustable structures, such as a gated dam that can be 
raised or lowered to adjust water levels and flows both upstream and downstream. 

REVETMENT – A natural (e.g., grass, aquatic plants) or artificial (e.g., concrete, stone, asphalt, 
earth, sand bag) covering to protect an embankment or other structure from erosion. 

RIPARIAN – Of, relating to or found along a shoreline. 

RIPARIANS – Persons residing on the banks of a body of water. Typically associated with 
private owners of shoreline property. 

RUNOFF – The portion of precipitation on the land that ultimately reaches streams and lakes. 

SHORE WELL – A well close to a lake in which the well water levels are directly influenced 
by lake levels. 

SHORELINE – Intersection of a specified plane of water with the shore. 

SIDE CHANNEL FLOW - Considered the sum of hydropower, navigation, municipal and 
industrial and all other flow that does not go through the Compensating Works on the St. Marys 
River.   

SNOW WATER EQUIVALENT (SWE) - Is the amount of water contained within the 
snowpack. It can be thought of as the depth of water that would theoretically result if you melted 
the entire snowpack instantaneously. 

STAKEHOLDER – An individual, group, or institution with an interest or concern, either 
economic, societal or environmental, that is affected by fluctuating water levels or by measures 
proposed to respond to fluctuating water levels within the Lake Ontario–St. Lawrence River 
Basin. 

STOCHASTIC SUPPLIES – Statistically generated simulated sequences of water supply 
conditions based on historical climate variability. 

TROPOPAUSE - The tropopause is the transitional area between the troposphere (the lowest 
atmospheric layer) and the stratosphere (the second layer of the earth’s atmosphere) and is about 
6 to 11 miles above the surface of the earth, just below the start of the stratosphere.   

UPPER ST. LAWRENCE RIVER – The portion of the St. Lawrence River upstream of the 
Moses-Saunders Dam is called the upper St. Lawrence River. It includes the entire river from 
Kingston/Cape Vincent to the power dam and locks at Cornwall-Massena, including Lake St. 
Lawrence. 

WATER LEVEL – The elevation of the surface of the water of a lake or at a particular site on 
the river. The elevation is measured with respect to average sea level. 

WATER SUPPLY – Water reaching the Great Lakes as a direct result of precipitation, less 
evaporation from land and lake surfaces. 
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WATERFOWL – Birds that are ecologically dependent on wetlands for their food, shelter and 
reproduction. 

WAVE – An oscillatory movement in a body of water which results in an alternate rise and fall 
of the surfaces. 

WAVE CREST – The highest part of a wave. 

WETLANDS – An area characterized by wet soil and high biologically productivity, providing 
an important habitat for waterfowl, amphibians, reptiles and mammals. 

WILLINGNESS TO PAY (WTP) – The maximum amount that a consumer will pay for a 
given item or service. 
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City Wide (private and City owned properties) Compliance for Surveys and Device 
Installations as of August 5, 2019 

 Surveys 

Total # of 
properties 

requiring Surveys 

Total # of 
properties 
Surveyed 

Total # of 
properties Not 

Surveyed 

Total % of 
Properties 
Surveyed 

6,950 5,404 1,546 77.8 % 

Device Installations 

Total # of Device 
Installations 

Required* 

Total # of Device 
Installations 
Completed 

Total # of Device 
Installations 
Outstanding 

% of Devices 
Installed 

 4,105 2,535  1,570 61.8 % 

*based on surveys received
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The petition contains 43 signatures.

A copy of the petition is available for viewing in the Office 
of the City Clerk.
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6.3 

Council – October 9, 2019 

 

 

PLANNING COMMITTEE 
REPORT 19-015 

 
October 1, 2019 

9:30 a.m. 
Council Chambers, Hamilton City Hall 

71 Main Street West 
 
Present: 
 
 
 
Also Present: 

Councillors M. Pearson (Chair), J. Farr (1st Vice Chair), 
C. Collins, B. Johnson (2nd Vice Chair), B. Clark, M. Wilson,  
J.P. Danko, T. Whitehead 
 
Mayor F. Eisenberger, Councillor L. Ferguson 

_____________________________________________________________________ 
 
THE PLANNING COMMITTEE PRESENTS REPORT 19-015 AND RESPECTFULLY 
RECOMMENDS: 
 
1. To Rename a Portion of Upper Mount Albion Road to Columbus Gate 

(PED19161) (Ward 9) (Item 7.1) 
 

That the portion of Upper Mount Albion Road from the intersection with Rymal 
Road East to 109 meters north of said intersection be renamed Columbus Gate, 
as identified on Appendix “A”, to Report PED19161, in accordance with the draft 
By-law, attached as Appendix “B” to Report PED19161, which has been prepared 
in a form satisfactory to the City Solicitor, to be enacted by City Council. 
 

2. Sign Variance Appeal SV-19-002 for the Property known as 1147 Garner Road 
West, Ancaster, Denied by the Director of Planning and Chief Planner and 
Appealed by the Owner (PED19195) (Ward 12) (Item 7.2) 

 
(a) That the Appeal of Sign Variance Application SV-19-002, by Ancaster Self 

Storage Inc., Owner, to permit a proposed electronic message display 
Ground Sign proposing a 100% electronic message display and third party 
advertising, increased height, decreased setback from a property line, and 
no display of the municipal address to be included, for the property located 
at 1147 Garner Road West, Ancaster, as shown on Appendix “A” to Report 
PED19195, be APPROVED, on the following basis: 
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(i) That 20% of the sign time be allocated for Community use at no cost; 
and, 

 
(ii) That a list of Ancaster Self Storage Inc.’s related businesses, with 

addresses, be provided for approval by Council on October 9, 2019. 
 
3. Parking Technology Update (PED19197) (City Wide) (Item 7.3) 
 
 That Report PED19197 respecting Parking Technology Update, be received. 
 
4. Agriculture and Rural Affairs Advisory Committee Report 19-004 (Item 7.4) 
 

(a) Draft Rural Site Alteration By-law Proposal (Item 10.3) 
 

That the Agricultural and Rural Affairs Advisory Committee support the 
Draft Rural Site Alteration By-law with the following amendments: 
 
(i) That Section 26 be revised to explicitly state that there is an 

obligation to report observations that fill may be affected by 
contaminants and include a reporting timeframe; 
 

(ii) That Section 15(4)(c) be amended to remove reference to proof of 
membership in an accredited farm organization, as follows: 

 
(1) the farm business registration number of the agricultural 

operation;  
 

(iii) That the following statements be added to the preamble of the by-
law: 

 
(1) It is illegal for any person or any company to dump or deposit 

fill, excess soil or waste in the City of Hamilton without prior 
approval or consent after due process; and, 
 

(2) It is prohibited to import fill from outside the geographical 
boundaries of the City of Hamilton. 

  
5. Prohibiting the Importing of Fill (Added Item 11.4) 
  

That a moratorium be implemented immediately to prohibit the importing of fill 
from outside the geographical boundaries of the City of Hamilton.  
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6. Application to Amend City of Hamilton Zoning By-law No. 05-200 for Lands 
Located at 2274 Powerline Road West, Ancaster (PED19171) (Ward 12)  (Item 
8.2) 

 
(a) That Zoning By-law Amendment Application ZAA-19-033, by Thomas and 

Susan Traver (Owners), for a change in zoning from the Agriculture (A1) 
Zone to the Agriculture (A1, 642) Zone (Block 1) and from the Conservation 
/ Hazard Land – Rural (P6) Zone to the Conservation / Hazard Land – Rural 
(P6, 642) Zone (Block 2) to prohibit the construction of a single detached 
dwelling and residential care facility and to permit a reduced lot size for the 
agricultural parcel, as required by conditions of approval for Consent to 
Sever Application AN/B-18:131, for the lands located at 2274 Powerline 
Road W, as shown on Appendix “A” to Report PED19171, be APPROVED 
on the following basis: 

 
(i) That the draft By-law, attached as Appendix “B” to Report PED19171, 

which has been prepared in a form satisfactory to the City Solicitor, 
be enacted by City Council; 
 

(ii)   That the amending By-law be added to Schedule “C” of Zoning By-
law No. 05-200; and, 
 

(iii)  That the proposed modification in zoning is consistent with the 
Provincial Policy Statement (2014), conforms to the Greenbelt Plan 
(2017), and complies with the Rural Hamilton Official Plan (RHOP). 

  
(b) That there were no public submissions received regarding this matter. 

 
7. Application for Zoning By-law Amendment for Lands Located at 560-580 

Highland Road West (Hamilton) (PED19182) (Ward 6) (Item 8.3) 
 

(a) That Zoning By-law Amendment Application ZAC-19-004, by Commons 
Holdings Inc. (Owner) to change the zoning from the Prestige Business 
Park (M3) Zone to the Business Park Support (M4) Zone in order to permit 
a broader range of business support uses on lands located at 560-580 
Highland Road West, as shown on Appendix “A” to Report PED19182, be 
APPROVED on the following basis: 

 
(i) That the draft By-law attached as Appendix “B” to Report PED19182, 

which has been prepared in a form satisfactory to the City Solicitor, 
be enacted by City Council; and, 

 
(ii) That the proposed amendment is consistent with the Provincial 

Policy Statement (2014), conforms to A Place to Grow (2019), and 
complies with the Urban Hamilton Official Plan. 
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(b) That the public submissions received did not affect the decision on this 
matter. 

 
8. Provincial Policy Statement Review – City of Hamilton Comments (PED1988) 

(City Wide) (Item 10.1) 
 

(a) That the City of Hamilton supports the Province’s general directions of the 
Provincial Policy Statement (PPS) to promote efficient use and management 
of infrastructure, transit-supportive development with a range of housing 
options, a strong economy, and protection of agricultural lands. 

 
(b) That the City of Hamilton does not support the proposed policy direction 

which emphasizes the provision of a market-based supply of housing 
(policies 1.1.1, 1.4.3, 1.7.1), and further, connects the justification for a 
settlement area boundary expansion to the satisfaction of market demand 
(policy 1.1.3.8).   

 
(c) That the City of Hamilton does not support the following proposed changes, 

additions and deletions to the PPS: 
 
(i) Revised policies 1.1.3.6 (built form), 11.3.7 (phasing) and 1.6.7.2 

(transportation infrastructure) which change the policy direction from 
“shall” to “should”.  The previous wording should be maintained; 
 

(ii) Proposed policy 1.3.2.5 allowing employment land conversions to 
occur in advance of the Municipal Comprehensive Review, which 
should be removed; 
 

(iii) Revised policy 1.6.6.3 which identifies private communal water and 
sewage services to be the preferred form of servicing where municipal 
services are not available, which is contrary to the Rural Hamilton 
Official Plan. This revision should be removed; 

(iv) Deletion of policy 1.6.7.5 which requires that transportation and land 
use considerations should be developed at all stages of the planning 
process. This policy should be maintained; 
 

(v) Deletion of existing policy 2.3.6.1.b) 2) which requires that Minimum 
Distance Separation (MDS) formulae be applied when non-agricultural 
uses (excluding residential) locate in prime agricultural areas, which is 
intended to provide protection to the agricultural community when a 
new sensitive land use is introduced.  This policy should be 
maintained; 
 

(vi) Revised policy 2.5.2.2 which would allow mineral aggregate extraction 
to take place in certain natural heritage features where not previously 
permitted.  This revision should be removed; 
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(vii) Proposed policy 4.7 which requires planning authorities to expedite 

certain priority planning applications. This policy should be removed; 
 

(viii) Deletion of existing policy 4.9 (monitoring of Official Plan policies) 
which recognized that the policies of the PPS represented minimum 
standards.  This policy should remain in the Implementation section; 
and, 
 

(ix) Revised definition of Heritage Attributes which is ambiguous in relation 
to the wording “must be retained”. This revision should be removed. 

 
(d) That the City of Hamilton requires clarification and / or additional information 

to implement the following proposed revisions which should be provided to 
municipalities prior to finalizing the revised PPS:  
 
(i) If revised policies 1.1.1, 1.4.3, 1.7.1 and 1.1.3.8 are maintained, the 

Province should provide guidance and clarification on the meaning of 
“market-based need” and “market demand”, including a methodology 
for how these terms will be calculated.  In addition, the Province should 
confirm if, and when, a revised Land Needs Assessment Methodology 
will be released.  The revised PPS policies should not be finalized until 
after municipalities have had an opportunity to comment on the 
additional information and revised Methodology. 

 
(ii) Clarification on the expectations surrounding revised servicing policy 

1.6.6.4 which would require municipalities to review long term impacts 
of individual private services at the time of the Official Plan review, 
which would require significant resources for municipalities in terms of 
time and finances. This should not be required as part of the Official 
Plan review; 

 
(iii) Additional information on the role of the Special Advisor on Flooding 

(Section 3), including what role municipalities and conservation 
authorities can play in the review; 

 
(iv) Information on the expectations surrounding reporting requirements 

and data standards in relation to proposed policy 4.9; and, 
 
(v) Additional information on the implementation of the revised definition 

of “Conserved” and the impact on a municipality’s ability to formally 
protect heritage resources over the long term in the absence of the 
requirement to be retained under the Ontario Heritage Act. 

 
(e) That the City of Hamilton provides the following suggestions / revisions 

regarding the proposed policies: 
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(i) Additional wording should be added to Part IV: Vision for Ontario’s 
Land Use Planning System and Section 1: Managing and Directing 
Land Use to recognize the reality of climate change and the need for 
immediate actions to be taken at the provincial and local level to 
prevent climate change through a variety of actions, including land 
use planning, energy conservation and planning, sustainable design, 
servicing, protection of natural features and water systems, 
transportation considerations, protection of agricultural land, 
incentives, and other methods;   

 
(ii) The following proposed / revised policies, which address the need to 

respond to the “impacts of a changing climate”, be revised to also 
address the need for actions to prevent climate change: 1.1.1(i); 
1.1.3.2(d); 1.6.1, 1.6.6.1 (b); 1.6.6.7(c); 1.8.1; 2.2.1(c); and, 3.1.3; 

 
(iii) The proposed revision to policy 1.1.3.3 is unclear with regards to 

what constitutes a “significant” supply and should be amended to 
remove this reference from the policy; 

 
(iv) The proposed new policy 2.1.10 regarding the management of 

wetlands should be amended to provide clarity on the meaning of the 
word “manage”, either within the policy or through a new definition;  

 
(v) If revised policy 2.5.2.2 is maintained, the policy should be amended 

to remove the reliance on long-term rehabilitation of a natural 
heritage feature as justification for removal of that feature through 
mineral aggregate extraction.  Consideration of extraction in a natural 
heritage feature should instead be based on the ecological value and 
significance of that feature.   If this suggested change is not taken, 
clarification on how “long-term” rehabilitation is defined is required; 

 
(vi)  If the amendment to the definition of Heritage Attributes is 

maintained, the wording should be revised to reduce ambiguity, by 
including wording that explains the purpose for why a feature or 
element “must be retained” (i.e. must be retained to inform the 
heritage value of the protected heritage property, etc);  

 
(vii) The new definition of Impacts of a Changing Climate should be 

revised to remove the words “potential for” and the words “and 
opportunities” which appear to downplay the significance of climate 
change which is already occurring; and, 

 
(viii)  The proposed revision to the definition of Significant should be 

amended to reduce ambiguity, including the replacement of the word 
“processes” with “criteria”.  
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(f) That the City of Hamilton suggests that guidance documents be developed / 
updated by the Province to assist municipalities in implementing the following 
new policy directions: 

 
(i) Guidance on the type, level and expectations of engagement that 

should be undertaken for a municipality to ensure that it has satisfied 
the requirements of policies 1.2.2 and 2.6.5 regarding consultation 
with Indigenous Communities;  

 
(ii) Updated Ministry of Environment, Conservation and Parks (MECP) 

Guidelines D-1 and D-6 to address issues related to land use 
compatibility between major facilities and sensitive land uses, in 
accordance with proposed policy 1.2.6.2; and, 

 
(iii) Updated MECP D-5 and B-7 Guidelines regarding planning for water 

and sewage services and determining negative impact arising from 
proposed development. 

 
(g) That the City of Hamilton requests that the Province address the 

inconsistency in definitions amongst provincial planning documents, where 
applicable, or include a policy in the PPS which states that where a definition 
within a Provincial Plan exists, the Provincial Plan definition would apply. 

 
(h) That the City Clerk’s Office be directed to forward Report PED19188 to the 

Ministry of Municipal Affairs and Housing, and this Report is considered the 
City of Hamilton’s formal comments on the Provincial Policy Statement 
Review. 

 
9. Accessory Dwelling Units (Pilot Project) – Temporary Use By-law for City of 

Hamilton Zoning By-law No. 6593 (PED19176) (Wards 1 and 8) (Deferred from 
the September 17th meeting) (Item 10.2) 

 
(a) That Report PED19176 (City Initiative CI-19-D - Accessory Dwelling Units - 

Pilot Project for Wards 1 and 8) to establish a Temporary Use By-law to 
amend Section 19 – Residential Conversion zone regulations in City of 
Hamilton Zoning By-law No. 6593, to provide for alternative zoning by-law 
standards on a temporary basis for three years to facilitate the creation of 
accessory units in single detached and two family dwellings, as part of the 
Low Density Rental Housing Licensing Pilot Project in Wards 1 and 8, be 
received;  

 
(b) That Report PED19176, together with any written submissions and input 

from delegations of the Low Density Rental Housing Licensing Pilot Project 
received at Planning Committee, be referred to staff for consideration and 
incorporated into a further report and amending By-law to be presented to 
a future Planning Committee; and, 
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(c) That a Public meeting be scheduled for the December 3, 2019 Planning 

Committee meeting to consider the original (pre-2018) Ward 8 boundaries 
that were not part of Report PED19176. 

 
10. Electric Vehicle Charging Stations in New Developments (Item 11.1) 
 

WHEREAS, the City of Hamilton has declared a Climate Emergency and is moving 
towards a zero-carbon economy; 

  
THEREFORE BE IT RESOLVED: 

  
(a) That staff be directed to investigate options available through the planning 

approvals process to require an appropriate number of Electric Vehicle 
Charging Stations to be included as part of the parking requirement for new 
development, and report back to the Planning Committee; and, 

  
(b) That staff be directed to review the City’s by-laws, including the Municipal 

and Private Property By-law and On-Street Parking By-law, and report back 
with recommendations for ensuring that the City has appropriate tools and 
mechanisms in place to prohibit and enforce the parking of non-electric 
vehicles at Electric Vehicle Charging Stations in municipal parking lots and 
on-street parking spaces. 

 
11. Use of Surplus Parking Spaces by Third Parties in Downtown Hamilton (Item 

11.2) 
 

WHEREAS, in 1999 in response to the demolition of commercial buildings and 
associated loss of economic activity and erosion of the tax base, the City of 
Hamilton amended the Zoning By-law No. 6593 for the Downtown to prohibit any 
parking lots;  

 
WHEREAS, the 2001 Downtown Secondary Plan and implementing Zoning By-
law prohibited any new surface parking lots in the Downtown;   
WHEREAS, in 2017, Planning staff were directed to investigate and report back 
on changes to the Institutional Zones to ensure that the planning permissions 
reflect the general intent of the Institutional zones with respect to land use 
permissions;  
 
WHEREAS, in 2017 at the request of the Chief Planner the University of Waterloo 
Planning programme undertook a “best practises” review of intuitional zoning by-
law regulations in the Greater Golden Horseshoe to reflect the changing role of 
places of worship, including issues relating to financial sustainability;  
 
WHEREAS, the 2018 Downtown Secondary Plan and associated Zoning By-law 
retained the prohibition on new surface parking lots in the Downtown but revised 
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the zoning regulations for multiple dwellings to permit surplus structured parking 
for existing multiple dwelling sites to be used for “commercial parking” purposes; 
 
WHEREAS, there are existing places of worship in the downtown with legally 
established parking areas that provide parking in an amount that exceed the day 
to day needs of the place of worship; 
  
WHEREAS, surface parking lots in the Downtown are being redeveloped for 
residential, commercial and park purposes thereby decreasing the overall supply 
of parking; and, 
 
WHEREAS, the use of surplus parking spaces by third parties would assist in the 
meeting the need for parking in the downtown;  
 
THEREFORE BE IT RESOLVED: 

 
(a) As part of the Institutional Zoning By-law review that Planning staff report 

back on options and opportunities to allow for places of worship to utilize 
surplus parking by third parties;   

 
(b) That staff be authorized to schedule a public meeting of the Planning 

Committee to consider the proposed zoning by-law changes; and,  
 

(c) That staff report back no later than Q1, 2020. 
 
12. Construction Hoarding (Item 11.3) 
 

WHEREAS, significant development is occurring throughout the City of Hamilton, 
and the City wants to ensure that new development contributes positively to the 
image and quality of life of Hamilton, including during the construction period; 

  
WHEREAS, development in existing urban areas often requires the erection of 
construction hoarding around the site for many months; 
  
WHEREAS, construction hoarding is regulated provincially by the Ministry of 
Labour, and the City’s regulatory authority is limited to issues associated with 
general property standards; 
  
WHEREAS, construction hoarding is often located in the public realm, and often 
bears Branding Signs, in accordance with the City’s Sign By-law; 
  
THEREFORE, BE IT RESOLVED: 

 
(a) That staff be directed to include in the update to the City’s Construction 

Management Plan Guidelines, language to encourage developers to 
incorporate art or other means of beautifying construction hoarding, 
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particularly in the case of infill development where there are existing 
residents and businesses located close by; and, 
  

(b) That staff be directed to review the City’s Sign By-law, and any related City 
by-laws, and report back to the Planning Committee with options for 
charging an additional fee for construction hoarding located on the public 
realm that includes construction branding or advertising, with such funds to 
be directed toward providing public art or other beautification of construction 
hoarding. 

 
13. Closed Session Minutes – September 17, 2019 (Item 14.1) 
 

(a) That the Closed Session Minutes dated September 17, 2019 be approved; 
and, 

 
(b) That the Closed Session Minutes dated September 17, 2019 remain 

confidential. 
 
FOR INFORMATION: 
 
(a) APPROVAL OF AGENDA (Item 2) 
 
 The Committee Clerk advised of the following changes to the agenda: 
 

1. DELEGATION REQUESTS (Item 6) 
 

6.2 Karl Andrus, Hamilton Community Benefits Network, respecting 
Construction Hoarding (Item 11.3) (For today’s meeting) – To be 
moved up in the agenda to be heard after Approval of the Minutes 
(Item 4.1) 

 
6.3 Lynda Lukasik, Environment Hamilton, respecting Provincial Policy 

Statement Review (Item 10.1) (For today’s meeting) 
 
6.4 Ken Bekendam respecting Accessory Dwelling Units – Pilot Project 

(Item 10.2) (For today’s meeting) 
 

2. MOTIONS (Item 11) 
 

11.3 Construction Hoarding – To be moved up in the agenda to follow the 
Delegation from Karl Andrus (Item 6.2) 

   
The agenda for the October 1, 2019 meeting was approved, as amended. 
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(b) DECLARATIONS OF INTEREST (Item 3) 
 
Councillor Clark declared a conflict with respect to Item 10.2 for a non-pecuniary 
indirect apparent conflict as he has a previous relationship with the Hamilton 
District Apartment Association as a former client, as he wrote “Promoting Code 
Compliant, Affordable, Safe, Clean and Healthy Rental Housing”. 
 
Councillor Pearson declared a conflict with respect to Item 10.2 as she is a landlord 
and owns rental properties. 

 
(c) APPROVAL OF MINUTES OF PREVIOUS MEETING (Item 4) 

 
(i) September 17, 2019 (Item 4.1) 
 

The Minutes of the September 17, 2019 meeting were approved, as 
presented. 

 
(d) DELEGATION REQUESTS (Item 6) 

 
(i) Karl Andrus, Hamilton Community Benefits Network, respecting 

Construction Hoarding (Item 11.3) (For today’s meeting) (Added Item 
6.2) 

 
 The Delegation Request from Karl Andrus, Hamilton Community Benefits 

Network, respecting Construction Hoarding, was approved for today’s 
meeting, to be heard at this time. 

 
(e) PUBLIC HEARINGS/DELEGATIONS (Item 8) 
 

(i) Karl Andrus, Hamilton Community Benefits Network, respecting 
Construction Hoarding (Item 11.3) (For today’s meeting) (Added Item 
6.2) 

 
Karl Andrus, Hamilton Community Benefits Network, addressed the 
Committee regarding Construction Hoarding with the aid of a PowerPoint 
presentation.  A copy of the presentation is available through the Office of 
the City Clerk or online at www.hamilton.ca. 

 
 The Delegation from Karl Andrus, Hamilton Community Benefits Network, 

respecting Construction Hoarding, was received. 
  
 For disposition of this matter, refer to Item 12. 
 
 
 
 

http://www.hamilton.ca/
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(f) DELEGATION REQUESTS (Item 6) - CONTINUED 
 

(i) Sergio Manchia, Ancaster Self Storage Inc. c/o UrbanCore 
Developments, respecting Sign Variance Appeal for 1147 Garner Road 
West (Item 7.2) (For today’s meeting) (Item 6.1) 

 
The Delegation Request from Sergio Manchia, Ancaster Self Storage Inc. 
c/o UrbanCore Developments, respecting Sign Variance Appeal for 1147 
Garner Road West, was approved for today’s meeting, to be heard under 
Item 7.2. 

 
(ii) Lynda Lukasik, Environment Hamilton, respecting Provincial Policy 

Statement Review (Item 10.1) (For today’s meeting) (Added Item 6.3) 
 

The Delegation Request from Lynda Lukasik, Environment Hamilton, 
respecting Provincial Policy Statement Review (Item 10.1), was approved 
for today’s meeting. 

 
(iii) Ken Bekendam respecting Accessory Dwelling Units – Pilot Project 

(Item 10.2) (For today’s meeting) (Added Item 6.4) 
 

The Delegation Request from Ken Bekendam respecting Accessory 
Dwelling Units – Pilot Project (Item 10.2), was approved for today’s meeting. 

 
(g) CONSENT ITEMS (Item 7) 
 

(i) Sign Variance Appeal SV-19-002 for the Property known as 1147 
Garner Road West, Ancaster, Denied by the Director of Planning and 
Chief Planner and Appealed by the Owner (PED19195) (Ward 12) (Item 
7.2) 

 
 Sara Rogers, Planning Technician I, addressed the Committee with the aid 

of a PowerPoint presentation.  A copy of the presentation is available 
through the office of the City Clerk or online at www.hamilton.ca. 

 
 The presentation from Sara Rogers, was received. 
 
 Sergio Manchia, Ancaster Self Storage Inc. c/o UrbanCore 

Developments, respecting Sign Variance Appeal for 1147 Garner Road 
West (Item 7.2) (For today’s meeting) (Item 6.1) 

 
Sergio Manchia, Ancaster Self Storage Inc. c/o UrbanCore Developments, 
addressed the Committee respecting Sign Variance Appeal for 1147 Garner 
Road West, with the aid of a PowerPoint presentation.  A copy of the 
presentation is available through the office of the City Clerk or online at 
www.hamilton.ca. 

http://www.hamilton.ca/
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The Delegation from Sergio Manchia, Ancaster Self Storage Inc. c/o 
UrbanCore Developments, respecting Sign Variance Appeal for 1147 
Garner Road West (Item 7.2), was received. 

   
The recommendations in Report PED19195 were amended as follows: 

 
(a) That the Appeal of Sign Variance Application SV-19-002, by 

Ancaster Self Storage Inc., Owner, to permit a proposed electronic 
message display Ground Sign proposing a 100% electronic 
message display and third party advertising, increased height, 
decreased setback from a property line, and no display of the 
municipal address to be included, for the property located at 1147 
Garner Road West, Ancaster, as shown on Appendix “A” to Report 
PED19195, be APPROVED, on the following basis: 

 
(i) That 20% of the sign time be allocated for Community use 

at no cost; and, 
 

(ii) That a list of Ancaster Self Storage Inc.’s related 
businesses, with addresses, be provided for approval by 
Council on October 9, 2019. 

 
For disposition of this matter, refer to Item 2. 

 
(h) PUBLIC HEARINGS/DELEGATIONS (Item 8) - CONTINUED 
 

(i) Tom Ker respecting Changes in By-laws regarding Lot Sizes on the 
Mountain (Approved at the September 17th meeting) (Item 8.1) 

 
Tom Ker was unable to remain at the meeting for his Delegation. 

   
The Delegation from Tom Ker respecting Changes in By-laws regarding Lot 
Sizes on the Mountain, was deferred to a future meeting of the Planning 
Committee. 

 
(ii) Application to Amend City of Hamilton Zoning By-law No. 05-200 for 

Lands Located at 2274 Powerline Road West, Ancaster (PED19171) 
(Ward 12) (Item 8.2) 

 
In accordance with the provisions of the Planning Act, Chair Pearson 
advised that if a person or public body does not make oral submissions at 
a public meeting or make written submissions to the Council of the City of 
Hamilton before Council makes a decision regarding the Zoning By-law 
Amendment, the person or public body is not entitled to appeal the decision 
of the Council of the City of Hamilton to the Local Planning Appeal Tribunal, 
and the person or public body may not be added as a party to the hearing 
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of an appeal before the Local Planning Appeal Tribunal unless, in the 
opinion of the Tribunal, there are reasonable grounds to do so. 

 
  The public meeting was closed. 
 
  The staff presentation was waived. 
 

Don Robertson, Agent, was in attendance and indicated support for the staff 
report. 
 
The comments from Don Robertson, Agent, were received. 
 
The recommendations in Report PED19171 were amended by adding the 
following sub-section (b): 

 
(b) That there were no public submissions received regarding this 

matter. 
 
 For disposition of this matter, refer to Item 6. 
 

(iii) Application for Zoning By-law Amendment for Lands Located at 560-
580 Highland Road West (Hamilton) (PED19182) (Ward 6) (Item 8.3) 

 
In accordance with the provisions of the Planning Act, Chair Pearson 
advised that if a person or public body does not make oral submissions at 
a public meeting or make written submissions to the Council of the City of 
Hamilton before Council makes a decision regarding the Zoning By-law 
Amendment, the person or public body is not entitled to appeal the decision 
of the Council of the City of Hamilton to the Local Planning Appeal Tribunal, 
and the person or public body may not be added as a party to the hearing 
of an appeal before the Local Planning Appeal Tribunal unless, in the 
opinion of the Tribunal, there are reasonable grounds to do so. 

 
  The public meeting was closed. 
 
  The staff presentation was waived. 
 

James Webb, WEBB Planning Consultants, was in attendance and 
indicated support for the staff report. 
 
The presentation from James Webb, WEBB Planning Consultants, was 
received. 

 
The recommendations in Report PED19182 were amended by adding the 
following sub-section (b): 
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(b) That the public submissions received did not affect the decision 
on this matter. 

 
 For disposition of this matter, refer to Item 7. 
 

(iv) Lynda Lukasik, Environment Hamilton, respecting Provincial Policy 
Statement Review (Item 10.1) (For today’s meeting) (Added Item 6.3) 

 
Lynda Lukasik, Environment Hamilton, addressed the Committee 
respecting Provincial Policy Statement Review (Item 10.1) 
 
The Delegation from Lynda Lukasik, Environment Hamilton, respecting 
Provincial Policy Statement Review (Item 10.1), was received. 

 
 For disposition of this matter, refer to Items 8 and (i)(i). 
 

(v) Ken Bekendam respecting Accessory Dwelling Units – Pilot Project 
(Item 10.2) (For today’s meeting) (Added Item 6.4) 

 
 Ken Bekendam addressed the Committee respecting Accessory Dwelling 

Units – Pilot Project (Item 10.2). 
 
 The Delegation from Ken Bekendam respecting Accessory Dwelling Units 

– Pilot Project (Item 10.2), was received. 
 
 For disposition of this matter, refer to Items 9 and (i)(ii). 
 
(i) DISCUSSION ITEMS (Item 10) 
 

(i) Provincial Policy Statement Review – City of Hamilton Comments 
(PED1988) (City Wide) (Item 10.1) 

 
 Heather Travis, Senior Project Manager, addressed the Committee 

respecting Provincial Policy Statement Review – City of Hamilton 
Comments, with the aid of PowerPoint presentation.  A copy of the 
presentation is available through the Office of the City Clerk or online at 
www.hamilton.ca. 

 
 The presentation from Heather Travis respecting Provincial Policy 

Statement Review – City of Hamilton Comments, was received. 
 
 For disposition of this matter, refer to Item 8. 
 
Councillor Pearson relinquished the Chair to Councillor Farr. 

 

http://www.hamilton.ca/
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(ii) Accessory Dwelling Units (Pilot Project) – Temporary Use By-law for 
City of Hamilton Zoning By-law No. 6593 (PED19176) (Wards 1 and 8) 
(Deferred from the September 17th meeting) (Item 10.2) 

 
 Timothy Lee, Senior Planner, addressed the Committee with the aid of a 

PowerPoint Presentation.  A copy of the presentation is available through 
the Office of the City Clerk or online at www.hamilton.ca. 

 
 The presentation from Timothy Lee respecting Accessory Dwelling Units 

(Pilot Project) – Temporary Use By-law for City of Hamilton Zoning By-law 
No. 6593 (PED19176), was received. 

 
The recommendations in Report PED19176 were amended by adding sub-
section (c) to read as follows: 

 
(c) That a Public meeting be scheduled for the December 3, 2019 

Planning Committee meeting to consider the original (pre-2018) 
Ward 8 boundaries that were not part of Report PED19176. 

 
For disposition of this matter, refer to Item 9. 
 

(j) MOTIONS (Item 11) 
 

(i) Community Benefits Policy Regarding Electric Message Display Signs 
(Added Item 11.5) 

 
That staff be directed to develop a Community Benefits Policy as part of an 
updated Electric Message Display (video) Sign By-law. 
 

(k) NOTICES OF MOTION (Item 12) 
 

(i) Fencing By-law Appeal Process (Added Item 12.1) 
 

Councillor Whitehead introduced the following Notice of Motion respecting 
Fencing By-law Appeal Process: 
 
That staff be directed to look at the feasibility of having an appeal process 
for the Fencing By-law. 
 

(ii) Community Benefits Policy Regarding Electric Message Display Signs 
(Added Item 12.2) 

 
Councillor Collins introduced a Notice of Motion respecting Community 
Benefits Policy Regarding Electric Message Display Signs. 
 

http://www.hamilton.ca/
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The Rules of Order were waived to allow for the introduction of a Motion 
respecting Community Benefits Policy Regarding Electric Message Display 
Signs. 

 
 For disposition of this matter, refer to Item (j)(i). 
 
(l) PRIVATE AND CONFIDENTIAL (Item 14) 
 

(i) Closed Session Minutes – September 17, 2019 (Item 14.1) 
 

The Committee determined they did not need to go into Closed Session for 
this item. 

 
 For further disposition of this matter, refer to Item 13. 
 
(m) ADJOURNMENT (Item 15) 
 

There being no further business, the Planning Committee was adjourned at 2:48 
p.m. 

 
 
 

_________________________ 
Councillor Maria Pearson 

Chair, Planning Committee 
 

_________________________ 
Lisa Chamberlain 
Legislative Coordinator 
Office of the City Clerk 
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GENERAL ISSUES COMMITTEE 

REPORT 19-019 
9:30 a.m. 

Wednesday, October 2, 2019 
Council Chambers 
Hamilton City Hall 

71 Main Street West 
______________________________________________________________________ 
 
Present: Mayor F. Eisenberger, Deputy Mayor T. Whitehead (Chair) 
 Councillors M. Wilson, J. Farr, N. Nann, S. Merulla, C. Collins,  

T. Jackson, E. Pauls, J. P. Danko, B. Clark, M. Pearson, B. Johnson,  
L. Ferguson, A. VanderBeek 
 

Absent: Councillor J. Partridge – Personal  
______________________________________________________________________ 

 
THE GENERAL ISSUES COMMITTEE PRESENTS REPORT 19-019 AND 
RESPECTFULLY RECOMMENDS: 
 
1. Investing in Canada Infrastructure Program – Public Transit Stream Grant 

Program (PW19083/FCS18048(a)) (City Wide) (Item 9.1) 
 

(a) That the projects listed in Appendix “A” attached to Report 19-019, be 
approved as the City of Hamilton’s submission for consideration to the 
Ministry of Transportation Ontario for the requested funding amount of 
$374,684,401 for projects with a total project cost of $510,911,000 in 
accordance with the terms and conditions associated with the Investing in 
Canada Infrastructure Program (ICIP), Public Transit Stream; 

 
(b) That Investing in Canada Infrastructure Program, Public Transit Stream 

Project Financing Strategy, as detailed in Appendix “A” attached to Report 
19-019, be approved; 

 
(c) That the Mayor and Clerk be authorized and directed to execute all 

necessary documentation, including Funding Agreements to receive funding 
under Investing in Canada Infrastructure Program, Public Transit Stream 
with content satisfactory to the General Manager of Public Works and in a 
form satisfactory to the City Solicitor; 
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(d) That staff be authorized and directed to tender and implement projects 
contained in Appendix “A” attached to Report 19-019 upon execution of a 
Transfer Payment Agreement between the City of Hamilton and Her 
Majesty the Queen in right of Ontario as represented by the Minister of 
Transportation for the Province of Ontario to Receive Funding Investing in 
Canada Infrastructure Program, Public Transit Stream; 

 
(e) That the Director of Transit be authorized and directed to submit future 

project amendments that may be required to Infrastructure Canada and the 
Province of Ontario provided that such amendments are acceptable to the 
General Manager of Public Works and that no amendment shall result in the 
City’s maximum funding share being exceeded; 

 
(f) That the operating budget and staffing full time equivalent (FTE) impacts 

related to approved ICIP projects, as shown in Appendix “B” attached to 
Report 19-019, be incorporated in the Tax Supported Operating Budget for 
the appropriate fiscal year; 

 
(g)  That where required to give effect and authorize the signing of a Transfer 

Payment Agreement between the City of Hamilton and Her Majesty the 
Queen in right of Ontario as represented by the Minister of Transportation 
for the Province of Ontario, to receive funding under Investing in Canada 
Infrastructure Program, Public Transit Stream, Legal staff be directed to 
prepare a By-law in the form satisfactory to the City Solicitor for 
consideration by Council; 

 
(h) That where required to give effect and authorize the signing of amendments 

to the Transfer Payment Agreement between the City of Hamilton and Her 
Majesty the Queen in right of Ontario as represented by the Minister of 
Transportation for the Province of Ontario, to receive funding under 
Investing in Canada Infrastructure Program, Public Transit Stream, Legal 
staff be directed to prepare By-law(s) in the form satisfactory to the City 
Solicitor for consideration by Council; 

 
(i)  That the General Manager, Finance and Corporate Services, be authorized 

and directed to enter into and execute any necessary agreements including 
any agreements with Infrastructure Ontario’s Loan Program to secure the 
capital funding required for capital projects for Investing in Canada 
Infrastructure Program, Public Transit Stream, as attached in Appendix “A” 
to Report 19-019; 

 
(j) That the General Manager, Finance and Corporate Services, be authorized 

and directed to enter into and execute any necessary agreements to 
engage the services of all required persons, agencies and companies to 
negotiate and confirm the terms and issuance of all necessary debenture 
issue(s) including, but not limited to, external legal counsel, fiscal agents 



General Issues Committee   October 2, 2019 
Report 19-019    Page 3 of 25 
 
 

 
Council – October 9, 2019 

and financial professionals, to secure the capital funding required capital 
projects for Investing in Canada Infrastructure Program, Public Transit 
Stream, as attached in Appendix “A” to Report 19-019;  

 
(k) That the General Manager, Finance and Corporate Services, be authorized 

to negotiate and confirm the terms and placement of all debenture issue(s), 
and/or private placement debenture issue(s), in either a public or private 
market and/or bank loan agreements and debenture issue(s) and/or 
variable interest rate bank loan agreements and debenture issue(s), in an 
amount not to exceed $83,611,200 Canadian currency for capital projects 
for Investing in Canada Infrastructure Program, Public Transit Stream as 
attached in Appendix “A” to Report 19-019, which includes $48,401,200 in 
Tax Supported municipal debt and $35,210,000 in Tax Supported 
Development Charges municipal debt; 

 
(l)  That the Mayor and City Clerk be authorized and directed to enter into 

and/or execute, on behalf of the City of Hamilton, all agreements and 
necessary ancillary documents required for Investing in Canada 
Infrastructure Program, Public Transit Stream, as attached in Appendix “A” 
to Report 19-019 including those required to secure and confirm the terms 
and issuance of any required debenture issue(s), with content acceptable to 
the General Manager, Finance and Corporate Services, and in a form 
satisfactory to the City Solicitor; and, 

 
(m)  That staff be directed to prepare all necessary By-Law(s) to authorize and 

implement Investing in Canada Infrastructure Program, Public Transit 
Stream Projects, as attached in Appendix “A” to Report 19-019 including 
those By-laws necessary to negotiate, place and secure all required capital 
funding. 

 
 

2. Sports, Entertainment and Convention Venues Review (PED18168(b)) (City 
Wide) (Outstanding Business List Item) (Item 10.1) 

   
(a) That the strategy outlined within the “City of Hamilton Entertainment 

Venues Review”, attached as Appendices “A” and “B” to Report 
PED18168(b), be received; 

(b) That the recommendations outlined in confidential Appendix “C”, as 
amended, to Report PED18168(b), be approved; 

(c) That Appendices “A” and “B” to Report PED18168(b), help to inform any 
Host  City facilities strategy that staff consider when assessing the 
feasibility and potential benefits of a Hamilton bid for the 2030 
Commonwealth Games; and, 
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(d) That the entirety of Appendices “B” “C” as amended, and “E” to Report 
PED18168(b) remain confidential and not be released as public 
documents. 

 
 
3. Barton Kenilworth Tax Increment Grant Program - 302 James Street North/4 

Barton Street East, Hamilton (PED19193) (Ward 2) (Item 10.2) 
  

(a) That a Barton Kenilworth Tax Increment Grant Program application 
submitted by 2571793 Ontario Inc. (Louis A. Grilli, President, Michael 
Clarke, Secretary), for the property at 302 James Street North/4 Barton 
Street East, Hamilton, estimated at $4,951.52 over a maximum of a nine-
year period, and based upon the incremental tax increase attributable to 
the renovations of 302 James Street North/4 Barton Street East, Hamilton, 
be authorized and approved in accordance with the terms and conditions 
of the Barton Kenilworth Tax Increment Grant Program; 

 
(b) That the Mayor and City Clerk be authorized and directed to execute a 

Grant Agreement together with any ancillary documentation required, to 
effect to the Barton Kenilworth Tax Increment Grant Program application 
submitted by 2571793 Ontario Inc. (Louis A. Grilli, President, Michael 
Clarke, Secretary), for the property at 302 James Street North/4 Barton 
Street East, Hamilton, in a form satisfactory to the City Solicitor; 
 

(c) That the Mayor and City Clerk be authorized and directed to execute such 
assigning agreement, as required, to give effect to the Barton Kenilworth 
Tax Increment Grant Program application submitted by 2571793 Ontario 
Inc. (Louis A. Grilli, President, Michael Clarke, Secretary), for the property 
at 302 James Street North/4 Barton Street East, Hamilton, in a form 
satisfactory to the City Solicitor; and, 
 

(d) That the General Manager of the Planning and Economic Development 
Department be authorized and directed to approve and execute any Grant 
Amending Agreements, together with any ancillary amending 
documentation, if required, to give effect to the Barton Kenilworth Tax 
Increment Grant Program application submitted by 2571793 Ontario Inc. 
(Louis A. Grilli, President, Michael Clarke, Secretary), for the property at 
302 James Street North/4 Barton Street East, Hamilton, provided that the 
terms and conditions of the Hamilton Tax Increment Grant Program, as 
approved by City Council, are maintained. 
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4. Financial Incentive Program Amendments Respecting Potential Tenant 
Displacement (PED19178/HSC19052) (City Wide) (Item 10.3) 

  
(a) That the amended program terms and administrative procedures for the 

 Commercial Corridor Housing Loan and Grant Program, the Hamilton Tax 
 Increment Grant Program, the Barton/Kenilworth Tax Increment Grant 
Program and the Barton/Kenilworth Commercial Corridor Building 
Improvement Grant  Program, which form part of Appendix “A” to the 
Downtown and Community Renewal Community Improvement Plan, and 
attached as Appendix “C” to Report 19-019, be approved with an effective 
date for new applications submitted beginning January 1, 2020;  

 
(b) That the Economic Development Division be authorized and directed to 

revise  applicable application forms and other program-related materials 
necessary to  implement the amended program terms and administrative 
procedures, attached as Appendix “C” to Report 19-019; 

 
(c) That the General Manager of the Planning and Economic Development 

 Department continue to be authorized to execute agreements under the 
amended program terms for the Commercial Corridor and Housing Loan 
and Grant Program to a maximum grant/loan of $250 K with agreement 
content continuing to be satisfactory to the General Manager and in a form 
satisfactory to the City Solicitor; 

 
(d) That the General Manager of the Planning and Economic Development 

 Department continue to be authorized to execute agreements under the 
amended Barton/Kenilworth Commercial Corridor and Housing Loan and 
Grant program with  agreement content continuing to be satisfactory to the 
General Manager and in a form satisfactory to the City Solicitor; 

 
(e) That with respect to the Commercial Corridor Housing Loan and Grant 

Program, the Hamilton Tax Increment Grant Program, the 
Barton/Kenilworth Tax Increment Grant Program and the 
Barton/Kenilworth Commercial Corridor Building Improvement Grant 
Program (the Programs), City Council:  

 
(i) Direct the Housing Services Division to initiate quarterly requests to 

the Landlord and Tenant Board to obtain information regarding 
requests for Above Guideline Increases (also referred to as “L5” 
requests) received  within the City of Hamilton on an on-going 
basis; 

 
(ii) Direct the Housing Services Division to collaborate with appropriate 

community partners to prepare and distribute a comprehensive 
tenant education package that, at a minimum, include information 
on the rights of tenants; and, 
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(iii) Direct and authorize the Legal Services Division to develop 
appropriate conditions for inclusion in agreements and other 
materials related to the programs necessary to implement the 
amended terms and administrative procedures attached as 
Appendix “C” to Report 19-019, in a form satisfactory to the City 
Solicitor. 

 
 
5. West Harbour Development Sub-Committee Report 19-002, September 9, 

2019 (Item 10.4) 
 

(a) Status of West Harbour Implementation (PW17075(c)) (City Wide) 
(Item 9.1) 

 
That Report PW17075(c), respecting the Status of West Harbour 
Implementation, be received. 

 
 
(b) Piers 6 and 7 Commercial Village Activation Plan (PED19191) (Ward 

2) (Item 10.1)  
 

(i) That staff be directed to immediately market the individual 
development blocks for Piers 6 and 7 for sale to the private sector; 
and, 

 
(ii) That the retail study attached as Appendix “A”, be received. 

 
 

6. Business Improvement Area Advisory Committee Report 19-009, 
September 10, 2019 (Item 10.5) 

 
(a) Ottawa Street Business Improvement Area Expenditure Request 

(Item 11.1) 
 

(i) That the expenditure request from the Ottawa Street Business 
Improvement Area, in the amount of $13,174.21 for Hanging 
Baskets (Spring/Summer), and Holiday Decorative Swag, to be 
funded from the Community Improvement Plan (CIP) Contribution 
Program (BIA Payments Account 815010-56905), be approved; 
and, 

 
(ii) That the expenditure request from the Ottawa Street Business 

Improvement Area, in the amount of $19,536.82 for Banners, 
Banner Maintenance, Media, Special Events, Street Maintenance, 
and Christmas Hanging Baskets, to be funded from the Shared 
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Parking Revenue Program (Parking Revenue Account 815010-
45559), be approved. 

 
 

(b) International Village Business Improvement Area Expenditure 
Request (Item 11.2) 

 

That the expenditure request from the International Village Business 
Improvement Area, in the amount of $6,612.03 for Beautification, Banner 
Maintenance, and Graffiti Removal, to be funded from the Community 
Improvement Plan (CIP) Contribution Program (BIA Payments Account 
815010-56905), be approved. 
 
 

(c) Concession Street Business Improvement Area Expenditure Request 
(Item 11.3) 

 

(i) That the expenditure request from the Concession Street Business 
Improvement Area, in the amount of $7,942.32 to be funded from 
the Community Improvement Plan (CIP) Contribution Program (BIA 
Payments Account 815010-56905) to be spent as follows, be 
approved: 

 
(1) $4,600.00 on hanging baskets; and, 

 
(2) $3,342.32 on winter inserts for sidewalk planters. 
 

 
(ii) That the expenditure request from the Concession Street Business 

Improvement Area, in the amount of $16,099.45 to be funded from 
the Shared Parking Revenue Program (Parking Revenue Account 
815010-45559), to be spent as follows, be approved: 
 
(1) $13,000 on murals; and, 
 
(2) $3,099.45 on Fallfest entertainment (horse and wagon rides 

and fall decorations. 
 
 

(d) Downtown Hamilton Business Improvement Area Expenditure 
Request (Item 11.4) 

 

(i) That the expenditure request from the Downtown Hamilton 
Business Improvement Area, in the amount of $5,381.59 for Bicycle 
Racks, and the purchase and Maintenance of Christmas 
Decorations, to be funded from the Community Improvement Plan 
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(CIP) Contribution Program (BIA Payments Account 815010-
56905), be approved; and, 

 
(ii) That the expenditure request from the Downtown Hamilton 

Business Improvement Area, in the amount of $13,086.34 for 
Graffiti Removal Product, Advertising (Hamilton Spectator), 
Marketing Services (Gel Creative), to be funded from the Shared 
Parking Revenue Program (Parking Revenue Account 815010-
45559), be approved. 

 
 

(e) Downtown Dundas Business Improvement Area Expenditure Request 
(Added Item 11.5) 

 
(i) That the expenditure request from the Downtown Dundas Business 

Improvement Area, in the amount of $14,594.78 for the cleaning 
and maintenance of public road allowance, the purchase and 
maintenance of Christmas Decorations, and the purchase and 
maintenance of Hanging Baskets, to be funded from the Community 
Improvement Plan (CIP) Contribution Program (BIA Payments 
Account 815010-56905), be approved; and, 

 
(ii) That the expenditure request from the Downtown Dundas Business 

Improvement Area, in the amount of $28,183.68 for our marketing 
and promotions and the costs of our events throughout the year, to 
be funded from the Shared Parking Revenue Program (Parking 
Revenue Account 815010-45559), be approved. 

 
 
(f) Stoney Creek Business Improvement Area Expenditure Request 

(Added Item 11.6) 
 
 That the expenditure request from the Stoney Creek Business 

Improvement Area, In the amount of $6,722.74 for event expenses related 
to the Stoney Creek Folk Fest and Jazz in the Creek, to be funded from 
the Community Improvement Plan (CIP) Contribution Program (BIA 
Payments Account 815010-56905), be approved. 
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7. School Board Properties Sub-Committee Report 19-002, September 20, 
2019 (Item 10.6) 

 
Surplus School Property at 155 Macassa Avenue, Hamilton, known as 
Vincent Massey School (PED19139(a)) (Item 14.1) 

 
(i) That the direction provided to staff in Closed Session respecting Surplus 

School Property at 155 Macassa Avenue, Hamilton, known as Vincent 
Massey School (PED19139(a)), be approved; and, 

 
(ii) That Report PED19139(a) respecting a Surplus School Property at 155 

Macassa Avenue, Hamilton, known as Vincent Massey School, remain 
confidential and not be released as a public document until following the 
completion of a transaction pursuant to an agreement of purchase and 
sale, and that the financial details outlined in Appendix “B” attached to 
Report PED19139(a) remain confidential and not be released as a public 
document. 

 
 

8. Advisory Committee for Persons with Disabilities Report 19-008, 
September 10, 2019 (Item 10.7) 

 
(a) Installation of Urban Braille along Cannon Street East at the 

Intersections of Wellington Street North, Catherine Street North, and 
John Street North (Item 7.1) 

 
WHEREAS, the reconstruction of Cannon Street between James Street 
North and Sherman Avenue North commenced in May 2019 and involves 
road resurfacing, Cycle Track improvements, and improvements to 
pedestrian safety measures; 
 
WHEREAS, Urban Braille is a system of tactile information serving the 
needs of the visually impaired and blind by using both colour and texture 
contrast to provide warning signals and clues related to orientation; 
 
WHEREAS, Mike Becke, Senior Project Manager, Public Works, attended 
the Built Environment Working Group meeting of November 6, 2018 and 
provided an update respecting the City of Hamilton’s Urban Braille system; 
  
WHEREAS, the Built Environment Working Group Meeting Notes of 
November 6, 2018, were received by the Advisory Committee for Persons 
with Disabilities on January 15, 2019 (Item (e)(i) of Advisory Committee for 
Persons with Disabilities Report 19-001), but no Motion was made to 
request the inclusion of Urban Braille objectives in the plans for the 
Cannon Street reconstruction; 
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WHEREAS, a number of people with disabilities live in the Cannon Street 
area (especially with visual limitations); and, 
 
WHEREAS, Urban Braille was not installed at three dangerous 
intersections along Cannon Street East; 
 
THEREFORE, BE IT RESOLVED:  
 
(a) That Public Works staff be requested to examine and report back to 

the Advisory Committee for Persons with Disabilities on the 
feasibility of installing Urban Braille on Cannon Street East at the 
intersections of Wellington Street North, Catherine Street North, 
and John Street North; and, 

 
(b) That there be uniformity/continuity in the maintenance of major 

intersections, in accordance with Accessibility for Ontarians with 
Disabilities Act, 2005, standards (as at the intersection of Rymal 
Road West and West 5th Street, Hamilton). 

 
 
(b) Background Information and Past Activities of the Outreach Working 

Group (Item 7.3) 
 

WHEREAS, the Outreach Working Group of the Advisory Committee for 
Persons with Disabilities will benefit from the expertise of Paula Kilburn, 
Tom Manzuk, and Terri Wallis; 
 
THEREFORE, BE IT RESOLVED: 
 
That Paula Kilburn, Tom Manzuk, Terri Wallis, be invited to attend a future 
meeting of the Outreach Working Group of the Advisory Committee for 
Persons with Disabilities to provide background information on the 
Outreach Working Group’s mandate and past activities. 

 
 
(c) Investigation of Light Rail Transit (LRT) Systems in Neighbouring 

Municipalities by Members of the Advisory Committee for Persons 
with Disabilities (Added Item 11.1) 
 
WHEREAS, the Transportation Working Group believes that it would be 
beneficial for the Advisory Committee for Persons with Disabilities to 
investigate the Light Rail Transit (LRT) Systems in neighbouring 
municipalities like Kitchener; 
 
THEREFORE, BE IT RESOLVED: 
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(a) That the following Members of the Advisory Committee for Persons 
with Disabilities be approved to travel to neighbouring municipalities 
to investigate and compare Light Rail Transit (LRT) systems, with 
the transportation costs to be funded from the Advisory Committee 
for Persons with Disabilities 2018 approved budget for conferences 
and related travel expenses, to an upset limit of $1,000: 

 
 (i) Shahan Aaron  
 (ii) Jayne Cardno 
 (iii) Anthony Frisina 
 (iv) John Hawker 
 (v) Aznive Mallet 
 (vi) Mark McNeil 
 
 

(d) Implementation and Use of Accessible Signage on City Transit 
(Added Item 11.2) 
 
WHEREAS, the Transportation Working Group of the Advisory Committee 
for Persons with Disabilities will benefit from the expertise of the Manager 
of Customer Experience and Innovation (Transit Division), or their 
designate; 
 
THEREFORE, BE IT RESOLVED: 
 
That the Manager of Customer Experience and Innovation (Transit 
Division), or their designate, be invited to attend a future meeting of the 
Transportation Working Group of the Advisory Committee for Persons with 
Disabilities to discuss the current implementation and use of signage that 
would encourage sensitivity towards all persons with disabilities, including 
those that use mobility devices, on City transit. 

 
 
(e) Accessible Taxi Cab Incentive Program Update (Added Item 11.3) 

 
WHEREAS, the Transportation Working Group of the Advisory Committee 
for Persons with Disabilities will benefit from the expertise of the Manager 
of Licensing and By-law Services, or their designate; 
 
THEREFORE, BE IT RESOLVED: 
 
That the Manager of Licensing and By-law Services, or their designate, be 
invited to attend a future meeting of the Transportation Working Group of 
the Advisory Committee for Persons with Disabilities to provide an update 
on the accessible taxi cab incentive program. 
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(f) Advance/Pre-Pay System for DARTS Fares (Added Item 11.4) 
 
WHEREAS, the Transportation Working Group of the Advisory Committee 
for Persons with Disabilities will benefit from the expertise of the Executive 
Director of DARTS, or their designate, and the Manager, Customer 
Experience and Innovation (Transit Division), or their designate; 

 
THEREFORE, BE IT RESOLVED: 
 
That the Executive Director of DARTS, or their designate, and the 
Manager, Customer Experience and Innovation (Transit Division), or their 
designate, be invited to attend a future meeting of the Transportation 
Working Group of the Advisory Committee for Persons with Disabilities to 
discuss an advance/pre-pay system for DARTS fares. 
 
 

(g) Current Accessibility Challenges of Public Transit in the City of 
Hamilton (Added Item 11.5) 
 
WHEREAS, the Transportation Working Group of the Advisory Committee 
for Persons with Disabilities will benefit from the expertise of Terri Wallis; 
 
THEREFORE, BE IT RESOLVED: 

 
That Terri Wallis be invited to attend a future meeting of the 
Transportation Working Group of the Advisory Committee for Persons with 
Disabilities to discuss the current accessibility challenges of public transit 
in the City of Hamilton. 

 
  

9. To Provide Free On-Street Parking on Concession Street for the 2019 
Fallfest (Item 11.3) 

 
WHEREAS, Fallfest is a local, family friendly community event run by the 
Concession Street BIA businesses and vendors, open to all of Hamilton and the 
surrounding area, to increase community awareness and involvement and local 
support; 
 
THEREFORE, BE IT RESOLVED: 
 

That the daily on-street parking fee of $983.25, for parking on Concession Street 
between Upper Wentworth Street to East 25th Street, for the Concession Street 
Fallfest, being held on October 5, 2019, be funded from the Ward 7 Discretionary 
Fund, 3301909700. 
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10. Sports, Entertainment and Convention Venues Review (Appendices “B”, 
“C” and “E” to Report PED18168(b)) (City Wide) (Item 14.2) 

 
(a) That the direction provided to staff in Closed Session, respecting Report 

PED18168(b), Sports, Entertainment and Convention Venues Review, be 
approved; and, 

 
(b) That Appendices “B”, “C” and “E” to Report PED18168(b), respecting the 

Sports, Entertainment and Convention Venues Review, remain 
confidential. 

 
 

11. Transfer of Assets from the Hamilton Street Railway Company to the City of 
Hamilton - 2200 Highway #6, Glanbrook, and 2650 Barton Street East, 
Hamilton (PED19172) (Ward 11 and Ward 5) (Item 14.3) 

 
(a) That the direction provided to staff in Closed Session, respecting Report 

PED19172 - the Transfer of Assets of 2200 Highway #6, Glanbrook, and 
2650 Barton Street East, Hamilton, be approved; and,  

 
(b) That the complete Report PED19172 respecting the Transfer of Assets of 

2200 Highway #6, Glanbrook, and 2650 Barton Street East, Hamilton, 
remain confidential until completion of the real estate transaction. 

 
 

12. Sports, Entertainment and Convention Proposal Review (LS19039) (City 
Wide) (Item 14.5) 

 
That Report LS19039, respecting the Sports, Entertainment and Convention 
Proposal Review, remain confidential in its entirety. 

  
 

 
FOR INFORMATION: 
 
(a) APPROVAL OF AGENDA (Item 2) 

 
The Committee Clerk advised of the following changes to the agenda: 

 
1. COMMUNICATIONS (Item 5) 
 

5.1 Correspondence from P. J. Mercanti, on behalf of the Hamilton 
Urban Precinct Entertainment Group, respecting the Sports, 
Entertainment and Convention Venues matter 
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Recommendation: Be received and referred to the consideration 
of Item 10.1. 

 
 
5.2 Correspondence from David E. Branch, Commissioner of the 

Ontario Hockey League, respecting the Potential Development of a 
New Arena 

 
 Recommendation:  Be received and referred to the consideration of 

Items 8.2 and 10.1. 
 
 
5.3 Correspondence from Darko Vranich, President & CEO, Vrancor 

Group Inc., respecting the Sports, Entertainment and Convention 
Venues matter 

 
Recommendation: Be received and referred to the consideration 
of Item 10.1. 

 
 

ACORN was permitted to speak at the October 2, 2019 General Issues 
Committee, respecting Item 10.3 – Report PED19178/HSC19052, 
Financial Incentive Program Amendments regarding the Potential Tenant 
Displacement, and was added to today’s agendas as Item 8.4; and, 
 
The previously approved delegation request for Nicole Smith, Kumon 
Hamilton West End, respecting the Saturday Rallies and Standing for 
Love and Inclusion, was added to today’s agenda as Item 8.3. 
 

  

3. DELEGATIONS (Item 8) 
 
8.1 Chris Labenski, respecting the Arena Issue  
 

This delegation has been withdrawn. 
 

 
4. NOTICES OF MOTION (ITEM 12) 
 

12.1 Policy on Standard Terms and Conditions to be Incorporated in City 
Lease Agreements Consistent with the City’s Equity and Inclusion 
Policy 

 
12.2 To Provide Free On-Street Parking on Concession Street for the 

2019 Fallfest  
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5. PRIVATE & CONFIDENTIAL (Item 14) 
 

14.4 Sub-lease Negotiations for the John C. Munro International Airport 
(PED19137) (Referred from the Airport Sub-Committee) 

 

More time is required to properly prepare Report PED19137, 
respecting the Sub-lease Negotiations for the John C. Munro 
International Airport; therefore, the matter was deferred to a future 
GIC meeting. 
 
 

14.5 Sports, Entertainment and Convention Proposal Review (LS19039) 
(City Wide) (To be distributed) 

 
Pursuant to Section 8.1, Sub-section (f) of the City's Procedural By-law 
18-270, and Section 239(2), Sub-section (f) of the Ontario Municipal Act, 
2001, as amended, as the subject matter pertains to advice that is subject 
to solicitor-client privilege, including communications necessary for that 
purpose. 

 
 

The agenda for the October 2, 2019 Special General Issues Committee meeting, 
was approved, as amended. 
 

 
(b) DECLARATIONS OF INTEREST (Item 2) 

 
(i) Councillor M. Pearson declared an interest to Item 10.3 – Report 

PED19178/HSC19052, respecting Financial Incentive Program 
Amendments regarding the Potential Tenant Displacement, as she is a 
rental property landlord. 

 
(ii) Councillor S. Merulla declared an interest to Item 10.3 – Report 

PED19178/HSC19052, respecting Financial Incentive Program 
Amendments regarding the Potential Tenant Displacement, as he and his 
wife are rental property landlords. 

 
(iii) Councillor M. Wilson declared an interest to Items 5.1 - Correspondence 

from P. J. Mercanti, on behalf of the Hamilton Urban Precinct 
Entertainment Group, respecting the Sports, Entertainment and 
Convention Venues matter; 5.2 - Correspondence from David E. Branch, 
Commissioner of the Ontario Hockey League, respecting the Potential 
Development of a New Arena; 5.3 - Correspondence from Darko Vranich, 
President & CEO, Vrancor Group Inc., respecting the Sports, 
Entertainment and Convention Venues matter; 8.2 - Michael Andlauer, 
respecting the Invitation to Present the Bulldog/Cadillac Fairview Proposal 
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to Committee; 10.1 – Report PED18168(b), Sports, Entertainment and 
Convention Venues Review; 11.1 – a Motion respecting the Release of 
the Bulldogs Proposal for Public Consumption; 14.2 – Report 
PED18168(b) (Appendices “B”, “C” and “D”), Sports, Entertainment and 
Convention Venues Review; and, 14.5 – Report LS19039, Sports, 
Entertainment and Convention Proposal Review, as her spouse’s 
involvement or potential involvement, directly or through firms with which 
he is associated in negotiations that might arise as a result of the reports 
implementation. 
 
Subsequent to her declaration of interest (above), Councillor Wilson 
advised Committee that she had received advice from the Integrity 
Commissioner advising her that she does not have a conflict of interest 
respecting the matters listed in her Declaration (above).  Therefore, she 
will be fully participating in the discussion and consideration of those same 
matters and withdrew her declaration of interest. 
 

(iv) Councillor A. VanderBeek declared an interest to Item 10.3 – Report 
PED19178/HSC19052, respecting Financial Incentive Program 
Amendments regarding the Potential Tenant Displacement, as she is a 
rental property landlord. 

 
(v) Councillor J. P. Danko declared an interest to Item 10.6 – School Board 

Properties Report 19-002, September 20, 2019, as his wife is Vice Chair 
of the Hamilton-Wentworth District School Board. 

 
 
(c) APPROVAL OF MINUTES OF PREVIOUS MINUTES (Item 4) 
 

The Minutes of the September 9 and 18, 2019 meetings of the General Issues 
Committee were approved, as presented. 

 
(i) September 9, 2019 (Special) (Item 4.1) 

 
(ii) September 18, 2019 (Item 4.2) 

 
  

(d) COMMUNICATION ITEMS (Item 5) 
 

Communication Items 5.1 to 5.3, were approved, as follows: 
 
(i) Correspondence from P. J. Mercanti, on behalf of the Hamilton Urban 

Precinct Entertainment Group, respecting the Sports, Entertainment and 
Convention Venues matter (Item 5.1) 
Recommendation: Be received and referred to the consideration of Item 
10.1. 
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(ii) Correspondence from David E. Branch, Commissioner of the Ontario 
Hockey League, respecting the Potential Development of a New Arena 
(Item 5.2) 

 
 Recommendation:  Be received and referred to the consideration of Items 

8.2 and 10.1. 
 
 
(iii) Correspondence from Darko Vranich, President & CEO, Vrancor Group 

Inc., respecting the Sports, Entertainment and Convention Venues matter 
(Item 5.3) 

 
Recommendation: Be received and referred to the consideration of Item 
10.1. 

 
 

(e) DELEGATION REQUESTS (Item 6) 
 

(i) Dr. David Farrar, Acting President and Vice Chancellor, McMaster 
University, to provide an annual update of the positive impact that 
McMaster University is having in the community and beyond, as well 
as to highlight the key partnerships the University has with the City 
of Hamilton (For the December 4, 2019 GIC) (Item 6.1) 

 
The delegation request submitted by Dr. David Farrar, Acting President 
and Vice Chancellor, McMaster University, to provide an annual update of 
the positive impact that McMaster University is having in the community 
and beyond, as well as to highlight the key partnerships the University has 
with the City of Hamilton, was approved for the December 4, 2019 
General Issues Committee. 
 

  

(f) PUBLIC HEARINGS / DELEGATIONS (Item 8) 
 

(i) Chris Labenski, respecting the Arena Issue (Item 8.1) 
 

This delegate has withdrawn his request. 
 
 

(ii) Michael Andlauer, President & CEO Andlauer Management Group 
Inc., respecting the Invitation to present the Bulldog/Cadillac 
Fairview Proposal to Committee (Item 8.2) 

 
The speaking time limits for delegations, as outlined in the Procedural By-
law 18-270, as amended, was waived to allow Michael Andlauer, 
President & CEO of Andlauer Management Group Inc., an unlimited 



General Issues Committee   October 2, 2019 
Report 19-019    Page 18 of 25 
 
 

 
Council – October 9, 2019 

timeline to present to Committee respecting the Bulldog/Cadillac Fairview 
Proposal. 

 
Michael Andlauer, President & CEO Andlauer Management Group Inc., 
addressed Committee respecting the Invitation to present the 
Bulldog/Cadillac Fairview Proposal to Committee. 
 
The presentation provided by Michael Andlauer, President & CEO 
Andlauer Management Group Inc., respecting the Invitation to present the 
Bulldog/Cadillac Fairview Proposal to Committee, was received. 
 
A copy of the presentation is available on the City’s website at 
www.hamilton.ca or through the Office of the City Clerk. 
 
For disposition of this matter, please refer to Item 2. 
 
 

(iii) Nicole Smith, Kumon Hamilton West End, respecting the Saturday 
Rallies and Standing for Love and Inclusion (Item 8.3) 
 
Nicole Smith, Kumon Hamilton West End, addressed Committee 
respecting the Saturday Rallies and Standing for Love and Inclusion. 
 
The presentation provided by Nicole Smith, Kumon Hamilton West End, 
respecting the Saturday Rallies and Standing for Love and Inclusion, was 
received. 

 
A copy of the presentation is available on the City’s website at 
www.hamilton.ca or through the Office of the City Clerk. 
 
 

(iv) Mike Wood, Hamilton ACORN, respecting Item 10.3 – Report 
PED19178/HSC19052, Financial Incentive Program Amendments 
respecting Potential Tenant Displacement (Item 8.4) 
 
Mike Wood, Hamilton ACORN, addressed Committee respecting Item 
10.3 – Report PED19178/HSC19052, Financial Incentive Program 
Amendments respecting Potential Tenant Displacement. 
The presentation provided by Hamilton ACORN, respecting Item 10.3 – 
Report PED19178/HSC19052, Financial Incentive Program Amendments 
respecting Potential Tenant Displacement, was received. 

 
A copy of the presentation is available on the City’s website at 
www.hamilton.ca or through the Office of the City Clerk. 
 
For disposition of this matter, please refer to Item 4. 

http://www.hamilton.ca/
http://www.hamilton.ca/
http://www.hamilton.ca/
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(g) STAFF PRESENTATIONS (Item 9) 
 
(i) Investing in Canada Infrastructure Program – Public Transit Stream 

Grant Program (PW19083/FCS18048(a)) (City Wide) (Item 9.1) 
 

Mike Zegarac, General Manager, Finance & Corporate Services, 
introduced the presentation and provided an overview of Report 
PW19083/FCS18048(a), regarding Investing in Canada Infrastructure 
Program – Public Transit Stream Grant Program. 
 
Brian McMullen, Director, Financial Planning & Policy; and, Debbie Dalle 
Vedove, Director of Transit, addressed Committee and provided a 
presentation respecting Report PW19083/FCS18048(a), regarding 
Investing in Canada Infrastructure Program – Public Transit Stream Grant 
Program. 

 
The presentation, respecting Report PW19083/FCS18048(a), regarding 
Investing in Canada Infrastructure Program – Public Transit Stream Grant 
Program, was received. 
 
A copy of the presentation is available on the City’s website at 
www.hamilton.ca or through the Office of the City Clerk. 
 
For disposition of this matter, please refer to Item 1. 
 
 

(h) DISCUSSION ITEMS (Item 10) 
 

(i) Sports, Entertainment and Convention Venues Review (PED18168(b)) 
(City Wide) (Item 10.1) 

 
(a) Sub-section (a) to Report PED18168(b), respecting the Sports, 

Entertainment and Convention Venues Review, was amended by 
deleting the word “approve” and replacing it with the word 
“receive”, to read as follows: 

 
(a) That the strategy outlined within the City of Hamilton 

Entertainment Venues Review, attached as Appendix 
“A” to Report 19-014 and confidential Appendix “B” to 
Report PED18168(b), be approved received; 

 
 

(b) Sub-sections (b) and (d) to Item 2 of the General Issues Committee 
Report PED18168(b), respecting the Sports, Entertainment and 
Convention Venues Review, was amended by adding the words 
“as amended”, after the words “Appendix “C”, to read as follows: 

http://www.hamilton.ca/
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(b) That the recommendations outlined in confidential Appendix 
“C” as amended, to Report PED18168(b) be approved; 

(d) That the entirety of Appendices “B”, “C” as amended, and 
“E” to Report PED18168(b) remain confidential and not be 
released as public documents. 

 
For disposition of this matter, please refer to Item 2. 
 

 
(ii) West Harbour Development Sub-Committee Report 19-002, 

September 9, 2019 (Item 10.4) 
 

Sub-sections (b)(i), (b)(ii) and (b)(iii) to the West Harbour Development 
Sub-Committee Report 19-022, respecting Report PED19191 - Piers 6 
and 7 Commercial Village Activation Plan, were deleted in their entirety 
and replaced with the following new sub-section (b)(i) in lieu thereof, and 
the balance of the recommendations be renumbered accordingly: 
 
(b) Piers 6 and 7 Commercial Village Activation Plan (PED19191) 

(Ward 2) (Item 10.1)  
 

(i) That staff be directed to prepare and execute a procurement 
process to select an external entity for the purposes of 
building, operating, and programming temporary commercial 
and public uses within the Pier 6 and 7, and including but not 
limited to Pier 8, lands and potentially adjacent city-owned 
lands as an interim use; 

 
(ii) That the procurement process to select an external entity for 

the purposes of building, operating, and programming 
temporary commercial and public uses within the Pier 6, 7, 
and 8 lands and potentially adjacent city-owned lands, 
includes a short-term land lease of not more than two years, 
at nominal value for the development blocks within these 
lands; 

 
(iii) That staff be authorized and directed to prepare the formal 

procurement process to select an external entity for the 
purposes of building, operating, and programming temporary 
commercial and public uses within the Pier 6, 7, and 8 lands 
and potentially adjacent city-owned lands, in a manner and 
on terms and conditions deemed appropriate by the General 
Manager of the Planning and Economic Development 
Department, and in a form acceptable to the City Solicitor; 
and, 
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(i) That staff be directed to immediately market the 
individual development blocks for Piers 6 and 7 for sale 
to the private sector; and, 

 
(ii) That the retail study attached as Appendix “A”, be received. 
 

 
For disposition of this matter, please refer to Item 5. 
 

 
(iii) Business Improvement Area Advisory Committee Report 19-009, 

September 10, 2019 (Item 10.5) 
 

(a) Sub-section (d)(i) to Item 4 of the Business Improvement Area 
Advisory Committee Report 19-009 respecting the Downtown 
Hamilton Business Improvement Area Expenditure Request, were 
amended by deleting the dollar amount of $14,594.78 and 
replacing it with the dollar amount of $5,381.59, to read as follows: 

 
(d) Downtown Hamilton Business Improvement Area 

Expenditure Request (Item 11.4) 

 
(1) That the expenditure request from the Downtown 

Hamilton Business Improvement Area, in the amount 
of $14,594.78 $5,381.59 for Bicycle Racks, and the 
purchase and Maintenance of Christmas Decorations, 
to be funded from the Community Improvement Plan 
(CIP) Contribution Program (BIA Payments Account 
815010-56905), be approved; and, 

 
 

For disposition of this matter, please refer to Item 6. 
 
 

(i) MOTIONS (Item 11) 
 

(i) Release of the Bulldog Proposal for Public Consumption (Item 11.1) 
  

Councillor Danko withdrew his Motion respecting the release of the 
Bulldog Proposal for Public Consumption. 
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(ii) Policy on Standard Terms and Conditions to be Incorporated in City 
Lease Agreements Consistent with the City’s Equity and Inclusion 
Policy (Item 11.3) 
 
Legal Services staff were directed to develop a policy on standard terms 
and conditions to be incorporated in City lease agreements that is 
consistent with the City’s Equity and Inclusion Policy and consistent with 
the City’s approach to the equity, diversity and inclusion framework 
currently being developed, and report back to the General Issues 
Committee. 
 
The Motion respecting a Policy on Standard Terms and Conditions to be 
Incorporated in City Lease Agreements Consistent with the City’s Equity 
and Inclusion Policy, was amended by deleting the words “develop a 
policy on” and replacing them with the words “assess the benefits and 
implications of including a policy”, to read as follows: 
 

That Legal Services staff be directed to assess the benefits and 
implications of including a policy on standard terms and 
conditions to be incorporated in City lease agreements that is 
consistent with the City’s Equity and Inclusion Policy and consistent 
with the City’s approach to the equity, diversity and inclusion 
framework currently being developed, and report back to the 
General Issues Committee. 

 
 

(iii) Feasibility of Locating a New Arena on the Hamilton Mountain 
(Limeridge Mall) (Item 11.4) 

 
Staff were directed to review the feasibility of locating a new arena sites on 
the Hamilton mountain (Limeridge Mall), internally and without the use of a 
consultant and at no additional cost to the City, and report back to the 
General Issues Committee. 

 
 

(j) NOTICES OF MOTIONS (Item 12) 
 

Councillor N. Nann introduced a Notice of Motion respecting Policy on Standard 
Terms and Conditions to be Incorporated in City Lease Agreements Consistent 
with the City’s Equity and Inclusion Policy. 

 
(i) Policy on Standard Terms and Conditions to be Incorporated in City 

Lease Agreements Consistent with the City’s Equity and Inclusion 
Policy (Item 12.1) 
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The Rules of Order were waived to allow for the introduction of a Motion 
respecting Policy on Standard Terms and Conditions to be Incorporated in 
City Lease Agreements Consistent with the City’s Equity and Inclusion 
Policy. 
 
 

Councillor E. Pauls introduced a Notice of Motion respecting the Provision of 
Free On-Street Parking on Concession Street for the 2019 Fallfest. 
 
(ii) To Provide Free On-Street Parking on Concession Street for the 2019 

Fallfest (Item 12.2) 
 

The Rules of Order were waived to allow for the introduction of a Motion 
respecting the Provision of Free On-Street Parking on Concession Street 
for the 2019 Fallfest. 

 
For disposition of this matter, please refer to Item 9. 
 

 
(k) GENERAL INFORMATION / OTHER BUSINESS (Item 13) 
 

(i) Road Collapse in Dundas (Item 13.1) 
 

Councillor VanderBeek advised Committee that a section of the Highway 
8 Dundas-Greensville Hill collapsed on October 2, due to the rain event; 
and, that the road is closed in both directions between Bond Street and 
Hillcrest Avenue while the City determines the necessary repairs. 
 
As well the Dundas Valley Golf and Country Club had to close today and a 
detour for residents who live in the area will need to be put in place.  The 
Councillor also asked that the General Manager of Public Works provide 
direction to the Director of Transportation, Operations and Maintenance to 
work with her (the Ward Councillor) on the detour area. 
 
Councillor VanderBeek also requested that Public Works staff provide a 
verbal status update respecting the road collapse at the October 9, 2019 
meeting of Council.    
 

 
(ii) Dust Event on Monday, September 30, 2019 resulting from the 

Demolition of the Former Specialty Bar Plant Facility Located on 
Sherman Ave. North, Hamilton (Item 13.2) 

 
Councillor Nann spoke to Committee respecting the dust event on Monday 
afternoon resulting from the demolition of the former Specialty Bar Plant 
facility located on Sherman Ave. North.   
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The Ministry of Environment, Conservation and Parks (MECP) has done 
testing after the event this week and those results will take 2 to 4 weeks.   
 
Local residents who are concerned about exposure to the dust may 
experience short-term exposure symptoms, including irritation of the eyes, 
nose and throat.  If symptoms persist, please consult a physician. 
  

 
(iii) Off-Spray from Road Painting on Scenic Drive (Item 13.3) 

 
Councillor Whitehead advised Committee that he has received many calls 
from residents on Scenic Drive with respect to damage to cars and 
driveway caused by off-spray of road painting that was being done. 
 
Claims are being sent to Risk Management for review.  The Councillor will 
investigate what occurred with the contractor and is looking forward to a 
formal response. 
 
 

(l) PRIVATE & CONFIDENTIAL (Item 14) 
 

(i) Closed Session Minutes – September 18, 2019 (Item 14.1) 
 

(a) The Closed Session Minutes of the September 18, 2019 General 
Issues Committee meeting, were approved; and,  

 
(b) The Closed Session Minutes of the September 18, 2019 General 

Issues Committee meeting shall remain confidential. 
 

 
The General Issues Committee recessed in order to hold the Hamilton 
Renewable Power Inc. Shareholder meeting. 
 
Committee moved into Closed Session respecting Appendices “B”, “C” and “E” to 
Report PED18168(b) (Item 14.2), Items 14.3 and 14.5, pursuant to Section 8.1, 
Sub-sections (c), (f) and (k) of the City's Procedural By-law 18-270, and Section 
239(2), Sub-sections (c), (f) and (k) of the Ontario Municipal Act, 2001, as 
amended, as the subject matter pertains to a proposed or pending acquisition or 
disposition of land for City purposes; and, the receiving of advice that is subject 
to solicitor-client privilege, including communications necessary for that purpose; 
and, a position, plan, procedure, criteria or instruction to be applied to any 
negotiations carried on or to be carried on by or on behalf of the municipality or 
local board. 
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Council – October 9, 2019 

(ii) Sports, Entertainment and Convention Venues Review (Appendices 
“B”, “C” and “E” to Report PED18168(b)) (City Wide) (Item 14.2) 

 
Staff was provided with direction in Closed Session. 
 
For further disposition of this matter, please refer to Item 2. 
 
 

(iii) Transfer of Assets from the Hamilton Street Railway Company to the 
City of Hamilton - 2200 Highway #6, Glanbrook, and 2650 Barton 
Street East, Hamilton (PED19172) (Ward 11 and Ward 5) (Item 14.3) 

 
Staff was provided with direction in Closed Session. 
 
For further disposition of this matter, please refer to Item 11. 
 
 

(iv) Sub-lease Negotiations for the John C. Munro International Airport 
(PED19137) (Item 14.4) 

 
As noted in the changes to the agenda, additional time is required to 
properly prepare this report.  Therefore, it will be brought forward to a 
future General Issues Committee meeting. 
 
 

(l) ADJOURNMENT (Item 13) 
 

There being no further business, the General Issues Committee adjourned at 
9:27 p.m. 

Respectfully submitted,  
   
 
 
_________________________________ 

    T. Whitehead, Deputy Mayor 
      Chair, General Issues Committee  
__________________________ 
Stephanie Paparella 
Legislative Coordinator, 
Office of the City Clerk 
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Project Description Notes 2020 2021 2022 2023 2024 2025 2026 Total Federal Provincial City

(000's) (000's) (000's) (000's) (000's) (000's) (000's) (000's) 40% 33.33% 26.67%

1. Maintenance & Storage Facility 1,2 120,000$     140,000$    260,000$      104,000.0$ 86,658.0$   69,342.0$   

2. Replacement Fleet 3 13,528$     30,324$    17,784$    12,688$    12,163$    12,045$    15,545$    114,077$      45,630.8$   38,021.9$   30,424.3$   

3. Expansion Fleet (10 Year Strategy) 1,3 10,400$     11,424$    11,653$    12,735$    12,990$    14,132$    -$    73,334$      29,333.6$   24,442.2$   19,558.2$   

4. A-Line Priority Bus Corridor 2 -$    2,000$    2,000$    2,000$    2,500$    0 -$    8,500$      3,400.0$     2,833.0$     2,267.0$     

5. Birch Avenue Bridge/Road Works 2 -$    -$    31,000$    0 0 0 -$    31,000$      12,400.0$   10,332.3$   8,267.7$     

6. Presto Device Refresh 2 5,000$     0 0 0 0 0 -$    5,000$      2,000.0$     1,666.5$     1,333.5$     

7. CAD/AVL Replacement 2 -$    6,250$    2,750$    -$    -$    -$    -$    9,000$      3,600.0$     2,999.7$     2,400.3$     

8. Active Transportation Connections 3 900$      1,200$    900$     1,500$    3,000$    2,500$    -$    10,000$      4,000.0$     3,333.0$     2,667.0$     

Total (000's): 149,828$     191,198$    66,087$    28,923$    30,653$    28,677$    15,545$    510,911$      204,364.4$ 170,286.6$ 136,260.0$ 
Notes:  

1: City Share of Total Project Cost will be financed from tax supported DC Debt.

2: City Share of Total Project Cost will be financed from tax supported debt.

3: City Share of Total Project Cost will be financed from City Transit Vehicle and DC Reserves

Financing Strategy 2020 2021 2022 2023 2024 2025 2026 Total

(000's) (000's) (000's) (000's) (000's) (000's) (000's) (000's)

Federal Share 59,931.2$      76,479.2$     26,434.8$     11,569.2$     12,261.2$     11,470.8$     6,218.0$     204,364.4$     
Provincial Share 49,937.7$      63,726.3$     22,026.8$     9,640.0$     10,216.6$     9,558.0$     5,181.1$     170,286.5$     

City Share 39,959.1$      50,992.5$     17,625.4$     7,713.8$     8,175.2$     7,648.2$     4,145.9$     136,260.1$     

Total 149,828.0$      191,198.0$     66,087.0$     28,923.0$     30,653.0$     28,677.0$     15,545.0$     510,911.0$     

City Funding Details:

Transit Vehicle Reserve 110030 5,781.0$      10,530.0$     7,150.0$     6,152.0$     6,458.0$     6,505.0$     4,145.9$     46,721.9$     

Dev Charges - Non Res TCA 110311 311.0$     342.0$    348.0$    380.0$    388.0$    423.0$    2,192.0$     

Dev Charges - Res TCA 110310 530.0$     582.0$    593.0$    648.0$    662.0$    720.0$    3,735.0$     

Dev Charges - Non Res DEBT (note 4) 110311 5,631.0$      7,571.0$     13,202.0$     

Dev Charges - Res DEBT (note 4) 110310 9,117.0$      12,891.0$     22,008.0$     

Tax Supported Debt Financing 18,589.1$      19,076.5$     9,534.4$     533.8$    667.2$    0.2$    -$    48,401.2$     

Total 39,959.1$      50,992.5$     17,625.4$     7,713.8$     8,175.2$     7,648.2$     4,145.9$     136,260.1$     

Debt Financing Tax Impacts

New Debt Charges 1,835.0$      1,893.0$     943.0$    51.0$    64.0$    -$    -$    4,786.0$     

Tax Impact of New Debt Charges 0.21% 0.22% 0.11% 0.01% 0.01% 0.00% 0.00%

Operating Budget Tax Impacts

FTE Operating Budget Impact 35.0 39.0 60.0 38.0 41.0 41.0 - 254.0 

$ Operating Budget Impact 1,938.0$      3,483.0$     10,022.0$     3,256.0$     3,577.0$     3,649.0$     -$    25,925.0$     

Tax Impact of OIC 0.22% 0.40% 1.15% 0.37% 0.41% 0.42% 0.00%

TOTAL TAX IMPACT 3,773.0$      5,376.0$     10,965.0$     3,307.0$     3,641.0$     3,649.0$     -$    

TOTAL TAX IMPACT 0.43% 0.62% 1.26% 0.38% 0.42% 0.42% 0.00%

Note 4: Debt charges for Tax Supported DC Debt will be funded from DC Reserves and have no impact on the tax operating budget

Cost Sharing Breakdown
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Projects

FTE (000's) FTE (000's) FTE (000's) FTE (000's) FTE (000's) FTE (000's) FTE (000's)

1. Maintenance & Storage Facility 21 6,500$      

2. Replacement Fleet 

3. Expansion Fleet (10 Year Strategy) 35 1,938$      38 3,333$   38 3,372$      38 3,116$         41 3,577$        41 3,649$             

4. Birch Avenue Bridge/Road Works 140$            

5. A-Line Priority Bus Corridor

6. Presto Device Refresh

7. CAD/AVL Replacement 1 150$      1 150$         

8. Active Transportation Connections     

Total: 35 $1,938 39 $3,483 60 $10,022 38 $3,256 41 $3,577 41 $3,649 0 $0

Total FTE: 254 (includes years 5 - 10 of the 10 Year Local Transit Strategy)

Total Operating ($000): $25,925

 Summary of  Operating Costs 

20262020 2021 2022 2023 2024 2025
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Planning and Economic Development Department 

 Urban Renewal Section  
71 Main Street West, 7th Floor 

Hamilton, Ontario L8P 4Y5 
Phone:  (905) 546-2424 Ext. 2755 

Fax:  (905) 546-2693 
 

COMMERCIAL CORRIDOR HOUSING LOAN AND GRANT PROGRAM 

PROGRAM DESCRIPTION 

The Commercial Corridor Housing Loan and Grant Program (the “Program”) is designed 
to stimulate residential development within Downtown Hamilton, Hamilton’s Community 
Downtowns, the Mount Hope / Airport Gateway, active and dormant Business 
Improvement Areas and “commercial corridors”, as identified in the Downtown and 
Community Renewal Community Improvement Project Area By-law, and those properties 
within the City boundaries designated under the Ontario Heritage Act. 

The Program is intended to provide financial assistance for converting existing built 
commercial space into residential units, renovations to existing residential units or 
construction of new units via building additions. The Program is also intended to provide 
assistance for the costs of creating new residential units on vacant land.  

The Program may also qualify the applicant for additional incentives for the development 
of new rental units that meet affordability needs, subject to availability.  Additional 
incentives may include any combination of development charge and parkland dedication 
exemptions, capital funding contributions and any other incentive as may be available 
from time to time for the purposes of encouraging the development of new affordable 
rental housing.  In order to be eligible for additional affordable housing incentives, rental 
units must meet the definition and criteria established in the City of Hamilton By-law 03-
148 to Adopt a Municipal Housing Facility By-law. When affordable housing is developed 
in conjunction with this Program, this Program constitutes an affordable housing program 
for the purposes of the City of Hamilton’s Development Charges By-law 14-153. 

Acting as a lender, the City provides financial support for the Program and ensures that 
development arising from the Program is consistent with the principles and design themes 
contained within the Downtown and Community Renewal Community Improvement Plan, 
the applicable Official Plan and Zoning By-law, and the provisions of relevant Urban 
Design Plans. 

PROGRAM TERMS 

Note: A Pre-Application Form must be completed and forwarded to the Urban Renewal 
Section prior to completing a Final Application Form. The Pre-Application Form is required 
in order that staff can review property details and determine appropriate next steps. 
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1. Subject to meeting all other Program terms, the Commercial Corridor Housing 
Loan and Grant Program is available to property owners within: 

a) the Downtown Hamilton Community Improvement Project Area; 

b) the City of Hamilton’s Community Downtowns; 

c) the Mount Hope / Airport Gateway; 

d) the active and dormant Business Improvement Areas; 

e) the “commercial corridors” as identified in the Downtown and Community 
Renewal Community Improvement Project Area By-law; and, 

f) Properties within the City boundary designated under the Ontario Heritage 
Act. 

2. The maximum loan amount is $20 K per dwelling unit to a maximum of $600 K per 
property (30 units). A dwelling unit is a room or suite of rooms used or intended to 
be used by one or more persons living together as one household, in which cooking 
and sanitary facilities are provided for the exclusive use of the household, and to 
which an independent entrance is provided from outside the building or from a 
common interior hallway, vestibule or stairway. A minimum of 50% of the loan per 
unit must be spent on developing / renovating the unit. The remaining 50% can 
cover the cost of common elements of the property e.g. roofing, HVAC, central air 
conditioning, fire escapes, foundations, furnaces, entranceways or other 
improvements deemed eligible by the General Manager of the Planning and 
Economic Development Department. 

3. In addition to the loan, the Program has a grant portion of $5 K per application 
allocated to professional fees and City of Hamilton fees only. The grant portion is 
paid upon presentation of paid receipts to the City’s satisfaction. Professional fees 
will include: architects; BCIN designers; lawyers; engineers; surveyors’ fees, title 
insurance, etc. City of Hamilton fees will include: building permit, site plan 
application, road occupancy permit, street occupancy permit and encroachment 
agreement fees. Eligible fees will be determined at the absolute discretion of the 
General Manager of Planning and Economic Development. 

4 The Program does not apply to single-detached dwelling units or “individual” street 
townhouse dwelling units. However, the Program does apply to the creation of 
“accessory units” also known as basement apartments within existing dwellings 
including single-detached and “individual” street townhouses. Accessory units 
must be self-contained with kitchen and bathroom facilities. Accessory units must 
comply with the applicable Urban Hamilton Official Plan designation, Zoning By-
law provisions and the Ontario Building Code. 

5. The Program will not fund improvements including roofing, electrical, fascia, and 
eavestrough, in isolation of internal work on dwelling units. 

6. Approval of the loan application is at the absolute discretion of the General 
Manager of the Planning and Economic Development Department (for loans / 
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grants to a maximum of $200 K) and, City Council for loans/grants above $200 K 
and, subject to the availability of funds. 

7. The maximum Loan term is five years and six months (subject to prior termination 
on default) from the date of the final advance exclusive of holdback. No extension 
or renewal shall be granted. 

8. The Loan interest rate will be at 0% interest for the first five years. For the last six 
months of the Loan, interest shall be payable on the principal outstanding at the 
then prevailing rate established by Council for interest on tax arrears, such interest 
to be calculated and payable monthly, not in advance. 

9. The Loan will be registered as a second mortgage upon the lands to be developed 
(the “Property”) prior to the first advance of funds. In addition, the Applicant will 
enter into a Loan Agreement which includes (but is not limited to) the terms and 
conditions of this program description. 

10. The City will request security required to secure a commercial loan, which may 
include the following: loan agreement; and / or promissory note; and / or personal 
property security; and / or personal guarantees; and / or corporate guarantees; 
and / or lien on the property to be improved; and / or collateral mortgage charge 
registered on the property to be improved; and / or letter of credit in lieu of a second 
mortgage charge on the property (subject to City’s minimum equity requirements); 
and / or such other security which may be appropriate or available in the 
circumstance. The City will request net worth statements or variations thereof as 
the City may determine. 

11. Interest on arrears will be 15% per annum or such tax arrears interest rate as may 
be established by Council from time to time. 

12. Applicants shall have no less than 25% equity based upon the appraised value of 
the property offered as security, including cost of improvements being financed.  
The City at its discretion will determine whether an appraisal is required or whether 
it will accept a drive-by appraisal, tax assessment or other proof of value, 
depending on the amount of the Loan and the extent of construction or renovation. 

13. Advances are made by the City, upon proof satisfactory to the City confirming the 
value of the work completed. 

14. The City’s funding will be advanced in three stages, upon completion of 60%, 80% 
and substantial completion of the project. Upon proof satisfactory to the City that 
the proposed development is 60% complete based upon the value of the 
construction and that equity and / or financing required to that stage of completion 
has been injected into the development, then the approved City funds will be made 
available and released proportionately based upon the approved source of funds 
(equity / financing / City funds). The calculation of the proportion to be advanced 
will reflect that the first 60% of funding is from non-City sources.  Advances will be 
made in conjunction with financing advances or after proof of equity injections. 
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15. Principal is repayable in annual amounts of ten percent (10%), in 12 equal monthly 
payments, of the original loan amount. Payments will commence one year 
following the substantial completion advance, exclusive of any required holdback. 
The balance outstanding will be paid by a balloon payment at the end of the Five 
Year and Six-Month Term. Monthly principal payments will continue during the last 
six months of the repayment term with interest calculated and payable monthly, 
not in advance, if not paid earlier. 

16. If the development is a condominium, the repayment regime is as follows: upon 
sale of individual condominium units, the City will be repaid $25 K per unit, until 
the loan is paid in full. In addition to repayment upon sale of individual 
condominium units, commencing in the second year following the substantial 
completion advance, ten percent of the principal loan amount is repayable annually 
in the second, third, fourth and fifth years following substantial completion, unless 
repayments made upon sale of the individual condominium units are equal to or 
greater than ten percent of the principal loan amount in each of the second, third, 
fourth and fifth years. On the last day of the fifth year, a single payment of the 
balance outstanding will be required. 

17. The loan may be prepaid at any time without notice, bonus or penalty. 

18. An application fee of $339 must accompany the final application. An administration 
fee of $293.80 per unit is charged to the borrower. The administration fees will be 
paid out of the first advance of funds that flow from the City of Hamilton. The fee 
amount may be changed from time to time as approved by City Council. 

19. Realty taxes must be paid as billed throughout the development process. 

20. All costs associated with the conversion or renovations are to be borne by the 
applicant including construction, design, administration fees, appraisals, 
inspections, legal and registration fees. The City retains the right to assess the 
reasonableness of costs and which costs are eligible under the terms of the 
Program. 

21. In the event of the sale, conveyance, transfer or entering into of any agreement of 
sale or transfer of the title of the Property all monies secured by the mortgage to 
the City shall forthwith become due and payable. 

22. Change of Corporate Control: 

Where the Owner is a corporation the Owner covenants and agrees that in the 
event that: 

a) the Owner fails to supply the City, in a form satisfactory to the City such 
information relating to the ownership of its shares as the City may from time 
to time require: or b) without the written consent of the City first had and 
obtained: 
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i) the Owner issues or redeems any of its shares or transfers any of its 
shares; 

ii) there is a sale or sales of the shares of the Owner which result in the 
transfer of the legal or beneficial interest of any of the shares of the 
Owner; or, 

iii) the Owner amalgamates, merges or consolidates with any other 
corporation.  

and the result of any of the foregoing is a change in the effective control of the 
majority of the voting shares of the Owner, or the requested information is not 
provided, then all monies secured by the mortgage together with accrued interest 
thereon shall forthwith become due and payable at the option of the City and the 
City’s powers of sale hereby given and all other remedies for enforcement shall be 
exercisable. 

23. The proposed development must conform to the relevant Official Plan and Zoning 
By-law and such other approved municipal policies as are applicable, e.g. urban 
design guidelines / built form guidelines.   

24. The proposed development must conform to an Urban Design Plan where same 
is in effect. The applicant must demonstrate to staff that the Urban Design Plan is 
being implemented. 

25. The City of Hamilton will require specific insurance terms to be met to protect the 
City’s interest. 

26. Redevelopment / development will commence no longer than one-year following 
the date the loan is approved by the General Manager of Planning and Economic 
Development or City Council, or the loan / grant will be cancelled. The one-year 
period may be extended at the absolute discretion of the General Manager of 
Planning and Economic Development. 

27. The deadline for 60% completion of the proposed redevelopment / development 
will be subject to a date established through consultation with the applicant and 
approved by the General Manager of Planning and Economic Development 
Department. 

28. The City will periodically review the terms and the duration of the Program and 
make appropriate revisions as per the direction of City Council. 

29. The Commercial Corridor Housing Loan and Grant may be received by an owner 
in conjunction with any other available City programs (excluding the Hamilton 
Downtown Barton / Kenilworth Multi-Residential Property Investment Program) in 
support of the redevelopment / development of the property. 

30. Without limiting the discretion as set out in paragraph six, herein, City Council, 
whether or not an Applicant satisfies the requirements of the Program, may reject 
any application received from an applicant where, in the opinion of Council, the 
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commercial relationship between the City and the Applicant has been impaired by, 
but not limited to, the applicant being involved in litigation with the City.  Applicants 
shall include but not be limited to the following: the Applicant identified on the 
application form and if a corporation any person or entity with an interest in the 
corporation as determined by the City in its sole, absolute and unfettered 
discretion. 

31. Without limiting the discretion as set out in paragraph six, herein, City Council may 
reject application received from an applicant, whether or not an Applicant satisfies 
the requirements of the Program, anywhere there are property tax arrears owed 
on the subject property or on other properties owned by the Applicant within the 
City of Hamilton. 

32.  Without limiting the discretion as set out in paragraph six, herein, the City Council 
or its delegate, whether or not an Applicant satisfies the requirements of the 
Program, may reject any application received from an applicant where there is 
credible information that an applicant has been involved recently or repeatedly in 
illegal activity supporting the conclusion that he or she will not conduct himself or 
herself with honestly and integrity in undertaking the activity, operation or business 
for which the loan/grant is sought. For corporate applicants, it will be the 
corporation and the principals of the corporation whose illegal activity will be 
considered. 

33. Works commenced prior to submitting an application are ineligible for funding 
under the Program.  Works commenced after submitting an application but prior to 
approval of an application may be eligible for funding under the Program and 
eligibility will be determined by the General Manager of Planning and Economic 
Development in his sole, absolute and unfettered discretion.  An applicant shall 
assume the risk of paying for work commenced after an application has been 
submitted but prior to approval. 

34. Please refer to the Application Form for the documentation required to be 
submitted as part of an application under this Program. 

35. Applicants shall disclose if any residential units are occupied at the time an 
application has been submitted to the City and, if so, identify the specific units 
occupied. For additional clarity, the City is not requesting or requiring the disclosure 
of tenant names or any other personal contact information. 

 
36. Where this program will provide a financial incentive and/or loan to facilitate the 

undertaking of external and/or internal property improvements which are not for 
the sole benefit of a non-residential use, and where the subject property contains 
occupied unit(s) at the time of application to the City, the occupied unit(s) shall not 
be the subject of an approved Above Guideline Increase (AGI) request (also 
referred to as an L5 request) to the Landlord and Tenant Board (LTB) for a period 
beginning from the date the application is received by the City and ending upon 
completion of the prescribed term of the incentive to be provided, or five years from 
the date of the initial financial disbursement, whichever is greater.  This condition 
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will continue to apply whether or not the tenancy of the unit(s) changes during this 
period.  Exceptions to this condition may be provided where it can be 
demonstrated, to the City’s satisfaction, that: 

a) the affected tenant(s) have consented to the proposed AGI. Where there is 
more than one occupied unit in the building at the time of application to the 
City, this exception only applies where all affected tenants have consented to 
the proposed AGI request; 

b) that the requested AGI is a result of improvements or other matters not 
related to those improvements facilitated by the City’s financial incentive; and, 

c) notwithstanding the provision of a financial incentive by the City, an AGI 
request would be required to facilitate the property improvements due to site 
or building specific circumstances.  

In the event an AGI request is approved by the LTB and determined to be in 
contravention of the City’s condition, and this approval occurs after the City’s 
approval under this incentive program but prior to the entering into any agreement 
required by this program, the application approval will be deemed to be rescinded, 
no incentive will be provided, and no agreement will be entered into by the City.  
Where the AGI approval occurs after the City’s approval and after the execution of 
any agreement required by this program, any remaining incentive yet to be 
provided over the remaining term of the program will be cancelled and enforcement 
action will be initiated to recoup financial incentives provided to-date. 

This condition shall not apply to units registered as a condominium. 
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Planning and Economic Development Department 
Urban Renewal Section 

71 Main Street West, 7th Floor 
Hamilton, Ontario, L8P 4Y5 

Phone:  (905) 546-2424 Ext. 2755 
Fax:  (905) 546-2693 

 

HAMILTON TAX INCREMENT GRANT PROGRAM 

PROGRAM DESCRIPTION 

The intent of the Hamilton Tax Increment Grant Program (the Program) is to provide an 
economic catalyst for developing, redeveloping or renovating residential / commercial 
lands and buildings located within Downtown Hamilton, Community Downtowns, the 
Mount Hope / Airport Gateway, Business Improvement Areas (BIAs), and those 
properties within the City boundary designated under the Ontario Heritage Act.  

This Program authorizes for each approved grant application, a five-year grant, the 
amount of which is subject to Council approval, in an amount not exceeding the increase 
in municipal realty taxes (the Grant).  The increase in municipal realty taxes (City portion 
only) will be based on either the year in which the building permit that initiated the 
development / redevelopment was issued or, for properties where the proposed 
development / redevelopment does not require a building permit, the year in which City 
Council approved the Grant amount, and, the first full year in which the property is 
reassessed.  The Grant shall be an amount which does not exceed 100% of the municipal 
realty tax increase during year one, 80% in year two, 60% in year three, 40% in year four, 
and 20% in year five.  For purposes of determining the eligible amount of the increase in 
municipal realty taxes, special charges, including BIA levies, shall be excluded from the 
calculation.  The Grant would reduce the effect of an increase in municipal realty taxes 
attributable to the differential between the pre-renovation assessment and the post-
renovation assessment. 

Grant applications will not be accepted if there is an outstanding Request for 
Reconsideration through the Municipal Property Assessment Corporation (MPAC), 
outstanding Assessment Review Board appeal, outstanding divisional court appeal or an 
outstanding Municipal Act appeal, relating to the assessment of the Property or in respect 
of taxes related to the Property.  The Grant application will only be accepted once the 
above has been settled and the revised (if applicable) property taxes have been 
calculated. 

1. Before any Grant is provided to the Applicant for a property for which a satisfactory 
Grant application has been received and approved, realty taxes are required to 
have been paid as billed each year and, the property shall be in compliance with 
the Program’s requirements and conditions as set out in the Grant Payment 
Agreement the Applicant will be required to enter into with the City.  Conditions in 
the Agreement include but are not limited to: 
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a) The total value of the eligible Grant provided under the Program will be 
reduced by: (i) the amount by which property taxes have been cancelled or 
reduced for the subject property pursuant to any other City programs (i.e. 
vacancy rebates) or tax appeals under Sections 357 and 358 of the Municipal 
Act; (ii) the amount by which property taxes have been cancelled or reduced 
for the subject property pursuant to a Request for Reconsideration, and (iii) 
the amount by which property taxes have been reduced or cancelled for the 
property pursuant to any relief or reduction permitted under any legislation or 
order of any court or the Assessment Review Board; and, 

b) If the Applicant, third party or the municipality has appealed the change in the 
property assessment, the Grant will not be advanced until the appeal has 
been finally determined through the Assessment Review Board or Courts and 
revised property taxes have been calculated and adjusted. 

2. The first year of the Grant is payable at the end of the calendar year in the first full 
year of reassessment, post completion, of the redevelopment/ development 
(subject to taxes being paid in full and no pending appeal or confirmation that the 
assessment will not be appealed).  An Applicant has the option of receiving the 
Grant at the end of the first year of reassessment, however they will forfeit the 
Grant for the months of the year the reassessment does not apply i.e. if 
reassessment occurs on the 1st of March of a year, the first year of the Grant will 
be based on March-December (ten months) of the year only. (Calculation is based 
on actual taxes, therefore the post development taxes in year one would include 
the first part of the year at a lower assessment and the remaining part of the year 
at the higher assessment – which would result in minimal to no grant for the period 
January 1 to the reassessment date.) 

3. For commercial projects, the first year of the Grant is payable at the end of the first 
full year of reassessment, post completion, of the redevelopment / development 
regardless of the number of commercial units occupied. 

4. For residential condominium projects, the first year of the Grant is payable by the 
end of the calendar year in which 75% of the residential condominium units within 
the project are fully assessed and is calculated on a ratable per unit basis.  In years 
previous to 75% of the residential condominium units being fully assessed within 
the project, taxes are to be paid as billed and no Grants will be payable. 

5. For mixed-use projects (commercial and residential), the first year of the Grant is 
payable by the end of the calendar year in which 75% of the residential 
condominium units within the project are fully assessed and is calculated on a 
ratable per unit basis.  In years previous to 75% of the residential condominium 
units being fully assessed within the project, taxes are to be paid as billed and no 
Grants will be payable. 

Exception for residential condominium projects that are fully or partially assigned 
– the grant will be paid by the end of the first quarter of the following year (i.e. the 
grant for 2016 will be paid by March 31, 2017).  This will allow the City time to verify 
ownership and appeal status for each condominium unit, prior to issuing the Grant.  
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For year one of the Grant only, the Grant may be paid after the first quarter of the 
following year, if one-year following the date of registration on title of condominium 
status for the project expires after December 31 of the year in which 75% of the 
residential condominium units within the project are fully assessed. 

For residential condominium projects, the units must be assessed as residential 
condominiums. If the development is assessed as multi-residential or new-multi-
residential, no grant will be payable. 

6. The Grants may be received by an Applicant in conjunction with any other available 
municipal program (with the exception of the Barton / Kenilworth Tax Increment 
Grant Program, the ERASE Redevelopment Grant and the LEED Grant) in support 
of redevelopment / development, including the municipality’s loan and heritage 
programs.  The approved Grants are not assignable by the Applicant to anyone 
except to the initial purchaser of a residential condominium in a residential project, 
the initial purchaser of a residential or commercial condominium unit within a 
mixed-use project, or to the City of Hamilton.  The total of each property’s five 
years of approved Grants shall not exceed the costs of the property’s development 
/ redevelopment. 

7. A limited assignment of the Grant under the terms of the Program may be made 
from an Applicant to the initial purchaser of each new residential condominium unit 
within a residential project or to the initial purchaser of each new residential or 
commercial condominium unit within a mixed-use project.  The assignment of the 
Grant shall not apply to any subsequent re-sale of any such unit.  The first year of 
the Grant is the year in which at least 75% of the residential condominium units 
within the project are fully assessed. 

 The Applicant must confirm if they are proposing to assign the Grant to the first 
purchasers of residential condominiums within a residential project or the first 
purchasers of residential or commercial condominium units within a mixed-use 
project, at the time of application otherwise the Grant will not be assignable.  Also, 
the Applicant has one-year following the date of registration on title of condominium 
status for the project to assign the individual Grants to the first purchasers of each 
unit.  The Grant for units not assigned within the one-year period will be advanced 
to the Applicant and will not be assignable in the future.   

For Grants that are for a project that is fully / partially assigned, the pre-project 
municipal taxes are apportioned amongst each condominium unit based on, or 
with reference to, the MPAC’s “Condominium Plan Information Form” (CPIF) and 
in adherence to section 19.1(3) of the Assessment Act.  The CPIF apportions the 
pre-development assessment amongst the newly created assessment roll 
numbers for the units.  This allows the annual Grant to be calculated on a per unit 
basis (difference between the post-project municipal taxes of each unit and the 
pre-project municipal taxes for each respective unit).  The Grant is further pro-
rated based on the closing date of the sale to the first condominium purchaser of 
each of the fully assessed units (less the administration fee).  For partially assigned 
projects, the grant for the units not assigned by the Applicant is calculated in the 
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same manner, whereby the Applicant’s Grant will be pro-rated based on the date 
each unassigned unit was reassessed (less the administration fee).   

For residential condominium projects and mixed-use projects that are not 
assigned, the Grant will not be calculated on a per unit basis.  The annual Grant 
will be calculated by taking the difference between the sum of the post-project 
municipal taxes (for each year the Grant is payable) and the pre-project municipal 
taxes. 

If one-year following the date of registration on title of condominium status for the 
project expires after December 31 of the year in which 75% of the residential 
condominium units within the project are fully assessed, and the Applicant: 

a) has elected to assign the Grant to the first purchaser, the unit must be sold 
to the first purchaser within one-year following the date of registration on title 
of condominium status.  If the unit is sold to the first purchaser after December 
31 of the year in which 75% of the residential condominium units within the 
project are fully assessed, yet still within one-year following the date of 
registration on title of condominium status, the first year of the Grant is 
forfeited.  The first purchaser will be entitled to the remaining years of the 
annual Grant.  If the unit is not sold within one-year following the date of 
registration on title of condominium status, the Applicant can no longer assign 
the Grant and the Grant will be deemed not assigned and shall be payable to 
the Applicant.  

b) has elected not to assign the Grant to the first purchaser, the Grant will be 
payable to the Applicant by the end of the first quarter of the year following 
the year in which 75% of the residential condominium units within the project 
are fully assessed. 

The Grant will cease if the first condominium purchaser subsequently sells the 
condominium unit within the term of the Grant (if the Grant was assigned) or if the 
Applicant subsequently sells the condominium unit within the term of the Grant (if 
the Grant was not assigned either because the Applicant did not meet the deadline 
to assign the grant or because the Applicant continues to own the unit).  The Grant 
in the year of the sale will be pro-rated based on the date of closing, whereby the 
first condominium purchaser (if the Grant was assigned) or the Applicant (if the 
Grant was not assigned either because the Applicant did not meet the deadline to 
assign the grant or because the Applicant continues to own the unit) will receive a 
reduced Grant based on the number of days the first condominium purchaser (if 
the Grant was assigned) or the Applicant (if the Grant was not assigned either 
because the Applicant did not meet the deadline to assign the grant or because 
the Applicant continues to own the unit) was the owner in the year of the sale.  No 
Grant will be provided to the second or subsequent condominium purchasers.  

 There is a one-time $904 application fee for Grants greater than $12.5 K or 
$265.55 for Grants $12.5 K or less.  When Applicants choose to assign Grants to 
the first purchasers of residential condominium units in a residential project, or 
residential and commercial condominium units in a mixed-use project, there is also 
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a one-time administration fee of $480.25 per unit and the fee shall be deducted 
from the initial Grant payment.  Fees will be authorized through a by-law passed 
by City Council.  The rate of the fees may be changed from time to time as 
approved by City Council.  The administration fee charged will be the fee in affect 
in the first year of the Grant, regardless of when the Grant is actually paid.  

Applicants that choose to assign the Grant to the first purchasers of each 
residential or commercial condominium unit will receive the Grant for units they 
continue to own (units that have not been assigned either because the Applicant 
did not meet the deadline to assign the grant or because the Applicant continues 
to own the unit) and are subject to the aforementioned one-time application fee 
being deducted from the initial Grant payment.    

8. For Applicants who choose not to assign the Grant to the initial purchasers of each 
condominium unit, the Grant will be earned by the Applicant if they have met all 
terms and conditions of the Program including payment of taxes and all building 
permits having been signed-off by Building Services. 

 The annual Grant to the Applicant will be reduced by 25% if an appeal has been 
filed with MPAC by any of the condominium unit owners, whether such owner is 
the initial purchaser or a subsequent purchaser.  The 25% hold-back will not be 
released until the appeals are finally determined through the Assessment Review 
Board or Courts, and the revised property taxes have been calculated.  The first 
year of the Grant is payable during the calendar year in which 75% of the 
residential condominium units within the project are fully assessed.  The Grant is 
calculated by taking the difference between the post and pre-project municipal 
taxes.  The post-project municipal taxes are calculated by taking the sum of the 
municipal taxes of each of the condo units within the project.  The Grant is 
calculated as a whole, and not calculated on a per condominium unit basis (as is 
the case if it were assigned or partially assigned).  

9. An Applicant and any assignees, can assign the Grant to the City of Hamilton as 
payment of their loan under the Hamilton Downtown / West Harbourfront 
Remediation Loan Program.  

10. The Applicant will be required to enter into a Grant Payment Agreement with the 
City of Hamilton that sets out the conditions of the annual Grant.  When assigning 
the Grant to the first-purchasers of residential condominium units in a residential 
project or residential and commercial condominium units in a mixed-use project, 
the Applicant and the assignee have to enter into an Agreement that would assign 
the payment of the Grant to the assignee and also obligate the Applicant to the 
terms and conditions contained in the Grant Payment Agreement and, if the 
Applicant is in default of the Grant Payment Agreement, the Grant payment to the 
assignee ceases. 

11. Redevelopment / development will commence no longer than two years following 
City Council’s approval of the Grant or the Grant will be cancelled.  The two-year 
period may be extended by City Council at its absolute discretion. 
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12. In the event of the sale, conveyance, transfer or entering into of any agreement of 
sale or transfer of the title of the Property (for projects other than residential 
condominium projects or mixed-use projects), any future Grants will be terminated. 

13. Change of Corporate Control: 

Where the Applicant is a corporation the Applicant covenants and agrees that in 
the event that: 

a) the Applicant fails to supply the City, in a form satisfactory to the City such 
information relating to the ownership of its shares as the City may from time 
to time require or; 

b) without the written consent of the City first had and obtained: 

i) the Applicant issues or redeems any of its shares or transfers any of its 
shares; 

ii) there is a sale or sales of the shares of the Applicant which result in the 
transfer of the legal or beneficial interest of any of the shares of the 
Applicant or;  

iii) the Applicant amalgamates, merges or consolidates with any other 
corporation; 

and, the result of any of the foregoing is a change in the effective control of the 
majority of the voting shares of the Applicant, or the requested information is not 
provided, then future Grant payments under the Program shall cease at the 
absolute discretion of the City. 

14. Approval of the Grant application is at the absolute discretion of the City and 
subject to the availability of funds. 

15. Without limiting the discretion as set out in paragraph 14 herein, the City Council, 
whether or not an Applicant satisfies the requirements of the Program, may reject 
any application received from an Applicant where, in the opinion of Council, the 
commercial relationship between the City and the Applicant has been impaired by, 
but not limited to, the Applicant being involved in litigation with the City. Applicants 
shall include but not be limited to the following: the Applicant identified on the 
application form and if a corporation any person or entity with an interest in the 
corporation as determined by the City in its sole, absolute and unfettered 
discretion. 

16. Without limiting the discretion as set out in paragraph 14 herein, City Council, 
whether or not an Applicant satisfies the requirements of the Program, may reject 
any application received from an Applicant where there are property tax arrears 
owed on the subject property or other properties owned by the Applicant within the 
City of Hamilton. 

17. Works commenced prior to submitting an application are ineligible for funding 
under the Program. Works commenced after submitting an application but prior to 
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approval of an application may be eligible for funding under the Program and 
eligibility will be determined by the General Manager of Planning and Economic 
Development Department in his sole, absolute and unfettered discretion.  An 
Applicant shall assume the risk of paying for work commenced after an application 
has been submitted but prior to approval. 

18. Without limiting the discretion as set out in paragraph 14, herein, the City Council 
or its delegate, whether or not an Applicant satisfies the requirements of the 
Program, may reject any application received from an applicant where there is 
credible information that an applicant has been involved recently or repeatedly in 
illegal activity supporting the conclusion that he or she will not conduct himself or 
herself with honestly and integrity in undertaking the activity, operation or business 
for which the loan/grant is sought.  For corporate applicants, it will be the 
corporation and the principals of the corporation whose illegal activity will be 
considered. 

19. If an applicant is redeveloping a portion of their property only, the grant will be 
based on that portion of the property.  The Applicant will be required to provide a 
copy of the annual property assessment valuation from the MPAC for grant 
calculation purposes. 

20.  Applicants shall disclose if any residential units are occupied at the time an 
application has been submitted to the City and, if so, identify the specific units 
occupied. For additional clarity, the City is not requesting or requiring the disclosure 
of tenant names or any other personal contact information. 

 
21. Where this program will provide a financial incentive to facilitate the undertaking of 

external and/or internal property improvements which are not for the sole benefit 
of a non-residential use, and where the subject property contains occupied unit(s) 
at the time of application to the City, the occupied unit(s) shall not be the subject 
of an approved Above Guideline Increase (AGI) request (also referred to as an L5 
request) to the Landlord and Tenant Board (LTB) for a period beginning from the 
date the application is received by the City and ending upon completion of the 
prescribed term of the incentive to be provided, or five years from the date of the 
initial financial disbursement, whichever is greater.  This condition will continue to 
apply whether or not the tenancy of the unit(s) changes during this period.  
Exceptions to this condition may be provided where it can be demonstrated, to the 
City’s satisfaction, that: 

a) the affected tenant(s) have consented to the proposed AGI.  Where there is 
more than one occupied unit in the building at the time of application to the 
City, this exception only applies where all affected tenants have consented to 
the proposed AGI request; 

b) that the requested AGI is a result of improvements or other matters not 
related to those improvements facilitated by the City’s financial incentive; and 
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c) notwithstanding the provision of a financial incentive by the City, an AGI 
request would be required to facilitate the property improvements due to site 
or building specific circumstances.  

In the event an AGI request is approved by the LTB and determined to be in 
contravention of the City’s condition, and this approval occurs after the City’s 
approval under this incentive program but prior to the entering into any agreement 
required by this program, the application approval will be deemed to be rescinded, 
no incentive will be provided, and no agreement will be entered into by the City.  
Where the AGI approval occurs after the City’s approval and after the execution of 
any agreement required by this program, any remaining incentive yet to be 
provided over the remaining term of the program will be cancelled and enforcement 
action will be initiated to recoup financial incentives provided to-date. 

This condition shall not apply to units registered as a condominium. 

GRANT CRITERIA 

Projects that include developing, redeveloping or renovating residential/ commercial 
lands and buildings within Downtown Hamilton, Community Downtowns, the Mount Hope 
/ Airport Gateway, Business Improvement Areas (BIAs), or, designated under the Ontario 
Heritage Act and located within the City boundary are eligible under the Program. 

Approval of the application and estimated Grant amount is subject to City Council 
approval.  Such application shall be submitted and only received if it is prior to the 
Applicant’s commencement of improvements / rehabilitation to their property and shall 
include plans, estimates, contracts and other details as may be required to satisfy the City 
as to the cost of the project and as to the conformity of the project with the objectives of 
the Downtown and Community Renewal Community Improvement Plan.  

Such project is also required to be in compliance with the City’s Official Plan policies, 
other by-laws and policies, including but not limited to zoning, site plan approval, design 
guidelines, heritage matters including preservation of historical buildings.  The 
compliance of each application with the criteria of this Program and the estimated amount 
of the Property’s Grants (within the permitted terms of this Program) is at the discretion 
of and subject to Council approval.  

All parking lots and vacant sites are eligible.  Properties upon which commercial, 
residential or industrial buildings are cleared and demolished are eligible, with the 
exception of designated heritage buildings. 

This program shall not apply to an existing or proposed Adult Entertainment Parlour, Body 
Rub Establishment, Correction Facility, Corrections Residence, Emergency Shelter, 
Lodging House or Residential Care Facility as defined in the Zoning By-law. 
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Planning and Economic Development Department 
Urban Renewal Section 

71 Main Street West, 7th Floor 
Hamilton, Ontario, L8P 4Y5 

Phone: (905) 546-2424 Ext. 2755 
Fax: (905) 546-2693 

 

BARTON / KENILWORTH TAX INCREMENT GRANT PROGRAM 

PROGRAM DESCRIPTION 

The intent of the Barton / Kenilworth Tax Increment Grant Program (the Program) is to 
provide an economic catalyst for developing, redeveloping or renovating residential / 
commercial lands and buildings located within the boundaries of the Barton Village 
Business Improvement Area (BIA), the Barton and Kenilworth commercial corridors and 
the properties that front on Barton Street between James Street North and Victoria 
Avenue North as identified in the Downtown and Community Renewal Community 
Improvement Project Area By-law. 

This Program authorizes for each approved grant application, a nine-year grant, the 
amount of which is subject to Council approval, in an amount not exceeding the increase 
in municipal realty taxes.  The increase in municipal realty taxes (City portion only) will be 
based on either the year in which the building permit that initiated the development / 
redevelopment was issued or, for properties where the proposed development / 
redevelopment does not require a building permit, the year in which City Council approved 
the grant amount, and, the first full year in which the property is reassessed.  The grant 
shall be an amount which does not exceed 100% of the municipal realty tax increase 
during the first, second, third, fourth and fifth year, 80% in year six, 60% in year seven, 
40% in year eight, and 20% in year nine.  For purposes of determining the eligible amount 
of the increase in municipal realty taxes, special charges including BIA levies shall be 
excluded from the calculation.  The grant would reduce the effect of an increase in 
municipal realty taxes attributable to the differential between the pre-renovation 
assessment and the post-renovation assessment.  

1. Before any grant is provided to the Applicant for a property for which a satisfactory 
grant application has been received and approved, realty taxes are required to 
have been paid as billed each year and, the property shall be in compliance with 
the Program’s requirements and conditions as set out in the Grant Payment 
Agreement the Applicant will be required to enter into with the City.  Conditions in 
the Agreement include but are not limited to: 

a) The total value of the eligible grant provided under the Program will be 
reduced by: (i) the amount by which property taxes have been cancelled or 
reduced for the subject property pursuant to any other City programs (i.e. 
vacancy rebates) or tax appeals under Sections 357 and 358 of the Municipal 
Act; (ii) the amount by which property taxes have been cancelled or reduced 
for the subject property pursuant to a Request for Reconsideration, and (iii) 
the amount by which property taxes have been reduced or cancelled for the 
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property pursuant to any relief or reduction permitted under any legislation or 
order of any court or the Assessment Review Board; and 

b) If the Applicant, third party or the municipality has appealed the change in the 
property assessment, the grant will not be advanced until the appeal has 
been finally determined through the Assessment Review Board or Courts and 
revised property taxes have been calculated and adjusted. 

2. The first year of the grant is payable at the end of the calendar year in the first full 
year of reassessment, post completion, of the redevelopment / development 
(subject to taxes being paid in full and no pending appeal or confirmation that the 
assessment will not be appealed).  An Applicant has the option of receiving the 
grant at the end of the first year of reassessment, however they will forfeit the grant 
for the months of the year the reassessment does not apply i.e. if reassessment 
occurs on the 1st of March of a year, the first year of the grant will be based on 
March-December (ten months) of the year only.  (Calculation is based on actual 
taxes, therefore the post development taxes in year one would include the first part 
of the year at a lower assessment and the remaining part of the year at the higher 
assessment – which would result in minimal to no grant for the period January 1 
to the reassessment date.) 

3. For commercial projects, the first year of the grant is payable at the end of the first 
full year of reassessment, post completion, of the redevelopment / development 
regardless of the number of commercial units occupied. 

4. For residential condominium projects, the first year of the grant is payable by the 
end of the calendar year in which 75% of the residential condominium units within 
the project are fully assessed and is calculated on a ratable per unit basis.  In years 
previous to 75% of the residential condominium units being fully assessed within 
the project, taxes are to be paid as billed and no grants will be payable. 

5. For mixed-use projects (commercial and residential), the first year of the grant is 
payable by the end of the calendar year in which 75% of the residential 
condominium units within the project are fully assessed and is calculated on a 
ratable per unit basis.  In years previous to 75% of the residential condominium 
units being fully assessed within the project, taxes are to be paid as billed and no 
grants will be payable. 

Exception for residential condominium projects that are fully or partially assigned 
– the grant will be paid by the end of the first quarter of the following year (i.e. the 
grant for 2016 will be paid by March 31, 2017).  This will allow the City time to verify 
ownership and appeal status for each condominium unit, prior to issuing the grant. 
For year one of the grant only, the grant may be paid after the first quarter of the 
following year, if one-year following the date of registration on title of condominium 
status for the project expires after December 31 of the year in which 75% of the 
residential condominium units within the project are fully assessed. 
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For residential condominium projects, the units must be assessed as residential 
condominiums. If the development is assessed as multi-residential or new-multi-
residential, no grant will be payable.   

6. The grants may be received by an Applicant in conjunction with any other available 
municipal program (with the exception of the Hamilton Tax Increment Grant 
Program, the ERASE Redevelopment Grant and the LEED Grant) in support of 
redevelopment / development, including the municipality’s loan and heritage 
programs.  The approved grants are not assignable by the Applicant to anyone 
except to the initial purchaser of a residential condominium in a residential project, 
the initial purchaser of a residential or commercial condominium unit within a 
mixed-use project, or to the City of Hamilton.  The total of each property’s nine 
years of approved grants shall not exceed the costs of the property’s development 
/ redevelopment. 

7. A limited assignment of the grant under the terms of the Program may be made 
from an Applicant to the initial purchaser of each new residential condominium unit 
within a residential project or to the initial purchaser of each new residential or 
commercial condominium unit within a mixed-use project.  The assignment of the 
grant shall not apply to any subsequent re-sale of any such unit. The first year of 
the grant is the year in which at least 75% of the residential condominium units 
within the project are fully assessed. 

The Applicant must confirm if they are proposing to assign the grant to the first 
purchasers of residential condominiums within a residential project or the first 
purchasers of residential or commercial condominium units within a mixed-use 
project, at the time of application otherwise the grant will not be assignable.  Also, 
the Applicant has one-year following the date of registration on title of 
condominium status for the project to assign the individual grants to the first 
purchasers of each unit.  The grant for units not assigned within the one-year 
period will be advanced to the Applicant and will not be assignable in the future.  

For grants that are for a project that is fully / partially assigned, the pre-project 
municipal taxes are apportioned amongst each condominium unit based on, or 
with reference to, the MPAC’s “Condominium Plan Information Form” (CPIF) and 
in adherence to section 19.1(3) of the Assessment Act.  The CPIF apportions the 
pre-development assessment amongst the newly created assessment roll 
numbers for the units.  This allows the annual grant to be calculated on a per unit 
basis (difference between the post-project municipal taxes of each unit and the 
pre-project municipal taxes for each respective unit).  The grant is further pro-rated 
based on the closing date of the sale to the first condominium purchaser of each 
of the fully assessed units (less the administration fee).  For partially assigned 
projects, the grant for the units not assigned by the Applicant is calculated in the 
same manner, whereby the Applicant’s grant will be pro-rated based on the date 
each unassigned unit was reassessed (less the administration fee).   

For residential condominium projects and mixed-use projects that are not 
assigned, the grant will not be calculated on a per unit basis.  The annual grant will 
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be calculated by taking the difference between the sum of the post-project 
municipal taxes (for each year the grant is payable) and the pre-project municipal 
taxes. 

If one-year following the date of registration on title of condominium status for the 
project expires after December 31 of the year in which 75% of the residential 
condominium units within the project are fully assessed, and the Applicant: 

a) has elected to assign the grant to the first purchaser, the unit must be sold to 
the first purchaser within one-year following the date of registration on title of 
condominium status.  If the unit is sold to the first purchaser after December 
31 of the year in which 75% of the residential condominium units within the 
project are fully assessed, yet still within one-year following the date of 
registration on title of condominium status, the first year of the grant is 
forfeited.  The first purchaser will be entitled to the remaining years of the 
annual grant.  If the unit is not sold within one-year following the date of 
registration on title of condominium status, the Applicant can no longer assign 
the grant and the grant will be deemed not assigned and shall be payable to 
the Applicant. 

b) has elected not to assign the grant to the first purchaser, the grant will be 
payable to the Applicant by the end of the first quarter of the year following 
the year in which 75% of the residential condominium units within the project 
are fully assessed. 

The grant will cease if the first condominium purchaser subsequently sells the 
condominium unit within the term of the grant (if the grant was assigned) or if the 
Applicant subsequently sells the condominium unit within the term of the grant (if 
the grant was not assigned either because the Applicant did not meet the deadline 
to assign the grant or because the Applicant continues to own the unit).  The grant 
in the year of the sale will be pro-rated based on the date of closing, whereby the 
first condominium purchaser (if the grant was assigned) or the Applicant (if the 
grant was not assigned either because the Applicant did not meet the deadline to 
assign the grant or because the Applicant continues to own the unit) will receive a 
reduced grant based on the number of days the first condominium purchaser (if 
the grant was assigned) or the Applicant (if the grant was not assigned either 
because the Applicant did not meet the deadline to assign the grant or because 
the Applicant continues to own the unit) was the owner in the year of the sale.  No 
grant will be provided to the second or subsequent condominium purchasers. 
There is a one-time $904 application fee for grants greater than $12.5 K or $265.55 
for grants $12.5 K or less.  When Applicants choose to assign grants to the first 
purchasers of residential condominium units in a residential project, or residential 
and commercial condominium units in a mixed-use project, there is also a one-
time administration fee of $468.95 per unit and the fee shall be deducted from the 
initial grant payment.  Fees will be authorized through a by-law passed by City 
Council.  The rate of the fees may be changed from time to time as approved by 
City Council.  The administration fee charged will be the fee in affect in the first 
year of the grant, regardless of when the grant is actually paid.  Applicants that 
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choose to assign the grant to the first purchasers of each residential or commercial 
condominium unit will receive the grant for units they continue to own (units that 
have not been assigned either because the Applicant did not meet the deadline to 
assign the grant or because the Applicant continues to own the unit) and are 
subject to the aforementioned one-time application fee being deducted from the 
initial grant payment. 

8. For Applicants who choose not to assign the grant to the initial purchasers of each 
condominium unit, the grant will be earned by the Applicant if they have met all 
terms and conditions of the Program including payment of taxes and all building 
permits having been signed-off by Building Services. 

The annual grant to the Applicant will be reduced by 25% if an appeal has been 
filed with MPAC by any of the condominium unit owners, whether such owner is 
the initial purchaser or a subsequent purchaser.  The 25% hold-back will not be 
released until the appeals are finally determined through the Assessment Review 
Board or Courts, and the revised property taxes have been calculated.  The first 
year of the grant is payable during the calendar year in which 75% of the residential 
condominium units within the project are fully assessed.  The grant is calculated 
by taking the difference between the post and pre-project municipal taxes.  The 
post-project municipal taxes are calculated by taking the sum of the municipal 
taxes of each of the condo units within the project.  The grant is calculated as a 
whole, and not calculated on a per condominium unit basis (as is the case if it were 
assigned or partially assigned).  
 

9. An Applicant and any assignees, can assign the grant to the City of Hamilton as 
payment of their loan under the Hamilton Downtown / West Harbourfront 
Remediation Loan Program.  

10. The Applicant will be required to enter into a Grant Payment Agreement with the 
City of Hamilton that sets out the conditions of the annual grant.  When assigning 
the grant to the first-purchasers of residential condominium units in a residential 
project or residential and commercial condominium units in a mixed-use project, 
the Applicant and the assignee have to enter into an Agreement that would assign 
the payment of the grant to the assignee and also obligate the Applicant to the 
terms and conditions contained in the Grant Payment Agreement and, if the 
Applicant is in default of the Grant Payment Agreement, the grant payment to the 
assignee ceases. 

11. Redevelopment / development will commence no longer than two years following 
City Council’s approval of the grant or the grant will be cancelled.  The two-year 
period may be extended by City Council at its absolute discretion. 

12. In the event of the sale, conveyance, transfer or entering into of any agreement of 
sale or transfer of the title of the Property (for projects other than residential 
condominium projects or mixed-use projects), any future grants will be terminated. 
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13. Change of Corporate Control: 

Where the Applicant is a corporation the Applicant covenants and agrees that in 
the event that: 

a) the Applicant fails to supply the City, in a form satisfactory to the City such 
information relating to the ownership of its shares as the City may from time 
to time require or; 

b) without the written consent of the City first had and obtained: 

i) the Applicant issues or redeems any of its shares or transfers any of its 
shares; 

ii) there is a sale or sales of the shares of the Applicant which result in the 
transfer of the legal or beneficial interest of any of the shares of the 
Applicant; or,  

iii) the Applicant amalgamates, merges or consolidates with any other 
Corporation; 

and, the result of any of the foregoing is a change in the effective control of the 
majority of the voting shares of the Applicant, or the requested information is 
not provided, then future grant payments under the Program shall cease at the 
absolute discretion of the City. 

14. Approval of the grant application is at the absolute discretion of the City and subject 
to the availability of funds. 

15. Without limiting the discretion as set out in paragraph 14 herein, the City Council, 
whether or not an Applicant satisfies the requirements of the Program, may reject 
any application received from an Applicant where, in the opinion of Council, the 
commercial relationship between the City and the Applicant has been impaired by, 
but not limited to, the Applicant being involved in litigation with the City.  Applicants 
shall include but not be limited to the following: the Applicant identified on the 
application form and if a Corporation any person or entity with an interest in the 
Corporation as determined by the City in its sole, absolute and unfettered 
discretion. 

16. Without limiting the discretion as set out in paragraph 14 herein, City Council, 
whether or not an Applicant satisfies the requirements of the Program, may reject 
any application received from an Applicant where there are property tax arrears 
owed on the subject property or other properties owned by the Applicant within the 
City of Hamilton. 

17. Without limiting the discretion as set out in paragraph 14, herein, the City Council 
or its delegate, whether or not an Applicant satisfies the requirements of the 
Program, may reject any application received from an applicant where there is 
credible information that an applicant has been involved recently or repeatedly in 
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illegal activity supporting the conclusion that he or she will not conduct himself or 
herself with honestly and integrity in undertaking the activity, operation or business 
for which the loan/grant is sought.  For corporate applicants, it will be the 
corporation and the principals of the corporation whose illegal activity will be 
considered. 

18. Works commenced prior to submitting an application are ineligible for funding 
under the Program. Works commenced after submitting an application but prior to 
approval of an application may be eligible for funding under the Program and 
eligibility will be determined by the General Manager of Planning and Economic 
Development Department in his sole, absolute and unfettered discretion.  An 
Applicant shall assume the risk of paying for work commenced after an application 
has been submitted but prior to approval. 

19. If an applicant is redeveloping a portion of their property only, the grant will be 
based on that portion of the property.  The Applicant will be required to provide a 
copy of the annual property assessment valuation from the MPAC for grant 
calculation purposes. 

20. Applicants shall disclose if any residential units are occupied at the time an 
application has been submitted to the City and, if so, identify the specific units 
occupied.  For additional clarity, the City is not requesting or requiring the 
disclosure of tenant names or any other personal contact information. 

21. Where this program will provide a financial incentive to facilitate the undertaking of 
external and/or internal property improvements which are not for the sole benefit 
of a non-residential use, and where the subject property contains occupied unit(s) 
at the time of application to the City, the occupied unit(s) shall not be the subject 
of an approved Above Guideline Increase (AGI) request (also referred to as an L5 
request) to the Landlord and Tenant Board (LTB) for a period beginning from the 
date the application is received by the City and ending upon completion of the 
prescribed term of the incentive to be provided, or five years from the date of the 
initial financial disbursement, whichever is greater.  This condition will continue to 
apply whether or not the tenancy of the unit(s) changes during this period.  
Exceptions to this condition may be provided where it can be demonstrated, to the 
City’s satisfaction, that: 

a) the affected tenant(s) have consented to the proposed AGI.  Where there is 
more than one occupied unit in the building at the time of application to the 
City, this exception only applies where all affected tenants have consented to 
the proposed AGI request; 

b) that the requested AGI is a result of improvements or other matters not 
related to those improvements facilitated by the City’s financial incentive; and, 

c) notwithstanding the provision of a financial incentive by the City, an AGI 
request would be required to facilitate the property improvements due to site 
or building specific circumstances.  
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In the event an AGI request is approved by the LTB and determined to be in 
contravention of the City’s condition, and this approval occurs after the City’s 
approval under this incentive program but prior to the entering into any agreement 
required by this program, the application approval will be deemed to be rescinded, 
no incentive will be provided, and no agreement will be entered into by the City.  
Where the AGI approval occurs after the City’s approval and after the execution of 
any agreement required by this program, any remaining incentive yet to be 
provided over the remaining term of the program will be cancelled and enforcement 
action will be initiated to recoup financial incentives provided to-date. 

This condition shall not apply to units registered as a condominium. 

GRANT CRITERIA 

Projects that include developing, redeveloping or renovating residential/ commercial 
lands and buildings within the boundaries of the Barton Village Business Improvement 
Area (BIA), the Barton and Kenilworth commercial corridors and the properties that front 
on Barton Street between James Street North and Victoria Avenue North as identified in 
the Downtown and Community Renewal Community Improvement Project Area By-law. 

Approval of the application and estimated grant amount is subject to City Council 
approval. Such application shall be submitted and only received if it is prior to the 
Applicant’s commencement of improvements / rehabilitation to their property and shall 
include plans, estimates, contracts and other details as may be required to satisfy the City 
as to the cost of the project and as to the conformity of the project with the objectives of 
the Downtown and Community Renewal Community Improvement Plan.  

Such project is also required to be in compliance with the City’s Official Plan policies, 
other by-laws and policies, including but not limited to zoning, site plan approval, design 
guidelines, heritage matters including preservation of historical buildings.  The 
compliance of each application with the criteria of this Program and the estimated amount 
of the Property’s grants (within the permitted terms of this Program) is at the discretion of 
and subject to Council approval.  

All parking lots and vacant sites are eligible. Properties upon which commercial, 
residential or industrial buildings are cleared and demolished are eligible, with the 
exception of designated heritage buildings. 

This program shall not apply to an existing or proposed Adult Entertainment Parlour, Body 
Rub Establishment, Correction Facility, Corrections Residence, Emergency Shelter, 
Lodging House or Residential Care Facility as defined in the Zoning By-law. 
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Planning and Economic Development Department 
Urban Renewal Section 

71 Main Street West, 7th Floor 
Hamilton, Ontario L8P 4Y5 

Phone: (905) 546-2424 Ext. 2755 
Fax: (905) 546-2693 

 

 

THE BARTON / KENILWORTH COMMERCIAL CORRIDOR BUILDING 

IMPROVEMENT GRANT PROGRAM 

PROGRAM DESCRIPTION 

The Barton / Kenilworth Commercial Corridor Building Improvement Grant Program (the 
“Program”) was created to support the development of property and the maintenance, 
functionality, viability, accessibility and aesthetics of existing building stock used for 
commercial, multi-residential or institutional uses within the boundaries of the Barton 
Village Business Improvement Area (BIA), the Barton and Kenilworth commercial 
corridors and the properties that front on Barton Street between James Street North and 
Victoria Avenue North as identified in the Downtown and Community Renewal 
Community Improvement Project Area By-law. 

The Program supports the “Barton and Kenilworth Commercial Corridors Final 
Recommendations Report” received by City Council at its meeting held September 10, 
2014. 

PROGRAM TERMS 

1. Property owners, and tenants authorized in writing by the owner, are eligible to 
apply for a grant under the Program. 

2. Grants will be paid on a matching basis up to a maximum of $50 K for eligible work 
under the Program. 

3. Grants will be based on one grant per deeded property. 

4. Eligibility requirements for the Program relating to the work to be funded will be 
specifically identified.  Two separate cost estimates for the work are to be provided.  
Please note a contractor licensed with the City of Hamilton may be required to 
undertake the work.  For more information on work that requires a licensed 
contractor please refer to the Application Form or contact Building Department at 
(905) 546-2424 Ext. 2720. 

 An owner may present an estimate based on material only. 

 In the case where the applicant is the owner of a contracting company and wishes 
to utilize their company to undertake the improvements, one cost estimate from an 
arms-length contractor will also be required. 
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 Grants will be calculated based upon lowest cost estimate. 

 A Building Inspector will review all estimates provided for the purpose of ensuring 
competitiveness.  

5. Applicants will be required to provide a business case that identifies how the 
development / improvements will improve the marketability of the property for 
prospective tenants and / or improve the business vitality and / or utilize formerly 
under-utilized properties. 

6. Relative to the proposed improvements, a building inspector will perform an initial 
and final inspection / investigation to confirm compliance with various Acts, 
Regulations and City Bylaws including the Ontario Building Code, Property 
Standards By-Law, Trade Licencing By-Law, Sign By-law etc. 

7. Approval of the grant is at the sole discretion of the General Manager of Planning 
and Economic Development Department and subject to the availability of funds. 

8. Proposed improvements to be completed within one year to be eligible for 
payment.  A one-year extension can be authorized by the Manager of the Urban 
Renewal Section if an applicant has extenuating circumstances which would 
warrant an extension. 

9. Work completed must be consistent with estimates, and work proposed and 
identified within the application unless previously discussed and approved by the 
Urban Renewal Section. 

10. The Applicant shall provide to the City’s Urban Renewal Section copies of paid 
invoices for all work undertaken on the property for which the grant is applicable. 
This documentation is to be provided prior to the final inspection. 

11. A City Building Inspector’s final inspection report confirming all works have been 
carried out satisfactorily will be provided prior to release of any grant monies. 

12. At the sole discretion of the Manager of the Urban Renewal Section, partial 
payments for works completed can be processed consistent with the payment 
process described above. 

13. At the sole discretion of the Manager of the Urban Renewal Section, the grant 
cheque can be made jointly payable to the applicant and the contractor if such a 
request has been received from the applicant. 

14. The grant is not transferable upon sale of the property. 

15. The Program may also be received by an owner in conjunction with any other 
available City program in support of the building improvements / development of 
the property.  However, grants for specific work will be contingent on the total 
grants not exceeding 50% of the total cost of the specific work. 
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16. An application fee of $412.45 for grants greater than $12.5 K, or $265.55 for grants 
less than or equal to $12.5 K must be submitted at the time of application.  The fee 
will be authorized through a by-law passed by City Council.  The rate of the fee 
may be changed from time to time as approved by City Council. 

17. Without limiting the discretion as set out in paragraph seven, herein, City Council, 
whether or not an Applicant satisfies the requirements of the Program, may reject 
any application received from an applicant where, in the opinion of Council, the 
commercial relationship between the City and the Applicant has been impaired by, 
but not limited to, the applicant being involved in litigation with the City. Applicants 
shall include but not be limited to the following: the Applicant identified on the 
application form and if a corporation any person or entity with an interest in the 
corporation as determined by the City in its sole, absolute and unfettered 
discretion. 

18. Without limiting the discretion as set out in paragraph seven, herein, City Council, 
whether or not an Applicant satisfies the requirements of the Program, may reject 
any application received from an applicant where there are property tax arrears 
owed on the subject property or on other properties owned by the Applicant within 
the City of Hamilton. 

19. Without limiting the discretion as set out in paragraph seven, herein, the City 
Council or its delegate, whether or not an Applicant satisfies the requirements of 
the Program, may reject any application received from an applicant where there is 
credible information that an applicant has been involved recently or repeatedly in 
illegal activity supporting the conclusion that he or she will not conduct himself or 
herself with honestly and integrity in undertaking the activity, operation or business 
for which the loan/grant is sought.  For corporate applicants, it will be the 
corporation and the principals of the corporation whose illegal activity will be 
considered. 

20. A successful applicant will enter into an agreement with the City containing the 
terms and conditions (but not limited to) set out in the program description. 

21. Applicants shall disclose if any residential units are occupied at the time an 
application has been submitted to the City and, if so, identify the specific units 
occupied. For additional clarity, the City is not requesting or requiring the disclosure 
of tenant names or any other personal contact information. 

 
22. Where this program will provide a financial incentive to facilitate the undertaking of 

external and/or internal property improvements which are not for the sole benefit 
of a non-residential use, and where the subject property contains occupied unit(s) 
at the time of application to the City, the occupied unit(s) shall not be the subject 
of an approved Above Guideline Increase (AGI) request (also referred to as an L5 
request) to the Landlord and Tenant Board (LTB) for a period beginning from the 
date the application is received by the City and ending upon completion of the 
prescribed term of the incentive to be provided, or five years from the date of the 
initial financial disbursement, whichever is greater.  This condition will continue to 
apply whether or not the tenancy of the unit(s) changes during this period.  
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Exceptions to this condition may be provided where it can be demonstrated, to the 
City’s satisfaction, that: 

a) the affected tenant(s) have consented to the proposed AGI.  Where there is 
more than one occupied unit in the building at the time of application to the 
City, this exception only applies where all affected tenants have consented to 
the proposed AGI request; 

b) that the requested AGI is a result of improvements or other matters not 
related to those improvements facilitated by the City’s financial incentive; and, 

c) notwithstanding the provision of a financial incentive by the City, an AGI 
request would be required to facilitate the property improvements due to site 
or building specific circumstances.  

In the event an AGI request is approved by the LTB and determined to be in 
contravention of the City’s condition, and this approval occurs after the City’s 
approval under this incentive program but prior to the entering into any agreement 
required by this program, the application approval will be deemed to be rescinded, 
no incentive will be provided, and no agreement will be entered into by the City.  
Where the AGI approval occurs after the City’s approval and after the execution of 
any agreement required by this program, any remaining incentive yet to be 
provided over the remaining term of the program will be cancelled and enforcement 
action will be initiated to recoup financial incentives provided to-date. 

This condition shall not apply to units registered as a condominium. 

ELIGIBILITY REQUIREMENTS 

 Property owners and authorized tenants are eligible; 

 Property taxes must be paid current; 

 The improvements shall be in accordance with Property Standards and the Ontario 
Building Code and in compliance with all applicable City by-laws, official plans, zoning 
regulations, design guidelines and site plan approvals; 

 Improvements commenced prior to submitting an application are ineligible 
improvements commenced after submitting an application but prior to application 
approval do so at the applicant’s risk; 

 Properties must be located within the boundaries of the Barton Village BIA, the Barton 
or Kenilworth commercial corridors or, properties that front on Barton Street between 
James Street North and Victoria Avenue North as identified in the Downtown and 
Community Renewal Community Improvement Project Area By-law; 

 Existing use must be in conformity with the applicable Zoning By-law regulations, and 
other relevant planning controls; and, 

 Works commenced prior to submitting an application are ineligible for funding under 
the Program.  Works commenced after submitting an application but prior to approval 
of an application may be eligible for funding under the Program and eligibility will be 
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determined by the General Manager of Planning and Economic Development 
Department, in his sole, absolute and unfettered discretion. An applicant shall assume 
the risk of paying for work commenced after an application has been submitted but 
prior to approval. 

ELIGIBLE IMPROVEMENTS 

Note: New development and façade improvements are required to be in compliance 
with the Barton / Kenilworth Urban Design Guidelines that form part of the 
Application Form.  

 Construction of new building; 

 Façade improvements; 

 Reinforcement of floors, walls, ceilings and foundations; 

 Construction or alteration of stairs, guardrails, handrails; 

 Roofing; 

 Improvements or installation to electrical, ventilation, heating, cooling and plumbing 
supply systems; 

 Installation or alteration of required window openings; 

 Installation or alteration of fire protection systems; fire separations; fire doors, fire 
shutters and other fire protection devices; 

 Improvements for barrier-free accessibility including elevators; 

 Installation or improvement of signage (Signage must comply with Sign By-law 10-
197); and, 

 Trees, shrubs, soil, mulch, grass on private property to improve the street edge 
conditions (to a maximum of $3 K per application as part of the total grant awarded). 

Fees: Architectural, engineering, lawyer’s, BCIN designer, landscape architect, building 
permit, site plan application, road occupancy permit, street occupancy permits, and 
encroachment agreement application fees may be eligible for  up to 100% of the cost to 
a maximum of $3 K per application as part of the total grant awarded for completed 
construction.  

Other improvements deemed health, safety and accessible issues eligible at the sole 
discretion of the General Manager of Planning and Economic Development Department. 
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HAMILTON RENEWABLE POWER INC. SHAREHOLDER  

REPORT 19-001 
4:15 p.m. 

October 2, 2019 
Council Chambers, Hamilton City Hall, 71 Main Street West 

Stephanie Paparella, Legislative Coordinator 905 546-2424 x3993 
______________________________________________________________________ 
 
Present: Mayor F. Eisenberger, Deputy Mayor T. Whitehead (Chair) 

Councillors M. Wilson, J. Farr, N. Nann, S. Merulla, C. Collins,  
T. Jackson, E. Pauls, J. P. Danko, B. Clark, M. Pearson,  
B. Johnson, L. Ferguson 

 
Absent 
with Regrets: Councillor J. Partridge – Personal  

Councillor A. VanderBeek – Other City Business 
_____________________________________________________________________ 

 
THE HAMILTON RENEWABLE POWER INC. SHAREHOLDER PRESENTS REPORT 
19-001 AND RESPECTFULLY RECOMMENDS: 
 
1. Hamilton Renewable Power Inc. Board Resolutions, September 16, 2019 

(Item 4.1) 
 

(a) Removal, Resignation and Appointment of Officers  
 

(i) That the Corporation has approved the termination of the following 
person, effective as of March 1, 2019: 

 
FRANK GAZZOLA – Vice President    

  
 
(ii) That the Corporation has received and accepted the written 

resignation, attached hereto as Schedule 1, from the following 
individual, effective immediately: 

 
JANET PILON - Secretary 
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(iii) That the following person is appointed to hold the office set 
opposite her name with all rights and obligations associated 
therewith, until such time as said person resigns or is replaced by 
the Board:   

 
ANDREA HOLLAND – Secretary  
 
 

(b) 2018 Audited Financial Statements  
 

That the audited financial statements for the 2018 fiscal year, a copy of 
which are attached hereto as Schedule 2, be approved.  

 
 
(c) 2019 Budget  

 
That the 2019 budget, a copy of which is attached hereto as Schedule 3, 
be approved and adopted.  
 
 

(d) Declaration of Dividend 
 
(i) That in accordance with the Dividend Policy, a regular dividend of 

$106,970 be declared for 2019 based on 80% of annual net 
earnings as reported on the 2018 audited financial statements;   

 
(ii) That the regular dividend be distributed in one payment of 

$106,970 to the shareholder; and, 
 
(iii) That the dividend payment be made no later than December 1, 

2019.  
  
 

(e) Confirmatory Actions  
  

(a) That the officers of the Corporation are, and each acting alone is, 
hereby authorized to do and perform any and all such acts, 
including execution of any and all documents and certificates, as 
such officers shall deem necessary or advisable, to carry out the 
purposes and intent of the foregoing resolutions;   

 
(b) That any actions taken by such officers prior to the date of the 

foregoing resolutions adopted hereby that are within the authority 
conferred thereby are hereby ratified, confirmed and approved as 
the acts and deeds of the Corporation;  
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(f) Proposed Solar Rooftop PV Systems  
  

That staff be directed to investigate financial options and report back to 
the Hamilton Renewable Power Inc. Board of Directors with a feasibility 
study and proposal for Solar Rooftop PV Systems to be funded from the 
Hamilton Renewable Power Inc. 2019 Operating Budget to an upset limit 
of $100,000. 

  
 
(g) Proposed Business Case to Sequester an Emissions Algae 

Production Study  
 
That staff be directed to develop and assess a feasibility study and 
business case for consider options for a CO2 capture and algae 
production facility to be funded from the Hamilton Renewable Power Inc 
2019 Operating Budget to an upset limit of $100,000.  

 
 

2. Special Resolution of the Sole Shareholder of Corporation – Number of 
Directors (Item 5.1) 

 
WHEREAS, the City of Hamilton is the sole shareholder of the Corporation (the 

“Sole Shareholder”);  

WHEREAS, by Section 203 (1) of the Municipal Act, 2001, S.O. 2001, c. 25, as 

amended, the City of Hamilton is authorized to hold the shares in the Corporation 

and to exercise the rights attributed thereto; 

WHEREAS, the Council of the City of Hamilton are sitting as representatives of 
the Sole Shareholder (City of Hamilton) for the Corporation; 
 
WHEREAS, the Articles of Incorporation of the Corporation provide that the 
board of directors shall consist of a minimum of one (1) and a maximum of 
twenty (20) directors; and, 

 
WHEREAS the number of directors of the Corporation has been fixed at six (6) 

by a special resolution of the Sole Shareholder effective December 14, 2010; 

THEREFORE, BE IT RESOLVED: 

That the number of directors of the Corporation be hereby determined to be three 

(3) until changed in a manner permitted by the Business Corporations Act, 

R.S.O. 1990, c.B.16.  
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FOR INFORMATION: 
 

(a) APPROVAL OF THE AGENDA (Item 1)  
 

The Committee Clerk advised of the following change to the agenda: 
 
4.1 Hamilton Renewable Power Inc. Board Resolutions, September 16, 2019 
 

The HRPI Board Resolutions were missing two items (Sections 6 - 
Proposed Solar Rooftop PV Systems; and, 7 - Proposed Business Case to 
Sequester an Emissions Algae Production Study); therefore, a REVISED 
copy is before you for consideration. 

 
 

The agenda for the October 2, 2019 Hamilton Renewable Power Inc. 
Shareholder Annual General Meeting was approved, as amended.  

 
 

(b) DECLARATIONS OF INTEREST (Item 2)  
 
There were no declarations of interest. 
 
 

(c) APPROVAL OF MINUTES OF PREVIOUS MEETING (Item 3) 
 

(i) December 12, 2018 (Item 3.1) 
  

The December 12, 2018 Minutes of the Hamilton Renewable Power Inc. 
Shareholder Annual General Meeting were approved, as presented. 

 
 
(e) ADJOURNMENT (Item 6)  
 

There being no further business, the Hamilton Renewable Power Inc. 
Shareholder Annual General Meeting adjourned at 4:20 p.m.   

 
Respectfully submitted, 
 
 
Mayor Fred Eisenberger 
Chair, HRPI Shareholder 

______________________ 
Stephanie Paparella 
Legislative Coordinator 
Office of the City Clerk 



SCHEDULE 1

HAMILTON RENEWABLE POWER INC.
(the  Corporation )

RESIGNATION

I, Janet Pilon, do hereby resign as Secretary of the Corporation effective September 16,
2019.

Janet Pilon

(Witness)

(Witness)



Financial Statements of

HAMILTON RENEWABLE
POWER INCORPORATED

Year ended December 31, 2018

SCHEDULE 2





INDEPENDENT AUDITORS' REPORT

To the Shareholder of Hamilton Renewable Power Incorporated

Opinion
We have audited the accompanying financial statements of Hamilton Renewable Power
Incorporated (the ''Entity ), which comprise:

« the statement of financial position as at December 31, 2018
® the statement of income and comprehensive income for the year then ended
® the statement of changes in equity for the year then ended
« the statement of cash flows for the year then ended
• and notes to the financial statements, including a summary of

significant accounting policies

(Hereinafter referred to as the ''financial statements ).

In our opinion, the accompanying financial statements present fairly, in all material
respects, the financial position of the Entity as at December 31, 2018, and its financial
performance and its cash flows for the year then ended in accordance with International

Financial Reporting Standards (IFRS).

Basis for Opinion
We conducted our audit in accordance with Canadian generally accepted auditing
standards. Our responsibilities under those standards are further described in the
Auditors' Responsibilities for the Audit of the Financial Statements  section of our

auditors  report.

We are independent of the Entity in accordance with the ethical requirements that are
relevant to our audit of the financial statements in Canada and we have fulfilled our other
responsibilities in accordance with these requirements.

We believe that the audit evidence we have obtained is sufficient and appropriate to

provide a basis for our opinion.



Responsibilities of Management and Those Charged with Governance for the
Financial Statements

Management is responsible for the preparation and fair presentation of the financial
statements in accordance with International Financial Reporting Standards (IFRS), and
for such internal control as management determines is necessary to enable the

preparation of financial statements that are free from material misstatement, whether due
to fraud or error.

In preparing the financial statements, management is responsible for assessing the
Entity s ability to continue as a going concern, disclosing as applicable, matters related
to going concern and using the going concern basis of accounting unless management
either intends to liquidate the Entity or to cease operations, or has no realistic alternative
but to do so.

Those charged with governance are responsible for overseeing the Entity s financial
reporting process.

Auditors  Responsibilities for the Audit of the Financial Statements
Our objectives are to obtain reasonable assurance about whether the financial
statements as a whole are free from material misstatement, whether due to fraud or error,
and to issue an auditors’ report that includes our opinion.

Reasonable assurance is a high level of assurance, but is not a guarantee that an audit

conducted in accordance with Canadian generally accepted auditing standards will
always detect a material misstatement when it exists.

Misstatements can arise from fraud or error and are considered material if, individually

or in the aggregate, they could reasonably be expected to influence the economic
decisions of users taken on the basis of the financial statements.

As part of an audit in accordance with Canadian generally accepted auditing standards,
we exercise professional judgment and maintain professional skepticism throughout the
audit.



We also:

Identify and assess the risks of material misstatement of the financial statements,

whether due to fraud or error, design and perform audit procedures responsive to those
risks, and obtain audit evidence t at is sufficient and appropriate to provide a basis for

our opinion.

The risk of not detecting a material misstatement resulting from fraud is higher than for

one resulting from error, as fraud may involve collusion, forgery, intentional omissions,
misrepresentations, or the override of internal control.

Obtain an understanding of internal control relevant to the audit in order to design audit

procedures that are appropriate in the c rcumstances, but not for the purpose of
expressing an opinion on the effectiveness of the Entity's internal control.

Evaluate the appropriateness of accounting policies used and the reasonableness of
accounting estimates and related disclosures made by management.

Conclude on the appropriateness of management's use of the going concern basis of
accounting and, based on the audit evidence obtained, whether a material uncertainty
exists related to events or conditions that may cast significant doubt on the Entity's ability
to continue as a going concern. If we conclude that a material uncertainty exists, we are
required to draw attention in our auditors  report to the related disclosures in the financial
statements or, if such disclosures are inadequate, to modify our opinion. Our
conclusion is based on the audit evidence obtained up to the date of our auditors report.
However, future events or conditions may cause the Entity to cease to continue as a

going concern.

Evaluate the overall presentation, structure and content of the financial statements,
including the disclosures, and whether the financial statements represent the underlying
transactions and events in a manner that achieves fair presentation.

Communicate with those charged with governance regarding, among other matters, the

planned scope and timing of the audit and significant audit findings, including any
significant deficiencies in internal control that we identify during our audit.



Provide those charged with governance with a statement that we have complied with

relevant ethical requirements regarding independence, and communicate with them all
relationships and other matters that may reasonably be thought to bear on our
independence, and where applicable, related safeguards.

Chartered Professional Accountants, Licensed Public Accountants

Hamilton, Ontario

September 16, 2019
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HAMILTON RENEWABLE POWER INCORPORATED
Statement of Financial Position

December 31, 2018, with comparative information for 2017

2018 2017

Assets

Current assets:
Cash $ 461,865 $ 488,141
Accounts receivable 300,268 207,630
Due from related party 88,020 15,062
HST receivable - 46,950
Prepaid expenses 206 97

850,359 757,880

Deposit (note 5) 32,000 32,000
Property, plant and equipment (note 6) 6,186,574 6,734,950

$ 7,068,933 $ 7,524,830

Liabilities and Shareholder's Equity

Current liabilities:
Accounts payable and accrued liabilities $ 143,793 $ 146,705
Due to related party 480,151 460,587
Payment in lieu of taxes 74,010 22,659
Current portion of capital loan (note 7) 278,305 529,649
HST payable 19,079 -

995,338 1,159,600
Non- Current liabilities:

Deferred payment in lieu of taxes (note 9) 375,122 419,106
Capital loan (note 7) - 278,305

375,122 697,411

Total liabilities 1,370,460 1,857,011

Shareholder's equity:
Common shares (note 8) 6,000,010 6,000,010
Deficit (301,537) (332,191)

5,698,473 5,667,819

$ 7,068,933 $ 7,524,830

The accompanying notes are an integral part of these financial statements.

On behalf of the Board:

Director Director
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HAMILTON RENEWABLE POWER INCORPORATED
Statement of Income and Compre ensive Income

Year ended December 31, 2018, with comparative information for 2017

2018 2017

Revenue:
Electricity distribution service charges $ 2,811,433 $ 2,818,660
Thermal energy 223,576 359,845

3,035,009 3,178,505

Cost of goods sold:
Methane purchases 771,480 871,803

Gross profit 2,263,529 2,306,702

Expenses:
Repairs and maintenance 1,124,527 1,167,951
Depreciation 548,376 565,223
Professional fees 275,315 241,577
Insurance 42,326 33,958
Communication charges 44,345 44,024
Bank charges and interest 566 589
Miscellaneous 14,730 10,546

2,050,185 2,063,868

Income from operating activities 213,344 242,834

Finance income 5,947 3,836
Finance charges (36,810) (71,403)
Income before payment in lieu of taxes 182,481 175,267

Payment in lieu of taxes (note 9):
Current 92,754 84,290
Deferred (43,984) (37,844)

48,770 46,446

Net income and comprehensive income $ 133,711 $ 128,821

The accompanying notes are an integral part of these financial statements.
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HAMILTON RENEWABLE POWER INCORPORATED
Statement of Changes in Equity

Year ended December 31, 2018, with comparative information for 2017

Common
shares Deficit Total

Balance at January 1, 2017
Net income and comprehensive income
Dividends

$ 6,000,010 $ (399,498)
128,821
(61,514)

$ 5,600,512
128,821
(61,514)

Balance at December 31,2017 $ 6,000,010 $ (332,191) $ 5,667,819

Balance at January 1,2018
Net income and comprehensive income
Dividends

$ 6,000,010 $ (332,191)
133,711

(103,057)

$ 5,667,819
133,711

(103,057)
Balance at December 31,2018 $ 6,000,010 $ (301,537) $ 5,698,473

The accompanying notes are an integral part of these financial statements.
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HAMILTON RENEWABLE POWER INCORPORATED
Statement of Cash Flows

Year ended December 31, 2018, with comparative information for 2017

2018 2017

Operating acti ities:
Net income and comprehensive income
Adjustments for:

$ 133,711 $ 128,821

Depreciation 548,376 565,223
Payments in lieu of income taxes expense 92,754 84,290
Finance income (5,947) (3,836)
Finance charges 36,810 71,403
Deferred payment in lieu of income taxes expense (43,984) (37,844)
Accounts receivable (92,638) 3,231
HST receivable 66,029 (3,420)
Prepaid expenses (109) 97
Accounts payable and accrued liabilities 6,026 (23,219)

Cash provided by operating activities 741,028 784,746

Finance charges paid (45,747) (79,768)
Finance charges received 5,947 3,836
Payments in lieu of income taxes paid (41,404) (77,355)

Net cash used in operating activities 659,824 631,459

Financing activities:
Advances from (payments to) the City of Hamilton (53,394) 74,139
Repayment of capital loan (529,649) (495,630)
Dividends paid / payable (103,057) (61,514)
Net cash used in financing activities (686,100) (483,005)

Increase (decrease) in cash (26,276) 148,454

Cash, beginning of year 488,141 339,687

Cash, end of year $ 461,865 $ 488,141

The accompanying notes are an integral part of these financial statements.
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HAMILTON RE EWABLE POWER INCORPORATED
Notes to Financial Statements

Year ended December 31, 2018

1. Purpose of the organization:

Hamilton Renewable Power Inc. ("the Entity") owns and operates two renewable power generation
facilities in Hamilton, Ontario. The Woodward Plant is a 1.6 Megawatt ("MW) cogeneration facility,
which is fueled by methane gas provided from the City of Hamilton's wastewater treatment facility. The
Glanbrook Plant, is comprised of two 1.6 MW generators (3.2 MW in total) and is fueled by methane
gas provided by a landfill gas collection system in the Glanbrook Landfill. Electricity produced by both
plants is sold to the Independent Electricity System Operator. Thermal energy produced at Woodward
is used by the wastewater treatment facility processes and for space heating.

The address of the Entity s registered office is 71 Main Street West, Hamilton, Ontario, Canada.

2. Significant accounting policies:

a) Basis of presentation:

These financial statements have been prepared in accordance with International Financial
Reporting Standards ( IFRS ) as issued by the International Accounting Standards Board ("IASB").

These financial statements were authorized by the Board of Directors on September 16, 2019.

b) Functional and presentation currency:

These financial statements are presented in Canadian dollars, which is the Entity s functional
currency.

c) Revenue recognition:

Electricity distribution and thermal ener y service char es

These charges comprise charges to customers for use of the Entity's electricity and thermal
distribution systems. The performance obligations are recognized overtime using an output method
to measure the satisfaction of the performance obligation. The value of the electricity and thermal
services transferred to the customer is determined on the basis of cyclical meter readings plus
estimated customer usage since the last meter reading date to the end of the year and represents
the amount that the Entity has the right to bill.
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HAMILTON RENEWABLE POWER INCORPORATED
Notes to Financial Statements (continued)

Year ended December 31, 2018

2. Significant accounting policies (continued):

d) Expenses:

Expenses are reported on the accrual basis of accounting which recognizes expenses as they are
incurred and measurable as a result of a receipt of goods or services and the creation of a legal
obligation to pay.

e) Property, plant and equipment and depreciation:

Property, plant and equipment and depreciation are initially recorded at acquisition cost or
manufacturing cost, including any costs directly attributable to bringing the assets to the location
and condition necessary for it to be capable of operating in the manner intended by the Entity's
management. All property, plant and equipment are subsequently measured using the cost model,
cost less accumulated depreciation and impairment losses.

Depreciation is calculated on a straight-line basis over the estimated service life of property, plant
and equipment, less its residual value as follows:

Asset Service life

Building 20 years
Generating equipment 45,000-180,000 hours
Interconnect to Grid 20 years
Pipe line 20 years

Material residual value estimates and estimates of useful life are updated as required, but are
reviewed at least annually.

Gains or losses arising on the disposal of property, plant and equipment are determined as the
difference between the disposal proceeds and the carrying amount of the assets and are
recognized in profit or loss.

f) Impairment

(i) Financial assets measured at amortized cost

A loss allowance for expected credit losses on financial assets measured at amortized cost is
recognized at the reporting date. The loss allowance is measured at an amount equal to the
lifetime expected credit losses for the asset.
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HAMILTON RENEWABLE PO ER INCORPORATED
Notes to Financial Statements (continued)

Year ended December 31, 2018

2. Significant accounting policies (continued):

f) Impairment (continued)

(ii) Non-financial assets

The carrying amounts of the Entity's non-financial assets, other than materials and supplies
and deferred tax assets, are reviewed at each reporting date to determine whether there is any
indication of impairment. If any such indication exists, then the asset's recoverable amount is

estimated.

For the purpose of impairment testing, assets are grouped together into the smallest group of
assets that generates cash inflows from continuing use that are largely independent of the cash
inflows of other assets or groups of assets (the "cash-generating unit" or "CGU ). The
recoverable amount of an asset or CGU is the greater of its value in use and its fair value less
costs to sell. In assessing value in use, the estimated future cash flows are discounted to their

present value using a pre-tax discount rate that reflects current market assessments of the time
value of money and the risks specific to the asset.

An impairment loss is recognized if the carrying amount of an asset or its CGU exceeds its
estimated recoverable amount. Impairment losses are recognized in profit or loss.

g) Payments in Lieu of Taxes ("PILs"):

The Entity is currently exempt from taxes under the Income Tax Act of Canada ("ITA ) and the
Ontario Corporations Tax Act ( OCTA1 ). Pursuant to the Electricity Act, 1998 (Ontario) ("EA ), the
Entity is required to compute taxes under the ITA and OCTA and remit such amounts to the
Ontario Electricity Financial Corporation ("OEFC ).
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HAMILTON RENEWABLE POWER INCORPORATED
Notes to Financial Statements (continued)

Year ended December 31,2018

2. Significant accounting policies (continued):

g) Payments in Lieu of Taxes ("PILs") (continued):

Current tax comprises the expected tax payable or receivable on the taxable income or loss for the
year using rates enacted or substantively enacted at the reporting date, and any adjustment to tax
payable with respect to previous years.

Deferred tax assets and liabilities is recognized in respect of temporary differences between the
tax basis of assets and liabilities and their respective carrying amounts for accounting purposes. A
deferred tax asset is recognized to the extent that it is probable that future taxable income will be
available against which the temporary difference can be utilized. Deferred tax assets and liabilities
are measured using enacted or substantively enacted tax rates expected to apply to taxable income
in the years in which those temporary differences are expected to be recovered or settled.

The effect on deferred tax assets and liabilities of a change in tax rates is recognized in income in
the period that includes the date of enactment or substantive enactment.

h) Equity and dividend payments:

Share capital represents the nominal value of shares that have been issued. Retained earnings
include all current and prior period retained profits. Dividend distributions payable to the
shareholder are included in liabilities when the dividends have been approved in a general meeting
prior to the reporting date.

All transactions with the shareholder are recorded separately within equity.

i) Financial instruments:

All financial instruments are recognized on the balance sheet when the Entity becomes a party to
the contractual provision of the financial instrument and are measured initially at fair value adjusted
by transactions costs, except for those carried at fair value through profit or loss which are
measured initially at fair value. Subsequent measurement of all financial assets and liabilities,
except those held-for-trading and available for sale, are measured at amortized cost determined
using the effective interest rate method.

All financial assets and financial liabilities are classified as amortized cost. These financial
instruments are recognized initially at fair value plus any directly attributable transaction costs.
Subsequently, they are measured at amortized cost using the effective interest method less any
impairment for the financial assets as described in note 1 (f). The Entity does not enter into
derivative instruments.

Prior to January 1, 2018, all financial assets were classified as loans and receivables and all
financial liabilities were classified as other liabilities. These financial instruments were recognized
initially at fair value plus any directly attributable transaction costs. Subsequently, they were
measured at amortized cost using the effective interest method less any impairment for the financial
assets.



HAMILTON RE EW BLE POWER I CORPORATED
Notes to Financial Statements (continued)

Year ended December 31,2018

2. Significant accounting policies (continued):

j) Capital disclosures:

The Entity is not subject to externally imposed capital requirements and there has been no change
with respect to the overall capital risk management strategy during the year.

k) Provisions:

A provision is recognized if, as a result of a past event, the Entity has a present legal or constructive
obligation that can be estimated reliably, and it is probable that an outflow of economic resources
will be required to settle the obligation.

l) Finance income and finance charges:

Finance income is recognized as it accrues in net income and comprises interest earned on cash
and cash equivalents.

Finance charges comprise expenses on the capital loan. Borrowing costs that are not directly
attributable to the acquisition, construction or production of a qualifying asset are recognized in
profit or loss using the effective interest method.

m) Future changes in accounting policy and disclosures:

The Entity is still evaluating the adoption of the follo ing ne  and revised standards along with any
subsequent amendments.

Leases

In January 2016, the IASB issued IFRS 16 Leases to establish principles for the recognition,
measurement, presentation and disclosure of leases with the objective of ensuring that lessees and
lessors provide relevant information that faithfully represents those transactions. IFRS 16 replaces
IAS 17 and it is effective for annual periods beginning on orafter January 1,2019. The Entity intends
to adopt IFRS 16 in its financial statements for the annual period beginning on January 1, 2019.
The Entity does not expect the standard to have a material impact on the financial statements.

3. Change in accounting policy:

IFRS 15 Revenue from Contracts with Customers and IFRS 9 Financial Instruments

The Entity has initially applied IFRS 15 Revenue from Contracts with Customers and IFRS 9
Financial Instruments from January 1, 2018 on a retrospective basis. These standards did not
have an impact on net income and comprehensive income.
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HAMILTON RENEWABLE POWER INCORPORATED
Notes to Financial Statements (continued)

Year ended December 31,2018

4. Estimation uncertainty:

The preparation of financial statements requires that the Entity's management make assumptions and
estimates of effects of uncertain future events on the carrying amounts of the Entity's assets and
liabilities at the end of each reporting period. Actual results may differ from those estimates as the
estimation process is inherently uncertain. Actual future outcomes could differ from present estimates
and assumptions potentially having a material future effect on the Entity's historical experience and
other facts and circumstances. Revisions to estimates and the resulting effects on the carrying amounts
of the Entity's assets and liabilities are accounted for prospectively.

Areas requiring the use of significant assumptions and that have a significant risk of resulting in a
material adjustment to the carrying amounts of the Entity's assets and liabilities are as follows:

Useful lives of depreciable assets
Management reviews its estimate of useful lives of depreciable assets at each reporting date, based
on the expected utility of the assets. Uncertainties in these estimates relate to technical obsolescence
that may change the utility of the asset.

Impairment of property, plant and equipment
anagement reviews property, plant and equipment for possible impairment whenever events or

changes in circumstances indicate that the carrying amount of an asset may not be recoverable.

5. Deposit:

The balance is made up of a security deposit of $32,000 (2017 - $32,000) paid to the Ontario Electricity
Financial Corporation ( OEFC ). On December 23, 2004, Hamilton Renewable Power Inc. (then called
Hamilton Hydro Energy Inc.) signed a Renewable Power Energy Supply contract with the OEFC, which
was subsequently transferred by the OEFC to the Independent Electricity System Operator ("IESO ),
for the supply of 1.6 MW of electricity. During 2007, the IESO determined the security required under
this contract to be $32,000.
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HAMILTON RENEWABLE POWER INCO PORATED
Notes to Financial Statements (continued)

Year ended December 31,2018

6. Property, plant and equipment:

Buildina
Generating
eauioment

Interconnect
to arid Pioeline Total

Cost or deemed cost

Balance at January 1, 2017 $ 498,509 $ 8,214,549 $ 2,659,720 $ 1,528,917 $ 12,901,695
Additions - - - - -

Transfers - _ - - -

Disposals - - - - -

Balance at December 31, 2017 $ 498,509 $ 8,214,549 $ 2,659,720 $ 1,528,917 $ 12,901,695

Balance at January 1, 2018 $ 498,509 $ 8,214,549 $ 2,659,720 $ 1,528,917 $ 12,901,695
Additions - - - - -

Transfers - - - - -

Disposals - - - -

Balance at December 31, 2018 $ 498,509 $ 8,214,549 $ 2,659,720 $ 1,528,917 $ 12,901,695

Buildina
Generating
eauioment

Interconnect
to arid Pioeline Total

Accumulated Depreciation

Balance at January 1, 2017 $ 241,716 $ 3,561,563 $ 1,115,759 $ 682,484 $ 5,601,522

Additions 24,925 330,866 132,986 76,446 565,223
Transfers - - - - -

Disposals _ - - - -

Balance at December 31, 2017 $ 266,641 $ 3,892,429 $ 1,248,745 $ 758,930 $ 6,166,745

Balance at January 1, 2018 $ 266,641 $ 3,892,429 $ 1,248,745 $ 758,930 $ 6,166,745
Additions 24,925 314,019 132,986 76,446 548,376
Transfers - - - - -

Disposals - - - - -

Balance at December 31, 2018 $ 291,566 $ 4,206,448 $ 1,381,731 $ 835,376 $ 6,715,121

Carrying amount
December 31, 2017 $ 231,868 $ 4,322,120 $ 1,410,975 $ 769,987 $ 6,734,950
December 31, 2018 206,943 4,008,101 1,277,989 693,541 6,186,574

At December 31,2018, property, plant and equipment with a carrying value in the amount of $6,186,574
(2017 - $6,734,950) are subject to a general security agreement.
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HAMILTON RENEWABLE POWER INCORPORATED
Notes to Financial Statements (continued)

Year ended December 31, 2018

7. Capital loan:

The City of Hamilton, the sole shareholder, has provided a capital loan, bearing interest at 6.75%
compounded semi-annually, due in semi-annual payments of $287,698 principal and interest maturing
in 2019.

2018 2017

Capital loan $ 278,305 $ 807,954

Less current portion 278,305 529,649

$ - $ 278,305

The capital loan is secured by a first charge general security agreement over all of the corporation s
assets.

Fair value of the capital loan is estimated to be approximately equal to its carrying value. Fair value is
calculated based on the present value of future principal and interest cash flows, discounted at the
current rate of interest at the reporting date.

The remaining principal balance will be repaid in 2019.

8. Common shares:

The Entity is authorized to issue an unlimited number of common shares. Any invitation to the public to
subscribe for shares of the Entity is prohibited.

2018 2017

Issued:
600,001 Common shares $ 6,000,010 $ 6,000,010

The Entity paid dividends in the year on common shares which amount to total dividends paid in the
year of $103,057 (2017 - $61,514).
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HAMILTON RE EWABLE POWER I CORPORATED
Notes to Financial Statements (continued)

Year ended December 31, 2018

9. Payments in lieu of income taxes:

The pro ision for payments in lieu of income taxes ( PILs ) recognized in income is as follows:

2018 2017

Current PILs:
Current year $ 92,754 $ 84,290

Deferred PILs:
Origination and reversal of temporary differences (43,984) (37,844)

$ 48,770 $ 46,446

Reconciliation of effective tax rate

The provision for PILs differs from amounts, which would be computed by applying the Entity s
combined statutory income tax rate as follows:

2018 2017

Basic rate applied to income before PILs
Decrease in PILs resulting from:

Items not deductible for tax purposes and other

26.50%

-%

26.50%

-%

Effective rate applied to income before PILs 26.50% 26.50%

Deferred payments in lieu of income tax

Significant component of the Entity s deferred PILs is as follows:

2018 2017

Deferred PILs liability:
Property, plant and equipment $ 375,122 $ 419,106
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HAMILTON RENEWABLE POWER INCORPORATED
Notes to Financial Statements (continued)

Year ended December 31, 2018

10. Related party transactions:

The Entity sold $223,576 (2017 - $359,845) of thermal energy to the sole shareholder, the City of
Hamilton, and incurred methane purchase costs of $771,480 (2017 - $871,803) from the Cit  of
Hamilton, which are included in cost of goods sold. These transactions are recorded at fair value.

The Entit  paid $236,875 (2017 - $237,323) to the City of Hamilton for administrative support.

The Entity paid $118,788 (2017 - $123,618) to a corporation under common control for operation
charges related to the Woodward co-generation facility.

These transactions are in the normal course of operations and are measured at the exchange value
as agreed upon by the related parties.

Amounts due to and from related party included in current liabilities and current assets is due to/from
the City of Hamilton and is non-interest bearing with no fixed terms of repayment.

11. Economic dependence:

The Entity earns its revenue from three customers, one of which is the City of Hamilton, the others
being Independent Electricity System Operator and Hydro One. The agreement with independent
Electricity System Operator expires in November 2027.

12. Financial instruments:

Fair value

The carrying value of the Entity's financial instruments as at December 31, 2018 approximate fair
value.

Financial risk management

The types of financial risk exposure and the way in which such exposure is managed by the Entity are
as follows:

Credit risk

The Entity's exposure to credit risk is influenced mainly by the individual characteristics of each
customer. 100% of the Entity's revenue is attributable to sales transactions with two customers. The
carrying amounts of the Entity s accounts receivable is reduced through the use of an allowance for
impairment and the amount of the related impairment loss is recognized in net income. The balance
of the allowance for impairment as at December 31,2018 is $nil (2017 - $nil). The Entity's exposure
to credit risk and management of this risk has not changed from the previous year. Management
believes that the exposure is minimal as all amounts receivable are not past due.
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HAMILTON RENEWABLE POWER I CORPORATED
Notes to Financial Statements (continued)

Year ended December 31, 2018

12. Financial instruments (continued):

Liquidity risk

Liquidity risk is the risk that the Entity will be unable to meet its financial obligations as they become
due. The Entity manages liquidity risk by ensuring that it has sufficient cash available to meet its
obligations. The Entity forecasts cash flows for a period of 12 months to identify financial requirements.
These requirements are met through cash flows from operations. Management believes that the
Entity's exposure to liquidity risk and management of this risk has not changed from the previous year.

At December 31, 2018, the Entity s current liabilities consisted of accounts payable and accrued
liabilities, FIST payable, payment in lieu of taxes, due to related party and current portion of capital
loan. The Entity s cash and cash equivalents together with projected cash flows over the next 12
months is sufficient to pay these current liabilities.
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HAMILTON RENEWABLE POWER INC
2019 DRAFT BUDGET

August 27, 2019

FISCAL PERIOD: JANUARY 1 TO DECEMBER 31, 2019

2018    2019

: Ap roved
Budget

Audite 
Actuals Variance

i 2019 Draft
Budget $ Change % Change j

Revenue

Elect icity Revenue $ 2,570,538 $2,811,433 $ 240,895 $ 2,895,440 $ 324,902 12.6%
Thermal Revenue $ 240,020 $ 223,576 $ (16,444) $ 318,810 $ 78,790 32.8%
Interest Ea  ed $ 3,840 $ 5,947 $ 2,107 $ 6,000 $ 2,160 56.3%

Total Revenue $2,814,398 $ 3,040,956 $ 226,558 $ 3,220,250 $ 405,852 14.4%

Cost of Goods Sold
Methane Gas $ 786,540 $ 771,480 $ 15,060 $ 835,790 $ 49,250 6.3%

Gross Profit $ 2,027,858 $ 2,269,477 $ 241,619 $ 2,384,460 $ 356,602 17.6%

Expenses
Operations Charge $ 400,940 $ 400,460 $ 480 $ 414,220 $ 13,280 3.3%
Maintenance Contracts $ 736,735 $ 697,900 $ 38,835 $ 802,510 $ 65,775 8.9%
Unscheduled  aintenance $ 25,200 $ 26,167 $ (967) $ 25,560 $ 360 1.4%
Communications $ 44,060 $ 44,345 $ (285) $ 44,650 $ 590 1.3%
Utilities (Electric) $ 6,780 $ 7,063 $ (283) $ 7,070 $ 290 4.3%
Ground Maintenance $ $ 4,805 $ (4,805) $ 4,800 $ 4,800 NA
Portable Toilet Rental $ 1,620 $ 1,760 $ (140) $ 1,760 $ 140 8.6%
Insurance $ 33,960 $ 42,326 $ (8,366) $ 37,020 $ 3,060 9.0%
Professional Fees

Consulting $ 35,000 $ 35,000 $ - $ - $ (35,000) NA
Legal $ 55,860 $ 55,860 $ - $ 55,860 $ - 0.0%
Audit $ 3,440 $ 3,440 $ - $ 3,440 $ - 0.0%

City Staff $ 181,500 $ 181,015 $ 485 $ 184,640 $ 3,140 1.7%
Financial Charges

Bank Service $ 600 $ 566 $ 34 $ 570 $ (30) -5.0%
Late Payment $ 500 $ 597 $ (97) $ - $ (500) -100.0%

RITC $ 510 $ 505 $ 5 $ - $ (510) -100.0%

Non Operating E penses
Depreciation $ 559,509 $ 548,376 $ 11,133 $ 606,260 $ 46,751 8.4%
Loan interest $ 41,506 $ 36,810 $ 4,696 $ 4,700 $ (36,806) -88.7%

Total Expenses $2,127,720 $ 2,086,995 $ 40,725 $2,193,060 $ 65,340 3.1%

Net Income Before Taxes $ (99,862) $ 182,482 $ 282,344 $ 191,400 $ 291,262 -291.7%

Current and Deferred PIL Taxes $ (35,278) $ 48,771 $ (84,049) $ 50,720 $ 85,998 -243.8%

Net Income After Taxes $ (64,584) $ 133,711 $ 198,295 $ 140,680 $ 205,264 -317.8%

Cash Flow
Net Income After Tax $ (64,584) $ 133,711 $ 198,295 $ 140,680 $ 205,264 -317.8%
A d: Non-Cash Expenses $ 559,509 $ 548,376 $ 11,133 $ 606,260 $ 46,751 8.4%
Less: Loan Principle Payments $ (529,649) $ (529,649) $ 0 $ (278,310) $ 251,339 -47.5%
Net Cash Inflo $ (34,724) $ 152,438 $ 209,428 $ 468,630 $ 503,354 -1449.6%

Summary of Benefits of HRPI Operations to City of Hamilton

Dividend
Methane Gas Purchase 
Loan Interest Paid (6.75% Annual Rate)
Professional Fees - Cit  staff
City s Opportunity Cost of Loan (3%
Total Net Benefit to City

2018
Approved Audited
Budget Actuals Variance

¦ $ 103,057 $ 103,057 $ .
$ 786,540 $ 771,480 $ (15,060)
$ 41,506 $ 36,810 $ (4,696)
$ 237,360 $ 236,875 $ (485)
$ (18,447) $ (16,360) $ 2,087
$1,150,016 $1,131,862 $ (18,154)

2019
2019 Draft

Budget $ Change % Change
$ 106,970 $ 3,913 3.8%
$ 835,790 $ 49,249 6.3%
$ 4,700 $ (36,806) -88.7%
$ 240,500 $ 3,140 1.3%
$ (2,090) $ 16,357 -88.7%
$1,185,870 $ 35,853 3.1%

Dividend Calculation:
* 2018 budgeted dividend based on 2017 audited net earnings ($128,821 x.80) = $103,057
** 2019 budgeted dividend based on 2018 audited net earnings ($133,711 X .80) = $106,970

S:\Corporate Services\City C!erks\Sub-Committees\HRPi Bd of Dirt2019\001 - September 16 2019\06.3 2019 Draft Budget.xisx
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AUDIT, FINANCE AND ADMINISTRATION COMMITTEE 
REPORT 19-014 

9:30 a.m.  
October 3, 2019 

Council Chambers 
Hamilton City Hall 

 

 

Present: Councillors C. Collins (Chair), M. Wilson, B. Clark, A. VanderBeek, 
L. Ferguson and B. Johnson 

 

Absent: Councillors J. Partridge and M. Pearson – Personal   

 
 

THE AUDIT, FINANCE AND ADMINISTRATION COMMITTEE PRESENTS REPORT 
19-014, AND RESPECTFULLY RECOMMENDS: 
 
1. 2019 Second Quarter Request for Tenders and Proposals Report 

(FCS19041(a)) (City Wide) (Item 7.1) 
 

That Report FCS19041(a), respecting the 2019 Second Quarter Request for 
Tenders and Proposals Report, be received. 
 

2. 2019 Second Quarter Emergency and Non-competitive Procurements 
Report (FCS19042(a)) (City Wide) (Item 7.2) 

 
That Report FCS19042(a), respecting the 2019 Second Quarter Emergency and 
Non-competitive Procurements Report, be received. 
 

3. Second Quarter Non-compliance with the Procurement Policy Report 
(FCS19043(a)) (City Wide) (Item 7.3) 

 
That Report FCS19043(a), respecting the Second Quarter Non-compliance with 
the Procurement Policy Report, be received. 
 

4. Semi-Annual Employee Attendance Report 2019 (HUR19020) (City Wide) 
(Item 7.4) 

 
That Report HUR19020, respecting the Semi-Annual Employee Attendance 
Report 2019, be received. 

 
5. Semi-Annual Occupational Injury and Illness Claims 2019 (HUR19021) (City 

Wide) (Item 7.5) 
 

That Report HUR19021, respecting the Semi-Annual Occupational Injury and 
Illness Claims 2019, be received. 
 

  6.6 
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6. Reporting Process for Office of the City Auditor Audit Assurance Reports 

(AUD19006) (City Wide) (Item 10.1) 
 
That the Reporting Process for City Audit Assurance Reports attached as 
Appendix “A” to Audit, Finance & Administration Report 19-014, be approved. 

 
7. Employee Code of Conduct Updates (HUR19022 / AUD19009) (City Wide) 

(Item 10.2) 
 
(a) That Council approve the inclusion of Schedule F: Interacting with the 

Office of the City Auditor (Appendix “B” to Audit, Finance & Administration 
Report 19-014) in the City’s Code of Conduct for employees; and, 

 
(b) That Council approve the amended wording as highlighted in Schedule D: 

Outside Employment and Activity (Appendix “C” to Audit, Finance & 
Administration Report 19-014) in the City’s Code of Conduct for 
employees. 

 
8. Parkland Dedication Reserve Status Report as of December 31, 2018 

(FCS19072) (City Wide) (Item 10.3) 
 

(a) That Report FCS19072 “Parkland Dedication Reserve Status Report as of 
December 31, 2018”, be received and made available to the public; and, 

 
(b) That Report FCS19072 “Parkland Dedication Reserve Status Report as of 

December 31, 2018”, be forwarded, if requested, to the Ministry of 
Municipal Affairs and Housing. 

 
9. City-Wide Cash Handling Policy and Guideline Revisions (FCS19067) (City 

Wide) (Item 14.2) 
 

(a) That Appendix “A” to Report FCS19067, revised City-Wide Cash Handling 
Policy and Guidelines, be approved; 

 
(b) That Appendix “B” to Report FCS19067, Quick Reference regarding the 

Revisions to the Cash Handling Policy and Guidelines, be received; and, 
 
(c) That the contents of Report FCS19067 respecting the City-Wide Cash 

Handling Policy and Guideline Revisions, including Appendix “A” and “B”, 
remain confidential. 
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10. Appeals of the Development Charge By-laws 19-141 and 19-142 (LS19034 / 
FCS19071) (City Wide) (Item 14.3) 

 
(a) That, once all appeals of Development Charge By-law Nos. 19-141 and 

19-142 by academic institutions have been resolved, staff be directed to 
report back on Outstanding Business List item relating to options for an 
“Academic and Student Residence Development Grant Program; and, 

 
(b) That the contents of Report LS19034 / FCS19071, respecting Appeals of 

the Development Charge By-laws 19-141 and 19-142, remain confidential. 
 

FOR INFORMATION: 
 
(a) CHANGES TO THE AGENDA (Item 2) 
 

The Committee Clerk advised of the following changes to the agenda: 
 
6. DELEGATION REQUESTS (Item 6) 

 
6.1 Ken Tigchelaar, Hamilton Area Social Enterprises, respecting 

advocacy for Social Procurement and its implications for Social 
Enterprise (For a future meeting) 

 
6.2 Richard Ferguson, respecting a recent incident regarding water use 

at his property (For a future meeting) 
  
11. MOTIONS (Item 11) 
 

11.1  Water Service Line Replacement to Allow for Meter Replacement at 
226 Beach Blvd., Hamilton – This item has been withdrawn 

 
The agenda for the October 3, 2019 Audit, Finance and Administration 
Committee meeting was approved, as amended. 

 
(b) DECLARATIONS OF INTEREST (Item 3) 

 
There were no declarations of interest. 

 
(c) APPROVAL OF MINUTES OF PREVIOUS MEETING (Item 4) 
 

(i) September 19, 2019 (Item 4.1) 
 

The Minutes of the September 19, 2019 meeting of the Audit, Finance and 
Administration Committee were approved, as presented.  
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(d) COMMUNICATIONS (Item 5) 
 

(i) Correspondence from the Hamilton Waterfront Trust respecting their 
December 31, 2018 Audited Financial Statements (Item 5.1) 

 
 The correspondence from the Hamilton Waterfront Trust respecting their 

December 31, 2018 Audited Financial Statements, was received. 
 
(e) DELEGATION REQUESTS (Item 6) 
 

The following delegation requests, were approved for a future meeting: 
 

(i) Ken Tigchelaar, Hamilton Area Social Enterprises, respecting 
advocacy for Social Procurement and its implications for Social 
Enterprise (Added Item 6.1) 

 
(ii) Richard Ferguson, respecting a recent incident regarding water use 

at his property (Added Item 6.2) 
 

(f) CONSENT ITEMS (Item 7) 
 

(i) Hamilton Aboriginal Advisory Committee Minutes - June 19, 2019 
(Item 7.6) 

 
 The Hamilton Aboriginal Advisory Committee Minutes from June 19, 2019, 

were received. 
 
(g)  PRIVATE AND CONFIDENTIAL (Item 14) 
 
 (i) September 19, 2019 – Closed Minutes (Item 14.1) 
 

(a)  The Closed Session Minutes of the September 19, 2019 Audit, 
Finance and Administration meeting, were approved as presented; 
and,  

 
(b)  The Closed Session Minutes of the September 19, 2019 Audit, 

Finance and Administration meeting, remain confidential. 
 
Committee moved into Closed Session respecting Items 14.2 & 14.3,  pursuant 
to Section 8.1, Sub-sections (a), (e) and (f) of the City's Procedural By-law 18-
270, and Section 239(2), Sub-sections (a), (e) and (f) of the Ontario Municipal 
Act, 2001, as amended, as the subject matters pertain to the security of the 
property of the municipality or local board; litigation or potential litigation, 
including matters before administrative tribunals, affecting municipality or local 
board; and advice that is subject to solicitor-client privilege, including 
communications necessary for that purpose. 
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(ii) City-Wide Cash Handling Policy and Guideline Revisions (FCS19067) 
(City Wide) (Item 14.2) 

 
 For further disposition of this matter, refer to Item 9. 

 
(iii) Appeals of the Development Charge By-laws 19-141 and 19-142 

(LS19034 / FCS19071) (City Wide) (Item 14.3) 
 
 Staff were provided with direction in Closed Session. 
 

For further disposition of this matter, refer to Item 10. 
 

(h) ADJOURNMENT (Item 15) 
 

There being no further business, the Audit, Finance and Administration 
Committee, adjourned at 10:48 a.m. 

 
 
Respectfully submitted, 

 
 

Councillor Collins, Chair  
Audit, Finance and Administration 
Committee 

 
 
 
 
Angela McRae 
Legislative Coordinator 
Office of the City Clerk 
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APPENDIX  A 
REPORTING PROCESS FOR OFFICE OF THE CITY AUDITOR

AUDIT ASSURANCE REPORTS

Compliance Audit Reports
1. At the conclusion of the fieldwork required for an audit/review, a formal audit report

will be drafted. In most cases, the report will follow a short, columnar format and
include Background Information, Observations, Recommendations and Management
Responses. The Background Information, Observations and Recommendations are
written by the Office of the City Auditor. This draft report will then be distributed to
management responsible for formulating a response to each recommendation. A
two-week turnaround time will be allowed.

2. The responses received from management will be incorporated into the third column
of the report. Responses will include an  Agree/Disagree" along with a brief
management response that should include current and future actions, an expected
completion date or a reason for the disagreement, as warranted.

3. This report will then be circulated to the General Manager(s) of the responsible
department(s) for review and approval of the Management Response only. A one-
week turnaround time will be allowed.

4. Upon the approval, the final audit report will be presented to the Audit, Finance and
Administration Committee for receipt, discussion and staff direction.

5. If management cannot provide a response or provides an insufficient response
within the timelines noted above or is delaying the submission of the report to the
Audit, Finance and Administration Committee, the City Auditor (or designate) may
present the report to the Audit, Finance and Administration Committee and
communicate in the report that a Management Response was not received within
the Council-approved timelines and/or provide commentary on response
deficiencies.

Follow Up Reports
1. As prior audits are followed up, any new information will be added to the original

audit/review report of a process/service. This additional, new information will be the
result of the Office of the City Auditor s follow up review.

2. This draft report will be sent to appropriate staff and the General Manager(s) of the
department(s) responsible for the implementation of the recommendations for
information and to ensure the remarks by the Office of the City Auditor are reflective
of current conditions.

3. The follow up report will be presented to the Audit, Finance and Administration
Committee for receipt.
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Value for Money Audit Reports
The process for Value for Money Reports is the same as Compliance Audit Reports,
with the exception that a three-week turnaround time will be allowed and a long form,
narrative report that includes Background Information, Audit Objectives, Scope, Detailed
Observations by topic or issue, Recommendations and Management Responses.

Note
Copies of all audit/review and follow up reports are provided to the Senior Leadership
Team (SLT) members for information only at the time the Clerk s Office is requested to
place the reports on the Audit, Finance and Administration Committee agenda.
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Schedule F: Interacting with the Office of the City Auditor

PURPOSE In accordance with the Municipal Act and City of Hamilton By-Law
19-180, the City Auditor acts as an Accountability Officer of the City
of Hamilton. The Auditor and the Office of the City Auditor (OCA)
fulfils this duty by assisting City Council in holding itself and its
administrators accountable for the quality of stewardship over public
funds and for the achievement of value for money in City operations.
The OCA s mandate is to report to Hamilton City Council via the
Audit, Finance and Administration Committee objective information
and recommendations resulting from independent audits of the
government's programs, and in other areas outlined in the Audit
Charter.

Audits are vital to ensuring transparency in government and in
building trust and confidence. The purpose of this schedule is to
outline the roles, responsibilities and expectations of all staff when
involved in an audit investigation or other work.

SCOPE Schedule F of the Code of Conduct applies to all employees at the
City of Hamilton, including but not limited to regular, temporary and
contract employees, volunteers, students and interns.

Schedule F is applicable to the following types of work undertaken
by the OCA:

• All types of audits (including compliance, value for money or
a combination of the two)

• Investigations (including Fraud, Waste and Whistleblower)
• Other types of work at the City Auditor s discretion

Schedule F is not applicable to the following types of work due to
their collaborative nature:

• Risk assessments
• Consulting projects (including research)

If for these types of work, issues in obtaining information are
encountered, the work may either be cancelled or be switched to an
audit or investigation, at the discretion of the City Auditor.
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GUIDING
PRINCIPLES

The following principles guide interactions between City employees
and the Office of the City Auditor (OCA), when conducting audits
and investigations.

Independence
The City Auditor and staff are independent of City administration and
operations. This independence is a safeguard that enables the OCA
to fulfil its auditing and reporting responsibilities objectively and
fairly. City auditors must therefore be free from any external
impairment to that independence.

Respect
Under the Municipal Act the OCA has the mandate and the authority
to set the parameters of an audit. All dealings with the OCA shall be
respectful of that authority.

Res onsibility
All City staff involved in an audit have a responsibility to ensure a
positive and constructive relationship and working environment. In
particular, Leaders have a duty to ensure this relationship is
maintained through the course of an audit.

Co-operation
It is the responsibility of all City staff to provide the OCA with access
to the people, information, systems and records necessary to the
performance of its legislated audit responsibilities. Provision of
information will occur in an atmosphere that respects and protects
the confidentiality of staff members

DEFINITIONS

Accountability
Officer

Independent parties that ensure transparency and
accountability and receive and investigate complaints. This
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can include the City Auditor, Integrity Commissioner, Lobbyist
Registrar or Ombudsman

Audit Working
Papers

Auditors  files, notations, analysis and documentation, both
electronic and paper, that support findings and conclusions in
their report.

Information All hard copy, electronic records and meta data.

Sensitive and
Confidential
Information

Information that is protected, including information excluded
from MFIPPA and PFIPPA FOI requests.

TERMS AND
CONDITIONS

Audit Standards While conducting an audit, Auditors are obliged to follow audit
standards. Auditors are required to maintain an attitude of
professional scepticism in ensuring that all the information examined
is supportable.

Auditors are obliged to obtain sufficient and appropriate evidence
regarding the information gathered, including electronic, written and
verbal.

Confidentiality Confidentiality is an integral part of the audit process and the OCA
has a duty to protect the confidentiality of information received and
cannot communicate information other than as part of the audit
report and in prescribed situations. Accordingly, per section 223.22
(4) of the Municipal Act, audit working papers shall not be made
available as they are confidential. Information collected by the
auditors is not subject to public access under the Municipal Freedom
of Information and Protection of Privacy Act (MFIPPA).

When Requested to
Interact with the

When involved in an audit investigation or other work, all City
of Hamilton employees will:
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Office of the City   Fully cooperate with the OCA
Auditor

• At the start of the audit, share all relevant information
(including consultant s reports) and provide access to
systems

• Respond courteously, with fairness and honesty to
inquiries and requests for information or assistance from
the OCA and not limit or unreasonably delay the time
allowed to provide information and conduct interviews.

• Respect that the OCA has the authority to select and
determine what information is required for the audit,
decide the pertinence of information, the selection or
application of audit procedures and transactions or
events to be examined.

• Not restrict the audit or interfere with the auditors  ability
to form independent, objective opinions and
conclusions, or in matters of audit selection, scope and
report content.

• Provide clear and full disclosure of requested
information and explanations, and the appropriate
access to City resources and information sources.

• Provide original supporting documentation when
available and requested by the auditors, and shall in no
way alter, change or delete information or records.

• Leaders shall permit access to staff for the purposes of
interviews, confidentially if so requested by the auditor.

• Leaders will cooperate with any requests to assign a
coordinator to work with the Office of the City Auditor to
coordinate materials and ensure that the audit
investigation or other work is handled efficiently.
However, that should not constrict auditors from having
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direct access to information custodians or operational
staff.

All City records including confidential and sensitive information are
subject to review by the OCA. Where approval is required by the
General Manager for release of information, the approval process
should not unreasonably delay the audit process.

Release of Sensitive
Information

Any information including sensitive and confidential information,
must be provided in full and not be redacted, altered or abridged.

If, during the course of an audit, an employee commits or becomes
aware of any infraction of the Code of Conduct they are obligated to
contact the City Auditor to report the activity directly, or using the
Fraud and Waste Hotline.

Issues Arising
During the Course of
an Audit

If at any time, an employee is unclear if the infraction of the Code of
Con uct jeopardizes the integrity of the audit, they will contact the
Office of the City Auditor for consultation in the matter, or through
the Fraud and Waste Hotline.

The bringing forth of such information will be held in strict confidence
by the City Auditor. Once the City Auditor has documented the
information, it will be reviewed to determine how the infraction
impacts the audit and develop next steps in dealing with the issue.

RELATED
DOCUMENTS

OCA activity is guided by the following professional standards
and/or legislative requirements:

• Municipal Act, Sections 223.19-223.23 (Auditor
General), as applicable.
City of Hamilton Whistleblower By-law (19-181).

• City Auditor Bylaw (19-180)
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• International Standards for the Professional Practice of
Internal Auditing issued by the Institute of Internal
Auditors, for audit, assurance and general consulting
work.

Certified Fraud Examiners Code of Professional
Standards issued by the Association of Certified Fraud
Examiners for Fraud, Waste and Whistleblower
assessments and investigations.
Fraud and Waste Hotline

COMPLIANCE Every employee is expected to be aware of and act in compliance
with this policy and with the related Code of Conduct for Employees
Policy. Any employee under investigation may be suspended with
or without pay or be re-assigned to other duties pending completion
of the investigation, depending on the particulars of the case and the
best interests of the City. Where there is serious wrongdoing as
defined in the Whistleblower By-law, then the By-Law prevails.
Violations of this policy may result in appropriate disciplinary
measures, up to and including dismissal.
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Schedule D: Outside Employment and Activity

PURPOSE The City of Hamilton recognizes that City employees are engaged in
pursuits outside of their work day. This may include, but is not limited
to, involvement in community groups and organizations, working with
political organizations, and/or seeking additional employment
opportunities in addition to their role at the City.

While the City supports employees in their personal endeavors, the
outside activities of employees must align with the City s culture and
values and must not create a conflict of interest, contravene City of
Hamilton policies and procedures or misrepresent the City of
Hamilton in any way. In addition, employees  behaviour outside of the
workplace must not diminish the trust and confidence that the
community has in City administration or impact the City’s ability to
provide services to the community.

DEFINITIONS

Hate
Acts of hate are committed to intimidate, harm or terrify victims and
the identifiable groups to which they belong. Victims of hate are
targeted on the sole basis of who they are and/or the groups to which
they belong (i.e., being Jewish, Muslim, Transgender, Black,
Indigenous, etc.).

Hate Related Incidents may involve intimidation, harassment,
physical force or threat of physical force against a person, a group o 
a property if motivated by hatred/bias/prejudice against an
identifiable group. Acts of hate may be committed by strangers or
individuals well known to the victim. Perpetrators may include
individuals, groups, organizations and institutions. Victims may be
reluctant to report hate for a variety of reasons, including: not
recognizing that the motivation was hate; fear of retaliation;
embarrassment and humiliation; and/or uncertainty of the criminal
justice system response.

Hate Activity Can include, but is not limited to, verbal slurs; threats; vandalism;
intimidation and harassment; and public messages that imply that
members of an identifiable group are to be despised, scorned,
denied respect and made subject to ill-treatment on the basis of
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group affiliation. Such messages may include group symbols,
slogans or epithets and can be transmitted in many ways (e.g.
graffiti, posters, flyers, hate mail, over the telephone, website and e-
mail content, etc.)

TERMS AND
CONDITIONS

Outside Employment Employees shall not take outside employment, including self-
employment, if such employment:

• causes a real or apparent conflict of interest; or

• is performed in such a way as to appear to be an official
act of or to represent the City; or

• interferes with regular duties in any way, or involves the
use of City premises, resources or equipment including
but not limited to City e-mail, telephones, cell phones, or
supplies.

Where it appears that a conflict of interest might arise in
accepting outside employment, employees must notify their
supervisor in writing of the nature of such outside employment
prior and receive written permission prior to the acceptance of
such employment (See Reporting a Conflict of Interest below).

Outside Business &
Financial Activity

No employee participating in any outside business or financial
activity shall do so during work hours or use the City s facilities
or property including but not limited to vehicles, equipment,
tools, photocopiers, stationery, telephones or cell phones,
computers, etc., for the benefit or purpose of such business or
activity.

Purchase or Lease of
Real Property

No employee of the City shall directly or indirectly purchase or lease
real property from or to the City, nor shall an employee have any
direct or indirect interest in a company which purchases or leases
real property from or to the City, unless this interest has been fully
disclosed to the appropriate approving authority and unless the
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Employees Doing
Business with the
City

Individual Behavior
Outside of the
Workplace

Involvement with
Outside Groups

purchase or lease of the real property is done through a public
process

No employee shall knowingly approve or attempt to influence the
approval of any license, permit, contract, agreement or other
document on behalf of the City for his or her own personal use, or for
the use of an individual with whom the employee has a financial or
social relationship. This is in accordance with the City s Procurement
Policy By-law.

Employees must not engage in any behaviour outside of the
workplace that;

• Violates City polices, including the Code of Conduct and the
Harassment and Discrimination policy

• Falls underthe City’s definition of hate or hate activity
• Is in misalignment with the City’s culture and values
• Is detrimental to the City of Hamilton
• Impacts the City’s ability to carry out services
• Negatively impacts the trust and confidence that the

community has in City administration

No employee of the City of Hamilton shall participate or otherwise be
involved with groups who engage in hate or hate activity.

When considering involvement with outside groups, employees
should ensure that they are aware of and fully understand the
group’s objectives, values and beliefs to ensure that they are not in
misalignment with the City’s corporate culture and values.

Community Board
Activity No employee shall accept an appointment to the Board of a

community agency or association that deals with matters related
to the activities of the City, without the written permission of his
or her Director or designate. Written permission of the Director
or designate is not required if the employee is appointed to the
Board of the agency or association by the City to represent the
City’s interests.
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Any City employee serving on a community board shall take all
reasonable actions to avoid any real conflict or apparent conflict
between Board activity and the City s interests. Where a real or
apparent conflict exists, the employee shall declare the conflict
and shall not take part in, or be present for, any Board
discussion or decision about the issue raising the conflict of
interest. If the conflict of interest is significant, the employee
shall resign from the board.

To ensure public trust in the City of Hamilton, employees must
be, and appear to be, both personally impartial and free from
undue political influence in the exercise of their duties.

Employees engaged in political activities must take care to
separate personal political activities from their position of
employment with the City.

Employees who are politically involved in Municipal, Provincial,
or Federal levels of government must make it clearly
understood that they are acting personally and not as
representatives of the City.

Employees who are running for elected office at the municipal
level must abide by the respective legislation governing such
elections. This includes abiding by s. 30 of the Municipal

Elections Act, 1996 which requires that employees request
and obtain an un aid leave of absence beginning as of the day
the employee is nominated and ending on voting day; and
deems employees who are elected to office to have resigned
from employment immediately before making their declaration
of office.

Any employee who is politically involved shall ensure that such
involvement does not interfere with his or her ability to perform
his or her corporate duties objectively.

Employees must not engage in any political activity during
working hours or utilize City assets resources or property. 
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Employees shall not identify themselves as City employees
when engaged in political activity (e.g. employees shall not
wear clothing with the City of Hamilton logo while canvassing
for a candidate).

Notices, posters or similar material in support of a particular
candidate or political party are not to be displayed or
distributed by employees at City work sites or on City property.
An employee s decision to support a candidate or political
party financially remains a personal decision.

COMPLIANCE Every employee is expected to be aware of and act in compliance
with the Code of Conduct for Employees Policy and the related
Schedules. Any employee under investigation may be suspended
with or without pay or be re-assigned to other duties pending
completion of the investigation, depending on the particulars of the
case and the best interests of the City. Where there is a serious
wrongdoing, as defined in the Whistleblower By-law, that By-law
applies. Violations of this Schedule may result in appropriate
disciplinary measures, up to and including dismissal with cause.



 
 
 

7.1 

CITY OF HAMILTON 
MOTION 

 
 

Council:  October 9, 2019 
 

 

MOVED BY COUNCILLOR T. WHITEHEAD..…….….………………………..…… 
 

SECONDED BY COUNCILLOR…………………………………………………………. 

 
Control System on Northbound Ramp of the Lincoln Alexander Parkway at Garth Street 

 
That staff be directed to look into the feasibility of placing a control system on the northbound 
ramp of the Lincoln Alexander Parkway at Garth Street at peak hours and report back to the 
Public Works Committee. 
 



 
 
 

7.2 

CITY OF HAMILTON 
MOTION 

 
 

Council:  October 9, 2019 
 

 

MOVED BY COUNCILLOR T. WHITEHEAD..…….….………………………..…… 
 

SECONDED BY COUNCILLOR…………………………………………………………. 

 
Levels of Congestion on Garth Street and Scenic Drive at Peak Hours 

 
That staff be directed to study the level of congestion on Garth Street and Scenic Drive at 
peak hours and provide options to mitigate the impacts and report back to the Public Works 
Committee. 
 



 
 
 

7.3 

CITY OF HAMILTON 
MOTION 

 
 

Council:  October 9, 2019 
 

 

MOVED BY COUNCILLOR A. VANDERBEEK.…………….………………..…… 
 

SECONDED BY COUNCILLOR…………………………………………………………. 

 
Review of Position of Director, Physician Recruitment 
 
WHEREAS, the meeting of the Board of Health did not achieve quorum on September 16, 2019, 
where the Physician Recruitment and Retention Steering Committee Report 19-001, was to be 
considered; and 
 
WHEREAS, the Working Group to review the position of the Director, Physician Recruitment 
is scheduled for October 7, 2019.  
 
THEREFORE BE IT RESOLVED  
 
That the General Manager, Finance and Corporate Services; the General Manager, Healthy 
and Safe Communities, and the Executive Director, Human Resources and Organizational 
Development, or their designates, be invited to participate in the meetings of the Working 
Group of the Physician Recruitment and Retention Steering Committee to review the position 
of Director, Physician Recruitment. 
 



 
 
 

  7.4 
 

CITY OF HAMILTON 
MOTION 

 
 

Council: October 9, 2019 
 

 
MOVED BY COUNCILLOR T. JACKSON.......………….….…………..…..….  
 
SECONDED BY COUNCILLOR …………….……………..………………….. 
 
City Enrichment Fund 2020 Budget Enhancement Request for the Concession 
Street BIA 

 
(a) That an enhancement of an additional $1,178 (from $2,822 to $4,000) for the 

Concession Street BIA – Sidewalk Sounds base budget, be referred to the 2020 
Operating Budget process (GIC) for consideration; and,  

 
(b) That an enhancement of an additional $1,550 (from $6,450 to $8,000) for the 

Concession Street BIA – Streetfest base budget, be referred to the 2020 
Operating Budget process (GIC) for consideration. 

 
 



7.5 

 

CITY OF HAMILTON 
MOTION 

 

Council: October 9, 2019 
 

 
MOVED BY COUNCILLOR J. P. DANKO…......………….…………..…..…. 
 
SECONDED BY COUNCILLOR………………………………………………..  
 
Amendment to Item 25 of the General Issues Committee Report 19-002 (Operating 
Budget), respecting Transit Service Levels, Demand and Growth Opportunities by 
Ward 
 
That Item 25 of the General Issues Committee Report 19-002 (Operating Budget), 
respecting Transit Service Levels, Demand and Growth Opportunities by Ward, which 
was approved by Council on March 27, 2019, be amended, to read as follows: 
 
25. Transit Service Levels, Demand and Growth Opportunities by Ward 

(PW19026) (City Wide) (Item 6.14) 
 

That Report PW19026, respecting Transit Service Levels, Demand and Growth 
Opportunities by Ward, be received and referred to a future General Issues 
Committee agenda for discussion.  

 
 
 



7.6 

CITY OF HAMILTON 
MOTION 

 

Council: October 9, 2019 
 

 
MOVED BY COUNCILLOR J. P. DANKO…......………….…………..…..….  
 
SECONDED BY COUNCILLOR…………………………………………………. 
 
Amendment to Item 27 of the General Issues Committee Report 19-002 (Operating 
Budget), respecting Alternative Funding Options for Transit 
 
That Item 27 of the General Issues Committee Report 19-002 (Operating Budget), 
respecting Transit Service Levels, Demand and Growth Opportunities by Ward, which 
was approved by Council on March 27, 2019, be amended by deleting the words “newly 
established Transit Area Rating Review Sub-Committee” and replacing them with the 
words “General Issues Committee”, to read as follows: 
 
27. Alternative Funding Options for Transit (Item 7.2) 
 

That staff be directed to incorporate an analysis of other options of funding for 
Transit, and to include the following in the report respecting a system-wide 
approach to public transit, which is to come forward to the newly established 
Transit Area Rating Review Sub-Committee General Issues Committee: 
 
(i) Kilometers of service and service levels city-wide; and, 
 
(ii) Incorporating the assessment part of the area rating formula (as was done 

by the Region). 
 



7.7 

CITY OF HAMILTON 
 

M O T I O N 
 
 

 Council:  October 9, 2019 

 
 
MOVED BY COUNCILLOR L. FERGUSON...…....…………..………………... 
 
SECONDED BY COUNCILLOR ………………….……………………………... 
 
Removal of Private Ash Tree at 85 Fiddlers Green Road, Ancaster (Ward 12) 
 
WHEREAS, the elderly homeowner of 85 Fiddlers Green Road, Ancaster needs to have 

a dying Ash tree removed from their property under the City of Hamilton’s Emerald Ash 

Borer Management Program; 

 

WHEREAS, the Ash tree located at 85 Fiddlers Green Road, Ancaster was probably 

planted by the Town of Ancaster’s tree planting program; and, 

 

WHEREAS, the property line at 85 Fiddlers Green Road is not easy to follow. 

 

THEREFORE, BE IT RESOLVED: 

 

That staff be directed to remove the one Ash tree in front of 85 Fiddlers Green Road, 

Ancaster, as part of the Emerald Ash Borer Management Program and that the costs for 

removal, stumping and replacement be funded from Project ID 4451153001, Emerald Ash 

Borer (EAB) Management Plan. 



8.1 

 

 CITY OF HAMILTON 
NOTICE OF MOTION 

Council: October 9, 2019 
 

MOVED BY COUNCILLOR J. P. DANKO…......………….…………..……….  
 
Reconsideration of Item 26 of the General Issues Committee Report 19-002 
(Operating Budget) respecting a System-Wide Approach to Public Transit 
 
That sub-sections (a) and (b) to Item 26 of the General Issues Committee Report 19-002 
(Operating Budget), respecting a system-wide approach to public transit, which was 
approved by Council on March 27, 2019, and reads as follows, be reconsidered: 
 
26. A System-Wide Approach to Public Transit (Item 7.1) 
 

WHEREAS, transportation and public transit continue to be significant and 
important public policy matters;  
 
WHEREAS, public transit (known as HSR) in the City of Hamilton remains a priority 
for Council;  
 
WHEREAS, public transit is currently apportioned to residents based on 
geographic area and service levels; and, 
 
WHEREAS, Council has stated on numerous occasions, that it supports a system-
wide approach to public transit, which includes enhancing service levels;  
 
THEREFORE, BE IT RESOLVED: 
 
(a) That a Transit Area Rating Review Sub-Committee be established, to 

be comprised of 6 members of Council; (3) three urban and (3) three 
suburban Councillors, to evaluate options for rebalancing area rating 
for transit, based on an urban and rural split, and to make 
recommendations to the General Issues Committee in a fair and 
equitable way in order to rebalance transit area rating for the 2020 
budget process;  

 
(b) That staff be directed to report back to the General Issues Committee 

with a Terms of Reference and guiding principles for the Transit Area 
Rating Review Sub-Committee, prior to the first meeting of the Sub-
Committee; 

 
(c) That staff be directed to report back to the Transit Area Rating Review Sub-

Committee with an area rating analysis for transit for the 2020 Operating 



budget process, with respect to a public transit system that supports a 
system-wide approach, with that report to include enhanced service levels 
that align with the overall City Transit Strategy; and, 

 
(d) That staff be directed to review the possibility of the area rating net benefit 

to Wards 1 to 8 being used for public transit city-wide and report to the 
Transit Area Rating Review Sub-Committee. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  Authority: Item 14, Committee of the Whole 
Report 01-003 (FCS01007) 
CM:  February 6, 2001 
Wards: 1,2,3,8 

                    Bill No. 246 

CITY OF HAMILTON 

BY-LAW NO.  19- 

 To Amend By-law No. 01-218, as amended, 
Being a By-law To Regulate On-Street Parking 

 
 

 
WHEREAS Section 11(1)1 of the Municipal Act, S.O. 2001, Chapter 25, as amended, 
confers upon the councils of all municipalities the power to enact by-laws for regulating 
parking and traffic on highways subject to the Highway Traffic Act; 
 
 
AND WHEREAS on the 18th day of September, 2001, the Council of the City of Hamilton 
enacted By-law No. 01-218 to regulate on-street parking; 
 
AND WHEREAS it is necessary to amend By-law No. 01-218, as amended. 
 
NOW THEREFORE the Council of the City of Hamilton enacts as follows: 

 
 

1. By-law No. 01-218, as amended, is hereby further amended by adding/deleting 
from the identified Schedules and Sections noted in the table below as follows: 

 
 
 

Schedule Section Highway Side Location Duration Times Days 
Adding/ 
Deleting 

 
6 – Time 

Limit 
E Emerald St.  East Cannon St. to 

Barton St. 3 hr 8 am - 6 pm Mon -Fri Adding 

 
6 - Time 

Limit 
E Jackson St. South Locke St. to Pearl 

St. 1 ht Anytime Anyday Adding 
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Schedule Section Highway  Side Location Times 
Adding/ 
Deleting 

 
8 – No 
Parking 

E Wellington West from 19.8m north of Hunter 
to Barton Anytime Deleting 

 
8 – No 
Parking 

E Wellington St.  West  20m north of Hunter St. to 
King William St. Anytime Adding 

 
8 – No 
Parking 

E Kettlepoint Dr.  North & 
West 

20m east of Jacqueline 
Blvd. to 26m east-north Anytime Adding 

 
 
 
 
 
 

Schedule Section Highway Side Location Times 
Adding/ 
Deleting 

 
13 – No 
Stopping  

E Wellington East Barton to Wilson 4:00 p.m. to 6:00 p.m. 
Monday to Friday Deleting 

 
13 – No 
Stopping 

E Wellington St.  East Barton St. to Robert St. 4:00 p.m. to 6:00 p.m.  
Monday to Friday Adding 

 
13 – No 
Stopping 

E Wellington St.  East Robert St. to King William St. 2:00 p.m. to 6:00 p.m. 
Monday to Friday  Adding 

 
13 – No 
Stopping 

E Wellington West Burlington to Hunter 4:00 p.m. to 6:00 p.m.  
Monday to Friday Deleting 

 
13 – No 
Stopping 

E Wellington St.  West  Burlington St. to Robert St.  4:00 p.m. to 6:00 p.m.  
Monday to Friday Adding 

 
13 – No 
Stopping 

E Wellington St.  West  King William St. to Hunter St. 4:00 p.m. to 6:00 p.m.  
Monday to Friday Adding 
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2. Subject to the amendments made in this By-law, in all other respects, By-law No. 

01-218, including all Schedules thereto, as amended, is hereby confirmed 
unchanged. 
 
 

3. This By-law shall come into force and take effect on the date of its passing and 
enactment. 

 

PASSED this 9th day of October 2019. 

   
F. Eisenberger 
Mayor 

 A. Holland 
City Clerk 

 



 

               
CITY OF HAMILTON 

BY-LAW NO. 19-                    

To rename a portion of Upper Mount Albion Road to Columbus Gate  
 
WHEREAS notice of the proposal to pass this By-law was published in the Stoney Creek 
News prior to the passing of this By-law; 

AND WHEREAS the Council of the City of Hamilton, through the Planning Committee, 
has heard all persons who applied to be heard no matter whether in objection to or in 
support of this by-law; 

NOW THEREFORE the Council of the City of Hamilton enacts as follows: 
 

1. The portion of the street municipally known as Upper Mount Albion Road, more 
particularly described as follows: 

 
PIN 170860001 (LT) 
Part of the Road Allowance Between Lots 32 & 33, Concession 8 Saltfleet, 
measured approximately 109 metres from the north side of Rymal Road East.  
 
is hereby changed to Columbus Gate. 

                      
2. That this By-law comes into force and takes effect on the date of its registration in 

The Hamilton Land Registry Office for the Land Titles Division of Wentworth 62. 
 
 

PASSED this 9th day of October 2019. 
 
 
 
 

  

F. Eisenberger  A. Holland 
Mayor          City Clerk 

Authority: Item 1, Planning Committee  
Report: 19-015 (PED19161) 
Ward 9 
CM: October 9, 2019:                            

 Bill No. 247                                 



Authority: Item 6, Planning Committee  
Report: 19-015 (PED19171) 
CM: October 9, 2019 
Ward: 12 

  
Bill No. 248 

 
CITY OF HAMILTON 

BY-LAW NO.  

To Amend Zoning By-law No. 05-200  
with respect to lands located at 2274 Powerline Road West, Ancaster 

 
WHEREAS Council approved item 6 of Report 19-015 of the Planning Committee, at its 
meeting held on the 9th day of October 2019; 

AND WHEREAS this By-law conforms to the Rural Hamilton Official Plan; 

NOW THEREFORE Council amends Zoning By-law No. 05-200 as follows: 
 
1. That Map No. 130 of Schedule “A” – Zoning Maps is amended by changing the zoning 

from the Agriculture (A1) Zone to the Agriculture (A1, 642) Zone (Block 1) and the 
Conservation / Hazard Land – Rural (P6) Zone to the Conservation / Hazard Land – 
Rural (P6, 642) Zone (Block 2), for the lands identified in Schedule “A” to this By-law. 
 

2. That Schedule “C” - Special Exceptions is amended as follows: 
 
a) Adding the map reference “130” between the words “Maps” and “219” 

so that the wording is as follows: 
  

642. Within those lands zoned Agriculture (A1) Zone and 
Conservation/Hazard Land - Rural (P6) Zone, identified on 
Maps 130, 219, 223 and 255, of Schedule A – Zoning Maps 
and described as: 

 
b) Adding reference to “2274 Powerline Road West” and “Map 130” to the 

Property Address and Map Numbers table as follows: 
 

Property  Address Map Numbers 
2274 Powerline Road West 130 

 
c) Adding subsection e) as follows: 
 

e)  Notwithstanding Section 12.1.3.1 a), for the lands located at No. 
2274 Powerline Road West, the minimum lot area shall be 23 
hectares. 

 
 
 

3. That the Clerk is hereby authorized and directed to proceed with the giving of notice 
of the passing of this By-law, in accordance with the Planning Act. 
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4. That this By-law No. XXX shall come into force and deemed to come into force in 
accordance with Subsection 34(21) of the Planning Act, either upon the date of 
passage of the By-law or as otherwise provided by the said subsection. 
 

 
PASSED this  9th day of October, 2019 
 

   
F. Eisenberger  A. Holland 
Mayor  City Clerk 

 
 
ZAA-19-033 
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Authority: Item 7, Planning Committee 
Report 19-015 (PED19182) 
CM:  October 9, 2019 
Ward 6 

                    Bill No. 249 

CITY OF HAMILTON 

BY-LAW NO.  19-_______ 

To Amend Zoning By-law No. 05-200, Respecting Lands Located at 560-580 
Highland Road West, Hamilton 

WHEREAS Council approved Item 7 of Report 19-015 of the Planning Committee, at the 

meeting held on October 9th, 2019; 

AND WHEREAS this By-law is in conformity with the Urban Hamilton Official Plan. 

 
NOW THEREFORE Council of the City of Hamilton amends Zoning By-law No. 05-200 
as follows: 

1. That Map 1501 of Schedule “A” – Zoning Maps of Zoning By-law No. 05-200 is 

amended by changing the zoning from the Prestige Business Park (M3) Zone to 

the Business Park Support (M4) Zone for the lands identified on the Location Map 

attached as Schedule “A” to this By-law. 

 

2. The Clerk is hereby authorized and directed to proceed with the giving of notice of 

the passing of this By-law, in accordance with the Planning Act. 

PASSED this 9th day of October, 2019. 

   
F. Eisenberger  A. Holland 
Mayor  City Clerk 

 
ZAC-19-004  
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Authority:   Item 3, Public Works Committee 
Report 18-002 (PW18012) 
CM: February 14, 2018 
Ward: 2    

 
        Bill No. 250      

 
CITY OF HAMILTON 

 
BY-LAW NO. 19- 

 
 
To Permanently Close and Sell a portion of the public unassumed alleyway 
abutting the east side of 195 Emerald Street South, Hamilton, Ontario, 
namely Part of the Alley on Registered Plan 248 in the City of Hamilton, 
Designated as Parts 1 and 2 on Plan 62R-21003, being part of PIN 17175-
0217 (LT); City of Hamilton. 
 
WHEREAS sections 8, 9 and 10 of the Municipal Act, 2001 authorize the City of 
Hamilton to pass by-laws necessary or desirable for municipal purposes, and in 
particular by-laws with respect to highways; and 
 
WHEREAS section 34(1) of the Municipal Act, 2001 provides that a by-law 
permanently closing a highway does not take effect until a certified copy of the 
by-law is registered in the proper land registry office; and  
 
WHEREAS highways to be closed by by-law are declared to be surplus to the 
needs of the City of Hamilton under the Sale of Land Policy By-law; and 
 
WHEREAS at its meeting of February 14, 2018, Council approved of Item 3 of 
Public Works Committee Report 18-002, and authorized the City of Hamilton to 
permanently close and sell a portion of the public unassumed alleyway abutting 
the east side of 195 Emerald Street South, Hamilton, Ontario, namely Part of the 
Alley on Registered Plan 248 in the City of Hamilton, Designated as Parts 1 and 
2 on Plan 62R-21003, being part of PIN 17175-0217 (LT); and 
 
WHEREAS notice to the public of the proposed sale of the part of the road 
allowance has been given in accordance with the requirements of the Sale of 
Land Policy By-law. 
 
NOW THEREFORE the Council of the City of Hamilton enacts as follows: 
 
1.            The part of the public unassumed alley set out as follows: 

 



To Permanently Close and Sell a portion of the public unassumed alleyway 
abutting the east side of 195 Emerald Street South, Hamilton, Ontario, namely 
Part of the Alley on Registered Plan 248 in the City of Hamilton, Designated as 
Parts 1 and 2 on Plan 62R-21003, being part of PIN 17175-0217 (LT); City of 

Hamilton. 
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Part of the Alley on Registered Plan 248, in the City of Hamilton, 
Designated as Parts 1 and 2 on Plan 62R-21003, being Part of PIN 
17175-0217 (LT); City of Hamilton  
 
is permanently closed. 

 
2.        The soil and freehold of the Parts 1 and 2 on Plan 62R-21003, hereby 

permanently closed, be sold to Chadley Clifford Evan Jones for the sum of 
Two Dollars ($2.00). 

 
3.        That this by-law shall come into force and effect on the date of its 

registration in the Land Registry Office for the Land Titles Division of 
Wentworth (No. 62). 

 
 
PASSED this 9th day of October, 2019 
 
 
 
____________________________ _____________________________ 
F. Eisenberger     A. Holland  
Mayor       City Clerk 
 



Bill No. 251 
   

CITY OF HAMILTON 
 

BY-LAW NO.  19- 
 
To Confirm the Proceedings of City Council at its meeting held on October 9, 2019. 
 
THE COUNCIL OF THE  
CITY OF HAMILTON 
ENACTS AS FOLLOWS: 
 
 

1. The Action of City Council at its meeting held on the 9th day of October, 2019, in 
respect of each recommendation contained in  

 
General Issues Committee Report 19-018 – September 27, 2019, 
General Issues Committee Report 19-019 – October 2, 2019, 
Planning Committee Report 19-015 – October 1, 2019, And 
Audit, Finance & Administration Committee Report 19-014 – October 3, 2019 
 
considered by City of Hamilton Council at the said meeting, and in respect of 
each motion, resolution and other action passed and taken by the City Council at 
its said meeting is hereby adopted, ratified and confirmed. 

 
2. The Mayor of the City of Hamilton and the proper officials of the City of Hamilton 

are hereby authorized and directed to do all things necessary to give effect to the 
said action or to obtain approvals where required, and except where otherwise 
provided, the Mayor and the City Clerk are hereby directed to execute all 
documents necessary in that behalf, and the City Clerk is hereby authorized and 
directed to affix the Corporate Seal of the Corporation to all such documents. 

 
PASSED this 9th day of October, 2019. 
 
 
 
   
F. Eisenberger 
Mayor 

 A. Holland 
City Clerk 
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