
  INFRASTRUCTURE SERVICES COMMITTEE 

 Thursday, December 17, 2020 
Held Electronically in Accordance with Ministerial Order M192 
and Transmitted via the SCRD Boardroom, 1975 Field Road, 

Sechelt, B.C. 
 
 AGENDA 
 

CALL TO ORDER 9:30 a.m.  

AGENDA  

1.  Adoption of Agenda  

PRESENTATIONS AND DELEGATIONS  

2.  Vanessa Isnardy, Provincial Coordinator, WildSafe BC  
 Regarding WildSafe BC program on the Sunshine Coast 

To follow  

3.  Vincent Cormier, David Daw and Babak Rad, WSP Canada Inc. 
 Regarding Dam Safety Results 

To follow 

REPORTS   

4.  Dam Safety Results  
Manager, Capital Projects 
Regional Water (Voting – A, B, D, E, F and Sechelt) 

Annex A 
pp 1-311 

5.  Leak Correlator  
Water Sustainability Coordinator 
Regional Water (Voting – A, B, D, E, F and Sechelt) 

Annex B 
pp 312-315 

6.  COVID‐19 Safe Restart Grants for Local Governments 
General Manger, Corporate Services / Chief Financial Officer 
(Voting – All) 

Annex C 
pp 316-319 

7.  Solid Waste Management Plan Monitoring Advisory Committee 
Meeting Minutes of November 17, 2020  
Regional Solid Waste (Voting – All) 

Annex D  
pp 320-322 

8.  Water Supply Advisory Committee Meeting Minutes of 
December 7, 2020 
Regional Water (Voting – A, B, D, E, F and Sechelt) 

Annex E  
pp 323-325 
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COMMUNICATIONS 

9.  2020 WildSafe BC Sunshine Coast Annual Report  
(Voting – All) 

Annex F 
pp 326-340  

10.  District of Sechelt Public Notice of Proposed Runway 
Improvements and Extension at the Sunshine Coast Regional 
Airport dated December 7, 2020 
(Voting – All) 

Annex G 
pp 341-342 

11.  Honourable Minister Heyman, Ministry of Environment and Climate 
Change Strategy dated December 9, 2020 
Regarding Amendments to the BC Recycling Regulation 
(Voting – All) 

Annex H 
pp 343-344 

NEW BUSINESS 

IN CAMERA 

That the public be excluded from attendance at the meeting in 
accordance with Section 90 (1) (k) of the Community Charter – 
“negotiations and related discussion respecting the proposed 
provision of a municipal service that are at their preliminary 
stages and that, in the view of the council, could reasonably be 
expected to harm the interests of the municipality if they were 
held in public”. 

ADJOURNMENT 

 



SUNSHINE COAST REGIONAL DISTRICT STAFF REPORT 

TO: Infrastructure Services Committee, December 17, 2020 

AUTHOR: Stephen Misiurak, P. Eng. Manager, Capital Projects 

SUBJECT: DAM SAFETY RESULTS 

RECOMMENDATION(S) 

THAT the report titled Dam Safety Results be received. 

BACKGROUND 

Most dams in BC are regulated by the Dam Safety Regulation (DSR) under the Water 
Sustainability Act. Only very large dams, like the Site C dam, do not have to meet the standards 
included in this regulation and instead have to meet international standards.  
The Sunshine Coast Regional District (SCRD) owns four dams which all are regulated under the 
DSR. In all cases the dams are used to create storage capacity in a natural lake in support of 
the regional district water supply. The four dams are located at Chapman Lake, Edwards Lake 
and two at McNeil Lake. 
The DSR sets our requirements for the safety review, operations and maintenance and 
emergency response for these dams. As it was identified that the SCRD was not fully meeting 
these requirement, the SCRD contracted WSP Canada Inc. (wsp) to complete dam safety 
assessments and the preparations of concept level plans to bring the SCRD back into full 
compliance with the DSR. 
The following task were undertaken for each of the dams 

Chapman 
lake 

Edwards lake McNeil lake McNeil-lake 
Saddle Dam 

Dam Safety Review X X X X 
Operation, Maintenance 
and Surveillance Manual X X X X 

Dam Emergency Plan X X X X 
Consequence of Failure 
assessment X X X X 

The purpose of this report is to present the Committee with the results of these assessments 
and conceptual plans and provide information in support of the 2021 budget proposals that is 
currently being prepared for the Board consideration at its Round 1 budget meeting in early 
February 2021. 

ANNEX A
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DISCUSSION 

Dam Safety Classification 

All dams are classified according to their potential consequence of failure. Owners of dams 
have varying levels of obligations under the regulation which are directly related to the dam’s 
failure consequence rating. This classification is based on a combination of factors:  

• Population at risk (permanent or temporarily). 

• Potential for loss of life. 

• Potential downstream impacts to environmental, cultural values, infrastructure and 
economics. 

The DSR describes how a combination of these factors determines if a dam is classified as: 
Low, Significant, High, Very High or Extreme. Based on the currently available assessments 
and information, Edwards Lake is classified as Very High, McNeil and Chapman Lakes as High 
and the McNeil Lake Saddle Dam as Low.  

For 2021 it was recommended to expand the current assessments of the downstream impacts 
of a failure for the Edwards, McNeil, and Chapman Lake Dams to further refine the Dam Safety 
Classification for these dams 

The SCRD will need to reconfirm these classifications on an annual basis based on the then 
available information and analyses. 

Dam Emergency Plans 

As part of this project a Dam Emergency Plan was prepared for each of the dams. Just like 
other emergency response plans, these plans guide staff’s response to a wide variety of 
potential emergencies including slowly and rapidly developing situations as well as more 
imminent dam failures. These plans define the roles and responsibilities of staff and a 
contracted Professional Engineer specialized in Dam Safety and list all people and 
organizations to be notified as well as any response actions to be taken. The plan also outlines 
its relation to the more general SCRD Emergency Response and Recovery Plan and the role of 
an Emergency Operations Centre initiated under this latest plan. 

These plans will have, at a minimum, to be fully reviewed every 10 years for dams classified as 
High and every 7 years for dams classified as Very High. All contact information included in 
these plans will have to be updated annually.  

Operation, Maintenance and Surveillance manual 

An Operation, Maintenance and Surveillance manual was prepared for each dam to provide 
operational guidance to staff on how to operate maintain and inspect each dam.  

All SCRD dams should be inspected weekly, but due to the remote location of the Chapman 
and Edwards Lake dams, weekly inspections should be remotely inspected by a remote 
surveillance camera, and the monthly inspections of the Chapman and Edwards Lakes will by 
helicopter, weather permitting. All SCRD dams require a more thorough inspection by a 
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Professional Engineer specialized in Dam Safety annually. This Engineer will also provide staff 
throughout the year with ongoing technical support. 

These plans will have at a minimum to be fully reviewed every 10 years for dams classified as 
High and every 7 years for dams classified as Very High. All contact information included in 
these plans will have to be updated annually.  

Dam Safety Review  

The results of the Dam Safety Review (DSR) are included in Attachment A to this report. This 
assessment was in part based on physical inspections of the dams completed in July 2020 by 
wsp, with the accompaniment of SCRD personnel. 

The following is a summary of the DSR inspections, deficiencies noted, and recommended 
improvements for each of the dams: 

Chapman Dam 

 Inspection Results  
• Concrete in generally good condition. 
• Minor freeze-thaw damage.  
• Woody debris on the dam and below the platform 
 

 Deficiencies 
• The dam does not meet stability requirements for design ice loads 
• Vegetation control is overdue 
• The steel walkway and platform are located below the flood elevation 
• No debris boom 

 
 Recommended Improvements  

• Reinforcement of the base of the dam. 
• Raise the access platform above flood levels. 
• Install a log-Boom upstream of the dam. 
• Install security fencing and signage. 
• Install a remote surveillance system. 

 
Edwards Lake Dam 
 
 Inspection Results  

• Concrete in generally good condition. 
• No permanent lift device to remove the stop logs. 
• Some debris in the downstream channel. 
 

 Deficiencies 
• There is no permanent lift system to remove the stop logs. 
• There are no safety fences, gates or signage. 
• The steel walkway is located below flood elevation. 
• No debris boom is present. 
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 Recommended Improvements  
• Replace the stop logs by a sluice gate with a lifting device. 
• Raise the platform above flood levels. 
• Install a Debris-Boom upstream. 
• Install a security gate and signage on site. 
• Install a remote surveillance system. 

 
McNeil Lake Dam 
 

Inspection Results  
• Concrete in generally good condition. 
• Hazardous steel Railing. 
• No stop log lifting system in place. 

 
Deficiencies 

• McNeil Lake is not contained for large flood events. 
• The stop logs cannot be removed due to the walkway interference. 
• The walkway is located below flood levels. 
• Visitors frequently park their vehicles in front of the access gate, blocking the access 

road. 
• Site signage missing. 
• Vegetation control is overdue at the Saddle Dam. 
• Low-Level Outlet is currently sealed. 

 
Recommended Improvements  

• Raise walkway above flood level. 
• Reinstate Low-Level Outlet. 
• Replace the stoplogs and install a lifting device. 
• Install public safety signage and security gates. 

 
Timeline for next steps 
 
Staff are recommending to initiate the design and permitting required for the structural upgrades 
to the three dams in 2021 to allow for the construction phases of these projects to be initiated in 
2022. 
 
The implementation of the Dam Emergency Plans and the Operation, Maintenance, and 
Surveillance Plan will commence in 2021. 
 
Operational Implications 
 
In order to implement the new Dam Emergency Plans and Operation, Maintenance, and 
Surveillance Plans, increased operational resources will need to be dedicated to the dams. 
 
For the McNeil Lake dams, this will include weekly inspections, training for key staff members 
on dam inspections, and annual training exercise to familiarize staff with dam emergency 
procedures.  
 
For the Chapman Lake and Edwards Lake dams, this will include weekly remote camera 
surveillance inspection followed by monthly inspections with helicopter transport, training for key 
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staff members on dam inspections, and annual training exercise to familiarize staff with dam 
emergency procedures.  
 
A Professional Engineer specializing in dam safety will also be required to be contracted to 
provide technical support in training staff with dam emergency procedures, conduct annual dam 
safety inspections, and be available in the event of a dam emergency event. 
 
Financial Implications 

The table below presents the cost estimates (incl. 30% contingency allowance) for the physical 
upgrades to the dams as well as the ongoing costs for the implementation of the DEP and OMS.  

Dam 
2021 
(design and 
permitting) 

2022 
(construction) Ongoing Total 

Edwards Lake $110,500 $501,500 $21,250 $633,250 

Chapman Lake  $130,000 $613,000 $21,250 $764,250 

McNeil Lake  $149,500 $416,500 $14,150 $580,150 

 
For these expenditures with an ongoing nature or those recommended to be implemented in 
2021, staff is currently preparing the 2021 Budget proposal for the Board consideration at its 
Round 1 budget meeting early February 2021. These budget proposals will also include a 
budget for the staff resources required for each of these projects.  

STRATEGIC PLAN AND RELATED POLICIES 

N/A 

CONCLUSION 

The Sunshine Coast Regional District (SCRD) owns four dams which all are regulated under the 
Dam Safety Regulation (DSR). These dams are used to create storage capacity in a natural 
lake in support of the regional district water supply. The four dams are located at Chapman 
Lake, Edwards Lake and two at McNeil Lake. 
WSP Canada Inc., completed a comprehensive field inspection of the four dams, and 
summarized their findings for each of dams in a Dam Safety Report, and an itemization of the 
dam deficiencies, and improvements and conceptual cost estimates to be completed.  

A Dam Emergency Plan was also prepared for each of the dams and an Operation, 
Maintenance and Surveillance manual that specifies the operational guidance to staff on how to 
operate maintain and inspect each dam and a routine basis was also completed as part of this 
project. 
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ATTACHMENTS 

Attachment A: wsp Canada Inc. Dam Safety Reviews for Chapman Lake, Edwards Lake and 
McNeil Lake 

 

Reviewed by: 
Manager  Finance  
GM X – R. Rosenboom Legislative  
CAO X – D. McKinley Utility Services X - S. Walkey 
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2020 DAM SAFETY REVIEW 
SUNSHINE COAST REGIONAL DISTRICT 
 
 
 
 
   
 
PROJECT NO.: 201-07081-00 
DATE: DECEMBER 08, 2020 
 
 
 
 
WSP  
SUITE 1000 
840 HOWE STREET 
VANCOUVER, BC, CANADA 
V6Z 2M1 
  
T: +1 604 685-9381 
F: +1 604 683-8655 
WSP.COM
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S I G N A T U R E S

PREPARED BY 

Vincent Cormier, P.Eng. M.Sc. 
Hydrotechnical Engineer 

Date 

REVIEWED BY 

David Daw, P.Eng 
Dam Safety Review Engineer 

Date 

This report was prepared by WSP Canada Inc. (WSP) for the account of Sunshine Coast Regional District, in 
accordance with the professional services agreement. The disclosure of any information contained in this report is 
the sole responsibility of the intended recipient. The material in it reflects WSP’s best judgement in light of the 
information available to it at the time of preparation. Any use which a third party makes of this report, or any 
reliance on or decisions to be made based on it, are the responsibility of such third parties. WSP accepts no 
responsibility for damages, if any, suffered by any third party as a result of decisions made or actions based on this 
report. This limitations statement is considered part of this report. 

The original of the technology-based document sent herewith has been authenticated and will be retained by WSP 
for a minimum of ten (10) years. Since the file transmitted is now out of WSP’s control and its integrity can no 
longer be ensured, no guarantee may be given with regards to any modifications made to this document. 

December 8, 2020

December 8, 2020
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E X E C U T I V E  S U M M A R Y  
WSP was retained by the Sunshine Coast Regional District (“SCRD”) to conduct a Dam Safety Review (“DSR”) for 
the Chapman Dam, located in the Tetrahedron Provincial Park, BC. Chapman Dam is a low head concrete dam 
located at the western end of Chapman Lake. The approximately 35 m long dam was constructed in 1978 and 
consists of non-overflow concrete wall sections on the right and left sides with a free-overflow section in between. 

A site visit was carried out by WSP on July 16, 2020 during which time the dam was inspected. SCRD’s operators 
were interviewed on August 17, 2020 during a teleconference call. Operation, Maintenance, Surveillance and 
Emergency Preparedness aspects related to Chapman Dam were discussed.  

This DSR included a review of all available documentation, an assessment of Chapman Dam components during the 
site visit along with interviews of SCRD personnel, assessment of hazards and failure modes, assessment of 
Operation, Maintenance and Surveillance (“OMS”) activities, assessment of Emergency Response plans and 
activities, and determination of any related deficiencies and non-conformances. In addition, some stability analyses 
were conducted for the dam sections. 

The Consequence Classification of Chapman Dam was reviewed, and it is recommended that a High Consequence 
Classification be adopted instead of the previous rating of Significant. It is also recommended to conduct detailed 
numerical dam breach analyses to assess the potential impact of a dam breach under flood and fair weather (i.e. 
sunny day) conditions. 

Extreme flood hazards were analysed and the Inflow Design Flood (“IDF”) associated with a High Consequence 
Classification was estimated. The hydrotechnical assessment revealed that the discharge capacity of the free-
overflow spillway is not sufficient to pass the IDF without overtopping the dam.  The non-overflow dam sections 
would be overtopped by 1.1 m. The steel walkway and platform situated on top of the dam would also be 
overtopped.  

A stability analysis has shown that stability requirements under ice load are not fully met and that the structural 
capacity of reinforced concrete dam under ice load is not adequate. Stability was found to be adequate for IDF and 
seismic cases. 

This DSR resulted in 3 Actual Deficiencies, 1 Potential Deficiency and 10 Non-Conformances being found in total. 
These Deficiencies and Non-Conformances are listed in Table E-1. 

Table E-1 : Summary of Non-Conformances and Deficiencies 

Issue Description Type 
The dam does not meet stability requirements for design ice loads.  Actual Deficiency 
The steel walkway and platform are located on top of the spillway crest, which is at a lower 
elevation than the IDF peak water level and may create a blockage during flood flows. 

Actual Deficiency 

The free-overflow spillway can’t pass the IDF without overtopping the dam, and the abutments 
are not protected against erosive forces. 

Actual Deficiency 

There is no debris boom installed upstream of Chapman Dam. Potential Deficiency 
The impact of a dam failure under flood conditions is uncertain and there are no inundation 
maps available for a flood failure scenario. 

Non-Conformance 

Inspection frequency is not in compliance with BC Dam Safety Regulation 40/2016 Non-Conformance 
Vegetation control is overdue, making it difficult to inspect the dam. Vegetation may hide 
certain defects.  

Non-Conformance 

There are currently no fences, gates or signage on site. Non-Conformance 
The foundation conditions at the dam are not well documented. Non-Conformance 
SCRD doesn’t have any dam safety and emergency training program for its staff. Non-Conformance 
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Issue Description Type 
Current inundation maps are not appropriate from an emergency planning perspective.  Non-Conformance 
Maintenance activities are not documented and compiled. Non-Conformance 
No as-built drawings of dam. Non-Conformance 

 

 
 
 

13



Chapman Dam – 2020 Dam Safety Review 
Project No.  201-07081-00 
Sunshine Coast Regional District 

WSP 
  

Page vi 

TABLE OF 
CONTENTS 

1 INTRODUCTION ............................................. 1

1.1 Purpose ....................................................................... 1

1.2 Scope .......................................................................... 1

1.3 Qualifications of Reviewers ....................................... 2

2 BACKGROUND INFORMATION ..................... 3

2.1 General Arrangement .................................................3
2.1.1 Chapman Lake ............................................................................... 5

2.1.2 Chapman Dam ............................................................................... 5
2.1.3 Low-Level Outlet ............................................................................. 6
2.1.4 Siphon............................................................................................ 7

2.2 Dam Safety History ..................................................... 7

2.3 Assessment of Current Condition ............................. 8

3 CONSEQUENCE CLASSIFICATION .............. 9

3.1 2019 Dam Consequence Classification ..................... 9

3.2 Current DSR Review ................................................. 10
3.2.1 Flood Scenario ............................................................................. 10

3.2.2 Sunny-Day Failure Consequences ................................................. 11

3.3 DSR Finding for Classification ................................. 11

4 HAZARD & FAILURE MODES...................... 12

4.1 External Hazards ....................................................... 12
4.1.1 Meteorological Events ................................................................... 12
4.1.2 Seismic Hazards ........................................................................... 12
4.1.3 Reservoir Environment .................................................................. 12

4.2 Internal Hazards ........................................................ 13
4.2.1 Water Barrier ................................................................................ 13
4.2.2 Hydraulic Structures ...................................................................... 13

4.2.3 Mechanical and Electrical .............................................................. 13
4.2.4 Infrastructure and Plans ................................................................ 14

4.3 Failure Modes ........................................................... 14

14



 

Chapman Dam – 2020 Dam Safety Review 
Project No.  201-07081-00 
Sunshine Coast Regional District 

WSP 
  

Page vii 

4.3.1 Dam Collapse by Overtopping ....................................................... 14
4.3.2 Dam Collapse by Loss of Strength ................................................. 14

5 DAM SAFETY ANALYSIS ............................. 15

5.1 Hydrotechnical .......................................................... 15
5.1.1 Hydrology ..................................................................................... 16
5.1.2 Ice Thickness ............................................................................... 22
5.1.3 Reservoir Operation and Flood Management ................................. 22

5.1.4 Adequacy of Discharge Facility ...................................................... 23
5.1.5 Hydrotechnical – Dam Safety Deficiencies and Non-Conformances. 23

5.2 Structural .................................................................. 24
5.2.1 Stability Analysis ........................................................................... 24

5.3 Non-Conformances...................................................24

5.4 Dam Safety Improvements ....................................... 25

6 EMERGENCY PLANNING ............................ 26

6.1 Non-Conformance..................................................... 26

7 DAM SAFETY MANAGEMENT SYSTEM ..... 28

8 KEY FINDINGS & RECOMMENDATIONS.... 29

9 REFERENCES .............................................. 31

15



 

Chapman Dam – 2020 Dam Safety Review 
Project No.  201-07081-00 
Sunshine Coast Regional District 

WSP 
  

Page viii 

TABLES 
TABLE E-1 : SUMMARY OF NON-CONFORMANCES 

AND DEFICIENCIES ........................ IV
TABLE 2-1 : DAM SAFETY HISTORY .......................... 8
TABLE 5-1 : WATERSHED CHARACTERISTICS ...... 17
TABLE 5-2 : RAINFALL INTENSITY FREQUENCY 

DATA AT CLOWHOM FALLS 
STATION ......................................... 17

TABLE 5-3 : HEC-HMS SUB CATCHMENT 
PARAMETERS ................................ 18

TABLE 5-4 : HEC-HMS SIMULATION RESULTS ....... 19
TABLE 5-5 : HYDROMETRIC STATIONS .................. 20
TABLE 5-6 : ESTIMATED PEAK FLOWS FOR THE 

PROJECT SITE ............................... 21
TABLE 6-1 : RECOMMENDED TRAINING TYPE AND 

FREQUENCY .................................. 26
TABLE 7-1 : DAM SAFETY MANAGEMENT SYSTEM 

EVALUATION .................................. 28
TABLE 8-1 : DAM SAFETY ISSUES FOR CHAPMAN 

DAM ................................................ 29
 

FIGURES 
FIGURE 2-1: CHAPMAN DAM GENERAL LOCATION . 4
FIGURE 2-2: CHAPMAN DAM GENERAL SITE 

ARRANGEMENT ............................... 6
FIGURE 3-1: 1977 DESIGN DRAWINGS SHOWING 

CHAPMAN DAM MONOLITHS 
LOCATION ...................................... 10

FIGURE 5-1: CREAGER DIAGRAM FOR BC RIVERS 
(NEIL, 1985) .................................... 22

FIGURE 5-2: EROSION OBSERVED AT THE RIGHT 
ABUTMENT ON JULY 16TH, 2020.... 23

 

APPENDICES 
A  EGBC LETTER OF ASSURANCE 

B  ORIGINAL DRAWINGS 

C  2015 SURVEY 

D  SITE VISIT REPORT 

E  CDA CLASSIFICATION SYSTEM

16



 

Chapman Dam – 2020 Dam Safety Review 
Project No.  201-07081-00 
Sunshine Coast Regional District 

WSP 
  

Page ix 

F  STABILITY ANALYSIS REVIEW

G  PROPOSED DAM SAFETY IMPROVEMENTS 

H  OPERATORS INTERVIEW 

I  GLOSSARY OF TERMS 

17



Chapman Dam – 2020 Dam Safety Review 
Project No.  201-07081-00 
Sunshine Coast Regional District 

WSP 

Page 1 

1 INTRODUCTION 

1.1 PURPOSE 
The purpose of this report is to document the findings of a Dam Safety Review (“DSR”) for the Chapman Dam, 
located in Tetrahedron Provincial Park, near Sechelt, BC.   

Chapman Dam is owned and operated by the Sunshine Coast Regional District (“SCRD”).  While the dam has been 
inspected and maintained regularly by the SCRD since construction completion in 1978, a formal DSR has not been 
documented. In a 2019 review (IS, 2019) the dam’s consequence classification was proposed to be Significant,  in 
accordance with British Columbia Dam Safety Regulation 40/2016 (per the Water Sustainability Act), which is also 
in-line with the 2007 Canadian Dam Association (“CDA”) Dam Safety Guidelines (2013 Edition).  For a Significant 
Consequence Classification dam, the regulations require, as a minimum, annual assessments of classification, 
monthly site surveillance and annual formal inspections, although it is not required to conduct a formal DSR. 

The purpose of a DSR, per regulation, is to determine if the dam is safe, and if it is determined to be unsafe, to then 
determine what actions are required to make the dam safe. 

1.2 SCOPE 
The scope of this DSR includes: 

• Identify performance expectations, including flood and earthquake criteria, based on 2013 CDA guidelines.
• Review available documents for evidence of conformance with dam safety requirements.
• Determine the dam’s conformance with the set of dam safety expectations including:

o Evaluate, review and audit SCRD’s knowledge base by meeting with SCRD personnel involved in
dam safety management, operation, maintenance, surveillance, performance evaluation or other
relevant activities.

o Conduct a site visit to inspect the dam and review on-site documents.
o Discuss the Hazards and Failure Modes with SCRD.

• Identify any additional dam safety requirements to enhance risk management and to incorporate
international practices.

• Review Dam Safety Issues Database and ensure that all past recommendations and issues have been
properly entered into the database, and that completed issues have been justifiably closed (if applicable).

• Document the history of the dam since the last DSR, referencing upgrades, rehabilitation of dam
components, major studies, reports, unusual conditions, incidents etc.

• Assess structural stability of the dam, and adherence to performance criteria for normal, unusual and
extreme loads.

• Identify and document deficiencies and non-conformances in the safety management of the dam, for
inclusion in the SCRD’s Dam Safety Issues Database.

• Conduct a failure modes assessment for the dam in order to eliminate those hazards and failure modes that
do not apply to the dam, and document those that do.

• Prepare a report to address foregoing requirements, and include any recommendations for dam safety
improvements, further investigation of deficiencies, further studies to correct information gaps, and any
other appropriate actions to improve dam safety.
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As a clarification to the above scope, the following Appendices provide additional information to support the main 
objectives of this review:  

• Refer to Appendix A for the Assurance Statement.  

• The original dam drawings are compiled in Appendix B.  

• The 2015 topographic and bathymetric surveys are provided in Appendix C. 

• A site inspection was completed on July 16, 2020, as documented in the Site Visit Report in Appendix D.  

• The dam classification system provided by the CDA is reproduced in Appendix E. 

• The results of the stability analysis are summarised in Appendix F.  

• The recommended structural improvements are documented in Appendix G. 

• The summary of the staff interview can be found in Appendix H.  

• Finally, a Glossary of Acronyms is provided in Appendix I. 

1.3  QUALIFICATIONS OF REVIEWERS 
This DSR is prepared to be in general compliance with the requirements of the Professional Practice Guidelines – 
Legislated Dam Safety Reviews, as prepared by Engineers and Geoscientists British Columbia (“EGBC”) (2016), 
while also being consistent with the guiding principles of the CDA Dam Safety Guidelines (2013).  Per the EGBC 
guidelines, DSRs are to be carried out by a Qualified Professional Engineer (“QPE”) as described in the noted 
document. 

The required qualifications of a QPE, per EGBC Professional Practice Guidelines are summarized below.  A QPE 
must: 

• Be a member in good standing of EGBC. 
• Be knowledgeable in the design, construction, performance analysis, and operation of dams. 
• Be knowledgeable about Dam Safety Regulation and the applicable legislation. 
• Be knowledgeable about the various technical dam safety guidelines, specifically CDA Dam Safety 

Guidelines, and associated technical bulletins. 
• Be knowledgeable about the system approach to dam safety analysis required for the review. 
• Confirm that he/she has appropriate training and experience, such as, 

o Previous involvement with at least three DSRs. 
o Individual QPEs shall have at least 15 years of related experience in design, construction, 

performance evaluation and/or operation of dams. 
o Have not participated in the design, construction or safety management of the specific dam. 
o Lead QPE for a Multi-Disciplinary Team: previous involvement with at least two DSRs as lead 

technical person or under direct supervision of an experienced QPE; have at least 10 years of 
related experience. 

WSP confirms that our QPE, David J. Daw, M.E.Sc., P.Eng., meets the requirements of the EGBC Professional 
Practice Guidelines. A Quality Review of the report was also conducted by Gilles Bourgeois, M.Sc., P.Eng., who 
also meets the noted requirements. 
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2 BACKGROUND INFORMATION 

2.1 GENERAL ARRANGEMENT 
Chapman Dam is situated at the western end of Chapman Lake, which is located in Tetrahedron Provincial Park. 
The dam site is approximately 16 km northeast of the Sechelt (ch’atlich) business centre, Sunshine Coast, British 
Columbia and is accessible by helicopter or an 18-km round-trip hike. Vehicle access is not possible for this dam 
site. The dam was constructed in 1978 for the purpose of water impoundment for drinking water supply. Chapman 
Lake is currently the primary source of drinking water supply of the Sunshine Coast. The site consists of a concrete 
dam with a low-level outlet and a temporary five-pipe segment long siphon. (SCRD, 2020) 

The general location of Chapman Lake is shown in Figure 2-1. A description of the main components of Chapman 
Dam are included in the following Sections (2.1.1 to 2.1.4).  
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2.1.1 CHAPMAN LAKE 

Chapman Lake is an alpine lake located on undeveloped Crown land in Tetrahedron Provincial Park. With a surface 
area of approximately 34 ha, Chapman Lake is the largest lake in the Chapman Creek Watershed. Based on the free-
overflow dam crest elevation of 974.0 m, the lake has a maximum storage capacity of approximately 4.2 million m3 
and live storage of approximately 1.1 million m3. (IS, 2019) 

Chapman Lake and Edwards Lake, located approximately 2 km northwest of Chapman Lake (SCRD Maps), are the 
primary sources of water for the SCRD Chapman Creek Water System and account for roughly 70% of the total 
water supplied to approximately 19,000 residents (SCRD, 2020). Water from Chapman Lake flows into Chapman 
Creek, which supplies water to the Chapman Creek Water Treatment Plant intake located approximately 17.5 km 
downstream of the dam (IS, 2019). From the water intake, Chapman Creek continues south for approximately 6 km 
before flowing into the Strait of Georgia (Salish Sea) near Wilson Creek (ts’ukw’um), south of Sechelt (SCRD 
Maps). 

Chapman Lake is fed by the headwaters of Chapman Creek, which originate in the surrounding steep, undeveloped 
slopes of Tetrahedron Provincial Park. Peaks in the headwaters reach up to El. 1700 m. The Chapman Creek 
Watershed has an area of approximately 56 km2 upstream of the Chapman Creek Water Treatment Plant intake. 
(KWL, 2010) 

The Chapman Creek Watershed is part of the Coast Plutonic Complex and is underlain by granodiorite and quartz 
diorite. The bedrock is competent and coarsely jointed. No large deep-seated bedrock landscape scars or deposits 
have been identified in the watershed. (KWL, 2010) 

2.1.2 CHAPMAN DAM 

There is little detailed design or construction information available for Chapman Dam. Some original design 
information is available on the Dayton & Knight Ltd. Site Plan and Profile and Miscellaneous Details drawings 
dated September 29, 1977 (DKL, 1977), but no known as-constructed drawings are available. A recent topographic 
survey of the site (SLS, 2016) provides confirmation of some site elevations. Copies of the 1977 design drawings 
and the 2015-16 topographic survey are included in Appendices B and C, respectively 

Chapman Dam is a low head concrete dam located at the western end of Chapman Lake. The approximately 35 m 
long dam was constructed in 1978 and consists of non-overflow concrete wall sections on the right and left 
abutments with a free-overflow section in between. According to 1977 design drawings (DKL, 1977), the free-
overflow section of the dam is approximately 18.3 m (60 ft.) long. The dam is assumed to be founded on bedrock 
(SCRD, 2020); however, 1977 design drawings note that ground below the non-overflow wall sections is to be 
excavated to bedrock or a minimum three feet hand excavated in undisturbed ground. Actual foundation details have 
not been verified.  

A Low-Level Outlet with knife gate valve is located at the right side of the free-overflow section of the dam. Water 
is directed towards the outlet by an excavated channel that is flanked by two concrete wing (training) walls that 
extend approximately 4.5 m from the upstream dam face into the lake (SLS, 2016). The wing walls taper as they 
extend into the lake, starting at approximately the same elevation as the free overflow crest, El. 974.0 m, and 
tapering to approximately El. 973.15 m at the furthest points out into the lake (SLS, 2016). The free overflow dam is 
3.85 m high, measured from the invert of the outlet (El. 970.15 m) to the crest of the overflow portion of the dam at 
El. 974.0 m (IS, 2019). According to 1977 drawings, concrete in the free-overflow section of the dam was designed 
to be 0.46 m (1.5 ft.) thick with vertical construction joints complete with waterstops spaced a maximum distance of 
12.2 m (40 ft.). 

In 2006, a metal walkway and platform were installed to allow access from the right abutment onto the free-
overflow dam crest to operate the low-level outlet knife gate valve. This replaced a previous installation. The 
platform extends upstream, over the concrete wing walls. In addition to providing safe access to the dam crest, the 
platform supports the instrumentation and control system required to operate the knife gate valve remotely. The top 
surface of the platform and walkway is 0.45 m above the top of the free-overflow dam. (STAN, 2006)  
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The general arrangement of the site is shown in Figure 2-2. According to 1977 drawings (Dayton & Knight 
Limited, 1977), the non-overflow concrete walls were designed to be 0.61 m (2 ft.) higher than the free-overflow 
dam crest. This was confirmed in the recent topographic survey which found the top of the non-overflow walls to be 
at El. 974.6 m (SLS, 2016). The non-overflow concrete wall sections were designed to be constructed of 0.25 m 
(10 in.) thick concrete with reinforcing bar and a 0.10 m (4 in.) PVC waterstop. The concrete footing was designed 
with a 0.36 m (1 ft. 2 in.) toe extending from the centre of the vertical wall and a 1.37 m (4.5 ft.) heel. The footing 
was designed to be 0.30 m (1 ft.) thick at the toe and extending under the wall section, tapering to 0.25 m (10 in.) 
thick at the heel. The footing was to be keyed into the rock and reinforcing bar was to be grouted into drill holes to a 
depth of 0.76 m (2.5 ft.) at the foundation heel. Actual construction dimensions and details have not been verified.  

 
Figure 2-2: Chapman Dam General Site Arrangement  

(WSP – Photo taken July 16, 2020) 

 
 

2.1.3 LOW-LEVEL OUTLET 

The Low-Level Outlet is located in the lower right portion of the free-overflow section of the dam. According to 
1977 design drawings (DKL, 1977), the outlet consists of a 610 mm (24 in.) diameter steel pipe with an invert of El. 
970.15 m (IS, 2019), which is just above the bottom of the excavated channel. A knife gate valve, located on the 
downstream side of the outlet, controls flow through the outlet. The knife gate valve can be operated manually with 
a handwheel, which is accessed from the steel platform on the dam crest. An extension shaft runs from the 
handwheel through a metal gear operator yoke mounting bracket and then down to the valve. An electric actuator 
controlled by a SCADA system was added in 2015 to allow for remote gate valve operation. 
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According to 1977 design drawings (DKL, 1977), a concrete weir is located 3 m (10 ft.) downstream of the outlet 
discharge. The weir is 0.25 m (10 in.) thick, 1.1 m (3.5 ft.) high and has a 150 mm (6 in.) outlet through the bottom 
of the weir with a gate valve on the downstream side. Actual construction dimensions and details have not been 
verified. 

As noted in Section 1.3.2, water is directed towards the low-level outlet by an excavated channel and concrete wing 
walls that extend into the lake from the upstream dam face. The excavated channel reaches approximately 90 m into 
the lake and was surveyed at El. 970.56 m (IS, 2019). According to 1977 drawings (DKL, 1977), the channel was 
designed to be 2.1 m (7 ft.) wide and to extend upstream, perpendicular to the dam face, for approximately 57.9 m 
(190 ft.) before turning slightly to the north, following the right bank, for an additional 24.4 m (80 ft.). Actual 
channel dimensions and orientation have not been verified. 

2.1.4 SIPHON 

A temporary siphon system was added in 2017 to provide the necessary water supply during the peak summer 
period when customer usage is highest and when water stops flowing over the crest of the free-overflow dam.  

The siphon system consists of five parallel 200 mm diameter HDPE pipes that are each 285 m long. The siphon inlet 
is located in Chapman Lake, approximately 195 m upstream of the dam. The inlet is suspended by buoys and is set 
at a depth of 4 m below the water surface. The pipes pass over the free-overflow portion of the dam on the left side 
and extend along the left bank, looking downstream, of Chapman Creek for approximately 90 m (at El. 
961.5 m) before discharging into the creek.  Valves are located at the downstream end of each siphon pipe for 
priming when put into service and for controlling flow. (CLSS, 2018) 

The siphon system was intended as a temporary measure when first installed. Since installation, the pipes have 
shifted downstream approximately 6 m, likely due to effects of ice movement.  

2.2 DAM SAFETY HISTORY 
Table 2-1 includes a timeline of major events with relevance to dam safety at Chapman Dam. 
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Table 2-1 : Dam Safety History 

Date Event (reference) 
1978 Construction of Chapman Dam is completed. (SCRD, 2020) 
2006 Construction of a new metal platform and walkway on the right side of the free-overflow dam is 

completed, replacing an old installation. (STAN, 2006) 
2015 An electric actuator, instrumentation, solar panel and battery system are installed to allow for remote 

gate valve operation and transmission of water level data via SCADA.  
2017 A five-pipe siphon system is installed. The system consists of five parallel 200 mm diameter HDPE 

pipes that are each 285 m long. (CLSS, 2018) 
2019 A consequence of failure assessment is completed, and Chapman Dam is assigned a consequence 

classification of “Significant”. (IS, 2019) 
2020 A Dam Safety Review is conducted. (WSP, 2020) 
2020 An Operation, Maintenance and Surveillance Manual is prepared for Chapman Dam (WSP, 2020) 
2020 A Dam Emergency Plan is prepared for Chapman Dam. (WSP, 2020) 

2.3 ASSESSMENT OF CURRENT CONDITION 
A site visit was conducted on July 16, 2020, and the related site visit report is included in Appendix D. WSP 
travelled by helicopter to the site and was accompanied by SCRD staff member, knowledgeable of the dam history 
and operating procedures.   Key observations of Chapman Dam are noted as follows: 

• The concrete dam is a free overflow spillway and is a gravity structure founded on bedrock. A steel access 
walkway and platform are situated on top of the dam, providing access from the right bank. 

• Access for dam inspection is poor, so it is difficult to see all of the exposed portions of the dam (i.e. 
downstream face), due to excessive vegetation and lack of trails. The catwalk handrails have been 
damaged, and one catwalk support anchor has been pulled out of the concrete, due to ice action. 

• The concrete is generally in good condition other than some minor freeze-thaw damage on top of the non-
overflow wall portion on the right side. 

• The dam has a Low-Level Outlet with a knife gate valve operated by an electric actuator, with local and 
remote-control capability.  

• There is no debris boom or safety boom in the reservoir.   Some logs were noted on top of or just 
downstream of the dam. 

• Siphon pipes were installed temporarily (2017) in order to access water in lower levels of the lake during 
summer months when lake levels are low and customer water usage is high. The pipes have shifted some 
6 m due to effects of ice action. 

• No public safety measures were observed at the site (i.e. signage, fencing, safety boom). 
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3 CONSEQUENCE CLASSIFICATION 
The basis for dam hazard classification is related to incremental consequences resulting from a dam failure. These 
are damages that the dam breach would cause, above and beyond those resulting from the underlying natural 
conditions (i.e. if the dam does not breach) and are evaluated in terms of the following categories:  

• Incremental loss of life.
• Incremental third-party economic losses.
• Incremental environmental or cultural losses.

The dam classification system proposed by the Canadian Dam Association is provided in Appendix E. Based on 
these incremental consequences, the dams are classified separately for a breach occurring under normal conditions 
(sunny day) and during a flood. Only the latter is used to determine the Inflow Design Flood (“IDF”), while the 
former is used to determine seismic requirements for structural considerations. The highest classification of the two 
is adopted as the governing case and used to determine the frequency of inspections and dam safety reviews as well 
as the requirements for emergency preparedness. 

3.1 2019 DAM CONSEQUENCE CLASSIFICATION 
A consequence classification assessment of Chapman Dam was conducted in 2019 (IS, 2019) and led to a 
Significant Consequence Classification. Both Sunny-day and flood failure scenarios were considered but the flood 
failure scenario was deemed the worst-case scenario and was the only analysed failure scenario.  

Prior to dam failure, the reservoir level was considered equal to the free-overflow crest elevation, at El. 974.0 m, 
with a live storage volume of 1,109,000 m³. A dam breach was considered as follows: 4.7 m wide and developing in 
18 minutes, generating a peak outflow of 59.2 m³/s. The flood surge was routed through Chapman Creek using 
empirical equations. The assessment identified the following significant structures downstream of Chapman Dam: 

• Water intake.

• Landfill.

• Airport.

• Fish hatchery.

• Highways.

• Domestic residences.

The 2019 assessment predicted that the overall impacts of a dam-breach induced flood would be minor. The 
assessment predicted the flow rate due to a dam breach would be less than the five-year storm event rate, and as the 
flow entered into developed areas, the rate would fall below the two-year storm event rate. After the initial dam 
breach, flow would be contained within Chapman Creek for the remainder of the flood path, except in some forested 
areas and also in the area of the fish hatchery, where it would slightly exceed the bounds of the creek.  

Less than 10 people are expected to be located within the flood zone, but depth and velocities were estimated to be 
too low to generate Loss of Life. Therefore, the Consequence Classification for Loss of Life were considered Low. 
The assessment revealed that “Significant” environmental and cultural losses are expected, due to minimal short-
term loss or deterioration of cultural sites. Finally, the dam breach assessment revealed that no economic and 
infrastructure losses are expected, leading to a Low Consequence Classification for Infrastructure and Economic 
losses. Therefore, the overall Consequence Classification was determined to be Significant. 
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3.2 CURRENT DSR REVIEW 

3.2.1 FLOOD SCENARIO 

The 2019 dam failure assessment is considered very nominal and the dam Consequence Classification should be re-
evaluated for the following reasons: 

• Initial reservoir elevation: A reservoir level at El. 974 m for a dam breach under flood conditions is non-
conservative since there would be significant water depth above the free-overflow spillway during a flood 
event. Section 5 describes that the water level would be 1.1 m above the free-overflow spillway crest for 
the IDF. Therefore, the water level and reservoir volume would be significantly higher for a flood failure 
scenario than what was considered in the 2019 assessment. 

• Dam breach parameters: For concrete dams, the breach width should be less or equal to the dam length 
and adjusted to reflect failure of a discrete number of monoliths (USACE, 2014). The 2019 dam failure 
assessment considered a breach width of 4.7 m, which is 1.22x the dam height (3.85 m) and 10% of the 
dam length. A more realistic dam breach width would be equal to the Low-Level Outlet monolith that is 
5.6 m wide, according to the 1979 design drawings. Failure of both monolith of the free-overflow spillway 
should also be considered as a worst-case scenario, as shown on Figure 3-1.  

  
Figure 3-1: 1977 Design Drawings Showing Chapman Dam Monoliths Location 

• Chapman Creek base flow: The 2019 assessment neglected the existing flood flow in Chapman Creek 
prior to dam failure. Only the impact of the breach flow itself was discussed and the impact of the breach 
flow in addition of the existing flood flow in Chapman Creek was not considered in the analysis. The 2010 
Chapman Creek Flood Assessment report (KWL, 2010) revealed that for a 200-yr clear-water flood event, 
a small corner of the Big Maple Mobile Home Park could be inundated. Additional flow due to Chapman 
Dam failure would increase the inundation extent and several homes could be within the incremental flood 
extent. Therefore, it is likely that for a certain flood failure scenario, the number of People at Risk could be 
high enough for a potential LOL between 0 and 10, leading to a High consequence classification. Until a 
numerical dam breach analysis is conducted, an interim High consequence classification should be adopted.  

• Impact to Chapman Creek Bridge: Chapman Creek Bridge is considered as critical infrastructure since it 
is the only available crossing of Chapman Creek and therefore, the only road link to get to Sechelt Hospital 
from Roberts Greek or Gibson. A highway closure to potential bridge damages would have a strong 
economical and social impact in the region.  

Based on the comments above, it is believed that a dam breach occurring during a flood event could have greater 
consequences than previously reported. Numerical dam breach analyses under various flood scenarios ranging from 
the 100-yr flood event to the IDF should be assessed. The breach parameters should be reviewed, and the initial 
reservoir elevation should match the return period considered in the flood scenarios. The numerical model should 
also include the Chapman Creek base flow as the initial flow condition of the simulations.  Finally, the latest LiDAR 
data should be used to produce accurate inundation maps for all dam breach scenarios.  
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Until such a numerical dam breach is completed, an interim consequence classification of High should be 
implemented.  

3.2.2 SUNNY-DAY FAILURE CONSEQUENCES 

For a sunny-day dam breach, the worst-case scenario corresponds to a dam breach for a reservoir level at the free-
overflow crest elevation, as observed during the July16, 2020 site visit. The incremental impact of a dam breach on 
downstream structures can’t be accurately determined since no numerical dam breach analysis has previously been 
conducted. However, it is considered that the economic and social impacts associated with a loss of water supply 
would be High. Although Edwards Lake would be used to supply drinking water to the Water Treatment plant 
following a loss of Chapman Lake, Edwards dam watershed is much smaller than Chapman Lake and SCRD has 
historically relied more on Chapman Lake to supply fresh water to the Chapman Creek Water treatment plant. 
Therefore, failure of Chapman Dam in sunny-day condition would put a lot of stress on the Chapman Water System 
and would lead to water shortage for an extended period for the 22,000 residents that rely on the Chapman Water 
System. Therefore, the recommended Consequence Classification for Chapman Dam for this DSR based on our 
current level of knowledge, should be revised from Significant to High. 

It should be noted that SCRD is currently exploring various options to diversify their water supply sources and 
reduce their reliance on Chapman Lake. The Consequence Classification should be reviewed if any such water 
supply options are implemented.  

3.3 DSR FINDING FOR CLASSIFICATION 
The Significant 2019 Consequence Classification is driven by the potential Cultural and Environmental losses 
associated with Chapman Dam failure. The assessment didn’t contemplate the economic and social impact of the 
water shortage that a sunny-day failure could lead to. Moreover, the 2019 assessment didn’t study the impact of a 
dam failure for a full range of flood flows. A numerical dam breach analysis for a sunny-day scenario and several 
flood case scenarios is needed to appropriately classify the incremental impact of a dam breach. A High 
Consequence Classification should be adopted until such analysis is completed to better capture the impact of the 
loss of Chapman Lake on water supply for the 19,000 SCRD water customers, and also the potential damage to the 
Highway 101 at Chapman Creek Bridge.  
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4 HAZARD & FAILURE MODES 

4.1 EXTERNAL HAZARDS 
The following sections present a review of the information available for describing each of the different hazards 
pertaining to the dam, pertaining to both its physical environment (hydrologic, geologic, seismic, upstream 
environment), and its design, maintenance and operation. 

4.1.1 METEOROLOGICAL EVENTS 

Extreme meteorological events are a major external hazard for any water resource development. For Chapman Lake 
Dam, this includes principally floods, snowmelt and other rainfall associated events.  

Chapman Lake dam is located at the head of the Chapman River watershed and drains an area of about 7.8 km². The 
Chapman Lake has a surface area of about 34 ha. Flow measurements on Chapman Creek at the water diversion 
indicate that yearly peak flow generally occurs between October and February, corresponding to the rainiest period 
of the year.  

Since meteorological events for the Chapman Lake watershed have never been analysed, a hydrological and ice 
regime analysis of the watershed has been conducted as part of this DSR. The results of the analysis are summarized 
in Section 5.1. The analysis also offers a Probable Maximum Flood assessment at the dam. No wind-wave analysis 
has been completed since Chapman Dam is located in a narrow bay and the fetch at this location is short, limiting 
the wave height at the dam location. Moreover, the dam structure, being a concrete gravity dam, is not vulnerable to 
wave action. 

4.1.2 SEISMIC HAZARDS 

It is difficult to predict when seismic events will occur, and to what magnitude, however, they remain a real external 
hazard to dams. For Chapman Dam which has a recommended High Consequence Classification, the associated 
uniform hazard spectra, for a return period of 1/2475, based on CDA Guidelines for Site Class C was obtained from 
NRCan. Accordingly, the Peak-Ground-Acceleration (“PGA”) used for the stability analysis of Chapman Dam is 
0.32g. 

4.1.3 RESERVOIR ENVIRONMENT 

The reservoir environment can pose a risk to Chapman Dam in different ways. If there is potential for landslides, 
transport of debris or a large quantity of sediment, it can damage the components of the structures and / or reduce 
their performance.  

Due to the high elevation of the lake, ice formation is a potential hazard for the dam. Satellite imagery analysis 
indicates that the lake freezes up around mid-December and the ice cover remains until end of May. Ice thickness 
calculation results are shown in Section 5.1 and were used for the dam stability calculations. 

The presence of excess vegetation can reduce the quality of inspections by hiding deficiencies such as burrows/holes 
made by animals. Tree roots can also damage structures, by loosening the soil. Since Chapman Dam is supposedly 
founded on the bedrock, excess vegetation hazard is mostly associated with its impact on inspections. 

Transport of debris and sediment in Chapman Lake is a potential hazard for the dam. The watershed is heavily 
vegetated and Chapman Lake tributaries are relatively steep and could transport large woody debris during large 
flood events. Trees in close proximity to the lake can also fall into the reservoir and float toward the dam. During the 
2020 site inspection, the presence of woody debris was observed upstream and downstream of the dam. There is no 
log boom at Chapman Lake and debris can reach the dam and accumulate on its upstream section. Debris can 

29



 
 
 

 

Chapman Dam – 2020 Dam Safety Review 
Project No.  201-07081-00 
Sunshine Coast Regional District 

WSP 
  

Page 13 

accumulate upstream and below the walkway, which could damage it and reduce the discharge capacity of the 
spillway. This situation could raise the water levels upstream of the dam. 

Although some landslides could occur on the steeper portion of the watershed, it is unlikely that these could affect 
dam safety since the steeper slopes are located in the Northern part of the watershed and/or downstream of the dam, 
far away from the reservoir.  

4.2 INTERNAL HAZARDS 

4.2.1 WATER BARRIER 

The following components of Chapman Dam function as water barriers: 

• Concrete Dam non-overflow section. 

• Free-overflow Spillway. 

These components can pose a hazard to the dam if they were designed to a different standard than the current one, or 
if an error was made in their design, or if there was a defect induced during the construction of the component, or, if 
the physical condition of the structures is unsatisfactory and they are not functioning as intended. These components 
are required to pass water safely for all flow loads up to and including the IDF. 

4.2.2 HYDRAULIC STRUCTURES 

The following components of Chapman Dam function as water conveyance structures: 

• Concrete Dam non-overflow section if overtopped. 

• Free-overflow Spillway. 

• Low-Level Outlet. 

These components are required to pass water safely for all flow loads up to and including the IDF. They can pose a 
hazard to the dam if they were designed to a different standard than the current one, or if an error was made in their 
design, or if there was a defect induced during the construction of the component or, if the physical condition of the 
structures is unsatisfactory and they are not functioning as intended. The syphon wasn’t included in the list of 
conveyance structures since it is not a dam safety component of the Chapman dam system. 

4.2.3 MECHANICAL AND ELECTRICAL 

The following components of the Chapman system have mechanical and/or electrical systems required for ensuring 
the safety of the dam system: 

• Low-Level Outlet knife gate valve. 

• Power supply and electric actuator. 

• Control Centre. 

These components are required to function on demand for all loads up to and including the IDF, although the Low-
Level Outlet flow conveyance isn’t used to safely pass the IDF. They can pose a hazard to the dam if they were 
designed to a different standard than the current one, or if an error was made in their design, or if there was a defect 
induced during the construction of the component or, if the condition of the equipment is unsatisfactory and they are 
not functioning as intended. 
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4.2.4 INFRASTRUCTURE AND PLANS 

There currently is no specific infrastructure used to ensure safe operation of the dam system. Prior to the 2020 DSR, 
there was no plans in place to ensure safe operation of the dam system. An Operation, Maintenance and Surveillance 
Manual and Dam Emergency Plan have been produced for Chapman Dam in conjunction with this DSR. 

4.3 FAILURE MODES 
The two following global failure mode were considered: 

• Dam collapse by overtopping. 
• Dam collapse by loss of strength. 

For each of these two failure modes, relevant failure mode due to external and internal hazards were retained and 
analysed in this DSR. The retained failure modes are described below. 

4.3.1 DAM COLLAPSE BY OVERTOPPING 

The only structures required for safely passing the IDF are the Overflow Spillway and the Non-Overflow Dam 
section in case the overflow spillway is under-designed and cannot contained the IDF. These two structures have no 
moving parts and therefore do not require any infrastructure or operations to function. The spillway is available for 
all flow conditions. The only retained overtopping failure mode is the Dam Collapse by Overtopping due to 
Meteorological inflow being greater than outflow capacity including a buffer.  

Overtopping could occur during a flood event if the discharge capacity of the spillway is exceeded. Debris blockage 
could also reduce the discharge capacity of the spillway and cause dam overtopping. If overtopping of the non-
overflow dam sections would occur, damage to the steel walkway and Low-Level Outlet are possible. Moreover, 
erosion at the downstream toe of the non-overflow concrete dam section could occur if the foundation material is 
erodible (i.e. other than bedrock). Overtopping could also erode the bank material at the dam abutment. The stability 
of the concrete dam under an overtopping scenario has been analysed and the results are presented in Section 5.  

Inadequate freeboard is not an issue at this dam except as it could pertain to the abutments. Wind-wave action isn’t 
considered a valid failure mode since the concrete gravity dam can sustain significant wave action and also because 
of the low fetch at the dam site. Since there is no flood management system on site, management system failure isn’t 
considered a likely failure mode for Chapman Dam.  

4.3.2 DAM COLLAPSE BY LOSS OF STRENGTH 

Chapman Dam presumably only has concrete components founded on bedrock. Thus, it is not subject to liquefaction 
or internal erosion, or loss of support. There is no drainage system, and no pumps are present. However, some 
uncertainty regarding foundation condition on the left side of the dam requires additional investigation to ensure that 
the dam is completely founded on bedrock. This is further discussed in Section 5.3. 

The functional failure characteristics remain as follows: Mass movement, seepage around interfaces, structural 
weakening of the concrete and instantaneous change of state. It is not fully known what previous stability analyses 
have previously been completed, therefore stability analyses for a range of load scenarios were completed as part of 
this DSR to determine if the dam meets current stability criteria. The results of these analyses are summarised in 
Section 5.2 and detailed in Appendix F.  
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5 DAM SAFETY ANALYSIS 
This section overviews the analysis undertaken of the dam system based on a review of available documentation, 
interviews with SCRD staff, analysis conducted as part of this DSR and observations during the site visit. Any dam 
safety deficiencies or non-conformances are identified.    

In this review, dam performance concerns were categorized using the following definitions for Deficiencies and 
Non-Conformances:  

• An – Actual performance deficiency under normal loading conditions. 

• Au – Actual performance deficiency under unusual loading conditions. 

• Pn – Potential performance deficiency under normal loading conditions, expected to be confirmed as 
actual deficiencies by means of analysis in a dam performance investigation. 

• Pu – Potential performance deficiency under unusual loading conditions, expected to be confirmed as 
actual deficiencies by means of analysis in a dam performance investigation. 

• Pd – Potential performance deficiency under normal or unusual loading conditions, in the following 
senses: 

o The Dam meets minimum performance goals, but additional safety benefits are desirable, 
practicable and affordable, or, 

o The uncertainties around the concern are such that it is extremely difficult if not impossible to 
demonstrate that safety improvements are neither required nor desirable. 

• Pq – Potential performance deficiency under normal or unusual loading conditions, that would lead to 
dam safety improvements if it could not be readily (quickly) demonstrated that such improvements are 
neither necessary nor desirable. 

• NCI (Non-Conformance Information) – There is a deficiency in information required to determine if an 
actual or potential performance deficiency exists. 

• NCS (Non-Conformance Surveillance) – Surveillance, inspection and data interpretation activities not 
performed in accordance with established procedures or inadequacies in the procedures in comparison 
with best practices. 

• NCO (Non-Conformance Operation) – Non-conformances in the operation of the Dam or inadequacies 
in the operation procedures under normal or unusual loading conditions. 

• NCM (Non-Conformance Maintenance) – Maintenance activities required to assure dam performance 
under normal and unusual loading conditions are required or previously identified required maintenance not 
completed. 

• NCP – Non-conformance to a procedure in the management system or inadequacy of policies and 
procedures for activities required for normal or unusual load conditions. 

5.1 HYDROTECHNICAL 
As per the 2013 CDA Guidelines, a review of the following hydrotechnical aspects was conducted: 
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• Hydrology – Inflow Design Flood (“IDF”) calculation including Probable Maximum Precipitation (“PMP”) 
estimates, Probable Maximum Flood (“PMF”) modeling, flood frequency analysis. 

• Flood event routing through the reservoir. 

• Ice thickness calculation (for dam stability calculations). 

• Freeboard review. 

• Adequacy of discharge facilities. 

5.1.1 HYDROLOGY 

This section summarises the hydrological calculations leading to the determination of the IDF. The IDF associated 
with a High Consequence Classification should be 1/3 between the 1:1,000-yr flood and the PMF event according to 
the CDA guidelines (CDA, 2013). The 1,000-yr event is a flood event that has a probability of occurrence of 0.1% at 
any given year. The PMF is the most severe flood that may reasonably be expected to occur at a particular location, 
during the PMP event. Since no known hydrological analysis of the Chapman Lake watershed has been previously 
conducted, it was required to estimate the 1,000-yr event and the PMF. The 1,000-yr inflow has been estimated by 
developing a deterministic watershed model using the Hydrologic Modeling System (“HEC-HMS”) platform and by 
conducting a Flood Frequency Analysis of flow data on Chapman Creek. HEC_HMS is a software used to 
conceptually represent infiltration and surface runoff during storm event. The HEC-HMS model was also used to 
estimate the PMF based on the PMP and to route the flood events through the reservoir and Chapman dam.  

Although the CDA Dam Safety Guidelines recommend computing two PMF scenarios (summer-autumn PMF and 
spring PMF), it is our experience that the summer-autumn PMP typically governs for watersheds with similar 
location and orientation as that of Chapman Lake. Hydrometric data recorded on Chapman Creek also reveal that 
historical peak flow event generally occurs between October and February. For this reason, only the summer-autumn 
PMF has been studied. Nonetheless, snow melt rate has been combined with the PMP event to take into-account a 
PMP that would occur once snow accumulation began in the Chapman watershed, in December to February.  

 
5.1.1.1 WATERSHED DESCRIPTION 
 
The watershed area at Chapman Lake Dam is 7.8 km² and its main characteristics are listed in Table 5-1. The 
watershed is predominantly covered by wooded areas and has an average slope of about 13%. Chapman Lake has an 
area of 0.3 km². 
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Table 5-1 : Watershed Characteristics 

CHARACTERISTICS  VALUES 

Watershed area (km²)-Excluding lake 7.8 

Mean slope (%) 12.8 

Elevation at 10% of the stream length (m) 989 

Elevation at 85% of the stream length (m) 1317 

Lakes area (km²) 0.3 

Longest flow path (km) 4.967 
 
5.1.1.2 1,000-YR AND PROBABLE MAXIMUM PRECIPATION ESTIMATE  
 
1,000-yr Precipitation 

Clowhom Falls (Station No. 1041710) station with the elevation of El. 22.9 m and daily precipitation data for the 
period of 1932 to 1990 was used to calculate rainfall depth at the project site. The total precipitation depth for a 
duration of 24 hours and a recurrence of a 1,000 year was determined by performing a frequency analysis on 
maximum annual precipitation recorded at the Clowhom Falls meteorological station. This station offers IDF data 
for 23 years of record, which is considered too short to produce a confident estimate of the 100-yr or higher 24-
hours precipitation events. Nonetheless, it offers an order of magnitude of the total precipitation for extreme 
precipitation events. Frequency analysis was completed for the station to estimate precipitation with different return 
periods as shown in Table 5-2. 
Table 5-2 : Rainfall Intensity Frequency Data at Clowhom Falls Station 

Return Period (years)  24-hour rainfall (mm) 
2 80.5 
5 99.7 

10 112.4 
20 124.6 
50 140.4 
100 152.2 
200 163.9 

1,000 191.2 

To account for snowmelt, the following equation, recommended for heavily forested regions (60-100%), was 
applied (Gray, 1973): 

𝑀𝑀 = (0.074 + 0.007 × 𝑃𝑃) × (𝑇𝑇𝑎𝑎 − 32) + 0.05 (eq 5.1) 

Where 

𝑀𝑀 = snowmelt (in/day); 

𝑃𝑃 = Precipitation (in); and 

𝑇𝑇𝑎𝑎= temperature (°F) 

The average normal temperature from November to March (5.52 °C) at Gibson Gower Point station (1043152) was 
used to estimate daily snowmelt since it is located closer to Chapman Lake. The average daily snowmelt during a 
1,000-year rainfall event was determined to be 33 mm/day. Since this station is located at a much lower elevation 
than Chapman Lake and has higher average temperature, it is considered a conservative snowmelt estimate. 
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The summation of 24 hr 1:1,000-year precipitation and snowmelt are calculated to be 224.2 mm.  

Probable Maximum Precipitation 

The 24-hour PMP was estimated using the Hershfield method (Hogg and Carr, 1985) as presented below. 

𝑋𝑋𝑃𝑃𝑃𝑃𝑃𝑃 =  𝑋𝑋24 + 𝐾𝐾𝑃𝑃24 × 𝑆𝑆  (eq 4.1) 

𝐾𝐾𝑃𝑃24 = 19 × 10−0.000965 𝑋𝑋24 

where 

𝑋𝑋𝑃𝑃𝑃𝑃𝑃𝑃 =  PMP for a 24-hour duration (mm); 

𝑋𝑋24 = mean annual 24-hour extreme rainfall (mm); 

𝑆𝑆 = standard deviation for a 24-hour duration rainfall (mm); and 

𝐾𝐾𝑃𝑃24 = frequency factor for a 24-hour duration rainfall. 

The 24-hour PMP determined by this method is 359 mm and the corresponding daily snowmelt rate was determined 
to be 42.7 mm/day. The total value of 402 mm (359 mm+ 42.7 mm) was then used in the HEC-HMS model to 
simulate the corresponding runoff.  
 
5.1.1.3 HYDROLOGICAL MODELING AND FLOOD ROUTING 
 
A simplified hydrological model of the watershed was built using HEC-HMS version 5.0.4, a software developed by 
the U.S. Army Corps of Engineers. The watershed was discretized into a single sub-basin. The SCS curve number 
method was used for the loss calculation. A curve number of 74 was selected and a Lag Time equal to 60% of the 
concentration time was calculated. The Soil Conservation Service (SCS) Type 1A synthetic rainfall distribution was 
the selected storm profile. The SCS Type1A 24-hr synthetic rainfall distribution is the recommended distribution for 
the Pacific Northwest in the United States and is widely used in the Coastal region of British Columbia. When 
combined with the 100-yr 24-hour rainfall (152.2 mm from Table 5-2), the SCS Type 1A rainfall returns a peak 
hourly precipitation of 26 mm/hr. The 100-yr rainfall intensity for a duration of 1 hour at Clowhom falls, published 
by Environment Canada, is equal to 19.5 mm/hr, which is about 25% lower than the SCS Type 1A peak hourly 
precipitation. By comparing historical hourly intensities at Clowhom Falls station, the 24-hr SCS Type 1A storm 
appears to be a conservative synthetic rainfall distribution for the Chapman Dam watershed. 

The SCS curve number method was used for the loss calculation. The model parameters of each sub-basins are listed 
in Table 5-3. 
Table 5-3 : HEC-HMS Sub Catchment Parameters 

Parameters  Chapman Watershed 
Watershed area (km²)-Excluding lake 7.497 

Mean slope (%) 12.8 
Elevation 10% (m) 989 
Elevation 85% (m) 1317 
Lakes area (km²) 0.540 

Longest flow path (km) 4.967 
Initial abstraction (mm) 8 
Impervious surface (%) 0 

Average Concentration Time (min) 48 
Curve Number (determined from TR55) 74 
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According to TR55, soil type B refers to the soil with moderate infiltration rates when thoroughly wetted. This 
type of soil was assumed appropriate for the study area. The project site is generally forest covered and considered 
to have “Good” hydrologic condition. Therefore, a Curve Number (CN) of 55 was selected for the project area. An 
adjustment factor of 1.35 was applied to the CN to include the soil moisture condition (antecedent moisture 
condition III, wet condition). A curve number of 74 was therefore estimated for the catchment area. 
 
Chapman Dam was included in the HEC-HMS model to route the flood events directly in the model. The discharge 
capacity for the dam was estimated using equation 3.1 (Smith, 1995).  
 

𝑄𝑄 = 𝐶𝐶𝐶𝐶𝐻𝐻1.5  (eq 3.1) 
Where 
𝑄𝑄 = Discharge (m3/s); 
𝐶𝐶 = Discharge coefficient; 
𝐶𝐶 = Effective weir crest length (m); and 
𝐻𝐻 = Head above weir crest (m). 

A discharge coefficient of 1.55 was considered and a crest length of 18 m was derived from the original drawings of 
the dam. The additional discharge capacity of the non-overflow concrete dam section was also included in the 
discharge capacity calculation. The Low-Level Outlet and syphon discharge capacities were not considered in the 
analysis since it is considered that the LLO would be closed and that the Syphon could potentially be dislodged 
during a large flood event.  

The simulated peak outflows and peak water level for the two reservoirs are shown in Table 5-4. 
Table 5-4 : HEC-HMS simulation results 

Return period 

Initial 
Reservoir 

Level Peak Inflow Peak Outflow 

Maximum 
Reservoir 

Level 
m m³/s m³/s m 

200-yr 974.00 43.9 12.2 974.6 
1000-yr 974.00 69.3 21.4 974.8 
IDF (1/3 between the 
1,000-yr and the PMF) 974.00 95.3 37.4 975.1 
PMF 974.00 147.2 69.5 975.6 

The modeled 1,000-yr storm event generates a peak inflow of 69.3 m³/s and a peak outflow at the dam of 21.4 m³/s. 
The maximum reservoir level is El. 974.8 m, 0.8 m above the free-overflow section and 0.2 m above the non-
overflow dam section.  

The PMF peak inflow is 147.2 m3/s at Chapman reservoir and the peak outflow at the dam is equal to 69.5 m³/s. The 
maximum reservoir level is El. 975.6 m, 1.6 m above the free-overflow section and 1.0 m above the non-overflow 
dam section. 

Based on these results, the recommended IDF for Chapman Dam is 37.4 m³/s and the associated Peak Water Level 
is El. 975.1 m. It should be noted that the calculated Peak Water Level doesn’t take into account potential flow 
obstruction at the existing steel walkway and any debris accumulation below and upstream of the walkway. Since 
the steel walkway will be flooded during the IDF, the peak water level could be higher due the obstruction caused by 
the walkway in its present configuration.   

36



 
 
 

 

Chapman Dam – 2020 Dam Safety Review 
Project No.  201-07081-00 
Sunshine Coast Regional District 

WSP 
  

Page 20 

5.1.1.4 FLOOD FREQUENCY ANALYSIS 

A Flood Frequency Analysis of the Chapman Creek flow data was conducted to validate the Chapman Lake inflow 
values obtained with the HEC-HMS model. Regional hydrometric data was obtained from the Water Survey of 
Canada for Chapman Creek near Wilson Creek (08GA046), Chapman Creek Above Sechelt Diversion (08GA078), 
and Chapman Creek Below Sechelt Diversion (08GA078) as listed in Table 5-5. 
Table 5-5 : Hydrometric Stations 

Station ID Station name 
Drainage 

area (km²) 
Period of 
records 

08GA046 Chapman Creek near Wilson Creek 71.5 1959-1970 

08GA078 
Chapman Creek Below Sechelt 

Diversion 65.8 1993-2003 

08GA060 
Chapman Creek Above Sechelt 

Diversion 64.5 1970-1987 

These three stations combined have 35 combined years of data. Annual peak flow event for years 1962 and 1968 
were excluded from the data series as they may correspond to debris flow events (Kerr Wood Leidal Associated 
Limited, 2010). The remaining data was used for Flood Frequency Analysis (“FFA”). FFA analysis is conducted on 
annual maximum instantaneous streamflow records using the HYFRAN Flood Frequency package (Chair in 
Statistical Hydrology, INRS-ETE, 2008). The HYFRAN-PLUS software is designed for hydrological frequency 
analysis of extreme value. It allows fitting different statistical distributions to random samples with several 
estimation methods. Before fitting a sample using a statistical distribution, hypothesis tests were performed to verify 
the assumptions of independence, stationarity, and homogeneity of the sample.  

The calculated peak flow was then transposed to the study areas using area ratio method. The estimation of peak 
streamflow at the ungauged station is expressed by eq 2.1 (CEHQ, 2019): 

𝑄𝑄𝑈𝑈 = �
𝐴𝐴𝑈𝑈
𝐴𝐴𝐺𝐺
� 𝑎𝑎 𝑥𝑥 𝑄𝑄𝐺𝐺                                (𝑒𝑒𝑒𝑒 2.1) 

Where: 

𝑄𝑄𝑈𝑈 : Streamflow at the ungauged station (m3/s) 

𝑄𝑄𝐺𝐺 : Streamflow at the gauged station (m3/s) 

𝐴𝐴𝑈𝑈 : Area of the ungauged station watershed (km2) 

𝐴𝐴𝐺𝐺 : Area of the gauged station watershed (km2) 

𝑎𝑎   : Regional exponent. 

The “𝑎𝑎” exponent generally ranges between 0.6 and 1 (Anctil et al. 2005). The regional exponent is assumed to be 
0.6 for Chapman Lake watershed. The lower bound of the exponent range was selected to account for the steeper 
slopes, significantly smaller watershed, higher elevation and deeper snowpack at the head of the watershed. The 
calculated peak flows at Chapman Lake are presented in Table 5-6. 
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Table 5-6 : Estimated Peak Flows for the Project Site 

Return period Peak Flow (m3/s) 
1:2 yr 18 
1:5 yr 25 

1:10 yr 29 
1:20 yr 34 
1:50 yr 39 
1:100 yr 43 
1 :200 yr 47 
1:1000 yr 57 

It should be noted that these peak flow values are not routed through Chapman Lake and that they correspond to the 
inflow at the lake. The 200-yr flood event inflow obtained in the FFA is equal to 47 m³/s, which is about 7% higher 
than the inflow obtained in HEC-HMS. The 1,000-yr flood event obtained in the FFA is equal to 57 m³/s, which is 
about 18% lower than the value obtained in HEC-HMS. The comparison between the HEC-HMS and the FFA 
indicates that both methods return comparable results and that the HEC-HMS model tends to be more conservative 
for higher return period.  

5.1.1.5 PMF COMPARISON WITH REGIONAL PMF STUDY 

The PMF Estimator for British Columbia (Abrahamson, 2010) was used to validate the PMF inflow obtained in 
HEC-HMS. Equation 3.4 is recommended for estimating PMF for British Columbia coastal drainage areas.  

𝑄𝑄 = 23.753𝐴𝐴0.7808 (eq 4.2) 

where 

𝑄𝑄 = Discharge (m3/s) 

𝐴𝐴 = Drainage Area (km2) 

The PMF value determined using equation 3.4 is approximately 118.1 m3/s for the Chapman dam watershed which 
is approximately 21% lower than estimated PMF using HEC-HMS model. The PMF estimated using HEC-HMS is 
considered more representative since the PMF estimator regional analysis was developed using much larger 
watersheds and can therefore underestimate the PMF calculation for smaller and more reactive watersheds.  

The Creager diagram is also a useful tool to compare the estimated PMF with large historical storm. It provides a 
simple means of comparing floods in different region and of different watershed sizes. The PMF calculated at 
Chapman Lake was compared with historical extreme Canadian flood events using the Creager diagram (Neil, 
1985). As shown on Figure 5-1, Chapman Lake PMF has a Creager value of 45, which is equal or higher than all of 
documented extreme floods in BC published by C.R. Neil in 1985. 
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Figure 5-1: Creager Diagram for BC rivers (Neil, 1985)

5.1.2 ICE THICKNESS 

Estimated ice thickness will be used for stability analysis of the dams. According to Engineering and Design, Ice 
Engineering Manual (2002), equation 5.1 represents a good, practical model of ice growth where ice thickness is 
proportional to the square root of the accumulated freezing degree-days:  

ℎ𝑗𝑗𝑗𝑗 = 𝑎𝑎𝑎𝑎 �𝑈𝑈𝑈𝑈𝑗𝑗𝑗𝑗   (eq 5.1) 

where  

ℎ𝑗𝑗𝑗𝑗 = calculated ice thickness on day j 

According to the manual, typical values of 𝑎𝑎𝑎𝑎 for an average lake with snow is between 1.7 and 2.4.  

Freezing degree-days value was extracted from normal climate data between 1971-2000 at the Grouse Mountain 
meteorological station (ID 1105658). Accordingly, the calculated ice thickness for Chapman Dam ranges between 
0.3 and 0.4 m. 

5.1.3 RESERVOIR OPERATION AND FLOOD MANAGEMENT 

The Chapman Dam has no flow regulation objective and is only used for fresh water supply at the water intake 
during drought period, between April to October. The SCADA system is shut down for the winter and the Low-
Level Outlet knife gate valve is closed all winter. Therefore, the reservoir isn’t intentionally lowered prior to the 
storm season to increase peak flow attenuation. 
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5.1.4 ADEQUACY OF DISCHARGE FACILITY 

The results of the hydrological analysis revealed that the peak water level for the IDF is El. 975.1 m, meaning that 
the non-overflow concrete wall section would be overtopped by 0.5 m of water. Therefore, the free-overflow 
spillway doesn’t have a sufficiently high discharge capacity to pass the IDF without overtopping the dam. Moreover, 
the steel walkway, with its top surface at approximately El. 974.45 m, would also be overtopped and would likely 
cause obstruction and decrease the dam discharge capacity. Since there is no log boom installed at the dam, it is 
likely that debris could get trapped below and upstream of the walkway, reducing the discharge capacity of the dam 
even further, leading to an increase in peak water levels.  

Since the entire dam is founded on bedrock, according to the 1977 drawings, overtopping of the non-overflow 
concrete wall section wouldn’t erode the toe of the dam and affect the dam stability. However, the bank material at 
the dam abutments could be eroded and the dam could be undercut if the bedrock elevation dips at a lower elevation 
past the dam extremities. Signs of erosion were observed at the right abutment during the site visit, as shown on 
Figure 5-2, indicating that previous flood events may have eroded the bank. The left abutment was inaccessible 
during the site visit due to water spilling over the spillway.  

 
Figure 5-2: Erosion Observed at the Right Abutment on July 16th, 2020 

5.1.5 HYDROTECHNICAL – DAM SAFETY DEFICIENCIES AND NON-
CONFORMANCES  

• Pu – The free-overflow spillway can’t pass the IDF without overtopping the dam. The stability analysis 
presented in Section 5.2 indicates that the dam is stable under IDF condition despite overtopping of the 
non-overflow dam sections. However, erosion of abutment material could occur at both extremities, as 
observed at the right abutment. The left abutment was not inspected during the July 16th, 2020 site visit but 
if erosion is also observed, erosion protection should be implemented at both abutments. 

• Au – The steel walkway and platform are located at a lower elevation than the IDF peak water level. It is 
therefore obstructing the spillway and would reduces its discharge capacity for higher flows, potentially 
raising the water level at the dam. Debris accumulation below and upstream of the walkway could also 
damage the walkway and its anchor system to the dam. Therefore, the steel walkway should be raised 
above the IDF peak water level. 

• Pd - There is no debris boom at Chapman Lake to prevent debris from reaching the dam. Although debris 
accumulation at the dam isn’t reported to be a problem, several logs were observed on the crest of the dam 
and below the steel platform during the July 16, 2020, site visit. 
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5.2 STRUCTURAL 

5.2.1 STABILITY ANALYSIS 

Pseudo-static two-dimensional stability analyses of selected sections or representative areas of the dam components 
were undertaken. Stability calculations were performed with the use of Excel and MathCad spreadsheets.  No As-
built drawings were available, so available design drawings and notes were utilized for the calculations. 

Stability acceptance criteria applied for this analysis was based on recommendations of CDA Dam Safety 
Guidelines (2007, 2013 Edition).  

The sliding safety factors were computed using the friction properties for the concrete-rock contact at the base of the 
dam as the potential sliding failure plane. The position of the force resultant was also calculated and compared with 
respect to the acceptance criteria.  

The following Load Combinations were considered for the stability analysis: 

• Usual Condition (N) – Load conditions under which the dam is intended to serve during normal operations, 
during summer (N1) or winter (N2); 

• Extreme (Design Flood and Earthquake) – Extreme load conditions are those that pertain to events that are 
highly improbable and if they were to occur, would be considered as emergencies. Extreme loading cases 
include (E1- Extreme Flood/IDF, E2 - Maximum Design Earthquake, AEP=1/2,475 yr); and, 

• Post-Earthquake Condition (P1). 

Two different cases were considered herein for the stability analysis of Chapman Dam:  

• Case 1: An interface/base friction angle of 45° (zero cohesion) along with 100% effectiveness of passive 
bars/dowels.  
 

• Case 2: An interface/base friction angle of 55° (zero cohesion) due to the presence of shear key at the base 
along with 70% effectiveness of passive bars/dowels.  

 

The complete assumptions and results for stability analysis for Chapman Dam are provided in a memo in Appendix 
F. Summary of the findings are as follows: 

• According to stability analysis, Chapman Dam does not meet acceptance criteria for sliding under Normal 
+ Ice Load Case. However due to presence of rock that supports the dam immediately downstream of the 
heel, sliding instability and downstream movement of the dam is considered unlikely.   

• Except for Normal + Ice Load Case, adequate sliding stability indices were obtained for all other 
considered load cases.  

Acceptance criteria for position of force resultant were met for all 

5.3 NON-CONFORMANCES 
The following Non-Conformances exist in the OMS procedures of Chapman Dam: 

• NCS – The Dam is not inspected during winter months due to its remoteness and difficult access. It is 
recommended to install a remote surveillance system (camera) to obtain visual information about the dam 
to compensate for reduced surveillance activities in winter. 
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• NCM – Maintenance activities are not documented. They should be documented and compiled to better 
track the type and frequency of maintenance activities. 

• NCM – Vegetation control operations are not conducted regularly making certain areas of the dam hard to 
inspect. 

• NCO – Emergency drawdown procedures are not outlined in the OMS. 

5.4 DAM SAFETY IMPROVEMENTS 
A review of potential upgrades to enhance dam safety and improve operations including personnel safety, was 
conducted as further described in a memo in Appendix G.   Preliminary engineering was conducted, and budgets 
prepared to be generally consistent with a Class C level cost estimate. The following items are proposed for 
upgrading: 

• Raise the walkway and platform above the IDF level. 

• Installation of a log-boom upstream of the dam. 

• Bank stabilisation at the right abutment. 

• Structural reinforcement of the concrete dam. 

• Installation of a staff gauge to allow for checking of the reservoir water levels. 

• Installation of public safety signage at the new dam security gate. 
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6 EMERGENCY PLANNING 
Emergency planning is a mitigating activity that aims at minimizing the impacts of a potential failure of the dam 
system. For Chapman Dam, the Emergency Planning is outlined in the new Dam Emergency plan (WSP DEP, 
2020), completed in conjunction with this DSR.  

The Chapman Dam DEP is designed for use by SCRD employees in any emergency. It contains a broad set of 
emergency situations, including all those which pertain to dam safety. Key aspects that pertain to dam safety are: 

• Specific response procedures for three distinct Emergency Levels are clearly described. 

• Roles and responsibilities are clearly defined for SCRD staff. 

• Contact information for both internal and external needs. 

• Document maintenance requirements are clearly defined. 

The DEP includes the inundation maps produced in 2019 for a sunny-day failure scenario. However, these maps are 
coarse and considered inappropriate from an Emergency planning perspective. Furthermore, operators interview 
revealed that there is no formal dam safety training program for SCRD operators.  
 
As the first Chapman dam DEP was developed in 2020, there is currently no emergency training program in place 
for SCRD staff. To get acquainted with the DEP, it is recommended to carry out tabletop and functional exercises 
that would be facilitated by a Dam Safety Expert. Although there are no fixed training requirements nor frequency 
established, the following Table 6-1 can be used as a general guideline regarding training. Since SCRD is new to 
Dam Emergency Preparedness, there would be some value in increasing the frequency of internal tabletop exercise 
to twice a year. 

Table 6-1 : Recommended Training Type and Frequency 

Exercise Type Frequency Description Participants 

Tabletop (Internal) Every year 
DEP training session 
followed by tabletop 
scenario 

All employees with 
emergency response 
role 

Tabletop (external) Every 2 years 
Workshop/meeting to 
review the DEP, including 
changes 

All employees with 
emergency response 
role and external 
agency representatives 

Functional exercise Every 2 years Full scale exercise 

All employees with 
emergency response 
role and external 
agency representatives 

 

6.1 NON-CONFORMANCE 
NCI – Inundation maps are indicative at best and are not appropriate from an Emergency planning perspective. 
Numerical dam breach analysis should be completed, and inundation maps produced and included in the DEP. 

NCP – There is no dam safety training program in place. Operators and surveillance staff should receive dam safety 
and emergency training. Training records should keep track of the training received by each staff member. 
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NCP – There are currently no fences, gates or signage on site. Per B.C. Reg. 40/2016, signage should be installed to 
make it clear the structures is a dam. Signage should provide direction and emergency contact information to report 
any issues observed. 
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7 DAM SAFETY MANAGEMENT SYSTEM 
The Dam Safety Management System was evaluated using the CDA guidelines criteria (CDA, 2013). Table 7-1 
summarises SCRD performance in regard to each criterion. 
Table 7-1 : Dam Safety Management System Evaluation 

Dam Safety Management System Criteria Results 

Roles, responsibilities and authorities are clearly 
assigned 

DEP and OMS clearly defines roles and 
responsibilities 

Key activities are clearly defined DEP clearly defines key activities for various situation. 
OMS manual lists operation, maintenance and testing 
activities 

Personnel understand their roles and responsibilities Staff interview revealed that operators generally 
understand their roles and responsibilities in regard to 
Water treatment operations but roles and 
responsibilities in regard to dam safety appears to be 
unclear. The newly developed OMS manuals and DEPs 
brought clarity regarding roles and responsibilities. 

OMS activities are carried out and documented Prior to the 2020 OMS redaction, OMS activities were 
not well defined and were not documented. The 2020 
OMS addressed some of these gaps, but the OMS 
activities must be better documented. 

Incidents are reported and addressed Incidents are not systematically reported and 
documented for Chapman Dam  

Safety measures recommended in previous DSR 
reports have been carried out 

N/A - This is the first DSR for Chapman Dam 

Overall, the Dam Safety Management System is satisfying when considering the newly produced OMS and DEP.  

WSP believes that SCRD is in general compliance with BC Dam Safety Regulation 40/2016, although with the 
following comments: 

• As mentioned in Section 6, maintenance activities are not well documented, and their planning isn’t well 
defined. The maintenance program should be improved to address these issues. 

• Although SCRD staff is well trained from a water treatment and water supply perspective, training for dam 
safety and emergency preparedness is not sufficient and should be improved. Training frequency should be 
clearly defined, and records of each training session should be kept. This DSR recommends a training 
programme and frequency be implemented. 

• Due to the remoteness of the dam, the inspection frequency is not adequate. Increased inspection frequency 
complemented by remote surveillance (camera) should be implemented. 
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8 KEY FINDINGS & 
RECOMMENDATIONS 

 Deficiencies and Non-Conformances that have been identified as part of this DSR are provided in Table 8-1. The 
issues are listed in order of highest to lowest level of concern. 
Table 8-1 : Dam Safety Issues for Chapman Dam 

No. Issue Description Type DSR Recommendation Report 
Section 
Reference 

Level of 
Concern 

1 The dam does not meet 
stability requirements for 
design ice loads.  

An Stability analyses were conducted as 
part of this DSR, considering normal 
and extreme loads Dam strengthening 
is required to meet accepted industry 
standard. 
 

5.2 High 

2 The impact of a dam failure 
under flood conditions is 
uncertain and there are no 
inundation maps available 
for a flood failure scenario. 

NCI Conduct numerical dam breach 
analysis for a range of flood 
conditions and for sunny-day 
condition. 

3.0 High 

3. Inspection frequency is not in 
compliance with BC Dam 
Safety Regulation 40/2016 

NCS Visual inspection frequency should be 
increased to once a month during 
operating months. Remote camera 
should be installed at strategic 
locations to monitor the dam 
condition remotely all year long. 

6.1 High 

4. Vegetation control is 
overdue, making it difficult 
to inspect the dam. 
Vegetation may hide certain 
defects.  

NCM Vegetation control should be carried 
out. Vegetation control should be 
carried out at a fixed frequency.  

6.1 Medium 

5. There are currently no 
fences, gates or signage on 
site. 

NCP Per B.C. Reg. 40/2016, signage 
should be installed to make it clear 
the structure is a dam. Signage should 
provide direction and emergency 
contact information to report any 
issues observed. 

7.0 Medium 

6. The steel walkway and 
platform are located on top 
of the spillway crest, which 
is at a lower elevation than 
the IDF peak water level and 

Au Raise the steel walkway and platform 
above IDF (or selected flood) water 
level with appropriate freeboard to 
reduce risk of walkway damage 
during flows. The knife valve stem 
should also be. 

5.2 Medium 
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No. Issue Description Type DSR Recommendation Report 
Section 
Reference 

Level of 
Concern 

may create a blockage during 
flood flows. 

7. The free-overflow spillway 
can’t pass the IDF without 
overtopping the dam and the 
abutments are not protected 
against erosive forces. 

Au Protect the abutments against erosion. 
Protection could be done by applying 
riprap of adequate size and thickness 
at both dam’s extremities. 

5.2 Medium 

8. The foundation conditions at 
the dam are not well 
documented. 

NCI It should be confirmed whether or not 
the dam is founded on bedrock at the 
left abutment by digging test pits at 
the left non-overflow dam section. 
This issue is linked with issue No.4. 

5.4 Medium 

9. There is no debris boom 
installed upstream of 
Chapman Dam. 

Pd A debris boom should be installed to 
prevent debris to drift at the dam 
location. 

5.2 Medium 

10. SCRD doesn’t have any dam 
safety and emergency 
training program for its staff 

NCP A formal training program should be 
implemented by SCRD in accordance 
with the new OMS Manual and DEP. 

7.0 Medium 

11. Current inundation maps are 
not appropriate from an 
emergency planning 
perspective.  

NCI Numerical dam breach analysis 
should be completed, and inundation 
maps produced and included in the 
DEP. This issue is linked with issue 
No.2. 

7.0 Medium 

13. Maintenance activities are 
not documented and 
compiled. 

NCM Maintenance activities should be 
documented and compiled to better 
track the type and frequency of 
maintenance activities. 

6.1 Low 

14. No as-built drawings of dam. NCI Conduct survey and prepare as-built 
drawings to allow confirmation of 
stability calculations 

5.2 Low 
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APPENDIX C1: DAM SAFETY REVIEW ASSURANCE 
STATEMENT – WATER RESERVOIR DAMS 

Note: This statement is to be read and completed in conjunction with the current APEGBC Professional Practice 
Guidelines – Legislated Dam Safety Reviews in British Columbia, (“APEGBC Guidelines”) and is to be provided for dam 
safety review reports for the purposes of the Dam Safety Regulation, BC Reg. 40/2016 as amended. Italicized words 
are defined in the APEGBC Guidelines. 

 
 

To: The Owner(s) Date:  December 8, 2020  
 Sunshine Coast Regional District 
 

Name  1975 Field Road, Sechelt, BC 
 

 V0N 3A1 
Address 

 
With reference to the Dam Safety Regulation, B.C. Reg. 40/2016 as amended. 

For the dam: 

UTM (Location):  10U : 456,211E        5,492,411N                                                                                                                                                                        

Located at (Description):  About 16 km Northeast of Sechelt in the Tetrahedron Provincial Park                                                                                                                                                    

Name of dam or description:   Chapman Dam  

Provincial dam number:  NA                                                                                                                                                       

Dam function: Water supply for the Sunshine Coast Regional District Water Treatment Plant  

Owned by:  Sunshine Coast Regional District (SCRD)  

 
(the “Dam”) 

 
Current Dam classification is: 

 
Check one 

 

Low 
Significant 
High 
Very High 
Extreme 

 
The undersigned hereby gives assurance that he/she is a Qualified Professional Engineer. 
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I have signed, sealed and dated the attached dam safety review report on the Dam in accordance with the APEGBC 
Guidelines. That report must be read in conjunction with this Statement. In preparing that report I have: 

 
Check to the left of applicable items (see Guideline Section 3.2): 

 

      1. Collected and reviewed available and relevant background information, documentation and data 
 

      2. Understood the current classification for the Dam, including performance expectations 
 

       3. Undertaken an initial facility review 
 

      4. Reviewed and assessed the Dam safety management obligations and procedures 
 

      5. Reviewed the condition of the Dam, reservoir and relevant upstream and downstream portions of the river 
 

      6. Interviewed operations and maintenance personnel 
 

       7. Reviewed available maintenance records, the Operations, Maintenance and Surveillance (OMS) Manual 
and the Dam Emergency Plan 

 
      8. Confirmed proper functioning of flow control equipment 

 
       9. After the above, reassess the consequence classification, including the identification of required dam 

safety criteria 
 

      10. Carried out a dam safety analysis based on the classification in 9. above 
 

      11. Evaluated facility performance 
 

       12. Identified, characterized and determined the severity of deficiencies in the safe operation of the Dam 
and non-conformances in dam safety management system 

 
       13. Recommended and prioritized actions to be taken in relation to deficiencies and non-conformances 

 
      14. Prepared a dam safety review report for submittal to the regulatory authority by the Owner and 

reviewed the report with the Owner 
 

      15. The dam safety review report has been reviewed in meeting the intent of APEGBC Bylaw 14(b)(2) 

Based on my dam safety review, the current dam classification is: 

Check one 
 

Appropriate 
 

Should be reviewed and amended 
 

I undertook the following type of dam safety review: 
 

Check one 
 

Audit 

Comprehensive 

Detailed design-based multi-disciplinary 

Comprehensive, detailed design and performance 
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I hereby give my assurance that, based on the attached dam safety review report, at this point in time: 
 

Check one 
 

The Dam is reasonably safe in that the dam safety review did not reveal any unsafe or unacceptable conditions in 
relation to the design, construction, maintenance and operation of the Dam as set out in the attached dam safety 
review report 

 
The Dam is reasonably safe but the dam safety review did reveal non-conformances with the 
Dam Safety Regulation as set out in section(s)  of the attached dam safety review report. 

 
The Dam is reasonably safe but the dam safety review did reveal deficiencies and non-conformances as set out in 
section(s) 5-8 of the attached dam safety review report. 

 
The Dam is not safe in that the dam safety review did reveal deficiencies and/or non-conformances which 
require urgent action as set out in section(s)  of the attached dam safety review report. 

 
 
 
 
 
 
 
 
 David J. Daw, P.Eng. December 8, 2020 

If the Qualified Professional Engineer is a member of a firm, complete the following: 
 
 

I am a member of the firm                                                                                                                                                                                 
and I sign this letter on behalf of the firm. (Print name of firm) 

Name Date 

Signature 

Address 

Telephone (Affix Professional Seal here) 

Suite 1000, 840 Howe St, 
Vancouver, BC V6Z 2M1 

WSP Canada Inc 

604-601-6765 
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Site Visit Report Project #: 201-07081-00 
Sunshine Coast Regional District 4 August 2020 
Chapman Dam – Dam Safety Review Page 1 of 5 

 DAILY FIELD REPORT 
PROJECT: PROJECT NO. & TASK NO.: WSP PROJECT MANAGER: DATE & HOURS ON SITE: 

Chapman Dam – Dam Safety Review 201-07081-00 David Daw 16/07/2020
9:00 am – 10:00 am 

OWNER:  WSP CREW: OTHERS ON SITE (COMPANY): 

Sunshine Coast Regional District David Daw, Vincent 
Cormier 

Trevor Rutley (SCRD) 

HEADPOND EL. (TIME): OCEAN EL. (TIME): WEATHER: TEMP. RANGE (°C): 

 N/A Cloudy 15 
HIGH LEVEL SUMMARY WORK: 

• Travel from Vancouver/Victoria to Sechelt by road/ferry on July 15, and returning on July 16/17. Travel by car to Airspan 
helicopter pad, travelled by helicopter to site, then escorted by SCRD staff at site. 

• PRASP reviewed; drafted up FLRA in advance of site visit; reviewed with participants. One day on site in combination with visits 
to Edwards Dam, and McNeil Dam. 

• Purpose of visit was to view all water retention structures, and to interview operators, dam safety engineers at site (if possible). 
 i i d d   f  i h  b  l f  b   ibl  i  f ll  li h  ill   d  

SUMMARY OF INSPECTIONS: 
 
Dam 

• Concrete dam – accessed from 
walkway on right bank. Left 
bank was not accessible due to 
water spilling over the concrete 
dam.  Both banks have lush 
vegetation making it difficult to 
inspect the concrete. 

 
A set of syphon pipes exist 
adjacent to the left bank and 
extend upstream into the 
reservoir (to a depth that is 
below the base of the dam). 
 

• Helipad is located upstream of 
dam right abutment. 

 
• Chapman Creek at Highway 

Crossing – viewed creek at 
crossing. 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
  

 

SUMMARY OF OBSERVATIONS 
 

• Concrete dam is free overflow type, appears to be founded 
on bedrock over its entire length. During the inspection, 
upstream water level was a few centimeters above the 
crest of the overflow section of the dam.  

• Dam has a low-level outlet with a sluice gate operated by 
an electric actuator (Scada operated); with solar and 
battery power system; alarms for low flow exist 
downstream near water supply intake (river flow cannot be 
less than 200 l/s); 14 hr delay from lake to water system 
intake, 

• Concrete dam concrete appears to be in generally good 
condition, with some minor freeze-thaw damage or wear 
on upper part of dam. 

• Some debris noted downstream of dam. Some woody 
debris were also observed below the walkway, upstream of 
dam. There is no debris boom upstream of the dam. 

• Syphon pipes that were installed about 4 years ago and 
were noted as “temporary”; pipes have shifted downstream 
about 6m likely due to effects of ice movement; check 
valves exist at upstream end of pipes, and also gate valves 
exist at d/s end; syphons typically used once per year in 
lower water, and must be operated primed and operated 
manually at site.  

• Walkway and access platform level (added in the 1990s) is 
just above (450mm) full reservoir supply level, so is 
inundated in flood situation; walkway noted to be replaced 
recently although there is some damage noted to walkway 
(anchors pulled out of concrete), likely due to flow and/or 
ice damage 
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                          DAILY FIELD REPORT                    16/07/2020 

 

 Photo 1. Aerial view from upstream towards dam; red buoys at upstream 
end of syphon pipes. 

Photo 2. Aerial view of dam looking downstream. 

   
Photo 3. Dam and access platform from right abutment. Photo 4. Dam looking towards left abutment from access platform. 

  
Photo 5. View of reservoir looking upstream Photo 6. View of river downstream of dam. 
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 Photo 7. Actuator for sluice gate Photo 8. View of downstream side of dam; cylinder for sluice 
gate. 

  
Photo 9. Top of dam noting some freeze-thaw damage. Photo 10. Walkway support anchors pulled out of concrete dam. 

   
Photo 11. Access platform, supported on dam training walls below 
surface. 

Photo 12. Walkway looking toward right abutment; railings 
damaged. 
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Photo 13. Walkway view from right abutment, noting extensive 
vegetation. Photo 14. Right abutment just above dam concrete. 

  
Photo 15. Helicopter Pad. 
 

Photo 16. Aerial view of dam from downstream side. 

  
Photo 17.   Aerial view of dam and river. Photo 18. Aerial view of downstream end of syphon pipes. 
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Photo 19. Chapman Creek at Highway Crossing Photo 20. Chapman Creek downstream of bridge looking towards 
ocean.

  

Photo 21 – Housing just downstream of bridge. Photo 22 – View of highway bridge. 

  
Photo 23 – View of bridge at creek level. Photo 24 – Recreational park on right bank, just upstream of 

bridge. 
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MEMO 

TO: Stephen Misiurak (SCRD) 

FROM: Babak Rad, David Daw 

SUBJECT: Chapman Dam Stability Assessment 

DATE: December 8, 2020 

 

The purpose of this memo is to describe stability analyses undertaken for the 2020 Chapman Dam Safety Review 
(“DSR), to determine if the dam satisfies acceptance criteria for various load scenarios. 

Note that this memo should be read in conjunction with the 2020 DSR. 

 

DISCLAIMER 
WSP Canada Inc. (“WSP”) and its affiliates do not make any warranty, either expressed or 
implied, or assume any legal liability or responsibility for the accuracy, completeness or 
usefulness of any results or any information contained in this report and use or reliance thereof. 
The report is intended to be used in its entirety and solely for the purpose of this project. No 
excerpts may be taken to be representative of the findings in the assessment. The use and 
interpretation of this report and any other data contained therein to make any investment or 
acquisition decisions of any nature is solely the responsibility of the intended recipient, to whom 
this document is addressed and who has entered into a written agreement with WSP. The 
distribution, modification, publication of this report is not permitted without prior written 
agreement from WSP and WSP and its affiliates disclaim all liability for such distribution, 
modification or publication. 

WSP prepared this report solely for the use of the intended recipient, Sunshine Coast Regional 
District. The intended recipient is solely responsible for the disclosure of any information 
contained in this report. The content and opinions contained in the report are based on the 
observations and/or information available to WSP at the time of preparation. If a third party 
makes use of, relies on, or makes decisions in accordance with this report, said third party is 
solely responsible for such use, reliance or decisions. WSP does not accept responsibility for 
damages, if any, suffered by any third party as a result of decisions made or actions taken by said 
third party based on this report. This limitations statement is considered an integral part of this 
report. 
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1 INTRODUCTION 
Chapman Lake is located about 16 km Northeast of Sechelt Village in British Columbia. Downstream of the lake, 
Chapman Creek is controlled via a concrete dam structure located at the western extent of the lake. The Chapman 
Dam, which was constructed in 1978, is approximately 35 m long and 3.7 m high at the deepest point and is seated 
on bedrock. 

Since DSRs have not been performed for Chapman Lake in the past, WSP will review and assess the stability of the 
concrete dam as part of the 2020 DSR. 

2 HYDROTECHNICAL INFORMATION 

2.1 WATER LEVELS FOR STABILITY ANALYSIS 

Water levels for extreme flood events were determined as part of the 2020 DSR, as noted in Table 1. The detailed 
analysis is provided in Section 5.1 of the DSR report. For normal operation and seismic events, it was considered 
that the upstream water level is at the crest elevation of the free-overflow spillway (EL. 974.0 m). The Inflow 
Design Flood (“IDF”) upstream water level is taken as El. 975.1 m. Downstream of the dam, the creek slope is 
steep, and a lot of air entrainment and turbulence is expected at the toe of the dam. Therefore, hydrostatic pressure is 
expected to fluctuate considerably during a flood event, and should not be relied on for dam stability. Therefore, the 
downstream water levels and associated pressure has been neglected in the stability analysis. 

Table 1 Water Levels at Chapman Dam 

AEP 
UPSTREAM HEADWATER DOWNSTREAM TAILWATER 

EL. (m) EL. (m) 

Normal Operation 974.0 NA 
Extreme Flood (IDF: 1/3 between 1000-yr flood 
and PMF) 975.1 NA 

Earthquake  974.0 NA 
Post-Seismic 974.0 NA 
 

3 STABILITY ANALYSIS METHODOLOGY 
The overall approach including methodology, selection of analysis parameters, and acceptance criteria are 
summarized below. 

Pseudo-static two-dimensional analyses of selected sections or representative areas of the dam components were 
undertaken. Stability calculations were done with use of Excel and MathCad spreadsheets. 

The sliding safety factors were computed using estimated friction properties for the concrete-rock contact at the base 
of the dam as the potential sliding failure plane. 

The position of the force resultant was also calculated and compared with respect to the acceptance criteria. 
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The following Load Combinations were considered for the stability analysis: 

— Usual Condition (N1) – Load conditions under which the dam is intended to serve during normal operations; 
— Usual Condition – Winter (N2) – same as N1 but with ice load considered; 
— Unusual - Flood (U1) – Unusual loads refer to loads that occur infrequently such as passage of floods (Not 

Considered for this study); 
— Extreme (Design Flood and Earthquake) – Extreme load conditions are those that pertain to events that are 

highly improbable and if they were to occur, would be considered as emergencies. Extreme loading cases 
include (E1 – Extreme Flood/IDF, E2 – Maximum Design Earthquake, AEP=1/2,475 yr); 

— Post-Earthquake Condition (P1). 
 

4 ACCEPTANCE CRITERIA 
The following acceptance criteria, per Table 2, Table 3 and Table 4, applies for this stability analysis based on 
CDA Dam Safety Guidelines (2013). 

Table 2 Sliding Acceptance Criteria 

LOAD COMBINATION 
SLIDING SAFETY 

FACTOR 
(FRICTION ONLY) 

SLIDING SAFETY FACTOR 
(FRICTION AND COHESION) 

WITH TESTS NO TESTS 
N1 – Usual ≥ 1.5 ≥ 2.0 ≥ 3.0 
N2- Usual (Winter) ≥ 1.5 ≥ 2.0 ≥ 3.0 
U1 – Unusual – Flood ≥ 1.3 ≥ 1.5 ≥ 2.0 
E1 – Extreme – Flood ≥ 1.1 ≥ 1.1 ≥ 1.3 
E2 – Extreme-Earthquake (MDE) ≥ 1.1 ≥ 1.3 ≥ 1.5 
P1 – Post-Earthquake ≥ 1.1 -- -- 
 

Table 3 Acceptance Criteria for Force Resultant 

LOAD COMBINATION POSITION OF FORCE RESULTANT 
N1 – Usual Within middle 1/3: 100% of base in compression 
U1 – Unusual Within middle 1/2: more than 75% of the base in compression 
E1, E2 – Extreme Within the base 
P1 – Post-Earthquake Within the base 
 

Table 4 Acceptance Criteria for Stresses 

LOAD COMBINATION NORMAL COMPRESSION TEST 
N1 – Usual < 0.3 f’c 
U1 – Unusual – Flood < 0.5 f’c 
E1 – Extreme – Flood < 0.5 f’c 
E2 – Extreme – Earthquake < 0.9 f’c 
P1 – Post-Earthquake < 0.5 f’c 
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5 FREE BODY DIAGRAM 
A free-body diagram of forces used for the stability analyses is shown in Figure 1. This includes the following 
considered loads: 

— Dead weight associated with concrete mass acting at the centre of gravity; 
— Hydrostatic water pressure acting on upstream and downstream face; 
— Silt pressure acting on upstream face; 
— Uplift pressure acting on the base of the dam; 
— Hydrodynamic water pressure acting on upstream face of the dam under earthquake loading; 
— Earthquake Inertia load; 
— Ice load acting 0.3 m (1ft) below the dam crest. 

 

 
Figure 1 Free-Body Diagram of Forces Applied on a Typical Gravity Dam Section 
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Table 5 Material Properties and Assumptions for Stability Analysis 

DESCRIPTION PROPERTY/ CHARACTERISTIC 
CONCRETE 

Unit Weight  23.5 kN/m3 
Compressive Strength 20 MPa 

STEEL REINFORCEMENT / ANCHORS  

Yield Strength for construction prior to 1970 210 MPa 
Yield Strength for construction after 1970 275 MPa 

ROCK/CONCRETE INTERFACE 

Interface Friction Angle1 45°, 55° 
Base Interface Cohesion 0 kPa 

SILT 

Unit Weight  18 kN/m3 (Saturated) 
Friction Angle 20°  

SOIL 

Unit Weight  16.5 kN/m3  
Friction Angle  30°  

WATER  

Unit Weight  9.81 kN/m3 
ICE 

Force per unit length 75 kN/m 

 

Spreadsheet calculations in conjunction with Mathcad were used for stability analysis based on the free-body 
diagram of forces and two-dimensional limit-state equilibrium. The results from two different methods were found 
to be generally in good agreement. 

6 LOADS 

DEAD LOAD (D) 

Dead Loads considered in the stability analysis consist of: 

— Self-weight of the concrete structure; 
— Weight of backfill soil on the structure; 
— Weight of water. 

HYDROSTATIC AND HYDRODYNAMIC PRESSURE (H) 

The hydrostatic pressure was evaluated in accordance with the water level for each respective load case as shown in 
Table 1. The hydrodynamic pressure due to earthquake loads was evaluated using Westergaard’s (1933) 
methodology and corresponding to the normal (maximum) water elevation. 
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UPLIFT PRESSURE (U) 

The uplift pressure at the rock/concrete interface was determined for each load case scenario and the respective 
upstream and downstream water levels, and the uplift pressure was then applied over the total length of the base of 
the structure. Since there are no drains in the structures, the piezometric line varies uniformly between the upstream 
and downstream levels. 

In case of crack initiation and propagation, the piezometric line was considered uniform and equal to the upstream 
level all along the cracked section and thereafter. It varies uniformly up to the downstream level. 

WIND (W) 

Wind pressure is seldom a factor in the design of dams. Dams are usually built in sheltered locations and, even in 
exposed locations, the wind pressure is most significant on the exposed downstream face of the dam where it acts 
against the water loads. The maximum wind pressure is low when compared to the other loads that the dam has to 
resist and so the wind load was neglected at this site since it does not generate large forces. 

SOIL PRESSURE (P) 

Where soil is present either on downstream or on upstream face of the dam, at-rest pressure corresponding to the 
internal friction angle and height of soil/backfill will be applied. At-rest pressure is a conservative estimate as it 
assumes dam is rigid without movement to allow developed pressure reduction to soil active pressure. 

ICE LOAD (I) 

Based on the available site information, formation of ice at the Chapman Lake is very likely and therefore, an ice 
load of 75 kN/m was applied 0.3 m below the crest of the dam for stability analysis based on an estimated ice 
thickness of 0.3 m (1 ft). 

EARTHQUAKE (E) 

By the pseudo-static method, the hydraulic structure must resist the simultaneous combination of horizontal and 
vertical forces applied in the centre of gravity. These forces are functions of the horizontal and vertical acceleration 
applied to the concrete mass. 

The selected seismic loading criteria follows the standards-based approach to dam safety assessment. In this 
approach, the seismic hazard evaluation depends on factors such as the consequences of dam failure and the 
applicable regulatory requirements. Based on the dam Consequence Classification of High, the Chapman Dam 
design earthquake has been set at 1: 2,475 year return period with a mean PGA value of 0.32 g for Site Class C. The 
sustained acceleration value equals to 2/3 of peak was used for stability analysis.  

The seismic case includes directional combination for both horizontal and vertical loads and was established as: 

— E2-A: 1.0aH+0.3aV (100% horizontal acceleration + 30% vertical acceleration); 
— E2-B: 1.0aV+0.3aH (100% vertical acceleration + 30% horizontal acceleration). 
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The horizontal earthquake excitation was applied in the downstream direction and the vertical excitation was applied 
upwards, which is conservative for stability calculations. 

STATIC AND DYNAMIC SILT PRESSURE 

Where applicable, the unit weight of water was deducted from the silt unit weight to calculate the buoyant weight 
and avoid an overly conservative calculation. Dynamic silt pressure is assumed to be 50% greater than static 
pressure. Since there is no evidence of accumulation of silt at Chapman Dam, silt pressure was not considered for 
stability analysis. 

ANCHORS 

Based on the available design drawings for the dam, #6 bars (19 mm Dia.) spaced at 3 ft were installed to tie-in the 
concrete base to the rock along the dam. 

As the effectiveness of the steel material depends on the present-day condition and the extent of corrosion, a 
performance factor of 0.7 was used for stability analysis to account for possible corrosion of steel material over 
time. This is considered a conservative and prudent reduction as, based on our experience, steel dowels that are 
properly embedded/enrobed in concrete/grout do not typically corrode. 

7 LOAD COMBINATIONS 
In total, six load combinations were evaluated as part of the stability analysis of the dam. 

The load combinations were divided in four main groups: 

— Group N: Load combinations applied for the Normal Case Scenario; 
— Group U: Load combinations applied for the Unusual Case Scenario; 
— Group E: Load combinations applied for Extreme Flood and Earthquake Case Scenario; 
— Group P: Load combinations applied for the Post-Earthquake Case Scenario. 

Table 6 summarizes the Load Case Scenarios noted above. 

Table 6 Load Combinations 

LOAD CASES  
COMBINATIONS DEAD  HYDROSTATIC  UPLIFT  ICE SOIL SILT SEISMIC 

INERTIA HYDRODYNAMIC 

N1 Usual No Ice D Hstatic_N UN -- P -- -- -- 
N2 Usual + Ice D Hstatic_N UN I P -- -- -- 
E1 Extreme Flood D Hstatic_E UU -- P -- -- -- 

E2-A 1/100 Seismic 
(100%H+30%V) D Hstatic_N UN -- P -- Einertia_A Hdynamic_A 

E2-B 1/100 Seismic 
(100%V+30%H) D Hstatic_N UN -- P -- Einertia_B Hdynamic_B 

P1 Post-Seismic D Hstatic_N UP -- P -- -- -- 
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8 STABILITY ANALYSIS RESULTS 
Two different cases were considered herein for the stability analysis: 

— Case 1: An interface/base friction angle of 45° (zero cohesion) along with 100% effectiveness of passive 
bars/dowels; 

— Case 2: An interface/base friction angle of 55° (zero cohesion) due to the presence of shear key at the base 
along with 70% effectiveness of passive bars. 

The results of stability analysis for Chapman Lake Dam are provided in Table 7 and Table 8 (for sliding and 
position of force resultant) with reference to elevation views in Figure 2 and for sections of the dam as shown in 
Figure 3. The developed bearing stresses at the base of dam were well below the acceptance limit due to size of the 
dam. 

Based on the findings of this study, Chapman Dam does not meet the acceptance criteria for sliding under Normal + 
Ice Load Case (N2) while adequate stability indices for all other load cases were obtained. 

Based on site visit observations and noticing the presence of substantial downstream rock that supports the heel of 
the dam, potential for sliding and movement of the dam toward downstream seems unlikely. 

The main dam deficiency that was identified under Normal + Ice Load Case is the lack of structural capacity for the 
lightly reinforced concrete section of the wall which can result in flexural cracking and progressive damage at the 
base of the wall over time. The calculated demand/capacity ratio for flexure and shear were 1.6 and 1.1 respectively. 
This deficiency can be effectively remediated by installing anchors on top of the dam to tie-in the wall to the 
underlying rock which adds to both the structural strength and sliding stability under Normal + Ice Load Case. 

 

 
Figure 2 Downstream Elevation View from 1977 Design Drawings of Chapman Dam 
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Figure 3 Section of the dam considered for stability analysis 

 

Table 7 Results of Stability Analysis for Sliding Stability 

LOAD CASES/  
COMBINATIONS 

SAFETY FACTOR FOR 
SLIDING 

FACTOR OF SAFETY FOR CHAPMAN DAM 
GRAVITY SECTION  

Base EL. 95.3 m 
Ø=45°/c=0 

100% Dowels  
Ø=55°/c=0 

70% Dowels  

N1 Usual No Ice 
Calculated 13.44 14.94 
Required 1.50 

N2 Usual + Ice 
Calculated 1.19 1.32 
Required 1.50 

E1 Extreme Flood  
(IDF>1/1000) 

Calculated 3.71 4.01 
Required 1.10 

E2-A 1/2475 Seismic 
(100%H+30%V) 

Calculated 5.82 6.45 
Required 1.10 

E2-B 1/2475 Seismic 
(100%V+30%H) 

Calculated 9.43 10.40 
Required  1.10 

P1 Post-Seismic 
Calculated 13.44 14.94 
Required  1.10 
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Table 8 Results of Stability Analysis for Position of Resultant 

LOAD CASES/ 
COMBINATIONS 

POSITION OF 
RESULTANT 

CHAPMAN DAM 
GRAVITY SECTION  

Base EL. 95.3 m 
Ø=45°/c=0 

100% Dowels  
Ø=55°/c=0 

70% Dowels  

N1 Usual No Ice 
Calculated Within 1/3 of Base Within 1/3 of Base 
Required Within 1/3 of Base - Full Compression 

N2 Usual + Ice 
Calculated Criterion Not Met Criterion Not Met 
Required Within 1/3 of Base - Full Compression 

E1 Extreme Flood  
(IDF=1/1000) 

Calculated Within Base Within Base 
Required  Within Base  

E2-A 1/2475 Seismic 
(100%H+30%V) 

Calculated Within Base Within Base 
Required Within Base  

E2-B 1/2475 Seismic 
(100%V+30%H) 

Calculated Within Base Within Base 
Required Within Base  

P1 Post-Seismic 
Calculated Within Base Within Base 
Required  Within Base  

 

 

 

Prepared by:  

 Babak Rad, Ph.D., P.Eng. 

 

 

 

Reviewed by:  

 David Daw, M.E.Sc., P.Eng 
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MEMO 

TO: Trevor Rutley, Stephen Misiurak (SCRD) 

FROM: Babak Rad, Vincent Cormier, Les Der, David Daw 

SUBJECT: Chapman Dam – Proposed Improvements 

DATE: December 8, 2020 

 

The purpose of this memo is to describe a review of potential upgrades for the Chapman Dam. The proposed 
upgrades would provide dam safety improvements while also enhance the safety of personnel and the public. 

Note that this memo should be read in conjunction with the 2020 Chapman Dam – Dam Safety Review (“DSR”) 
report (WSP, 2020). 

 

DISCLAIMER 
WSP Canada Inc. (“WSP”) and its affiliates do not make any warranty, either expressed or 
implied, or assume any legal liability or responsibility for the accuracy, completeness or 
usefulness of any results or any information contained in this report and use or reliance thereof. 
The report is intended to be used in its entirety and solely for the purpose of this project. No 
excerpts may be taken to be representative of the findings in the assessment. The use and 
interpretation of this report and any other data contained therein to make any investment or 
acquisition decisions of any nature is solely the responsibility of the intended recipient, to whom 
this document is addressed and who has entered into a written agreement with WSP. The 
distribution, modification, publication of this report is not permitted without prior written 
agreement from WSP and WSP and its affiliates disclaim all liability for such distribution, 
modification or publication. 

WSP prepared this report solely for the use of the intended recipient, Sunshine Coast Regional 
District. The intended recipient is solely responsible for the disclosure of any information 
contained in this report. The content and opinions contained in the report are based on the 
observations and/or information available to WSP at the time of preparation. If a third party 
makes use of, relies on, or makes decisions in accordance with this report, said third party is 
solely responsible for such use, reliance or decisions. WSP does not accept responsibility for 
damages, if any, suffered by any third party as a result of decisions made or actions taken by said 
third party based on this report. This limitations statement is considered an integral part of this 
report. 
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1 INTRODUCTION 
Chapman Lake is located in the Tetrahedron Provincial Park, near Sechelt, BC. The Chapman Dam is a concrete 
gravity dam originally built in 1991. 

As part of the 2020 Dam Safety Review (“DSR”), a few deficiencies or non-conformances were identified, that 
could be rectified or largely mitigated by undertaking some minor upgrades at the dam (WSP, 2020). These include 
the following: 

— Raise the walkway and platform above the Inflow Design Flood (“IDF”) level; 
— Structural reinforcement of the concrete dam; 
— Installation of a log-boom upstream of the dam; 
— Bank stabilisation at the right abutment; 
— Other Safety Enhancements. 

Other safety enhancements include the installation of a staff gauge at the dam and the installation of public signage. 
Preliminary engineering was conducted to prepare budget pricing (Class C cost estimate). 

2 RAISE THE WALKWAY AND PLATFORM ABOVE THE 
DESIGN FLOOD LEVEL 

The 2020 DSR revealed that the current platform and walkway would be overtopped during flood events. For the 
IDF, the platform would be overtopped by about 0.65 m of water. Being located in front of the spillway, it is likely 
that wood debris could also accumulate upstream and below the platform and walkway, which would obstruct the 
spillway even more and increase the peak water levels in the reservoir. Debris and accumulation at the platform 
could also push against the dam and affect its stability. It should be noted that the platform holds the electric actuator 
and SCADA system needed to operate the Low-Level Outlet valve, which is an essential component of the 
Chapman Water System. It is therefore recommended to raise the platform and walkway above the IDF level to 
improve dam safety, but also to ensure the integrity of the Low-Level Outlet system. 

The platform and walkway were installed in 2006 and are still in good condition. It is therefore more cost-effective 
to keep the existing structures and raise them at the required elevation rather than completely replacing them. 

This scope includes the replacement of the dam walkway with a new safety compliant raised steel walkway and 
platform that clears the IDF. It would also include a general upgrade to security and safety to the public and the 
SCRD personnel, with the installation of a new security gates at the dam right abutments and ramps as required for 
accessing the new walkway. 

A concept layout sketch is included in Attachment A. For the purposes of this estimate, the following work was 
assumed: 

— In order to minimize cost and effort required for the raise of the access platform, the existing platform deck and 
steel grating will be maintained; 

— All diagonal steel bracings will be removed, and columns will be replaced with new HSS 102x102x8 steel 
columns to raise the platform 1.1m above the spillway crest elevation; 

— Support details will be similar to existing platform drawing with the use of Hilti concrete bolts to minimize 
damage to the top of the dam and channel walls; 

— Install a new security fencing and gates; 
— Fabricate, and install ladders, ramps as required for the walkway access. 
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3 DAM REINFORCEMENT
The stability analysis completed as part of the 2020 DSR revealed that the stability acceptance criteria is not met

under ice load conditions. Moreover, the structural capacity of the reinforced concrete dam section under ice load is

not adequate. Reinforcement of the dam is therefore required to make the structure compliant. A concept layout

sketch is included in Attachment B.

The structural upgrade includes the following wok:

— In order to increase the structural capacity of the dam to withstand ice load, 25M (25 mm dia.) steel rebars need

to be epoxy installed with 300 mm (12 in) spacings in between existing reinforcement;

— Non-destructive rebar detection shall be used to ensure drilling and installation of new rebars does not impact

the existing reinforcement;

— Rebar-installation upgrade shall cover a length of 5 m from the construction joint at the right side of the central

approach channel and a length of 15 m from the construction joint located to the left side of the central channel

as shown on the conceptual upgrade drawing;

— Position of installed rebars shall be next to the existing upstream-side rebars to utilize (and enhance) the

existing structural capacity;

— Installed rebars shall be embedded into the rock for a minimum length of 600 mm (2 ft) to further improve the

sliding stability of the dam.

5 OTHER SAFETY ENHANCEMENTS
This scope includes the following:

— Installation of a staff gauge to allow for checking of the reservoir water levels;

— Installation of public safety signage at the new dam security gate;

— Installation of a log boom upstream of the dam;

— Bank stabilisation at the right abutment using low-impact techniques.

6 COST ESTIMATE
A preliminary cost estimate was prepared for the proposed upgrades. The estimate is based on preliminary

engineering information and with reference to typical unit pricing in British Columbia for industrial, dams and

hydroelectric projects. It should be noted that the site is only accessible via helicopter, about 18 km from the town of

Sechelt, BC. The cost below accounted for the transport of material and personnel via helicopter, based on hourly

rates provided by Air Span for their fleet of helicopters in Sechelt.

The cost summary for the proposed upgrades is included in Attachment C, and is summarized in Table 1. The costs

exclude the owner’s costs for managing any such work such as contract tendering, construction supervision etc. The

Design Engineering fees also include permitting application preparation and a dam breach analysis. The on-going

monitoring and surveillance cost (maintenance and surveillance) incurred by SCRD are also included in Table 1.
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Table 1 Cost Estimate Summary

COST ESTIMATE OF UPGRADES

Cost (2020 CDN $)

Design Engineering (including permitting and dam breach analysis) $100,000

Construction Cost Indirect $
Direct $
Camp $

Helicopter Support $

$63,000
$118,000
$49,000

$171,000

Total Project Cost $501,000

Contingency (30%) $150,000

Margin Contractor Bonding & Guarantees $4,000

Contractor Insurance $4,000

Contractor Overhead & Profit $84,000

Grand Total $743,000

SCRD On-going monitoring and surveillance cost $21,250

Grand Total including on-going cost $764,250

7 REFERENCES
WSP. 2020. Chapman 2020 Dam Safety Report. Report from WSP Canada Inc. to Sunshine Coast Regional District.

39 p. and Appendices.

Prepared by:

Babak Rad, Ph.D., P.Eng.

Prepared by:

Vincent Cormier, M.Sc., P.Eng.

Reviewed by:

David Daw, M.E.Sc., P.Eng.

82



Attachment A – Elevated Walkway Concept 
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Raise 
platform by 
1.1m above 
spillway 
crest

Remove 
members 
perpendicular to 
flow direction

Remove 
members 
perpendicular 
to flow direction

access ramp

GUARDRAIL

GUARDRAIL

1.1 m

- Remove all steel 
bracings and columns and 
replace with new HSS 
102x102x8 steel columns 
to raise 1.1m above dam's 
crest 
- Use existing platform 
wherever possible 
- Support details similar to 
existing Section A  
- Use concrete footing for 
upstream on the ground 
supports 

 

Concrete Footing  
0.6mx0.6mx0.4m

Security 
Gate
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Attachment B – Dam Reinforcement Concept 
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REQUIRED 
ANCHOR AREA

REQUIRED 
ANCHOR AREA

Debris Boom TUFFBOOM  
or approved equivalent. 
Exact location to be defined

Bank stabilisation using bio-
engineering

LOG BOOM ANCHORS:
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24
 in

Min. 2 ft (0.6 m) Rock Embedded
Length with Epoxy Grout 

Install 25M Standard
Rebars @ 12" / 300 mm
(Grade 400W or Higher) 

Position the new rebars
next to existing upstream
rebars as much as possible
to prevent damage to the
waterstop

Install 25M Standard Rebars @
12" / 300 mm
(Grade 400W or Higher) 

Position the new rebars next to
existing upstream rebars as much
as possible to prevent damage to
the waterstop

Min. 2 ft (0.6 m) Rock Embedded
Length with Epoxy Grout 
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Attachment C – Cost Estimate Details 
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Bid Summary

Estimate: 2020-11-20 - Chapman Dam Upgrades

Currency: CAD-Canada-Dollar

Grand Total Price: % Price: % Cost: 743,000

Contractor Overhead & Profit (%) 11.31 15.00 84,000

Grand Total Cost 659,000

Margin 158,000

Contingency (%) 30.00 150,000

Contractor Bonding & Guarantees (per 1,000) 8.00 4,000

Contractor Insurance (per 1,000) 9.75 4,000

Total Project Cost 501,000

Design Engineering (E) 12.72 100,000

Total Construction Cost 401,000

Contractor Indirect Costs (I) 15.71 63,000

Helicopter Support (I) 42.64 171,000

Camp Costs (P) 12.22 49,000

Contractor Direct Costs (D) 29.43 118,000

Item Description Quantity UOM Unit Cost Total Cost

10 Direct Cost 1.00 LS 110,074.49 118,000

D 02071 Remove Steel Bracings & Columns 1.00 LS 4,822.38 5,000

D 03000 Concrete 2.50 m3 8,510.77 21,000

D 03200 Reinforcement 100.00 kg 5.84 1,000

D 03380 Drill Install 25mm Passive Anchors 425.00 kg 67.09 29,000

D 05120 HSS Steel Profile 175.00 kg 35.84 6,000

D 05501 Hilti Kwik Bolt ¾" (20mm) 32.00 ea 92.34 3,000

D 05510 Stair Case 1.00 ea 4,054.31 4,000

D 35420 Erosion Control 1.00 LS 12,058.44 12,000

D 15100 Extention of knife gate stem 1.00 LS 7,000.00 7,000

D 35590 Tuff Boom 30.00 m 984.62 30,000

20 Indirect Cost 5.00 weeks 12,652.34 63,000

I 200 Superintendent 5.00 weeks 3,500.00 18,000

I 210 Staff Facilities & Expenses 5.00 weeks 449.39 2,000

I 220 Craft Facilities & Expenses 1,549.00 mhr 6.42 10,000

I 230 Yard & Laydown Facilities 400.00 m2 20.17 8,000

I 240 Site Services 5.00 weeks 2,385.26 12,000

I 250 Equipment Maintenance 1.00 ea 12,654.47 13,000

I 260 Travel Cost 35.00 mweek 26.53 1,000

30 Camp 170.00 mday 288.39 49,000

P 310 Rent Soft Camp 170.00 mday 66.67 11,000

P 320 Erect Dismantle Soft Camp 120.00 m2 158.28 19,000

P 330 Camp Catering 170.00 mday 110.00 19,000

40 Helicopter Support 60.00 hours 2,846.00 171,000

I 410 Mobilization Helicopter Support 20.00 hours 2,962.00 59,000

I 420 Weekly Helicopter Support 20.00 hours 2,614.00 52,000

I 430 De-Mobilization Helicopter Support 20.00 hours 2,962.00 59,000

50 Engineering 1.00 LS 50,000.00 50,000

E 510 Engineering 1.00 LS 50,000.00 50,000

2020-11-20 9:14:54 AM Page No 1 of 1
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Dam Safety Review - OPERATIONS INTERVIEW  

Dam Name & Number: SCRD Dams – Chapman, Edwards and McNeil  

Date: August 17, 2020  

Conducted by: David Daw   

Recorded by: David Daw   

Name of Operator Interviewed: See right column  

Operator’s Years on project, years of experience:   

Others present during interview: Shane Walkey (Mgr Utility Services); Sean Van Streppen (Water 

Technician/Operator); Dale Sapach (Scada Tech); Codi Abbott (Superintendant) 

 

Question Response Person interviewed 

 

Human resources and formation  

1- Does your company have a formal program of dam 
safety training for operators? If so, how often is 
training conducted? Who performs the training? 

No – nothing defined.  Shane 

2- Who else knows how to do your job? SCRD have multiple operators that run all water 
pumping, treatment facilities etc. At least one 
operator is available at each facility (i.e. 
Chapman-Edwards and South Pender); 
operator(s) are on standby after regular hours (7 
am to 3 pm). 

Codi 

3- When are you eligible for retirement? Does the 
Company have succession planning for operators? 

Not discussed.  

   

Water management (operation)  
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Dam Safety Review - OPERATIONS INTERVIEW  

Dam Name & Number: SCRD Dams – Chapman, Edwards and McNeil  

Date: August 17, 2020  

Conducted by: David Daw   

Recorded by: David Daw   

Name of Operator Interviewed: See right column  

Operator’s Years on project, years of experience:   

Others present during interview: Shane Walkey (Mgr Utility Services); Sean Van Streppen (Water 

Technician/Operator); Dale Sapach (Scada Tech); Codi Abbott (Superintendant) 

 

Question Response Person interviewed 

 

4- What means of communication (such as landline, 
internet access, radio) does an operator at the dam 
have? 

Satellite link to Chapman for lake level info and 
control of gate actuator; radio link from 
Chapman to Edwards for lake level info and 
control of gate actuator. Installed in 2015 (prior 
to that, no communication link to dam). 

When at site, will use satellite phone for 
communications/safety. 

McNeil does not have any automation. A 
manually operated valve at base of dam is 
currently blocked off with a plate, but could be 
reactivated (valve is mounted on upstream face 
of dam) 

Dale 

5- Is there a standard operating procedure (SOP) for 
routine operations, for emergencies?  

No.  
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Dam Safety Review - OPERATIONS INTERVIEW  

Dam Name & Number: SCRD Dams – Chapman, Edwards and McNeil  

Date: August 17, 2020  

Conducted by: David Daw   

Recorded by: David Daw   

Name of Operator Interviewed: See right column  

Operator’s Years on project, years of experience:   

Others present during interview: Shane Walkey (Mgr Utility Services); Sean Van Streppen (Water 

Technician/Operator); Dale Sapach (Scada Tech); Codi Abbott (Superintendant) 

 

Question Response Person interviewed 

 

6- Are the flood thresholds upstream and downstream of 
the dams well known?

Not defined – only monitor lake levels and 
minimum flows for supplying water distribution 
needs (either adjusting to provide required 
water, or to provide required minimum river 
flows). 

Water levels are checked by Operators hourly 
during the day (at least) and 2+ times during off-
hours. 

 

Alarms exist for low-flow; there is a new high 
flow alarm but this is not for specific flood levels. 

  

Dale 

7- Can the discharge gates/valves be remotely 
activated from a Control center? 

Yes, for Chapman and Edwards – see A4. 

Systems are solar powered (system with 
batteries), but Edwards power is backed up by a 
micro-hydrostation (due to less sun at that site). 

Dale/Sean 
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Dam Safety Review - OPERATIONS INTERVIEW  

Dam Name & Number: SCRD Dams – Chapman, Edwards and McNeil  

Date: August 17, 2020  

Conducted by: David Daw   

Recorded by: David Daw   

Name of Operator Interviewed: See right column  

Operator’s Years on project, years of experience:   

Others present during interview: Shane Walkey (Mgr Utility Services); Sean Van Streppen (Water 

Technician/Operator); Dale Sapach (Scada Tech); Codi Abbott (Superintendant) 

 

Question Response Person interviewed 

 

8- Are there several gauges to follow the level of the 
reservoir?

There are two gauges used at each of Chapman 
and Edwards (main and backup; one is 
submerged, and other is ultrasonic). 

Flow gauges just upstream of water treatment 
plant, downstream of intake to monitor 200 l/s 
min. flows; have a 30 minute lag for adjusting 
water intake flows to meet minimum flows (or 14 
hr lag for adjusting flows at dam). 

SCRD have a “flow chart” (rating curve) for 
adjusting flows to reservoir water levels.   

It was noted that there is no way to distinguish 
flow contribution to creek from Edwards. 

Sean/Dale 

9- What is the callback period for operators in the event 
of an emergency? 

Not discussed.  

   

Surveillance  
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Dam Safety Review - OPERATIONS INTERVIEW  

Dam Name & Number: SCRD Dams – Chapman, Edwards and McNeil  

Date: August 17, 2020  

Conducted by: David Daw   

Recorded by: David Daw   

Name of Operator Interviewed: See right column  

Operator’s Years on project, years of experience:   

Others present during interview: Shane Walkey (Mgr Utility Services); Sean Van Streppen (Water 

Technician/Operator); Dale Sapach (Scada Tech); Codi Abbott (Superintendant) 

 

Question Response Person interviewed 

 

10- When you visually inspect the dam, spillways; where 
do you look?

 No ongoing inspection of Chapman and 
Edwards.    McNeil inspection is done annually
(since last 10+ years), and overall condition is 
reported on; use BC Dam Safety inspection 
forms. 

Note: McNeil water intake is in middle of lake 
(not visible from lake); syphon/pumps  system 
used. 

Shane 

11- What is the detailed inspection program for the dams? 
Is it done entirely by internal staff. If not, does a 
representative of your organization accompany the 
external inspector? 

See A10.  McNeil inspections done by internal 
staff or consultants. 

Shane 
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12- How often do you inspect the dams? How long does it 
take? Do you record what you see? If so, how? Who 
sees your report? 

See A10.   Also, Scada Technician goes 3+ 
times per year to Chapman and Edwards Dam; -
-first trip in spring (May) to bring instrumentation 
and valve actuator on line (is shutdown in 
winter), and do testing, and lake level calibration 

-second trip (or more) to verify calibration of lake 
level 

-third trip to shut down system for winter in 
September. 

Technician has been working for SCRD for last 
10 years.  

It was noted that lakes freeze in winter, and 
there is lots of snow and ice.  

Dam levels and flows are unregulated during 
winter (have not had an issue with achieving 
minimum environmental flows); have previously 
reviewed if lake level monitoring is required 
year-round. 

Battery box at Chapman floated away due to 
high flows in winter. 

Dale 

13- Are there risks of landslides along the 
dams/reservoirs? If so, how are they monitored or 
mitigated? 

Yes, although this is not well defined. Some 
slides have occurred downstream of Chapman-
Edwards dams which have created some 
blockages, although dam safety is not affected).  
Slide activity is not specifically monitored or 
studied (however monitor water turbidity and 
river flows). 

Edwards is a small lake and risk is noted to be 
low. 

Some avalanche risk in winter; some locations 
have been identified. 

Shane 
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Dam Safety Review - OPERATIONS INTERVIEW  

Dam Name & Number: SCRD Dams – Chapman, Edwards and McNeil  

Date: August 17, 2020  

Conducted by: David Daw   

Recorded by: David Daw   

Name of Operator Interviewed: See right column  

Operator’s Years on project, years of experience:   

Others present during interview: Shane Walkey (Mgr Utility Services); Sean Van Streppen (Water 

Technician/Operator); Dale Sapach (Scada Tech); Codi Abbott (Superintendant) 

 

Question Response Person interviewed 

 

Also, noted in low reservoir, banks of Chapman 
Lake could slough. 

14- What does a post earthquake inspection consist of?  Inspections post-earthquake are not defined.  
Will monitor water leaks 

 

15- How do you follow the behaviour of the dams 
(settlements, displacements)? Who reviews the data, 
and how often are they reviewed? 

Dam behaviour is not monitored.  

16- How do you identify where you are along the dams? Not discussed.  

17- Explain the steps you would take if you observe a 
condition that might affect dam safety. 

Not discussed.  

18- Where are monitoring reports stored? Lake level data is kept in operations files; 
updated every 90 seconds. 

Dale 

19- Were any modifications for dam safety made since the 
last inspection? 

Not discussed (none have been made)  

20- Do you think that the dams have enough 
instrumentation (if any) to monitor its performance 
correctly? 

Not discussed.  
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Dam Safety Review - OPERATIONS INTERVIEW  

Dam Name & Number: SCRD Dams – Chapman, Edwards and McNeil  

Date: August 17, 2020  

Conducted by: David Daw   

Recorded by: David Daw   

Name of Operator Interviewed: See right column  

Operator’s Years on project, years of experience:   

Others present during interview: Shane Walkey (Mgr Utility Services); Sean Van Streppen (Water 

Technician/Operator); Dale Sapach (Scada Tech); Codi Abbott (Superintendant) 

 

Question Response Person interviewed 

 

   

Maintenance  

21- How often are the control systems calibrated or 
inspected? Is there a backup reservoir level monitor? 

No – have 2 water level sensors at Chapman – 
channel depth (one is ultrasonic level and other 
is water depth) connected to same control 
system. 

 

Backup is that you have to manually adjust 
valves (no digital if control system fails). 

 

Two sensors in creek for flow (water level based 
on pressure – submersible) – downstream of 
Chapman intake. 

 

22- When the manual water level measurements are 
taken how accurate are they? Are the corresponding 
control center measurements at the exact same time? 

Not discussed (levels at Chapman-Edwards are 
calibrated 2+ times per year). 
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Dam Safety Review - OPERATIONS INTERVIEW  

Dam Name & Number: SCRD Dams – Chapman, Edwards and McNeil  

Date: August 17, 2020  

Conducted by: David Daw   

Recorded by: David Daw   

Name of Operator Interviewed: See right column  

Operator’s Years on project, years of experience:   

Others present during interview: Shane Walkey (Mgr Utility Services); Sean Van Streppen (Water 

Technician/Operator); Dale Sapach (Scada Tech); Codi Abbott (Superintendant) 

 

Question Response Person interviewed 

 

23- In addition to periodic maintenance, is there a regular 
program of preventive maintenance?

Not discussed (nothing defined).  

24- Is there a trashrack in front of the discharge valve? No.  

25- How often is the instrumentation on the penstock 
calibrated and tested? Where are the records kept? 

n/a  

26- Are both flow and pressure measured for the 
penstock? What are typical values? 

n/a  

27- How do you track & record maintenance? N/A  

28- How much water can pass through the powerhouse 
under speed no load or with the deflector up? 

N/A  

29- How often is the instrumentation and battery backup 
tested, calibrated & inspected? Records of this work? 

N/A  

30- Where is the transfer switch from station service to 
emergency generator? 

N/A  

31- Who is authorized to make changes to the automation 
and controls? Records of changes? 

Not discussed.  
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Dam Safety Review - OPERATIONS INTERVIEW  

Dam Name & Number: SCRD Dams – Chapman, Edwards and McNeil  

Date: August 17, 2020  

Conducted by: David Daw   

Recorded by: David Daw   

Name of Operator Interviewed: See right column  

Operator’s Years on project, years of experience:   

Others present during interview: Shane Walkey (Mgr Utility Services); Sean Van Streppen (Water 

Technician/Operator); Dale Sapach (Scada Tech); Codi Abbott (Superintendant) 

 

Question Response Person interviewed 

 

32- Have valves and other evacuation devices ever failed 
to operate? If so, what did you do?

Manual operation possible at site.   Edwards 
was noted to have a failure of a valve (but flows 
are still low due to small size of valves, so not 
generally a dam safety issue). 

 

33- How is broken equipment reported and repair 
scheduled? 

Not discussed.  

34- How do you manage debris? How often is it removed? 
Have you ever had any serious problems with debris? 
Why did they occur and how were those resolved? 

No serious problems (dams are all overflow 
spillway type). SCRD have had some small logs 
across Chapman (used helicopter when 
installing syphons to remove logs); nothing too 
big at Edwards.  Can often direct log down 
spillway/river; or cut up. 

 

   

Compliance with the Regulation or internal dam safety standards  

35- In recent years, have you received any notices of non-
compliance or delays with respect to the Regulations 
(Dam Safety or Other)? 

Reported going below minimum flows in creek a 
few times (e.g. 180 l/s instead of required 200 
l/s); provide this in an email to FLNRO; no 
repercussions noted. 
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Dam Safety Review - OPERATIONS INTERVIEW  

Dam Name & Number: SCRD Dams – Chapman, Edwards and McNeil  

Date: August 17, 2020  

Conducted by: David Daw   

Recorded by: David Daw   

Name of Operator Interviewed: See right column  

Operator’s Years on project, years of experience:   

Others present during interview: Shane Walkey (Mgr Utility Services); Sean Van Streppen (Water 

Technician/Operator); Dale Sapach (Scada Tech); Codi Abbott (Superintendant) 

 

Question Response Person interviewed 

 

36- What kind of tool do you use to monitor your regulatory 
or other obligations? Does this follow-up take into 
account all the delays attributable to all the 
achievement process? (Financing, permits ...) 

All tracked on SCADA system – updates every 90 
seconds.   Have daily sheets filled out by Operators 
(min flow, valve position). 

 

37- What is your level of knowledge of applicable Laws 
and Regulations, and internal dam safety Standards? 
Do you trust your consultants for this aspect? 

Not discussed.  

38- What is the effect of a non-compliance on your 
organization?  

No impact of environmental flows being slightly 
below required amounts for short periods of 
time. 

 

39- Do you have an action plan for the implementation of 
recommendations from inspections, other studies or 
regulatory or internal commitments? Who is 
responsible for this Action Plan? 

Not discussed.  

40- How does the process work to obtain funding for major 
works? 

Not discussed.  
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Dam Safety Review - OPERATIONS INTERVIEW  

Dam Name & Number: SCRD Dams – Chapman, Edwards and McNeil  

Date: August 17, 2020  

Conducted by: David Daw   

Recorded by: David Daw   

Name of Operator Interviewed: See right column  

Operator’s Years on project, years of experience:   

Others present during interview: Shane Walkey (Mgr Utility Services); Sean Van Streppen (Water 

Technician/Operator); Dale Sapach (Scada Tech); Codi Abbott (Superintendant) 

 

Question Response Person interviewed 

 

Emergency Action Plan (EAP)  

41- What is the content of the EAP. Are there action plans 
by type of event? For which events? 

No dam EAP exists; refer to SCRD ERP, which 
does not have anything specific for dams (have 
procedures for water contamination, flood 
conditions, loss of access to site, 
communication failure etc.). 

Also, use Chapman -Edwards Syphon System 
Workplan and timeline (safety on site, 
environmental plans, winterization); updated 
2018 

Shane/Codi 

42- Where are the documents located and who has 
access to them? 

ERP on intranet; on sites, and in offices Codi 

43- What kind of training is given in relation to the 
application of EAP? 

For operating syphons/valves downstream – 
swift water rescue course, helicopter training, 
safety management systems, wildlife…. 
Toolbox talks etc. 

 

44- Have there been exercises related to the EAP? If yes, 
what type and how often? 

N/A  
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Dam Safety Review - OPERATIONS INTERVIEW  

Dam Name & Number: SCRD Dams – Chapman, Edwards and McNeil  

Date: August 17, 2020  

Conducted by: David Daw   

Recorded by: David Daw   

Name of Operator Interviewed: See right column  

Operator’s Years on project, years of experience:   

Others present during interview: Shane Walkey (Mgr Utility Services); Sean Van Streppen (Water 

Technician/Operator); Dale Sapach (Scada Tech); Codi Abbott (Superintendant) 

 

Question Response Person interviewed 

 

45- How is the link with the local authorities responsible 
for civil security?

SCRD is the local authority.  

46- Does the EAP include explicit instructions for shutting 
off flow to the penstock? Does it indicate what to do if 
the planned method is failing? 

N/A  

47- Are the dam and facilities still easily accessible under 
all conditions, even in emergency situations? Can 
certain weather conditions affect the safe access of 
the structures? If so, when and why does this happen? 

Chapman-Edwards may not be accessible in 
bad weather; also, not operated in winter. 

 

48- Are there alarm systems or sirens? Can sirens be 
activated from the control center? 

No.  

49- Is there an emergency auto-dialer? Does it also work 
with cell phones? 

N/A  

50- What alarms related to a potential failure mode are 
received, where, and by whom? 

No.   However, discussed potential high water 
flood level /flow alarm for dam safety. 

 

51- Who has authority to initiate the EAP? SCRD  

52- What is call-out time in event of an emergency? Not discussed.  

103



PROJECT NAME: SCRD 2020 DSRs 
Project Number: 201-07081-00 

 
 

 

 

Page 14 
 

Dam Safety Review - OPERATIONS INTERVIEW  

Dam Name & Number: SCRD Dams – Chapman, Edwards and McNeil  

Date: August 17, 2020  

Conducted by: David Daw   

Recorded by: David Daw   

Name of Operator Interviewed: See right column  

Operator’s Years on project, years of experience:   

Others present during interview: Shane Walkey (Mgr Utility Services); Sean Van Streppen (Water 

Technician/Operator); Dale Sapach (Scada Tech); Codi Abbott (Superintendant) 

 

Question Response Person interviewed 

 

53- Where do additional resources such as sandbags or 
heavy equipment come from and how long does it take 
them to reach the development? Are there any 
agreements with suppliers? 

Not discussed.  

54- How could you cause an uncontrolled release of the 
reservoir? 

Malfunction or vandalism to automated valve 
systems, although maximum flows are still low 
compared to what the river can handle (e.g.  
Chapman valve discharge of up to 800 l/s 
compared to 75,000 l/s flood flows).  Locks are 
kept on actuated valves. 

Sean/Dale 
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Dam Safety Review - OPERATIONS INTERVIEW  

Dam Name & Number: SCRD Dams – Chapman, Edwards and McNeil  

Date: August 17, 2020  

Conducted by: David Daw   

Recorded by: David Daw   

Name of Operator Interviewed: See right column  

Operator’s Years on project, years of experience:   

Others present during interview: Shane Walkey (Mgr Utility Services); Sean Van Streppen (Water 

Technician/Operator); Dale Sapach (Scada Tech); Codi Abbott (Superintendant) 

 

Question Response Person interviewed 

 

55- What scares you most about operating the SCRD 
Dams?

Nothing really scary, although biggest concern is 
related to safe access to/from site; “we dread 
when we have bad weather”, due to poor 
communications, travel risk as helicopter may 
not be able to fly or have poor visibility (e.g. fog). 

 

High flows below dam could occur (landslides, 
banks cave in…), although this does not affect 
dam safety, it could affect downstream public 
(there are houses downstream, public want on 
trails next to river) etc. 

 

56- Can you describe the instrumentation that has been 
installed at the dams (if any)?  

N/A  

57- How often is that read and where do the results go?  N/A  
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Dam Safety Review - OPERATIONS INTERVIEW  

Dam Name & Number: SCRD Dams – Chapman, Edwards and McNeil  

Date: August 17, 2020  

Conducted by: David Daw   

Recorded by: David Daw   

Name of Operator Interviewed: See right column  

Operator’s Years on project, years of experience:   

Others present during interview: Shane Walkey (Mgr Utility Services); Sean Van Streppen (Water 

Technician/Operator); Dale Sapach (Scada Tech); Codi Abbott (Superintendant) 

 

Question Response Person interviewed 

 

58- Are there other parts of the dams where you feel 
additional surveillance instrumentation would be 
beneficial ? 

Add alarms for high flows just d/s of dam – warn 
of failure, help the public (walking trails near 
creek downstream). 

 

If low enough downstream, could cover Edwards 
and Chapman…(also trying to measure what is 
coming out of Edwards….) – no flow 
measurement. 

 

Video feed would be good, although too much 
data to handle in current system; would give 
ability to get site info every hour or so (need 
better link, higher bandwidth).  20MB is the 
current limit of data. 

Shane 

59- Do you have any suggestions for enhancing the 
surveillance at the PUN or the reporting of surveillance 
information ? 

Redundant comms – currently have single point 
of failure with comm system… working to 
eliminate. 

Could try VHF system as a backup? 

Dale 
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Dam Safety Review - OPERATIONS INTERVIEW  

Dam Name & Number: SCRD Dams – Chapman, Edwards and McNeil  

Date: August 17, 2020  

Conducted by: David Daw   

Recorded by: David Daw   

Name of Operator Interviewed: See right column  

Operator’s Years on project, years of experience:   

Others present during interview: Shane Walkey (Mgr Utility Services); Sean Van Streppen (Water 

Technician/Operator); Dale Sapach (Scada Tech); Codi Abbott (Superintendant) 

 

Question Response Person interviewed 

 

60- Any concerns about wildfires?  More concerned about having fire retardant in 
lakes; turbidity due to burned trees; although 
fires could restrict access and potentially 
damage dam infrastructure. 

Shane/Sean 

61- Has an uncontrolled upstream release of water ever 
been a concern?    

No.  
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COMMON ACRONYMS FOR DAM SAFETY 
ADAS 
AEF 

Automatic Data Acquisition System 
Annual Exeedance Frequency 

AEP Annual Exceedance Probability 
CDA Canadian Dam Association 
CIR Comprehensive Inspection and Review 
DBE Design Basis Earthquake 
DBM Design Basis Memorandum 
DCP Data Collection Platform 
DDS Director of Dam Safety 
DI Deficiency Investigation / Performance Investigation 
DS Dam Safety 
DSE Dam Safety Engineer 
DSR Dam Safety Review 
EDGM Earthquake Design Ground Motion 
EAP Emergency Action Plan 
EPP Emergency Preparedness Plan (old terminology) 
FM Failure Mode 
GIS Geographic Information System 
HFMM Hazards & Failure Modes Matrix 
ICOLD International Commission of Large Dams 
IDF Inflow Design Flood 
FM Failure Mode 
GIS Geographic Information System 
HFMM Hazards & Failure Modes Matrix 
ICOLD International Commission of Large Dams 
IDF Inflow Design Flood 
LLO Low Level Outlet 
LOL Loss of Life 
MCE Maximum Credible Earthquake (no longer used at BCH) 
MDE Maximum Design Earthquake 
MFL Maximum Flood Level 
OMS Operations, Maintenance and Surveillance 
PFMA  Potential Failure Mode Analysis  
PGA Peak Ground Acceleration 
PHGA Peak Horizontal Ground Acceleration 
PVGA Peak Vertical Ground Acceleration 
PMF Probable Maximum Flood 
QPE Qualified Professional Engineer 
SMA Strong Motion Accelerograph 
USACE US Army Corps of Engineers 
USBR US Bureau of Reclamation 
USSD  US Society on Dams  
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