
Muskrat Falls Generation
Independent Dam Safety Program Audit

Audit # 5 September 2020

Final Report, Rev. 1
Issued: 02-Feb-2021
Hatch Document No: H-363877-00000-220-230-0001
LCP Document No: MFA-HE-CD-2000-EN-RP-0011-01 1



2



Agenda
‒ Executive Summary

‒ General 

‒ Scope of Work

‒ Update since the Last Audit

‒ Principle 1 – Dam Safety 
Management (organization)

‒ Principle 1 – Dam safety 
Management (reporting)

‒ Principle 1 – Dam safety 
Management (training)

‒ Principle 1 – Dam safety 
Management (discussion)

‒ Principle 2 – OM&S (the OM&S 
plan)

‒ Principle 2 – OM&S (monitoring 
and inspection)

‒ Principle 2 – OM&S (River 
Management)

‒ Principle 2 – OM&S (discussion)

‒ Principle 3 - Emergency 
Preparedness Planning

‒ Principle 4 – Dam Safety Review 

‒ Principle 5 – Analysis and 
assessment

‒ Public Safety Around Dams

‒ Review of Behavior of Structures 
to Impounding to el 39 m

‒ Overall Dam Safety 
Management Audit

‒ Selected Site Photographs 
September 2020

3



Executive summary

4



Executive summary
‒ An audit of the Dam Safety Management Program in place at the Muskrat Falls Construction 

Site was performed between September 19 to 22, 2020
‒ Based on observations made during the site visit, the Canadian Dam Association Dam Safety 

Guidelines, and information obtained from Nalcor

‒ The audit included interviews with dam safety personnel, a review of dam safety related 
documents and plans, and a visual reconnaissance level inspection of the permanent water 
retaining structures

‒ The results of the audit indicate that:
‒ the dam safety management program at the site is in compliance with the CDA guiding principles 

and continues to meet or exceed good industry practice;
‒ the dam safety organization is appropriate, and staff are well trained and experienced;
‒ emergency preparedness planning and operations and maintenance procedures are in accordance 

with good industry practice, suggestions from previous audits have been implemented;
‒ the practices and dam safety reviews as witnessed are appropriate to reduce dam safety risks such 

that the probability of a significant dam safety incident are as low as reasonably practicable;
‒ analysis  and assessment of the information and data collected is performed on a timely basis and is 

in accordance with good industry practice;
‒ all of the permanent structures are performing in accordance with design expectations;
‒ 8 days after the audit, the dam safety function was turned over to operations staff.
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Executive summary 
CDA dam safety guiding principles

‒Audit based on 19 CDA dam safety guiding 
principles, separated into 5 general categories

‒ Principle 1 - Dam Safety Management
‒ Principle 2 - Operations, Maintenance and Surveillance
‒ Principle 3 - Emergency Preparedness
‒ Principle 4 - Dam Safety Reviews
‒ Principle 5 - Analysis and Assessment
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Executive summary
ES-1  Results of audit – dam safety guiding principles

Item Assessment Remarks

Principle 1
Dam Safety Management

Compliant • Dam Safety is a priority for the Lower 
Churchill Project  and a well-trained, 
experienced  team is in place to carry out 
the dam safety program.

Principle 2
Operations, Maintenance and 
Surveillance

Compliant • Extensive instrumentation, real time data 
collection and assessment, well-trained 
staff collect the information.

Principle 3
Emergency Preparedness

Compliant • All staff trained, annual updates to existing 
plans, emergency response drills performed 
regularly.

Principle 4
Dam Safety Review

Compliant • Well documented, regularly performed dam 
safety reviews, dam break assessments 
performed.

Principle 5
Analysis and Assessment

Compliant • System well-defined, hazards and failure 
modes understood.  Experienced staff 
available to perform analysis and 
assessment.
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Executive summary
ES-1  Results of audit - observations

Item Assessment Remarks

Principle 1
Dam Safety Management Program

Meets good 
industry practice

• Compliant  with all CDA dam safety 
guiding principles

Principle 1
Organization

Meets good 
industry practice

• Staff well experienced, all positions 
filled

• Since the last audit, Ryan Brown has 
taken over the role of reservoir 
management coordinator

• Responsibility for the dam safety was  
handed off to operations staff, with 
Churchill Falls personnel taking over the 
inspection and monitoring function 8 
days after the audit

• Churchill Falls staff have been 
“shadowing” LCP staff for the past year 
and a half in preparation for the hand 
over
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Executive summary
ES-1  Results of audit - observations

Item Assessment Remarks

Principle 1
Inspection and 
reporting

Exceeds good 
industry practice

• Extensive instrumentation with real time data 
collection, assessment and distribution

Principle 1
Training

Meets good 
industry practice

• All staff trained, annual updates, excellent 
training materials 

• Churchill Falls staff have received appropriate 
training

Principle 2
Monitoring –
Dams, 
powerhouse, 
spillway and 
North Spur

Exceeds good 
industry practice

• Number, quality of instruments and surveillance 
frequency exceeds typical good industry 
practice

Principle 2
Inspection 
Frequency

Exceeds good 
industry practice

• Will continue to be enhanced following the 
principle of continuous improvement

• Frequency of monitoring and inspection at the 
full supply level of el. 39 m is appropriate 
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Executive summary
ES-1  Results of audit - observations

Item Assessment Remarks

Principle 2
Operations, 
Maintenance and 
Surveillance

Exceeds good 
industry 
practice

• Number, quality of instruments and surveillance 
frequency exceeds good industry practice

• During the construction phase, the gates have 
been operated frequently, thereby ensuring 
functionality when needed

• Plan last reviewed and updated March 2020

Principle 3
Emergency 
preparedness

Meets good 
industry 
practice

• Documents were updated in February 2019
• A test of the plan was carried out in advance of 

the commencement of watering up to el. 39 m

Principle 4
Dam Safety Reviews

Exceeds good 
industry 
practice

• Data collection and inspection exceed industry 
good practice

• Frequency of Independent Dam Safety Audits 
exceeds industry good practice

Principle 5
Operations, 
Maintenance and 
Surveillance

Exceeds good 
industry 
practice

• Data collection, assessment and reporting 
exceeds industry good practice
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Executive summary
Gaps

‒ No material gaps in the program that would constitute a 
dam safety deficiency were identified 
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Executive summary
ES-2  Opportunities for Improvement 

‒During the audit, a number of opportunities for 
improvement were identified

‒These are discussed later in the presentation
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General
‒ The objective of this presentation is to outline  the results of a 

dam safety audit and overall review performed for the Muskrat 
Falls GS between September 19-22, 2020

‒ Provide details of the audit
‒ Observations
‒ Potential areas for improvement
‒ Update of previous audit
‒ Review of the performance of structures under the effects of 

impoundment to el. 39 m

‒ Audit covers a review of the dam safety management plan and 
implementation 

‒ This audit is not a design review 
‒ Designs were previously reviewed as part of the design 

process by the Engineer of Record, the independent Lenders 
Engineer and by a number of independent hydropower 
consultants in accordance with good industry practice
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Audit definitions

“Good industry practice” – Dam safety practices as 
recommended by the Canadian Dam Association and/or as 
observed by the Independent Auditor at other major utilities 
and construction sites
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Independent auditor – C. Richard Donnelly
‒ Global Principal Consultant for Dams and Waterpower 
‒ Advanced degree in geotechnical engineering
‒ Over 40 years experience in the design and construction of dams

‒ Received three national engineering awards for dam design and construction projects
‒ Worked in 15 countries around the globe
‒ Recognized leader in the field of dam safety 

‒ Over 300 dam safety assessments
‒ Assisted in updated of the Canadian Dam Association 2007 Dam Safety Guidelines 
‒ Led the preparation of National Dam Safety Guidelines for Parks Canada 
‒ Serves on the Ontario Government’s Lakes and River Improvement Act advisory panel 
‒ Assisted in the development of 2011 Ontario dam safety guidelines
‒ Developed dam safety standards for the National Utilities of El Salvador and Costa Rica
‒ Led the development of dam safety standards for the historic Welland Canal 
‒ Led the development of national dam safety standards for Nepal's 
‒ Received six national engineering awards for dam safety and risk informed decision making
‒ Led  development of a new Dam Safety Risk Screening tool

‒ Received Professional Engineer's of Ontario’s award for excellence in engineering in  
2013

‒ RR Dodokin award from Ontario Waterpower Association for outstanding contributions 
to the waterpower industry in Ontario in 2018

‒ Published over 100 technical papers and received several awards for these articles
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Statement of independence
‒ Neither Hatch nor the Independent Auditor have had any direct 

involvement in the design of the Muskrat Falls project
‒ The Engineer of Record is SNC Lavalin 
‒ Hatch have provided expert advice to the Engineer of Record as part of several Cold Eye 

Review sessions 
‒ Hatch prepared and provided a three-dimensional hydrogeological model of the North Spur 

to the Engineer of Record for use in design

‒ Neither Hatch nor the Independent Auditor were responsible for the 
development of the dam safety management program at the Muskrat Falls 
site

‒ Hatch provided technical input in the form of dam break analysis and inundation mapping in 
the development of the project Emergency Response Plan

‒ The Independent Auditor is solely responsible for this audit of the dam 
safety management program that has been implemented by the Engineer 
of Record

‒ Expert advice on dam safety issues is provided to the Engineer of Record as part of this review
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Scope of work
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Status of the project

‒ Watering up of the 
North Dam to full 
design elevation of 
39 m is completed 

‒ Chart shows 
complete history of 
the controlled 
impoundment
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Scope of work

‒ This independent review involves an independent 
audit/assessment of the dam safety program in place 
at the Muskrat Falls Project

‒ This review includes:
‒ Review of Dam Safety Management System
‒ Review of Operations, Maintenance, and Surveillance 

programs
‒ Review of Emergency Preparedness Plans
‒ Assessment of CDA Dam Safety Compliance
‒ Review of public safety around dams procedures
‒ Review of performance under watering up to el. 39 m

‒ The review was performed in accordance with CDA 
Dam Safety Guidelines (2013 revision)
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Dam safety program 
Structures

Dam Safety Audit was performed for 
the following structures:

‒ North Spur 

‒ North Dam

‒ North Transition Dam 

‒ Spillway

‒ Centre Transition Dam

‒ Intake

‒ Powerhouse

‒ South Transition dam

‒ South Dam

All structures have water 
impounded against them to full 
supply level of el 39.0 m

North and North Transition Dams

Centre Transition Dam

North Spur

SpillwayPowerhouse

Tailrace Channel

South Dam
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Scope of work
Temporary structures
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Cofferdams Removed:

A. Cofferdam 1
B. Cofferdam 2 & 3
C. Intake Cofferdam

Cofferdams left in place:

E. Upstream Cofferdam (submerged)
F. Downstream Cofferdam (core breached)

Cofferdams Partially Removed. 

D. RCC Riverside Cofferdam 
(downstream removed, rest 
submerged) 



Design review 
Out of scope

‒ The review of the design of structures did not form part of 
this audit

‒ Audit intended to review dam safety management processes at 
site

‒ Designs performed by SNC-Lavalin (SLI) a well-respected 
waterpower engineering company

‒ Internal QA performed internally by SLI in accordance with good 
industry practice

‒ Independent reviews of the designs performed by highly 
respected waterpower professionals
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Update from the last audit
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Status of improvements suggested 
in previous audit 

Item Audit #4 
Recommendation

Current Status 
(September 20, 2020)

Follow-up 
Action

Monitoring 
and Inspection

Consider automated seepage 
weirs if seepage volumes 
warrant

• Seepage volumes remain low so automation 
is not being considered further

none

Monitoring 
and Inspection

Consider a piezometer for 
South Dam

• After consideration, LCP has decided not to  
install piezometers in the South Dam

none

OM&S Complete update prior to 
watering up to el 39 m

• OM&S was updated on July 31, 2019 in 
preparation for watering up

• OM&S was updated again on March 9, 2020

See OFI

Emergency 
preparedness

Undertake planned emergency 
response exercise with all 
stakeholders before watering 
up as is planned

• Test of EPP conducted on June 19, 2019, 
prior to impounding to el 39 m

See OFI

Emergency 
preparedness

Ensure boaters and public are 
aware of the reason for sirens 
signaling gate openings during 
planned exercises

• Unchanged Continue to explore ways 
to educate the public

Analysis and 
assessment

Operations should consider a 
qualitative risk assessment 
together with an FMEA or PFMA 
as part of the first DSR after 
handover

• No change since Operations have yet to take 
over responsibilities for Dam Safety

Consider before next 
audit

25



Principle 1 – dam safety management
Organizational review
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Key dam safety team members

The Dam Safety Team is responsible for the development, implementation & 
maintenance of the Dam Safety Program at Muskrat Falls.  At the time of the 
audit, the team included the following LCP members: 

Engineering Manager – Greg Snyder
Responsible for direct oversight of program, coordination of technical 
resources & providing dam safety training to project staff Construction 
Manager – Jeff Reid

Responsible for management of construction activities related to the dams 

Lead Geotechnical Engineer – Regis Bouchard
Technical lead for the dam structures, first point of contact regarding unusual 
conditions. Responsible for developing mitigation plans

Greg and Regis have served on the project from the start of design and 
throughout construction providing continuity.  Jeff has been involved since 
the start of powerhouse construction   
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Dam safety team

Resident Engineer – Todd Smith 
Responsible for direct oversight of the dam safety program, performing 
occasional dam safety inspections and ensure conditions are being properly 
recorded 

Dam Safety Engineers-in-Training – Timothy McErlean/Taejha Young  

‒ Responsible for performing dam safety inspections for all water retaining 
structures 

‒ Responsible for data collection and compilation
‒ Responsible for preparation of daily and weekly reports and associated 

graphs 
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Comments on organization

‒ Information continues to be collected on all structures 
in a timely manner

‒ Data reduction and reporting remains appropriate 
and timely

‒ At the time of the audit, the LCP team was in the 
process of transferring responsibilities to the 
operations team from Churchill Falls

Dam Safety Organization meets good industry 
practice
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Principle 1 – Dam safety management 
Review of reporting procedures
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Dam safety reporting

‒ Dam Safety Weekly Monitoring 
Reports are completed each 
week to provide an update on 
inspections of the water retaining 
structures 

‒ The report summarizes each 
structure and includes 
information on any observed 
deformations, monitoring 
information, reservoir and 
tailrace levels, seepage and an 
overview of the visual inspections 
performed by the LCP Dam Safety 
Team 
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Review of current status of reporting
‒ Instrumentation, frequency of readings, compilation and 

assessment of data continues to meet and exceed good 
industry practice

‒ Meteorological station at the site provides accurate 
information needed for assessments exceeds good industry 
practice

Dam safety reporting exceeds good industry practice
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Principle 1 – dam safety management
Review of dam safety training
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Dam safety training
‒ The Engineering Manager provides dam safety training to all 

new project staff, as well as refresher training for all dam safety 
personnel  

‒ The last dam safety training session for Muskrat Falls staff was 
completed on the 8th of September 2019

‒ Training was provided to Churchill Falls staff on Feb 13, 2019 
and Sept 13, 2019

‒ Training for Churchill Falls staff was accomplished by having 
the Churchill Falls team shadow the project team for the past 
year and a half

Training in dam safety procedures and monitoring 
meets good industry practice
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Dam safety training

‒ Summary of opportunities for improvement
‒ Schedule and complete refresher training sessions for Churchill Falls 

staff, similar to what was done for construction project staff
‒ Nalcor Operations staff should receive continuing training similar to

the Lower Churchill Project staff to ensure adequate understanding of 
dam safety role and expectations

‒ Training tools developed by the LCP should be made available to 
Churchill Falls staff
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Principle 1
Dam safety management - discussion
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Review of dam safety management system

‒CDA provides 4 guiding principles for a Dam Safety 
Management System

‒The Independent Auditor reviewed procedures 
and policies against the CDA guidelines and 
assessed compliance for each

Dam Safety Management system was found to be 
compliant
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CDA Principle 1a

‒The public and the environment shall be 
protected from the effects of dam failure, as well 
as release of any or all of the retained fluids 
behind a dam, such that the risks are kept as low 
as reasonably practicable

‒Compliant – Frequent monitoring, well-trained 
personnel, adequate instrumentation and 
monitoring frequency 

Meets and exceeds good industry practice
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CDA Principle 1b

‒The standard of care to be exercised in the 
management of dam safety shall be 
commensurate with the consequences of dam 
failure

‒Compliant – Issues that arise are dealt with in an 
appropriate manner according to the severity of 
the issue as well as the consequences of failure, 
adequate well-trained staff to care for the dam 
and respond to potential emergencies 

Meets good industry practice
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CDA Principle 1c

‒Due diligence shall be exercised at all stages of a 
dam’s life cycle

‒Compliant – Safety and dam safety is a priority for 
the dam owner and those involved in managing 
the structures 

Meets and exceeds good industry practice
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CDA Principle 1d

‒A dam safety management system, incorporating 
policies, responsibilities, plans and procedures, 
documentation, training, and review and 
correction of deficiencies and non-conformances, 
shall be in place

‒Compliant – Maintenance planning performed 
and carried out, monitoring and surveillance are 
thorough and well documented

Meets good industry practice
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Comments on dam safety management

‒Dedicated staff are on site full time to oversee all 
dam safety monitoring and surveillance

‒Presence of senior management on site and 
continuity of staff eases communication and 
improves understanding of potential issues

The LCP Project is fully compliant with CDA 
Principle 1
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Principle 2  - OM&S
Review of OM&S plan
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OMS manual update

‒ In February 2017, operation, 
maintenance and surveillance 
manual defining  requirements for 
Muskrat Falls during the 
construction phase was prepared 

‒ In November 2017, LCP’s River 
Management Team updated the 
manual to provide more current 
project information 

‒ Manual was updated July 19, 2019, 
before the head pond was raised to 
el. 39 m and was updated again on 
March 9, 2020 
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Review of operations, maintenance and 
surveillance program and practices

‒ Document has been updated as planned
‒ Compliant with CDA guidelines

Practices observed on site including inspection, 
reporting and flow control equipment operations to 
maintain and lower headpond levels meet and exceed 
good industry practice
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