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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

21



A

B2
B3

C

F
D

E

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
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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

39



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

43



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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Principle 2 – OM&S
Review of monitoring and inspection
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The dam safety monitoring program

‒ A variety of appropriate instruments are used to collect 
monitoring data including: 

‒ Seepage weirs 
‒ Piezometers 
‒ Thermistors 
‒ Inclinometers 
‒ Extensometer
‒ Survey monuments
‒ Accelerometer
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Monitoring and inspection – principle structures
‒ Inspection and reporting  performed for all dams and water retaining structures at the Muskrat 

Falls site 

‒ A daily walkover and reading of instruments is completed by a member of the Dam Safety Team. 
Daily reports are produced, reviewed by the lead geotechnical engineer and then sent for 
limited distribution to senior dam safety staff

‒ A weekly, detailed inspection is  completed, recorded on Prontoform® and auto-distributed for 
review

‒ Data is collected through visual inspections and monitoring of flow meters, piezometers, 
thermistors, inclinometers, accelerometer and survey monuments 

‒ Piezometric data are collected on appropriate (adapted) schedule downloaded every 24 hours  
and assessed by senior dam safety staff 

‒ The latest survey of the 22 Survey monuments was carried out in August 2020 and the report 
received from the surveyors.  Evaluation of relative movement is on-going

‒ Monitoring of the North Spur is being completed as planned, although inclinometer 
measurements and visual site monitoring is being done by Churchill Falls staff as a result of 
restrictions COVID-19

Dam safety monitoring and inspection meet and exceed industry good practice
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Dam safety daily 
inspection form

‒ Simple, effective, collects the 
needed data in an efficient 
manner

‒ Information is collected on an I-
Pad using Prontoforms® and 
distributed automatically

‒ Frequency is appropriate and 
processing is in real time

Meets and exceeds good 
industry practice for data 
collection, processing and 
interpretationSample of page 1 of a 6-page checklist
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North Spur
Instrumentation

‒ 42 piezometers
‒ 3 in lower aquifer
‒ 7 upstream
‒ 6 NW cow
‒ 26 downstream

‒ 6 inclinometers
‒ 5 downstream
‒ 1 upstream

‒ 1 flow meter
‒ Kettle Lake outlet

‒ Response of instruments are varying 
within expected ranges depending on 
the hydrogeological conditions

‒ Response to final impounding as 
expected
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North Dam 
Instrumentation

‒ 5 Piezometers 
‒ 6 Weirs 
‒ 10 Thermistors 
‒ 4 Survey Monument 
‒ 1 ADAS (Remote) 
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North Dam 
Instrumentation

‒ Response to water-up to FSL:
‒ Slight rise in piezometric pressure after water-up to el   

39 m (as expected)
‒ Piezometric pressure now stable and within expected 

limits
‒ Total seepage initially increased slightly
‒ Recent measurements are as low as <1 l/s
‒ Seepage shows a direct response to heavy rain events 

and waves splashing over the spillway
‒ Seasonal effect on seepage was also noted and 

continued monitoring is planned

‒ Agree with continuing with planned monitoring and 
evaluation of effect of season and transient events on 
seepage
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North Transition Dam 
Instrumentation

‒ 2 Piezometers 
‒ 1 Survey Monument 
‒ Slight rise in piezometric 

pressure after water-up 
to el 39 m (as expected)

‒ Piezometric pressure 
now stable and within 
expected limits
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Spillway
Instrumentation
‒ 2 Piezometers 

‒ 2 ADAS (Remote)

‒ 6 Survey Monuments 

‒ Slight rise in upstream piezometric pressures 
after water-up (as expected)

‒ Piezometric pressure now stable and 
within expected limits
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Central Transition Structure 
Instrumentation 

‒ 2 Piezometers 
‒ 1 Weir 
‒ 1 ADAS (Remote)
‒ 1 Survey Monument
‒ Minor leakage (likely seepage around water stop) about  1 l/s on 

the downstream wall between the Center Transition Dam and 
the Powerhouse

‒ Drilling and grouting  has been completed and remaining 
seepage has been diverted across the yard to a culvert as per 
drawing MFA-SN-CD-1100-PL-0004-01

‒ No piezometric response

leakage
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Intake
Instrumentation

‒ 2 piezometers
‒ 2 weirs
‒ 1 ADAS (remote)
‒ 5 Survey Monuments
‒ Slight rise in piezometric 

pressure after initial water-up (as 
expected)

‒ Has remained steady through 
water up to FSL

‒ Piezometric pressure now 
stable and within expected 
limits

‒ Seepage remaining steady at 
about 2 l/s 
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Powerhouse
Instrumentation

‒ 1 weir
‒ Flow reduced to about 11 l/s 

total 
‒ Contributions from two main  

sources
‒ 2 l/s from Intake
‒ Unit dewatering accounts for 

about  9 l/s

‒ Generally less than 
anticipated

‒ No impact noticed from 
watering up to FSL
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South Transition Structure 
Instrumentation 

‒ 2 Piezometers 
‒ 1 Weir 
‒ 1 Extensometer 
‒ 1 ADAS (Remote) 
‒ 2 Survey Monuments

‒ Slight increase in piezometric 
pressure upon watering up to FSL, 
as expected

‒ Seepage flow is negligible 
‒ No deformation measured by the 

extensometer
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South Dam
Instrumentation

‒ 3 survey monuments
‒ 1 V-notch weir

‒ Weir flow indicates 
less than 2 l/s

‒ Flow increases in 
rainfall events
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Survey monuments
‒ There are 22 survey monuments located on the various structures for 

monitoring movements
• OM&S manual (MFA-PT-MD-0000-EN-MN-0001-01) suggests that the 

survey monuments be measured monthly during the 12 months 
after the impounding to el 39 m

• The measurements were taken after impoundment in Sept. 2019. 
These measurements indicated no unusual movements

• The next measurement was taken in August 2020 
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Survey monuments
• Analysis of the data collected in August 2020 was still underway at 

the time of this review
• The survey data was provided in report MFA-NP-2400-CV-A39-0008-

01, submitted by the contractor that carried out the survey. Along 
with the data, the following recommendations were made to 
improve the quality of future surveys
• It is recommended that MP-04 be verified as being undisturbed before 

completing future campaigns

• it is recommended to clear the line of sight for  SM-10, SM-2016-01, SM-2016-02, 
SM-2016-03, SM-2016-04, SM-2016-05 and SM-2016-07 for future campaigns

• it is recommended that the trees that have grown in the area of MP-04 and MP-02 
and which have obstructed line of sight to points SM-05, SM-06, SM-08, SM-11, 
and SM-2016-07 be removed before the completion of future campaigns

• It is recommended that all future monitoring campaigns to utilize the same 
methodology as well as adjustment process 

61



Monitoring and 
inspection 
frequency

‒ Each structure 
monitored and 
inspected at an 
appropriate frequency 

‒ Plan updated 19-Apr-20 

Dam safety inspection 
and monitoring exceeds 
good industry practice
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Monitoring and inspection
‒ Summary of Opportunities for Improvement

• OM&S manual (MFA-PT-MD-0000-EN-MN-0001-01) refers to the 
schedule of instrumentation readings which is in Appendix G. 
However, the approved version is #27, while staff are using and 
updated version #28.  The OM&S manual should reflect the latest 
schedule

• OM&S does not identify a measurement frequency for the survey     
monuments after the first year of impoundment.  Now that FSL has 
been maintained for over a year, the OM&S should be updated to 
provide a frequency

• Consider ways of plotting data such that the “Y” axis clearly shows 
annual period to assist in discerning seasonal behavior

• Act on the recommendations made by the contractor conducting the 
deformation monitoring survey in their report submitted on Sept 4,  
2020
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Principle 2 – OM&S
Review of river management program
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River management
‒ An essential part of the dam 

safety program is maintaining 
water levels as is being 
performed

‒ River management Daily 
Reports are completed and 
distributed to maintain 
reservoir water level currently 
39 m

‒ The report summarizes the 
predictive analysis that is 
completed daily and is adjusted 
based on deviations from those 
predictions

The system exceeds industry 
good practice and has proven to 
be effective
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Principle 2
Operations, maintenance and surveillance -
discussion
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Review of operations maintenance and 
surveillance

‒ CDA provides 5 guiding principles for OMS on 
dams

‒ The Independent Auditor reviewed the Muskrat 
Falls Project procedures and policies against these 
principles and assessed compliance for each

The OMS system was found to be compliant with 
all principles
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CDA Principle 2a

‒ Requirements for the safe operation, 
maintenance, and surveillance of the dam shall be 
developed and documented with sufficient 
information in accordance with the impacts of 
operation and the consequences of dam failure

‒ Compliant - Operations plans, instrumentation, 
and monitoring are in placed and complete

Documentation of safe operation, maintenance, 
and surveillance procedures are in accordance 
with good industry practice
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CDA Principle 2b

‒ Documented operating procedures for the dam 
and flow control equipment under normal, 
unusual, and emergency conditions shall be 
followed

‒ Compliant – Operations manual describes 
detailed operating procedures for variety of flow 
conditions 

‒ Coordination with the Upper Churchill performed

Documentation of operating procedures are in 
accordance with good industry practice
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CDA Principle 2c

‒ Documented maintenance procedures shall be 
followed to ensure that the dam remains in a safe 
and operational condition

‒ Compliant – Detailed maintenance plans in place 
for dams, control structures, operating equipment

Maintenance plans are in accordance with good 
industry practice
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CDA Principle 2d

‒ Documented surveillance procedures shall be 
followed to provide early identification and to 
allow for timely mitigation of conditions that 
might affect dam safety

‒ Compliant – Surveillance procedures well 
documented and monitoring frequencies in place 
for all instruments. Plans were observed to be 
followed by staff on site

Documentation of Surveillance is in accordance  
with good industry practice
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CDA Principle 2e

‒ Flow control equipment shall be tested and be 
capable of operating as required

‒ Compliant – Gates are opened frequently to 
maintain reservoir levels which will ensure that 
they are in working order. Backup generators are 
inspected daily and tested weekly 

Flow control testing meets and exceeds good 
industry practice

72



Comments on operations, maintenance and 
surveillance

‒ Manuals available that document procedures for 
operating the structures during a wide range of 
conditions

‒ Regular surveillance undertaken on all structures 
on site by well-trained staff

‒ Maintenance of equipment and structures 
planned and carried out as needed

Surveillance practices meet and exceed good 
industry practice
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Comments on operations, maintenance and 
surveillance

‒ Opportunities for improvement:
‒ With the plant moving toward operational readiness 

and the transfer of dam safety to Churchill Falls staff, 
there will be less need to operate the gates with the 
current regularity.  Therefore, it is suggested that the 
OM&S be updated to reflect the expected operational 
regime 

‒ Update the OM&S by removing reference to 
construction conditions that are past and no longer 
relevant for an operating facility, including reference to 
public safety signage
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Principle 3
Emergency preparedness planning
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The emergency preparedness plan

‒ The document has been revised as of June 9, 2020
‒ Full contact details are included in the plan and were last 

updated Feb 20, 2020

LCP Emergency Preparedness Planning is in accordance with 
good industry practice
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Stakeholder updates

‒ The Emergency Preparedness Plan is distributed to local agencies 
and individuals who have a role to play in the event of an 
emergency

‒ The latest version of the Muskrat Falls Dam Related Emergency 
(Full Supply Construction Phase) Emergency Preparedness Plan is 
available to the public on the Nalcor website

‒ LCP Communications Team publishes Stakeholder Updates on an 
as-needed basis to keep public informed on project information 
and public safety advisories. These advisories are directly 
distributed to relevant stakeholders in the Upper Lake Melville 
area

‒ Updates are also shared via Twitter, Facebook and the LCP 
website
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Assessment of emergency preparedness 
planning and communications

‒ Advance preparations are in accordance with good 
industry practice

‒ Continuing community involvement and practice will 
ensure the proper execution of the EPP, should it be 
required

The Emergency Preparedness Planning meets good 
industry practice
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Principle 3
Emergency preparedness - discussion
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Review of emergency preparedness

‒CDA provides 4 guiding principles for Emergency 
Preparedness at a dam site

‒The Independent Auditor reviewed Muskrat Falls 
Project procedures and policies against these 
principles and assessed compliance for each

The Emergency Preparedness system was found 
to be compliant with CDA dam safety principles
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CDA Principle 3a

‒An effective emergency management process 
shall be in place for the dam

‒Compliant – Emergency management process is 
outlined in Emergency Response and Emergency 
Preparedness plans 

The documentation and procedures are in 
accordance with industry good practice
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CDA Principle 3b

‒ The emergency management process shall include 
emergency response procedures to guide the dam 
operator and site staff through the process of 
responding to an emergency at a dam

‒ Compliant – Communications protocol in place, 
Emergency response plan in place. Flood response 
exercise has been performed and an exercise involving 
all stakeholders was conducted before watering up to 
el 39 m

Communication protocols are in accordance with 
industry good practice 
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CDA Principle 3c

‒ The emergency management process shall ensure 
that effective emergency preparedness procedures 
are in place for use by external response agencies with 
responsibilities for public safety within the floodplain

‒ Compliant – EPPs are complete and regularly 
reviewed. Information shared with external response 
agencies. Updating of the website is needed

Emergency response procedures are in accordance 
with good industry practice
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CDA Principle 3d

‒ The emergency management process shall 
ensure that adequate staff training, plan testing, 
and plan updating are carried out

‒ Compliant – Staff are trained in their roles as well 
as possible designate roles and plans have been 
tested

Emergency Management staff training, testing 
and updating are in accordance with good 
industry practice
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Comments on emergency preparedness plans
‒ Updated June 20, 2020
‒ Inundation limits have been defined for many critical 

structures and are provided in the EPP
‒ Staff and contractors staff trained
‒ River management coordinated by experienced staff
‒ Plans have been communicated with external 

emergency responders
‒ “dry run” type drill carried out with external 

stakeholders on June 19, 2019

The LCP project is compliant with Principle 3 of the 
CDA dam safety guiding principles
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Comments on emergency preparedness plans

‒ Opportunities for improvement:
‒ Conduct a drill with staff from Churchill Falls Dam 

Safety Group and Nalcor Muskrat Falls Operations Staff
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Principle 4
Dam safety review
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Review of dam safety reviews

‒ CDA provides 2 guiding principles for Dam Safety 
Reviews

‒ The Independent Auditor reviewed Muskrat Falls 
Project procedures and policies against these 
principles and assessed compliance for each

‒ The Dam Safety Review system was found to be 
compliant
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CDA Principle 4a

‒ A safety review of the dam (“Dam Safety Review”) 
shall be carried out periodically

‒ Compliant – Independent Dam Safety Audits are 
performed in advance of each major activity

‒ Ongoing dam safety assessments by site staff
‒ Consequence classifications based on CDA guidelines. 

Inundation mapping has been carried out 

The frequency and scope of independent audits 
and ongoing reviews meet and exceed industry 
good practice
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CDA Principle 4b

‒ A qualified registered professional engineer shall be 
responsible for the technical content, findings, and 
recommendations of the Dam Safety Review and 
report

‒ Compliant – A qualified independent consultant 
performs regular dam safety audits.  Dedicated site 
dam safety staff review the audit findings and act 
upon the recommendations. Site staff also 
continuously monitor dam safety

The qualifications of the personnel responsible for 
independent dam safety audits and ongoing safety 
evaluations meet and exceed industry good practice
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Comments on dam safety reviews

‒ Regular dam safety audits are carried out by a 
qualified dam safety engineer

‒ Ongoing dam safety assessments by site staff
‒ Recommendations are implemented on a timely 

basis by site staff

The LCP project is in compliance with principle 4 
of the CDA dam safety principles
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Principle 5
Analysis and assessment
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Review of analysis and assessment

‒ CDA provides 4 guiding principles for analysis and   
assessment

‒ The Independent Auditor reviewed Muskrat Falls 
Project procedures and policies against these 
principles and assessed compliance for each

The Analysis and Assessment system at Muskrat 
Falls Project was found to be compliant
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CDA Principle 5a

‒ The dam system and components under analysis 
shall be defined

‒ Compliant – All components of the system 
defined with inspection and surveillance 
procedures identified 

The data collection and assessment procedures 
at the LCP meet and exceed industry good 
practice
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CDA Principle 5b

‒ Hazards external and internal to the dam shall be 
defined

‒ Compliant – Hazards have been identified 
through the Dam Safety Reviews as well as 
through routine inspections for the structures 

The definition and assessment of potential 
hazards on an ongoing basis and in frequent dam 
safety audits meets and exceeds industry good 
practice
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CDA Principle 5c

‒ Failure modes, sequences, and combinations shall be 
identified for the dam

‒ Compliant – The key potential failure modes have 
been defined and appropriate design and monitoring 
procedures in place

The identification of safety hazards at the LCP is in 
accordance with industry good practice
‒ Suggestion for improvement

‒ Operations should consider a Quantitative risk assessment 
together with an FMEA or PFMA as part of the first DSR after 
handover  
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CDA Principle 5d

‒ The dam shall safely retain the reservoir and any 
stored solids, and it shall pass flows as required 
for all applicable loading conditions

‒ Compliant – Adequate discharge capacity is 
available, operating procedures are outlined in 
the OM&S manual 

The LCP has the capacity to pass the probable 
maximum flood meeting CDA dam safety 
guidelines and industry good practice 
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Comments on analysis and assessment

‒ Dam Breach studies for the site are in place
‒ Proactive mitigation measures for potential failure 

modes in place
‒ Regular surveillance and inspection
‒ Regular maintenance and operation of flow control 

equipment
‒ Adequate spill capacity is available

The LCP is in compliance with Principle 5 of the 
CDA’s dam safety guiding principles
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Public safety around dams
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Summary of stakeholder meetings and updates 
since start of 2020

13 February 2020: River watch Committee conference call 
3 March 2020: Email communication re Potential Water Release Lobsitick 
7 March 2020: Email communication re water Release Advisory ended 
6 April 2020: River Watch Committee conference call 
16 April 2020: Email communication re Muskrat Falls Project Update 
17 April 2020: River watch Committee Conference Call 
23 April 2020: River watch committee conference call 
30 April 2020: River Watch Committee conference call 
2 May 2020: Phone conversations with Stakeholders regarding road washout on Trans Labrador 
Highway, not connected to North Spur or Dam Performance 
7 May 2020: River Watch Committee Conference call 
May 15 2020:River Watch Committee Conference call 
May 22 2020: River Watch Committee Conference call 
May 29 2020: River Watch Committee Conference call 
June 5 2020: River Watch Committee Conference call 
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Public education

‒ Stakeholder engagement, as is performed, is an important aspect of 
emergency planning 

‒ Public informed of the potential dangers surrounding the Muskrat Falls 
Facility by means of a River Safety Campaign that includes:  

‒ Newspaper Postings
‒ Community Posters
‒ Social Media
‒ Stakeholder Updates
‒ Public Safety Notices
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Stakeholder meetings

‒ A full flood simulation exercise  was conducted on June 19, 2019 
prior to watering up to el 39 m

‒ The exercise was documented in the Dam Mock Drill Exercise 
Report which documented the event and identified areas for 
improvement  
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Public education
‒ Community Posters

‒ Distributed in the Upper Lake Melville Area to 
advise the Public against boating and 
recreational activities on the Churchill River 
upstream of Muskrat Falls

‒ Public Safety Notices
‒ Public notices are issued on the Nalcor

website.
‒ During final impoundment, weekly Dam 

Safety Monitoring summaries were provided, 
ending Sept 22, 2019 

‒ Social Media 
‒ Stakeholder Updates and Public Safety 

Notices posted through platforms such as 
Facebook and Twitter
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Public education
Safety notices
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Public safety around dams audit

‒ Public Safety around dams was 
introduced by the CDA in 2011

‒ Recognized by the dam safety 
community as an essential component 
of any dam safety management 
program 

‒ In 2014, a Public Safety Around 
Dams (PSAD) Review was performed 
for the LCP that provided an 
assessment of Public Safety at the 
Muskrat Falls site 
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The public safety plan 
‒ LCP used this information to develop a plan 

for managing Public Safety at the MF 
construction site 

‒ Updated as necessary to reflect changing site 
conditions 

‒ Revision B2 approved December 13, 2017 

‒ Plan details the following: 
‒ Roles & Responsibilities

‒ Detailed site description 

‒ Common public/recreational uses around site 

‒ The PSAD risk assessment results 

‒ Planned Public Safety infrastructures 

‒ Spillway operations procedures 

‒ Impoundment procedures 

‒ External & Internal education programs

106



Public safety infrastructure

‒ Public safety requirements developed for two situations 
‒ The Interim Head pond Phase 
‒ Full Supply Phase 

‒ For each phase of the project, specific signage and other safety 
measures developed 

‒ With the facility at FSL, all infrastructure for the full supply stage has 
been installed and is being managed through regular inspections and 
maintenance
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Details of public safety infrastructure
Full supply stage
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Public safety infrastructure 
Full supply stage
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Typical signage
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Public safety around dams
monthly inspection program

‒ As of October 2017, a Muskrat Falls  Public 
Safety Inspection Report is filled out each 
month 

‒ Includes a checklist verifying the conditions of 
all Public Safety Infrastructure on site 
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Public safety around dams
observation report

‒ The Muskrat Falls Public Safety Observation 
Report is used to report observations or 
evidence of public interaction on/near the 
Muskrat Falls site 

‒ Developed in October 2017 

‒ Such interactions could include activities such 
as snowmobiling, boating, hiking, hunting, 
camping, etc.  

‒ These reports are filled out on an as-needed 
basis
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The ice/safety/debris boom
Final design

‒ Installed October 2017 
‒ Permanent structure located 

1.2 km U/S of the Spillway 
consisting of 12 spans of 
highly visible yellow steel 
pontoons 

‒ This structure was damaged 
in the winter of 2018 and 
again in 2019

‒ Modified to include 
permanent steel sections at 
either end with a seasonal 
section in the middle

‒ Provides public safety and 
debris protection
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Public safety around dams

Safety procedures and practices observed are in 
accordance with good industry practice
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Public safety around dams

‒ Opportunities for improvement:
‒ Muskrat Falls Public Safety Plan – Construction Phase identifies 

various public safety measures based on the stage of 
construction.  With construction nearing completion, some items 
are now obsolete and should be deleted.  It is suggested that the 
plan be updated by Churchill Falls staff to reflect operational 
requirements

‒ The latest version of the Public Safety Plan describes a four-
season ice boom.  Experience has led to the decision to use a 
hybrid boom with some sections being installed year-round and 
others being removed in the winter.  The plan should be updated 
by Churchill Falls staff to reflect this change

‒ Churchill Falls staff to continue to ensure boaters and public are 
aware of the reason for sirens signalling gate openings
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Review of behavior of structures to 
impounding to el 39 m
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Review of expected North Spur behaviour
Watering up to el 39 m with pumps off – assessment 
of behaviour

‒ Monitoring performed 
‒ During and after impounding, the data retrieved from site 

monitoring was reviewed and determined to be within acceptable 
limits.

‒ Analysis shows that the stability of the north spur structure 
continues to meet or exceed the recommendation of the Canadian 
Dam Association.  
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Response of water retaining structures to 
impounding to el 39 m 

‒ All water retaining 
structures show 
very little  seepage 
with little increase 
following 
impoundment to 
el 39 m
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Response of water retaining structures to 
impounding to el 39 m 

‒ Monitoring of all structures was diligently performed during 
impoundment

‒ Monitoring data was regularly reviewed by staff with appropriate 
experience 

‒ Structural performance was well within acceptable limits 

The independent auditor considers these structures performed 
appropriately and in accordance with good industry practice
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Overall dam safety management 
audit
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CDA guiding principles
Principle 1 – dam safety management

Principle Description Compliance

1 Dam Safety Management Compliant

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, issues are dealt with in an appropriate 
timeline given the seriousness of the issue and the consequence 
of failure.

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.

Dam designs in accordance with good industry practice with  
hazards and consequences known. OMS and EPP in place. Gates 
have sirens in the event of gate opening. 

Emergency preparedness plan (Level 2) has been exercised.
1c Due diligence shall be exercised at all stages of a dam’s 

life cycle
Compliant
Current plans meet and exceed industry good practice. Dam 
safety is a priority for the LCP and all site staff including the 
contractors.

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.

Issues corrected on a timely basis when identified. 121



CDA guiding principles
Principle 2 – operation, maintenance and surveillance 

Principle Description Compliance

2 Operation, Maintenance, and Surveillance Compliant 
2a Requirements for the safe operation, 

maintenance, and surveillance of the dam shall be 
developed and documented with sufficient 
information in accordance with the impacts of 
operation and the consequences of dam failure

Compliant

Plans, instrumentation, and monitoring exceed good industry 
practice. Instrumentation locations and design based on 
understanding of the potential hazards. 

2b Documented operating procedures for the dam 
and flow control equipment under normal, 
unusual, and emergency conditions shall be 
followed

Compliant

Vista used as inflow modeling system, unusual conditions covered 
in OMS manual. Manual as reviewed is compliant.

Manual was updated prior to impounding to el. 39 m.
2c Documented maintenance procedures shall be 

followed to ensure that the dam remains in a safe 
and operational condition

Compliant

Plan in place, gates operated daily and backup supply inspected 
daily and tested weekly. Training  in accordance with  good 
industry practice. 

Operations manual describes detailed operating procedures for 
variety of flow conditions.
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CDA guiding principles
Principle 2 – operation, maintenance, and surveillance -2

Principle Description Compliance

2 Operation, Maintenance, and Surveillance Compliant 
2d Documented surveillance procedures shall be 

followed to provide early identification and to 
allow for timely mitigation of conditions that 
might affect dam safety

Compliant

Surveillance procedures well documented and extensive 
monitoring in place. Monitoring plan reviewed  during audit and 
determined to be adequate.

2e Flow control equipment shall be tested and be 
capable of operating as required.

Compliant

Gates are tested and opened daily ensuring that they are in 
working order. Backup generators are regularly maintained and 
tested.
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CDA guiding principles
Principle 3 – emergency preparedness
Principle Description Compliance

3 Emergency Preparedness Compliant 
3a An effective emergency management process shall 

be in place for the dam
Compliant
Documentation and procedures in accordance with good industry 
practice.

3b The emergency management process shall include 
emergency response procedures to guide the dam 
operator and site staff through the process of 
responding to an emergency at a dam

Compliant
Communications protocol in place, Emergency Preparedness and 
response Plans in place in accordance with good industry practice.

3c The emergency management process shall ensure 
that effective emergency preparedness procedures 
are in place for use by external response agencies 
with responsibilities for public safety within the 
floodplain

Compliant
Previously identified issues with consultation with stakeholders 
and RCMP completed and documented.

Internal table-top exercises completed.

Emergency preparedness exercise including key  stakeholders 
completed.

3d The emergency management process shall ensure 
that adequate staff training, plan testing, and plan 
updating are carried out

Compliant
Nalcor training documentation completed, plan has been tested 
and will be tested in future, plan updated in February 2019. 

Staff are trained in their roles as well as possible designate roles. 

External contact information as well as internal roles to continue 
to be updated.
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CDA guiding principles
Principle 4 – dam safety review

Principle Description Compliance

4 Dam Safety Review Compliant
4a A safety review of the dam (“Dam Safety 

Review”) shall be carried out 
periodically

Compliant

Third party dam safety audits  being performed – frequency exceeds 
CDA guidelines for the highest consequence structures. 

Consequence classifications based on CDA and inundation mapping 
have been carried out. Classification appropriate and selected dam 
safety parameters compliant.

Daily inspection, assessment and review performed.

Weekly comprehensive inspections performed.

Comprehensive Dam Safety inspection every two months. 

Dedicated dam safety engineer  is at site.
4b A qualified registered professional 

engineer shall be responsible for the 
technical content, findings, and 
recommendations of the Dam Safety 
Review and report

Compliant

Qualified independent consultant performs dam safety audit 
frequently. Well trained, dedicated dam safety personnel full time at 
the site assigned to implement audit recommendations and perform 
daily inspections/monitoring. 
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CDA guiding principles
Principle 5 – analysis and assessment

Principle Description Compliance

5 Analysis and Assessment Compliant

5a The dam system and components 
under analysis shall be defined

Compliant
All components of the system defined with monitoring,  inspection and 
surveillance procedures identified.

5b Hazards external and internal to 
the dam shall be defined 

Compliant
This has been done in the OMS manual and in the  Risk Register.

5c Failure modes, sequences, and 
combinations shall be identified for 
the dam

Compliant
All hazards have been assessed as part of the final design (flood, earthquake, 
seismic, ice loads. piping). Landslide hazard assessment completed.  

The operations group should consider undertaking a PFMA as part of the first 
Dam Safety Review after handover. 

5d The dam shall safely retain the 
reservoir and any stored solids, and 
it shall pass flows as required for all 
applicable loading conditions

Compliant
Discharge capacity meets requirements for construction and operational  
phases of the project.

Gates are exercised several times daily to maintain specified impounding levels.

Backup generator inspected daily and tested weekly.
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Dam safety audit - discussion
Areas for improvement 

Item Remarks

Principle 1
Dam Safety Management

• Schedule and complete next training sessions for on site operations staff 
and Churchill Falls staff responsible for dam safety

Principle 2
Operations, Maintenance, and 
Surveillance

• After the transition from construction to operations, operations staff 
should review and update the OM&S manual.  The following suggestions 
should be considered:

• OM&S manual (MFA-PT-MD-0000-EN-MN-0001-01) refers to the schedule of 
instrumentation readings which is in Appendix G, however the approved version is 
#27, while staff are using and updated version #28.  The O&S manual should reflect the 
latest schedule

• OM&S does not identify a measurement frequency for the survey monuments after the 
first year of impoundment.  Now that FSL has been maintained for over a year, the 
OM&S should be updated to provide a frequency 

• Typically, in the first six years following impounding seepage is in a transient state as 
the dam saturates and moves to steady state. Monitoring frequencies during this 
period and thereafter should be identified

• Act on the recommendations made by the contractor conducting the deformation 
monitoring survey in their report submitted on Sept 4,  2020

• Consider ways of plotting data such that the “Y” axis clearly shows annual period to 
assist in discerning seasonal behavior

• With the plant moving toward operational readiness, there will be less need to operate 
the gates with the current regularity.  Therefore, it is suggested that the OM&S be 
updated to reflect the expected operational regime
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Item Remarks

Principle 2
Operations, Maintenance, and 
Surveillance

• Churchill Falls staff to update the OM&S by removing reference to 
construction conditions that are past and no longer relevant for an 
operating facility, including reference to final public safety signage

Principle 3
Emergency Preparedness and 
Planning

• Conduct a drill with staff from Churchill Falls Dam Safety Group and 
Nalcor Muskrat Falls Operations Staff

Principle 4
Dam Safety Review

• None noted

Principle 5
Analysis and Assessment

• None noted

Dam safety audit - discussion
Areas for improvement 
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Dam safety audit - discussion
Areas for improvement 

Item Remarks

Public Safety Around Dams • Muskrat Falls Public Safety Plan – Construction Phase identifies various 
public safety measures based on the stage of construction.  With 
construction nearing completion, some items are now obsolete and 
could be deleted.  It is suggested that operations staff update the plan 
to reflect only the final operational requirements

• The latest version of the Public Safety Plan describes a four-season ice 
boom.  Experience has led to the decision to use a hybrid boom with 
some section being installed year-round and others being removed I the 
winter.  The plan should be updated to reflect this change

• Ensure boaters and public are aware of the reason for sirens signalling 
gate openings
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Selected site photographs
September 2020
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North Dam

‒ Slight wave run-up 
visible
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North Dam

‒ Slight seepage at 
north abutment

‒ Site staff noted that 
this seepage was 
present before the 
water was raised to 
full supply elevation 
indicating that this is 
surface/groundwater  
unrelated to the 
reservoir
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South Dam

‒ Moisture visible at 
south abutment. This 
was apparent prior to 
raising the reservoir 
indication that the 
seepage is from 
surface/groundwater  
and unrelated to 
performance of the 
dam

133



South Transition Dam

‒ Shields installed 
to direct seepage 
which has since 
stopped
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For more information,
please visit www.hatch.com

Thank you

135




