Diavik Diamond Mines (2012) Inc.
P.O. Box 2498
Suite 300, 5201-50th Avenue
Yellowknife, NT X1A 2P8
Canada
T (867) 669 6500
F 1-866-313-2754

Mr. Joseph Mackenzie
Chair
Wek’èezhíi Land and Water Board
Box 32
Wekweeti, NT X0E 1W0

31 December 2018
Dear Mr. Mackenzie:
Subject: 2018 Dam Safety Review – A418 Dike

Please find attached 2018 Dam Safety Review for the A418 Dike. The review covers the
following facilities as referenced in The Diavik Diamond Mines (2012) Inc. Type A Water
License (W2015L2-0001):
•

A418 Dike (Part H, Item 24b)

Diavik Diamond Mines Inc. (DDMI) has received and reviewed the 2018 Dam Safety
Review report issued by Tetra Tech Canada Inc. The review was independently
conducted by Mr. Richard Trimble, P.Eng. during June of 2018 at the request of DDMI
staff.
DDMI is satisfied that this review meets the intent of the Dam Safety Guidelines published
by the Canadian Dam Association and the Wek’eezhii Land and Water Board
requirements. The attached report captures all necessary detail and is submitted for
review. Recommendations from the review are captured and the Engineer of Record
(EOR), SNC-Lavalin, has been advised. Actionable items are being undertaken by DDMI
and the EOR accordingly. Highlights and recommendations from the review are
summarized as follows:
-

-

The Operation, Maintenance, and Surveillance Manual (OMS), the Emergency
Response Plan (ERP), and Trigger Action Response Plan (TARP) are to be
updated and used as ‘live’ documents.
o This is currently in progress and is ongoing.
The monitoring plan and data interpretation is recognized to be comprehensive
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-

-

and very robust. The maintenance and performance of the dike meets or exceeds
design expectation.
o Rigorous monitoring of the facility will continue.
The upstream faces of the dike require regular inspection and maintenance.
o Riprap is placed when noted.
Thermosyphon condition assessment is recommended.
o This will be completed during the winter months as recommended.
Pumping rates and piezometer readings should be reported in more detail within
the vicinity of DPS-6.
o DDMI staff continually review available data. These inflows will be
incorporated into the monitoring interface ‘Delta-V’ in 2019 so that inflow
can be more accurately accounted for in DPS-6 (A418 dike) and DPS-4
(A154 dike).
Inspection and independent review are conducted regularly. The EOR inspects
the facility annually and external review is provided by the DGRB at least annually.
Operational reviews are conducted every 2 years as per Rio Tinto standards.

Please do not hesitate to contact us with any questions or concerns.
Yours sincerely,

Yuri Kinakin for Sharron Sutton

Patrick Boitumelo
President & COO Operations

Sharron Sutton
Manager, Technical Services

cc : Jamie Steele (GNWT-ENR)
cc : Anita Ogaa, Wek’eezhii Land and Water Board (WLWB)
cc : Anneli Jokela, Wek’eezhii Land and Water Board (WLWB)
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2018 Dam Safety Review of the A418 Dike
Diavik Diamond Mine, NT

PRESENTED TO

Diavik Diamond Mines Inc.
SEPTEMBER 19, 2018
ISSUED FOR REVIEW
FILE: 704-ENG.EARC03115-01

This “Issued for Review” document is provided solely for the purpose of client review and presents our interim findings and
recommendations to date. Our usable findings and recommendations are provided only through an “Issued for Use” document,
which will be issued subsequent to this review. Final design should not be undertaken based on the interim recommendations
made herein. Once our report is issued for use, the “Issued for Review” document should be either returned to Tetra Tech
Canada Inc. (Tetra Tech) or destroyed.

Tetra Tech Canada Inc.
61 Wasson Place
Whitehorse, YT Y1A 0H7 CANADA
Tel 867.668.3068 Fax 867.668.4349
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EXECUTIVE SUMMARY
Tetra Tech Canada Inc. (Tetra Tech) was requested by Diavik Diamond Mines Inc. (DDMI) to undertake a Dam
Safety Review (DSR) of the A418 Dike during the early summer of 2018 in accordance with the Dam Safety
Guidelines (2007, revised 2013) published by the Canadian Dam Association. Some aspects of the Scope of Work
were also taken from “Guidance Note D5 – Independent Review of Tailings and Water Storage Facilities, December
2015”. The review of existing information was started in December 2017.
The DSR site visit was undertaken by Mr. Richard Trimble, P.Eng. of Tetra Tech between June 25 and 28, 2018.
In summary, the maintenance and performance of the A418 Dike continues to be of a high standard that has met
or exceeded design expectations.
The recommendations from this Dam Safety Review of the A418 Dike at Diavik Diamond Mine are as follows:


The Operation, Maintenance, and Surveillance Manual should be updated and turned into a “live” document.



The Emergency Preparedness Manual/Emergency Response Plan (ERP) should be updated and turned into a
“live” document.



The upstream face of the dike must continue to be monitored and noted areas of riprap erosion must be repaired
in a timely manner.



Implement a thermosyphon condition assessment during the upcoming winter. Although it is recognized that
ground temperatures indicate satisfactory performance, the thermosyphons are designed with redundancy, and
one or more loops might not be operating at full efficiency. A condition assessment of the radiators is normally
completed in the early winter when air temperatures are between -10 and -15°C and ground temperatures are
warm from the preceding summer. A thermal imaging infra-red (IR) camera should be used to photograph all
the radiators to ensure that they are “warmer than ambient air temperature”. A hand-held temperature probe
could also be placed on the radiator base to measure surface temperature, but the IR camera with photograph
is best. If “dead” radiators are observed, contact Arctic Foundations of Canada to have them inspect and repressurize the loop.



Create an internal report on the details of the pumping rates per well and the effects on piezometer readings in
the vicinity of DPS-6. There appears to be a lot of information that is not summarized or readily available for
review.



The next DSR is recommended for completion during 2023.
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LIMITATIONS OF REPORT
This report and its contents are intended for the sole use of Diavik Diamond Mines Inc. and their agents. Tetra Tech Canada
Inc. (Tetra Tech) does not accept any responsibility for the accuracy of any of the data, the analysis, or the recommendations
contained or referenced in the report when the report is used or relied upon by any Party other than Diavik Diamond Mines Inc.,
or for any Project other than the proposed development at the subject site. Any such unauthorized use of this report is at the
sole risk of the user. Use of this document is subject to the Limitations on the Use of this Document attached in the Appendix or
Contractual Terms and Conditions executed by both parties.

vi
2018 Tetra Tech DSR for A418 Dike at Diavik DM IFR.docx

2018 DAM SAFETY REVIEW REPORT - DIAVIK A418 DIKE
FILE: ENG.WARC03115-01 | SEPTEMBER 19, 2018 | ISSUED FOR REVIEW

1.0

INTRODUCTION

Tetra Tech Canada Inc. (Tetra Tech) was requested by Diavik Diamond Mines Inc. (DDMI) to undertake a Dam
Safety Review (DSR) of the A418 Dike during the summer of 2018 in accordance with the Dam Safety Guidelines
(2007, revised 2013) published by the Canadian Dam Association. Some aspects of the Scope of Work were also
taken from “Guidance Note D5 – Independent Review of Tailings and Water Storage Facilities, December 2015”.
The review of existing information was started in December 2017, and the DSR site visit was undertaken by
Mr. Richard Trimble, P.Eng. of Tetra Tech between June 25 and 28, 2018
This report presents the findings of the DSR and associated recommendations.

2.0

PREVIOUS DAM SAFETY REVIEW REPORTING

The first (and only, to date) Dam Safety Review (DSR) of the A418 Dike was undertaken by Mr. Todd Martin, P.Eng.
of AMEC in 2012 and presented in a report entitled “Diavik Diamond Mine - A418 Dike Dam Safety Review, Lac de
Gras, Northwest Territories”. For completeness and cross referencing, a copy of the text of this document is
included in Appendix B of this report. With reference to that report, the following conclusions and recommendations
were presented (copied verbatim from the December 2013 report):
1. The performance of the A418 dike has met design expectations. Stewardship of the A418 dike has similarly
met or exceeded accepted state of practice, with the lone exceptions of keeping the OMS manual and the
ERP up to date, as discussed further below.
2. The “very high” consequence classification for the A418 dike remains appropriate.
3. The Maximum Design Earthquake (MDE) adopted for the design analyses of the A418 dike as given in the
2004 design report remains appropriate. The seismicity of the region is in any case so low as to preclude
a significant influence of seismicity to design and performance of the dike.
4. The combined Probable Maximum Flood, wind setup and wave runup values adopted for the design of the
A418 dike remain appropriate. No updating is required.
5. The design, construction, and construction QA/QC were carried out to a high standard. All are very well
documented. The documentation of the QA/QC in particular is comprehensive and impressive, and
commensurate with the complexity and challenges associated with the construction.
6. The involvement of the DRB/DGRB has been, and continues to be, of enormous value, and should continue
through to decommissioning of the A418 Dike.
7. DDMI’s stewardship of the operation, maintenance, and surveillance of the A418 Dike is carried out to high
standards. The DDMI team assigned to these activities is highly knowledgeable, experienced, and
dedicated. Due to inevitable organizational and personnel changes over the mine life, however, it is prudent
to have in place appropriate training systems. An updated, and live, OMS manual, ERP, and TARP
represents an important means to that end.
8. The OMS manual and the ERP are comprehensive documents but require review and updating. The TARP
should also be reviewed and updated and checked for consistency and overlap with the ERP.
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9. Pertinent documentation for the A418 Dike project is well-catalogued and readily accessible on site,
although only electronic copies of the OMS manual and the ERP could be readily located. Hardcopies of
these documents need to be available per the distribution list.
10. The instrumentation and monitoring system within the dike, and the management of that system by DDMI
in ongoing evaluation of the dike performance, is exemplary. Instrument mortality has been very low. DDMI
personnel have a high degree of familiarity with the system and carry out prompt, knowledgeable
interpretation of the data in-house, supported by the dike designer as required, and the DGRB via periodic
review presentations. Similarly, a thorough monitoring program is in place for the A418 open pit which has
a direct bearing on the safety of the A418 dike.
11. Instrumentation data is promptly plotted and interpreted by DDMI geotechnical technicians. Alert levels are
established for the various instruments, and these should be reviewed and updated annually per
recommendations by the dike designer.
12. Due to the low rate of seepage, and the means of estimating seepage on the basis of the DPS-6 pump
flows, the means of seepage monitoring is somewhat ad hoc, with a high reliance on visual observations
and tracking of pump on and pump off times. These ad hoc methods are appropriate given the nonfunctionality of the Delta-V system and associated alarms, and should be formalized and incorporated into
the OMS manual. However, the inoperative state of the real-time, alarmed graphical monitoring of dike
seepage is a vulnerability and means of addressing this vulnerability need to be evaluated and implemented
if at all practical. It is important to avoid any onset of complacency with regards to seepage monitoring,
particularly given that, in the DPS-6 area, upward hydraulic gradients persist downstream of the cutoff wall.
13. Instrumentation data indicates that the dike has performed, and continues to perform, in accordance with
design expectations.
14. In spite of persistent upward hydraulic gradients in the foundation of the southeastern portion of the dike,
seepage rates are low, and appropriate defenses (filter blanket, relief wells) against potential internal
erosion are in place.
15. Near the dike abutments piezometers are either dry or indicate downward seepage gradients to the
downstream side of the cutoff wall.
16. Dike deformations as measured by inclinometers and survey monuments have been minor and well within
predictions. Most of the deformation occurred during dewatering, as expected. Movement since that time
has been minimal and well within acceptable limits.
17. Thermistor data indicates that frozen conditions in the abutment areas have been achieved according to
design expectations, and are being maintained.
18. The next DSR is recommended to be carried out in 2017.

3.0

BACKGROUND INFORMATION ON THE A418 DIKE

The A418 Dike was designed as a water retaining structure to allow open-pit and underground development of the
A418 kimberlite pipe located beneath Lac De Gras. Details of the dike construction history and sequence have
been well presented in previous DSR reports (Appendix B) and in the As Built reports – these details will not be
repeated as part of this report.
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Currently, underground mining beneath the open pit is continuing.

4.0

SCOPE OF WORK FOR THE DAM SAFETY REVIEW

The guidelines for a Dam Safety Review (DSR) are presented in the Dam Safety Guidelines (2007, updated in
2013) published by the Canadian Dam Association and should include the following:
•

Review of existing DSR reports;

•

Review of annual inspection reports;

•

Site inspection and staff interviews;

•

Review of data and record reports;

•

Review of the dike failure consequence;

•

A dike safety assessment;

•

Review of the operation, maintenance, and surveillance systems;

•

Review of the emergency preparedness systems;

•

Review of the risk to public safety and security;

•

Review of the dike safety management systems; and

•

Prepare Dam Safety Review Report.

Based on the above, the findings of this review are detailed in the following sections.

5.0

REVIEW OF EXISTING DSR REPORTS

There has only been one DSR completed since the construction of the A418 Dike in 2005 and 2006. This review
was undertaken by Mr. Todd Martin, P.Eng., of AMEC Earth and Environmental (AMEC) and presented in a report
entitled, “Diavik Diamond Mine – A418 Dike Dam Safety Review Final Report” dated November 2012. As part of
this current review, a copy of the previous report was reviewed, and the comments and recommendations were
noted.
For completeness and cross referencing, a copy of the 2012 report text has been included in Appendix B of this
report. It should be noted that this previous report is a very comprehensive document that includes the history of
construction, design details, and other important information that has not been repeated in this report.

6.0

ANNUAL INSPECTION REPORTS

The following reports were provided by DDMI and referenced as part of this review:
•
•
•

A418 Dike - As Built - NKSL March 2007
A418 Dike - As Built Addendum - NKSL October 2007
A418 Dike - Final Design Report Vol I
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•

7.0

A418 SNC DSI August 2017

SITE INSPECTION AND STAFF INTERVIEWS

A visual site inspection of the A418 Dike was undertaken during the period June 25 to 28, 2018 by Mr. Richard
Trimble, P.Eng., of Tetra Tech. During the site visit Mr. Trimble was accompanied by Mr. Dan Guigon, CET –
Senior Specialist Geotechnical for DDMI. Photo 1 shows a general aerial view of the A418 pit, and Figure 1 at the
back of this report present a plan view drawing of the A418 Dike and surrounding infrastructure.
The site inspection included a driving survey of the entire dike length and accessible toe berm roads, on a number
of different days, viewing both the upstream and downstream areas of the dike, with intermittent stops along the
route. Specific inspections were made at selected locations to view erosion protection, thermosyphon installations,
instrumentation installations, as well as ditches and pumping stations. The weather was sunny to partially overcast,
and the ground surface was dry.
The noted observations during the visual inspection of the dike are as follows:


On-site instrumentation appears to be well maintained, marked, and protected.



The crest appears to be in good condition with no indication of longitudinal or transverse cracking, or obvious
depressions. A previously noted tension crack at about Sta 0+910 was examined but did not appear to be
recently active (see Photo 2).



The downstream slopes appear to be in good condition with no visual evidence of bulging, cracking, or erosion.
A general view of the downstream slopes is shown in Photo 3.



Some minor erosion/ice plucking of riprap was observed between Stations 0+540 to 0+550 – this area should
continue to be monitored and coarse riprap replaced if the condition worsens (see Photo 4)



The operation of the thermosyphons has not been checked since they were installed. Verification of their
effective operation should be completed during the early part of the upcoming winter season. Photo 5 shows
Thermosyphon Cluster #3 – there are four thermosyphon clusters around A418 that need to be checked.



The compressors/refrigeration units from Clusters #1 and #2 were removed and re-purposed at the new A21
dike thermosyphon installations as they weren’t needed at A418 (see Photo 6).

In summary, the dike appears to be in good physical condition.
The remaining time on site was spent reviewing construction record reports, instrumentation data, and additional
reports contained within the DDMI database for the A418 Dike. Mr. Guigon provided Mr. Trimble with the necessary
resources and documentation for the purpose of the DSR and Mr. Guigon was able to comprehensively answer
questions relating to the instrumentation, drawings, and documentation.

2018 Tetra Tech DSR for A418 Dike at Diavik DM IFR.docx

2018 DAM SAFETY REVIEW REPORT - DIAVIK A418 DIKE
FILE: ENG.WARC03115-01 | SEPTEMBER 19, 2018 | ISSUED FOR REVIEW

8.0

REVIEW OF DATA AND RECORD REPORTS

Mr. Guigon provided electronic copies of existing information, historical reports and drawings to Mr. Trimble either
by direct download from the DDMI A418 database or on a portable hard drive. Some of this information was
reviewed prior to and during the site visit and the balance of the documents were reviewed at Tetra Tech’s office in
Whitehorse.
A summary of installed instrumentation is presented in the Table below (copied from 2012 AMEC Report).

TABLE 1: SUMMARY OF A418 DIKE INSTRUMENTATION
Instrument Type

Location

Number of
Instruments

North abutment thermosyphon bank

10

Island C north thermosyphon bank

10

Island C south thermosyphon bank

10

South abutment thermosyphon bank

10

Within dike and foundation, not thermosyphon
banks

12

Crest – downstream side

44

Crest – upstream side

15

Toe berm

26

Downstream crest

16

Toe berm

8

Cutoff wall

6

Toe berm

1

Crest – downstream side

35

Crest – upstream side

36

Toe berm

27

Benchmarks

Various

6

Flowmeter

DPS-6 (non-functional)

1

Thermistor Cables (52)

Vibrating Wire Piezometers (85)

Relief Wells (24)
Inclinometers (7)

Survey Monuments (98)

Some additional relief wells were installed since the last DSR, primarily just east of DPS-6 – the approximate
location is shown on Figure 1.

9.0

REVIEW OF THE DIKE FAILURE CONSEQUENCE CLASSIFICATION

The “Very High” consequence classification used for the design of the A418 dike referenced the 1999 edition of the
Canadian Dam Association Guideline. Since then, the Canadian Dam Association Guideline has been revised with
the 2007 edition, with minor updates in 2013. There was followed with a new Technical Bulletin “Application of Dam
Safety Guidelines to Mining Dams” prepared in 2014. With respect to these revisions and updates, there is no
evidence to suggest a need to revise the current consequence classification of “Very High”.
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10.0 DIKE SAFETY ASSESSMENT
From the site observations, the information reviewed, and discussions with Dan Guigon, it appears that the dike is
being operated in a safe manner. The following comments were noted:


It is understood that the instrumentation monitoring system has recently been replaced with a system that is
upgradable and has available spare parts. It is working much better now and there are no significant issues
with data downloads, recording or plotting.



Data collected from the Dike Pumping Stations (DPS) may need some attention to determine seepage rates. It
is understood that these stations collect and pump both seepage water and surface runoff water. There are no
flow meters operational at each DPS, and only one on the combined pipe at the water treatment plant. Flows
at each DPS are determined by the number of pump cycles of known volume, and seepage is estimated from
these calculations.



The digital instrumentation data appears to be well organized within a specific folder on the DDMI server and
is regularly backed up.

11.0 REVIEW OF THE OPERATION, MAINTENANCE, AND SURVEILLANCE
MANUAL
The only version of the Operation, Maintenance, and Surveillance Manual available for review was the October
2009 revision prepared by DDMI. It was acknowledged by DDMI staff that this document needs to be updated and
turned into a “live” document with regular updates.

12.0 REVIEW OF THE EMERGENCY PREPAREDNESS MANUAL
The only version of the Emergency Preparedness Manual available for review was that contained within the October
2009 revision of the Operation, Maintenance, and Surveillance Manual prepared by DDMI. It was acknowledged
by DDMI staff that this document needs to be updated and turned into a “live” document with regular updates.

13.0 REVIEW OF THE RISK TO PUBLIC SAFETY AND SECURITY
Due to the remoteness of the Diavik Diamond Mine and the fly-in-fly-out access to the site, there is little risk to
public safety and security in terms of the Canadian Dam Association Guideline (2007, updated 2013) description.

14.0 REVIEW OF THE DIKE SAFETY MANAGEMENT SYSTEMS
Dike safety management systems appear to be well established with the following notes:


Dike instrumentation is monitored and reviewed at regular intervals.



Annual Inspections and Performance Evaluations of the dike are well documented and comprehensive.



The open pit wall is monitored using slope stability radar with an automated warning system.
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Weekly Geotechnical Inspection Reports are prepared with weekly activity summaries as well as visual
observations, including:
−
−
−
−
−
−
−

Area/Location;
Feature;
Description;
Station;
Observation;
Change since last report; and
Comments.

15.0 CONCLUSIONS AND RECOMMENDATIONS
The conclusions from this Dam Safety Review of the A418 Dike at the Diavik Diamond Mine are as follows:


Based on the visual inspection of the dike and review of the instrumentation data, the dike has met or exceeded
design expectations.



There is no need to revise the “Very High” consequence classification, Maximum Design Earthquake, or the
Probable Maximum Flood for the dike.



The reviewer was impressed with the knowledge and dedication of the DDMI team directly involved with the
monitoring and surveillance of the A418 structure, especially Mr. Guigon who was assisting and providing
information to the reviewer.



It is felt that additional resources may need to be assigned to help complete and maintain a “live” OMS and
Emergency Preparedness Manual/Emergency Response Plan (ERP) Manual. These manuals do need a fair
amount of effort to prepare and maintain as a “live” document.

The recommendations from this Dam Safety Review of the A418 Dike at Diavik Diamond Mine are as follows:


The Operation, Maintenance, and Surveillance Manual should be updated and turned into a “live” document.



The Emergency Preparedness Manual/Emergency Response Plan (ERP) should be updated and turned into a
“live” document.



The upstream face of the dike must continue to be monitored and noted areas of riprap erosion must be repaired
in a timely manner.



Implement a thermosyphon condition assessment during the upcoming winter. Although it is recognized that
ground temperatures indicate satisfactory performance, the thermosyphons are designed with redundancy, and
one or more loops might not be operating at full efficiency. A condition assessment of the radiators is normally
completed in the early winter when air temperatures are between -10 and -15°C and ground temperatures are
warm from the preceding summer. A thermal imaging infra-red (IR) camera should be used to photograph all
the radiators to ensure that they are “warmer than ambient air temperature”. A hand-held temperature probe
could also be placed on the radiator base to measure surface temperature, but the IR camera with photograph
is best. If “dead” radiators are observed, contact Arctic Foundations of Canada to have them inspect and repressurize the loop.



Create an internal report on the details of the pumping rates per well and the effects on piezometer readings in
the vicinity of DPS-6. There appears to be a lot of information that is not summarized or readily available for
review.
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The next DSR is recommended for completion during 2023.

16.0 CLOSURE
We trust this report meets your present requirements. If you have any questions or comments, please contact the
undersigned.
Respectfully submitted,
Tetra Tech Canada Inc.

ISSUED FOR REVIEW

ISSUED FOR REVIEW

Prepared by:
J. Richard Trimble, P.Eng., FEC
Principal Consultant, Arctic Region
Engineering Practice
Direct Line: 867.668.9216
richard.trimble@tetratech.com

Reviewed by:
Nigel Goldup, P.Eng..
Manager, Arctic Region
Engineering Practice
Direct Line: 587 460.3515
nigel.goldup@tetratech.com

/lb
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PHOTOGRAPHS

Photo 1

View of the A418 Dike and Surrounding Infrastructure

Photo 2

View of Old Tension Crack at about Sta 0+910

Photo 3

General View of the Downstream Slope and Access Road

Photo 4

Minor Toe Erosion/Ice Plucking of Riprap at ~Sta 0+545

Photo 5

Thermosyphon Cluster #3 at Sta 0+350

Photo 6

Compressors/Refrigeration Units Removed from Cluster #2
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Photo 1: View of the A418 Dike and Surrounding Infrastructure (June 2018)

Photo 2: View of Old Tension Crack at about Sta 0+910
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Photo 3: General View of the Downstream Slope and Access Road

Photo 4: Minor Toe Erosion/Ice Plucking of Riprap at ~Sta 0+545
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Photo 5: Thermosyphon Cluster #3 at Sta 0+350

Photo 6: Compressors/Refrigeration Units Removed from Cluster #2
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LIMITATIONS ON USE OF THIS DOCUMENT
GEOTECHNICAL
1.1 USE OF DOCUMENT AND OWNERSHIP

1.3 STANDARD OF CARE

This document pertains to a specific site, a specific development, and
a specific scope of work. The document may include plans, drawings,
profiles and other supporting documents that collectively constitute the
document (the “Professional Document”).

Services performed by TETRA TECH for the Professional Document
have been conducted in accordance with the Contract, in a manner
consistent with the level of skill ordinarily exercised by members of the
profession currently practicing under similar conditions in the
jurisdiction in which the services are provided. Professional judgment
has been applied in developing the conclusions and/or
recommendations provided in this Professional Document. No warranty
or guarantee, express or implied, is made concerning the test results,
comments, recommendations, or any other portion of the Professional
Document.

The Professional Document is intended for the sole use of TETRA
TECH’s Client (the “Client”) as specifically identified in the TETRA
TECH Services Agreement or other Contractual Agreement entered
into with the Client (either of which is termed the “Contract” herein).
TETRA TECH does not accept any responsibility for the accuracy of
any of the data, analyses, recommendations or other contents of the
Professional Document when it is used or relied upon by any party
other than the Client, unless authorized in writing by TETRA TECH.

If any error or omission is detected by the Client or an Authorized Party,
the error or omission must be immediately brought to the attention of
TETRA TECH.

Any unauthorized use of the Professional Document is at the sole risk
of the user. TETRA TECH accepts no responsibility whatsoever for any
loss or damage where such loss or damage is alleged to be or, is in
fact, caused by the unauthorized use of the Professional Document.

1.4 DISCLOSURE OF INFORMATION BY CLIENT
The Client acknowledges that it has fully cooperated with TETRA TECH
with respect to the provision of all available information on the past,
present, and proposed conditions on the site, including historical
information respecting the use of the site. The Client further
acknowledges that in order for TETRA TECH to properly provide the
services contracted for in the Contract, TETRA TECH has relied upon
the Client with respect to both the full disclosure and accuracy of any
such information.

Where TETRA TECH has expressly authorized the use of the
Professional Document by a third party (an “Authorized Party”),
consideration for such authorization is the Authorized Party’s
acceptance of these Limitations on Use of this Document as well as
any limitations on liability contained in the Contract with the Client (all
of which is collectively termed the “Limitations on Liability”). The
Authorized Party should carefully review both these Limitations on Use
of this Document and the Contract prior to making any use of the
Professional Document. Any use made of the Professional Document
by an Authorized Party constitutes the Authorized Party’s express
acceptance of, and agreement to, the Limitations on Liability.

1.5 INFORMATION PROVIDED TO TETRA TECH BY OTHERS
During the performance of the work and the preparation of this
Professional Document, TETRA TECH may have relied on information
provided by third parties other than the Client.

The Professional Document and any other form or type of data or
documents generated by TETRA TECH during the performance of the
work are TETRA TECH’s professional work product and shall remain
the copyright property of TETRA TECH.

While TETRA TECH endeavours to verify the accuracy of such
information, TETRA TECH accepts no responsibility for the accuracy
or the reliability of such information even where inaccurate or unreliable
information impacts any recommendations, design or other
deliverables and causes the Client or an Authorized Party loss or
damage.

The Professional Document is subject to copyright and shall not be
reproduced either wholly or in part without the prior, written permission
of TETRA TECH. Additional copies of the Document, if required, may
be obtained upon request.

1.6 GENERAL LIMITATIONS OF DOCUMENT

1.2 ALTERNATIVE DOCUMENT FORMAT

This Professional Document is based solely on the conditions
presented and the data available to TETRA TECH at the time the data
were collected in the field or gathered from available databases.

Where TETRA TECH submits electronic file and/or hard copy versions
of the Professional Document or any drawings or other project-related
documents and deliverables (collectively termed TETRA TECH’s
“Instruments of Professional Service”), only the signed and/or sealed
versions shall be considered final. The original signed and/or sealed
electronic file and/or hard copy version archived by TETRA TECH shall
be deemed to be the original. TETRA TECH will archive a protected
digital copy of the original signed and/or sealed version for a period of
10 years.

The Client, and any Authorized Party, acknowledges that the
Professional Document is based on limited data and that the
conclusions, opinions, and recommendations contained in the
Professional Document are the result of the application of professional
judgment to such limited data.
The Professional Document is not applicable to any other sites, nor
should it be relied upon for types of development other than those to
which it refers. Any variation from the site conditions present, or
variation in assumed conditions which might form the basis of design
or recommendations as outlined in this document, at or on the
development proposed as of the date of the Professional Document
requires a supplementary exploration, investigation, and assessment.

Both electronic file and/or hard copy versions of TETRA TECH’s
Instruments of Professional Service shall not, under any
circumstances, be altered by any party except TETRA TECH. TETRA
TECH’s Instruments of Professional Service will be used only and
exactly as submitted by TETRA TECH.

TETRA TECH is neither qualified to, nor is it making, any
recommendations with respect to the purchase, sale, investment or
development of the property, the decisions on which are the sole
responsibility of the Client.

Electronic files submitted by TETRA TECH have been prepared and
submitted using specific software and hardware systems. TETRA
TECH makes no representation about the compatibility of these files
with the Client’s current or future software and hardware systems.
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GEOTECHNICAL

1.7 ENVIRONMENTAL AND REGULATORY ISSUES

1.13 INFLUENCE OF CONSTRUCTION ACTIVITY

Unless stipulated in the report, TETRA TECH has not been retained to
explore, address or consider and has not explored, addressed or
considered any environmental or regulatory issues associated with
development on the subject site.
1.8 NATURE AND EXACTNESS OF SOIL AND
ROCK DESCRIPTIONS

Construction activity can impact structural performance of adjacent
buildings and other installations. The influence of all anticipated
construction activities should be considered by the contractor, owner,
architect and prime engineer in consultation with a geotechnical
engineer when the final design and construction techniques, and
construction sequence are known.
1.14 OBSERVATIONS DURING CONSTRUCTION

Classification and identification of soils and rocks are based upon
commonly accepted systems, methods and standards employed in
professional geotechnical practice. This report contains descriptions of
the systems and methods used. Where deviations from the system or
method prevail, they are specifically mentioned.

Because of the nature of geological deposits, the judgmental nature of
geotechnical engineering, and the potential of adverse circumstances
arising from construction activity, observations during site preparation,
excavation and construction should be carried out by a geotechnical
engineer. These observations may then serve as the basis for
confirmation and/or alteration of geotechnical recommendations or
design guidelines presented herein.

Classification and identification of geological units are judgmental in
nature as to both type and condition. TETRA TECH does not warrant
conditions represented herein as exact, but infers accuracy only to the
extent that is common in practice.

1.15 DRAINAGE SYSTEMS

Where subsurface conditions encountered during development are
different from those described in this report, qualified geotechnical
personnel should revisit the site and review recommendations in light
of the actual conditions encountered.

Where temporary or permanent drainage systems are installed within
or around a structure, the systems which will be installed must protect
the structure from loss of ground due to internal erosion and must be
designed so as to assure continued satisfactory performance of the
drains. Specific design detail of such systems should be developed or
reviewed by the geotechnical engineer. Unless otherwise specified, it
is a condition of this report that effective temporary and permanent
drainage systems are required and that they must be considered in
relation to project purpose and function.

1.9 LOGS OF TESTHOLES
The testhole logs are a compilation of conditions and classification of
soils and rocks as obtained from field observations and laboratory
testing of selected samples. Soil and rock zones have been interpreted.
Change from one geological zone to the other, indicated on the logs as
a distinct line, can be, in fact, transitional. The extent of transition is
interpretive. Any circumstance which requires precise definition of soil
or rock zone transition elevations may require further investigation and
review.

1.16 DESIGN PARAMETERS
Bearing capacities for Limit States or Allowable Stress Design,
strength/stiffness properties and similar geotechnical design
parameters quoted in this report relate to a specific soil or rock type
and condition. Construction activity and environmental circumstances
can materially change the condition of soil or rock. The elevation at
which a soil or rock type occurs is variable. It is a requirement of this
report that structural elements be founded in and/or upon geological
materials of the type and in the condition used in this report. Sufficient
observations should be made by qualified geotechnical personnel
during construction to assure that the soil and/or rock conditions
considered in this report in fact exist at the site.

1.10 STRATIGRAPHIC AND GEOLOGICAL INFORMATION
The stratigraphic and geological information indicated on drawings
contained in this report are inferred from logs of test holes and/or
soil/rock exposures. Stratigraphy is known only at the locations of the
test hole or exposure. Actual geology and stratigraphy between test
holes and/or exposures may vary from that shown on these drawings.
Natural variations in geological conditions are inherent and are a
function of the historical environment. TETRA TECH does not
represent the conditions illustrated as exact but recognizes that
variations will exist. Where knowledge of more precise locations of
geological units is necessary, additional exploration and review may be
necessary.

1.17 SAMPLES
TETRA TECH will retain all soil and rock samples for 30 days after this
report is issued. Further storage or transfer of samples can be made at
the Client’s expense upon written request, otherwise samples will be
discarded.
1.18 APPLICABLE CODES, STANDARDS, GUIDELINES & BEST
PRACTICE

1.11 PROTECTION OF EXPOSED GROUND
Excavation and construction operations expose geological materials to
climatic elements (freeze/thaw, wet/dry) and/or mechanical disturbance
which can cause severe deterioration. Unless otherwise specifically
indicated in this report, the walls and floors of excavations must be
protected from the elements, particularly moisture, desiccation, frost
action and construction traffic.

This document has been prepared based on the applicable codes,
standards, guidelines or best practice as identified in the report. Some
mandated codes, standards and guidelines (such as ASTM, AASHTO
Bridge Design/Construction Codes, Canadian Highway Bridge Design
Code, National/Provincial Building Codes) are routinely updated and
corrections made. TETRA TECH cannot predict nor be held liable for
any such future changes, amendments, errors or omissions in these
documents that may have a bearing on the assessment, design or
analyses included in this report.

1.12 SUPPORT OF ADJACENT GROUND AND STRUCTURES
Unless otherwise specifically advised, support of ground and structures
adjacent to the anticipated construction and preservation of adjacent
ground and structures from the adverse impact of construction activity
is required.
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SUMMARY
This report comprises a dam safety review (DSR) for the A418 dike at the Diavik Diamond Mine
at Lac de Gras, Northwest Territories. Mr. T. Martin, P.Eng., P.Geo. of AMEC Environment &
Infrastructure (AMEC) was engaged by Diavik Diamond Mines Inc. (DDMI) to undertake the
review. The DSR was undertaken in line with the Canadian Dam Association (CDA)
guidelines 1 , which provide a standardized framework for the conduct and documentation of
DSR’s. Mr. Martin visited the Diavik Diamond Mine from July 16 to 19, 2012, inclusive. During
that visit, an inspection of the A418 dike was undertaken. Documentation pertaining to the
design, construction, third party reviews, weekly and annual inspections, and operations,
maintenance, and surveillance were made available and reviewed. Also reviewed was a trigger
action response plan (TARP) common to both the A154 and A418 dikes. Subsequent to the site
visit, additional review of project documentation was undertaken. This report documents the
A418 dike DSR, understood to be the first conducted for the A418 dike.
In summary, the stewardship of the A418 dike has been, and continues to be, carried out to a
very high standard, by all parties involved. The stewardship of the dike benefits from
knowledgeable DDMI personnel responsible for the regular operation, maintenance and
surveillance of the dike, the ongoing involvement of the Engineer-of-Record, and the regular
review provided by the Diavik Geotechnical Review Board (DGRB), which has been involved
since the design stage of the dike. The performance of the dike has met or exceeded design
expectations. All internationally accepted standards are met or exceeded, although as
discussed below the Operations, Maintenance and Surveillance (OMS) manual for the dike
requires review and updating.
Areas recommended for improvement as a result of the DSR are:
1. Operations, Maintenance, and Surveillance (OMS) manual: it does not appear this
document has been updated since 2008 for the A418 dike, the most recent version provided
being Rev. A, dated July 2008. This is a two volume document, with Volume II being the
OMS manual (specific to the A418 dike), and Volume I being the Emergency Response
Plan, common to the A418 and A154 dikes. Volume II for the A418 dike should be reviewed
and updated as appropriate, for example there have been personnel changes and several of
the persons on the distribution list for the manual are no longer with DDMI. Similarly, DDMI
organizational changes need to be reflected in the document. The manual is not currently a
“live” document. This needs to change as a matter of priority.
2. Emergency Response Plan (ERP): This document is common to both the A154 and A418
dikes. The most recent update of this document is Rev. 1, dated October 2009. This
document too requires updating, particular with regards to accounting for changes in
personnel and DDMI organizational changes. The communications directory is a key
element for an ERP and this requires updating, in the ERP as it does in the OMS manual.
Like the OMS manual (Vol. II), this does not appear to be a “live” document, and this too
should be rectified.
1

Canadian Dam Association (2007). “Dam Safety Guidelines”.

AMEC File: VM00597B
A418 DSR report_DRAFT_November 2012.docx

Page 1

Diavik Diamond Mines Inc.
Diavik A418 Dyke – Dam Safety Review – DRAFT Report
Lac de Gras, Northwest Territories
November 2012

3. TARP: The most recent revision of this document is Rev. 0, issued October 2009. This
document should be updated, considering any organization and contact information
changes, and any changes that may be appropriate now that open pit mining of the A154
and A418 open pits is complete, and both mines are now strictly underground operations.
4. Dike-pit interaction: with the dike being offset a nominal 100 m; the dike stability is largely
predicated on stable open pit slopes. The dike and pit are, appropriately, viewed by DDMI
as two components of a single system. DDMI should consider means by which open pit
slope monitoring could be better integrated into monitoring and evaluation of the A418 dike,
most likely within the TARP. For example, with the A418 pit now in its final configuration,
anomalous pit slope movements in a given area might trigger a prompt review of dike
movements in that same area, or vice versa. Similarly, anomalous behaviour in pit slope
piezometers might trigger an evaluation of dike piezometers/thermistors in that area, or vice
versa.
5. Seepage monitoring: DDMI should consider potential means of restoring real-time,
alarmed seepage monitoring capability for DPS-6, which currently is operated manually.
Should this not prove possible, the procedures by which the station is monitored and
operated manually, and the procedures by which seepage inflow rates are estimated, should
be formalized and incorporated into the OMS manual.
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1.0 A418 DIKE BACKGROUND
The A418 dike is a water-retaining structure that encompasses the A418 open pit at the Diavik
Diamond Mine, located on an island in Lac de Gras, NWT. An aerial view of the A418 dike
(as of summer 2008) is shown in Figure 1.1. Construction of the A418 dike was completed in
2006, and Figure 1.1 shows the A418 pit at an early stage of its excavation. Both the A154 and
A418 open pits are now complete, and both ore bodies are now being mined by underground
methods. The A418 dike has a crest length of about 1.2 km, and extends from its south
abutment, on East Island (white arrow on Figure 1.1), to its north abutment, where it ties into the
A154 dike on a peninsula (yellow arrow on Figure 1.1). The A418 dike was constructed in the
wet largely within the waters of Lac de Gras. Upon completion of the dike, the enclosed pool
was pumped out, exposing the lakebed and allowing development of the A418 open pit to
proceed. Although open pit mining of the A418 kimberlite pipe ceased in 2012, the A418 dike
continues to be required given ongoing underground mining of the A418 and A154 pipes.
Figure 1.1:

Aerial View of A154 and A418 Dikes

A418

A154

The A418 dike was designed by Nishi-Khon/SNC-Lavalin (NKSL, 2004). The investigations and
design process, initiated several years previously, were conducted with the benefit of third party
review provided by the Dike Review Board (DRB) struck by Diavik for the project, an approach
consistent with the state of practice for major dam projects. The A418 dike design and
construction was largely identical to that for the preceding A154 dike, therefore following well
established and successful precedent.
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The dike was constructed in 2005 and 2006, under a comprehensive quality assurance/quality
control (QA/QC) program overseen by the designer, NKSL. The DRB remained involved
throughout the construction of the dike, making regular site visits during that time. The dike was
completed in the summer of 2006, and the impounded pool was dewatered from September 4,
2006 to October 1, 2006. Upon completion of the dewatering, pre-stripping and A418 open pit
operations commenced. The A418 pit has progressively expanded and deepened ever since,
with open pit mining ceasing in the latter half of 2012, with the final pit floor at El. 180 m, about
235 m below the level of Lac de Gras.
The alignment of the dike is as follows:
•

From starting station 0+000 at the A154/North leg tie-in; the alignment is essentially a
tangent for 400 meters until it crosses Island C.

•

The alignment then continues along a 600-meter arc until it meets the southwest abutment
on East Island.

•

The dike continues as a freeboard segment onto East Island for another 200 m until it meets
the A418 south access road.

The total length of the A418 dike is therefore about 1.2 km (see as-built plan drawing in
Appendix A). The alignment was chosen to meet the 100-meter minimum setback requirement
for open pit mining of the A418 kimberlite pipe.
The design of the A154 dike is described in detail within the NKSL (2004) design report, so only
an abbreviated description is provided herein. The design elements, illustrated in simplified
section in Figure 1.2, include:
•

•

Foundation preparation comprising:
o

Stripping of ice-rich soils below the on-land portion of the dike.

o

Dredging of soft lakebed sediments (within the deeper water portions of the dike
alignment where such sediments are thick enough to justify removal).

o

Removal of boulders along the cutoff alignment and below the filter blanket area.

A zoned rockfill embankment constructed to enclose the A154 kimberlite pipe, that included
include:
o

Upstream and downstream shells of mine-run (900-mm minus) and 200-mm minus
crushed mine rock, respectively.

o

A central core of crushed 56-mm minus rock, vibro-densified so that the core fill could
accommodate a slurry-supported excavation for the plastic concrete diaphragm cutoff.

o

A filter blanket, placed via clamshell, below the downstream shell of the dike to provide
protection against seepage-induced internal erosion of the lakebed till due to seepage
through and below the dike.
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•

•

Installation of the cutoff wall element (seepage barrier) of the dike, comprising:
o

Plastic concrete diaphragm wall through the dike core fill and extending as far into the
lakebed tills as slurry trench considerations allowed.

o

Jet grouting extending from the lower portion of the plastic concrete diaphragm, through
the lakebed till not penetrated by the plastic concrete diaphragm, and 1.5 m into
bedrock.

o

A single row grout curtain into bedrock.

Abutment and on-land details, at the two abutments on the main island, and abutments of
small islands encompassed by the dike alignment, comprising:
o

Thermosyphon banks at the talik-permafrost contacts to extend permafrost and cool
marginal permafrost to effectively key the cutoff wall into frozen ground.

o

Cutoff trenches and freeboard dike on land.
Figure 1.2:

Simplified Design Section: A418 Dike

Figure 1.2 does not include the downstream toe berm and seepage collection system, which
was constructed in the dry subsequent to pool dewatering. The long term water management
system along the toe of the A418 dike consists of toe drains, a single pump station (DPS-6), and
associated pipelines. It collects and discharges water collected from two different sources:
•

Seepage through the dike and foundation soils, which is collected by the toe drain and in
turns drained to the pumping station; and

•

Surface water runoff to the pumping stations from the drainage area confined between the
dike and the mine pit perimeter.
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The construction sequence for the dike was generally as outlined below.
1. Crushing and processing of rockfill and filter materials for the various zones (throughout the
construction).
2. Installation of turbidity curtain to protect Lac de Gras water quality during embankment
construction (as soon as the lake is ice free).
3. Removal of lakebed sediments (in deeper water areas) by cutter suction dredging and
boulders removal via land and marine based operations as required.

Figure 1.3:

Dredging Phase of Dike Construction

Schematic representation of dredging set up.

Dredge in operation.

4. Placement “in the wet” of filter blanket (Zone 1A). Placement was carried out using a barge
mounted crane equipped with a clamshell or a skip.
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Figure 1.4:

Filter Blanket Placement

Schematic of filter blanket placement juxtaposed upon dike design
section.

Filter blanket placement via crane
and clamshell.

Marine filter blanket placement
operation.

5. Fill placement “in the wet”, carried out by advancing the central Zone 1 (0-56 mm) ahead of
the downstream shell (Zone 2, 200-mm minus crushed rock) and upstream shell (Zone 3,
900 mm minus crushed rock), with the sequence of placement such that the zone contact
slopes were roughly as indicated on Figure 1.2.
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Figure 1.5:

Dike Embankment Advancement

Schematic of rockfill advancement into the lake.

Embankment advancement (nearing closure of the
A418 dike). Zone 3 to left, Zone 1 to center, Zone
2 to right.

Rockfill being pushed into the lake. To left is Zone
1, to right is Zone 3.

Embankment advancement.

6. Foundation preparation on the abutment sections.
7. Densification of the Zone 1 core by vibro-densification.
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Figure 1.6:

Vibro-Densification of Dike Core Fill

Schematic of vibro-densification of dike core fill.

Vibro-densification.

8. Raising of the fill “in the dry” to platform El. 419 m, and placement of the formed concrete
guidewalls for the diaphragm wall construction.
9. Construction of the plastic concrete diaphragm wall (in overlapping panel sections) in a
bentonite-slurry supported trench.
Figure 1.7:

Plastic Concrete Cutoff Wall Excavation

Schematic section of cutoff wall excavation.

Cutoff wall excavation in progress.

Hydrofraise cutter teeth.

Hydrofraise cutter.

10. Construction of the jet grouted component of the cutoff (drilling through the plastic concrete
diaphragm) in overlapping columns, keying into the base of the plastic concrete diaphragm
wall, and extending about 1.5 m into bedrock.
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Figure 1.8:

Jet Grouting

Schematic section of jet grouting operation.

Jet grout rig.

Jet grouting rig working inside winterized shelter.

Batching grout.

11. Curtain grouting into bedrock, drilling through the plastic concrete diaphragm and the jet
grout columns.
Figure 1.9:

Bedrock Curtain Grouting

Schematic section of bedrock curtain grouting.

Curtain grouting rig (foreground). Winterized
shelter for jet grouting in the background.

12. Installation and activation of the thermosyphon banks at the main dike abutments and on the
small islands along the dike alignment.
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Figure 1.10: Thermosyphon Banks Installation (A418 Dike)

13. Completion of the dike embankment by raising the crest to final El. 421 m.
14. Installation of relief wells in selected locations.
15. Installation of the dike instrumentation from dike crest to allow for monitoring of dike and
foundation pore pressures during pool dewatering.
16. Dewatering of the impounded A418 pool by initially pumping directly to Lac de Gras, and
afterwards to on-land ponds for settling and water treatment prior to discharge to Lac de
Gras.
Figure 1.11: Initial Dewatering

Initial dewatering – direct discharge to Lac de Gras
when water quality requirements satisfied.

Floating pump barges used for initial dewatering.

17. Construction of the toe drainage trench and toe berm along the downstream of the dike as
exposed following initial A418 pool dewatering.
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Figure 1.12

Toe berm and water handling system

A418 downstream berm construction

DPS station on crest of toe berm (DPS6, A418)

Typical design section – toe berm and toe drain

Typical dike section showing position of DPS station within
toe berm.

18. Installation of instrumentation accessed from the toe berm.
19. Installation of the long term water handling system, including the single2 seepage pumping
station (designated DPS-6), piping and heat tracing, power and instrumentation.
By essentially all measures, the monitored performance of the A418 dike has met or exceeded
design expectations.

2

Stations DPS-1 through DPS-5 were constructed within the in-field area of the A154 dike.
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2.0 DOCUMENTATION REVIEWED
Project documentation reviewed under the scope of this DSR for the A418 dike is as listed in
Table 2.1.
Table 2.1:

Reviewed Documentation
Author

Date

Detailed Design of Dike A418- Final Design Report
Vol. 1: text
Vol. 2: drawings

Title

NKSL

November
2004

Detailed Design of Dike A418- Technical Specifications

NKSL

November
2004

Diavik Diamond Mines Water Retention Dikes – A418 Water Retention
Dike- As-Built Report

NKSL

March 2007

Diavik Diamond Mine’s A154 and A418 Dike OMS Manual – Volume I:
The Emergency Response Plan, Rev. 1

DDMI

October 2009

Diavik Diamond Mine’s A418 Dike OMS Manual – Volume II, Rev. A

DDMI

July 2008

Diavik Diamond Mines Water Retention Dikes – A418 Dike, Annual
Inspection and Performance Evaluation (2010)

NKSL

August 2010

Diavik Diamond Mines Water Retention Dikes – A418 Dike, Annual
Inspection and Performance Evaluation (2011)

NKSL

August 2011

Diavik Diamond Mines Inc. – A154 Dike, Periodic Review of Geotechnical
Monitoring Data

NKSL

January 2004

Diavik Diamond Mines Water Retention Dikes – A418 Water Retention
Dike, Diavik Geotechnical Review Board Meeting
(compendium of instrumentation monitoring data)

NKSL

April 9-12,
2007

Report #4 – Diavik Geotechnical Review Board Meeting, June 26 to 30,
2006

DGRB

October 2006

Report #6 – Diavik Geotechnical Review Board Meeting, Dec. 11 to 14,
2006

DGRB

March 2007

Report #10 – Diavik Geotechnical Review Board Meeting, Oct. 10 to 12,
2007

DGRB

November
2007

Report #13- Diavik Geotechnical Review Board meeting, June 16-19,
2009

DGRB

October 20,
2009

Report #16- Diavik Geotechnical Review Board meeting, June 26-29,
2011

DGRB

February 9,
2012

Diavik Geotechnical Review Board: A154 and A418 Dikes, Information
Package

DDMI
Geotech

June 2008

Diavik Diamond Mines Inc. Geotechnical Review Board: A154 and A418
Dikes Update

DDMI
Geotech

June 2011

Weekly Inspection Reports (random reports reviewed)

DDMI
Geotech

2010 to 2012
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3.0 PROJECT ORGANIZATION
For any significant dam project, particularly one with a “Very High” consequence classification
and of the scope and complexity of the A418 dike, a sound organizational structure, staffed by
knowledgeable and motivated personnel, is essential. The organization and
responsibility/authority matrix as given in the OMS manual for the A418 dike is as given below in
Table 3.1. Comments pertaining to Table 3.1 are as follows:
•

In general, the various tasks listed under the “responsibility” column are indicative of the
recognition of the requirements for, and the implementation of, an appropriate level of dam
safety stewardship for the A418 dike.

•

In recent years, subsequent to the most recent version (July 2008) of the OMS manual,
there have been organizational and personnel changes at DDMI, some of which pertain
directly to positions listed in Table 3.1. There may be further changes associated with the
transition to a wholly underground mining operation. Accordingly, the responsibility and
authority matrix requires review and updating, as part of an update of the OMS manual, to
ensure that essential functions are not being omitted, and that positions to which additional
responsibilities have been delegated have the time and resources appropriate to discharge
those additional responsibilities.

•

The Engineer of Record is noted as being responsible for dam safety reviews (DSR’s). This
is incorrect. The Engineer of Record undertakes annual dam safety inspections (DSI’s),
which document an inspection of the A418 dike and a review of performance data over the
preceding year. A DSR is to be conducted by a qualified third party engineer. This report
represents the first DSR for the A418 dike.
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Table 3.1
Position

VP Operations

Manager Technical Services

Senior Earthworks Specialist

Lead Geotechnician

Geotechnical Personnel

Manager Sustainable
Development

Role
Oversee all mining related
operations
Oversee environmental and
geotechnical activities.

A418 Dike Organizational Structure
Responsibility

Ensure that proper planning is carried out and that required resources are
made available.

Authority
Oversee and provide input in all matters arising in the operation and management of
the mine and the A418 Dike.
Oversee and provide input in all environmental and geotechnical matters
Issue Pit Evacuation notice

Oversee geotechnical activities.

Ensure that proper planning is carried out and that required resources are
made available.

Oversee and provide input in all geotechnical matters.
Coordinate all A418 strategic and Long-Term matters.
Supervise Geotechnical Personnel.
Provide senior support to Senior Earthworks Specialist.
Hire consultants.
Issue manpower requests and equipment purchase requisitions for specialized
personnel and equipment.
Hire specialized equipment.
Approve geotechnical monitoring protocols in coordination with the DDMI Senior
Earthworks Specialist.
Issue Pit Evacuation notice

Overall A418 Dike management

Coordinate all A418 Dike management related activities.
Coordinate ongoing work with consultants.
Coordinate contacts with Shareholder Representatives, Technical Review
Board (DGRB), etc.
Coordinate responses to DGRB and External Reviewers.
Coordinate with Environmental Manager on environmental issues.
Ensure Mining Association of Canada (MAC) & CDA compliance.
Champion of A418 Dike OMS Manual.
Review system water balance with Water Management Coordinator.
Review periodic and annual dike monitoring reports.
Carry out second level data interpretation and make referrals as necessary to
the dike designer or the DGRB

Communicate directly with A418 Dike team members.
Coordinate all department operations relating to A418 Dike.
Communicate with management about A418 Dike issues.
Direct involvement with all A418 Dike related decisions.
Authorize emergency work in the event of non-compliance or emergency operational
requirement if senior personnel (VP Operations and Manager Technical Services) are
not available.
Request maintenance works from site services

Geotechnical oversight of the
Dike.
Control and make
recommendations for
instrumentation and
communication needs.

Coordinate and manage Geotechnical Personnel.
Co-ordinate A418 Dike instrumentation data collection, processing and
reporting and, report any anomalous results to the Senior Earthworks
Specialist.
Ensure monitoring is carried out in accordance with approved protocols and
frequency.
Assessment of future monitoring requirements.
Purchase of specialized monitoring equipment.
Review of monitoring data.

Field monitoring.

Carry out monitoring of geotechnical instrumentation in accordance with
approved protocols and frequency.

Request maintenance works from site services

Environmental compliance
oversight

Senior A418 Dike environmental oversight.
Be DDMI´s contact for governmental oversight of A418 Dike.
Report environmental issues to Senior Earthworks Specialist.
Review government permits and recommend monitoring for compliance.

Supervise Environmental and Water Management Personnel.
Hire consultants in coordination with Senior Earthworks Specialist and Environmental
Coordinator.
Approve water sampling collection protocols in coordination with the Senior
Earthworks Specialist.

Supervise and coordinate Geotechnical Personnel.
Define and revise monitoring requirements.
Coordinate with Senior Earthworks Specialist.
Request maintenance works from site services
Recommend systematic changes to monitoring regime.
Recommend instrumentation purchases & upgrades
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Position

Role

Responsibility

Authority

Environment Coordinator

Oversee environmental data
collection & processing

Oversee A418 Dike water sampling & testing in accordance with approved
protocols.
Validate laboratory test results.
Process laboratory data and prepare summary reports.
Interpret environmental (facility water quality) data in coordination with Senior
Earthworks Specialist.
Monitor compliance with water quality and volume from the impoundment,
and report non-compliance events or trends to the Senior Earthworks
Specialist and the Environmental Manager.

Environmental Personnel

Collect environmental compliance
samples

Collect water quality samples in accordance with approved protocols and
frequency.

N/A

Water Resources Specialist

Oversee water management and
resources planning, including
development & data processing

Ensure conformance with water management plans and requirements.

N/A

Water Management Coordinator

Develop and coordinate water
management & seepage
infrastructure

Develop and run water balance
Model daily A418 Dike water volumes and define pump schedules.

N/A

Manager Site Services

Manage DPS operation and
power requirements.

Site Services Superintendent

Overall dewatering system
operation

Maintain & operate DPS systems.
Carry-out approved operational plans.
Report operational issues to Senior Earthworks Specialist.
Ensure all systems are properly maintained.

Supervise Operations Personnel.
Report operational issues to Senior Earthworks Specialist.

Site Services Operations
Personnel

Field Operation of the dewatering
system and road upkeep (incl.
snow removal).

Provide A418 Dike and DPS mechanical and electrical repairs & preventative
maintenance services.
Define maintenance intervals for all mechanical and electrical installations.
Dewatering of any localized pools.

Supervise mechanical and electrical maintenance personnel.
Define maintenance requirements.

Mine Manager

Manage Open Pit operation.

Ensures that mine equipment and material is made available for A418 Dike
repairs as needed.
Manage Mine Personnel.
Report operational issues to Senior Earthworks Specialist

Supervise Mine Personnel.
Issue manpower requests and equipment purchase requisitions for specialized
personnel and equipment.
Issue Pit Evacuation notice

Pit Superintendent

Operational oversight of pit
activities.

Coordinate with Mine Operations Supervisor mine material and equipment
requirements.
Coordinate with Senior Earthworks Specialist & Mine Manager
Provide personnel and equipment needs.

Supervise Mine Personnel.
Schedule A418 Dike support requirements.
Issue Pit Evacuation notice

Engineer of Record

Dam Safety Review

Conduct a Dam Safety Review at intervals consistent with the Very High
consequence class- type A418 Dike

Reporting to Owner and WLB

Ensure resources are available to allow for continuous seepage collection
and transfer to the treatment plant.

Supervise environmental field personnel.
Indicate water quality sampling locations, sample collection protocols and analytical
parameters in coordination with the Environmental Manager.

N/A
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4.0 DESIGN AND CONSTRUCTION DOCUMENTATION
The design report for the A418 dike provides a fully comprehensive documentation of the site
investigations and the design. Geotechnical and hydrogeological site investigations, design
criteria, design analyses, design and technical specifications, and construction QA/QC
requirements are clearly spelled out, and meet or exceed state of practice.
Site
hydrometeorology and seismicity were well characterized and no updating is required.
The construction of the dike was subjected to an intensive quality control/quality assurance
(QA/QC) program, overseen by the dike’s designers, NKSL. The as-built report listed in
Table 2.1 provides a general overview of the construction. The full documentation of the
QA/QC includes dozens of binders of information, archived on site. Cursory review of this
information confirms the very high standard to which the construction, and the QA/QC of that
construction, was carried out. For example, for each jet grout column, there are several pages
of data within the construction records. The same holds true for the batching of the plastic
concrete, the construction of each individual plastic concrete panel, the drilling for the curtain
grouting and jet grouting holes, and so forth. An obvious focus of the QA/QC program was to
maintain the integrity and continuity of the constructed three-phase cutoff (plastic concrete
diaphragm + jet grout + curtain grout). The monitored performance of the dike (see Section 5.0)
is a testament to the effectiveness of the QA/QC program in confirming that design intent was
achieved in the construction.
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5.0 SURVEILLANCE & GENERAL TRENDS IN DIKE PERFORMANCE
5.1

Visual Dike Surveillance

DDMI’s surveillance technician(s) visit the dike once each day, and prepare daily reports
incorporating visual observations, pit blasting, construction/maintenance activities, unusual
observations, and notes on instrumentation readings. During the winter months, the utility of
such inspections is somewhat limited due to snow cover. During the summer months,
comprehensive weekly inspections are carried out by the technicians, making particular note of
seepage conditions along the downstream dike toe, and drainage conditions within the infield
(area between dike toe and A418 pit rim). The weekly inspections are documented on
standardized forms. These forms facilitate inspection of features of note (e.g. concentrated
areas of seepage) by other technicians. These reports are filed in binders in the geotechnical
department area, and were reviewed at random as part of this DSR.
On an annual basis, a representative of NKSL visits the site, typically in August, for a
comprehensive inspection of the dike. These inspections are documented in NKSL’s annual
inspection reports, which include a comprehensive review of the dike instrumentation. These
visits/reviews and the reports that document them are comprehensive and are invaluable in
maintaining regular designer involvement with the project and the changes in the dike
surveillance data over time. DDMI geotechnical personnel have a clear understanding of the
instrumentation and surveillance system, and the significance of individual readings, and trends,
for the various instruments. But having the Engineer of Record provide regular independent
review and interpretation of the data is invaluable and best practice. Such inspections (and
follow up reports) by the Engineer of Record should continue on an annual basis.
DDMI geotechnical personnel monitor, plot, and interpret the instrumentation basis on a
continuous basis, which is good practice. Documentation of the surveillance (data and
interpretation of that data) of the A154 dike is primarily in the annual review reports compiled by
NKSL, who typically visit the site in August for the inspection. Surveillance data is also
compiled into packages provided for the DGRB meetings. The presentation of the data in the
form of standardized plots against time facilitate interpretation of the data. In some cases
threshold/alert levels are added to the plots.
The scope of surveillance, and the manner in which it is interpreted and documented, meets the
highest standards. The level of effort being applied should be maintained despite the open pit
mining of the A418 pipe now being complete. The potential for complacency to set in as a result
of the good performance of the dike to date must be recognized, and systems put in place to
prevent this from happening. An updated OMS manual, and TARP, is an appropriate means of
formalizing this.
5.2

Instrumentation Scope and Status

The A418 dike is instrumented with piezometers (mostly of the vibrating wire variety), thermistor
strings, inclinometers, relief wells, and survey monuments. The water handling system
connecting the DPS stations is also instrumented for measurement of flows, with built-in alarms.
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The instrumentation network for the A418 dike, like that for the A154 dike, has been remarkably
robust, given the severe climate at the site, and instrument mortality has been very low.
Instrumentation of the A418 dike is listed in Appendix F and is summarized in Table 5.1.
Table 5.1:

Summary of A418 Dike Instrumentation

Instrument Type

Thermistor string

Vibrating wire piezometers

Relief wells
Inclinometers

Survey monuments

Location

Number of
Instruments

North abutment thermosyphon bank

10

Island C north thermosyphon bank

10

Island C south thermosyphon bank

10

South abutment thermosyphon bank

10

Within dike and foundation, not
thermosyphon banks

12

Crest – downstream side

44

Crest – upstream side

15

Toe berm piezometers

26

Downstream crest

16

Toe berm

8

Cutoff wall

6

Toe berm

1

Crest – downstream side

35

Crest – upstream side

36

Toe berm

27

Bench marks

6

Portable seismographs

(as required during pit blasting)

3

Flowmeter

DPS-6 (non-functional)

1

The extent of the instrumentation is adequate; there are no deficiencies in terms of the
surveillance network for the dike. This should be reviewed on an annual basis as part of the
inspection and review reports by the designer.
5.3
5.3.1

Performance Trends
Piezometric Monitoring

Piezometer sections showing the positions of the piezometers relative to the dike and the
foundation stratigraphy, and piezometric levels as of mid 2012, are provided in Appendix B.
Piezometer time-history plots, extending from the beginning of initial pool dewatering, to mid
2012, are provided in Appendix C. Piezometer data is recorded and transmitted via radio
modem with the Automatic Data Acquisition System (ADAS) and is thus available in real time.
Monitoring of the piezometers within and below the dike indicate the trends outlined in
Table 5.2, and summarized as follows:
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•

Piezometers near the north abutment, where the A418 dike ties into the A154 dike, are in
many instances dry, suggestive of the groundwater sink effect associated with the A154 pit.

•

Vertical hydraulic gradients downstream of the cutoff are generally downward from the north
abutment to Sta. 0+650 m. From Sta. 0+650 to near the south abutment at Sta. 9+35 m,
hydraulic gradients are upward from the bedrock to the lakebed till. From about Sta. 0+700
m south, which comprises the highest portion of the A418 dike, bedrock pore pressures are
artesian relative to original lakebed surface. Bedrock pressures between about 0+700 m
and 0+800 m would suggest that relief wells in that stretch of the dike, whether situated on
the dike crest or the toe berm, would be flowing.
Table 5.2:

Dike
Station (m)

Summary of Piezometric Trends

Hydraulic Gradients

Temporal Trends

0+110

Downward from till to bedrock. Piezometric level in till
at approximately original lakebed level.

0+125

Nested till and bedrock piezometers appear to be dry,
and frozen.

0+130

Downward from till to bedrock. Piezometric level in till
at approximately original lakebed elevation.

0+400

Two pairs of nested till and bedrock piezometers – all
read dry.

Essentially no change since late 2007.

0+450

Two pairs of nested till and bedrock piezometers – all
read dry.

Essentially no change since mid 2010.

0+500

Two pairs of nested till and bedrock piezometers – all
but one bedrock piezometer read dry.

Till piezometers dry since March 2010.
Bedrock piezometers dry since late 2011.

0+550

Downward gradients on upstream and downstream
sides of cutoff. Two of the till piezometers downstream
read dry. Thermistor string at inside edge of toe berm
crest indicates downward water flow.

Steady to gradual declines since mid
2011.

0+600

Downward gradient from till to bedrock below
downstream crest of the dike, and slight upward
gradient at the toe of the toe berm. Piezometric heads
in till below original lakebed level

Generally steady since mid 2011 but till
piezometer show some seasonal freshet
response.

0+650

Slightly downward to near hydrostatic.

Steady to gradual declines since mid
2011.

0+700

Slightly upward gradient from bedrock to lakebed till.
Bedrock pressure artesian relative to lakebed surface.

Steady to gradual declines.

0+750

Upstream piezometer nest indicates strong downward
gradients. Two piezometer nests downstream of cutoff
indicate upward gradients, with bedrock pressures
slightly artesian relative to lakebed surface.

Steady to gradual declines but till
piezometers appear to indicate a transient
response (increase) to freshet.

0+800

Upward gradients from bedrock to till. Bedrock
pressures artesian relative to lakebed surface.

Muted response to fluctuations in pond
level at DPS-6.

0+835

Upward gradient from bedrock to till in piezometer nest
at toe of toe berm, with bedrock pressure artesian
relative to lakebed surface. Thermistor string at inside
edge of toe berm crest indicates upwelling of seepage.

Muted response to fluctuations in pond
level at DPS-6.

0+845

Single dry piezometer near base of dike core fill
downstream of cutoff wall.

Steady with no response to fluctuations in
pond level at DPS-6.
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Dike
Station (m)

Hydraulic Gradients

Temporal Trends

0+850

Slight upward gradient from bedrock to lakebed till, with
pressures more or less equal to lakebed elevation.

Significant response to fluctuations in
pond level at DPS-6.

0+900

Downward gradient in piezometer nest upstream of
cutoff. Upward gradients in two piezometer nests
downstream of cutoff, with higher upward gradient in
the nest closer to the cutoff wall. Deep bedrock
pressures significantly artesian relative to lakebed
elevation.

Downstream piezometers exhibit muted to
significant response to fluctuations in pond
level at DPS-6.

0+935

Downward gradient in piezometer nest upstream of
cutoff, and more or less hydrostatic conditions in nest
downstream of the cutoff.

Muted response to fluctuations in pond
level at DPS-6.

0+950

Downward gradient in single nest downstream of the
cutoff, with the till piezometer reading dry.

Muted response in bedrock piezometer to
fluctuations in pond level at DPS-6. Till
piezometer above indicates dry.

•

This observation in terms of upward vertical gradients in the southeast portion of the A418
dike is generally consistent with the presence of higher pit slope groundwater pressures in
that area of the pit, as per the piezometer sections provided in Appendix E. This would be
consistent with that portion of the pit comprising a zone of relatively enhanced hydraulic
conductivity.

•

A number of the piezometers in the general vicinity of DPS-6 indicate muted to significant
response to fluctuations of the pond level adjacent to that pump station.

It was noted in the initial years of operation of the dike that during pit blasting that there was a
pronounced pore pressure response in a number of the lakebed till piezometers underlying the
dike. In many instances elevated pore pressures would persist for some time following the
blast. This monitored response caused considerable interest. However, with open pit mining of
the A418 and A154 pipes now completed, blast-induced pore pressures is eliminated as an
issue.
The piezometer data does not indicate any issues of significant concern. Continued upward
gradients in the deep section of the A418 pit is a different behaviour than was noted for the
A154 dike, but the filter blanket and relief well system is in place as a defense against potential
internal erosion. The pore pressures in the till are lower than was the case at the end of pool
dewatering, and so do not represent a concern in terms of dike stability. The OMS manual
indicates the following in terms of piezometer alert levels:
For long term monitoring, the piezometer alert levels will be determined based on a review
of the historic trends following dewatering. The accepted increases of piezometric pressure
from historic trends will be 0.5m to allow for seasonal variations (spring freshet influence)
and atmospheric pressure changes. Additionally in the case of piezometer units where
some dynamic pressure from blasting is anticipated the accepted increase will be 1 m
before any alert is signalled.
Piezometer alert levels should be reviewed by the Engineer of Record on an annual basis as
part of the annual dike inspection and performance review.
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5.3.2

Seepage

Because dike seepage (reporting to the seepage handling system) was considerably lower than
assumed in design from the very outset, for both the A154 and A418 dikes, and given issues
with the seepage collection system (such as freezing of pipelines), there is a greater reliance on
manual operation of DPS-6, and a greater reliance on visual inspection to detect the onset of
anomalous seepage conditions, than was perhaps originally intended. The connection to the
Delta-V monitoring system is not functional, preventing the use of that system to track inflows
and trigger alarm thresholds to alert DDMI geotechnical personnel to significant changes. The
manual operation and pump cycles, which induces significant pond level fluctuations, clearly
affects piezometric heads in that general area of the dike, which has the disadvantage of
potentially making any anomalous seepage conditions more difficult to quickly identify.
With the drawdown effect of the open pit, it must be recognized that any increase in seepage to
the seepage collection system takes on somewhat increased significance. For example, an
increase in seepage rates by, say, 2 litres/sec, relative to current “baseline” conditions,
occurring now could represent a greater concern than would have been the case in the initial
months following pool dewatering, or during sinking of the A418 pit, as such an increase would
now more likely be the result of an incipient defect within the cutoff wall, or possibly dilation of
grouted bedrock. Expressed another way, while the likelihood of increased base seepage rates
decreases with time, due to the drawdown effect of the open pit, and due to a likely deceleration
in pit wall dilation owing to the completion of the A418 pit, the potential consequences of such
an increase could be more serious.
These issues, and the continued importance of seepage monitoring, are well recognized by the
Diavik technicians, whose seepage monitoring capabilities are significantly impaired by the fact
that the real-time, alarmed graphic monitoring of the DPS-6 seepage is effectively inoperative.
Given the obvious limitations of visual monitoring, particularly in the winter months, DDMI
should explore means establishing the real-time, alarmed monitoring capability that was the
original design intent. This is of particular significance for DPS-6 because the piezometers in
that portion of the dike, as discussed in Section 5.3.1, indicate generally upward gradients in the
foundation piezometers, despite the drawdown influence of the open pit. Should this not be
possible, then the fallback position would be semi-quantitative evaluations of changes in
seepage rate via tracking of pumping cycle times and rates. Either way, the OMS manual and
the TARP should be reviewd and updated as necessary to reflect the current means of
quantifying seepage rates and potential changes in seepage rates for DPS-6.
Apart from the seepage reporting to DPS-6, visual monitoring of seepage along the remainder
of the dike alignment does not identify any areas of visible seepage. Such was the case during
the dike inspection undertaken in support of this DSR on July 17, 2012.
5.3.3

Dike Deformations

Dike deformations are monitored on the basis of inclinometers and survey markers.
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Inclinometers
Inclinometer data is provided in Appendix F, and indicates the following:
•

The most pronounced deflection within the inclinometers (within the cutoff wall) occurred
during pool dewatering, as expected, with the cutoff wall tilting towards the downstream.
However, the deflections measured (and thus the strains imposed on the cutoff wall) were
less than assumed in the design analyses, an observation consistent with the A154 dike
experience.

•

Following initial dewatering, there has been some continuation of downstream tilting, though
some inclinometers indicate some rotation of the cutoff wall back to the upstream direction.

•

The inclinometer movements monitored are well within acceptable levels.

Survey Monuments
Survey monuments on the upstream and downstream sides of the crest of the dike, and on the
toe berm, are monitored on a regular basis for both horizontal and vertical movements. Data
plots are provided in Appendix D, and indicate the following:
•

Movements have been well within acceptable levels.

•

Total horizontal deformations correlate to the height of the dike, as expected given that most
of the deformations occurred during the initial pool dewatering as the cutoff wall tilted
inwards, with the amount of tilting a function of the height of the cutoff wall above lakebed.

•

Vertical deformations are slightly upward at the abutments and along Island C, indicative of
heave due to permafrost aggradation.

•

Subsequent to completion of initial pool dewatering, deformations have been minimal, and in
general as follows:
o

Max lateral deformation ~ 8mm per year (upstream), ~ 5mm per year (downstream).

o

Max Vertical deformation ~ 5mm per year (upstream), ~ 2mm per year (downstream).

With mining of the A418 open pit now complete, it is likely that some deceleration of ongoing
movements will be observed going forward.
•

The monuments indicate a spreading of the crest (relative movement of the upstream and
downstream monuments is divergent), with overall movement towards the open pit as would
be expected due to dilation in response to pit excavation and the direction of hydrostatic
thrust against the dike. The upstream crest movement could be the result of the steeper
upstream slope (increasing the likelihood of creep movement), erosion of the upstream dike
face (visible in a number of areas along the dike), or a combination of the two.
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5.3.4

Ground Temperatures

The design of the A418 dike relies upon maintenance of permafrost in abutment areas (where
no cutoff wall was installed, thus reliance on permafrost as the seepage barrier), and
overlapping of permafrost with the cutoff wall to avoid a window for seepage between the cutoff
wall and frozen ground. The thermosyphon banks installed at the dike abutments are intended
to achieve these requirements. To confirm that these conditions are achieved, and to monitor
changes in thermal conditions within the dike itself and its foundation, thermistor strings are
installed:
•

At the thermosyphon banks at the north and south abutments;

•

At the thermosyphon banks at the north and south ends of Island C (near the north
abutment);

•

Abutment areas beyond the thermosyphon banks; and

•

Various locations along the dike.

The locations of the thermistors are shown in plan view in Appendix A. Thermistor data plots for
select, representative thermistor strings are provided in Appendix G. Thermistor data is plotted
in terms of temperature vs. depth (for each string), and in terms of temperature vs. time (for
each depth).
The thermistor monitoring indicates no adverse temperature conditions. The temperature data
as trended to indicate that the thermosyphons need be run in active mode for only a brief period
each summer. This is done as a matter of course on an annual basis to ensure the functionality
of the units.
5.4

Dike Trigger Action Response Plan

A Trigger Action Response Plan (TARP) has been developed for both the A154 and A418 dikes,
with clearly sets out triggers and responses is in place and governs the responses to all of the
data collected using the above mentioned systems. The TARP is provided in Appendix I. The
TARP does not explicitly include pit monitoring triggers and thresholds as these relate to the
dike, which could be included within an updated OMS manual.
5.5

Dike-Pit Interaction

It is noted that the compilations of instrumentation data for the A418 dike have to date not
included monitoring data for the open pit walls. The dike and pit forming two components of a
single system, it is recommended that open pit monitoring be more clearly integrated into the
dike monitoring, particularly given that automated, high accuracy monitoring of movements of
the A418 open pit walls, via robotic survey, is in place. The A418 pit walls are monitored with
an extensive instrumentation network that includes:
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•

Vibrating Wire Piezometers (VWP) to monitor water pressures within the pit walls.

•

Time Domain Reflectometry (TDR) Cables to monitor rock mass deformation within the pit
walls.

•

Survey prisms installed on the pit bench crests to monitor pit wall movement.

•

A Slope Stability Radar system that monitors the movement in the pit wall.

•

Daily visual inspections

The comprehensive nature of the pit monitoring provides a solid basis for incorporating dike-pit
interaction issues within the OMS Manual and the ERP for the A154 dike. It is unknown to what
degree the pit slope monitoring regime will be modified now that open pit mining in A418 has
ceased. It is recommended that integration of pit monitoring data with dike monitoring data be
considered, and incorporated into an updated version of the TARP, the most recent version of
which is provided in Appendix I.
5.6

A418 Dike Surveillance Reporting Schedule

The A418 dike surveillance reporting schedule, as laid out in the OMS manual, is as given in
Table 5.3. The responsible parties and distribution/review should be reviewed and updated to
account for any organizational changes.
Table 5.3:
Report
Weekly A418
Dike Inspection
Report

Quarterly A418
Dike Inspection
Report

Annual A418
Dike Inspection
Report

Dam Safety
Review Report

Frequency

Every week

A418 Dike Surveillance Reporting Schedule
Responsible Party
Geotechnical
Personnel

Distribution/Review

Storage Location

Senior Earthworks
Specialist (review)

DDMI server:
P:\DDMIGeotechnical\2210
(Infrastructure
Management)\2210.50
(Inspections)

Q2, Q3, Q3

Senior Earthworks
Specialist

DDMI Technical
Services Manager
(review)

DDMI server:
P:\DDMIGeotechnical\2225
(Reporting)\2225.10
Geotech Reports\2225-01020 Monthly Reports\Senior
Earthworks Specialist
MONTHLY Reports

Every year

Requested by:
Senior Earthworks
Specialist
Completed by:
NKSL

Manager Technical
Services, Senior
Earthworks
Specialist, Wek’eezhii
Land and Water
Board, Mines
Inspector (distribute)

Site Records/TEC Geotechnical Engineering–
Reporting – Site Reviews –
Compliance Inspections
Classification 2225-030-40

Every 5-7
years

Requested by:
Senior Earthworks
Specialist
Completed by:
Independent
Engineer

Manager Technical
Services, Senior
Earthworks
Specialist, Wek’eezhii
Land and Water
Board, Mines
Inspector (distribute)

Site Records/TEC Geotechnical Engineering–
Reporting – Site Reviews –
Compliance Inspections
Classification 2225-030-40
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6.0 CONSEQUENCE CLASSIFICATION REVIEW
The CDA (2007) guidelines provide a system for rating dams in terms of the incremental
consequences of a potential failure. The CDA’s consequence classification system is given in
Table 6.1.
The design criteria adopted for the A418 dike were selected on the basis of a “Very High”
consequence rating for the structure, based on the consequence classification scheme within
the 1999 edition of the CDA guidelines. The design criteria adopted on that basis are given in
Table 6.2. Also provided in Table 6.2 are the review comments for this DSR on the
appropriateness of the consequence classification and the design criteria. In summary, the
consequence classification and the design criteria remain appropriate and no updates are
required. It is further noted that the design criteria adopted for the dike would suffice even
under an “Extreme” classification under the 2007 guidelines’ classification system.
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Table 6.1:

2007 CDA Dam Classification Guidelines
Incremental Losses

Dam Class

Population at
Risk
[note 1]

Loss of
Life
[note 2]

Environmental and
Cultural Values

Infrastructure and Economics

Low

None

0

Minimal short-term
loss
No long-term loss

Low economic losses; area
contains limited infrastructure or
services

Significant

Temporary only

Unspecified

No significant loss or
deterioration of fish or
wildlife habitat
Loss of marginal
habitat only
Restoration or
compensation in kind
highly possible

Losses to recreational facilities,
seasonal workplaces, and
infrequently used transportation
routes

High

Permanent

10 or fewer

Significant loss or
deterioration of
important fish or
wildlife habitat
Restoration or
compensation in kind
highly possible

High economic losses affecting
infrastructure, public
transportation, and commercial
facilities

Very High

Permanent

100 or
fewer

Significant loss or
deterioration of critical
fish or wildlife habitat
Restoration or
compensation in kind
possible but
impractical

Very high economic losses
affecting important infrastructure
or services (e.g. highway,
industrial facility, storage facilities
for dangerous substances)

Extreme

Permanent

More than
100

Major loss of critical
fish or wildlife habitat
Restoration or
compensation in kind
impossible

Extreme losses affecting critical
infrastructure or services (e.g.
hospital, major industrial complex,
major storage facilities for
dangerous substances)

Note 1. Definitions for population at risk:
None – There is no identifiable population at risk, so there is no possibility of loss of life other than
through unforeseeable misadventure.
Temporary – People are only temporarily in the dam-breach inundation zone (e.g. seasonal cottage
use, passing through on transportation routes, participating in recreational activities).
Permanent – The population at risk is ordinarily located in the dam-breach inundation zone (e.g. as
permanent residents); three consequence classes (high, very high, extreme) are proposed to allow for
more detailed estimates of potential loss of life (to assist in decision-making if the appropriate analysis
is carried out).
Note 2. Implications for loss of life:
Unspecified – The appropriate level of safety required at a dam where people are temporarily at risk
depends on the number of people, the exposure time, the nature of their activity, and other conditions.
A higher class could be appropriate, depending on the requirements. However, the design flood
requirement, for example, might not be higher if the temporary population is not likely to be present
during the flood season.
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Table 6.2:

Consequence Classification & Design Criteria

Parameter

Criterion

Comments

Consequence
classification (CDA,
2007)

Very High

Appropriate, no need for revision.

Design Earthquake

MDE = 1 in 10,000 (probabilistically
derived), yielding PGA = 0.023g.

Adequate, no need for revision.
Immaterial to design and
performance of the dike given low
regional seismicity.

Inflow Design Flood

Probable Maximum Flood (1 in 10,000
year lake level plus wind setup and
wave runup for 100 year return period

Adequate, no need for revision.

Offset dike toe to pit rim

100 m

Has proven adequate.

Limit equilibrium factor
of safety against
embankment failure

≥ 1.3 for short term, static loading
conditions
≥ 1.5 for steady state, static loading
conditions
> 1.1 for pseudo-static (steady state
plus seismic coefficient)

Adequate. Factor of safety steadily
increasing due to pore pressure
reduction due to open pit
groundwater sink.
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7.0 DIKE INSPECTION
The dike was inspected by Mr. T. Martin of AMEC on July 17, 2012, in the company of
Mr D. Guigon (Lead Geotechnical Technician) of DDMI. The inspection entailed walking along
the crest of berm the dike from the north abutment to the south abutment, and then returning to
the north abutment along the toe berm and toe of the dike. The weather was dry, with overcast
conditions and good visibility. Selected photographs taken during the inspection are appended
to this report.
Observations from the visual inspection of the dike were as follows:
•

Seepage along the dike toe is minimal. The only area where seepage is apparent is in the
vicinity of DPS-6, and there only by virtue of ongoing ponding of water and the piezometers
and relief well data. Elsewhere along the toe there were no areas of visible seepage. A
number of the appended photos show conditions along the toe of the toe berm.

•

There are two areas near the abutments where water appears to be ponded on a near
continuous basis. One of these is at the south abutment, at about Sta. 1+050 m. The other
is near the north abutment, at about Sta. 0+070 m. In both instances, the ponding appears
to be the result of runoff and very poor drainage, likely the result of frozen ground within the
access roads that bound the ponds to the downstream side. Moreover, in both these
general areas, piezometer data indicates downward seepage gradients (or dry
piezometers), consistent with the ponded areas representing trapped runoff and poor
drainage, rather than dike seepage.

•

The downstream slope and toe berm of the dike appear in good condition, with no visual
evidence of deformation (bulging, cracking, etc.).

•

On the dike crest, there is no indication of transverse or longitudinal cracking. There are no
obvious depressions that might be suggestive of crest sagging.

•

Inspection of the upstream dike slope yielded no visual indications of instability, although a
full inspection of the upstream slope, best carried out via boat, was not made. It is noted
that NKSL, during the annual dike inspection/review undertaken by the Engineer of Record,
undertake such boat inspections and have noted no concerns with erosion of the upstream
slope of the dike.

In summary, on the basis of the inspection the dike appears in good condition, consistent with
the instrumentation data and with previous inspections of the dike by DDMI and NKSL.
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8.0 OMS MANUAL AND EMERGENCY RESPONSE PLAN
An up-to-date OMS manual represents the state of practice for dam stewardship. The most
recent version of the OMS manual is the July 2008 document, prepared by NKSL, listed in
Table 2.1. Comments on this document are as follows:
•

The table of contents is complete, encapsulating the requisite information to be included in
an OMS manual for this facility.

•

The content of the manual is comprehensive, and is fully compliant with CDA (2007)
guidelines pertaining to OMS manuals.

•

The manual requires review and updating on an annual basis. In this regard, it is currently
well out of date, and particularly requires updating to account for organizational and
personnel changes.

The most recent version of the Emergency Response Plan is dated October 2009. The
contents of this document are comprehensive and meet the requirements of an emergency
response plan. However, the document requires updating, again particularly with regards to
organizational and personnel changes. This is of particular importance for the communications
directory. Moreover, there appears to be significant overlap with the TARP (provided in
Appendix I) for the dikes. Both documents should be reviewed for overlap and consistency. As
part of this review process, opportunities for integration of pit and dike monitoring should be
reviewed and incorporated into the TARP.
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9.0 COMPLIANCE WITH PREVIOUS REVIEWS
This is the first DSR undertaken for the A418 Dike. However, the design, construction, and
ongoing operation and surveillance receives the benefit of regular third party review via first the
5-member Dike Review Board (DRB) during the design and construction phase, and
subsequently the 3-member Diavik Geotechnical Review Board (DGRB) during ongoing
operations. The members of the DGRB were also members of the DRB and so, in terms of this
third party review, there remains a degree of continuity stretching back to the initial formulation
of the dike concept. This is of enormous benefit to the project, and such continuity should be
maintained.
The DRB met several times per year during the design and construction phases of the A154
and A418 dike projects, with the meetings often driven by design and construction milestones,
as appropriate. In recent years the DGRB typically meets twice per year, each time receiving
an update on the performance of the dike. The DGRB issues reports subsequent to each
meeting. Recommendations provided by the DGRB in terms of the A418 dike as documented in
these reports have been addressed by DDMI.
10.0 CONCLUSIONS AND RECOMMENDATIONS
Conclusions and recommendations drawn from this DSR are as follows.
1. The performance of the A418 dike has met design expectations. Stewardship of the A418
dike has similarly met or exceeded accepted state of practice, with the lone exceptions of
keeping the OMS manual and the ERP up to date, as discussed further below.
2. The “very high” consequence classification for the A418 dike remains appropriate.
3. The Maximum Design Earthquake (MDE) adopted for the design analyses of the A418 dike
as given in the 2004 design report remains appropriate. The seismicity of the region is in
any case so low as to preclude a significant influence of seismicity to design and
performance of the dike.
4. The combined Probable Maximum Flood, wind setup and wave runup values adopted for
the design of the A418 dike remain appropriate. No updating is required.
5. The design, construction, and construction QA/QC were carried out to a high standard. All
are very well documented. The documentation of the QA/QC in particular is comprehensive
and impressive, and commensurate with the complexity and challenges associated with the
construction.
6. The involvement of the DRB/DGRB has been, and continues to be, of enormous value, and
should continue through to decommissioning of the A418 Dike.
7. DDMI’s stewardship of the operation, maintenance, and surveillance of the A418 Dike is
carried out to high standards. The DDMI team assigned to these activities is highly
knowledgeable, experienced, and dedicated.
Due to inevitable organizational and
personnel changes over the mine life, however, it is prudent to have in place appropriate
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training systems. An updated, and live, OMS manual, ERP, and TARP represents an
important means to that end.
8. The OMS manual and the ERP are comprehensive documents, but require review and
updating. The TARP should also be reviewed and updated, and checked for consistency
and overlap with the ERP.
9. Pertinent documentation for the A418 Dike project is well-catalogued and readily accessible
on site, although only electronic copies of the OMS manual and the ERP could be readily
located. Hardcopies of these documents need to be available per the distribution list.
10. The instrumentation and monitoring system within the dike, and the management of that
system by DDMI in ongoing evaluation of the dike performance, is exemplary. Instrument
mortality has been very low. DDMI personnel have a high degree of familiarity with the
system and carry out prompt, knowledgeable interpretation of the data in-house, supported
by the dike designer as required, and the DGRB via periodic review presentations.
Similarly, a thorough monitoring program is in place for the A418 open pit which has a direct
bearing on the safety of the A418 dike.
11. Instrumentation data is promptly plotted and interpreted by DDMI geotechnical technicians.
Alert levels are established for the various instruments, and these should be reviewed and
updated annually per recommendations by the dike designer.
12. Due to the low rate of seepage, and the means of estimating seepage on the basis of the
DPS-6 pump flows, the means of seepage monitoring is somewhat ad hoc, with a high
reliance on visual observations and tracking of pump on and pump off times. These ad hoc
methods are appropriate given the non-functionality of the Delta-V system and associated
alarms, and should be formalized and incorporated into the OMS manual. However, the
inoperative state of the real-time, alarmed graphical monitoring of dike seepage is a
vulnerability and means of addressing this vulnerability need to be evaluated and
implemented if at all practical. It is important to avoid any onset of complacency with
regards to seepage monitoring, particularly given that, in the DPS-6 area, upward hydraulic
gradients persist downstream of the cutoff wall.
13. Instrumentation data indicates that the dike has performed, and continues to perform, in
accordance with design expectations.
a. In spite of persistent upward hydraulic gradients in the foundation of the southeastern
portion of the dike, seepage rates are low, and appropriate defenses (filter blanket, relief
wells) against potential internal erosion are in place.
b. Near the dike abutments piezometers are either dry or indicate downward seepage
gradients to the downstream side of the cutoff wall.
c. Dike deformations as measured by inclinometers and survey monuments have been
minor and well within predictions. Most of the deformation occurred during dewatering,
as expected. Movement since that time has been minimal and well within acceptable
limits.
d. Thermistor data indicates that frozen conditions in the abutment areas have been
achieved according to design expectations, and are being maintained.
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14. The next DSR is recommended to be carried out in 2017.
As a general comment, given that the A418 Dike has performed so well, in a number of respects
exceeding design expectations (e.g. seepage lower than design analyses suggested), and open
pit mining of the A418 pipe now complete, a sense of complacency must be guarded against.
Despite its successful performance, and the learnings from that performance, the A418 dike
(and the A154 dike) remains a largely unique engineering structure, and given the harsh climatic
conditions to which it is subjected, and the presence of a large lake to one side and an open
pit/underground mine on the other, no relaxation of vigilance can be permitted. This is well
understood by DDMI, and one of the advantages of the ongoing involvement of the DGRB and
the Engineer of Record as bulwarks against complacency.
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11.0 REPORT CLOSURE
The assistance of Mr. Dan Guigon of DDMI is gratefully acknowledged in the undertaking of this
DSR.
Recommendations presented herein are based on a geotechnical evaluation of the findings of
the site inspection, and upon review of the reports noted. If conditions other than those reported
are noted during subsequent phases of the project, AMEC should be notified and be given the
opportunity to review and revise the current recommendations, if necessary.
This report has been prepared for the exclusive use of Diavik Diamond Mines Inc. for specific
application to the area within this report. Any use which a third party makes of this report, or
any reliance on or decisions made based on it, are the responsibility of such third parties.
AMEC accepts no responsibility for damages, if any, suffered by any third party as a result of
decisions made or actions based on this report. It has been prepared in accordance with
generally accepted soil and foundation engineering practices. No other warranty, expressed or
implied, is made.
Respectfully submitted,
AMEC Environment & Infrastructure
a division of AMEC Americas Limited

Todd E. Martin, P.Eng. (NWT)
Principal Geotechnical Engineer
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APPENDIX C
SITE PLAN SHOWING OBSERVATIONS FROM THE 2018 SITE VISIT
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