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De Beers Canada Inc. (De Beers) will conduct open pit mining, milling and
associated activities at the Gahcho Kué Mine (Mine), located approximately 280
kilometres (km) northeast of Yellowknife, and approximately 80 km southeast of
the Snap Lake Mine (Figure 1; centered at 63°25’48” N, 109°12’00” W). The
three phases of the life of mine include construction (2 years), operations (11
years), and closure (12+ years). Activities at the Mine will include:


dykes and berms to facilitate the dewatering of Kennady Lake;



open pit mining of the Hearne, 5034 and Tuzo kimberlite pipes;



milling facilities and infrastructure;



ore and low grade ore stockpiles;



a Fine Processed Kimberlite Containment Facility;



a Coarse Processed Kimberlite Containment Facility;



a West Mine Rock Pile;



a South Mine Rock Pile;



deposition of kimberlite and waste rock into the Hearne and 5034 open
pits;



quarrying;



the existing exploration camp, winter access spur road camp, and a
mining camp;



fuel, lubricant, and glycol storage facilities and laydown areas;



explosives storage facilities and use of explosives;



a landfarm;



a landfill;



construction and operation of the winter access road;



site facilities and infrastructure including but not limited to the water
supply facility, sewage treatment plant, pipelines, incinerator, site roads,
all-season airstrip and apron, power plant, electrical distribution, and
material storage, and sorting facilities; and



use of equipment, vehicles and machines.

De Beers Canada Inc.

Gahcho Kué Project
Dyke A Construction Management Plan

-2-

September 2014
Version 2

A total of 14 dykes will be constructed during the mine of life at the project site as
stated in the Water Management Plan (WMP) (De Beers, 2013a). Further details
of the characteristics of each dyke are provided in the Updated Project
Description (De Beers 2013b). To minimize the effect of dyke construction on
environment, a conceptual management plan for dyke construction was
developed and presented in the Draft Erosion and Sediment Management Plan
(De Beers, 2014a). As part of De Beers’ ongoing commitment to responsible
Project management and environmental protection, a detailed dyke Construction
Management Plan (CMP) for the project is developed and provided herein as a
supporting document for the Water Licence and Land Use Permit application.
This dyke CMP applies to the construction of Dyke A. Additional dyke CMPs will
be developed during the detailed design process of other dykes.

1.2

COMMUNITY AND PUBLIC ENGAGEMENT
Since submission of the Project EIS, De Beers has conducted various community
and public engagement activities including the following:


Community public meeting and workshops in potential affected
communities; February and March 2012;



Project site visit as part of the Mine Plan, August 2012



Community public meeting and workshops in potential affected
communities; May and June 2013;



Project site visit, August 2013;



Community public meeting May to June 2014;



Submission to MVLWB for review and approval, June 2014; and



Project site visit, August-September 2014
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PLAN OBJECTIVE
This Dyke A CMP has been developed in response to the identification of actual
and potential adverse environmental effects during the technical assessment and
preliminary design phases of the project. The benefit of a CMP is that it can
continue to evolve as more detail is developed relating to construction and
monitoring activities.
The overall objectives of this CMP are to:


Provide detail of the construction methodologies and management of
actual and potential adverse environmental effects during construction;



Provide guidance on environmental management for the construction of
Dyke A;



Avoid, remedy or mitigate any adverse environmental effects associated
with construction activities.

The primary goals of this CMP are to:

1.4



Describe the methods proposed for construction of the dyke and the
program for construction of each stage;



Describe what actions will be taken to manage, and avoid and/or reduce
the risk of adverse environmental effects during construction of Dyke A.

PLAN STRUCTURE
The structure of the present plan includes this introductory section (Section 1), an
overview of Dyke A design (Section 2). Section 3 describes the Dyke A
construction plan. Section 4 presents the sediment monitoring and management
plan associated with the construction of Dyke A. A reference list is provided in
Section 5.

1.5

RELATED DOCUMENTS
Documents within the Application package of this Type A Water Licence and
Land Use Permit, which support this Construction Water Management Plan
include the:


Adaptive Management Plan (De Beers 2014b) ;
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Construction Water Management Plan (De Beers 2014c);



Erosion and Sediment Management Plan (De Beers 2014a);



Processed Kimberlite and Mine Rock Management Plan (De Beers
2014d);



Explosive Management Plan (De Beers 2014e);



Geochemical Characterization Plan (De Beers 2014f)



Emergency Response and Spill Contingency Plan (De Beers 2014g);



Waste Management Plan (De Beers 2014h);



Dyke A Final Detailed Design Plan (De Beers 2014i).



Aquatic Effects Monitoring Program Design Plan (De Beers 2014j).

COMMITMENTS SUMMARY AND CONDITIONS FOR THE
WATER LICENCE (MC2005L2-0015)
The Dyke A Construction Management Plan serves to meet the requirement of
the commitment table below (Table 1). The commitment table also indicates
where these requirements are addressed in the plan.
On August 11, 2014 the Mackenzie Valley Land and Water Board (MVLWB)
issued the Type A Land Use Permit (LUP) (MV2005C0032) and Water Licence
(WL) (MV2005L2-0015) for Ministerial approval (MVLWB 2014a,b). This Plan is
updated based on engagement and engineering updates. Table 2 provides a
summary of commitments as well as the conditions defined in the LUP and WL.
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Summary of Commitments and Conditions for the Water Licence (MV2005L2-0015) for Dyke A Construction
Management

Commitment

Reference Document

Corresponding Section
in Dyke A Construction
Management Plan
and/or Other
Document(s)

Part G: Conditions Applying to Water and Waste Management
Management Plans and Monitoring Programs
15. Within sixty (60) days following issuance of this Licence, the Licensee shall submit a Dyke A
Construction and Management Plan to the Board for approval. This Plan shall meet the objectives listed in
Part G, item 1, and satisfy the requirements of Schedule 5, item 8. This Plan shall address the
Construction and Operation phases of the Project. The Licensee shall not commence Construction until
the Board has approved the Plan.

Dyke A Construction and
Management Plan Version 2

The entire document

Dyke A Construction and
Management Plan Version 2

Section 3.10
Section 4.7

Schedule 1
Part B, item 10 – Annual Water Licence Report
b) A summary of Construction and Project activities, including work carried out under the approved Dyke
A Construction and Management Plan and Dyke Construction and Management Plan, conducted in
accordance with Parts E and G of this Licence, undertaken during the previous year calendar year;
Schedule 5
Part G: Water and Waste Management
The Dyke A Construction and Management Plan and Dyke Construction and Management Plan, referred
to in Part G, items 15 and 16 of this Licence shall include, but not be limited to, the following information:

Dyke A Construction and
Management Plan Version 2

a) Construction methods;

Dyke A Construction and
Management Plan Version 2

Sections 3.4, 3.5 and 3.6

b) Mitigation methods;

Dyke A Construction and
Management Plan Version 2

Section 3.7

c) Action Levels and monitoring requirements related to each dyke;

Dyke A Construction and
Management Plan Version 2

Section 3.8
Section 4.1
Figure 4

d) Mitigation for working with heavy equipment in or near Water;

Dyke A Construction and
Management Plan Version 2

Section 3.7

e) Description of dyke construction materials;

Dyke A Construction and
Management Plan Version 2

Section 3.5

f) Actions to prevent the migration of sediment from the work area;

Dyke A Construction and
Management Plan Version 2

Section 4.3

g) Monitoring to assess the sediment releases and frequencies;

Dyke A Construction and
Management Plan Version 2

Section 4.4
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Summary of Commitments and Conditions for the Water Licence (MV2005L2-0015) for Dyke A Construction
Management (continued)

Commitment

Reference Document

Corresponding Section
in Dyke A Construction
Management Plan
and/or Other
Document(s)

h) Action Levels or cut-off limits for total suspended solids and turbidity measurements during dyke
construction to ensure that EQC under Part G, item 9 of this Licence will not be exceeded; and

Dyke A Construction and
Management Plan Version 2

Section 4.1
Figure 4

i) Reporting requirements for dyke construction monitoring; and monitoring of sediment control measure
integrity.

Dyke A Construction and
Management Plan Version 2

Section 3.10 and
Section 4.7
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GENERAL DYKE A DESIGN
Dyke A is to be constructed at the narrows separating Area 7 and Area 8 of
Kennady Lake so that the upstream areas of the lake can be isolated and
dewatered for development of the open pits. Dyke A is the first dyke to be
constructed on the site during the winter season of 2014/2015.
Dyke A is designed as water retention dykes with a HDPE geomembrane liner
keyed into the foundation as the main seepage control measures. A causeway
with culverts installed will be initially developed as a component of the pioneers
earthworks to allow access the airstrip under the approved pioneer land use
permit.
Based on the application of the Canadian Dam Association, Dam Safety
Guidelines (CDA [2007]), Dyke A was designated as “significant” Class Dyke.
Based on this consequence classification, the recommended design flood and
earthquake levels correspond to 1/100 year and 1/1,000 year, respectively. The
lower end of the suggested range of Inflow Design Flood (IDF) for a significant
dam was selected even though there is a temporary population at risk; the
probability of Loss of Life occurring is considered to be zero.
A summary of the Dyke A design details are listed in Table 2. The Estimated
material quantities for the construction of Dyke A are listed in Table 3.

Table 2

Dyke A Design Summary

Dyke Type

Construction Year

Maximum Height
of Dyke at
Centerline (m)

Water
Retention/Diver
sion Dyke

Earlier of Year -2
(before initial lake
dewatering)

3.1

De Beers Canada Inc.

Total Length
of Dyke at
Centreline
(m)

Maximum
width (m)

Minimum/M
aximum
Side Slope
(H:V)

239

61

2:1/1.2:1
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Estimated Construction Material Quantities for Dyke A
Material Item

Unit

Stage 1

Stage 2

Stage 3

Run-of-Mine (700 mm minus)

m

3

15,300

1,250

5,100

Transition Rockfill (150 mm minus)

m

3

300

-

1,900

Fine Surface Material (20 mm
minus)

m

3

900

-

1,500

Granular Till (150 mm minus)

m

3

-

2,400

-

m

3

-

-

150

Key Trench Excavation

m

3

-

-

2,400

Geomembrane Liner

m

2

-

-

2,600

Non-Woven Geotextile

m

2

-

-

5,100

Bentonite Augmented Material
(20 mm minus with >8% bentonite)

3

-9-

2

m =cubic meter; m =square meter

More details on design of Dyke A are presented in the Dyke A Final Detailed
Design Plan (De Beers 2014i).
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This section is intended to provide an overview of the construction schedule,
methods, activities, and materials that are related to the construction of Dyke A.
Mitigation measures associated with the construction activities is presented here
as well.

3.2

CONSTRUCTION SCHEDULE
Once the amendment to the Pioneer Land Use Permit (PLUP) is obtained, a
causeway to connect the airstrip and mine site will be constructed within the
ultimate Dyke A footprint which will also form part of the upstream cofferdam
during dyke construction. Culverts will be installed during the causeway to allow
passage of the spring freshet and maintain normal monthly flows. After receiving
the full Type “A” Water Licence and Land Use Permit in early fall 2014, the
construction of Dyke A is anticipated to commence shortly thereafter in late fall of
2014. The total construction period for Dyke A is anticipated to be 6 to 8 weeks.

3.3

CONSTRUCTION SEQUENCE
The construction sequence of Dyke A includes the following 3 stages and is
summarized as follows:


Stage 1 – Causeway Construction



Installation of silt curtains in accordance with this document and Section
4.0 - Sediment Management and Monitoring.



Construct rockfill causeway and install culverts.



Stage 2 – Cofferdam Construction



Remove or plug the smooth pipe culverts beneath the causeway.



Construct the cofferdam (placement of granular till) on the downstream
side (Area 7 side) of the causeway.



Construct the second cofferdam and working platform on the west side
of the Dyke A footprint using Run-of-Mine and Granular Till material.
Remove the boulders and cobbles within the footprint of Dyke A.



Stage 3 – Dyke Construction

De Beers Canada Inc.
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Dewatering of the key trench excavation. Water (~360 m3) will be
discharged into Area 7.



Key trench excavation (depending on the construction time and actual
ground condition (partially or fully frozen), the key trench excavation will
be either blasted or excavated using mechanical methods).



Haul and stockpile the excavated overbudern material to the designated
disposal area



Place and compact bentonite-augmented 20 mm minus material in base
of key trench.



Place and compact 20 mm minus material and prepare slope for liner
installation.



Install polypropoylene liner and geotextile.



Placement and compaction of engineered fills above the liner.

CONSTRUCTION ACTIVITIES
The general site activities related to the Dyke A construction are summarized as
follows:


Layout and survey of the earthworks;



Installation of silt curtains upstream and downstream of Dyke A
footprint;



Removal or plugging of the culverts;



Placement and compaction of outer most downstream (Area 7) Run-ofMine material for cofferdam;



Foundation preparation for cofferdam construction;



Placement and compaction of Granular Till material for cofferdam;



Placement and compaction of the remainder of the downstream (Area 7)
Run-of-Mine material for cofferdam;



Dewatering of water confined between the cofferdam and causeway;



Key trench excavation along the dyke centreline;



Preparation of liner bedding within the key trench;



Installation of the polypropylene geomembrane liner and non-woven
geotextile within the key trench;



Backfill key trench with compacted Transition Rockfill material;

De Beers Canada Inc.

Gahcho Kué Project
Dyke A Construction Management Plan

3.5

- 12 -

September 2014
Version 2



Placement and compaction of the Run-of-Mine, Transition Rockfill and
Fine Surfacing Material above the key trench;



Installation of the liner system above the key trench;



Placement of rockfill material to achieve the final dyke geometry; and



Removal of the silt curtains.

CONSTRUCTION MATERIAL SPECIFICATIONS
Seven types of construction materials will be used in the construction of Dyke A
including Run-of-Mine, Transition Rockfill, Fine Surface Material, Granular Till,
Bentonite-augmented 20 mm minus material, HDPE geomembrane liner and
non-woven geotextile. The detailed material specifications for construction are
provided in Section 1005 of the Masters Geotechnical Construction
Specifications for Fill Materials and Geotextile/Geomembrane Supply and
Installation (Tetra Tech EBA, 2014b) as attached in Appendix A. A summary of
each material is presented as follows:
Run-of-Mine (700 mm minus)
The Run-of-Mine material will be sourced from the 5034 Pit development or from
the rockfill quarry sites when required. The Run-of-Mine will be Non-PAG, free
from snow, ice, frozen chunks, organic matters, and debris and can have a wide
variation of gradation with a maximum particle site of 700 mm.
Transition Rockfill (150 mm minus)
Transition rockfill will serve as a filter-graded material between the Run-of-Mine
and granular till or other surface materials and backfill the key trench. The
transition rockfill will be processed from hard, durable, non-PAG mine rock, with
a maximum particle size of 150 mm.
Granular Till (150 mm minus)
The Granular Till material will be used for cofferdam construction and will serve
as a low permeability fill zone. The granular till material used in the construction
should be unfrozen and have a suitable moisture content to attain the required
compaction. The granular till material will be sourced from the stripping activities
of 5034 Pit or the stockpile from the airstrip construction.

De Beers Canada Inc.
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Fine Surface Material (20 mm minus)
The Fine Surface Material will serve as bedding layer above and below the liner
to protect the liner from damage during construction and under normal loading
conditions. It also used as the backfill material for key trench. The material will
be processed from hard durable non-PAG mine rock.
HDPE Geomembrane Liner
The liner material should conform to the specification set out in Section 1008 of
the Masters Geotechnical Construction Specifications for Fill Materials and
Geotextile/Geomembrane Supply and Installation (Tetra Tech EBA, 2014b) as
attached in Appendix A.
Non-Woven Geotextile
The non-woven geotextile material should conform to the specification set out in
Section 1007 of the Masters Geotechnical Construction Specifications for Fill
Materials and Geotextile/Geomembrane Supply and Installation (Tetra Tech
EBA, 2014b) as attached in Appendix A.
Bentonite-Augmented Material
The 20 mm minus material augmented with >8% bentonite will be used beneath
the key trench liner to provide a seal with the permafrost foundation and reduce
the permeability underneath the liner.
Powdered bentonite clay will be placed dry and mixed with 20 mm minus material
so that a minimum bentonite content of 8% by weight is achieved. The bentonite
clay shall comprise powdered Wyoming (sodium) bentonite with a minimum 80%
passing through a No. 200 mesh sieve, with a mineralogical composition
comprising a minimum of 90% Montmorillonite, and maximum 10% of native
sediments, conforming to the approximate chemical analysis: 60% silica, 20%
alumina, 5% iron oxides, 3% magnesia, 3% soda, 1% lime. Chemically bound:
6% water, 2% other.

De Beers Canada Inc.
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MATERIAL PLACEMENT AND COMPACTION
The construction materials placement and compaction specifications are
provided in Section 1006 of the Masters Geotechnical Construction
Specifications for Fill Materials and Geotextile/Geomembrane Supply and
Installation as attached in Appendix A. (Tetra Tech EBA, 2014b)
The material placement and compaction requirements for 20 mm minus material
augmented with >8% bentonite at the bottom of key trench will follow the
specifications provided for Fine Surfacing Material (20 mm minus) as provided in
Section 1006 of the Masters Geotechnical Construction Specifications for Fill
Materials and Geotextile/Geomembrane Supply and Installation as attached in
Appendix A. (Tetra Tech EBA, 2014b)

3.7

MITIGATION PLAN
The construction of Dyke A has the potential to impact the aquatic stream habitat
by disturbing the bed and/or banks of the lake. The construction mitigation
measures aim to ensure that a healthy aquatic ecosystem is maintained in the
lake along the dyke alignment and any adverse effects from the construction are
avoided, remedied or mitigated. Any adverse effects are to be limited both in
extent and duration where possible. Special measures will be undertaken during
construction on recognition of the potential for adverse effects.
The key mitigation measures to ensure the works will have a minimum effect on
the water quality either within the project footprint, downstream or upstream of
the construction include:


Implementing best practice construction methodologies at all times;



Operators of heavy equipment will be well-trained to avoid any adverse
effects



Avoidance of work within lake beds as far as practicable expect where
necessary;



Avoidance of any activities that effect the lake bed and bank structure
as far as practicable;



Cleaning of all machinery and equipment before entering waterways;



Ensuring construction in the lake beds is completed as quickly as
possible;

De Beers Canada Inc.
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Ensuring that hazardous substances such as petroleum products are
managed in accordance with the Waste Management Plan (De Beers,
2014h) to prevent these substances entering waterways;



Erosion and sediment control will be managed as prescribed in the
Erosion and Sediment Management Plan (De Beers, 2014a) and
Section 4.0 of this plan to minimise sediments effects on the water
quality;



During dewatering for Dyke A key trench construction, the water will be
treated by a flocculation system to remove the total suspended solid.
The treated water will be discharged to Area 7 between the silt curtain
and downstream coffer dam. The water will be discharged on a boulder
bed to dissipate the energy to minimize the lakebed erosion and
sedimentation generation. If required, the water will be pumped to a
temporary settling pond on site to remove the total suspended solid
before discharging into the lake or outside environment.



De Beers will use a low-impact construction technique for the placement
of the rockfill beginning with the rock selection process during the open
pit development. Rockfill material which containing higher fines will be
placed above the water elevation portion of cofferdam construction.
During the cofferdam construction, to minimize the impact of the
material deposition, the rockfill will be end-dumped and deposited on the
platform and at a controlled rate, pushed with a dozer or placed with an
excavator into the lake area.

Table 4 provides an overview of the potential mitigations measures that will be
used on site during Dyke A construction.
Table 4

Summary of Dyke A Construction Activities, Potential Effects, and
Associated Mitigation
Potential Sediment Problem

Mitigation Techniques

Foundation Preparation for Dyke A Construction

The Lakebed sediments may be disturbed during
removal of the cobbles, boulders or loose material
within the footprint of Dyke A. Fine grain sized
material may enter the lake due to the foundation
preparation of the on land portion of Dyke A.








Silt curtains will be installed at Area 7 and Area 8;
Minimize work footprint;
Salvage and properly store the top soil and overburden
material from foundation preparation;
Small equipment will be used. The operators will be welltrained and a work plan will be developed prior to the
activities;
Site construction supervisor will monitor the activities and
correct any potential adverse effects on the surrounding
environment.

De Beers Canada Inc.
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Summary of Dyke A Construction Activities, Potential Effects, and
Associated Mitigation (continued)
Potential Sediment Problem

Mitigation Techniques

Placement of Run-of-Mine Material


Potential source of sediment that may enter the lake
is the fine grain size material within the Run-of-Mine
placed.



Potential re-suspension of the fine lakebed sediments
when placing the Run-of-Mine used in cofferdams
construction.

Run-of-Mine with maximum particle size of 700 mm will
consist of rock fragments of sufficient size to resist being
carried downstream by the current;
If monitoring identifies a sediment concern the following
mitigation could be applied:
I.

Run-of-Mine will be selected to lower fine content

II.

Slow the material placment rate




Silt curtains will be installed at Area 7 and Area 8;
Using End-dump and push material placement approach to
keep fine grain size material on the platform.



Placement of Granular Till material will be sheltered with
flow impeded due to the prior Run-of-Mine material
advancement minimizing mobilization of sediments;
Granular Till will be end-dumped on the top of the material
that has already been placed and pushed into the water so
that it will enter the water as a sliding mass;
Granular Till zone will be constructed to a level that is
slightly above the current water elevation as it is advanced
and subsequently be raised to final elevation in dry

Placement of Granular Till Material

Potential source of sediment that may enter the lake
is the washing of the finer grain size by water within
the granular till material.



Potential re-suspension of the fine lakebed sediments
when placing the Granular Till for cofferdams



Dewatering for Key Trench Excavation

The water trapped between the cofferdam and
causeway may have elevated sediment levels caused
by the cofferdam construction



Water will be treated using one flocculation system on site
to remove the suspended solids before discharging to Area
7;
If necessary, water will be pumped to a temporary settling
pond for treatment

Managing Seepage through cofferdams
Water that seeps through the cofferdams during
construction activities may have elevated sediments
levels when it comes in contact with fine materials
from the work area



Any seepage water with high sediment level that beyond
the regulatory requirement will be treated using one
flocculation system on site to remove the suspended solids
before discharging to Area 7 or will be pumped to a
temporary settling pond for treatment



The excavated overburden will be carefully loaded, hauled,
and stored at the designated stockpile;
Water will be treated to remove the suspended solids prior
to discharge.

Key Trench Blasting and Excavation
Potential concern for the sediment is due to the
mixing the excavated overburden material with water
within key trench



Key Trench Backfill and Liner Installation
Potential concern for the sediment is due to the land
or lakebed disturber by equipment.



Construction activities for key trench backfill and liner
installation will be limited within the footprint
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INSTRUMENTATION AND MONITORING
Geotechnical instrumentation is required to monitor the behavior of the dyke and
its foundation during construction and operation. It is intended to provide the
following vital information:


Confirmation that the performance of the dyke and foundation is
consistent with the predictions made during the design studies, notably
in terms of stability, deformation, seepage, and thermal analyses.



Early warning of the development of potentially adverse trends such as
seepage, deformation and permafrost degradation.

Dyke A was designed to rely on permafrost foundation condition and a liner
system to control seepage. Two 16 m long thermistors are planned to be
installed during the construction of Dyke A to measure the ground temperatures
and verify that the foundation is frozen. Thermistors readings will be measured
once per month during the first year, and then on a yearly basis during operation.
The measured readings will be analyzed and reported in the annual inspection
report. The details of ground temperature cables are presented in Dyke A
Construction Drawings as attached in Appendix B.
Survey monitoring points will be installed along the crest of the dyke on the
upstream slope to monitor settlement or horizontal movements of the structure
through its service life. Survey monitoring points will consist of iron bars
embedded 500 mm into run-of-mine. The survey monitoring points should be
installed immediately upon completion of the dyke with elevations and
coordinates should be surveyed every three months for the first two years of
operation. The survey data should be reviewed by a geotechnical engineer until
deformations are considered within acceptable levels. The locations of survey
monitoring points are presented in Dyke A Construction Drawings as attached in
Appendix B.
An annual inspection should be conducted by the design team to document the
performance of the dyke. These visits should take place at the end of summer
when the maximum annual thaw has developed. The specific tasks conducted
during these visits should include: inspection of the upstream and downstream
slopes for any sign of distress, inspection of the dyke crest for any sign of
transverse cracking, and inspection of the abutments and downstream toe for
any evidence of seepage;
In the unlikely event that the permafrost underneath of Dyke A is degrading and
seepage at the downstream toe increase significantly or the settlement of the
dyke exceeds the allowable limits, an emergency mitigation plan will be
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developed accordingly. The mitigation measures may include foundation
grouting, placement of downstream and /or upstream till blankets, ground
freezing for temporary situations, and installation of a cut-off wall or dyke
reconstruction.

3.9

CONSTRUCTION QUALITY ASSURANCE (QA)
A Quality Assurance (QA) program is essential for the construction of Dyke A.
The construction QA program is structured to ensure that construction-sensitive
features of the design are achieved. The key elements of the program include:


Careful surveying to establish material quantities on a daily basis and
allow preparation of as-built drawings;



Specific engineering approvals at critical times such as key trench
excavation, key trench backfill and superstructure fill placement;



Monitoring and field testing of fill materials;



Monitoring of processed material production procedures;



Specific approval of construction procedures for moisture conditioning
and placement of all embankment materials;



Daily field testing of the key trench fill to ensure uniform distribution of
moisture and density parameters;



Observation and approval of contractors’ proposed material placement
sequences and preparation of surfaces below each lift placement;



Periodic processing of temperature data collected from ground
temperature cables installed in the fill as part of long term monitoring
and evaluation of these data;



Observation of polypropylene geomembrane welding operation and
testing to confirm design requirements are met;



Defined procedures for reporting with identified responsibilities for
decision making during construction; and



Specific requirements and testing frequencies for the Quality Assurance
process during construction are provided in Section 1010 of the Masters
Geotechnical Construction Specifications for Fill Materials and
Geotextile/Geomembrane Supply and Installation as attached in
Appendix A (Tetra Tech EBA, 2014b).
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REPORTING
During Dyke A construction, a daily field report will be prepared to outline the
construction activities inside and outside of the work area. The daily report will
include, but not limited to the following:


Up to date information of daily construction activities including a list of
equipment on-site and weather conditions;



A summary of visual inspections and observations from inside and
outside the work area;



Records of water quality inspection dates and appropriate actions taken,
if any;



Records of ground temperature reading dates; and



Report on whether the management practices are working effectively. If
not, what measures are undertaken to increase the effectiveness of
these practices.

Upon the completion of Dyke A construction activities, a Construction report will
be prepared and submitted to the regulators within 90 days after the construction
is completed. The Construction report should provide all relevant supporting
documentation complied during implementation of the QA plan. The Construction
report will include, but not be limited to the following:


Construction drawings based on the as-built survey information of the
surface of all material placed;



Actual construction quantities;



Liner installation details;



All testing records, a summary of all test sample location, collection
methods and test results;



Summary of the construction issues and resolution applied; and



Installation details of any required instrumentation.

Annual inspections of Dyke A will be carried out by a qualified Geotechnical
Engineer in the summer season to evaluate the continual performance of Dyke
A. An additional inspection will be carried out by a qualified Geotechnical
Engineer following any unforeseen extreme events such as earthquake, flooding,
cracks, sinkhole formation, and etc. The inspection report will be submitted to
the regulators within 90 days of completing of the site inspection.
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SEDIMENT MANAGEMENT AND MONITORING
The major works and activities which may cause generation of the sediment
during the construction of Dyke A include dyke foundation preparation, cofferdam
installation, dewatering of the key trench area, key trench excavation and
material hauling and placement. As part of Surveillance Network Program (SNP),
erosion and sedimentation associated with dyke construction will be monitored
by means of the water sampling program. Total suspended solids (TSS) and
turbidity (primarily as a surrogate for TSS) are the key parameters to monitor the
water quality. This section describes the monitoring and management plan for
sediment during Dyke A construction and also includes mitigation measures to
control the release of TSS in the construction area. The TSS/turbidity focus
allows for directing monitoring of the major potential stressors in “real time”, thus
allowing timely identification and mitigation of potential issues related to the dyke
construction.

4.1

EFFLUENT QUALITY CRITERIA AND ACTION LEVEL
FOR TOTAL SUSPENDED SOLIDS
During Dyke A construction, the water quality of the discharge water should meet
the effluent quality criteria as shown in Table 5. The following average monthly
limits (AML) and daily maximum limit (DML) TSS concentration in Table 6 were
established as the action level for TSS during Dyke A construction. This action
level will provide earlier warning for water quality and appropriate mitigation
actions will be implemented.

Table 5

Effluent Quality Criteria for Total Suspended Solids during Dyke
Construction
Parameter

Average Monthly Limit

Daily Maximum Limit

Total Suspended Solids

15 mg/L

25 mg/L

mg/L = milligram per litre.

Table 6

Action Level for Total Suspended Solid during Dyke Construction
Parameter

Average Monthly Limit

Daily Maximum Limit

Total Suspended Solids

12 mg/L

20 mg/L

mg/L = milligram per litre.

Should TSS concentrations in the water body reach the action level during the
dyke construction, a management action plan consisting of a series of steps to
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be undertake will be initiated as stated in Section 4.5. The action level for the
daily maximum limit is a single sample that exceeds the daily maximum limit TSS
concentration as stated in Table 6. The action level for the average monthly limit
is a 7-days moving average concentration that exceed the average monthly limit
as stated in Table 6. TSS concentration in the water body outside the installed
silt curtains should not exceed the effluent quality criteria for TSS as presented in
Table 5.

4.2

SITE SPECIFIC TOTAL SUSPENDED SOLIDSTURBIDITY CORRELATION
The suspended sediment monitoring will consist of total suspended sediment
solids (TSS) concentration and turbidity monitoring, where turbidity is used as a
surrogate to predict TSS (CCME 2002).
Total suspended sediment
concentration is a measure of the weight of filterable solids found in a unit
volume of water. The most accurate way to measure TSS is by filtering a known
quantity of water and then weighing the residue after drying at 105 Celsius for 24
hours. The filtration method is done in the laboratory and is not easily applied in
the field. Turbidity, a measure of the extent to which light penetration is reduced
in water, is easily measured in the field with a turbidity meter and can be used as
an estimate of TSS concentration once a correlation between TSS and turbidity
is established (CCME 2002). The TSS – Turbidity correlation is established
through paired TSS and turbidity samples collected in the field over a wide range
of turbidity levels. The laboratory TSS results are regressed against the
respective turbidity measurements to establish a relationship (usually linear)
between turbidity and TSS. Once the regression equation is developed, TSS
concentrations can be easily derived from field turbidity measurement. The TSSTurbidity correlation is site specific because of site-specific variations in the size,
shape, and other properties of the suspended particulates.
A TSS-Turbidity relationship for dyke construction monitoring will be developed
prior to construction of Dyke A. This relationship will serve as the monitoring
basis for sediment. As additional and more relevant data become available with
time at site, the relationship will be updated during construction of Dyke A. The
frequency of the update of the relationship depends on the data availability and
the accuracy of the relationship.

4.3

TOTAL SUSPENDED SOLIDS MANAGEMENT PLAN
During dyke construction, both the dyke material itself as well as the disturbed
material on the lakebed (particularly in the deep areas of the lakes) will contribute
to increases in concentrations of suspended sediments in the water column. In
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the absence of sediment control measures, suspended sediment plumes would
be expected to migrate to the west with wind-driven (prevailing winds from the
east) currents.
The key means for minimizing suspended sediment discharges from the dyke
construction zones during dyke construction include the deployment of turbidity
curtains, water treatment using flocculation system, and employment of lowimpact construction technology. The mitigation measures for Dyke A construction
are described below.

4.3.1

Silt Curtain
Dyke A is planned to be built in late fall of 2014 (open water season). The silt
curtains (or known as turbidity curtain) will be used to limit the transport of
sediments outside of the work areas of Dyke A construction. The silt curtains will
be placed along the downstream (Area 7) and upstream (Area 8) sides as
specified in the design drawings. The depth of the curtains will be chosen with
regard to the intended mechanism and to the constraints inherent to the site. The
Best Management Plan (BMP) for the silt curtains is detailed in the Erosion and
Sediment Management Plan (De Beers, 2014). The silt curtains installation will
be carried out under the supervision of the QA//QC team. Throughout the
construction season, the silt curtains will be inspected on a daily basis and
additional lengths of silt curtain will be available on site for deployment to
address the local problems or to install parallel barriers in certain areas if
necessary. The preliminary installation location for silt curtains at Areas 7&8 is
presented in Figure 2. Figure 3 shows the typical detail of the silt curtain.

4.3.2

Other Total Suspended Solids Mitigation Measures
Silt curtains are an integral part of the TSS management plan during the open
water period. The first silt curtains will be installed before dyke construction as
the main control measure for the sedimentation. If the first turbidity curtain does
not work as expected, a second silt curtain will be deployed in certain areas.
In addition to the installation of silt curtains to control the sedimentation, the
following mitigation measures will be applied during dyke construction to
minimize sediment loading in the construction zone:


The upstream causeway is planned to be in place prior to the main Dyke
A construction takes place. The causeway will create a wave break and
control sediment transport from the Dyke A construction towards Area 8.
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At the time of Dyke A construction it is anticipated that Area 7 will be
fished out; therefore the impacts on sediment release are reduced.
Sediment in release in Area 7 still must be managed, as the water from
Area 7 must be discharged to Area 8 or N11. The pumping will be
ceased if the Area 7 water exceeds the discharge criteria.



A downstream cofferdam will be constructed first to help reduce the
sedimentation release during key trench excavation and dyke material
placement. During cofferdam construction, the downstream Run-of-Mine
material will be placed and compacted first. The material will be placed
by dump and push approach such that the finer material in the Run-ofMine will be stay on the platform. The placement of the Run-of-Mine
material will be advanced at a relative slow rate which will be used to
control the TSS loading.



Placement of granular fill material will be sheltered with flow impeded
due to the prior cofferdam rockfill advancement minimizing mobilization
of sediments. If monitoring identifies a sediment concern then the
following additional mitigation could be applied:





Granular fill will be end-dumped on the top of granular fill that has
already been placed and pushed into the water so that it will enter
the water as a sliding mass



The granualr fill zone will be constructed to a level that is slightly
above the water level as it is advanced and subsequently be raised
to final elevations in the dry

A pump will be installed to pump the water trapped between the
cofferdams. Approximately 360 m3 of water will be pumped out plus
seepage inflows. The water will be pumped between the downstream
(Area 7) cofferdam and the silt curtain.
To reduce the TSS
concentrations in the water, it will be either first settled in a temporary
settling pond, or a flocculent will be added to the water.

With the combination of the three types of mitigation measures: silt curtain,
control of material placement, pump and water treatment Dyke A will be
constructed with the best available practices.

4.4

TOTAL SUSPENDED SOLIDS MONITORING PLAN
Sedimentation associated with dyke construction will be monitored by means of
the water sampling program as described in the Aquatic Effects Monitoring
Program Design Plan (AEMP) (De Beers, 2014j) and Surveillance Network
Program (SNP). Turbidity and TSS are the two parameters will be monitored
during dyke construction. Turbidity will be measured on the site using portable
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turbidity meter and TSS will be measured in the laboratories accredited by the
Canadian Association for Laboratory Accreditation (CALA).

4.4.1

Monitoring Locations
TSS monitoring will be conducted throughout the dyke construction work. The
preliminary sampling stations will be located at 25 m transect and 50 m transect.
Figure 2 shows the general locations of the sampling stations that will be used for
routine monitoring during the dyke construction period. Prior to the dyke
construction, TSS background levels will be sampled and measured and this
data will be used as reference. It should be noted that the actual monitoring
location may be adjusted in the field based on the actual water condition and
more sampling stations may be added if necessary.

4.4.2

Monitoring Plan
Turbidity will be used as a surrogate of TSS and a TSS-Turbidity relationship for
dyke construction monitoring will be developed prior to construction of Dyke A.
Sampling stations will be inspected by boat. A depth profile of turbidity will be
measured at each sampling location using a calibrated turbidity meter. Results
will be reviewed to determine the depth at which the highest turbidity readings
are obtained. One water sample will then be collected from this depth using a
Van Dorn sampler. The midpoint of the Van Dorn sampler will be located at the
depth of the highest turbidity. This retrieved sample will be sent to a lab for
analyzing TSS using standard methods. The raw turbidity data will be analyzed in
the following manner to facilitate comparisons to the TSS concentrations as
presented in Tables 5 and 6.
Comparisons to Daily Maximum Limit (DML)


Calculate the 24-hr station mean for turbidity for each station based
on the measured maximum values over the past 24 hours.



Use the TSS-turbidity regression (using
TSS:Turbidity) to estimate 24-hr mean TSS.



Calculate the moving average of each stations.



Compare to appropriate DML value.

the

site-specific

Comparisons to Average Monthly Limit (AML)


Calculate the 30-day moving average of each stations (24-hr mean
TSS values) for the previous 30 days.
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Compare this to the appropriate AML value.

STANDARD OPERATION PROCEDURES FOR
MONITORING AND MANAGEMENT
The Standard Operating Procedure (SOP) for monitoring and management of
total suspended sediments during dyke construction is shown in Figure 4. The
SOPs strive for proactive prevention and mitigation of problems. The SOPs are
summarized as follows:
1. Routine TSS monitoring will include two monitoring events per day
(weather/logistics permitting), approximately every 8 hours during daylight.
Each monitoring event will include (a) inspection of silt curtain
integrity/deployment, and (b) measurement of TSS/turbidity at one or more
established stations.
2. Stations for routine monitoring have been established 25 to 50 meters
outside of the silt curtains. All stations will be sampled at every event.
Sampling will also be carried at the Kennady Lake Dewatering Intake in Area
7.
3. If there is a silt curtain problem, it will be immediately fixed.
4. If TSS levels (or turbidity as a surrogate) in a single sample exceeds the
Daily Maximum Limit of the action level in Table 6, this will trigger a series of
response actions as follows:


The silt curtain will be inspected in more detail to identify any obvious
problems.



If there are no obvious problems, mitigation measures will be
considered such as adjusting construction practices if possible (e.g.,
more careful placement of materials), modification of silt curtain
deployment, or deployment of additional silt curtains.



As an additional safeguard, visual inspections of the silt curtain and the
turbidity of water will also be taken into account in construction
decisions.

5. As monitoring continues, the 24-hour average TSS concentrations for each
station will be calculated. Should the 24-hour average exceed the daily
Maximum Limit of action level in Table 6 at any sampling location, De Beers
will stop construction, advise the regulators and take the following actions:


Verify the physical extent of the problem.



Verify that all mitigation measures as shown in Table 4 are working
according to best practices.
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Where deficiencies are noted, correct mitigation measures to
established best practices and increase inspection frequency at areas of
noted deficiencies for the rest of the construction period.



Once best practices have been re-established and De Beers has
demonstrated TSS levels are within the limit, restart the construction
activities.



Report all actions and findings to the regulators in a report no later than
7 days after the noted exceedance.

6. If the 7-day moving average TSS concentration of at any sampling location
exceeds the Average Monthly Limit, this will trigger a series of actions:


Advise regulators.



Verify the physical extent of the problem.



Determine if the average has been heavily influenced by one or more
events that have been addressed.



Verify the state of mitigation measures against best practice.



Where deficiencies are noted, correct mitigation measures to
established best practices and increase inspection frequency at areas of
noted deficiencies for the rest of the construction period.



Report all actions and findings to the regulators in a report no later than
7 days after the noted triggering event.

7. Should the mean of the 30-day moving average for at any sampling location
exceed the Average Monthly Limit of action level in Table 6, De Beers will
stop construction the regulators and take the following actions:


Verify the physical extent of the problem.



Verify that all mitigation measures are working according to best
practices.



Where deficiencies are noted, correct mitigation measures to
established best practices and increase inspection frequency at areas of
noted deficiencies for the rest of the construction period.



Once best practices have been re-established and De Beers has
demonstrated TSS levels are within the limit, restart the construction
activities.



Report all actions and findings to the regulators in a report no later than
7 days after the noted exceedance.
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4.6

QUALITY ASSURANCE/QUALITY CONTROL FOR
TOTAL SUSPENDED SOLIDS MONITORING

4.6.1

Field Quality Assurance/Quality Control Procedures
Specific work instructions outlining each field task will be provided to field
personnel. Detailed field notes will be recorded in pencil in waterproof field books
and on pre-printed waterproof field data sheets. Data sheets and sample labels
will be checked at the end of each field day to confirm completeness and
accuracy. Samples are and will be labelled and shipped according to standard
protocols provided by the laboratory and De Beers. Each sediment sample will
be identified by its station location and a unique sample control number.
Project-specific chain-of-custody forms will be used to track the shipment and
analyses of samples. The laboratory will be instructed that they should not
proceed with any analyses of samples that are not accompanied by both chainof-custody and analysis request forms.

4.6.2

Laboratory Quality Assurance/Quality Control
Procedures
Laboratories that conduct sediment quality analyses have internal QA/QC
procedures. Sediment samples will be submitted to an accredited analytical
laboratory where rigorous QA/QC procedures are in place.
Internal laboratory QC samples that will be included with analysis of the sediment
quality samples consist of method blanks, laboratory duplicates, and certified or
other reference materials, to allow for assessment of analytical precision and
accuracy. Results from these QC samples will be reviewed to determine if Data
Quality Objectives were met, and if not, whether data quality is affected.

4.6.3

Office Quality Assurance/Quality Control Procedures
Office QA/QC requirements for sediment will involve procedures to validate data
and results of data analyses, which are described below.
Data Validation
A data management system is in place to provide an organized, consistent
system of data control and data analyses. This management system follows De
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Beers’ Environmental Management System procedures for sample collection,
data entry, and analysis within a Microsoft Access database.
Data received from the analytical laboratory will be transferred electronically into
the Gahcho Kué Database to avoid transcription errors associated with manual
data entry. The laboratory analytical method for each parameter is entered into
the database along with the analytical results.
After data is entered into the database, a multi-step procedure will be followed to
validate the sample results. The purpose of data validation is to identify results
that may not be valid, and to validate data collection, handling, and analysis
procedures, so that any identified problems can be corrected. This consists of
checking concentration units, data qualifiers, and sampling holding times,
checking for data completeness, and reviewing results of field and laboratory QC
analyses.
Data Analysis
Sediment data for the SNP will be analyzed within the Database and in separate
software such as Microsoft Excel spreadsheets and Systat or SigmaPlot
statistical software. Data will be transferred electronically from the database to
software packages used for data analyses, to facilitate consistency between
users and software, and to avoid transcription errors. Data analyses will be
checked for accuracy and realistic results. Where appropriate, data will be
plotted to visually confirm statistically significant results for spatial and temporal
comparisons to baseline data. Data or statistical results observed to be
inconsistent with expected concentrations or results will be investigated further.

4.6.4

Turbidity Meter Calibration
Turbidity will be measured using a calibrated Hydrolab Turbidity Sensor or
equivalent. The meter will be calibrated and properly maintained following the
manufactures instructions. Turbidity meters will be calibrated before each
sampling event (i.e., daily in most cases), using the manufactured specified
calibration solution.
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Standard Operating Procedure for Monitoring and Management of Total Suspended Solids during Dyke
Construction

Mitigation/Action

Monitoring

Routine Monitoring





8 hours Intervals
Inspect silt curtain
Measure Turbidity and TSS at
established Stations

Max TSS> DML at
any stations?

Any obvious silt
curtain problems?

YES

Repair silt curtain
YES
Consider Mitigative Actions





YES

Inspect silt curtains
in more details. Any
obvious problems?

Mean 24 hours TSS
at any station >

YES

7 days moving average
TSS at any station> AML?

30-day moving average
TSS at any station>AML?
YES

YES



Change silt curtain deployment
Add second layer silt curtain
Adjust construction practice or
intensity
Stop dewatering from Area 7






Stop construction activities
Advise regulators
Stop dewatering from Area 7
Implement actions in SOP#5





Stop construction activities
Advise regulators
Implement actions in SOP#7




Advise regulators
Implement actions in SOP#6

Note: TSS will be measured using turbidity as a surrogate; DML=Daily Maximum Limit concentration of TSS. AML=Average Monthly Limit concentration of TSS.
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REPORTING
For each day there is in-water construction activity, a daily report on the
monitoring results will be prepared and submitted to the regulator one to two
weeks after the sediment monitoring program results are collected and analyzed.
The report will contain the following type of information:


A brief statement of major construction activities taking place that day.



Any construction issues that arose that may have impacted TSS in Area
7 and Area 8.



Any exceedance of target levels.



A brief description of the incident that lead to the exceedance (if known).



Adaptive management carried out to correct the exceedance (if known).



Data from the 24 hours result period and time stamped photographs of
the day of construction activities, any incidents and corrective action
taken.
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AML

Average Monthly Limit

BMPs

Best Management Practices

CALA

Canadian Association for Laboratory Accreditation

CCME

Canadian Council of Ministers of the Environment

CDA

Canadian Dam Association

CMP

Construction Management Plan

De Beers

De Beers Canada Inc.

DFO

Fisheries and Oceans Canada

DML

Daily Maximum Limit

IDF

Inflow Design Flood

Mine

Gahcho Kué Diamond Mine

Non-PAG

Non-potentially Acid Generating

MVLWB

Mackenzie Valley Land and Water Board

NWT

Northwest Territories

PLUP

Pioneer Land Use Permit

QA/QC

Quality Assurance and Quality Control

ROM

Run of Mine

SNP

Surveillance Network Program

TSS

Total Suspended Solids

WMP

Water Management Plan

6.2

UNITS OF MEASURE

km

kilometre

m

metre

mm

millimeter

mg/L

milligram per litre

3

m

cubic metres

NTU

Nephelometric Turbidity Units
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SECTION 1001 – DEFINITIONS & ACRONYMS
1.1

GENERAL

1. Definitions of terms and acronyms used throughout the Master Geotechnical Construction Specifications are
presented in this Section.

1.2

DEFINITIONS

Construction Drawings: The design drawings as issued for construction.
Construction Specifications: This document.
Contract: The legal and binding agreement between the Contractor and DeBeers Canada Inc. (DBCI)
regarding construction of the civil components of the project.
Contractor: The general contractor responsible for construction.
Engineer: Tetra Tech EBA Inc, owner’s on-site geotechnical representative during construction or related
activities.
Owner: De Beers Canada Inc.
Site: The area in which construction or related activities are occurring.
Unsuitable: Not meeting the requirements stated herein or not receiving the Engineer’s approval.
Civil Component: Any portion of construction relating to civil works.
Liner System: A composite structure that comprises a liner, bedding material, and/or geotextile.

1.3

ACRONYMS

ASTM

American Society for Testing and Materials

BMPs

Best Management Practices

CALA

Canadian Association for Laboratory Accreditation

CCME

Canadian Council of Ministers of Environment

CDA

Canadian Dam Association

CAN/CGSB

Canadian General Standards Board, National Standard of Canada

De Beers

De Beers Canada Inc

GRI

Geotechnical Research Institute
De Beers Canada Inc.
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Mine

Gahcho Kué Diamond Mine

MVLWB

Mackenzie Valley Land and Water Board

NT

Northwest Territories

PLUP

Pioneer Land Use Permit

QA/QC

Quality Assurance and Quality Control

ROM

Run-of-Mine

SNP

Surveillance Network Program

UNITS OF MEASURE

km

kilometre

m

metre

mm
m

3

-2-

millimeter
cubic metres
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SECTION 1002 – GENERAL
1.1

GENERAL

1. This specification has been prepared for construction at the Gahcho Kué Diamond Mine Project located in
the Northwest Territories (NT) centered at 63°25’48” N, 109°12’00” W and for the exclusive use of the
Owner, De Beers Canada Inc. (De Beers).
2. This document follows the International System of Units (SI).

1.2

CONSTRUCTION METHODS

1. The elevations and dimensions shown on the Construction Drawings are for the purpose of construction and
measurement. The Contractor shall ensure that all grades, elevations and dimensions are adhered to.
2. The Contractor is responsible for all construction surveys and documentation to verify quantities.

1.3

DRAWING DISCREPANCIES

1. Any discrepancies found on the Construction Drawings shall be brought to the immediate attention of the
Engineer. No deviations shall be permitted from the Construction Drawings without written approval from the
Engineer.
2. The Contractor shall immediately submit in writing to the Engineer any conflicts discovered within this
document or between this document, the purchase order, the accompanying data sheets and drawings and
any other supplemental information or specifications. The Engineer will then make a ruling and clarify the
matter in writing.

1.4

MATERIALS

1. The various materials referenced in Section 1005 – Granular Fill Materials of this document are designated
on the Construction Drawings. Estimated “in-place” material quantities are also presented on the
Construction Drawings for dykes and ancillary structures. The processed granular materials and the run-ofmine rockfill quantities should be increased by a minimum of 10% to account for overbreak, waste and/or
overbuild that may occur during construction. The liner system materials should be increased by 20% to
account for overlap, damaged sections and/or waste that may occur during construction.

1.5

SITE CLEANUP

2. The Contractor shall remove all temporary structures and shall clean up the construction area, borrow areas
and stockpile areas after completion of the Contract work.

END OF SECTION
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SECTION 1003 – EXCAVATION, SITE AND FOUNDATION
PREPARATION
1.1

GENERAL

1. This section describes the general requirements with respect to excavation, site and foundation preparation.

1.2

REFERENCE STANDARDS

1. American Society for Testing Materials
a. ASTM D698-91, Standard Test Methods for Laboratory Compaction Characteristics of Soil Using
3
3
Standard Effort (600 kN m/m ) (12,400 ft lbf/ft ).

1.3

GENERAL EXCAVATION

1. The Contractor shall undertake all excavation to the dimensions and lines shown on the Drawings.
2. The Contractor will be solely responsible for the method of excavation which may include manual
excavation, hydraulic excavation, ripping, and blasting.
3. The Contractor will be solely responsible for the control and diversion of surface and subsurface water flows
into and around the excavation.
4. Excavation beyond the limits shown on the Drawings shall not be undertaken without prior approval of the
Engineer. Any excavation completed outside the design limits without the Engineer’s approval shall be done
at the Contractor’s expense.
5. Over-excavation affecting the design gradelines or elevations shall be backfilled as directed by the Engineer.
Backfill shall be placed in accordance with Section 1006 – Granular Fill Placement.
6. All completed excavations shall be free of loose or deleterious material.
7. The original ground shall remain undisturbed. Any disturbed areas surrounding excavations shall be graded
following construction to promote positive drainage away from the work areas.
8. The Contractor will be responsible for all aspects of safety during the excavation operations including the
stability of the excavations.

1.4

DYKE EXCAVATION

1. All unsuitable foundation soils or rocks shall be removed from within the dyke footprint as directed by the
Engineer and detailed in the Construction Drawings. Excavated materials shall be disposed at approved
spoil locations.
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2. Dyke key trench shall be excavated into competent bedrock or low permeability till or saturated inorganic
permafrost. The ultimate depth of key trench excavation shall be determined during excavation as directed
by the Engineer. The depth of the key trench may be increased in some areas at the discretion of the
Engineer to confirm the suitability of the foundation soils beneath the key trench.
3. Loose frozen soil, fractured boulders and fractured bedrock, as well as protruding frozen ground, boulders or
bedrock, shall be removed to provide a relatively smooth key trench base. If required, additional excavation
(blasting or mechanical) shall be completed.
4. Excavation of rock shall be conducted in a manner that avoids excessive fracturing or the creation of voids in
the underlying rock.
5. Final cleaning of the key trench shall be conducted with hand excavation, brooms and/or compressed air or
other appropriate equipment such as rippers, jack hammers to remove all loose, broken or altered material
from the base of the key trench.
6. Ice-rich soil exposed on the upstream face of the key trench excavation shall be removed from areas
underlying the liner system for the dykes with the liner system. Additional excavation beyond the limits of the
key trench may be required by the Engineer.
7. Any inflow of water into the key trench excavation shall be controlled by sumps and pumps in a manner that
minimizes thaw and erosion at the key trench base.

1.4.1

Drilling and Blasting

1. The Contractor is responsible for ensuring that blasting procedures used are within guidelines set by all
regulatory bodies and authorities having jurisdiction on-site.
2. The Contractor shall use excavations methods that minimize fracturing beyond excavation limits.
3. Care shall be taken in locating the drill holes, orienting the drills and while drilling so that accurate positioning
and alignment of the drill holes is achieved.
4. The method of excavation shall produce a key trench base that is free of abrupt changes in elevation.
5. Controlled blasting techniques shall be used to satisfy the excavation requirements stated herein. The initial
explosive type and quantity, blasting sequence and delay pattern shall be modified where required to
achieve the requirements specified herein.
6. The Contractor shall submit complete details of any proposed blast to the Engineer twenty-four (24) hours
prior to commencement of drilling for each blast. Data should include the following:
a. The location, depth and area of the blast;
b. The type, strength, quantity, column load and distribution of explosives to be used per hole, per day,
and per blast;
c.

The sequence and pattern of the delay; and,
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d. The description and purpose of any special methods to be adopted.
7. If, in a specific area, a plan that was previously adopted does not produce conditions in accordance with the
requirements stated herein, the Contractor shall submit a revised blasting plan to the Engineer before
continuing with drilling and blasting in adjacent areas.

1.5

GENERAL FOUNDATION PREPARATION

1. All fill shall be placed on a firm bearing surface, free from snow, soft and/or loosened areas, ice, or other
detritus material. All unsuitable foundation soils, as determined by the Engineer, shall be excavated and
replaced with the appropriate material specified in the drawings. This material shall be placed and
compacted in accordance with Section 1006 – Granular Fill Placement.
2. Boulders must be removed as determined by the Engineer.
3. The foundation base shall be graded as shown on the Drawings prior to placement of fill.
4. The Contractor shall carry out an accurate (i.e., no more than ±10 mm) survey to act as a reference for
material quantities.

1.6
1.6.1

DYKE FOUNDATION PREPARATION
Non-Key Trench Foundations

1. Surficial vegetation, organic soils or open graded boulders shall be removed as determined by the Engineer.
2. Ice-rich or other soils beneath the dyke footprint deemed to be unsuitable by the Engineer shall be removed.

1.6.2

Key Trench Foundations

1. A minimum 200 mm thick layer of compacted bentonite-augmented material shall be used as bedding
between the liner system and the base of the key trench to provide a seal with the key trench foundation and
reduce the permeability underneath the liner.
2. Powdered bentonite clay shall be placed dry and mixed with 20 mm minus material so that a minimum
bentonite content of 8% by weight is achieved. The 20 mm minus material, which will be mixed with dry
bentonite, shall have a moisture content of at least 2% in excess of the optimum moisture content
determined from testing (ASTM D698-91).
3. The remainder of the key trench shall be backfilled with the 20 mm minus material which will have a moisture
content of at least 2% in excess of the optimum moisture content determined from test method ASTM D69891. For compaction requirements, see Section 1006 – Granular Fill Placement.
4. The moisture content of the key trench backfill shall be adjusted to ensure that excessive water is not
available to form ice lenses.
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5. For winter construction, the key trench backfill shall be spread in lifts thin enough to freeze completely before
the next lift is placed. A maximum lift thickness of 250 mm shall be used to permit daily freezing during the
winter construction season. However, parameters such as mixing water content; surface cleaning and lift
thickness shall be optimized by controlled experimentation early in the construction season. These
parameters shall be periodically checked and, if necessary, changed to suit varied field conditions.

1.7
1.7.1

FOUNDATION APPROVAL
General and Non-Key Trench Foundations

1. The ground surface shall be inspected and approved by the Engineer before any fill material is placed. The
Contractor shall give, not less than twenty-four (24) hours’ notice to the Engineer for subgrade inspection.

1.7.2

Key Trench Foundations

1. The foundation shall be inspected and approved by the Engineer before any fill material is placed. The
Contractor shall give not less than twenty-four (24) hours’ notice to the Engineer regarding approval of a
length of completed key trench excavation. The notice shall include chainages of the areas requiring
approval.

END OF SECTION
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SECTION 1004 – WATER, SNOW, AND ICE CONTROL
1.1

GENERAL

1. This section describes water, snow and ice control during construction.
2. The key trench and dyke footprint areas shall be dewatered as required to allow for fill placement in a dry
environment.
3. The key trench for all of the Gahcho Kué site dykes shall be protected to avoid erosion by freshet runoff.
4. Water, snow, ice control and construction related dewatering are the responsibilities of the Contractor.

1.2

REFERENCE STANDARDS

1. American Society for Testing Materials
a. ASTM D698-91, Standard Test Methods for Laboratory Compaction Characteristics of Soil Using
3
3
Standard Effort (600 kN m/m ) (12,400 ft lbf/ft ).

1.3

WATER CONTROL

1. The Contractor shall employ all measures necessary to control inflow into the various required excavations
during construction. This may include construction of temporary water control structures, such as, berms
around excavation perimeters, or excavation of interceptor trenches and/or sumps.
2. Construction, maintenance and operation of any temporary water control works shall be the responsibility of
the Contractor.
3. Water collected during construction shall be discharged as directed by the Owner, in accordance with the
Type “A” Water Licence. Discharge of water shall not cause erosion or a decrease of water quality in the
receiving water body. Water shall be discharged within the controlled area. The discharge water shall not
adversely affect the water quality in the controlled area. TSS reduction may be required prior to discharge.
4. Following completion of the work, all temporary water control works shall be removed and the affected areas
graded to provide positive drainage to the Dewatering System sumps and/or associated ditches.
5. All temporary sumps shall be backfilled as directed by the Engineer. Backfill shall be placed in accordance
with Section 1006 – Granular Fill Placement.

1.4

SNOW AND ICE CONTROL

1. The Contractor shall employ all measures necessary to control snow and ice accumulation in the open work
areas during construction. This may include snow ploughing and grading.
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2. Construction, maintenance and operation of any temporary snow and ice control works shall be the
responsibility of the Contractor.
3. Following completion of the work, all temporary snow and ice control works shall be removed and the
affected areas graded to provide positive drainage to the Dewatering System sumps and/or associated
ditches.

1.5

EROSION CONTROL FOR DYKE KEY TRENCH BACKFILL

1. The key trench backfill of all Gahcho Kué site dykes shall be protected to minimize erosion during freshet.
2. Erosion control shall consist of, but not limited to, the following features:
a. Cover the surface of the key trench backfill with the HDPE or polypropylene liner that is tied into the
key trench;
b. Cover the HDPE or polypropylene liner at the bottom of the valley for a width of 20 m (or the width of
the existing natural flow channel, whichever is greater) with a protective nonwoven geotextile (542
g/m2) that extends 3 m both upstream and downstream of the key trench backfill limits;
c.

Ballast the nonwoven geotextile with at least a 300 mm thick layer of Transition Rockfill (150 mm
Minus) material; and,

d. Divert runoff water by pumping water retained behind a cofferdam upstream of the key trench area.
3. The erosion protection measures shall be removed following freshet to permit placement of fill materials.

END OF SECTION
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SECTION 1005 – GRANULAR FILL MATERIALS
1.1

GENERAL

1. This Section describes the available granular fill materials for construction.

1.2

MATERIAL SOURCES

1. No material of any type shall be borrowed or excavated without the Owner’s prior approval.
2. Borrow Pits and/or quarries shall be maintained and managed in accordance with the requirements set out in
the Owner’s Land Use and Quarry Permits.
3. Transition Rockfill, Coarse and Fine Surfacing Materials shall be processed from material obtained from
sources approved by the Owner, provided the final product meets the requirements specified herein.
Processing will be required to achieve the specified gradations.
4. The parent rock from which all fill materials are derived shall consist of sound, hard, durable material free
from soft, thin, elongated or laminated particles and shall contain no unsuitable substances. The potential
quarry source shall be approved by the Engineer. The Engineer may require trial crushing and durability
testing prior to approving a quarry site.
5. The quarry source for fill materials shall be inspected by the Engineer throughout material processing and
construction activities to ensure that the products meet the requirements specified herein.

1.3

MATERIAL SPECIFICATIONS

1. Run-of-Mine (700 mm Minus)
The Run-of-Mine can have a wide variation of gradation with a maximum particle size of 700 mm. Rockfill
particles shall be angular and shall be derived from hard, durable rock. Any significant concentration of
unsatisfactory materials shall be removed and directed to the waste disposal area or, with the Owner’s
approval, mixed with other materials to produce a material, which would meet specifications.
2. Transition Rockfill (150 mm Minus)
Transition Rockfill shall be used between Run-of-Mine and Granular Till or Surfacing Material. Transition
Rockfill shall consist of, hard durable particles, be free of roots, topsoil and other deleterious material and
have a particle size distribution within the limits specified in Table 5.1. Processing will be required to achieve
the specified gradation.
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Table 5.1 Transition Rockfill – Particle Size Distribution Limits
Particle Size (mm)

% Passing

150

100

100

50 - 100

50

25 – 65

25

10 – 40

5

0 - 15

0.08

<2

3. Coarse Surfacing Material (40 mm Minus)
Coarse Surfacing Material shall consist of, hard durable particles, be free of roots, topsoil and other
deleterious material and have a particle size distribution as specified in Table 5.2. Processing will be required
to achieve the specified gradation.
Table 5.2 Coarse Surfacing Material – Particle Size Distribution Limits
Particle Size (mm)

% Passing

40

100

19

65 – 100

12.5

45 - 85

5

30 – 60

0.63

15 – 35

0.08

4 - 10
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4. Fine Surfacing Material (20 mm Minus)
Fine Surfacing Material shall consist of, hard durable particles, be free of roots, topsoil and other deleterious
material and have a particle size distribution as specified in Table 5.3. Processing will be required to achieve
the specified gradation.
Table 5.3: Fine Surfacing Material – Particle Size Distribution Limits
Particle Size (mm)

% Passing

20

100

12.5

65 – 100

5

45 – 70

0.63

15 – 35

0.08

4 - 10

5. Granular Till (150 mm Minus)
Granular Till will be obtained from glacial till excavation. Granular Till shall consist of, hard durable particles,
be free of boulders, roots, topsoil and other deleterious material and have a particle size distribution as
specified in Table 5.4.
Table 5.4: Granular Till – Particle Size Distribution Limits
Particle Size (mm)

% Passing

150

100

100

75 - 100

25

45 - 85

5

30 – 65

0.08

15 – 35

6. Random Fill (450 mm Minus)
Random Fill shall consist of overburden and/or Run-of-Mine. Random Fill can have a wide variation of
gradation with maximum particle size of 450 mm. Any significant concentration of unsatisfactory materials
shall be removed and directed to the waste disposal area. Rockfill particles shall be angular and shall be
derived from hard, durable rock.
7. Bentonite-Augmented Material
The 20 mm minus crushed material (see Fine Surfacing Material gradation) augmented with >8% bentonite
will be used beneath the key trench liner to provide a seal with the key trench foundation.
Powdered bentonite clay will be placed dry and mixed with 20 mm minus crushed material so that a minimum
bentonite content of 8% by weight is achieved. The bentonite clay shall comprise powdered Wyoming
(sodium) bentonite with a minimum 80% passing through a No.200 sieve with a mineralogical composition
De Beers Canada Inc.
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comprising a minimum of 90% Montmorillonite and a maximum 10% of native sediments, conforming to the
approximate chemical analysis: 60% silica, 20% alumina, 5% iron oxides, 3% magnesia, 3% soda, 1% lime
and chemically bound: 6% water, 2% other.
8. Fine PK Filter Material
Fine PK Filter Material shall consist of, hard durable particles, be free of roots, topsoil and other deleterious
material and have a particle size distribution as specified in Table 5.2. Processing will be required to achieve
the specified gradation.
Table 5.5 Fine PK Filter Material – Particle Size Distribution Limits
Particle Size (mm)

% Passing

20

100

12.5

85 – 100

5

65 - 85

0.63

32-45

0.08

10 - 18

END OF SECTION
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SECTION 1006 – GRANULAR FILL PLACEMENT
1.1

GENERAL

The placement methods to be used during construction are described in this Section.
1. Construction shall be performed in accordance with the best modern practices and with equipment best
adapted to the work being performed.
2. Granular Fill shall be placed so that each layer is homogeneous, free of snow, stratifications, ice chunks, icy
material, frozen soils, organics and deleterious materials.
3. No Granular Fill shall be placed on any part of the foundation until it has been prepared as specified herein
and approved by the Engineer. Placement of Granular Fill shall conform to the lines, grades and elevations
shown on the Construction Drawings.
4. Construction shall not proceed when the work cannot be performed in accordance with the requirements of
the Specifications. Any part of Granular Fill that has been damaged by the action of rain, snow or any other
cause shall be removed and replaced with the appropriate material conforming to the requirements stated
herein before succeeding layers are placed.
5. Stockpiling, loading, transporting, placing and spreading of all materials shall be carried out in such a
manner to avoid segregation. Segregated materials may need to be removed and replaced with the
materials meeting the requirements stated herein, as required by the Engineer.
6. The Contractor shall remove all debris, vegetation or any other material not conforming to the requirements
stated herein. The Contractor shall dispose of these materials in an area approved by the Owner.

1.2

REFERENCE STANDARDS

7. Where material properties are specified the following standards are applicable:
a. ASTM D698-91, Standard Test Methods for Laboratory Compaction Characteristics of Soil Using
3
3
Standard Effort (600 kN m/m ) (12,400 ft lbf/ft ).
b. ASTM D422, Test Method for Particle-Size Analysis of Soils.
c.

ASTM D1140, Test Method for Amount of Material in Soils Finer than the No. 200 (75 μm) Sieve.

d. ASTM C136, Test Method for Sieve Analysis of Fine and Coarse Aggregates.
e. ASTM D2216, Test Method for Laboratory Determination of Water (Moisture) Content of Soil
and Rock.
f.

ASTM D2922, Test Methods for Density of Soil and Soil-Aggregate in Place by Nuclear Methods
(shallow depths).
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g. CAN/CGSB-8.1-88, Sieves, Testing, Woven Wire, Inch Series.
h. CAN/CGSB-8.2-M88, Sieves, Testing, Woven Wire, Metric.

1.3

PLACEMENT OF GRANULAR FILL MATERIAL

1. Run-of-Mine (700 mm minus)
a. Run-of-Mine shall be placed in loose lift thicknesses not exceeding 1000 mm.
b. Run-of-Mine shall be subjected to at least 6 full passes with a smooth drum vibratory compactor
weighing not less than 10 tonnes or other method approved by the Engineer, where a full pass is
defined as one forward pass followed by a backward pass. Moisture conditioning may be required
prior to compaction.
c.

Run-of-Mine must be stockpiled, transported, and placed using techniques, which avoid segregation
and nesting of coarse particles.

d. The material shall be placed and compacted to the satisfaction of the Engineer. Subsequent lifts of
material shall not be placed without approval of the Engineer.
2. Transition Rockfill (150 mm minus)
a. Transition Rockfill shall be placed in loose lift thicknesses not exceeding 300 mm.
b. Transition Rockfill must be stockpiled, transported, and placed using techniques, which avoid
segregation and nesting of coarse particles.
c.

Transition Rockfill shall be subjected to at least 6 passes with a smooth drum vibratory compactor
weighing not less than 10 tonnes or other method approved by the Engineer, where a full pass is
defined as one forward pass followed by a backward pass. Moisture conditioning may be required
prior to compaction.

3. Coarse Surfacing Material (40 mm minus)
a. Coarse Surfacing Material shall be placed in loose lift thicknesses not exceeding 300 mm.
b. Coarse Surfacing Material must be stockpiled, transported, and placed using techniques, which avoid
segregation and nesting of coarse particles.
c.

The material shall be moisture conditioned as required and compacted to a minimum of 98% of
maximum dry density (ASTM D698).

4. Fine Surfacing Material (20 mm minus)
a. Fine Surfacing Material shall be placed in loose lift thicknesses not exceeding 300 mm.
b. Fine Surfacing Material must be stockpiled, transported, and placed using techniques, which avoid
segregation and nesting of coarse particles.
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The material shall be moisture conditioned as required and compacted to a minimum of 98% of
maximum dry density (ASTM D698).

5. Granular Till (150 mm minus)
a. Granular Till shall be placed in loose lift thicknesses not exceeding 300 mm. Moisture conditioning
may be required prior to compaction.
b. Granular Till must be stockpiled, transported, and placed using techniques, which avoid segregation
and nesting of coarse particles.
c.

The material shall be placed and compacted to 98% maximum dry density (ASTM D698).
Subsequent lifts of material shall not be placed without approval of the prior lift by Engineer.

6. Random Fill (450 mm minus)
a. Random Fill shall be placed in loose lift thicknesses not exceeding 450 mm. Random Fill shall be
subjected to at least 6 passes with a smooth drum vibratory compactor weighing not less than 10
tonnes or other method approved by the Engineer. Moisture conditioning may be required prior to
compaction.
b. Random Fill must be stockpiled, transported, and placed using techniques, which avoid segregation
and nesting of coarse particles.
c.

The material shall be placed and compacted to the satisfaction of the Engineer. Subsequent lifts of
material shall not be placed without approval of the Engineer.

d. The placement of Random Fill during winter construction might result in poor trafficability as the
material thaws. The Contractor should anticipate that minor repair might be required where Random
Fill is placed during winter construction.
7. Bentonite-Augmented Material
a. The Bentonite-Augment Material placement and compaction shall follow the specifications provided
for Fine Surfacing Material.
8. Fine PK Filter Material
a. Fine PK Filter Material shall be placed in loose lift thicknesses not exceeding 300 mm.
b. Fine PK Filter Material must be stockpiled, transported, and placed using techniques, which avoid
segregation and nesting of coarse particles.
c.

The material shall be moisture conditioned as required and compacted to a minimum of 98% of
maximum dry density (ASTM D698).

END OF SECTION
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SECTION 1007 – NON-WOVEN GEOTEXTILE
1.1

GENERAL

1. The product and installation specifications for the non-woven geotextile are presented in this Section.
2. This specification covers non-woven geotextile test properties for subsequent use as protection (or
cushioning) materials. The typical use will be as a protective covering or underlayment of a geomembrane
against puncture or tear due to rock, stones, concrete or other hard surfaces and/or objects.

1.2

REFERENCES

Where material properties are specified the following standards are applicable:
1. American Society for Testing and Materials (ASTM)
a. D 4355, Test Method for Deterioration of Geotextiles from Exposure to Ultraviolet Light and Water
(Xenon-Arc Type Apparatus).
b. D 4533, Test Method for Trapezoidal Tearing Strength of Geotextiles.
c.

D 4632, Test Method for Grab Breaking Load and Elongation of Geotextiles.

d. D 4833, Test Method for Index Puncture Resistance of Geotextiles, Geomembranes and Related
Products.
e.

1.3

D 5261, Test Method for Measuring Mass per Unit Area of Geotextiles.

GEOTEXTILE

1. Non-woven geotextile shall comprise needle punch polypropylene fabric made of 100% polypropylene staple
fibers conforming to the properties in Table 7.1: Recommended Minimum Non-Woven Geotextile Properties
Table 7.1.
2

2. The geotextile shall be at minimum weight of 540 g/m . (Layfield Plastics LP16, or equivalent).

De Beers Canada Inc.

Gahcho Kué Project
Master Geotechnical Specifications

- 18 -

June 2014
Revision 2

3. Physical properties of the non-woven geotextile are as follows:
Table 7.1: Recommended Minimum Non-Woven Geotextile Properties
Test Parameter

Required Specifications

ASTM Test Method
(Or Approved Equal)

Grab Tensile (N / lbs)

1,690 / 380

D4632

Elongation (%)

50

D4632

Tear (N / lbs)

644 / 145

D4533

4,560 / 1,025

D4833

Weight (g/m / oz/yd )

Puncture (N / lbs)

542 / 16.0

D5261

UV Resistance

70

D4355

2

1.4

2

INSTALLATION METHODS

1. The Contractor shall place the geotextile once the bedding surface has been completed and approved by the
Engineer.
2. Place geotextile material by unrolling onto graded surface.
3. Place geotextile material smooth and free of tension, stress, folds, wrinkles and creases.
4. Place geotextile material on sloping surfaces in one continuous length from toe of slope to over crest.
5. Overlap each successive length of geotextile 600 mm, or to manufacturer’s instructions.
6. Heat tack or sew seams.
7. Protect installed geotextile material from displacement and damage. Replace damaged and deteriorated
geotextile.
8. Do not permit passage of any vehicle directly on geotextile at any time.

END OF SECTION
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SECTION 1008 – HDPE GEOMEMBRANE
1.1

GENERAL

1. This specification includes furnishing and installing HDPE material.
2. The Work includes the manufacture, supply and installation of the liner, anchor trench, connections, field
welds and supply and inspection of works.

1.2

REFERENCES

Where material properties are specified the following standards are applicable:
1. American Society for Testing and Materials (ASTM):
a. D 638, Standard Test Method for Tensile Properties of Plastics.
b. D 746, Standard Test Method for Brittleness Temperature of Plastics and Elastomers by Impact.
c.

D 792, Standard Test Methods for Density and Specific Gravity (Relative Density) of Plastics
by Displacement.

d. D 1004, Standard Test Method for Initial Tear Resistance of Plastic Film and Sheeting.
e. D 1204, Standard Test Method for Linear Dimensional Changes of Non Rigid Thermoplastic Sheeting
or Film at Elevated Temperature.
f.

D 1603, Standard Test Method for Carbon Black in Olefin Plastics.

g. D 5596, Standard Practice for Microscopical Examination of Pigment Dispersion in Plastic
Compounds.
h. D 5994, Standard Test Method for Measuring Nominal Thickness of Textured Geomembranes.
2. Federal Test Method Standard (FTMS) Puncture Test 101C – Method 2065.

1.3

SPECIAL REQUIREMENTS

1. Guarantee of Geomembrane Material
a. The manufacturer or supplier, on a pro-rata basis shall guarantee the HDPE geomembrane liner in
writing for a period of 20 years. The guarantee shall be against manufacturing defects of
workmanship and against deterioration due to ozone, ultraviolet, or other normal ageing affects.
2. Experience of Contractor
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a. The Contractor shall have demonstrated an ability to perform this work by having previously
2
successfully installed a minimum of 100,000 m of similar type flexible liners.
b. The on-site liner supervisor assigned full time to this work shall have directed the installation of a
2
minimum of 50,000 m of similar type flexible liner.
3. Samples and Specifications of Material
a. The Contractor shall submit the manufacturer’s certification stating that the material proposed for use
for this project has physical properties equal to the certified values.
4. Workmanship Guarantee
a. The Liner Contractor shall guarantee the liner installation to be free of defects in workmanship for a
period of one year following the date of acceptance by the Owner or its representative.
b. The Contractor shall agree to make, at his expense, any repairs or replacements made necessary by
defects in workmanship that became evident within said guarantee period.
c.

The Contractor shall make repairs and replacements promptly upon receipt of written order from the
Owner or its authorized representative.

d.

If the Contractor fails to make repairs and replacements promptly, the Owner may do so and the
Contractor shall be liable for the cost of such repairs and replacements.

1.4

MATERIALS

1. General
a. All materials arriving on site are subject to inspection. Replacement or repair of damaged material will
be at no cost to the Owner.
b. The liner material produced shall be free of blisters, holes, undispersed raw materials, or any sign of
contamination by foreign matter. Any such defect shall be repaired using welding techniques in
accordance with manufacturer’s recommendations. Excessive defects, as determined by the
Engineer, may be grounds for rejection of entire roll of liner.
2. Material Property
a. The material supplied under these Specifications shall be new, first quality products.
b. The liner material shall be a high density polyethylene (HDPE) geomembrane, and have the minimum
property values indicated in Table 8.1. The liner shall be single or double sided textured liner as
stated on the construction drawings.
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Table 8.1: Recommended Minimum Textured HDPE Geomembrane Properties
Test Parameter

Required Specifications

ASTM Test Method
(Or Approved Equal)

Minimum Average Thickness (mm / mil)

1.5 / 60

D5994

Density

.94

D792
D638
Modified Type IV Die
50 mm/minute

Tensile Properties:

c.

Stress @ Yield (kN/m / ppi)

16 / 90

Stress @ Break (kN/m / ppi)

22 / 126

Strain @ Yield (%)

12

Asperity Height (mm/mil)

0.25/10

Strain @ Break (%)

100

Tear Resistance (N / lbs)

187 / 42

D1004

Low Temperature (C / F)

-60 / -76

D746 Procedure B

Dimensional Stability (%)

+/-2.0

D1204

Puncture Resistance (N / lbs)

400 / 90

FTMS No.101C
Method 2065

Carbon Black (min)

2

D1603

Carbon Black Dispersion

Category 1 or 2

D5596

ASTM D7466

Extrusion resin used for extrusion joining of sheets and for repairs shall be HDPE from the same resin
as the sheet resin. Physical properties shall be the same as the liner sheets.

1.5

INSTALLATION

1. General
a. During installation of the liner, the Engineer will have complete authority to order a stop work due to
inclement weather, the use of improper installation procedures, or for any reason that in his sole
opinion may result in a defective liner.
b. Geomembrane shall be free of holes, pinholes, bubbles, blisters, excessive contamination by foreign
matter, and nicks and cuts on roll edges.
c.

The geomembrane liners shall be installed in accordance with a panel layout plan submitted by the
Contractor for approval by the Engineer.

d. If using single-sided textured HDPE liner, the smooth side of the liner shall face down in the base of
the key trench to provide a better seal with the bentonite-augmented material.
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e. Horizontal seams on slopes shall not be permitted, unless no other option is available and only as
approved by the Engineer.
f.

Tie-in seam shall be a minimum of 1.5 m beyond the toe of slope on the base of the facility.

2. Material Transportation and Storage
a. Labelling: Each roll of geomembrane delivered to the site shall be labelled by the manufacturer. The
label shall clearly state the manufacturer’s name, product identification, thickness, length, and width
and roll number. The label shall be found on either of the end caps, an inside edge of the core, and
outside the core.
b. Delivery: The rolls of liner shall be packaged and shipped by appropriate means to prevent damage
to the material and to facilitate off-loading.
c.

Storage: The on-site storage location for the geomembrane material should be level, smooth,
elevated and dry (not wooden pallets). The Contractor shall provide a suitable storage site which will
protect the geomembrane from punctures, abrasions, excessive moisture, dirt, direct sunlight, and
adverse weather.

d. Handling: The materials are to be handled so as to prevent damage. Use equipment that does not
contact the material itself when handling. Slings or other lifting devices shall provide adequate
support without damaging the material. Instructions for moving geomembrane rolls shall be provided
by the Manufacturer upon request.
3. Liner Deployment
a. Deploy materials to minimize handling, damage and contamination during installation.
b. A geotextile should be placed between the soil surface of the berm and the geomembrane to protect
the underside of the geomembrane from damage during deployment.
c.

Ensure that the sheet is not folded at any time during manufacturing, shipping or installation.

d. Provide sufficient anchorage against uplift due to wind. Sandbags are preferred.
e. Adequate thermal slack will be incorporated in all layers of geomembrane, to the approval of the
Engineer.
f.

Information to be documented on the liner throughout the installation, shall be clearly visible to such
point that the material is covered or construction is complete and will include:
 On each panel, the panel number, material roll number and date deployed. A panel number will be a

simple and logical identifying code. The coding system shall be subject to approval and shall be
determined at the job site.
 All repairs shall be given an identification number, the welder, welder operator and date shall be

recorded with the identification number.
 All destructive sample locations will be identified an identifying number and date removed.
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 All non-destructive test data and date of test.

g. Key liner system (geomembrane liner and geotextile) completely down along the side and to the back
of the anchor trench, as shown on the Construction Drawings.
h. Do not allow heavy vehicular traffic directly on geomembrane or geotextile.

1.6

GRADING

1. Prior to installation of the liner system, the Engineer shall inspect the bedding to ensure that it is satisfactory,
and any defects noted shall be rectified. The bedding surface (Coarse and Fine Surfacing Materials) shall be
sloped as indicated on the Construction Drawings, to assure proper drainage of surface water. The
Contractor is responsible for providing notice to the Engineer to ensure that he is available for the inspection.
2. Following the liner installation, a geotextile shall be placed on top of the liner system in the presence of the
Engineer and Liner Technician. All necessary precautions shall be taken during this operation to ensure that
no damage is done to the liner system. Any damage to the liner system shall be repaired at the Contractor’s
expense, to the satisfaction of the Engineer.
3. The contractor shall maintain the minimum liner cover thicknesses indicated in Table 8.2 when operating
equipment on the liner. Temporary fill, exceeding those shown on the Construction Drawings, may be
required to permit some equipment to work over the liner.
Table 8.2: Minimum Lift Thicknesses for Equipment Operating Over Liner

1.7

Backfill Thickness

Placement Equipment

No Backfill

Foot traffic

150 mm or less

Hand placement

300 mm

D4 – D6 style Cat, Bobcat (skid-steer)

600 mm

D7 – D9 style Cat

900 mm

Loaded scrapers, motor graders

1200 mm

Loaded tandem axle trucks

SEAMS AND JOINTS

1. Joints between liner sheets shall be field welded using the manufacturer’s recommended procedures and
equipment. Only repairs and detail welds shall be extrusion welded.
2. Seaming shall be performed using either the extrusion of double wedge automatic fusion welding equipment
and techniques, as recommended by the manufacturer of the liner membrane. Extrusion welding shall be
used where double wedge fusion welding is not possible such as for patches, repairs and runs of seams.
a. The weld area shall be free of all dirt, dust, moisture, or other foreign material. Surfaces to be welded
shall be wiped with oil-free rags when required to remove any contamination by oil, grease, or
excessive dirt.
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b. If necessary, grinding of the liner material prior to welding shall be per the manufacturer’s
recommendations. The weld shall be made immediately after preparation and cleaning is complete.
The temperature of the welding apparatus shall be checked a minimum of once every hour during
welding.
c.

The liner panels shall be welded together through the anchor trench.

3. An overlap line, a minimum of 150 mm from the edge of the underlying sheet, will be clearly identified on the
underlying panel of every fusion seam.
4. The overlap shall be sufficient to leave a loose flap of geomembrane at least 25 mm wide adjacent to both
sides of the seam.
5. Cross and toe seams shall be staggered a minimum of 1 m.
6. Completed seams and joints shall have a minimum bonded seam strength shall be as follows.
a. Completed seams shall have a minimum strength in shear of at least 21 N/mm (85% of the specified
parent material tensile strength) at yield when tested in accordance with ASTM D 4437, or approved
equal.
b. Completed seams shall have a minimum strength in peal of at least 14 N/mm (60% of the specified
parent material tensile strength) at yield, and break as a film tear bond or a minimum of 10 %
adhesion break when tested in accordance with ASTM D 4437, or approved equal.
7. Seaming shall not proceed when ambient air temperature or adverse weather conditions jeopardize the
integrity of the liner installation. Installer shall demonstrate that acceptable seaming can be performed by
completing acceptable trial welds.
8. Defects and Repairs
a. Examine all seams and non-seam areas of the geomembrane for defects, holes, blisters, undispersed
raw materials, and any sign of contamination by foreign matter.
b. Repair and non-destructively test each suspect location in both seam and non-seam areas. Do not
cover geomembrane at locations which have been repaired until test results with passing values are
available.
9. Seaming and repairs will not be completed without the presence of the QA monitor, or the Engineer.

1.8

WELDING

1. All welds will be completed according to the Contractor’s appropriate welding procedure.
a. Deviation from the written weld procedures in any manner may be cause for rejection of the affected
welds by the Engineer.
b. Any welds that have been rejected shall be remedied to the satisfaction of the Engineer, at no
additional cost to the Owner.
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2. Welding equipment and accessories shall meet the following requirements.
a. Gauges showing temperatures in apparatus extrusion welders (preheat and barrel) or wedge welders
(wedge temperature; travel speed) shall be operational and clearly visible.
b. An adequate number of welding apparatus shall be available to avoid delaying work. There should at
all times be an additional wedge welder and extrusion welder not in use, in the case of malfunction of
those in use.
c.

Power source capable of providing constant voltage under combined line load shall be used.

3. Qualification of Welders
a. Perform trial, or qualification welds, in the presence of the QA monitor or Engineer, on geomembrane
samples to verify welding equipment is operating properly.
b. No welding equipment or welder shall be allowed to perform production welds until equipment and
welders have successfully completed a trial weld.
c.

Trial welds shall be performed prior to use and at a minimum 4-hour frequency throughout each
operating day, or as the origin (existing or new) of the liner panels to be seamed changes.

d. If any welder settings are changed, or maintenance is required other than routine cleaning, the welder
will have to be prequalified.
4. Trial Welds
a. Make trial welds under the same surface and environmental conditions as the production welds, (i.e.,
in contact with subgrade and similar ambient temperature).
b. Trial welds of existing material from representative locations, to new material will be required as
directed by the Engineer.
c.

Each trial weld shall be a minimum of 1.5 m in length.

d. Cut five, 25 mm wide by 150 mm long test strips from the trial weld. Quantitatively test four
specimens for peel adhesion, and then one for bonded seam strength (shear).
e. Repeat the trial weld, in its entirety, when any of the trial weld samples fail in either peel or shear.
5. Extrusion Welding
a. Hot-air bond adjacent pieces together using procedures that do not damage the geomembrane, or
underlying material.
b. Purge welding apparatus of heat-degraded extrudate before welding.
c.

Extrudate tails shall not be discarded on any geosynthetic surface while still hot, and shall not be left
discarded on or below the liner.
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d. Clean geomembrane surfaces according to the appropriate manufacturer approved procedures
before welding, and weld shortly after.
6. Wedge Welding
a. Welding apparatus shall be a self-propelled device equipped with an electronic controller which
displays applicable temperatures.
b. Protect against moisture build-up between sheets.
c.

1.9

Continuously clean seam area of dust, mud, moisture and debris immediately ahead of the hot wedge
welder.

REPAIR PROCEDURES

1. Any liner area showing injury due to excessive scuffing, puncture, or distress from any cause, shall, as
directed by the Engineer, be replaced or repaired with an additional piece of HDPE liner welded over the
defective area. All patches shall extend a minimum of 150 mm in all directions from the affected area.
2. Remove damaged geomembrane and replace with acceptable geomembrane materials if damage cannot be
satisfactorily repaired.
3. All repairs shall be completed within 24 hours from when they are identified, except by approval of the
Engineer.
4. Repair any portion of unsatisfactory geomembrane or seam area failing a destructive or non-destructive test.
Installer shall be responsible for repair of damaged or defective areas. Agreement upon the appropriate
repair method shall be decided between the Engineer and the Installer. Procedures available include the
following:
a. Patching: Used to repair large holes, tears, undispersed raw materials, and contamination by foreign
matter.
b. Abrading and Re-welding: Used to repair small seam sections.
c.

Spot Welding: Used to repair pinholes or other minor, localized flaws or where geomembrane
thickness has been reduced.

d. Capping: Used to repair large lengths of failed seams.
e. Flap Welding: Used to extrusion weld the flap (excess outer portion) of a fusion weld in lieu of a
full cap.
f.

Removing the unacceptable seam and replace with new material.

5. Repair Verification
a. Number and log each patch repair.
b. Non-destructively test each repair using methods identified in this Specification.
De Beers Canada Inc.

Gahcho Kué Project
Master Geotechnical Specifications

1.10

- 27 -

June 2014
Revision 2

CONTRACTOR CONSTRUCTION QUALITY CONTROL

1. A visual inspection of the liner panels and joints shall be made as the installation progresses and again upon
completion of the liner. Defective and questionable areas shall be clearly marked and repaired. All areas
identified shall be repaired to the satisfaction of the Engineer.
2. The Contractor shall further test all joints and repairs in the HDPE liner by vacuum testing or pressurized
dual seams testing (for double hot wedge welds only). All testing shall be done in the presence of or with
knowledge of the QA monitor. All defective areas detected shall be repaired to the satisfaction of the
Engineer.
3. The Contractor shall perform a vacuum test on all extrusion welded seams and repairs, in the
following manner:
a. The area to be tested shall be cleaned of all dirt, debris, and other foreign matter and then a soap and
water solution shall be applied.
b. A gasket vacuum box (American Parts and Service Company, Alhambra, California, Series #A100 or
approved equivalent) assembly consisting of a rigid housing, a clean transparent viewing window,
and a vacuum gauge shall be immediately placed, in a manner as to ensure a seal over the area of
the liner to be tested.
c.

A vacuum of 35 kPa shall be induced and held for a minimum of 5 seconds or long enough for the
area to be thoroughly examined.

d. Examine the geomembrane through the viewing window for the presence of soap bubbling, all areas
where leaks are identified shall be marked and repaired.
e. Any portion of an extrusion seam or repair that cannot be vacuum tested, must be pick tested.
f.

The Contractor shall perform pressurized testing of all double wedge weld seams, regardless of
length, in the following manner.

4. Both ends of the seam to be tested shall be sealed.
a. A needle with pressure gage, or other approved pressure feed device equipped with a pressure
gauge, shall then be inserted into the channel produced in the middle of the double wedge weld.
b. The channel shall be pressurized to 200 kPa to allow the seam to stretch and stabilize before
beginning the test.
c.

If the loss of pressure exceeds 28 kPa during the testing period or does not stabilize, then the seam
will either be repaired entirely or the faulty area will be located and marked for repair.

d. If blockage is present, locate and test seam on both sides of blockage.
e. Remove needle or other approved pressure feed device and seal all penetration holes by extrusion
welding.
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5. Destructive testing will be conducted by the QA monitor, with cooperation of the Contractor. The Contractor
will be responsible for cutting destructive samples as directed by the QA monitor, repairing and testing the
repaired area.
a. Sampling procedures are to be performed as follows:


The installer shall cut samples at locations designated as the installation progresses in
order to obtain laboratory test results before the geomembrane is covered.



The QA monitor will number each sample and mark sample number and location on the
installation layout drawing.



The Installer shall repair all holes in the geomembrane resulting from destructive
sampling. Repair and test the continuity of the repair in accordance with these
Specifications.



Samples shall be 300 mm wide and a minimum length of 700 mm, with the seam
centred lengthwise. The samples shall be cut into three equal sections and distributed
as follows; one section given to the QA monitor as an archive sample, one section given
to the QA monitor for laboratory testing, and one section retained by the installer.

b. Location and frequency of testing of wedge welded seams.

1.11



Collect destructive test samples at a minimum frequency of one every 150 m of seamed
length per welder.



More frequent samples will be required when numerous welders are used, or if welding
is conducted during adverse weather conditions.



Where possible the QA monitor and Contractor shall coordinate destructive samples to
be extracted from end of seams to be discarded and above the designed maximum fluid
level.



Test locations will be determined after seaming.

FAILED SEAM PROCEDURES

1. The following procedure shall be used when there is a destructive test failure.
a. The installer shall follow one of two options:


Reconstruct the seam, or seams between any two passed test locations.
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Track the poor weld by extracting additional samples from either side of the failed
sample. These samples must be taken a minimum of 3 m from the failed sample in both
directions from the location of the failed test.

2. Check next seam welded using same welding device if required to obtain additional sample (i.e., if one side
of the seam is fewer than 3 m long).
3. If any subsequent sample fails, the process shall be repeated to establish the zone in which the seam shall
be reconstructed.
4. Acceptable seams shall be bounded by two locations from which samples have passed destructive tests.

1.12

SUBMISSIONS

1. Identify the material selected for use.
2. With delivery of material, provide written certification from the manufacturer of the material properties for
each lot of material supplied.
3. Additional Submittals (In-Progress and at Completion):
a. Manufacturer's warranty
b. Geomembrane installation warranty
c.

Low-temperature seaming procedures

d. Field seam non-destructive test results
e. Field seam destructive test results
f.

Daily field installation reports

g. Installation record drawing

1.13

LINER ACCEPTANCE

1. The geomembrane liner will be accepted by the Engineer when:
a. The entire installation is finished.
b. All documentation of installation is completed.
c.

Verification of the adequacy of all field seams and repairs and associated testing is complete.
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COVER OF MEMBRANE

1. The Liner Technician shall inspect bedding and protective materials prior to placement and shall confirm
their suitability. The Liner Technician shall remain on the site throughout the placing of protective material
and shall immediately bring to the Engineer’s attention any procedures that he considers to be detrimental to
the membrane.
2. The Contractor shall take the necessary steps to ensure that the integrity of the liner system is not
compromised during placement of the protective cover material.
3. Any damage to the liner system shall be immediately reported to the Engineer. Repair work shall commence
as soon as possible. Granular cover material placement shall cease immediately in an area where the
integrity of the liner system has been compromised. Granular cover material may need to be removed and fill
surrounding the damaged liner system may have to be excavated, without further damaging the integrity of
the liner, to permit repairs to be made.
4. Care shall be taken to avoid any damage to the liner system by making sharp turns, sudden stops or sudden
starts adjacent to the liner system during cover placement. Non-essential heavy equipment traffic in the
immediate vicinity of the liner system shall be minimized.
5. The Contractor shall discuss with the Engineer the schedule for liner system granular cover material
placement. The Engineer shall approve all plans and schedules for covering the liner system.

END OF SECTION
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SECTION 1009 – POLYPROPYLENE GEOMEMBRANE
1.1

GENERAL

1. This specification includes furnishing and installing polypropylene geomembrane.
2. The Work includes the manufacture, supply and installation of the liner, anchor, trench, connections, field
welds and supply and inspection of earthworks.

1.2

REFERENCES

Where material properties are specified the following standards are applicable:
1. American Society for Testing and Materials (ASTM):
a. D 471. Standard Test Method for Rubber Property – Effects of Liquids.
b. D 751, Standard Test Methods for Coated Fabrics.
c.

D 1149. Standard Test Methods for Rubber Deterioration – Cracking in an Ozone Controlled
Environment.

d. D 1204, Standard Test Method for Linear Dimensional Changes of Non Rigid Thermoplastic Sheeting
or Film at Elevated Temperature.
e. D 2136. Standard Test Method for Coated Fabrics – Low-Temperature Bend Test.
f.

D 4637, Standard Specification for EPDM Sheet Used in Single-Ply Roof Membrane.

g. D 4833, Test Method for Index Puncture Resistance of Geotextiles, Geomembranes and
Related Products.
h. D 5261, Standard Test Method for Measuring Mass per Unit Area of Geotextiles.

1.3

i.

D 5884, Standard Test Method for Determining Tearing Strength of Internally Reinforced
Geomembranes.

j.

D 5994, Standard Test Method for Measuring Nominal Thickness of Textured Geomembranes.

k.

E 96. Standard Test Method for Water Vapor Transmission of Materials.

l.

G 155. Standard Practice for Operating Xenon Arc Light Apparatus for Exposure of Non-Metallic
Materials.

SPECIAL REQUIREMENTS

1. Guarantee of Geomembrane Material
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a. The manufacturer or supplier, on a pro-rata basis shall guarantee the Polypropylene geomembrane
liner in writing for a period of 20 years. The guarantee shall be against manufacturing defects of
workmanship and against deterioration due to ozone, ultraviolet, or other normal ageing effects.
2. Experience of Contractor
a. The Contractor shall have demonstrated ability to perform this work by having previously successfully
2
installed a minimum of 100,000 m of similar type flexible liners.
b. The onsite liner supervisor assigned full time to this work shall have directed the installation of a
2
minimum of 50,000 m of similar type flexible liner.
3. Samples and Specifications of Material
a. The Contractor shall submit the manufacturer’s certification stating that the material proposed for use
for this project has physical properties equal to the certified values.
4. Workmanship Guarantee
a. The Liner Contractor shall guarantee the liner installation to be free of defects in workmanship for a
period of one year following the date of acceptance by the Owner or its representative.
b. The Contractor shall agree to make, at his expense, any repairs or replacements made necessary by
defects in workmanship that became evident within said guarantee period.
c.

The Contractor shall make repairs and replacements promptly upon receipt of written order from the
Owner or its authorized representative.

d.

If the Contractor fails to make repairs and replacements promptly, the Owner may do so and the
Contractor shall be liable for the cost of such repairs and replacements.

1.4

MATERIALS

1. General
a. All materials arriving on site are subject to inspection. Replacement or repair of damaged material will
be at no cost to the Owner.
b. The liner material produced shall be free of blisters, holes, undispersed raw materials, or any sign of
contamination by foreign matter. Any such defect shall be repaired using welding techniques in
accordance with manufacturer’s recommendations. Excessive defects, as determined by the
Engineer, may be grounds for rejection of entire roll of liner.
2. Material Property
a. The material supplied under these Specifications shall be new, first quality products.
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Table 9.1: Recommended Minimum Reinforced Polypropylene Geomembrane Properties
Property After
Aging
0
28 days @ 176 F

Test Parameter

Required
Specifications

ASTM Test Method
(Or Approved
Equal)

Minimum Average Thickness (mm / mil)

1.14 / 45

D5994

Tolerance on Nominal Thickness

±10%

D751

Thickness Over Scrim

0.330 mm (0.013 in)

D4637
(Optical Method)

Mass per Unit Area

1.03 kg/m or 0.21 lb/ft
2
or 95 g/ft (typical)

Breaking Strength

1.1 kN (250 lbf) min.
1.3 kN (300 lbf) (typical)

D751
(Grab Method)

1.1 kN (250 lbf) min.
1.3 kN (300 lbf)
(typical)

Elongation at Break of Fabric

25% (typical)

D751

25% (typical)

Tearing Strength

445 N (100 lbf) min.
712 N (160 lbf) typical

D5884
(Tongue Tear)

Low Temperature Flexibility

-400C (-40 F) max.
0
-460C (-50 F) typical

2

2

D5261

0

Linear Dimensional Change
(Shrinkage)

D2136
D1204

Ozone Resistance, 100 pphm
168 hours

No Cracks

D1149

Resistance to Water (distilled)
0
Absorption after 30 days immersion 122 F
0
(50 C) Change in Mass

1.0% max.
0.5% typical

D471
(coating compound)

Hydrostatic Resistance
(Mullen Burst)

2.4 MPa (350 lbf/in or
psi) min.
2
3.1 MPa (450 lbf/in or
psi) typical

D751
(Procedure A)

Field Seam Strength
Seam Tested in Peel After Weld

5.25 kN/m (30 lbf/in)
min.

D1876

Water Vapor Permeance

0.10 perms max.
0.05 perms typical

E96

Puncture Resistance

378 N (85 lbf) min.
489 N (110 lbf) typical

D4833
(Index Puncture)

Resistance to Xenon-Arc weathering
2
Xenon-arc, 10,080 kJ/m total radiant
Exposure, visual condition at 10X

No Cracks
No Loss of Breaking
Or Tearing Strength

G155
2
0.70 W/m
800C B.P.T.

2

±1.0% max.
-0.5% typical
No Cracks

2

2.4 MPa (350 lbf/in or
psi) min.
2
3.1 MPa (450 lbf/in or
psi) typical

2

Approximately equivalent to 12,000 hours exposure at 0.35 W/m 2 irradiance.

B.P.T. is black panel temperature.

b. The liner material produced shall be free of blisters, holes, undispersed raw materials, or any sign of
contamination by foreign matter. Any such defect shall be repaired using welding techniques in
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accordance with manufacturer’s recommendations. Excessive defects, as determined by the
Engineer, may be grounds for rejection of entire roll of liner.
c.

The liner material shall be a reinforced polypropylene geomembrane, and have the minimum property
values indicated in Table 9.1.

1.5

INSTALLATION

1. General
a. During installation of the liner, the Engineer will have complete authority to order a stop work due to
inclement weather, the use of improper installation procedures, or for any reason that in his sole
opinion may result in a defective liner.
b. Geomembrane shall be free of holes, pinholes, bubbles, blisters, excessive contamination by foreign
matter, and nicks and cuts on roll edges.
c.

The geomembrane liners shall be installed in accordance with a panel layout plan from the Contractor
which will be approved by the Engineer.

d. Horizontal seams on slopes shall not be permitted, unless no other option is available and only as
approved by the Engineer.
e. Tie-in seam shall be a minimum of 1.5 m beyond the toe of slope on the base of the facility.
2. Material Transportation and Storage
a. Labelling: Each roll of geomembrane delivered to the site shall be labelled by the manufacturer. The
label shall clearly state the manufacturer’s name, product identification, thickness, length, and width
and roll number. The label shall be found on either of the end caps, an inside edge of the core, and
outside the core.
b. Delivery: The rolls of liner shall be packaged and shipped by appropriate means to prevent damage
to the material and to facilitate off-loading.
c.

Storage: The on-site storage location for the geomembrane material should be level, smooth,
elevated and dry (not wooden pallets). The Contractor shall provide a suitable storage site which will
protect the geomembrane from punctures, abrasions, excessive moisture, dirt, direct sunlight, and
exposure to adverse weather.

d. Handling: The materials are to be handled so as to prevent damage. Use equipment that does not
contact the material itself when handling. Slings or other lifting devices shall provide adequate
support without damaging the material. Instructions for moving geomembrane rolls shall be provided
by the Manufacturer upon request.
3. Liner Deployment
a. Deploy materials to minimize handling, damage and contamination during installation.
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b. A geotextile should be placed between the soil surface of the berm and the geomembrane to protect
the underside of the geomembrane from damage during deployment.
c.

Ensure that the sheet is not folded at any time during manufacturing, shipping or installation.

d. When ready to unfold the panels, remove the packaging carefully. Do not use a knife as damage to
liner may occur. Carefully inspect for protrusions before unfolding panels from the pallet. Remove any
protrusions that may cause damage.
e. The panels should always be pulled into the wind to facilitate proper air flotation. Provide sufficient
anchorage against uplift due to wind. Sandbags are preferred.
f.

Adequate thermal slack will be incorporated in all layers of geomembrane, to the approval of the
Engineer.

g. Information to be documented on the liner throughout the installation, shall be clearly visible to such
point that the material is covered or construction is complete and will include:
 On each panel, the panel number, material roll number and date deployed. A panel number will be a

simple and logical identifying code. The coding system shall be subject to approval and shall be
determined at the job site.
 All repairs shall be given an identification number, the welder, welder operator and date shall be

recorded with the identification number.
 All destructive sample locations will be identified an identifying number and date removed.
 All non-destructive test data and date of test.

h. Key liner system (geomembrane liner and geotextile) completely down along the side and to the back
of the anchor trench, as shown on the Construction Drawings.
i.

Do not allow heavy vehicular traffic directly on geomembrane or geotextile.

j.

If a gust of wind begins to pull the liner away from the crew and they are about to lose their footing,
they should:
 Apply lateral tension in the leading edge and lower it to the ground.
 Attempt to restrain it further by placing one knee on the leading edge.

If these efforts fail to restrain it, let it go. Do not hold onto the liner. Don’t be pulled along with the
wind.
k.

Extreme caution should be exercised when walking on the polypropylene liner material when wet.
The sheeting becomes slippery when wet. It may be necessary to use a rope as an aid for going in or
out of ponds.
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GRADING

1. Prior to installation of the liner system, the Engineer shall inspect the bedding to ensure that it is satisfactory,
and any defects noted shall be rectified. The bedding surface (Coarse and Fine Surfacing Materials) shall be
sloped as indicated on the Construction Drawings, to assure proper drainage of surface water. The
Contractor is responsible for providing notice to the Engineer to ensure that he is available for inspection.
2. Following the liner installation, bedding layer and geotextile shall be placed on top of the liner system in the
presence of the Engineer and Liner Technician. All necessary precautions shall be taken during this
operation to ensure that no damage is done to the liner system. Any damage to the liner system shall be
repaired at the Contractor’s expense, to the satisfaction of the Engineer.
3. The Contractor shall maintain the minimum liner cover thicknesses indicated in Table 9.2 when operating
equipment on the liner. Temporary fill, exceeding those shown on the Construction Drawings, may be
required to permit some equipment to work over the liner.
Table 9.2: Minimum Lift Thicknesses for Equipment Operating Over Liner

1.7

Backfill Thickness

Placement Equipment

No Backfill

Foot traffic

150 mm or less

Hand placement

300 mm

D4-D6 style Cat, Bobcat (skid-steer)

600 mm

D7-D9 style Cat

900 mm

Loaded scrapers, motor graders

1200 mm

Loaded tandem axle trucks

SEAMS AND JOINTS

1. Joints between liner sheets shall be field welded using the manufacturer’s recommended procedures and
equipment. Only repairs and detail welds shall be extrusion welded.
2. Seaming shall be performed using either extrusion or double wedge automatic fusion welding equipment and
techniques, as recommended by the manufacturer of the liner membrane. Extrusion welding shall be used
where double wedge fusion welding is not possible such as for patches, repairs and runs of seams.
a. The weld area shall be free of all dirt, dust, moisture, or other foreign material. Surfaces to be welded
shall be wiped with oil-free rags when required to remove any contamination by oil, grease, or
excessive dirt.
b. If necessary, abrading of the liner material prior to welding shall be per the manufacturer’s
recommendations. The weld shall be made immediately after preparation and cleaning is complete.
The temperature of the welding apparatus shall be checked a minimum of once every hour during
welding.
c.

The liner panels shall be welded together through the anchor trench.
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3. An overlap line, a minimum of 150 mm from the edge of the underlying sheet, will be clearly identified on the
underlying panel of every fusion seam.
4. The overlap shall be sufficient to leave a loose flap of geomembrane at least 25 mm wide adjacent to both
sides of the seam.
5. Cross and toe seams shall be staggered a minimum of 1 m.
6. Completed seams and joints shall have a minimum bonded seam strength shall be as follows.
a. Completed seams shall have a minimum strength in shear of at least 85% of the specified parent
material tensile strength) at yield when tested in accordance with ASTM D 4437, or approved equal.
b. Completed seams shall have a minimum strength in peal of at least 60% of the specified parent
material tensile strength) at yield, and break as a film tear bond or a minimum of 10 % adhesion
break when tested in accordance with ASTM D 4437, or approved equal.
7. Seaming shall not proceed when ambient air temperature or adverse weather conditions jeopardize the
integrity of the liner installation. Installer shall demonstrate that acceptable seaming can be performed by
completing acceptable trial welds.
8. Defects and Repairs
a. Examine all seams and non-seam areas of the geomembrane for defects, holes, blisters, undispersed
raw materials, and any sign of contamination by foreign matter.
b. Repair and non-destructively test each suspect location in both seam and non-seam areas. Do not
cover geomembrane at locations which have been repaired until test results with passing values are
available.
9. Seaming and repairs will not be completed without the presence of the QA monitor, or the Engineer.

1.8

WELDING

1. All welds will be completed according to the Contractor’s appropriate welding procedure.
a. Deviation from the written weld procedures in any manner may be cause for rejection of the affected
welds by the Engineer.
b. Any welds that have been rejected shall be remedied to the satisfaction of the Engineer, at no
additional cost to the Owner.
2. Welding equipment and accessories shall meet the following requirements.
a. Gauges showing temperatures in apparatus extrusion welders (preheat and barrel) or wedge welders
(wedge temperature; travel speed) shall be operational and clearly visible.
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b. An adequate number of welding apparatus shall be available to avoid delaying work. There should at
all times be an additional wedge welder and extrusion welder not in use, in the case of malfunction of
those in use.
c.

Power source capable of providing constant voltage under combined line load shall be used.

3. Qualification of Welders
a. Perform trial, or qualification welds, in the presence of the QA monitor or Engineer, on geomembrane
samples to verify welding equipment is operating properly.
b. No welding equipment or welder shall be allowed to perform production welds until equipment and
welders have successfully completed a trial weld.
c.

Trial welds shall be performed prior to use and at a minimum 4-hour frequency throughout each
operating day, or as the origin (existing or new) of the liner panels to be seamed changes.

d. If any welder settings are changed, or maintenance is required other than routine cleaning, the welder
will have to be prequalified.
4. Trial Welds
a. Make trial welds under the same surface and environmental conditions as the production welds, (i.e.,
in contact with subgrade and similar ambient temperature).
b. Trial welds of existing material from representative locations, to new material will be required as
directed by the Engineer.
c.

Each trial weld shall be a minimum of 1.5 m in length.

d. Cut five, 25 mm wide by 150 mm long test strips from the trial weld. Quantitatively test four
specimens for peel adhesion, and then one for bonded seam strength (shear).
e. Repeat the trial weld, in its entirety, when any of the trial weld samples fail in either peel or shear.
5. Extrusion Welding
a. Hot-air bond adjacent pieces together using procedures that do not damage the geomembrane, or
underlying material.
b. Purge welding apparatus of heat-degraded extrudate before welding.
c.

Extrudate tails shall not be discarded on any geosynthetic surface while still hot, and shall not be left
discarded on or below the liner.

d. Clean geomembrane surfaces according to the appropriate manufacturer approved procedures
before welding, and weld shortly after.
6. Wedge Welding
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a. Welding apparatus shall be a self-propelled device equipped with an electronic controller which
displays applicable temperatures.
b. Protect against moisture build-up between sheets.
c.

1.9

Continuously clean seam area of dust, mud, moisture and debris immediately ahead of the hot wedge
welder.

REPAIR PROCEDURES

1. Any liner area showing injury due to excessive scuffing, puncture, or distress from any cause, shall, as
directed by the Engineer, be replaced or repaired with an additional piece of polypropylene liner welded over
the defective area. All patches shall extend a minimum of 150 mm in all directions from the affected area.
2. Before making repairs, the contact surfaces of the lining shall be thoroughly cleaned to remove all dirt, dust,
moisture and other foreign materials.
3. When making repairs, a hot-air gun or other approved heating device shall be used to warm the lining.
4. Remove damaged geomembrane and replace with acceptable geomembrane materials if damage cannot be
satisfactorily repaired.
5. All repairs shall be completed within 24 hours from when they are identified, except by approval of the
Engineer.
6. Repair any portion of unsatisfactory geomembrane or seam area failing a destructive or non-destructive test.
Installer shall be responsible for repair of damaged or defective areas. Agreement upon the appropriate
repair method shall be decided between the Engineer and the Installer. Procedures available include the
following:
a. Patching: Used to repair large holes, tears, undispersed raw materials, and contamination by foreign
matter.
b. Abrading and Re-welding: Used to repair small seam sections.
c.

Spot Welding: Used to repair pinholes or other minor, localized flaws or where geomembrane
thickness has been reduced.

d. Capping: Used to repair large lengths of failed seams.
e. Flap Welding: Used to extrusion weld the flap (excess outer portion) of a fusion weld in lieu of a
full cap.
f.

Removing the unacceptable seam and replace with new material.

7. Repair Verification
a. Number and log each patch repair.
b. Non-destructively test each repair using methods identified in this Specification.
De Beers Canada Inc.

Gahcho Kué Project
Master Geotechnical Specifications

1.10

- 40 -

June 2014
Revision 2

CONTRACTOR CONSTRUCTION QUALITY CONTROL

1. A visual inspection of the liner panels and joints shall be made as the installation progresses and again upon
completion of the liner. Defective and questionable areas shall be clearly marked and repaired. All areas
identified shall be repaired to the satisfaction of the Engineer.
2. The Contractor shall further test all joints and repairs in the polypropylene liner by vacuum testing or
pressurized dual seams testing (for double hot wedge welds only). All testing shall be done in the presence
of or with knowledge of the QA monitor. All defective areas detected shall be repaired to the satisfaction of
the Engineer.
3. The Contractor shall perform a vacuum test on all extrusion welded seams and repairs, in the
following manner:
a. The area to be tested shall be cleaned of all dirt, debris, and other foreign matter and then a soap and
water solution shall be applied.
b. A gasket vacuum box (American Parts and Service Company, Alhambra, California, Series #A100 or
approved equal) assembly consisting of a rigid housing, a clean transparent viewing window, and a
vacuum gauge shall be immediately placed, in a manner as to ensure a seal over the area of the liner
to be tested.
c.

A vacuum of 35 kPa shall be induced and held for a minimum of 5 seconds or long enough for the
area to be thoroughly examined.

d. Examine the geomembrane through the viewing window for the presence of soap bubbling, all areas
where leaks are identified shall be marked and repaired.
e. Any portion of an extrusion seam or repair that cannot be vacuum tested, must be pick tested.
f.

The Contractor shall perform pressurized testing of all double wedge weld seams, regardless of
length, in the following manner.

4. Both ends of the seam to be tested shall be sealed.
a. A needle with pressure gage, or other approved pressure feed device equipped with a pressure
gauge, shall then be inserted into the channel produced in the middle of the double wedge weld.
b. The channel shall be pressurized as per the manufacturer’s instructions manual to allow the seam to
stretch and stabilize before beginning the test.
c.

If the loss of pressure exceeds per the manufacturer’s instructions manual during the testing period or
does not stabilize, then the seam will either be repaired entirely or the faulty area will be located and
marked for repair.

d. If blockage is present, locate and test seam on both sides of blockage.
e. Remove needle or other approved pressure feed device and seal all penetration holes by extrusion
welding.
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5. Destructive testing will be conducted by the QA monitor, with cooperation of the Contractor. The Contractor
will be responsible for cutting destructive samples as directed by the QA monitor, repairing and testing the
repaired area.
a. Sampling procedures are to be performed as follows:
 The installer shall cut samples at locations designated as the installation progresses in order to

obtain laboratory test results before the geomembrane is covered.
 The QA monitor will number each sample and mark sample number and location on the installation

layout drawing.
 The Installer shall repair all holes in the geomembrane resulting from destructive sampling. Repair

and test the continuity of the repair in accordance with these Specifications.
 Samples shall be eight 200 mm wide and a minimum length of 700 mm, with the seam centred

lengthwise.
b. Location and frequency of testing of wedge welded seams.
 Collect destructive test samples at a minimum frequency of one every 150 m of seamed length per

welder.
 More frequent samples will be required when numerous welders are used, or if welding is conducted

during adverse weather.
 Where possible the QA monitor and Contractor shall coordinate destructive samples to be extracted

from end of seams to be discarded and above the designed maximum fluid level.
 Test locations will be determined after seaming.

1.11

FAILED SEAM PROCEDURES

1. The following procedure shall be used when there is a destructive test failure.
a. The installer shall follow one of two options:
 Reconstruct the seam, or seams between any two passed test locations.
 Track the poor weld by extracting additional samples from either side of the failed sample. These

samples must be taken a minimum of 3 m from the failed sample in both directions from the location
of the failed test.
2. Check next seam welded using same welding device if required to obtain additional sample (i.e., if one side
of the seam is fewer than 3 m long).
3. If any subsequent sample fails, the process shall be repeated to establish the zone in which the seam shall
be reconstructed.
4. Acceptable seams shall be bounded by two locations from which samples have passed destructive tests.
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SUBMISSIONS

1. Identify the material selected for use.
2. With delivery of material, provide written certification from the manufacturer of the material properties for
each lot of material supplied.
3. Additional Submittals (In-Progress and at Completion):
a. Manufacturer's warranty
b. Geomembrane installation warranty
c.

Low-temperature seaming procedures

d. Field seam non-destructive test results
e. Field seam destructive test results
f.

Daily field installation reports

g. Installation record drawing

1.13

LINER ACCEPTANCE

1. The geomembrane liner will be accepted by the Engineer when:
a. The entire installation is finished.
b. All documentation of installation is completed.
c.

1.14

Verification of the adequacy of all field seams and repairs and associated testing is complete.

COVER OF MEMBRANE

1. The Liner Technician shall inspect bedding and protective materials prior to placement and shall confirm
their suitability. The Liner Technician shall remain on the site throughout the placing of protective material
and shall immediately bring to the Engineer’s attention any procedures that he considers to be detrimental to
the membrane.
2. The Contractor shall take the necessary steps to ensure that the integrity of the liner system is not
compromised during placement of the protective cover material.
3. Any damage to the liner system shall be immediately reported to the Engineer. Repair work shall commence
as soon as possible. Granular cover material placement shall cease immediately in an area where the
integrity of the liner system has been compromised. Granular cover material may need to be removed and fill
surrounding the damaged liner system may have to be excavated, without further damaging the integrity of
the liner, to permit repairs to be made.
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4. Care shall be taken to avoid any damage to the liner system by making sharp turns, sudden stops or sudden
starts adjacent to the liner system during cover placement. Non-essential heavy equipment traffic in the
immediate vicinity of the liner system shall be minimized.
5. The Contractor shall discuss with the Engineer the schedule for liner system granular cover material
placement. The Engineer shall approve all plans and schedules for covering the liner system.

END OF SECTION
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SECTION 1010 – TURBIDITY BARRIERS
1.1

GENERAL

1. This specification includes furnishing and installing impervious (silt curtain) turbidity barriers.
2. The Work includes the manufacture, supply, deployment, and monitoring of the turbidity barriers.

1.1

REFERENCES

1. US-EPA, 2000 – Great Lakes Ecological Protection and Restoration, Great Lakes National Program
Office.

1.2

MATERIALS

1. General
a. All materials arriving on site are subject to inspection. Replacement or repair of damaged
material will be at no cost to the Owner.
b. The silt curtain produced shall be free of blisters, holes, undispersed raw materials, or any
sign of contamination by foreign matter. Any such defect shall be in accordance with
manufacturer’s recommendations. Excessive defects, as determined by the Engineer, may
be grounds for rejection of entire roll of silt curtain.
2. Material Property
a. The silt curtain shall be made of Low Temperature Arctic, Coated PVC 22 oz LTA.
b. The material supplied under these Specifications shall be new, first quality products.

1.3

INSTALLATION

1. The Contractor shall construct working platforms on land near the points of entry in order to set up
the silt curtain system (i.e., unfurl, attach sections together and furl back).
2. The Contractor shall attach the silt curtain together at the work site. Two anchors (inside and outside
of the curtain alignment) shall be installed at 30 m intervals in order to properly stabilize the sections
of the curtain.
3. When approximately 240 m lengths of silt curtain are connected together, the section will be pulled
in the water using the tug boat’s tow line and taken into position, in between the bottom anchors.
Two work boats will be used to attach and adjust the silt curtain.
4. The Contractor shall install the end and bottom anchors on the water using a barge and tug in the
lake and a boom truck shall be used for island mooring.
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5. End anchors located on the abutments shall be installed using drilling equipment such as pluggers
or air-tracks, depending on the size and depth of anchors.
6. Bottom anchors shall be lowered with a portable winch from a barge and gently placed on the bed.
Buoys shall be attached to the anchors.
7. The silt curtain shall be deployed as near to the bottom as is practical to accommodate lake current
flow while at the same time not allowing for re-suspension of lake bottom sediment.
8. Silt curtains sections near the shore (i.e., +/- 2 m deep) shall be resting on the bottom of the lake to
prevent suspended solids from going underneath the silt barrier due to wave effects at the shoreline.
9. In still water, silt curtains shall be installed within 0.5 m to 1.0 m of the lake bottom if practical
considerations do not limit the depth in deeper water.
10. In moving water, silt curtains shall be installed no deeper than 6.5 m, (US-EPA, 2000) and/or in fast
currents (i.e., 50 cm/s).

1.4

PROGRESSIVE REMOVAL

1. If schedule restraints trigger the need for progressive removal of the silt curtain, the curtain shall be
broken into sections and pulled onto the newly constructed embankment/ fill area. This progressive
removal will help reduce the mixing zone along the embankment/fill area as well as reduce the risk
of damaging the curtain during removal as the lake ice is forming.
2. In approximately early October, the removal of the last section of curtain shall commence in
anticipation of the formation of ice.

1.5

REPAIR PROCEDURES

1. In case of damage, replacements sections of complete silt curtain system shall be kept on site.
When a section of curtain needs to be repaired, the damaged piece will be removed and replaced by
a new one.
2. The damaged section will be taken back to storage for repairs.

1.6

CONTRACTOR CONSTRUCTION QUALITY CONTROL

1. Silt curtain installation shall be carried out under the supervision of the Contractor’s quality control
and the QA inspector.
2. Throughout the construction season the turbidity barrier shall be inspected daily by the Contractor
and after storms. If movement is suspected the position of the curtain shall be checked by GPS.
3. The QA inspector shall conduct daily visual inspections of the silt curtain throughout the
environmental monitoring program. All areas identified shall be repaired to the satisfaction of the
Engineer.
4. Additional lengths of silt curtain shall be available for deployment to address local problems or to
install a parallel barrier in certain areas.
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SUBMISSIONS

1. Identify the material selected for use.
2. With delivery of material, provide written certification from the manufacturer of the material properties
for each lot of material supplied.
3. Additional Submittals (In-Progress and at Completion):
a. Manufacturer's warranty
b. Turbidity barrier installation warranty
c.

Daily field installation reports

d. Installation record drawing

1.8

TURBIDITY BARRIER ACCEPTANCE

1. The silt curtain will be accepted by the Engineer when:
a. The entire installation is finished.
b. All documentation of installation is completed.
c.

Verification of the adequacy of all field repairs is complete.

END OF SECTION

De Beers Canada Inc.

Gahcho Kué Project
Master Geotechnical Specifications

- 47 -

June 2014
Version 2

SECTION 1011 – QUALITY ASSURANCE TESTING
1.9

GENERAL

1. This section describes the quality assurance testing that shall be carried out during construction.
2. The testing shall be carried out by the Engineer.

1.10

REFERENCE STANDARDS

3. ASTM C136-04 – Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates.
4. ASTM D698-00ae1 – Standard Test Methods for Laboratory Compaction Characteristics of Soil
Using Standard Effort.
5. ASTM D2922-01 – Standard Test Methods for Density of Soil and Soil-Aggregate in Place by
Nuclear Methods (Shallow Depth).
6. ASTM D5030-89 – Standard Test Method for Density of Soil and Rock in Place by the Water
Replacement Method in a Test Pit.

1.11

GRANULAR FILL TESTING REQUIREMENTS

1. Particle Size Analysis
a. Particle size analyses shall be completed in accordance with ASTM C136.
b. Particle size analysis testing shall be completed on representative samples obtained during
production of the Fine Surfacing Material, Coarse Surfacing Material, Transition Fill, and
Granular Till materials.
c.

Samples shall be collected and tested at the following frequencies:
3

 Fine Surfacing Material (20 mm Minus): one sample per 500 m of material produced or one

sample per 12 hours of production, whichever is more frequent;
3

 Coarse Surfacing Material (40 mm Minus): one sample per 500 m of material produced or

one sample per 12 hours of production, whichever is more frequent;
3

 Transition Rockfill (150 mm Minus): one sample per 2000 m of material produced or one

sample per 24 hours of production, whichever is more frequent;
3

 Granular Till (150 mm Minus): one sample per 2000 m of material produced or one sample

per 24 hours of production, whichever is more frequent.
2. Moisture-Density Testing
a. The maximum dry-density of Coarse Surfacing and Fine Surfacing materials shall be
evaluated by ASTM D698.
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FIELD DENSITY TESTING

1. Field density testing shall be conducted on the compacted Coarse Surfacing, Fine Surfacing, and
Granular Till Materials in accordance with ASTM D2922. Testing shall be completed at a minimum
2
frequency of one test per 100 m per lift for Coarse Surfacing and Fine Surfacing Materials. Field
density testing may be conducted on the Granular Till Material at the discretion of the Engineer.
2. Proof rolling shall be conducted on the compacted Transition Rockfill using a loaded haul truck. The
number of full passes should be at least six, or until the subgrade does not exhibit more than 12.5
mm rutting. A full pass is defined as one forward pass followed by a backward pass. Proof rolling
may be conducted on Transition Rockfill at the discretion of the Engineer.
3. A test pad shall be constructed in the early stages of Random Fill construction during freezing
conditions and at least 3 direct, large scale field density tests, shall be performed to obtain roller
pass versus settlement curves, bulk density, and gradation test results to demonstrate adequate
compaction of the material in subzero conditions. The water replacement method shall be used to
determine the density of the compacted Random Fill in accordance with the method specified by
ASTM D 5030-89.

END OF SECTION
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SECTION 1012 – GENERAL TEST PROCEDURES
1. American Society for Testing and Materials (ASTM)
a. D 413, Standard Test Methods for Rubber Property—Adhesion to Flexible Substrate.
b. D 638, Standard Test Method for Tensile Properties of Plastics.
c.

D 751, Standard Test Methods for Coated Fabrics.

d. D 792, Standard Test Methods for Density and Specific Gravity (Relative Density) of Plastics
by Displacement.
e. D 1004, Standard Test Method for Initial Tear Resistance of Plastic Film and Sheeting.
f.

D 1238, Standard Test Method for Flow Rates of Thermoplastics by Extrusion Plastometer.

g. D 1505, Standard Test Method for Density of Plastics by Density-Gradient Technique.
h. D 1603, Standard Test Method for Carbon Black in Olefin Plastics.
i.

D 1876. Standard Test Method for Peel Resistance of Adhesives. (T-Peel Test).

j.

D 3895, Test Method for Oxidative Induction Time of Polyolefins by Thermal Analysis.

k.

D 4218, Test Method for Determination of Carbon Black Content in Polyethylene Compounds
by the Muffle-Furnace Technique.

l.

D 4354, Practice for Sampling of Geosynthetics for Testing.

m. D 4437, Standard Practice for Determining the Integrity of Field Seams Used in Joining
Flexible Polymeric Sheet Geomembranes.
n. D 4759, Practice for Determining the Specification Conformance of Geosynthetics.
o. D 4833, Test Method for Index Puncture Resistance of Geotextiles, Geomembranes and
Related Products.
p. D 4873, Guide for Identification, Storage and Handling of Geotextiles.
q. D 5199, Standard Test Method for Measuring Nominal Thickness of Smooth Geomembranes.
r.

D 5397, Standard Test Method for Evaluation of Stress Crack Resistance of Polyolefins using
Notched Constant Tensile Load Test.

s.

D 5494, Test Method for the Determination of Pyramid Puncture Resistance of Unprotected
and Protected Geomembranes.

t.

D 5596, Standard Practice for Microscopic Examination of Pigment Dispersion in Plastic
Compounds.

u. D 5641, Standard Practice for Geomembrane Seam Evaluation by Vacuum Chamber.
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D 5820, Test Method for Air Testing.

w. D 5820-95, Pressurized Air Channel Test for Dual Seamed Geomembranes.
x.

D 6241, Test Method for Static Puncture Strength of Geotextiles and Geotextile Related
Product Using a 50-mm Probe.

y.

D 6365, Standard Practice for the Nondestructive Testing of Geomembrane Seams using
The Spark Test.

z.

D 6392, Determining the Integrity of Nonreinforced Geomembrane Seams Produced Using
Thermo-Fusion Methods.

2. Geosynthetic Research Institute (GRI):
a. GRI GM 9, Cold Weather Seaming of Geomembranes.
b. GRI GM 10, The Stress Crack Resistance of HDPE Geomembrane Sheet.
c.

GRI GM 12, Measurement of the Asperity Height of Textured Geomembranes Using a
Depth Gage.

d. GRI GM 13, Test Properties, Testing Frequency for High Density Polyethylene (HDPE)
Smooth and Textured Geomembranes.
e. GRI GM 14, Selecting Variable Intervals for Taking Geomembrane Destructive Seam
Samples Using the Method of Attributes.
f.

GRI GM 19, Seam Strength and Related Properties of Thermally Bonded Polyolefin
Geomembranes.

g. GRI GT12. Test Methods and Properties for Non-woven Geotextiles Used as Protection
(or Cushioning) Materials.

END SECTION
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TILL (UNFROZEN) IN ACCORDANCE WITH THE REQUIREMENTS OF MASTER GEOTECHNICAL
CONSTRUCTION SPECIFICATION.
4. KEY TRENCH LOCATION AND DEPTH IS APPROXIMATE.
5. GEOMETRIC DESIGN OF HAUL ROAD TO BE CONFIRMED, INCLUDING PROPOSED APPROACH TAPPERS
AT LANE WIDTH REDUCTION.
6. WATER LEVELS FROM TETRA TECH EBA REPORT - GAHCHO KUÉ PROJECT, NT, CANADA, UPDATED
WASTER AND WASTE MANAGEMENT PLAN, DECEMBER 2013.
7. BATHYMETRIC SURFACE BASED ON SURVEY CONDUCTED BY EBA 2013.
8. LAKE BED CONTACT SURFACES TO BE CLEAR OF LOOSE MATERIALS INCLUDING COBBLES AND
BOULDERS PRIOR TO FILL PLACEMENT.
9. CULVERTS MAY BE SUBSTITUTED WITH ALTERNATE DIAMETER AND/OR NUMBER, PROVIDING MINIMUM
FLOWS ARE MAINTAINED. SUBJECT TO APPROVAL BY ENGINEER.
10. KEY TRENCH FOUNDATION PREPARATION SHOULD BE IN ACCORDANCE WITH THE REQUIREMENTS OF
MASTER GEOTECHNICAL CONSTRUCTION SPECIFICATION.
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C/L CAUSEWAY
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AREA 7

1
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1.2
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ELEVATION (m)

ELEV: 422.5 m

1.5
1

ORIGINAL LAKE LEVEL APPROX. ELEV. 420.7
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ORIGINAL LAKE LEVEL APPROX. ELEV. 420.7 m
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STAGE 1
SECTION A - CAUSEWAY CONSTRUCTION
STA. 0+190

COMPACTED FILL TO ESTABLISH DESIRED
2.5:1 SLOPE FOR GEOMEMBRANE LINER
INSTALL.
BLAST EXCAVATION BOTTOM

DETAIL "A"

C/L DYKE A

C/L COFFERDAM

430

20

750 mm MIN.
750 mm MIN.

7
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NON-WOVEN GEOTEXTILE

1

750 mm MIN.
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BATHYMETRIC SURFACE
(SEE NOTE 7)
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INSET
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4

2
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CASING CULVERTS
SEE DETAIL C THIS SHEET
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SEE DETAIL "B"
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1.2

HDPE
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DO NOT USE VIBRATION WITHIN 300 mm OF PIPE

430

12.1 m WORKING PLATFORM
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2
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1
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1
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1
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FOUNDATION PREPARATION
(SEE NOTE 8)
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1

BATHYMETRIC SURFACE
(SEE NOTE 7)

FOUNDATION PREPARATION
(SEE NOTE 8)

PIPE BEDDING ZONE:
PLACED IN ACCORDANCE WITH
REQUIREMENTS OF MASTER
GEOTECHNICAL CONSTRUCTION
SPECIFICATION.
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m
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m
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STAGE 2
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COFFER DAM CONSTRUCTION
STA.0+190

HAUNCHES: PLACE AND COMPACT
GRANULAR PIPE BEDDING GRAVEL IN
THIN LAYERS AT HAUNCHES. FILL ALL
CORRUGATIONS AND ENSURE FIRM
CONTACT WITH PIPE.

DETAIL "C" - CULVERT DETAIL (SEE NOTE 9)
N.T.S.
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1.0 m
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1.3 m
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EL. 423.1 m
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1
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3
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(SEE NOTE 7)
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KEY TRENCH
SEE DETAIL "A"
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PREPARATION (SEE NOTE 10)
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DETAIL "B"
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MATERIAL LEGEND:
1

RUN-of-MINE (700 mm Minus)

2

TRANSITION ROCK FILL (150 mm Minus)

3

COARSE SURFACING MATERIAL (40 mm Minus)

4

FINE SURFACING MATERIAL (20 mm Minus)

5

GRANULAR TILL (150 mm Minus)

6

RANDOM FILL (450 mm Minus)

7

20 mm MINUS > 8% BENTONITE

NOTE
1.

FOR MATERIALS DESCRIPTIONS, SEE
"GEOTECHNICAL MASTER SPECIFICATION FOR FILL
MATERIALS & GEOTEXTILE / GEOMEMBRANE
SUPPLY AND INSTALLATION".

STAGE 3
SECTION A - DYKE CONSTRUCTION
STA. 0+190

LEGEND:
- EBA BOREHOLE 2013
- AMEC BOREHOLE 2004
- OPERATING WATER LEVEL 420.70 m.
- PROJECTED MAXIMUM WATER LEVEL 421.5 m
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NOTES
1. UTM WITH NAD83 DATUM, ZONE 12, METER; CENTRAL MERIDIAN 111D W
2. DIMENSIONS ARE IN METERS UNLESS SPECIFIED OTHERWISE.
3. KEY TRENCH EXCAVATED TO TOP OF COMPETENT BEDROCK OR FROZEN TILL OR LOW PERMEABILITY
TILL (UNFROZEN) IN ACCORDANCE WITH THE REQUIREMENTS OF MASTER GEOTECHNICAL
CONSTRUCTION SPECIFICATION.
4. KEY TRENCH LOCATION AND DEPTH IS APPROXIMATE.
5. GEOMETRIC DESIGN OF HAUL ROAD TO BE CONFIRMED, INCLUDING PROPOSED APPROACH TAPPERS
AT LANE WIDTH REDUCTION.
6. WATER LEVELS FROM TETRA TECH EBA REPORT - GAHCHO KUÉ PROJECT, NT, CANADA, UPDATED
WASTER AND WASTE MANAGEMENT PLAN, DECEMBER 2013.
7. BATHYMETRIC SURFACE BASED ON SURVEY CONDUCTED BY EBA 2013.
8. LAKE BED CONTACT SURFACES TO BE CLEAR OF LOOSE MATERIALS INCLUDING COBBLES AND
BOULDERS PRIOR TO FILL PLACEMENT.
9. CULVERTS MAY BE SUBSTITUTED WITH ALTERNATE DIAMETER AND/OR NUMBER, PROVIDING MINIMUM
FLOWS ARE MAINTAINED. SUBJECT TO APPROVAL BY ENGINEER.
10. KEY TRENCH FOUNDATION PREPARATION SHOULD BE IN ACCORDANCE WITH THE REQUIREMENTS OF
MASTER GEOTECHNICAL CONSTRUCTION SPECIFICATION.
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NOTES
1. UTM WITH NAD83 DATUM, ZONE 12, METER; CENTRAL MERIDIAN 111D W
2. DIMENSIONS ARE IN METERS UNLESS SPECIFIED OTHERWISE.
3. KEY TRENCH EXCAVATED TO TOP OF COMPETENT BEDROCK OR FROZEN TILL OR LOW PERMEABILITY
TILL (UNFROZEN) IN ACCORDANCE WITH THE REQUIREMENTS OF MASTER GEOTECHNICAL
CONSTRUCTION SPECIFICATION.
4. KEY TRENCH LOCATION AND DEPTH IS APPROXIMATE.
5. GEOMETRIC DESIGN OF HAUL ROAD TO BE CONFIRMED, INCLUDING PROPOSED APPROACH TAPPERS
AT LANE WIDTH REDUCTION.
6. WATER LEVELS FROM TETRA TECH EBA REPORT - GAHCHO KUÉ PROJECT, NT, CANADA, UPDATED
WASTER AND WASTE MANAGEMENT PLAN, DECEMBER 2013.
7. BATHYMETRIC SURFACE BASED ON SURVEY CONDUCTED BY EBA 2013.
8. LAKE BED CONTACT SURFACES TO BE CLEAR OF LOOSE MATERIALS INCLUDING COBBLES AND
BOULDERS PRIOR TO FILL PLACEMENT.
9. CULVERTS MAY BE SUBSTITUTED WITH ALTERNATE DIAMETER AND/OR NUMBER, PROVIDING MINIMUM
FLOWS ARE MAINTAINED. SUBJECT TO APPROVAL BY ENGINEER.
10. KEY TRENCH FOUNDATION PREPARATION SHOULD BE IN ACCORDANCE WITH THE REQUIREMENTS OF
MASTER GEOTECHNICAL CONSTRUCTION SPECIFICATION.
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MPV-04-158c (-76.9 m)

MPV-04-163c (-94.6 m)

DYKE A CREST ELEV. 423.1 m

MPV-04-160c (-83.9 m)
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PBH-13-02 (-91.5 m)
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NOTE: 5x VERTICAL EXAGGERATION

MPV-04-156c (-72.4 m)
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DYKE A CENTRELINE (SEE DRAWINGS C200 AND C201)
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NOTES
1. UTM WITH NAD83 DATUM, ZONE 12, METER; CENTRAL MERIDIAN 111D W
2. DIMENSIONS ARE IN METERS UNLESS SPECIFIED OTHERWISE.
3. KEY TRENCH EXCAVATED TO TOP OF COMPETENT BEDROCK OR FROZEN TILL OR LOW PERMEABILITY
TILL (UNFROZEN) IN ACCORDANCE WITH THE REQUIREMENTS OF MASTER GEOTECHNICAL
CONSTRUCTION SPECIFICATION.
4. KEY TRENCH LOCATION AND DEPTH IS APPROXIMATE.
5. GEOMETRIC DESIGN OF HAUL ROAD TO BE CONFIRMED, INCLUDING PROPOSED APPROACH TAPPERS
AT LANE WIDTH REDUCTION.
6. WATER LEVELS FROM TETRA TECH EBA REPORT - GAHCHO KUÉ PROJECT, NT, CANADA, UPDATED
WASTER AND WASTE MANAGEMENT PLAN, DECEMBER 2013.
7. BATHYMETRIC SURFACE BASED ON SURVEY CONDUCTED BY EBA 2013.
8. LAKE BED CONTACT SURFACES TO BE CLEAR OF LOOSE MATERIALS INCLUDING COBBLES AND
BOULDERS PRIOR TO FILL PLACEMENT.
9. CULVERTS MAY BE SUBSTITUTED WITH ALTERNATE DIAMETER AND/OR NUMBER, PROVIDING MINIMUM
FLOWS ARE MAINTAINED. SUBJECT TO APPROVAL BY ENGINEER.
10. KEY TRENCH FOUNDATION PREPARATION SHOULD BE IN ACCORDANCE WITH THE REQUIREMENTS OF
MASTER GEOTECHNICAL CONSTRUCTION SPECIFICATION.
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TOP PLATE SEE DETAIL "02"
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LAYOUT POINT INFORMATION
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DESCRIPTION # NORTHING EASTING ELEVATION (m)
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LEGEND:
- EBA BOREHOLE 2013
- AMEC BOREHOLE 2004
- PROPOSED GROUND TEMPERATURE CABLE POINT (GTC-##)
- PROPOSED IRON BAR SURVEY MONITORING POINT (SH-##)
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NOTES
1. UTM WITH NAD83 DATUM, ZONE 12, METER; CENTRAL MERIDIAN 111D W
2. DIMENSIONS ARE IN METERS UNLESS SPECIFIED OTHERWISE.
3.
WATER LEVELS FROM TETRA TECH EBA REPORT - GAHCHO KUÉ PROJECT, NT, CANADA, UPDATED
WATER AND WASTE MANAGEMENT PLAN, DECEMBER 2013.
4. BATHYMETRIC SURFACE BASED ON SURVEY CONDUCTED BY EBA 2013.
5. FOR FREQUENCY OF INSTRUMENT READINGS REFER TO DYKE A QUALITY ASSURANCE PLAN.
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APPENDIX C
QUALITY ASSURANCE PLAN GAHCHO KUÉ PROJECT, NWT
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GENERAL
This Quality Assurance Plan (Plan) addresses construction quality assurance (CQA) for
construction of Dyke A of the Gahcho Kué Diamond Mine (Mine), located in the
Northwest Territories (NWT) centered at 63°25’48” N, 109°12’00” W.
This Plan is to be used in conjunction with the Dyke A Construction Drawings (Tetra Tech
EBA, 2014a), Dyke A Construction Management Plan (Tetra Tech EBA, 2014b), and the
Master Geotechnical Specifications for Fill Materials and Geotextile/Geomembrane
Supply and Installation (Master Geotechnical Specifications) (Tetra Tech EBA, 2014c).
The QA Monitor and all Contractors are required to become familiar with the
Specifications and Drawings.
Responsibilities of the various parties involved in the construction are defined along with
the testing and documentation for the following tasks, construction and installation:


Dyke excavation;



Dyke foundation preparation;



Liner system installation;



Dyke embankment construction;



Dyke monitoring program;



Construction records report; and,



Annual review reports.

Quality control for manufactured materials will be the responsibility of the manufacturers,
suppliers and installation contractors, all of whom will be responsible to the General
Contractor, referred to in the Specifications and this manual as the Contractor.
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DEFINITION OF OPERATIONS AND
RESPONSIBILITIES
Parties who may be involved in the production, delivery, and installation of materials, and
construction with on-site materials for the project are listed and defined below.
Designer:
Tetra Tech EBA Inc. (Tetra Tech EBA) is responsible for Design, Construction Drawings
and Specifications for the constructed products.
Owner:
De Beers Canada Inc. (De Beers) is the Owner and will be responsible for operating and
maintaining the facility and interfacing with the regulatory agencies. The Owner will
appoint a representative to co-ordinate field activities. The Contractor will be responsible
to the Owner’s representative.
Contractor:
The Contractor is responsible for completion of all the work on the Project. The
Contractor may sub-contract out the specialty work such as grouting.
Regulators:
Applicable departments of the Federal and Territorial Governments (i.e., Mackenzie
Valley Land and Water Board (MVLWB)) having jurisdiction over the affairs and activities
associated with the work and the Project.
Engineer:
The Engineer is an employee of the Designer, independent of the Owner and the
Contractor, responsible for the observation and documentation of activities pertaining to
the assurance of the quality of the installation of manufactured products and the
construction of on-site products. The Engineer will certify compliance with design and
must be a registered Professional Engineer in the Northwest Territories (NWT).
Quality Assurance (QA) Monitor:
The QA Monitor will work for and report to the Engineer.
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Supplier:
The Supplier is responsible for the manufacture and supply of geosynthetic products to
the Installer. Depending on the Installer, the Supplier may also be the manufacturer and
fabricator of the product.
Installer:
The Installer is responsible for handling, storing, placing, seaming and other site specific
aspects of geosynthetics. The Installer may also be responsible for transportation to site.
Installer will be responsible to the Contractor.
Communications:
The QA Monitor will report items complying with the Specifications to the Engineer during
construction and those not complying to the Engineer and directly to the Owner, who will
direct the Contractor in the actions to be taken to enforce compliance. Remedial action
will be tracked and reported to the Engineer and to the Owner by the QA Monitor. QA
Monitor will report only compliance or non-compliance and will not direct or instruct the
Contractor.
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MEETINGS
An initial meeting will be held on-site with all parties involved in the construction and
quality assurance. This meeting will be used to review critical details in design,
construction scheduling, quality control, construction safety and quality assurance
procedures, responsibilities and authorities of the parties, lines of communication,
methods for documenting and reporting and for the distribution of such documents and
reports.
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4.1.1
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Clearing and grubbing limits will be determined by the Engineer and flagged by the QA
Monitor.
Clearing and grubbing is to be completed in the following designated work areas:


Dyke construction site; and,



Borrow areas.

The CQA program for clearing and grubbing will include:

4.1.2



Observation of clearing and grubbing activities; and,



Observation of disposal locations and methods.

Summary Specification
Clearing and grubbing refers to the removal and disposal of all surface vegetation and
surface organic matter including brush, stumps, roots, branches, and surface litter.
All work areas will be cleared and grubbed prior to any excavation, filling or any other
development activity which will be completed at that location.
Disposal methods must be appropriate and in accordance with the governing statutes or
legislation of the Northwest Territories, including the regulations for burning and for the
protection of water courses.

4.1.3

Clearing and Grubbing Activities
The QA Monitor will observe all clearing and grubbing activities. The Contractor’s
methods will be observed and noted. Compliance with the Specifications of a
cleared and grubbed area will be determined by the QA Monitor following clearing
and grubbing activities.

4.1.4

Disposal
The QA Monitor will check that all materials from the clearing and grubbing
operations are disposed of at approved locations and that disposal methods are
appropriate.
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Documentation and Reporting
The QA Monitor will record on a daily log the areas cleared and grubbed and the
locations of all disposal piles as well as the method of disposal. Any non-compliance
with Specifications will be reported to the Owner along with recommendations for
remedial actions. A record of non-compliance and resolution of non-compliance will
be maintained.

4.2

MATERIAL BORROWING AND PROCESSING

4.2.1

General
The Owner, with assistance from the Engineer will locate borrow sources to provide the
necessary fill materials for the construction of the dyke and associated works at the mine
site. Both unprocessed and processed materials will be used to complete the site works.
The Contractor will be responsible for the borrowing and, when necessary, the
processing of all fill materials at borrow locations. Seven types of construction materials
will be used in the construction of Dyke A including run-of-mine, transition rockfill, fine
surfacing material, granular till, bentonite-augmented 20 mm minus material, HDPE
geomembrane liner and non-woven geotextile.
The CQA program during borrowing and processing of fill materials will include:

4.2.2



Sampling of borrow sites;



Testing of borrow materials;



Monitoring of borrowing activities including stockpiling where appropriate;



Sampling of processed materials;



Testing of processed materials; and,



Monitoring of processed material production including stockpiling.

Summary Specification
Fill materials necessary to construct the dyke will be borrowed from sources approved by
the Owner and the Engineer and processed as necessary to produce the fill materials
designated in the Specifications and Drawings. Where native materials are suitable insitu, no processing will be required.
The Contractor will conduct processing of materials, where processing is necessary,
concurrently or prior to the on-set of dyke key trench excavations. The processed
materials include as a minimum all fill material types listed in Section 4.2.1. These
materials are defined in the Drawings. The gradation limits are provided in the
Specifications.
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Sampling and Testing of Borrow Sites
The QA Monitor will sample and test all proposed borrow sources prior to the Contractor
beginning full scale excavation operations. Testing of the soil borrow materials will
comprise sieve analyses and moisture content determination. Testing of rock borrow
materials will comprise geologic description, specific gravity and absorption, abrasion
resistance and soundness tests. The QA Monitor will report the results of all tests to the
Engineer for evaluation.
Following approval of a borrow source by the Engineer, the QA Monitor will continue to
obtain and test samples of unprocessed soils on a regular basis. The frequency of testing
3
will be at least one test for each 2,000 m excavated from a given borrow source or at
any time that the QA Monitor believes that the material may deviate from the
Specification.
The QA Monitor will determine the compaction parameters of maximum dry density and
optimum moisture content for any soil materials which will be used by the Contractor
without processing. These parameters determined from the Standard Proctor Test
(ASTM D698) will be determined by the QA Monitor whenever the borrow material is
deemed to have changed in character.

4.2.4

Monitoring of Borrowing Activities
The QA Monitor will complete daily inspections of all active borrow sites and activities.
The location of excavation and the type of material removed will be noted. A record of the
excavation method and materials transportation techniques will be maintained.

4.2.5

Sampling and Testing of Processed Materials
The QA Monitor will sample and test each type of processed product manufactured onsite by the Contractor. Sampling will be conducted at the end of the production stream
and testing will comprise sieve analyses of the materials.
3

The frequency of testing will be as follows: one test per 500 m for fine and coarse
3
surfacing materials and bedding materials, one test for every 2000 m for, transition
rockfill and granular till material; and, at least one test for run-of-mine material.
Regardless of these frequencies, at least one test per material per production day for fine
and coarse surfacing materials, bedding materials, transition rockfill, and granular till
material will be conducted. Furthermore, additional test of any material will be conducted
whenever thought necessary as a result of the QA Monitor’s visual inspection.
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During production of processed materials, the QA Monitor will complete at least one
Standard Proctor Test on any processed fill materials. The Standard Proctor Tests will be
repeated whenever a change in the processed materials warrants.

4.2.6

Monitoring of Processed Material Production
The QA Monitor will observe the processing of all materials on a daily basis and will
sample and test the processed materials as indicated in Section 4.2.5. Records of the
materials used, and the materials produced will be maintained.

4.2.7

Monitoring of Stockpiling
The QA Monitor will observe the stockpiling operations for all borrow materials on a daily
basis. The effectiveness of the stockpiling operations in preventing segregation of
materials will be recorded. Signs of segregation will be reported to the Engineer as will
any other deviations from the Specifications.

4.2.8

Reporting and Documentation
The QA Monitor will maintain daily records of all borrowing and material processing
activities, including borrow areas used, materials excavated, processing completed and
the results of tests completed. A record of the stockpiling operations will also be
maintained. Any material which does not comply with the Specifications will be reported
to the Engineer and the Owner. A record of non-compliance and resolution of noncompliance will be maintained.

4.3

DYKE EXCAVATION

4.3.1

General
Construction of Dyke A will require that all unsuitable foundation soils or rock be removed
from within the dyke footprint. The depth of key trench excavation will vary according to
the site conditions and according to the requirements as detailed in the Specifications
and Drawings. The Engineer will determine the depth of key trench excavation during
excavation.
The CQA plan for the dyke excavation activities will include:


Observation of dewatering activities;



Observation of soil excavation activities;



Sampling of possible fill materials;
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Sampling of frozen materials;



Observation of rock excavation activities; and,



Observation of overburden waste disposal.
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Summary Specification
Excavations within the dyke footprint will be undertaken by the Contractor to the
excavation limits and depths directed by the Engineer and detailed in the Drawings and
Specifications. The excavations will remove all unsuitable foundation soil and rock.
Excavated materials will be disposed of at approved spoil locations.
The Contractor will be solely responsible for the method of excavation which may include
manual excavation hydraulic excavation, ripping, and blasting. The Contractor will also be
solely responsible for the control and diversion of surface and subsurface water flows into
and around the excavation.
The Contractor will be responsible for all aspects of safety during the excavation
operations including the stability of all excavations.

4.3.3

Dewatering
The QA Monitor will observe the Contractor’s method of dewatering, including the
construction of a cofferdam, on a regular basis. The QA Monitor will inform the
Contractor, the Engineer and the Owner if the dewatering methods are not effective in
protecting the environment and the dyke excavation.

4.3.4

Observation of Soil Excavation Activities
The QA Monitor will observe all soil excavation activities undertaken by the Contractor
within the dyke footprint. A daily log of excavation activities will be maintained and
conveyed to the Engineer. The Engineer will indicate to the Contractor where soil
excavation activities are considered complete.

4.3.5

Sampling of Frozen Materials
Where frozen materials are being excavated, the QA Monitor will obtain representative
samples for bulk frozen density testing. The results of testing will be provided to the
3
Engineer and to the Contractor. Where the bulk frozen density is less than 1.7 Mg/m , the
Contractor will be informed to discontinue excavation of the frozen soils.
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Sampling of Possible Fill Materials
Excavated materials which are judged to be potentially suitable, by the QA Monitor, will
be sampled and the grain size distribution determined. The results of all tests will be
provided to the Engineer and the Contractor. Suitable materials may be incorporated into
appropriate zones of the dyke, as deemed appropriate by the Engineer.

4.3.7

Observation of Rock Excavation Activities
Where deemed necessary by the Engineer, rock excavation will be conducted by the
Contractor using either mechanical or blasting techniques. The QA Monitor will observe
all rock excavation and will record the method of excavation. If blasting is used, the QA
monitor will observe the blasting operation and will review the results of the Contractor’s
vibration monitoring program after each blast. The effect of each blast on the excavation
surfaces in and around the dyke site will be recorded.

4.3.8

Observations of Overburden Waste Disposal
The QA Monitor will check disposal areas on a daily basis to observe the placement of
unsuitable materials.

4.3.9

Documentation and Reporting
The QA Monitor will maintain daily records of all excavation activities, including areas
excavated, depths excavated to, and materials encountered. The QA Monitor will
geotechnically log the surface of all completed excavations and will provide this
information to the Engineer. Complete records of blasting activities will be supplied by the
Contractor to the QA Monitor for submittal to the Engineer. Any non-compliance with the
Specifications will reported to the Owner along with recommendations for remedial
actions. A record of non-compliance and resolution of non-compliance will be maintained.

4.4

DYKE FOUNDATION PREPARATION

4.4.1

General
After excavation of the dyke footprint and key trench to expose suitable foundation soil or
rock subgrade, the exposed surfaces will be prepared for the placement of embankment
fills and liner system installation. The key trench of Dyke A will be entirely founded on
competent bedrock or low permeability till or saturated inorganic permafrost. Both rock
and soil foundation subgrades may be used in the remaining areas of the dyke footprint
provided that the lake bed contact surfaces are clear of loose materials including cobbles
and boulders prior to fill placement.
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Preparation of the foundation subgrade will involve final shaping, moisture conditioning
and densification for soil, final shaping and cleaning for rock surfaces.
CQA activities during the preparation of subgrade surfaces will include:

4.4.2



Observation of soil shaping and scarifying;



Observation of soil moisture conditioning and compaction;



Testing of soil compaction; and,



Observation of rock shaping and cleaning;

Summary Specification
Dyke A foundation subgrade surfaces will be prepared by the Contractor according to the
Specifications and Drawings. Preparation of soil subgrade areas will consist of removing
oversized clasts and grading the soil to the line and grade designated by the Engineer.
Preparation of rock subgrade surfaces will consist of cleaning unsuitable materials and
removal of minor irregularities as required by the Engineer. The removal of irregularities
may require hand tools, pneumatic tools, hydraulic equipment and/or blasting as may be
selected by the Contractor.

4.4.3

Soil Shaping and Scarifying
The QA Monitor will observe the grading and scarifying of the approved soil subgrade.
The QA Monitor will walk over the area with the Contractor and ensure that all clasts
larger than 150 mm are removed from the scarified surface or as specified.

4.4.4

Soil Moisture Conditioning and Compaction
The moisture content of the subgrade will be determined by the QA Monitor and the
Contractor will be informed whether moisture conditioning is required. Following moisture
conditioning, if necessary, the QA Monitor will observe the Contractor’s re-compaction of
the soil subgrade.

4.4.5

Testing of Soil Compaction
The QA monitor will complete compaction tests on the re-compacted soil subgrade
following completion of the compaction by the Contractor. A minimum of one compaction
3
test for each 500 m of subgrade area will be conducted. Test results will be provided by
the QA Monitor to the Contractor and the Engineer.
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Rock Shaping and Cleaning
Cleaning and shaping of the rock subgrade will be observed by the QA Monitor. All
cleaned and shaped areas will be mapped for significant geologic features by the QA
Monitor and the map provided to the Engineer for review.

4.4.7

Documentation and Reporting
The QA Monitor will maintain daily records of all foundation preparation activities. Areas
not meeting specification will be identified to the Owner and the Engineer.

4.5

LINER SYSTEM INSTALLATION

4.5.1

General
The liner system will be constructed along the dyke centerline alignment and will consist
of an excavated key trench surfaced with bedding materials, an impermeable textured
HDPE liner sandwiched between geotextile fabric and backfilled with processed fill
materials as indicated on the Drawings and Specifications.
The CQA program during the installation of the liner system will include:

4.5.2



Observation of placement of bedding material;



Observation of HDPE liner installation;



Installer’s quality control; and,



Observation of geotextile placement.

Summary Specification
The liner system will be constructed to the profile and grade indicated by the Engineer
and shown on the Drawings and Specifications. The liner will be designed and installed to
form a complete water tight seal and will include all necessary details for the sealing of
penetrations.
The Contractor and Installer will be responsible for the installation of the liner and must
repair and replace, to the Engineer’s satisfaction, any damage to the HDPE liner that may
develop during construction.
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Observation of the Bedding Placement
The QA Monitor will observe the bedding surface prior to placement of the liner. The QA
Monitor and the Contractor will sample and record the thickness of the bedding material
and inspect bedding layers to locate and remove any sharp rocks or objects.

4.5.4

Observation of the HDPE Liner Installation
The QA Monitor will observe the Installer’s installation of the HDPE liner. The QA
Monitor will record the types of materials used and obtain and review the roll certifications
for each roll before it is deployed. The QA Monitor will record the materials used and all
aspects of the liner placement. The QA Monitor will observe the location and forming of
construction seams by the Installer.

4.5.5

Installer’s Quality Control
Non-destructive testing of all seams and repairs will be conducted by the Installer. This
testing will be completed as the seaming work progress. The QA Monitor will observe and
record all of the Installer’s non-destructive testing results. If there is any discrepancy. the
QA Monitor’s records will prevail. Non-destructive testing without the presence of the QA
Monitor will not be accepted.

4.5.6

Observation of Geotextile Placement
The placement of geotextiles will be observed by the QA Monitor. The QA Monitor will
record the types of materials used and obtain and review the roll certifications for each
roll before it is deployed. The materials will be deployed and anchored according to the
manufacturer’s directions and according to the Specifications and Drawings.

4.5.7

Documentation and Reporting
Daily reports will be compiled by the QA Monitor reporting the progress of the HDPE liner
installation. The results of all tests completed on the liner will be reported on a daily
basis. Any areas of non-compliance will be reported to the Engineer and the corrective
actions will be recorded.

4.6

DYKE EMBANKMENT CONSTRUCTION

4.6.1

General
Construction of Dyke A entails the placement of seven different embankment fill materials
in various zones across the dyke section. These materials will be borrowed and
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processed as described in Section 4.2 of this Plan. The Contractor will haul, spread, and
compact each material within the prescribed zones shown on the Drawings according to
the Specifications for that zone and that material.
The CQA program during placement of the embankment fills will include:

4.6.2



Observation of fill materials;



Observation of the placement procedures;



Observation of moisture conditioning;



Observation of compaction; and,



Testing of compaction.

Summary Specification
The Contractor will haul all required embankment fills from the approved and tested
borrow sources and/or stockpiles and place the materials in the zones and areas
designated in the Drawings and Specifications.
The required fill materials are as described in Section 4.2 of this Plan and in the Drawings
and Specifications. The Contractor will place, spread, moisture condition and compact
the fill materials as described in the Specifications.
All placed lifts will be spread in a homogeneous manner and will be compacted in a
homogeneous manner using equipment and techniques approved by the Engineer.
The Contractor will limit haul routes over compacted fills to the routes approved by the
Engineer, using methods approved by the Engineer. The Contractor is solely responsible
for the protection of all completed fills until such a time as indicated by the Engineer.

4.6.3

Observation of the Fill Materials
The QA Monitor will observe the loading and dumping of all fills and note whether the
materials are suitable and meet the criteria provided in Section 4.2. If materials appear to
deviate from previously determined and accepted criteria, the QA Monitor will sample the
materials and complete any necessary tests to confirm their suitability.

4.6.4

Observation of the Placement Procedures
The placement of all fill materials will be observed by the QA Monitor. The thickness and
spreading method will be noted. Lift thickness will be limited to the values detailed in the
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Specifications. The QA Monitor will carefully note the occurrence of any segregation and
will notify the Contractor and Engineer in this regard.

4.6.5

Observation of Moisture Conditioning
The method of moisture conditioning will be observed by the QA monitor to ensure that
uniform moisture content is achieved. The QA Monitor will determine the in-situ moisture
content to ensure that it falls within the specified limits detailed in the Specifications.

4.6.6

Observation of Compaction
The QA Monitor will observe the compaction of placed fills and will note the type of
equipment and level of effort utilized by the Contractor.

4.6.7

Testing of Compaction
The QA Monitor will maintain daily reports which detail the embankment construction
activities of each shift and itemizes the results of all completed tests. The Engineer and
the Owner will be informed of all inadequate test results of any areas not in compliance
with the Specifications.

4.7

INSTRUMENTATION

4.7.1

General
Geotechnical instrumentation necessary to monitor the performance of Dyke A will be
installed by the Engineer, with the co-operation of the Contractor during construction. The
instrumentation will include standpipe piezometers, survey hubs, and thermistors.
CQA activities during installation of instrumentation will include:

4.7.2



Installing, connecting, and accurately locating all instruments;



Completing reading sets during installation;



Observing the backfilling of all instruments installed into the dyke embankments;



Completing reading sets until the end of the construction season; and,



Providing as-built drawings of all instrumentation.

Summary Specification
The Engineer will select the location and elevation for all geotechnical and survey
instrumentation installed in and around Dyke A. Instrumentation for Dyke A will include
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two vertical ground temperature cables, and four survey hubs. The approximate locations
for all planned instrumentation are detailed on the Drawings.
All instrumentation will be installed by the QA monitor who will complete initial reading
sets, where appropriate, prior to backfilling by the Contractor. The QA monitor will also
survey the location of all instrumentation.
The Contractor will backfill any trenches or pits that may be required to place
instrumentation within the dyke or the dyke foundation. The Contractor will follow
Engineer’s directions for the backfilling procedure(s) and will obey the directions of the
Engineer in protecting any installations from damage during subsequent construction
operations.
The Contractor will co-operate with the QA monitor during instrumentation installations
and will provide access and space as required to facilitate the installations by the QA
monitor.
The QA monitor will complete regular reading sets, where appropriate, of the instruments
during construction and will submit these with detailed as-built drawings to the Engineer
at the end of construction.

4.7.3

Locating and Surveying
The QA Monitor will survey the location of all instruments, including the base and any
surface extension and trench lines that may be part of the instruments.

4.7.4

Installing
The QA Monitor will install all instrumentation and will connect all fixings, lines, tubes and
conduits to the instrument. The Contractor will co-operate fully with the QA Monitor and
provide assistance as requested.

4.7.5

Monitoring
The QA Monitor will complete an initial reading set prior to any backfilling and will
complete another set immediately after completion of the first backfill lift. The QA Monitor
will continue to monitor and read the instrument on a weekly basis during construction
and at any time extensions or additions are added the instrument.
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Backfilling
The Contractor will backfill all trenches and/or pits used to install the instruments. The
backfilling must be conducted according to the directions of the Engineer.

4.7.7

As-built Drawings and Readings
The QA Monitor will prepare as-built drawings of all instrument installations and will
provide a report containing all reading sets completed during construction period.

4.8

DYKE OPERATION

4.8.1

Operating Criteria and Limits
The key operating criteria and limits for Dyke A are provided within Section 4 of the
Gahcho Kué Project Updated Water and Waste Management Plan, June 2014.

4.9

DYKE SURVEILLANCE & MONITORING

4.9.1

General
Following construction of Dyke A, a monitoring program will be enacted by the Owner
and the Engineer to observe the performance of the dyke and works adjacent to the
dyke. The monitoring program will consist of regularly reading the instrumentation
installed in and adjacent to the dyke, completing periodic surveys of the dyke and visually
observing the dyke.
The monitoring plan includes the following tasks:

4.9.2



Reading of thermistors;



Completion of dyke surveys; and,



Completion of dyke inspections.

Summary Specification
The frequency and extent of monitoring program to be completed for Dyke A and
associated works will be as specified by the Type A Water Use Licence issued to the
Owner for the operation of the Mine. The details and frequencies for monitoring activities
specified by the Type A Water Use Licence will govern the program except that where
the frequency and extent of any activity is greater in the Plan, then the Owner will follow
the requirements of the Plan.
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Reading of Ground Temperature Cables
Two ground temperature cables will be installed along the downstream side of the
centerline alignment of Dyke A. The locations of these ground temperature cables are
indicated in the Drawings.
Readings from these instruments will be taken at least once a month by the QA Monitor
for the first full year of operation after construction completion. Readings may be taken by
either the Owner or by the QA Monitor, if present on-site.
For the first full year of service, the reading frequency should be re-evaluated. Provided
that the Engineer is satisfied and it is acceptable under the terms of the Type A Water
Use Licence, the frequency of readings will be reduced to one reading per year.
All reading sets will be provided to the Engineer for Evaluation. The Engineer may
request that additional reading sets be completed if this information is deemed necessary
to evaluate the performance of the dyke.

4.9.4

Completion of Dyke Surveys
A complete as-built survey of the dyke should be performed. The survey should provide
detailed contours of the dyke outer shell, key trench , geomembrane liner and fill types as
well as tie in all significant features such as survey hubs and all instrumentation. The asbuilt drawings will be based on survey information provided by the owner’s surveyor.
Surveying of the dam crest should be completed on an annual basis after first full year of
service.
All reading sets will be provided to the Engineer for evaluation. The Engineer may
request that additional reading sets be completed if this information is deemed necessary
to evaluate the performance of the dyke.

4.9.5

Completion of Dyke Inspections
Visual inspection of the dyke will be completed on a weekly basis by the Owner or the QA
Monitor during dewatering of Kennady Lake. Following completion of dewatering, the
Owner or the QA Monitor will complete visual inspections of the dyke on at least monthly
basis and on any occasion following a significant storm event.
In addition to the Owners inspections, the Engineer will complete an annual visit to site to
observe the dyke. This visit will be completed in the spring of each year.
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Actions to be Taken
The Engineer will evaluate all monitoring data supplied by the QA Monitor or the Owner.
The Engineer will provide a letter annually listing the collected data and certifying the
performance of the dyke. If the Engineer believes that any aspect of the dyke’s
performance s substandard, then a remediation program will be provided to the Owner to
correct the performance.

4.9.7

Documentation and Reporting
All obtained monitoring data, both during and subsequent to construction, will be
evaluated by the Engineer and reported to the Owner for submission to the Northwat
Territories Water Board. The Engineer and the Owner will both maintain independent
databases regarding the dyke performance and the dyke monitoring program. Any areas
of poor performance will be identified and records of remediation maintained.

4.10

DYKE MAINTENANCE

4.10.1

General
The dyke owner is responsible for the proper maintenance of all components of the dyke
facility. Maintenance programs should be implemented in order to identify and prevent
any potential problems from occurring. The maintenance program should also
incorporate a logbook system that identifies the type of maintenance that is being done
as well as the frequency of the maintenance that is being done.
The common purposes of a maintenance program are to:


Maximize assurance of a safe dyke;



Maximize assurance of uninterrupted service for the dyke;



Reduce long-term maintenance costs;



Minimizes the risk of an emergency situation occurring; and



Maximize the useful life of the dyke and related structures.

It is recommended that the maintenance program consist of two components:


Scheduled or routine maintenance activities – which are typically to be
conducted on a scheduled basis to ensure the proper operation of the dyke and
related structures as well as to prevent long-term structural degradation.



Unscheduled or extraordinary maintenance activities – these typically occur as a
result of abnormalities in the dyke and related structures post dyke
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inspection/surveillance, or after extreme weather events such as heavy wind
and/or flooding events.
Records of all dam maintenance activities should be filed with the De Beers office.

4.10.2

Scheduled Maintenance Activities
Currently, no scheduled maintenance activities are proposed for Dyke A, however it is
anticipated that scheduled maintenance activities may be identified during operation of
the facility.

4.10.3

Unscheduled or Extraordinary Maintenance
Necessary unscheduled or extraordinary maintenance items will be identified during dyke
surveillance or other inspection activities.
Such items may include, but are not limited to:

4.11



Repair of areas subject to erosion;



Restoring settled crest and freeboard; and



Replacing deteriorating riprap.

CONSTRUCTION RECORDS REPORT
The Engineer will compile a construction records report following completion of the
construction and installation. This report will contain the following records from the
construction quality assurance and surveys:

4.12



Documentation from the CQA defined in all of the proceeding Sections;



Site plans showing survey records of layout and elevations; and,



A copy of the CQA procedures as set forth in this Plan and revisions or
additions.

ANNUAL REVIEW REPORTS
The Engineer will complete an annual inspection of the dyke as described in this Plan. An
inspection checklist is provided in Appendix A. The inspection will be completed on or
st
before July 1 of each year and will be reported to the Owner within 45 days of the
inspection for submission to the Mackenzie Valley Land and Water Board.
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5

ACRONYMS AND ABBREVIATIONS

5.1

ACRONYMS AND ABBREVIATIONS

AML

Average Monthly Limit

BMPs

Best Management Practices

CALA

Canadian Association for Laboratory Accreditation

CCME

Canadian Council of Ministers of the Environment

CDA

Canadian Dam Association

CMP

Construction Management Plan

De Beers

De Beers Canada Inc.

IDF

Inflow Design Flood

Mine

Gahcho Kué Diamond Mine

MVLWB

Mackenzie Valley Land and Water Board

NWT

Northwest Territories

PLUP

Pioneer Land Use Permit

QA/QC

Quality Assurance and Quality Control

ROM

Run of Mine

SNP

Surveillance Network Program

5.2

UNITS OF MEASURE

km

kilometre

m

metre

mm
m

3

millimeter
cubic metres
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APPENDIX A
DYKE A INSPECTION CHECKLIST
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Gahcho Kue Project - Dyke A
Inspection Checklist
Date and Time:
Weather:
Inspector:
Reservoir Level:

Item
1) Top of Dyke
a) Visual Settlement
b) Cracking
2) Upstream Face
a) Cracking
d) Debris
3) Downstream Face
a) Cracking
d) Erosion
e) Vegetation
e) Seepage
f) Bulging
4) Abutment Contacts
a) Erosion
b) Seepage
c) Differential Movement
d) Animal disturbance
8) Downstream Area
a) Seepage/Wetness
b) Erosion
c) Sink holes
d) Shell deterioration
9)Instrumentation Reading
a) Survey Hubs
b) Ground Temperature Cab.

Yes

No

Comments/Sketch

