January 13, 2017
Angela Love
Regulatory Officer
Mackenzie Valley Land and Water Board
7th Floor, 4922 48th St.
PO Box 2130, Yellowknife, NT
Canada | X1A 2P6
Dear Ms. Love:
Re:

Gahcho Kué Mine Land Use Permit Amendment Application (MV2005C032) for
additional fuel storage

De Beers is pleased to submit for your review and approval, the attached land use permit
amendment application to confirm the approval of the 3rd 18-million litre (ML) single-walled
diesel tank and seek the approval of an additional 303,000 L of jet fuel storage in double-walled
tanks. De Beers requires the diesel fuel storage for the operation of the approved mine plan
and the jet fuel storage to support our fly-in fly-out only camp.
The Gahcho Kué Mine currently has 2-18 ML diesel tanks, 8-500,000L diesel tanks, 2-100,000
L tanks (not currently in use), 1-35,000 L diesel tank, 10-60,000 tanks and various other minor
volumes of hydrocarbons stored in small tanks (18) and drums at site. As identified during the
review process of the land use permit application process in 2014, the Gahcho Kué mine
requires 3-18ML diesel tanks in order to meet the fuel needs of the mine during operations from
2018 onwards. This was made clear during the review of the LUP and WL application in the
spring of 2014, and was therefore included in the reclamation estimates by both the GNWT and
De Beers. The 3rd tank was included in the security requirements issued by the Mackenzie Valley
Land and Water Board (MVLWB) as part of the land use permit. The 3rd tank was also included
in approved Emergency Response and Spill Contingency Plan for the site.
Despite the prior approval of the 3rd tank through the MVLWB regulatory process, Board staff
have recently (January 11, 2017) indicated that because the 3rd tank was not included in either
the original LUP application, nor in the Updated Project Description (November 2013), an
amendment to the existing LUP is required. De Beers is therefore seeking amendment to the
LUP (MV2005C032) to allow for this fuel storage at site.
The construction materials for the 3rd tank will be transported to site on the 2017 winter road.
Construction of the containment area and tank will proceed thereafter during the 2017 calendar
year. Fuel for filling of the third tank will be transported to site on the winter road of 2018 as
well as during each subsequent year as required.

DE BEERS CANADA INC.
SUITE 300, 5120 – 49th STREET, YELLOWKNIFE, NT X1A 1P8
TEL: 1 (867) 766-7300 FAX: 1 (867) 766-7347
www.debeersgroup.com/canada

The 3rd 18 ML tank will have similar dimensions/designs and construction method as the
previous 2-18ML tanks. It will be situated more than 100 m from the nearest ordinary high
water mark, immediately adjacent to the existing 18ML tanks. The 3rd tank will be constructed
within a lined containment berm with a capacity of 110 % tank volume. The specifications are
further described in Appendix A. The design of the containment area will be based on
requirements of the Environment Canada Storage Tank Systems for Petroleum Products and
Allied Petroleum Products Regulations, the Canadian Council of Ministers of the Environment
Environmental Code of Practice for Aboveground and Underground Storage Tank Systems
Containing Petroleum and Allied Petroleum Products (CCME 2003), the National Fire Code of
Canada, and any other standards that are required. Fuel unloading modules will replace the
currently used traditional diesel powered pumps which will be installed within the existing
transfer area containment adjacent to the bulk fuel storage tank system.
The 303,000L of jet fuel will be stored within 3-101,000 L double-walled tanks or smaller sized
tanks equaling approximately 303,000L. The tanks be constructed off-site and assembled on
site. They will be located adjacent to the airstrip apron on a small pad extension of
approximately 0.25ha in size. The extension is located entirely within the watershed of Kennady
Lake, and within the boundaries of the NWT surface lease (75N 6-5-2) and Controlled Area of the
land use permit (MV2005C032). This area is already approved for jet fuel storage in the amount
of approximately 20,000L. The attached application requests approval for additional fuel
storage in the amount of 303,000 L.
De Beers predicts that the environmental impacts and effects as a result of the project will be
minimal, as tanks are proposed to be located within the existing mine footprint, and adjacent to
the existing infrastructure. De Beers will follow all existing approved environmental protection
measures and mitigation plans as outlined in the Land Use Permit, Water License and Surface
Leases as well as their associated plans, such as the Emergency Response and Spill
Contingency Plan (ERSCP), and Waste Management Plan (WMP) in order to address and mitigate
any potential concerns. Both the ERSCP (V.3.1) and the WMP (V.5.1) have been updated to
include this additional fuel storage and re-submitted for approval in support of this application.
Further details to support the Land Use Permit Amendment application are appended. If you
have any further questions, comments, or require further clarification, please contact me by
email (sarah.mclean@debeersgroup.com) or by phone at 867-688-9227.
Regards,

Sarah McLean
Regulatory Specialist
Gahcho Kué Mine
DE BEERS CANADA INC.
SUITE 300, 5120 – 49th STREET, YELLOWKNIFE, NT X1A 1P8
TEL: 1 (867) 766-7300 FAX: 1 (867) 766-7347
www.debeersgroup.com/canada

Additional Fuel Storage
Gahcho Kué Mine
Land Use Permit Amendment (MV2005C032)
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1. Introduction
The Gahcho Kué Mine (Mine) is a joint venture of De Beers Canada Inc. (De Beers) and
Mountain Province Diamonds Inc. with participating interest of 51% and 49%, respectively. De
Beers, which operates the Mine, is a wholly owned subsidiary of the De Beers Group of
Companies, which has two shareholders: Anglo American (85%) and the Government of the
Republic of Botswana (15%).
The Mine is located in the Northwest Territories (NWT) centered at 63°25’48” N, 109°12’00” W.
The Mine is approximately 280 kilometres (km) northeast of Yellowknife, and approximately 80
km southeast of the Snap Lake Mine (Figure 1). Year-round access to the Mine site is by
aircraft. Seasonal ground access to the Mine is provided through the use of the TibbittContwoyto winter road (which also services the Snap Lake, Ekati, and Diavik diamond mines)
and 120 km access spur road.
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2. Purpose and Scope of Work
The scope of work includes the construction of the 3rd single-walled 18 million litre (ML) diesel
tank within a lined and bermed area adjacent to the existing 2-18ML tanks as well as the
installation of an additional capacity of 303,000L of jet fuel at the airstrip apron.
The 3rd 18ML tank is required, as previously described in the LUP and WL regulatory review
process, to accommodate the expected fuel storage requirements for the Gahcho Kué Mine.
The additional jet fuel is required to reduce dependence on drummed jet fuel for helicopter
operations, allow for increased air freight capacity, and buffer the current very limited capacity to
re-fuel aircraft at site.

3. Regulatory Background
An initial Project Description for the proposed Gahcho Kué Mine was submitted to the Mackenzie
Valley Land and Water Board (MVLWB) in November 2005 (De Beers 2005). That submission
triggered the Environmental Impact Review Process administered by the Mackenzie Valley
Environmental Impact Review Board (MVEIRB). The Environmental Impact Review (EIR)
commenced, and continued for several years thereafter. During the EIR process, various updates
were made to the Project Description (2010, 2012).
The Gahcho Kué Project was eventually approved by the Responsible Ministers on October 22,
2103, following consideration of the Gahcho Kué Panel Decision Report issued on July 19, 2013.
In November 2013 De Beers submitted to the MVLWB, an Updated Project Description to support
the Type A LUP and WL application (De Beers, 2013). The 2013 Updated Project Description
included the updates made during the EIR process and subsequent to the Panel Decision Report
and Ministerial approval.
The 2013 Updated Project Description included a description of the anticipated major fuel storage
needs of the mine as 2-18ML diesel tanks, 8-500,000 L diesel tanks as well as a number of smaller
60,000 L tanks for storage of various other hydrocarbons (Updated Project Description, Section
10.2.5). Jet A and B fuel storage was also described for the airstrip and the helipad, though no
specific volume was listed.
During the review process for the Type A water license and Type A land use permit, De Beers
clarified that the fuel storage needs as follows:
“Jan 28: There was an error on page 9 of the draft Hazardous Materials” and Waste
Management Plan, which suggested that there were eight 50,000 L tanks instead of eight
500,000 L, and two 18,000,000 L fuel storage tanks. To confirm, there will be three
18,000,000 L, eight 500,000 L, and ten 60,000 L fuel storage tanks.” (See review Review
Comment 10, and Proponent Response on Spill Contingency Plan as part of the LUP
application).
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The total fuel storage capacity proposed at site during the LUP application process was 58 ML of
diesel fuel and 600,000 L of various other types of hydrocarbons for an approximate total
hydrocarbon storage capacity of around 58.6 ML.
The 3rd-18M L tank was included in the RECLAIM estimate by the Government of the Northwest
Territories (GNWT) and security estimate by De Beers which were later used to set the security
included in the LUP and WL and held by the GNWT.
Following consideration of the WL and LUP application, the review comments, the proponent
responses to the review comments, and all input received through hearings and technical
sessions, the MVLWB issued the LUP in August of 2014 and the WL in September of 2014.
There were no fuel limits specified in the scope of the License.
De Beers is now submitting this LUP amendment application to confirm that the 3rd 18ML tank
has been screened as included under the current LUP scope, and to request an additional of
303,000 L of jet fuel storage at site, raising the total fuel storage capacity of site to approximately
60.5 ML.

4. Location of Fuel Storage Facilities
4.1. 3rd 18-ML Tank
The 3rd 18 ML tank will be located at 63° 26' 37.61"/-109° 10' 20.51", immediately adjacent to the
existing 2-18 ML tanks. The surface preparation for the 18-ML tank has proceeded as authorized
by the Inspector (December 11, 2015). See Photo 1.0 for the location of the 3rd tank, and photo
2.0 for the existing 2-18 ML tanks.
Surface preparation involves extending the Main Camp East Pad by approximately 45,200m²
(4.52 ha) utilizing only clean granite material. The location of the East Pad Expansion is provided
in Figure 2.0. Much of the East Pad extension will be used for laydown of construction materials
required for the building of the 18ML tank and for inert materials storage thereafter. The final
installation location for the 3rd 18 ML Fuel Tank is provided in Figure 3.0.
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Photo 1.0 Overview of the Gahcho Kué camp area. The red square indicates the general
location of the 3rd 18-ML tank.

Photo 2.0 Existing 2-18ML tanks and 8-500,000 L tanks within containment berms

9

N

315
m

7036250.00 Y

m
225

LEGEND

ASBUILT LINE
CONTOUR
NEW PAD AREA

7036000.00 Y

Gahcho Kue Project

50
Scale 1:2500

100

150
Drawn
By:
Signed:

Reviewed By:

SC
591500.00 X

0

591250.00 X

591000.00 X

590750.00 X

-50

Proposed Addition to East
Pad Area

Date:

December 08 2015

1

2

3

4

5

6

7

8

H333420-0000-00-014-0008

PROJECT PLANT AREA
HATCH DWG. NO.

2000 SITE DEVELOPMENT AND ROADWORKS

2110 GENERAL SITE DEVELOPMENT
2120 ON-SITE ROADS
2130 SERVICE ROADS
2300 AIRPORT STRIP AND APRON
2500 WATER DIVERSIONS, DAMS AND DYKES
E

2600 QUARRY AND CRUSHING OPERATION
10
0

N

BLASTING
EXCLUSION ZONE FOR
INFRASTRUCTURE

3000 PROCESS FACILITIES

59
1

20
0

WHITTLE SHELL PIT
LIMIT

TO
P
59
LA EM
1
00
N
U
0
T
LS
E
I
O
N

03
6

2100 GENERAL SITE DEVELOPMENT AND ROADWORKS

5
43

7

3100 PRIMARY ORE HANDLING
3110 PRIMARY CRUSHING

A

7

03
6

3120 EXTERIOR CONVEYORS AND COARSE ORE STORAGE
60
0

A

3200 FEED PREPARATION
3210 PRIMARY SCRUBBING AND SCREENING

N

3220 SECONDARY CRUSHING
3225 HIGH PRESSURE GRINDING ROLLS
3230 SECONDARY SCRUBBING AND SCREENING
3300 DENSE MEDIA SEPARATION
430

3311 DMS -COARSE
3321 DMS -FINES
3400 RECOVERY PLANT
3500 THICKENING

7

435

03
6

10
0

3600 PLANT WATER AND AIR SYSTEMS
3610 PROCESS FACILITY WATER SYSTEM

N

COARSE PROCESSED
KIMBERLITE PILE

EMERGENCY FINE
PROCESSED KIMBERLITE
PIPELINE

3611 RECLAIM WATER (CLARIFIED)
3612 RAW, FIRE AND GLAND SEAL WATER
3620 PROCESS AND INSTRUMENT AIR DISTRIBUTION
3800 PLANT SERVICES
3810 PROCESS PLANT SECURITY
3820 PLANT CONTROL SYSTEM
3900 PROCESS BUILDING
FINE PROCESSED
KIMBERLITE
PIPELINE

4000 UTILITIES

PLANT RECLAIM
WATER PIPELINE

425

4100 POWER
4110 POWER GENERATION
4120 POWER DISTRIBUTION
4200 FUEL SUPPLY, STORAGE AND DISTRIBUTION

WASTE STORAGE
AND MANAGEMENT
AREA (4800)

4300 GLYCOL SYSTEM
4400 FRESH WATER SYSTEMS
4410 POTABLE WATER SYSTEMS

INCINERATORS
(5110)

4500 SEWAGE SYSTEM
4800 WASTE DISPOSAL SYSTEM
4900 I&C INFRASTRUCTURE

430

5000 ANCILLARY BUILDINGS

FUTURE FINE PROCESSED
KIMBERLITE PIPELINE

B

B

5100 MAINTENANCE AND WAREHOUSE FACILITIES
5110 INCINERATOR
5120 PLANT WAREHOUSE

425

0
43

5200 CAMP ACCOMMODATION AND OFFICE COMPLEX
FUELING STATIONS

5300 UTILIDORS AND PCC
FUEL UNLOADING
STATION

E=590842.818
N=7036253.188

5900 EXPLOSIVE PREP AND STORAGE FACILITIES
5920 EMULSION PLANT

9
42

5930 EXPLOSIVE MAGAZINE
E=590817.905
N=7036219.314
429

6000 WASTE AND WATER MANAGEMENT
7

8
42

0
3
4

03
6

LUBE/OIL
PUMP STATION

6100 LAKE DEWATERING MANAGEMENT
40
0

6200 PIT DEWATERING MANAGEMENT
N

9
42

ELECTRICAL
POWER AND
HEATING (4110)

MAINTENANCE COMPLEX

COARSE ORE

E: 590705.605
N: 7036101.456

STOCKPILE

WAREHOUSE (5100)

4
3
0

(3120)
COARSE PROCESSED
KIMBERLITE LOADOUT

FIRE PUMPS
MODULAR

A

430
43
1
4
2
9

0
43

1
43

8
42

(3900)

4
3
3

RTH
NO
E

PLANT NORTH

TRU

RT
H

RTH

NO

NOR
TH

NO

W ATER

POTABLE

IT/SERVER
ROOM

E=590763.899
N=7036054.828

WATER TREATMENT
PLANT (4410)

BM1

TEMPORARY
CAMP EXPANSION

PRIMARY CRUSHER

42
9

ELECTRICAL HOUSE

1
43

7

434

436

432

No.3 18Ml Tank
Location

FUTURE
LV SHOP

I
NFLUENT

43
1

4
3
4

5
43

433

RUN-OF-MINE
STOCKPILE

WAREHOUSE
COLD STORAGE
(TEMPORARY
TRUCK SHOP)

4
3
3

428

4
43
7
43

43
0

COMPRESSOR
BUILDING

WORKSHOP

SEWAGE
TREATMENT
PLANT
(4500)

EFFLUENT

43
8

4
3
5
4
3
2

E

9
42

432

4
2
8

2
00
CV

METLAB
E=590633.697
N=7035975.506

E: 590609.406
N: 7035971.516

4
3
0

438

SATELLITE
DISHES
PLANT NORTH

9

BENCH MARK
BM1

TRUE

E=590699.545
N=7036005.441

TRU

CV004
7
43

ADMINISTRATIVE
OFFICES

4
3
2

(3110)

436

430

UTILITIES
ELECTRICAL
HOUSE

G
43
1

E=590126.390
N=7035779.500

C
N

BM2

CRUSHER

4
3
5

30
0

HOLD

E=590803.047
N=7036120.851

TR
UE

PRIMARY

435

LEGEND:
03
6

E=590808.633
N=7036117.989

E=590769.686
N=7036092.961

ENV.
LAB

PROCESS PLANT

0
43

4
3
3

THE COORDINATES ARE BASED ON THE UNIVERSAL
TRANSVERSE MERCATOR PROJECTION, ZONE 12, NAD83.

7

9
42

434

4
2
8

BM3 (R.B.)

432

2.

PIPELINES

435

433

TOTES
STORAGE

4
3
2

42
8

9
2
4

C

STORAGE FOR OIL, FUEL AND GLYCOL
(4200)

PERSONNEL
CONTROL
CENTRE

PROCESS PLANT
ELECTRICAL ROOM

ANTENNA

43
0

OPERATION, FEB. 2013 (PROJECT NUMBER E14103040).

BOILER
HOUSE
(HEATING)
(4300)

MINE AND
TECH
SERVICES

1

E=590601.267
N=7036014.968

43
1

THE BACKGROUND INFORMATION USED ON THIS DRAWING
IS FROM EBA DRAWING: GENERAL SITE PLAN DURING MINE

42
9

43
2

1.

PLANT NORTH

429

SECONDARY CRUSHER
(AGGREGATE
AND BATCH PLANT)

PLANT NORTH

42
9

NOTE:

(TRUCK SHOP) AND

E=590674.764
N=7035948.178

43
5

03
6

20
0

MEGADOME

N

SITE
SERVICES

D

59
0

20
0

E

KITCHEN

D
ACCOMODATIONS COMPLEX
(5200)

7

03
5

60
0

N

435

FRESH WATER LINE

03
6

10
0

N

4
3
0

7

ACCESS ROAD

12.5

25

1:1250

430

MP
A
ON C
I
T
ORA
L
O EXP
T

37.5

50

62.5

SCALE IN METRES

ACCESS ROAD

435

KEY PLAN

430

OUTER BLASTING ZONE
(FLY ROCK DAMAGE)
(TUZO EAST PIT SEGMENT ONLY)

W.
L.

10
06

TO
0
3
4

435

7

0

W.
L.

AI
RS
TR
I
P

W.
L.

425

03
5

50
0

W.
L.

N

W.
L.

7

E

03
6

W.
L.

00
0

E

W.
L.

N
W.
L.

W.
L.

430

W.
L.

425

RMS
FA
ND
LA

1

2

4

3

6

5

7
NE
I
TR
LA

N
CA
SEA

Q UO

ET
NS

AN
AC
SE

Q UO

TO R
RA
NE
GE

ET
NS

E
T
LI
EL
T
SA

L
RO
NT
CO

OM
RO

8
EL
FU

9

E
AG
OR
ST

ROAD

OR
T
RA
NE
GE
DI
AR
MB
LO

E
T
LI
EL
T
SA

SH
DI

10

11

OP
SH
RK
WO

W.
L.
RMS
FA
ND
LA

ROAD

E
I

N

L

E
T

R

N

E
C

R
DO
LI
I
UT
ER
AT
W

RO AD

EY
R
G

HELI PAD
GEN

SET

ROAD

OVERH EAD FUEL RAI
L

FUEL DRUM
RAMP

B
E
A
PO
R
T
AB
L
E
AN
D

Y
R
D

F
E
N
GR
C
EY
E
WA
T
ER
UT
I
L
I
DO
R

FUEL TANK

R
O
T
A
ER
N
E
G

GA
TE

Y
R
D

MEDIC

S
’
EN
M

NE
RI
AT
L

CE
FI
OF
GY
LO
O
GE

OR
D
LI
I
UT

R
LE
AI
TR

S
’
N
E
M
WO

FUEL TANK

FUEL DRUM
RAMP
H
S
I
D

E
T
I
L
EL

R
TE
WA

OM
RO

EN
H
TC
I
K

TV
E
ABL
OT
P

GYM

U

G

Q

DORM

M
R
O
D

G

Q

U

N
VI
LI

G

N
VI
LI

Q

U

NG
VI
LI

Q

RS
TE
AR

U

S
TER
AR

S
ER
ART

TANK FARM

S
ER
ART

K
C
O
D

HELI PAD

SAT

N
VI
LI

SAND PAD

RE
M
OV
ED

R
O
AT
ER
N
I
C
N
I
B E A R

F E N C E
WATER TANKS

ROAD

W.
L.

10
02

W.
L.

10
31

30
0

E

5
2
4

THIS DRAWING
0
43

59
0

W.
L.

70
0

N

43
0

20
0

03
5

80
0

N

W.
L.

7

59
1

E
10
0

7

59
1

00
0

E
90
0

03
5

59
1

N

7

59
0

60
0

E

E
03
5

59
0

70
0
59
0

7

80
0

E

E
60
0
59
0

59
0

59
0

50
0

40
0

E

E

E

W.
L.

W.
L.

W.
L.

03
5

10
32

90
0

W.
L.

AIRSTRIP

N

THIS PRINT AND ANY INFORMATION AND DESIGN HEREON IS CONFIDENTIAL AND THE
PROPERTY OF DE BEERS. THIS PRINT SHALL NOT BE COPIED IN ANY MANNER, OR
TRANSMITTED TO OTHERS, BUT SHALL BE USED SOLELY FOR THE PURPOSE FOR
WHICH IT WAS LOANED AND SHALL BE RETURNED UPON REQUEST OR COMPLETION
OF THE WORK.

DWG. NO.

HATCH

F

JDS

DE BEERS

12

UPDATED REPURPOSED AND MOVED STRUCTURES

11

PRIMARY CRUSHER AREA UPDATED, BENCH MARK ADDED (BM1, BM2, BM3)

S.L.

L.K.

2015-05-12

10

MEGADOME, CAMP EXPANSION, PRIMARY CRUSHING AREA UPDATED,

S.L.

L.K.

2015-01-27

12

AS BUILT

NT/NU

11

USE

S.L.

C.B. 2015-05-12

ORIGINAL

10

USE

S.L.

C.B. 2015-01-27

STAMPED BY

9

USE

S.L.

C.B. 2014-09-30

8

LAND PERMITTING

L.K.

C.B. 2014-09-19

7

DETAIL DESIGN

L.K.

C.B. 2014-03-28 DESIGNED BY

DRAWN BY

C.B. 2013-11-15 M BOURASSA
DATE 2009-11-13
C.B. 2013-08-14

M BOURASSA

JDS Energy & Mining Inc.

WASTE MANAGEMENT AREA UPDATED
C. BLANCHET

B. BARRON

R. DAWOOD

PERMIT TO PRACTICE

9

SATELLITE DICHES, FIRE PUMPS MODULAR AND COMPRESSOR BUILDING

S.L.

L.K.

2014-09-28

HATCH LTD.

8

LAYDFOWN AREAS ADDED

S.L.

L.K.

2014-09-19

Signature
Date

C. BLANCHET
J. BRYANT

2015-01-27

D. JOHNSON

B. RAUSCH

S.L.

L.K.

2014-03-28

L. KHANI
2015-05-12

7

GENERAL REVISION

6

DETAIL DESIGN

L.K.

4

UPDATED RELABELING

5

USE

L.K.

5

GENERAL REVISION

4

USE

C.B.

6

GENERAL REVISION

3

USE

P.L. 2010-06-04 DATE

2

UTILITIES ELECTRICAL ROOM ADDED

2

USE

3

CAMP SERVICES ADDED

1

USE

0

USE

#L2671

CHECKED BY

ORIGINAL

NT/NU Association of Professional
Engineers and Geoscientists

H333420-0000-00-014-0009

1
NO.

P.L. 2010-01-18 G. CORBO

ADD UTILIDORS
DESCRIPTION

-

-

-

CHK’D

APP’D

DATE

2015-05-12

REV.

-

REFERENCE DRAWINGS

REVISIONS

ISSUE FOR

AUTH. BY

4

6

2009-11-13

7

Plot Plan Featuring
GENERAL SITE DEVELOPMENT
No.3 18Ml Tank Location
SITE PLAN

SITE DEVELOPMENT AND ROADWORKS

PLAN VIEW
SCALE

M. GENDRON

ISSUE AUTHORIZATION

5

DATE

PROJ. MGR.

DATE

DATE

3

P. LEPINE

P.L. 2009-11-13 DATE

#108102

2

2009-11-13

PROJ. ENGR.

S. LAMARRE

A. RODEL

DRAWING TITLE

1

DATE

PROJ. DES. COORD.

STAMPED BY
L. KHANI

PLAN SITE LAYOUT (EA) PLAN VIEW OVERALL

DRAWING NO.

2009-11-13

DISCIP. ENGR.

D LAM

O.I.Q.

PERMIT NUMBER: P512

DATE

GAHCHO KU PROJECT

2009-11-13

1:1250

REV.

HATCH DWG. NO.

H333420-0000-00-014-0008

OR AS NOTED

8

12

c:
\prj
\proj
ectwi
se\corb2199\pw_ i
dc_ datasource\dm s54778\H333420- 0000- 00- 014- 0008.
dgn
10/13/2016
8:
43:
11 AM
corb2199

20M

ROAD

4.2. 3-101,000 L Jet Fuel Tanks
The 3-101,000 L tanks will be located at 63° 26' 2.4"/-109° 9' 27.12" immediately adjacent to the
airstrip apron. Photo 3.0 shows the airstrip with apron and the proposed extension of the apron.
The surface preparation for the 3-101,000 L tanks will involve extending the airstrip apron by
approximately 0.25 ha using clean granite. Topography of the new pad and fuel storage tanks
rests within the Area 7 watershed eliminating the possibility of impacts to Area 8 in the unlikely
event of a fuel spill as a result of storage or refueling operations.
Photo 3.0 Overview of Airstrip and Apron. The red box indicates the proposed location
of the 3-101,000 L tanks.
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Photo 4.0 Airstrip apron showing existing infrastructure including the sump and the
general area of the pad extension
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5. Tank Design
All tanks will be identified, installed, and operated in accordance with Environment Canada’s
Storage Tank Systems for Petroleum Products and Allied Petroleum Products Regulations
provisions including but not limited to:

Fuel Transfer Areas designed to contain spills;

90% maximum fill with overfill protection

ULC-S601 or API-650 standard tanks;

Installation supervised by a Professional Engineer using design drawings and
producing stamped as-builts;

Corrosion resistant piping;
The specific design considerations unique to each tank type as well as details regarding refilling
and transfer of fuel are provided below.

5.1. 3rd - 18 ML Associated infrastructure

The third 18ML fuel tank design features have been included to reduce risks of potential
environmental impacts. A containment berm including impermeable liner will be designed and
constructed with a minimum of 110 % capacity of the tank itself The 18ML tank will be plumbed
into the existing bulk fuel system which features instrumentation such as flow tracking, inventory
reconciliation, leak detection and level sensing and fuel transfer containment to further reduce
any possible risks of fuel loss. The 3rd 18 ML fuel tank containment berm will be constructed as
described in Appendix A, Design Report of the 3rd Tank Farm Tank.

5.2. 3-101,000 L Tank Associated Infrastructure
The 3-101,000 L tanks will be double-walled constructed off site and shipped along the 2017
winter road. These tanks will be placed at the apron and will require a small pad with an area of
approximately 0.25 ha.
During refill, planes will be stationed on the deicing pad which is lined and sloped to a sump
located on the north side of the apron. Fueling will take place using an arctic grade hose reel
and cam-lock system specific to aircraft refueling. The hose connection to the tank will be within
a spill box eliminating any unexpected drips at the tank system itself. Staff involved with refueling will be trained in fuel management practices and spill response. All appropriate spill
methods will be taken when providing fuel such as using drip pans and/or spill kits as per the
approved Emergency Response and Spill Contingency Plan.
6. Environmental Impact Assessment
De Beers is committed to the concept of sustainable development, which requires balancing
responsible stewardship in the protection of human health and the natural environment with the
need for economic growth. Diligence in the application of technically proven and economically
feasible environmental protection measures will be exercised throughout the design, construction
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and operation process to meet the requirements of legislation and following De Beers Safety,
Health and Environmental (SHE) policy. The policy includes the following:


Assess, plan, construct and operate facilities in compliance with all applicable legislation;



Provide for the protection of the environment, employees and the public;



Foster research directed at expanding scientific knowledge of the impact of the industry’s
activities on the environment, of environment/economy linkages and of improved treatment
technologies;



Work proactively with the government and the public in the development of equitable, cost
effective and realistic laws for the protection of the environment; and,



Enhance communications and understanding with government, employees and the public.

6.1. Reducing Environmental Impact Actions
Environmental impacts and effects as a result of the fuel tank are predicted to be not significant.
De Beers will follow its environmental protection measures and mitigation plans in order to
address any potential concerns. A spill contingency plan for the Mine is already developed and
approved, and will be referred to as necessary. That plan has been updated to include this
additional fuel and appended to this application as Version 3.1.
Contamination and spills will be eliminated through design measures (discussed in the design
section of this report), such as primary and secondary containment through double-walled tanks,
or lined and bermed areas. The liner for the 18 ML tank will be inspected to ensure competency
and all tanks will be appropriately tested prior to filling.
7. References
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Land and Water Board, Yellowknife, NWT. November 2013.
Gahcho Kué Panel. 2013. Report of Environmental Impact Review and Reasons for Decision.
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Appendix A:
18 M L Tank Specifications

TECHNICAL MEMO
ISSUED FOR USE

To:

Brian Rausch, Engineering Manager
De Beers Canada Inc.
Riyaaz Dawood, P.Eng., Project Manager
De Beers Canada Inc.

c:

Date:

January 18, 2017

Memo No.:

1

File:

704-ENG.EARC03058-01

From:

Bill Horne, P.Eng., Principal Consultant,
Arctic Region.

Subject:

Design of Third 18 Million Litre Fuel Tank Farm, Gahcho Kué Project, NT, Canada

INTRODUCTION
1.1

General

Tetra Tech Canada Inc. (Tetra Tech) was retained by De Beers Canada Inc. (De Beers) to develop a design for the
secondary containment for a third 18 million litre (ML) fuel tank at the Gahcho Kué Project, located approximately
280 km northeast of Yellowknife, NT. The third 18 ML fuel tank will be an extension to an existing tank farm (Tetra
Tech 2013) built in 2013/2014.
This report presents design of the secondary containment berms for the proposed 18 ML fuel tank. Drawings and
specifications are presented in Appendix A and B, respectively.
Authorization to proceed with this work was provided by Riyaaz Dawood of De Beers. It is understood that the work
will be carried out under our existing Master Services Agreement with De Beers (Tetra Tech 2014).

1.2

Scope of Work

Tetra Tech is responsible for the earthworks components of the fuel tank farm design, including the tank foundations
and containment berms. The design of the tanks, piping, and other mechanical/electrical components of the tank
farm will be completed by others.
The tank farm design scope of work is comprised of the following elements:


Detailed design for the earthworks components for the third 18 ML tank. This work has been completed in
accordance with Government of the Northwest Territories (GNWT) and Environment Canada (EC) guidelines.
Specific tasks to be completed as part of this design include:
− Layout of pads and berms – Layout was based on general locations provided by De Beers and sized to meet
requirements in the GNWT guidelines.
− Foundation design – Pad thicknesses and cross-sections were developed to support the fuel tank.
− Berm and secondary containment design – A retention berm was designed to provide the required facility
containment.

Tetra Tech Canada Inc.
14940 - 123 Avenue
Edmonton, AB T5V 1B4 CANADA
Tel 780.451.2121 Fax 780.454.5688
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Material Selection and Quantity Take Offs – The required materials for construction have been identified and
the required quantities calculated.



Issued for construction drawings – Issued for construction (IFC) drawings and ACAD files have been prepared
and submitted as part of the design package.



Design Memo – This is the design memo.

De Beers has provided Tetra Tech with the following information:


IFC Drawings for the existing tank farm (Tetra Tech 2014); and



As-built ground survey at the proposed fuel tank location as well as the as-built survey information for the
existing tank farm.

PROJECT DETAILS
Access to the Gahcho Kué project site is by aircraft and by winter road during February and March. Winter road
access is via a 120 km spur off of the Tibbitt to Contwoyto Winter Road at km 271.
The climate of the project area is classified as sub-arctic. The site is just north of the tree line and is close to the
southern limit of continuous permafrost. Permafrost underlies the surface in much of the area away from large
waterbodies and extends over approximately 90% to 95% of the on-land area of the project site.
The existing tank farm includes containment for two 18 ML and eight 500,000 L diesel tanks, and ten 60,000 L LUBOIL (transmission fluids, coolants, glycol etc.) tanks. The current project will extend the capacity by one 18 ML tank.
The tank will be constructed on site. The tank specifications are listed in Table 1.

Table 1: Specifications for 18 ML Tank
Tank Type

Quantity

Volume (each)

Diameter

Height

Diesel

1

18,000,000 L

41 m

14.63 m

DESIGN CRITERIA
The design criteria for the third tank is similar to the existing 18 ML tanks. The design criteria are detailed in
Hatch (2013b) and adhere to specifications in the National Fire Code of Canada and the Environmental Code of
Practice for Aboveground and Underground Storage, with additional consideration of the flammable and
combustible liquids code (NFPA 30).

3.1

Secondary Containment and Berm Freeboard design

The secondary containment for the 18 ML fuel tank is to have a volume of 110% of the volume of the tank plus
additional quantity to account for local precipitation.
The required capacity for local precipitation considers both drifted snow and total annual run-off. It is assumed that
the facility will be pumped out after freshet, and again prior to the onset of winter. The annual total precipitation for
a mean precipitation year (1 to 2 year return period) is estimated to be 328 mm (De Beers 2010). The net annual
unit runoff is estimated to be 249 mm which considers evapotranspiration and sublimation losses from the total
2
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annual precipitation. The estimated volume for snow water equivalent considered 162 mm of snow-water equivalent
accumulation based on an extreme spring snowpack snow water equivalent in wet conditions with a 1 in 100 year
return period (De Beers 2010). It was assumed that the snow drifted in the facility with snow piling up along the
berms at a 6H:1V slope with a density of 200 kg/m3. The required containment is summarized in Table 2.

Table 2: Secondary Containment Volumes

Tank

Required Containment
Volume for Fuel (110%)
Tank Volume
(L)

Estimated Annual
Precipitation/ Drifted
Snow Water Equivalent
(L)

Total Containment
Required (maximum of
snow water equivalent
or drifted snow)
(L)

18,000,000 L tank

19,800,000

2,199,915/1,467,200

21,999,915

The volume of the bermed enclosure shown on the design drawings is 23,426,000 L to the top of the berms, and
22,092,000 L to the top of the liner; therefore meeting the design requirements.

3.2

Tank Spacing

Based on NFPA 30 requirements, the 18 ML fuel tanks must been spaced a minimum of 36.5 m from the nearest
existing 18 ML fuel tank. The distance between the two tanks on the design drawings is 52 m; therefore meeting
the requirements.

18 ML TANK FARM DESIGN
The fuel tank farm has been designed based on the criteria outlined in Section 3. The design incorporates
topographic survey data and drilling investigation results from EBA’s 2013 site investigation (EBA 2013). Design
drawings and construction specifications are provided in Appendix A and B, respectively.

4.1

Anticipated Ground Conditions

The original site conditions were assessed during a site investigation in 2013 where one borehole was drilled near
the proposed location of the 18 ML fuel tank farm. Surface soils comprised till 2.2 m thick, overlaying bedrock.
Some organics were noted at the native ground surface and ice-rich material was observed in the borehole. The
active layer is expected to be approximately 1.5 m to 2.5 m deep.
The site was built up with Run-of-Mine rockfill for the existing tanks in 2013/2014. The Run-of-Mine fill extents are
shown on the design drawings in Appendix A. The Run-of-Mine pad must be extended for the third 18 ML tank and
secondary containment berms.

4.2

Foundation

Based on the anticipated ground conditions, it is recommended that the tank farm be constructed on a granular fill
pad placed directly on the existing ground surface. The tank itself will be founded on the Run-of-Mine pad
constructed in 2013/2014.
The fill pad should be of sufficient thickness to protect the underlying permafrost and provide a stable foundation
for tank construction. It is recommended that the pad be constructed of select Run-of-Mine material having a
maximum diameter of 700 mm. The material should be placed in 700 mm lifts and compacted, by track packing
3
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with a dozer or by haul truck traffic. It is recommended that the total minimum thickness of the Run-of-Mine fill
thickness be 1,500 mm. The Run-of-Mine pad under the tank farm should be covered with a layer of 150 mm minus
transition rockfill with a minimum thickness of 250 mm. 20 mm minus fine surfacing material will be placed above
transition rockfill as shown on the drawings.
Materials must meet the specifications as presented in Appendix B.

4.3

Layout and Geometry

The proposed tank farm layout consists of secondary containment, as shown on Drawing C108. This containment
area comprises lined, bermed enclosures which surround the 18 ML fuel tank. The fuel transfer areas from the
existing tank farm for unloading and refuelling will be used for the new tank.
The generalized cross section consists of 150 mm minus transition rockfill fill overlying the Run-of-Mine foundation
pad. This is overlain by 20 mm minus fine surfacing bedding material, a liner system, and 20 mm minus fine
surfacing liner cover. The liner system extends up the berm slope and is anchored in a key trench along the crest.
Berms are constructed with 150 mm minus transition rockfill. Cross section details are shown on C109.
The containment pad areas are graded at approximately 1% to promote drainage towards a sump area, which
serves to collect water accumulations and allow for withdrawal from the containment area as required.
The containment berms for the 18,000,000 L tanks has a design crest elevation of 440.800 m, a crest width of
3.0 m, and maximum inside and outside side slopes of 2H:1V (horizontal:vertical).

4.4

Liner System

The liner comprises a textured 60 mil High Density Polyethylene (HDPE) geomembrane protected on either side by
a non-woven geotextile (540 g/m2). The non-woven geotextile should be placed on each side of the geomembrane
for puncture protection due to the variable coarseness of the granular fill material on site.

4.5

Granular Fill Materials

4.5.1

Granular (20 mm minus and 150 mm minus)

The secondary containment area is to be constructed with 20 mm minus fine surfacing material and 150 mm minus
transition rockfill. The material should be processed from sound, durable rock, sourced from quarry operations. The
specifications for the materials and their placement is presented in Appendix B.

4.5.2

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. The specifications for the materials and its
placement is presented in Appendix B.

MATERIAL TAKE-OFF
Estimated construction quantities are summarized in Table 3. The granular fill volumes are in-place volumes and
are based on design lines, grades, and elevations, and does not include any allowances for wastage, overbuild that
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may occur due to constructability constraints as a function of construction equipment availability, and a compaction
reduction factor from stockpile volumes to in-place compacted volumes.
The liner system quantities include a 20% contingency for overlapping requirements, wastage, and repair
provisions.

Table 3: Fuel Tank Farm Material Requirements
Quantity (1)(2)

Material Type
Secondary Containment
Run-of-Quarry

20,300 m³

150 mm Granular Fill

3,120 m³

20 mm Granular Fill

3,000 m³

60 mil HDPE Geomembrane

10,160 m² (3)

Non-Woven Geotextile (1 layer on either side of HDPE Geomembrane)

20,320 m² (3)

Access Road – 5 meters wide
20 mm Fine Surfacing Material

270 m³

Notes:
(1) Quantities based on topographic data provided by De Beers.
(2) Quantities are in-place volumes and do not include allowances for wastage, overbuild that may occur due to constructability
constraints as a function of construction equipment selection or availability, unless otherwise noted.
(3) The liner system material quantities include a 20% contingency for overlapping requirements, wastage, and repair provisions.

CONSTRUCTION CONSIDERATIONS
6.1

Foundation Preparation

The Run-of-Mine foundation base should be graded, to provide the desired grade and reduce the volume of
processed material required to establish grade. Winter construction works should be minimized to reduce the
potential settlement in the fill.
Prior to placing any granular fill, the prepared bedding surface should be inspected to ensure that it is satisfactory
prior to liner installation, and that the foundation conditions satisfy the design intent.

6.2

Material Placement

The containment berms should be constructed to the dimensions and elevations shown on the drawings. Granular
fill should be placed in lifts, moisture conditioned, and compacted. Acceptable compaction equipment includes a
vibratory roller or equipment of similar compactive effort.
Fill materials should be compacted as per specifications, except for the first lift of material covering the
geomembrane liner system. The first lift covering the liner shall be uncompacted.

6.3

Liner Installation and Cover

It is recommended that the geomembrane liner be installed by a certified technician experienced in cold weather
installations. A quality control testing program should be carried out during liner installation as per the attached
Construction Specifications.
5
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Care is required to provide the appropriate thickness of fill beneath a vehicle when placing material above the
composite liner system to ensure it is not damaged. Fill thickness, exceeding the cover thicknesses shown on the
drawings, will be required if it is necessary to conduct construction using heavy equipment. Wheeled vehicles with
tire pressures of 200 kPa or less can operate on a minimum thickness of approximately 300 mm; however, all
vehicles with tire pressures of 500 kPa or higher should have at least 900 mm of fill beneath their wheels. A guideline
regarding minimum fill thickness versus placement equipment is presented in Table 4.

Table 4: Minimum Lift Thickness Over Liner System
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

900 mm – 1,200 mm

Loaded tandem axle trucks

Details are provided in the attached Construction Specifications, including foundation preparation, granular fill
placement, non-woven geotextile installation, geomembrane liner installation (60 mil HDPE), and quality assurance
testing.

QUALITY ASSURANCE
A construction quality assurance program should be established to ensure that construction sensitive features of
the design are achieved. The elements of the program should include:


Careful surveying to ensure construction design elevations and grades are achieved and to control material
quantities; and



Specific engineering approvals at critical times such as foundation preparation, material placement, liner
installation and cover, and positioning of fuel tanks.

It is recommended that a qualified owner representative be on site during construction to provide appropriate
oversight and to ensure that the tank farm is constructed in accordance with the engineering design intent.

LIMITATIONS OF REPORT
This report and its contents are intended for the sole use of DeBeers Canada Inc. (De Beers), and their agents.
Tetra Tech Canada Inc. (Tetra Tech) does not accept any responsibility for the accuracy of any of the data, the
analysis, or the recommendations contained or referenced in the report when the report is used or relied upon by
any Party other than De Beers, or for any Project other than the proposed development at the subject site. Any
such unauthorized use of this report is at the sole risk of the user. Use of this report is subject to the terms and
conditions stated in the General Conditions provided in Appendix C of this report.
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APPENDIX A
CONSTRUCTION DRAWINGS
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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 or 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

1.4

UNITS OF MEASURE

km

kilometre

m

metre

mm

millimeter

m3

cubic metres

END SECTION
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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-of-mine 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

1. 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
De Beers Canada Inc.
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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
Standard Effort (600 kN m/m 3) (12,400 ft lbf/ft3).

1.3

GENERAL EXCAVATION

1. The Contractor shall undertake all excavation to the dimensions and lines shown on the Construction
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 Construction 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.

De Beers Canada Inc.
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2. The key trench shall be excavated to competent bedrock or frozen till or low permeability till (unfrozen) as
determined by the engineer. The base of the excavation shall have no open voids or joints.
3. The ultimate depth of key trench shall be determined at the time of construction by the Engineer. The depth of
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.
4. Loose frozen soil, ice-rich 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.
5. Excavation of rock shall be conducted in a manner that avoids excessive fracturing or the creation of voids in
the underlying rock.
6. 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. The water shall be disposed of in manner to not
contaminate the receiving water bodies. Sedimentation or treatment may be required.

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,

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.

De Beers Canada Inc.
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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.
Rev 3

3. Refer to the construction drawings for other foundation preparation requirements specified for each dyke.

1.6.2

Key Trench Foundations

1. 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.
2. 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.
Rev 3

3. 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 (summer
construction) determined from testing (ASTM D698-91).

Rev 3

4. 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 (summer construction) determined from test
method ASTM D698-91. For compaction requirements, see Section 1006 – Granular Fill Placement.
5. The moisture content of the key trench backfill shall be adjusted to ensure that excessive water is not available
to form ice lenses.

De Beers Canada Inc.
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6. 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
Standard Effort (600 kN m/m 3) (12,400 ft lbf/ft3).

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.
Sedimentation, settling ponds or treatment may be required.
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.

De Beers Canada Inc.
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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

60 - 100

50

35 – 65

25

20 – 40

5

5 - 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.
Rev 3

Table 5.4: Granular Till – Particle Size Distribution Limits
Particle Size (mm)

% Passing

50

100

25

75 - 100

12.5

60 - 100

5

45 – 90

0.08

15 – 70

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.
Rev 3

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 an average
bentonite content of 12% (by weight) with a minimum of 8% (by weight) at any grab sample is achieved. The
bentonite clay shall comprise powdered Wyoming (sodium) bentonite with a minimum 80% passing through a
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No.200 sieve with a mineralogical composition 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.
Rev 3

Table 5.5 Fine PK Filter Material – Particle Size Distribution Limits
Particle Size (mm)

% Passing

20

100

12.5

90 - 100

5

70 - 95

0.63

25 - 45

0.08

10 - 15

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
Standard Effort (600 kN m/m 3) (12,400 ft lbf/ft3).
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).

g. CAN/CGSB-8.1-88, Sieves, Testing, Woven Wire, Inch Series.
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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.

d. Transition Rockfill may be used as “Structural Fill”. The material 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. Structural fill cannot be placed when the fill
or air temperature is below 0°C.

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).
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d. Coarse Surfacing Material may be used as “Structural Fill”. A compaction requirement of 100% of
maximum dry density (ASTM 698) is required. Structural fill cannot be placed when the fill or air
temperature is below 0°C.

4. Fine Surfacing Material (20 mm minus)
a. Fine Surfacing Material shall be placed in loose lift thickness not exceeding 300 mm. In certain critical
areas, a lift thickness of only 200 mm may be specified. Refer to the construction drawings for lift
thickness requirement in these specific areas.
b. Fine Surfacing Material must be stockpiled, transported, and placed using techniques, which avoid
segregation and nesting of coarse particles.
c.

Rev 3

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

d. Fine Surfacing Material may be used as “Structural Fill”. A compaction requirement of 100% of
maximum dry density (ASTM 698) is required. Structural fill cannot be placed when the fill or air
temperature is below 0°C.

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
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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. The geotextile shall be at minimum weight of 540 g/m2.
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3. Physical properties of the non-woven geotextile are as follows:
Table 7.1: Recommended Minimum Non-Woven Geotextile Properties

1.4

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

Puncture (N / lbs)

4,560 / 1,025

D4833

Weight (g/m2 / oz/yd2)

542 / 16.0

D5261

UV Resistance

70

D4355

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
a. The Contractor shall have demonstrated an ability to perform this work by having previously
successfully installed a minimum of 100,000 m2 of similar type flexible liners.
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b. The on-site liner supervisor assigned full time to this work shall have directed the installation of a
minimum of 50,000 m2 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.
Rev 3

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 double sided textured liner.
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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. 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.
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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.
 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.
De Beers Canada Inc.

Gahcho Kué Project
Master Geotechnical Specifications - IFU

- 24 -

December 2014
Revision 3

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

Minimum Backfill Thickness

Allowable Ground Pressure/Placement
Equipment

No Backfill

Foot traffic

150 mm or less

Hand placement

300 mm

25 to 60 kPa (D3, D4 – D6 style Cat, Bobcat
(skid-steer))

600 mm

60 to 110 kPa (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.
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.
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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.
2. Welding equipment and accessories shall meet the following requirements.
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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.

d. Clean geomembrane surfaces according to the appropriate manufacturer approved procedures before
welding, and weld shortly after.
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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.
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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
installed a minimum of 100,000 m2 of similar type flexible liners.
b. The onsite liner supervisor assigned full time to this work shall have directed the installation of a
minimum of 50,000 m2 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

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/m2 or 0.21 lb/ft2
or 95 g/ft2 (typical)

D5261

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 (-400F) max.
-460C (-500F) typical

D2136

Linear Dimensional Change
(Shrinkage)

D1204

Ozone Resistance, 100 pphm
168 hours

No Cracks

D1149

Resistance to Water (distilled)
Absorption after 30 days immersion 1220F
(500C) Change in Mass

1.0% max.
0.5% typical

D471
(coating compound)

Hydrostatic Resistance
(Mullen Burst)

2.4 MPa (350 lbf/in2 or
psi) min.
3.1 MPa (450 lbf/in2 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 (a)
Xenon-arc, 10,080 kJ/m2 total radiant
Exposure, visual condition at 10X

No Cracks
No Loss of Breaking
Or Tearing Strength

G155
0.70 W/m2
800C B.P.T. (b)

Property After
Aging
28 days @ 1760F

±1.0% max.
-0.5% typical
No Cracks

2.4 MPa (350 lbf/in2
or psi) min.
3.1 MPa (450 lbf/in2
or psi) typical

(a) Approximately equivalent to 12,000 hours exposure at 0.35 W/m2 irradiance.
(b) 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. The liner shall be double sided textured liner.

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

Minimum Backfill Thickness

Allowable Ground Pressure/Placement Equipment

No Backfill

Foot traffic

150 mm or less

Hand placement

300 mm

25 to 60 kPa (D3, D4 – D6 style Cat, Bobcat (skidsteer))

600 mm

60 to 110 kPa (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.
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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 airtracks, 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.
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4. Additional lengths of silt curtain shall be available for deployment to address local problems or to install a
parallel barrier in certain areas.

1.7

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
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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:
 Fine Surfacing Material (20 mm Minus): one sample per 500 m 3 of material produced or one sample

per 12 hours of production, whichever is more frequent;
 Coarse Surfacing Material (40 mm Minus): one sample per 500 m3 of material produced or one sample

per 12 hours of production, whichever is more frequent;
 Transition Rockfill (150 mm Minus): one sample per 2000 m 3 of material produced or one sample per

24 hours of production, whichever is more frequent;
 Granular Till (150 mm Minus): one sample per 2000 m 3 of material produced or one sample per 24

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

1.12

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 frequency of one test
per 100 m2 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.
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u. D 5641, Standard Practice for Geomembrane Seam Evaluation by Vacuum Chamber.
v.

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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GENERAL CONDITIONS
GEOTECHNICAL REPORT
This report incorporates and is subject to these “General Conditions”.

1.4 NATURE AND EXACTNESS OF SOIL AND
ROCK DESCRIPTIONS

1.1 USE OF REPORT AND OWNERSHIP
This geotechnical report pertains to a specific site, a specific
development and a specific scope of work. It is not applicable to any
other sites nor should it be relied upon for types of development other
than that to which it refers. Any variation from the site or development
would necessitate a supplementary geotechnical assessment.

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

This report and the recommendations contained in it are intended for
the sole use of TETRA TECH’s Client. TETRA TECH does not accept
any responsibility for the accuracy of any of the data, the analyses or
the recommendations contained or referenced in the report when the
report is used or relied upon by any party other than TETRA TECH’s
Client unless otherwise authorized in writing by TETRA TECH. Any
unauthorized use of the report is at the sole risk of the user.

Classification and identification of geological units are judgmental in
nature as to both type and condition. TETRA TECH does not warrant
conditions represented herein as exact, but infers accuracy only to
the extent that is common in practice.
Where subsurface conditions encountered during development are
different from those described in this report, qualified geotechnical
personnel should revisit the site and review recommendations in light
of the actual conditions encountered.

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

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

1.2 ALTERNATE REPORT FORMAT
Where TETRA TECH submits both electronic file and hard copy
versions of reports, drawings and other project-related documents
and deliverables (collectively termed TETRA TECH’s instruments of
professional service); only the signed and/or sealed versions shall be
considered final and legally binding. The original signed and/or
sealed version archived by TETRA TECH shall be deemed to be the
original for the Project.

1.6 STRATIGRAPHIC AND GEOLOGICAL INFORMATION

Both electronic file and hard copy versions of TETRA TECH’s
instruments of professional service shall not, under any
circumstances, no matter who owns or uses them, be altered by any
party except TETRA TECH. TETRA TECH’s instruments of
professional service will be used only and exactly as submitted by
TETRA TECH.

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

Electronic files submitted by TETRA TECH have been prepared and
submitted using specific software and hardware systems. TETRA
TECH makes no representation about the compatibility of these files
with the Client’s current or future software and hardware systems.
1.3 ENVIRONMENTAL AND REGULATORY ISSUES
Unless stipulated in the report, TETRA TECH has not been retained
to investigate, address or consider and has not investigated,
addressed or considered any environmental or regulatory issues
associated with development on the subject site.
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1.7 PROTECTION OF EXPOSED GROUND

1.11 DRAINAGE SYSTEMS

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

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

1.8 SUPPORT OF ADJACENT GROUND AND STRUCTURES
Unless otherwise specifically advised, support of ground and
structures adjacent to the anticipated construction and preservation
of adjacent ground and structures from the adverse impact of
construction activity is required.

1.12 BEARING CAPACITY
Design bearing capacities, loads and allowable stresses quoted in
this report relate to a specific soil or rock type and condition.
Construction activity and environmental circumstances can
materially change the condition of soil or rock. The elevation at
which a soil or rock type occurs is variable. It is a requirement of
this report that structural elements be founded in and/or upon
geological materials of the type and in the condition assumed.
Sufficient observations should be made by qualified geotechnical
personnel during construction to assure that the soil and/or rock
conditions assumed in this report in fact exist at the site.

1.9 INFLUENCE OF CONSTRUCTION ACTIVITY
There is a direct correlation between construction activity and
structural performance of adjacent buildings and other installations.
The influence of all anticipated construction activities should be
considered by the contractor, owner, architect and prime engineer in
consultation with a geotechnical engineer when the final design and
construction techniques are known.
1.10 OBSERVATIONS DURING CONSTRUCTION

1.13 SAMPLES

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

TETRA TECH will retain all soil and rock samples for 30 days after
this report is issued. Further storage or transfer of samples can be
made at the Client’s expense upon written request, otherwise
samples will be discarded.
1.14 INFORMATION PROVIDED TO TETRA TECH BY OTHERS
During the performance of the work and the preparation of the report,
TETRA TECH may rely on information provided by persons other
than the Client. While TETRA TECH endeavours to verify the
accuracy of such information when instructed to do so by the Client,
TETRA TECH accepts no responsibility for the accuracy or the
reliability of such information which may affect the report.
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Appendix B:
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WORK ORDER:
WEIGHT:

15,000 kg. (33,000 lbs.) ea.
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7 - SPILL PREVENTER ASSEMBLY IS SHIPPED INSTALLED.
- FLOATING SUCTION IS SHIPPED INSTALLED.
- ALL HANDRAILS ARE SHIPPED LOOSE.

K

8 - TANK TO CONTAIN AV-GAS.

T

DESCRIPTION

REMARKS

A

1

B

1

76mm NPT - PRIMARY TANK NORMAL VENT PORT
(STACK /CAP ARE SHIPPED LOOSE)
PRIMARY TANK EMERGENCY VENT

STACK: ALUM. 76mm x 1220 - TOE
CAP: 3" EBW 800-203-01 - PRESS/VAC
VENT: MORRISON 244OF
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LIFT LUGS
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1
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4

610mm Dia. ACCESS SPILLBOX - 51mm WATER DRAW
PORT - 102mm NPT SPARE PORT - 19mm DRAIN PORT
600mm Dia. ACCESS HATCH - 102mm MNPT STP
SUPPORT PIPE
102mm NPT - SPARE PORT

c/w REMOVEABLE FITTING PLATE FOR
PRIMARY TANK ACCESS

E
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102mm NPT - 76mm FILL PORT - RTF / OVERFILL

OVERFILL: MORRISON 9095C

H

1

STP / 51mm FLOATING SUCTION

STP: 3/4 H.P. FE PETRO, 220 VAC, 1 ph.
FLOATING SUCTION: 2" x 120
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1

102mm NPT - CABLE TEST PORT

c/w CAMLOCK CAP / COLLAR
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1

51mm NPT - SPARE PORT

c/w M.I. PLUG
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SECONDARY TANK EMERGENCY VENT

VENT: MORRISON 244OF
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51mm NPT - SECONDARY TANK INSPECTION PORT

c/w MORRISON 379 CAP
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1

51mm NPT - SECONDARY TANK SENSOR

SENSOR: BY OTHERS
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51mm STP DISCH. PIPING c/w SIPHON BREAKER

2" x 12 S.S. FLANGED FLEX LINE
2" FLANGED SOLENOID VALVE
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ADJUSTABLE LIGHT POLE ASSEMBLY

LIGHT: LEDWAY BetaLED 3-LIGHT BAR
TYPE III 110-120 VAC, 1 ph.
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Check the tank for damage or shortages. Care must be taken to prevent damage during handling. Installation should be

completed by a qualified contractor in a manner acceptable to the authorities having jurisdiction as well as any insurance
underwriter involved. If any serious damage or defects are evident, do not install the tank. Contact WESTEEL STORAGE
SOLUTIONS immediately.
2. Consult the authorities having jurisdiction before installation of the tank to ensure compliance with local requirements. The
installer is responsible for obtaining and completing the necessary permits and certificates.
3. The installer shall ensure that all Federal, Provincial and Local codes are being met prior to installation.
4. The tank must be installed on a solid, level, non-combustible foundation designed to support the weight of the assembly plus the
liquid loading; any other loadings such as snow, wind or earthquakes must also be considered. Hold-down devices may be
necessary in some locations to meet seismic requirements and WESTEEL STORAGE SOLUTIONS should be contacted for
acceptable designs.
5. When unloading and moving the tank, use only the lift lugs identified on the tank. All identified lugs must be used when lifting the
tank. The lift cable or chain length must allow for a minimum angle of 60 degrees between a horizontal plane and the sling.
Tanks designed for stationary applications should never be transported or lifted with product contained within.
6. Additional normal venting is required on some tanks. If the tank is shipped with a vent pipe or if a tank opening is marked
"Normal Vent", a vent pipe and updraft / weatherproof vent cap must be installed. Normal vent caps must not allow flame
impingement onto the surface of the tank in the event of vapor ignition. Tanks using combination fill / vent caps may require
additional venting if using pump capacity greater than 75 Umin. Contact your local WESTEEL STORAGE SOLUTIONS dealer
for more information.
7. Most tanks require emergency vents. If an opening is marked "Emergency Vent" and none is installed, purchase the correct
vent from your local WESTEEL STORAGE SOLUTIONS dealer. Do not remove a factory installed emergency vent or plug its
opening. Ensure that the lifting cover movement is not restricted in any way after installation, including the buildup of snow or ice
on the top of the tank, as this could restrict venting and cause tank damage.
8. Electrical grounding and electrical equipment installation must comply with the requirements of the electrical authority having
jurisdiction.
9. All unused fittings must have suitable product resistant closures and be tested leak tight by the installer. Any parts installed by
WESTEEL STORAGE SOLUTIONS should be checked for leak tightness to ensure they did not loosen during shipping.
10. Inspect the tank on a regular basis for visible problems such as leaks, coating chips or scratches. For information on paint
touch-up instructions, contact WESTEEL STORAGE SOLUTIONS. A certified service technician should check for the presence
of moisture in the bottom of the tank and remove if found. The life of a tank may be significantly reduced because of chloride
contamination of the moisture or bacterial contamination of the fuel. The addition of bactericides at the time of fuel delivery or
the use of moisture removal products may extend the life of the tank. Contact your fuel delivery agent, visit www.westeel.com or

Limited Warranty of Tank Products
Westeel's warranty for petroleum storage products can
be found by visiting the Westeel website at
www.westeel.com/download/downloadproduct/88
or by scanning the QR code below.

CONSULT WITH AUTHORITY HAVING
JURISDICTION PRIOR TO INSTALLATION
FOLLOW LOCAL REGULATIONS FOR
DISTANCES FROM BUILDINGS

DON'T
FORGET!
Proper maintenance requires that
this tank be inspected regularly.

DO NOT FILL TANK WHEN
DISPENSING IS IN OPERATION

CHECK FOR:
INTERNAL MOISTURE
AND DEBRIS
DENTS, PUNCTURES OR LEAKS
LOOSE OR DAMAGED FITTINGS

DO NOT TRANSPORT OR LIFT TANK
CONTAINING PRODUCT

Reminder: Have a service technician
check for moisture in the tank every 12 months.
Visit westeel.com for more information.

DON'T
FORGET!
Proper maintenance requires that
this tank be inspected regularly.

T

CHECK FOR:

Product manuals, gauge charts and other information also
available online.

WESTEEL disclaims any liability for damages or costs
arising from alterations, additions or deletions, misuse, or
changes in any manner to this product.
272815

INTERNAL MOISTURE
AND DEBRIS
DENTS, PUNCTURES OR LEAKS
LOOSE OR DAMAGED FITTINGS
Reminder: Have a service technician
check for moisture in the tank every 12 months.
Visit westeel.com for more information.

WESTEEL DISCLAIMS ANY LIABILITY FOR DAMAGES
OR COSTS ARISING FROM ALTERATION, ADDITIONS
OR DELETIONS, MISUSE OR CHANGE IN ANY MANNER
TO THIS PRODUCT.
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Q
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R

WORK ORDER:
WEIGHT:

15,000 kg. (33,000 lbs.)

K

THE INFORMATION CONTAINED IN THIS DRAWING IS THE
SOLE PROPERTY OF WESTEEL STORAGE SOLUTIONS. ANY
REPRODUCTION, OR DISCLOSURE, IN WHOLE OR IN PART
WITHOUT WRITTEN PERMISSION FROM WESTEEL STORAGE
SOLUTIONS IS PROHIBITED.
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1. ALL DIMENSIONS ARE IN mm
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- LINEAR +/- 10mm.
- ANGLES: +/- 1°.
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ANY DELAYS AND/OR CHANGES TO THE DESIGN AFTER FULL APPROVAL MAY CAUSE
ADDITIONAL COSTS.
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fuel-vault

®

dual wall horizontal
petroleum storage tanks
Important Features (Varies by tank capacity)
 Durable steel construction  Secondary shell provides a minimum
100% containment  Large mouth spill box with fill, gauge, and
drain openings with a lockable weatherproof cover for tanks larger
than 11,000L  Weather and corrosion resistant exterior coating
 Standard wide saddles  Interstitial space inspection port to help
identify any possible fluid release  Emergency pressure surge
vent  Gauge stick/gauge chart and holder for confirming volume

included with tanks larger than 11,000L  Heavy-duty lifting lugs for
off-loading and positioning ease  Canstrut tabs on both heads to
attach equipment options
Optional Equipment (Varies by tank capacity)
 Overfill prevention devices  Anti siphon prevention

Fuel-Vault® Horizontal Specifications (tank only)
capacity

Model
NUMBER

gal

HFV1300
HFV2250
HFV4500
HFV8500
HFV11000
HFV15000
HFV25000
HFV35000
HFV50000
HFV65000
HFV75000
HFV80000
HFV91500
HFV100000
HFV120000

300
500
1000
1886
2425
3289
5344
7610
10859
14132
16457
17363
20133
22143
26836

width
l

1364
2270
4546
8575
11026
14952
24295
34870
49376
64245
74812
78932
91524
100660
121996

in
38.00
50.00
50.00
63.00
63.00
93.50
93.50
93.50
117.90
117.90
117.90
117.90
125.00
125.00
137.75

length

weight

mm

in

mm

965
1270
1270
1600
1600
2375
2375
2375
2997
2997
2997
2997
3175
3175
3500

73.0
73.0
145.0
168.0
215.9
132.9
215.9
309.8
275.5
358.5
417.5
440.5
455.1
500.5
499.2

1854
1854
3680
4265
5484
3375
5484
7871
6998
9107
10605
11189
11560
12714
12680

lb

kg

695
954
1560
3000
3550
6000
8500
11000
15000
18500
21000
24500
27000
29000
37000

316
434
709
1360
1610
2727
3863
5000
6818
8390
9545
11150
12217
13180
16818

Kit Information for Fuel-Vault® Horizontal Tanks
(The Fuel-Vault tank capacities listed have the following pump packages and skid packages available.)
tank capacity

Tank Packages

pump

skid

STANDARD DUTY

Up to 20 GPM regular flow pump meter, 20' ¾" arctic
hose, auto nozzle, level gauge

Regular skid

HEAVY DUTY

Up to 30 GPM high flow pump meter, 20' 1" arctic hose,
auto nozzle, level gauge

Heavy-duty skid
(forklift pockets and corner bollards)

HEAVY DUTY

¾ HP submersible pump, 40 GPM with meter and
arctic hose, auto nozzle with safety shut off, drip pot,
hose retractor, filter, level gauge and factory wired
explosion proof switch - installed

Heavy duty extended skid comes with
extended grated platform on discharge
end and corner protective bollards

HEAVY DUTY

¾ HP submersible pump, 40 GPM with meter,
filter, 20' ¾" arctic hose with ¾" auto nozzle and
safety shut off, 20' 1 ¼" arctic hose with 1' ½" auto
nozzle and safety shut off, drip pot, hose retractor,
level gauge, and factory wired to explosion proof
switch - installed

Heavy duty extended skid comes with
extended grated platform on discharge
end and corner protective bollards

2300L, 4500L, 8500L, 11,000L

the easiest and most environmentally
safe way to store flammable or
combustible liquids.

15000L, 25000L, 35000L

From 1,300 to 142,000 litres

50000L, 65000L, 75000L

Westeel’s Fuel-Vault Double Wall Integral Contained Above Ground Storage Tanks are available in many different sizes, and with numerous
options and multi compartment configurations, they can also be customized to the specific needs of the customer.
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Typical Applications

Accordance Compliance

 Petroleum retailing facilities  Petroleum refuelling facilities and
fleet  Aviation  Stand-by generators  Agricultural  Industrial
 Oil and gas  Forestry  Mining  Marine  Municipal 
Recreational  Rental applications

 CAN/ULC – S601-07  National/Provincial Fire Code compliant 
Environmental Farm Plan compliant  Environmental Resources
Conservation Board  Directive 55 compliant  CWB  ISO

05

Appendix C:
Security Estimate for 3-101,000 L tanks
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MEMORANDUM
File:
To:
Attention:
Subject:
Author:
Page Total:
Date:

1.0

2017-De Beers
De Beers Group of Companies
Sarah McLean, Regulatory Specialist
RECLAIM Financial Security Estimate – Land Use Permit Amendment
Application
Jamie Van Gulck, Ph.D., P.Eng.
5 + Appendices
January 13, 2017

INTRODUCTION

ARKTIS Solutions Inc. (ARKTIS) was contracted by the De Beers Group of Companies (De Beers), Gahcho
Kué Mine (Mine) to complete a financial security estimate to support the activities associated with their
Land Use Permit amendment application1 (LUP application). The purpose of this Memorandum is to
present the calculation of security estimate associated with the reclamation of the Land Use Permit
application. Thus, the security estimate is a marginal increase above the current amount allocated under
the existing Land Use Permit (MV2005C0032) and Water Licence (MV2005L2-0015).
The financial security estimate utilized the RECLAIM v7 model. The RECLAIM model consists of a
spreadsheet developed by the Department of Indian Affairs and Northern Development (DIAND) for
estimation of mine reclamation costs. Since devolution of the Northwest Territories, the Government of the
Northwest Territories has adopted the RECLAIM model to estimate reclamation liabilities on Territorial
lands. The model is based upon costs from other mine reclamation activities completed in the Canadian
north and is commonly used for reclamation security estimates in northern mine sites.
The Mine’s most recent RECLAIM security estimate was completed in 20142. The 2014 estimate does not
account for the three 100,000 L double-walled fuel tanks that will be installed and operated within the airstrip
apron vicinity. De Beers is seeking approval to complete these activities as part of the LUP application.
At mine closure, the three 100,000 L fuel tanks will undergo the following reclamation activities:







Decontamination of the fuel tanks;
Removal of hazardous materials generated from the decontamination process;
Mobilization of the fuel tanks from the airstrip apron to the on-site landfill for final disposal;
Removal of potentially contaminated soil from the fuel tank area to the on-site landfarm;
Treatment of potentially contaminated soil in the on-site landfarm; and,
Scarify the fuel tank pad area.

Each of these activities have been accounted for in the financial security estimate.

2.0

METHODOLOGY

The security estimate has been developed utilizing the RECLAIM v7 model and in accordance with Indian
and Northern Affairs Canada (2002) “Mine Site Reclamation Policy for the Northwest Territories”. The
estimate is based on the premise that a third party, independent contractor would complete the reclamation
activities. Where available, unit costs were selected using the RECLAIM costing database.

1

January 13, 2017 De Beers Group of Companies Land Use Permit amendment application. Submitted to
the Mackenzie Valley Land and Water Board.
2 De Beers Group of Companies (2014). Reclamation Cost Estimate. March 2014.
1

The security amount for the LUP application was calculated from the sum of direct costs and indirect costs
associated with the activities described in Section 1.0 and utilized the following primary documentation:





LUP application materials, specifically:
o The fuel tank specifications and general assembly drawings.
o The marked up EBA Apron and De-Icing Grading Plan that depicts the general vicinity for
installation of the fuel tanks.
De Beers Group of Companies (2014). Reclamation Cost Estimate. March 2014; herein referred
to as the De Beers 2014 Security Estimate.
Brodie Consulting April 1, 2014 Memorandum to Government of Northwest Territories titled
“Gahcho Kué Mine – Closure and Reclamation Activities”; herein referred to as the GNWT 2014
Security Estimate.

The direct and indirect costs are described in the following sub-sections.

2.1

Direct Costs

The direct cost items included in the security estimate are described below along with the selection of
quantities and unit costs.










Decontamination of the fuel tanks:
o Assume mechanic 12 hr/tank to disassemble/ decontaminate, therefore 36 person-hours
(cost code: mechh).
Removal of hazardous materials generated from the decontamination process:
o Assume the decontamination material is fuel that can be used in oil heaters at site (cost
code: ORL).
o Quantity of fuel is assumed to be 10% of the total fuel storage (301,980 L), therefore 30,198
L.
Mobilization of the fuel tanks from the airstrip apron to the on-site landfill for final disposal:
o Assumed a large loader attachment 2 hours/tank to mobilize to landfill, therefore 6 personhours (cost code: load-l).
o Assume sufficient capacity within on-site landfill for disposal of inert materials. Total
volume of one tank is about 130 m3 (12.7 m x 3.2 m x 3.2 m). Estimated crushed volume
of 129 m3 for three fuel tanks was calculated as 33% of the total volume. The marginal
increase in landfill volume is estimated to be <1% of that for the full mine site. Assume no
additional costs to manage this marginal increase in waste within the landfill.
Removal of potentially contaminated soil from the fuel tank area to the on-site landfarm:
o Assume 20% of the total fuel tank pad area (20 m x 20 m = 400 m2) to a depth of 0.3 m is
to be excavated, for a total excavated volume of 24 m3.
o Excavated material is transported to an on-site landfarm (cost code: SB1H)
Treatment of potentially contaminated soil in the on-site landfarm:
o Remediation of soil within the on-site landfarm of 24 m3 (cost code: CSRL)
Scarify the fuel tank pad area:
o Assume double-wall tanks will be placed on rock pad within an existing water drainage
catchment zone.
o Scarify an assumed rock pad area of 20 m x 20 m, for a total area of 400 m 2 (cost code:
SCFYH).

2

2.2

Indirect Costs

The following indirect fee percentages were applied to the estimate. The fee percentage for each of the
following are consistent with the 2014 GNWT Security Estimate.






Engineering – 5%
Project management - 5%
Health and safety plans / monitoring & quality assurance / quality control – 1%
Bonding / insurance – 1%
Contingency – 20%

The reclamation activities associated with the LUP application are considered small in scope and extent in
comparison to the reclamation of the Mine. The calculated direct fees of $19,873 compared to the
$39,125,339 direct fees calculated in the 2014 De Beers security estimate supports this perspective.
Therefore, it was assumed that the marginal reclamation activities associated with the LUP application will
not result in an increase in the mobilization and demobilization costs or post-closure and monitoring and
maintenance costs above that which is currently accounted for in the 2014 De Beers security estimate.
The RECLAIM unit costs were last updated using 2013 information and therefore are considered
representative of 2013 $CAD. Inflation was used as a means to transform the 2013 $CAD calculated direct
costs to 2016 $CAD. The Bank of Canada reported inflation rate of 4.55% was applied to the estimate3.
Note, inflation to 2017 $CAD are not available at time of report production.

3

http://www.bankofcanada.ca/rates/related/inflation-calculator/ Accessed January 13, 2017. Nov. 2013
CPI 123.0, Nov. 2016 CPI 128.6
3

3.0

ANALYSIS AND RESULTS

The costing information utilized in the security estimate presented in Section 2.0 were used as inputs to the
RECLAIM v7 model. The RECLAIM v7 input sheets are provided in Appendix A. The following table
summarizes the direct and indirect costs and total security estimate as calculated by the RECLAIM v7
model.

Capital Costs

Total
Costs

Land
Liability

Water
Liability

Open pit

$0

$0

$0

Underground mine

$0

$0

$0

Tailings facility

$0

$0

$0

Rock pile

$0

$0

$0

Buildings and equipment

$2,131

$2,131

$0

Chemicals and contaminated soil management

$16,877

$16,877

$0

Surface and groundwater management

$0

-

$0

Interim care and maintenance

$0

-

$0

Inflation (From 2013 to 2016 $CAD – 4.55%)

$865

$865

$0

$19,873

$19,873

$0

SUBTOTAL: Capital Costs
PERCENT OF SUBTOTAL

100%

0%

Indirect Costs

Total
Costs

Land
Liability

Water
Liability

Mobilization/demobilization

$0

$0

$0

Post-closure monitoring and maintenance

$0

$0

$0

Engineering (5%)

$994

$994

$0

Project management (5%)

$994

$994

$0

Health and safety plans/monitoring and quality assurance/quality
control (1%)

$199

$199

$0

Bonding/insurance (1%)

$199

$199

$0

Contingency (20%)

$3,975

$3,975

$0

Market price factor adjustment (0%)

$0

$0

$0

$6,359

$6,359

$0

$26,233

$26,233

$0

SUBTOTAL: Indirect Costs
TOTAL COSTS

4.0

RECOMMENDATIONS

It is recommended that the marginal increase in security estimate associated with the LUP application be
set at $26,233. It is recommended that 100% of this marginal security increase is associated with land
liability at the Mine. The calculated marginal increase in security is recommended to be in addition to the
current security amounts allocated under the existing Land Use Permit (MV2005C0032) and Water Licence
(MV2005L2-0015).

4

5.0

DISCLAIMER AND CLOSURE

ARKTIS Solutions Inc. assumes no responsibility for inappropriate use of the contents of this report, and
disclaims all liability arising from negligence or otherwise in respect of such information and
recommendations presented in this report. General terms and conditions are available in Appendix B.
ARKTIS SOLUTIONS INC.

Jamie Van Gulck, Ph.D., P.Eng.
Chief Technical Officer
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APPENDIX A – RECLAIM OUTPUTS

Reclaim 7.0 Project: Blank

2017-01-13

SUMMARY OF COSTS

COMPONENT
NAME

COST

LAND
LIABILITY

WATER
LIABILITY

OPEN PIT

$0

$0

$0

UNDERGROUND MINE

$0

$0

$0

TAILINGS FACILITY

$0

$0

$0

ROCK PILE

$0

$0

$0

$2,131

$2,131

$0

$16,877

$16,877

$0

CAPITAL COSTS

BUILDINGS AND EQUIPMENT
CHEMICALS AND CONTAMINATED SOIL MANAGEMENT
SURFACE AND GROUNDWATER MANAGEMENT

$0

-

$0

INTERIM CARE AND MAINTENANCE

$0

-

$0

INFLATION (FROM 2013 TO 2016 - 4.55%)

$865

$865

$0

$19,873

$19,873

$0

100%

0%

COST

LAND
LIABILITY

WATER
LIABILITY

MOBILIZATION/DEMOBILIZATION

$0

$0

$0

POST-CLOSURE MONITORING AND MAINTENANCE

$0

$0

$0

SUBTOTAL: Capital Costs
PERCENT OF SUBTOTAL

INDIRECT COSTS

ENGINEERING

5%

$994

$994

$0

PROJECT MANAGEMENT

5%

$994

$994

$0

HEALTH AND SAFETY PLANS/MONITORING & QA/QC

1%

$199

$199

$0

BONDING/INSURANCE

1%

$199

$199

$0

20%

$3,975

$3,975

$0

0%

$0

$0

$0

SUBTOTAL: Indirect Costs

$6,359

$6,359

$0

$26,233

$26,233

$0

CONTINGENCY
MARKET PRICE FACTOR ADJUSTMENT

TOTAL COSTS

170112_DeBeersGK_Fuel Tanks Reclaim.xlsm
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Reclaim 7.0 Project: Blank
1

2017-01-13

Building / Equip Name:
ACTIVITY/MATERIAL
Notes
DISPOSE MOBILE EQUIPMENT
Decontaminate and ship off-site
Decontaminate and dispose on-site
Other
REMOVE BUILDINGS - see note below
Accomodation Complex
Process Facilities
Offices, Repair, Lab, Warehouse
Storage Facilites
Water and Wastewater Treatment Facilities
U/G Heating Plant
Emulsion Plant
AN Storage Facility
Warehouse, Shops and Other
Storage Facility at Laydown/Airstrip
Fuel tanks
Fuel Tanks
Freshwater intake
Reclaim pumps
Outfall & Diffuser
Airstrip lighting, navigation, electrician
Airstrip lighting, navigation, mechanical
Break foundation slabs
total of all buildings
Consolidate & dump boneyard debris
Other
LANDFILL FOR DEMOLITION WASTE
Place rock cover
Place soil cover
Vegetate
Mobilize inert material to on-site landfill
GRADE AND CONTOUR PADS
Accomodation Complex
Process Facilities
Offices, Repair, Lab, Warehouse
Storage Facilites
Water and Wastewater Treatment Facilities
U/G Heating Plant
Emulsion Plant
Warehouse, Shops and Other
Place rock cover
Vegetate
Other
PUNCTURE LINED SUMPS
Puncture liner and place soil cover
RECLAIM ROADS
Remove culverts
Remove bridges
Scarify and install water breaks
Scarify airstriip
Scarify laydown areas
Vegetate
Other - fuel tank rock pad
SPECIALIZED ITEMS
Dispose of misc. debris and laydown area refuse

Bldg / Equip #: 1
Cost
Code

Unit Cost

allow
allow

#N/A
#N/A
#N/A

$0.00
$0.00
$0.00

$0
$0
$0

$0
$0
$0

$0
$0
$0

m2
m2
m2
m2
m2
m2
m2
m2
m2
m2
m2
m2
m2
m2
m2
mandays
mandays
m2
m3

#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A

$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00

$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0

$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0

$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0

m3
m3
ha
manhours

#N/A
#N/A
#N/A
6 load-l

$0.00
$0.00
$0.00
315.00

$0
$0
$0
$1,890

$0
$0
$0
100% $1,890

$0
$0
$0
$0

ha
ha
ha
ha
ha
ha
ha
ha
m3
ha

#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
#N/A

$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00

$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0

$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0

$0
$0
$0
$0
$0
$0
$0
$0
$0
$0
$0

m3

#N/A

$0.00

$0

$0

$0

each
each
ha
ha
ha
ha
ha

#N/A
#N/A
#N/A
#N/A
#N/A
#N/A
0.04 SCFYH

$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$6,030

$0
$0
$0
$0
$0
$0
$241

$0
$0
$0
$0
$0
$0
$241

$0
$0
$0
$0
$0
$0
$0

#N/A

$0.00

$0

Total
% of Total

$2,131

Units Quantity

%
Cost Land

100%

Land
Cost

$0
$2,131
100%

Water
Cost

$0
$0
0%

Note: Unit costs are based on 3m high, single storey building. Scale larger building areas accordingly. E.g. 10m high building multiply area by 3.3 (10/3)
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1 Chemicals/Soil Area Name:
The procedures, equipment and packaging for clean up and removal of chemicals or contaminated soils are highly dependent on the
Note:
nature of the chemicals and their existing state of containment. Government guidelines should be consulted on an individual chemical basis. Any
estimate made here should be considered very rough unless specific evaluations have been conducted.
Cost
ACTIVITY/MATERIAL
Notes
Units Quantity
Code
HAZARDOUS MATERIALS AUDIT
Hazardous materials audit
mandays
#N/A
BUILDING DECONTAMINATION & CONSOLIDATION OF HAZARDOUS MATERIALS
Environmental technician/coordinator
mandays
#N/A
Decontaminate: oil, fuel
manhours
36 mechh
Decontaminate maintenance shop
mandays
#N/A
Decontaminate power plant
mandays
#N/A
Decontaminate bulk fuel storage
mandays
#N/A
Decontaminate ANFO plant
mandays
#N/A
Decontaminate offices/warehouse/accom
mandays
#N/A
Removal of asbestos siding on buildings
m2
#N/A
Removal of friable asbestos on equipment
m2
#N/A
Other
#N/A
HAZARDOUS MATERIALS REMOVAL
Waste oils
litre
#N/A
Waste fuel
litre
30198 ORL
Waste batteries
kg
#N/A
Assay & environmental lab reagents
kg
#N/A
Machine shop paints, solvents etc
litre
#N/A
Glycol
litre
#N/A
Process reagents
kg
#N/A
Nuclear sources
allow
#N/A
Other hazardous materials
allow
#N/A
HAZARDOUS MATERIALS
Transportation to disposal facility
allow
#N/A
Disposal fees
allow
#N/A
Other
#N/A
CONTAMINATED SOILS
Contam. soil investigation - Phase 1
each
#N/A
Contam. soil investigation - Phase 2
each
#N/A
CONTAMINATED SOIL REMOVAL
Excavate and transport to onsite facility
m3
24 SB1H
Manage hydrocarbon remediation at facility
m3
24 CSRL
Reagents/stabilizing agent
m2
#N/A
Excavate and transport to offsite facility
m3
#N/A
Contour decontaminated area
m3
#N/A
CONTAMINATED SOIL VERY LOW PERMEABILITY COVER
Supply geomembrame, HDPE, ES3, GCL
m2
#N/A
Upper and lower bedding layers
m3
#N/A
Install geomembrane, HDPE, ES3, GCL
m2
#N/A
Erosion protection layer
m3
#N/A
Vegetate
m2
#N/A
Install infiltration/seepage instrumentation
allow
#N/A
Other
#N/A
OTHER
#N/A

170112_DeBeersGK_Fuel Tanks Reclaim.xlsm

Unit
Cost

%
Cost Land

$0.00

$0

$0.00
$72.85
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00

$0
$2,623
$0
$0
$0
$0
$0
$0
$0
$0

$0.00
$0.43
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00

Land
Cost

Water
Cost
$0

$0

$0
$2,623
$0
$0
$0
$0
$0
$0
$0
$0

$0
$0
$0
$0
$0
$0
$0
$0
$0
$0

$0
$12,985
$0
$0
$0
$0
$0
$0
$0

$0
100% $12,985
$0
$0
$0
$0
$0
$0
$0

$0
$0
$0
$0
$0
$0
$0
$0
$0

$0.00
$0.00
$0.00

$0
$0
$0

$0
$0
$0

$0
$0
$0

$0.00
$0.00

$0
$0

$0
$0

$0
$0

$5.90
$47.00
$0.00
$0.00
$0.00

$142
$1,128
$0
$0
$0

$142
$1,128
$0
$0
$0

$0
$0
$0
$0
$0

$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00

$0
$0
$0
$0
$0
$0
$0

$0
$0
$0
$0
$0
$0
$0

$0
$0
$0
$0
$0
$0
$0

$0.00
Total
% of Total

$0
$16,877

100%

100%
100%

$0
$16,877
100%

$0
$0
0%
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APPENDIX B – GENERAL TERMS AND CONDITIONS

USE OF REPORT
This report has been prepared for the specific site, design objective, development and purpose described
to ARKTIS Solutions Inc. (ARKTIS) by the Client. The factual data, interpretations and recommendations
pertain to a specific site, a specific development, and a specific scope of work. It is not applicable to any
other sites, nor should it be relied upon for types of development other than those to which it refers. Any
variation of site conditions, purpose, and development plans, or if the project is not initialed within three
months of the date of the report may alter the validity of the report. ARKTIS cannot be responsible for use
of this report, or portions thereof, unless ARKTIS is requested to review, and if necessary, revise the report.
This report and the assessments and recommendations contained in it are intended for the sole benefit of
ARKTIS’ Client. No other party may use or rely on this report or any portion thereof without ARKTIS’
expressed written consent. If the report was prepared to be included for a specific permit application
process, then upon reasonable request of the client, ARKTIS may authorize in writing the use of this report
by the regulatory agency as an Approved User for the specific and identified purpose of the applicable
permit review process. Any other use of this report by others is prohibited and is without responsibility to
ARKTIS.
The report, all plans, data, drawings and other documents as well as all electronic media prepared by
ARKTIS are considered its professional work product and shall remain the copyright property of ARKTIS,
who authorizes only the Client and Approved Users to make copies of the report, but only in such quantities
as are reasonable and necessary for the use of the report by those parties. The Client and Approved Users
may not give, lend, sell, or otherwise make available the report or any portion thereof to any party without
the express written consent of ARKTIS. The Client acknowledges that electronic media is susceptible to
unauthorized modification, deterioration and incompatibility and therefore the Client cannot rely upon the
electronic media versions of ARKTIS’ report or other work products. ARKTIS does not accept any
responsibility for the accuracy of any of the data, the analysis or the recommendations contained or
referenced in the report when the report is used or relied upon by any party other than ARKTIS’ Client or
Authorized User unless otherwise authorized in writing by ARKTIS.
LIMITATIONS OF REPORT
The report is of a summary nature and is not intended to stand alone without the reference to the instructions
given to ARKTIS by the Client, communications between ARKTIS and the Client, and to any other reports
prepared by ARKTIS for the Client relative to the specific site described in the report. In order to properly
understand suggestions, recommendations and opinions expressed in this report, reference must be made
to the whole of the report. ARKTIS cannot be responsible for use of portions of the report without reference
to the entire report.
Unless otherwise stated, the suggestions, recommendations and opinions given in this report are intended
only for the guidance of the Client in the design of the specific project. The extent and detail of
investigations, including the number of test holes, necessary to determine all of the relevant conditions
which may affect construction costs would normally be greater than has been carried out for design
purposes. Contractors bidding on, or undertaking the work, should rely on their own investigations, as well
as their own interpretations of the factual data presented in the report, as how subsurface conditions may
affect their work, including but not limited to proposed construction techniques, schedule, and safety and
equipment capabilities.
Classification and identification of soils, rocks, and geologic units have been based on commonly accepted
methods employed in the practice of geotechnical engineering and related disciplines. Classification and
identification of the type and condition of these materials or units involves judgment, and boundaries
between different soil and rock or geologic types or units may be transitional rather than abrupt. Accordingly,
ARKTIS does not warrant or guarantee the exactness of the descriptions.

LIMITATIONS OF LIABILITY
The client, and any other parties using this report with the express written consent of the clients and
ARKTIS, acknowledge that conditions affecting the financial liability of the site can vary with time and that
the conclusions and recommendations set out in this report are time sensitive.
During the performance of the work and the preparation of this report, ARKTIS may have relied on the
information provided by persons other than the client. While ARKTIS endeavors to verify the accuracy of
such information when instructed to do so by the client, ARKTIS accepts no responsibility for the accuracy
or the reliability of such information which may affect the report.
The client, and any other party using this report with the express written consent of the client and ARKTIS,
also acknowledge that the conclusions and recommendations set out in this report are based on limited
observations and testing on the subject site and that conditions may vary across the site which, in turn,
could affect the conclusions and recommendations made.
The client acknowledges that ARKTIS is neither qualified to, nor is it making, any recommendations with
respect to the purchase, sale, investment or development of the property, the decisions on which are the
sole responsibility of the client.
STANDARD OF CARE
Services performed by ARKTIS for this report have been conducted in a manner consistent with the level
of skill ordinarily exercised by members of the profession currently practicing under similar conditions in the
jurisdiction in which the services are provided, subject to the time limits and financial and physical
constraints applicable to the services. Engineering judgment has been applied in developing the
conclusions and/or recommendations provided in this report. No warranty or guarantee, express or implied,
is made concerning the test results, comments, recommendations, or any other portion of this report.
ALTERNATE REPORT FORMAT
Where ARKTIS submits both electronic file and hard copy versions of reports, drawings and other project
related documents and deliverables (collectively termed instruments of professional service), the Client
agrees that only the signed and sealed hard copy versions shall be considered final and legally binding.
The hard copy versions submitted by ARKTIS shall be the original documents for record and working
purposes, and, in the event of a dispute or discrepancies, the hard copy versions shall govern over the
electronic versions. Furthermore, the Client agrees and waives all future right of dispute that the original
hard copy signed version archived by ARKTIS shall be deemed to be the overall original for the Project.
The Client agrees that both electronic file and hard copy versions of instruments of professional services
shall not, under any circumstances, no matter who owns or uses them, be altered by any party except
ARKTIS. The Client warrants that instruments of professional services will be used only and exactly as
submitted by ARKTIS.

