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1.0

INTRODUCTION

Stantec Consulting Ltd. (Stantec) was retained by Public Services and Procurement Canada
[PSPC], on behalf of Indigenous and Northern Affairs Canada [INAC], to design remedial works
and prepare specifications for the Bullmoose Area Mine Sites (BMR) Project east of Yellowknife,
Northwest Territories (NT).
As outlined in the Updated Remedial Action Plan (RAP) prepared for the BMR Project (Stantec,
2016), the following environmental impacts were identified at Bullmoose Creek:
•

Waste ID 2-4-2: Sediments in Bullmoose Creek (AEC 14) - Seepage from portal contributes to
arsenic levels, waste rock in creek bed, runoff from waste rock next to creek; Contaminants
of concern: arsenic, mercury, zinc, and petroleum hydrocarbon fractions F2 and F3;
Approximate area of 315 m²; Approximate volume of 63 m³. The source of metal impacts to
Bullmoose Creek was identified as impacted sediments and waste rock within the creek
channel south of the Bullmoose Portal Seep.

The remedial options considered for Bullmoose Creek were as follows:
•

•

•

Option 1 – Engineered Cover with Liner and Monitoring: In this scenario, an engineered
cover including a liner would be used as a remedial option for the creek once the upgradient source that caused the deposition of contaminants has been removed. The lining
of impacted sediments in Bullmoose Creek would mean impacted sediments remain in
place. A liner would be placed over the impacted sediments area.
Option 2 – Remove and Landfill On-site: The impacted sediments in Bullmoose Creek could
be removed and placed in an on-site landfill. General sequencing of activities would include
water diversion or dewatering; excavation of sediment and transport to staging or
processing; disposal of excavated sediment in on-site facility; and reinstatement of the creek
channel.
Option 3 – Remove and Landfill Off-site: As per Option 2, with impacted material being
transported off-site for disposal.

The analyses of these three options, yielded the preferred option of excavating and disposing of
the sediments and waste rock on-site, with reinstatement of the creek channel. Conceptual
design for this option was shown on Drawing BM 4-1 in the RAP.
During the Technical Session with the Mackenzie Valley Land and Water Board (MVLWB) on
September 9, 2016, potential over-scoping of the conceptual design was discussed with the
participants, including the representative from Department of Fisheries and Oceans (DFO), and
the commitment to revisit the design with input from DFO was undertaken. The remedial
contractor, Rowe’s Outcome Joint Venture (ROJV), prepared the Work Plan for Work Adjacent
to Waterways (WPWAW) to satisfy the specifications for the BMR Project; however, the ROJV
WPWAW did not include all the information needed to satisfy the requirements outlined in the
Type B Water Licence (MV2016L8-0004) issued by the MVLWB for this project.
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This Bullmoose Creek Channel Design and Reconstruction Plan (BCCDRP) outlines the results of
the redesign effort as documented in Stantec’s Design Basis Report (DBR), with supporting
construction details from the ROJV WPWAW (Appendix B). In addition, the plan has been
developed to provide the additional information required to satisfy the items outlined in
Schedule 2, item 4 of the Type B Water Licence.
Table 1, below, lists the required creek channel design information, as outlined in Schedule 2 of
the Type B Water Licence, along with the plan/associated section in this report where the
information can be found.

Table 1 Type B Water Licence MV2016L8-0004 Bullmoose Creek Channel Design and
Reconstruction Requirements
Requirement
a) A design plan, with supporting analysis, timing considerations, and
description of the purpose of each component or Engineered Structure of
the design.

Plan/Associated Report
Section
Design Plan, Analysis and
Components – Section 2.1
Timings - ROJV WPWAW
Section II

b) Information on the natural flow of Bullmoose Creek

Section 2.2.1
Section 2.3.1

c) Anticipated flow volumes during diversion

Section 2.2.1
Section 2.3.1
Section 3.1

d) Any changes to flow characteristics in the reinstated channel

Section 2.3.1

e) For-Construction drawings stamped and signed by an Engineer of all
drainage, diversion, and discharge structures

Section 3.3

f)

ROJV WPWAW Section II

Location of the diversion dam

g) The Construction and materials specifications

Appendix A
Specifications and
Drawings Environmental
Site Remediation
Bullmoose Area Mine Sites,
NT – Issued for Construction
Appendix C

h)

The Construction and materials Quality Assurance and Quality Control
program

Section 3.7

The details for dam removal including removal procedures, sediment and
erosion controls, and monitoring requirements

Section 3.4

j)

Timing and duration of the diversion

ROJV WPWAW Section II

k)

Details of dewatering requirements

Section 3.1

l)

The design of any erosion and sediment control measures

Section 3.3

i)

CMP
ROJV WPWAW Section II

Appendix A
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Requirement

Plan/Associated Report
Section

m) A summary of risks to water quality and associated mitigation

Section 3.5.1

n)

Section 3.5.2

A summary of risk to fish, fish habitat, associated mitigation, salvage,
timing, and minimization or avoidance of physical habitat impacts

o) The details for water management and monitoring including details on
the selected drawdown and dewatering method, daily flow rates and
monitoring requirements

Section 3.6.1

p) The details of how the monitoring program will assess channel
performance

Section 3.6.2

q) The details of how the monitoring program will confirm design assumptions

Section 3.6.3

r)

Section 3.6.4

A contingency plan outlining measures to be implemented should
sediment and erosion levels be greater than expected

CMP

The primary design reference for the BCCDRP is as follows:
•

Hydraulic Design of Flood Control Channels. Engineering and Design Manual EM-1110-21601, U.S. Army Corps of Engineers (USACE) (1991).

2.0

DESIGN PLAN AND ANALYSIS

2.1

DESIGN PLAN AND COMPONENTS

Given the selection of monitored natural attenuation as the remedial option for the Bullmoose
Portal Seep (Stantec, 2016), the Bullmoose Creek channel that bounds the southern side of the
wetland is at risk of recontamination from groundwater. In addition, the creek can intersect local
groundwater and convey it to Bullmoose Lake. Due to these issues, removal of the impacted
sediments from the Bullmoose Creek, followed by reconstruction and hydraulic isolation using
geomembrane liners, is required to remove this potential contaminant pathway.
The expected timing of the design plan and its components are outlined in Section II of the
ROJV WPWAW (Appendix B).

2.2

BACKGROUND INFORMATION

2.2.1

Bullmoose Mine Setting - Physical Characteristics

Surface
The Bullmoose mine site lies in the southwestern Slave Structural Province, District of Mackenzie
(Franz 2009). Elevations range from approximately 240 m above sea level (asl) at Bullmoose
Lake, to a maximum of approximately 260 m asl. Much of the terrain is of moderate relief with
low ridges throughout the site, featuring mainly bare rocky outcrops with glacial sediments in low
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lying areas between outcrops. The elevation of the mine site is approximately 250 m asl. The
surficial geology in the region has been described as predominately till materials consisting of
loose sands and silts.
Surface Water Flows/Drainage
The largest surface water body at the site is Bullmoose Lake, located downgradient from the
main mine site area. Bullmoose Creek and the Bullmoose Portal Seep drain into Bullmoose Lake.
A number of smaller lakes are present in vicinity of the site, including Beta, Alpha, Skeeter,
Doodad and Mann Lakes (Franz 2009). The surrounding water bodies drain into the lower lying
Bullmoose Lake, which in turn drains into Buckingham Lake and eventually Great Slave Lake to
the southeast. From the west, Mann Lake drains into Bud Lake, from which Bullmoose Creek flows
into Bullmoose Lake. Skeeter Lake drains into Bullmoose Lake from the north via a small tributary
channel. Overland flow would potentially merge with any seasonal flow from Beta Lake and
drain into Alpha Lake and Bullmoose Creek. Surface water from the mill, warehouse foundation,
and fuel storage areas drain into Alpha Lake, while the maintenance area water drains into
Bullmoose Creek.
Bullmoose Creek is a small natural watercourse which was occasionally confined, decoupled,
and flowed in a straight pattern (EBA 2012). Water flow in the creek is intermittent as it receives
ephemeral drainage from Alpha Lake, from the Bullmoose Portal Seep, and from Bud Lake
(Franz 2009). Drainage flows eastward until it is discharged into Bullmoose Lake. The wetland
located north of the creek was observed to be not confined and there are sections along
Bullmoose Creek that are connected to the wetland (EBA 2012).
At the confluence with Bullmoose Lake, Bullmoose Creek had a width of 2.5 m and a depth of
0.34 m (EBA 2013). The remaining portions of the creek that were assessed had widths ranging
from 0.27 m to 1.3 m. The depth in these areas ranged from 0.19 m to 0.35 m. Based on the
elevation contours from Figure BM4-1A and considering the total length of the channel to be
remediated (235 m), the slope of the existing creek is 1.27% (Stantec 2017a).
Water velocity in Bullmoose Creek was measured to range from a mean discharge of
0.018 cubic meters (m3) per second (Franz 2009) to 0.05 m3 per second at mid-stage water flow
and water depth (EBA 2013). Velocity was noted to be lower in areas where instream waste rock
piles were present. As part of Stantec’s role as Engineer of Record on the BMR Project, Stantec
completed a desktop evaluation to determine the peak flow within the creek. The peak flow
was determined to be on the order of 1.41 m3/s (Stantec 2017a).
The channel substrate was predominantly fine grained material, consisting of 80% fines, 5%
gravel, 10% cobble, and 5% boulder (EBA 2012). At the confluence of Bullmoose Creek and
Bullmoose Lake, mineral soils have accumulated and have allowed for the development of thick
sediment deposits (EBA 2013). The banks of the creek were sloped and predominantly featured
cobbles and boulders (EBA 2012).
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2.2.2

Watershed Delineation

The catchment area that contributes surface runoff to Bullmoose Creek was delineated with GIS
tools using readily available spatial layers from Canvec version 1.1 (NRCAN). These layers include
elevation contours (with vertical resolution of 10 m), as well as major streams and waterbodies.
The surface area that contributes runoff to Bullmoose Creek is approximately 11.57 km2 and is
shown in Figure 1.
As shown in Figure 1, the exit point of the catchment area is located at the discharge point of
Bullmoose Creek to Bullmoose Lake. The catchment area also includes Bud Lake, Mann Lake,
and other smaller lakes located to the north and south. These waterbodies provide storage and
attenuation capacity to Bullmoose Creek.

2.2.3

Precipitation Input

The total precipitation amount for the 1% Annual Exceedance Probability (AEP) event (i.e. the
1:100-year return period event) was obtained from Intensity-Duration-Frequency (IDF) curves
from Environment and Climate Change Canada’s Station 2204100 (Yellowknife Airport). Station
2204100 is the nearest weather station and is located approximately 80 km to the west of the
mine. The IDF data is included in Table 2 and it shows a total precipitation amount of 79 mm in
24 hours for the 1:100-year event.

Table 2 - Intensity-Duration-Frequency amounts for the 1% AEP Event (mm)
Duration
Precipitation

2.2.4

5 min

10 min

15 min

30 min

1h

2h

6h

12 h

24 h

10.7

15.1

17.7

22.6

26.7

33.5

53.1

64.0

79.0

Hydrologic Analysis

Due to the lack of a flow monitoring station within the Bullmoose Creek catchment area, a
deterministic hydrologic model was used to estimate the resulting flow hydrograph for the 1:100year precipitation event. The hydrologic software selected for this task was HEC-HMS, as it is
capable of simulating hydrologic processes in remote areas where undeveloped land uses are
predominant.
A conceptual model of the catchment was developed in HEC-HMS as shown in Figure 1. The
model includes four sub-catchment areas to reflect site conditions, including the location of
lakes and tributaries. The surface area of each sub-catchment is included in Table 3. Each subcatchment receives precipitation inputs from a frequency storm which is developed from the
precipitation inputs included in Table 2.
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Figure 1 - Sub-catchment areas in HEC-HMS for Bullmoose Creek
The Soil Conservation Service (SCS) method was selected to calculate infiltration losses within the
sub-catchment areas. This method requires the input of infiltration amounts and the percentage
of directly connected impervious areas.
Based on previous reports, the hydrologic soil group selected for the model is SCS type A, which
is comprised mainly of sandy soils with silts. An initial abstraction of 10 mm was also selected
while the percentage of directly connected impervious areas were calculated with GIS software
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tools and are included in Table 3, for this project these include exclusively the areas of the larger
lakes.
Additionally, the SCS unit hydrograph method was selected to transform excess precipitation
into surface runoff. The method requires the input of lag time which is estimated to be 60% of the
time of concentration (HEC, 2000). The time of concentration was calculated with the kinematic
wave method (CSPI, 2007). The calculated time of concentration for each sub-catchment are
also included in Table 3 using an overall Manning’s roughness coefficient of 0.045 and an
effective precipitation amount of 3.29 mm/hr. Since the precipitation event has a duration of 24
hours, additional contributions from baseflow were not included.
Storage and attenuation effects from the larger lakes were also included in the model. Since
there are no bathymetric details for the lakes, an active volume equivalent to the total area of
the lakes with a height of 1 m was added in the model. The discharge function that is required
was calculated using a trapezoidal channel with a base of 1 m and side slopes of 2:1 (horizontal
to vertical units). HEC-HMS conducts a balance of flow inputs and outputs to determine the
resultant volume during the hydrologic simulations.

Table 3 - Main Hydrologic Parameters
Sub-catchment

Area (km2)

% Impervious

Tc (hr)

Lag Time (hr)

Storage (m3)

BC-West

3.76

34

4.88

2.92

1,295

BC-North

3.18

29

11.21

6.72

398

BC-South

1.32

85

4.88

2.92

182

BC-East

3.31

10

12.03

7.21

340

The resultant flow hydrograph at the exit of Bullmoose Creek is shown in Figure 2, with a peak
flow magnitude of 1.41 m3/s. The hydrologic model results also show that several days are
required to conveyed the entire volume of the precipitation event across the entire catchment.
Without detailed information about the catchment areas it would be difficult to calibrate or
even validate the model, and therefore the calculated peak flow should be used under the
understanding of the limitations and assumptions that were applied to its development.
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Figure 2 - Flow Hydrograph at Bullmoose Creek for the 1:100-year precipitation event

2.2.5

Fisheries Habitat Assessment

To supplement the previous information collected on Bullmoose Creek (Franz 2009; EBA 2012),
Stantec undertook two field investigations, from May 24-25, 2017, and July 5-6, 2017, with the
results described in the report prepared for PSPC titled Remediation and Reconstruction of
Bullmoose Creek – Fisheries Impact Assessment (Stantec 2017c). Field investigations consisted of
site observations to document habitat features such as wetted width, water depth, morphology,
in-water cover, channel substrates, and potential impediments or barriers to fish passage. Fish
community sampling was conducted during both field investigations - on May 24 and 25, 2017,
fish sampling employed minnow traps, fyke nets and electrofishing, while on July 5 and 6, 2017
standard and collapsible minnow traps were deployed. For the purposes of the 2017 field
investigations, existing conditions in Bullmoose Creek were documented as per the following
reaches and areas:
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•

•

•

•

Reach 1 - encompasses the old access road and the area approximately 84 m upstream, to
a point where the valley between the waste rock piles widens and the channel becomes
overgrown with trees and shrubs.
Reach 2 - approximately 84 m long and encompasses the portion of Bullmoose Creek from
the old access road crossing downstream of the constriction between the two existing waste
rock piles.
Reach 3 - approximately 100 m long and encompasses the portion of Bullmoose Creek
downstream of the constriction between the two large waste rock piles to the outlet of
Bullmoose Creek to Bullmoose Lake.
Wetland - adjacent to (north side) of Reach 2.

The observations collected during the 2017 field investigations are listed below by reach:
•

Reach 1:
o May - Narrow and constricted floodplain due to the waste rock piles and roads
constructed on both sides of the creek. Watercourse morphology dominated by run.
Wetted width ranged from 1.4 m to 5.5 m. Wetted width generally increased from
upstream to downstream. The average water depth was 0.60 m. Substrates consisted
primarily of large waste rock placed in the creek during the operation of the mine and
sparse fines that are presumed to have been flushed downstream during high flow
events.
o May - Four Ninespine Stickleback were captured in the pool upstream of the road.
o July - Wetted width between the waste rock piles was 1.4 m to 5.5 m, which is consistent
with the spring observations. A flow path approximately 0.6 m wide and 0.3 m deep
meandered downstream through graminoid vegetation.
o July - No fish were captured in Reach 1.

•

Reach 2:
o May - Bankfull width of the graminoid wetland in this reach ranged from 4 m to 8 m
(approximate widths) and was inundated with water at the time of the site investigation.
The wetland was under high flow condition at the time of the May 2017 field
investigation. The flow path through the dense graminoid vegetation was approximately
0.4 m wide and 0.20 m to 0.40 m deep. Morphology consisted primarily of run habitat,
with two short riffles, each approximately 1.5 m to 2 m long.
o July – Bankfull width of the graminoid wetland vegetation remained the same, but the
water level had dropped and the wetted depth within the primary flow path ranged
between 0.15 m and 0.40 m. The margins of the graminoid vegetation were moist.
Morphology consisted primarily of a slow run, with one riffle (approximately 1.5 m long,
0.3 m wide and 0.10 m deep).
o May and July - No fish were captured in Reach 2.

•

Reach 3:
o May - Densely vegetated graminoid wetland surrounded by an alder thicket. At the time
of the spring site investigations, the area was flooded and consisted of braided flow
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o

o

o

through graminoid hummocks with an ill-defined channel. One large pool, devoid of
vegetation, was situated approximately 6 m upstream from Bullmoose Lake. Wetted
width in the wetland area encompassed the wetland between the existing waste rock
piles to the north and south; however, the deeper area where the flow path was
observed through the graminoid vegetation ranged between 0.2 to 3 m wide and was
up to 0.25 m deep. Substrates consisted of detritus and muck. No impediments or
barriers to fish passage were observed.
July – Water level within the wetland had dropped approximately 0.10 m, compared to
the spring. The graminoid vegetation near the alders (that was flooded during spring
2017 site investigations) was moist during the July 5, 2017 site visit. Under the lower water
conditions, the graminoid hummocks of the wetland in Reach 3 are situated at a higher
elevation than the surface of Bullmoose Lake; therefore, the watercourse flowed over a
small cascade prior to entering Bullmoose Lake at the location of the scour pool. At the
time of the July 2017 site visit, the cascade was approximately 0.20 m to 0.30 m high and
was likely an impediment to upstream passage of small-bodied fish from Bullmoose Lake.
May - Four Ninespine Stickleback were captured in Bullmoose Creek in the large pool
near the outlet to Bullmoose Lake, and one juvenile Northern Pike was captured in
Bullmoose Lake at the outlet of Bullmoose Creek. Additionally, one Ninespine Stickleback
was captured in the narrow side channel along the southern waste rock pile.
July - Four small fish were observed in the lower portion of Reach 3 (i.e., the pool near
Bullmoose Lake). Two of the individuals were captured using a dipnet and identified as
Young-of-Year (YOY) Northern Pike, confirming that the downstream graminoid wetland
near the lake provides spawning habitat for Northern Pike. No fish were captured in the
minnow traps deployed in Reach 3 during the summer field investigation.

In summary, the findings from the field investigations and background data sources was that
Bullmoose Creek is intermittent with respect to flow regime. As a result, Bullmoose Creek provides
fish habitat when water levels are suitable. Specifically, Bullmoose Creek provides spawning
habitat for Northern Pike in the spring (confirmed in Reach 3, potential spawning habitat in
Reaches 1 and 2) and general habitat for Ninespine Stickelback. The small cascade over the
grassy hummocks, observed in Reach 3 (at the confluence to Bullmoose Lake), is an impediment
to the upstream movement of large-bodied and small-bodied fish into Reaches 1 and 2 during
the summer when low flow conditions are present. Bottom substrate in Bullmoose Creek is
predominantly waste rock generated from adjacent historic gold mining operations. The waste
rock (substrate and adjacent piles) may contribute leachate to the watercourse, as detailed in
the Updated RAP (Stantec 2016).

2.3

CHANNEL RE-DESIGN

2.3.1

Channel Sizing

The resultant peak flow shown in Figure 2 was applied to determine if the proposed dimensions
of the Bullmoose Creek channel for Sections 1, 2 and 3 as shown in Figure BM 4-1 (Stantec 2016)
were adequate. As shown in Figure BM 4-1B, a trapezoidal channel with a base of 2 m and side
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slopes of 3:1 had been previously recommended. A schematic of the current design and
proposed redesign is shown in Figure 3.
The required size of the channel was calculated with the hydraulic software HEC-RAS, which is
the software companion of HEC-HMS. The results of the hydraulic model were used to confirm
the design parameters given in Figures BM 4-1A/B, including the dimensions of the channel and
the size of rip-rap material to minimize the channel scour and erosion potential.
The hydraulic model was setup with three continuous reaches that represent Sections 1, 2 and 3
as well as upper and lower boundary conditions. The elevation of the channel thalweg was
inferred from the available elevation contours from Figure BM 4-1A, and were set at 238 m at the
inlet and 235 m at the outlet, with a total distance of 235 m. The slope for the restoration areas of
Bullmoose Creek is therefore 1.27%. Furthermore, the Manning’s roughness coefficient for the
channel sections was set at 0.035 while the backwater condition at Bullmoose Lake was set at
236 m, to reflect that the water elevation in the lake will likely increase during the 1:100-year
flood event. This is an assumption which requires further refinement using detailed survey
measurements and lake elevations.
The results of the model show a maximum water depth of approximately 0.35 m during the
passage of the peak flow with a corresponding maximum water velocity of approximately 1.4
m/s. Since the channel geometry is prismatic these values apply to all sections. Based on the
results of the hydraulic model, the current design for the creek is much larger than is required to
route the design storm – a proposed geometry of Sections 1, 2 and 3 for Bullmoose Creek as
shown in Figure 3 has also been evaluated, including the required and extra amount of
freeboard to protect the banks and adjacent areas. The existing and proposed geometries are
shown in the figure below. The proposed cross-section has a base of 1 m and side slopes of 2:1 –
HEC-RAS modelling of this channel geometry shows a resulting flow depth of approximately 0.49
m with a corresponding maximum water velocity of approximately 1.8 m/s. The area associated
with the current design from outside berm edge to outside berm edge (14 m x 237 m) is
approximately 3,318 m2, while the area associated with the proposed redesign (8.5 m x 118 m) is
approximately 1,003 m2 (the required length of the reconstructed channel was also reduced as
part of the redesign – see Section 3.3/Appendix A drawings).
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Figure 3 – Sketch of Current and Proposed Reconstructed Channel Cross-sections
Should crushed rock material with size characteristics as detailed above not be sufficiently
available at the Bullmoose site, consideration may be given to using oversize material from the
Bullmoose Secondary Borrow Source. Use of the oversize material may increase potential for
sloughing when used on slopes at 2:1 horizontal to vertical. To mitigate this risk, test sections will
be constructed and material applied first, and if potential for sloughing is seen, slopes may be
decreased, or the depth to channel invert may be reduced (as noted above, the revised cross
section presents a freeboard of 0.65m under a 1:100 year storm event, so there is significant
allowance to reduce the invert depth if required).

2.3.2

Scour Protection

The current and proposed designs include a layer of erosion protection rock lining the entire
cross sectional area of the channel. The determination of the minimum particle size requirements
and revetment thickness was based on the design methodology developed by USACE (1991) –
see Appendix C.
The results of the analysis show that the required D50 to be used in all sections of the proposed
Bullmoose Creek channel restoration should be in the order of 190 mm, with a revetment
thickness of 300 mm, for the current design – this increases to 330 mm, with the same required
revetment thickness of 300 mm, for the proposed design. This is recommended by USACE to
protect the channel in areas where ice impact and or severe freezing/thawing cycles are
possible. There is a trade-off between channel sizing, resulting design storm velocity, and
required particle size requirements for revetment.
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3.0

CREEK RECONSTRUCTION

3.1

DIVERSION VOLUMES AND DEWATERING REQUIREMENTS

To facilitate the excavation of the impacted sediment within the creek, an Aquadam will be
installed up-gradient of the impacted sediment zone (Section 1 on Figure BM4-1A) (ROJV 2017).
The Aquadam consists of a 20 m long and 1.5 m high dam with a grab tensile strength of
1,100 N, which is consistent with the requirement outlined in ASTM standard D4632.
Although the current plan calls for a temporary pool to be excavated upstream of the
Aquadam location to allow for the installation of the Aquadam (ROJV 2017), it will not be
constructed if flows at the time of construction are such that bypass pumping can convey all
water around the construction area. The temporary pool will be sized based on actual water
volume requirements and flow measurements at the time of construction, taking into
consideration the time of year (with construction occurring during low flow periods). The current
estimated size for this area is approximately 6 m by 6 m with a center depth of approximately 1
m (30,000 L maximum capacity). Once the Aquadam is installed, water will be pumped around
the construction area either directly to Bullmoose Lake or to the Bullmoose Creek channel
downgradient of the channel sections to be reconstructed using two pumps (2,400 L/min) and
0.45m water discharge lines.
Upon completion of the reconstruction activities, water will be pumped from the temporary pool
(if constructed) into Bullmoose Creek (ROJV 2017). The creek diversion will occur until such time
that the water levels in the temporary pool recede to the point that the Aquadam can be
deflated and removed. Pumping from the temporary pool (if constructed) will continue until
water is drained, the area can be backfilled, and it can be reinstated to its original grade.
The approximate location of the Aquadam is indicated in Section II of ROJV WPWAW.
The creek diversion plan will prevent water from flowing through the work area; therefore,
dewatering is not anticipated to be required during excavation and reconstruction activities.

3.2

CONSTRUCTION MATERIALS

The following are the estimated quantities of earthworks and materials required for construction:
•

Bullmoose Creek Reconstruction:
o Excavation (cut volume, excluding removal of waste rock): 63 m3
o Fill volume: bedding sand 300 m3, erosion protection rockfill 500 m3
o Geomembrane: 60 mil and 30 mil HDPE (400 m2 and 650 m2 respectively)

Material specification sections 31 05 16 Aggregate Materials and 31 22 13 Grading from the
Contract documents are included at Appendix C.
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3.3

DESIGN DRAWINGS

Engineering drawings are presented in Appendix A.

3.4

DAM REMOVAL

Dam removal is detailed in Section II of the ROJV WPWAW in Appendix B. As noted above in
Section 3.1, upon completion of the reconstruction activities, water will be pumped from the
temporary pool into the Creek (ROJV 2017). The Creek diversion will occur until such time that
the water levels in the temporary pool recedes to the point that the Aquadam can be deflated
and removed. Pumping from the temporary pool will continue until water is drained, the area
can be backfilled, and it can be reinstated to its original grade.

3.5

CONSTRUCTION CONSIDERATIONS

3.5.1

Risks to Water Quality and Mitigation Measures

The primary risks to water quality are: sediment loading resulting from erosion, impacted contact
water, and the accidental release of petroleum hydrocarbons from machinery working near a
watercourse.
Per the ROJV WPWAW, erosion, sediment and drainage control (ESDC) and/or soil erosion
measures will be installed around the adjoining wetland, along the creek and at the
downstream terminus as necessary. In general, these will include silt fencing along the adjacent
side of the wetland and along low lying areas of the creek outside the reconstruction zone
(approximately 11 m from the centre of the creek), and a turbidity curtain at the creek outlet
into Bullmoose Lake. Additional sediment controls may also be installed along the upstream
sections of Bullmoose Creek in proximity to the Aquadam location and access there to. ROJV
will utilize various ESDC measures as applicable such as installing and maintaining silt fences,
installing additional silt fences as necessary, ditches, berms, rip-rap, or additional measures as
outlined in the WPWAW (ROJV 2017).
The creek diversion plan is designed to prevent water from flowing through the work area,
therefore Bullmoose Creek is expected to be unsaturated downgradient from the creek
diversion area during excavation and reconstruction activities. Additionally, based on the
limited depth of the planned excavation (300 mm along Section 2) and given the timing of the
excavation work (i.e., the low-flow period that extends from September to April), impacted
contact water is not expected to be encountered.
To prevent the accidental release of petroleum hydrocarbons from machinery into a
watercourse, the excavation machinery will be maintained free of fluid leaks and work from the
shore of Bullmoose Creek to the extent possible based upon shoreline stability. In addition,
washing, refueling, and service/maintenance will be conducted away from the work area at
Bullmoose Camp.
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Additional mitigation measures are outlined in the draft report prepared for PSPC titled
Remediation and Reconstruction of Bullmoose Creek – Fisheries Impact Assessment (Stantec
2017) and are incorporated into this Plan as follows:
•

•
•

•
•

•

•
•
•
•

Delineate the upstream and downstream work area boundaries with a double-row of silt
fencing to restrict equipment from entering the watercourse, installed as per the Sediment,
Erosion and Drainage Control Plan.
Conduct in-water activities during dry periods when low flows are anticipated (to reduce the
risk of downstream sediment transport during in-water works.
All materials required for construction (e.g., silt fencing, filter cloth, polyethylene liners,
granular material, riprap, dam materials) will be available prior to the commencement of
work to facilitate completion of the proposed work in an efficient manner, limiting the time
required for in-water work. Additional contingency material will also be available.
Monitor ESC measures to document that measures are installed, maintained and functioning
as intended.
Implement best management practices related to materials storage, machinery operation
and the movement of earth as per DFO’s Measures to Avoid Causing Harm to Fish and Fish
Habitat.
Stabilize exposed soil, including banks disturbed by activities associated with the project to
reduce the risk of erosion and/or sedimentation, preferably through re-vegetation with
native species suitable for the site.
If stabilization is delayed, short-term erosion control measures (i.e., erosion control blankets)
will be used to prevent sediment entering the watercourse.
Material accumulated at silt fences will be removed or stabilized in place prior to removal of
ESC measures.
Remove silt fences only when the site is permanently stabilized.
Remove excess construction materials from site upon project completion.

3.5.2

Risks to Fish, Fish Habitat and Mitigation Measures

The predominant risk to fish and fish habitat resulting from the Bullmoose Creek excavation and
reconstruction activities is increased sediment loading in Bullmoose Lake at the creek diversion
discharge point due to potential erosion. To prevent erosion action at the discharge point, the
outfall will have a temporary aggregate basin that will be constructed using a 3 m by 6 m pad
consisting of geomembrane base overlain with rip-rap consisting of aggregate and boulders
sized 150 mm or greater (ROJV 2017).
Upon completion of the reconstruction activities, water will be pumped from the temporary pool
(if constructed) into Bullmoose Creek. Temporary rip-rap will be placed at the outfall of the
discharge line to prevent erosion and subsequent sediment loading in Bullmoose Creek (ROJV
2017).
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Per the Construction Monitoring Plan (CMP) (Stantec 2017b), during the construction monitoring
phase, should sediment discharge be identified as a risk to water quality in Bullmoose Lake, the
discharge flow will be reduced or the discharge point may be relocated.
Additional mitigation measures are outlined in the draft report prepared for PSPC titled
Remediation and Reconstruction of Bullmoose Creek – Fisheries Impact Assessment (Stantec
2017c) and are incorporated into this Plan as follows:
•

•

•

Schedule in-water work to occur during the in-water work timing window for spring spawning
fish (working window July 15 to April 1) to reduce the risk of impacts to fish and fish habitat in
Bullmoose Creek.
Transfer fish in the work area away from the construction area using capture, handling, and
release techniques to minimize harm and stress (fish rescue will be conducted by qualified
biologists).
The intakes of pumping hoses will be equipped with an appropriate device (e.g., screen) to
avoid entraining and impinging fish (see DFO’s Freshwater Intake End-of-Pipe Fish Screen
Guideline (1995)).

3.6

WATER MANAGEMENT AND MONITORING

3.6.1

Drawdown and Dewatering Methods

Drawdown of the temporary holding pond/bypass pumping will be accomplished using two
pumps (2,400 L/min) and 0.45m water discharge lines pumping directly to Bullmoose Lake or
back to Bullmoose Creek below the section of channel to be reconstructed.
As stated in Section 3.1, the creek diversion plan will prevent water from flowing through the
work area; therefore, dewatering is not anticipated to be required during excavation of
impacted sediment and creek reconstruction activities.

3.6.2

Monitoring Plans

Detailed monitoring plans, including but not limited to sampling locations, parameters
measured, and frequencies of sampling to be carried out are presented in the CMP (Stantec
2017). Specifically, for Bullmoose Creek, construction activity monitoring will occur in Bullmoose
Lake, to confirm that construction activities are not resulting in new impacts (CMP Section
5.2.3.1, SNP 2016-10). Should sediment discharge to Bullmoose Lake be identified, then the
responses (per the CMP) are to firstly reduce discharge flows, and secondly to relocate the
discharge. In addition, Total Particulate Matter (TPM) will be monitored during construction, as
defined by the Canadian Council of Ministers of the Environment (CCME 2002), namely for
suspended sediments during clear flows “[a] maximum increase of 25 mg⋅L-1 from background
levels for any short-term exposure (e.g., 24-h period). Maximum average increase of 5 mg⋅L-1
from background levels for longer term exposures (e.g., inputs lasting between 24 h and 30 d).”
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As noted in Section 3.5.1, ESC measures will be monitored to document that measures are
installed, maintained and functioning as intended, and material accumulated at silt fences will
be removed or stabilized in place prior to removal of ESC measures.
In addition, construction will be monitored by the Departmental Representatives from Stantec
on a daily basis (Stantec is providing construction supervision services to PSPC for the
remediation program, with a mandate to monitor adherence to contract specifications, Water
Licence and Land Use Permit conditions, applicable regulatory requirements and project Plans
such as this one). Reconstructed channel performance will also be monitored for the following:
•

•

Erosion protection: confirmation that the final rockfill resists erosion from freshet and other
high flow conditions – signs of material wasting will be responded to through repairs to
include application of larger-sized rockfill
Hydraulic containment: confirmation that the geomembrane liner is functioning to prevent
baseflow (groundwater entry into Bullmoose Creek) by confirming that Bullmoose Creek
flows at the start of the reconstructed section do not reduce during drier months (i.e., that
there are not hydraulic losses through the geomembrane) – signs of losses will be
investigated, and repairs to lined sections undertaken as required

Monitoring of the reconstructed channel will be included in the Long Term Monitoring (LTM)
program for the site, which is to be defined before the completion of the remediation program.

3.6.3

Confirming Design Assumptions

The two design assumptions that require confirmation, along with the methods, are as follows:
1. Hydraulic isolation and channel reinstatement eliminate impacts to Bullmoose Creek water
quality: under the monitoring program discussed in Section 3.6.2, the water quality in the
reconstructed channel will be assessed under the LTM program. It is expected that water
quality will show improvement over previously assessed conditions, and will achieve
background water quality conditions once steady state is achieved. If impacts to water
quality continue to be observed, investigation will be carried out to identify the source of
such impacts, and appropriate actions will be taken in response.
2. The reconstructed channel will provide fish habitat when water levels are suitable.
Specifically, Bullmoose Creek will provide spawning habitat for Northern Pike in the spring
(confirmed in Reach 3, potential spawning habitat in Reaches 1 and 2) and general habitat
for Ninespine Stickelback. Fish use of the reconstructed channel will be determined as part of
the LTM program.

3.6.4

Contingency Plan

Per the CMP (Stantec 2017), the Bullmoose Creek diversion area will be monitored during the
construction monitoring phase. Surface water samples will be collected from the locations and
at the frequency noted in the CMP and analyzed for total suspended solids and dissolved solids
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in addition to other parameters. Should the level of solids in the surface water sampled exceed
those within Bullmoose Lake, the discharge flow rate will be adjusted and/or the discharge
location will be relocated.
The ROJV WPWAW identifies contingency measures to avoid the failure of the Aquadam,
including: overflow protection, a channel allowing controlled release of surface water to an
outwash basin, and stockpiled aggregate to be used for shoring the Aquadam.
Per the ROJV WPWAW, if significant rain events or groundwater discharging into the excavation
result in impacted contact water that exceeds the concentrations of contaminants of concern
identified in specifications, ROJV will treat the impacted contact water with the mobile water
treatment system.

3.7

QUALITY CONTROL PLAN

Quality control measures will be implemented relating to both construction activities and
materials used, as outlined below.
The following construction quality control measures will be applied:
•

Construction Supervision/Adherence to Specifications: the PSPC Departmental
Representative consultant will have personnel observing the elements of the Bullmoose
Creek reconstruction for adherence to the contract specifications and relevant Plans, that
include the following:
o 01 35 43 – Environmental Procedures
o 01 35 15 – Special Project Procedures for Contaminated Sites
o 31 22 13 – Grading
o 31 23 33.01 – Excavating, Trenching and Backfilling
o Construction Drawings – Figure BM4-1A and BM4-1B
o Waste Management Plan
o Erosion, Sediment and Drainage Control Plan
o Spill Contingency Plan
o Work Plans for Work Adjacent to Waterways
o This Plan (Bullmoose Creek Channel Design and Reconstruction Plan)

•

Construction Monitoring: the following monitoring activities are outlined in the CMP that will
contribute to construction quality control:
o Bullmoose Lake (SNP 2016-9)
o Bullmoose Creek (SNP 2016-10)

The following materials quality control measures will be applied:
•

Construction Supervision/Adherence to Specifications: the Contractor is directed to produce
materials that conforms with the specifications outlined in the following:
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o
o
o
•

31 05 16 Aggregate Materials
31 32 19.02 Geomembranes
Construction Drawings – Figure BM4-1A and BM4-1B

The DR will undertake additional materials testing (grain size analyses) to confirm that the
sand bedding and rockfill materials meet the specifications listed above

4.0

CLOSURE

This report documents work that was performed in accordance with generally accepted
professional standards at the time and location in which the services were provided. No other
representations, warranties or guarantees are made concerning the accuracy or completeness
of the data or conclusions contained within this report, including no assurance that this work has
uncovered all potential liabilities associated with the identified property.
This report provides an evaluation of selected environmental conditions associated with the
identified portion of the property that was assessed at the time the work was conducted and is
based on information obtained by and/or provided to Stantec at that time. There are no
assurances regarding the accuracy and completeness of this information. All information
received from the client or third parties in the preparation of this report has been assumed by
Stantec to be correct. Stantec assumes no responsibility for any deficiency or inaccuracy in
information received from others.
The opinions in this report can only be relied upon as they relate to the condition of the portion
of the identified property that was assessed at the time the work was conducted. Activities at
the property subsequent to Stantec’s assessment may have significantly altered the property’s
condition. Stantec cannot comment on other areas of the property that were not assessed.
Conclusions made within this report consist of Stantec’s professional opinion as of the time of the
writing of this report, and are based solely on the scope of work described in the report, the
limited data available and the results of the work. They are not a certification of the property’s
environmental condition. This report should not be construed as legal advice.
This report has been prepared for the exclusive use of the client identified herein and any use by
any third party is prohibited. Stantec assumes no responsibility for losses, damages, liabilities or
claims, howsoever arising, from third party use of this report.
This report is limited by the following:
•

Previous report data as reported in tables was assumed to be accurate

The locations of any utilities, buildings and structures, and property boundaries illustrated in or
described within this report, if any, including pole lines, conduits, water mains, sewers and other
surface or sub-surface utilities and structures are not guaranteed. Before starting work, the exact
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location of all such utilities and structures should be confirmed and Stantec assumes no liability
for damage to them.
The conclusions are based on factors such as areas of potential concern identified in previous
studies, site conditions (e.g., utilities), site components, etc. Due to the nature of the investigation
and the limited data available, Stantec does not warrant against undiscovered environmental
liabilities. As the purpose of this report is to identify site conditions which may pose an
environmental risk; the identification of non-environmental risks to structures or people on the Site
is beyond the scope of this assessment.
Should additional information become available which differs significantly from our
understanding of conditions presented in this report, Stantec specifically disclaims any
responsibility to update the conclusions in this report.
This report was prepared by Nathaniel Novosad, M.Sc., PMP, and David Wilson, M.A.Sc., P.Eng.,
and reviewed by Tanya Shanoff, M.Sc., P.Geo.
Approved for release by:

Digitally signed by David Wilson
DN: cn=David Wilson, o=Stantec
Consulting Ltd., ou=BC 1225 Ottawa,
email=david.wilson@stantec.com,
c=CA
Date: 2017.12.07 08:14:39 -05'00'

David Wilson, M.A.Sc., P.Eng. (ON, NT/NU, BC, YT)
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Introduction

This plan is intended to satisfy the Work Plans for Work Adjacent to Waterways as outlined in SS 01 35
43 and as referenced in the table enclosed in 01 33 00 of the specifications for the Bullmoose Ruth
Remediation (BRR) contract awarded to Rowe’s Outcome Joint Venture (ROJV) on August 2, 2016
(Contract).
The specifications state to submit separate Work Plans for the following Work activities:
1. Construction of floating docks to be accessed by float planes at Spectrum, Chipp, and Storm
mine sites.
2. Construction of Aquadam at Bullmoose Creek and dredging/excavation of metal-contaminated
sediments from Bullmoose Creek.
Therefore, Section I and Section II below are Work Plans for the floating docks and Bullmoose Creek,
respectively.
The specifications state that Work Plans are to include the following:
A. Sketch of working area, including placement of erosion control, culverts, and temporary
roadways, as required.
B. Timing of Work.
C. List of equipment to be used in waterway.
D. List of materials, including source and manufacturer, to be placed in waterway.
E. Work schedule including the sequence and duration of all related Work activities.
F. Maintenance, monitoring, and final removal of erosion control, culverts, and roadway works.
Therefore, Section A through Section F are included within each section.
Additionally, the specifications state:
•
•
•
•
•
•
•
•
•

Do not operate construction equipment in waterways.
Do not use waterway beds for borrow material.
Do not dump excavated fill, waste material or debris in waterways.
Design and construct temporary crossings to minimize erosion to waterways.
Do not skid logs or construction materials across waterways.
Avoid indicated spawning beds when constructing temporary crossings of waterways.
Do not blast under water or within 100 m of indicated spawning beds.
Do not use shoreline grounds (30 metres from edge) as staging area, vehicle/equipment
maintenance, parking, storage of fuel or for stockpiling of granular or other fill.
If drainage course crossing is required, use methodologies to prevent sedimentation into
waterbodies.
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The work plans for work adjacent to waterways is to be read in conjunction with the Site-Specific Health
and Safety Plan (SSHASP), the Project Schedule monthly updates, and the Erosion, Sediment, and
Drainage Control (ESDC) Plan.

Section I – Construction of Floating Docks
A) Sketch of Working Area
The pages at the end of this section show the location of the floating docks at Chipp and Storm. The
locations of the floating dock, if required, at Spectrum is also shown, however, the requirement for a
floating dock at Spectrum has yet to be confirmed.

B) Timing of the Work
The Chipp Mine and Storm Mine floating docks were installed in the Fall of 2016. The Spectrum Mine
floating dock requirement will be assessed in early summer 2017.

C) Equipment to be used in Waterway
Float planes will be used to access the mine sites adjacent to lakes. The float planes used will be twin
otters.

D) Materials to be placed in Waterway
The floating docks are sectional and can be transported by twin otter and helicopter. The sectional
pieces pin together with long plastic pins, and can be widened or lengthened depending on
requirements. Each section can be lifted by hand and attached by hand, and simply tied back to shore.
These docks provide a safe surface from which to load and unload from. The sections are approximately
48 cm wide by 48 cm long by 35 cm deep. In total the individual docks will be approximately 5 m x 3 m.

E) Work Schedule
The Chipp Mine and Storm Mine floating docks were installed in the Fall of 2016. The Spectrum Mine
floating dock requirement will be assessed in early summer 2017. The work at Chipp and Storm is
scheduled to be completed by late August 2017. The work at Spectrum is scheduled to be completed in
March 2018, however, access to Spectrum by float plane is scheduled to cease by late summer 2017.
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F) Maintenance, monitoring, and final removal of
erosion control, culverts, and roadway works.
The maintenance, monitoring, and final removal of erosion control, culverts and roadway works section
is not directly applicable to the construction of floating docks. However, relevant information regarding
these topics is provided below.
The maintenance requirements of the floating dock sections will be determined by monitoring.
Monitoring the condition of the floating docks will be done by the site superintendent during their
operational use. At Chipp and Storm, the work will be conducted by utilizing daily flights (no camp
facilities at Chipp and Storm). The final removal of the floating docks will be completed when the work
is deemed complete. Aircraft will be utilized to demobilize the floating docks.
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Section II - Aquadam and excavation of sediments
at Bullmoose Creek
A) Sketch of Working Area
The sketch of the working area, including placement of erosion control, culverts, and temporary
roadways, as required is located at the end of this section. Note that this plan may change due to field
conditions. The sketch is drawn using Specifications Drawing # BM4-1.

B) Timing of the Work
The timing of Work is currently planned to occur during low flow conditions (September - April) and the
anticipated duration of the work activities are as follows:
1. Install temporary roads – One week, to be completed in the Spring
2. Site staging (installing silt fences and have all the gear/equipment ready) - One week, to be
completed prior to creek excavation
3. Install the instrumentation that Stantec is providing (logging station) – One week, to be coordinated
with Stantec
4. Divert, the creek, dig a holding pond upstream of aquadam location, install the aquadam - One week,
to be completed after September
5. Install the concrete weir, excavate the sediment and transport it to the landfill - One week, to be
completed after September
6. Reconstruct the creek with sand and the liner - Two weeks, to be completed after September
7. Deflate the dam, recontour access roads and area to facilitate natural revegetation, - One week, to be
completed after September

The timing of the Work may change due to field conditions, or unforeseen circumstances.

C) Equipment to be used in Waterway
Equipment to be used for the excavation of metal-impacted sediments from the Bullmoose Creek
include: a John Deere 250G tracked-excavator with hydraulic shovel and wrist-a-twist, a Cat 950G frontend loader, a compactor, a bull-dozer and rock trucks. The equipment will be used on the banks of the
Bullmoose creek. It is anticipated that equipment will not be used directly within the waterway.
Page 7 of 13

Bullmoose Ruth Remediation
PWGSC Contract: EW699-162781/001/NCS
ROJV Project: 16-039

D) Materials to be placed in Waterway
The materials to be placed in the waterways are shown in Drawing BM 4-1, located at the end of this
section. The materials to be placed in the waterway include a concrete weir, sand bedding, Solmax 60mil HDPE geomembrane, Nilex 30-mil HDPE geomembrane, and crushed rock.

E) Work Schedule
In general, the works related to the Bullmoose Creek remediation consist of the blocking and diversion
of creek water around the construction zone, the excavation and disposal of a 300 mm thick surface
layer of metal and PHC co-mingled impacted sediments along an 80 m to 100 m stretch of Bullmoose
Creek, disposal of impacted sediments in an on-site landfill, and approximately 250 m of creek
reconstruction with borrow source aggregate. The total estimated volume of impacted sediment to
excavate is 63 m3. The work will be carried out after the Bullmoose Lagoon remediation which will
ensure that there is not a need to cross Bullmoose Creek to access the lagoon after Bullmoose Creek has
been reconstructed.
Site Staging
At the commencement of the Bullmoose Creek remediation works and following the approvals of
applicable submittals, ROJV will prepare the site for excavation activities. Erosion, Sediment and
drainage control (ESDC) and/or soil erosion measures will be installed around the adjoining wetland and
along the creek as necessary, and in particular, which reflects the seasonal flow rate at the time of the
works. In general, these will include silt fencing along the adjacent side of the wetland and along low
lying areas of the creek outside the reconstruction zone (approximately 11 m from the centre of the
creek). Additional sediment controls, may also be installed along the upstream sections of Bullmoose
creek in proximity to the Aquadam location and access there to. ROJV will utilize various ESDC measures
as applicable such as installing and maintaining silt fences, installing additional silt fences as necessary,
ditches, geotextiles, drains, berms, terracing, riprap, temporary drainage piping, sedimentation basins,
and dikes.
Prior to commencing further construction activities ROJV plans to assist the Departmental
Representative with the installation of instrumentation at the Bullmoose Creek and Wetland. This will
include the installation of the self-powered, weather, water flow and level logging station at the
Bullmoose Creek Portal Area. The Departmental Representative will provide all the necessary
equipment support to house, support and protect the data loggers and instrumentation for the
Bullmoose Creek and Wetland areas. The timing of being provided the instrumentation for installation
has yet to be confirmed.
Access to the Aquadam installation and to facilitate construction activities along the lengths of
Bullmoose Creek requiring remediation and reconstruction (Section 2) and/or reconstruction (Sections 1
& 3) will require temporary construction roads. The temporary construction roads will spur off of the
main access road and provide vehicular access to the construction zone for excavation machinery, rock
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trucks and personnel. Based on topography Section 1 will run along the northern shore of the creek,
whilst the Construction road will run along the southern shore in Sections 2 and 3. In accordance with
Specifications Section 31 22 13, the construction roads will consist of a single lane track (8 m width)
constructed using compacted borrow source aggregate and graded to minimize the effects to the
natural water flow regime outside the work zone. Topsoil will be stripped prior to placing the aggregate.
To minimize reverse driving and to better facilitate the safe turning of trucks and large equipment, two
truck turning loops will be constructed, one upstream of Section 1 near the Aqua Dam and a second
near the shore of Bullmoose Lake at the downstream end of Section 3. Some of the access road will
occur in March and April 2017 as part of placing stockpiles of fill material to be used.
Although live loading to trucks will be the primary method of contaminated sediment handling, ROJV
will require additional staging capacity for impacted sediments as well as borrow materials for
reconstruction. A contaminated soil stockpile (CSS) will be constructed in the vicinity of the former
mechanical shop as a stockpile area where the non-hazardous co-mingled (not strictly PHC impacted)
soil will be stored in advance of being hauled to the on-site landfill at the Bullmoose airstrip in winter,
2018. This CSS will include 63 m3 derived from the Bullmoose Creek remediation.
Borrow source aggregate stockpiles will be placed on a stable and level surface in the vicinity of the
reconstruction areas. The quantity and size of the borrow stockpiles is estimated at three, one for each
section, and with an approximate area of 10 m by 20 m each, to provide adequate storage and handling
of both required borrow source materials: Bedding Sand and Crushed Rock. The bedding sand will
comply with the Type 2 material of the specifications. There was not a `Crushed Rock` aggregated
specified.
Water Diversion
A major safety and environmental protection component to the undertaking of the Bullmoose Creek
remediation is the installation of water diversion equipment including an Aquadam and a concrete weir.
The Aquadam is 20 m long and 1.5 m high with a minimum grab tensile strength (ASTM D4632) of 1100
N. The Aquadam will be installed within the first 50 m upstream of Bullmoose Creek Section 1. The site
of the Aquadam installation will be selected based on topography, potential features for anchors and
ease of access/installation.
A temporary holding pond will be constructed directly upstream of the Aquadam installation. The
holding pond will be excavated using a hydraulic shovel and sized based on actual water volume
requirements and flow measurements at time of construction. For our conceptual design purposes, we
have estimated a 15 m wide by 15 m wide by 1 m will create an estimated 2 times the required storage
capacity to manage the creek flow during peak rain events. Due to the potential of punctures from items
below the Aquadam (sharp rocks or sticks), bedding sand will be placed along the underneath side to
protect the Aquadam. At the nose of the holding pond the Aquadam will be unrolled along the base
prepared with bedding sand, and inflated by pumping water into the Aquadam to cease flow in
Bullmoose Creek upstream of the excavation of metal-contaminated sediments. Water will be pumped
from the temporary holding pond directly to Bullmoose Lake using up to two 3” trash pumps and water
discharge lines. Approximately 300 m of discharge hose will run along the southern edge of the
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construction road from the holding pond to Bull Moose Lake. To interrupt the outflow and to prevent
damage to the final grading of the lake a temporary aggregate outwash basin will be constructed
consisting of a 3 m by 6 m pad with a geomembrane base covering the lake bottom. The Geomembrane
will be overlain with rip-rap consisting of aggregate and boulders sized 150 mm and larger.
From the site visit and estimates of maximum flow of Bullmoose Creek in August when the work is
planned, ROJV is confident that the storage capacity from the temporary pool upstream of the Aquadam
and the ability for the two, 3” trash pumps to pump up to 2400 l/min of water will be more than
sufficient to maintain the water levels in the pool to below the maximum permissible level adjacent to
the Aquadam to avoid a breach of the Aquadam. However, nature is not always 100% predictable and as
such, ROJV has included a contingency plan to avoid the failure of the Aquadam. The Aquadam
installation will include:
•
•

•

overflow protection
a small channel (0.5 m wide by 0.3 m deep) excavated from the outflow location of the
overflow protection and running along the south side of Bullmoose creek to allow for a
controlled release of surface water if needed. This will lead to an outwash basin similar to the
one created for the outlet of the hoses.
Aggregate stockpiled in advance of the filling of the Aquadam such that it is available to be
placed along the downgradient side of the Aquadam as a shoring contingency measure. This will
provide additional lateral support in the event water levels are rising to the maximum elevation
of the overflow protection.

At project conclusion the Aquadam will be deflated and removed, as well as the outwash basins. The
temporary holding pond will be reinstated to its original grade after completion of Bullmoose Creek
excavation and creek bed rehabilitation,
The concrete weir will be installed at grade at the portal seep outfall as per specifications on Drawing
BM 4-5 Detail D. The weir will have 300 mm thick reinforced concrete walls and an internal dimension
of 3000 mm long, 1500 mm wide and 1000 mm high. A 6.35 mm thick galvanized steel plate with a 60o
beveled free edge will be installed. To facilitate the weir installation, a temporary channel will be
excavated allowing waters to bypass the construction area and be directed to the receiving wetland. The
size of the bypass channel will be based on the flow measurements at time of construction.
Excavation and Transport of Impacted Sediments
The excavation of co-mingled petroleum hydrocarbon and metal (arsenic and mercury) impacted
sediment will be carried out only in Section 2 of Bullmoose Creek as shown on drawing BM 4-1. Section
2 requires the removal of a 300 mm layer of impacted sediments along its course, approximately 80 m
to 100 m in length. The creek will be sectioned off in four or five, 20 m lengths and each length
excavated in an upstream to downstream direction so that if any contact water were to move down the
creek bed, it would not impact the areas already remediated. After the water diversion methods
described above have been implemented, it is anticipated that the pore water pressures and moisture
content within the sediments to lower sufficiently to excavate a 3 m wide swath of the creek bed using a
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clean-up bucket. The sediments will be excavated utilizing the John Deere 250G hydraulic shovel. The
10 m reach of this excavator will allow for excavation works to be conducted from the shore of the
creek. Excavated sediments will be loaded directly onto a 35-tonne rock truck. During remediation of
Section 2 of the creek, there is a potential for significant rain events or groundwater discharges into
excavation that does not infiltrate and generates impacted ‘contact water’ that exceeds the
concentrations of contaminants of concern identified in specifications section 01 35 15, item 1.10.3. As a
contingency measure, ROJV has the capacity to treat such water with the mobile water treatment
system.
Following the completion of each of the 20 m lengths, the Departmental Representative will be notified.
After each of the completion notifications the excavated creek bed will be assessed by the Departmental
Representative. Within 5 business days of each completed excavation length ROJV expects instructions
from the Departmental Representative regarding whether the creek bed can be re-constructed or if
additional excavation is required.
Creek Reconstruction
Re-construction of the Bullmoose Creek will commence at the upstream side of Section 1 and work
downstream to Bullmoose Lake along the estimated 225 m to 250 m length. Sections 1 & 3 will be
reconstructed over the existing creek bed and adjoining soils and use the 60 mil HDPE geomembrane
liner. Section 2 will be constructed over the final excavation following the satisfactory removal of the
impacted sediments and will use the 30 mil HDPE geomembrane line. Section 2 will not be
reconstructed until after the Departmental Representative approves the final remediation excavation.
The equipment utilized during the re-construction activities will include the JD 250G hydraulic shovel,
Cat 950G loader, compactor, dozer and rock trucks and will be decontaminated prior to their use.
Borrow source materials will be excavated and transported via 35-tonne rock trucks to stockpile pads, as
described above, and segregated by type or placed directly into the re-constructed creek.
Prior to the placement of the base layer, the existing creek bed will be stripped of boulders (300 mm or
larger) and other impediments using the hydraulic shovel and/or dozer. Stripped materials will be placed
outside of the re-construction zone by placing on embankment side slopes. The base layer will consist of
bedding sand (150 mm minimum thickness) and graded to create a 2 m wide channel with 1 m high
embankments on either side above the existing grade. The creek side of the embankments will be
sloped 1:3, while the land side will be sloped 1:2. The bedding sand will be compacted using the
compactor to generate the necessary compaction and stability.
Overlying the bedding sand base ROJV will install the specified geomembrane (60 mil for Sections 1 and
3 and 30 mil for Section 2) using the loader and spreader bar and labourers that extends up both sides of
the embankment and is anchored in place at the top of the embankment. The soil lock anchor will
consist of a trench, no less than 300 mm deep, excavated at the centre of the embankment and running
parallel to the creek. The edges of the Geomembrane will be draped into the trench and extended to the
shore side. The trenches will then be backfilled with sand to hold the leading edges of the geomembrane
in place. An additional 150 mm bedding sand layer will be installed on the geomembrane and below the
final layer consisting of a minimum of 300 mm of crushed rock noted in Figure BM 4-1. There are no
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specific compaction requirements indicated within the specifications for the creek bed for compaction,
however, ROJV will compact the creek bed with the compactor to sufficiently stabilize the aggregate.
Following the Departmental Representative’s approval of the final grading of the Bullmoose creek, ROJV
will commence to reintroduce water to the reconstructed water course. To facilitate this process, and as
determined by water flow conditions at the time of the reconstruction, water will be pumped from an
auxiliary pump at an upstream location to the holding pond around the Aquadam and into the creek. To
dissipate the energy from the outflow water and to prevent damage to the final grading of the
reconstructed creek, temporary rip rap will be placed at the outflow of the hose. This short term water
diversion will allow the water levels in the holding pond at the base of the Aquadam to recede in a
controlled manner. When the waters behind the Aquadam are deemed to be at safe levels for direct
discharge, the Aquadam will be deflated and removed using personnel and a hydraulic shovel. The
auxiliary pumping will continue in conjunction with the main diversion pump to drain the holding pond
to such a level where it can be backfilled safely with borrow source aggregate and reinstated to its
original grade. Once the holding pond has been backfilled the auxiliary bypass pumping will be reduced
allowing for the natural flow of the creek to return. Lastly the rip-rap outwash basins (Lake and Creek)
and underlying geomembranes will be removed.
At the completion of the works, all access measures will be graded to match surrounding grade and any
required culverts will be removed to prevent potential water course alteration due to blockage.

F) Maintenance, monitoring, and final removal of
erosion control, culverts, and roadway works.
Maintenance of erosion control, culverts, and roadway works will be directly linked to inspections.
Inspections by the on-site ROJV Environmental Compliance and Controls Office will take place. It is also
expected that the on-site Departmental Representative as well as visiting land-use inspectors will
conduct inspections. The deficiencies will be noted and corrective actions will occur. The final removal
of silt fencing and culverts will occur prior to final demobilization and subsequent to approval for
removal by the Departmental Representative. The monitoring component will follow the ESDC Plan
which includes inspection sheets to be filled out by the ECCO.
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MATERIAL SPECIFICATIONS FROM CONTRACT

C.1

Public Works and Government Services Canada
Project No. R.041645.006
Environmental Site Remediation
Bullmoose Area Mine Sites, NT
AGGREGATE MATERIALS

ISSUED FOR CONSTRUCTION
Section 31 05 16
Page 1 of 7

PART 1 - GENERAL
1.1

1.2

1.3

DESCRIPTION
.1

This Section specifies general requirements for the processing of aggregates to be incorporated into
the work as granular fill.

.2

It is anticipated that there will be no requirement for crushing of granular materials to satisfy grading
specifications. There may be requirements for select, blend, and/or screen granular materials to
satisfy gradation specifications, as indicated in this Section. Moisture conditioning of material from
borrow sources to satisfy granular fill may be required.

.3

Activities that may require aggregate include the following:
.1
Ruth Landfill, approximate volume of aggregate required based on berm and cover design is
7667 m3
.2
Bullmoose Landfill, approximate volume of aggregate required based on berm and cover
design is 4762 m3
.3
Bullmoose Landfarm, approximate volume of aggregate required based on berm design is
1042 m3
.4
Backfill of excavations, volume as required.
.5
Waste rock cover, volume as required.
.6
Airstrip and road repairs/improvements, volume as required.

RELATED SECTIONS
.1

Section 01 32 18 – Construction Progress Schedules – Bar (GANTT) Chart

.2

Section 01 33 00 – Submittal Procedures

.3

Section 02 61 00.01 – Soil Remediation

.4

Section 31 22 13 – Rough Grading

.5

Section 31 23 33.1 – Excavating, Trenching, and Backfilling.

REFERENCES
.1

American Society for Testing and Materials (ASTM)
.1
ASTM D4791-10, Standard Test Method for Flat Particles, Elongated Particles, or Flat and
Elongated Particles in Coarse Aggregate.
.2
ASTM C136-06, Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates.
.3
ASTM C117-13, Standard Test Method for Materials Finer than 75 µm Sieve in Mineral
Aggregates by Washing.

.2

Canadian General Standards Board (CGSB)
.1
CAN/CGSB-8.1-88, Sieves, Testing, Woven Wire, Inch Series.

1.4

POTENTIAL BORROW SOURCES
.1

Abide by conditions of the Land Use Permit, Water License, Quarry Permit and/or other requirements
of Authorities Having Jurisdiction (AHJ).

Public Works and Government Services Canada
Project No. R.041645.006
Environmental Site Remediation
Bullmoose Area Mine Sites, NT
AGGREGATE MATERIALS

1.5

1.6

ISSUED FOR CONSTRUCTION
Section 31 05 16
Page 2 of 7

.2

Sources of borrow materials to be incorporated into work requires approval by Departmental
Representative. Potential areas of borrow material are indicated on Drawing PC2 – Potential Borrow
Sources.

.3

Defined borrow areas (sources) and stockpiles are to be used. Approval to excavate borrow material
from a previously undisturbed area will be granted by Departmental Representative based on areas
that do not require new access roads, areas that have minimal ice-rich permafrost, and areas located
away from water bodies only when all previously identified sources area depleted or are determined by
Departmental Representative to be unsuitable.

.4

Inform Departmental Representative of proposed source of aggregates and provide access for
sampling at least fourteen (14) days prior to commencing production. Departmental Representative
will conduct confirmatory sampling of borrow material, if required, to determine if any contamination is
present.

.5

If, in the opinion of the Departmental Representative, materials from the proposed source do not meet,
or cannot reasonably be processed to meet specified requirements, locate an alternate source or
demonstrate that material from the source in question can be processed to meet specified
requirements.

.6

Contractor required to submit a Quarry Operations Plan, in accordance with the AANDC Northern Land
Use Guidelines: Pits and Quarries (2010) and relevant Federal and Territorial Legislation. This plan
should be submitted 30 days following contract award.

.7

Should a change of material source be proposed during Work, advise Departmental Representative
one (1) week in advance of proposed change to allow sampling and testing.

.8

Acceptance of a material at source does not preclude future rejection if it is subsequently found to lack
uniformity, or if it fails to conform to requirements specified, or if its field performance is found to be
unsatisfactory.

.9

Geotechnical information, including borrow assessment and the results of laboratory analysis of soil
samples obtained from the site are included in the RAP report and at Appendix B.

QUALITY CONTROL
.1

Aggregate will be subject to sampling by Departmental Representative during production, at the source
and/or at the place of work. The aggregate is to meet the required specifications, regardless of the
place of sampling.

.2

Provide Departmental Representative with access to aggregate source and processed aggregate
material for purpose of sampling and testing.

.3

Samples are to be obtained according to industry accepted practices.

.4

Acceptance of material at source does not preclude future rejection if it fails to conform to requirements
specified, lacks uniformity, or if its field performance is found to be unsatisfactory.

.5

Notify Departmental Representative whenever unsuitable materials are encountered in borrow areas.

MEASUREMENT FOR PAYMENT
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Location and development of borrow sources including stripping, processing, handling, stockpiling,
transport, replacement of organics, and any necessary restoration will be incidental to the work of
Section 31 22 13 – Rough Grading, and will not be measured separately.
Work under this Section will not be measured. Include all costs in Item BOPC-1, Balance of Project
Costs in the Basis of Payment Schedule. Indicate the cost of this Work as a separate line item in the
cost breakdown specified in Section 01 32 18 – Construction Progress Schedules – Bar (GANTT)
Chart.

PART 2 - PRODUCTS
2.1

MATERIALS
.1

Aggregate quality: sound, hard, durable material free from soft, thin, elongated or laminated particles,
organic material, clay lumps or minerals, or other substances that would act in deleterious manner for
use intended.

.2

Type 1 Granular Fill:
.1

Type 1 Granular Fill is selected material obtained from excavations or borrow areas approved
by Departmental Representative, generally consisting of pit-run, screened stone, gravel and
sand in an unfrozen state and free from rocks larger than 50 mm, waste, or other deleterious
materials. Gradations to be within the following limits when tested to ASTM C136 and ASTM
C117, sieve sized to CAN/CGSB-8.1.
Sieve Designation (mm)
250
50
5
0.425
0.08
.1

% Passing by Weight
100
60-100
30-65
10-35
2-15

Refer to Section 31 22 13 –Grading for placement, moisture conditioning, and
compaction of Type 1 Granular Fill.

.2

Type 1 Granular Fill is generally used for:
.1
Regrading low area, upgrading existing road or constructing new access road, as
required.
.2
Backfill for contaminated soil excavations.
.3
General site grading requirements.
.4
Watercourse/drainage course crossings upgrades as needed.
.5
Soil berm construction for landfill and landfarm.
.6
Landfill cover.

.3

When coarser-grained materials are encountered on site satisfying the upper gradation limits
and maximum particle size of Type 1 Granular Fill, then this material shall be classified as
Select Type 1 Granular Fill to be used for surfacing the side slops of the landfill to enhance
erosion protection. Select Type 1 Granular Fill shall be approved by Departmental
Representative and meet the following gradation limits:
Sieve Designation (mm)

% Passing by Weight
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40-100
20-80
0-50
0-20

Type 2 Granular Fill:
.1

.2

Type 2 Granular Fill is selected material obtained from excavations or borrow areas approved
by Departmental Representative, consisting of sand, gravel and sand, in an unfrozen state and
free from rocks larger than 25 mm, waste, or other deleterious material. Crushed particles will
not be allowed.
Gradations to be within the following limits:
Sieve Designation (mm)
25
12.5
5
2
0.425
0.08

.3

% Passing by Weight
100
80-100
60-100
30-70
10-40
0-7

Type 2 Granular Fill is generally used for:
.1
Bedding material to protect the landfarm liner system prior to placement of
hydrocarbon contaminated soil as indicated.
.2
Intermediate fill between waste layers as needed.
.3
Backfill for contaminated soil excavations in areas not susceptible to erosion from
runoff.

.4

Sand Bedding:
.1
Sand Bedding consists of screened granular material, with maximum particle size 12 mm and
no more than 10% passing a 80 um sieve, from identified borrow sources and is generally used
for a protection layer next to synthetic liners as indicated on drawings.

.5

Rip Rap:
.1
Rip Rap consists of screened coarse well graded gravel and cobbles with maximum particle
size 250 mm and no more than 10% passing a 25 mm sieve, from identified borrow sources
and is generally used for erosion protection on steeper slopes as indicated.

.6

Vegetation Support Layer:
.1
Vegetation Support Layer consists of native till materials, placed in an uncompacted state, with
a saturated hydraulic conductivity ranging from 10-3 to 10-4 cm/sec and is generally used to
support vegetative growth as part of waste rock cover.

.7

Unsuitable materials to use as aggregate will include:
.1
Soils with moisture content exceeding optimum moisture by 5% or more.
.2
Soils containing organic material, snow, ice, or other deleterious material.

.8

Screening may be required to meet the Type 1 and Type 2 Granular Fill requirements. Field testing
data is provided in Appendix B.
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PART 3 - EXECUTION
3.1

3.2

3.3

DEVELOPMENT OF AGGREGATE SOURCE
.1

Prior to excavating materials for aggregate production, remove any debris (known or unknown) from
area, as described in Section 02 41 23 – Debris Removal.

.2

Delineate with the Departmental Representative the limits of borrow sources and have the topography
surveyed by a licensed surveyor to confirm the site grades at the beginning of the aggregate recovery
program.

.3

Any significant deposits of organic material, as determined by Departmental Representative, are to be
avoided and left undisturbed during development of an aggregate source, or stripped and stockpiled
for replacement to restored borrow area.

.4

Strip area ahead of quarrying or excavating operation sufficient to prevent contamination of aggregate
by deleterious material.

.5

Implement erosion control measures as required to minimize impacts on the local environment and
comply with the conditions outlined in Section 01 35 43 – Environmental Protection.

.6

When excavation is complete, dress sides of excavations to achieve gentle slopes, maximum of
5H:1V, which fit local topography and provide swales or ditches are required to prevent surface
standing water.

.7

Trim off and dress slopes of waste material piles and leave site in neat condition.

.8

Trim, backblade and restore burrow areas to a condition acceptable to Departmental Representative.

PROCESSING
.1

Process aggregate uniformly using methods that prevent contamination and degradation.

.2

Blend aggregates, if required, to obtain gradation requirements. Use methods and equipment
accepted by Departmental Representative. Blending to decrease percentage of flat and elongated
particles is permitted.

.3

When operating in stratified deposits use excavation equipment and methods that produce uniform,
homogeneous aggregate.

.4

Moisten aggregate as required to achieve the specified density and/or degree of saturation.

.5

Dry aggregate as required to place and compact according to this Specification.

.6

Do not use frozen aggregate in any areas that require compaction.

HANDLING
.1

3.4

Handle and transport aggregates to avoid segregation, contamination and degradation.

STOCKPILING
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.1

Stockpile aggregates on site in locations specified by the Departmental Representative. Stockpiles are
not to be located on undisturbed tundra.

.2

Stockpile aggregates in sufficient quantities to meet Project schedules.

.3

Stockpiling sites to be level, well drained, and of adequate bearing capacity and stability to support
stockpiled materials and handling equipment.

.4

Except where stockpiled on acceptably stabilized areas, provide compacted sand base not less than
300 mm in depth to prevent contamination of aggregate. Stockpile aggregates on ground but do not
incorporate bottom 300 mm of pile into Work.

.5

Separate different aggregates stockpiles far enough apart to prevent intermixing.

.6

Do not use intermixed or contaminated materials. Remove and dispose of rejected materials as
directed by Departmental Representative within 48 h of rejection.

.7

Transport granular fill from borrow areas to the work areas via existing access routes where available.
Maintain and provide for dust control on the access route between the borrow area and the work area.

.8

Uniformly spot-dump aggregates delivered to stockpile in trucks and build up stockpile in uniform layers
of one (1) metre maximum thickness.

.9

Do not cone piles or spill material over edges of piles (2 m maximum height and flatten top).

.10

Complete each layer over the entire stockpile area before beginning next layer.

.11

During winter operations (snowy conditions), prevent ice and snow from becoming mixed into
stockpile.

EXCAVATING
.1

Obtain aggregated from potential borrow areas as indicated.

.2

Ensure drainage of all excavated areas and maintain crowns and cross slopes to provide surface
drainage.

.3

Notify Departmental Representative whenever unsuitable materials are encountered.

.4

Transport granular fill from borrow areas to the work areas via existing access routes where available.
Maintain and provide for dust control on the access route between the borrow area and the work area.

RECLAMATION OF AGGREGATE SOURCE AND STOCKPILE CLEANUP
.1

Final grading of borrow area upon completion to be tidy, in a well-drained condition, free of standing
water to the satisfaction of Departmental Representative.

.2

Upon completion of final grading, leave all slopes in a stable condition, no steeper than 3H:1V, and
spread all stripped topsoil or organics. Trim and backblade to a condition acceptable to Departmental
Representative. The final grading should mimic the natural topography.
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.3

Leave temporary aggregate stockpile in tidy, well drained condition, free of standing surface water.

.4

Upon completion of Work, unused aggregates to be left in stable condition, with slopes mimicking
natural topography. The final condition must meet the satisfaction of Departmental Representative.

.5

For temporary or permanent abandonment of aggregate source, restore source to condition meeting
requirements of authority having jurisdiction.

END OF SECTION
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PART 1 - GENERAL
1.1

1.2

1.3

DESCRIPTION
.1

This Section specifies earthwork associated with:
.1
Upgrading existing air strips, roads and constructing new access roads as required.
.2
Constructing the Bullmoose Landfill, Ruth Landfill and Bullmoose Landfarm.
.3
Decommissioning of the Bullmoose Landfarm.
.4
Borrow sources.
.5
Regrading of areas and depressions created by the removal of debris and contaminated soil,
sediment, tailings, and waste rock.

..2

Individual Drawings should be referred to for a description of the designated area(s), design grades,
contours, elevations or cover soil thickness.

RELATED SECTIONS
.1

Section 31 05 16 – Aggregate Materials.

.2

Section 31 23 33.01 - Excavating, Trenching and Backfilling.

REFERENCES
.1

1.4

American Society for Testing and Materials (ASTM)
.1
ASTM D 698-91(1998), Test Method for Laboratory Compaction Characteristics of Soil Using
Standard Effort (600 kN-m/m ³ ).

DEFINITIONS
.1

Constructing: The supply and placement of granular fill in designated areas to construct soil berms;
cover and intermediate fill layers for an on-site landfill facility; soil berms and liner bedding materials for
an on-site landfarm facility; requirements for upgrading existing and constructing new airstrips and site
access roads; creekbed restoration works; and waste rock soil covers.

.2

Reshaping: The leveling and grading, to a maximum depth of 600 mm, including the movement of
boulders, in designated areas to blend in with the natural terrain and provide positive drainage.
Reshaping does not required the supply and placement of additional granular fill. Excavation of the
terrain to a depth greater than 600 mm during reshaping operations is to be considered as unclassified
excavation.

.3

Regrading: The supply and placement of granular fill in designated areas to blend in with the natural
terrain, to provide positive drainage, and to place additional granular fill materials at the drainage
channel crossings.

.4

Granular Fill Type 1, Select Type 1, Type 2, Rip Rap, Sand Bedding, and Vegetation Support Layer:
Material as specified in Section 31 05 16 – Aggregate Materials.

.5

General Fill: Granular fill used for regarding low areas, to backfill contaminated excavations, and for
waste rock soil covers (referenced as till or native materials).

.6

Waste Material: Excavated material unsuitable for use in work or surplus to requirements.

.7

Borrow Material: Material obtained from approved areas and required for construction, re-grading and
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backfilling requirements.
.8

Unclassifed Excavations: Excavation of materials of whatever nature encountered in the work to a
depth greater than 600 mm.

.9

Truck Box: The capacity of the granular fill hauling vehicle that will be measured to the closest 0.1 cubic
metre. The vehicle, once measured, will not be changed without consent of the Departmental
Representative. The box is to be leveled by the Contractor, using a strike-off method prior to
measurement. No heaping or mounding of the truck box is allowed. The following bulking factors will be
applied to truck box measurements.
.1
Granular materials: 15%.
.2
Debris: 50%.

.10

Maximum Dry Density: Determine by the Standard Proctor Method in accordance with ASTM D698.

.11

Corrected Maximum Dry Density: Applicable if more than 30% of the material is retained on the ASTM
19 sieve. It is defined as:

.11
1.5

.1

D=

D1 x D2
(F1)(D2)+(F2)(D1)

.2

Where:
D = corrected maximum dry density kg/m3
F1 = fraction (decimal) of total field sample passing ASTM
19.0 mm sieve
F2 = fraction (decimal) of total field sample retained on ASTM
19.0 mm sieve (equal to 1.00 – F1)
D1 = maximum dry density (kg/m3 of material passing ASTM 19.0 mm sieve determined in
accordance with Method C of ASTM D698 or latest edition thereof.
D2 = bulk density, kg/m3 of material retained on ASTM 19.0 mm sieve, equal to 1,000 G where
G is bulk specific gravity (dry basis) of material when tested to ASTM C127-84, or latest edition
thereof.

Re-vegetation: Placement of seeds or shoots of native plants on vegetation support layers.

EXISTING CONDITIONS
.1

Suspend grading operation whenever climatic conditions are unsatisfactory for grading Work to
conform with this Specification.

.2

Do not operate equipment in work areas until the material has dried sufficiently to prevent excessive
rutting.

.3

Areas to be graded are to be free from debris and excessive snow, ice or standing water prior to
grading work.

.4

Contractor is advised that soft ground conditions may be at the site during periods of maximum thaw of
the permafrost. Schedule and carry out work to minimize disturbance to permafrost soils.

.5

Contractor is advised that existing access roads and airstrips to be used during construction activities
may require repair, upgrading, and general maintenance.

.6

Contractor is advised that locations of buried objects are to be established before commencing the
work.
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PROTECTION
.1

Maintain access roads to prevent accumulation of construction related debris on roads.

.2

Prevent damage to surface or underground services or utility lines which are to remain. Immediately
repair any damage to the above or replace the above in the event of damage, at no cost to
Departmental Representative.

.3

Protect archaeological sites from construction and construction traffic.

.4

Unanticipated archaeological resources may be encountered during construction; suspend all
activities in that area and notify Departmental Representative immediately.

.5

Protect and do not disturb nesting sites, fish spawning beds and wildlife breeding grounds during
construction.

.6

Protect all monitoring wells and survey monuments. Repair or replace, at no cost to the Departmental
Representative, any monitoring wells or survey monuments damaged by Contractor’s operations.

.7

Environmental protection measures are to be in accordance with the requirements specified in Section
01 35 45 – Environmental Procedures. Follow the approved Erosion, Sediment and Drainage Control
Plan submitted in accordance with Section 01 35 43 – Environmental Procedures.

SITE ACCESS UPGRADE PLAN
.1

Submit the Site Access Upgrade Plan to Departmental Representation prior to mobilization, in
accordance with Section 01 33 00 – Submittal Procedures.

.2

The Site Access Upgrade Plan to include, but not be limited to, the following:
.1
Drainage improvements.
.2
Air strip, road sections, and camp areas to be built up, as required.
.3
Estimated quantity of granular material required and borrow sources proposed for use.
.4
Passing, pull-out or turn around locations.
.5
Safety measures to be put in place in narrow or steep road section, as required.

LANDFILL AND LANDFARM DESIGN
.1

Landfill
.1
Examine Drawings BM6-3 andRM 6-3 for conceptual landfill designs and Drawing PC 3 for
potential landfill locations.
.2
Submit a Landfill Design Plan to Departmental Representative a minimum of 45 days prior to
construction, in accordance with Section 01 33 00 – Submittal Procedures.
.3
The Landfill Design Plan to include at a minimum:
.1
Contractor’s proposed location for the Bullmoose and Ruth Landfills.
.2
Survey of proposed landfill locations including original ground elevation and proposed
base elevation.
.3
Areas requiring cut and/or fill and volume of material required/generated. Indicate
borrow source if volume of fill material is greater than volume of cut material.

.2

Landfarm
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.1

Examine Drawings BM6-4 for conceptual landfarm design and Drawing PC3 for landfarm
location.

.2

Submit a Landfarm Design Plan to Departmental Representative a minimum of 45 days prior to
construction, in accordance with Section 01 33 00 – Submittal Procedures.
The Landfarm Design Plan to include at a minimum:
.1
Contractor’s proposed location for the Bullmoose Landfarm.
.2
Survey of proposed landfarm location including original ground elevation and
proposed base elevation.
.3
Areas requiring cut and/or fill and volume of material required/generated. Indicate
borrow source if volume of fill material is greater than volume of cut material.

.3

1.9
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MEASUREMENT FOR PAYMENT
.1

Payment for grading will be based on cubic metres of borrow material placed for constructing of an
on-site landfill facility and an on-site landfarm facility.

.2

The supply and placement of Type 1 and Select Type 1 Granular Fill and of General Fill for the landfill
berms and cover, landfarm berms, and waste rock soil covers will be measured for payment by the
cubic metre in place in each of the landfill and landfarm, as determined by the survey method. Type 1
Granular Fill will be paid under Item 31 22 13-1 in the Basis of Payment Schedule.

.3

The supply and placement of Type 2 Granular Fill for the landfarm and Bullmoose Creek will be
measured for payment by the cubic metre in place in the landfarm and along Bullmoose Creek, as
determined by survey. Type 2 Granular Fill used for the landfarm and Bullmoose Creek will be paid
under Item 31 22 13-2 in the Basis of Payment Schedule.

.4

The supply and placement of Type 2 Granular Fill for the intermediate fill for the landfill will be
measured for payment by truck box as described in Article 1.4 – Definitions of this Section. The
capacity of the truck box will not be changed with consent of the Departmental Representative. The
Departmental Representative may, at their discretion, determine the granular material volume without
enforcing the strike-off method. Truck boxes are to be thoroughly cleaned when unloading. Type 2
Granular Fill used for the landfill will be paid under Item 31 22 13-2 in the Basis of Payment Schedule.

.5

Revegetation for waste rock soil covers will be measured for payment by the square metre and will be
paid under Item 31-22-13-3 in the Basis of Payment Schedule.

.6

Decommissioning and reclamation of the landfarm area, including the removal and off-site disposal of
the geotextile and geomembrane material, will be lump sum and will be paid under Item 31-22-13-4 in
the Basis of Payment Schedule.

.7

Upgrades to the Bullmoose Mine Site Access Road (airstrip/borrow area to Mine Site) will be measured
for payment by lump sum and will be paid under Item 31-22-13-5 in the Basis of Payment Schedule.

.8

No measurement for payment will be made for:
.1
Building, enhancing or maintaining roads;
.2
Preparation of borrow sources;
.3
Excavations to prove borrow sources;
.4
Surplus material;
.5
Waste and reject material;
.6
Placement of granular fill beyond the limits and depths specified, unless specifically authorized
by Departmental Representative.

Public Works and Government Services Canada
Project No. R.041645.006
Environmental Site Remediation
Bullmoose Area Mine Sites, NT

GRADING

ISSUED FOR CONSTRUCTION
Section 31 22 13
Page 5 of 9

.9

The following work items will be incidental to the work described in this Section, and will not be
measured separately:
.1
Stripping, stockpiling and replacement of placement of organic material from borrow areas as
directed by Departmental Representative, and where required from construction areas upon
where granular material is to be placed.
.2
Construction of access roads and upgrading the infrastructure to facilitate site remediation
activities as required for construction including placement of granular materials and installation
of culverts.
.3
Disposal of waste material from the borrow areas.
.4
Removal of surficial boulders over 300 mm in diameter from borrow areas, separating,
processing, screening, and stockpiling of borrow materials.
.5
Grading of borrow areas to approximate the before-construction condition upon completion.
.6
Loading, hauling and haul road construction, maintenance and rehabilitation.
.7
Water from moisture conditioning, compaction, and dust control should such be used as per
water permit requirements.
.8
Surveying and calculation of granular material quantities for progress payment purposes.
.9
Reshaping and regarding of borrow areas and Contractor’s laydown areas including the
supply, placement and compaction of granular material.
.10
Draining of wet areas prior to regarding operations.
.11
Removal and disposal or burial of abandoned utility lines exposed by Contractor during the
excavation or granular materials.

.10

Except as otherwise indicated herein, Work under this Section will not be measured. Include all costs in
Item BOPC-1, Balance of Project Costs in the Basis of Payment Schedule. Indicate the cost of this
Work as a separate line item in the cost breakdown specified in Section 01 32 18 – Construction
Progress Schedule – Bar (GANTT) Chart.

PART 2 - PRODUCTS
2.1

2.2

FILL MATERIALS
.1

Fill materials in accordance with Section 31 05 16 – Aggregate Materials and Section 31 23 33.01 Excavating, Trenching and Backfilling.

.2

Fill materials require the approval of Departmental Representative.

.3

Excavated or graded material existing on site may be suitable to use as fill for grading work if approved
by Departmental Representative.

LINEAR MATERIALS
.1

Geotextile in accordance with Section 31 32 19.01 – Geotextile.

.2

Geomembrane in accordance with Section 31 32 19.02 – Geomembranes.

PART 3 - EXECUTION
3.1

SITE PREPARATION
.1

Unless specifically indicated or directed by Departmental Representative, do not remove existing
topsoil or organic materials from construction areas. Remove exposed surface boulders over 300 mm
in diameter that are located in areas to receive granular fill. Dispose of boulders by placing on
embankment side slopes.
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LANDFILL AND LANDFARM CONSTRUCTION
.1

Landfill
.1
Examine Drawings BM6-3 and RM6-3 for conceptual landfill designs, Drawing PC3 for
Potential Camp, Landfill, and Landfill Locations, and Contractor’s approved Landfill Design
Plan.
.2
Set grades and lay out work in detail from control points in areas of granular fill placement.
Verify the original ground topography by survey.
.3
Level and maintain the landfill base elevation by cut and fill as required.
.4
Haul granular fill material from borrow areas to designated landfill area.
.5
Place granular fill material to the linesand dimensions indicated on the Drawings and to the
grades and elevations indicated in the Contractor’s approved Landfill Design Plan, or agreed
to with Departmental Representative.
.6
Do not place fill material which is frozen or place fill material on frozen surfaces.
.7
Do not place granular fill on snow or surface ice.
.8
Maintain natural drainage patterns, unless otherwise directed.
.9
Construct landfill perimeter berms to design elevations (Type 1 Granular Fill), while leaving
access corridor.
.10
Do not dump fill material over the side slopes of berms.
.11
Place and compact fill material in horizontal lifts.
.12
Place waste in 0.5 metre lifts separate by 0.15 metre intermediate cover (Type 2 Granular Fill);
place lifts to design height.
.13
Cover with a minimum 1 metre of Type 1 Granular Fill. For erosion protection, the top 0.5 metre
should be Select Type 1 Granular Fill on the side slopes as indicated on Drawings BM6-3 and
RM6-3.
.14
All granular fill is to be placed in an unfrozen state. Fill material to be free from debris, snow,
and ice. Do not place granular fill if the outside air temperature is below 0oC, unless otherwise
directed by Departmental Representative.
.15
Maintain a crowned surface during construction to ensure ready runoff of surface water. Do not
place material in free standing water. Drain low areas before placing material.
.16
Moisture condition granular fill as required to meet compaction requirements. Provide a water
truck capable of efficiently placing water on granular fill. If material is excessively moist, aerate
by scarifying with suitable equipment until moisture content is corrected.
.17
Compact Type 1 and Select Type 1 Granular Fill material to a minimum of 95 percent of
Maximum Dry Density in accordance with ASTM D698 or as determined from a Control Strip
Density. The method for determining the maximum dry density will be established by
Departmental Representative.
.18
Control Strip Density:
.1
A Control Strip is a lift of granular material placed over a minimum 300 m2 area that
requires regarding.
.2
To determine the Control Density, moisture and density readings are to be taken by
Departmental Representative during the compaction process until a maximum dry
density is attained.
.3
The density and moisture content of the Control Strip are to be measured by
Departmental Representative after each pass of the compaction equipment to
determine the type of equipment and number of passes required to obtain the
specified density.
.4
A new Control Strip will be required if, as established by Departmental Representative,
the material type, moisture content, or subgrade of the area to be regarded is
significantly different than that of the Control Strip.
.5
Proof-roll areas compacted in accordance with the Control Strip Density upon
completion of grading and compaction or as requested by Departmental
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.6

.7
.8
.9

.19

.20

.21

Representative.
Use a fully loaded tandem axle truck (or an approved equivalent piece of heavy
equipment) for the proof-rolling operation. The speed of the vehicle is not to exceed 4
kilometres per hour during proof-rolling. Departmental Representative may authorize
the use of alternative proof-rolling equipment.
Make sufficient passes with the proof-rolling equipment to subject every point on the
surface to three separate passes of a loaded tire.
Where proof-rolling reveals areas of defective granular fill, remove and recompact the
granular fill, and modify the compaction process as required.
The Control Strip Density method for compaction is not intended to relax the specified
compaction requirements, but to reduce compaction testing requirements.

If granular fill has dried out prematurely due to weather condition, scarify surface, adjust
moisture condition and re-compact at Departmental Representative’s discretion. No extra
payment will be made for extra costs incurred as a result of any extra work.
Compaction equipment must be capable of obtaining required densities uniformly in materials
on the project. Hand equipment must be available for compaction in areas where large
equipment cannot access and around instrumentation.
Landfilling Non-Hazardous Waste
.1
Place Non-Hazardous Wastes in the designated area(s) in uniform, horizontal lifts
between and against the berm. The thickness of each waste lift is to be such that there
are minimal voids within the waste.
.2
Compact waste during placement with a double steel drum compactor or approved
alternative during placing and spreading of the waste material. The equipment must
be capable of crushing demolition debris.
.3
For placement in landfill, cut all demolition debris as required:
.1
To minimize displacement and lifting of landfilled materials resulting from
landfill compaction operations;
.2
To satisfy the overall landfill dimension requirements as indicated on the
Drawings;
.3
Large equipment/vehicles shall be cut to length and reduced in volume at the
recommendation and discretion of the on-site Departmental Representative.
.4

.5

.2
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Cut structural steel material into separate members prior to placement in landfills.
Place large materials including structural steel members on the base of the landfill
preferably, so that the materials lay on a compacted, flat surface. Cut hollow
components or objects, such as tanks as required allowing for nesting of materials. As
a minimum, hollow components are to be cut in half parallel to the lengthwise axis.
Within the landfill, support the underside of nested materials with intermediate cover or
other debris material to minimize displacement and lifting of materials.
Crush, cut or shred barrels to be landfilled on site to reduce the total original barrel
volume by minimum of 75 percent.

Landfarm
.1
Examine Drawing BM6-4 for conceptual landfarm design, Drawing PC3 for Potential Camp,
Landfill, and Landfill Locations, and Contractor’s approved Landfarm Design Plan.
.2
Set grades and lay out work in detail from control points in areas of granular fill placement.
Verify the original ground topography by survey.
.3
Remove cobbles, boulders, and sharp objects within the landfarm footprint.
.4
Place granular fill material to the lines and dimensions indicated on the Drawings and to the
grades and elevations indicated in the Contractor’s approved Landfarm Design Plan,, or
agreed to with Departmental Representative.
.5
Haul granular fill material from borrow areas to designated landfill area.
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.13

.14
.15
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Do not place fill material which is frozen or place fill material on frozen surfaces. Do not place
granular fill on snow or surface ice.
Moisture condition granular fill as required to meet compaction requirements. Provide a water
truck capable of efficiently placing water on granular fill. If material is excessively moist, aerate
by scarifying with suitable equipment until moisture content is corrected.
Compact Type 1 Granular Fill material to a minimum of 95 percent of Maximum Dry Density in
accordance with ASTM D698 or as determined from a Control Strip Density. The method for
determining the maximum dry density will be established by Departmental Representative.
Construct landfarm perimeter berms using Type 1 Granular Fill and compact fill material to at
least 95% of standard maximum dry density in accordance with ASTM D698.
Place geotextiles in accordance with Section 31 32 19.01 – Geotextiles.
Place geomembrane in accordance with Section 31 32 19.02 – Geomembranes and follow up
geotextiles.
Install a sump within a corner of the landfarm where 1 to 2% slope downward to the sump as
per Drawing BM6-4 and Contractor’s approved Landfarm Design Plan.
.1
Sump must be sized appropriately for the size of the landfarm area.
.2
Equipment designed for liquid removal must be sized and managed appropriately so
to not overflow the sump.
Place 300 mm maximum thickness of Type 2 Granular Fill above the top layer of geotextile. All
granular fill is to be placed in an unfrozen state. Fill material to be free from debris, snow and
ice. Do not place granular fill if the outside air temperature is below 0o C, unless otherwise
directed by Departmental Representative.
Place 300 mm maximum thickness of hydrocarbon contaminated soil.
Upon completion of landfarm activities, decommission and reclaim landfarm area.
Decommission and reclamation to include, but not be limited to:
.1
Removal and off-site disposal of geomembrane and geotextile material at the
Contractor’s approved waste disposal facility.
.2
Recontouring of berms to mimic natural topography.
.3
Ensure surface water ponding does not occur.

UPGRADING EXISTING ROADS AND CONSTRUCTING NEW ROADS
.1

Improve stability of the existing roads for equipment access, as required. Drawing PC1 shows existing
access trails at the site.

.2

Strip topsoil in areas where new access roads are required to be constructed.

.3

Haul granular fill material from borrow areas to designated areas.

.4

Do not place fill material which is frozen.

.5

Maintain natural drainage patterns, unless otherwise directed, and fill depressions to avoid any
ponding of water adjacent to embankments.

.6

All granular fill is to be placed in an unfrozen state. Fill material to be free from debris, snow and ice. Do
not place granular fill if the outside air temperature is below 0oC, unless otherwise directed by
Departmental Representative.

.7

Maintain a crowned surface during construction to ensure ready runoff of surface water. Do not place
material in free standing water. Drain low areas before placing material.

.8

Place Type 1 Granular Fill generally consisting of well-graded sand and gravel and free from rocks
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larger than 300 mm, waste or other deleterious material.
.9

If granular fill has dried out prematurely due to weather conditions, scarify surface, adjust moisture
condition and recompact at Departmental Representative’s discretion. No extra payment will be made
for extra costs incurred as a result of any extra work.

.10

Where the alignment of new access road or upgrading of an existing trail crosses a natural drainage
channel or watercourse that is flowing with water or intermittently flows with water, then the Contractor
may be required to install a culvert (or equivalent) to permit water flow under the road to maintain
natural drainage patterns until such time that the access road is no longer required.

.11

The Contractor is required to submit a Drainage and Sediment Control Plan prior to commencing work
as described in Section 01 35 43 – Environmental Procedures.

.12

Compaction equipment must be capable of obtaining the required densities uniformly in materials on
the project. Hand equipment must be available for compaction in areas where large equipment cannot
access and around instrumentation.

.13

Surface haulage roads are to be designed, constructed and maintained to provide:
.1
a travel width where dual lane traffic exists, of not less than three times, or where single lane
traffic exists, of not less than two times the width of the widest haulage vehicle used on the
road; and
.2
a shoulder barrier of a width that is additional to the travel width, of:
.1
at least 3/4 the height of the largest tire on any vehicle using the road,
.2
of a construction or a specification that is acceptable to the AHJ,
.3
located and maintained along the edge of the haulage road wherever a drop-off
greater than 3 m exists, and
.4
incorporating breaks that do not exceed the width of the blade of the equipment
constructing and maintaining the breaks, to allow for drainage and snow clearance.

3.4 TESTING
.1

Inspection and testing of soil compaction will be carried out by Departmental Representative.

3.5 SURPLUS MATERIAL
.1

Surplus material and material unsuitable for filling or grading will be distributed in the borrow area to
match the natural terrain as directed by Departmental Representative.

END OF SECTION

