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1.0

INTRODUCTION

1.1

Overview and Purpose

The earliest version of this plan dated April 2009 contained only the water management plan which
formalized the existing water management practices at the Cantung Mine and addressed the requirements
of Water Licence MV2002L2-0019 for the Cantung Mine issued by the Mackenzie Valley Land and Water
Board (MVLWB) in December 2008. In March 2011, the MVLWB approved the submission of a combined
water management plan and erosion and sediment control plan in order to meet the water licence
conditions F.1 and F.4d-f. The combined plan was first submitted to the MVLWB in December 2011 and
updated in December 2012. Subsequently, further comments were received from the MVLWB in
May 2013.The current plan was prepared in the context of historical and current water management
operations since the start of mining operations at the site. Erosion control measures and practices specific
to the site, including monitoring and contributions to mine closure and reclamation are discussed as part
of the combined plan.
The plan serves as a single source of guidance document for staff at the Cantung Mine with respect
to ongoing water management and to ensure current and future water management practices contribute
to future reclamation activities at the site. In addition, details of the erosion and sediment control plan for
the entire site are provided for future site improvements and for implementation during ongoing mine
operation and construction activities.

A summary of the water management practices was compiled in 2001 as part of a questionnaire required
by the MVLWB when the facility operated under its previous Water Licence (Water Licence N3L2-0004).

This plan will be reviewed periodically and revised (typically on an annual basis) unless there is a major
change to the water management at the mine site. Reviews will allow the plan to remain current and
incorporate updates in light of operational changes.

1.2

Historical Background

NATCL has operated the Cantung Tungsten Mine at Tungsten, NWT since 2001. Mining operations at the
Cuntung Mine commenced in 1962 as an open pit mine, with suspensions in 1962 and 1966. The discovery
of the “E zone” ore body in 1971 resulted in the development of an underground mine from 1973 onwards.
The mine was in operation until its temporary closure in 1986, and finally re-opened in 2001. The mine
was then again temporarily closed in 2009 and re-opened in 2010 with an extended mine life of 4.2 years.

The Cantung Mine was initially owned by the Canada Tungsten Mining Corporation Ltd. (CTMCL – comprising
Dome Mines, Ventures Ltd. and Amax). In 1993, Canada Tungsten Inc. (CTI) was formed by the merger of
CTMCL with Minerex Resources and Canamax Resources. After Aur Resources (Aur) purchased 45% of the
assets in 1994, they merged with CTI in 1997. NATCL finally took ownership of Aur’s assets in 1997.
Prior to the 1986 closure, mine personnel lived in the town site of Tungsten with their families. The mine is
now operated on a fly in/fly out basis and parts of the former town site are still used to house staff.
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Due to these changes, water use requirements for domestic purposes have decreased since NATCL
assumed control of the mine.

1.3

Regulatory Requirements/Submission Conditions/Review Comments

This plan formalizes the operating procedures for the handling, management, and disposal of water that comes
into contact with the mine facilities and activities as required by Part F, Item 1 of the former Water Licence, and
Part G, Item 3 of the current Water License (MVLWB2015L2-0003). In addition, the plan contains an erosion
and sediment control plan as required by Part F, Item 4d to Item 4f of the former Water Licence. Several
conditions are also required by the MVLWB for the combined submission of the WMP and ESCP for
Cantung Mine. The requirements of the Water Licence are listed in Table 1 together with a reference to the
section in this document in which each item has been addressed.
Table 1: Summary of Water Licence Requirements/Submission Conditions
Requirement/Condition

Section

Part F, Item 1 (Part G, Item 3)
a. Qualitative and quantitative description of hydrological setting
(climate, hydrology, and hydrogeology).

3.0 (pp.4-6)

b. Qualitative and quantitative description of freshwater use for potable water
and mining and milling.

4.1 (pp.7-8)

c. Qualitative and quantitative description of sources of contaminated water to
be managed.

4.2 (pp.9-10)

d. Qualitative and quantitative description of stormwater management.

4.3 (pp.10-11)

e. Qualitative and quantitative description of sewage treatment and disposal.

4.4 (p.11)

f. Qualitative and quantitative description of treatment and disposal of liquid
waste from the tailings containment area through the wastewater
treatment facilities.

4.5.5 (pp.15-16)

g. The details of the tailings and tailings containment areas water management
including: discharge control, operation; and detailed water balance.
h. Description of site water balance and schematic representation of a
water balance for the mine site and for major mine facilities (e.g., mill,
underground mine, tailings ponds).

4.5 (pp.11-17)
Figure 5
4.6 (pp.17-18)

i. The depiction of the surface water flow directions overlaid on a
topographic map that depicts relevant mine facilities and topographic
features.

Figures 2 to 4

j. The surface water and groundwater quality monitoring locations detailed
on map that depicts relevant mine facilities and topographic features.

Figures 2 to 4

k. A summary of water quality parameters analyzed and the frequency of
measurement for each monitoring location.

4.7 (pp.19-22)

l. A summary of any water volume monitoring (i.e. streams, rivers, precipitation,
etc.), frequency of monitoring, and location(s) detailed on a map.
m. An analysis by an Engineer or Geoscientist as to how the provisions of
the plan required by Part F, Item 1 contribute to a closure and
reclamation plan.

2
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Table 1: Summary of Water Licence Requirements/Submission Conditions
Requirement/Condition
Part F, Item 4
d. The details of erosion and sediment protection for the entire site.
e. The details of the monitoring program demonstrating the effectiveness
and maintenance of all sediment and erosion control measures and
vegetation success.
f. An analysis as to how the provisions of Part F, Item 4 contribute to a
closure and reclamation plan.

Section
5.0 (pp.25-32)
5.4 (p.31)

6.0 (pp.33-34)

Combined Submission
The Board has approved NATCL's request to combine these two plans, with
the following conditions:
a. The combined submission must describe all erosion control measures and
practices for the site, not only those associated with water management;

5.0 (pp.25-32)

b. The monitoring program required to fulfill Part F, Item 4e, must be
comprehensive, including monitoring for the effectiveness of erosion and
sediment control measures described within both the combined submission
and the Flat River Erosion Protection Plan;

5.4 (p.31)

c. If monitoring programs for WMP and ESCP are to be combined into one
monitoring program, NATCL must clearly describe how the monitoring
program meets the requirements of both Part F, Item 1 and Item 4. This may
require the inclusion of monitoring components specific to erosion and
sediment control, which may be additional to the water quality and quantity
monitoring required by Part F, Item 1; and
d. The combined plan submission must be accompanied by a concordance
table, listing the Water Licence requirements under both Part F, Item 1 and
Item 4, and indicating the page number(s) within the combined plan where
these requirements are met.

5.4 (p.31)

1.3 (pp.2-3)

Part B, Item 3 of the recently amended Water Licence requires NATCL to submit to the Board by March 31
an annual report for the preceding calendar year containing the following information pertaining to
water management:








the monthly and annual quantity in cubic metres of water pumped from the Flat River;

the monthly and annual quantity in cubic metres of the solid and liquid fractions discharged into
the Tailings Containment Area;

The monthly and annual quantity in cubic metres of liquid Waste discharged from the Wastewater
Treatment Facilities to Stinky Pond;
The monthly and annual quantity in cubic metres of liquid Waste discharged from Stinky Pond to
the Flat River;
the monthly and annual quantity in cubic metres of sewage discharged to the Tailings Containment Area;
the monthly and annual quantity in cubic metres of recycled mine water;

a detailed record of major maintenance work carried out on the Water Supply and the Waste Disposal
Facilities and all associated structures;
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all data generated under the “Surveillance Network Program” and a discussion of any problems with
data collection, analysis or results; and
a summary of all work carried out under the Management Plans in accordance with Part F;

any other details on water use or waste disposal requested by the Board by November 1 of the year
being reported.

This plan formalizes the framework and tools that NATCL uses to report this information.

Appendix C documents the comments received pertinent to the water management plan and the erosion
and sediment control plan since 2012. Cross references in the review comment tables are specific to the
current combined plan sections.

2.0

OBJECTIVES

The objectives of the plan are:






3.0
3.1

To ensure water management and erosion and sediment control practices employed at the Cantung Mine
fulfill the regulatory requirements set out by the Water Licence.
To provide a single source document for water management and erosion and sediment control at the
Cantung Mine for reference by NATCL staff and regulators.
To ensure current water management practices and erosion control measures contribute to the future
reclamation of the Cantung Mine.

To help prevent adverse environmental effects at the Cantung Mine and any additional Land Use
Permits..
To aid with the required annual reporting.

HYDROLOGICAL SETTING

Location

The Cantung Mine is located in the Mackenzie Mountains (southwestern NWT), less than 5 km from the
NWT-Yukon Territory border and approximately 310 km northeast of Watson Lake. The mine site is
located near the headwaters of the Flat River, a tributary of the South Nahanni River, in a narrow
valley surrounded by the mountains of the Mackenzie range. The Mackenzie Mountains form the
northerly extension of the eastern section of the Cordilleran region. The general elevations of mountain
peaks in the immediate area of the property range from 1,981 to 2,750 m above sea level. The main rivers
are Northwest-Southeast trending at elevations of 914 to 1,067 m above sea level.

The Flat River Valley has been in-filled with unconsolidated sediments, largely deposited by glacial
meltwater associated with the last phase of continental ice retreat. The deposits are interbedded sand and
gravel deposits, with occasional silty sand layers, to a depth of roughly 30 m. These sediments are overlain
4
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by fluvial sands and gravels from the Flat River and tributary streams emanating from the valley sides.
There is no evidence of permafrost at the Site.

3.2

Climate

Climatic conditions in this area are typically sub-arctic; average temperatures from November to March range
from -6oC to -40oC. Blizzard conditions during January and February are frequent but usually of short duration.
Maximum snow depth in the valleys during the winter averages 127 cm. The snow-free season extends
from mid-May to early October.
An Environment Canada weather station collected meteorological data on site during operations over a
period of 24 years from 1966 to 1990. Total annual precipitation averages 645 mm, with approximately
half occurring as rain and half as snow.

3.3

Hydrology

The Cantung Mine is located in the alpine hydrological regime of the Deh Cho Region (INAC 2002).
This regime is characterized by little soil or lake storage of water; however, some storage can exist within
porous and fractured rock and within valley-bottom and terrace sediments. Typically, there is good snow
storage due to higher snowfall and lower temperatures (seasonal and perennial). Significant differences
exist between summer and winter flows in watercourses and the generally steep terrain with little vegetation
contributes to a rapid stream flow response to rainfall events and high sediment loads.

A Water Survey of Canada (WSC) hydrometric station was located on the Flat River opposite the town site
from 1973 to 1988 (10EA002) prior to being relocated downstream of the airport, where it operated from
1988 to 1992 (10EA004), after which time its operation was discontinued.

NATCL carries out regular flow measurements on the Flat River at an interval of seven days. The current
station (Station 4-5) is located just downstream from the historical location of station 10EA004. Flow data
are available for the period of July 2005 to present.

Hydrological data generated from these stations, in conjunction with climate data, have been used in the
past in the design of water retaining and handling structures and are being used in the design of features
which will remain in the post-closure environment.

Table 2 shows a summary of average monthly flows (m3/s) based on the three different hydrometric stations.
Note that the averages for each station are calculated based on different monitoring periods and direct
comparison of the flow values should be treated with care.
Table 2: Average Monthly Flows (Flat River)
Month

Unit

10EA002 (WSC)

10EA 004 (WSC)

4-5 (NATCL)

3

January

m /s

0.38

0.63

3.78

February

m /s

3

0.34

0.58

3.56

3

m /s

0.29

0.50

3.48

3

0.31

0.55

3.78

March
April

m /s
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Table 2: Average Monthly Flows (Flat River)
Month

Unit

10EA002 (WSC)

10EA 004 (WSC)

4-5 (NATCL)

May

3

m /s

1.95

2.82

3.71

June

3

m /s

7.60

12.89

9.02

July

3

m /s

7.76

12.20

6.55

August

m /s

3

5.46

7.46

6.55

3

m /s

2.75

4.30

4.83

3

September
October

m /s

1.38

1.96

3.57

November

m /s

3

0.74

1.10

3.44

December

3

0.49

0.79

3.41

m /s

NATCL is aware that the flow measures recorded by the company starting from July 2005 to present
need to be further refined, and for that purpose, NATCL has developed a new hydrology program in 2013.
More details regarding this program can be found in Section 4.8.

3.4

Hydrogeology

Golder Associates (Golder 1977) presented the first results of a comprehensive study of the hydrogeology
of the Flat River valley. This report and others were later reviewed by EBA as part of the Updated
Hydrogeological Assessment of the Cantung Mine Site tailings ponds . The following is a summary of
important points relating to groundwater flow from the 1977 study:




Field staff (in 1977) supervised the drilling of 24 boreholes, 20 of which were completed as monitoring
wells. Falling head tests were performed on piezometers to estimate the hydraulic conductivity of
the valley fill sediments and groundwater elevations were measured to determine groundwater flow
direction and gradient.
Groundwater recharge occurs along the topographically elevated valley sides. Groundwater flows
toward the Flat River, under the influence of gravity and discharges along the banks of, or directly into,
the Flat River. Groundwater flow is towards the river with little side-sweep, indicated by groundwater
elevation contours that were virtually parallel to the Flat River.

In 2001, EBA prepared the Groundwater Pumping Contingency Plan (GWPCP) for NATCL, outlining
the actions to be taken if the water quality parameters in the monitoring wells down-gradient of the
tailings ponds exceed the requirements specified in the Water Licence. The latest version of this document
was prepared by EBA in September 2011. This plan was based upon a network of two pumping
wells installed in the vicinity of TP3 for a former mine operator by Golder Associates in 1983.
Pumping tests were conducted by EBA in 2001 on these wells to confirm that they were still in good
working order and in a similar status as originally tested in 1983. The following paragraphs were
extracted from the September 2011 GWPCP to provide more complete information related to the
hydrogeology of the mine site:
Golder Associates (1977 and 1983) assessed the hydrogeological regime at the Site and evaluated
the potential for impacts on the groundwater system by exfiltration from the tailings ponds.
6
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A review of the results of the initial hydrogeological investigations conducted at the Site by
EBA (2006) concluded that the hydrogeological conditions at the Site had not changed appreciably
and that the conceptual hydrogeological model developed by Golder (1977) is still appropriate.

Golder estimated the volume of groundwater flow to be 0.5 m3/day/metre of valley length
(i.e. about 15% of the annual precipitation). This value was used in the GWPCP to estimate the
groundwater flow in the vicinity of the tailings ponds. The estimated groundwater flow used in the
GWPCP will be updated as new information from the hydrogeological study becomes available.
A more detailed hydrogeological study as required in Item F.2 of the Water Licence is currently
being conducted by EBA on behalf of NATCL, and is scheduled to be submitted by NATCL to the
MVLWB by December 31, 2013.

4.0

WATER MANAGEMENT PLAN

4.1

Freshwater Use

4.1.1

Freshwater Intake

The fresh water intake system at the Cantung Mine consists of an enclosed pump house situated on
a concrete sump adjacent to the Flat River (see Figures 1 and 2). Water access to the sump flows through a
screen with approximately 2 mm openings. A single stage continuous duty, 15 HP pump, supplies the water
requirements of the

The current diversion of freshwater from the Flat River averages approximately 2,500 m3/day. Flow is
measured at the mill with a Sparling flow meter and recorded daily. The licensed amount for diversion
is 45,000 m3/week.
4.1.2

Mine Water Intake

Natural groundwater infiltrates the mine (mine water) and is used during the summer periods to recharge
TP5 for use in the dust suppression system. This mine water drains to the main sump at the 3950 adit level,
where suspended solids settle out prior to draining into the conveyor gallery and then to the old lagoon via
a series of ditches and storm drains..
4.1.3

Freshwater Use
4.1.3.1

Volumes

Fresh water usage from the Flat River is approximately 2,500 m3 per day. Table 3 provides a summary of
the available freshwater use data.
Table 3: Freshwater Use Summary
Use

Source

Volume

Domestic

Flat River

80 m /day

Winter Drain (Fall/Winter only)

Flat River

3

3

29 m /day
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4.1.3.2

Description of Use

When operating, the majority of freshwater taken from the Flat River was used for milling purposes, the
remainder is used for domestic purposes. Domestic purposes include water for offices, accommodations, as
well as sinks and toilets in the administration building. Additional specific uses include use of water during
winter months to prevent standing water in unused lines (winter drain). This water either drains to the old
lagoon or to TP4 through the sewage lines. There are no cross-connections between the fresh water lines
and the grey water collection system.

Figure 5 shows a detailed schematic of the water balance for freshwater use at the Cantung Mine prior to
care and maintenance operations.
4.1.4

Flow Meter Locations

Flow meters are currently located at the following sites (as shown on Figures 5):






4.2

a Sparling propeller meter, situated at the mill, on the freshwater pipeline from the Pumphouse, it is
not in use while the operation is in care and maintenance;

Doppler flow meters on each of the two tailings lines from the mill to TP5, it is not in use while the
operation is in care and maintenance;
a magnetic flow meter on the outgoing line at the Sewage Treatment Plant;

a magnetic flow meter on the mine water line to the mill, it is not in use while the operation is in care
and maintenance; and

a Doppler flow meter on the mine water line to TP5. (Daily readings are collected from this line,
and the information is used in the calculation of the overall water balance.) Currently this line is only
used to supply mine water to TP5 for use in the dust suppression system installed on TPs 3, 4, and 5.

Contaminated Water Sources and Management

Contaminated water sources at the Cantung Mine site include, domestic sewage. All contaminated water is
captured at the source to prevent any direct inflow of this water into the Flat River or other natural surface
water bodies. Figure 5 shows a schematic of contaminated water sources including flow volumes and
management of contaminated water. The following table provides a summary of the contaminated water
sources.
Table 4: Contaminated Water Sources Summary
Source
Domestic

4.2.1

To

Volume

TP5

40m /day

3

Mine Water

Mine water is generally re-used as per the process described in Section 4.1.2. Used mine water mixes
with accumulating groundwater and is directed to TP5 during the summer period for use in the dust
suppression system. Mine water generally meets all regulated parameters except for suspended solids.
8
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Water used for domestic purposes in the mine enters the sewage line network and is conveyed to the
Sewage Treatment Plant.
4.2.2

Domestic Sewage

Domestic sewage originates from radministration building. Section 4.4 provides more detail on sewage
treatment and management.

4.3

Stormwater Management

4.3.1

Site Description and Topography

The Cantung Mine is located in the southwestern NWT near the headwaters of the Flat River in a narrow
valley surrounded by the mountains of the Mackenzie range. The Mackenzie Mountains form the northerly
extension of the eastern section of the Cordilleran region.

The Tungsten town site and the mine facilities are situated on the west side of the Flat River valley
as shown on the site plan on Figures 1 to 4. The concentrator and town site are located on a bench about
34 m above the Flat River at an elevation of 1,128 m. The underground mine portal is located above the
concentrator facilities at an elevation of 1,204 m. The open pit is located in a cirque above the underground
mine site at an elevation of 1,524 m.
Several avalanche chutes are located above the town and mine site. Avalanches have caused property
damage as recently as 1988 during the shutdown period. During operations, both previous and current,
avalanche monitoring and control is active.
4.3.2

Surface Water Flow Patterns

Mapping of all observed and known culverts and diversion ditches has been prepared for the current
plan based on a site visit conducted by EBA staff in June 2009. In general, surface water flows towards
the Flat River through the site with diversions occurring around the tailings ponds. Two ponds
exist adjacent to the Flat River where some surface water collects prior to flowing into the Flat River:
the old lagoon south of reclaimed TP2 and a small spring fed pond (Stinky Pond) located east of TP3
(between the Flat River and TP3). Figures 2 to 4 show the site topography and approximate drainage
directions for surface water originating within the mine boundaries or flowing through the site from
further upstream.
4.3.2.1

Runoff Catchment Pond (Old Lagoon)

The old lagoon is located immediately downstream of reclaimed TP2. It is also the location of
MMER monitoring station 5-2. This sample location is monitored weekly but is only sampled when
discharge occurs. This site discharges during freshet only (approximately 6 weeks per year between
June and July). The old lagoon was created with a low berm of rock sectioning off an oxbow of the Flat River
at this location. The berm provides access to groundwater wells 4-27-16 and 4-27-9. The lagoon was
constructed in conjunction with historic spill contingency planning to act as a catchment pond for surface
runoff from the site to provide for containment and clean-up of any spills prior to reaching the Flat River.
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No spills have occurred that reached the pond; therefore, the pond was never used for this purpose. In the
event that water of poor quality is detected within the old lagoon, the runoff would be temporarily
redirected to the tails ponds.
4.3.2.2

Stinky Pond

This small spring fed pond is located immediately east of TP3, adjacent to the Flat River. The discharge
from this pond is identified as 4-20 in the Water Licence (also as MMER 4-27-2 Culvert). A culvert drains
this pond into the Flat River. Flow through this culvert is measured on a weekly basis as part of surface
water flow measurements and water quality requirements for the Metal Mining Effluent Regulations (MMER).
With the discharge of the WWTF into Stinky Pond in 2013, as per the amended WL requirements,
Station 4-20 is sampled every two weeks, and the WWTF discharge is sampled weekly.

While the pond is primarily spring fed, some surface water also drains into this channel via overland
flow as well as via a drainage ditch that originates near TP4. In 2013, discharge of tailings into TP4 were
ceased. All the tailings are now redirected to TP5 for containment of tailings solids and for treatment of
the decant water with the WWTF. Consistent with the requirements of the amended Water Licence, if the
treated wastewater does not meet discharge criteria, it will be recycled back from the WWTF to TP5.
In addition, in the event that the water in the pond exceeds the discharge criteria, the treated wastewater
would be redirected to TP5 until the poor water quality issue is addressed upon authorization from an
inspector. Specific to the potential erosion on the short channel section downstream of the culvert
discharging from Stinky Pond, a detailed analysis was completed by Wenck Associates, Inc. As detailed in
the report, the existing riprap and cobble will prevent erosion in relation to Stinky Pond (See Appendix B).

4.4

Sewage Treatment and Disposal

Sewage from all sources of the mine site is collected and treated at the site’s sewage treatment plant.
The plant is located in an insulated building located below the town site. The plant serviced the entire
facility including the town site during previous operations when the resident population was over 600.
As such, the treatment plant currently operates under its operational capacity.

Sewage arriving at the treatment plant is stripped of solids and then undergoes a primary biological
treatment, followed by rated aeration and chlorination. Total retention time in the treatment plant is
approximately one hour. Outflow from the treatment plant was pumped to TP4 for settlement. From TP4,
water is pumped to TP5 for exfiltration. In early 2013 as TP4 reached capacity, the outflow from the sewage
treatment plant was redirected to TP5. Section 4.5 provides further detail on the TP management.

Flow through the sewage treatment plant is measured with a flow meter as the water leaves the plant
and is pumped to TP5. On average, a volume of 160 m3/day passes through the sewage treatment plant.
Solids are disposed to TP4/TP5 rather than the landfill, which is not permitted for disposal of
hazardous wastes.
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4.5

Tailings Area Water Management

4.5.1

Overview

There are currently six Tailings Containment Areas present at the Cantung Mine; these are TP1 to TP5 and
an underground tailings deposit. TP1 and TP2 are not actively used and have been covered and reclaimed.
TP3 has been filled to capacity and no further tailings are deposited in this area. The pond has not yet
been covered or reclaimed. The underground tailings backfill system 2012 upgrade is completed but is not
fully implemented at this time due to underground operational constraints. Backfill was deposited to
underground workings in the 1980's and test runs of the previous backfill system were conducted from
November 2010 to July 2011. The TP locations have been identified on Figures 1 to 4.

Prior to 2007, TP3 was used as the primary settling pond. The effluent from TP3 was discharged into TP4
via a decant system where the water exfiltrated into the ground through the base of TP4. This method
of settling and exfiltration ensures that effluent is thoroughly filtered and solids are not released to
the groundwater. Due to this filtering effect, only dissolved properties seen in groundwater are relevant to
effluent quality.

When TP3 reached its maximum capacity in 2007, TP4 was put into service as the primary settling pond,
and TP5 was put into service as the exfiltration pond. As TP5 is located at a higher elevation than TP4,
a system of pumps delivers effluent to TP5 rather than the traditional decant system.

Since 2007, tailings had been pumped from the mill directly into TP4 where solids settle out prior to excess
water being pumped to TP5 for exfiltration into the shallow groundwater aquifer. Some water is lost from
both TP4 and TP5 through evaporation. The volume of tailings (solids and water) pumped to the TP is
measured with a Doppler flow meter at the mill. The 2011 TMP presented a short-term plan (2 - 3 years)
for ongoing operation that involved additional raises on TP3 and TP4, while a longer term strategy
was developed.

The October 2011 discovery of a potential risk zone of liquefaction in the ground below the TP4 tailings
berm that could potentially disrupt the integrity of the TP4 berm, and possibly the TP3 berm as well,
during a large (1:1000 year) seismic event has prompted NATCL to fast track the evaluation of available,
but limited options, to address the situation.

It was determined that the best solution is to excavate, remove and reprocess the tailings that are stored in
TP3 and TP4 in order to eliminate the geotechnical instability and reclaim the area to a more natural state.
The tailings generated from this process, along with tailings generated in the current process, would be redirected to a newly proposed facility. Alternatives currently under consideration for this purpose are
three dry stack options: TP4B (immediately upgradient of TP4); TSF7 (former townsite); and TSF6 (to
the south of the mine site).

The capacity in TP4 extended to the fall of 2012, but to ensure continued operation of the Cantung Mine,
NATC required additional tailings storage capacity, within the current tailings storage facility footprint,
extending into the fall of 2014. The best short term option is to discharge tailings into TP5 (as it was
designed, approved and constructed for in 2006 – 2011), and to install a water treatment facility for
effluent discharge to the environment.
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In addition, as outlined in the 2012 Tailings Management Plan, NATCL will be directing approximately 25%
of the mill tails to the underground mine as backfill when underground operational constraints allow,
thus reducing further the amount of tails that will need to be stored in future surface facilities.

The main benefits associated with the future development of any of these dry stack options and associated
treatment facilities include:




Recovery of additional Tungsten and Copper from the tailings currently stored in TP3 and TP4;

Re-location of the newly processed tailings into a more secure tailings storage facility that is designed
with a further set back from the Flat River, and;

Removal of TSF 3 and TSF 4 from close proximity to the Flat River, and restoration of these areas to a
more natural condition.

Water levels in TP5 are kept at a minimum 1 m below the top of pond to provide freeboard as required in
the Water Licence. There is no water in TPs 3 or 4. There is no discharge from any of the tailings ponds
except for exfiltration and evaporation. Generally, no chemical treatment is required for the process water
and other waters directed to the TSF. Groundwater quality monitoring is conducted both upstream and
downstream of the TSF as required in the Water Licence to monitor for any potential environmental effects
in either the groundwater or the Flat River.

Long term monitoring conducted in compliance with the requirements of the Water Licence has demonstrated
that background water quality conditions have been maintained in the Flat River in the immediate vicinity
of the mine site and downstream. This condition is not expected to change in the future.
4.5.2

Tailings Pond (TP) 3

TP3 is located south of the town site adjacent to the Flat River. It is a 34 m high structure built of compacted,
locally available materials consisting of shales, silts, sand and gravels. A portion of the west side is contained
by the valley side slope. The dam was raised by the downstream method in 1974 and thereafter by the
centreline method.
TP3 was first used in 1971 and was in use at the suspension of operations in 1986. After 1986, it drained
to the extent that tracked equipment could travel on the surface. Portions of the tailings surface were
capped with till in 1993 to control dusting.

In the fall of 2001, NATCL was permitted to raise the Dam No. 3 a further 2 m. In 2003, the dam was raised
a further 2 m, and in 2005, a further 1.5 m raise was approved. TP3 was the primary tailings storage
structure until February 2007. TP3 contains approximately 2.5 million tonnes of tailings. The surface area
of the tailings is approximately 10.2 hectares. For the short term, there is no plan to cap the tailings,
however, during the summer of 2007, a sprinkler system was set up to keep the surface moistened as
required to control the dust.

The decant structure located at the west side of TP3, along the containment berm adjacent to TP4,
was decommissioned in September 2011. A culvert was installed in September 2011 on the crest of TP3
to direct runoff flows from TP3 tailings surface into TP5.
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As previously discussed, subject to Board approval, the current plan is to excavate, remove and reprocess
the tailings that are stored in TP3 to eliminate the recently identified possible geotechnical instability
and reclaim the area to a more natural state. The tailings generated from this process, along with tailings
generated in the current process, would be re-directed to one or more of the currently proposed dry stack
tailings storage options.
4.5.3

Tailings Pond (TP) 4

TP4 is located south of the town site adjacent to the Flat River immediately north of TP3. The west and
south sides are contained by the valley side slope and TP3, respectively. The remainder to TP4 is contained
by a dam approximately 31 m (102 ft) in height.

Between the mid-1970s and February 2007, TP4 operated as the exfiltration pond. During mid-2006, it became
increasingly evident that the reduced exfiltration from TP4 was becoming a serious water management
problem. At the completion of a dredging program in the fall of 2006, it was concluded that the fines had
essentially sealed the base of TP4; therefore, under the prevailing condition, TP4 could no longer continue
to perform as an exfiltration pond despite the dredge removal of fines from the pond base.

Upon approval by the MVLWB in February 2007, TP4 became the primary tailings storage structure,
with tailings being directly deposited into it. Supernatant water was then pumped into TP5 for exfiltration.

To increase the capacity of TP4, the TP4 embankment was raised to an elevation of 1132.33 m (3,715 ft)
in 2007, 1136.90 m (3,730 ft) in 2008, and 1140.71 m (3,742.5 ft) in 2009. The Stage 4 embankment
raise to elevation 1145.13 m (3757 ft) was completed in September 2011. Diversion ditches upslope of the
facility were enlarged in 2011 and layered with riprap for erosion protection.

The 2011 TMP presented a short-term plan (2 – 3 years) for ongoing operation that involved additional
raises on TP3 and TP4, while a longer term strategy was developed.

The October 2011 discovery of a potential risk zone of liquefaction in the ground below the TP4 tailings berm
that could potentially disrupt the integrity of the TP4 berm, during a large (1:1000 year) seismic event
prompted NATCL to fast track the evaluation of available, but limited options, to address the situation.

It was determined that the best solution is to excavate, remove and reprocess the tailings that are stored
in TP4 to eliminate the geotechnical instability and reclaim the area to a more natural state. The tailings
generated from this process, along with tailings generated in the current process, would be re-directed to
one or more of the currently proposed dry stack tailings storage options.
4.5.4

Tailings Pond (TP) 5

TP5 is located on the west side of TP3. The west and north sides are contained by the valley side slopes
while the east side is contained by TP3. The remainder of TP5 is contained by a 14 m high dam.

Constructed in 2006 to the elevation of 1139.95 m (3,740 ft), TP5 was originally conceived and constructed to
retain tailings solids. Following the unsuccessful attempts to restore the exfiltration capacity of TP4, TP5
became the primary exfiltration pond. The dam raise at TP5 was initiated in 2008; however, inclement
weather conditions limited the 2008 construction and forced the remaining project construction to be
postponed to 2009. The subsequent 2009 construction of the raise was limited to placement of waste rock
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and upstream slope modification. Completion of the TP5 dam raise to an elevation of 1140.87 m (3743 ft) was
undertaken in 2010 prior to the commencement of operations in October 2010. The dam was further raised
in 2011 to elevation 1143.0 m (3750 ft), and in 2012 to its permitted crest elevation of 3760 ft. The storage
capacity is sized to accommodate the inflow design flood event from the catchment area of TP5 and TP3,
which requires approximately 1.8 to 2.5 m of freeboard above the operating level of the exfiltration pond.
The surface area of the impoundment is approximately 31,590 m2 (340,000 ft2). A diversion ditch is located at
the southwest end of TP5 which diverts surface water from the catchment area upslope away from TP5.

In 2013 when tailings discharge into TP4 ceased, the tailings discharge was redirected to TP5 for
containment of tailings solids consistent with the requirements of Water Licence and for treatment of
TP5 decant water with the WWTF. TP5 was designed, approved and constructed as a tailings containment
facility, but operated as an exfiltration facility during the period 2006 – 2012.

Consistent with the requirements of the Water Licence treated wastewater will be recycled back from
the WWTF to TP5 if the treated water does not meet the discharge criteria during ongoing operations.
In addition, in the event that the water in the pond exceeds the discharge criteria, the treated wastewater
would be redirected back to TP5 until the non-compliant water quality issue is addressed.
Current uses of TP5 include disposal of excess water through the mine process, disposal of used mill
water and treated sewage after removal from TP4, disposal of surface runoff from catchment area of TP5 and
TP3, and short-term disposal of contaminated groundwater as per the Groundwater Pumping Contingency
Plan for the mine site.
4.5.5

Wastewater Treatment Facility

The following sections related to the permanent wastewater treatment facilities at the mine site were
extracted from NATCL’s 2013 WWTF Operation, Maintenance and Surveillance Manual and June 2012
Water Licence MV2002L2-0019 Amendment Application, and letter to the MVLWB regarding the Water
Licence MV2002L2-0019 modification to construct and operate a permanent wastewater treatment facility
dated September 2013.
4.5.5.1

Background

Prior to 2013, tailings solids and water from the mining/milling process was discharged into TP4
where the majority of solids settle out. The supernatant water was pumped from TP4 to TP5 and
discharged to the environment via exfiltration into the groundwater pathways. After discussions
with regulators in Yellowknife regarding the Cantung tailings management plan, it was suggested
that NATCL consider the use of a wastewater treatment plant with a single point discharge to the
environment to replace exfiltration. Due to insufficient time available for regulatory approval of a new
exfiltration pond, NATCL applied for a water licence amendment in June 2012. Subsequently,
NATCL completed the installation of a mobile wastewater treatment plant to treat the supernatant water
that is discharged to TP5.

NATCL started commissioning the temporary WWTF in January 2013 and discharged treated water to the
environment from April 2013 until the completion of the permanent plant, with the Veolia Aquiflow plant
meeting all required water quality discharge criteria without difficulty.
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As part of the long term plan, NATCL applied for another water licence modification in September 2013
to construct and operate a permanent wastewater treatment plant, to replace the temporary WWTF
approved by the MVLWB in December 2012. The permanent plant is located directly north of TP4, fitting
into the long term tails management strategy of designing and operating a dry-stack tailings facility for
future operations.
4.5.5.2

Permanent Wastewater Treatment Facility

The construction of the permanent WWTF plant was completed in 2013 and commissioned in 2014. This
WWTF will use the same technology and meet the same WL criteria. The new WWTF building foundation
will include a 6” high containment curb around the outside of the concrete pad, to which the building will
be mounted. The Aquaflow unit and ancillary equipment will be placed within this curb, which will contain
any spills that may occur. In addition, the floor will have a recessed sump with an overflow line that will
run outside to a lined 200 cubic metre Upset Pond.

The containment and Upset Pond was sized to contain at least twice the volume of the water
contained within the plant as well as the draining of the pipelines to and from the tails ponds (in the event
of a power failure). Though it is expected that there will be minimal requirement for the use of the
Upset Pond, it will be monitored and pumped back up into the tails pond as required to ensure sufficient
volume is available for handling a plant upset.

The permanent WWTF is designed to operate in a range of 3,000 to 9,000 m3/day. Possible future changes
in the presently permitted discharge rate and water quality criteria will be determined in future water
licence amendments. The permanent WWTF, operated within requirements of the present water licence,
including the discharge location at Stinky Pond.
4.5.6

Underground Tailings

From the initial construction of the tailings ponds in the mid-1960s until 1982, all tailings were pumped
to the tailings ponds. In 1982, a mine backfill plant was established and coarse tailings from the mill
were pumped underground for use as backfill. Between 1983 and 1986, a total of 332,300 tons of coarse
tailings were deposited underground as backfill. This represented approximately one-third of the total
tailings produced during this period. The remainder of the tailings was deposited into TP3.
With the discovery of new ore bodies below the 3,700 foot level, NATCL is currently rehabilitating the
mine backfill system as a tailings disposal option as development and mining of the 3600 zone continues.

In addition, as outlined in the 2012 Tailings Management Plan, NATCL plans to eventually direct approximately
25% of the mill tails to the underground mine as backfill commencing when underground operational
constraints allow, thus reducing further the amount of tails that will need to be stored in future surface facilities.

4.6

Water Balance

4.6.1

Previous and Upcoming Water Balances

Site water balances as well as water balances specific to parts of the mine operations were previously
prepared for Abandonment and Reclamation Plans (AUR Resources and Mesh Environmental) and
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regulatory requirements (Questionnaire for 2001 Water Licence renewal, EBA 2002). Subcatchments were
delineated by AUR for the mine site area as well as for areas upstream of the mine site. Later, in 2009,
EBA prepared the water management plan on behalf of NATCL and updated the site water balance.
The latest update of the site water balance was carried out in 2013 during the preparation of the current
combined plan. Details of the updated water balance can be found in the technical memo prepared by EBA.
The following section provides a summary of this water balance update.
4.6.2

Summary of 2013 Water Balance

The 2013 site water balance was created using GoldSim (Version 10.50 SP3). GoldSim is an industry
standard software package that has been used for many applications within the mining industry to
dynamically model complex systems. This type of model simplifies the visualization of water use on a mine
site. GoldSim can also be used to quantify the uncertainty associated with some of the input parameters
by conducting a Monte Carlo simulation and provide a detailed range of probabilities expected at the
project site.

The updated water balance includes precipitation, evaporation, freshwater intake from the Flat River and
discharges from the mine site. Flat River flows and mine water discharges into the Flat River are essential
to evaluate water quality loading at downstream control points. To illustrate the impact of the mine water
discharges into Flat River, three different hydrological conditions were reviewed (dry, average and wet
weather). The 20-year dry and wet conditions were applied to demonstrate the possibility of a less than
average and greater than average flow condition respectively. A 20-year return period was deemed
sufficient to illustrate the possible range of flows at site and it should also be emphasized that a 20-year
return period has an attributed probability of occurrence of 5% every year.
Figure 5 illustrates the GoldSim water balance structure and connection. As illustrated, Flat River flows,
local runoff, and existing mine components are included to illustrate and account for the use of water
on site. In order to evaluate accurate precipitation and runoff volumes at the site, subcatchments
were delineated based on local topography and existing infrastructure (i.e. diversions and tailings ponds).
Figure 6 illustrates the updated subcatchment delineation included in the water balance. The total
catchment area of the Flat River upstream of the site was determined to be approximately 127 km² and the
total catchment area impacted by the Cantung Mine site was found to be 2 km².

Table 5 below summarizes the Flat River flows upstream of Cantung Mine and all surface and groundwater
contributions into Flat River. Baseflows generated from the catchment upstream of the site were evaluated
using a known baseflow fraction of 20% of the total runoff flow expected on site. Water balances were
created for all major mine facilities and features on site such as the Tailing Ponds, Old Lagoon and Stinky
Pond. Seepage estimates were calibrated by assuming that on average, water levels in the tailing ponds do
not change over the period of one year (average year condition). This assumption is based on observations
at the Cantung Mine Site that under average conditions, the tailings ponds to do not fluctuate annually.
Table 5: Summary of Baseline and Site Outflows into Flat River (m³/d)
Flat River Flows and Site Outflows

Dry

Average

Flat River Flow Upstream of Sardine Creek

168,510

209,582

251,641

2,176

2,836

3,851

Sardine Creek Flow
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Table 5: Summary of Baseline and Site Outflows into Flat River (m³/d)
Flat River Flows and Site Outflows
Stinky Pond Outflow

Dry

Average

Wet

3,352

3,354

3,356

84

112

154

373

538

660

TP3

91

91

91

TP4

71

71

71

TP5

1,487

1,487

1,487

Area 5

1,083

1,411

1,918

Area 8

201

261

355

Area 9

185

240

327

Area 3

2,858

3,724

5,058

Area 12

2,517

3,280

4,455

Downstream West Slope – Area 11

8,304

10,820

14,695

191,294

237,758

288,119

Old Lagoon Outflow
1

Baseflow from West Slope

Tailings Seepage

Surface Flow from Site

2

Flow from East Slope

Flat River Downstream of Airport

Notes:
1
Baseflow calculated by assuming a runoff coefficient of 0.74 and a flow partition of 20%. Total surface area accounting
Area 5, 8 and 9 (1.86 km²)
2

Surface runoff calculated by assuming a runoff coefficient of 0.74 and a flow partition of 80% as direct surface runoff
m³/d – cubic metres per day

It should be highlighted that the water balance has some limitations. The climate and hydrological inputs
are based on historical regional data as opposed to recent local data. It is recommended that the climate
and hydrology inputs be updated as local data is collected. The water balance is based on the assumption
that an average daily rate can be applied year round (annual time step) and effectively does not account for
seasonal changes. The water balance could be improved by updating inputs to monthly averages and
modifying the model time step. To account for the uncertainty of some model inputs (e.g. evaporation and
runoff coefficient), a stochastic distribution could be applied to evaluate the possible range of average
annual estimates. By applying a stochastic distribution and running a Monte Carlo simulation, the water
balance could provide the probability of possible results.

4.7

Surface Water and Groundwater Quality

Routine water quality monitoring has been conducted over the years at the Cantung site as defined in
the Water Licence under the Surveillance Network Program (SNP) and the Metal Mining Effluent
Regulations (MMER). Annual reports have been submitted each year, previously to the NWT Water Board,
and since 2000, to the Mackenzie Valley Land and Water Board.

Since restarting operations in 2005, the Cantung mine has also been subject to the requirements of
the federal Metal Mining Effluent Regulations. Quarterly and annual reports along with an initial (2006)
Environmental Effects Monitoring (EEM) Study have been submitted to Environment Canada. Follow-up
EEM studies were completed in 2009 and 2012.
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4.7.1

Summary of Surface Water Quality

During present operations and throughout the years that the mine was in care and maintenance,
surface receiving water quality in the Flat River and Sardine Creek has remained relatively constant.
Surface receiving water samples have consistently been slightly alkaline, with low concentrations of
total metals, notably copper and zinc. Similarly, total suspended solids (TSS) values at monitoring sites,
except during natural high flow periods, have remained low; typically well below the SNP permit limit
of 30 mg/L specified for the monitoring wells.

Consistent with Item F12 in MVLWB Water Licence, in April 2012 a Historical Data and Interpretation
Report was prepared for the Cantung Mine by EBA (2012). This report served to:

1. Identify and present all historical water quality sampling data available for the Cantung Mine;

2. Illustrate all trends from these data;

3. Provide an analysis of these trends; and

4. Provide an analysis as to how these provisions contribute to future closure and reclamation planning.

As discussed in this report, the historical assessment of surface water quality parameters at the Cantung Mine
focused on the key parameters traditionally specified in the water licence and the Metal Mining Effluent
Regulations. On this basis, the parameters examined and discussed in more detail included arsenic, cadmium,
copper, lead, nickel, zinc and total suspended solids.

To allow the presentation of historic and more recent data extending for the period of record from the early
1980s to present, all of the data were treated as being valid, with the general understanding that minimum
detection limits (MDL) have decreased as analysis methods have evolved. For data manipulation purposes,
where sample values were clearly reported as less than the detection limit, half the value of the detection
limit was used for computations and graphics production. In circumstances where it was not possible to
determine what the detection limit was (particularly for some of the more historic data), the reported
values were used.

Based on the historical review of results that were presented and discussed in this report, it was readily
apparent that the historic and current operations of the Cantung Mine have had very limited effects on the
quality of the Flat River water for the water licence parameters assessed at all three surface water sampling
sites during the period of record.

Typically at all surface water quality stations sampled, with minor and generally isolated exceptions, mainly
in the early 1980s, when the Canada Tungsten Mine was in operation and in the early and late 1990s when
the mine was closed, the concentrations of the key water licence parameters assessed have consistently
remained at or below the current CCME guideline values for the protection of freshwater aquatic life.
In addition, as noted for all key metals parameters analyzed over the period of record, following the
implementation of improved QA/QC procedures by NATCL in July 2005, total metals concentrations at all
three Flat River stations dropped to well below the current CCME guideline values for each of the
respective parameters.
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The surface receiving water quality monitoring program has consistently demonstrated no appreciable
difference in water quality of the Flat River between the sampling stations extending from 3 km upstream
of the mine site to 1 km downstream of the mine site.
4.7.2

Summary of Groundwater Quality

Groundwater monitoring has been conducted over the years in accordance with Water Licence requirements
from a series of groundwater wells adjacent to the tailings impoundment facilities. Typically, the pH of all
groundwater samples has been neutral to slightly alkaline, with low levels of metals, normally below detection
limits, being reported. The monitoring to date has demonstrated no appreciable effects on groundwater
quality associated with exfiltration from the tailings storage areas.
Similar to the assessment of surface water quality, the assessment of groundwater quality parameters
also focused on the key parameters traditionally specified in the water licence as well as the Metal Mining
Effluent Regulations (EBA 2012). On this basis, the parameters examined and discussed in more detail
included arsenic, cadmium, copper, lead, nickel, zinc and total suspended solids.
Due to the large number of groundwater sampling sites monitored at the Cantung Mine site, NATC and EBA
determined that in the interests of time and efficiency, the assessment of historical and current
groundwater quality would be focused on a more limited number of key SNP groundwater sampling
stations. In particular the stations that were selected for further analysis were:






S4-27-1/16 East (down-gradient) of TP2 on the Flat River floodplain, also referred to as MW1-1;
S4-27-5/13 South (down-gradient) of TP3 west of airstrip north end;
S4-27-7
S4-28-1

S4-27-17

East (down-gradient) of TP4 on the Flat River floodplain, also referred to as BH 43;

East (down-gradient) of TP3 near airstrip road/groundwater, also referred to as MW-6
and pumping well PW1(designated as MMER FDP); and,
Northwest of freshwater pump house (background station).

The assessment of the available historical and more recent groundwater quality data set determined that
in general, the concentrations of total metals in the groundwater stations examined at all piezometer
depths, with very few exceptions were consistently at or below the current MVLWB MAC groundwater
quality parameters for the period of record from 1982 to the present.

Isolated occurrences of elevated total metal levels in groundwater were typically recorded in the mid-1980s,
shortly before and after the then Canada Tungsten Mine closed down for an extended shutdown period.
However, as previously indicated, some of these elevated values were due to the high detection limits
employed at the time by the laboratory.
During the 1990s, when the mine was closed, the concentrations of total metals in the groundwater stations
assessed were consistently at or below the current MVLWB groundwater quality criteria with few exceptions.
During the period 2000 to present, the concentrations of total metals in the groundwater at groundwater
monitoring stations assessed have consistently remained at or below the current MVLWB groundwater
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quality criteria and the MMER requirements, with a few minor exceptions, particularly for total copper,
zinc and TSS.
4.7.3

Summary of Groundwater Monitoring Wells

Since the beginning of 2007, reviews and investigations into the hydrogeology of the area encompassing
TP3, TP4, and TP5 has been conducted. As part of these investigations, additional groundwater monitoring
wells have been installed. Sampling locations for groundwater are shown in Figures 2 to 4.
The existing network of monitoring wells, included in regular groundwater quality monitoring, consists
of thirteen monitoring wells of which an additional four monitoring wells were installed in 2009.
The following groundwater information is extracted from the GWPCP:

TP1 and TP2

There are no groundwater elevation measurements available for the area of TP1 and TP2. EBA assumes
that the shallow groundwater flow follows the local topography. That is, the groundwater flows in a northeasterly direction and discharges into the Flat River. Two monitoring wells (4-27-9 and 4-27-16) exist
downgradient of TP1 and TP2, with the well designated as 4-27-16 installed downgradient of TP1 and TP2
in 2009.
TP3 and TP4

Based on groundwater elevation measurements conducted in 1999, 2000, 2007, and 2008, the groundwater
flow direction in the area of TP3 and TP4 is toward the northeast. There are seven existing monitoring
wells installed in the downgradient area of TP3 and TP4 (4-27-4, 4-27-7, 4-27-8, 4-27-10, 4-27-12, 4-28-1,
and 4-28-2).
TP5

Monitoring wells 4-27-11 and 4-27-13 are located downgradient of TP5. Two additional groundwater
monitoring wells were installed in the downgradient area southeast of TP5. These two additional wells,
designated as 4-27-14 and 4-27-15, were installed so that the downgradient area of TP5 is reasonably
covered by monitoring wells.

In addition, NATCL understands that the source of effluent releases is crucial to ensure that the
monitoring and emergency system is effective. The source of effluent releases is currently tracked via
the surveillance monitoring network that is conducted at the Cantung Mine. The surveillance monitoring
network is monitored monthly, as per permit requirements, and all MMER final discharge points are
monitored weekly, as per the Metal Mining Effluent Regulations (MMER).

It should be noted that samples are collected at the outlet of Stinky Pond (Site 4-20 or 4-27-2 Culvert)
weekly for MMER requirements and monthly for MVLWB WL requirements. Analysis has been conducted for
general parameters, total and dissolved metals and nutrients. Quarterly, acute lethality (LC50) bioassays are
collected for analysis on trout and daphnia. Chronic lethality is not required at this location. Site 4-28-1 is
also monitored monthly and quarterly for the same parameters, including chronic lethality once per year.
In general, water quality results at both sites 4-28-1 and 4-20 show a correlation in the conductivity and
most of the total metals.
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NATCL believes that the main natural source of water in Stinky Pond is an upwelling of groundwater
that occurs at this location. The groundwater at both of these locations appears to be influenced by
mine activity (exfiltration of tailings). Stinky Pond also receives the treated effluent from the WWTF.
The water quality results at both of these sampling locations meet the Water Licence Criteria as well as the
MMER Schedule 4 criteria.
4.7.4

Parameters and Sampling Frequency

The Surveillance Network Program (SNP) attached to the Water Licence states specific monitoring
requirements for each station at the mine site. This includes monitoring frequency (Item A of the SNP)
and Sampling and Analysis Requirements (Item B). Table 5 summarizes these requirements for surface and
groundwater monitoring and includes the latest monitoring requirements incorporated into the
amendment to the Water Licence in December 2012.
Table 6: Summary of Parameters and Sampling Frequency
Station

Monitoring Frequency

Parameters

Monthly

ICP Metal Scan (Total & Dissolved), Total Ammonia,
Nitrate-Nitrogen, Nitrite-Nitrogen, Chloride, Fluoride.
Sulphate, Alkalinity, EPH/Benzene, Toluene, Ethylbenzene,
and Xylenes (BTEX), Total Suspended Solids (TSS),
Total Dissolved Solids (TDS), pH and Hardness

Monthly

ICP Metal Scan(Total & Dissolved), Total Ammonia,
Nitrate-Nitrogen, Nitrite-Nitrogen, Total Kjeldhal Nitrogen,
Ortho-Phosphorus, Chloride, Fluoride. Sulphate, Alkalinity,
pH, Hardness,TOC, TSS, TDS, BOD, EPH/BTEX,
Faecal Coliforms

Every Two Weeks

ICP Metal Scan (Total & Dissolved), Total Ammonia, NitrateNitrogen, Nitrite-Nitrogen, Ortho-Phosphorus, Chloride,
Fluoride. Sulphate, Alkalinity, pH, Hardness,TOC, TSS, TDS
BOD, EPH/BTEX, Faecal Coliforms

4-43 (WWTF)

Weekly

ICP Metal Scan(Total & Dissolved), Total Ammonia, NitrateNitrogen, Nitrite-Nitrogen, Ortho-Phosphorus, Chloride,
Fluoride. Sulphate, Alkalinity, pH, Hardness,TOC, TSS, TDS
BOD, EPH/BTEX, Faecal Coliforms

4-27-4, 4-27-7 to 4-27-17,
4-28-2

Tri-annual

ICP Metal Scan(Total & Dissolved), TSS, Sulphate, Total
Ammonia, Nitrate-Nitrogen, Alkalinity, EPH/BTEX, TOC,
Hardness, pH, and Cyanide (Annual)

4-5, 4-13, 4-20, 4-29, 4-32, 433/4-33R, 4-40, 4-41, 4-42 and
4-44

4-6

4-20

General parameters, Total and dissolved metals and
ammonia (Weekly)
4-28-1 (Final Discharge Point)

Weekly (MMER),
Monthly (MVLWB)

ICP Metal Scan(Total & Dissolved), TSS, Sulphate, Alkalinity,
TOC, Hardness, pH, EPH/BTEX, (Monthly)
Acute (LC50) Bioassays (Quarterly)
Chronic Lethality, Cyanide (Annual)

4-30

Monthly

ICP Metal Scan, Sulphate, Total Ammonia, Nitrate-Nitrogen,
Alkalinity, Total Ammonia, TDS

4-34, 4-36 to 4-39

When Seepage is

ICP Metal Scan (Total & Dissolved), Total Ammonia,
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Table 6: Summary of Parameters and Sampling Frequency
Station

Monitoring Frequency
visible

4.8

Parameters
Nitrate-Nitrogen, Nitrite-Nitrogen, Chloride, Fluoride.
Sulphate, Alkalinity, EPH/Benzene, Toluene, Ethylbenzene,
and Xylenes (BTEX), Total Suspended Solids (TSS),
Total Dissolved Solids (TDS), pH and Hardness

Surface Water Volume Monitoring

In addition to the aforementioned freshwater monitoring, NATCL currently monitors water volume at the
following locations at the Cantung Mine:at the Middle Bridge in the Flat River, at Station 4-5 in the Flat
River at the Third Bridge, , at Station 4-20 (outlet of Stinky Pond), at Sardine Creek at Station 4-32, at No
Name Creek and at Station 4-29 (located about 3 km upstream of mine site). These locations are shown on
Figures 2 to 4.

In order to further refine flow measurements at the monitoring stations, NATCL developed a new
hydrology program in May 2013. In particular, five pressure transducer data-loggers were installed at
Station 4-29, Station 4-5, at the Middle Bridge, at Stinky Pond, and at wellhead shack (S4-28-1) just north of
Stinky Pond. The three in-stream data-loggers are used to record flow depths. The fourth is set in Stinky
Pond, which is the receiving water body of permitted mine discharge. The fifth is used to measure
barometric pressure, necessary to compute flow depths at the other locations. However, NATCL is
currently carrying out data validation at these new sites before these additional data can be used.

As outlined in Section 3.0, an Environment Canada meteorological station was in place from 1966 to 1990.
A weather station was installed in October 2013. The following sections provide flow data information at
the Flat River monitoring Station 4-5 and the outlet of Stinky Pond at Station 4-20.

4.8.1

Flat River Monitoring

Flow rates in the Flat River are currently measured weekly by measuring water elevations at Station 4-5,
located just downstream of the causeway river crossing. Monitoring is performed by NATCL staff and
volumes are calculated based on a known river bottom profile and recorded in a database. In winter,
measurements are taken to the top of the ice covering the Flat River. Flow volumes in winter are, therefore,
overestimated. In view of the errors associated with the winter flow measurements, NATCL has installed
a pressure transducer and staff gauge at this location.
Figure 7 shows the annual flow hydrographs based on flow measurements from 2005 to 2013.

As indicated in Section 3.0, Water Survey of Canada operated a hydrometric station on the Flat River,
first upstream and then downstream of the mine site. These stations have now been discontinued. Table 7
summarizes the periods of flow station data available for the Flat River, and Table 2 in Section 3.3 shows
average monthly flows for each station based on the length of record.
Table 7: Available Flow Data (Flat River)
Station

From
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4.8.2

10EA002

1973

1988

10EA004

1988

1992

NATCL (4-5)

2005

Present

Stinky Pond Outflow

Volume measurements are also taken from the culvert exiting Stinky Pond located immediately adjacent
to TP3 (Station 4-20 or 4-27-2 Culvert). The depth of water in the culvert is measured and then converted
into a flow. Measurements are completed weekly by NATCL staff and are recorded in a spreadsheet.
Figure 8 shows the annual flow hydrographs based on flow measurements from 2005 to 2013.
In addition, as previously indicated, commencing with the startup of the wastewater treatment
facility (WWTF), bi-weekly monitoring will be undertaken at S4-20 (culvert) and weekly at the new
SNP Station 4-43 (WWTF) for the parameters specified in Table 5.

5.0

EROSION AND SEDIMENT CONTROL PLAN

An Erosion and Sediment Control Plan for the mine site has been prepared as required by Item F.4d to
Item F.4f of the Water Licence. The objective of the plan is to minimize local site impacts from erosion and
prevent sedimentation to the receiving environment of the Flat River.

5.1

Roles and Responsibilities

Specific to the roles and responsibilities regarding the potential erosion and sedimentation issues on site,
NATCL has developed the following table detailing the responsibilities of the personnel working at or for
the mine.
Table 8: Roles and Responsibilities
Name

Company

Phone

Role

Responsibility

Shawn Laidlaw and
Stacey O’Sullivan

NATCL

604-759-0913
L243

Environmental
Coordinators

Review daily mine site conditions
and monitor implementation of
sediment and erosion control
measures

Al Glada and James
McCulloch

NATCL

604-759-0913
L238

Surface Supervisors

Surface Maintenance

EBA

604-685-0275

Environmental and
Regulatory Advisor

Provide advice on regulatory
requirements

Brent Makelki

ALS
Laboratories

604-253-4188

Analyze Samples

Testing samples collected at the
site

Angela Bond

AGAT
Laboratories

778-452-4010

Analyze Samples

Testing samples collected at the
site

Rick Hoos
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5.2

Erosion and Sediment Sources

Erosion is defined as the removal and transport of sediment. Sedimentation is the deposition of those
transported materials. The prevention and management of erosion and sediment movement on an active
mine site involves many elements.

In general, the following scenarios can cause erosion and sedimentation at the mine site:




Land disturbance and heavy traffic areas caused by heavy equipment during mine operation;
Erosion due to other mine construction activities; and

Erosion during bridge and culvert installation/replacement/repair works.

In addition, based on previous experience of the mine site staff and the current arrangements of the mine
site, the following locations have been identified as typical areas with potential erosion and sediment risks:







Within the tailings containment areas due to mine operation and construction activities;

Borrow pit area near the first bridge crossing of the Flat River, in which erosion has been caused by
local topography resulting in concentrated runoff;
Sardine Creek due to sedimentation from roads with heavy traffic during mine operation;

Minor ditch located north of TP4 and TP3 draining to Stinky Pond, in which sediments are collected
from the adjacent road and mobilized during snowmelt season; and

At the Outlet of the culvert draining Stinky Pond, or the final discharge point of the WWTF
(Station 4-20 or 4-27-2 Culvert).
Test-pit excavations proposed in this LUP Application

It should be noted that a number of potential erosion sites were identified in EBA’s 2009 site visit. Over the
past few years, NATCL has addressed most of the locations of concern. These historical site improvements
are documented in Appendix A. The remaining locations of concern, which NATCL has either scheduled to
address the problems or considered in other plans, are listed as follows:




Location 8 – will be addressed during the development of dry stack tailings storage facility TSF7 in
2014
Location 10 – plan is covered in the Erosion Protection report

Location 14 – will be addressed during the development of dry stack tailings storage facility TSF6 in
2014

All of the above scenarios and areas of concern with potential risk of erosion and sediment transport
have been considered in the current erosion and sediment control plan. The following section provides
specific measures to address these potential risks.
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5.3

Site Specific Erosion and Sediment Control Measures

As the main component of the erosion and sediment control plan, the following sections contain
Best Management Practices (BMPs) and site specific control measures that can be selected and
implemented at the mine site to reduce the risk of erosion and sedimentation. Examples of some selected
control measures with the associated installation procedures are provided in Appendix B.
5.3.1

For Mine Operation and Construction Activities at or around the Mine Site

Construction activities have occurred in the vicinity of tailings containment areas over the past several
years in order to raise the embankments to meet with the tailings management requirements.
Repair works have also been completed at a number of bridge and culvert crossings at the mine site.
In order to ensure that the associated construction activities did not cause erosion and sedimentation
concerns on site and in the Flat River, certain mitigation measures were implemented during construction
activities. This section outlines the Best Management Practices that should be considered for future mine
construction activities, and it includes specific erosion and sediment control measures which were applied
in previous construction activities and will be implemented in the future when appropriate.
Before commencing with new construction, the following Best Management Practices (BMPs) should be
considered (AT, 2011):
Procedural BMPs

Procedural BMPs are non-structural methods or procedures that can reduce erosion and sediment
transport at a construction site. These include site management and scheduling practices that may use
structural erosion or sediment control BMP’s to achieve their goals. Commonly used procedural BMPs
are listed as follows:

Site Management









Minimize exposed soil - By minimizing the total disturbed soil area and the disturbed soil area at any
time, the erosion potential is reduced and the quantity of sediment control measures is reduced.
Stripping of new areas should be delayed as long as possible and restoration of constructed areas
should be done as soon as possible.
Perimeter control - During clearing and grubbing, the minimized limits of construction activity should
be clearly marked.

Site access management - The site should be accessible from a limited number of points. Frequentlyused access roads should be paved or graveled to minimize the tracking of material off site.
Vehicle washing on stabilized worksite entrances will minimize off-site sediment tracking.
Stockpile management - Stockpiles should not be located near watercourses or environmentally
sensitive areas. Stockpiles should be protected against erosion by water and wind immediately after
they are established.
Dust management - Wind-blown dust from disturbed soil and roadway surfaces can be minimized by:

− Enforcing reduced vehicle speeds on unpaved roads; and
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− Using water and/or chemicals for dust control. Note that care must be taken to prevent mud
tracking if this is done.

Scheduling






Maximum favorable weather - Erosion potential is reduced by working during relatively dry conditions.
This includes consideration of the season of construction and may require a larger number of
resources to complete the project in a shorter time.

Operating during fisheries window - It is not acceptable to release sediment to receiving waterbodies
at any time. However, by scheduling work in or near fish-bearing waterbodies during open fisheries
windows, the level of environmental concern is reduced. The currently approved fish timing window
for the mine site is from July 16th to August 14th, which means that in-water activities are only allowed
within this period.

Install BMPs early - Erosion potential can be minimized by installing ESC BMP’s as soon as possible.
Erosion potential can be minimized by restoring or reclaiming constructed areas as soon as possible
by applying suitable cover. Temporary works (e.g. settling ponds, sediment controls) should be
removed as soon as practical when they are no longer needed.

Surface Water Management BMPs

Water management BMPs are non-structural methods or procedures that include on-site and offsite
measures, focusing on surface water management.







Diversion around Construction Site - Strategically placed diversion ditches can help direct water movement
on site by reducing the total amount of water and reducing its interaction with erosion prone sites.

Use Existing Drainage - Existing watercourses tend to be well-vegetated and have natural rates of
erosion. Discharges from the construction site containing natural levels or sediment should be
conveyed to existing, undisturbed watercourses.

Design Drainage Channels Appropriately - Drainage channels should be designed with appropriate
depths, slopes, cross-sections and linings (armoured or vegetated). Natural channel design is
recommended for watercourse diversions.

Flow Isolation - Clean water drainage from upstream areas should be diverted around the construction
site wherever practical, to reduce the quantity of water that must be managed on site. This can be done
using ditches, berms, pipes or culverts as appropriate.

Erosion Control BMPs
Erosion control BMPs are intended for application to exposed soil where there is a need to reduce the
potential for erosion due to wind, rain splash or flowing water. Preventing erosion at the source reduces
the amount of sediment that needs to be managed by downstream sediment control measures. Erosion can
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be controlled by protecting surfaces from runoff or rain splash (exposed surface protection) or by reducing
the quantity or velocity of flow (runoff control).
Vegetated Exposed Surface Protection


Riparian Zone Preservation - Watercourse erosion potential is significantly reduced by preserving
natural vegetation, to reduce runoff velocity and enhance infiltration.

Non-vegetated Exposed Surface Protection








Riprap Armouring - Large, loosely placed cobbles or boulders placed along channel banks or slopes to
protect underlying soil from erosion due to flowing water.

Rolled Erosion Control Products - Biodegradable or synthetic soil coverings used for temporary or
permanent protection of disturbed soils at slopes and channels. Categories of rolled erosion control
products (RECP) can be erosion control blankets (ECB) (generally biodegradable and temporary),
turf reinforcement mats (TRM), and composite turf reinforcement mats (C-TRM). RECP may
be manufactured of organic material, synthetic material, or as a composite of organic and
synthetic materials.

Check Dams - Check dams can be constructed of rock, aggregate-filled sandbags or logs to reduce
flow velocities in drainage channels. Regular inspection and maintenance of such structures is
essential to their effective operation.

Dust Control - Chemical treatments can be applied to increase soil cohesion. It may be applied in
conjunction with hydro-treatments.

Live Staking - Consists of installing woody plantings (trees and shrubs) to develop a root matrix
within the soil, increasing subsurface soil strength and stabilizing slopes with deeper root systems
than grasses. This measure can reduce erosion potential of slopes and channel banks.

Runoff Control




Slope Texturing/Grading - The accumulation of water and its movement over a large soil surface
can cause erosion, and this can be exaggerated by a topography promoting high runoff velocity.
Re-contouring methods and roughening the surface area can help to reduce the risk of erosion.
Re-contouring the soil surface can reduce erosion by shortening the length and decreasing the
angle of the slope. Texturing of slopes can be effected by roughening the surface, tracking the surface,
or installing grooves or benches. Texturing reduces the runoff velocity, traps sediment, and increases
the infiltration of water into the soil.

Energy Dissipator - Rock riprap, gabions or sandbags can be installed at areas such as culvert outlets
or drop structures to reduce flow velocities and protect against erosion. Dissipators with high flow
rates should be designed by a qualified professional.

Sediment Control BMPs

Sediment control BMPs are intended for application to flowing water where the risk assessment indicates
the need to retain mobilized sediment. It is advisable to install sediment control measures within the
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construction site, close to the sediment source. This reduces the quantity of water that must be managed
and reduces the consequences of a failure. Sediment control can be accomplished by filtering or settling
sediment-laden runoff water.
Infiltration


Riparian Zone Preservation - Natural vegetation can slow runoff through surface vegetation and
trap it by infiltration or by settling as the flow velocity reduces within the vegetation. Freshly planted
riparian vegetation is not as effective as that in well established areas.

Settling




Silt Fence - Silt fencing is a permeable fabric barrier installed vertically on support posts typically
along contours to capture and filter sediment laden sheet flow runoff. It causes water to pond allowing
sediment to settle out as water filters through fabric. It also entraps and minimizes coarse sediment
from sheet flow or overland flow from entering waterbodies. It serves as a perimeter control for
sediment transport and deposition.
Sediment Trap – A sediment trap is a low dam enclosure for impoundment of sediment laden runoff,
sedimentation of silt size particles and release of treated runoff. It can be constructed by excavating a
pond or building embankments above the original ground surface. Sediment traps can be used at the
outlets of diversion ditches and at the outlet of any structure that carries sediment-laden runoff,
promoting settlement of sediment prior to releasing to downstream watercourses.

Additional details regarding application, limitation, construction considerations and installation for some
of the above listed BMPs can be found in Appendix D.

5.3.2

Specific Measures for the Typical Areas of Concern

Diversion ditches have been constructed around the existing tailings storage facilities to convey off-site
runoff to the Flat River. Details of the existing diversion ditch system at the mine site can be found in
Appendix A, documenting the historical site improvements. Similar practice should be carried out for any
future tailings storage facilities and for exposed soil surfaces, and where necessary and possible, additional
erosion and sediment control measures such as riprap armouring, rolled erosion control products and
sediment traps should be implemented.

For exposed soil surface areas such as the existing borrow pit near the first bridge crossing, slope
texturing/grading and silt fencing should also be implemented to minimize the risk of erosion and
sediment transport. Watering of the borrow areas and roadways during dry weather is recommended to
ensure that dust is not picked up and transported by wind into nearby waterways.

Silt fences should be installed strategically at all road crossings of Sardine Creek and along the minor
ditch to Stinky Pond in order to minimize potential sedimentation entering the receiving watercourses
from the road surfaces. For the minor ditch draining to Stinky Pond, sediment traps and rolled erosion
control products can be implemented if necessary to trap any sediments in the channel (if present) prior to
entering Stinky Pond.
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Specific to the potential erosion on the short channel section downstream of the culvert discharging
from Stinky Pond, a detailed analysis was completed by Wenck Associates, Inc. As detailed in the report,
the existing riprap and cobble will prevent erosion from Stinky Pond. In the event that the existing erosion
protection were to fail, an energy dissipator could be implemented at the culvert discharge point.

For work conducted under the LUP, a spill kit will be located at the work site with all relevant equipment
that would normally be used to contain a spill on the mine site will be available in case of a spill at the work
site(s) associate with the LUP.
Recommended locations for implementation of the specific control measures are shown on Figures 2 to 4.

5.4

Monitoring, Maintenance and Record Keeping

NATCL will implement the following main actions to ensure the effectiveness of the erosion control
measures:











5.5

The Project Manager, Environmental Department and Mill Operations personnel inspect and monitor
the Tailings Storage Facilities regularly to ensure compliance. Site inspections are completed daily by
the Environmental Department and at least twice a day by the Mill Operations Department.
On-site Environmental Monitor – The environmental department will be on-site throughout the
construction stages to conduct regular inspections of sediment controls and assess controls following
significant rainfall events. The information recorded during these inspections will be documented
in a daily log with any necessary additional sketches and photos.

Any deficiency or required improvements to the erosion control measures will be immediately
conveyed verbally and in writing to the construction supervisor. Minor deficiencies are to be
addressed within a period of 24 hours. Major deficiencies are to be addressed immediately and may
require suspension of construction activities within the area of concern until rectified. During each
regular construction meeting, erosion protection, sediment control, and protection of the environment
will be discussed with all workers on-site.
Following construction, Mill Operations and Environmental personnel will continue to monitor the
Tails Storage Facilities as per the usual operating protocol.

Ditches will be examined regularly and during heavy rainfall runoff and the outlets of culverts and
pipes visually inspected to ensure that roads and other permanent structures are not being
compromised and sediment loads are not becoming excessive.
Turbidity and total suspended solids will continue to be measured on site at various monitoring
stations as part of the routine Surveillance Network Program and as required by the MMER.

Contingency Plan

During mine operation and any construction activities, NATCL will allocate sufficient resources (personnel,
equipment, and materials) to the site and store on-site, at suitable locations and at all times sufficient
quantities of materials to immediately attend to any non-conformance. In general, corrective actions may
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be agreed upon, dependent upon the severity of non-conformance and/or emergency and parameter
involved, between NATCL and government representatives.
5.5.1

Heavy Runoff Events

In response to unanticipated heavy runoff events causing increased erosion and sedimentation, NATCL will
implement the following main actions:






Carry out site inspections immediately after the events to assess the areas with erosion and
sedimentation concerns;
In particular, all diversion ditches around the tailings containment area should be assessed;

Any deficiency or required improvements to the erosion control measures will be immediately
conveyed verbally and in writing to the construction supervisor;
Ensure equipment and erosion control products such as gravel, riprap and silt fences are available on
site or on short notice; and
Continue monitoring of the increased erosion and sedimentation sites until mitigation works are
completed.

5.5.2

Other Important Items

NATCL also may use calcium chloride for dust control where applicable. Although calcium chloride was
purchased and stockpiled in the summer of 2011, it has not been used so far. NATCL is aware of the
potential harmful nature of the over-use of the salts and is not planning to use it except in cases of
emergency.
Prior to the start of any new construction, NATCL will prepare a project-specific emergency response plan
and incident reporting procedure. The plan will include:






6.0
6.1

List of additional erosion and sediment control materials available on site;
List of equipment available on short notice;

List of trained construction personnel on the project site;

A plan for preventing the off-site discharge of sediment-laden water; and

A plan for emergency shutdown of construction activity, including sequence of activities.

CONTRIBUTION TO CLOSURE AND RECLAMATION

Summary of the Closure and Reclamation Plan

The most recent version of the Closure and Reclamation Plan (CRP) for the Cantung Mine was updated and
submitted by NATCL in March 2012. The main objectives of the CRP are to: ensure the physical stability
of structures (e.g. tailings impoundments and waste dumps) as well as topographic features modified
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during operation (e.g. decommissioned roads or placed soil in support of revegetation); chemical stability
of the reclaimed areas to ensure that there is no degradation of watercourses, groundwater, or soil; and the
future use and aesthetics of the property.

The primary focus of the CRP is the full decommissioning and restoration of the site. However, prior to
the closure and reclamation of the mine site, other future potential uses of certain site features may be
identified by third parties; this has not been considered as part of this analysis.

The CRP presents closure strategies, measures and investigations for all areas of the mine site,
including Industrial Buildings, Hazardous Materials, Mine Waste Facilities, and Site Infrastructure, to
ensure conditions following reclamation promote the establishment of a self-sustaining wilderness
environment that is consistent with surrounding land use potential and compatible with the original
undisturbed conditions. In addition, the plan also has to consider drainage from the underground mine
workings after the mine has been closed and sealed.

6.2

Contribution of the Combined Plan

The current plan provides a framework for the management of water during the operational phase of the
mine. As such, it ties into a range of the items addressed in the CRP, namely the tails storage facilities,
Sewage Treatment Plant, post closure site grading, and chemical stability of remaining structures.
Surface Water and Groundwater Quality Monitoring

Groundwater quality monitoring downstream of the tailings ponds ensures that any adverse effects
propagated by exfiltration from the tailings ponds are detected at an early stage and appropriately
investigated and remedied prior to the end of mine operations.

Surface water flow and quality monitoring have been and are ongoing during the operational phase of
the mine. Any potential adverse effects mine operations have on the flow volumes and the quality of the
water in the Flat River will be detected at an early stage, allowing timely investigation and remedial actions.

Based on the available groundwater monitoring data, a Groundwater Pumping Contingency Plan has
been developed and updated in 2012 to determine the actions required in the event that groundwater
quality becomes affected beyond regulatory limits by tailings pore water exfiltrating from the tailings
ponds at the mine site. If the groundwater between TP1, TP2, TP3, TP4, and TP5 and the Flat River contains
concentrations that exceed regulatory limits set within the Water Licence, then the affected groundwater
may need to be extracted using pumping wells. Extraction of the affected groundwater ensures the quality
of surface water in the Flat River.
The ongoing monitoring will reduce the investigation effort and potential remedial effort during closure
and reclamation of the mine site.

Sewage Treatment Plant

The sewage treatment plant will be flushed and dismantled at the end of the operational phase.
Periodic removal of the solids to the tailings impoundment ensures the reclamation effort for the sewage
treatment plant will be as low as possible at the time of closure and reclamation.
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Water Balance
The water balance for the mine site and its operations provides detailed information with respect to fresh
water use and discharge and surface water volumes within the local catchment. The water balance will
provide a basis for reinstating natural and historic flow patterns at the time of closure and reclamation.
Surface Water Management

The surface water management plan summarizes current runoff flow patterns and will provide a basis
for contouring and vegetation placement during reclamation of developed mine and town site areas.
Current runoff collection areas can be used during the initial vegetation establishment period to control
direct runoff into the Flat River or Sardine Creek and provide a settlement basin for suspended solids.
Erosion and Sediment Control

The erosion and sediment control measures implemented such as erosion protection and channel
improvements will become permanent structures for long term use at site. This plan will also form the
basis for future hydrological analysis required for the diversion ditches at closure. The monitoring program
developed for the plan will need to be continued after closure to ensure that the permanent erosion control
measures are performing effectively.
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APPENDIX A
APPENDIX C

HISTORICAL SITE IMPROVEMENTS
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APPENDIX B
APPENDIX D

SPECIFIC EROSION AND SEDIMENT CONTROL MEASURES
AND PROCEDURES

Procedures for Surface Water Management BMPs
BMP 1-1
Diversion Channels
Procedures for Erosion Control BMPs
BMP 2-1
Riparian Zone Preservation
BMP 2-2
Riprap armouring
BMP 2-3
Rolled Erosion Control Products
BMP 2-4
Rock Check Dams
BMP 2-5
Dust Control
BMP 2-6
Live Staking
BMP 2-7
Slope Texturing/Grading
BMP 2-8
Energy Dissipator
Procedures for Sediment Control BMPs
BMP 3-1
Silt Fence
BMP 3-2
Sediment Trap
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APPENDIX C
APPENDIX E

SUMMARY OF REVIEW COMMENTS
AND CROSS REFERENCE

