#1640 1188 West Georgia St.
Vancouver, BC V6E 4A2
Ph: (604) 684-5300
Fax: (604) 684-2992

Sent by Email

July 23, 2015
Mackenzie Valley Land and Water Board,
7th Floor, 4922 48th St. PO Box 2130
Yellowknife, NT X1A 2P6
permits@mvlwb.com
jmorse@mvlwb.com
Attention: Mr. Julian Morse, Regulatory Officer
Re: MV2015L2-0003 Water License Renewal Intervention Responses
North American Tungsten Corporation is submitting responses to the Interventions submitted for
the water license renewal application. Each item is discussed below. Additionally, NATCL agrees
with the Interveners, that a public hearing is not required for this application.
ENR1
ENR supports a licence term of 10 years for the Cantung mine
NATCL acknowledges the support.
ENR2
ENR recommends that a SSWQO for fluoride of 1.03 mg/L be applied to the Flat River. The EQC for
fluoride should be assessed as appropriate to ensure the SSWQO is maintained at the edge of the
mixing zone (180 m downstream).
NATCL supports this recommendation as reasonable and achievable.

ENR3
ENR recommends that a low action level for fluoride of 0.52 mg/L be incorporated into the AEMP
and/or water licence as appropriate.
NATCL supports this recommendation for a low action level of 0.52 mg/L.

ENR4
ENR recommends that the AEMP Study Design be submitted within sixty (60) days of issuance of the
water licence.
EC’s Recommendation EC-1:
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EC recommends that the renewal WL include terms and conditions for the AEMP development, with
incorporation of a management response component to link monitoring results to threshold-based
actions.
NATCL supports this recommendation for a submission date; however we would like to
propose a specific date of March 31, 2016.
NATCL is working towards rescheduling the release of the Draft #1 and rescheduling the
working group meeting after a review period. NATCL will provide an update as soon as
possible.

ENR5
ENR recommends that the ICRP be submitted within sixty (60) days of issuance of the water licence.
NATCL supports this recommendation for a submission date; however we would like to
propose a specific date of March 31, 2016.

EC’s Recommendation EC-2:
EC recommends that the renewal WL terms and conditions include the requirement to submit an
update to the Combined Water Management Plan and Erosion and Sediment Control Plan to the
Board for approval.
NATCL agrees with the need to update the Combined Water Management Plan and Erosion
and Sediment Control Plan and is currently undertaking that review. The anticipated
submission date is early September 2015.
The dry stack tailing amendment had impacts on the plan and the revision was held, pending
the amendment approval.
NATCL, working with O’Kane Consulting has just completed a revised water balance which
will also be integrated to the plan revision.
At this point in time NATCL does not believe a specified date is required, as the WL does
require annual reviews of all approved plans and there is also an existing condition for this
plan to be revised prior to the dry stack tailing storage facilities development.

EC’s Recommendation EC-3:
EC recommends that there be a condition in the renewal WL with respect to monitoring and
mitigating nitrite concentrations in effluent, to ensure receiving environment water quality
objectives are met.
NATCL feels the requirement for monitoring is already incorporated in the SNP section of the
WL which indicates the sampling parameters and frequency of sampling at S4-43 (WWTF),
S4-20 (Discharge culvert), and S4-44 (Flat River end of mixing zone).
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NATCL does not believe there needs to be a specific condition regarding monitoring of
nitrite.
NATCL suggests an addition to the monthly and annual report requirements that includes
reporting of any mitigation measures required for nitrite at S4-43 and S4-20 discharge and at
the Flat River sample point S4-44 where the WQO are applied.

Issue 4: Comments on a Draft Renewal WL
References: Water Licence MV2002L2-0019 – Circulated June 16, 2015
The Water License circulated on June 16, 2015 is the recently approved amendment to the
existing Water License. The work plan indicates the renewal draft Water License for the
renewal will be circulated September 10, 2015.
Comments below discuss the items mentioned from the current license in this section of the
EC intervention.
Recommendations EC-4:
Part E.16: Table E-1 Effluent Discharge Criteria – Nickel: Nickel in treated effluent is three (3) orders
of magnitude lower than the current Environmental Quality Criteria (EQC) of 1.0 mg/L maximum
grab concentration and one to two orders of magnitude lower than limits coming out of the mill. EC
recommends a revision of the nickel criteria downward, which would be reasonable and achievable.
NATCL believes that the effluent discharge criteria for nickel at S4-43 (WWTF discharge) is
satisfactory to ensure the CCME WQO in the Flat River at S4-44 are met, as originally
discussed in the WWTF amendment application process.
The WQO for S4-44 (Flat River) is 0.125 based on CCME recommendations and an average
hardness of 143 mg/L.
NATCL requests EC to provide a recommendation and the associated justifications for
consideration.
The lowest required discharge criteria for the monthly average from the WWTF should be no
lower than the CCME WQO for surface water, given the hardness ranges that are in the Flat
River system.

Part F 9: An Integrated Geochemical Load Balance and Risk Assessment Report of the site is due
January 31, 2016. EC recommends that this include an analysis and quantification of the
consequences of failure in the risk analysis of the dry stack facility.
NATCL understands the concern for stability with respect to the DST, however, this water
license condition mentioned in the Environment Canada Intervention is specific to the
geochemistry. Since the geochemical risk assessment looks at both the closed facilities and
the uncovered facilities, the two end points for risk will be discussed and will be informed by
the results of the geotechnical evaluations.
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The current condition regarding the Emergency Preparedness Plan should adequately
address the geotechnical stability concern and subsequent consequence of failures.
F.17. A minimum of ninety (90) days prior to the construction of any new Dry Stack
Tailings Storage Facility, the Licensee shall submit to the Board, for approval, a Tailings
Containment Area and Dry Stack Tailings Storage Facilities Emergency Preparedness Plan,
signed and stamped an Engineer. Where applicable, this Plan shall conform to the Section
4 of the Dam Safety Guidelines.
Additionally information regarding the geotechnical consequence of failures in a dry stack
facility was submitted with the amendment package and subsequent information requests.

SNP B.8: EC is unclear as to why analysis of CN is included.
Cyanide was used for a limited time in the recovery process during the 1960s and -70’s;
therefore, we monitor groundwater wells in the area of the existing / historic tailings on an
annual basis. NATCL does not believe this is needed at the TSF6 area.

Errata in amended WL: EC recommends correction of the reference in F15 to requirements specified
in Part E, Item 19; this should be Item 22.
NATCL has no comment on this item.

Annex B: Water Quality Objectives: Total iron has a receiving environment objective of 1.3 mg/L;
this is substantially above the other objectives which are based on Canadian Council of Ministers of
the Environment (CCME) Guidelines, and the rationale for this is not clear.
WWTF amendment EQC submission is a SSQWO based on 95 percentile background
conditions at the downstream sampling station S4-33 and S4-33R because the current
baseline river concentrations exceeds CCME objectives.
Reference: WWTF Amendment application responses - Table 1 proposed WQO, September
18th, 2012

SNP - Renewal WL: EC recommends that the renewal of the WL Surveillance Network Program (SNP)
include sub-lethal toxicity testing at the second FDP at 4-27-2 (Stinky Pond culvert).
NATCL does not believe this is required as a condition in the Water License. Cantung mine is
regulated under MMER and already completes the sub-lethal testing in the Flat River above
and below discharge point S4-20 (FDP S4-27-2 under MMER). Additionally, the reporting of
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this testing is annually to MMER and will likely be integrated into the AEMP reporting
requirements.

DFN1 – Care and maintenance:
 Request NATCL outline what will occur during care and maintenance at the minesite.
Including who will be responsible for care and maintenance and what the reporting
requirements will be.
 Request the GNWT to outline the frequency of inspections and what will occur during the
inspections.
NATCL is drafting a Care & Maintenance Plan that will be submitted in early September 2015
to the MVLWB for the upcoming winter care & maintenance season. This will outline the
plan with respect to site activities and level of staffing. NATCL remains responsible for the
mine during this period of care & maintenance and will maintain the current sampling and
reporting schedule as required by the licenses, permits and regulations.
C&M Plan to address items such as;
 Staffing
 Equipment storage
 Levels of fuel, lubes etc
 UG status – pumping etc.
 Power requirements
 Monitoring and maintenance of TP5
 WWTF operations
 On-going environmental sampling and reporting
 On-going AEMP, EEM, ICRP and Management Plan development as required.
DFN2 - EEM 2015
 Request NATCL to confirm that EEM activities will be taking place this summer.
 Request NATCL provide an outline of the 2015 EEM Study Design.
NATCL continues to move forward with the EEM study this late summer / early fall as
required by the MMER regulations. The EEM is currently scheduled to begin field work at
the end of August 2015 / early September.
As required by the MMER regulations, the study design was submitted to Environment
Canada in January 2015 for review. NATCL received comments and questions back from
Environment Canada – TAP on July 15th, 2015. NATCL is currently working with RC
BioSolutions to draft the response to the TAP comments.
Attached for your reference are:
 EEM – 4th Iteration Study Design submitted to EC in January 2015, prepared by RC
BioSolutions

5

.



EEM – 4th Iteration Study design comments and questions from EC received July 15,
2015

DFN3 - Delays to the AEMP, ICRP or Geochemical Risk Assessment Schedule
 DFN requests that NATCL outline and update the AEMP, ICRP and Geochemical Risk
Assessment
schedule.
NATCL notes that there are no anticipated delays to the Geochemical Risk Assessment –
work is on-going and the submission is January 31, 2016.
NATCL notes that there are no anticipated delays to the ICRP schedule that was presented
with the WL Renewal application. Draft #1 comments are due to NATCL from all reviewers by
June 30th. Draft #2 release to the Working Group and reviewers is on schedule for
September 30, 2015.
The AEMP Draft #1 release to the Working Group has been delayed due to the legalities
around the CCAA court proceedings. NATCL is working towards releasing this document for
August; with a follow-up comment period and working group meetings occurring shortly
after comments are received. A revised schedule will be issued once the release date can be
confirmed. The schedule will be adjusted to meet the request of GNWT to have a
submission date of the end of March 2016 (assumed day meeting the 60 days after the
issuance of the WL).
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NATCL believes all items can be addressed thru a paper process and that the public hearing is not
required.
Please contact Deborah Flemming, Environmental Superintendent (dflemming@natcl.ca) or
Cantung Environmental Department (cantungenviro@natcl.ca) should you have any questions or
concerns regarding the information included here.
Yours truly,
North American Tungsten Corporation

Deborah Flemming
Environmental Superintendent

Attachments;
- EEM – 4th Iteration Study design
- EEM – 4th Iteration Study design TAP comments
CC: J. McKenzie, B. Delaney, Cantung Enviro, Allan Krasnick (NATCL), NBDB
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Executive Summary
North American Tungsten Corporation Ltd. (NATCL) owns and operates the Cantung Mine
in the Northwest Territories. Under the Metal Mining Effluent Regulations (MMER) an
Environmental Effects Monitoring (EEM) program is required to assess the effects of metal
mining effluent on fish, fisheries resources, and fish habitat. Three EEM cycles have been
completed for the Cantung Mine (2006, 2009, and 2012) and the fourth EEM cycle is
required to be completed in 2015. As part of the fourth EEM cycle, the study design needs
to be approved by Environment Canada (EC) and as such it needs to be submitted to EC at
least 6 months prior to the start of the study.
The first three EEM studies concluded that there was no evidence to suggest that recent or
current Cantung mine practices or activities have resulted in an adverse effect to the aquatic
environment. For fish, no significant statistical differences were observed in measurement
end points between reference areas and exposure areas during any of the studies. For
benthic invertebrates, some effect endpoints were significantly different, but these results
were not consistently observed for more than the one study cycle.
The 2015 fourth cycle EEM study objective is to: evaluate if there are differences in
biological endpoints among study sites and between years; determine whether observed
differences from the third cycle EEM study are still apparent and whether any differences
are the result of current mining practices, historical mining practices, or a combination of the
two.
The 2015 fourth cycle study design will maintain consistency with previous studies at this
facility using a multiple control/impact study design approach. The design will include
studies on fish (non-lethal sampling of slimy sculpin), benthic invertebrates, water quality,
and sediment quality within the same five study sites (2 reference and 3 exposure sites) as
were used in the 2012 cycle 3 EEM study.
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1.

Introduction

North American Tungsten Corporation Ltd. (NATCL) owns and operates the Cantung Mine in
the Northwest Territories and under the Metal Mining Effluent Regulations (MMER), requires an
Environmental Effects Monitoring (EEM) program to assess the effects of metal mining effluent
on fish, fisheries resources, and fish habitat. Three EEM cycles have been completed for the
Cantung Mine (2006, 2009, and 2012) and the fourth EEM cycle is required to be completed in
2015. As part of the fourth EEM cycle, the study design needs to be approved by Environment
Canada (EC) and as such it needs to be submitted to EC at least 6 months prior to the start of
the study. Subsequent to completion of the cycle 4 study, the fourth interpretive report will be
submitted no later than March 6, 2016.
The first three EEM interpretive reports concluded that there was no evidence to suggest that
recent or current Cantung mine practices have resulted in any adverse effects to the aquatic
environment. For fish, no significant statistical differences were observed in measurement end
points between reference areas and exposure areas. For benthic invertebrates, significant
differences were observed among sites according to Simpson’s evenness and diversity indices,
and Bray-Curtis similarity coefficient. In addition, benthic community composition and
abundance were also significantly different among sites. However, these results were not
consistently observed for more than the one study cycle. The observed effects have been
attributed to variation in habitat characteristics and sediment chemistry between sites. Some
metals (e.g. iron and copper) in sediments were higher in exposure areas compared to
reference areas, however water quality samples did not show the same result, suggesting that
historical tailings deposited in the Flat River floodplain in the 1960s are persisting in the
sediments and may be responsible for observed effects.
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2.
2.1

Site Characterization
Study Area

The Cantung Mine is located in the southwestern Northwest Territories adjacent to the Yukon
border, approximately 310 km north east of Watson Lake, Yukon. The study area is located
near the head waters of the Flat River in a narrow valley within the Mackenzie Mountain range
and is focused on a 7.7 km long portion of the Flat River adjacent to the Cantung Mine
(61.9717°N, 128.2683°W). The Flat River is a tributary to the South Nahanni River
(approximately 200 km downstream of the mine site), which then flows into the Liard River and
subsequently into the Mackenzie River. The Flat River enters the Nahanni National Park
approximately 110 km downstream of the Cantung Mine.
The study area is subdivided into exposure and reference areas. Exposure areas are defined as
“all fish habitat and waters frequented by fish that are exposed to effluent” (EC 2012).
Reference areas are defined as areas “frequented by fish that are not exposed to effluent and
that have fish habitat that, as far as practical, is most similar to that of the exposure area” (EC
2012).
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2.2

Site Description

2.2.1 Ecological Setting
The Flat River is located in the mid boreal ecoregion within the Boreal Cordillera ecozone, which
extends from northern British Columbia through the Yukon to Alaska (Ecosystem Classification
Group 2010). The mid-boreal ecoregion is characterized by short wet summers, very cold and
snowy winters with a mean annual temperature from minus 4 to minus 6 oC. Annual precipitation
is 620 mm composed of 50% rain and 50% snow.
The Flat River is a low productivity watercourse due to its high elevation and northern latitude
causing a short open water season and a low annual mean water temperature. The river
generally flows from northwest to southeast through a well-defined floodplain composed of
glacial and fluvial deposits. It is known to contain sport fish populations of Arctic grayling
(Thymallus arcticus), bull trout (Salvelinus confluentus), and round whitefish (Prosopium
cylindraceum). The only non-sport fish species known to occur in the Flat River is slimy sculpin
(Cottus cognatus).
2.2.2 Geology, Structure and Mineralization
Geologically, the Cantung Mine is located within the Selwyn Tungsten Belt which extends from
near Mayo, YT, along the Yukon/NWT border to the B.C. border. This belt hosts a number of
tungsten skarn deposits and is considered one of the world’s largest tungsten districts. Cantung
is situated on the eastern margin of the Selwyn Basin, a subaqueous depositional basin that in
the mine area comprises a thick sequence of Cambrian to Ordovician sedimentary strata
including argillites, shales, dolomites and limestones. These basin sediments were intruded by
Cretaceous granitic plutons that mainly occur in a northwest-trending zone about 10 km wide
that coincides with the Flat River valley. The Cantung deposits are scheelite bearing skarns
developed in the Cambrian limestones near contacts with the Cretaceous granitic stocks.
There are several steep faults in the rock structure at the mine. These faults intersect the
scheelite zone. There is little major faulting, but lesser faults with minor displacement are
common. Near the south end of the open pit, there is a fault zone that reduces the ore body.
The tungsten mineral in the mine deposit is scheelite, which is a calcium tungstate (CaWO4).
The ore zones are found where the skarn silicates in the limestone have been replaced by
pyrrhotite, and the scheelite exists within the pyrrhotite as fine anhedral grains. There is also
copper mineralization in the ore. The open pit ore body was estimated to contain 0.5% copper
while the underground body was estimated as having 0.20-0.25% copper (EBA 2001).
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2.2.3 Hydrology
The mountains surrounding the Flat River are composed of limestone and minerals including:
tungsten; copper; iron; lead; zinc. The valley bottom has a large build-up of glacial deposits and
sediment accumulated from the Flat River and the surrounding tributaries.
The area around the mine has a subarctic climate, experiencing sub-zero temperatures and
snow cover for approximately 6 months each year. Yearly precipitation is approximately half
snow and half rain.
The area has characteristic poor water storage capacity in soils and lakes, but some storage
exists in porous rock formations. Snow storage is also substantial due to the high amount of
snowfall and the low year round temperatures. Two hydrometric stations (10EA002 and
10EA004) were run historically by the Water Survey of Canada from 1973-1988 and 1988-1992
respectively to measure hydrological data for Flat River. NATCL currently records hydrological
data at their own gauging stations (Stations 4-45 and S4-5). Flows are very different between
summer and winter due to precipitation, as the surrounding steep terrain contributes to higher
flows during run off and high precipitation events (EBA 2013a). Flows range from 25,000 m3/day
to 1.2 M m3/day, with the low flow 7Q10 being 17,800 m3/day.
2.2.4 Hydrogeology
An initial hydrogeology study was completed by Golder Associates (Golder 1977). In 1977, 24
boreholes were drilled, and monitoring wells were installed in 20 of the boreholes. Using these
wells, hydraulic conductivity of the sedimentary rock was estimated and groundwater flow
direction and gradient were determined. Groundwater flow in the Flat River valley generally
follows the topography, flowing with gravity from the valley sides to discharge into the Flat River.
Vertical seepage from the tailings ponds however creates a divergence in groundwater flow in
the area immediately surrounding the ponds (Golder 1983). Golder also installed two pumping
wells near Tailings Pond 3 in 1983. The wells were tested when they were installed and then
tested again by EBA Engineering Consultants Ltd. (EBA) in 2001 to ensure they were still in
working order. In 2006 EBA determined that the hydrogeological model completed by Golder in
1977 was still valid as the hydrogeology had not significantly changed (EBA 2013b).
In 2013 EBA conducted another hydrogeological study as part of the continued compliance with
the water licence. EBA analyzed data from 170 boreholes at the mine site to determine the
thickness of the overburden. It was determined that overburden thickness ranged from 0 m at
high elevations to 50 m near the tailings ponds (TP3, TP4 and TP5). As was determined by
previous studies, the sediment deposits on the valley floor contained the majority of the
groundwater flow.
The depth to the water table in the study area varies and is influenced by seasonal fluctuations.
The depth ranges from >25 m in elevated areas to <1 m in the low-lying areas near the Flat
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River. The highest elevations of the water table occur during the spring run-off and the summer
months (EBA 2013b).
The inferred hydraulic gradient for the area was determined to range from 0.04 to 0.15 m/m,
with the highest gradients being in the immediate area around the tailings ponds (TP3, TP4, and
TP5) and the highest of those in the area of the active pond TP5. The natural gradient of the
study area was determined to be approximately 0.04-0.05 m/m. EBA concluded that there has
yet to be any observed decline in groundwater elevations in the area of TP5, and suggested that
continued monitoring of groundwater in the area is required to determine if changes will occur
once TP5 is no longer active (EBA 2013b).
EBA (2013b) calculated an inferred average groundwater flow velocity down gradient of the
tailings ponds (TP3, TP4, and TP5) of 0.1 to 0.2 m/day.
In the 2013 study, EBA estimated the total discharge of groundwater in the area (from Sardine
Creek to TP3) equating to 0.8 m3/day per metre of valley length or 1,750 m3/day (EBA 2013b).
They also confirmed that the impacted groundwater (quantity and quality), through exfiltration in
the Flat River from tailings facilities, consisted of two zones: 1) adjacent to tailings ponds TP1
and TP2; 2) adjacent to tailings ponds TP3 and TP4.

2.3

Status of Operations 2012-present

Production occurs from continuous underground and seasonally operated open pit mining with
mineral reserves to support the mine life to at least 2017.
A freshwater intake is located on the Flat River, providing water for domestic and mill
operations.
All contact water from the mill, domestic use, and the mine site is captured and pumped to
tailings pond TP5 for exfiltration and/or treatment in the Waste Water Treatment Facility
(WWTF). The WWTF treats waste water and discharges compliant effluent into Stinky Pond and
was operational on April 20, 2013. MMER station 4-27-2 is located at the outlet of Stinky Pond
where treated effluent is discharged into the Flat River.
Prior to 2011, waste rock was stored on pads located outside of the main portal (EBA 2013b).
Runoff from potential acid generating (PAG) waste rock piles is captured in TP5. Since 2011, all
PAG waste rock is stored underground.
Site runoff during freshet is controlled through the use of a catchment pond immediately
downstream of reclaimed tailings pond TP2. Runoff water is collected in the catchment pond to
allow for settling before it discharges into the Flat River at MMER final discharge location 5-2
(EBA 2013b). The pond only discharges during freshet for approximately 6 weeks.
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Tailings are deposited into an exfiltration pond (TP5) to remove suspended sediments. Effluent
from the pond is exfiltrated into the Flat River or treated in the WWTF (Figure 2) prior to
discharge. Two exfiltration zones have been defined by groundwater well testing and are
located in the Flat River between tailings ponds TP1 and TP2 and ponds TP3 and TP4 (EBA
2013b). The WWTF, that has been functional since April 2013, is intended to replace exfiltration
from TP5 over time as the fine tailings sediment blinds off the exfiltration pathways.
An active landfill is located on the east side of the Flat River approximately 2.5 km downstream
of the mine site. The landfill receives inert industrial and domestic waste. Clean wood waste is
burned as per NWT regulations. Other waste streams, including hazardous waste, are
backhauled to a licenced receiver located in Whitehorse, YK.

Underground water,
Domestic water

Tailings

(post treatment)

Tailings Pond
(TP5)

Exfiltration
(via groundwater)

WWTF

Effluent – Discharge to
Stinky Pond (via surface
water discharge)

Flat River

Figure 2. Cantung Mine contact water flow diagram.
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2.4

Historical Tailings Handling

Canada Tungsten Mining Corporation Ltd. mined from 1962 through to 1986, after which the
mine was put into care and maintenance. The mine was purchased by NATCL in 1997 and
active mining at Cantung occurred under their ownership between 2001 and 2003, between
2005 and 2009, and from 2010 to present.
Tailings have been deposited in several locations over the years since the mine began
operations in 1962. The following summarizes tailings deposition since that time:
•

•
•
•
•
•
•

1962 to 1965 - approximately 172,000 tonnes of tailings were deposited onto the Flat
River floodplain opposite of tailings ponds TP1 through TP4 (between road bridge 1 and
2); a causeway was built across the river at the current bridge 2 location, opposite TP4,
partially containing tailings and impeding river flows until bridge construction in 1981;
1965 to1973 – approximately 500,000 tonnes of tailings deposited in tailing ponds TP1
and TP2 (now reclaimed);
1971 to 2007 – tailings deposited in tailings pond TP3;
1982 to 1986 – 60 to 70% of coarse tailings were deposited into underground workings;
2007 – tailings pond TP3 reached capacity and was no longer used; tailings pond TP4
was used as the primary settling pond and no longer used for exfiltration;
2007 to 2013 – tailings deposited into tailings pond TP4; decant flows into tailings pond
TP5 for exfiltration; and
2013 to present – tailings were no longer deposited into TP4; TP5 used for tailings
containment and the WWTF was installed to treat and discharge compliant liquid
effluent.
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3.

Relevant Legislation

Under the Federal Fisheries Act (DFO 1991), the MMER were introduced in 2002 and enforced
by Environment Canada. The MMER have been amended since that time, most recently in 2012
(EC 2012). The MMER requires periodic EEM biological studies. These studies are required in
order to determine if there are any effects from mining operations on fish, fish habitat, and use
of fisheries resources. According to the Metal Mining Technical Guidance for Environmental
Effects Monitoring (EC 2012) EEM studies consist of:
•

effluent and water quality monitoring studies comprising effluent characterization,
sublethal toxicity testing and water quality monitoring (MMER, Schedule 5, Part
1) (DFO 2002); and

•

biological monitoring studies in the aquatic receiving environment to determine if
mine effluent is having an effect on fish, fish habitat or the use of fisheries
resources (MMER, Schedule 5, Part 2) (DFO 2002).

To assess effects, biological monitoring studies are conducted for the following three
components (MMER, Schedule 5, section 9) (DFO 2002):
•

fish population to assess effects on fish health;

•

benthic invertebrate community to assess effects on fish habitat or fish food; and

•

mercury concentration in fish tissue to assess the human usability of the fisheries
resources, in terms of fish consumption.

The initial EEM biological monitoring study of the Flat River for the Cantung Mine was
conducted by EBA in 2006 (EBA 2007). Subsequent studies were carried out in 2009 (EBA
2010) and 2012 (EBA 2013c). As a result of detected effects from the most recent study, the
next EEM biological sampling and interpretive report is to be submitted not later than 36 months
from the preceding interpretive report (MMER Schedule 5, s. 22(1)) (DFO 2002).
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4.
4.1

Previous Studies
Historical Studies 1976-1977

Sigma Resource Consultants conducted a study on the aquatic biology of the Flat River (Sigma
1976) focusing on fish, benthos and sediment quality. The study found no significant differences
in fish size, condition, growth rates, fecundity or diet upstream or downstream of the mine.
Metals analysis of fish tissues (flesh) also did not show a significant difference between fish
captured downstream and upstream of the mine, and levels in the tissues analyzed were below
the standards set by the Canadian Food and Drug Directorate at that time. Fish capture rates
were considerably higher upstream of the mine than they were downstream. At the time of the
study a causeway existed across the Flat River below the mine, which was at least a partial
barrier to fish movement upstream. EBA (2013c) suggests that the causeway may have affected
the biological data and information collected at the time of the study.
Metals concentration (especially copper) in the sediments, algae and benthos was found to be
higher downstream of the mine site compared to upstream. The results from algal and benthic
measurements indicated that the water quality downstream of the mine was at least somewhat
affected. The main cause was thought to be organic pollution from the sewage plant causing
nutrient loading, although it was concluded that tailings are likely a partial contributing factor.
The sewage treatment plant at the time of the study was being discharged directly into the river
from the lagoon located just upstream of the causeway.
Sigma Resource Consultants also conducted a study on Arctic grayling in the Flat River (Sigma
and Jemmett 1977). The study focused on the spawning ecology of grayling and found that
grayling upstream and downstream of the mining operation had similar timing of peak spawning
activities, concluding that this was related to the water temperatures in the Flat River.
Populations upstream and downstream of the mine were also found to be discrete from one
another (Sigma and Jemmet 1977).

4.2

EBA 2002

In 2002 a preliminary fish and benthos study was conducted by EBA at the Cantung Mine on the
Flat River. The study was completed to provide preliminary information as a precursor to the
EEM program that was to be implemented in the coming years. Three sample sites were
established: Reference, Nearfield, and Farfield sites, with the Nearfield site being located
approximately 1 km farther upstream from its location in future EEM studies (EBA 2007, 2010,
and 2013). The Reference and Farfield sites were in the same location as in the future studies.
The study captured slimy sculpin, Dolly Varden, round whitefish, and Arctic grayling. Slimy
sculpin was the only fish species present at all sites and in sufficient numbers for comparisons.
Differences between sites for total fish abundance were observed, with the Reference site
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exhibiting the highest total abundance and the Nearfield site the lowest total abundance.
Sampling effort, however, was limited. There was no statistically significant difference found
between sites for slimy sculpin length or weight (EBA 2002).
Analysis of benthic invertebrate diversity found that the pollution-sensitive species (including
Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera (caddisflies)) make up a
larger proportion of all organisms found at the Reference site when compared to the other
sampling locations. It was concluded that this difference between sites, as well as differences in
diversity and total density could be attributed to a number of factors unrelated to the mining
operations. The study concluded that possible seasonal, or substrate variability between
sampling locations was the most likely cause of the differences observed between sites, and
should be addressed in future studies (EBA 2002).

4.3

First Interpretive Report – EEM 2006

The first EEM biological monitoring study (EBA 2007) was conducted by EBA in late August and
early September 2006 on behalf of NATCL to fulfill regulatory requirements under the MMER.
The field program was undertaken cooperatively with researchers from the University of
Saskatchewan (Spencer et.al. 2008) and Indian and Northern Affairs Canada (INAC), who were
concurrently undertaking their own larger watershed study. The EEM study design was
submitted to EC and, with an addendum, was accepted before being implemented. The study
was based on a control/impact design, sampling a number of parameters within a single
reference study site (Reference site 1) and within two exposure sample sites (Nearfield and
Farfield). The parameters sampled included fish, benthic invertebrates, and limited water and
sediment quality. A summary of the results and conclusions for each of these parameters are
presented below.
4.3.1 Fish
Through previous sampling efforts and through consultation with onsite EC biologists, slimy
sculpin was found to be the only species present in sufficient numbers for statistical analysis
and comparison between reference and exposure areas. Slimy sculpin was therefore chosen to
be the sentinel species for the study to determine potential impacts of mining practices. Slimy
sculpin are the ideal sentinel species as they are generally non-migratory, local populations will
likely remain in exposed areas, and they should readily exhibit localized detrimental effects if
present.
The study used a non-lethal sampling design due to low numbers of fish within the sample
areas. However, age data from the lethal sampling conducted by Spencer et. al. (2008) from the
U of S was incorporated into the analysis.
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The study compared fish captured at the three study sites (Reference 1, Nearfield, and Farfield).
The number of fish captured decreased from the most upstream site (Reference 1) to the
farthest downstream site (Farfield). The length and age of captured fish exhibited the opposite
trend, increasing in size from upstream to downstream, with a larger number of older fish found
in the Farfield site. There was no significant difference in the condition of the fish between the
three sampling sites. The differences in numbers, size and age of sculpin between the
Reference site and the Nearfield and Farfield sites were speculated to be a result of one or
more factors including differences in habitat characteristics and food availability.
4.3.2 Benthic Invertebrates
Benthic invertebrates were sampled at 5 replicate locations within each of the three sample
sites (Reference site 1, Nearfield, and Farfield). The Nearfield site had a significantly higher
mean density compared to the other two sample sites. The mean density was not significantly
different between the Reference site and the Farfield site. No significant difference was found
between the three sites for either taxonomic richness or Simpson’s Diversity Index. Mean values
for the Bray-Curtis Index were found to be significantly different between the three sample sites
with the Reference site having the lowest mean value.
Pollution sensitive groups collectively referred to as the EPT Index (Ephemeroptera, Plecoptera,
and Trichoptera) were found in all sample sites. The Reference site had a higher relative
abundance of Plecoptera (dominant taxon) and Ephemeroptera compared to either of the
exposure sample sites. Trichoptera (dominant taxon) were more abundant in the Farfield site.
The Nearfield site had a lower relative abundance of EPT; the dominant taxon was occupied by
the Diptera (flies and midges) group.
EBA concluded that the differences could be attributed to habitat differences as the Reference
and Farfield sites were more characteristic of erosional habitats while the Nearfield site was
more characteristic of a depositional habitat, with a higher proportion of fine substrate. This was
further supported by the high relative distribution of the Haplotaxida family and Tubificidae found
in the substrate in the Nearfield site.
4.3.3 Water Quality Sampling
Water samples were collected at the three sample sites (Reference, Nearfield and Farfield) as
well as at station 4-27-2 (effluent discharge point from Stinky Pond) and tailings ponds TP3 and
TP4. Water quality at the Reference site and the Nearfield site were generally similar with no
results exceeding the MMER guidelines, and a number of parameters had concentrations below
detection limits.
Concentrations of some parameters were higher in the exposure sites compared to the
Reference site. These included copper, manganese, potassium, sodium, uranium, barium, and
alkalinity. Conductivity was also higher in the exposure sites compared to the reference site.
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Concentrations of aluminum, zinc and arsenic were slightly higher at the Reference site
compared to the exposure sites. The water tested from the station 4-27-2 was similar to the
water tested from the Flat River, while the water tested from the tailings ponds had much higher
concentrations, as expected.
Although not discussed in the first interpretive report (EBA 2007) but apparent in the
appendices, total iron exceeded Canadian Council for the Ministers of the Environment (CCME)
guidelines for the Protection of Aquatic Life (PAL;CCME 2006) at the Nearfield and Farfield sites
and total cyanide exceeded CCME PAL guidelines at Reference, Farfield and station 4-27-2
sites. The Farfield site also had a level of total lead that exceeded the CCME PAL guidelines.
Two laboratories were used for the sample analysis and there were large discrepancies among
results, occasionally in orders of magnitude, between the two sets of samples from the same
sites. For example, at the reference site, total copper was measured at 1.00 and 0.40 µg/L for
the first sample and the replicate sample, respectively.
4.3.4 Sediment Quality
Sediment quality differed between the Reference and the exposure sites, but was relatively
similar among exposure sites. A few sediment quality parameters were elevated at the
Reference site compared to the exposure sites including levels of chromium, lead and nickel. A
larger number of parameters exhibited higher concentrations at the exposure sites compared to
the Reference site. These included levels of bismuth, calcium, copper, iron, selenium, silicon,
strontium, titanium and tungsten. It was concluded that the elevated levels of these parameters
in the exposure sites was likely due to the historical deposition of tailings onto the Flat River
floodplain, immediately upstream of the Nearfield site.
Some parameters exceeded the CCME Interim Sediment Quality Guidelines (ISQG; CCME
2001). These included zinc and cadmium at the Reference and Farfield sites, and copper at the
Nearfield and Farfield sites. Lithium exceeded CCME ISQG at all three sites. Arsenic exceeded
CCME ISQG at all sites, and was slightly higher in concentration at the Reference site
compared to the exposure sites.
4.3.5 Study Summary
The monitoring program found differences between the Reference site and exposure sites for
some metrics including fish abundance, weight and length, as well as benthic invertebrate
density and Bray-Curtis Index. EBA speculated that these differences could be attributed to
habitat differences between the sites, and it was concluded that there were no detrimental
effects to the Flat River from recent or current mining practices.
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4.4

University of Saskatchewan Study - 2008

In 2008, a U of S student completed a study centered around mining discharges and effects on
northern rivers (Spencer et. al. 2008). The field component of the study focused on two rivers in
the South Nahanni River system, one of which was the Flat River at the Cantung Mine.
Endpoints measured in the study included concentration of metals in water, sediment, and slimy
sculpin livers and muscle tissue. In addition, benthic algae, benthic invertebrates and other
sculpin measurements were evaluated. Sample sites surveyed in this study were the same as
those surveyed for the first cycle Cantung EEM program by EBA (2007). The following
summarizes the conclusions reached in the study with focus on those associated with the Flat
River and the Cantung Mine.
4.4.1 Fish
Fish condition increased at the Farfield site when compared to the Nearfield or Reference sites
for male slimy sculpin. Female sculpin exhibited an increase in condition at the Farfield site
when compared to the Nearfield site, but there was no significant difference between the
Farfield and Reference sites. Comparison of gonad weights for male and female slimy sculpin
showed no significant difference between the three sites. At the Nearfield site, sculpin egg size
was significantly increased when compared to the Reference site.
Liver tissue from slimy sculpin showed significant increases of accumulated copper and iron in
the Nearfield site when compared to the Reference site. Levels of copper and iron were lower in
the Farfield site compared to the Nearfield site, but were still significantly higher than those
found in the reference site. Despite these differences, neither copper nor iron levels
accumulated in muscle tissue exhibited a significant difference between the Reference site and
either of the exposure sites.
4.4.2 Benthic Invertebrates
Benthic invertebrate density was significantly higher at the Nearfield site when compared to the
Reference and Farfield sites. Also the Bray-Curtis Index was significantly lower at the reference
site compared to the two exposure sites. Other measured benthic invertebrate endpoints
including species richness and diversity showed no significant difference when comparing any
of the three sample sites. At the Nearfield site the proportion of Diptera was substantially higher
than at the Reference site, and also higher at Farfield than at the Reference site. Trichoptera
increased in proportion from the Reference site to the Farfield site, while Plecopterans exhibited
the opposite trend.
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4.4.3 Water Quality
Water was measured for metals upstream and downstream at the same sites sampled during
the first cycle EEM study (EBA 2007) including Reference, Nearfield, and Farfield sites and
tailings ponds TP3 and TP4. Several metals exhibited higher concentrations in the tailings
ponds than in the river water, as would be expected. Iron showed a substantial increase in
concentration at Nearfield and Farfield when compared to the Reference site, and was above
CCME PAL guidelines at these sites. Aluminum and tungsten increased from the Reference site
to Farfield site and aluminum exceeded the CCME PAL guidelines at Reference, Nearfield, and
Farfield sites. Copper exhibited a similar increase but remained below the CCME PAL
guidelines at all sample locations.
4.4.4 Sediment Quality
Sediment analysis for metals provided results consistent with water analysis for iron and copper
concentrations. Iron was higher at the Nearfield and Farfield exposure sites as compared to the
Reference site, however only one sample was taken from each study site so a statistical
comparison could not be completed. Copper concentrations were also higher at the exposure
sites and exceeded the ISQG at both Nearfield and Farfield sites. Tungsten and uranium both
increased in concentration at the exposure sites compared to the Reference site. Selenium also
increased at the exposure sites compared to the Reference site, and concentrations at those
sites were higher than those measured in tailings ponds TP3 and TP4.
4.4.5 Algal Community
Algae abundance was significantly higher in exposure sites when compared to the Reference
site. Both diversity and species richness decreased at the Nearfield site when compared to the
Reference site and both subsequently increased at the Farfield site when compared to the
Nearfield site. Only one sample was taken from each study site so a statistical comparison
could not be completed for diversity and richness. Algal community composition varied between
the three sites: the Nearfield site lacked chlorophytes, had a decreased diatom abundance and
increased cyanophyte abundance when compared to the Reference site; the Farfield site had a
greater abundance of diatoms than the Reference site, and a lower abundance of cyanophytes
than either of the other two sites.
4.4.6 Study Summary
The study concluded that although effects from current mining practices seem limited with
regards to fish tissue concentration, there are still noticeable differences between upstream and
downstream sites. The study also suggests that while fish tissue analysis is useful, careful
consideration should be used when designing future monitoring studies incorporating lethal
sampling on rivers with low natural populations and productivity.
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With regards to the Flat River, it was concluded that the general increase in slimy sculpin
condition, difference in algal abundance and composition, and change in benthic invertebrate
community downstream of the mine site indicates mild enrichment of the system. The study
concluded that effects from current mining practices seem limited.

4.5

Second Interpretive Report – EEM 2009

The cycle 2 EEM study (EBA 2010) was conducted by EBA in August 2009 on behalf of NATCL
using a multiple control/impact study design. In order to fulfill the EEM requirements, the study
consisted of fish, benthic invertebrate, water quality, and sediment quality sampling. The study
design took into account suggestions put forth by the Technical Advisory Panel (TAP) following
their review of the first interpretative report (EBA 2007). The same sampling sites from the cycle
1 EEM study (2006) were used including one reference site upstream of the mine (Reference 1)
and two exposure area sites (Nearfield and Farfield) downstream of the mine. In addition, a
second reference area study site (Reference 2) was added to address confound from habitat
differences between reference sites and exposure sites. The following sections summarize the
results of each of the parameters studied.
4.5.1 Fish
Slimy sculpin was chosen in the cycle 1 EEM study as the sentinel species and was also used
as such in the cycle 2 EEM study. As was the case in the in the cycle 1 EEM study, a non-lethal
sampling design was used in order to minimize potential negative effects on the limited slimy
sculpin population within the Flat River, therefore no aging, sex, or tissue data were collected. A
target was set to capture a minimum of 100 non young of the year (YOY) individual slimy
sculpin from each sample site. This goal was achieved and the effort required was similar
among all sites except for the Farfield site which required twice the effort to capture the
minimum number of fish.
When the four study sites were compared to one another, there was no significant difference
found between sites in regards to sculpin length or weight. There was a significant increase in
condition of sculpin at the Farfield site when compared to Reference 1. There were very low
numbers of YOY fish captured during the study. This was attributed to the difficulty of sampling
these fish due to their small size and habitat preferences.
The report concluded there was no negative effects on fish from mining activities due to no
difference in length or weight between reference and exposure sites and no reduction in fish
condition in exposure sites.
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4.5.2 Benthic Invertebrates
As with the cycle 1 EEM study, benthic invertebrates were sampled at 5 replicate locations
within each of the sampling sites (Reference 1, Reference 2, Nearfield, and Farfield). Benthic
invertebrate mean density was found to be significantly higher in Reference 1 compared to the
other three sites. There was no significant difference in mean density found however, between
the other three sites. Other parameters analyzed at the family level found no significant
difference between the four sites, including: richness; Simpson’s Diversity Index; Simpson’s
Evenness Index; Bray-Curtis Index.
Pollution-sensitive groups collectively referred to as the EPT Index were found in all sample
sites. The EPT Index was higher in both reference sites (Reference 1 and Reference 2)
compared to the exposure sites (Nearfield and Farfield).
Since water quality analysis did not show degrading quality downstream of the mine site, it was
concluded that the differences in these parameters were most likely due to sediment chemistry
and physical habitat differences. The difference in sediment chemistry between the reference
sites and the exposure sites was attributed to the historical depositing of tailings on the Flat
River floodplain.
4.5.3 Habitat
Qualitative habitat surveys using transects were conducted to determine if habitats were
different between the reference sites and the exposure sites, and to determine if these
differences were the cause of differences found in other parameters such as fish distribution,
benthic invertebrate diversity, and sediment quality.
The dominant substrate for Reference 1 and the Farfield site was cobble, while gravel and fines
dominated Reference 2 and the Nearfield site. The sites with the highest percentages of riffles
were Reference 1 and the Farfield site while the Nearfield site had the lowest percentage of
riffles and the highest percentage of runs. The lower abundance of benthic invertebrates and
EPT species in the Nearfield site were attributed to the lower percentage of riffles and higher
percentages of fines in the substrate.
4.5.4 Water Quality
Total aluminum exceeded CCME PAL guidelines at all sites sampled, however, levels did not
change with progressive distance downstream. Levels of aluminum were moderately higher at
the exposure sites compared to the reference sites. Based on Surveillance Network Program
(SNP) water quality results and high reference concentrations, it was concluded that high
aluminum levels were not considered a result of mining activities, but most likely a result of local
geological characteristics.
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Total iron was found to be in exceedance of CCME PAL guidelines at the Nearfield site and not
at any other sampling sites located either upstream or downstream. The high level of total iron
was thought to be a result of historical tailings deposition in the area.
No other parameters that were analysed exceeded CCME PAL guidelines at any of the
sampling sites. No differences were observed between the sample sites located upstream and
downstream of the exfiltration zone.
4.5.5 Sediment Quality
Most sediment quality parameters were below CCME ISQG or below detection limits. Arsenic
exceeded CCME ISQG at all sites with the highest levels detected at Reference 1. Zinc levels
only slightly exceeded the CCME ISQG at Reference 1, and copper levels exceeded the
guidelines in all exposure sites.
While not exceeding the CCME PAL guidelines, levels of barium, chromium, mercury, nickel,
phosphorous and vanadium were higher at the reference sites compared to the exposure sites.
Levels of bismuth, calcium, magnesium, selenium, strontium and titanium were higher in the
exposure sites compared to the reference sites.
It was concluded that the historic deposition of tailings on the Flat River floodplain was the likely
cause of the exceedances observed downstream of the mine site. The lack of a substantial
difference in water quality between the reference sites and the exposure sites was interpreted
as further support for this conclusion.
4.5.6 Study Summary
The study concluded that there was no difference between reference sites and exposure sites
with regards to fish length or weight, and that the only difference in condition was that there are
more robust fish at the farthest downstream site (Farfield). It was concluded that there were no
detrimental effects to fish in the Flat River resulting from recent or current mine practices.
Differences were found for benthic invertebrate community composition and density, as well as
some metals concentrations in water and sediment samples between reference sites and
exposure sites. Differences in sediments were attributed to the historical tailings deposition on
the Flat River floodplain.
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4.6

Third Interpretative Report – EEM 2012

The cycle 3 EEM study (EBA 2013c) was conducted by EBA in late August and early
September 2012 on behalf of NATCL. The study used a multiple control/impact design and took
into account suggestions put forth by the TAP following their review of the cycle 2 EEM study in
2009 (EBA 2010). In order to fulfill the EEM requirements, the study consisted of fish, benthic
invertebrate, water quality and sediment quality sampling. The same four sampling sites from
the cycle 2 study were used including two reference sites upstream of the mine (Reference 1
and Reference 2) and two exposure sites (Nearfield and Farfield) downstream of the mine. In
addition, a third exposure site (Tailings Field) was added to the study design and was located
within the historical tailings deposit areas in the Flat River floodplain. The following sections
contain a summary of the results of each of the parameters studied.
4.6.1 Fish
As established in previous EEM studies (EBA 2007, 2010), slimy sculpin were used as the
sentinel species for this study. The study was largely non-lethal, however limited lethal samples
(five sculpin per site) were retained for muscle tissue metals analysis and fish aging.
The non-lethal target sample size of 100 individual non YOY sculpin captured at each site was
not achieved; however a higher number YOY sculpin were captured compared to previous
years. Comparisons between sculpin at all sites showed no significant difference for length,
weight or condition factor. Comparison of fish age using length frequency distributions and lethal
sampling for aging structures showed no significant difference in age between sample sites.
Fish tissue analysis showed no exceedance of methyl mercury (CCME 2000) or for total
mercury (MMER guidelines, EC 2012) for any sample. No further interpretation was done on the
fish tissue data in the cycle 3 EEM study. Upon review of the raw data from the appendices
included in the cycle 3 interpretive report, it was apparent that other metals parameters
including aluminum, bismuth, and iron exhibited substantial increase in concentration in the
exposure sites when compared to the reference sites. However, due to the small sample size
(n=1), the results between sites could not be compared statistically.
4.6.2 Benthic Invertebrates
As with the cycle 1 and cycle 2 EEM studies, benthic invertebrates were sampled at 5 replicate
locations within each of the sampling sites including the new Tailings Field site. Similar to the
2009 study, Reference 1 had the highest benthic invertebrate density, but there was no
significant difference in density between any of the sample sites. No significant difference was
found between sites for richness.
Other parameters analyzed found significant differences between the five sites, including;
Simpson’s Evenness Index, Simpson’s Diversity Index, and the Bray-Curtis Index. Simpson’s
Evenness Index showed a significant difference between both reference sites and the Nearfield

14020_NATCL -Cantung 2015 EEM Study Design_09Jan2015.Docx

19

North American Tungsten Corporation Ltd.
Cantung Mine 2015 EEM Fourth Cycle Study Design

site, with the Nearfield site having highly evenly distributed taxon. For the Simpson’s Diversity
Index, Reference 2 was statistically lower in diversity compared to both the Nearfield and
Farfield sites. There was no significant difference between Reference 1 and Reference 2 and no
other sites were found to have a significant difference between them regarding Simpson’s
Diversity Index. Analysis using the Bray-Curtis Index showed a significant difference between
Reference 1 and all other sites, as well as between Reference 2 and the Nearfield site. There
was almost no difference between Reference 2 and the Tailings Field site and between the
Nearfield and Farfield sites.
The pollution-sensitive groups collectively referred to as the EPT Index were found in all sample
sites. Similar to the cycle 2 EEM study finding, the EPT Index shows that these orders are
dominant within the reference sites (Reference 1 and Reference 2) and their abundance
exhibits a decrease downstream of the mine site.
Since water quality analysis did not show degrading quality downstream of the mine site, it was
again concluded that the observed differences in these benthic invertebrate parameters were
most likely due to sediment chemistry and physical habitat differences.
4.6.3 Habitat
As was the case in the cycle 2 EEM study, habitat surveys using a qualitative approach were
conducted to determine if habitats were different between the reference sites and the exposure
sites, and to determine if these differences were the cause of differences found in other
parameters such as fish, benthic invertebrates, and sediment quality.
With the exception of Reference 2, all sites had a similar gently sloping gradient (<3%). Despite
this similarity, velocity of flow was observably higher at Reference 1 and the Farfield site, when
compared to the other three sites. Reference 2, the Tailings Field site, and the Nearfield site all
exhibited similar habitat and flow characteristics. Riffles sampled for benthic invertebrates were
similar across all sites, although a higher proportion of fines were found in the riffles in the
Nearfield site when compared to the other sites.
4.6.4 Water Quality
Unlike the cycle 2 EEM study (EBA 2010), water quality sampling found no parameters in
exceedance of the CCME PAL guidelines. While not in exceedance of the guidelines, several
parameters did exhibit observable trends throughout the Flat River in the study area. Total iron
levels increased from the farthest upstream sample sites to the farthest downstream sites. The
exposure area sites had concentrations of total iron that were 4-5 times higher than those found
at the reference sites. Total potassium and sodium also showed higher concentrations in the
exposure sites compared to the reference sites.
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Several other total metals (barium, calcium, manganese, magnesium, silicon, sulphur and
uranium) and other parameters (total alkalinity, and bicarbonate) increased from upstream to
downstream, but decreased again at the farthest downstream site (Farfield).
4.6.5 Sediment Quality
Similar to cycles 1 and 2 EEM studies (EBA 2007, 2010) sediment samples were taken from
each of the sample sites from depositional zones adjacent to benthic invertebrate sample
locations.
Most sediment quality parameters were within CCME ISQG guidelines or below detection limits.
However, arsenic exceeded CCME ISQG guidelines at all sites and copper levels exceeded the
guidelines at all exposure sites. Zinc levels only exceeded CCME ISQG guidelines at Reference
1 and the Tailings Field site, and cadmium exceeded CCME ISQG guidelines at Reference 1
and the Farfield site.
While not exceeding the CCME ISQG guidelines the following parameter’s concentrations were
higher in the reference sites compared to the exposure sites: aluminum; antimony; chromium;
lead; lithium; nickel; phosphorous. Levels of bismuth, calcium, iron, manganese, selenium,
silver, tin and zirconium were higher in the exposure sites compared to the reference sites. Iron
levels were found to be 3-4 times higher within the exposure sites compared to the reference
sites. In general, the Tailings Field site had a lower concentration of these metals than the
Nearfield and Farfield sites.
The lack of a substantial difference in water quality results between the reference sites and the
exposure sites coupled with the increased concentration of metals downstream of the mine
resulted in the same conclusion found by the cycle 2 EEM study, which was that the historic
deposition of tailings on the Flat River floodplain was the likely cause of the exceedances
observed downstream of the mine site, and that the effects of these practices persist within the
river.
4.6.6 Study Summary
The conclusion reached as a result of the 2012 cycle 3 EEM biological monitoring study was
consistent with previous studies: historic practices of tailings deposition onto the Flat River
floodplain have caused persistent conditions resulting in observable and measurable differences
in benthic invertebrate community composition and sediment quality downstream of the mine.
However, since fish (slimy sculpin) and water quality data showed no significant differences
between reference and exposure areas, it was concluded that there was no evidence to suggest
that recent or current mining practices have had an adverse effect on Flat River aquatic
environment.
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4.7

Sub lethal Toxicity – 2012-2015

Sub-lethal toxicity testing has been completed on water samples in 2012 from water testing at
station S4-28-1, the final discharge point for tailings exfiltration into the Flat River in compliance
with the MMER. The testing results confirmed that the effluent was non-toxic to fathead minnow
and water flea, and had minimal effect on aquatic macrophyte and algae.

4.8

Plume Delineation from Exfiltration and WWTF

A plume study was conducted in 2008 to determine the tailings pond exfiltration zone and
delineate the exfiltration plume in the Flat River. Using groundwater wells and surface water
quality monitoring data, it was determined that the exfiltration zone was immediately adjacent to
tailings pond TP4 (NATC 2008). The study provided estimates of tailings effluent of between
1.1% and 1.6% in the Flat River 300 m downstream of the tailings pond TP4 during periods of
low flow.
A plume delineation study was completed in 2014 by Wenck (2014) for effluent discharged from
the WWTF. The results of the study showed that full effluent mixing occurred within 150 m of the
final effluent discharge point (station S4-27-2) for the typical range of effluent flow (4,300 to
7,800 m3/day) at a range of river flows from 170,000 to 850,000 m3/day. It is expected that the
effluent mixing zone would be shorter for flows less than 170,000 m3/day.

4.9

SNP summary – to date

The SNP was established under the first water licence and outlines water quality objectives, and
monitoring requirements including frequency of monitoring as well as sampling and analysis
requirements. All monitoring locations can be found in the 2013 annual report for the water
licence MV2002L2-0019 (NATCL 2014).
EBA (2012) completed a summary of SNP results from 1980 to 2012 and concluded that water
quality in the Flat River had been generally good with very few exceedances of their water
quality objectives outlined in their water licence.
NATCL (2014) summarized their annual 2013 SNP results and disclosed a single total
suspended solids (TSS) exceedance as the result of iron precipitate in the groundwater well.
Also, a single pH value exceeded licence criteria at the WWTF, and was not observed to
reoccur; the single pH exceedance was determined to be sampling or analytical error.
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5.
5.1

Proposed Cycle 4 Study Design
Sample Design

To maintain consistency with previous studies at this facility, a multiple control/impact study
design will be used for the 2015 cycle 4 EEM study. The multiple control/impact design will be
used to evaluate if there are differences in biological endpoints among study sites and between
years. In addition, the study will be used to determine whether observed differences from the
2012 cycle 3 EEM study are still apparent and if these differences are the likely result of current
mining practices, historical mining events, or a combination of the two.
The 2012 cycle 3 EEM study (EBA 2013c) concluded that:
•
•

•

There were no differences in the fish study endpoints between exposure and reference
areas.
The benthic invertebrate Simpson’s Evenness and Bray-Curtis Coefficient endpoints
exceeded critical effects size (> 2 standard deviations (SD) from the reference mean)
among sites.
The benthic invertebrate Simpson’s Diversity Index supporting endpoint exceeded
critical effects size.

The following are components of the 2015 cycle 4 EEM study:
• Fish study – non lethal sampling of slimy sculpin as the sentinel species, detailed habitat
inventory.
• Benthic invertebrate study.
• Water quality sampling.
• Sediment quality sampling.
For the cycle 1 EEM study in 2006 (EBA 2007) a control/impact study design was used with a
single reference site and two exposure sites. It was concluded that habitat differences between
the reference site and exposure sites may have been responsible for observed effects for the
benthic community and slimy sculpin. To reduce confound from habitat differences, a second
reference site was added to the cycle 2 EEM study (EBA 2010) and the cycle 3 EEM study
(EBA 2013c). As a result of the cycle 2 EEM study, EBA (2010) identified potential confound
from historical tailings deposited on the Flat River floodplain during the 1960s in a location
immediately upstream of the Nearfield sample site. To assess potential residual effects from
these historically deposited tailings on exposure sites, another sample site (Tailings Field) was
added to the cycle 3 EEM study, immediately upstream of the Nearfield study site.
Slimy sculpin has been used as the sentinel species for the past three EEM cycles at this facility
and will also be used for the fourth cycle. Slimy sculpin are a spring spawning, non-migratory
species that may reside in effluent-exposed areas for extended periods of time. Other fish

14020_NATCL -Cantung 2015 EEM Study Design_09Jan2015.Docx

23

North American Tungsten Corporation Ltd.
Cantung Mine 2015 EEM Fourth Cycle Study Design

species found in the area (e.g. Arctic grayling and bull trout) are in too few numbers to be
included as a monitoring species for the EEM program.
Results of the cycle 4 EEM study will be compared with the previous 3 EEM cycles, and will also
consider results from the sub lethal toxicity testing and SNP monitoring.

5.2

Sampling Site Locations

The cycle 4 EEM study will use the same Flat River exposure and reference areas as outlined in
the cycle 3 EEM interpretive report (EBA 2013c;Table 1, Figure 3).
The exposure area contains three sample site locations consisting of two sites (Nearfield and
Farfield) located downstream of the effluent discharge point and exfiltration zone (Figures 3 and
4) and one site (Tailings Field) located within the historical tailings deposit area, upstream of the
effluent discharge point, but downstream of the smaller portion of the exfiltration zone. The
tailings field was added to the EEM program during cycle 3 to help determine if historical tailings
deposited upstream of the effluent discharge and majority of the exfiltration zone were having
an effect on the aquatic community within exposure areas farther downstream.
The reference area contains two sample sites (Reference 1 and Reference 2) located upstream
of the mine, beyond the influence of any mine effluent discharge, exfiltration, or historical tailings
deposited within the Flat River floodplain. The first EEM cycle (EBA 2007) used only one
reference site (Reference 1), and in an attempt to reduce confound from habitat differences
between reference and exposure areas, a second reference site (Reference 2) was established
that was included in the second and third EEM cycles (EBA 2010, EBA 2013c). EBA (2013c)
described Reference 2 as having habitat characteristics that better approximated those in the
exposure sample sites compared to Reference 1. They described Reference 2 as being most
similar to the Tailings Field and Nearfield exposure sites, with the Nearfield site having more
fines substrate.
Station S4-27-2 (4-20) is the effluent discharge location (final discharge point) and water quality
sample compliance point; all the EEM sample sites are described in Table 1 as distance from
this station location.
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Table 1. Sample site location limits for cycle 4 Cantung EEM study in the Flat River.
UTM (Zone 9) NAD 83
Sample Site

Limit

Longitude

Latitude

Distance (km)
From Effluent
1
Discharge

Easting

Northing

Downstream

538358

6873516

-128.26616

61.99274

+5.47

Upstream

538282

6873756

-128.26778

61.99272

+5.87

Downstream

539455

6872152

-128.25045

61.98180

+3.24

Upstream

539308

6872469

-128.24994

61.98260

+3.83

Tailings Field

Downstream

540943

6870656

-128.21916

61.96616

+0.65

(TF)

Upstream

540406

6871211

-128.22927

61.97119

+1.66

Nearfield

Downstream

541722

6870115

-128.20706

61.96138

-0.61

Exposure (NF)

Upstream

541374

6870298

-128.20905

61.96241

-0.04

Farfield

Downstream

542842

6868781

-128.18772

61.95135

-2.72

Exposure (FF)

Upstream

542588

6869038

-128.18826

61.95108

-2.22

Reference 1 (R1)

Reference 2 (R2)

1

In relation to Station S4-27-2 (4-20): positive = upstream; negative = downstream.
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5.2.1 Reference Site 1 (R1)
This reference site has been studied in all three previous EEM programs (EBA 2007, EBA 2010,
EBA 2013c) and is the farthest upstream study site. It is located outside the influence of mine
discharge (or activities), approximately 5.50 km upstream of the effluent discharge point (site
S4-27-2; Figure 3). The site is characterized as irregular meandering with a slope of less than
3% and dominated by runs, riffles, and pools with a cobble and gravel substrate (EBA 2013c).
The section also has several side channels and back eddies with very low flow and high
proportion fine substrates.
5.2.2 Reference Site 2 (R2)
Reference site 2 was added to the EEM program in 2009 (EBA 2010) and was again sampled in
2012 (EBA 2013c). The site is approximately 1.5 km downstream of R1 and 3.24 km upstream
of the effluent discharge point (Figure 3). EBA (2013c) characterized the site as having a regular
meandering channel with a relatively low gradient (approximately 1%) dominated by runs and
moderately deep pools with gravel substrates. Similar to site R1, side channels and back eddies
with fine substrates are common.
5.2.3 Tailings Field Exposure Site (TF)
The tailings field exposure site was added to the EEM program in 2012 (EBA 2013c). It is
located within the area historically used to deposit tailings into the floodplain in the 1960s,
upstream of bridge 2 where a causeway was located prior to 1981 (Figures 3 and 4). It is
upstream of the effluent discharge point (0.65 km) and upstream of most of the tailings
exfiltration zone. EBA (2013c) characterized the site as having an irregular meandering channel
with a gradient less than 3%, dominated by runs and moderately deep pools with gravel and
fines substrates. Side channels and back eddies were also present. The lower half of the site
contained an orange coating (iron hydroxides) on the substrate.
5.2.4 Nearfield Exposure Site (NF)
The Nearfield exposure site has been studied in all three previous EEM programs (EBA 2007,
EBA 2010, EBA 2013c) and is the effluent high exposure zone. It is located 37 m downstream of
the effluent discharge point (Figures 3 and 4) and downstream of the exfiltration zone. The site
is characterized as having a regular meandering channel (<3% gradient), dominated by run and
moderately deep pool habitat with few riffles and with a high occurrence of fine substrates (EBA
2013c).
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5.2.5 Farfield Exposure Site (FF)
The Farfield exposure site has been studied in all three previous EEM programs (EBA 2007,
EBA 2010, EBA 2013c) and is within the effluent low exposure zone. It is located 2.22 km
downstream of the effluent discharge point and downstream of the exfiltration zone (Figure 3).
EBA (2013c) described the site as having an irregular meandering pattern (<3% gradient) that is
dominated by runs, riffles, and rapids with a cobble and gravel substrate. A small side/back
channel at the upstream end of the section near bridge 3 was noted to contain a high number of
YOY and 1+ slimy sculpin.

5.3

Fish Study

5.3.1 Overview
The study objectives are to evaluate fish health, energy use, energy storage, and age
distribution within the exposure and reference area populations. Based on previous EEM cycles,
slimy sculpin were the only fish species abundant enough to use in the EEM study. In the most
recent EEM study (cycle 3; 2012), no significant effects were noted for fish endpoints.
The fish study design, using a non-lethal survey approach, will be consistent with previous EEM
studies at this facility to allow for comparison of data among years and locations. A lethal study
was completed in 2006 (Spencer et.al. 2008) and during the cycle 3 EEM study (EBA 2013c) to
collect slimy sculpin tissue for metal loading analysis from all sites. The 2006 study concluded
that there was a significant difference in liver and kidney tissue between sites, but no significant
differences in muscle tissue. In the cycle 3 study, sufficient samples of muscle tissue (no liver or
kidney samples were taken) were not retained for statistical analysis, but increases of some
metals in whole body fish samples caught within exposure areas were found. Because of the
limited statistical value of the muscle tissue analytical results, and concern that population
densities are low in the Flat River and are susceptible to population declines from lethal
sampling, lethal sampling is not recommended for the 2015 cycle 4 EEM program.
Non-lethal sampling
The sample size, effect endpoints, study timing, supporting environmental information (e.g. field
water quality (WQ), flow, catch per unit effort (CPUE), field methods (e.g. equipment, effort),
data analysis (statistics, outliers), and quality assurance/quality control (QA/QC; field and office)
are outlined below and are consistent with the previous study cycles.
Past EEM studies identified the difficulty in capturing YOY slimy sculpin. YOY sculpin are less
than 20 mm in length and have been reportedly difficult to capture in some of the study sites.
Cycle 4 sampling will target both non-YOY and YOY sculpin habitats.
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Habitat
To address the confounding factor of habitat differences between sites identified in previous
EEM cycles, we propose to complete a detailed quantitative fish habitat inventory within each
study site that will allow for a much better comparison of habitat variability between sites. This
will be useful for interpretation of both fish and benthic invertebrate results related to site
differences.
5.3.2 Sample Size
To allow for maximum assessment of effects indicators, both non-YOY and YOY slimy sculpin
will be non-lethally sampled. The sample size target for each study site, as per the 2012 EEM
Technical Guidance Document for non-lethal sampling, will be a minimum of 100 non-YOY
slimy sculpin. The cycle 3 EEM study at this facility noted that they had sufficient power to
detect a 0.16 (16%) effect size even though they did not achieve their sample size goal of 100
non-YOY fish in 2 of 5 sample sites.
5.3.3 Effect Endpoints
Statistical testing of differences among sample sites for the target endpoints are outlined in
Table 2. YOY and adults will be analysed separately for all end points except for length
frequency distribution where YOY and non-YOY will be analysed both separately and together.

Table 2. End point variables for non-lethal fish survey.
Effect Indicator

Survival

Energy Use/Growth
Energy Storage
(Condition)

End Point
Length Frequency
Distribution
Relative abundance
of YOY and nonYOY
Length of YOY
Total Body Weight
YOY
Body Mass Relative
to Length (Condition
Factor) non-YOY

Dependent
Variable (Y)

Independent
Variable (X)

Statistical Procedure

n/a

n/a

Two-sample KolmogorovSmirnov test

n/a

n/a

n/a

n/a

n/a

ANOVA

n/a

n/a

ANOVA

Total Body
Weight

Length

ANCOVA

5.3.4 Study Timing
Slimy sculpin are a non-migratory spring spawning species. The fall is the preferred time to
capture this species, as the YOY are largest at this time and river flows are generally clearer
and lower compared to other times of the year. This study will take place between the end of
August and early September, which is consistent with the three previous EEM study cycles
completed for this facility.
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5.3.5 Supporting Environmental Information
Within each study site, a detailed quantitative habitat inventory will be conducted using methods
outlined in Northern River Basins Study (1994). The following habitat information will be
collected for each sample site:
•
•
•
•

General channel morphology (pattern, confinement, gradient);
Habitat types (e.g. riffle, run, pool etc.) quantitative inventory in square meters and
percent of total area for each habitat type throughout the sample site;
Instream cover (e.g. aquatic vegetation, boulder, woody debris, overhanging bank etc.)
quantitative inventory in square meters and percent cover; and
Substrate (boulder, cobble, gravel, fines) type inventory as percent by habitat type.

Sculpin habitat preferences (e.g. nursery, rearing) using available habitat suitability data will be
summarized and related to habitat identified within each sample site.
Using these data, each study site can be quantitatively compared to one another to demonstrate
habitat differences and similarities between study sites related to slimy sculpin habitat
preferences.
Field water quality parameters will be measured during the fish survey (see Section 5.5).
5.3.6 Field Methods
Based on lessons learned from previous EEM cycles at the Cantung Mine, both backpack
electrofishing and baited minnow trapping capture methods will be used to target slimy sculpin.
Although backpack electrofishing has been a successful method in capturing YOY slimy sculpin,
it is recommended that baited minnow traps also be used in typical YOY habitats to further
increase the chances of capturing YOY. Sampling effort will be similar in all sample sites and for
each sampling method.
Electrofishing will target both YOY and non-YOY habitats throughout each study site.
Electrofishing sampling effort rate will be standardized to approximately 1 to 2 seconds
(electrofisher on time) per square meter sampled in each study site. Some study sites may have
a higher total effort (total seconds of electrofishing) than other sites, depending the length of
each study site, but will have a similar sampling effort rate between sites. A qualified crew
trained in electrofishing will sample fish using a type 20B Smith-Root electrofisher. The anode
will be 12” diameter and covered in 1/8” net mesh to aide in capturing fish, particularly YOY. For
sample sites that require more than one day of sampling, processed fish from the first sample
day will be held in a 1/8” mesh live well until sampling is complete in that section, at which time
they will be released back into the river. The electrofishing crew will record the start and end
GPS coordinates of each study site, electrofisher on-time (seconds), and electrofisher settings
(voltage, frequency, pulse width).
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Minnow trapping will target YOY habitats such as shallow, slow moving areas along stream
margins and backwaters, typically preferred by slimy sculpin YOY. Total minnow trapping effort
will be consistent between sites. Minnow traps will consist of 12 baited gee-traps set for
approximately 24 hours.
All captured fish will be identified to species, enumerated, measured (mm), weighed (g), and
examined for external abnormalities (e.g. wounds, tumors, parasites, lesions, fin fraying, gill
colour) before being released alive back into the watercourse. Any observed abnormalities will
be photographed. Any mortalities will have their otoliths removed for aging.
5.3.7 Data Analysis
Data from different sampling gear will be analysed separately for each study site.
Statistical differences between sites will be determined. Fish endpoints analysis data will be
summarized by statistical significance (p-value) and percent difference between means from the
reference sites (individual and pooled) compared to each exposure site.
The effects size is set to +/- 25% (+/-10% for condition) and power analysis is used to determine
if the sample size provides a reasonably high probability of statistically detecting an effects size
(α and β set to 0.10) with 90% power. A summary table showing the power analysis will be
provided to demonstrate if the sample size was sufficient to detect an effects size of +/-25%. (R
software with pwr package).
Tests for normality and homogeneity of variance for the data sets will be performed. Prior to
conducting the analyses, data will be inspected to determine whether they satisfy the
assumptions of ANOVA or ANCOVA, which are as follows.
Assumptions for ANOVA are that:
•
•
•

Data of the two populations are normally distributed.
Variance of the two populations are equal.
Samples are independent of each other.

Assumptions of ANCOVA are that:
•
•
•
•

Slopes of regression lines among areas are equal.
Independent variable (covariate) is fixed and measured without error.
Relationship has the form specified (linear regression).
Residuals are normally and independently distributed with zero mean and a common
variance.

Upon inspection of the data, if parameters are not normally distributed and/or have
nonhomogeneous variance then the data will be transformed to better meet the assumptions.
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Where outlier(s) are determined not to be the result of a data entry error, analysis will be
performed with and without the outlier(s) to determine the extent of influence of each outlier.
Fish survey analysis data will be summarized by statistical significance (p-value) and percent
difference between means from the reference sites (individual and pooled) compared to each
exposure sites.
Catch data will be standardized by calculating CPUE and Catch-per-unit-Area (CPUA) for each
captured species by sample method and summarized for each study site.
Descriptive statistics (mean, median, standard deviation, standard error, minimum, and
maximum) for fish length, weight, and condition factor will be calculated for each captured
species by sample method for each study site and for YOY and non-YOY fish separately. YOY
fish will be determined from length at age data from previous studies.
All raw data will be included in the Appendices.
5.3.8 QA/QC
A list of the QA/QC measures that will be employed during the field and analysis portion of the
study is outlined below.
Field:
• Sampling equipment will be inspected prior to shipping to site and prior to use to ensure
proper and safe function.
• All field work will be led and supervised by qualified personnel in the work to be
undertaken (electrofishing, invertebrate sampling, etc.).
• All personnel will review and be familiar with the written field procedures for each
component of the field work.
• Pre-printed waterproof field forms will be used to record all required data for each
component of the program.
• All field sheets will be checked and signed-off at the end of each day by someone other
than the one who did the recording.
• Location of all data collection point will be recorded, and photographs taken of each
location.
• Fish measurement will be +/- 1 mm and weights will be +/- 1%.
• Weigh scale will be used within a large tub with a lid to reduce affect from wind.
• Weigh scale will be calibrated with calibration weights prior to use.
• Field notes will be maintained in a bound notebook.

14020_NATCL -Cantung 2015 EEM Study Design_09Jan2015.Docx

33

North American Tungsten Corporation Ltd.
Cantung Mine 2015 EEM Fourth Cycle Study Design

Analysis:
• All data will be entered in a spread sheet and will undergo a QA/QC check for
transcription errors.
• Visual examination and use of residual plots will be used to detect outliers.
• Entered data will undergo a 10% check for accuracy and completeness by another
person not involved in the data entry.

5.4

Benthic Invertebrate Community Study

5.4.1 Overview
The cycle 4 study design is consistent with the previous study cycles and any applicable
comments/suggestions by EC from the cycle 3 EEM interpretive report were also incorporated
into the design as appropriate. A rationale for any study design deviations from previous study
cycles is provided. The sampling methods will be largely the same as previous EEM studies at
this facility with a few refinements to better standardize sampling between sample sites.
To reduce confound from habitat differences between sites, we propose a standardized method
of sampling. Sampling will only occur in riffle habitats that fall within pre-determined parameter
ranges (water depth, velocity, substrate, distance from shore etc.), and all parameters for each
subsample station will be recorded.
5.4.2 Sample Size and Location
Within each study site, 5 replicate samples each composed of 3 composited sub-samples will
be retained. Previous EEM studies at this facility indicated that this sampling effort had sufficient
power to detect a +/- 2 SD effects size (α and β set to 0.10) depending on the parameter, with
90% power.
As riffle habitat is scarce in some study sites, the recommended MMER guideline of 3 times
bankfull width between replicate stations of similar habitat cannot be used. Therefore, each
replicate station will be sampled within a 10 m x 10 m area with each replicate station separated
by 20 m, if possible. The three sub-samples within each replicate station will be collected no
closer than one meter from each other.
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5.4.3 Effect Endpoints
An effect on the benthic community is determined if there is a significant difference (using
ANOVA) in the following effects endpoints between study sites:
•
•
•
•

Total benthic invertebrate density;
Taxa (family) richness ;
Evenness index (Simpson’s); and
Similarity index (Bray Curtis).

The following supporting endpoints will also be analysed and reported:
•
•
•
•
•

Simpson’s Diversity Index;
Taxa (family) density;
Taxa (family) proportion;
Taxa (family) presence/absence; and
EPT Index.

Density
Total invertebrate density will be calculated as the total number of individuals in each sample
replicate per square meter. The mean (standard deviation and standard error), minimum and
maximum densities will be reported for each sample site.
Family Richness
Richness was calculated as the total number of taxa (families) in each sample replicate. The
mean (standard deviation and standard error), minimum and maximum family richness will be
reported for each sample site.
Evenness Index (Simpson’s)
Evenness is a measure on how similar the abundance of different taxa are among sampling
areas.

Where:

E =1/ 𝚺(n/N)2/S

E = Simpson’s Evenness Index
n = the total number of organisms of a particular species
N = the total number of taxa of all species at the replicate
E is calculated for each replicate. The mean (standard deviation and standard error), minimum
and maximum are reported for each site. Simpson’s Evenness Index values range from 0 to 1,
with 1 representing perfectly distributed taxa.
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Similarity Index (Bray-Curtis)
The Bray-Curtis Index measures the percentage of difference between sites.
B-C = 𝚺i=1,(yi1-yi2)/

Where:

𝚺 i=1 (yi1+yi2)

B-C = Bray-Curtis Similarity Index
yi1 = count for taxon i at site 1
yi2 = count for taxon i at site 2
n= total number of taxa present at the two sites
The Bray-Curtis Index distance calculated from each reference site medium (R1 and R2
separately) for each replicate. The mean (standard deviation and standard error), minimum and
maximum are reported for each site.
It should be noted that the final Bray-Curtis calculation method may be different from the above
formula as new guidance from Environment Canada may be made available, later in 2015.
Diversity Index (Simpson’s)
The Simpson’s Diversity Index (SDI) provides the probability that two individuals chosen at
random and independently will belong to different taxonomic groups. SDI is defined as:

Where:

D =1- 𝚺(n/N)2

D = Simpson’s Diversity Index
n = the total number of organisms of a particular species
N = the total number of taxa of all species at the station

SDI was calculated for each replicate. The mean (standard deviation and standard error),
minimum and maximum are reported for each site. SDI values range from 0 to 1, with 1
representing the highest diversity.
Taxa (family) Density
The number of taxon of each family expressed per unit area (i.e. numbers/m2) for each replicate
and the mean for each study site.
Taxa (family) Proportion
The abundance for each family expressed as a percentage for each replicate and the mean for
each study site.
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Taxa (family) Presence/absence
Taxon presence/absence for each replicate station using a matrix.
EPT Index
As an indication of system health, the EPT Index (%EPT) will be calculated by determining what
percent of the benthic community is composed of the Orders Ephemeroptera, Plecoptera, and
Trichoptera. These three groups are important food sources for fish and are also more sensitive
to environmental impacts compared to other groups.
5.4.4 Study Timing
Benthic samples will be collected in the fall (late August and early September), concurrent with
the fish study, which is consistent with the timing of the previous 3 EEM cycles. Benthic samples
will be retained prior to fish sampling to avoid benthic habitat disturbance from the process of
fish sampling.
5.4.5 Supporting Environmental Information
In situ water quality will be measured at each replicate sample station (see section 5.5 for
methods) and photographs will be taken of each replicate sample area.
5.4.6 Field Methods
Although it is important that sampling be carried out close to the replicate stations from previous
EEM studies; it is more important that sampling be carried out within pre-determined parameters
so that sampled habitats are as similar as possible between sample stations and sample sites.
To achieve this, only sample stations will be selected that fall within a predetermined range of
habitat parameters (water depth, water velocity, substrate, and distance from shore) so that the
habitat that is sampled from each station falls within a narrow habitat range reducing the
confounding effect of habitat differences. The proposed habitat ranges are:
•
•
•
•
•

Only sample one habitat type (riffle);
0.1 to 0.4 m water depth;
0.3 to 0.6 m/s water velocity;
Cobble/gravel substrate dominate; and
Minimum of 2 m from shore (reduce shading).

Prior to sampling, reconnaissance of all five study sites will be completed to ensure that there is
an adequate amount of riffle habitat to sample within each sample site. If it is determined that
there is not sufficient riffle habitat, run habitat will be sampled at all sites.
The three sub-samples will be composited to form a single replicate sample. Each replicate
sample will be preserved with 10% buffered formalin.
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At each sub-sample location the following information will be recorded: date, time of sample,
habitat type, water depth, water velocity, substrate composition, and distance from bank. A GPS
location will be recorded from the centre point of each replicate sample group.
A Hess sampler with a 500 µm mesh and an area of 0.086 m2 will be used to sample benthic
invertebrates. The sampler will be inserted into the substrate (approximately 0.1 to 0.15 m) and
the substrate will be hand scrubbed for 5 minutes, consistent with previous EEM studies at this
facility.
5.4.7 Data Analysis
Differences in benthic invertebrate endpoints will be expresses as multiples of within-referencearea SD.
Statistical differences between sites will be determined. The effects size is set to 2 SD and
power analysis is used to determine if the sample size provides a reasonably high probability of
statistically detecting a +/-2 SD effects size (α and β set to 0.10) with 90% power. A summary
table showing the power analysis will be provided to demonstrate if the sample size was
sufficient to detect an effects size of +/- 2 SD (using R software with pwr and vegan packages).
Data will first be tested for normality and homogeneity of variance using a Shapiro Wilks test for
normality and a Levene’s test of homogeneity of variance. One-way ANOVA will be used to
assess significant differences between sites followed up by a post-hoc Tukey HSD test for
pairwise comparison between all sites.
Differences in the invertebrate community composition between sites will furthermore be
investigated using Bray Curtis Index of similarity and Cluster analysis. These multivariate
methods allow detection of differences in community composition using the invertebrate count
data by family from each site. The results will be presented as values of similarity of sites to
each other (Bray Curtis Index) with extreme values of 0 indicating that two sites have the exact
same species composition and 1 indicating the sites having nothing in common. Cluster
analysis and non-metric multidimensional scaling will help graphic illustration of groupings of
similar communities between sites. The software used for this analysis will be R and the
package vegan.
Where outlier(s) are determined not to be the result of a data entry error, analysis will be
performed with and without the outlier(s) to determine the extent of influence of each outlier.
All analysis will be done to the taxonomic family level.
Descriptive statistics (mean, median, standard deviation, standard error, minimum, and
maximum) will be calculated for each parameter for each study site.
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5.4.8 QA/QC
A list of the QA/QC measures that will be employed during the field, laboratory, and analysis
portion of the study is outlined below.
Field
•
•
•
•
•
•

•
•
•
•
•
•
•

Sampling equipment will be inspected prior to shipping to site and prior to use to ensure
proper and safe function.
All field work will be lead and supervised by qualified personnel in benthic invertebrate
sampling.
All personnel completing field sampling will have training and experience in the data
collection methods to be used.
All personnel will review and be familiar with the written field procedures for each
component of the field work.
The same person or persons will be used for sampling for all replicates at all sample
sites.
The same sampling method (equipment, number of replicates, duration, substrate
penetration, etc.) will be consistently used throughout all replicate sampling and within
each study site.
All sample containers will be labelled with waterproof pens on both the container and the
lid.
All samples will be properly preserved and adequately packed for shipping.
Pre-printed waterproof field forms will be used to record all required data for each
component of the program.
All field sheets will be checked and signed-off at the end of each day by someone other
than the one who did the recording.
All data collection locations will be recorded along with photographs of each replicate
location.
Field notes will be maintained in a bound notebook.
A chain of custody will be filled out and a copy will be included with the shipped
containers.

Laboratory:
• An experienced benthic invertebrate taxonomist who is North American Benthological
Society (NABS) certified will be utilized.
• Re-sort will be completed on 3 replicate samples, achieving a quality control check on
greater than 10% of all replicates.
• A successful re-sort is one that less than 10% of organisms are missed. If greater that
10% of organisms are missed, all samples will be re-sorted.
• Appropriate taxonomic references will be used for the type of habitat and the geographic
location.
• Samples will be archived for 6 years.
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Analysis:
• All data will be entered in a spread sheet and will undergo a QA/QC check for
transcription errors, outliers, and other suspicious entries.
• Entered data will undergo a 10% check for accuracy and completeness by another
person not involved in the data entry.
• The procedure used to deal with immature individuals that cannot be identified will be
summarized in the interpretive report.
• Raw data will be provided in the appendices.

5.5

Water Quality

Supporting information, as per MMER requirements for biological sampling, includes water
quality samples collected from each of the five study sites (R1, R2, TF, NF, and FF) at the same
time and location as benthic sampling. In addition, in situ water will be measured during both the
fish and benthic studies. Consistent with previous EEM cycles at this facility water samples will
be analysed for a full suite of metals, anions, and nutrients.
5.5.1 Sample Size
A single set of water samples will be taken within each sample site (R1, R2, TF, NF, and FF)
adjacent to benthic sampling areas. A total of eight samples will be sent to the lab including one
sample from each of the five sample sites, one replicate sample from one sample site, one field
blank, and one trip blank.
5.5.2 Parameters
A full suite of dissolved and total metals will be analysed and will include all the parameters
analysed during the cycle 3 EEM study (EBA 2013c). In addition, other physio-chemical
parameters, such as anions and nutrients, will also be analysed.
In situ parameters will include dissolved oxygen, pH, conductivity, turbidity, and water
temperature.
5.5.3 Study Timing and Locations
Water quality samples will be collected concurrent with the benthos data. In situ water quality
measurements will be conducted concurrent with both benthos and fisheries sampling.
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5.5.4 Field Methods
As laboratory supplied bottles (for ultra-low detection limits) will be acid washed, field rinsing of
sample bottles will not be completed before sample collection.
Field filtering and sample preservative will be completed immediately after sample collection, as
required. Samples will be refrigerated until they are shipped. Samples will be shipped in coolers
with ice packs and shipping will occur at the earliest feasible time corresponding to scheduled
flights out of the site.
In situ measurements will be taken using handheld meters.
All data will be recorded on pre-printed field sheets including: sample site, sample number,
replicate number, date and time, ambient weather conditions, GPS location, water transparency
(NTU).
5.5.5 Data Analysis
Laboratory analysis will be carried out by a Canadian Association for Laboratory Accreditation
(CALA) accredited laboratory who regularly analyzes water and sediment samples for mining
projects in Canada. Analysis will be done using ultra low detection limits. Results will be
compared against CCME PAL guidelines and exceedances will be noted. General trends for all
parameters will be discussed, particularly if there are differences greater than a factor of 2.
Results will also be compared against the water quality objectives for the mine and SNP data.
A greater than 10 percent difference between duplicate samples will be noted and will warrant
further investigation. In addition, any differences between the two reference sites will be
examined to help determine natural variation.
5.5.6 QA/QC
A list of the QA/QC measures that will be employed during the field, laboratory, and analysis
portion of the study is outlined below.
Field:
• Sampler will wear new, powder free nitrile gloves to collect each sample.
• In situ measurements will be reviewed onsite to avoid measurement and transcription
errors.
• Blind duplicates field blanks and travel blanks will be collected.
• Sample will be collected according to CCME (2011) protocols for water quality sampling,
where appropriate.
• Maximum holding times for each parameter will be reviewed and efforts made to submit
samples within these holding times.
• Daily calibration and documentation of field meters.
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Laboratory:
• Standard laboratory QA/QC procedures will be followed and report obtained from the
laboratory will be reviewed and included in the interpretive report.
Analysis
• All data will be entered in a spread sheet and will undergo a QA/QC check for
transcription errors, outliers, and other suspicious entries.
• Entered data will undergo a 10% check for accuracy and completeness by another
person not involved in the data entry.
• Raw data will be provided in the appendices.

5.6

Sediment Quality

Supporting information, as per MMER requirements for biological sampling, includes sediment
quality samples collected from each of the five study sites (R1, R2, TF, NF, and FF) at the same
time and location as benthic sampling. MMER suggest that sediment sampling be done in
habitats that are sampled for benthic invertebrates. However, benthic invertebrates will be
sampled from erosional habitats containing cobble and gravel that cannot be readily sampled for
sediments. Therefore, sediment samples will be collected from depositional areas. The purpose
of the sediment sampling program is only to provide supporting information to the overall effects
assessment and results of the EEM program and not for direct correlation testing between
sediment quality and benthic community responses.
The results reported during the 2012 cycle 3 study (EBA 2013c) regarding metals in sediments
were somewhat contradictory to the water quality and fish tissue metals results. Copper
exceeded CCME ISQG guidelines in sediments within samples from the Tailings Field,
Nearfield, and Farfield study sites. In addition the following metals were higher in the Nearfield
and Farfield sites compared to the other three sample sites: bismuth (>100 fold higher), copper
(>20 fold higher), and iron (>3 fold higher). Based on the three samples collected within each
study site, these data indicate that the Tailings Field site does not have higher metals in the
sediments compared to the reference study sites.
In surface water quality samples collected in during cycle 3 (EBA 2013c), only total and
dissolved iron was substantially higher (4 to 9 fold) in exposure sites (TF, NF, and FF)
compared to reference sites. Within both the reference area and the exposure area the SNP
data shows total iron having sporadic exceedance (>2 fold) over CCME ISQG guidelines and
copper rarely exceeding CCME ISQG guidelines (bismuth is not an SNP parameter).
Based on surface water quality monitoring, it appears that increased metals in sediments within
exposure areas are not likely the result of high metal levels in surface or groundwater from
current mining practices. Therefore, a more rigorous sediment sampling program is proposed to
provide more statistically robust results to determine whether or not the Tailings Field site has
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substantially higher metal loading in its sediments from historical deposits compared to
reference sites and the Nearfield and Farfield sites. This will be important in determining if
observed effects are the result of past mining practices. Surface sediments (top 1 cm) and
deeper sediments (greater than 1 cm) will be sampled separately to assess if metals
concentrations in sediments are the result of current or historical conditions.
5.6.1 Sample Size and Location
Five replicate surface sediment samples will be retained from each surface sediment layer and
five replicates from each deeper sediment layer within each study site. This level of effort, as
recommended in the MMER, will provide quantitative statistical comparison between replicates
and study sites. Sediment samples will be taken from depositional areas with the locations of
each replicate being evenly distributed throughout each study site to gather a representative
sample and determine heterogeneity within each sample site.
5.6.2 Parameters
Samples will be analysed for a full suite of total metals (same as water quality program). In
addition, total organic carbon (TOC) and sediment particle size will be analysed so that metal
concentration results can be normalized for these parameters between sample sites.
5.6.3 Study Timing
Sediment samples will be collected concurrent with benthic samples.
5.6.4 Field Methods
Samples will be collected within depositional areas using a grab sampler (e.g. Ekman dredge).
Samples will be transferred into triple rinsed containers using a plastic scoop. Only sediment
(for surface and sub-surface samples) that is not in contact with the side of the sampler will be
transferred into the sample container. Containers will be labelled and samples will be
refrigerated until transport to the laboratory.
Samples will be shipped in coolers with ice packs and shipping will occur at the earliest feasible
time corresponding to scheduled flights out of the site.
Photographs of each replicate site will be taken.
All data will be recorded on pre-printed field sheets including: sample site; replicate number;
date and time; ambient weather conditions; GPS location; sediment description; photographs of
each replicate site.
Descriptive statistics (mean, median, standard deviation, standard error, minimum, and
maximum) will be calculated for each parameter and for each study site.
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5.6.5 Data Analysis
Sediment analysis will be carried out by a CALA-accredited laboratory. Results will be
compared against CCME ISQG guidelines and exceedances will be noted. General trends for
all parameters will be discussed and compared to previous studies.
A power analysis will be used to determine if the sample size provided a reasonably high
probability of statistically detecting effects (α and β set to 0.10) with 90% power. A summary
table showing the power analysis will be provided to demonstrate what effect size the sample
size had sufficient power to detect. R software with pwr package will be used.
Data will first be tested for normality and homogeneity of variance using a Shapiro Wilks test for
normality and a Levene’s test of homogeneity of variance. One-way ANOVA will be used to
assess significant differences between sites. To test for differences among sites after the
analysis of variance, Tukey HSD tests will be performed on the ANOVA results.
5.6.6 QA/QC
A list of the QA/QC measures that will be employed during the field, laboratory, and analysis
portion of the study is outlined below.
Field
•
•
•
•
•
•
•

Minimum sample volume will be confirmed by the laboratory prior to sampling.
Only samples that meet the sampler penetration depth criteria (> 0.10 m) will be
retained.
Sampler must be completely closed or the sample will not be retained.
Sample containers will be pre-cleaned and sourced from a commercial laboratory.
Samples containers will be filled to the top so there is no head space.
Sampler will be thoroughly cleaned between all replicate samples and sample sites.
Photographs will be taken at each replicate location.

Laboratory
• Standard laboratory QA/QC procedures will be followed and report obtained from the
laboratory will be reviewed and included in the interpretive report.
Analysis
• All data will be entered in a spread sheet and will undergo a QA/QC check for
transcription errors, outliers, and other suspicious entries.
• Entered data will undergo a 10% check for accuracy and completeness by another
person not involved in the data entry.
• Raw data will be provided in the appendices.
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6.

Closure

We trust that this study design meets your requirements for the fourth EEM cycle at the Cantung
Mine. If you have any questions or concerns, please contact the undersigned.

Report Prepared By:
Richard Carson, B.Sc., P.Biol., R.P.Bio.
Technical Lead, RC BioSolutions Ltd.
Direct 403-877-9919
Fax 403-887-0412

Report Reviewed By:
Sharleen Hamm, B. Tech., R.P.Bio.
Project Manager, Sharleen Hamm
Consulting Ltd.
Direct 604-996-1110

Report Reviewed By:
Robert Prairie, P. Bio.
Eco-Services CSF Ltd
Senior Technical Advisor
Direct 514-781-9376
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Technical Advisory Panel Review Comments and Recommendations on “North American
Tungsten Corporation Cantung Mine 2015 EEM Fourth Cycle Study Design”
The following comments and recommendations are based on the review of the report by a
Technical Advisory Panel (TAP) consisting of representatives from Environment Canada, Parks
Canada, Mackenzie Valley Land and Water Board, and the Government of Northwest
Territories.
General Comments
1. The study design proposes a multiple control/impact study, following a similar study
design to the previous Environmental Effects Monitoring (EEM) biological monitoring
study. Additional habitat assessments will be conducted to help match habitats sampled
in the upcoming study, and to aid in the interpretation of data in the interpretative report.
2. It is understood that the proponent is proposing to construct new dry stack tailings
facilities, one of which is several kilometers downstream (TSF6) of the current tailings
facilities and downstream of the current far-field exposure area. Future studies could
consider having an exposure area downstream of TSF6 to help assess any potential
impacts on Flat River as a result of runoff or exfiltration from this site.
3. Previous non-lethal fish surveys had difficulties in obtaining adequate numbers of young
of year (YOY) slimy sculpin for analyzing the YOY endpoints required for a successful
non-lethal fish survey (as outlined in Section 3.4.2 in the Metal Mining Guidance
Document). The TAP notes extra efforts are proposed to help capture YOY sculpin in the
upcoming study.
4. Several changes in effluent management and treatment have occurred on site since the
previous EEM study, including the operation of the new Wastewater Treatment Facility
that commenced in April 2013. Exfiltration of effluent still occurs from some tailings
facilities.
Site Description
5. p. 8. If there are any additional anthropogenic, natural, or other factors that are not
related to the effluent under study and that may reasonably be expected to
contribute to any observed effect (other than the description of historical tailings
handling), a description of these factors should be provided (Schedule 5, Section
11(e) of the Metal Mining Effluent Regulations (MMER)).
Relevant Legislation
6. p. 9. If there are any additional federal, provincial, or other laws applicable to the
mine in respect of effluent and environmental monitoring, a summary of these
applicable laws should be provided (Schedule 5, S. 11(d) of the MMER).
Previous Studies
7. p. 10. The detailed summaries of previous studies are appreciated. It is noted that
consistent differences in benthic macroinvertebrate community composition between the
upstream reference sites and the downstream exposure sites have been observed in
several studies. The proponent suggests differences in river bed substrates among
1

areas contributed to the observed differences in the benthic communities. To help
standardize the benthic microhabitats to be sampled in the upcoming study, the
proponent will conduct additional habitat assessments and have refined the criteria in
which benthic sampling will be conducted. To help determine if the current effluent has
an effect on the exposed benthic invertebrate community the proponent could consider
experimental approaches, such as using instream enclosures differing in river bed
materials, or deploying standardized benthic plates in the reference and exposure areas.
Sublethal toxicity testing
8. p. 22. It is noted that sublethal toxicity testing was previously conducted on samples
collected from station S4-28-1. The MMER specify that “sublethal toxicity tests shall be
conducted on the aliquots of effluent sample collected in accordance with subsection
4(2) from the mine’s final discharge point that has potentially the most adverse
environmental impact on the environment, taking into account the mass loadings of the
deleterious substances set out in column 1 of Schedule 4 as determined under
subsection 20(2) of these Regulations and the manner in which the effluent mixes within
the exposure area.” The proponent should assess which FDP should be sampled for
sublethal toxicity testing and provide these data in the facility’s next annual effluent and
water quality report (Schedule 5, Section 8(c) of the MMER).
9. p. 22. The proponent should provide an estimate of the concentration of effluent in
water at 250 m from each FDP, as required by the MMER (Schedule 5, Section
11(a)).
10. p. 22. A description of the manner in which the effluent from each FDP mixes
within the exposure area must be provided in a study design (MMER Schedule 5,
Section 11(a)); limited information on effluent mixing in the receiving environment
is provided in the report. The proponent should provide additional effluent plume
information (e.g., a discussion on relative inputs from exfiltration vs. the
wastewater treatment facility, volume of effluent entering Flat River via exfiltration,
additional results from Wenck 2014, etc), and continue to update effluent plume
information as changes occur in exfiltration rates and pathways. Understanding
effluent mixing in the receiving environment is important when determining the suitability
of exposure sites and assessing effluent exposure to biota in the exposure areas
sampled.
Proposed Cycle 4 Study Design
11. p. 29. It is understood that there are concerns with conducting a lethal fish survey due to
low productivity in the Flat River and low densities of slimy sculpin. From the summary of
previous reports, it appears that there has potentially been increasing difficulty in the
capture of slimy sculpin. To help the TAP with assessing fish species selection and
methodology rationale, the proponent should summarize slimy sculpin catch data (e.g.,
catch per unit effort (CPUE) in each area and among years) and any available additional
fish community survey data (e.g., relative abundance and CPUE of non-sentinel fish
species) in future reports.
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12. p. 29. Previous studies suggest exposed slimy sculpin have elevated concentrations of
some metals in various tissues, but the current study design does not include a fish
tissue study. The TAP strongly recommends that the proponent consider measuring
metal concentrations in fish tissue(s) in the upcoming study; the proponent could assess
the feasibility of the fish tissue analyses by taking into account available relevant data
such as slimy sculpin abundance, estimated required sample size based on results of
previous studies, etc..
13. p. 30. The report does not indicate how many YOY will be targeted for the study. A
successful non-lethal fish survey relies on the statistical analyses of several YOY
endpoints, which are outlined in Table 2 of the report.
14. p. 31. To help prevent fish from escaping downstream during electrofishing, small-mesh
seines could be installed downstream of the areas prior to fishing.
15. p. 34. There is no timeline proposed for fishing effort. Please note that a minimum of one
week per area of fishing effort is typically expected for the EEM program, although target
sample sizes are sometimes obtained sooner than this.
16. p. 38. To help assess habitat variability within and among areas, substrates sampled for
benthic invertebrates should be quantified and summarized. Photographing substrates at
each site could also be useful when interpreting the data.
17. p. 38. Although not required by the MMER, the proponent could consider investigating
correlations between sediment and water chemistry to any observed differences in
benthic invertebrate community composition between reference and exposure areas,
and include these data in the interpretative report.
18. p. 39. It is not specified if sub-sampling of the benthic invertebrate samples is expected,
or if the samples will be sorted and identified in their entirety. If sub-sampling is
necessary, please refer to the Revised Guidance for Sample Sorting and Subsampling
Protocols for EEM Benthic Invertebrate Community Surveys (Environment Canada
2002) for recommendations on sub-sampling procedures.
19. p. 40. Water quality parameters to be measured in the upcoming study are not specified.
The proponent should ensure that all parameters specified in Schedule 5, Section 7(1) of
the MMER are included in the upcoming field program.
20. p. 41. QA/QC protocols for calibration and use of multi-meters used for in-situ
measurements should be documented and provided in future.
21. p. 43. Collecting sediments using a sediment corer or a tube instead of an Ekman
dredge could allow for better accuracy when obtaining samples from various sediment
depths.
22. p. 42. In future study designs, please provide a list of all parameters to be analyzed in
water and sediments, with the associated method detection limits.
Minor Comments and Errata
pp. 35-36. Descriptions of benthic invertebrate analyses were described in the past tense (e.g.,
analyses “were” conducted) as opposed to future tense.
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p. 38. It is understood that the descriptive statistics reported will include medians; note that
median calculations were not included in the section describing the effect and supporting
endpoints (pgs 35-36).
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