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ABSTRACT

The water quality within the South McQuesten River watershed has been a concern since the 1950°s. A
number of streams within the watershed contain levels of metals, such as zinc which may be a threat to
aquatic life, including chinook salmon (Oncorhynchus tshawytscha). Existing water quality data was
gathered and reviewed and a pilot water quality monitoring program was designed and implemented
over the course of a year. Natural sources of metals, such as a natural acid generating process in Cache
Creek, and anthropogenic sources, such as flow from the Galkeno 300 Adit into Christal Creek, both
produce levels of metals that may be detrimental to the ten fish species documented in the South
McQuesten River watershed. This report aims to develop an understanding of natural background levels
of metals and the effects of anthropogenic and natural sources of metals. The information collected in
this pilot study will be used to develop a long-term water monitoring program to be used by the Nacho
Nyak Dun First Nation in their role as stewards of the watershed.
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1.0 INTRODUCTION

The South McQuesten River is a major tributary to the McQuesten River located north of the Village of
Mayo (Figure 1). The McQuesten River is a significant chinook salmon (Oncorhynchus tshawytscha)
spawning stream with a well documented annual run between the mouth and the junction of the North
and South McQuesten. In 1990, an aerial survey documented the presence of 819 live adult chinook and
14 carcasses in the McQuesten mainstem (DFO Stream Files 2002). In addition to this area, spawning
has been documented in the lower 18 km of the North McQuesten in four different years (Tobler 2003).
There is some evidence of spawning occurring in the South McQuesten River; however, assessment of
this has not been thorough nor on a consistent basis. Further, in recent years a large log and debris jam
upstream of the Haggart Creek drainage may have impacted fish migrations above that point. A channel
bypassing said debris dam was constructed in 2002 to facilitate the migration of fish to the upper
watershed. Possibly the most compelling evidence of regular chinook use of the South McQuesten
watershed is the repeated capture of juvenile chinook in the Haggart Creek watershed (Tobler et al.
2003).

Ten species of fish have been documented in the South McQuesten watershed, including seven species
of sport fish (Table 1; as listed by Tobler et al. 2003). Arctic grayling (Thymallus arcticus) appears to
be the most widespread species throughout the watershed. Lake trout (Salvelinus namaycush) and
northern pike (Esox lucius) are also present in the South McQuesten drainage basin.

Table 1. Fish species documented in South McQuesten basin.

Category Common Name Scientific Name Species Code
Salmon species Chinook salmon Oncorhynchus tshawytscha | CH
Arctic grayling Thymallus arcticus GR
Burbot Lota lota BB
syt e Northern pike Esox lugius ‘ NP
fish species RO}md whlteﬁ?h Prosopium cylindraceum RW
Rainbow trout Oncorhynchus mykiss RB
Lake whitefish Coregonus clupeaformis LW
Inconnu Stenodus leucichthys IN
Least cisco Coregonus sardinella CS
Slimy sculpin Cottus cognatus CCG
Other fish species Longnose sucker Catostomus catostomus LSU
Arctic Lamprey Lampetra japonica AL

! rainbow trout are an introduced species which have been documented in Hanson, Christal and Haldane Lake (small pothole
lake south of Hanson Lake). However, likely only still remain in Haldane Lake.

The mining history in the McQuesten watershed dates back to the late 1800s, and also continues today
(David Hedmann & Associates 1995). Hard rock mining for silver started between 1920 and 1921 in the
Keno Hill area (David Hedmann & Associates 1995). Although silver mining is inactive at the present,
it may return again in the future. In addition, placer mining has been carried out in the Haggart Creek
area since 1902 (McLaren and Lucas 1954), with active mining still occurring in many areas of the
watershed.

EDI Project #: 604-05 Environmental Dynamics Inc 1
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Location of the South McQuesten Watershed.
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High metal concentrations (sometimes exceeding Canadian Council of the Ministers of the Environment
[CCME] guidelines for the protections aquatic life) have been detected in streams within the South
McQuesten River Watershed. The high levels of metals in the South McQuesten watershed raises
concerns for the health of the aquatic environment. Metals such as cadmium, arsenic, lead and zinc can
be toxic to aquatic life (CCME, 2002). Furthermore, some species of fish exposed to high
concentrations of zinc will accumulate the metal in their bodies, making the zinc concentration in their
bodies higher than the average concentration of the water in which they reside. Some chronic effects of
zinc toxicity include stress, poorly developed organs, inhibition of normal growth and hormonal
disorders while more severe concentrations result in death. The Environmental Bureau of Investigation
(2003) lists the LCso' value for zinc in rainbow trout (Oncorhynchus mykiss) to be 0.64-3.0 mg/l, though
this value is very dependent upon water characteristics such as pH and water hardness (i.e. zinc is less
toxic harder the water).

There are anthropogenic as well as natural sources of metals. The natural process of oxidation and
hydrolization of exposed sulphide minerals creates acid mine drainage that can be heavily enriched with
heavy metals (Burns, 2000). As the process is dependent upon sulphide minerals being exposed to water
and air, the large volume of rocks and soil disturbed by mining activity can significantly accelerate this
natural process.

1.1 Project Scope

As noted in the 2002 McQuesten River Watershed Assessment (Tobler et al. 2003), there are water
quality concerns in the McQuesten River Watershed. Tobler et al. (2003) found that in water sampling
studies near past mining sites in Keno and Elsa, metals such as zinc were commonly above the levels
recommended for aquatic life.

This project included the gathering and review of existing water quality data for the watershed as well as
a pilot sampling program to help determine a long term monitoring plan for the NND to monitor water
quality in the watershed. Developing a consistent water quality monitoring plan throughout the South
McQuesten Watershed, will enable the NND to monitor changes in the short and long term. This will
include the ability to monitor the success of restoration and/or water treatment projects as well as other
developments in the watershed.

1.2 Project Objectives
The four main objectives of this study are:

1. To review existing water quality data for the watershed.

Design a long-term water quality study to monitor water quality throughout the South
McQuesten Watershed.

To develop an understanding of background “natural” metal levels in the watershed.

4. To provide training, capacity building, and employment to local members of the NND.

(98]

! The lethal concentration that kills 50% of a population.

EDI Project #: 604-05 Environmental Dynamics Inc 3
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2.0 METHODOLOGY

Previous water quality studies were collected and evaluated by biologists from Environmental
Dynamics. A number of sources for water quality information exist for the area. These include,
governmental monitoring, placer mining monitoring, sampling by private companies (AMT mining and
United Keno Hills).

After analyzing the information collected, a pilot sampling plan was developed based upon existing
information and in consultation with Fisheries and Oceans Canada (DFO) and YTG Water Resources.
As per the selected plan, Environmental Dynamics and NND staff conducted a pilot sampling program.
For the first scheduled sampling events, a biologist and the NND Environmental Officer collected the
water samples and associated data. The NND Environmental Officer (with help from coworkers) then
collected the data throughout the field season at regular intervals.

Sampling was completed in July, August, and November of 2003, as well as April of 2004. The
sampling dates were chosen in order to compare data from different flow conditions, water depth and
discharge throughout the year. Water temperature, pH and conductivity was also recorded to provide
additional information on water characteristics (Appendix A). Samples were taken at each site
(preserved with nitric acid for total metals) and couriered to ALS Environmental (ALS) in Vancouver,
BC for analysis of total and dissolved metals. ALS tested for metals using an Inductively Coupled
Plasma — Routine Level test. For more specific details on the ALS methodology, refer to Appendix B.

3.0 RESULTS

Water quality concerns resulting from mining operations date back to 1953 when the RCMP received a
complaint from a local resident that it was no longer possible to catch fish in the South McQuesten River
and that the “refuse” from the local mine-mills had entered smaller tributaries (McLaren and Lucas
1954). Subsequent investigation conducted by the RCMP revealed that mill tailings were being dumped
in an area drained by Christal Creek (Mackeno Mine Milling Co. Ltd) and an area drained by Flat Creek
(from United Keno Hill Mines (UKHM) Ltd). McLaren and Lucas (1954) confirmed the problems in
1954 and made the mining companies aware of the problems, while suggesting methods for addressing
these problems.

Other dates to note:
1958 — UKHM started collecting water quality data as part of the water license requirements.

1974/1975 - The water quality study (Regional Program Report 78-14) indicated that elevated levels of
zinc, copper, cadmium and lead in the tailings pond were above those specified in the water board
license. On two occasions, levels toxic to fish were reached, as determined by LCsy tests
(Environmental Protection Branch 1978).

1978 - Dam below the tailings pond failed and 200 million litres of effluent was released into Flat Creek
(a tributary of the South McQuesten River; Environment Canada 2003).

1986 — Petkovic and McEwen (1987) indicated that the creek waters near the decant had fewer sensitive
species and generally lower diversity of benthic invertebrates (used as indicators of water quality) than

EDI Project #: 604-05 Environmental Dynamics Inc 4
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further downstream at the confluence of Flat Creek and the South McQuesten River. This indicated that
water near the tailings was more polluted than further downstream.

1989 - Mine was closed.

1990 - Burns (1990) indicated that the aquatic system (at the Flat Creek tailings site) was beginning to
show signs of recovery. Compared to previous years, the benthic invertebrate populations showed
increased diversity and larger numbers of sensitive taxa, thus indicating an improvement in water
quality. All standards for water quality, as set out in the water license agreement, were met.

2001 - UKHM declared bankruptcy and was bought by Advanced Mineral Technology (AMT).

2003 — AMT forced to give up mine to Nevada Pacific Gold (Yukon) Ltd. Responsibly was later given
back to the Yukon Territorial Government.

2004 — Price Waterhouse named receiver of mine.

Water treatment systems currently operate (and have in the past) at the following locations, Silver King,
Galkeno 900 and Bellekeno (Krska pers. comm. 2004). A new treatment system was installed at
Galkeno 300 last fall. The water treatment system at the tailing ponds upstream of Flat Creek operates
seasonally (usually during spring freshet; Krska pers. comm. 2004). Treatment includes the addition of
lime which is designed to raise the alkalinity, causing the metals to precipitate out.

3.1 Existing Water Quality Data

There is an extensive amount of water quality data within the proximity of the Elsa and Keno mine sites.
This includes extensive data provided to the Water Board by the mining companies as per requirements
of their water licenses. The majority of such data is concentrated on the small drainages around the
mine sites. As this study is specifically concerned with fish, particularly chinook salmon, the main focus
was to review water quality information associated with or nearby areas with significant fish values (i.e.
South McQuesten and significant tributaries). Table 2 lists studies focused on collecting information in
these areas.

Table 2. Recent studies outlining water quality in the fish bearing portions of the watershed.

Study Agency Timeframe | General Results'
DIAND Water Resources 1989-2001 | Total zinc levels commonly above CCME guidelines in Christal, South
(DIAND 2002) McQuesten (upstream and downstream of Christal and Flat creeks, and

in Flat Creek. Aluminium above guidelines in Christal and some South
McQuesten sites.
Laberge  Environmental 1994-95 Zinc was always above guidelines at Flat Creek, near mouth and at

Services Christal Creek at Hanson Lake Rd. Zinc occasionally above guidelines
(Laberge 2004) in South McQuesten; copper occasionally in Flat and Christal.

Laberge  Environmental August South McQuesten and Christal — Zinc, dissolved copper and often
Services 2003 Selenium above guidelines.

(Laberge 2003) Flat Creek, near mouth zinc and copper above guidelines.

Access Consulting Group | December | Christal Creek at Hanson Lake Road above guidelines for Zinc.
(Cornett 2004). 2003

"More specific results will be discussed as required in the Discussion (Section 4).

EDI Project #: 604-05 Environmental Dynamics Inc 5
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Of the metals documented in the previous studies, zinc was most commonly above the CCME
guidelines. In addition, the levels of zinc documented were often at extremely elevated levels,
particularly in the upper portions of the watershed. Copper, selenium, aluminium and iron were
occasionally above CCME guidelines.

In a fish and fish habitat assessment of Christal Creek, Flat Creek and portions of the South McQuesten
every fish sampled had high levels of zinc in its tissue compared to samples taken from other waters in
the Yukon Territory (White Mountain Environmental Consulting, 1995). More specifically, fish from
Christal Creek exhibited the highest zinc levels (up to 853 ppm), followed by Flat Creek (187-287 ppm),
and then the South McQuesten upstream of Christal Creek. However, levels of copper and lead were
considerably higher in fish from Flat Creek than those in Christal Creek.

3.2 Hydrology
The seasonal variation in flow for the McQuesten River mouth (Figure 2) provides an indication of the

seasonal flow rates of the South McQuesten Watershed.

McQUESTEN RIVER NEAR THE MOUTH
SEASONAL VARIATION IN FLOW, 1979-2002
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Figure 2. Seasonal variation in flow 1979-2002 (adapted from Tobler et al 2003).

This data was used to plan a sampling schedule that included seasonal variance and a representative
sample of flow rates. Due to a late project start date, sampling was first conducted in early July.
Subsequent sampling occurred in late August, and November of 2003, as well as in April 2004.

EDI Project #: 604-05 Environmental Dynamics Inc 6
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3.3 Sampling Sites

A total of nine sample sites were selected within the South McQuesten River pilot water quality
monitoring plan. Four individual streams (Cache, Christal, Flat and Haggart creeks) were selected based
on historic and proposed mineral development in the area as well as knowledge of possible sources of

metals.

Two streams (Haldane Creek and an unnamed stream) were selected to gain a better

understanding of the dynamics of the watershed and to provide control type information. Three sites on
the South McQuesten were selected to monitor the impacts of tributary stream inputs to this important
fish stream. Figure 3 shows the location of the sites and Table 3 provides a summary of the sites.
Photos of the sites are presented in Appendix C.

Table 3. Information on sam

ling sites selected for pilot sampling plan.

confluence with
South McQuesten

and provide a baseline, prior to
possible hard rock development
in watershed.

Site Stream Name Location Rationale for sampling Fish Species Documented'
Name
CACHE | Cache Creek At Hanson Lake | Water color recently changed for | None documented.
Road crossing what appear to be natural
reasons, which has apparently
resulted in high zinc levels.
SMQ-A | South McQuesten | Upstream of Cache | Control site for South | CS, LKC, CH? GR
River Creek confluence McQuesten documented in river near
sample site location. Many
more species documented
in lake upstream of site.
SMQ-B | South McQuesten | Upstream of Christal | Control site for above area | GR, BB, CCG documented
River Creek influenced by hard rock mining. | near site CH documented
upstream of site’.
CHRS Christal Creek At Hanson Lake | Historic high metal levels as | GR CCG, documented near
Road crossing downstream of mine. sample site location.
FLAT Flat Creek At lower most road | Historic high metal levels as | LSU GR BB NP CCG RW
crossing downstream of mine.
HAL Haldane Creek At South McQuesten | Control stream which is a similar | GR, NP, CCG documented
Road crossing size as Flat Creek near sample site.
UNN Unnamed Creek | At South McQuesten | Control stream which is a similar | None documented.
(approx 5  km | Road crossing size as Christal Creek
upsteam of
HAG/SMQ
confluence)
SMQ-C | South McQuesten | Upstream of Haggart | Downstream of all potential mine | CH GR NP AL documented
River Creek inputs. near sample site.
HAG Haggart Creek 20 m upstream of | Monitor past placer operations | CH RW BB CCG GR,

documented in watershed
upstream of sampling site.

'According to (Tobler et al. 2003); refer to Table 1 for species codes.
Chinook are documented in the South McQuesten River near the mouth of McQuesten Lake by FISS 2001, however, the
source of this information was unclear.

EDI Project #: 604-05

Environmental Dynamics Inc
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33 2003/2004 Pilot Sampling Results

A summary of the sampling results from the four sampling events are presented in Table 4 (complete
results are presented in Appendix B). Metal levels found in the samples were compared to the
guidelines for the Protection of Aquatic Life (Canadian Water Quality Guidelines 2002") which, for the
purpose of this study, will be referred to as “CCME guidelines”. This table shows the total and
dissolved levels of zinc and highlight the sites in which these levels were above CCME guidelines®. The
November sampling could only be half completed due to equipment failures. There were also sampling
difficulties in April when SMQ-B and FLAT were inaccessible due to deep snow conditions, and, when
UNN had no visible water.

Table 4. Summary of results from all four sampling events.

July 7-8, 2003 Sampling Aug 27-28, 2003 Sampling

Total Zinc® Dissolved Other Total Metals Total Zinc® Dissolved Other Total Metals

(mg/l) Zinc® (mg/l) Above CCME (mg/l) Zinc® (mg/l) Above CCME
Guidelines* Guidelines*

CACHE 0.601 0.603 Al @ 3.3 mg/l 0.685 0.635 Al @ 2.6 mg/l
Cu @ 0.02 mg/1 Cu @ 0.02 mg/1
Fe @0.44 mg/l

SMQ-A <0.005 <0.005 - <0.005 <0.005 -

SMQ-B 0.038 0.012 - 0.035 0.007 -

CHRS 0.344 0.270 - 0.317 0.252 -

FLAT 0.044 0.034 - 0.044 0.034 -

HAL <0.005 <0.005 Fe @ 0.63 mg/l <0.005 <0.005 Fe @0.35 mg/I

UNN 0.017 0.016 - 0.028 0.026 -

SMQ-C 0.015 <0.005 - 0.024 <0.005 -

HAG <0.005 <0.005 - <0.005 <0.005 -

Site Namet7 April 5-6, 2004 Sampling i
CACHE 0.456 0.359 Al @ 0.63 mg/l 0.202 0.165 -
SMQ-A 0.355 0.286 0.205 0.183 -
SMQ-B 0.0454 0.0129 * *

CHRS 0.547 0.537 Fe @ 0.42 mg/l 2.4 2.23

HAL * * 0.0221 <0.005 Fe @ 0.83 mg/Il
UNN * * % *

SMQ-C * * 0.0511 0.0410 Fe @ 0.51 mg/l
HAG * * 0.0109 0.0109

Red text indicates levels above the Canadian Water Quality Guidelines for the Protection of Aquatic Life.
* Where Al =Aluminium, Cu = Copper and Fe = Iron; please note detection levels for some metals such as copper and selenium
were above CCME guidelines.
* Sampling was not completed.

The sampling conducted in July and August showed that total zinc concentrations in Christal Creek, and
Flat Creek exceeded the CCME guideline of 0.03 mg/l. Cache Creek had zinc concentrations that

! Canadian Council of Ministers of the Environment, 2002 (updated). Canadian Environmental Quality Guidelines for
the Protection of Aquatic Life. Summary Table 2002.
% The CCME guideline for protection of aquatic life for zinc is 0.03 mg/I.
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exceeded CCME guidelines in all four sampling times (July, August, November, and April). Cache
Creek also had aluminium levels above CCME Guidelines (0.005 — 0.1 mg/l) in three out of the four
sampling times (July, August, and November). These levels were significantly higher during the two
summer sampling events compared to the fall/winter events. Haldane Creek had levels of iron slightly
above the guidelines (0.3 mg/l) all three times it was sampled. In addition, the site furthest downstream
on the Sough McQuesten (SMQ-C), had iron levels slightly over the guidelines during one of the 3 times
(April) it was sampled.

The greatest zinc concentrations were found in Cache and Christal creeks. Figure 3 shows the level of
total zinc for Cache Creek (0.202 mg/l) in April to be one third of its highest recorded levels in July and
August, though still exceeding the CCME guideline by a factor of six. In an opposite trend, the April
zinc levels of Christal Creek were approximately seven times greater in April than July and August
periods.

2.5
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OFLAT
2 i
> 15 |
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|_
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0
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Sampling Date

Figure 4. Graph depicting total zinc levels in Cache, Christal and Flat Creeks during the 4 sampling
events (note no samples were taken for Flat in November or April).

As for the South McQuesten River, July and August were the only sampling events that collected data
from all three sites. While samples were taken at SMQ-A in November and April, the results indicate
possible contamination of the samples from backwash (see Discussion). Since samples from Cache
Creek contain such a large amount of zinc, it is possible that this water made its way upstream of the
confluence with the South McQuesten River. Ignoring these samples, it appears that the South
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McQuesten zinc levels are highest at SMQ-B likely due to the influence of Cache Creek (Figure 5).
Typically by the time the water reaches SMQ-C, the zinc levels are under the CCME standards;
however, during the April sampling event the zinc levels were above the CCME guidelines. This was
likely due to the elevated levels contributed by Christal Creek during that time.

0.06
= %= July
= M- August
0.05 November X
X April

0.04 -
S *»
g g DO
o s 7 ~~~
£ 0.03 o T
8 ’ \ ~
o ‘7, N N |
| ol z, N .

0.02 - ot 3

I’ \
L/ N
4 *
&
0.01 A ,’
Y 4
|
0
SMQ-A SMQ-B SMQ-C
Sample Site

Figure 5. Zinc levels in the South McQuesten River (note SMQ-A samples taken in November and
April are not displayed due to problems with the samples).

4.0 DISCUSSION
4.1 Sampling Results

The results of this study indicate that Christal and Cache creeks, and to a lesser extent Flat Creek, have
zinc levels that commonly exceed the CCME guideline of 0.03 mg/l. In addition, the levels in Cache
Creek appear to contribute to portions of the South McQuesten River (SMQ-B between Cache and
Christal creeks) being above the guideline as well. As a result of these high levels the NND has put
considerable resources to investigate what was causing the high levels of zinc and aluminium in the
Cache Creek watershed.

By taking a number of water samples throughout the Cache Creek watershed, the NND has concluded
that, although there has been mineral exploration activity in the Cache Creek area, the relatively high
concentrations of metals in this system are attributable to natural processes (Appendix D). The
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oxidation and hydrolization of sulphide ore is creating “naturally acidic conditions” (Appendix D, p. 5)
otherwise known as Acid Rock Drainage that is commonly associated with high metal concentrations. A
chemotrophic bacteria, Thiobacillus ferrooxidans, draws its energy from the reaction and may accelerate
the process of acidification by as much as 100 times (Santelli, Welch, Westrich, & Banfield, 2001). The
high mineralization potential could attract more exploration in the future and this possibility is an
important consideration for the NND, with this location being on category ‘A’ settlement land
(Appendix D).

The high levels of zinc in Christal Creek are mainly attributed to the past hard rock mining activity in
the watershed. The highest levels were recorded in April, which may have been related to insufficient
treatment at Galkeno 300. For example, samples from the Galkeno 300 Adit in January of 2004 taken
by Access Consulting Group (and analysed by Northwest Labs) showed total zinc concentration to be
123.00 mg/l (Cornett 2004). Cornett (2004) noted that flow was reaching from this adit to Christal
Creek and indicated that the effects upon the creek were measurable. Water samples taken further
downstream (150 m before this drainage entering Christal Creek) were found to be toxic to rainbow
trout using a 96 hr LTs,' Bioassay. In early May, the treatment was adjusted and it is expected these
changes will reduce the metal levels flowing from this location (Krska pers. comm. 2004)

While samples were collected during the summer at Flat Creek, the zinc levels were low compared to
past data. Total zinc was 0.044 mg/l compared to 0.06 to 0.427 mg/l during sampling conducted in
1994-95 (Lebarge 2004) and (0.099 to 0.549 mg/l) collected from 1989 to 2001 (DIAND 2002). It
should be noted that the highest levels identified in these past studies were in April and May; however,
no samples in Flat Creek were taken for this study during those months. While copper has typically
been a concern in Flat Creek, the detection limits used for the metal analysis in this study were higher
than the CCME guideline for copper.

The results indicate a general trend of metal concentration increasing in the November and April
sampling with the Cache Creek site being the exception. This trend correlates with decreased water
volume. As the water volume decreases, dilution of the metals from anthropogenic or natural sources
can decrease. This is not the case in Cache Creek. Two factors that may, among others, be playing a
role in the lower metal concentration found in the April sampling of Cache Creek are:

e The lower temperatures might be slowing the natural process of oxidation and hydrolization of the
exposed rocks and ores in the headwaters of Cache Creek (R. Krska, personal communication, April
22,2004).

e The large mass of ice build up within the creek bed traps the metals (mainly precipitates) which are
then released during the spring ice melting (R. Krska, personal communication, April 22, 2004).

The large metal concentration at SMQ-A in the winter months is believed to be a result of the backwash
from the metal laden water of Cache Creek. The SMQ-A site appears to be too close to the confluence
of Cache Creek and a number of conduits formed by the ice likely forced the Cache Creek water further
upstream in the South McQuesten.

While treatment of many of the anthropogenic sources of contamination is on-going, it is important to
continue monitoring water quality throughout the watershed. Such a monitoring program will continue

"LT50 is defined as the median lethal time or the time at which there is 50% mortality.
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to provide important and ongoing information on the water quality of the fish bearing waters. Any
results that show significantly high levels of metals, such as the April zinc levels in Christal Creek,
should be communicated to the proper authorities immediately. This way the NND can work with the
agencies to address such issues as soon as possible.

5.0 RECOMMENDATIONS FOR A LONG TERM SAMPLING PLAN

Overall, the sampling sites used were well placed and provide important data for the analysis of metal
levels within the South McQuesten River watershed. The Cache Creek site is important as it is
vulnerable to natural acid generation. The sites at Flat and Christal creeks provide data on potential
contamination leaching from the Elsa mine. Continuous monitoring of these two sites will provide
valuable data on the state of metal leaching process and the success of water treatment operations.
Ultimately, the above listed tributaries influence metals levels in the South McQuesten River where fish
and fish habitat values are high. In addition to the sites sampled in 2003, it is proposed that a site be
selected on the South McQuesten downstream of Christal Creek and upstream of Flat Creek to gain a
better understanding of how Christal Creek influences the South McQuesten. Table 5 outlines the sites
that should be continually monitored through the long term sampling plan.

Table 5. Sites that should be included in the long term sampling plan.

Site Rationale Comments

SMQ-A This site represents the main control site | This site should be moved up further
as it collects water from above Cache, | upstream to avoid backwash from
Christal and Flat Creeks. the confluence of Cache Creek in

the winter sampling period.

CACHE This site has high levels of zinc,
aluminum and copper from what appears
to be a natural source.  Continued

monitoring of this site will ensure any
changes will be documented.

SMQ-B This site gives an indication of Cache
Creek’s impact on the South McQuesten
upstream of Christal and Flat creeks.

CHRS Historic high levels of metals associated
with mine sites with on-going treatment.

FLAT Historic high levels of metals associated | Focus on zinc, copper and selenium.
with mine sites and tailing ponds

SMQ-C Provides indication of water quality in

river downstream of the major identified
sources of metals.

HAG Active placer mining in watershed as well
as proposed hardrock mining. Monitoring
of this site will provide allow changes in
water quality to be detected.

SMQ-D (located | Monitor levels in South McQuesten | Only if easily accessible.
by pumphouse | downstream  of  Christal Creek and
northwest of Elsa) | upstream of Flat Creek.
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In addition, the Nacho Nyak Dun have expressed interest in conducting one time tests on a number of
other drainages within the South McQuesten River watershed to develop an understanding of their
contribution to the metal levels within the watershed. It is proposed that one or two of these streams in
the watershed be selected for sampling. This will add to the knowledge base of the water quality within
the watershed as a whole.

Recommendations for a sustainable long term sampling program include:
1. Regular sampling events should be adjusted to allow for a better representation of flow levels as
well as to avoid the times when sampling is logistically difficult (late winter). Table 6 outlines

the proposed timing sampling events:

Table 6. Proposed adjusted sampling timing for term monitoring.

Sampling Time Rationale

Late May / Very Early June To sample during freshet conditions
Late July / Early August Moderate summer flows

October Low flows prior to complete freeze up.
December / January Low winter flows.

In addition to the regular sample times, investigation of the high levels found in Christal Creek
during April should be undertaken. This could be conducted by monitoring data provided by
other sources as well as taking additional samples (at CHRS and SMQ-C) in April to determine
if high levels are indeed a trend.

2. Although more expensive, laboratory analysis with lower detection limits for copper and
selenium should be selected so that levels of copper and selenium can be evaluated compared to
the CCME guidelines. Water hardness would also be helpful information when determining
possible impacts on fish.
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Appendix A:
Field Sampling Information
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SOUTH MCQUESTEN RIVER WATER QUALITY SAMPLING — FIELD INFORMATION

Water pH Conductivity (uS/cm) Turbidity Discharge Comments
Temp (°C nt*/sec
CACHE 7 55 140 light 138 Rocks stained blue
color
SMQ-A 21 7 270 clear 414
SMQ-B 16 7 260 light 45
CHRS 7 7 - light 041
FLAT 13 7 420 light 0.22
HAL 15 8 200 clear 0.86 Dark water color
UNN 4 6 160 clear 042
SMQ-C 145 7 - clear 7.2
HAG 9 6.5 280 clear 246
Aug 27-28, 2003 Sampling
CACHE 6.3 6.7 240 light 134
SMQA 155 79 320 clear 2.88
SMQ-B 133 75 360 light 6.60
CHRS 6.2 76 600 light 061
FLAT 101 74 735 light 0.30
HAL 125 74 450 light 055
UNN 35 7 225 clear 015
SMQ-C 113 74 430 light 12
HAG 83 7.6 350 clear 0.72
CACHE 0 - 0 -
SMQ-A 0 - 40 clear - Discharge 1/3 less
than summer.
SMQ-B 0 - Q0 -
CHRS 0 - - - -
FLAT Sampl e not taken
HAL Sample not taken
UNN Sample not taken
SMQ-C Sample not taken
HAG Sample not taken
CACHE 0 6.6 220 - - Low discharge
SMQ-A 05 7.8 200 - - Low discharge
SMQ-B Not Accessible
CHRS 0 | 75 | 40 | - | - | Low discharge
FLAT Not Accessible
HAL 0 | 73 | 380 | - | - | Low discharge
UNN No Water
SMQ-C 0.2 74 310 - - Low discharge
HAG 01 75 300 - Low discharge
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Appendix B:
Chemical Analysis Reports
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Appendix C:
Sample Site Photographs (taken during July sampling event)
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Photo 2. Upstream view of SMQ-A
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Photo 4. Dowream view f CHS.
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Photo 6. Downstream view of HAL.
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UNN.

Photo 7. Upstream view

e

Photo 8. Upstram view of SMQ-C
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Photo 9. Upstream view of HAG.
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Appendix D:

Summary of Water Quality
Investigations in the Cache Creek Watershed.

(Prepared by the NND Lands and Resources Office).
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Appendix D - Summary of Water Quality Investigations in the Cache Creek Watershed. (NND Lands and Resources)

Overview:

Cache Creek belongs to the major tributaries of the South McQuesten River just below
McQuesten Lake (see attached map). There is growing evidence that confirms this creek is a significant
source of contaminants that may negatively impact aquatic habitat in the South McQuesten River. Cache
Creek is on NND Category ‘A’ Settlement land and has high mineralization potential, especially in
silver, lead, zinc, copper and gold. There are at least 5 previously explored or mined areas. In the lower
part of the valley the areas are called Rusty, Nat and Rambler claims. The upper parts of the valley had
been explored on claims named Lucknow and Davidson.

NND Lands & Resources Dept. has undertaken several field trips this season to get water
samples to better understand the situation in the valley. The primary goals were to locate and identify
potential sources of water contamination and to determine its antropogenous or natural origin. To date,
we have obtained water quality data from Cache Creek at several sampling sites. One of the sites
(CACHE 1), near the confluence with the South McQuesten River is included within an NND-EDI
(Environmental Dynamics Inc.) South McQuesten regular monitoring program funded through
Restoration & Enhancement Program.

Cache Valley Work History:

1.) Rusty and Lucky claims were staked in September 1968 and Bear claim in 1969 by P.Van Bibber
and L.Havranek, who trenched them in 1969-72 and 1976-78. The Lucky and Bear claims were
optioned in 1980 by Turner Energy & Resources Ltd., which performed bulldozer trenching in
1980 and 1986.

2.) Nat, Tiger and Copper claims were staked in September 1971 by Silver Spring Mining Ltd.,
which explored with grid soil sampling, geophysical surveys, bulldozing and 3 test holes
(207,6m) in 1972, and added the Tom claim to the north in August 1972, all in a joint venture
with Canadian Reserve Oil & Gas Ltd. Bullion Mountain Mining Ltd. added the Jerry claim to
the northeast in October 1971. Can Reserve performed additional trenching in 1976 and 1981.

3.) Rambler claim (cl 2346) was first staked in April 1915 by J. Alvenson. In 1918, A. Martin, J.
Alverson and partners sank a shaft with a 3 m cross-cut and later collared an adit 91 m lower on
the vein. The claim was restaked in December 1947 and August 1948 by R.A. McCann, who
sank a 17 m shaft and trenched in 1949. The claims were sold in 1951 to Whitemetal Yukon
Mining Ltd. In May 1966 the claims were restaked as Dog cl by Early Bird Mining Ltd., which
explored by trenching; and as Irene (Y33743) in December 1970 by J. Strebchuk. They were
optioned from 1971-1975 by Silver Spring Mining Ltd., which in joint venture with Canadian
Reserve Oil & Gas Ltd. performed geochemical sampling and trenching, geophysical survey, and
drilling 58 holes in total. In 1976 the claims were optioned by C.T. Exploranda, which explored
by trenching. In 1982, Canada Tungsten Mining Corporation Ltd. acquired the Silver Spring
interest and trenched on Dog claims. Strebchuk shipped about 23 tonnes of ore from the Irene
claim and optioned the property in May 1983 to Romex Resources Inc., which drilled 8 holes in
1984. The claims were transferred to Julian Mining Corporation, which explored with drilling in
1985. The claims were transferred back to Strebchuk in July 1989 who performed trenching and
roadwork and staked more claims in September 1989 and added the Cash claims in September
1990.

4.) The Lucknow claim was first staked in June 1916 by A.R. Thomson and explored by hand
pitting. Restaked as Dog cl in May 1966 by Early Bird Mining Ltd., which explored by
trenching. Purchased in June 1972 by Silver Spring Mining Ltd. and explored in a joint venture

1
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with Can Reserve Oil & Gas Ltd. with geochemical and geophysical surveys and trenching.
Extensive trenching occurred in 1974-75 after addition of Zap and Moshe claims. The Zap
fractional claims were transferred in 1980 to Scotchwest Holdings. A.H. Rogers added Michelle
cl in July 1980 and trenched in 1981. Canada Tungsten Mining Corporation Ltd. optioned Silver
Springs’ interests in 1982. Restaked as JSK cl. in September 1986 by Julian Mining Corporation.
Matt & Luke cl. were tied on to the east in August 1987 by M. Fersovich and the Lake claims
were restaked as Star cl. in August 1988 by L. Halonen.

5.) Davidson cl. were staked as Homestake group prior to 1921 by A. Martin and associates, who
trenched and sampled. Restaked as Homestake cl in January 1949 by R.A. McCann and as Vicki
cl. in June 1949 by R.S. MacDonald, who trenched in 1949 and transferred the claims to
Whitemetal Yukon Mining Ltd., which trenched in 1951-52. Restaked as Homestake & Vicki cl.
in January 1954 by J. Lucas. Restaked as Den cl. in September 1971 by a joint venture between
Can Reserve Oil & Gas Ltd. and Silver Spring Mining Ltd., which added Paul cl. in August 1972
and trenched in 1972. After Can Reserve dropped its interest, Canada Tungsten Mining
Corporation Ltd. optioned the property.

Fig.1 Signs of former exploration activities in Cache Creek valley

Water Characteristics:

The first evidence of Cache Creek contamination goes back probably 15-20 years when local
residents (the Hepner family) noticed unusual coloring (white-blue) of the water in the creek at their
cabin, which is near confluence with the South McQuesten River (see Fig.2). The Mayo Nursing station
performed laboratory analyses at that time.
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Fig.2 Cache Creek behind Hepner’s cabin at bridge (white-blue turbidity), Site Cache-

NND Lands & Resources have taken several water samples from this site (Cache-1). The water
samples were collected according to standard sampling procedures and sent to an accredited laboratory
in Vancouver. The laboratory analyses performed by ALS Environmental Ltd. in Vancouver confirmed
above-limit concentrations of zinc and aluminum, as well as metals like copper, iron and nickel, which
are toxic to freshwater aquatic life and potentially dangerous to humans. (Laboratory results of analyses
are attached in Table 1 together with Canadian Environmental Quality Guidelines for freshwater aquatic
life).

Table 1 Cache Creek water quality at bridge- Hepner’s cabin, Site Cache-1

Total metals

7" july/2003

10™ Sept. 2003

Guidelines limits

Aluminum 3.3 mg/l 2.6 mg/l 0.1 mg/l
Arsenic <0.2 mg/l <0.2 mg/l 0.005 mg/l
Cadmium <0.01 mg/1 <0.01 mg/l 0.000017 mg/l
Copper 0.02 mg/1 0.02 mg/1 0.004 mg/l
Iron 0.44 mg/1 0.25 mg/l 0.3 mg/l
Lead <0.05 mg/1 <0.05 mg/1 0.007 mg/l
Nickel 0.11 mg/l 0.12 mg/I 0.150 mg/l
Silver <0.01 mg/1 <0.01 mg/1 0.0001 mg/l
Zinc 0.601 mg/1 0.685 mg/l 0.03 mg/l

The following field investigations conducted by our department on 10" September 2003 and 3-
7™ October 2003 were focused on the whole valley. During our fieldwork we took several water samples
and conducted numerous field measurements (pH, conductivity) that confirmed increased acidity of the
water in the creek with a tendency to be more acidic in the upper parts of the valley then being diluted
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and neutralized by other tributaries downstream. The acidic conditions (pH ~ 4) are traceable for a
distance of approximately 4 km (see attached map). A similar situation was confirmed with metal
concentrations. The further upstream a sample was taken the higher the concentrations of aluminum,
zinc and other metals found in the water. In the upper part of the valley approximately 9km upstream of
the South McQuesten is a possible explanation for the process that causes the water to be contaminated:
here we encountered a confluence where there is a mixing of two geochemically different waters (see
Fig.3).

Fig.3 Confluence of whitish-neutral (left) and rusty —acidic (right) Creeks inheadwaters of Cache Creek valley

One of the Creeks is slightly white colored, with white staining on the submerged rocks and a
relatively higher pH reading (pH =6.6), while the other creek has clear water with rusty staining on the
rocks and acidic conditions (pH= 4.3). The chemical analyses of both creeks confirmed extremely high
concentrations of metals (aluminum, zinc, iron, copper, nickel) but surprisingly to the surprise, the
concentration of these metals in the acidic-rusty creek are several-fold higher than that in the neutral-
white creek. (see Table 2).
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Table 2 (Cache Creek water quality- Selected Total metals concentrations in mg/l
Total Al As Cd Cu Fe Ni Ag Zn

(aluminum) (arsenic) (cadmium) (copper) (iron) (nickel) (silver) (zinc)

metals/Site
Cache-A 1.8 <0.2 <0.1 0.01 0.15 0.12 <0.1 0.674
Cache-B 2.2 <0.2 <0.1 0.02 0.1 0.13 <0.1 0.766
Cache-C 4.0 <0.2 <0.1 0.03 0.65 0.2 <0.1 1.54

Cache-D <0.2 <0.2 <0.1 <0.01 | <0.03 |<0.05 |<0.1 0.008
Cache-E 0.4 <0.2 <0.1 <0.01 | <0.03 |<0.05 |<0.1 0.189
Cache-F1 0.3 <0.2 <0.1 <0.01 | <0.03 |<0.05 |<0.1 0.202
Cache-F2 12.2 <0.2 0.1 0.09 1.42 0.72 <0.1 2.51

We assume that these Creeks drain two different geological formations (left and right side of the
valley), both with potentially highly mineralized zones. The bottom of the valley is probably divided by
a fault zone, which separates these two geological formations. The leaching process is taking place
underground, but still shallow enough to enable mutual water, ore and air interaction. The
decomposition process of ore minerals, usually found as sulfides, is creating naturally acidic conditions
(well known as AMD — Acid Mine Drainage). There is a possibility that certain geological events
(quake, rockslide...etc.) in the past could have exposed mineral veins closer to the surface, thus to the
water and air, which are essential for sulfide decomposition and subsequent metals leaching. A similar
situation can be created by mining exploration (shafts, trenching...). However, we have not identified
any evidence of the latter.

The parent rocks on the left side of the valley don’t have enough buffering capacity to keep pH
of the drainage neutral. These relatively acidic conditions may even increase and speed up the process of
the breaking down and leaching of metal ore minerals, which lead to the extremely high levels of metals
in the acidic-rusty creek. The acidity of the water is high enough to start the decomposing process of the
alumo-silicate minerals (widespread minerals like amphiboles, pyroxenes...etc.), which leads to high
levels of aluminum in the creek. A similar process is taking place on the right side of the valley, but due
to the different geological substrate, the process of metals leaching is occurring at a much slower rate
and alumo-silicates are stable. Thus the white-neutral creek is relatively cleaner.

Once both creeks join together and flow downstream the overall acidity is still high (in the range
of pH 4-5). This condition forces any white (zinc) precipitates to dilute, and water in the creek for a
distance of approximately 4km is clear and the streambed is stained from rust - “Yellow boy'. The acidic
conditions are slowly changing downstream as natural attenuation is occurring and the pH of the Creek
is slowly increasing to neutral levels. In the vicinity of sampling point "D°, with the help of other clean
and neutral tributary waters (see attached map) the pH level gets to the sufficiently neutral point (pH ~
6) where zinc and aluminum can precipitate again. From that point the whole creek is getting whitish-
blue with precipitates of aluminum and zinc staining submerged rocks, mosses and vegetation in contact
with the flowing water. In other words, this is a process of continuing attenuation and nature is slowly
but steadily cleaning the water in the creek. The water analyses performed by ALS laboratory showed
the continual decrease of metal concentrations downstream but still not enough to reach levels of
Canadian Environmental Guidelines for freshwater aquatic life (see Table 2 and map).

The ratio of the flow volume in Cache Creek and South McQuesten River at their confluence in
the summer months was approximately 1:2 (3,5m’ : 7m’). This fact presents a relatively serious
problem, because dilution of the contaminated water from Cache Creek is not sufficient to decrease the
metals content in the South McQuesten River. We can assume that natural attenuation in the
downstream flow is sufficiently effective to decrease the metals content below the limit levels, which is
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the case at the YTG monitoring sites. Nevertheless, even a relatively short stretch of contaminated water
in the South McQuesten River just below McQuesten Lake may effectively prevent fish from migrating
upstream and significantly limit their habitat.

Conclusion:

From the above information it is evident that Cache Creek presents a unique geological-
environmental situation within the upper South McQuesten watershed. The field investigations, water
analyses and field measurements undertaken this summer confirmed our belief that contamination of
Cache Creek is a result of natural conditions and hence any human effort to change this situation is
probably futile. On the other hand, the anomalous metal concentrations in the water might indicate
potentially rich ore mineralization, which is close to the surface, and therefore be attractive to further
exploration by mining companies.

The South McQuesten River is a valuable chinook salmon spawning stream with many drainages
that may contribute to the overall deterioration of its water quality. Water quality monitoring, which is
presently conducted by YTG, is predominantly done in drainages near former UKHM mining sites.
Here, metals such as zinc and cadmium are commonly above recommended levels for aquatic life (e.g.
Christal Creek, Flat Creek). Unfortunately, little is known of the baseline data and other potential
sources of metals in this watershed. We hope the results presented here contribute to this information
vacuum and focus attention to other interesting and important areas in NND Traditional Territory.

NND Lands & Resources office
October 2003
Roman Krska
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