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ABSTRACT

On the 22-May-1991 Environmental Protection staff conducted a routine
inspection of mine water drainages, Vangorda Creek, Grum Creek and Shrimp Creek
in the vicinity of the Vangorda open pit mine near Faro, Yukon. As a result of
this inspection, physical and chemical analysis of water samples collected
revealed unusually high concentrations of suspended sediments and certain heavy
metals at a location 200 meters downstream of the Vangorda open pit. In order
to determine if this event was an isolated case or if it was a seasonal
occurrence, a more detailed survey was carried out the following two years during
approximately the same period. Using automatic sampling devices, Environmental
Protection staff returned in the spring of 1992 and 1993 to collect several weeks

of daily composite samples from four locations for suspended sediment and total

metals analysis.

The results of 1991, 1992 and 1993 sampling program showed that a high
heavy metals loading associated with a high suspended sediment loading was
occurring in Vangorda Creek as stream flows increased during the early stages
of the spring freshet period. These high loadings coincided with the first
significant increase in maximum daily temperatures in the 10 to 20°C range, a
significant increase in stream flow and persisted up to three weeks in length.
The data collected also showed that the source of the metals laden sediment was
associated with the Vangorda open pit mine development and the Anvil Mine Haul
Road crossing at Vangorda Creek and was detectable several kilometers downstream

of the mine.
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RESUME

Le 22 mai 1991, le personnel du Service de Protection de 1 'Environnement
a conduit une inspection de routine des drainages miniers, des ruisseaux
Vangorda, Grum et Shrimp dans les parages de la mine & ciel ouvert Vangorda prés
de Faro, Yukon. A la suite de cette inspection, 1l'analyse chimique et physique
des échantillons d’'eau a révélée des concentrations anormalement hautes pour les
solides en suspension et de certains métaux lourds, 200 métres en aval de la mine
a ciel ouvert Vangorda. De fagon & déterminer si cet événement £t un cas isolé
ou un phénoméne saisonier, une étude plus approfondie fit entamée
approximativement & la méme période de 1 année, pour les deux prochaines années.
Le personel du Service de Protection de 1 'Environnement a récolté durant
plusieurs semaines des échantillons composés & quatre stations pour les sédiments
en suspension et les métaux lourds, en utilisant un échantillonneur automatique

pendant le printemps de 1992 et 1993.

Les résultats du programme d échantillonage de 1991, 1992, et 1993 ont
montrés qu'une haute charge de métaux lourds associé avec les sédiments en
suspension coincidait avec la montée du débit du ruisseau Vangorda durant les
premiers stages de la fonte des neiges. Ces hautes charges correspondait avec la
premiére augmentation significative des températures maximales hebdomadaires
entre 10 et 20 degrés centigrade, ainsi qu'une augmentation significative du
débit du ruisseau. Le phénoméne persiste alors durant prés de trois semaines. Les
données recueillieg ont montrés que la source de sédiments & haute teneur de
métaux lourds était associée avec le développement de la mine & ciel ouvert

Vangorda et la route de camionnage traversant le ruisseau Vangorda. Les sédiments

ainsi contaminés pouvaient étre détectés plusieurs kilométres en aval de la mine.
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1.0 INTRODUCTIO

During a routine inspection of the Vangorda Mine site near Faro, Yukon on
May 22/23, 1991, Environmental Protection Service staff collected a series of
water samples from Vangorda Creek and two of it's tributaries, Grum Creek and
Shrimp Creek. The samples were analysed for nutrients and total and dissolved
metals and compared with the Fisheries Act "Metal Mining Liquid Effluent
Regulations™ (MMLER) and the Water Use Licence issued by the Yukon Territory
water Board (YTWB). Levels of suspended sediments and total Cu and Pb found in
water samples collected from Vangorda Creek approximately 150m downstream of the
Haul Road exceeded the MMLER for a grab sample. Suspended sediments and metals
contamination to a lesser degree was also found at other Vangorda Creek sample

locations further downstream.

A file report on the results of the sampling conducted in 1991 was
forwarded to the Department of Indiap and Northern Affairs Canada - Water
Resources in Whitehorse on the 14-May-1992. The results of the May, 1991
inspection lead to several follow-up inspections by Environmental Protection
later in 1991 as well as two detailed inspection surveys in the spring of 1992
and 1993. The information provided in this report presents the data collected

during each of these visits.



2.0 STUDY AREA

Vangorda Creek is located near the town of Faro, Yukon approximately

450km by highway north of Whitehorse (See Figure 1). The creek is a part of the

Pelly River basin and is intercepted by four road crossings: 1) The original-

Blind Creek Road, 2)The Faro Mine Haul Road, 3) The main road to the town of Faro
and 4) the Faro Pump House access road. The creek has also been diverted around
the Vangorda Open Pit Mine located between the Blind Creek Road crossing and the
Faro Mine Haul Road. The study area includes the Vangorda Creek drainage basin
between Site V1 on Vangorda Creek (upstream of the Blind Creek Road) and Site
V8, the confluence of Vangorda Creek with the Pelly River downstream of the Town
of Faro (See Figure 2). The sites sampled include the Vangorda Creek water
gquality monitoring network as outlined in the Water Licence that was authorized

during the period the sampling was taking place. They are as follows:

vl Vangorda Creek control; upstream of Blind Creek Road
v2 Grum Creek immediately upstream of Vangorda Creek
va Shrimp Creek immediately upstream of Vangorda Creek
V5 West Fork Vangorda Creek immediately upstream of mine road

V6A Tributary to West Fork Vangorda Creek upstream of Vangorda Mine Road

v8 Vangorda Creek immediately upstream of Pelly River
va25s Water Treatment Pond discharge (not shown in Figure 2)
V27 Vangorda Creek immediately upstream of Shrimp Creek

An additional number of sites not part of the Water Licence monitoring

network, were also sampled. They include:

EP1 Vangorda Creek approximately 150m downstream of the Vangorda Pit Haul
Road.
EP2 surface drainage from the north side of the Vangorda Creek valley

wall immediately upstream of the haul road; at a temporary settling



pond.

EP3 surface drainage from the north side of the Vangorda Creek valley
wall immediately upstream of the haul road; downstream a temporary

settling pond.

EP4 surface drainage from the north side of the Vangorda Creek valley

wall immediately upstream of the haul road; at a temporary settling

pond.
EP5 Vangorda Creek upstream of the West Fork confluence.
EP6 Seepage and mud flow area on downstream side of the Haul Road

adjacent to Vangorda Creek, right bank.
EP7 Pelly River downstream of highway bridge, left bank.

DIAND Station 29BC003 Vangorda Creek 100m upstream of the Faro Town road

crossing.

Refer to Figure 2A and 2B for the location of the sites listed above.

Stream and river sediments were also collected at several locations
throughout the study period on Vangorda Creek and the Pelly River. In September,
1991 only Site V8 was sampled for sediments. In 1993, V8, the Pelly River
(shown as EP7 in Figure 2A) and a seepage area upstream of EPl were sampled

{shown as EP6 in Figure 2B).
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3.0  METHODS

3.1 Water Quality

The methods used to collect grab samples for metals and nutrients
analysis in water are consistent with the procedures outlined in the
Environment Canada "Sampling for Water Quality” handbook (1983) . All grab
samples were collected using polyethylene containers supplied by the
Environmental Protection Chemistry lab in Vancouver. The immediate nutrient

parameters analysed in each grab sample are as follows:

pPH total phosphorus
conductivity nitrites

colour nitrite + nitrate
turbidity ammonia
non-filterable residue sulphate

total alkalinity chloride

filterable residue

The following parameters were analysed in each of the dissolved and

total/extractable metals samples:

aluminium(Al) molybdenum (Mo)
antimony (Sb) nickel (Ni)
arsenic (As) phosphorus (P)
barium(Ba) potassium(K)
beryllium(Be) selenium (Se)
boron (B) silicon(si)
cadmium(Cd) silver (Ag)
calcium(Ca) sodium(Na)
chromium(Cr) strontium(Sr)
cobalt (Co) tin(Sn)
copper {Cu) titanium(Ti)
iron (Fe) vanadium(V)
lead(Pb) zinc (Zn)

magnesium(Mg)
manganese (Mn)
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Sample preparation and preservation of grab samples (where required) took place

in the field immediately following the collection.

In order to more accurately characterize suspended sediments‘and heavy
metals concentrations in Vangorda Creek during the spring freshet period, ISCO
Automatic Wastewater Samplers (Model 2700 and 3700) were utilized in 1992 and
1993 to collect a series of 1L daily composite samples over the course of
several weeks during the months of May and June. The automatic samplers were

installed at the following sites (See Figure 2A and 2B for location):

S;ation V1l (Vangorda Creek)
Station V8 (Vangorda Creek)
EP1 (Vangorda Creek)

EP2 (drainage); 1993 only

Tygon pump tubing and. 1L polyethylene sample containers for each of the
automatic samplers were cleaned, acid washed and rinsed with distilled water at
the EP Lab in Whitehorse prior to use. In 1992, 10ml of concentrated nitric acid
was added to each sample container at the start of the sample period in order to
ensure immediate preservation of the sample following collection. This procedure
was not included in the 1993 sampling plan due to the adverse effects of

concentrated nitric acid fumes on certain components of the automatic samplers.



TABLE 1 DURATION OF SAMPLE PERIODS FOR 1992 AND 1993

u LOCATION START DATE 'END DATE [ # OF DAYS
V1 22-MAY-1992 06-JUN-1992 16
V1 04-MAY-1993 08-JUN-1993 36
v8 22-MAY-1992 05-JUN-1992 15
V8 07-MAY-1993 25~-MAY-1993 19
EP1 22-MAY-1992 10-JUN-1992 20
EP1 05-MAY-1993 02-JUN-1993 29
EP2 07-MAY-1993 08-JUN-1993 33

Each automatic sampler was programmed to collect 1L daily composite samples
over a periecod ranging from 2 to 3 weeks. The daily composite sample schedule
initiated at 08:00, 16:00 and at 24:00 hours each day. Sample volume was set
at 300ml for each sub-sample resulting in an approximate total volume of 900ml
(x 50mi). The samplers were programméd to purge the intake line prior to
collection of each sub-sample. The sample periods for each of the two years is

shown in Table 1.

The differences in the length of the sample periods during both years is
due to sampler malfunction as a result of either intake hose freeze-up early in
May, intake hose breakage or plugging of the intake hose by gravel and sand.
The automatic samplers were visited on two or more occasion during the sample
period to correct any problems and to replenish sample bottles. These visits
took place one to two days after the start of the sample period and again :n the
first or second week of operation. Each automatic sampler was powered uv.ing a

deep cycle 12 volt automotive battery.
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Field QA/QC was accomplished in two different ways. Grab samples were
collected at the beginning, once during the sample period and at the end of the
sample period for a complete chemical analysis. A series of in situ blanks were
included wiﬁh all grab and composite sample sets submitted to the lab for
analysis. In situ quality control for each of the automatic samplers was
accomplished by manually filling one of the 1L sampler bottles with deionized
water at the start of the sampling period and then filling a second bottle with
deionized water at the end of the sample period. Each of the sample blanks
were then treated and analysed in the same fashion as the actual samples. All in

situ control samples were submitted to the Environmental Protection Lab in

Vancouver as hidden blanks.

The daily composite samples were analysed for non-filterable residues and

total and extractable metals.

In situ temperature, pH, conductivity and dissolved oxygen measurements
were taken at each of the sample sites at the beginning and the end of the
sample periods using an "Aquamate 1000"™ multi-probe datalogging instrument. The
device was deployed at each site for a approximately 10 minutes, monitoring at
10 second intervals. Data collected on each visit was downloaded onto a
microcomputer for processing and averaging. A mean value for the parameters
measured was calculated from 12 intervals measurements at the end of the logging

sequence for a given site.
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3.2 Sediments

Streambed and suspended sediments were collected from the lower portion of
Vangorda Creek in 1991 and in 1993. Grab samples were randomly collected using
a Teflon scoop from the streambed in the vicinity of V8 in October, 1991 and in
September, 1993. 1In October, 1993 suspended sediment from Vangorda Creek were
also collected using an "Alfa Laval" continuous flow centrifuge. Water from
Vangorda Creek at V8 and the Pelly River (EP7) was centrifuged over a 10 hour
period from each of the sites. Due to the time of year when suspended sediment
loading is generally low in surface waters, the volume of sediment material
recovered was low, however, a sufficient amount was obtained for sequential

extraction analysis.

Streambed samples for both years were analysed for the following metals:

aluminium(Al) manganese (Mn)
antimony (Sb) molybdenum(Mo)
arsenic (As) ' nickel (Ni)
barium(Ba) ' phosphorus (P)
beryllium(Be) potassium(K)
boron (B) selenium (Se)
cadmium(Cd) silicon(si)
calcium(Ca) silver (Ag)
chromium(Cr) sodium(Na)
cobalt (Co) strontium(Sr)
copper (Cu) tin(Sn)
iron(Fe) titanium(Ti)
lead (Pb) vanadium(V)
magnesium(Mg) zinc (Zn)

A sequential extraction analysis was performed on the 1993 streambed
and centrifuge suspended sediment samples for As, Cd, Cu, Fe, Pb and Zn.
The sequential extract procedure results in five fracticns for the
evaluation of speciation of particulate metals. Following st adar~ drying
procedures, the sample is then seived to <63um mesh size anc homczyinized.

The samples are then weighed into 40ml high speed centrifuge tubes and/or
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Teflon PFA digestion vessels (depending on the fraction) and subjected to

a sequential leaching procedure designed to partition trace metals into the

following fractions:

Fraction (1):

Fraction (2):

Fraction (3):

Fraction (4):

Fraction (5):

Exchangable Metals. Sediment sample is extracted with 1M
MgC,, initially at pH 7 at room temperature for one hour on

a wrist action shaker.

Metals bound to a carbonates or specifically absorebed. The
residie from (A) is leached with 1M sodium acetate adjusted
to pH 5 with acetic acid at room temperature for five hours

on a wrist action shaker.

Metals bound to Fe~Mn Oxides. The residue from (B) is
extracted at 96° C for six hours with 0.04 NH,OH.HCl in 25%

(v/v) acetic acid.

Metals bound to organic matter and sulfides. The residue
from (C) is extracted at 85° C for five hours with 0.02 M
HNO, + 30% H,0, adjusted to pH 2 with HNO, ana then at room
temperature with 3.2 M NHAc in 20% (v/v) HNO; on a wrist

action shaker.

Residual Metals. The original dried samples are weighed in
Teflon PFA digestion vessels and digested with NHO, and Hcl
in a microwave oven, resulting in a total fraction (MT).

The residual fraction (E) is calculated via:

(F) = MT - [(R)+(B)+(C)+(D)]
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Sequential extraction analysis for Cu, Zn, As and Cd is preformed via
Inductively Coupled Argon Plasma (ICAP) Emission Spectrometry (simultaneous
multielement analysis). Analysis for Pb and Fe is performed via Atomic

Asorption (ARA) Spectrometry.

The ICAP metals analysis for stream sediment samples was performed by
the Environmental Protection Laboratory in Vancouver, B.C. while the
sequential extraction analysis was performed by the Saskatchewan Research
Council in Saskatoon, Saskatchewan. The NIST 1646 Standard was included
with the stream sediment sample set and was analysed for reference and QA/QC

purposes.
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4.0 RESULTS

4.1 Water Quality

Water quality data for grab samples and daily composite samples is
provided in Appendix I, Tables 1 through 6. Refer to the information on
each of the tables for the date and location the data was collected. In
each case the raw data is presented, however, where there were replicate
samples for a particular site (in some cases three samples were collected
at a given site for QA/QC purposes), then a mean and standard deviation is

given.

The data was compared with the Fisheries Act Metal Mining Liquid
Effluent Regulations (MMLER) as well as with the Yukon Territory Water Board
(YTWB) Water Licence requirements in effect at the time of the sample
collection (Part C - Conditions applying to Operation, Licence IN89-002).
Please note that sites EP1 through EP7 are not license monitoring sites as
outlined in the YTWB Wéter License. Therefore, references to regulatory
levels outlined in the YTWB Water License and the MMLER for non-filterable
residue, cadmium, copper, lead and zinc are given for discu;sion purposes
only. Readers should also note that water quality data provided for
Stations EP2 characterize the effects of a temporary settling pond in place

at the time the sampling took place in 1993.

The highest concentrations of suspended sediment and heavy metals
found in Vangorda Creek were generally at EPl, however, other sites did
reflect elevated levels on‘occasion during the sample periods. The majority
of the heavy metals and suspended sediments documented in Vangorda Creek at
EPl are suspected to originate from a mud flow and groundwater seepage area
at the toe and side slope along the downstream face of the Haul Road (EP6).

Typically, the snow along this portion of the Haul Road melts well in
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advance of the spring freshet period and the sediments laden with heavy
metals are carried with the melt water into the stream channel. Since
Vangorda Creek water levels are at or near the seasonal low during this
early thaw peried (i.e. low volume, low velocity), the sediments have an
opportunity to settle out in the creek channel within a short distance of
where they enter. The material eventually becomes re-suspended and 1is
transported considerable distance downstream when water levels and velocity
increase dramatically as a result of the spring freshet. Typically this
event happens sometime over a three to four week period between early May
and early June and is mostly dependant on a significant increase in daytime
temperatures. Other factors such as precipitation and in-stream work by the
mining company also has the potential to contribute significant sediment

loadings into Vangorda Creek in the area of the Haul Road.

Other potential sources such as the drainage from the Grum waste rock
piles, the water treatment plant along the north face of the valley
(immediately upstream of the Haul Road), Grum Creek and the West Fork of
Vangorda Creek do contribute suspended sediments to Vangorda Creek.
However, these sources enter the creek channel downstream of EPl. There,
the bulk of the sediment loading is suspected to originate from the

*

immediate vicinity of the Haul Road crossing.

For the purposes of this report, the following parameters will be
discussed in detail: suspended sediments (NFR), Cd, Cu, Pb and 2Zn. The
balance of the parameters analysed in the water samples are not discussed
in any detail. Refer to the appendices for data on other parameters not

listed above.
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4.1.1 Suspended Sediments

The MMLER specifies a maximum authorized concentration.of 50 mg/L and
37.5 mg/L for grab and composite samples, respectively, for suspended
sediment (NFR) in a discharge from a mining operation. The YTWB specifies
a maximum limit of "not greater than 15 mg/L“ in a waste discharge. NFR
data collected during the study periods at EPl ranged from 20 to 11,000 mg/L
(see Figure 3 and 4). The maximum level (of 11,000 mg/L) reported for a
grab sample collected 05-May-1993 was an unusual occurrence and is not
consistent with the NFR concentration found in the composite sample
collected at EP1 on the same day. However, heavy metals data for the grab
sample does indicate an event did occur which resulted in an unusually high
concentration of suspended material entering the creek around the time the
sample was collected. This is also supported by observations recorded in
the field about the unusually high concentration of suspended sediment in
the creek at the time the sampleé were collected (at approximately 16:00
hours). A confirmation analysis was also performed on the sample to ensure

it's accuracy (personal comm., Maria Arauja, EP Chemistry Lab).

NFR values at other sites sampled were elevated on certain dates. 1In
1993 at EP2 (a settling pond) NFR values were low for the first seven days
of the sample period. However, on 14-May-1993 NFR values increased to 3600
mg/lL and were sustained at levels ranging from 500 to 5400 mg/L for the
next 9 days wuntil 21-May-1993 (see Figure  5). Based on verbal
communications with mine staff on site at that time, the settling pond
impoundment (where the automatic sampler at EP2 was sampling) failed
sometime on the 14th resulting in the redistribution of impounded sediments

down slope towards Vangorda Creek (personal comm., Bill Dunn, Mine Manager).
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Figure 3 : NFR at Station EP1
22-May-92 to 10-Jun-92
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Figure 4 : NFR at Station EP1
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Figure 5 : NFR at Station EP2
06-May-93 to 08-Jun-93
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At V8, NFR ranged from 10 to 1800 mg/L for the 1992 and 1993 sample
periods with the highest value occurring 17-May-13893 (see figures 6 and 7).
In comparison with other daily composites for this date, EPl and EP2 show
similar values. This indicates the elevated levels could be, in part, due
to the failure of settling ponds at EP2. It should be noted that there is
no data for EP1l for the 15th and 16th of ﬁay, 1993 due to an absence of
sample in the bottles during these two days. The cause of this is not known
but is suspected to be blockage of the pump intake hose. Stream flow data
provided by Indian and Northern Affairs Canada - Water Resources
{(unpublished data) for this site is presented in Figures 6 and 7 to show the
relationship between stream flow, suspended sediment loading and maximum

daily temperatures.

NFR values at V1, upstream of the mine site, show there were no
elevated levels or significant events of suspended sediment in the creek.

The maximum detectable level for V1 was 40 mg/L.
4.1.2 Cadmium

Total Cd levels were generally low throughout the sample periods in
1992 and 1993 with a few exceptions. Cd exceeded the YTWB Licence level of
0.02 mg/L on three consecutive days in 1992 (May 26 to May 28), and on one
day in 1993 (May 6) at Station EPl1l (see Figures 8 and 9). Non-compliance
levels were also noted at Station EP2 in 1993 (see Figure 10). This came
about following the failure of a settling pond (at EP2) the evening of May
13 as a result of a heavy rain storm, however, there does not appear to be
any significant increase in Cd downstream at EP1 for the same period. MMLER

does not specify a maximum concentration of Cd for mine waste water.
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Figure 6 : NFR at Station V8
23-May-92 to 05-Jun-92
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Figure 7 : NFR at Station V8
07-May-93 to 25-May-93
mgi.
Thousands
0 1 2
1

05/07/93
050793 |
05/07/93
0510893 |
05/00/93
05/10/93
05/11/3 [
05/12/93

BNFR

— Max Daily Temperature
B Daily Discharge (m?/sec)

05/13/93
& osnams
2 0511593
§ 05/16/93

05/17/93

05/19/93

05/19/93

05/20/93

052103 §

|  c=composite sample

05/22/83

05/23/93
05/24/93
05/25/93

| {

0 10 : 20
Temperature (C)and Discharge

30

[



23

Figure 8. Total Cd and Cu at Station EP1
22-May-92 to 10-Jun-92
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Figure 9: Total Cd and Cu at Station EP1
05-May-93 to 02-Jun-83
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Figure 11 :

Total Pb and Zn at Station EP1
22-May-92 to 10-Jun-92
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greater than 1.0 mg/L. Two grab samples collected during this period also
exceeded the MMLER for a grab sample (0.4 mg/L). During this same period
at EP1, the YTWB Licence level for Total Pb (0.2 mg/L) was exceeded on 14

of the days sampled.

Noncompliance with MMLER during the 1993 sample period occurred at
EP1 on 5 of the days sampled, ranging from 0.3 mg/L to 0.79 mg/L total Pb
(see Figure 12). One grab sample collected at EPl 06-May-1993 (6.76 mg/L)
exceeded the MMLER for a grab sample for total Pb. The YTWB Licence

level for total Pb was exceeded on 8 of the days sampled.

At EP2 during this same period, total Pb exceeded MMLER on 5 days,
ranging from 0.33 mg/L to 1.3 mg/L (see Figure 13). The number of days
total Pb exceeded the YTWB requirements at this site for the same period

was 7.

Noncompliance with MMLER and/or YTWB requirements for Pb was
documented at a number of other sites as well. Specifically, at V27 and
EP5S on 22 and 23-May-1991 (1.22 and 1.29 mg/L respectively) and at V2 on
06-May-1993 (0.74 mg/L). At V8, Pb exceeded 0.2mg/L on 20 occasions
during the 1992 sample period ranging from 0.23 to 1.17 mg/L (see Figure
14). The maximum concentration occurred on 25-May-1992. During the 1993
sample period the maximum concentration for a grab or composite sample was

0.88 mg/L (see Figure 15).
4.1.5 Zinc
Total Zn exceeded MMLER at EPl on 22-May-1991 (0.755 mg/L), on 7

occasions during the 1992 sample period, ranging from 0.913 mg/L to 1.62

mg/L for composite samples, and on 2 occasions during the 1993 sample
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Figure 12 : Total Pb and Zn at Station EP1
05-May-93 to 02-Jun-93
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Figure 13 : Total Pb and Zn at Station EP2
06-May-93 to 08-Jun-93
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Figure 14 : Total Pb and Zn at Station V8
22-May-92 to 05-Jun-92
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Figure 15 ;. Total Pb and Zn at Station V.
07-May-93 to 25-May-93
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period, ranging 1.02 and 1.08 mg/L for composite samples (see Figures 11
and 12). Total Zn also exceeded the maximum level for a grab sample (1.0
mg/L) at EPl on 06-May-1993 (9.39 mg/L). At EP2, total Zinc exceeded
MMLER on 4 days, ranging from 0.845 mg/L to 1.86 mg/L (see Figure 13).
At V8 Zn levels exceeded MMLER on two occasions, once on the 25-May-1992

at 0.857 mg/L and once on the 17-May-1993 at 0.914 mg/L (see Figures 14

and 195).

The frequency of noncompliance with YTWB Water Licence levels for
Zn (0.5 mg/L) at EP1l occurred on 9 of the days sampled during the 1992
sample period and on 5 of the days sampled during the 1993 sample period.
At EP2 during the 1993 sample period, total Zn exceeded the YTWB level on
11 days. The frequency of noncompliance at V8 in 1992 occurred on two of

the days sampled and in 1993 total Zn exceeded 0.5 mg/L on one day.
4.2 Sediments

4.2.1 Stream Sediments

The metals analysis of stream sediments collected in fhe study area
show there was an elevated level of Pb in Vangorda Creek sediments near
the confluence with the Pelly River in October, 1991. Values from 10 grab
samples collected within 100m of the river ranged from 769 ug/g to 2860
ug/g, averaging 1800 ug/g (see Appendix II, Table 1). 2Zn concentrations
in the same samples ranged from 289 ug/g to 345 ug/g, averaging 321 ug/g.
In September, 1993 a series of three grab samples from the same location
contained an average of 161 ug/g Pb and 441 ug/g Zn (see Appendix II

Table 1).
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A series of four grab samples of fine sediments from a site located
immediately adjacent to Vangorda Creek (right bank) on the downstream side
of the Haul Road (EP6) identified one possible source of Cd, Cu, Pb and
Zn previously found in the Vangorda Creek water samples. The
concentrations reported for these samples ranged from 0.8 to 2.9 ug/g Cd,
97 to 244 ug/g for Cu, 673 to 2090 ug/g for Pb and 936 to 2600 ug/g Zn
(see Appendix II Téble 1). The area from where these samples were
collected is best characterized as a mud flow associated with a small
seepage of unknown origin. The fine sediments may have either been
deposited from the surface of the Haul Road as a result of normal road
surface maintenance (i.e. road ploughing during winter and summer) or it

originates from the fill material used in constructing the Haul Road.

The stream and suspended sediments collected in September, 1993 from
the Pelly River (EP7) and Vangorda Creek (V8) were also characterized
through sequential extraction analysis. The results are given in Appendix
II, Table 2. Elevated Cu was reported for both the Pelly River and
Vangorda Creek centrifuged samples of suspended sediment, however, this
is suspected to be due to contamination from the copper alloy spindle of
the centrifuge device and is not believed to be representative of the

conditions at the time of sampling.
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