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ABSTRACT

An assessment of water quality and biological conditions at a
placer gold mine site on Little Gold Creek was carried out during the
period June to September, 1982. The water quality, sediment and bottom
fauna characteristics were documented at five sample stations.

Water quality parameters were seen to be dramatically
influenced by activity at the placer mine. During periods of sluicing
activity elevated values were -observed at downstream stations for
suspended sediments (NFR), settleable solids, filterable residue,
turbidity, and the extractable heavy metals. Dissolved oxygen levels
and pH values were lower at downstream locations during sluicing.

Sediment composition of the stream bottom was seen to increase
in percent of fine sands, silts and at downstream locations during
sluicing. These fine sediments were seen to have lower extractable
heavy metal values than the more coarse sediments of the control
station. This was attributed to the larger, and heavier metal bearing
particles being deposited in the settling pond system. Stream bottom
composition was observed to return to a composition more typical of the
control station after extended periods of no sluicing activity.

' Bottom fauna abundance and diversity was determined.
Diversity indices indicate that stations subjected to the influence of
the placer mine activity had lower diversity and fewer organisms than
the control. The composition of benthic invertebrates changed from a
community dominated by members of the Ephemeroptera and Plecoptera at
the control station to a community dominated by members of the Diptera
at stations subject to the influence of the placer mining activity.
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RESUME

Une évaluation de la qualite et des conditions biologiques de
1'eau d'une exploitation d'extraction d'or, a eu lieu sur le Little
Gold Creek, Territoire du Yukon, durant la période de juin a septembre
1982. La qualit€ de 1'eau, les caractéristiques des sédiments et de la
faune benthique ont eté analysées a cing stations d'echantillonnage.

Les différents paramétres de qualité des eaux, semblent
profondement influenceés par 1'activité de 1'exploitation du "placer".
Durant la période de "sluicing" des hausses de la quantité de solides
en suspension, solides seédimentables, résidus filtrables, turbidité et
métaux lourds extractables, ont &té observées aux points
d'échantillonnage en aval de 1'exploitation. Les niveaux d'oxygene
dissous et de pH furent plus bas, a ces méme points, a la méme période.

I1 semble y avoir une augumentation du pourcentage de sable
fins et de silts dans la composition des sédiments en aval des
opérations miniéres. Ces sédiments fins semblement avoir une plus
faible valeur en métau; lourds extractables que les sédiments plus
grossiers de 1la station de contrdle. Ceci s'explique par 1la
sedimentation des particules plus grosses et porteuses de metaux lourds
lors de leur passage dans le bassin de decantation. I1 a ét€ observé
que la composition du fond du ruisseau tend a retourner 3 une
composition plus typique, ressemblant & la station de contrdle, aprés
une période prolongée exempte d'activités minieres.

L'abondance et la diversité de la faune benthique ont été
déterminées. Les stations sujettes a 1'influence des activités
d'extraction d'or présentant des indices de diversité plus faibles et
une abondance réduite comparativement a la station de contrdle. La
composition des organismes benthiques change d'une communauté dominée
par des Ephéméropteéres et Plé€coptéres, & la station de contrlle, pour
un communaute” dominée par des Diptéres aux stations sujettes a
1'influence des activités de 1'exploitation du "placer".



ABSTRACT
RESUME

- iii -

TABLE OF CONTENTS

TABLE OF CONTENTS

REFERENCES

w W w w W NN
. L I ]

. e .
W N

R S T T T~ R T T T
. . » . L2 L] [ . L] -

W W W NN N = =

- . . . . . L]

N o w N

List of Figures
List of Tables

INTRODUCTION
Background

STUDY AREA
Description
Mineralization Description

METHODS

Water Quality
Sediments
Bottom Fauna
Fish

RESULTS AND DISCUSSION

Water Quality

Heavy Metals

Suspended Sediments (Non-filterable Residue)
Other Water Quality Parameters

Sediments

Sediment Particle Size Analysis

Sediment Metal Concentrations

Bottom Fauna

Bottom Fauna Mumbers and Diversity Indices
Three Most Abundant Orders Found in Little Gold Creek

ACKNOWLEDGEMENTS

Page

15

17
17
18
19
20

21
21
21
25
27
31
31
34
40
40
42

51
55



APPENDICES
APPENDIX I

APPENDIX Il

APPENDIX III

APPENDIX IV

- iv -

TABLE OF CONTENTS (continued)

COLLECTION, PRESERVATION, ANALYSIS OR
IDENTIFICATION METHODS AND WATER QUALITY
CRITERIA

TABLE 1  WATER SAMPLE COLLECTION,
PRESERVATION AND ANALYSIS METHODS

TABLE 2 SEDIMENT COLLECTION,
PREPARATION AND ANALYSIS METHODS

TABLE 3 BOTTOM FAUNA COLLECTION,
PRESERVATION AND IDENTIFICATION
METHODS

TABLE 4  WATER QUALITY CRITERIA FOR
DRINKING WATER AND AQUATIC LIFE

WATER QUALITY DATA

SEDIMENT DATA

TABLE 1  SEDIMENT PARTICLE SIZE ANALYSIS

TABLE 2 ~ SEDIMENT CHEMISTRY DATA

BOTTOM FAUNA DATA

TABLE 1  BOTTOM FAUNA TAXONOMIC GROUPS

TABLE 2  BOTTOM FAUNA DATA

59

60

65

67

68

73

87

88

91

95

96

100



LIST OF FIGURES

Fiqure Page
1 LOCATION OF THE LITTLE GOLD CREEK STUDY AREA 2
2 LITTLE GOLD CREEK STUDY AREA SHOWING SAMPLE STATIONS 4
3 OVERVIEW OF PLACER MINING OPERATION 6
4 FIRST SETTLING POND AND DIVERSION CREEK 7
5 VIEW OF LITTLE GOLD CREEK VALLEY, JULY 7, 1982 8
6 VIEW OF LITTLE GOLD CREEK VALLEY, SEPTEMBER 2, 1982 8
7 STATION 1 - CONTROL STATION ON LITTLE GOLD CREEK 9
8 STATION 1 - RELOCATED 70 m UPSTREAM 10
9 STATION 2 - MINE EFFLUENT 11

10 STATION 3 - EFFLUENT DISCHARGE CHANNEL OF SECOND

SETTLING POND 12
11 STATION 4 - 300 m DOWNSTREAM FROM STATION 3 13
12 STATION 5 - 1.1 km DOWNSTREAM FROM STATION 4 14



Figure

13

14

15

16

17

18

19

20

21

22

- Vi -

LIST OF FIGURES (Continued)

HEAVY METALS IN WATER: ARSENIC, COPPER,
IRON, MERCURY

HEAVY METALS IN WATER: MANGANESE, NICKEL,
LEAD, ZINC

NON-FILTERABLE RESIDUE (SUSPENDED SEDIMENTS)

SEDIMENT PARTICLE SIZE ANALYSIS - PERCENT COMPOSITION

SEDIMENT PARTICLE SIZE ANALYSIS (continued)

HEAVY METALS IN SEDIMENT: ARSENIC, COPPER,
IRON, MERCURY

HEAVY METALS IN SEDIMENT: MANGANESE, NICKEL,
LEAD, ZINC

BOTTOM FAUNA DATA - ABUNDANCE

BOTTOM FAUNA DATA - PERCENT ABUNDANCE

BOTTOM FAUNA DATA (continued)

Page

22

23

26

32

33

37

38

45

46

47



Table

- vii -

LIST OF TABLES

DESCRIPTION OF SAMPLE SITES IN THE STUDY AREA

MEAN VALUES FOR SEDIMENT METAL CONCENTRATIONS

SUMMARY OF BOTTOM FAUNA DIVERSITY INDICES AND NUMBERS

THREE MOST ABUNDANT ORDERS AND THEIR TAXONOMIC
GROUPS.

TOTAL NUMBER AND PERCENT CALCULATED FOR THE THREE
MOST ABUNDANT ORDERS.

Page

35

41

43

44



1 INTRODUCTION

The Environmental Protection Service conducted a study of
water quality, sediment composition and bottom fauna in the watershed
of Little Gold Creek in the Sixty Mile River area (Figure 1) The
information derived from the study enables the assessment of the
quality of the stream in the vicinity of a placer mining operation.
Sampling occurred on six separate dates in 1982: June 26, July 7, July
20, August 10, September 2 and September 23.

1.1 Background

Gold was discovered in the Sixty Mile River district in 1892,
four years before the Klondike Gold Rush. The major discovery was
found by C. Miller on Miller Creek, and subsequent discoveries were
made at Glacier Creek and Big Gold Creek (Sabina 1979). Aside from the
Forty Mile River district gold rush, the Sixty Mile River goldfields
were the second major gold discovery in the Yukon at this time.

In the early days, Little Gold Creek was extensively
prospected but was generally considered too poor to work. The gold was
distributed uniformly in a narrow and continuous streak, which was
nowhere very rich. Heavy boulders made successful mining there
difficult (Cockfield 1921).

According to mining records for the Sixty Mile River
district, some of the individuals who staked and worked various claims
on the property of Little Gold Creek were: D.W. McLeod 1920-1923, F.
Hurst 1919-1920, J.J. Biebold 1920-1921, William A. Williams 1933, J.E.
Clark representing Terra Mines Ltd. 1953-1956. Most recently, however,
was a company with an extensive operation on Little Gold Creek,
downstream of the present study, during the 1980-1981 season.
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FIGURE | LOCATION OF LITTLE GOLD CREEK STUDY AREA



2 STUDY AREA

The mining operation on Little Gold Creek is located 40 air
miles west of Dawson City at 64°05'N, 140°50'W. It is connected by an
access road which leaves the Sixty Mile Highway at km 84 west of Dawson
City (see Figure 1).

s The access road, much of which is above tree line lies on the
crest of a long flat-topped ridge which separates the Yukon River and
Forty Mile River to the north from Swede Creek and the Sixty Mile River
to the south. The ridges are of fairly uniform elevation and are
dissected into a maze of deep, gently curved, V-shaped valleys whose
floors are 450-900 m below the crests (Sabina 1979).

Little Gold Creek is a 9.5 km 1long tributary of Big Gold
Creek, which in turn is a tributary of the Sixty Mile River (Figure 2).
The elevation of the property ranges from 810 m at the bottom to 860 m
at the top of the study area.

Sampling stations were selected to include; an upstream
control, sluice box effluent , final settling pond effluent, and two
sites several hundred metres downstream, (see Figure 2). The sample
sites are described in Table 1 and illustrated in photographs, Figures
3 to 12.

2.1 Description

During the period of study, a three-man placer mining
operation was working the upper reaches of Little Gold Creek on claims
13800-13820. In 1982 the company operated with a Water Use Authoriza-
tion under the Northern Inland Waters Act (NIWA). The Authorization
was for 200-450 litres per day (45-100 IGPD) for the camp and 9000
litres per minute (2000 IGPM) for the mining operation during sluicing
hours. Water used for sluicing operations was discharged to two
settling ponds and eventually to Little Gold Creek.
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FIGURE 3

OVERVIEW OF PLACER MINING OPERATION AT LITTLE GOLD CREEK.
JUNE 25, 1982.

-



FIGURE 4  FIRST SETTLING POND. NOTE CREEK DIVERSION ON THE EXTREME
UPPER LEFT SIDE OF PHOTO.



FIGURE 5

FIGURE 6

DOWNSTREAM VIEW OF LITTLE GOLD CREEK VALLEY.

NOTE STRIPPED

AREA WITH PAYDIRT IN THE CENTRE OF THE PHOTO READY TO BE

SLUICED. JuLY 7, 1982.

DOWNSTREAM VIEW OF LITTLE GOLD CREEK. OVERVIEW OF THE

VALLEY NEAR THE END OF THE OPERATING SEASON.
1982.

SEPTEMBER 2,

-
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FIGURE 7 STATION 1. CONTROL STATION, LOCATED IN AN UNDISTURBED

SECTION OF LITTLE GOLD CREEK. UPSTREAM OF THE PLACER MINING
OPERATION. SEPTEMBER 2, 1982.
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FIGURE 8 STATION 1. RELOCATED 70 m UPSTREAM FROM THE ORIGINAL
STATION SITE DUE TO DISTURBANCE TO THE STREAM BED.

SEPTEMBER 23, 1982.



FIGURE 9

STATION 2.

SAMPLING MINING EFFLUENT BEFORE REACHING THE
FIRST SETTLING POND. VIEW DOWNSTREAM.



FIGURE 10

STATION 3. LOCATED IN THE EFFLUENT DISCHARGE CHANNEL OF THE
SECOND SETTLING POND.

"
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LITTLE GOLD

STATION 4.

FIGURE 11

STATION 3.
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LITTLE GOLD CREEK, 1.1 km DOWNSTREAM FROM

VIEW DOWNSTREAM.

FIGURE 12 STATION 5.

STATION 4.
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The method of mining involved stripping overburden and
storing it along the edge of the valley, removing and stockpiling pay-
dirt for sluicing and feeding the paydirt through the sluice box. The
equipment on site consisted of a crawler tractor (D8 Cat), a front end
loader (John Deere Model A 448), a three channel Ross sluice box (Model
200) and a 150 h.p. pump. The volume of material stripped and mined
for 1982 was estimated by the operators to be 95,569 m3 (125,000
yd3).

The method for handling the tailings involved moving the
coarse tailings materials to the side of the site for disposal or
possible rewash. The effluent was routed to settling ponds to settle
out some of the finer sediment particles. The coarse gravel tailings
piles were flattened and fanned out along the base of the valley slope
as the operation progressed upstream. During the course of the
operation Little Gold Creek was relocated to one side of the valley to
by pass the operation, re-entering the main channel below the second
settling pond. Water for sluicing was diverted from the stream into a
storage pond and during sluicing this was supplemented by makeup water
recirculated from the first settling pond. Water for sluicing was
pumped upstream from the storage pond through an approximate 10" pipe
to the sluice box.

2.2 Mineralization Description

Little Gold Creek originates about two miles east of the
Alaska Boundary. It originates in a number of steep walled, narrow
gqulches and near its head the grade is steep but in the lower reaches
it gradually flattens out, approximately 1.4 cm per m (1.4% gradient).

Metamorphic rock is dominant at Little Gold Creek and forms
what is known as the Yukon Group. These are the oldest rocks in the
district and from evidence are referred to as Precambrian. They have
been subdivided into a number of series, the oldest being composed of
sheared and metamorphosed clastics now represented by gneissoid
guartzites, quartz-mica, mica and graphitic schists, sheared and mashed
conalomerates and crystalline limestone (Cockfield 1921).
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Quartz veins are abundant in the metamorphic rocks of the
Yukon Group but are nearly always small and non-persistent. They
follow very closely the planes of foliation of the schists, and in the
majority of cases are apparently barren of minerals but in some cases
iron minerals, galena (PbS) and zinc blend are found. Pyrite (FeSp)
is generally absent and the amount of sulphides (SOp) is very small
(Cockfield 1921).
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3 METHODS

Each station was sampled six times over the period of the summer. The
sampling dates were June 25, July 7, July 20, August 10, September 2
and September 23, 1982.

3.1 Water Quality

Water samples were collected and preserved as described in
Appendix 1, Table 1 at each of Stations 1, 3, 4 and 5. At Station 2,
samples were collected for non-filterable residue (NFR) only.

Temperature, conductivity and pH were measured in the field
using a Yellow Springs Instrument direct-reading salinity-conductivity-
temperature meter and a Model 296 Radiometer pH meter. Stream dis-
charge (flow) was measured by using a Price-type current meter.
Dissolved oxygen was analyzed using the Winkler Azide modification.
Settleable solids were collected as grab samples and analysed in the
Environmental Protection Service Whitehorse Lab a few days later using
an Imhoff cone and allowing one litre of well mixed sample to settle
for one hour. Non-filterable residues were collected in duplicate.
One sample was analyzed within a few days in the Whitehorse Lab and the
second sample was sent to the E.P.S. Vancouver Lab, 4195 Marine Drive,
West Vancouver, B.C. All other analyses were performed by the E.P.S.
Vancouver Lab. These included turbidity, colour, total hardness,
filterable residue, total alkalinity, total phosphates, nitrates,
nitrites, ammonia, sulfate, chloride and the following extractable

metals:

Aluminum (A1) Copper (Cu) Selenium (Se)
Antimony (Sb) Iron (Fe) Silicon (S1)
Arsenic (As) Lead (Pb) Silver (Ag)

Barium (Ba)
Beryllium (Be)
Cadmium (Cd)
Calcium (Ca)
Chromium (Cr)
Cobalt (Co)

Magnesium (Ma)
Manganese (Mn)
Mercury (Hg)
Molybdenum (Mo)
Nickel (Ni)
Potassium (K)

Sodium (Na)
Strontium (Sr)
Tin (Sn)
Titanium (T7)
Vanadium (V)
Zinc (Zn)
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The percent dissolved oxygen saturation (% DO) was calculated
by first determining the dissolved oxygen saturation concentration (S')

from the formula:

S' =S P (APHA et al 1975)
760
where S' = dissolved oxygen (DO) saturation concentration at
the in situ temperature and atmospheric pressure
S = dissolved oxygen (DO) saturation concentration at
sea level for in situ temperature
P = atmospheric pressure in mm of mercury {mm Hg) at

site elevation

The percent dissolved oxygen saturation was obtained by using the ratio
of field dissolved oxygen and S' in the following formula:

Eiglg—gg x 100 = % DO Saturation

where Field DO = Dissolved Oxygen concentration measured in

the field

3.2 Sediments

Sediment samples were collected at the same time as water
samples at Stations 1, 4 and 5. Sediment samples were collected on
July 7, July 20, August 10, September 2 and September 23, 1982.
Sediments were not collected at Stations 2 and 3 as Station 2 was a
sluice box discharge station, and Station 3 was a settling pond
effluent station. Three sediment samples were collected at each site
using an aluminum shovel to scoop the samples into labelled Whirl Pak
bags. A description of sediment collection, preparation and analysis
methods is given in Appendix I, Table 2. A1l sediment samples were
shipped to Vancouver by air for analysis at the E.P.S. Lab. Each of
the three sediment samples collected at each station were analyzed for
particle size and the following leachable metals:
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Aluminum (A1) Copper (Cu) Potassium (K)
Arsenic (As) Iron (Fe) Silicon (S1)
Barium (Ba) Lead (Pb) Silver (Ag)
Beryllium (Be) Magnesium (Mg) Sodium (Na)
Boron (B) Manganese (Mn) Strontium (Sr)
Cadmium (Cd) Mercury (Hg) Tin (Sn)
Calcium (Ca) Molybdenum (Mo) . Titanium (Ti)
Chromium (Cr) Nickel (Ni) Vanadium (V)
Cobalt (Co) Phosphorus (P) Zinc (Zn)

3.3 Bottom Fauna

Bottom fauna samples were collected at the same time as water
and sediment samples at Stations 1, 4 and 5 on- six separate sampling
dates. Sluicing discharge and settling pond effluent, Stations 2 and 3
respectively, were not sampled for bottom fauna. Three samples were
collected at each station using a 30 cm x 30 cm Surber sampler (900
cmZ or 1 ft2) with a mesh size of 0.76 mm. Bottom fauna collection,
preservation and identification methods are given in Appendix 1, Table
3.

Diversity indices were calculated from the bottom fauna data
collected, using the formula described by Pielou (1975) as follows:

g

Species Diversity (H') = -7 (P§ Toaig Pj)
i=1
where Py = ny/N

n; = total number of individuals in the
ith genus in one sample

N = total number of individuals identified
to genus level.

g = total number of genera in one sample
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The use of individuals identified to genus level instead of to species
level results in slightly lower diversity indices (H') values (Hughes,
1978).

3.4 Fish

Electrofishing of the creek at Stations 1, 4 and 5 was
conducted in order to obtain tissue samples for metal analysis, but no
fish were found. Notes were made on whether sample streams looked
suitable for fish habitat.
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4, RESULTS AND DISCUSSION

The results for the different parameters measured generally
are seen to be greatly influenced by the mining, particlarly sluicing,
activity at the mine site. It is therefore important to note that
sluicing activity was ocurring during the sampling periods on July 20
and September 23 only. During sampling on the other dates active
sluicing was not underway and may not have been underway for several
days preceding sampling.

4.1 Water Quality

Table 4 in Appendix 1 1lists the accepted water quality
criteria for drinking water and aquatic life with the appropriate
reference sources. The water quality results are presented in their
entirety in Appendix II whereas the following results and discussion
with accompanying graphs concentrates on those parameters considered
important to water quality and affected by the placer mining activity.

4.1.1 Heavy Metals
The following heavy metals, illustrated in Figures 13 and 14,

are significantly affected downstream on Little Gold Creek by placer
mining activity:

Arsenic (As) Manganese {(Mn)
Copper (Cu) Nickel (Ni)
Iron (Fe) Lead (Pb)
Mercury (Hg) Zinc (Zn)

Water analysis for extractable heavy metals reveal
significant increases due to sluicing on July 20 and September 23 when
compared to non-sluicing times and the control station.

Arsenic levels ranged from 0.0095 mg/1 and 0.0067 mg/1 at
Stations 4 and 5 on July 20 to 0.0075 mg/1 and 0.0052 mg/1 at Stations
4 and 5 on September 23. Although arsenic levels downstream increased
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between 10 and 20 times from the upstream 1levels, they were still
within recommended 1imits for drinking water and aquatic 1ife.

Cooper levels dramatically increased as a result of mining,
and on both sluicing dates were above recommended limits for drinking
water and aquatic life. This increase was as much as 370 times greater
than upstream values.

Iron 1levels also exceeded both recommended 1limits at
downstream stations. Levels of 148 mg/1 and 51.3 mg/1 were found at
Stations 4 and 5 on July 20, and 167 mg/1 at Stations 4 and 5 on
September 23. High levels of iron found downstream were probably
attributable to iron pyrite present in the ore body.

Mercury levels exceeded recommended limits for aquatic Tlife
(0.0001 - 0.0002 mg/1) at Station 4 on July 20, with a value of 0.0020
mg/1 and at Stations 4 and 5 on September 23 with values of 0.0010
mg/1.

Levels for manganese were found to be dramatically increased
at both downstream stations on July 20 and September 23. Values of
5.85 mg/1 and 4.22 mg/1 at Stations 4 and 5 exceeded the recommended
l1imits for drinking water and aquatic life, as did values of 8.79 mg/1
and 9.0 mg/1 found at Stations 4 and 5 on September 23.

Nickel also exceeded both drinking water and aquatic 1life
standards downstream of the mining operation. Levels of 1.5 mg/1 and
0.17 mg/1 were demonstrated at Stations 4 and 5 on July 20 and 0.94
mg/1 and 0.93 mg/1 at Stations 4 and 5 on September 23.

Lead levels of 0.050 mg/1 and 0.027 mg/1 were found at
Stations 4 and 5 on July 20, and 0.090 mg/1 and 0.130 mg/1 at Stations
4 and 5 on September 23. These levels were noted to be approximately
50 - 100 times greater than at upstream stations and were also greater
than recommended levels for drinking water and healthy aquatic 1ife.

Zinc also demonstrated high values that exceeded both
recommended limits. These values were 2.96 mg/1 and 0.344 mg/]1 at
Stations 4 and 5 on July 20 and 2.10 mg/1 and 1.99 mg/1 at Stations 4
and 5 on September 23. A zinc value of 0.110 mg/1 was found at Station
1 (Control Station) on July 2, but values downstream were much lower,
therefore the validity of this value was questionable. Other heavy
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metals that increased as a result of mining activity included Aluminum
(A1), Cadmium (Cd), Magnesium (mg), Barium {(Ba), and Chromium (Cr).
These values are presented in Appendix II.

4.1.2 Suspended Sediments (Non-Filterable Residue - NFR)

A1l suspended sediments were collected by grab sample and
analyzed at the E.P.S. Whitehorse Laboratory two to four days after
collection. Duplicate samples were also analyzed at the EPS Laboratory

in Vancouver as a cross reference for quality control and corresponded
very closely with the results of the E.P.S. Whitehorse Laboratory. The
results presented are those determined in the E.P.S. Whitehorse lab.

Suspended sediments can be defined as "any particulate matter
suspended in water that is retained by a 0.45 micron filter or a filter
of defined pore size. The term is also synonymous with non-filterable
residue (NFR)" (Dept. of Environment, 1979). Suspended sediments are
comprised of sand, silt, clay and detritus, and are usually the major
cause of concern in water with regard to a placer mining operation.
Griffiths and Walton (1978) summarize the direct and indirect effects
of sediment on fish. The direct effects are: (1) mortality of adult
fish as a result of mechanical and abrasive damage; (2) impairment of
reproduction, growth and survival; and (3) increase of disease within a
population. The indirect effects result from: (1) habitat modifica-
tions; (2) alterations in food sources and other biotic relationships;
and (3) reduction of visibility.

Good discussions of the effects and potential effects of
suspended sediments on fish, the aquatic habitat and bottom inverte-
brates have been presented by Pickral (198l), Griffiths and Walton
(1978), Cordone and Kelley (1976), and Rosenberg and Snow (1975).

Water quality with regard to suspended sediments in the upper
reaches of Little Gold Creek is relatively pristine and indicates low
levels, less than 5 mg/1, of suspended sediments. On August 10, 1982,
Station 1 exhibited a suspended sediment level of 20 mg/1 but this is
still regarded as being very low and could have been due to rainfall or
bank sloughing. Very high values for suspended sediments were found at
downstream stations on the +two sluicing dates, July 20 and
September 23.
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Suspended sediments measured as high as 62,000 mg/1 and 37,000 mg/1 at
Station 2 and Station 5 respectively on July 20 and 30,000 mg/1 and
25,000 mg/1 at Stations 2 and 5 on September 23 as shown in Figure 15.
These results also show by comparing values at Station 2 and Stations 4
and 5 that the settling ponds were not functioning well on these dates.

During sampling times on August 10 and September 2 active
sluicing was not occurring and the suspended sediment levels at down-
stream stations all exhibited greatly reduced values as compared to
sluicing times, although values at all stations were higher on August
10 which corresponds with a period of high rainfall preceding this
sampling time. The values at Stations 3, 4 and 5 in particular suggest
these are the background levels that would be expected as a result of
the terrain disturbance alone from “non-point source" erosion.

Suspended sediment levels influence or may influence other
water quality parameters such as turbidity, colour, settleable solids,
and dissolved oxygen. These parameters and others are described in the
following section.

4.1.3 Other Water Quality Parameters
The results for other water quality parameters that were
noticeably different between upstream and downstream stations and

probably influenced by placer-mining are provided below. A groundwater
source below the sampling area was noted and it 1is possible that
undetected groundwater sources were entering the stream between
upstream and downstream stations which could influence the values of
the parameters analyzed. The values for these parameters, in many
cases, exceeded drinking water standards or recommended 1levels for
aquatic Tlife. The parameters include dissolved oxygen saturation,
settleable solids, filterable residues, colour, total hardness,
phosphorus, nitrite (NOp-N) and ammonia (NH3-N). Results for these
and other parameters are provided in Appendix II.

a) Temperature. The results show a general marked increase
between Station 1 and Station 5 although there is no clear
pattern in relation to sluicing versus non-sluicing times. The
general downstream increase from 6.0°C to 11.0°C on July 7,
and 4.7°C to 9.0°C on July 20 can be explained by the fact
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that the operation had a large storage pond to provide
adequate water for prolonged sluicing and because during
sluicing there was a high percentage of the sluicing water
recirculated. The greatest temperature difference between
upstream and downstream stations occurred in mid-season when
the warming of ponded water would be greatest whereas at the
beginning and end of the season the upstream and downstream
temperature differences were greatly reduced.

pH. During sluicing the pH dropped slightly from 7.2 at

Station 1 to 6.7 at Station 4 on July 20 and from 7.8 at
Station 1 to 7.0 and 7.1 at Stations 4 and 5 on September 23.
Dissolved Oxygen (DO). Slight decreases in dissolved oxygen

were noted at all downstream stations as compared to the
Station 1 control. The most significant drop occurred during
the sluicing period on July 20 at which time the DO ranged
from 11.4 mg/1 at Station 1 to 9.9 mg/1 and 9.8 mg/1 at
Stations 4 and 5 respectively. The reduction in DO levels at
downstream locations is not surprising because of the high
organic content of the surface materials and resulting organic
materials in the water from sluicing and runoff which create
an oxygen demand. Ground water, if entering the stream in
these areas, could also reduce DO 1levels. The DO 1levels
however remained well above minimum levels recommended for
aquatic life. The percent saturation for DO which is directly
related to the actual concentration, is used as the reference
standard for this parameter. Dissolved oxygen saturation did
not meet the drinking water standard at any of the downstream
stations except on July 7 which corresponds with the fact that
mining activity did not influence these stations until after
that date. It should also be noted that percent DO saturation
was irregular at the control station during the season and was
at 100% saturation on only two of the five sampling dates.
Under the conditions present in this stream reach, the
decrease in percent DO saturation is not great although it was
detectable on sluicing dates, and could be influenced by
ground water sources.

-
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Turbidity. Increased turbidity generally exists in water when

an increased surface area of silt and clay particles reflect
more light than would larger sand particles (Talkema 1983).
Because turbidity is directly related, though not necessarily
linear, with suspended sediments it was found, as expected, to
be greatly elevated at downstream stations on July 20 and
September 23. Values as high as 32,500 FTU (Formazin
Turbidity Units) and 650 FTU occurred at Stations 4 and 5
respectively on July 20 and 26,800 FTU and 26,000 FTU at
Stations 4 and 5 on September 23. These values compare with
values less than 1.0 and typically 0.1 at the Station 1
control. Downstream values at Stations 4 and 5 during non-
sluicing times range between 4.7 and 28.0 FTU indicating
turbidity resulting from non-point sources at the operation.

Settleable Solids. Settleable solids are commonly defined as
"any particulate matter in suspension that will settle out of

suspension in a standard unit of time" (Dept. of Environment,
1979). Settleable solids levels, as expected, followed the
same pattern as suspended sediments and were found to be
greatly increased at Stations 4 and 5 during sluicing times on
July 20 and September 23. A value greater than 40 m1/1 was
found at Station 2 on June 25. This was not a sluicing time
therefore the cause of this high level cannot be explained.
A1l other values for settleable solids ranged from less than
0.1 m/1 to 0.5 m/1.

f) Filterable Residue. Filterable residue (FR), also known

as dissolved solids, was found to be within limits for
drinking water and recommended levels for aquatic life except
at Station 4 on September 23. On this date it was found to be
3040 mg/1. A1l other downstream values ranged from 132 mg/]
to 168 mg/1 FR, therefore it is questionable whether the one
value is accurate or due to error.

Colour. Colour exceeded recommended levels for drinking water
by demonstrating values greater than 100 colour units at
Stations 4 and 5 on July 20. Colour measurements were not
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analyzed for September 23 due to high turbidity interferences.
High values for colour were due to increased concentrations of
organic matter introduced to water from the stripping process.

Hardness. Relatively low levels of total hardness were noted

throughout the sampling period. Values ranged from 43-82 mg/1
CaC03 at Station 1 to 108-149 mg/1 CaCO3 at Stations 4 and
5. There was however a pronounced increase at Stations 4 and
5 on July 20 and September 23 due to sluicing. Hardness
concentrations as high as 2470 wmg/1 CaCO3 and 466 mg/1
CaC03 were found at Stations 4 and 5 on July 20, and levels
of 1840 mg/1 CaCO3 and 1900 mg/1 CaCO3 at Stations 4 and 5
on September 23. These results clearly exceeded the criteria
required for drinking water.

Phosphorous (as POz). High levels of phosphorus were
observed at these same stations during sluicing. Levels of
72.6 mg/1 and 3.20 mg/1 at Stations 4 and 5 for July 20, and
37.2 mg/1 and 33.0 mg/1 for Stations 4 and 5 on September 23.
On both of those dates values exceeded drinking water stand-

ards and recommended levels for aquatic life. Values at the
control station were .01 mg/1 or less while values at Stations
4 and 5 during non-sluicing times was in the range of 0.076
mg/1 to 0.133 mg/1.

Nitrites and Ammonia. Nitrite and ammonia measurements also

exceeded drinking water standards, and ammonia exceeded recom-
mended levels for aquatic life. Nitrite values ranged from
0.025 mg/1 at Stations 4 and 5 on July 20, to values of 0.042
mg/1 and 0.039 mg/1 at Stations 4 and 5 on September 23. The
detection limit for nitrite (0.005 mg/1) is greater than the
recommended drinking water 1limit (0.001 mg/1), but all sta-
tions except those affected during sluicing periods were less
than the detection limit. Ammonia did not exceed recommended
Tevels for drinking water, however it did exceed levels for
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aquatic life on both sluicing dates. These ranged from 0.040
mg/1 and 0.036 mg/1 at Stations 4 and 5 on July 20, to 0.145
mg/1 and 0.125 mg/1 at Stations 4 and 5 on September 23.

k) Conductivity, sulphate, nitrate and alkalinity were all within
recommended levels for drinking water and aquatic life. It is
worth noting that conductivity increased at downstream
stations relative to the control on all sampling dates.

4.2 Sediments

Sediment samples were collected at Stations 1, 4 and 5 on
each of the sampling dates and subsequently analyzed for particle size
composition and leachable metals. No sediment samples were collected
ai Stations 2 and 3. When analyzing and discussing the results of
sediment analysis it is necessary to be aware of the variability that
can occur among replicate samples due to natural variations in stream
bottom composition. Despite the limitations on interpretation the data
shows the effects of sluicing on sediment composition and sediment
chemistry at downstream stations compared to the control, and this can
be related to the effectiveness of the settling ponds.

4.2.1 Sediment Particle Size Analysis.
Results of the sediment particle size analyses are given in

Appendix I11I, Table 1. Illustrations of particle size in terms of
percent composition can be found in Figures 16 and 17. It should be
noted that Station 1 was relocated 70 m upstream on September 23
because the previous location was disturbed by mining activity. This
accounts for the different particle size distribution for the control
station on September 23.

Increased levels of silts and clays occurred downstream of
the mining activity throughout the operating season. Sluicing time
was estimated by the operator as 250 hours between June and September.
Especially high concentrations of fine silts and sands were found at
Stations 4 and 5 on two sampling dates when sluicing occurred, which
were July 20 and September 23. During these two periods, percent
composition of silts and fine sand (75 um to 350 um) exceeded 85% at
downstream statijons.
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A one week shut down during the week preceeding September 2
resulted in decreased (less than 10%) concentrations of fine sediments
at the downstream stations. The majority of the samples collected here
were made up of particle sizes greater than 2360 um. The shutdown
provided enough time for most fine particles to be resuspended and
transported further downstream, allowing the streambed in the study
area to recover. The effects of these sediments settling on the stream
bottom have been referred to earlier in the discussion related to
suspended sediments.

4.2.2 Sediment Metal Concentrations.

The concentrations of metals analyzed in the portion of
sediments that was smaller than 150 um are given in Appendix III, Table
.2 for the stations sampled. Table 2 on page 35 presents the mean
values for sediment metal concentrations.

Table 2 reveals that during the sluicing periods sampled
(July 20, September 23), the values for heavy metals in sediment were

generally found to decrease at both downstream stations compared to
Station 1 but particularly at Station 4. This general trend, was more
apparent during sluicing on July 20 than it was on September 23. This
can be partially explained by assuming that at the beginning of the
operating season the settling pond worked efficiently at removing the
heavier metal bearing particles, leaving the lighter particles, non-
metal bearing silts and clays, (Paski, 1982) to be carried downstream.
Evidence of this occurring is illustrated in Figures 16 and 17. At
Stations 4 and 5 on July 20, for instance, more than 95% of the
sediment collected contained fine sands and silts ranging in size from
75 um to 300 um. At Station 5 on September 23, 85% of the sediment
collected consisted of the fine sands and silts. An example of
contrast can be found on September 2 where only 5 - 10% of the samples
collected at Stations 4 and 5 consisted of fine sands and silts. The
remainder of the samples consisted of medium coarse sand to gravel
ranging in size from 300 um to 2360 um and greater. This suggests that
as the season progressed from July 20 to September 23 the settling
ponds began to fill with sediments and thus lost the retention time
necessary to settle fine sands and silts during sluicing which thus

.
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remained suspended until they had passed through the settling ponds.
Some of these particles subsequently settled out on the stream bottom
at Stations 4 and 5. The results at Stations 4 and 5 for September 2
indicated that given time, one week in this case, when there is no
sluicing the stream will resuspend these fine sands and silts and move
them further downstream. It is not known if there was a flood event
just prior to September 2 which would have assisted in flushing the
finer materials downstream.

Because of their importance related to water quality and
biological condition the same eight heavy metals as illustrated for
water quality are selected and illustrated for sediment chemistry.
Figures 18 and 19 show metal values in the sediments at each station on
each sampling date for arsenic (As), copper (Cu), iron (Fe), mercury
(Hg), manganese (Mn), nickel (Ni), lead (Pb) and zinc (Zn).

It is interesting to note that for most heavy metals there
was a pronounced decrease in values at Stations 4 and 5 during sluicing
on July 20, and a recovery of those levels at the end of the summer, as
seen on September 23. For instance, arsenic displayed a mean value of
14.2 mg/kg at the control station (Station 1) on July 20. This com-
pares with values found at other sample times for arsenic at Station 1.
Downstream, mean values for arsenic were 10.8 mg/kg and 13.8 mg/kg at
Stations 4 and 5 on July 7, 7.6 mg/kg and 9.3 mg/kg on July 20, 17.5
mg/kg and 10.8 mg/kg on August 10, 10.7 mg/kg and 11.3 mg/kg on
September 2, and 8.7 mg/kg and 9.4 mg/kg on September 23. As one can
see, arsenic demonstrates decreased values on both sluicing dates.
However differences in mean values are less dramatic at the end of the
summer.

Copper values for sediment at downstream stations
demonstrated a slight decrease on July 20 with mean values of 32.7
mg/kg at Station 4 and 37.4 mg/kg at Station 5. Al1l other mean values
found for copper including those found on the second sluicing period,
September 23, ranged from 43.7 mg/kg to 53.9 mg/kg at Station 4 and
from 37.0 mg/kg to 45.8 mg/kg at Station 5. These levels were all
considered to be within normal limits for sediment (Paski, 1982).

L 13
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Iron values dramatically decreased on July 20. For example,
mean values such as 19600 mg/kg and 24200 mg/kg were found at Stations
4 and 5 on July 20 and 30067 mg/kg and 31333 mg/kg at Stations 4 and 5
on September 23. Other values for iron found downstream ranged between
26367 mg/kg to 36367 mg/kg at Station 4 and between 25833 mg/kg to
30833 mg/kg at Station 5.

Mercury levels declined at downstream stations during the
first sluicing period. However, they returned to previous levels on
September 23. Mean values were found to range from 0.12 mg/kg and 0.16
mg/kg at Stations 4 and 5 on July 7 (a non-sluicing date) to mean
values of 0.09 mg/kg and 0.07 mg/kg at Stations 4 and 5 on July 20.
Mean values of 0.17 mg/kg and 0.14 mg/kg were found to exist for
mercury on September 23. Mercury concentrations typical of sediments
from placer mining streams in Yukon Territory (Mathers et al 1981)
range between 0.10 mg/kg and 0.37 mg/kg.

Once again a sharp decrease was noted for manganese during
sluicing periods. Levels ranged from 377 mg/kg and 579 mg/kg at
Stations 4 and 5 on July 20 and 692 mg/kg and 704 mg/kg at Stations 4
and 5 on September 23. An example of common manganese values found
downstream during non-sluicing periods were 982 mg/kg and 1140 mg/kg at
Stations 4 and 5 on July 7, and 882 mg/kg and 908 mg/kg at Stations 4
and 5 on September 2. Normal sediment levels for manganese are in the
area of 1,000 mg/kg (Paski 1982).

Nickel values generally did not demonstrate any significant
changes. A small decrease was noted on July 20 but levels once again
were back up to background levels by the end of the operating season.
Mean values of 31 mg/kg and 41 mg/kg were found on July 20 and 36 mg/kg
and 39 mg/kg on September 23.

Mean values found for lead throughout the sampling period
varied between 4 and 10 mg/kg (see Table 2). Typical lead values may
range between 20-30 ma/kg (Paski 1982).

Zinc was found to be slightly depressed at Station 4 on July
20 with a mean value of 92.5 mg/kg compared to 104 mg/kg found at
Station 1; however it was back up to background levels at Station 5 on
July 20 with a value of 112 mg/kg. Zinc was 112 mg/kg at Station 1 and
121 mg/kg and 131 ma/kg at Stations 4 and 5 on September 23.
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Overall, downstream levels for heavy metals decreased signi-
ficantly during the first sluicing period compared with levels found
during the second sluicing period. Conversely a dramatic increase in
heavy metals in water was found on those two dates (see Figures 13 and
14). A1l of this might suggest that the efficiency of the settling
pond in terms of retention time was more effective at settling heavy
metals at the beginning of the operating season than at the end.

4.3 Bottom Fauna

4.3.1 Bottom Fauna Numbers and Diversity Indices

A summary of Little Gold Creek bottom fauna numbers and
diversity indices is given in Table 3. Stations 1, 4 and 5 were the
only stations where bottom fauna were collected. Station 2 (sluice box
discharge) and Station 3 (settling pond effluent) were unsuitable for
collection. Appendix IV, Table 1 1ists the bottom fauna taxonomic
groups as in Pennak (1978), found in Little Gold Creek. Appendix IV,
Table 2 1ists the numbers of individuals in each taxonomic group and
the diversity index for each sample.

Diversity values were calculated (Table 3) to assist further
assessment of the impact that a placer mining operation would have on
Little Gold Creek. Diversity is a calculated value which is used to
express the "richness of a community, represented by the number of
different taxonomic groups (genera in this case). Communities of high
diversity are characterized by 1ar§e numbers of species with no single
species overwhelmingly abundant. Communities of low diversity contain
few species, some of which are represented in disproportionately high
numbers. Generally diversity values greater than 0.90 (in logig or
3.0 in logp) are found in unpolluted, productive waters while heavily
polluted waters have values less than 0.30 (in logyg or 1.0 in
logp)" (Archibald, et al 1981). The diversity indices in this study
area can be compared to those found in other unpolluted alpine streams
in Yukon (Burns 1980). The low numbers of individuals found could be
attributable to the high elevation and the cold climate of the study
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site, low hardness and conductivity values. The bottom fauna produc-
tivity appears low, as a result of these environmental factors which
thus affects the potential for fish habitat.

Diversity (H') values taken over six sampling periods for
Station 1 (control) range from 0.55 to 0.97 and actual numbers of
individuals collected by Surber Sampler ranged from 12-288 (per 0.093
m or 1.0 ftz). Downstream at Stations 4 and 5, however, diversi-
ties and numbers were much lower (see Table 3). On July 20 the
diversity ranged from 0.43 - 0.64 to 0.73 - 0.93 at Station 4 and 5
respectively. Total numbers of bottom fauna found ranged from 5 - 14
at Station 4 and 17 - 36 at Station 5. On September 23 diversity
ranged from 0.30 - 0.45 at Station 4 to 0.40 - 0.77 at Station 5 and
actual total numbers collected ranged from 2 - 9 at Station 4 to 1 - 43
at Station 5. .

It was clearly evident that diversity and numbers were
decreased significantly at Station 4 compared to the control at Station
1 with some recovery indicated at Station 5. The three most abundant
orders of bottom fauna found were Ephemeroptera, Diptera and Plecoptera
which are further discussed in the following section.

4.3.2 Three Most Abundant Orders Found in Little Gold Creek

A 1ist of the three most abundant orders and the component
taxa found in Little Gold Creek is given in Table 4. The numbers found
and percent abundance calculated for these orders is shown in Table 5.
These values represent the total numbers obtained in 3 replicate
samples (0.279 m2) at each station. Graphs 1illustrating actual
abundance and percent abundance for the three orders can be found in
Figures 20, 21 and 22.

Because of their sensitivity to Jow-levels (10-15 mg/1) of
suspended sediments (Rosenberg and Snow 1977), the invertebrate popula-
tions are important as monitoring agents of environmental changes

resulting from siltation. Increased levels of supsended sediments may
fi11 interstices in the gravel substrate thereby reducing the exchange
of oxygenated water crucial to the survival of macroinvertebrates. In
addition to this, increased siltation can alter substrate composition
thus altering or completely changing the types of species that require
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THREE MOST ABUNDANT ORDERS AND THEIR TAXONOMIC GROUPS

Ephemeroptera:

Diptera:

Plecoptera:

Ameletus sp.

Baetis sp.

Cinygmula sp.

Chironomidae adult
Chironomidae pupae
Brittia sp.

Cardiocladius sp.

Cricotopus sp,

Corynoneura sp.

Epoicocladius sp.

Eukiefferiella sp,

Heterotrissocladius sp.

Capnia sp.
Alloperia sp.
Paraleuctra sp,

Utaperla sp,.

Epeorus sp.

Micropsectra sp.

Orthocladius

SP.

Smittia sp.
Diamesa sp.

Monod iamesa sp.

Pseudodiamesa sp.

Prosimulium sp.

Gymnopais sp.

Tipula sp,

Zapada sp.
Podmosta sp.,

Unid, dam,
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specific habitat and community structure. A change in habitat of
flowing waters as a result of sedimentation usually results in a

decline in important fish food organisms (Trichoptera, Ephemeroptera,
Plecoptera) and the replacement with more tolerant species such as
Chironomidae and Oligochaeta (Griffiths and Walton, 1978).

The three most abundant orders were chosen to determine if
any general observations could be made with regard to their numbers as
related to sluicing or non-sluicing conditions. The order
Ephemeroptera appeared very abundant at Station 1 (See Figure 20)
throughout the sampling period with the exception of September 23.
Station 1 was relocated approximately 70 m upstream (see Figure 8) on
this date as the original site was disturbed by mining activity. This
station as illustrated in Figure 17 is comprised of approximately 65%
silt and sands ranging in size from 75 to 300 um. This significant
difference in stream bed composition from the previous control station
could explain why the number of individuals of the order Diptera were
increased compared to those of the order Ephemeroptéra. Ephemeroptera,
a clean water invertebrate group, known for its inability to survive
high sediment levels (Langer 1980), appears to have been influenced by
sluicing at Station 4 on July 20 and September 23 (see Figure 20). A
reduction iﬁ numbers of almost 100% was demonstrated at Station 4 on
both of these dates. Downstream at Station 5 individuals were reduced
by 84% on July 20 and 67% on September 23.

Individuals of the order Diptera were Tless than 50% in
abundance at the control stations on all dates except September 23,
where they represented 94% abundance. Numbers of individuals down-
stream however were significantly affected by mining activity; but
because of this order's variability 1in structure and habitat as
described by Pennak (1978) and tolerance to change, compared to other
more sensitive species, it represented 97% abundance at Station 4 on
July 20 and 83% on September 23 (see Figures 21 and 22). At Station 5
on July 20, Diptera represented only 28% abundance and 67% on September
23. These figures may suggest that in comparison, a greater percentage
of Diptera individuals survived the effects of sluicing than did
individuals from the order Ephemeroptera although actual numbers were
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reduced as shown in Figure 20. Individuals of the order Plecoptera
demonstrated characteristics of marked seasonal succession of
emmergence as described by Merrit and Cummins (1978). This was evident
at Station 1 by the increase in numbers toward the middle of the
operating season offset by the gradual decrease in numbers towards the
close of the summer season. Numbers at Station 4 on Ju1y‘2were
decreased by 100% compared to Station 1 and by 10 % at Station 5. On
September 23 individuals of the order Plecoptera were reduced 80% at
Station 4 and 60% at Station 5. Similar characteristics of marked
seasonal succession in emmergence was evident at Station 5, however
significantly fewer numbers were involved (see Figure 20).

In summary some of the effects on benthic invertebrates from
placer mining activity as shown by this study appear to be a reduction
in abundance of individuals belonging to each of the three most
dominant orders and the selective reduction or elimination of taxa
sensitive to suspended sediments and substrate composition such as the
Ephemeroptera and Plecoptera. Those taxa more tolerant of suspended
sediments or fine textured substrate, such as the Diptera showed an
increase in percent abundance compared to other orders however actual
numbers were reduced. Despite the low numbers of individuals found and
the complexity of aquatic systems the above results parallel results as
described by other authors as noted previously.
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APPENDIX 11 LITTLE GOLD PLACER STUDY
WATER QUALITY DATA
PARAMETER STATION 1 STATION STATION 5

Flow a 0.09 0.11 0.15

m3/s b 0.20 0.24 0.25
c 0.23 0.44 0.52
d 0.11 0.15 0.12
e 0.14 0.23 0.17
f 0.10 -— ---

Temperature a 5.0 6.0 6.0

(°c) b 6.0 8.5 11.0
c 4.7 9.0 9.0
d 9.0 9.0 11.0
e 2.5 6.0 5.0
f 2.0 3.0 3.5

Dissolved a - —-—— ———

Oxygen b 15.2 11. 10.8

(mg/1) c 11.4 9.9 9.5
d 1141 9.9 9.8
e 11.4 10.7 10.7
f 12.4 12.0 12.1

% D.O. a -—— -——— -

Saturation b 133 111 107

%) c 97.1 93.8 90.0
d 105 93.8 97.0
e 91.4 94 .1 91 .9
f 98.7 97.7 99.2

Date samptled:

a) June 25, August 10,

by July 7, September 2, 1982

c) July 20, September 23, 1982
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APPENDIX 11 LITTLE GOLD PLACER STUDY
WATER QUALITY DATA
PARAMETER STATION } STATION | STATION | STATION STATION
1 2 3 4 5
Settleable a <0.1 >40 -- <0.1 0.5
Solids b <0.1 - -- 0.1 <0.1
(ml1/1) c <01 >40 <0.1 >40 6.5
d <0.1 0.1 0.1 0.1 0.1
e <0.1 <0.1 <0.1 <0.1 <0.1
f <041 >40 >40 >40 >40
Non=Filter- a - - - -- -
able Residue b -~ ~- -- -= -
In Sttu c <5 62000 10000 31000 3700
(mg/1) d <5 220 360 90 110
e 20 90 10 30 140
f <5 30000 33000 28000 25000
Non-Filter- a - - - - -
able Residue b <5 -- - 106 82
Laboratory c <5 - - 80900 6250
(mg/ 1) d <5 - - 68 134
e 17 -- - 30 131
f 7 - -— 24700 22900
Filterable a -- -— -- -- -~
Res idue b 95 - - 132 168
(mg/ 1) c 67 -- - 218 146
d 104 - - 137 137
e 117 - -- 148 149
f 105 -- - 3040 152
Date sampled:
a) June 25, 1982 d) August 10, 1982
b)Y July 7, e) September 2, 1982
c) July 20, 1982 f) September 23, 1982
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APPENDIX 11 LITTLE GOLD PLACER STUDY
WATER QUALITY DATA
PARAMETER STATION | STATION | STATION | STATION STATION
1 2 3 4 5

pH a - -- - -- --

In Sity b 7.3 -- -- 6.7 7.2
c 7.2 - -- 6.7 7.5
d 8.4 7.6 8.0 7.6 8.3
e 7.4 6.3 7.3 7.5 7.3
f 7.8 6.9 6.8 7.0 7.1

pH a -~ -- -- -- --

Laboratory b 7.4 -- - 6.7 7.1
c 6.5 -- - 6.4 6.6
d 7.1 - -- 7.1 7.6
e 7.4 -- - 7.4 7.6
f 7.7 - - 6.9 6.9

Conductivity a 52 -- -- 110 154

In Situ b 85 - -- 130 160

(umhos/cm) c 56 - - 75 110

d 81 -- - 132 142
e 90 - -- 127 133
f 78 -- - 88 85

Conductivity a -~ -- - -~ --

Laboratory b 139 - -— 203 262

(umhos/cm) c 98 - -- 156 142

d 153 -—- -- 200 203
e 166 - -- 208 212
f 146 - -- 183 171

Date sampled:

a) June 25, 1982 d) August 10, 1982

b) July 7, e) September 2, 1982

c) July 20, 1982 f) September 23, 1982
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APPENDIX |1 LITTLE GOLD PLACER STUDY
WATER QUALITY DATA
PARAMETER STATION 1 STATION 4 STATION 5
Colour a - -- --
(colour b <5 15 15
units) c 18 >100 >100
d <5 10 10
e 10 10 10
f 5 -—— -—
Turbidity a - -- =--
(FTU) b 0.1 28.0 28.0
c 0.1 32500 650
d 0.1 18.0 22.0
e 0.7 4.7 14.5
f <0.1 26800 26000
Total a -— -- -
Alkallinity b 49 84 114
(mg/1 as c 33 54 56
CaCoz) d 56 78 78
e 60 80 80
f 56 44 42
Total a -- - -
Hardness b 66 .0 110 149
(mg/1 as c 42.8 2470 466
CaCo03) d 78.0 110 115
e 81.9 108 116
f 67.5 1840 1900

* Unable to obtain colour measurement due to high turbidity.

Date sampled:

a) June 25, 1982 d)
b)Y July 7, 1982 e)
¢) July 20, 1982 )

August

10, 1982

September 2, 1982
September 23, 1982
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APPENDIX 11 LITTLE GOLD PLACER STUDY
WATER QUALITY DATA
PARAMETER STATION 1 STATION 4 STATION 5
Total a —-——— -—- -———
PO4=P b <0.005 0.133 0.094
{mg/1) c 0.006 72.6 3.20
d 0.006 0.076 0.120
e 0.010 0.024 0.125
f 0.005 37.2 33.0
NO; =N a -—- -—- -—-
(mg/ 1) b <0.005 0.008 0.009
c <0.005 0.025 0.025
d <0.005 <0.005 <0.005
e <0.005 <0.005 <0.005
f <0.005 0.042 0.039
NOz-N a -—- --- ---
(mg/ 1) b 0.01 0.02 0.01
c 0.08 0.04 0.06
d 0.02 0.03 0.03
e 0.04 0.03 0.03
f <0.01 0.10 0.14
NH3-N a -——- ——— ==
(mg/!) b <0.005 0.008 0.009
c 0.015 0.040 0.036
d <0.005 0.009 0.007
e <0.005 <0.005 <0.005
f <0.005 0.145 0.125
Date sampled:
a) June 25, 1982 d) August 10, 1982
5) July 7, 1982 e) September 2, 1982
c) July 20, 1982 f) September 23, 1982
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APPENDIX 11 LITTLE GOLD PLACER STUDY
WATER QUALITY DATA

PARAMETER STATION 1 STATION 4 STATION 5
S04 a -——- ——— -———
(mg/1) b 17.9 19.8 21.7
c 13.0 28.2 4.3
d 21.7 24,1 23.9
e 25.0 27.5 28.0
f 19.2 48.5 50.0
Ct a -—- -—- -—-
(mg/ 1) b <0.5 0.7 0.5
c <0.5 7.8 3.6
d 0.5 0.6 0.6
e 0.6 <0.5 0.7
f 0.6 4.0 5.7
Ag a == -—- ~—-
(mg/ 1) b <0.03 <0.03 <0.03
c <0.03 <0.03 <0.03
d <0.03 <0.03 <0.03
e <0.03 <0.03 <0.03
f <0.03 <0.03 <0.03
Al a -—- ——- -—-
(mg/1) b <0.05 0.84 0.55
c 0.07 186 30.0
d <0.05 0.71 1.03
e 0.17 0.37 0.80
f <0.05 124 134

Date samptled:

a) June 25, 1982 d) August 10, 1982
b) July 7, 1982 e) September 2, 1982
c) July 20, 1982 f) September 23, 1982




- 80 -

APPENDIX 11 LITTLE GOLD PLACER STUDY
WATER QUALITY DATA
PARAMETER STATION 1 STATION 4 STATION 5
As a -—- --- ---
(mg/ 1) b <0.0005 0.0007 0.0008
< <0.0005 0.0095 0.0067
d <0.0005 0.0008 0.0009
e <0.0005 <0.0005 <0.0005
f <0.0005 0.0075 0.0052
Ba a --- -=-- ---
(mg/ 1) b 0.031 0.085 0.087
< 0.022 9.12 121
d 0.033 0.073 0.089
e 0.039 0.055 0.082
f 0.024 5.82 6.96
Be 2 - - -
(mg/ 1) b <0.001 <0.001 <0.001
c <0.001 0.018 0.002
d <0.001 <0.001 <0.001
e <0.001 <0.001 <0.001
f <0.001 0.016 0.016
Ca a --- - ---
(mg/ 1) b 13.8 22.4 33.8
c 8.6 236 36.2
d 16.6 21.9 22.5
e 17.4 22.9 23.8
f 13.6 147 136

Date sampled:

a) June 25,
b)Y July 7,
c) July 20,

e)
f)

d) August 10,
September 2,
September 23,

1982
1982
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APPEND IX 11 LITTLE GOLD PLACER STUDY
WATER QUALITY DATA
PARAMETER STATION 1 STATION 4 STATION 5
cd a -—- - -——-
(mg/ 1) b <0.,0005 <0.0005 <0.0005
c <0.0005 0.0280 0.0029
d <0.0005 <0.0005 <0.0005
e <0.0005 <0.0005 <0.0005
f <0.0005 0.0080 0.0060
Co a -—- -—— -—-
{mg/ 1) b <0.005 <0.005 <0.005
c <0.005 0.771 0.098
d <0.005 <0.005 <0.005
e <0.005 <0.005 <0.005
f <0.005 0.948 0.905
Cr a - - -—
(mg/ 1) b <0.005 <0.005 <0.005
c <0.005 0.375 0.090
d <0.005 <0.005 <0.005
e <0.005 <0.005 <0.005
f <0.005 0.236 0.268
Cu a -——- -—- -—
(mg/ 1) b 0.004 0.011 0.007
c 0.004 1.48 0.128
d 0.001 0.002 0.005
e 0.001 0.002 0.005
f <0.001 0.898 0.884
Date sampled:
a) June 25, 1982 d) August 10, 1982
b) July 7, 1982 e) September 2, 1982
¢} July 20, 1982 f) September 23, 1982
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APPENDIX {1 LITTLE GOLD PLACER STUDY
WATER QUALITY DATA
PARAMETER STATION 1 STATION 4 STATION 5
Fe a - - ———
{mg/1) b 0.024 1.48 1.12
c 0.032 148 51.3
d <0.005 1.89 2.40
e 0.155 0.877 177
f <0.005 167 167
Hg a -——- -—— -——
(mg/ 1) b <0.0002 <0.0002 <0.0002
c <0.0002 0.0020 <0.0002
d <0.0002 <0.0002 <0.0002
e <0.0002 <0.0002 <0.0002
f <0.0002 0.0010 0.0010
K a -——— -—- -———
(mg/ 1) b 0.58 0.93 1.43
c 0.39 8.50 2.70
d 0.30 0.85 0.88
e 0.66 0.80 0.86
f 0.60 12.2 26 .4
Mg a -_— —— -——
(mg/ 1) b 7.6 11.1 14.3
c 5.0 137 26.2
d 8.8 11.4 11.5
e 9.1 11.4 11.8
f 8.3 114 121
Date sampled:
a) June 25, 1982 d) August 10, 1982
b)Y July 7, 1982 e) September 2, 1982

c) July 20, 1982 f) September 23, 1

982
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APPENDIX 11 LITTLE GOLD PLACER STUDY
WATER QUALITY DATA
PARAMETER STATION 1 STATION 4 STATION 5
Mn a -—- -—- -—
(mg/ 1) b 0.008 0.259 0.222
c <0.001 5.85 4,22
d <0.001 0.305 0.370
e <0.001 0.090 0.146
f <0.001 8.79 9.01
Mo a -——- - -—-
(mg/ 1) b <0.005 <0.005 <0.005
c <0.005 <0.005 0.009
d <0.005 <0.005 <0.005
e <0.005 <0.005 0.005
f <0.005 <0.005 <0.005
Na a -—- -——- ~——
(mg/ 1) b 0.9 1e1 1.4
¢ 0.3 5.7 2.2
d 1.0 1.0 1.1
e 1.0 1.1 1.1
f 0.9 2.3 2.4
Ni a -——- -—- -—
(mg/ 1) b <0.02 <0.02 <0.02
c <0.02 1.57 0.17
d <0.02 <0.02 <0.02
e <0.02 <0.02 <0.02
f <0.02 0.94 0.93
Date sampled:
a) June 25, 1982 d) August 10, 1982
b)) July 7, 1982 e) September 2, 1982

c) July 20, 1982 f)

September 23, 1982
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APPENDIX 11 LITTLE GOLD PLACER STUDY
WATER QUALITY DATA
PARAMETER STATION 1 STATION 4 STATION 5
Pb a -—- --- -
(mg/1) b 0.008 <0.001 <0.001
c <0.001 0.050 0.027
d <0.001 <0.001 <0.001
e <0.001 <0.001 <0.001
f <0.001 0.090 0.130
Sb a --- --- ---
(mg/1) b <0.,05 <0.05 <0.05
c <0.05 <0.05 <0.05
d <0.05 <0.05 <0.05
e <0.05 <0.05 <0.05
f <0.05 0.19 0.23
Se a -—— ——— -——-
(mg/ 1) b <0.05 <0.05 <0.05
c <0.05 <0.05 <0.05
d <0.05 <0.05 <0.05
e <0.05 <0.05 <0.05
f <0.05 <0.05 <0.05
Si a —— -——- -———
(mg/1) b 4.0 4.3 4.6
c 3.9 4.5 4.2
d 4.2 4.4 4.3
e 4.3 4.5 4.5
f 4.3 4.1 3.9
Date sampled:
a) June 25, 1982 d) August 10, 1982
b) July 7, 1982 e) September 2, 1982
c) July 20, 1982 f) September 23, 1982
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APPENDIX 11 LITTLE GOLD PLACER STUDY
WATER QUALITY DATA

PARAMETER STATION 1 STATION 4 STATION 5
sn a -—- -——- -——
(mg/ 1) b <0.01 <0.01 <0.01

°c <0.01 <0.01 <0.01
d <0.01 <0.01 <0.01
e <0.01 <0.01 <0.01
f <0.01 <0.01 <0.01
Sr a -— -—- -——
(mg/ 1) b 0.044 0.098 0.185
c 0.028 0.863 0.150
d 0.051 0.079 0.088
e 0.054 0.074 0.082
f 0.043 0.655 0.646
Ti a -—= -—— -—
(mg/1) b <0.002 0.024 0.017
c <0.002 0.036 0.166
d <0.002 0.012 0.021
e <0.002 0.008 0.017
f <0.002 0.207 0.143
v a - -——- -——-
(mg/ 1) b <0.01 <0.01 <0.01
c <0.01 0.51 0.13
d <0.01 <0.01 <0.01
e <0.01 <0.01 <0.01
f <0.01 0.61 0.60

Date sampled:

a) June 25, 1982 d) August 10, 1982
b) July 7, 1982 e) September 2, 1982
c) July 20, 1982 f) September 23, 1982




- 8 -

APPENDIX 11 LITTLE GOLD PLACER STUDY
WATER QUALITY DATA
PARAMETER STATION 1 STATION 4 STATION 5
Zn a --- -—— ——
(mg/ 1) b 0.110 0.020 0.019
c 0.013 2.96 0.344
d <0.002 0.009 0.012
e <0.002 <0.002 <0.002
f <0.002 2.10 1.99
Date sampled:
a) June 25, 1982 d) August 10, 1982
b)Y July 7, 1982 e) September 2, 1982
c) July 20, 1982 f) September 23, 1982
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APPENDIX III

SEDIMENT DATA
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APPENDIX IV

BOTTOM FAUNA DATA
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APPEND IX 1V TABLE 1 BOTTOM FAUNA TAXONOMIC GROUPS

Phytum: Platyhelminthes

Class: Turbel laria
Order: Tricladida
Family: Planariidae
1. Phagocata morgani
2. Phylum: Nematoda

Phylum: Annelida

Class: Ol lgochaeta
Order: Lumbriculida
Family: Lumbriculidae
3. Kincaidiana hexatheca
4. Stylodritus heringanus
Order: Haplotaxida
5. Family: Enchytraeidae

Family: Tubificidae

6. Telmatrodilus sp.
7. Tubifex spe.
8. llyodrilus spe.

Phylum: Anthropoda

Class: Arachnoidae
9 Order: Acari
Class: insecta
Order: Plecoptera
Family: Capnliidae
10, Capnia sp-.
Family: Chloroperiinae
11, Alloperia sp.
12. Paraleuctra spe.
13. Utaperla spe.
Family: Nemouridae
14. Zapada sp.
15. Podmosta spe.

16 unide. dam.
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APPENDIX Vv TABLE 1 BOTTOM FAUNA TAXONOMIC GROUPS (Continued)

Order: Ephemeroptera
Family: Baetidae

17. Ameletus sp-.

18. Baetis spe.
Family: Heptageniidae

19. Cinygmula sp.

20, Epeorus sp.
Family: Siphlonuridae

21. Siphlonurus sp.
Order: Trichoptera
Famiiy: Limnephilidae

22. Clostoeca spe.
Order: Diptera
Family: Chironomidae

23. Chironomidae adult

24. Chironomidae pupae

25. Brillia sp.

26. Cardiocladius sp.

27. Cricotopus sp.

28. Corynoneura sp.

29. Epolcocladius spe

30. Eukiefferiella sp.

31. Heterotrissocladius sp-

32. Micropsectra spe.

33. Orthocladius spe

34, Smittia sp.
Subfamily: Diamesinae

35. Diamesa sp.

36. Monodiamesa spe.

37. Pseudodiamesa spe.
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APPENDIX 1V TABLE 1 BOTTOM FAUNA TAXONOMIC GROUPS (Continued)

Family: Simulidae

38. Prosimulium sp.

39. Gymnopais SPe
Family: Tipulidae

40. Tipula sp.
Order: Hymenoptera

414 Sub Order: Apocrita
Order: Homoptera

42. Family: Aphidadae
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