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Red Dog Creek Use Attainability Analysis 
Aquatic Life Component 

Introduction 

Authority 

The US Environmental Protection Agency's (USEPA) water quality standards regulation 
(40 CFR 13 1.1 .(i)) establishes the requirement that states or tribes conduct a use 
attainability analysis when either designating uses which do not include the 
"fishable/swimable" uses or when designating new subcategories of the 
"fishable/swimable~' uses which require less stringent criteria. 

Purpose 

The purpose of this Use Attainability Analysis is to identify streams in the Wulik River 
drainage that do not support the currently designated uses for aquatic life. Natural 
background water quality and metals concentrations may limit aquatic populations. 
Aquatic life is defined in this document to include all aspects of the aquatic community: 
fish, macroinvertebrates, microinvertebrates, periphyton, and macrophytes. Existing uses 
are defined under 18 AAC.70.990 (20): 

"existing uses" means those uses actually attained in a waterbody on or 
after November 28,1975. 

and under 40 CFR Sec. 13 1 E: 

"existing uses" means those uses actually attained in the waterbody on or 
after November 28,1975. 

Description of Streams Considered for Reclassification 

All of the streams considered for reclassification in the Wulik River drainage are located 
in northwest Alaska, approximately 95 km (59 mi) north of Kotzebue (Figure 1). Middle 
Fork Red Dog Creek flows adjacent to the Red Dog ore body, a large lead - zinc deposit 
that currently is mined by Cominco Alaska Inc. The following is a description of the 
streams considered in this document for reclassification to eliminate the aquatic life 
criteria. Water quality and fisheries data collected during baseline studies (1979-1 982) 
represent pre-mining conditions because no disturbance had occurred in these drainages 
at that time. 
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Figure 1. Locations of streams considered for reclassification of aquatic life use. 
Water quality sampling stations are shown on the map. 



Ikalukrok Creek 

Three segments of Ikalukrok Creek were considered in this study: Ikalukrok Creek from 
the headwaters to the confluence with Red Dog Creek, Ikalukrok Creek below the 
confluence with Red Dog Creek to Dudd Creek, and Ikalukrok Creek below Dudd Creek. 

Ikalukrok Creek above the confluence with Red Dog Creek (Figure 2) has a drainage area 
of 150 km2 (59.2 mi2). The creek flows through mineralized zones and red iron 
flocculant and white aluminum flocculant are prevalent in side channels, smaller 
tributaries, and backwater areas. Stream bed rocks frequently are stained orange from 
iron precipitate. During 1992, Ikalukrok Creek above Red Dog Creek had a high mean 
monthly flow of 17.3 m3/s (61 0 cfs) and a low flow of 0.02 rn3/s (0.58 cfs). At Station 9, 
stream width ranges from 2 to 7 m (7 to 24 ft) (up to 21 m or 68 feet in high flow years), 
with depths ranging from 0.15 to 1.2 m (0.5 to 4 feet). The stream bed at Station 9 
consists of gravel, cobbles, and rocks. This section of Ikalukrok Creek has not been 
disturbed by mining or other human activity. 

Ikalukrok Creek from the confluence with Red Dog Creek downstream to Dudd Creek 
contains periodic elevated concentrations of metals from the natural mineralization 
upstream and from mineralization along Red Dog Creek. At Dudd Creek (Station 7), 
widths range from approximately 3.5 to 40 m (12 to 130 feet) and depths range from 0.3 
to 1.2 m (1 to 4 ft). Temperatures range from 0 to 10°C during open flow. Ikalukrok 
Creek (Figure 2) has a 485.8 krn2 (1 84 mi2) drainage area, with 320 km2 (124 mi2) below 
the confluence of Red Dog Creek. 

Mainslem Red Dog Creek 

Mainstem Red Dog Creek (Figure 3) has a drainage area of 64 km2 (24.6 mi2) of which 
10 krn (3.8 mi2) does not contribute to the flow because it is impounded behind the 
tailing dam. During 1992, Red Dog Creek had a high mean monthly flow of 5.4 m3/s 
(191 cfs) and a low flow of 0.0045 m3/s (0.16 cfs). Widths of the creek range from 3.5 to 
18 ni (12 to 60 ft), with depths ranging from 0.06 to 0.5 m (0.2 to 1.7 feet) (R. Kemnitz, 
pers. comm., USGS Water Resources Division, Fairbanks). The stream bed contains 
gravel, small cobble, and a few small boulders. The creek has some meander and areas 
where it has shifted locations. Temperatures range from 0°C in the winter to 10°C in 
summer. 



L. Ikalukmk Creek at Sthrlull 8. 

Figure 3. Mainstem Red Dog Creek at Station 10. 
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Middle Fork Red Dog Creek 

Middle Fork Red Dog Creek (Figure 4 at Station 20 and Figure 5 at Station 140) has a 
drainage area of 12 km2 (4.74 mi2)), of which 1 km2 (0.4 mi2) does not contribute to the 
flow. During the 1991 water year, Middle Fork had a high mean monthly flow of 1.25 
m3/s (44.0 cfs) and a low flow of 0.004 m3/s (0.15 cfs). The creek has wide meanders 
with average channel widths from 3 to 10 m (10 to 30 ft), with depths from 0.03 and 0.45 
in (0.1 and 1.5 feet). Cominco Engineering Services Ltd. (reported in EBA Engineering 
Inc [1991]) reported that Red Dog Creek continues to flow with subsurface water flow at 
a rate of about 0.03 m3/s (1 cfs) through the winter months. 

Cominco Engineering Services Ltd. (1983) described the water quality in Middle Fork 
Red Dog Creek: 

The mainstem on Red Dog Creek [above North Fork of Red Dog Creek, 
now called Middle Fork Red Dog Creek] adjacent to, and running over the 
ore body is currently a zone of natural degradation which is hostile to 
aquatic life. High metal concentrations, particularly zinc, lead, and 
cadmium prevail in this part of the creek largely as a result of direct 
contact with exposed mineralization and, more significantly, from surface 
drainage emanating from the main part of the orebody on the west side of 
the creek. As an illustrative example, concentrations of zinc in the 
summer average in the 15 to 20 mg/L range and a typical mass loading of 
this metal discharged downstream can be in excess of one half ton per day. 

The creek was diverted into a lined, perched ditch in March 199 1 to separate upstream 
water from water seeping through the ore body. Below the ditch is a constructed French 
drain to allow subsurface water from both sides of the lined ditch to flow into the seepage 
ditch. The substrate of the diversion ditch is constructed of a gravel layer and a surface of 
coarse rip rap to protect the synthetic liner. Prior to diversion, Middle Fork Red Dog 
Creek flowed over some of the more highly mineralized and leachable zones of the Red 
Dog deposit. 

Tributaries to Middle Fork Red Dog Creek 

Information on tributaries flowing into the north side of the ore body (Figure 1) is limited 
to a few measurements of water quality collected in the baseline studies (Dames and 
Moore 1983 and EVS and Ott Water Engineers 1983). These are small tributaries of <1 
to <10 cfs summer flow. Dames and Moore (1 983) described the tributaries: 



rigure 4. lvuaale rork Ked Dog Creek at Station 20. 

Figure 5. Middle Fork Red Dog Creek at Station 140. 



Many of the tributaries exhibited high quality water compared to the 
mainstem. Water at stations 34 [Sulfur Creek], 38 [Shelly Creek], 40 
[Connie Creek], and 47 (Rachael Creek) during summer was highly 
oxygenated with 11.0 to 13.0 mglL of dissolved oxygen. . . . Conductivity 
levels ranged from 70 to 330 umholcm at 25OC. pH was slightly low, 
ranging from 6.3 to 7.1, and alkalinity concentrations were generally low 
(7.9 to 74 mg/L). 

Tributaries flowing into the northeast side of the ore body are not affected by mineral 
development. Except during periods of high rainfall, these creeks were reported in 
baseline studies to have clear water with low turbidity. Turbidity ranged from 0.37 to 24 
NTU. The high value (24 NTU) was measured at station 38 in July when flow was high. 

Sulfur Creek 

Sulfur Creek is a small, intermittent stream (Figure 1 and 6) flowing into the northwest 
side of the ore body. The creek is steep, with stair-step pools. Flows are intermittent; the 
creek stopped flowing in late July 1995. The stream bed is medium sized cobble with 
orange stain from iron precipitate. 

Shelly Creek 

Shelly Creek flows into Middle Fork Red Dog Creek from the northeast (Figures 1 and 
7). The creek is small, densely vegetated by willows, and stained with iron precipitate. 
Few water quality data have been collected on Shelly Creek. 

Connie Creek 

Connie Creek is the largest of the tributaries (Figures 1 and 8). The creek flows through a 
wide, shallow channel. Water depths are less than 20 cm during summer flows. The 
creek bottom is medium cobble with some staining. 

Rachael Creek 

Rachael Creek, at the headwaters of Middle Fork Red Dog Creek is a small, partially 
undercut stream flowing from the base of Deadlock Mountain. In 1994 the creek was 
sampled and found to contain high concentrations of A1 and Zn. Elevated A1 and Zn 
concentrations in the bypass ditch (Station 140) and in Rachael Creek in August 1994 
suggests that high rainfall during this time period increased metals concentrations in 
Rachael Creek. 





Figure 8. Connie Creek. 



Hilltop Creek 
Hilltop Creek is a small, possibly intermittent, creek flowing from the southeast side of 
the ore deposit north to Red Dog Creek. The creek flows into Red Dog Creek near the 
headwaters, near Connie and Rachael Creek. 

Reference Stream: North Fork RedDog Creek 
North Fork Red Dog Creek (Figure 10) was selected as a reference stream because it is in 
the same drainage and has limited mineralization. Therefore, climatic conditions and 
types of species expected to occur would be similar to the streams being considered for 
reclassification, with the exception of the effects of elevated metals concentrations from 
mineralization in the other streams. 

North Fork Red Dog Creek has a drainage area of 41 km2 (15.9 mi2). During the 1992 
water year, North Fork Red Dog Creek had a high mean monthly flow of 3.5 m3/s (125 
cfs) and low summer flows of 0.34 m3/s (12 cfs). Widths range from 7 to 15 m (24 to 50 
ft) and depths from 0.09 to 2 m (0.3 to 6 ft). The stream bed is characterized by gavel, 
rocks, and small boulders and is subje~t to shifting. Temperatures rauge from 0 to 10°C 
during open water flow. Mineral staining is not evident in North Fork Red Dog Creek. 

F i p e  10. North Fork Red Dog Creek. 
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Geology 

The Red Dog Mine is located at approximately 68'1 3' N latitude by 163" W longitude in 
the southwestern DeLong Mountains, a component of the Brooks Range in Alaska's 
Arctic. Lying within the DeLong Mountains Quadrangle, the area termed the Red Dog 
Prospect is a rich surficial showing of copper, lead, zinc, and silver ore located 
throughout the upper reaches of the Red Dog Creek drainage. The geology was described 
by Dames and Moore (1983): 

The DeLong Mountains lie within the Rocky Mountain System and are 
characterized by low mountains, plateaus, and highlands of a rolling 
topography with summits between 300 and 1500 m. Most peaks in the 
southwestern area are less than 900 m in height and unglaciated; lower 
hills have been rounded by extreme weathering, although upthrust rock 
formations with jagged peaks are not uncommon. The area is underlain by 
continuous permafrost to depths in excess of 60 m. The regional geology 
is sedimentary with some evidence of later volcanic activity. The geology 
is Mesozoic, characterized by sandstone and shale of marine and non- 
marine origin. 

Climate/Population 

The area is treeless, frequently windswept with a mean annual temperature of 2 to 4OC. 
The area is remote, with access by airplane or summer barge. The mine site is 
approximately 90 km (55 miles) by gravel road from the ocean port. 

Existing Classification 

The State of Alaska classified all streams and rivers in the Wulik River drainage, 
including the Wulik River, Ikalukrok Creek, and Red Dog Creek and its tributaries for all 
uses under 40 CFR, Chapter 1, part 13 1, 13 1.10, and 18 AAC 70.055. 

Recommended Changes to Aquatic Life Classification 

The purpose of this study is to examine the appropriateness of the aquatic life 
classification for Mainstem Red Dog Creek; Middle Fork Red Dog Creek and its 
tributaries Rachael, Sulfur, Connie, and Shelly Creeks; and Ikalukrok Creek. Water 
quality and biological data collected during baseline studies were used to describe pre- 
mining conditions. Water quality and biological data from 199 1 through 1995 were used 
to describe conditions after development of the Red Dog Mine. Water quality data 
collected between 1984 and 1990 were not used because the data were collected 
sporadically and because no comparable biological data were collected. 



Water Quality Monitoring Stations 

Water quality monitoring has been conducted throughout the Wulik River drainage since 
1979, before development of the Red Dog Mine. Water quality monitoring after 
development of the Red Dog Mine was conducted at many of the same stations (Figure 
I), using the same station numbers, as baseline monitoring conducted by Dames and 
Moore. Baseline monitoring conducted by EVS and Ott Water Engineers (1983) was 
done at many of the same stations; however, different station numbers were assigned. 
Where stations are at the same location, the station numbers established by Dames and 
Moore are used for the EVS and Ott Water Engineers (1 983) data. Only limited baseline 
water quality monitoring was conducted in tributaries to Middle Fork Red Dog Creek. 

Water quality monitoring stations referenced in this report are Ikalukrok Creek at Station 
8 and Station 73, Mainstem Red Dog Creek at Station 10, Middle Fork Red Dog Creek at 
Stations 20 and 140, Shelly Creek , Connie Creek, Sulfur Creek, Rachael Creek, and 
North Fork Red Dog Creek. 

Wastewater Dischargers 

The Red Dog Mine is currently the only industrial development in the Wulik River 
drainage that discharges to waters of the state. 

Problem Definition 

Studies to date have shown that Middle Fork Red Dog Creek has not supported fish or 
other aquatic populations. The absence of aquatic communities is because of natural 
mineralization, naturally occurring high concentrations of metals, and low pH. 
Intermittent flows and poor water quality in tributaries to Middle Fork Red Dog Creek 
probably limit aquatic life. Fish use in tributary streams also is limited by lack of 
overwintering habitat and inability to access these tributaries through the naturally 
degraded water quality of Middle Fork Red Dog Creek. 

The water treatment system at the Red Dog Mine uses calcium hydroxide to remove 
sulfide metals. The resulting effluent is high in total dissolved solids in the form of 
calcium sulfate. Treating seepage water from the ore body has resulted in water in both 
Middle Fork and Mainstem Red Dog Creek that is lower in Cd, Cu, Pb, and Zn but higher 
in pH, total dissolved solids and sulfate than under natural, undisturbed conditions. 

Approach to Use Attainability 
The Wulik River and its tributaries currently are classified under 18 AAC 70.050 as 
protected for all uses. Red Dog Creek historically has had periodic high concentrations 
of metals. Fish kills were reported in Mainstem Red Dog Creek and in Ikalukrok Creek 
at the confluence with Red Dog Creek before development of the Red Dog Mine (EVS 



and Ott Water Engineers 1983). Baseline sampling found no evidence of fish use of 
Middle Fork Red Dog Creek, South Fork Red Dog Creek (now the tailing dam), or any 
tributaries to Middle Fork Red Dog Creek. 

Extensive sampling by the Alaska Department of Fish and Game has not shown fish to 
occur in Middle Fork Red Dog Creek, upstream of North Fork Red Dog Creek (Weber 
Scannell and Ott 1995). The Alaska Department of Fish and Game does not believe that 
Middle Fork Red Dog Creek contains water of sufficient quality to support fish (Weber 
Scannell and Ott 1995). 

The objective of this study was to sample Mainstem Red Dog Creek, Middle Fork Red 
Dog Creek, and tributary streams downstream of and adjacent to the Red Dog Mine for 
macro- and microinvertebrates, periphyton, and macrophytes. Ikalukrok Creek below 
Red Dog Creek (at Station 8) and North Fork Red Dog Creek (the reference stream) also 
were sampled. This survey provides information on relative abundance and relative 
diversity of aquatic taxa to fulfill the aquatic life analysis of a use attainability analysis 
for reclassifying Middle Fork Red Dog Creek and other appropriate tributaries. 
Information on the taxonomic groups present in Mainstem Red Dog Creek and Ikalukrok 
Creek can be used to develop site-specific criteria for total dissolved solids and sulfate. 

Data Analysis 

Hydrology 

Red Dog Creek from its source to Ikalukrok Creek, tributaries to Middle Fork Red Dog 
Creek, and portions of Ikalukrok Creek freeze in late October; by mid-winter there is no 
flowing surface water. Isolated pools may form in Ikalukrok Creek; this water usually 
has low (<I mg/L) dissolved oxygen and high metals and dissolved solids concentrations. 
Fish could not survive in these conditions. North Fork Red Dog Creek may contain some 
spring water input, but probably does not contain any flowing water suitable for 
overwintering fish. The winter distribution of fish appears to be limited to Ikalukrok 
Creek downstream of the confluence with Dudd Creek and in the Wulik River. 

When breakup occurs (usually in late May), Arctic graying migrate upstream in Ikalukrok 
Creek to Mainstem Red Dog Creek and into North Fork Red Dog Creek. 

Stream Flow Evaluation 

Water Quality Evaluation. Baseline Conditions 

The following is a summary of the water quality conditions measured in the study 
streams before development of the Red Dog Mine. Included is a discussion of the 
number of occasions metals concentrations exceeded amounts reported toxic to salmonid 
fish. Refer to Appendix 1 for a summary of 1979- 1983 hardness, total dissolved solids 
(TDS), sulfate, pH, and temperature data; Appendix 2 for a summary of 1979- 1983 
dissolved oxygen, conductivity, flow, and alkalinity data; and Appendix 3 for a summary 



of 1979-1 983 metals data. Appendix 1 1 contains all available baseline water quality and 
metals data. 

Metals concentrations reported for the water quality sampling stations were compared 
with concentrations reported to cause acute or chronic toxicity on species of salmonid 
fish and with concentrations currently listed by US EPA as the Maximum Allowable 
Concentration (Table 1). The acute and chronic concentrations and the references for 
each concentration are listed below. 

The following criteria were used to select values for chronic toxicity from published 
literature: at least 50% mortality of salmonid fish, tests conducted in moderately hard to 
hard water from 100-350 mg CaC03/L, and test conducted over at least 96 hours. 
Chronic toxic values for zinc were reported as 2 to 4 mg1L; in comparing toxic values 
with stream water samples we used the lower value of 2 mg/L. 

Table 1. Chroniclacute and Maximum Allowable Concentrations of Metals. 

Metal Chronic/Acute Maximum Reference 
Toxicity adult Allowable Conc. 
salmonid fish aquatic life 

mg/L mg/L 

Aluminum 0.1 

Cadmium 0.027 

Copper 0.28 

Lead 0.19 

Zinc 2 

Ontario Minis. of 
the Environ. (1 984) 

0.0039 Alabaster and Lloyd 1982 
US EPA 1992 

0.018 Alabaster and Lloyd 1982 
US EPA 1992 

0.082 USEPA 1985 
US EPA 1992 

0.12 Alabaster and Lloyd 1982 
US EPA 1992 



Ikalukrok Creek: Station 8 

Baseline data showed Ikalukrok Creek at Station 8 contained moderately hard water with 
circumneutral pH. During winter (measured in March), water is high in total dissolved 
solids and hardness; this is a result of ionic exclusion during ice formation. Data 
collected during the winter are not included in this report because they are not considered 
to represent conditions other than ionic exclusion from ice formation. Low conductivity 
in late May was due to snow melt. 

Water occasionally contained elevated concentrations of aluminum, cadmium, and zinc 
(Table 2). The maximum reported concentrations were 0.17 mg AlIL, 0.04 mg CdIL, and 
4.2 mg ZnIL. 

Table 2. Ikalukrok Creek (Station 8), percent of water samples exceeding chroniclacute 
levels, 1979- 1983. 

Metal % Samples exceeding % Samples exceeding 
chroniclacute toxicity Maximum Allowable Number of 
to adult salmonid fish Concentration Samples 

Aluminum 3 0 10 
Cadmium 11 67 18 
Copper 0 10 10 
Lead 0 0 18 
Zinc 17 7 8 18 

Mainstem Red Dog Creek, Station 10 

Baseline data showed Mainstem Red Dog Creek at Station 10 contained moderately hard 
water with neutral to acidic pH. During winter (measured in March), water was high in 
total dissolved solids, sulfate, and hardness; this was a result of ice formation. 

Concentrations of Zn were elevated above the reported chroniclacute toxic concentrations 
of 2 mg/L for salmonid fish and often contained elevated concentrations of A1 and Cd 
(Table 3). Concentrations of Pb were not elevated: the maximum concentration was 0.1 
mg1L and median concentration was 0.08 mg/L (the Limit of Detection). The 
chroniclacute level for Zn (from Alabaster and Lloyd 1982, Table 1) is conservative; 
higher values also were reported. Baseline studies (Dames and Moore 1983) reported 
that Arctic graying migrated through Mainstem Red Dog Creek to North Fork Red Dog 
Creek during spring high flows when metals concentrations were lower. 



Table 3. Mainstem Red Dog Creek (Station 1 O), percent of water samples exceeding 
chroniclacute levels, 1979-1 983. 

Metal % Samples exceeding % Samples exceeding 
chroniclacute toxicity Maximum Allowable Number of 
to adult salmonid fish Concentration Samples 

Aluminum 3 7 3 8 
Cadmium 44 LOD' too high 43 
Copper 0 0 15 
Lead 0 0 43 
Zinc 100 100 43 
1 LOD = Limit of Detection 

Middle Fork Red Dog Creek, Station 20 

Baseline data showed water in Middle Fork Red Dog Creek contained elevated 
concentrations of aluminum, cadmium, and zinc, and frequently elevated concentrations 
of Pb. The maximum reported concentrations were 0.91 mg AlIL, 0.14 mg CdIL, 0.36 
mg Pb/L, and 17 mg Zn/L. The number of times water samples exceeded chroniclacute 
toxicity concentrations (Table 4) suggests that this water is not suitable to support fish. 

Table 4. Middle Fork Red Dog Creek (Station 20), percent of water samples exceeding 
chroniclacute levels, 1979- 1983. 

Metal % Samples exceeding % Samples exceeding 
chroniclacute toxicity Maximum Allowable Number of 
to adult salmonid fish Concentration Samples 

Aluminum 57 2 8 
Cadmium 9 7 100 3 4 
Copper insufficient data 4 
Lead 24 5 6 3 4 
Zinc 100 100 3 4 

Middle Fork Red Dog Creek, Station 140 

Baseline data showed water in Middle Fork Red Dog Creek at Station 140 frequently 
contained elevated concentrations of aluminum, cadmium, lead, and zinc. The maximum 



reported concentrations were 2.3 1 mg AlIL, 0.2 1 mg CdIL, 1.1 1 mg PblL, and 28.5 mg 
ZnIL. Median concentrations were 0.73 mg AlIL, 0.12 mg CdIL, 0.33 mg PbIL, and 15.7 
mg ZnIL. The number of times water samples exceeded chroniclacute toxicity 
concentrations (Table 5) and the extremely high metals concentrations suggest that this 
water is not suitable to support fish. 

Table 5. Middle Fork Red Dog Creek (Station 140), percent of water samples exceeding 
chroniclacute levels, 1979- 1983. 

Metal % Samples exceeding % Samples exceeding 
chroniclacute toxicity Maximum Allowable Number of 
to adult salmonid fish Concentration Samples 

Aluminum 100 
Cadmium 100 
Copper No data available 
Lead 8 0 
Zinc 100 

Shelly Creek 

There were no baseline data collected on hardness, TDS, flow, dissolved oxygen, or other 
water quality factors in Shelly Creek. Samples for metals concentrations were limited to 
one sample in 198 1 and four in 1982 (Appendix 1 1). Concentrations of both Cd and Zn 
exceeded Maximum Allowable Concentrations in all of the samples collected, Pb was not 
elevated. The maximum concentration of Cd was 0.028 mgIL, of Pb 0.08 mgIL, and Zn 
2.3 mg/L. 



Table 6. Shelly Creek, percent of water samples exceeding chroniclacute levels, 1979- 
1983. 

Metal % Samples exceeding % Samples exceeding 
chroniclacute toxicity Maximum Allowable Number of 
to adult salmonid fish Concentration Samples 

Aluminum no data available 
Cadmium 2 0 
Copper No data available 
Lead 0 
Zinc 20 

Connie Creek 

Limited water quality and metals data (Appendix 11 and Table 7) collected in Connie 
Creek during baseline studies showed this creek to have moderately good water quality. 
However, Cd concentrations were above but close to the Maximum Allowable 
Concentration, and ranged from 0.002 to 0.021 mgll. 

Table 7. Connie Creek, percent of water samples exceeding chroniclacute levels, 1979- 
1983. 

Metal % Samples exceeding % Samples exceeding 
chroniclacute toxicity Maximum Allowable Number of 
to adult salmonid fish Concentration Samples 

Aluminum No data available 
Cadmium 0 
Copper No data available 
Lead 0 
Zinc 17 

Sulfur Creek 

Limited water quality data collected by Dames and Moore (1 98 1) portray Sulfur Creek as 
having elevated concentrations of Pb and Zn (average of three samples = 0.128 mg PbIL 
and 0.754 mg ZdL) and slightly elevated concentrations of Cd (average of three samples 
= 0.007 mg/L) (Table 8, Appendix 1 1). Flow ranged from 0.07 to 1.2 cfs, dissolved 



oxygen concentrations were near saturation, and pH was slightly acidic. The highest zinc 
concentration measured (of 3 samples) was 1.167 mg1L. 

Table 8. Sulfur Creek, percent of water samples exceeding chroniclacute levels, 1979- 
1983. 

Metal % Samples exceeding % Samples exceeding 
chroniclacute toxicity Maximum Allowable Number of 
to adult salmonid fish Concentration Samples 

Aluminum No data available 
Cadmium 0 
Copper No data available 
Lead 3 3 
Zinc 0 

Rachael Creek 

Water sampling in Rachael Creek was limited to four samples in 1982 (Appendix 11 and 
Table 9). The water was described by Dames and Moore (1983) as clear, of low 
turbidity, and high dissolved oxygen concentrations. Cd and Zn concentrations were low, 
ranging from 0.002 to 0.008 mg CdIL and 0.079 to 0.142 mg ZnIL. No baseline data on 
A1 concentrations were found. 

Table 9. Rachael Creek, percent of water samples exceeding chroniclacute levels, 1979- 
1983. 

Metal % Samples exceeding % Samples exceeding 
chroniclacute toxicity Maximum Allowable Number of 
to adult salmonid fish Concentration Samples 

Aluminum No data available 
Cadmium 0 
Copper No data available 
Lead 0 
Zinc 0 



Hilltop Creek 

No l~istoric data were available for Hilltop Creek. 

North Fork Red Dog Creek 

North Fork Red Dog Creek was described by Dames and Moore (1983) as being of high 
water quality and supporting a diverse community of flora and fauna. The creek is a clear 
water stream with high dissolved oxygen concentrations during summer and low levels of 
total suspended solids, total dissolved solids, and settleable solids. Alkalinity was higher 
than in any of the other creeks monitored. Dames and Moore measured concentrations of 
Cu, Pb, Ag, and Zn in the sediments. They reported concentrations considerably lower 
than Middle Fork or Mainstem Red Dog Creek. During summer, A1 concentrations are 
moderately high (Table 10). 

Table 10. North Fork Red Dog Creek, percent of water samples exceeding chroniclacute 
levels, 1979- 1983. 

Metal % Samples exceeding % Samples exceeding 
chroniclacute toxicity Maximum Allowable Number of 
to adult salmonid fish Concentration Samples 

Aluminum 36 2 5 
Cadmium 0 LOD too high 29 
Copper 0 5 
Lead 0 0 29 
Zinc 0 7 29 

LOD = Limit of Detection. Unless samples are at least 5 times the LOD, the values are 
considered to be qualitative. 

Water Quality Evaluation. after development of the Red Dog: Mine. 

The following is a summary of the water quality conditions measured in the study 
streams from 1991 to summer 1995. This time period begins with completion of the 
mine seepage water collection system in 1991. Collection and treatment of mine seepage 
water had the most profound effect on water quality of Red Dog Creek. Water quality of 
the mine effluent was further improved by installation of the sand filters in 1994 and 
improvements in the water treatment plant. Included is a discussion of the number of 
times metals concentrations exceeded amounts reported toxic to salmonid fish (Reference 



toxic amounts listed on Table 1) and identification of the metals believed to be exerting 
the most toxicity during the time period from 1991 through 1995. Refer to Appendix 4 
for a summary of 1991-1 995 water quality data, including hardness, TDS, sulfate, pH, 
temperature, dissolved oxygen, conductivity, and flow, and Appendix 5 for a summary of 
199 1 - 1995 metals data. Appendix 12 contains all of the baseline water quality and metals 
data. 

Ikalukrok Creek: Station 8 

Ikalukrok Creek at Station 8 has moderately hard water with circumneutral pH (Appendix 
4). During periods of discharge from the mine effluent, water hardness reached a 
maximum concentration of 666 mg/L and TDS a maximum concentration of 906 mg/L. 
The treated mine effluent appears to moderate the lowest pH values. In 1992, the 
minimum pH was 5.7 and in 1994 and 1995 the minimum values were 7.2 and 7.1. Flow 
data from Station 8 were limited to two measurements. 

During open water periods, temperatures ranged from a low of 0°C to 13.6OC (measured 
in 1992). Maximum water temperatures in 1995 during periods of maximum discharge 
from the Red Dog Mine do not appear to alter downstream temperature regimes 
(Appendices 4 and 12). Maximum and median temperatures in 1995 are not higher than 
in years 199 1 - 1993 when discharge volumes were low or zero. 

Water occasionally contained slightly elevated concentrations of aluminum, cadmium, 
and zinc (Appendices 5 and 12 and Table 1 1). Metals concentrations measured in 1995 
were generally lower than in 199 1 through 1993, when there was minimal discharge. A1 
concentrations were higher in 1995; however, these concentrations are related to high 
rainfall and increased erosion in the headwaters of Middle Fork Red Dog Creek and do 
not correspond to concentrations found in the mine effluent. 

Table 1 1. Ikalukrok Creek, after mining. Percent of water samples exceeding 
chroniclacute levels. 

Metal % Samples exceeding % Samples exceeding Total 
chroniclacute toxicity Maximum Allowable number 
to adult salmonid fish Concentration of samples 

Aluminum 
Cadmium 
Copper 
Lead 
Zinc 

*6% of the samples exceeded the reported chronic toxic level of 2 mg ZdL, none of the 
samples exceeded the higher reported chronic toxic level of 4 mg ZdL. 



Mainstem Red Dog Creek, Station 10 

Mainstem Red Dog Creek contains moderately hard water. Both hardness and TDS are 
elevated during periods of maximum discharge from the mine. Concentrations of TDS 
reached a maximum of 1 100 mg/L in 1994 and 1070 mg/L in 1995 (Appendix 4 and 
Appendix 12). Median TDS concentrations in 1995 also were higher than in 1991 and 
1992, when discharge was minimal. Periods of high discharge during open water months 
also correspond to higher pH values: median pH values were 7.7 in 1994 and 7.6 in 1995, 
compared with median values of 7.0 in 1991 and 7.4 in 1992. Stream flow (based on 6 
measurements in 1993) ranged from 32.7 cfs to 400 cfs. 

Metals concentrations at Station 10 were elevated in Al, Cd, and Zn (Table 12 and 
Appendices 5 and 12). 

Table 12. Mainstem Red Dog Creek, after mine development. Percent of water samples 
exceeding chronic/acute criteria. 

Metal % Samples exceeding 
chronic/acute toxicity 
to adult salmonid fish 

Aluminum 
Cadmium 
Copper 
Lead 
Zinc 

% Samples exceeding Total 
Maximum Allowable number 

Concentration of samples 

85 
LOD too high 95 

0 60 
4 94 

100 94 

* 5 5% of the samples exceeded the reported chronic toxic level of 2 mg ZnIL, 19% of the 
samples exceeded the higher reported chronic toxic level of 4 mg ZdL. 

LOD = Limit of Detection. Unless samples are at least 5 times the LOD, the values are 
considered to be qualitative. 

Middle Fork Red Dog Creek, Station 20 

Hardness, TDS, and sulfate concentrations in Middle Fork Red Dog Creek below the 
mine effluent are elevated by the effluent (Appendix 4). In 1995, the maximum hardness 
was 1 170 mg/L, maximum TDS was 2 190 mg/L, and maximum sulfate was 1500 mg/L. 
The highest measured pH of 9.0 was in 1994. The median pH for 1994 and 1995 is 
slightly higher than in 1992 but not higher than median values for 199 1 and 1993. 

Water temperatures during the open flow periods range from 0°C to 19.4OC. 
Temperature does not appear to be elevated by discharge (Appendix 4). 



Metals concentrations, except for Al, have shown a steady decline between 199 1 and 
1995 (Appendix 5). When compared to levels reported in the literature (Table 1) for 
chroniclacute toxicity, water at Station 20 is toxic for Cd and Zn most of the time, and 
toxic for A1 25% of the time and Pb 36% of the time (Table 13). High A1 concentrations 
occurred in fall 1995 after abnormally high rainfall. Elevated A1 was not found in 199 1 - 
1994. (Refer to Appendices 5 and 12 for comparisons of metals concentrations for each 
year.) 

The concentrations of Cd and Zn are sufficiently elevated to prevent fish from 
successfully spawning and rearing in this creek, and to limit primary and 
macroinvertebrate production. 

Table 13. Middle Fork Red Dog Creek, below mine effluent. Percent of water samples 
exceeding chroniclacute levels. 

Metal % Samples exceeding % Samples exceeding Total 
chroniclacute toxicity Maximum Allowable number 
to adult salmonid fish Concentration of samples 

Aluminum 2 5 99 
Cadmium 76 90 118 
Copper 0 1 76 
Lead 9 3 6 118 
Zinc 93/61 * 9 8 118 

"93% of the samples exceeded the reported chronic toxic level of 2 mg ZdL, 61% of the 
samples exceeded the higher reported chronic toxic level of 4 mg ZdL. 

Middle Fork Red Dog Creek, Station 140 

Station 140 is located in a channel constructed to bypass Red Dog Creek around the 
active ore body, above the mine discharge. Although construction of the bypass channel 
has decreased metals concentrations in Red Dog Creek (compared with concentrations 
measured before mining), the water flows through naturally mineralized areas and 
remains high in metals, especially Cd, Pb, and Zn (Appendices 5 and 12). 

Water Quality at Station 140 is acidic with pH levels as low as 5.2. 

Water samples collected between 1992 and 1995 exceed the reported chroniclacute 
toxicity limits for Cd in 75% of the samples, for Pb in 85% of the samples, and for Zn in 
86% of the samples (Table 14). Given the high metals concentrations, it is unlikely that 
this waterway would support fish, aquatic invertebrates, or aquatic plants. 



Table 14. Middle Fork Red Dog Creek, Station 140. Percent of water samples exceeding 
chroniclacute levels. 

Metal % Samples exceeding % Samples exceeding Total 
chroniclacute toxicity Maximum Allowable number 
to adult salmonid fish Concentration of samples 

Aluminum 
Cadmium 
Copper 
Lead 
Zinc 

"86% of the samples exceeded the reported chronic toxic level of 2 mg ZdL, 68% of the 
samples exceeded the higher reported chronic toxic level of 4 mg ZnIL. 

,Chelly Creek 

Few water samples were collected in Shelly Creek (Appendix 12). Shelly Creek has 
moderately hard water (Appendix 12) and in 1995, water contained concentrations of A1 
and Cd that were elevated above the reported chroniclacute toxicity levels (79% samples 
for A1 and 36% of samples for Cd) (Table 15). Seventy nine percent of the water samples 
contained concentrations of Cd that were above the Maximum Allowable Concentration 
and 93% of the samples exceeded the Maximum Allowable Concentration for Zn. 
Concentrations of Fe ranged from 0.19 to 1.22 mg FeIL. 

Water in Shelly Creek is naturally high in metals. It is likely that high concentrations of 
Al, Cd, Fe, and Zn limit the aquatic life use of this creek. 

Table 15. Shelly Creek. Percent of water samples exceeding chroniclacute levels. 

Metal % Samples exceeding % Samples exceeding Total 
chroniclacute toxicity Maximum Allowable number 
to adult salmonid fish Concentration of samples 

Aluminum 79 14 
Cadmium 3 6 79 14 
Copper 0 3 1 13 
Lead 7 14 14 
Zinc 43/14" 93 14 

"43% of the samples exceeded the reported chronic toxic level of 2 mg ZdL, 14% of the 
samples exceeded the higher reported chronic toxic level of 4 mg ZdL. 



Connie Creek 

Few water samples were collected in Connie Creek (Appendix 12). Connie Creek has 
moderately hard water and in 1995, metals concentrations were generally lower than 
reported chroniclacute toxicity levels for Cd, Cu, Pb, and Zn (Table 16). 

Connie Creek contains the best water quality of any of the tributaries to Middle Fork Red 
Dog Creek. If fish were not excluded from this tributary by the poor water quality in 
Middle Fork Red Dog Creek, it is possible they could inhabit this creek. 

Table 16. Connie Creek, percent of water samples exceeding chroniclacute levels. 

Metal % Samples exceeding % Samples exceeding Total 
chroniclacute toxicity Maximum Allowable number 
to adult salmonid fish Concentration of samples 

Aluminum 3 3 12 
Cadmium 8 2 5 12 
Copper 0 8 12 
Lead 17 17 12 
Zinc 818 * 50 12 

*8% of the samples exceeded the reported chronic toxic level of 2 mg ZdL, 8% of the 
samples exceeded the higher reported chronic toxic level of 4 mg ZnIL. 

Sulfur Creek 
Sulfur Creek is a small, intermittent tributary with an estimated summer flow of less than 
3 cfs. The creek contains small step pools. Flows are too low to allow fish to swim 
upstream between step pools. Sulfur Creek typically stops flowing in mid-summer. In 
1995, flows stopped in late July. 

Only two water samples were collected in Sulfur Creek (Appendix 12), both in 1995. 
Sulfur Creek has moderately hard water (1 33 and 140 mg1L) and in 1995, water 
contained concentrations of Cd, Pb, and Zn that were elevated above the Maximum 
Allowable Concentrations (Table 17). 

High metals concentrations and the poor water quality in Middle Fork Red Dog Creek, 
along with the small size of Sulfur Creek, its steep step pools, and intermittent flows, 
probably exclude fish from using this tributary. 



Table 17. Sulfur Creek, percent of water samples exceeding chroniclacute levels. 

Metal % Samples exceeding % Samples exceeding Total 
chroniclacute toxicity Maximum Allowable number 
to adult salmonid fish Concentration of samples 

Aluminum 17 6 
Cadmium 0 37 6 
Copper 0 0 6 
Lead 3 3 67 6 
Zinc 010 * 100 6 

"0% of the samples exceeded the reported chronic toxic level of 2 mg ZdL, 0% of the 
samples exceeded the higher reported chronic toxic level of 4 mg ZdL. 

Rachael Creek 

Rachael Creek has moderately hard water and in 1995, water contained very high 
concentrations of A1 (from 1.17 to 1.8 1 mg1L) and Cu (from 0.04 to 0.06 mg1L) and low 
pH (from 4.7 to 5.9) (Appendix 12). According to the Canadian Water Quality 
Guidelines (CWQG), at pH below 6.5, A1 is extremely toxic to aquatic life. The CWQG 
suggests a maximum A1 concentration of 0.005 mg/L to protect aquatic life when the pH 
is less than 6.5. The median concentration of A1 measured in Rachael Creek during 1995 
was 340 times the toxic level and the maximum concentration measured in 1995 was 
more than 650 times the toxic level; pH was below the State Water Quality Criteria for 
protection of aquatic life. The combination of high concentrations of A1 and low pH 
would exclude most, if not all, aquatic species from Rachael Creek. Concentrations of 
Cu and Zn also were elevated above the Maximum Allowable Concentrations in 100% of 
the samples (Table 18). 

Table 18. Rachael Creek, percent of water samples exceeding chroniclacute levels. 

Metal % Samples exceeding % Samples exceeding Total 
chroniclacute toxicity Maximum Allowable number 
to adult salmonid fish Concentration of samples 

Aluminum 100 10 
Cadmium 0 0 11 
Copper 0 100 11 
Lead 0 0 11 
Zinc 010 * 100 11 

*0% of the samples exceeded the reported chronic toxic level of 2 mg ZdL, 0% of the 
samples exceeded the higher reported chronic toxic level of 4 mg ZdL. 



Hilltop Creek 

Hilltop Creek is a small tributary to Red Dog Creek that flows from the southeast edge of 
the currently developed deposit. Flows in the creek are low and may be intermittent. 
Metals concentrations are high (Table 19 and Appendix 12); water in this tributary 
contains some of the highest metals concentrations found in any tributaries to Red Dog 
Creek. Cominco Alaska Inc. sampled three sections of Hilltop Creek in 1995: the 
headwaters, the middle section, and the lower section near Red Dog Creek. Metals were 
not as high at the headwaters near the mine pit as in the middle section (Appendix 12). 

This creek was not sampled for fish, aquatic invertebrates, or aquatic plants during this 
study. High concentrations of A1 (average 5.97 mglL, range 0.26 - 9.59 mgIL), Cd 
(average 6.43 mg/L, range 3.2 to 7.8 mgIL), Pb (average 3.4 mgIL, range 0.39 to 4.22 
mg1L) and zinc (average 1 197 mgIL, range 147 to 1580 mg1L) combined with low pH 
(range 4.2 to 6.1) would exclude aquatic communities from this creek. 

Table 19. Hilltop Creek, percent of water samples exceeding chroniclacute levels. 

Metal % Samples exceeding % Samples exceeding Total 
chroniclacute toxicity Maximum Allowable number 
to adult salmonid fish Concentration of samples 

Aluminum 100 
Cadmium 100 
Copper no data available 
Lead 100 
Zinc 100 
- --- --- - - 

* 100% of the samples exceeded the reported chronic toxic level of 2 mg ZdL, 100% of 
the samples exceeded the higher reported chronic toxic level of 4 mg ZdL. 

North Fork Red Dog Creek 

Only 14 samples were collected from Station 12 during 1995 and 2 in 1992 (Appendix 
12). Most of the metals samples were below the limit of detection; 1 sample in 1995 had 
Cd and Zn concentrations above the reported chroniclacute toxic levels (Table 20). This 
sample also had concentrations above the Maximum Allowable Concentration for Cd, Pb, 
and Zn. Except for the one water sample with slightly elevated metals concentrations, the 
water in North Fork Red Dog Creek is of high quality for aquatic life. 



Table 20. North Fork Red Dog Creek, percent of water samples exceeding chroniclacute 
criteria. 

Metal % Samples exceeding % Samples exceeding Total 
chroniclacute toxicity Maximum Allowable number 
to adult salmonid fish Concentration of samples 

Aluminum 0 10 
Cadmium 6 6 16 
Copper 0 0 16 
Lead 0 6 16 
Zinc 610" 6 16 

"6% of the samples exceeded the reported chronic toxic level of 2 mg ZnIL, 0% of the 
samples exceeded the higher reported chronic toxic level of 4 mg Zn/L. 

Conclusions 

Muinstem Red Dog Creek 

Although water quality periodically exceeds toxic limits and Maximum Allowable 
Concentrations, exceedences are not sufficient to exclude fish and other aquatic species. 
Water quality has been improved from background by the mine sump collection system 
and, probably, by high effluent discharges. 

Middle Fork Red Dog Creek 

Concentrations of metals, especially Cd and Zn, are sufficiently high to preclude use by 
fish, aquatic plants, and aquatic invertebrates. 

Sulfur Creek 

Fish use of Sulfur Creek is limited by poor water quality in Middle Fork Red Dog Creek 
as well as the small size, low and intermittent flows, and step pool configurations found 
in Sulfur Creek. Water quality is poor. 

Ruchael Creek 

High concentrations of A1 and low pH would eliminate most, if not all, aquatic species 
from this tributary. 



Shelly Creek 

Water in Shelly Creek is degraded by elevated concentrations of Al, Cd, Cu, and Zn. It is 
likely that poor water quality combined with low flows and high gradient limit use of this 
waterway by fish and other species of aquatic life. 

Connie Creek 

Poor water quality in Middle Fork Red Dog Creek limits upstream movement of fish. 
Connie Creek supports a community of aquatic invertebrates and algae. 

Hilltop Creek 

Extremely poor water quality due to elevated concentrations of Al, Cd, Pb, and Zn would 
eliminate most classes of organisms from Hilltop Creek. 

North Fork Red Dog Creek 

Water quality in this tributary is excellent and rarely exceeds limits reported to cause 
acute or chronic toxicity to aquatic species. 

Biological Evaluations 

Benthic Macroinvertebrates: Baseline Studies 

Aquatic invertebrate communities were sampled by EVS and Ott Water Engineers (1 983) 
and Dames and Moore (1 983) as part of the baseline studies conducted for Red Dog 
Creek. Taxonomy for Oligichaeta and Chironomidae has been revised substantially since 
these reports were completed. Therefore, in the present report Chironomidae and 
Oligichaeta from baseline data are not identified below family level for Chironomidae or 
class for Oligichaeta. 

Ikulukrok Creek, Station 73 

Aquatic invertebrate samples were collected in Ikalukrok Creek at Station 73, about 5 krn 
(3 miles) downstream from Station 8 (Table 21, Appendix 6, EVS and Ott Water 
Engineers 1983). There are no significant inflows of water to Ikalukrok Creek between 
Stations 8 and 73; therefore, water quality conditions are similar and the invertebrate data 
are believed to represent populations in Ikalukrok Creek at Station 8. 

Among the creeks influenced by mineralization from Red Dog Creek, Ikalukrok Creek 
contained the greatest abundance of aquatic invertebrates. Taxonomic richness was 
similar to communities in Mainstem Red Dog Creek and Middle Fork Red Dog Creek. 



Mainstem Red Dog Creek, Station 10 

Few invertebrates were collected in Mainstem Red Dog Creek (Table 21, Appendix 6). 
There was an average of 3.1 invertebrates collected during each sampling time, with only 
5.5 taxonomic groups represented. 

Middle Fork Red Dog Creek, Station 20 and Station 140 

Dames and Moore (1 98 1) describe the macroinvertebrate communities in Middle Fork 
Red Dog Creek: 

There is little or no macroscopic life in the Main Fork Red Dog Creek 
from Station 43 below where the first major drainage from the ore body 
enters the creek to Station 20 above the confluence of the North Fork. 
Tributaries entering this reach from the ore body significantly degrade the 
water quality and the suitability of the aquatic habitat. Other tributaries 
entering this reach support rich and diverse invertebrate life but are of 
insufficient volume to dilute the stream to the point where long-term 
residency is possible. 

EVS and Ott Water Engineers collected about the same number of invertebrates from 
Station 21 (an average of 15 per sample time) and Station 140 (an average of 13.9 per 
sample time) (Table 21, Appendix 6). Taxonomic richness also was similar at the two 
stations: EVS and Ott Water Engineers reported an average of 5 taxonomic groups from 
Station 21 and 4.7 taxonomic groups from Station 140. At both stations the majority of 
invertebrates were Plecoptera. 

Shelly Creek, Connie Creek, Sulfur Creek, and Rachael Creek, Hilltop Creek 

No baseline data on aquatic invertebrate populations are available for any of these 
tributaries. 

North Fork Red Dog Creek 

North Fork Red Dog Creek contained both the greatest abundance and the highest 
taxonomic richness of any of the sites sampled during baseline studies. In the limited 
sampling done by EVS and Ott Water Engineers (Table 21 and Appendix 6), 8 different 
taxonomic groups were found. Ephemeroptera and Plecoptera dominated the aquatic 
invertebrate community. Dames and Moore (1 983) reported similar populations of 
aquatic invertebrates in their baseline studies (Appendix 6). 



Table 21. Aquatic invertebrates collected during baseline studies by EVS (1 983). 

Invertebrate Abundance Taxonomic Richness 
average maximum average maximum 

Creek #/sample #/sample #/sample #/sample 

Ikalukrok C. (Sta. 73) 16.3 41.8 5.4 7 

Mainstem Red Dog Creek 4.8 1.4 5 6 

Middle Fork Red Dog Creek 
Station 2 1 15 24.7 
Station 140 13.9 33.1 

North Fork Red Dog Creek 63.5 100.2 7 8 

No data were found for Shelly, Connie, Sulfur, or Rachael Creek 
Data from EVS and Ott Water Engineers (1 983) 

Macroinvertebrates: Current Study 
Aquatic invertebrate communities were sampled in 1995 to detect any changes in either 
abundance or taxonomic richness that may have occurred since development of the Red 
Dog Mine. Communities were sampled once in July. Because different methods were 
used to collect invertebrates and because invertebrate taxonomy has changed since the 
baseline sampling, only general comparisons between pre- and post mining are made. 

Methods 

Five semi-quantitative samples were collected at each sample site with a "D" net in July 
1995. Samples were washed through a plankton bucket into whirl-pack bags, preserved 
in 70% ETOH, and labeled. 

Samples were sorted from rocks and organic debris, identified to lowest practical 
taxonomic level, and counted. All invertebrate samples were permanently preserved in 
homeopathic vials with neoprene stoppers and stored at Alaska Department of Fish and 
Game, Fairbanks. Hilltop Creek was not sampled. 

Results and Discussion 

Results of the invertebrate sampling are summarized in Table 22. Data from each sample 
on numbers of invertebrates by family are presented in Appendix 7. 



Table 22. Aquatic invertebrate communities, 1995. 

Invertebrate Abundance Taxonomic Richness 

average maximum average maximum 
Creek #/sample #/sample #/sample #/sample 

Ikalukrok Creek 
Station 8 7.4 24 1.4 4 

Muinstem Red Dog Creek 
Station 10 4 13 
Station 11 0.4 1 

Middle Fork Red Dog Creek 
Station 140 0.2 1 0.2 1 
Station 20 1 3 0.6 I 

Tributary Streams 
Sulfur Creek 36.6 74 
Shelly Creek 4.2 7 
Connie Creek 40.6 47 
Rachael Creek 0.2 1 

North Fork 
Red Dog Creek 

Ikalukrok Creek 

Station 8 

Samples collected in Ikalukrok Creek had an average of 7.4 invertebrates and 1.4 taxa per 
sample, with a maximum of 24 invertebrates and a total of 4 taxa (Table 22, Appendix 7). 
Invertebrates were primarily Nematodes (from 60% to 100% of the total). Only one 
Plecoptera and no Ephemeroptera or Trichoptera were found. 



Mainstem Red Dog Creek 

Station 10 

An average of 4 invertebrates and 1 taxon were collected in Mainstem Red Dog Creek at 
Station 10. Three invertebrate families were represented: Nematoda, Diptera: Tipulidae, 
and Diptera: Chironomidae. Nearly 100% of the invertebrates were Nematoda. 

Station 11 

Invertebrate communities in Mainstem Red Dog Creek at Station 11 were even more 
depauperate than at Station 10. Only 1 taxon was found: Diptera: Chironomidae; the 
average number of invertebrates per sample was less than 1 because 60% of the samples 
had no invertebrates. 

Middle Fork Red Dog Creek 

Station 20 

Only five Nematoda were found in the aquatic invertebrate samples collected at Station 
20. The lack of taxonomic richness and invertebrate abundance suggests that this section 
of Red Dog Creek does not support a viable invertebrate community. 

Station 140. 

Only one Chironomidae larvae was found in the five aquatic invertebrate samples 
collected at Station 140; it could not be determined if this one invertebrate drifted from 
upstream areas or was produced locally. The lack of taxonomic richness and invertebrate 
abundance suggests that this section of Red Dog Creek does not support a viable 
invertebrate community and that invertebrate production is low to non-existent. 

Shelly Creek 

Few invertebrates were found in Shelly Creek (Appendix 7). The aquatic benthic 
community included a small leach (Hirudinea), Nematoda, the Dipteran Chironomidae, 
and the Plecoptera: Nemouridae. The average number of invertebrates per sample was 
4.2 and the maximum number was 7. 

Connie Creek 

Connie Creek supports an abundant, however not diverse, invertebrate community. 
Invertebrate abundance was similar to that found in the North Fork Red Dog Creek; 
however, the community had lower taxonomic richness than found in the North Fork Red 
Dog Creek. In order of abundance, taxa found were Diptera: Chironomidae, 
Epliemeroptera: Heptagenidae, Diptera: Tipulidae, and Plectoptera: Nemouridae. 



Sulfur Creek 

Sulfur Creek supports a fairly abundant invertebrate community with low taxonomic 
richness. In order of abundance, the invertebrate groups found were Nematoda and 
Chironomidae. Exuvia from Plecoptera: Nemouridae were found; they did not appear to 
be pre-emergent. 

Rachael Creek 

The invertebrate community in Rachael Creek was virtually non-existent: only two 
Chironomidae adults were found. It is unlikely these insects were produced in Rachael 
Creek. 

North Fork Red Dog Creek 

North Fork Red Dog Creek had an invertebrate community that was both diverse and 
abundant. Ten different taxonomic groups were found; more than at any other site. 
Tipulidae, Trichoptera, and Ephemeroptera were too immature to identify beyond family 
(or order for Trichoptera). Chironomidae were primarily case-builders, probably 
primarily Orthocladinae. Identification of Chironomidae larvae was beyond the scope of 
this project. 

Conclusions 

Invertebrate communities, as demonstrated by both taxonomic richness (more than 2 
orders represented) and abundance (more than 1 invertebrate per sample) were 
documented in the following streams: 

North Fork Red Dog Creek 
Sulfur Creek 
Connie Creek 

When compared to baseline studies, aquatic invertebrate densities were lower in Station 
73 in 1995 than in Station 73 or Station 8 during baseline studies (Table 23). EVS 
reported more invertebrates from Station 2 1 during baseline (average of 15 organisms per 
approximately 0.1 m2 sample) than during post mining sampling at Station 20 in 1995 
(average of 1 organism per approximately 0.1 m2 sample). Ikalukrok Creek upstream of 
Red Dog Creek was sampled by Dames and Moore during baseline studies. At that time, 
this site had the highest invertebrate density measured anywhere in the drainage: there 

2 was an average of 245 organisms per approximately 0.1 m sample). 



Table 23. Average invertebrate density reported by Dames and Moore (1 983), EVS 
(1 983) and ADF&G (1 995) at various sampling locations in the Wulik River 
drainage. 

Station average number of 
organisms/sample 

Dames and Moore Baseline Data 

Station 10 
Station 8 
Station 9 

EVS Baseline Data 
Station 73 16.3 
Middle Fork Red Dog Creek 3.1 
Station 2 1 15.0 
Station 140 13.9 
North Fork Red Dog Creek 63.5 

ADF&G 
Station 8 7.4 
Station 10 4 
Station 1 1 0.4 
Station 20 1 
Station 140 0.2 
Sulfur Creek 36.6 
Shelly Creek 4.2 
Connie Creek 40.6 
Rachael Creek 0.6 
North Fork Red Dog Creek 26 

Microinvertebrates 

Baseline Studies 

No data were found on microinvertebrate communities during baseline studies. 

Current Study 

Streams in the Red Dog area were sampled in July 1995 for the presence of 
microinvertebrate communities. This component of the aquatic community was 
examined to determine its importance in each stream. 



Methods 

Five rocks were collected from each sample site and packed in individual plastic, sealed 
bags. Rocks were examined within 6 hours of collection with a dissection microscope at 
10 to 60 x. Scrapings of the rocks were mounted on a microscope slide with water and 
examined with a compound microscope. Photographs were taken of the organisms. 

Results and Discussion 

Ikalukrok Creek 

Station 8 

Examination of all surfaces of five rocks from Station 8 showed few microinvertebrates 
and no visible algae. One small (<I mm Chironomidae) and one small (4 mm) mite 
were found. No other microinvertebrates were found on the rocks. 

Muinstem Red Dog Creek 

Station 10 

No plant or invertebrate life was observed on any of the rocks, with the exception of one 
empty Simulidae pupal case. 

Station 1 1 

One of the five rocks supported sub-microscopic Simulidae larvae, nothing was observed 
on the other four rocks. 

Middle Fork Red Dog Creek 

Station 20 

A small (<I mm) Chironomidae larvae was found on one of the rocks. No 
microinvertebrates were found on any of the other rocks, nor was algae, moss, or blue- 
green bacteria visible with microscopic examination. 

Station 140 

Five rocks were examined, no plants or invertebrates were observed. 

Shelly Creek 

Rocks from Shelly Creek were covered with a thick mineral precipitate; no signs of plant 
or animal life were detected with microscopic examination. 



Connie Creek 

Rocks from Connie Creek supported from 20 to 100 sub-microscopic Chironomidae. No 
other invertebrates were observed on the rocks. Abundant mosses were observed along 
the stream margin; no invertebrates were observed in the mosses (at 50 to 250 x). 

Sulfur Creek 

Rocks from Sulfur Creek contained no visible aquatic vegetation. Two small 
invertebrates were observed; they appeared to be tiny aquatic leeches. 

Rachael Creek 

Rocks were coated with a thick precipitate that probably was aluminum; no invertebrates 
or plants were observed. 

North Fork Red Dog Creek 

Each rock was covered with diatoms and blue-green bacteria, probably Nostoc. 
Chironomidae larvae were associated with the blue-green bacteria. Rocks had from 25 to 
hundreds of Chironomidae. Also observed on the rocks were filamentous green algae, 
pupal cases from Simulidae, sub-microscopic Ephemeroptera and Plecoptera nymphs, 
and Trichoptera larvae. Clusters of unidentified insect eggs were found on some of the 
rocks. 

Conclusions 

Microscopic and sub-microscopic communities were found on rocks from the following 
streams: 

Ikalukrok Creek (only a sparse community) 
Connie Creek 
North Fork Red Dog Creek 

Periphyton: Baseline Studies 
EVS and Ott Water Engineers (1983) conducted limited sampling of periphyton 
communities in Middle Fork Red Dog Creek by measuring concentrations of chlorophyll- 
a. Their methods were similar to those used by ADF&G in this study. EVS and Ott 
Water Engineers (1 983) reported concentrations of chlorophyll-a ranging from 0.01 to 
0.10 mg/cm2 in flowing water upstream of the South Fork Red Dog Creek and 
chlorophyll-a concentrations ranging from 0.04 to 0.20 mg/cm2 in seeps adjacent to 



Middle Fork Red Dog Creek. Periphyton was not sampled in Red Dog Creek 
downstream of the South Fork or in Ikalukrok Creek. 

Periphyton: Current Study 

Methods 

Five rocks were collected at each sample site within a riffle section. A 5 cm x 5 cm 
square of high density foam was placed on the rock. Using a small tooth brush, all 
material around the foam square was removed and rinsed away with clean water. The 
foam was removed from the rock and the rock was brushed with a clean tooth brush and 
rinsed onto a 0.45 um glass fiber filter, held by a magnetic filter holder connected to a 
hand vacuum pump. Excess water was pumped through the filter, and approximately 1 
ml saturated MgC03 was added to the filter to prevent acidification. The dry filter was 
wrapped in a large filter (to absorb any additional water, labeled, and placed in a zip-lock 
bag and packed over desiccant. Filters were frozen in a light-proof container with 
desiccant. 

Filters were cut into small pieces and placed in an extraction tube with 10 ml of 90% 
buffered acetone. Extraction tubes were covered with aluminum foil and were held in a 
dark refrigerator for 24 hours. After extraction, samples were read on a Shimadzu UV- 
1 60 1 Spectrophotometer and a Turner Model 10 Fluorometer. Trichromatic equations 
(according to Standard Methods, APHA 1992) were used to convert spectrophotometric 
optical densities to total chlorophyll-a. The Turner Fluorometer was calibrated with US 
EPA standards according to Standard Methods. A calibration curve was developed, using 
known standards, standard dilutions, and chlorophyll-a concentrations determined with a 
spectrophotometer. Hilltop Creek was not sampled. 

Results and Discussion 

Periphyton communities (i.e., detecting chlorophyll-a in at least 3 of the 5 samples) were 
documented in North Fork Red Dog Creek, Sulfur Creek, Shelly Creek, and Connie 
Creek (Appendix 8). Station 11 contained one sample with measurable amounts of 
chlorophyll-a, and Ikalukrok Creek contained two samples with measurable amounts of 
chlorophyll-a. 

Conclusions 

Based on samples examined for the presence of chlorophyll-a (a measure of periphyton 
standing crop), periphyton communities were documented in the following sites: 

North Fork Red Dog Creek Sulfur Creek 
Connie Creek Shelly Creek 

Limited algal productivity was indicated in Ikalukrok Creek and Mainstem Red Dog 
Creek. 



Macrophytes: Baseline Studies 
No previous studies were found that documented the presence of aquatic macrophytes in 
Ikalukrok Creek or Red Dog Creek and its tributaries. 

Macrophytes: Current Study 
Streams in the Red Dog area were examined and photographed in July 1995 for the 
presence of macrophytic plants. Aquatic plants may be an important component of an 
aquatic community and an indicator of good water quality. Hilltop Creek was not 
sampled. 

Methods 

Our intention was to collect any visible macrophyte algae along the stream and place it in 
a labeled plastic bag for later identification. Because few macrophytes were observed 
and those were generally limited to mosses, we noted their presence only. The following 
is a description of macrophyte communities observed at each sample site. 

Results and Discussion 

Ikalukrok Creek 

Station 8 

The edges of the stream bank at Station 8 in Ikalukrok Creek were gravel, with no aquatic 
plants along the stream margins. Mosses grew in seeps adjacent to the stream, but there 
were no aquatic plants found in the stream. 

Muinstem Red Dog Creek 

Station 10 

The edges of the stream bank at Station 10, Mainstem Red Dog Creek contained wide 
gravel bars and shrub vegetation. No aquatic plants were found in the stream. 

Station 11 

The Mainstem Red Dog Creek at Station 1 1, just below the confluence with the North 
Fork, contained wide gravel bars and the banks supported shrub vegetation. No aquatic 
plants were found in the stream. 

Middle Fork Red Dog Creek 

Station 20 

The edges of the stream bank at Station 20 in Middle Fork Red Dog Creek were gravel, 
with few grasses and shrubs. No aquatic plants were found in the stream. 



Station 140 

This section of the Middle Fork of Red Dog Creek is a man-made channel with steep, 
graveled sides. No vegetation has established along the stream margins. There were no 
aquatic plants found in the water. 

Shelly Creek 

The banks of Shelly Creek were covered with shrub willows. No aquatic plants were 
evident on the stream bottom; however, mosses grew abundantly along the stream 
margins. 

C'onnie Creek 

The edges of Connie Creek were primarily gravel, with shrubs growing on the stream 
banks. A few mosses were observed on the stream bottom. 

Sulfur Creek 

The banks of Sulfur Creek contained grasses and sedges. No aquatic plants were found in 
this darkly stained creek. 

Rachael Creek 

The stream banks along Rachael Creek were covered with grasses, sedges, and other 
terrestrial plants. No aquatic plants were evident in the stream. 

North Fork Red Dog Creek 

North Fork Red Dog Creek contained abundant aquatic mosses and filamentous algae on 
the stream bed. The edges of the creek were filled with various aquatic plants. The 
mosses and filamentous algae in the stream appeared to provide an important substrate 
for aquatic invertebrates. 

Conclusions 

Aquatic macrophytes were an important part of the aquatic ecosystem in North Fork Red 
Dog Creek, and to a lesser extent, in Connie Creek and Shelly Creek. They were not 
found in the other sites. We believe that high metals concentrations in Middle Fork Red 
Dog Creek contributed to the absence of aquatic macrophytes in downstream areas. 



Fish: Baseline Studies 
Baseline studies conducted by Dames and Moore (1983) reported fish use in Ikalukrok 
Creek, Mainstem Red Dog Creek, and North Fork Red Dog Creek (Table 24). Fish 
species present in the Wulik River are listed to illustrate the importance of this river for 
fish. Common and scientific names of fish are listed in Appendix 9. 

Table 24. Fish species collected during baseline studies. 

Water body Use (fish species) Notes 

Ikalukrok Creek Migration (AG) few present 
Spawning (AG, ChumS) 
Rearing (AG, DV, SSc) 

Muins2em Red Dog Creek Migration (AG) migration limited 
to spring high flows 

Middle Fork Red Dog Creek no fish found 

North Fork Red Dog Creek Migration (AG) 
Spawning (AG) 
Rearing (AG) 

Wulik River Arctic grayling 
slimy sculpin 
chum salmon 
Dolly Varden 
humpback whitefish 
round whitefish 
least cisco 
Bering cisco 
Alaska blackfish 
pink salmon 
sockeye salmon 
coho salmon 
chinook salmon 
ninespine stickleback 

DV = Dolly Varden, AG = Arctic grayling, SSc = slimy sculpin, ChumS = chum salmon 
Shelly, Rachael, Connie, and Sulfur Creeks were not sampled. 



Natural Fish Kills 

EVS and Ott Water Engineers (1983) observed natural fish kills in 1982 while collecting 
baseline data for the Wulik River drainage. Arctic grayling moralities ranged from 
underyearling juveniles (20 to 40.9 mm) to sub-adults (75 to 220 mm); Dolly Varden 
mortalities were juveniles (53 to 1 13 mm). Thirty six dead Dolly Varden and 171 dead 
Arctic grayling were found in Red Dog Creek between Station 12 and the mouth in July 
and August 1982. One juvenile Dolly Varden and one juvenile Arctic grayling were 
found dead in Ikalukrok Creek above the confluence of Red Dog Creek. EVS and Ott 
Water Engineers reported that fish found dead in Red Dog Creek had considerable 
amounts of brown precipitate and mucus on their gills and occasionally had hemorrhaged 
gills and opaque eyes. 

Fish: Current Study 
Methods 

ADF&G flew aerial surveys using fixed-wing aircraft in fall 1979 through 1995, with the 
exception of 1983, 1985, 1986, and 1990. The fall surveys covered the Wulik River from 
its mouth near the village of Kivalina to a point approximately five river miles above its 
confluence with Ikalukrok Creek. 

ADF&G trapped Dolly Varden and other fish species (e.g., Arctic grayling, slimy 
sculpin) in Ikalukrok Creek, North Fork Red Dog Creek, and Mainstem Red Dog Creek 
from 199 1 through 1995. Sampling was done with minnow traps baited with salmon roe 
contained in perforated plastic containers. Minnow traps fished from about 20 to 80 
hours each sample period. 

ADF&G conducted visual stream surveys for Arctic grayling and other fish in North Fork 
Red Dog Creek, Mainstem Red Dog Creek, and Middle Fork Red Dog Creek from 1991 
through 1995 and in Shelly, Sulfur, Connie, and Rachael Creeks in 1995. Arctic grayling 
were sampled by angling in North Fork Red Dog Creek, Mainstem Red Dog Creek, and 
Ikalukrok Creek. 

Results and Discussion 

The number of overwintering Dolly Varden in the Wulik River ranged from 30,853 in 
1984 to a high of 144,138 fish in 1993 (Appendix 10, Weber Scannell and Ott 1995). 
Surveys showed the Wulik River to be one of the most important drainages for 
overwintering Dolly Varden in northwest Alaska. 

Fish were found to inhabit Ikalukrok Creek, Mainstem Red Dog Creek, and North Fork 
Red Dog Creek. Slimy sculpin were not found in Mainstem Red Dog Creek or North 
Fork Red Dog Creek before 1995. They are believed to migrate into these creeks in 
spring after breakup, then use the waterways for summer rearing. Most likely, they 
migrate downstream in fall, before freeze-up. The uses of streams by fish after 
development of the Red Dog mine are listed in Table 25. The data on catch per unit 
effort and actual numbers of fish are given in Weber Scannell and Ott (1 995). 



Table 25. Post-mining use of Wulik River drainage streams by fish. 

Stream Use (Fish Species) 

Ikalukrok Creek Migration (AG, DV, SSc) 
Station 8 Rearing (AG, DV, SSc) 

Ikalukrok creek' Migration (AG) 
upstream of Red Dog Creek Rearing (AG) 

Muinstem Red Dog Creek Migration (AG, DV, SSc) 
Station 10 Rearing (AG, DV, SSc) 

Station 1 1 Migration (AG, DV, SSc) 
Rearing (AG, DV, SSc) 

Middle Fork Red Dog Creek 
Station 20 no fish found 

Station 140 no fish found 

Shelly Creek 
Connie Creek 
Sulfur Creek 
Rachael Creek 

North Fork 
Red Dog Creek 

Wulik ~ i v e r ~  

no fish found 
no fish found 
no fish found 
no fish found 

Migration (AG, DV, SSc) 
Spawning (AG) 
Rearing (AG, DV, SSc) 

Arctic grayling pink salmon 
slimy sculpin sockeye salmon 
chum salmon coho salmon 
Dolly Varden chinook salmon 
humpback whitefish ninespine stickleback 
round whitefish burbot 
least cisco 
Bering cisco 
Alaska blackfish 

DV = Dolly Varden, AG = Arctic grayling, SSc = slimy sculpin. 
I Incomplete surveys have been conducted in Ikalukrok Creek above Red Dog Creek. 

Species other than Arctic grayling may be using this portion of the creek. 
2 Fish use was not documented in the Wulik River 



Point Source Evaluation 
Comparisons of water quality and metals concentrations data before and after 
development of the Red Dog Mine (Table 26) indicate the following changes related to 
the point source discharge from the mine and to diversion and collection of the mine 
seepage water. It is not possible to separate the effects of effluent from mine seepage 
collection. Refer to summaries of water quality data presented in Appendices 1 through 5 
and to the complete listing of water quality and metals data from sampling stations in 
Appendices 1 1 and 12, and water quality and metals data from mine effluent in 1995 in 
Appendix 13. 

In summer 1995 the wastewater treatment plant discharged maximum amounts of treated 
water. The volume of mine discharge during 1995 is representative of the amount of 
discharge requested by Cominco Alaska Inc. in the NPDES permit. 

Table 26. Comparisons of water quality and metals before and after mine development. 

Analyte or Factor Ikalukrok Creek Mainstem Middle Fork 
Red Dog Creek Red Dog Creek 

Temperature 

pH 
Flow 
Hardness 
TSS 
Dissolved Oxygen 
Turbidity 
Conductivity 
TDS 
Sulfate 
A1 
Cd 
Cu 
Pb 
Zn 

NMC 
NMC 
NMC 

not related2 
<' 

NMC 
> 
> 
> 
NMC 
NMC 
NMC 
> 
> 
> 
not related 
< 
< 
< 
< 

NMC 
> 
> 
> 
NMC 
NMC 
NMC 
> 
> 

not related 
< 
< 
< 
< 

I NMC = no measurable change, < = decrease, > = increase over background conditions. 
2 Concentrations of A1 appear to be related to high rainfall and increased erosion. 



Non-Point Source Evaluation: Whole Effluent Toxicity 

Whole effluent toxicity (WET) tests were conducted on water taken from Middle Fork 
Red Dog Creek at Station 140 during summer 1995 (Parametrix 1995 a, b, c, d, e, and f) 
and from Ikalukrok Creek at Station 9 above Red Dog Creek (Parametrix 1995f). WET 
tests were conducted at other stations that are influenced by the mine discharge effluent. 
Because it is not possible to separate effects between natural mineralization and mine 
effluent, those test results are not presented. 

Tests on water taken from Station 140 (Table 27) showed significant toxicity for both 
Ceriodaphnia dubia and Pimephales promelas. The no observed effects concentration 
(NOEC) was <1% Station 140 water mixed with 99% laboratory water. The 
concentration of Station 140 water resulting in 50% mortality was 4 % .  

Table 27. Whole Effluent Toxicity at Station 140. 

Date Water 
Collected 

Ceriodaphnia dubia Pimephales promelas 

survival reproduction survival growth 

mg 

June 11-14 NOEC' 1% 4 %  1% 1% 
1995 L O E C ~  6% 1% 6% > 1 % 

L C ~ O ~  2% 5% 

June 19,2 1,23 NOEC 1% 1% 1% 1% 
1995 LOEC 6% 1% 6% >I% 

LC50 2% 3% 

July 5,7,10 NOEC <I% <I% 1% 1% 
1995 LOEC 1% 1% 6% >1% 

LC50 -4% 2% 

July 17,19,21 NOEC <I% 1% 1% 
LOEC 1% 6% >I% 
LC50 <I% 2% 

'NOEC = No Observed Effects Concentration. 
2 LOEC = Lowest Concentrations at which adverse effects were observed' 
3 LC50 = Concentration at which 50% of the test population died. 



Station 9. Ikalukrok Creek above Red DOE Creek 

Whole effluent toxicity tests conducted on water from Ikalukrok Creek at Station 9 
(above Red Dog Creek) did not show significant toxicity for Ceriodaphnia dubia or 
Pimephales promelas survival in August 1995 (Table 28). The NOEC for C. dubia 
survival was 100%. Tests did show significant detrimental effects of Station 9 water on 
C'. dubia reproduction, with a NOEC of 1% Station 9 water. 

Whole effluent toxicity tests using Station 9 water collected in September 1995 showed 
somewhat higher toxicity for C. dubia than in August, the NOEC was 73% and the LC50 
was 84%. Survival and growth of P. promelas remained at 100% in September samples. 

Table 28. Whole Effluent Toxicity at Ikalukrok Creek, Station 9. 

Ceriodaphnia dubia Pimephales promelas 

Date Water 
Collected 

survival reproduction survival growth 

mg 

August 6 NOEC' 100% 1% 100% 100% 
1995 LOEC~ >loo% < I %  >loo% >loo% 

~ ~ 5 0 ~  >loo% N/ A >loo% N/A 

Sept. 9 NOEC 73% 
1995 LOEC 100% 

LC50 84% 

1 NOEC = No Observed Effects Concentration. 
2 LOEC = Lowest Concentrations at which adverse effects were observed' 
3 LC50 = Concentration at which 50% of the test population died. 

Conclusions and Recommendations 
Information from baseline studies and from post-mining studies were used to determine 
the ability of each waterway to support a viable aquatic community (Table 29 for fish, 
Table 30 for invertebrates, Table 3 1 for periphyton). Aquatic communities include any 
combination of fish, aquatic macroinvertebrates, aquatic microinvertebrates, periphyton, 
and macrophytes. Incidental occurrence of a few organisms is not considered to 
constitute a community. 



Table 29. Summary of fish use of streams in the upper Wulik River drainage. 

Stream Pre-mining Post-mining Attainable 

Ikalukrok Creek Yes Yes Yes 
Mainstem Red Dog Creek Yes Yes Yes 
Middle Fork No No No 

Red Dog Creek 
Sulfur Creek No No No 
Shelly Creek ? (No) No No 
Connie Creek ? (No) No No 
Rachael Creek ? (No) No No 
Hilltop Creek ?(No) No No 
North Fork Red Dog Creek Yes Yes Yes 

? = no data were available. 

Table 30. Summary of aquatic micro and macroinvertebrate use of streams in the upper 
Wulik River drainage. 

Stream Pre-mining Post-mining Attainable 

Ikalukrok Creek 
Mainstem 

Red Dog Creek 
Middle Fork 

Red Dog Creek 
Sulfur Creek 
Shelly Creek 
Connie Creek 
Rachael Creek 
Hilltop Creek 
North Fork Red Dog Creek 

Yes 
Low 

? 
? 
? 
? 
? 
Yes 

Low 
Low 

No 
Very Low 
Yes 
No 
No 
Yes 

Yes 
Yes 

No 
No 
Yes 
No 
No 
Yes 

? = no data were available. 



Table 3 1. Summary of macrophyte and periphyton use of streams in the upper Wulik 
River drainage. 

Stream Pre-mining Post-mining Attainable 

Ikalukrok Creek 
Mainstem 

Red Dog 
Middle Fork 

Red Dog 
Sulfur Creek 
Shelly Creek 
Connie Creek 
Rachael Creek 
Hilltop Creek 
North Fork Red Dog Creek 

Low 
Low 

?(No) 
Yes 

Low 
Low 

Yes 
Low 
Yes 
No 
No 
Yes 

Limited 
Limited 

Limited 
Limited 
Yes 
No 
No 
Yes 

? = no data were available. 

Based upon information presented in this Use Attainability Analysis, the Alaska 
Department of Fish and Game recommends retaining the stream classification for Aquatic 
Life in the following streams: 

Connie Creek 
Ikalukrok Creek 

North Fork Red Dog Creek 
Mainstem Red Dog Creek 

The Alaska Department of Fish and Game recommends elimination of the stream 
classification for Aquatic Life in the following waterbodies: 

Middle Fork Red Dog Sulfur Creek 
Shelly Creek Rachael Creek 
Hilltop Creek 
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Appendix 1. Summary of water quality data, 1979- 1983. 

Station Hardness TDS Sulfate pH Temperature 
mg /L mg/L mg/L "C 

Station 20 median 
maximum 
minimum 
count 

Station 30 
Station 30 
Station 30 
Station 30 

median 
maximum 
minimum 
count 

Station 12 
North Fork 

median 
maximum 
minimum 
count 

Station 140 
median 
maximum 
minimum 
count 

Station 09 
Station 09 
Station 09 
Station 09 

median 
maximum 
minimum 
count 

TDS = total dissolved solids 



Appendix 2. Summary of water quality data, 1979- 1983. 

Station 
- 

Dissolved Conductivity Flow 
Oxygen umholcm c fs 
mg1L 

Alkalinity 
mg IL 

Station 140 
Station 140 
Station 140 
Station 140 

median 
maximum 
minimum 

count 

median 
maximum 

Station 73 
Station 73 
Station 73 
Station 73 

minimum 
count 

Station 30 
Station 30 
Station 30 
Station 30 

median 
maximum 
minimum 

count 

Station 20 
Station 20 
Station 20 
Station 20 

median 
maximum 
minimum 

count 

Station 12 
Station 12 
Station 12 
Station 12 

median 
maximum 
minimum 

count 

Station 10 
Station 10 
Station 10 
Station 10 

median 
maximum 
minimum 

count 

median 
maximum 
minimum 

count 

Station 08 
Station 08 
Station 08 
Station 08 



Appendix 2, continued. 

Station D.O. Conduct. Flow Alkalinity 
mg/L umholcm cfs mg1L 

Station 12 median 1 1.25 352 20 99 
Station 12 maximum 14.4 591 92 138 
Station 12 minimum 9.5 44 8.1 8.4 
Station 12 count 8 7 19 8 

Station 09 median 11.7 282.5 132 73.5 
Station 09 maximum 13.9 480 1260 176 
Station 09 minimum 0.2 16 
Station 09 count 9 8 3 1 26 



Appendix 3. Summary metals data, 1979- 1983. 

Station 

Station 140 median 0.73 
Station 140 maximum 2.3 1 
Station 140 minimum 0.15 
Station 140 count 2 0 

Station 73 median 
Station 73 maximum 
Station 73 minimum 
Station 73 count 

Station 30 median 0.665 
Station 30 maximum 2.3 1 
Station 30 minimum 0.15 
Station 30 count 24 

Station 20 median 0.325 
Station 20 maximum 0.9 1 
Station 20 minimum 0.05 
Station 20 count 2 8 

Station 12 median <0.15 
Station 12 maximum 0.55 
Station 12 minimum <0.02 
Station 12 count 2 5 

Station 10 median <0.15 
Station 10 maximum 1.19 
Station 10 minimum <0.02 
Station 10 count 3 8 

Station 08 median 0.04 
Station 08 maximum 0.17 
Station 08 minimum <0.02 
Station 08 count 10.00 



Appendix 3, continued. 

Station 

Station 12 
Station 12 
Station 12 
Station 12 

Station 09 
Station 09 
Station 09 
Station 09 

median 
maximum 
minimum 
count 

median 
maximum 
minimum 
count 



Appendix 4. Summary of Water Quality Data, 199 1-1995. 

Ikulukrok Creek, Station 8. 

Hardness, total dissolved solids, and pH. 

Year Hardness TDS PH 
mg/L mg/L 

1991 median 179 26 1 7.1 
maximum 270 406 7.5 
minimum 143 174 6.8 
count 11 11 11 

1992 median 237 312 7.44 
maximum 798 1040 8.2 
minimum 53.1 64 5.7 
count 29 2 9 29 

1993 median 131 
maximum 191 
minimum 55.9 
count 12 

1994 median 132.5 
maximum 498 
minimum 43.2 
count 22 

1995 median 156 
maximum 666 
minimum 82.5 
count 12 



Appendix 4, continued. 

Station 8. Temperature, dissolved oxygen, conductivity, and flow. 

Date Temperature Dissolved Conductivity Flow 
"C Oxygen umholcm cfs 

mglL 

1991 median 5.8 12.8 348 
maximum 11.5 13.6 576 
minimum -0.2 10.3 215 
count 11 10 8 

1992 median 7.6 9.2 465 
maximum 13.6 13.2 135 
minimum -0.5 4 11 
count 29 2 5 22 

1993 median 6.7 11.15 268 189.9 
maximum 15 20 420 248.3 
minimum 2 8.1 50 131.5 
count 17 12 14 2 

1994 median 4 11.55 248 
maximum 8.4 13.2 790 
minimum 0 7.5 143 
count 22 22 20 

1995 median 5.8 13 330 
maximum 10.6 14.5 442 
minimum 1 12.7 26 1 
count 14 5 6 



Appendix 4, continued. 

Muinstem Red Dog Creek, Station 10 

Hardness Total Dissolved PH 
Year mg/L Solids 

mg/L 

1991 median 244 
maximum 563 
minimum 179 
count 12 

1992 median 3 69 
maximum 1540 
minimum 52.7 
count 3 0 

1993 median 
maximum 
minimum 
count 

1994 median 177 
maximum 1100 
minimum 99.3 
count 18 

1995 median 580 
maximum 1070 
minimum 247 
count 9 



Appendix 4, continued. 

Mainstem Red Dog Creek, Station 10 

Date 
Temperature Dissolved Conductivity Flow 

"C Oxygen umholcm cfs 
mg/L 

1991 median 6.1 11.8 48 1 
maximum 14.1 14.0 665 
minimum -0.2 9.5 270 
count 11 11 8 

1992 median 5.35 9.8 680 
maximum 13.9 13.4 2090 
minimum -0.5 4.9 114 
count 3 0 28 27 

1993 median 7 
maximum 17 
minimum 1 
count 18 

1994 no samples were collected. 

1995 median 9.5 
maximum 13 
minimum 3 
count 14 



Appendix 4, continued. 

Middle Fork Red Dog Creek, Station 20. 

Hardness, total dissolved solids, sulfate, and pH. 

Year Hardness TDS Sulfate pH 
mg/L mg/L mg/L 

1991 median 354 568 7 
maximum 763 1310 7.6 
minimum 2 10 346 6 
count 13 13 13 

1992 median 561 8 10 
maximum 1560 2230 
minimum 2 8 5 0 
count 32 3 2 

1993 median 53.5 198 
maximum 74 96 1 
minimum 32.9 57 
count 2 19 

1994 median 319 509 300 7 
maximum 1580 2440 1500 9 
minimum 71.5 97 55 6 
count 18 18 18 17 

1995 median 597 1680 1000 7.3 
maximum 1170 2 190 1500 7.8 
minimum 138 135 57 6.6 
count 5 2 8 10 2 5 



Appendix 4, continued. 

Middle Fork Red Dog Creek, Station 10. 

Temperature, dissolved oxygen, conductivity, and flow. 

Year Temperature. Dissolved Conductivity Flow 
"C Oxygen umholcm cfs 

mg/L 

199 1 median 
maximum 
minimum 
count 

1992 median 
maximum 
minimum 
count 

1993 median 
maximum 
minimum 
count 

1994 median 
maximum 
minimum 
count 

1995 median 
maximum 
minimum 
count 



Appendix 4, continued. 

Middle Fork Red Dog Creek, Station 140. 

Hardness, total dissolved solids, and pH. 

Date Hardness TDS 
mg /L mg/L 

1991 median 155 
maximum 267 
minimum 108 
count 19 

1992 median 127.5 
maximum 242 
minimum 25.2 
count 3 6 

1993 no samples were collected. 

1994 no samples were collected. 

1995 median 412.5 
maximum 624 
minimum 105 
count 32 



Appendix 4, concluded. 

Station 140. Temperature, dissolved oxygen, conductivity, and flow. 

Date Temperature Dissolved Conductivity Flow 
"C Oxygen umholcm cfs 

mg1L 

1991 median 
maximum 
minimum 
count 

1992 median 
maximum 
minimum 
count 

1994 median 
maximum 
minimum 
count 

1995 median 
maximum 
minimum 
count 



Appendix 5. Summary of Metals Data, 1 99 1 - 1995. 

Ikalukrok Creek, Station 8 and 73. 

Year A1 Cd Cu Pb Zn 
mg/L mg/L mg/L mg/L mg/L 

1991 median <0.05 0.012 <0.01 0.008 1.62 
maximum <0.05 0.040 <0.01 0.023 3.61 
minimum <0.05 0.007 <0.01 <0.001 1.07 
count 12 12 12 12 12 

1992 median <0.05 0.007 <0.01 <0.002 0.865 
maximum 0.73 0.024 <0.01 0.094 3.120 
minimum <0.05 <0.003 <0.01 <0.002 0.305 
count 28 28 28 2 8 2 8 

1993 median <0.05 <0.003 
maximum 0.28 <0.003 
minimum <0.05 <0.003 
count 17 17 

1994 median 0.085 0.003 
maximum 1.02 0.02 
minimum 0.05 0.003 
count 23 23 

1995 median 0.145 0.00483 0.00322 0.00565 0.6 19 
maximum 1.06 0.0198 0.01 0.106 2.01 
minimum 0.05 0.00069 0.001 6 0.00058 0.138 
count 13 17 17 17 17 



Appendix 5, continued. 

Muinstem Red Dog Creek, Station 10 

A1 Cd Cu Fe Pb Zn 
Date mg/L mg/L mg/L mg/L mg /L mg/L 

1991 median <0.05 0.036 CO.01 0.02 0.026 5.85 
maximum <0.05 0.047 CO.01 0.06 0.028 6.54 
minimum <0.05 0.010 CO.01 0.02 0.010 1.58 
count 12 12 12 12 12 12 

1992 median <0.05 0.02 CO.01 0.045 0.007 2.5 15 
maximum 0.892 0.06 CO.01 2.98 0.386 5.92 
minimum <0.05 <0.003 ~ 0 . 0 1  0.02 <0.002 0.699 
count 30 30 30 3 0 29 30 

1993 median <0.05 0.008 
maximum 0.69 0.013 
minimum <0.05 <0.003 
count 18 18 

1994 median 
maximum 
minimum 
count 

1995 median 
maximum 
minimum 
count 



Appendix 5, continued. 

Middle Fork Red Dog Creek, Station 20. 

Year A1 Cd Cu Pb Zn 
mg/L mg /L mg/L mg/L mg/L 

1991 median <0.05 0.13 <0.01 0.161 21.75 
maximum 0.48 0.19 <0.01 0.295 32.40 
minimum <0.05 0.06 <0.01 0.044 8.28 
count 12 12 12 12 12 

1992 median <0.05 0.045 <0.01 0.0405 6.38 
maximum 0.226 0.147 0.012 0.23 18.7 
minimum <0.05 0.013 <0.01 0.01 5 1.6 
count 3 0 30 30 30 3 0 

1993 median <0.05 0.026 
maximum 0.38 0.032 
minimum <0.05 0.013 
count 17 17 

1994 median 0.086 0.029 
maximum 1.25 0.52 
minimum 0.05 0.016 
count 2 3 23 

1995 median 0.091 0.0428 0.00589 0.046 4.91 
maximum 0.197 0.0559 0.109 0.142 8.06 
minimum 0.05 <0.00005 0.00023 0.00039 0.0008 
count 9 28 28 2 8 2 8 



Appendix 5 ,  continued. 

Middle Fork Red Dog Creek, Station 140 

Year A1 Cd Cu Fe P b Zn 
mg/L mg/L mg/L mg/L mg/L mg/L 

1 99 1 median 
maximum 
minimum 
count 

1992 median 
maximum 
minimum 
count 

1993 median 
maximum 
minimum 
count 

1994 median 
maximum 
minimum 
count 

1995 median 
maximum 
minimum 
count 



Appendix 5, continued. 

Shelly Creek, 1995 

Hardness A1 Cd Cu Fe Pb Zn PH 
mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

median 62 0.271 0.0137 0.0140 0.403 0.0496 1.62 6.8 
maximum 116 0.549 0.0447 0.0235 1.220 0.6040 5.10 7.3 
minimum 33 0.077 0.0006 0.0016 0.190 0.0052 0.09 6.4 
count 5 14 14 13 13 14 14 6 

Hardness A1 Cd Cu Fe Pb Zn PH 
mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

median 79 0.09 0.00 <0.005 0.09 0.01 0.12 6.85 
maximum 1 48 0.37 0.19 0.06 1.22 0.27 36.80 7.40 
minimum 51 0.05 0.00 <0.005 0.05 <0.002 <0.01 6.60 

count 5 12 12 12 11 12 12 6 

Rachael Creek, 1995 

Hard A1 Cd Cu Fe Pb Zn pH 
mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

median 256 1.70 0.00300 0.0610 2.80 0.0008 0.707 5.45 
maximum 491 3.27 0.00381 0.0840 4.28 0.0480 0.838 5.90 
minimum 164 1.17 0.00214 0.0427 0.25 0.0003 0.202 4.70 
count 5 10 11 I1 9 11 1 I 4 



Appendix 5, continued. 

Sulfur Creek, 1995 

Hardness A1 Cd Cu Fe Pb Zn PH 
mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

median 132 0.05 0.0070 0.0064 0.058 0.0913 0.971 7.0 
maximum 140 5.97 0.01 18 0.0200 20.100 2.1200 1.900 7.4 
minimum 87 0.05 0.0030 0.0012 0.036 0.0658 0.399 6.5 
count 4 6 6 6 5 6 6 4 

Hilltop Creek 

Date A1 Cd Fe Pb Zn PH 
mg/L mg/L mg/L mg/L mg/L 

Middle of Hilltop 
713 1 195 17.10 10.1 20.6 2.64 2130 3.55 
8/1/95 27.60 10.5 22 2.33 2080 3.5 

Mouth of Hilltop 
713 1/95 7.87 6.2 3.45 4.69 15 10 4.25 
8/1/95 12.20 6.9 4.11 4.55 1600 4.1 

Headwaters of Hilltop 
713 1 195 15.40 
8/1/95 12.20 

Hilltop Monitoring 
811 6/95 9.39 
812 1/95 8.19 
8/25/95 9.59 
8/29/95 8.47 
9/3/95 7.75 
9/6/95 4.09 
911 3/95 3.65 
912 1/95 2.97 
9/28/95 8.29 

1 016195 3.05 
1011 7/95 0.26 



Appendix 6. Invertebrates found in Wulik River Drainage Before Mining. 

Baseline Studies Conducted by EVS (1 983). 

Oligichaeta Chironomidae Plecoptera Ephemeroptera 

Station Taxa N Taxa N Taxa N Taxa N 

Iltalukrok Creek 

Station 73 3 2.5 
(sampled at 3 0.2 
4 locations) 2 7.9 

July I 0.7 

August 3 2 
2 0.2 
2 10.3 
3 1.2 

Station 9 
July 2 0.4 

Mainstem Red Dog Creek 
Station 10 

July 1 <0.1 
August 1 <0.1 

Middle Fork Red Dog Creek 

Station 2 1 
July 2 0.8 
August 2 4.8 

Station 140 
July 1 1.5 
August 0 0 

August 2 12 

North Fork Red Dog Creek 
July 3 10.3 
August 3 9.2 



Appendix 6, continued. 

Baseline Studies Conducted by Dames and Moore (1983). 

Station Non-Insect Chironomidae Plecoptera Ephemeroptera Total 
Invertebrates 

Station 10 
Station 8 
Station 8 
Station 8 
Station 9 



Appendix 7. Invertebrate data, 1995. 

Sample number 
Total number of organisms 

Total number of taxa 

Diptera 
-- .. 

. .. . 

Epherneroptera 

Plecoptera 

Trichoptera 

Acarina 
Nernatoda 
Tipulidae 
Chironornidae 
larvae 

Chironornidae 

pupae 
Sirnulidae 

Heptagenidae 
Baetidae 
Siphloneuridae 
Nernouridae 
Capniidae 

i 

average 
40.6 
2.6 

maximum 
4 7 
3 

Creek 
4 
3 9 
3 

p--ppp 

37 

1  

1  

p-pppp 

3 
37 
3 

1  

33 

2 

1  

Connie 
1 1 2  5 

4 7 
3 

1 

44 

1  
1  

4 2  
3 

3 5 

2 

4 

3 8 
1 

37 

1  

I  + I  exuvia 



Appendix 7, continued. 

Sample number 
Total number of organisms 

Total number of taxa 

- . -. 

Diptera 

~ 

- -. . . - . . - 

- 

Ephemeroptera 

Sulfur Creek 

Acarina 
Nematoda 
Tipulidae 
Chironomidae 
larvae 

Chironomidae 

pupae 
Simulidae 

Heptagenidae 

average 
36.6 

1.6 

1 
74 

2 

7 0 

3 

1 

maximum 
74 
2 

2 
12 
2 

7 

5 

3 
57 

2 

56 

1 

4 
20 

1 

~~~-~~~ 

20 

------- 

------- 

5 
20 

1 

20 



Appendix 7, continued. 

-. - - . 

Sample number 
Total number of organisms 

Total number of taxa 

-- . .. . . . .. 

-A- 

-- - . 

. . 

. 

- 

Diptera 

Ephemeroptera 

Red Dog Creek, Station 11 

Acarina 
Nematoda 
Tipulidae 
Chironomidae 
larvae 

Chironomidae 

pupae 
Simulidae 

Heptagenidae 

average 
0.4 
- 

1 
0 
0 

- 

maximum 
1 

2 
1 

-- 

I 

1 Pupa 

0.4 

- 

3 
0 
0 

- 

1 

I 
1 

4 
1 
- 

1 

1 

5 
0 
0 

- 



Appendix 7, continued. 



Appendix 7 ,  concluded. 

. . -. . 

. . - -. - . . -. 

. .. . ... . - . . 
Capniidae 

Trichoptera 



Appendix 8. Estimates of Chlorophyll-a, 1995. 
Periphyton samples were collected and analyzed by ADF&G according to methods 
presented in the text. 

Station ug/cm2 
Creek Number chlorophyll-a 

Ikalukrok Creek Station 8 0.155 
Ikalukrok Creek Station 8 <LOD 
Ikalukrok Creek Station 8 <LOD 
Ikalukrok Creek Station 8 <LOD 
Ikalukrok Creek Station 8 0.215 

Mainstem Red Dog Creek Station 10 <LOD 
Mainstem Red Dog Creek Station 10 <LOD 
Mainstem Red Dog Creek Station 10 <LOD 
Mainstem Red Dog Creek Station 10 <LOD 
Mainstem Red Dog Creek Station 10 <LOD 

Mainstem Red Dog Creek Station 11 <LOD 
Mainstem Red Dog Creek Station 11 <LOD 
Mainstem Red Dog Creek Station 11 0.567 
Mainstem Red Dog Creek Station 11 <LOD 
Mainstem Red Dog Creek Station 11 <LOD 

Middle Fork Red Dog Creek Station 20 <LOD 
Middle Fork Red Dog Creek Station 20 <LOD 
Middle Fork Red Dog Creek Station 20 <LOD 
Middle Fork Red Dog Creek Station 20 <LOD 
Middle Fork Red Dog Creek Station 20 <LOD 

Middle Fork Red Dog Creek Station 140 <LOD 
Middle Fork Red Dog Creek Station 140 <LOD 
Middle Fork Red Dog Creek Station 140 <LOD 
Middle Fork Red Dog Creek Station 140 0.1 1 
Middle Fork Red Dog Creek Station 140 <LOD 

Sulfur Creek 
Sulfur Creek 
Sulfur Creek 
Sulfur Creek 
Sulfur Creek 



Appendix 8, concluded. 

Station ug/crn2 
Creek Number chlorophyll-a 

Shelly Creek 0.041 
Shelly Creek 0.136 
Shelly Creek 0.064 
Shelly Creek 0.078 
Shelly Creek <LOD 

Connie Creek 
Connie Creek 
Connie Creek 
Connie Creek 
Connie Creek 

Rachael Creek 
Rachael Creek 
Rachael Creek 
Rachael Creek 
Rachael Creek 

North Fork Red Dog Creek Station 12 0.896 
North Fork Red Dog Creek Station 12 1.273 
North Fork Red Dog Creek Station 12 0.558 
North Fork Red Dog Creek Station 12 0.337 
North Fork Red Dog Creek Station 12 0.273 



Appendix 9. Common and Scientific Names of Fish from 
Wulik River Drainage 

Arctic grayling Thymallus arcticus 

slimy sculpin Cottus cognatus 

Dolly Varden Salvelinus malma 

humpback whitefish Coregonus pidschian 

round whitefish Prosopium cylindraceum 

least cisco Coregonus surdinella 

Bering cisco Coregonus laurettae 

Alaska blackfish Dallia pectoralis 

chum salmon Oncorhynchus keta 

pink salmon 0. gorbuscha 

sockeye salmon 0. nerku 

coho salmon 0. kisutch 

chinook salmon 0. tshawytscha 

ninespine stickleback Pungitius pungitius 



Appendix 10. Overwintering Adult Dolly Varden in the Wulik River. 

Fish were aerial surveyed by ADF&G before freeze up. Data on fish surveys are 
presented in Weber Scannell and Ott (1 995). All surveys were conducted by A. DeCicco, 
ADF&G. 

Wulik River Wulik River Percent of Fish 
upstream of downstream of downstream of 

Year Ikalukrok Creek Ikalukrok Creek Total Fish Ikalukrok Creek 



Appendix 1 1. Water quality and metals data, 1979- 1983. 



Appendix 1 1, continued. 

Station 09 

Station 09 

Station 09 

8/1/82 

8/7/82 

8/12/82 

EVS 

EVS 

D&M 

11 1 

133 

7.8 11.5 480 

365.0 

135.0 

78.0 



Appendix 1 1, continued. 

Station 10 

Station 10 

7/29/82 

7/29/82 

58.0 EVS 

EVS 

119 



Appendix 1 1, continued. 

Station 20 

Station 20 

7/31/82 

7/31 182 

EVS 

EVS 

70 36.0 



Appendix 1 1, continued. 



Appendix 1 1, continued. 



Appendix 1 1, continued. 



Appendix 1 1, continued. 

Station 73 
- 

Station 73 
-- 

Station 73 

-. - 

D = dissolved metals, T = total metals, TR = total recoverable metals. 

8/14/82 

9/13/82 

10/19/82 

EVS 

D&M 

D&M 

D 

T 

T 

I I 

0.01 1 

0.01 1 

0.006 

0.041 

0.002 

0.001 

1.74 

0.86 

0.70 



Appendix 1 1, continued. 

Station 09 

Station 09 

Station 09 

Station 09 

7/24/82 

7/26/82 

7/29/82 

7/31/82 

EVS 

EVS 

EVS 

EVS T < 0.025 < 0.080 0.028 



Appendix 1 1, continued. 



Appendix 1 1, continued. 



Appendix 1 1, continued. 

Metals Concentrations before Mine Development 

Cu 

mg/L 

Station 

Station 20 

Pb 

mglL 

0.290 

DATE 

7130182 

Zn 

mglL 

8.36 

Source 

EVS 

Report* 

T 

Al 

mg1L 

0.63 

Cd 

mglL 

0.064 



Appendix 1 1, continued. 



Appendix 1 1, continued. 

Metals Concentrations before Mine Development 

Cu 

mg/L 

0.003 

Station 

Station 12 

Pb 

mglL 

0.001 

Al 

mg/L 

0.02 

Zn 

mglL 

0.08 

DATE 

5/31/82 < 

Cd 

mglL 

0.000 

Source 

D&M 

Report* 

T < 



Appendix 1 1, continued. 



Appendix 1 1, concluded. 



Appendix 12. Water quality and metals data, 199 1 - 1995. 



Appendix 12, continued. 



Appendix 12, continued. 

Station 8 
Station 8 
Station 8 

8/6/95 
8/16/95 
8/22/95 

Cominco 
Corninco 
Cominco 

666 
184 
609 

906 
209 
877 

590 
100 
560 

7.7 
7.9 
7.9 

9.6 
8.7 

10.6 
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v v v v v v v  

C O U ~ ~ W ~ ~ N N N N N N N N N N N N ~ ~ W W ~ N N N N N ~  

9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9  
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Appendix 12, continued. 



Appendix 12, continued. 



Appendix 12, continued. 



Appendix 12, continued. 

911 8/94 

9/25/94 

1012194 

Cominco 

Cominco 

Cominco 

773 

1100 

1060 

1100 

1510 

1520 

680 

1600 

800 

7.8 

7.6 

7.7 

3 

1 

1 

55 

36 



Appendix 12, continued. 



Appendix 12, continued. 



Appendix 12, continued. 

9/25/94 

1012194 

Corninco 

Corninco < 

0.031 

0.023 

TR 

TR 

0.05 

0.05 

0.005 

0.008 

3.05 

2.42 



Appendix 12, continued. 



Appendix 12, continued. 

6/4/93 
... 611 2/93 

611 7/93 
611 7/93 

Corninco 
Corninco 

ADEC-Norne 
Corninco 

74 

57 
74 

1 1 1 
100 

7.4 
7.7 

7.19 
6.6 

3 
5.0 

5 



Appendix 12, continued. 

611 8/95 
6/24/95 
6/25/95 
6/27/95 

Cominco 
Cominco 
Cominco 
Cominco 

1210 
392 

1450 
1460 1200 

6.8 
7 

7.4 

7.9 

8 

1382 
566 

167 



Appendix 12, continued. 



Appendix 12, continued. 



Appendix 12, continued. 



Appendix 12, continued. 



Pi- + 
X . d 



Appendix 12, continued. 



Appendix 12, continued. 



Appendix 12, continued. 

5/25/93 Corninco 0.08 0.01 6 I 0.158 1.80 



Appendix 12, continued. 



Appendix 12, continued. 

0.16 8130195 0.1 35 26.90 0.01 Corninco TR 



Appendix 12, continued. 



Appendix 12, continued. 



Appendix 12, continued. 



Appendix 1 2, concluded. 



Appendix 13. Water quality and metals concentrations in mine effluent, 
4 A A r  



Appendix 1 3, continued. 



Appendix 1 3, continued. 



Appendix 13, continued. 



Appendix 13, continued. 
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Appendix 1 3, concluded. 


