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INTRODUCTION 

The Red Dog Mine, operated by Cominco Alaska, Inc., is in remote northwestern 

Alaska (Figure 1). The mine facility includes a tailing impoundment, freshwater 

reservoir, airstrip, mill, living quarters, a solid waste site, and a n  open pit lead-zinc 

mine (Figure 2). 

In  1991, we began a 3-year study in the Wulik River drainage to document short- 

term changes in f ish distribution during mine developn~ent. Our study focused on 

distribution and  relative abundance of juvenile Dolly Varden, Arctic grayling use 

of North Fork Red Dog Creek, metals concentrations in adult Dolly Varden tissues, 

and  the number of adult Dolly Varden wintering in the Wulik River. Results and  

conclusions of the 3-year study were reported in Ott and Weber Scannell (1994). 

A 5-year study design was developed to continue documentation of changes in f ish 

distribution, relative abundance, fish species composition, and  metals 

concentrations in  adult  Dolly Varden tissues. Results and conclusions for  year 1 

were reported in Weber Scannell and Ott (1995). This report is divided into 2 

parts: Part  1 presents a summary of mine activities and  water quality in the Wulik 

River drainage; and Part 2 presents results from year 2 of our fish study. 



Figure 1 .  Map of location of the Red Dog Mine located in northwestern Alaska. 



Figure 2. Major facilities, including the mill, airstrip, tailing impoundment, solid waste site, and 
freshwater impoundment at the Red Dog Mine. 



PART I: MINE DEVELOPMENT AND WATER QUALITY 

Planning and  baseline data collection for the Red Dog Mine began in late 1979 and  

continued through 1982. The Environmental Impact Statement was finalized in  

1983. Overburden stripping started in 1988 and ore processing commenced in 1989. 

Immediate changes in water quality were observed in summer 1989 (Tables 1 and 

2). Concentrations of metals in Middle Fork and Mainstem Red Dog and  Ikalukrok 

Creeks increased considerably in 1989 and 1990 compared with baseline conditions. 

In  1990, concentrations of zinc (Zn) reached 1510 mg/L in Middle Fork Red Dog 

Creek below the mine effluent (Station 21)(Figure 3 - Water Quality Sampling 

Stations). The median Zn concentration in Ikalukrok Creek in 1990 (Station 8) was 

18.15 mg/L, with a maximum of 76 mg/L. In comparison, the median baseline Zn 

concentration a t  Station 8 in 1982-83 was 1.1 mg/L, with a maximum of 3 mg/L. 

Early attempts to control mine seepage water in 1990 had limited success. Surface 

water control structures were in place but subsurface water was entering Middle 

Fork Red Dog Creek. Sumps were dug and pumps installed to intercept water, but 

were largely ineffective. 

In  March and April 1991, Cominco Alaska Inc. constructed a lined channel to 

bypass surface stream flowing through the ore body. Surface flows f rom Shelly, 

Connie, and  Sulfur Creeks were collected in the lined bypass channel. A pump- 

back system was built to transfer water collected in the mine seepage ditch and  

pump i t  to the tailing pond. Water was stored in the tailing pond and  then treated 

and  discharged. In summer 1990, median Zn concentration a t  Station 8 in 

Ikalukrok Creek was 18.15 mg/L. Following construction of the bypass system, 

median Zn concentration fell to 1.62 mg/L in 1991 and to 0.865 mg/L in 1992 

(Table 2). Decreases in aluminum (Al), cadmium (Cd), and lead (Pb) occurred in 

Ikalukrok Creek in 1991 and 1992 (Table 2). 



Table 1. Concentrations of Al, Cd, Pb, and Zn (median, maximum, and  minimum) 
in Middle Fork Red Dog Creek a t  Station 20 (below the mine discharge) 
during the ice-free season (June 1 through October 15). 1982 data  are  f rom 
Dames and  Moore (1983); remaining data are from Cominco Alaska Inc. 

Year 

1982 median 
maximum 
minimum 
n 

1991 median 
maximum 
minimum 
n 

1992 median 
maximum 
minimum 
n 

1993 median 
maximum 
minimum 
n 

1994l median 
maximum 
minimum 
n 

19952 median 
maximum 
minimum 
n 

lconcentrations reported by Weber Scannell and Ott (1995) were changed to 
include only data collected from June 1 to October 15. 

2Note that  lower detection limits were used i n  1995. 



Table 2. Median, maximum, and minimum concentrations of Al, Cd, Pb, and  Zn in 
Ikalukrok Creek (Station 8) during the ice-free season (June 1 through 
October 15). Data for 1993-1994 were collected a t  Station 73 on Ikalukrok 
Creek (about 1.6 km downstream of Station 8). 1981-1983 data are  f rom 
Dames and  Moore (1983); remaining data are from Cominco Alaska Inc. 

Year A 1 Cd Pb Zn 
(Station) mg/L mg/L mg/L mg/L 

1981/83 
(73, 811 

median 
maximum 
minimum 
n 

1989 median 
(8) maximum 

minimum 
n 

1990 median 
(8) maximum 

minimum 
n 

1991 median 
(8) maximum 

minimum 
n 

1992 median 
(8) maximum 

minimum 
n 

1993 median 
(73) maximum 

minimum 
n 

1994 median 
(73) maximum 

minimum 
n 



Table 2, concluded. 

Year 

1995 median 
(73, 8) maximum 

minimum 
n 

lconcentrations reported by Weber Scannell and Ott (1995) were changed to 
include data from Stations 73 and 8. 
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In 1993, sand filters were added to remove particulate metals remaining in the 

effluent.  Zinc concentrations (mg/L) a t  Station 20 (Table 1) were 6.38 (median) in  

1992 but decreased in 1993 to 3.29 (median). The concentration of Cd decreased, 

A1 remained a t  or near detection, and Pb remained unchanged f rom 1992 to 1993 

(Table 1). 

In  1994, the mill-feed thickener was converted to an additional water treatment 

system to augment treatment capacity f rom about 0.26 m3s-I (9 cfs) to 0.63 m3s-I 

(22 cfs). The Red Dog area received unusually high rainfall in summer 1994. 

Total precipitation between June 1 and September 30 was 47 cm; the water level in 

the tailing impoundment increased 2.4 m. Water in the tailing impoundment was 

sampled by ADF&G in August 1994. Only slight differences in conductivity, pH, 

temperature, and metals concentrations were found along transects and with depth 

(Weber Scannell and  Ott 1995). Water was acidic (pH 3.7), high in hardness (1510 

to 1690 mg/L), high in conductivity (2397 to 2468 z~Si/crn), and contained high 

metals concentrations (e.g., Zn 251 to 259 mg/L). Cominco Alaska Inc.'s treatment 

system was taking input water containing Zn a t  251 to 259 mg/L and  discharging 

water containing Zn from 0.018 to 0.299 mg/L. 

In September and  October 1994, 2,779 million 1 (734.11 million gallons) of water 

were treated and discharged with the new water treatment plant. Water level in 

the tailing pond decreased by 0.7 m - all discharge water met state and  federal  

limits fo r  metals (Table 3). Water discharge continued until October 30, 1994. 

However, in 1994, metals concentrations a t  Stations 20 and 73 (Tables 1 and 2) 

increased slightly f rom those found in 1993. Increases were small and  may have 

been due to increased erosion and exposure of mineral deposits outside of the mine 

area associated with high rainfall events. 



Table 3. Concentrations of metals, total dissolved solids, sulfate, and  pH in 
eff luent  f rom the Red Dog Mine wastewater treatment facility, 1994-1 995. 

Maximum 
Daily 

Year Median Maximum Minimum Limits1 
(Analyte) mg/L mg/L mg/L n mg/L 

(1994) 
Hardness 
TDS 
Sulfate 
pH 
Cd 
Cu 
Hg 
Pb 
Zn  
total cyanide 

(1995) 
Hardness 
TDS 
Sulfate 
pH 
Cd 
Cu 
Hg 
Pb 
Zn 
total cyanide 

lMaximum Daily Limits for  Cd, Cu, Pb, Zn, and total cyanide are  f rom Wastewater 
Disposal Permit 9332-DB007 

2LOD=Limit of Detection, in 1995 the LOD was lowered leading to detectable 
limits although actual concentrations may not have changed 



In  summer 1995, metals concentrations in the clean water bypass channel increased 

to levels comparable to baseline conditions. Water quality samples collected by 

Cominco Alaska Inc. determined that  the major source of increased metals, 

primarily Zn, was Hilltop Creek - a small tributary to Middle Fork Red Dog Creek 

upstream of the ore body. Only minor surface disturbance and some test drilling 

fo r  minerals had occurred in the Hilltop drainage over the past 10 years; no 

activities had taken place in Hilltop Creek. Cominco Alaska Inc. extended the 

clean water bypass system and mine seepage ditch about 457 m (1500 f t )  fur ther  

upstream in October 1995. Water from Hilltop Creek is now diverted into the dirty 

water collection system; however, metals are not attributed to mining activities. 

Zinc concentrations in the clean water bypass channel exceeded 10 mg/L f rom late 

June through mid-September, and reached a peak of 63.2 mg/L in  late July. The 

median concentration of Zn a t  Station 20 was 4.43 mg/L, with a maximum of 8.06 

mg/L (Table 1). From May through October 1995, the water treatment facility was 

in  operation with discharges ranging from 0.57 m3s-I (20 cfs) to 0.74 m3s-I (26 cfs). 

Treated water was discharged to Middle Fork Red Dog Creek immediately 

downstream of the clean water bypass channel. Metals in water flowing f rom the 

clean water bypass channel were precipitated in the creek when the eff luent  mixed 

with the bypass waters due to the high pH effluent (Figure 4). 

Total dissolved solids (TDS), sulfate, and pH were monitored a t  Stations 20, 8, and  

73 in  1994 and 1995 (Tables 4 and 5). Limited baseline data exist fo r  these 

variables. With the higher effluent discharge in 1995, median TDS increased f rom 

509 in  1994 to 2,025 a t  Station 20 and median TDS increased f rom 166 in  1994 to 

451 a t  Stations 8 and 73 (Tables 4 and 5). Median pH values of 7.3 in Middle Fork 

Red Dog Creek and 7.7 in Ikalukrok Creek did not vary from 1994 to 1995. 



Figure 4. Middle Fork Red Dog Creek at point where effluent enters creek (note the 
precipitated metal hydroxides in the creek). Photograph taken in July 1995. 



Table 4. Total dissolved solids (TDS), sulfate, and pH at  Station 8 (Station 73 in 
1994, Station 8 and 73 in 1995). 

TDS Sulfate 
mg/L mg/L pH 

1981-1982 median 
maximum 
minimum 
n 

median 
maximum 
minimum 
n 

median 
maximum 
minimum 
n 

median 
maximum 
minimum 
n 

median 
maximum 
minimum 
n 

median 
maximum 
minimum 
n 

1994 median 
(Station 73) maximum 

minimum 
n 

1995 median 
(Station 8 maximum 
and  73) minimum 

n 



Table 5. Total dissolved solids (TDS), sulfate, and pH at  Station 20. 

TDS Sulfate 
mg/L mg/L pH 

median 
maximum 
minimum 
n 

median 
maximum 
minimum 
n 

median 
maximum 
minimum 
n 

median 
maximum 
minimum 
n 

median 
maximum 
minimum 
n 

median 
maximum 
minimum 
n 



PART 11: YEAR 2 OF THE 5-YEAR FISH MONITORING STUDY 

Past studies conducted by ADF&G focused on distribution and relative abundance 

of juvenile Dolly Varden, metals concentrations in selected tissues of adult  Dolly 

Varden, and  Arctic grayling use of North Fork Red Dog Creek. Since beginning 

operation of the Red Dog Mine, Cominco Alaska Inc. has continued to identify new 

metals contaminant sources. Metals in receiving waters have been controlled or 

reduced through addition of facilities to treat discharge waters, treatment of 

higher volumes of metal-laden water, installation of sand filters, control and 

transfer of seepage water from the ore body to the tailing impoundment, and 

extension of the clean water bypass channel to reroute Hilltop Creek into the di r ty  

water collection system. Changes in fish distribution and habitat have been 

observed and  appear to coincide with water quality changes in Middle Fork Red 

Dog Creek. 

To determine the effectiveness of facilities, such as the clean water bypass system, 

i t  is essential to continue fisheries studies and document changes in f ish 

distribution, relative abundance, and metals content of fish tissues. The 5-year 

monitoring project was based upon the following objectives. 

OBJECTIVES O F  THE 5-YEAR FISH MONITORING STUDY 

(1) Summarize changes in water quality and fish distribution a t  the Red Dog 

Mine f rom 1981 to 1995. 

(2) Determine concentrations of aluminum, cadmium, copper, lead, and  zinc in 

Dolly Varden muscle, gill, liver, and kidney. 



(3) Estimate abundance and assess distribution of overwintering Dolly Varden 

in late September - early October using aerial surveys of the Wulik River 

f rom its mouth to about 8 river km (5 mi) upstream of the confluence of 

Ikalukrok Creek. 

(4) Determine relative abundance (catch per unit ef for t )  of juvenile Dolly 

Varden during the ice-free season in Ikalukrok, Anxiety Ridge, 

Evaingiknuk, Middle Fork Red Dog, Mainstem Red Dog, and North Fork 

Red Dog Creeks. Evaingiknuk Creek, tributary to the Noatak River,  is a 

reference stream unaffected by the Red Dog Mine. 

(5) Determine Arctic grayling and juvenile Dolly Varden use of North Fork 

Red Dog Creek. 

( 6 )  Determine fish use of Middle Fork and Mainstem Red Dog Creeks. 

Another objective added to the scope of work in 1995 was to determine the number 

of adul t  chum salmon spawning in Ikalukrok Creek in early August using aerial 

survey techniques. The survey area covers Ikalukrok Creek f rom its mouth to its 

confluence with Dudd Creek. 



METHODS 

Adult Dolly Varden were obtained f rom the subsistence fishery in  Kivalina by 

ADF&G Sport Fish Division in spring 1995. The fall  1995 Dolly Varden sample 

was collected by ADF&G Wildlife Conservation Division. Each Dolly Varden was 

placed in  a clean plastic container and labeled with sample date and location. A 

minimum sample of six fish was taken. Fish were frozen and shipped to ADF&G 

in  Fairbanks, Alaska. We removed Dolly Varden f rom the freezer, measured, 

weighed, recorded sex and spawning condition, and removed otiliths to determine 

age fo r  each fish. Tissue samples from muscle (muscle was removed below the 

dorsal f i n  and  above the lateral line), gill, kidney, and liver were removed f rom 

partially thawed fish using standard procedures to minimize contamination 

(Crawford and  Luoma 1993). About 10 g of each tissue was placed in pre-cleaned 

jars (EPA protocol C, Series 300) and refrozen. We cleaned each dissection 

instrument in ultra-pure nitric acid with a rinse in double distilled water before 

we began to work on a new tissue. Tissue samples were submitted to a private 

analytical laboratory. Samples were digested, freeze-dried, and  analyzed for  Al, 

Cu, Cd, Pb, and  Zn using U.S. Environmental Protection Agency standard methods 

(Table 6). 

Table 6. Method and method detection limit used to analyze fish tissues fo r  
various metals. All samples were reported as mg/Kg, d ry  weight basis. 

Metal 
Limit of 
Detection 

lEPA Method 200.8 - "Methods for  Chemical Analysis of Water and Wastes" EPA 
60014-79-020 



In  addit ion to results, the laboratory provided quality assurance/quality control 

information fo r  each analyte. Beginning in fal l  1994, we required the following 

quality assurance procedures: matrix spikes, standard reference materials, 

laboratory calibration data,  sample blanks, and sample duplicates. We compared 

the 1990 through 1995 data on concentrations of Al, Cu, Cd, Pb, and  Zn  in adult  

Dolly Varden with baseline data collected by Dames and Moore (1983) and  with 

water quality conditions in the Wulik River. 

We flew aerial surveys using fixed-wing aircraft  in August over Ikalukrok Creek 

and  in  September over the Wulik River. Our August Ikalukrok Creek survey 

covered the creek f rom its mouth to Dudd Creek (Figure 5). The September survey 

included the Wulik River f rom Kivalina to a point about 8 km (5 mi) upstream of 

the  mouth of Ikalukrok Creek. We counted the number of Dolly Varden in the 

Wulik River and  chum salmon in Ikalukrok Creek. 

In  1995, we fished minnow traps in Anxiety Ridge, Evaingiknuk, Ikalukrok, 

Middle Fork Red Dog, Mainstem Red Dog, and North Fork Red Dog Creeks 

(Figure 5). Evaingiknuk Creek, a Noatak River tributary, was our control stream. 

We added a set . o f  10 traps in Mainstem Red Dog Creek. All other t rap  sites 

remained unchanged f rom previous years. Identification markers and flagging on 

streambank vegetation were used to designate trap sites. Ten traps were fished fo r  

24 to 72 h periods in each sample reach. Two sample reaches were worked in  

Middle/Mainstem Red Dog and Ikalukrok Creeks. Minor relocations of trap sites 

were made where pool/riffle changes had occurred. 

Minnow traps were fished in late June, mid-July, and mid-August. Visual surveys 

of Middle Fork and Mainstem Red Dog Creeks and Buddy Creek also were made. 

Numbers of Dolly Varden and slimy sculpin captured and fork  length (FL) to the 



Figure 5.  Chum salmon survey area along Ikalukrok Creek and minnow trap sample sites in 
Ikalukrok, Anxiety Ridge, Evaingiknuk, Middle Fork Red Dog, Mainstem Red Dog, 
and North Fork Red Dog Creeks. 

I I MINE SITE 

0 Minnow Traps 

. . . .  . . . . .  . . . . . .  . . . . . . .  . . . . . . . .  . . . . . . . . .  .i;i;i;i;i;i;i;i;i . . . . . . . . .  Chum Salmon Survey 
. . . . . . . .  . . . . . . .  . . . . . .  . . . . .  . . . .  

- 
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nearest mm were recorded. Numbers of Dolly Varden per t rap  (catch) were 

compared among sample areas and times (Analysis of Variance, p<0.05). 

Angling was used to collect Dolly Varden and Arctic grayling in  North Fork and  

Mainstem Red Dog, Ikalukrok, and Buddy Creeks. Arctic grayling were marked 

with a n  adipose f i n  clip and those greater than 150 mm FL were tagged with 

numbered Fine Fabric Floy-tags. 



RESULTS AND DISCUSSION 

Metals in  Dolly Varden Tissues 

Since 1990, ADF&G has sampled adult Dolly Varden from the Wulik River fo r  

metals concentrations (Al, Cd, Cu, Pb, and Zn) in gill, kidney, liver, and  muscle 

(Ott et al. 1992, Ott  and Weber Scannell 1993 and 1994, Weber Scannell and Ott  

1995) (Appendix 1 and quality control/quality assurance data,  Appendix 2). 

Median, maximum, and minimum concentrations of Al, Cd, Cu, Pb, and  Zn fo r  

adult  Dolly Varden tissues collected in the Wulik River are presented in  Figures 6, 

7, 8, 9, and  10. 

Increased A1 concentrations in gill tissue was observed in fa l l  1994, spring 1995, 

but not in the fal l  1995 sample. Median A1 concentrations for  A1 in kidney, liver, 

and  muscle remained similar to baseline conditions and to f ish samples collected 

f rom 1990 to 1994 (Figure 6). 

Cadmium concentrations in Dolly Varden tissues have steadily decreased since 

samples were taken in 1990. Cadmium concentrations generally are less than that  

reported fo r  baseline fish tissue samples (Figure 7). 

Copper concentrations in Dolly Varden gill tissue were higher in 1994 samples, but 

decreased in the 1995 fish. Median copper concentrations in kidney, liver, and  

muscle remain unchanged (Figure 8). 

A slight increase in lead concentrations in gill tissue has been observed in both 

1994 and 1995. Median lead concentrations in kidney and liver tissue are 

unchanged f rom baseline and tissue samples collected since 1990. A slight increase 

in lead in muscle tissue occurred in the fal l  1995 sample (Figure 9). 



Figure 6. Median, maximum, and minimum concentrations of aluminum (mg/Kg 
dry  weight) in adu!t Dolly Varden tissues (gill, kidney, !iver, and  muscle) 
collected in  the Wulik River in 1982 and 1990-1995. Median values f o r  1982 
fish were not available; 1982 data are expressed as mean concentration. 
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Figure 7. Median, maximum, and minimum concentrations of cadmium (mg/Kg 
dry weight) in adult Dolly Varden tissues (gill, kidney, liver, and muscle) 
collected in the Wulik River in  1982 and 1990-1995. Median values fo r  1982 
fish were 'not available; 1982 data are expressed as mean concentration. 

Kidney Tissue 
8 1 

l 

0 I 

i 

0 

- - 

Liver Tissue 
20 , I 

Muscle Tissue 
0.4 



Figure 8. Median, maximum, and minimum concentrations of copper (mg/Kg dry 
weight) i~ :  adult  Dolly Varden tissues (gill, kidney, liver, and  muscle) 
collected in the Wulik River in 1982 and 1990-1995. Median values for  1982 
fish were not available; 1982 data are expressed as mean concentration. 
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Figure 9. Median, maximum, and minimum concentrations of lead (mg/Kg dry  
weight) in adult  Dolly T r a r d ~ n  tissues (gill, kidney, liver, and  muscle) 
collected in  the Wulik River in 1982 and 1990-1995. Median values fo r  1982 
f ish  were not available; 1982 data are expressed as mean concentration. 
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Figure 10. Median, maximum, and minimum concentrations of zinc (mg/Kg dry  
weight) ~ I I  adult Do!ly Varden tissues (gill, ltidney, liver, and  muscle) 
collected in the Wulik River in 1982 and 1990-1995. Median values fo r  1982 
fish were not available; 1982 data are expressed as mean concentration. 
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Zinc concentrations (median) did increase in gill and muscle tissue in the fal l  1995 

sample (Figure 10). Median Zn concentrations in kidney and  liver remained 

unchanged f rom baseline conditions and for tissue samples collected since 1990. 

Overwintering Dollv Varden, Wulik River 

In  early October 1995, ADF&G conducted its annual aerial survey to count 

overwintering Dolly Varden in the Wulik River. Similar surveys have been made 

annually since 1979 except in 1983, 1985, 1986, and 1990 when conditions were not 

favorable. Prior to mining a t  Red Dog, with the exception of 1980, 90% of the 

Dolly Varden were observed downstream of the mouth of Ikalukrok Creek during 

fa l l  surveys (Table 7). In 1991 through 1994, over 90°/o of the f ish were seen in the 

Wulik River below Ikalukrok Creek (Weber Scannell and Ott 1995). A population 

estimate fo r  Dolly Varden >399 mm was made by DeCicco (1995) for  the 1994-1995 

overwintering population in the Wulik River. Fish were marked in fal l  1994 and 

recaptured during the 1995 spring subsistence fishery in Kivalina. An estimated 

361,599 Dolly Varden used the Wulik River in winter 1994-1995. The 1994-1995 

population estimate exceeded the aerial count because Dolly Varden entered the 

Wulik River late in fal l  1994 af ter  the aerial survey was done. 

The  number of Dolly Varden counted in fall 1995 was 128,705 (DeCicco 1995). 

Over 90% of the Dolly Varden continue to use the Wulik River below the mouth of 

Ikalukrok Creek for  overwintering. Since mining began a t  Red Dog, the number 

of Dolly Varden using the Wulik River for  overwintering has been equal to or 

greater than numbers estimated for pre-mining with the exception of 1989 (Table 

7). 



Table 7. Number of overwintering adult Dolly Varden in the Wulik River before 
f reezeup. Surveys conducted by ADF&G (DeCicco 1989, 199 1, 1992, 1993, 
1994, and 1995). 

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

Year Ikalukrok Creek Ikalukrok Creek Total Fish Ikalukrok Creek 

lThe population estimate (mark/recapture) for  winter 1988/1989 for  f ish >400 mm 
was 76,892 (DeCicco 1990a). 
2The population estimate (mark/recapture) for winter 1994/1995 for  f ish >400 mm 
was 361,599. 



Chum Salmon. Ikalukrok Creek 

Our objective was to count and assess distribution of adult  chum salmon in  

Ikalukrok Creek downstream of Dudd Creek using aerial surveys (Table 8). The 

estimated number of chum salmon in September 1981 ranged f rom 3,520 to 6,960 

(Houghton and  Hilgert 1983). In August and September of 1982, chum salmon were 

estimated a t  353 and  1,400 (Houghton and Hilgert 1983). DeCicco (1990b) 

documented 994 and 1,975 adult chum salmon in Ikalukrok Creek in August 1984 

and  August 1986. In 1990 and 1991, less than 70 chum salmon were seen (Ott et al. 

1992). Surveys were not done from 1992 to 1994. 

We flew two aerial surveys in 1995. On August 16 we counted 48 live and  one 

dead chum salmon and estimated that 50% of the creek was surveyed (Townsend 

and  Lunderstadt 1995). DeCicco (1995) estimated between 300 and  400 chum 

salmon on August 20, 1995. Chum salmon continue to use Ikalukrok Creek for  

spawning but numbers are substantially lower than premining. Water quality 

conditions were degraded in Ikalukrok Creek during summer 1989 and  1990 and 

into spring 1991 as a result of non-point pollution f rom the Red Dog ore body. 

Elevated metals concentrations probably adversely affected three age groups 

(progeny of adults that  spawned in fal l  1988 and adults returning to Ikalukrok 

Creek in 1989 and 1990). Chum salmon adults vary from 3 to 6 years with most 

f ish age 4 when they return to spawn. Thus adult returns to Ikalukrok Creek 

would be depressed for a t  least three years following improvements in water 

quality which occurred by fall  1991. If water quality conditions remain improved, 

adult  chum salmon numbers should begin to increase in Ikalukrok Creek. 



Table 8. Number of adult chum salmon in Ikalukrok Creek downstream of Dudd 
Creek. 

Survey Time 
Number of 

Chum Salmon Reference 

September 198 1 

August/September 1982 

August 1984 

August 1986 

August 1990 

August 199 1 

August 1995 

August 1995 

3,520 to 6,960 

353 and 1,400 

994 

1,985 

<70 

<70 

4 9 

300 to 400 

Houghton and  Hilgert 1983 

Houghton and  Hilgert 1983 

DeCicco 1990b 

DeCicco 1990b 

Ott  et al. 1992 

Ott  et al. 1992 

Townsend and Lunderstadt 1995 

DeCicco 1995 



Juvenile Dolly Varden. Relative Abundance and Distribution 

Our  objective was to assess relative abundance (catch per unit  of e f fo r t )  of 

juvenile Dolly Varden dur ing the ice-free season in  Ikalukrok,  Anxiety Ridge, 

Evaingiknuk,  Red  Dog (Middle Fork and  Mainstem), and North Fork  Red Dog 

Creeks. The  most productive creek for  juvenile Dolly Varden dur ing baseline 

surveys in  1983 was Anxiety Ridge Creek in the vicinity of the Haul  Road crossing 

(Dames a n d  Moore 1984). 

In  1995, we f ished minnow traps in Evaingiknuk, Anxiety Ridge, Ikalukrok,  Red 

Dog (Middle Fork  a n d  Mainstem), and  North Fork Red Dog Creeks. Number of 

Dolly Varden captured, their  length (range and average), and  the number of f i sh  

(average, s tandard  deviation) per t rap  were recorded (Appendices 4 through 10). 

Dolly Varden captured per minnow t rap  were compared f o r  sample creeks. 

Comparisons in  ca tchl t rap  were made fo r  each sample period (June 26-29, July 17- 

20, a n d  August 11-14). Significant differences among creeks in  catch per t rap  of 

juvenile Dolly Varden were determined for  late June  (F = 21.11; d f  = 5,54; P < 

0.05), mid-July ( F  = 5.34; df  = 5,54; P < 0.05), and mid-August ( F  = 17.23; d f  = 5,54; 

P < 0.05). 

The  highest catch of juvenile Dolly Varden occurred in Anxiety Ridge Creek in  

mid-August 1995. Since our study began in 1990, the highest catch each year 

consistently has occurred in  Anxiety Ridge Creek dur ing August. Earl ier  in  

summer, catch rates in  Evaingiknuk Creek sometimes exceed the catch in  Anxiety 

Ridge Creek. We believe tha t  overwintering areas fo r  Anxiety Ridge Creek Dolly 

Varden a r e  located in  lower Ikalukrok Creek and  the Wulik River  whereas 

overwintering habitat  exists in Evaingiknuk Creek near our summer sample area. 

Dolly Varden using Anxiety Ridge Creek do not reach the upper creek until later 



in  summer. Our findings continue to support Houghton and  Hilgert's (1983) 

assessment that  the most productive stream for  summer rearing in  this area is 

Anxiety Ridge Creek. 

Fish sampling of Buddy Creek which joins Anxiety Ridge Creek to form Dudd 

Creek had not been conducted before 1995. In 1995, we made visual observations 

and  caught, by angling, juvenile Dolly Varden. Juvenile Dolly Varden were 

common in  Buddy Creek and abundance appeared higher than in Anxiety Ridge 

Creek. Fish use Buddy Creek up to a falls which is located about 1.5 km below the 

Red Dog Haul Road. The waterfall and an  associated chute below the falls 

prohibit f ish movement upstream (Figure 11). 

Year to year variability in Dolly Varden use of Anxiety Ridge and Evaingiknuk 

Creeks also is significant. Fish use of Anxiety Ridge Creek can be affected by 

activities a t  the Red Dog Mine whereas Evaingiknuk Creek, a Noatak River 

tr ibutary,  is not'  affected. Comparisons in catch for  each creek were made for  

August, the period of highest use by juvenile Dolly Varden. The number of Dolly 

Varden captured in  Anxiety Ridge Creek in August 1992, 1993, 1994, and  1995 was 

334, 295, 26, and 154. Significant differences were noted among sample years (F = 

16.5; df = 3,36; P < 0.05). Total catch of juvenile Dolly Varden in Evaingiknuk 

Creek was 11 1, 26, 3, and 38 in August of 1992, 1993, 1994, and  1995. Significant 

differences were noted among sample years ( F  = 8.4; df = 3,36; P < 0.05). Low 

catches during 1994 in both drainages suggest that natural  environmental 

conditions in the region influenced juvenile fish distribution. 

In  1995, the catch of juvenile Dolly Varden in Ikalukrok Creek increased f rom 

June to August (Appendix 8). The average catch and standard deviation (SD) fo r  

the June, July, and August samples were 0.0, 0.8k1.3, and 2.123.5. The increase in 



Figure 1 1. N&d fish b a n k  in Buddy Creek Photographs in AugaBt 1995. 



use with time during summer represents gradual movement into the sample area by 

juvenile fish. We also compared catches in Ikalukrok Creek among the 1992 

through 1995 sample years. A significant difference among years was not found ( F  

= 2.51; d f  = 3, 36; P < 0.05) for  the late July to August samples. The lowest catch 

was recorded in  the same year catches were low in Evaingiknuk and  Anxiety 

Ridge Creeks supporting the observation that areawide environmental conditions 

likely influenced juvenile f ish distribution in 1994. 

Arctic Grayling. North Fork Red Don Creek 

Our  objective was to determine current Arctic grayling use of North Fork of Red 

Dog Creek. On July 6, 1982, spawned-out Arctic grayling were abundant in  North 

Fork Red Dog Creek and on July 9, 1982, numerous young-of-the-year Arctic 

grayling were observed (Dames and Moore 1983). 

In  1995, mature Arctic grayling were present in late June, young-of-the-year (<25 

mm) were observed on July 17, and in mid-August, f r y  (40 - 47 mm) were present 

but not numerous. In all prior sample years (1991 to 1994), we found mature f ish 

in  late June and-young-of-the-year in July (Ott et al. 1992; Ott  and Weber Scannell 

1993; Ott  and Weber Scannell 1994; Weber Scannell and Ott  1995). Fry  were 

numerous in backwater areas and along stream margins in 1991, 1992, and  1993, 

but not in  1994, probably due to high-water events immediately following 

spawning. Total rainfall in 1995 was similar to 1994 but was more evenly 

distributed. Our results indicate the Arctic grayling use of North Fork Red Dog 

Creek is similar to pre-mining use. 

The  average size of Arctic grayling in North Fork Red Dog Creek in 1995 

increased slightly f rom June to August (Table 9). On August 15, 1995, Arctic 

grayling were observed in large schools (30 to 60 fish) actively moving 



Table 9. Average size of Arctic grayling collected, by angling, in North Fork Red 
Dog Creek (1993-1995). 

Sample Number of Average Range Standard 
Period Fish Length (mm) (mm) Deviation 

lArctic grayling juveniles and adults were not observed or collected. 



downstream, presumably to overwintering habitat. In previous sample years, larger 

Arctic grayling appeared to leave the creek immediately af ter  spawning. In 1994, 

average size decreased from 257 to 216 mm FL from June to July (Table 9) when 

more small f ish were captured. Smaller Arctic grayling also enter North Fork Red 

Dog Creek as summer progresses. In 1995, more of the larger Arctic grayling 

remained in  North Fork Red Dog Creek. 

Tagging of Arctic grayling began in  1994 and continued in 1995 (Appendix 11) 

(Figure 12). Eleven Arctic grayling tagged in summer 1994 were recaptured in 

summer 1995. Growth ranged from 37 to 66 mm per year (Table 10). Six Arctic 

grayling tagged and  recaptured in North Fork Red Dog Creek in summer 1995 

exhibited a 12 to 34 mm growth from late June to mid-August (Table 11). 

Juvenile Dolly Varden. North Fork Red Doa Creek 

Our  objective was to determine current juvenile Dolly Varden use of North Fork 

Red Dog Creek. Houghton and Hilgert (1983) repeatedly sampled North Fork Red 

Dog Creek in 1981-1982 and reported finding only one Dolly Varden near the 

headwaters of the creek. They assumed the Dolly Varden was a non-migratory 

resident. Juvenile Dolly Varden were first  documented by ADF&G in North Fork 

Red Dog Creek during summer 1992 (Ott and Weber Scannell 1993). Juvenile Dolly 

Varden use of North Fork Red Dog Creek also occurred in summer 1993 (Ott and  

Weber Scannell 1994) and 1994 (Weber Scannell and Ott 1995). 

In  1995, we fished ten minnow traps in North Fork Red Dog Creek in  June, July, 

and  August. We caught one juvenile Dolly Varden during each sample period 

(Appendix 10). In mid-August 1995, we caught f ive  Dolly Varden by angling. 

Four were silvery without parr marks and ranged in size f rom 169 to 247 mm FL 

(average size 204 mm, SD = 35.6). We believe these fish were in saltwater during 



Figure 12. Arctic grayling sample areas in the North Fork of Red Dog Creek. 

1.5 inch = 0.6 km 

1995 Arctic Grayling 
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Table 10. Growth of Arctic grayling collected in North Fork Red Dog Creek 
(1994-1995). 

Tag Number/Color 
Length a t  Time a t  Growth Growth 
Marking (mm) Large (Days) (mm) /Year (mm) 



Table 11. Growth of Arctic grayling in North Fork Red Dog Creek (1995). 

Tag Number/Color 
Length a t  
Marking (mm) 

Time a t  
Large (Days) 

Growth 
(mm) 



early summer 1995 and  returned to freshwater. Houghton and  Hilgert (1983) 

observed a large school of uniform-sized small Dolly Varden in September 1982 in 

Dudd Creek. They saw several hundred Dolly Varden (235 to 257 mm) and  

concluded that  the f ish appeared to be those that have spent their f irst  or second 

summer feeding in salt water. We believe that  Dolly Varden a f te r  one season of 

saltwater feeding used North Fork Red Dog Creek in  a manner similar to that  

described by Houghton and Hilgert for  Dudd Creek in 1982. The continued use of 

North Fork Red Dog Creek by rearing Dolly Varden and the first  documentation 

of use by Dolly Varden af ter  saltwater migration probably is related to the 

continued operation of the clean water bypass system and  reduced metals 

concentrations in  Mainstem Red Dog Creek. 

Dollv Varden and Arctic Grayling, Middle Fork and Mainstem Red DOE Creek 

Our objective was to determine Dolly Varden and  Arctic grayling use of the 

Mainstem and  Middle Fork Red Dog Creek. Historical data indicate that  f ish use 

was limited to migration in Mainstem Red Dog Creek and that  f ish did not use 

Middle Fork Red Dog Creek. However, f ish were observed in Mainstem Red Dog 

Creek within the influence of the North Fork Red Dog Creek (Dames and  Moore 

1983) and  fish mortalities were documented in Mainstem Red Dog Creek (EVS 

Consultants Ltd. 1983). Fish were not seen in Middle Fork Red Dog Creek in 1992, 

1993, and  1994. Minnow traps fished in Middle Fork and Mainstem Red Dog 

Creeks in 1994 yielded no fish (Appendices 6 and 7). One Dolly Varden and  two 

adult  Arctic grayling were seen in Mainstem Red Dog Creek in the influence of 

North Fork Red Dog Creek in 1994 (Weber Scannell and Ott 1995). 

Minnow traps, visual surveys, and angling were used to assess f ish presence in 

Mainstem and  Middle Fork Red Dog Creeks in 1995. In 1995, juvenile Dolly 



Varden were not captured in Middle Fork Red Dog Creek but were present during 

all sample periods in Mainstem Red Dog Creek (Appendices 6 and 7). During four  

f ield trips in summer 1995, adult Arctic grayling were present in Mainstem Red 

Dog Creek. We .observed adult and young-of-the-year Arctic grayling in a large 

scour pool and side channel of Mainstem Red Dog Creek about 1.2 km below North 

Fork Red Dog Creek. On August 14, 1995, we collected 11 Arctic grayling (290 to 

336 mm FL) f rom the scour pool, two of which we had marked in North Fork Red 

Dog Creek: one in summer 1994 and one in summer 1995. Arctic grayling were 

observed actively feeding in the scour pool. 

The  presence of rearing juvenile Dolly Varden and adult  Arctic grayling in 

Mainstem Red Dog Creek represents a change in f ish use f rom baseline conditions. 

We believe that  general improvements in water quality since fal l  1991 have 

resulted in  f ish now using Mainstem Red Dog Creek for  rearing habitat. 

Slimv Sculpin. ~ a i n s t e m  Red Dog Creek 

Houghton and  Hilgert (1983) found slimy sculpin in all of the regularly sampled 

stations on Ikalukrok Creek and in Dudd Creek but none were ever collected in the 

Red Dog Creek drainage. Minnow bucket sampling in Mainstem, Middle Fork, and  

North Fork Red Dog Creeks began in 1992 and continued in 1993 and 1994. No 

slimy sculpin were captured during these years (Appendix 12). 

In  1995, we collected one slimy sculpin in Mainstem Red Dog Creek and  one in  

North Fork Red Dog Creek, but none were collected in Middle Fork Red Dog 

Creek. I t  appears that  slimy sculpin are now using the Red Dog Creek drainage. 

Use of the system probably is related to improvement in water quality since fa l l  

1991. 



CONCLUSIONS 

In  1995, we observed no adverse effects on fisheries resources f rom the existing 

wastewater discharge 0.57 m3s-I to 0.74 m3s-I (20 to 26 cfs) a t  the Red Dog Mine. 

Actions taken by Cominco Alaska Inc. since 1991 have tended to reduce metals 

concentrations and  increase TDS and sulfate in  streams below the ore body 

throughout the summer. The reduced metals content in the water also have 

occurred during low flow conditions in contrast to pre-mining conditions when 

adverse, toxic concentrations of metals and low pH occurred and  fish mortalities 

were observed. The substantial increases in TDS and sulfate in downstream waters 

do not appear to adversely affect  fish use. A summary of our fisheries f indings to 

date  follows: 

(1) Arctic grayling returned to North Fork Red Dog Creek in spring 1995 in  

numbers comparable to previous years of survey (1992 through 1995). 

Arctic grayling have continued to spawn successfully in North Fork Red 

Dog Creek since mine development. 

(2) Dolly Varden juveniles returned to North Fork Red Dog Creek in  spring 

1995. Prior to development of the mine, anadromous Dolly Varden were not 

found in North Fork Red Dog Creek. Dolly Varden juveniles have been 

observed in North Fork Red Dog Creek in 1992, 1993, 1994, and  1995. In 

1995, 4 Dolly Varden without parr marks ranging in size f rom 169 to 247 

mm were caught in North Fork Red Dog Creek. Based on size and  

coloration, these Dolly Varden spent part of summer 1995 in  salt water. 

(3) Arctic grayling adults were observed, collected, or marked in Mainstem Red 

Dog Creek during the weeks of June 20 to 30, July 10 to 14, and  July 17 to 



21, 1995. Prior to development of the mine, adult Arctic grayling were not 

known to use Mainstem Red Dog Creek for summer rearing. 

(4) Dolly Varden juveniles were collected in Mainstem Red Dog Creek during 

the  weeks of June 26 to 30 and July 17 to 21, 1995. Prior to development of 

the mine, juvenile Dolly Varden were not known to use Mainstem Red Dog 

Creek fo r  rearing or migration. 

(5) Slimy sculpin were documented in Mainstem Red Dog Creek and  North 

Fork Red Dog Creek in 1995. Prior to mine development, slimy sculpin 

were not found in the entire Red Dog Creek drainage. 

(6) No fish were collected or observed in Middle Fork Red Dog Creek. Visual 

observations have been made each year since 1991 and minnow traps were 

fished in 1994 and 1995. 

(7)  Juvenile Dolly Varden use of Anxiety Ridge Creek has varied among 

sample years, but for  all sample years, the highest use of sampled creeks by 

juvenile Dolly Varden has occurred in Anxiety Ridge Creek. Similar 

findings were reported in premining studies. 

(8) Juvenile Dolly Varden continue to rear in Ikalukrok Creek immediately 

upstream and downstream of Dudd Creek. Significant differences in use 

among years by juvenile Dolly Varden in Ikalukrok Creek have not 

occurred since 1992. 

(9) The number of overwintering Dolly Varden in the Wulik River before 

freezeup has ranged from 66,752 to 144,138 f rom 1991 to 1994 (aerial survey 

data). The actual population estimate for winter 1994/1995 was 361,599. 



Distribution of overwintering fish in the Wulik River upstream and 

downstream of Ikalukrok Creek has not changed since 1979. 

(10) The  number of chum salmon using Ikalukrok Creek in 1990, 1991, and  1994 

remains well below pre-mining numbers. Decreased numbers of adult  chum 

salmon are likely the result of poor water quality in 1989 and 1990 which 

adversely impacted developing f r y  and adult spawners prior to construction 

of the clean water bypass system. 
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Appendix 1. Concentrations of Al, Cd, Cu, Pb, and  Zn in adult  Dolly Varden 
tissues, 1990 through 1995, from the Wulik River. Baseline fish tissue data  
f rom Dames and Moore (1983) are included. All concentrations expressed as 
mg/Kg, d ry  weight basis. See Appendix 3 fo r  explanation of the sample 
groups. 



Appendix 1, continued. 

I 

A=Adult, U= undetermined, F=female, M-male. I 



Appendix 1 ,  continued. 



Appendix 1, continued. 



Appendix 1, continued. 



Appendix 1, continued. 



Appendix 1, continued. 



Appendix 1, concluded. 



Appendix 2. 
Dolly 
conce 

Quality control/quality assurance data  f o r  concentrations of metals in  
Varden tissues collected from 1989 through 1995. (Metals 

ntrations data  presented in Appendix 1.) 

Method Blank Summary 
Sample US EPA MBI MB2 MB3 
Group Metal Method mg/L Mg/L Mg/L 

412619 1 B Al 202.2 0.4 0.2 
611 6/91 D C d 71 31 ND ND 
continued Cu 601 0 ND ND 

Pb 741 2 ND ND 
Z n 601 0 ND ND 



Appendix 2, continued. 

Method Blank Summary 

Sample US EPA MBI  MB2 MB3 
Group Metal Method mg/L Mg/L Mg/L 

9130192 E Al 200.8 0.36 0.227 
C d 200.8 ND ND 
Cu 200.8 ND ND 
Pb 200.8 ND ND 
Zn 7950 ND ND 

ND = not detected at the method detection limit. 



Appendix 2, continued. 

Matrix Spike Results 

Sample 
Group Metal 

Method Spiked 
Detection Spike Sample Sample % 

Method Limit Level Result Result Recoverv 

4/6/91 B Al  
4 /15/91 C Cd 
continued C u 

Pb 
Z n 

4/26/91 B A l 
6 /16/91 D C d 
continued C u 

Pb 
Zn 



Appendix 2, continued. 

Matrix Spike Results 

Sample 
Group Metal 

10/5/91 E Al 
Cd 
C u 
Pb 
Z n 

10/5/91 E A l 
continued Cd 

C u 
Pb 
Z n 

4/29/92 F Al 
continued C d 

Cu 
Pb 
Z n 

9/30/92 G Al 
continued Cd 

Cu 
Pb 
Z n 

Method 
Detection Spike 

Method Limit Level 
200.8 0.05 4.06 
200.8 0.02 0.81 
200.8 0.05 16.20 
200.8 0.02 1.62 
200.8 0.05 40.60 

Spiked 
Sample Sample % 
Result Result Recovery 

0.55 3.97 84 
ND 0.88 109 

2.55 18.20 9 7 
0.03 1.81 110 

14.90 51.60 90 



Appendix 2, continued. 

Matrix Spike Results 

Method Spiked 
Sample Detection Spike Sample Sample % 
Group ~ e t a l  Method Limit Level Result Result Recovery 



A p p e n d i x  2, continued. 

Matrix Spike Results 

Method Spiked 
Sample Detection Spike Sample Sample % 
Group Metal Method Limit Level Result Result Recovery 

9/23/94 K Al 200.8 0.2 200 2.1 197 97 
Cd 200.8 0.02 4.9 ND 4.89 100 
C u 200.8 0.05 24 1.7 26.1 9 8 
Pb 200.8 0.02 49 ND 46.6 95 
Zn 200.8 0.5 49 20.8 70.8 102 

9/9/95 N Al 200.8 0.2 200 1.3 179 89 
C d 200.8 0.02 5 ND 4.79 9 6 
Cu 200.8 0.05 2 5 0.97 24.3 93 
Pb 200.8 0.02 5 0 0.06 53.5 107 
Zn 200.8 0.5 5 0 28.5 73.6 90 

Sample Group: For a description of sample groups, refer t o  Appendix 3. 
NC = not calculated because the sample concentration 

was greater than 4 times the amount spiked. 
ND = not detected at stated method detection limit. 



A p p e n d i x  2, continued. 

Duplicate Samples 
Dates of 
Samples Method 
QAIQC Sample Reporting 
applies to  Group Metal Method Limit 

Sample Sample 
A B 

%Relative 
Difference 

41619 1 B Al 202.2 0.10 
411 5/91 C Cd 71 31 0.01 
continued Cu 601 0 0.50 

Pb 741 2 0.10 
Z n 601 0 0.50 

412619 1 B Al 
611 619 1 D Cd 
continued Cu 

Pb 
Zn 



Appendix 2, continued. 

Duplicate Samples 
Dates of 
Samples 
QAIQC Sample 
applies to  Group Metal Method 

Method 
Reporting 

Limit 
Sample Sample 

A B 
%Relative 
Difference 

1 01519 1 E Al 200.8 
Continued C d 200.8 

Cu 200.8 
Pb 200.8 
Z n 200.8 

4/29/92 F Al 200.8 
(continued) C d 71 31 

Cu ' 200.8 
Pb 200.8 
Zn 200.8 

9130192 G Al 200.8 
continued Cd 200.8 

C u 200.8 
Pb 200.8 
Z n 7950 



Appendix 2, continued. 

Duplicate Samples 
Dates of 
Samples Method 
QA/QC Sample Reporting Sample Sample %Relative 
applies to Group Metal Method Limit A B Difference 



Appendix 2, continued. 

Duplicate Samples 
Dates of 
Samples Method 
QAIQC Sample Reporting Sample Sample %Relative 
applies to Group Metal Method Limit A B Difference 
9/23/94 K Al 200.8 0.2 2.1 1.4 3 9 

Cd 200.8 0.02 ND ND NC 
C u 200.8 0.05 1.7 1.68 1 
Pb 200.8 0.02 ND ND NC 
Z n 200.8 0.5 20.8 20.6 1 



Append ix  2, concluded. 

Recovery of Standard Reference Material 
Method TRUE Laboratory TRUE Laboratory 

Sample Metal Method Detection Value Result Value Result 
Group Limit mg/kg mg/kCl mg/kg mg/kg 



Appendix 3. Description of fish sample groups fo r  determinations of 
concentrations of Al, Cd, Cu, Pb, and Zn. 

Date No. of 
Collected Site Fish Collector 

1982 Wulik River 

1October 1990 Wulik River 
2April 1991 Wulik River 
2April 1991 Wulik River 
3April 1991 Noatak River 
4June 1991 Wulik River 
50ctober  1991 Wulik River 
6April 1992 Wulik River 
7September 1992 Wulik River 
8April 1993 Wulik River 
gOctober 1993 Wulik River 
loApril 1994 Wulik River 
llOctober 1994 Wulik River 
12June 1995 Wulik River 
13September 1995 Wulik River 

Varies with 
tissue 

6 
4 
5 
5 
8 
6 
8 
6 
6 
6 
6 
6 
6 
6 

Dames a n d  Moore 

ADF&G 
Cominco 
Kivalina 
ADF&G 
Cominco 
Cominco and  ADF&G 
Cominco and  ADF&G 
ADF&G 
Cominco and  ADF&G 
ADF&G 
ADF&G 
ADF&G 
ADF&G 
ADF&G 

lSample Group A - Six adult  Dolly Varden collected f rom the Wulik River 
(downstream of the mouth of Ikalukrok Creek) by Fred DeCicco (ADF&G) 
on October 3, 1990, before freezeup. 

2Sample Group B - Nine adult  Dolly Varden collected f rom the Wulik River  (three 
by Cominco on 3/9/91, f ive by Kivalina on 4/6/91, one by Cominco on 
4/26/91) between Driver's Camp (Station 2) and Umiivaq (lower Wulik 
River)  dur ing late winter before breakup. 

3Sample Group C - Five adult  Dolly Varden collected f rom the Noatak River  by 
local residents during winter 1990/1991. Date and exact location in the 
Noatak River are unknown. 

4Sample Group D - Eight adult  Dolly Varden collected f rom the Wulik River 
(lower Wulik River immediately upstream of Kivalina) by Cominco and  
local residents f rom Kivalina on 6/16/91, immediately following breakup. 

5Sample Group E - Six adult  Dolly Varden collected f rom the Wulik River  (Station 
2) by Matt Robus (ADF&G) and Hank Brown and  John Martinesko 
(Cominco) on 10/5/91, before f reezeup. 



Appendix 3, f ish sample groups concluded. 

%ample Group F - Eight adult  Dolly Varden collected f rom the Wulik River (about 
5 miles upstream of Kivalina) between 4/28 and 4/30/92, by A1 Townsend 
(ADF&G) and  Hank Brown (Cominco) during late winter before breakup. 

7Sample Group G - Six adult  Dolly Varden collected f rom the Wulik River  (Station 
2) by A1 Townsend (ADF&G) on 9/29/92, before freezeup. 

8Sample Group H - Six adult  Dolly Varden collected f rom the Wulik River  (about 
f ive  miles upstream of Kivalina) between 4/19 and  4/23/93, by A1 
Townsend (ADF&G) and Jake Wells (Cominco) dur ing late winter  before 
breakup. 

gSample Group I - Six adult  Dolly Varden collected f rom the Wulik River  (Station 
2) by A1 Townsend (ADF&G) on 10/20/93, before freezeup. 

l0Sample Group J - Six adult  Dolly Varden collected f rom the Wulik River  (Station 
2) by A1 Townsend (ADF&G) on 4/7/94, during late winter before breakup. 

llSample Group K - Six adult  Dolly Varden collected f rom the Wulik River 
(Station 2) by A1 Townsend (ADF&G) on 9/23/94, before freezeup. 

12Sample Group L - Six adult  Dolly Varden collected f rom the Wulik River  (lower 
Wulik River  near Kivalina) by Fred DeCicco (ADF&G) on 6/10/95 a f t e r  
breakup. 

13Sample Group N - Six adult  Dolly Varden collected f rom the Wulik River 
(Station 2) by Randy Zarnke (ADF&G) on 9/9/95, before freezeup. 



Appendix 4. Dolly Varden collected in Evaingiknuk Creek using minnow traps 
baited with salmon roe, 1990-1995. 

Number Hours Total Length 
o f Fished/ Number Range (mm), DV/Trap 

Sample Time Traps Trap DV (Average) - +SD 



Appendix 4 Evaingiknuk, concluded. 

Number Hours Total Length 
of Fished/ Number Range (mm), DV/Trap 

Sample Time Traps Trap  DV (Average) - +SD 



Appendix 5. Dolly Varden collected in  Anxiety Ridge Creek using minnow traps 
baited with salmon roe, 1990-1995. 

Number Hours Total Length 
o f Fished/ Number Range (mm), DV/Trap 

Sample Time Traps  Trap  DV (Average) - +SD 



Appendix 5 Anxiety Ridge, concluded. 

Number Hours Total Length 
o f Fished/ Number Range (mm), DV/Trap  

Sample Time Traps  Trap  DV (Average) +S D 



Appendix 6. Dolly Varden collected in Middle Fork Red Dog Creek immediately 
upstream of North Fork Red Dog Creek using minnow traps baited with 
salmon roe, 1994- 1995. 

Number Hours Total Length 
o f Fished/ Number Range (mm), DV/Trap 

Sample Time Traps Trap DV (Average) - +SD 



Appendix 7. Dolly Varden collected in Mainstem Red Dog Creek downstream of 
North Fork Red Dog Creek using minnow traps baited with salmon roe, 
1994- 1995. 

Number Hours Total Length 
of Fished/ Number Range (mm), DV/Trap 

Sample Time Traps Trap DV (Average) - +SD 



Appendix 8. Dolly Varden collected in Ikalukrok Creek using minnow traps baited 
wi th  salmon roe, 1990-1995. Minnow t rap  sample sites included Ikalukrok 
Creek f r o m  upstream of the mouth of Red Dog Creek to the lower portion 
of Ikalukrok Creek about 20 km downstream of the mouth of Dudd  Creek. 
Sample stations (#1 - #5) in Ikalukrok Creek a t  Dudd Creek were the same 
wi th  f ive  addit ional  sites established and run in 1992, 1993, 1994, a n d  1995. 

Number Hours Total Length 
o f Fished/ Number Range (mm), DV/Trap  

Sample Time Traps  Trap  DV (Average) +S D 



Appendix 8 Ikalukrok,  concluded. 

Number Hours Total Length 
o f Fished/ Number Range (mm), DV/Trap 

Sample Time Traps Trap  DV (Average) - +SD 

aIkalukrok Creek - 7 km upstream of Dudd Creek 
bIkalukrok Creek - 10 km downstream of Dudd Creek 
=Ikalukrok Creek - 10 km downstream of Dudd Creek, clear back-water 
dIkalukrok Creek - 20 km downstream of Dudd Creek 
eIkalukrok Creek - Immediately upstream of Dudd Creek 
fIkalukrok Creek - Immediately upstream of Red Dog Creek 
BIkalukrok Creek - Immediately upstream and downstream of Dudd Creek 



Appendix 9. Dolly Varden collected in Ikalukrok Creek using minnow traps baited 
wi th  salmon roe using 20 traps, 1994-1995. Sample stations (#1 - #lo)  in 
Ikalukrok Creek a t  Dudd Creek were the same with 10 sites added in  1994. 

Number Hours Total Length 
o f Fished/ Number Range (mm), DV/Trap  

Sample Time Traps  Trap  DV (Average) - +SD 



Appendix 10. Dolly Varden collected in the North Fork Red Dog Creek using 
minnow traps baited with salmon roe, 1992-1995. 

Number Hours Total Length 
o f Fished/ Number Range (mm), DV/Trap  

Sample Time Traps  Trap  DV (Average) - +SD 



Appendix 11. Arctic grayling collected, tagged, released, and  recaptured in  North 
Fork  Red Dog, Anxiety Ridge, and  Ikalukrok Creeks (1994 - 1995). 

3420 Y 275 6/28/94 North Fork 
3421 Y 31 6 6/28/94 North Fork - 



Appendix 11, continued. 

31 14 
31 15 

Y 
Y 

200 
198 

7/26/94 
7/26/94 

North Fork 
North Fork 

7120195 North Fork 236 



Appendix 1 1, continued. 



Appendix 1 1 ,  continued. 

1553 1 W 
1554 1 W 

249 
31 5 

61291951 North Fork 
6/29/95[ North Fork 



Appendix 11, continued. 



Appendix 1 1 ,  continued. 



Appendix 11, continued. 



Appendix 11, continued. 



Appendix 11, continued. 



Appendix 1 1 ,  continued. 

1796 - 
1797 
1798 

3 
W 
W 

356 
31 8 
337 

8/12/95 
811 2/95 
8/12/95 

lkalukrok 
lkalukrok 
lkalukrok 



Appendix 11, concluded. 



Appendix 12. Slimy sculpin collected in Anxiety Ridge, Dudd,  Ikalukrok (at  
mouth of Dudd Creek), Middle Fork Red Dog, Mainstem Red Dog, and  
North Fork Red Dog Creeks using minnow traps baited with salmon roe, 
1990- 1995. 

-- 

Creek Year 
No. Sample No. Traps No. Slimy 
Periods Deployed Sculpin 

Ikalukrok 1990 
1991 
1992 
1993 
1994 
1995 

Dudd  1990 
1991 
1992 
1993 

Anxiety 1990 
1991 
1992 
1993 
1994 
1995 

N o r t h F o r k  1992 
1993 
1994 
1995 

Middle 
Forkb 1994 

1995 

aMainstem Red Dog Creek - sample area downstream of North Fork Red Dog Creek 

bMiddle Fork Red Dog Creek - sample area upstream of North Fork Red  Dog 
Creek 


