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MONITORING OF WATER-SOURCE LAKES IN
THE ALPINE DEVELOPMENT PROJECT: 1999-2004

INTRODUCTION

Two lakes, designated L9312 (or U6.1) and L9313 (or T6.1), provide the permanent water supply
for the Alpine development (Figures 1 and 2). Two naming conventions are used to identify the
lakes in the Colville Delta region — one name conveys information on initial sampling and the
investigator responsible for the sampling, the other name conveys information on location within the
North Slope Emergency Response grid (Moulton 1998).

A series of permits have been issued by Alaska Department of Fish and Game (ADF&G) that allow
water withdrawal from the lakes under restrictions intended to protect fish residing within the lakes
(Appendix C). These permits have been modified as information on the lakes has improved and as
project needs have changed. A permit stipulation added to the March 30, 1999 amendments was
that each lake would be monitored for fish presence at least twice during the ice-free season for a
period of three years. On September 1, 2000, an additional modification specified that the fish
monitoring be continued for a minimum of 5 years. This stipulation was fulfilled by the 2003
sampling and subsequent report (Moulton 2004).

Fish populations in the lakes had been surveyed prior to issuance of water withdrawal permits,
beginning in 1995 with baseline studies specific to the Alpine Development (Moulton 1997). Both
of the water-source lakes support fish, with eleven species identified from 19312 and seven
identified from L9313 (Moulton 1999, 2000).

In 2004, UAF initiated studies on the effects of water withdrawal on water chemistry in Lake L9312.
Objectives of this study were to provide information on fish using the lakes to assist the assessment
of water withdrawal and compare the 2004 catch patterns to those observed in previous years.
Results of the 1999 through 2003 monitoring are reported in Moulton (1999, 2000, 2002, 2003,
2004).

METHODS

Monitoring of the water-source lakes consisted of sampling with fyke nets combined with physical
measurements. Sampling was by fyke net because the objective was to sample fish with non-lethal
gear so that the sampling would not be the cause of any observed changes to the populations. In past
years, beginning in 1995, a variety of gear types were tested to evaluate the fish populations in delta
lakes (see Appendix B-1 for a list of gear used and resulting catches). Based on those catches, it was
decided to use only fyke nets because they sampled the entire range of species and allowed live
release of captured fish.



Net locations identified in 1999 as the most appropriate monitoring sites (Moulton 1999) were re-
occupied for the 2000 through 2003 sampling (Figures 3 and 4). As set forth in the monitoring
stipulations, sampling was conducted during two ice-free periods: July 22-28 and August 16-22.
These two time periods have been sampled every year since 2000. Fish were measured and
released, with no fish retained for laboratory analysis. Duration of each set was recorded in order to
calculate catch rates.

In 2001, Floy FD-68B anchor tags (monofilament = 5/8 inch, vinyl = 1 1/8 inch) were applied to
broad whitefish and least cisco exceeding 250 mm fork length to obtain information on residence
time within the lake and potentially allow for estimating population size. In 2002-2004, we changed
to smaller Floy FF-94 anchor tags (monofilament = 1/2 inch, vinyl = 3/4 inch), which were applied
to broad whitefish, round whitefish, and least cisco exceeding 180 mm fork length. The switch to
smaller tags in 2002-2004, and thus smaller tagged fish, was made to increase the number of tagged
fish.

Water chemistry measurements obtained at the two lakes included surface measures of water
temperature, specific conductance, dissolved oxygen, pH, and turbidity. Temperature, specific
conductance and dissolved oxygen were in situ measurements taken within 15 cm (6 inches) of the
surface at the fyke net station in each lake with a YSI Model 85 meter. A sample was returned to the
field office to measure pH and turbidity. PH was measured with either a Corning pH meter or an
Oaktron pH Tester III. Turbidity was measured with an H.F. Scientific DRT15CE turbidity meter.

Bathymetric data were collected in 2002 using methods described by Michael Baker Jr. (2003) to
provide a consistent approach to estimating water volumes. In 2002, location and depth were
recorded on a Lowrance Model LCX-15MT integrated GPS/depth sounder. Location and depth
were recorded at approximately 1-2 second intervals. Ten transects were run on Lake L9312 and 14
were recorded on Lake L.9313. Lake volume was estimated by contour mapping of depth intervals.
Contour maps were prepared by plotting the position and depth data obtained by GPS on geo-
referenced aerial photography obtained June 30, 1999. Contours were plotted on the aerial
photograph of the surveyed lakes. The surface area of each contour was obtained, and the volume
was estimated using the formula for truncated cones:

V =h/3*(A1+A2+(A1*A2) (1/2))
Where h = vertical depth of the stratum, A1 = area of the upper surface, and A2 = area of the lower

surface of the stratum whose volume is to be determined. The volumes of individual strata are
summed to obtain the volume of the desired depth intervals.



RESULTS AND DISCUSSION
History of Water Withdrawal

Lake L9312 is a 111-acre lake containing approximately 323 million gallons of water (earlier reports
use a surface area of 100 acres based on USGS base maps — the 111 acres is based on digitizing the
surface area from June 1999 aerial photography). An estimated 100.5 million gallons is deeper than
the maximum ice thickness of 7 feet; this volume is considered the minimum winter volume
available to wintering fish. As a result, 30 million gallons of water are available for use. Over 31%
of the lake volume is deeper than 7 feet (Figure 5).

Lake L9313 is a 78-acre lake containing approximately 174 million gallons of water (earlier reports
use a surface area of 69 acres based on USGS base maps — the 78 acres is based on digitizing the
surface area from June 1999 aerial photography). An estimated 19.4 million gallons is deeper than
the maximum ice thickness of 7 feet; this volume is considered the minimum winter volume
available to wintering fish. At present, 6 million gallons of water are available for use. About 11%
of the lake volume is deeper than 7 feet (Figure 6).

Water use has varied considerably in the two lakes over the last three winters as permit conditions
have been modified (Table 1). The initial water use permits that designated the lakes as permanent
water sources, issued March 30, 1999, allowed 15% of the estimated minimum winter volume to be
removed. The volume allowed for removal was increased to 30% of the minimum winter volume on
January 27, 2000. This increase was made because the lakes were to serve as the permanent water
supply for the Alpine facilities and the previous criterion imposed a severe constraint on the project.

During summer 2000, staft gauges were installed in the lakes to allow direct measure of the water
surface elevation. Both lakes were flooded during break-up 2000 and the water surface elevations
observed after the lakes stabilized were set as benchmarks to monitor water use. Water withdrawals
were to cease when the water surface elevation reached 7.0 ft in L9312 and 5.8 ft in L9313. The
permitted removals were also amended to reflect new estimates of lake volumes.

In L9312, 87% of the permitted withdrawal was used in winter 1998/1999, while only 15% was used
in 1999/2000. Use exceeded 81% of the permitted withdrawal in 2000/2001, but was only 44% of
the permitted amount in 2001/2002. To date, the withdrawals represent between 3% and 26% of the
minimum winter volume.

In L9313, only 3% of the permitted withdrawal volume was used in 1998/1999, with 74% used in
1999/2000. No water was used from L9313 in winter 2000/2001 because the water surface
elevation fell below the permitted level (5.8 ft) prior to ice formation in the fall, even though only
2.1 million gallons had been used after break-up. Investigation of the apparent loss of water
determined that the low staff gauge reading was caused by frost-induced movement of the staff
gauge, not loss of water from the lake. For 2001/2002, about 21% of the permitted withdrawal was
used. To date, the withdrawals represent between 1% and 51% of the minimum winter volume. In
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three years water use was near 50% of the minimum winter volume.
Lake L9312 (U6.1)

Water Chemistry. Water chemistry parameters measured in association with fish sampling since
1995 are summarized in Table 2. Flooding during break-up in 2000 appeared to decrease specific
conductance, as there was a 29% decrease between July 1999 and July 2000. Specific conductance
in L9312 during July increased slightly (7%) between 2000 and 2001. The lake was apparently not
flooded during the 2001. MBJ (2002) report that the lake was fully recharged by overflow from the
Sakoonang Channel in 2002. Specific conductance has shown a relatively stable trend since 2000
(Figure 7). The low value, averaging 66 microSiemens/cm, indicates the lake is primarily snow melt
with little influence from the river.

Biological Observations. Fyke net sampling conducted July 22-28, 2004 produced a catch of 568
fish from 3 species, while sampling conducted August 16-22 produced 873 fish from 4 species
(Table 5). As in previous years, least cisco was again the most numerous species caught in 2004,
representing 81% of the non-stickleback catch. The July catch rate of least cisco (102.6 fish per day)
was the highest recorded since July catches of 2000 (Figure 8). Catch rates of least cisco in August
2003 decreased from the high catch in 2002, but were greater than those in August 2000 and 2001.

The least cisco in 2000 likely represented many age groups (based on length frequency analysis —
Appendix B), because the lengths ranged from 60 to 220 mm. In 2001 and 2002, the captured least
cisco were smaller, with age-0 and 1 fish being most abundant (Figure 9). Few larger fish were
caught, with only 2 over 190 mm. In 2004, as in 2003, the length frequency indicated representation
from a broad range of age groups, with fish ranging from 51 to 248 mm. The catch of age-0 fish in
each of the last four years likely indicates successful spawning, although immigration cannot be
ruled out.

Catches of fish other than least cisco were low in 2004 when compared to previous years, with
Alaska blackfish, slimy sculpin and ninespine stickleback being the only other species caught (Table
4, Figure 8). Catch rates (CPUE) of the detected species were in the range of those measured in
recent years. Sixty-seven tagged least cisco were released in 2004 (Table 5). One least cisco
released in 2003 was caught after being at large for 386 days (Table 6).

Lake L9313 (T6.1)

Water Chemistry. Specific conductance in L9313 in 2004 decreased about 18% from that recorded
in 2003, however, there is a strong trend of increasing specific conductance since 1995 (Table 7,
Figure 8). The high levels of dissolved solids compared to Lake 1.9312 are likely related to more
frequent influence from the river because of the lower elevation. 19313 is flooded annually during
spring break-up, while L9312 is only occasionally flooded.



There was evidence of oxygen depression in L9313 during winters 2000/2001, 2001/2002 and
2002/2003 (Table 3). Dissolved oxygen reached levels during April 2002 that are lethal to fish (0.0-
0.1 mg/l). Water removal during winter 2001/2002 from the lake was about 13% of the volume
deeper than 7 feet — removals of this magnitude are not expected to affect dissolved oxygen. Low
oxygen levels were also observed in this lake in 2000/2001 (2.0-2.5 mg/l on April 18, 2001) when
there was no water removal. This lake appears prone to natural oxygen depletion during late winter,
possibly related to the shallowness of the lake, as 96% of the lake is shallower than 7 feet.

In April and May 2003, a special effort was made to examine the distribution of oxygen levels at
various locations around the lake (Wolf 2003a,b; included as Appendix D). Water chemistry
measurements were taken at eight sites roughly along the longitudinal axis of the lake. On April 28,
there was some variation in the distribution of dissolved oxygen, ranging from less than 1.0 mg/] at
four stations, to near 3.5-4.0 mg/I at two stations in the northeastern portion of the lake. By May 9,
dissolved oxygen was less than 2.0 at five stations, and between 2-3 mg/I at the other three stations.

Biological Observations. Fyke net sampling conducted July 22-28, 2004 and again during August
16-22 produced a combined catch of 582 fish from 6 species (Table 4). Ninespine stickleback, least
cisco and broad whitefish were the most abundant species, with Alaska blackfish, humpback
whitefish and round whitefish also caught. As was the case in 2001 and 2002, catch rates of least
cisco were higher in July than in August (Figure 11).

As in 2002 and 2003, least cisco caught during 2004 included a broader range of sizes than has
previously been seen in this lake, and included fish in the adult size range (Figure 12). In 1999 and
2000, catches were composed of juveniles but mature fish had been caught in 2001 and some earlier
years. The length distribution of young fish in 2004 indicated that at least four age groups were
represented.

In 2004, none of the 38 fish tagged in previous years were recaptured. One of 4 least cisco tagged in
2001 was recaptured during 2002. This individual was released on July 22, 2001 and recaptured on
the same day in 2002. This recapture is direct evidence that at least some fish survived low
dissolved oxygen levels recorded in April 2002. One broad whitefish and 84 least cisco were tagged
and released in L9313 during 2004 (Table 5). Four least cisco released in 2004 were recaptured
after being at liberty for 23-26 days (Table 6).

Sampling in Lake 9313 prior to 1999 indicated few fish resided in the lake (Appendix Table B-1),
with ninespine stickleback and low densities of least cisco and Alaska blackfish present. The high
catches of age-2 and 3 least cisco in 1999 and their subsequent disappearance, along with the highly
variable length distribution, likely indicate that fish enter and leave the lake annually during high
water. At present, it is unclear whether or not the young least cisco caught in this lake from 2001 to
2004 represent successful spawning or immigration from the river.

Sampling during July is conducted during 24-hours of daylight, while sampling in late August
includes periods of darkness at night. The catches in late August in both L9312 and L9313 may
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reflect this difference in daylight pattern. The pattern of daily catch indicates that both slimy sculpin
and Alaska blackfish were more active at night (Figures 10 and 13). The few burbot (which avoid
light when possible) caught in the lakes have also been caught during August.
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Table 1. Water withdrawal at Alpine Development lakes from freeze-up to break-up,

1999-2004.

Lake 1998/1999  1999/2000 2000/2001 2001/2002 2002/2003  2003/2004

Name Month (gallons) (gallons) (gallons) (gallons) (gallons) (gallons)

L9312
June 1,625,100 2,011,700 1,346,800
July 100 1,309,700
August 0 1,369,300
September 495,000 0 1,864,800
October 1,786,600 Combined w/ Nov. 1,514,800
November 2,435,320 378,800 2,204,900
December 2,587,600 6,083,500' 1,483,400 1,680,000
January 8,840,220 1,798,000 1,841,900 1,468,500
February 9,100,325 1,911,100 3,137,100 1,626,800 1,402,700
March 1,847,370 1,781,600 3,180,400 1,503,100 1,511,100
April 947,100 2,153,200 799,167 1,499,400 1,811,000
May 1,865,161 1,980,200 3,375,833 2,271,000 1,889,500
Total Use 10,947,695 4,437,361 23,970,840 12,290,500 12,616,200 19,373,100
Minimum Winter Volume® 100,545,255 100,545,255 100,545,255 100,545,255 100,545,255 100,545,255
Percent of Minimum Vol. 10.9% 4.4% 23.8% 12.2% 12.5% 19.3%
Permitted Use’ 12,600,000 19,000,000 32,360,000 32,360,000 30,000,000 30,000,000

19313
June 1,817,300 411,090 0
July 2,226,700 1,392,750 29,800
August 1,902,400 400
September 2,122,600 1,602,200 100
October Combined w/ Nov 160,200
November 3,438,400 280,400
December 765,600 378,120" 0 368,000
January 63,000 1,696,600 362,800 107,600 488,300
February 126,000 1,039,800 228,000 177,000 571,000
March 1,550,800 1,355,300 600 300
April 843,900 238,200 300 113,300
May 38,182 38,900 912,200
Total Use 189,000 9,940,700 9,404,700° 2,222,482 9,071,240 2,924,000
Minimum Winter Volume® 19,384,330 19,384,330 19,384,330 19,384,330 19,384,330 19,384,330
Percent of Minimum Vol. 1.0% 51.3% 48.5% 11.5% 46.8% 15.1%
Permitted Use’ 5,600,000 13,400,000 10,340,000 10,340,000 6,000,000 6,000,000

" Totals for 4th quarter 2001, not just December.

* Volume deeper than 7 feet, based on depth transects obtained during 2002

? These permitted use levels were used by ConocoPhillips Alaska, Inc. (formerly ARCO Alaska)

for tracking purposes, some of these levels are less than permitted levels found in the
ADF&G permits.

47,282,100 million gallons were used prior to freeze-up



Table 2. Water chemistry parameters measured in conjunction with Alpine Area fish

sampling at lake L9312, 1995-2004.

July

August

Standard No. of

Standard No. of

Parameter Year Mean Deviation Samples Range Mean Deviation Samples Range
Water Temperature ("C)
1995 13.4 - 1 13.4 0
1997 8.3 0.7 5 7.7-9.5 0
1999 10.4 1.9 7 8.6-13.5 0
2000 10.7 0.8 6 10.0-12.1 7.6 0.6 6 6.6-8.5
2001 14.2 1.0 7 13.1-15.9 6.0 1.1 6 5.2-8.1
2002 12.1 2.0 8 9.9-15.4 7.1 1.3 6 5.5-8.7
2003 12.6 3.5 7 7.0-17.5 6.4 0.6 8 5.5-7.2
2004 13.8 1.3 7 11.7-15.0 14.2 1.6 8 11.7-17.1
Dissolved Oxygen (mg/1)
1997 11.5 0.7 5 10.5-12.4 0
1999 11.4 0.1 2 114-115 0
2000 10.9 0.1 4 10.8-10.9 0
2001 9.7 0.3 7 9.0-10.0 11.2 0.9 6 9.8-12.3
2002 10.4 0.6 8 9.5-11.4 11.8 0.4 6 11.2-12.3
2003 10.2 0.5 7 9.5-10.9 12.2 0.2 8 11.8-12.5
2004 10.1 0.6 7 9.4-10.8 10.4 0.5 8 9.8-11.3
Specific Conductance (uS/cm)
1995 60.0 -- 1 60.0 0
1997 83.5 0.5 5 82.7-83.9 0
1999 717.2 1.5 7 76.2-79.5 0
2000 54.8 0.2 6  54.5-55.2 55.7 0.4 6 55-56.3
2001 58.6 0.7 7  57.1-59.2 60.9 0.8 6  60.2-62.0
2002 61.6 0.5 8§ 61.1-62.4 62.2 0.3 5  61.8-62.7
2003 71.2 0.8 7 70.0-72.3 67.9 1.6 8  66.8-70.4
2004 66.9 0.4 7  66.4-67.5 68.4 0.5 8  67.5-68.9
Turbidity (NTU)
2000 8.6 1.4 4 7.5-10.5 4.4 0.9 4 3.9-5.7
2001 1.9 0.7 6 1.3-3.0 2.3 1.4 6 1.2-4.7
2002 1.0 0.3 6 0.7-1.5 23 1.2 7 1.5-4.9
2003 7.6 7.1 6 0.7-18.0 1.0 0.2 8 0.8-1.4
2004 0.6 0.5 7 0.4-1.7 0.8 0.1 8 0.6-1.0




Table 3. Variation in specific conductance and minimum winter dissolved oxygen
observed at lakes L9312 and L9313 from 1997 to 2004.

April
July April Minimum
Winter Water Specific Specific Dissolved
Withdrawal Conductance' Conductance’ Oxygen2
Lake Year (million gals.) (uS/cm) (uS/cm) (mg/l)
L9312 1997 (no withdrawal) 83.5 - -
1998 (no withdrawal) - - -
1999 10,947,695 77.2 -- --
2000 4,437,361 54.8 -- --
2001 23,970,840 58.6 232.1 3.5
2002 12,290,500 61.6 155.5 9.5
2003 12,616,200 71.2 -- --
2004 19,373,100 66.9 -- --
L9313
1997 (no withdrawal) 126.2 - -
1998 (no withdrawal) - - -
1999 189,000 172.8 -- --
2000 9,940,700 167.7 -- --
2001 0 248.6 798.5 2.2
2002 2,222,482 202.2 988.4 0.05
2003 9,071,240 295.8 378.7 1.5
2004 2,924,000 242.0 -- --

' Measured at Fyke Net Station
> Mean Water Column Value
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Table 4. Catches of fish by species from Alpine Area Lakes fyke net sampling, 1999-2004.

11

2000 2001 2002 2003 2004
July 1999 July August July August July August July August July August

No. of No. of No. of No. of No. of No. of No. of No. of No. of No. of No. of
Species Fish CPUE _ Fish CPUE Fish CPUE Fish CPUE Fish CPUE Fish CPUE Fish CPUE  Fish CPUE Fish CPUE  Fish CPUE Fish CPUE
L9312
Least cisco 62 9.0 1,349 192.3 196 284 56 8.1 228 29.1 142 17.1 652 919 689 102.6 333 49.7 315 458 439 63.3
Arctic cisco 0 0.0 0 0.0 5 0.7 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Broad whitefish 5 0.7 5 0.7 4 0.6 7 1.0 0 0.0 1 0.1 7 1.0 0 0.0 21 3.1 0 0.0 0 0.0
Humpback whitefish 0 0.0 27 3.8 15 22 1 0.1 1 0.1 0 0.0 4 0.6 0 0.0 0 0.0 0 0.0 0 0.0
Round whitefish 24 3.5 7 1.0 17 2.5 5 0.7 4 0.5 15 1.8 4 0.6 2 0.3 0 0.0 0 0.0 0 0.0
Burbot 0 0.0 0 0.0 1 0.1 0 0.0 0 0.0 0 0.0 1 0.1 0 0.0 1 0.1 0 0.0 0 0.0
Longnose sucket 0 0.0 1 0.1 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Alaska blackfish 7 1.0 22 3.1 102 148 5 0.7 8 1.0 0 0.0 27 3.8 1 0.1 31 4.6 0 0.0 148 21.3
Fourhorn sculpir 0 0.0 0 0.0 0 0.0 0 0.0 1 0.1 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Slimy sculpin 83 12.0 13 1.9 93 135 4 0.6 49 6.3 4 0.5 31 4.4 2 0.3 12 1.8 7 1.0 24 35
Ninespine stickleback 184 26.7 729 103.9 368 533 89 128 75 9.6 44 53 46 6.5 65 9.7 17 2.5 246  35.7 262 37.8
Total Catch: 365 2,153 801 167 366 206 772 759 415 568 873
Number of Species: 6 8 9 7 7 5 8 5 6 3 4
Net Hours: 165.4 168.3 165.7 166.4 187.8 199.7 170.3 161.2 160.8 165.2 166.4
L9313
Least cisco 975 135.7 0 0.0 5 0.7 48 7.0 5 0.6 342 40.8 62 8.6 243 363 152 227 88 12.8 576 81.9
Broad whitefish 5 0.7 4 0.6 7 1.0 2 0.3 3 0.4 71 8.5 175 244 24 3.6 2 0.3 5 0.7 4 0.6
Humpback whitefish 0 0.0 0 0.0 5 0.7 1 0.1 4 0.5 2 0.2 31 4.3 1 0.1 0 0.0 0 0.0 0 0.0
Round whitefish 2 0.3 0 0.0 0 0.0 0 0.0 0 0.0 2 0.2 0 0.0 1 0.1 3 0.4 1 0.1 0 0.0
Burbot 0 0.0 0 0.0 1 0.1 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Alaska blackfish 9 1.3 23 33 100 14.8 11 1.6 22 2.8 11 1.3 90 12.6 0 0.0 11 1.6 9 1.3 118 16.8
Ninespine stickleback 111 155 779 110.2 332 493 100 14.6 128 16.2 227  27.1 688  96.0 83 124 62 9.2 647 94.1 10,434 1,4839
Total Catch: 1,102 806 450 162 162 655 1,046 352 230 750 11,132
Number of Species: 5 3 6 5 5 6 5 5 5 5 4
Net Hours: 172.4 169.7 161.6 164.2 189.1 201.1 172.0 160.5 160.9 165.0 168.8

CPUE = fish per 24 hrs of netting
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Table 5. Number of tagged fish released and recaptured in Alpine water use lakes.

No. of Fish
Tags Tags >180 mm

Lake Year Species Released Recaptured Caught
L9312 2001 Broad whitefish 5 0 5
2002 Broad whitefish 2 0 2
Humpback whitefish 2 0 2
Least cisco 2 0 2
Round whitefish 5 0 5
2003 Broad whitefish 3 0 3
Least cisco 110 1 114
Round whitefish 4 0 4
2004 Least cisco 67 0 95
19313 2001 Broad whitefish 1 0 1
Least cisco 4 1 1
2002 Broad whitefish 18 1 1

Least cisco 6

2003 Broad whitefish 1 0 1
Humpback whitefish 1 0 1
Least cisco 7 1 7
2004 Broad whitefish 1 0 1
Least cisco &4 4 179
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Table 6. Summary of individual tag returns from Alpine water use lakes, 2001-2004.

Release Tag Release Recapture Days

Lake Species Length Code Date Date Out
L9312

Least cisco 244 MIJMO021089 7/28/2003 8/17/2004 386
L9313

Broad whitefish 235  MIJM020505 8/23/2002 8/26/2002 3

Least cisco 255 MIM0100243 7/22/2001 7/22/2002 365

188 MIMO020475 7/22/2002 7/23/2002 1

190 MJMO020475 7/23/2002 8/26/2002 34

389 MJMO021039 7/23/2003 8/17/2003 25

193 MIJMO021715 7/25/2004 8/20/2004 26

190 MJMO021719 7/25/2004 8/20/2004 26

201 MIMO021733  7/26/2004 8/20/2004 25

193 MJMO021763  7/28/2004 8/20/2004 23
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Table 7. Water chemistry parameters measured in conjunction with Alpine Area fish

sampling at lake L9313, 1995-2004.

July August
Standard No. of Standard No. of

Parameter Year Mean Deviation Samples Range Mean Deviation Samples Range
Water Temperature ("C)

1995 13.1 - 1 13.1 0

1997 8.0 0.4 5 7.7-8.6 0

1999 10.2 1.9 7 8.3-12.7 0

2000 10.6 0.4 5 10.3-11.2 7.7 0.5 6 6.9-8.5

2001 14.2 0.9 7 13.2-15.6 5.8 0.7 6 5.0-7.0

2002 12.3 2.0 8§ 10.6-15.7 7.2 1.7 7 5394

2003 13.1 3.0 7 7.8-16.1 6.4 0.3 8 6.0-6.8

2004 14.1 1.4 7 11.7-15.6 14.3 1.7 8 11.5-17.0
Dissolved Oxygen (mg/1)

1997 114 0.4 6 11.0-12.2 0

1999 12.0 0.5 2 11.6-123 0

2000 11.0 0.2 3 10.9-11.2 0

2001 9.5 0.4 7 9.1-10.2 11.2 1.2 6 10.1-12.9

2002 10.5 0.8 8 9.3-11.5 11.7 0.4 7 11.1-12.2

2003 10.2 0.5 7 9.8-10.4 12.2 0.3 8 11.8-12.8

2004 10.1 0.7 7 9.2-10.9 10.6 0.9 8 9.7-12.5
Specific Conductance (uS/cm)

1995 107.0 -- 1 107.0

1997 126.2 2.0 5 123.3-128.5

1999 172.8 33 7 170.2-177.9

2000 167.7 1.1 5 166.7-169.2 174.1 2.5 6 170.3-176.5

2001 248.6 4.0 7 244.9-2573 255.6 4.2 6 253.0-263.9

2002 202.2 1.9 8 200.6-206.6 208.9 1.8 7 207.7-213.0

2003 295.8 0.6 7 295.3-296.8 291.6 7.7 8 285.3-305.6

2004 242.0 1.3 7 240.5-243.5 250.7 0.9 8 249.5-252.0
Turbidity (NTU)

2000 34 0.2 4 3.3-3.6 8.4 4.5 4 5.5-15.0

2001 2.9 1.6 7 1.5-6.4 2.4 1.7 6 1.4-5.8

2002 1.7 1.5 8 0.9-53 2.8 0.7 7 1.7-3.7

2003 33 2.9 6 0.8-8.6 1.2 0.5 8 0.7-2.2

2004 0.6 0.2 7 0.4-0.8 1.0 0.2 8 0.8-1.2
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Figure 1. Location of the Alpine Development in the Colville River delta.
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Figure 2. Lakes L9312 and L9313 used as permanent water sources for the Alpine Development.
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Fyke Net
Location

Figure 3. Fyke net station used for long-term monitoring in lake L9312.
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Fyke Net
Location

Figure 4. Fyke net station used for long-term monitoring in lake L9313.
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Figure 5. Bathymetric contours (in 1 footintervals) for lake L9312 based on
depth survey of July 28, 2002.
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Figure 6. Bathymetric contours (in 1 foot intervals) for lake L9313 based on
depth survey of July 28, 2002.
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Figure 7. Percent of minimum winter water volume withdrawn from lakes L9312 and
L9313 from 1998 to 2004.
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Figure 8. Specific conductance during July (in microS/cm) at two water source lakes in the
Alpine Development Area, 1995-2004.
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Figure 9. Mean catch rates of selected species in lake L9312, Alpine Development Area,
1995-2004 (* = nets fished in 1995 and 1997 were at different locations).
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Figure 10. Length frequencies of least cisco, Alaska blackfish and slimy sculpin in lake L9312 during 1999-2004 sampling with fyke nets.
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Figure 11. Daily pattern of catch for dominant species in lake L9312 during 2004 fyke ne
sampling (catches in fish per day).
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Figure 12. Mean catch rates of selected species in lake L9313, Alpine Development Area,
1995-2004 (* = nets fished in 1995 and 1997 were at different locations).
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Figure 13. Length frequencies of least cisco and broad whitefish in lake L9313 during 1999-2004 sampling with fyke nets.
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Figure 14. Daily pattern of catch for dominant species in lake L9313 during 2004 fyke ner
sampling (catches in fish per day).
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