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INTRODUCTION

REPORT CONTENTS

This report presents environmental information on the proposed
Grant Lake hydroelectric project area (Figure 1). The University of
Alaska's Arctic Environmental Information and Data Center (AEIDC)
conducted studies of this region under contract to Ebasco Services,
Inc. Our staff gathered available published and unpublished en-
vironmental and archeological/historical knowledge and supplemented
this base of information with specific field investigations in the
project area during the period Octcber 1981 through September 1982.
Also, knowledgeable state and federal agency representatives and local
residents were interviewed to obtain additional information on the
natural resources c¢f the area, particularly the human use of re-
sources.

Because environmental information on the Grant Lake project area
was unavailable in certain categories, we focused field study efforts
to fill gaps in knowledge of fish and wildlife species, archeological
and historical resources, and terrestrial and aquatic habitat fea-
tures. This information will ultimately be required for various
construction permits and Federal Energy Regulatory Commission licens-
ing. Field studies were limited to four- or five-day seasonal sam-
pling trips by a multidisciplinary field party in Cctober 1981, March
1982, May 1982, and July/August 1982. Several one-day trips to the
project site provided additional fishery and wildlife information.

This report summarizes the data gathered from these brief field
surveys. (The results of archeological/historic investigations
conducted during June 1982 are included as Appendix A.) Because
engineering measurements predominantly appear in Eknglish units and
other sciences tend to use metric measurements, we were faced with a
conversion conflict between consistency and  accuracy. Stylistic
considerations turned out to be far less compelling than arguments for
reporting measurements exactly as they were made by original authors

and resecarchers.



Figure !. Location of the Grant Lake hydroelectric project.
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PROJECT FACILITIES

The Grant Lake hydroelectric project site (Figure 2) 1is approxi-
mately 20 miles north of Seward, Alaska. During the 1981 phase of
our study, the proposed configuration of this project was to have
involved construction of a dam at the outlet of Grant Lake (Grant
Creek) and a small dam across a saddle on the western shore of the
lower basin of Grant Lake. The lake water surface elevation was to
rise and fall annualliy, and lake shoreline and Inlet Creek floodpléin
acreage were going to be seasonally inundated. Continuocus streamflow
in Grant Creek was essentially to have ccased. Streamflow from
adjacent Falls Creek was to be diverted to the Grant Lake reservoir by
surface conduit, and continuous flow below the diversion (1,000 ft
elevation) also was to cease. The first segment of our field inves-
tigations, focused on the dam, shoreline inundation; streamflow
reduction,; and other site-specific impacts razlated to the original
projected configuration.

After the initial engineering and geologic data were evaluated in
more detail, Ebasco revised the configuration of the overall project
facilities and recommended an alternative scheme in earl' 1982 (Ebasco
Services, Inc. 1982). We immediately shifted the emphasis of the re-
mainder of the field investigations to assess the new project fea-
tures. As now conceived, the project would tap Grant Lake water via a
low-level power tunnel and short length of steel penstock to supply a
6-megawatt powerhouse on Upper Trail Lake. A 180~foot tailrace would
be excavated from the powerhouse to Upper Trail Lake. No dams on
Grant Lake would be reguired, and lake level would fluctuate from
present level (elevation 690 ft) down to elevation 660 feet. Stream-
flows 1in Grant Creeck would essentially cease except during brief
periods of spill. Falls Mreck also would be diverted, and streamflow
in the lower basin would ccease. The natural constriction at the
narrows between the upper and lower basins of Grant Lake (Figure 3)
would be blasted and dredged to a width of approximately 25 feet and
to g laxe bottom ¢lovation of approximately 655 fect.

In addition o these development teatures, about 2.7 miles of

roid access from nearby Seward Highway would be constructed to the



Figure 2. Grant Lake hydroelectric project facilities. FaiLs cares
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powerhouse site on Upper Trail Lake and to the intake works on the
lower basin of Grant Lake. Road access would not cross Vagt Creek but
instead would include a 350-fcot bridge across the narrows between
Upper and L~ 2r Trail lakes. A 69-kv transmission line would extend
from the powerhouse to the City of Seward's Falls Creek metering

point.

SCOPE OF AEIDC SERVICES

Our contractual mandate was to gather relevant data through
literature review, interview, and limited field study anda tc produce a
summary report that inventories available knowledge and presents data
gathered from field investigations in the following categories--water
nse and quality; agquatic piota; terrestrial biota; vegetation; and
archeological and historical resources. Accordincly this report
provides a summary of environmental knowledge of the proposed project
area based principally on information from literature sources and
interviews. Field investigations were brief and confined to the
cecllection of seasonal baseline data.

The preposed Grant Lake hydroelectric project would permanently
lter the environmental feaxcures of this region with construction of
roads, transmicssion lines, tunnel, powerhouse, penstock, tailrace, and
pipelines; py altered streamflows and water quality; and by distur-
bance »f wildlife. Minimizing ard mitigating predictanle adveise
environmental effccts would be rr uired. VNo environmental assessment
of potential impacts of the project was made by ARIDC as that respon-
sibility belongs solely to Ebasco. In addition, all graphics pre-
sented herein are in draft form. Final illustrations are to be

drafted by Ihasco.



METHODS AND PROCEDURES

AQUATIC BIOTA

WATER USE AND QUALITY

Limnological and fisheries resource inventories have been com-
piled for several lakes and streams in southcentral Alaska, princi=-
pally by the BAlaska Department of Fish & Game (ADF&G), the U.S.
Geolcogical Survey {(USGS), and the U.S. Forest Service (USFS). To
augment the information available for the project area, we established
a water quality monitoring program for Grant Lake, Grant Creek, Vagt
Creek, and Falls Creek. Water quality samples were taken frcm one of
the deepest sections of Grant Lake's upper and lower basins. A
sampling station was established in each lake basin on our first field
trip and permanent shoreline landmarks were used to facilitate
returning to these stations on all subseguent field trips. Vertical
measurements were made for temperature, dissclved oxvgen, and water
clarity (Secchi). Composite water samples were collected from Grant
Lake {(each bhasin), Grant Creek, Falls Creek, and Vagt Creek for
conductivity, selected 1ions, nitrate, orthophosphate, alkalinity,
hardness, total dissolved solids, suspended solids, turbidity, pH, and

coliform bacteria. Turbidity and suspended solids were also measured
at 50 m depth in botr Grant Lake basins in June and August 1982.
Phytoplankton samples were taken and shipped to FEbasco for analysis.
During winter, openings in the ice werce made with a hand operated ice
auger to facilitate use of plankton nets, water sampling bottles, and
watery quality instrument proboes. Figures 4, 5, and 6 show the
lTocation of sampling stations.

Water guality measurements were obtained with a YSIT Model 33

salinitv/conductivity/temperature meter, pocket thermometer (=35° to

50°C), YST dModel SIR oxyvgen meter, portable tie’ ! pl moeter, and Z0-cm
Secchi disc. A l.L-liter Kemmerer sampling bottle was used for

collecting water samples. Composite samples were placed In o poly-
cthylone carboy, and l-ilter samples were drawn in polyethylone con-
talners, ctored in o oan dlced ccooler, and returned within 24 hoursg to

Anohiorage  tor analysig. Cheraroal  and Goological  Totoratories ol
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Figure 4. Aquatic biota sampling techniques and sampling locations, Grant Lake, 1981-1982.

P

Station Parameter Gear Technique Replicates
1 Fish A Floating and sinking, overnight set ] series/season exceptl winic
2 Fish B Overnight bhaited set 1 series/season except wintur
3 Zooplankton C Integrated vertical (1 m/sec rate of tow) bottom 2X composite/season
3 Phytoplankion to surface tow 1 serics/season
3 Water quality D Compostte 1 series/season
4 Benthos E Composite and vertical profile 2X composite/season

. F Grab sample

Jear types:

A. Variable mesh experimental gill net

B. DMinnow trap; anchored in littoral areas, floated under a buoy in pelagic areas

C. 153 p mesh Nitex 30 cm. plankton net with 153 g mesh bucket

D. 1 liter aliquots placed in 12 liter container, composite sample withdrawn for analysis by Ebasco

E.  YSI Model 33 salinity/conductivity/temperature meter, pocket thermometer (-35° to 50°C), and 20 cm Secchi disc,

and 1.2 liter Kemmerer sampling bottle

F. 16 cm. x 16 cm. Ekman dredge, samples washed through 500 p mesh seive

G, 12-inch Surber sampler, samples washed through 500 4 mesh seive

H. Backpack Electroshocker, angling, visual observation {(combination of techniques)

& Cabin or associated building



Figure 5. Study areas and aquatic biota sampling techniques, Grant Creek, 1981-1982.

Parameter Gear Technique Study Area Replicates
Periphyies A iland collection i I series/season
Benthos B Surber sample 1 I serics/season
Phytoplankion C Composite (3 sites) 1-3 i series
Water quality D Composite (3 sites) 1-3 I series/season
Fish E In situ sampling 1-4 1 series/season
Fish F Overnight baited set 1-4 1 series/season
Fish G Block & removal i I serics

Gear types:

A.  Scrub brush - 12-inch Surber sampler

B, 12-inch Surber sampler, samples washed through 500 u mesh seive

C. 1 liter aliquots placed in 12 liter container, composite sample withdrawn for analysis by Ebasco

Do ¥'SI Model 33 salinity/conductivity/temperature meter, pocket thermometer (-35° to 50°C). Samples collected for analysis
by Chem-Geo Labs inc. and Ebasco

I Backpack Electroshocker, angling, vist observation (combination of techniques)

F. ANinnow trap AN
F\J/ G. o Block study area with net, capture and remove fish with electroshocker

Gorge
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Figure 6. Study areas and aquatic biota sampling techniques, Falls Creek, 1981-1982.

Parameter Gear Technique Study Area
Benthos A Surber sample -2
Phytoplankton B Composite (3 sites) 1-2
Water quality C Composite (3 sites) -2
Fish D In situ sampling 1-4
Fish E Overnight baited set i-4 and

above lower
mine areas *
Gear types:

AL 12-inch Surber sampler, samples washed through 3500 1 mesh seive
B.
C.

I liter aliquots placed 1 12 liter container, composite sample withdrawn for analysis by Ebasco

by Chem-Geo Labs Inc. and Ebasco
2. Angling, visual observation (combination of techniques)

E.  AMinnow trap

Minnow trapping was conducied above and within the Lower Mine area during the Fall of 1982

FSmdy Aread

Mine Areas

Replicates
I series/scason
1 series/
I series/season
1 series/scason
I series/season

YSI Model 33 salinity/conductivity/temperature meter, pockel thermometer (-35° to 50°C). Samples collected for analysis



Alaska, Inc. provided sterile containers for collecting ceoliform
samples. The same firm analyzed the water samples for total dissolved
solids, suspended solids, select ions, and chemical nutrients. Amtest
Laboratories, Seattle, Washington, supplied special containers and

tested additional water samples for heavy metals content.

INVERTEBRATES

Prior to this study, very little background information existed
on the aquatic invertebrates in project area waters. We gathered
site~specific seasonal data concerning macroinvertebrate and zooplank-
ton distribution and relative abundance.

Zooplankton were collected in each lake basin by making duplicate
vertical tows from a 50-m depth to the surface using a No. 10 Nitex
net 30 cm in diameter and 1 m long. Straining cloth for the No. 10
Nitex net had an aperture of 153 microns and 45 percent open area. We
preserved plankton in 70 percent alcohol and, in our Anchorage labora-
tory, identified and counted them on a Sedgewick Rafter count:’ g cell.
We used a 6-in {152 cm) Ekman dredge to collect lake bottom fauna and
a 12-in {30 cm) Surber sampler to collect stream benthos. Lake and
stream bottom samples were washed in a screen bucket having 30 meshes
pexr inch. Organisms were preserved in 70 1 cent alcohol, identified
to the lowest possible taxon, and enumerated according to area or
volume of habitat originally sanpled. Pigures 4, 5, and & show

sampling schedules and site locations.

FISHERIES RESOQURCES

The fisheries studies we conducted in the project area sought to
identify the secasonal presence of resident and  anadromous  fish
Species, thelr relative abundance, and their habitat use characteris-
tics. In order to accomplish these cbhiyoctives ADLIDC biologists con-
ducted weer-long tield investigations in October, 1981, and in March,
May, June, and August ot 1u82. We used the tollowing methods to
investigate habitats in Grant Lake: a 12b-foot wvariable mesh gill
net, with five 25-foot pancls ranging in sice from 0.5 inceh  to
2.5 1nch bav neasurements, set {loating and sinking overniaht; minnow

traps  (barted with salmon roc) oot cverniaht, ancnorced in Tittora’



areas and floated under a buoy in pelagic areas; and visual observa-
tion. Figure 4 summarizes sampling locations, parameters, and methods
in Grant Lake and Figures 5 and 6 provide this information for Grant
and Falls Creek. We divided Grant Creek and Falls Creek into discrete
study areas to facilitate the analysis of f£fish distribution and
habitat characteristics. We used the following metheds to investigate
these rearing and spawning habitats: minnow traps baited with salmon
roe set overnight: a backpack electroshocker; angling; visual observa-
tion. A block and removal methodology (Zippin 1958) was used to
attempt a quantitative assessment of the fish populations in Grant
Creek (see results in Appendix B). This methodology was not used in

Falls Creek due to high water conditions and the low numbers of fish

observed using other methods.

TERRESTRIAL BIOTA

BOTANICAL RESOURCES

Phytoplankton and periphyton samples were taken during each field
trip, preserved, and shipped to Ebasco for analysis. We collected
phytoplankton in Grant Lake in a 1.2-liter Kemmerer bottle at several
surface locations 1in each basin and one near bottom (50 m) in each
basin. FEach sample was then added to a 1l2-liter carboy and two

1-1liter aliquots were withdrawn from this composite sample. Surfac

o

samples from Grant Creek, Falls Creek, and Vagt Creek were preserved
in 70 percent alcohol, concentrated to approximately 100 ml, and
retained for analysis by Ebasco staff. Periphyton samples from Grant
Creek, Falls Creek, and Vagt Creek were obtained by scrubbing stream
bottom surfaces ({logs, cobbles, etc.) and then preserving them in
70 percent alcohol for analysis by Ebasco.

We prepared the vegoetation egsoclation map by using 1978 NASA
high-altitude, color-enhanced, infrared photography, corrected to a
scale of 1:24,000 with the aid of photomechanical enlargement. We
delineated  vegetation associations with standard manual  air-photo
interpretation techniques. Mapring units are generally combinations

of plant community types which could be delineated Sroem aerial photos,



The descriptions of the mapping units reflect the variations within
each tyrz.

During July 1982 we field checked the preliminary vegetation map
prepared in 1981. We visited representative areas of each delineated
type as well as questionable areas, previously disturbed areas, and
sites to be directly impacted by project development. We did not seek
quantitative data on plant distribution, composition, or abundance but
instead made qualitative assessment of the relative abundance of
dominant plants in areas to be directly affected by the proposed
project. Areas slated for modification by project structures were
measured and compared to the total available acres of each vegetation
type. The vegetation was described in terms of dominant over- and
understory plants. Botanical names follow Hulten (1968), and are

presented in Appendix C.

WILDLIFE RESOURCES

Prior to the iritiation of the field study program, we reviewed
the literature and interviewed knowledgeable residents and agency
personnel to identify likely components of the project area's fauna.
Once this was accomplished, we compiled life histories for each of the
major species and species groups thought to reside in the study area.
The purpose of this review was twofold: (1) to identify the chief
natural limiting factors governing population size of each species and
species group in Alaska and (2) to identify those aspects of indivi-
dual life histories which relate to the timing of key biological
events (e.g., den site selection, the rut, parturition, etc.) which
may be subject to the influences of human activity.

Beginning in the fall of 1981 and extending through the summer of
1982, we conducted a series of reconnaissance-level field survevs,
both foot and aeriul, to ascertain the presence, distribution, re-
lative abundance, and use patterns of variocus species and species
groups within the project arca and to identify the distribution and
relative value of important seasonally-limited habitats and  their
relationship to project works. Replicate once-per-scason foot survevs
woere conducted on all sites likely to be disturbed or nodificd as a

resull or project construction (access road corridors, the rowerhouse



penstock, etc.). Foot surveys were also conducted through

By

site,
adjacent areas to compare habitats at project sites to other habitats
in the study area and to migration routes.

Data recorded during foot surveys included the sightings of
individual animals and/or sign indicative of their presence ({(tracks,
scat, browse lines, etc.), the type of vegetation community the
sighting occurred in, and an appraisal of the habitat quality for each
species at each observation site. Habitat quality was subjectively
evaluated in the field on the basis of an interpretation of the amount
and quality of forage items available at each site along with indi-
cations of past use of the available food resource. Replicate sys-
tematic aerial surveys were conducted seasonally to augment informa-
tion gleaned from the ground on the seasonal distribution and relative
abundance of each of the species and species groups targeted for the
study. Data recorded included species type, numbers, sex and age
composition, location, time of day, an estimate of viewing conditions,
and sign (tracks in snow, excavations by bears, etc.) indicative of an
animal's presence.

Our staff synthesized the results of the literature and field
surveys into a description of use of the project area by various
species. We then drew correlations between vegetation communities and
the observed use by animals, providing an index of habitat use by
species by sceason. Next we identified those natural factors deemed
capable of limiting given populations in the study area. A subjective

al

appralsal of habitat quality was so mades.



WATER USE AND QUALITY

GENERAL DESCRIPTION OF THE LOCALE AND EXISTING WATER USES

The eastern Kenai Peninsula 1is in a maritime climatic region,
which in Alaska means cool summers, mild winters, high precipitation,
and freguent storms with high wincs. Precipitation is least in the
spring and greatest during the late summer and early autumn. Annual
rainfall exceeds 40 inches in the eastern mountainous parts of the
study area.

Grant Lake is located in the Chugach Mountains of the KXenai
Peninsula approximately 27 miles northeast of Seward at an elevation
of 700 ft. 1Its drainage area is 43.5 sguare miles. An island and
narrows at a right angle separate the lake into two basins with a
total surface area of 2.5 square miles. The lower basin is 1.5 miles
long and 0.5 miles wide and is flanked by steep mountains on the east
and a low divide to the west. The upper basin is 3.5 miles long and
0.5 miles wide and is confined between steep slopes with a flat-bot-
tomed valley containing a major unnamed tributary, herein called Inlet
Creek, at its upper end. Several other small glacial streams feed
into Grant Lake, causing seasonally moderate to heavy turbidity of the

lake waters.

L

C

Access to the project area is by the Anchorage-Seward highway and
the Alaska Railroad, both of which 1lie parallel to Trail Lake,
crossing the lower sections of Falls and Ptarmigan creeks and running
vithin 0.25 mile of the mouth of Grant Creek. The few residents of
the project area primarily live along the highway. Commercial de-
velopment within the project area has been limited to a hunter's cabin
on upper Grant Lake, a recreation cabin at the mouth of Grant Creek,
and a few mines, now largely inactive. One cabin and appurtenant mine
operaticn buildings are located on the north side of lower Grant Lake.

Currently, Grant Lake serves as a staging area for sportsmen

hunting in the valley above upper Grant Lake basin and in the moun-

i

talnous area surrounding the lake. Floatyianes utilize both basing

W

L

i

and several areas (including o permanent cabin on the shore of upper
Grant Lake) are used as scasonal camps. Hikers and snewmobilers also

gain access to Grant Lake from the Trail lakes via a wolle-uvsed trail.



Several canoes are stored at the trailhead on Grant Lake necar the
remains of several camping sites. The mine on the lower basin of
Grant Lake is accessed by a Cat trail extending from the east shore of
Upper Trail Lake to the miner's cabin area. According to Moose Pass
residents, a lone individual spends the spring through fall seasons
tending a hard rock gold mine in the mountain flank above Grant Lake.
Presumed limited domestic use is made of the lake by this individual
for wash water and for recreation.

USGS gaged Grant Creek for 11 years, from 1947 tc 1959, at a
location 0.3 miles upstream from its mouth. This 1is the primary
source of hyvdrologic data for the Grant Lake basin. The mean annual
flow during this period was 198 cfs. Minimum discharge occurred
during March and peak discharge during July. Figure 7 summarizes flow
data.

Originating from Grant Lake, Grant Creek flows app.oximately
1.1 miles southwesterly, emptying into the Trail River between Upper
and Lewer Trail lakes. Very fine glacial flour (a colleoidal sus-
pension of very fine inorganic particles) remains in suspension
throughout its course. Grant Creek has a stream gradient of 207 ft
per mile.

Streamflow in the watershed of the study area 1is mostly of
glacial origin. Flow in these streams 1is high and reflects the
greater precipitation in the mountains. Glacial streams typically
display a period o high flow during the summer months and a pericd of
low flow during the winter months.

The quality of surface water in the Kenai River watershed is gen-
erally good. Artesian water may contain objectionable quantities of
iron or chloride ncar the coast. Water in glacial streams contains
low concentrations of dissolved solids but contains glacial flour and
is, therefore, turbid mest of Poyear.

Measured surface water temperature in the Kenai River has been
reported to range from near 0 to 17°C. Total ice cover for the Kenai
tiver does not generally ocour until mid-November, and ice breakup can
occur as early as February. In some years the Kenai River does not
frecze over, Large  laxes, like Grant, Upper Russian, and Hidden,

generally freeze in Hovembes ard thaw in late April or oarly Mav.



Figure Mean monthly streamflow in cfs
for Grant Creek, 1947-58.

Month Minimum Maximum Mean
October 91 381 184
November 64 2?51 189
December 35 121 56
January 28 38 31
February 22 27 23
March 18 22 20
April 20 57 31
May 58 277 152
June 260 786 448
July 388 736 518
August 270 663 413
September 169 551 307
Source: Fish and Wildlife Service 1961.



The primar. access to Grant Creek 1is by boat across Lower

<

La-w, and the creek receives moderate recreational use, principally

fishing, near the conflusnce with the Trail Lakes system. Moose Fass

w

and other area residents hike the lower 0.5 to €.75 mile of Grant
Creek to fish for Dolly Varden, rainbow trout, or Arctic grayling
throughout the spring and summer months. The creek is closed to all
salmon flrhing (by ADF&G regulation). This trail is well used and
parallels the south side of Grant Creek from the mouth to the canyon.
Pre-umably the owner of a cabin near the mouth of the creek obtains
water from Grant Creek for various domestic uses during all times of
the vear.

vagt Creek drains Vagt Lake, which is natural lake on a bench

il

above Lower Trail Lake at an elevation of ahout 575 ft. Vagt Creek is

[

about 1,500 ft in lengch, 9 ft wide, and has an overall gradient oif

1 Vagt Lake 1s bv a trail

3N
T
[0}
I
o'
¢
o
t
sl
1
¢!
o
145}
n
ct
o]
N
e}
-t
o]
bl
4]
0]
-
o
'

about

around the shore of 7Trail Lake originating from near the highway

~3
I
jal]
o
fond
s}
)...1 .
<
[t
o
)
by
3
g
o
~
0}
jox
o
o2
pie
1_.1
[l
it
83}
of
D
o}

bridoe nver Vagt Lake 1in 1974 to
remove undesirable fish and now manage 1t as a public recreation
fighevry, occasionally restocking it with rainbow trout. Hikers

frequently travel this trail during summers to access Vagt Lake for

various recreatrional purposes. Evidence of campsites is abundant
around the lake perimecer. Arcther trail parallels Vagt Creek to
Lower Trail Lake ard appears well used. Sport fishing is poor in Vagt

Creak due toe its small size and the placement of rock filled gabions
at the Vage Lake outlet, emplaced primarily to prohibit outmigration
of stocred rainbow trout.

Palls Creer drains the precipstous arca botween the Grant Lake

and the P2tarmigan Lake wvatcersheds. il ls 8 miles in length and has a

draiagce of 11,0 cguvare wmiles at its mouth. There are no lakes or
aeer Lributaries in the drainage. The water originatos mostly from
snowmelt and by cleary except for perilods of turoidity during high
water o Minir g activities and actess roads can e founa throughout the
vl lesy, An lnoporative gold mine 1s locoted 3 miles unst FOOm, and an
wrave gotd olalm exists o on the Jower stromm re oo b dnst above  the
Dlareay . Thin placer mine LDoraiion L cxtensively Cnooie Licon Towor
I S S TR cnooadditronn T na s mrnng cctiviiy, numerons mriogt,



residencas are present near Falls Creek, but actual use of Falls Creek
arca 1s generally limited to snowmobile and horseback riding. Moder-
ately turbid water from runoff and from twoe placer mines probably

precludes consumptive use of creek waters.

ALASKA WATER QUALITY STANDARDS

State water quality standards, which provide for the protection
of identified uses of Alaska's waters, are under the auspices of the
Alaska Department of Environmental Conservation through Alaska
Statutes Title 46, Chapter 3. All water bodies in the project area
are classified by the State of Alaska as Class C, "Water used for
growth and propagation of fish, shellfish, other aquatic life, and
wildlife including waterfowl and furbearers.™

Water quality criteria, when used in combination with the water

use designation, constitute the water guality standard for a par-

s

icular water Dbody. Water quality standards vregulate man-made
alterations to the waters of the state. Figure 8 presents water

quality criteria applicable to each protected water.

XISTING WATER QUALITY KNOWLEDGE OF THE PROJECT AREA
Limnological and fisheries resource inventories have been com-

iled ftor sev-ral lakes and streams 1in southcentral Alaska, priaci-

i

pally by USGS, USFS, U.S8. Fish an Wildlife Service {USFWS) ., and ADFSG
i Z . i

b

(ADF&G 1981; Blanchet 1981; Howse [972; Still 1976, 1980; USPWS 1961;
USGS 1981) .  The object of these investigations was to gather back-
ground data and to determine the relationship of physical, chemical,
and hiolegical characteristics o wate gquality andl fisn hablitat and
production, USGS has collected and analyvoed water quality samples

Jdrom surface waters of Alaska since 1949, Figure 9 1

sts sites and

=N

the type of water gquality dato vellected near the provosed rant lake

nydroclectric projoect.  Pilgure 1o shows the location of these sites.
Most of  the streasas o southeentral Alaska are similar chemacally.
Small differences mav retlect variations in goeology of the drainacoe
basina and morrioeonetry of the styoams. Filgure 1D provides a summary

¢rothe phyosical=chemical charactoricorios of these wators collected by

conby  LEL POV O Yearn,
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Figure 9.

Py Index of surface water gquality records for streams in the project area,
o o o Data Available

Chemical Temperature Sediment Streamflow
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A limited limnological survey by USFWS (1961) was conducted in
1960 at Ptarmigan and Grant lakes. A temperature profile obtained in
July 1960 at Ptarmigaan Lake showed a smooth decline in temperature
from S8°F at the surface to 40°F at 230 ft with no thermocline
Figure 12 provides the water chemistry data cbtained for Ptarmigan
Lake on the same date. Temperature profiles were obtained for both
upper and lewer Grant Lake in July 1960. Upper Grant Lake varied from
49°F on the surface to 41°F at 200 ft with no evidence of a thermo-
cline. ‘'lfemperatures for lower Grant Lake varied from 55°F at the
surface to 39°F at 200 ft with evidence of a thermocline beginning to

form between 10 and 25 ft .elow the surface. Figure 12 gives water

t=y

chemistry data collected on that date for Grant Lake.

ADF&G and USFS conducted a limnoleogical survey of Grant Lake in
1981. Figures 13 and 14 give thermal, dissolved oxygen, and solar
iiluminance profiles for June 1981 at Grant Lake. During this survey
Grant Lake showed sufficiant oxygen at depth, a thermocline near 20 m,
and a 1 percent incidence light level of 19 m in the lower basin and

13 m in the upper basin. The water column above the 1 percent inci-

aence light level contains sufficient light for photosynthesis to take

Most freshwatcr productivity studies on the Xenai Peninsula have
been conducted on the larger salmon-producing streams, particularly
the Kenai and Russian rivers, USGS has expended minimal effort in
past years, and ADF&G has only in recent years expanded their fresh-
water productivity research.

Water cnemistry data collected by USGS (1981) indicated that pro-
ject area waters have low to moderate levels of alkalinity and hard-
ness. Sufficient dissolved oxygen is present throughout the vear, and
conditions are coaducive  to  year-round  Fish  survival. Nutrient
content of the water is generally low except where the nutrients from
salmon carcasses (principally phosphorus ard nitrogen) are introduced
after the spawning scason.  Grant Creek is ctho cnly water bodv in lhe
project area with a larqge enouch salmorn population to produce nu-

trioents from salmon carcianscs.



Figure 12. Water quality analysis {surface) of

Ptarmigan and Grant lakes, July 15, 1960.
COQ HCO DO Tur'&bidityl
Lake (ppm) (ppm) (ppm) pH (ppm)
Prarmigan G.4 31.0 5.4 7.4 -
Grant 0.5 27.0 5.6 7.2 12.5

lAs reported by U.S. Fish and Wildlife Service (1961).

Source: U.S. Fish and Wildlife Service 1961.



Figure 13. Vertical temperature, dissolved oxygen, and
solar illuminance profiles, Grant Lake, lower
basin, June 10, 1981.

Solar Iiluminance

Depth Temperature Dissolved Oxygen (foot candles)
(m) °0) (mg/1) Up
Incidence 1500
Surface 10.0 11.3 620
0.5 €90
1.0 9.8 11.5 550
1.5 620
2.0 9.0 11.7 620
2.5 600
3.0 8.8 11.8 550
3.5 490
4.0 8.°F 11.8 450
4.5 380
5.0 8.2 11.9 370
6.0 8.2 11.9 300
7.0 7.8 12.0 230
8.0 7.5 12.1 230
9.0 7.2 12.1 150
10.0 7.2 i2.1 150
i1.0 95
12.0 22
13.0 66
14.0 57
15.0 5.5 12.2 45
16.0 37
17.0 26
18.0 21
19.0 161
20.0 5.7 12.1 13
21.0 12
RS 4.8 12.2
30,40 4.5 12.C
46,0 4.2 12.0
5C¢.0 4.0 11.9

Lo o . . ,
1% incidence light level.

Source: Alaska Department »f Fish and Game 1981,

34



Figure 14. Vertical temperature, dissolved oxygen, and
solar illuminance profiles, Grant Lake, upper
basin, June 10, 1981.

Solar Illuminance

Depth Temperature Dissolved Oxygen (foot candles)
(m) °c) (mg/1) Up
Incidence 7100
Surface 11.8 11.6 4100
0.5 3500
1.0 8.6 11.8 2200
1.5 2500
2.0 7.2 11.9 2000
2.5 : 760
3.0 7.9 12.0 850
3.5 1150
4,0 7.8 12.0 1200
4.5 1000
5.0 7.7 12.1 820
€.0 7.5 12.0 590
7.0 7.4 11.8 410
8.0 7.2 11.9 300
9.0 7.0 12.0 230
10.0 6.8 11.9 190
11.0 130
12.0 99l
13.0 77
14.0 56
15.0 5.9 12.4 41

16 0
17.0
18.0
19.0
20.0 6.0 12.3
30.0 5.0 12,6
49.0 4.9 12.6
50.0 4.8 12.6
60.0 4.5 12.6

1 Co .
"17% incidence light level.

Source: Alaska Department of FMish and Game 1981.



Figure 15.

Depth (m)

Vertical temperatures profiles of Grant Lake, lower basin.

0 T |
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N~ ]
10 pb—
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August 1982
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Finurae 10.

October 1981

August 1982

Depth (m)
0

Vertical temperature profiles of Grant Lake, upper basin.
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Figure 17. Dissolved oxygen measurements for Grant Lake.

Dissolved Oxygen (mg/l)

October 1981 June 1982

Lower  Upper Lower  Upper

Depth (m) Basin  Basin Basin  Basin

Surface 10.75 10.5 14.0 14.5
1 13.5
2 13.5
3 13.5
4 13.5
5 13.5
6 13.5
7 13.5
8 13.5
9 13.5
10 13,5
15 12.9
20 12.5
25 12.5
30 12.4
35 12.4
40 12.0
45 11.8
50 11.0
52 9.75 10.8

54 10.25

34



RS

Figure 18. Water quality data fer Grant Lake.

October 19811 March 19821 June 1982 August 1982
Lower Upper Lower Upper
Parameter Basin Basin Basin Basin
Nitrate (mg/1) 0.21 0.34 0.31 0.38 0.11 ND
Orthophosphate {(mg/1) NDZ 0.13 ND ND ND ND
Total hardness (mg/l as CaCDS) 32 30 27 31 33 27
Alkalinity (mg/l as CaCOB} 20 28 20 10 24 24
Total dissolved solids (mg/1l) 51 87 33 28 41 47
Suspended solids {(mg/1l) 8.6 4 1.3 2 1.3 1.3
pH {standard units) 6.2 7.3 NM3 NM 7.6 7.3
Water clarity {(m) 2 MM 5 2.5 2 G.5
Turbidity (NTU) 3.8 0.46 0.24 0.4 0.67 1.9
Conductivity (umhos/cm) 61 8 59 48 61 48
Coliforms (#/100 ml) 0 ¢] 0 0 0 0
Sulfate (mg/l) NM 6.3 5.9 6.5 4.5 4.8
Chloride (mg/1) NM ND 2 ND ND KD

Composite sample
WD = not detectable

wop . B
M = not measured

L Pk b
“ s



RESULTS OF THE FIELD PROGRAM

Water samples were collected in both basins of Grant Lake as well
as Grant Creek, Vagt Creek, and Falls Creek in October 1981, Grant
Lake as well as Grant Creek and Vagt Creek were sampled in March 1982,
and hoth basins of Grant Lake, Grant Creek, and Falls Creek were
sampled in June and August 1982, Figures 15 and 16 illustrate the
vertical temperature profiles for both lake basins. Figure 17 pro-
vides dissolved oxygen data, and Figure 18 gives other water quality
data obtained for Grant Lake. Additional suspended solids and tur-—
bidity measurements were taker for both basins of Grant Lake in June
and August 198z, Figure 19 provides the results. Dissolved oxygen
measurments were not taken in March and August 1982 due to equipment
failure, and adverse weather conditions in June 1982 precluded any
midlake sampling efforts in the upper basin. Figures 20, 21, and 22
provide water guality data for Grant, Falls, and Vagt creeks, respec-—
tively.

Lakes in general are broadly classified into two opposing types:
eutrophic (rich in nutrients) and oligotrophic (poor in nutrients)
(Ruttner 1971). Grant Lake 1s an oligotrophic lake, as are most deep
wilderness area lakes of southcentral Alaska., Most temperate lakes,
like those on the Kenai Peninsula, undergo freely circulating periods
(holomictic) and are generally thermally stratified with two circu-
lation perioeds each year (dimictic). Although most deep lakes are
dimictic, some do not mix completely during cach circulation pericd.
Tncomplete spring mixing occurs more often than incomplete fall mixing
because breakup occurs shortly before the summer solstice when heat
transte: to the water is rapid, causing stratification which limits
circulation. The results of our water quality sampling program
indicate that water bodies in the Grant Lake hydroelectric project
area have characteristics similar to other water bodies in the Xenai
River drainage.

The process of thermal stratification can be important to organ-
isms inhabiting lakes since oxygen depletion can occur in noncirou-
lating waters below the thermocline. Textbook thermoclines are not
usnally  found in  glacial systems because insufficient sunlight

penctrates to heat the turbid water and stimnlate mixing. Chsoerva-



Figure 19. Water qualicy data for Grant Lake, 50 m depth.

June 1982

August 1982

Lower Uppé? Lower Upper
Parameter Basin Basin Basin Pasin
Turbidity (NTU) 0.28 0.43 0.24 0.46
Suspended Solids {(mg/l) 1.1 1.9 0.3 1.0




Figure 20. Water quality data for Grant Creek.

Parameter October 1981 March 1982 June 1982 August 1982
Mitrate (mg/1) 0.18 0.36 0.25 ND
Orthophosphate {(mg/1) ﬁDl 0.04 KD MDD
Total Hardness {(mg/l as CaCO3) 31 30 28 28
Alkalinity (mg/l as Cacog) 18 26 19 24
Total dissolved solids (mg/1l) 34 84 31 48
Suspended solids (mg/1) 0.6 1 1 4.3
pH (standard units) 6.2 7.2 NMZ 7.2
Temperature (OC} 6.0 1.0 6.5 12.5
Turbidity (NTU) 0.82 0.41 0.35 1.1
Conductivity (umhos/cm) 51 14 60 NM
Coliforms (#/100 ml) 0 0 0 0
Sulfate (mg/l M 6.2 4.0 4.9
Chloride (mg/1) WM ND ND ND
1. KD = not detectable

2. NM = pot measured



Figure 21. Water quality data for Falls Creek.

Parameter October 1981  June 1982 August 1982
Nitrate (mg/l) 0.11 0.12 ND
Orthophosphate (mg/l) ND}L ND ND
Total Hardness (mg/l as CaCOS) 39 27 25
Alkalinity (mg/l as CaCOa) 24 17 20
Total dissolved solids (mg/1) 60 24 33
Suspended solids (ﬁg/l} ND 86 2.3
pH (standard units) 6.3 NNZ 7.3
Temperature (OC) 3.5 4.0 5.5
Turbidity (NTU) 0.37 6.0 0.48
Conductivity (umhos/cu) 60 150 45
Coliforms (#/100 ml) 0 0 0
Sulfate (mg/l) NM 5.4 4.8
Chloride (mg/l) M ND ND

ND = not detectable
2. NM = not measured
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Figure 22.

Water gqualiity data for Vagt Creek.

SO

Parameter October 1981 March 1682
Nitrate (mg/l) 0.44 0.9
Orthophosphate (mg/1) NDl D
Total Hardness (mg/l as CaCQB) 32 27
Alkalinity (mg/l as CaCOB) 26 28
Total dissolved solids (mg/l) 46 94
Suspended scolids (mg/l) ND 5
pH (standard units) 6.1 6.6
Temperature (OC) 6.5 1.0
Turbidity (NTU) 0.22 0.24
Conductivity (umhos/cm) 66 NM2
Coliforms (#/100 ml) 0 1)
Sulfate {(mg/1l) NM 3.7
Chloride (mg/1) NM ND

not detectable
not measured

1. ND =
2. NM

1

&
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tions at Grant Lake in the months of June and August, 1982, and
October, 1981, showed it to be gradually stratified with evidence of a
thermocline in August and no significant decrease in disgolved oxygen
with depth. Grant Lake showed the most stratification in August.

The effect of pH values on fish has been investigated since the
1920's. The pH of natural waters varies from about 4 to 9, the lower
values being found in boggy areas, the higher ones in alkaline streams
in drier portions of the United States. Ellis, Westfall, and Ellis
(1946) stated that more common values range from 6.7 to 8.6 and that
in 90 percent of the areas where freshwater fish were found, the pH
range was 6.7 to 8.2. Normally, the lower the pH value, the lower the
mineral content. Generally, waters slightly on the alkaline side
support more fish than waters on the acid side. The pH of Grant Lake,
Grant Creek, Falls Creek, and Vagt Creek are slightly acidic to
slightly basic (6.0 to 7.%5) and reflect typical pH levels measured by
ADF&G throughout the Kenai drainage (J. Koenigs, pers. comm.; USGS
1981).

Specific conductance 1is a measure of a water's capacity to carry
an electric current. It is directly proportional to the concentration
of dissolved solids and is an indication of nutrient availability.
Most lakes surveyed by ADF&G in southeast Alaska have a specific con-
ductance of less than 50 micromhos/cm (Schmidt and Robards 1975),
which suggests low productivity. Watsjold (1976), in studies of upper
Cook Inlet basin lakes, stated that on the basis of conductance values
alone, waters with wvalues less than 100 micromhos/cm generally yield
poorer catches than those having greater electrolyte concentrations.
Limited data are available on fresh waters of th~ Kenai Peninsula.
water bodies in the project area surveyed by USGS have a specific
conductance varying between 50 and 135 micromhos/cm (USGS 1981). Ourx
studies have dectermined that specific conductance in project area
waters usually varies between 50 and 70 micromhos/cm.

values for hardness and alkalinity (as CaCOB) below 40, pH values
below 7.5, and specific conductance between 50 and 70 for project area
waters indicate soft waters with only moderate productivity potential.

The project arca waters are characterized by a predominance of Cat+

among cations and HICOT  among anions.
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Small differences 1in chemical composition that occur bketween
Grant Lae, Grant Creek, Falls Creek, Vagt Creek, anrd other water
bodies in southcentral Alaska probably reflect differences in drainage
basin geologv, altitude, and morphometric characteristics. The low
specific conductance, low concentrations of dissolved solids,' and low
alkalinity and hardness indicate.low productivity for project area
waters. The results from our field trips are similar to USGS (1981)
data from the project area and indicate that project area water bodies
have chemical anc physical cheracteristics similar to those measured
elsewhere in the Kenai drainage basin (J. Koenigs, pers. comm.; USFWS

1961; USGS 1981).



AQUATIC BIOTA

MACROPHYTES

We found two conspicuous macrophytes in the small lakes and ponds
in the study area. These were water lilies and buckbean. White water
crowfoot grows along the shore of Grant Lake but is abundant only at
the outlet of the lake. A small stand of a sedge was found in a
protected cove at the narrows between the upper and lower Grant Lake
basins. This sedge was also seen bordering a small stream near Grant
Lake. Though USFWS {1961) found two species of green filamentous
algae, brown algae, water milfoil and cattail <*n the project area
waters, tnase species were not observed during the 1981-82 field

investigations.
INVERTEBRATES

EXISTING KNOWLEDGE OF THE PROJECT AREA

Food production areas are an important habitat component for
juvenile salmon and trout. Density of fish may be regulated by the
abundance of food which may come from the substrate, the surrounding
land, or the plankton of a lake. The agquatic invertebrates are an
important index of the productivity and quality of an aquatic environ-
ment. Plankton constitute an important component in the aguatic food
chain and provide a food storage base for fish and other aquatic
organisms.

The makeup of the =zooplankton in glacier-influenced aquatic
systems genecrally renders thesz lakes less productive for raising fish

than clear water systems. 1In such systems zooplankton populations are

generally comprised of copepods and rotifevrs with a marked absence of
cladocerans (J. Koenings, pers. comm.). cladocerans are common in
clear water systems and are casier preyv for sight feeders like fish
than are copepods. Rotifers are generally tco small and transparent
to make up a significant portion of the diet of fish.
Macroinvertebrates constitute a major consumer group in  the
aquatic ecosystem, Inciuded are organisms that dwell in or on the

lake or fliowing-water substratun. Tne group is composed primarily of



immature or larval insects--an important 1i:’ in the aguatic food
chain which provides a forage base for most faish and larger aguatic
vertebrates. This group feeds on detritus, other insects, bacteria,
plankton, and larval fish. Changes or disruptions in the aguatic
environment, such as in temperature regimes, turbidity, sedimentation
of the stream bed; and dissolved oxygen concentrations, can markedly
influence the number and types of macroinvertebrates present. Such
changes ultimately can alter the numbers and types of fish that the
water body can sustain. Since macroinvertebrates are sampled easily
and are quickly affected by changes in water gquality, they can serve
as convenient early 1i. icators of possible changes in water guality
{U.S. Army Corps of Engineers 1978).

Hynes (1970) stated that the benthic fauna of streams is remark-
ably similar worldwide and that alpine cold-water streams are occupiled
by a definite, although limited, very-cold-water tolerant macroinver-
tebrate fauna, which is adapted to specific conditions sharply defined
by consistently low temperatures and {often) "inique characteristics of
glacial meltwater. The implication is that even vrelatively minor
alterations in such habitats may reduce both the specifically adapted
macroinvertebrate fauna and the corresponding fish fauna.

Bottom fauna have been collected throughout Alaska by various
groups (Craig and McCart 1974, Craig and Wells 1975, Elliott and Reed
1973, McCoy 1974, Nauman and Kernodle 1974). The most abundant
benthic organisms found in Alaska are Dipterans. Ephemercptera,
Plecoptera, and Trichoptera are generally abundant in streams, and
Oligochaeta and Pelecypoda are often common in lakes. Little specific
information is available for the Kenai drainage.

Zooplankton were collected by ADF&G from both Grant Lake basins
in June 1981 and August 1982. Figure 23 lists the =zooplankton
organisms found in 1981 and their density. The 1982 data is still
incomplete but preliminary results show a similar make-up of organisms
as in 1981 (B. Aetland, pers. comm.). Preliminary results indicate
that Grant Lake may be one of the most productive lakes in the Kenai
system based on the existing large populations of copepods and

rotifers (J. Koenigs, pers. comm.).



Figure 23. Identification and enumeration of zocoplankton
for Grant Lake, June 1981.

Number
(Organisms/m3)

Lower Upper

Taxa Basin Basin
Eucopepoda (copepods)

Cyclopoida 1,558 13,654

Nauplidi 2,384 740
Rotatoria (rotifers)

Kellicottia ‘ 2,273 4,269

Asplanchna 385 1,154

Source: Alaska Department of Fish and Game 1981.
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In 1959-60 the U.S. Fish and Wildlife Service surveyed Grant Lake
at the mouths of its various tributaries to dJdetermine the species
composition of aguatic invertebrates. At the time of this study
caddis flies, stone flies, blackflies, and snails were recorded (USFWS
1961).

Figure 24 gives the results of a macroinvertebrate survey con-
ducted by WAPORA, Inc. during early June 1977. This cursory study was
limited tc the mainstem Kenai River and the lower reaches of major
tributaries. The study concentrated on mayflies and stone flies
because these groups are known to be important to immature salmon as a
food sour ~e and because they are often sensitive to changes in stream
conditions. Sampling procedure involved kicking the substrate
upstream from a stationary small-mesh screen or net and hand-picking
larger rocks and logs. Species identifications were based on adult,
mature pupae, and occasionally on larvae of well-studied genera.
Several forms indicative of very cold environments were found to be
widespread in the study area (U.S. Army Corps of Engineers 1978).

Figure 25 gives the results of a survey by the USFS during June
1972 on Vagt Lake and tributaries. The area was found to be rich in
blackflies and chironomids and to have average numbers of mayflies,
stone flies, and caddis flies. The abundance of benthic invertebrates
collected by Howse (1972) led him to believe that Vagt Lake provided

an average food source for fish.

RESULTS OF THE FIELD PROGRAM

Zooplankton were collected by AEIDC in each basin of Grant Lake
in October 1981 and March, June, and August 1982. Figure 26 lists
zooplankton types and their density for each lcke basin. Two species
of rotifers and one cyclopoid copepéd species appear to dominate the
zooplankton composition in Grant Lake. This agrees with the 1981
preliminary findings by ADF&G. The near absence of cladocerans would
be expected in a glacier-fed lake. The presence of large numbers of

copepods, although not as suitable as cladocerans from a purely food

source point of view, would make Grant Lake a compatible environment

for a pelagic fish nursery.
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Figure 24. Macroinvertebrates collected in June 1977
by WAPORA, Inc., by site.

Taxa Collection Location

P-Annelida
C-Hirundinella (leeches)
Haemopsis marmorata (tentative)
Flaccbdella parasitica (tentative)

0w

P-Arthropoda
C-Crustacea
O-Amphipoda (scuds)
F—-Gammaridae
Gammarus lacustris 9
G. (Anisogammarus) confevicolus 1

C~Insecta
0-Coleoptera (beetles)
F-Gyrinidae
Gyrinus picipes
G. minutus
G. pleuralis (tentative)

£

F-Hydraenidae
Octhebius disrectus 1

F-Dytiscidae
Agabus anthracinus
A. verus
I1lybius augustior
Hydroporus tartaricus
H. occidentalis
H. griseostriatus (tentative)
H. tademus
Hypgrotus sp.
Rhantus wallisi (tentative)
R. suturellus

M
w

w
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F-llydrophilidae
Helophorus auricollis 15
H. fenniculus 15

Hydrobius fusipes 4

O-Diptera (flies)
F-Chironomidae (at least 4 species) 1, 5, 7, 11, 13, 16
F-Dolichopodidae (undet. genus, larvae
in coastal marsh) 1



Figure 24 (Continued). Macroinvertebrates collected
in June 1977 by WAPORA, Inc., by site.

. .1
Taxa Collection Location

F-Empididae ‘ 11
Wiedomannia sp. (tentative) 16
Undetermined genus 16

F~-Tipulidae
Tipula sp. 4

F-Simuliidae (diversity not considered) 2, 13, 16

F-Tabanidae
Tabanus sp. (coastal marsh only) 1

O-Ephemeroptera
F-Ephemerellidae
Ephemerella (Drunella) doddsi 6, 13, 16
E. inermis 2

F-Baetidae
Baetis sp. (two tails) 11, 13, 15, 16
Baetis sp. (three tails) 2, 4=6, 10-14

Baetis sp.

F-Heptageniidae

Epeorus (Ironopsis) sp. 16

Cinvgma sp. 11

Cinygmula sp. 10, 12, 13, 16
F-Siphlonuridae 5, 16

Ameletus validus 16

O-tiemiptera (true bugs)

F-Corixidae 15
F-Salididae
Soldula sp. 1

0-Odonata (dragonilics and damselflices)
F-Aeshnidae
Aeshing juncea 4

-~
[Wa

O-Plecoptera (stonetlies)
F-Preronareidace
MO TrOnAaree a1 ; - .
Prteronarcella badia 7, 11-13
F-Per. fdav

Alloperta sp. 5, O, 10-12

R
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Figure 24 (Continued). Macroinvertebrates collected
in June 1977 by WAPORA, Inc., by site.

Taxa Collection Location

F-Perlodidae
Isoperla sp. 2, 4-7, 10-14, 16

F-Nemouridae
Nemoura (Zapoda) sp. 5, 16

F-Leuctridae
Leuctra occidentalis (tentative) 16

F-Capniidae
Eucapnopsis brevidens 13, 16

O-Trichoptera (caddisflies)
F~Rhyacophilidae

Rhyacophila sp. 1 2

Rhyacophila sp. 2 15, 16

Rhvacophila sp. 3 13, 16
F-Glossosomatidae

Glossosoma alascense 5

G. intermedium 5, 13

Glossosoma sp. 5, 12, 16

F~Philopotamidae

Wormaldia sp. 16
F-Hydropsychidae

Arctopsyche ladogensis 13

Hydropsyche sp. (H. bifida group) 12
F-Hydroptilidae

Oxyethira sp. 9
F~Limnephilidae 2, 3, 3, 9, 10

Ecclisomyia conspersa 2, 12-14

Nemotaulius hostilis 1

Hesperophylax designatus 5

Onocosmoecus «nicolor 2--7, 9-16

Limnephilus sp. 2

Unidentified genera

White median stripe, gills all single 6

F-Leptoceridac

Ceraclea excisa 9
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Figure 24 (Continued). Macroinvertebrates collected
in June 1977 by WAPORA, Inc., by site.

Taxa Collection Location
F-Empididae 11
Wiedomannia sp. (tentative) 16
Undetermined genus 16

F-Tipulidae

Tipula sp. 4
F-Simuliidae (diversity not considered) 2, 13, 16

F-Tabanidae
Tabanus sp. (¢~ =tal marsh only) 1

O-Ephemeroptera

F-Ephemerellidae

Ephemerella (Drunella) doddsi 6, 13, 16

E. inermis 2, 5, 6, 7, 10, 13-15
F-Baetidae

Baetis sp. (two tails) 11, 13, 15, 16

Baetis sp. (three tails) 2, 4-6, 10-14

Baetis sp. 3

F-Heptageniidae

Epeorus (Ironopsis) sp. 16

Cinygma sp. 11

Cinygmula sp. 10, 12, 13, 16
F~Siphlonuridae 5, 16

Ameletus validus 16

O-Hemiptera (true bugs)

F-Corixidae 15
F-Salididae
Soldula sp. 1

0-Qdonata (dragonflies and damselflies)
F-Aeshnidae
Aeshna juncea 4, 5

0-Plecoptera (stoneflies)
I'~Pteronarcidae
Ptercnarcella badia 7, 11-13

F~Perlidac
Alloperla sp. 5, 6, 10-12, 4, 15
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Figure 24 (Continued). Macroinvertebrates collected
in June 1977 by WAPORA, Inc., by site,

Enal - Ll }-
Taxa Collection Location

F~Lepidostomatidae
Lepidostoma roafi 12

F-Brachycentridae
Brachycentrus americanus 2, 4, 5, 7, 8, 10, 12-15

P-Mollusca

C-Gastropoda (snails)
Stagnicola sp. (heavy bodied)
Stagnicola sp. (slender bodied) 9, 10
Gyraulus sp. - 2, 3, 5, 9, 10

C-Pelecypoda (clams)

F-Unionidae

Anodonta imbecilis 10

O

F-Sphaeriidae
Sphaerium sp.

o

1
Site Key

- Kenai River marshes near mouth

- Beaver Creek at Sterling Highway

~ Kenai River between Moose River and Soldotna Creek
— Slikok Creek at Kasilof Road

- Soldotna Creek at Sterling Highway

- Kenai River at Scoldotna Campground

Funny River

- Kenai River between Beaver Creek and Soldotna Creek
- Moose River

— Kenai River at Naptown rapids

- Killey River at mouth

12 - Hidden Creek at road to Skilak Lake Campground

13 - Russian River

14 - Kenai River below mouth of Russian River

15 - Juneau Creek at mouth

16 - Cooper Creek approximately one-quarter mile above mouth

et
P OO 00~ O U 0B e
i

Source: U.S. Army Corps of Engineers 1978.



Figure 25. Invertebrates found in Vagt Lake and tributaries,
June 1972, by the U.S. Forest Service.

1
Invertebrates Abundance
Stone Flies - Placoptera Average
Blackflies ~ Diptera simuliidae Rich
Mayflies - Ephemeroptera Average
Flatworm - Planaria Average

Freshwater Shrimp - Gammarus

Very Few

Water Boatman - Hemiptera corixidae Few
Water Strider ~ Hemiptera gerridae Few
Midge Larvae - Diptera chironomidae Rich
Mosquito - Diptera culicidae Average
Caddis Flies - Trichoptera brachycentrus Average
Whirligig Beetles - Coleoptera gyrinidae Few
Snails - Mollusca gastropoda Few

1 . . -
Abundance descriptors are reported as found in original report.

Source: Howse 1972,



Figure 26. TIdentification and enumeration of zooplankton from Grant Lake.

Qrganisms/m3
October 1981 March 1982 June 1982 August 1982
Lower Upper Lower Upper Lower Upper Lower Upper
Taxa Basin Basin Basin Basin Basin Basin Basin Basin
Fucopepoda (copepads)
Cvelopoida 1,831 1,1¢7 1,165 761 1,214 2,738 4,225 7,859
Lauplii 143 327 169 86

Cladocera {(water fleas) 14

Rotatoria (rotifers)
Fellicortia 183 2,606 109 211 1,738 1,518 845 3,211
Asplanchaa 296 296 71 119 338 10,563




A M R

Figure 27. Identification and enumeration of benthic
organisms from Grant Lake.

, 2
’ Orgaqisms/m .
October 1981 June 1982 August 1982
Lower Upper Lower Upper Lower Upper
Basin Basin Basin Basin Basin Basin
TAXA
Diptera
Chironomidae {(midges) 201 678 488 430 431 775
Plecoptera .stone flies) 14
Trichoptera (caddis flies) 7 100 14 65
Oligrchaeta (aquatic worms) 21 76 86 473 215 473
Nematoda {(round worms) 14 14
Hirudinea {(leeches) 14 43
Bivalvia (clams) 36 402 43 129
Gastropoda {snails) 7 158 14 65 43

Gammaridae (scuds) 14




Bottom fauna coi’ ¢cted from Grant Lake by AEBIDC in October 1981
and June and August 1.32 by dredging and screening are identified and
enumerated in Figure 27. Samples collected during these surveys
contained relatively few insects and showed little diversity, which is
typical for cold-water, glacier-fed systems with small littoral zones.
The most common groups were chironomids, oligochastes and bivalves.
These organisms are not always readily available to fish, which
suggesting that Grant Lake, especially the upper basin, would not
provide the most suitable habitat for adult insectivorous fish 1like
grayling but may have sufficient plankton populations to support
juvenile salmconids.

Adult mayflies, blackflies, caddis flies, and crane flies were
seen near the lake, and caddis larvae and water boatmen were observed
in fish minnow traps.

Bottom fauna collected by AEIDC in October 1981 and March, May,
and August 1982 from Grant Creek are identified and enumerated in
Figure 28. Samples collected during these surveys showed limited
diversity, which is common 1in cold-water, glacier-fed streams of
Alaska and 1s consistent with other area-wide observations (J. Koe-
nigs, pers. comm.). The most commeon organisms were chironomids.
Grant Creek also had sufficient numbers of mayflies and stone flies,
which, along with the larger midge population, could support both
Juvenile and adult fish populations.

Bottom fauna collected by AEIDC in October 1981 from Vagt Creek
are identified and enumerated in Figure 29. Samples collected from
Vagt Creek showed the most diversity of the locations sampled. This
would be expected as Vagt Creek is not glacial or as cold as the cother
project area systems. Chironomids, stone flies, and freshwater clams
were the most abundant taxa.

Bottom fauna collected by ABIDC 1n Qctober 1981 and June and
August 1982 from Falls Creek are identified and enumerated in Fig-
ure 30. These samples were nearly devold of invertebrate life. Lower
Falls Creek appears to be the least productive system surveyved in the

projoect arca.



Figure 28. Identification and enumeration of benthic

organisms from Grant Creek.

. 2
Organisms/m*

October 1981

March 1982 May 1982

August 1982

TAXA

Diptera
Chironomidae (midges)
Empididae (dance flies)
Simuliidae (blackflies)

Ephemeroptera (mayflies)
Plecoptera (stone flies)
Trichoptera (caddis flies)
Coleoptera (beetles)

Oligochaeta (aquatic worms)
Hirudinea (leeches)
Bivalvia (clams)

Hydracarina (water mites)
Corixidae (water boatman)

162
183
11

11

156
102
22

ool

16

11

271

3,296
27
11

136
86
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Figur

Identification and enumeration of benthic
organisms from Vagt Creek,

Organisms/m2

October 1981

TAXA

Diptera
Chironomidae (midges)
Simuliidae (blackflies)
Heleidae (biting midges)
Rhagionidae (snipe flies)

Ephemeroptera (mavflies)
Plecoptera (stone flies)
Trichoptera (caddis flies)

Oligochaeta (aquatic worms)

Bivalvia (clams)
Gastropods (snails)

Gammaridae (scuds)

Homoptera (leaf hoppers)

194

118

140
11




Figure 30, Identification and enumeration of benthic
organisms from Falls Creek.

Organisms/mz
Qctober 1981 June 1982  August 1982

TAXA
Diptera
Chironomidae (midges) 27 59 38
Empididae (dance flies) 11
Simuliidae (blackflies) 11
Ephemeroptera (mayfiies) 76 313
Plecoptera (stone flies) 27 17
Trichoptera (caddis flies) 11
Coleoptera (beetles) 5
Homoptera (leaf hoppers) ) 5
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FISHERIES RESOURCES

INTRODUCTION

The Grant Lake hydroelectric project would affect two aguatic
systems: the Grant Lake and Grant Creek drainage and the Falls Creek
drainage. A third system, Vagt Creek and Lake, was examined during
the early phase of study {(auvtumn and winter), but due to realignment
of project features (Ebasco Service, Inc. 1982) this drainage no
longer was considered part of the project area, and no further study
of it was conducted.

Grant Creek and Falls Creek provide habitat for several species
of salmonids which contribute to the fishery in the Kenai River
drainage (Figure 31). Twenty-one species of fish have been reported
in the Kenai River drainage (Figure 32). The Kenai River is one of
the mest important upper Cook Inlet systems in terms of habitat for
reproduction of anadromous fish. These include five species of
Pacific salmon, Dolly Varden char, and eulachon. Historical sport and
commercial harvest data for chinook salmon in the Kenai River are
presented in Figure 33. Sport harvest data for other anadromous sal-
monids are presented in Fijure 34. Available Cook Inlet commercial
harvest data tfor other anadromous salmonids does not adequately
reflect the Kenai River portion and it is therefore not presented.
The sport and commercial fishery for salmon is a major component of
the Kenal area economy.

The following discussion of the aguatic systems affected by the
proposed project begins with a briet geographic description of project
waters, followed by speciles accounts of the aquatic resources found in
project waters. A separate chapter (pp. 190) discusses the signifi-

cance of these resources.

The two basins of Grant Lake are surrounded by precipitous moun-
Y I P

tains, and the shoreline in most areas 1is equilly precipitous with

Ledrock outcroppings interspersed with gravel beaches. Both basins

are deep and appear to have relatively uniform bottoms covered with

depr sits of thick colay and silt, shoreline vegetation consists of

o
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Figure 31. Kenai River drainage.
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Figure 32. Fish species reported to occur in the
Kenai River system, by specific location.

Species Collection Location2
Selected
Mainstem perennial
Kenai tributaries

Arctic lamprey (Lampetra japonica) none 6-8
*king (chinook) salmon (Oncorhynchus tshawytscha) 1-5 6-11, 15-20
*sockeye (red) salmon (Oncorhynchus nerka) 1-5 10-11, 13-15, 17-21
*cilver (coho) salmon (Oncorhynchus kisutch) 1-5 all except 12
chum (dog) salmon (Oncorhynchus keta) 1,2 none '
pink (humpback) salmon (Oncorhynchus gorbuscha) 1-5 6, 7, 9, 10, 15
*rainbow trout (Salmo gairdneri) 2-15 all except 12
*Dolly Varden (Salvelinus malma) 1-5 all except 12
northern pike (Esox lucius) none 8

lake trout (Salvelinus namaycush) 2-5 19

eulachon (Thaleichthys pacificus) 1,2 none

longfin smelt (Spirinchug thaleichthys) 1,2 none

sculpin (Cottus sp.) ' ‘ 2-5 all
*glimy sculpin (Cottus cognatus) 24 7-10, 13, 15, 16
*coastrange sculpin (Cottus aleuticus) 2,4 9, 13

staghorn sculpin (Leptocottus armatus) 1 none

*round whitefish (Prosopium cylindracum) 2-5 none
*threespine stickleback (Gasterosteus acuiecatus) 1-5 all

ninespine stickleback (Pungitivs pungitius) none 6-8

Pacific herring (Clupea harengus pallasi) 1 only none

starry flounder (Platichthys stellatus) 1 only none

longnose sucker (Catostomus catostomus) ncne 14

*Arctic grayling (Thymallus arcticus) 3-5 21

(including Kenai
Lake to Snow River)

1. Adapted from Kenai River Review, 1978, U.S. Department of the Army,
Alaska District Corps of Engineers.
2., Location (refer to Figure 31).

1 Intertidal 12, King County Creek
7. Lower Kenai (intertidal to Skilak Lake) 13. Hidden Creek

3. Skilak Lake 14, Jean Creek

4. Upper Kenail (Skilak Lake to Kenai Lake) I5. Russian River

5. Kenai Lake 16. Cooper Creek

6. Beaver Creek 17. Juneau Creek

7. Slikok Creek 18. Quartz Creck

8. Soldotna Creek 19. Trail Creek

9. Funay River 20. Ptarmigan Creek
10. Moose River 21. Snow River

11, Killey River

% Species observed to date in project waters.
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Figure 33.

Sport and commercial harvest of chinook salmon bound principally
for the Kenai River, 1947-1981.

Early Run Harvest

Late Run Harvest

Total Harvest

Year Sport Commercial Total ‘Sportl Commercial Total Sport Commercial Total
1974 1,685 167 1,852 3,325 5,404 8,729 5,010 5,571 10,581
1975 615 181 796 2,700 3,497 6,197 3,315 3,678 6,993
1976 1,554 876 2,430 5,859 7,361 13,220 7,413 8,237 15,650
1977 2,173 1,038 3,231 5,514 7,613 13,127 7,697 8,671 16,358
1978 1,542 858 2,400 8,271 10,786 19,057 9,813 11,644 21,457
1979 3,651 1,073 4,734 5,798 7,188 12,986 9,459 8,261 17,720
1980 1,946 663 3,130 4,355 8,055 12,410 6,301 8,718 15,540
1981 4,525 946 5,471 5,455 7,696 13,151 9,980 8,642 18,622
19822 5,466 1,100 6,566 4,810 11,500 16,310 10,276 12,600 22,876
Mean 2,574 769 3,401 5,120 7,677 12,799 7,696 8,451 16,200
1. Includes the sport harvest at the mouth of Deep Creek

2. 1982 data are preliminary

Source: Hammerstrom 1980; S. Hammerstrom, pers. comm.



Figure 34. Sport harvest of salmon (excluding chinook)
in the Kenai River, 1976-1980.

Effort Sockeye Coho Pink Rainbow Dolly Total
Year man-days salmon salmon salmon trout Varden harvest
1976 80,506 719 13,808 21,443 1,797 4,957 42,724
1977 102,203 1,436 10,056 100 2,474 8,058 22,124
1978 118,307 2,180 11,585 17,011 3,118 11,695 45,589
1979 126,585 1,907 14,479 —————m 3,100 11,764 39,545
1980 103,460 1,862 25,255 7,4152 1,541 5,965 42,038
1981 178,716 19,721 20,827 86 18,685% 34,862 94,181
Mean® 118,226 3,478 12,001 N/A 3,839 9,663 35,775

ot
N

census area.

Soldotna, one below Skilak Lake.

[E
.

below the creel census aree.
3. 1982 data have not been summarized (S. Hammerstrom, pers. comm.).

Source:

%*Creel census data for the years 1976-1980 reflect harvests below Skilak Lake only.
1981 data reflects system-wide harvests.

Hammerstrom 1982,

Sockeve salmon estimates do not include an estimate for the shore harvest outside the creel
The creel census area includes two mainstem Kenai River segments, one below

Pink salmon estimates are only valid for the creel census area, and significant harvest occurs



lowbush cranberry, ferns, alders, spruce, hemlock, and a few cotton-
woods near inlet stream deltas. The shoreline is littered with
floating and sunken organic debris and patches of thick macrophyte
growth in the few littoral areas. ™he upper basin is more turbid than
the lower, presumably because of a shallow set of narrows separated by
an island that divides the basins and precludes complete mixing of
their waters. Several large log jams have collected above shore areas
that are to the lee of the normal wind patterns as well as at the toe
of several large avalanche slopes and at the shallow narrows sepa-
rating the basins. The water surface of the lake appears to fluctuate
moderately, probably rising teo its highest during summer runoff and
falling to a low point in late winter. The distance from the lake
surface to the high water mark was approximately six feet in October
1981; however, it was at or above this mark in August 1982.

Numerous short streams originate in the nearly vertical mountains
surrounding much of the lake. Three glacial streams also enter the
lake, as do two moderately turbid streams at the upper end of the
upper basin.

Previous investigations {(USFWS 1961) indicated that Grant Lake
supports a small population of coastrange sculpin and dense popu-
lations of threespine stickleback. Falls 1in the outlet stream
preclude inmigration of other fish species, and none was found during
our sampling. Our investigations have confirmed the presence of
stickleback and sculpin in both basins of the lake. ©No fish were
found in any of the inlet streams, and no other species of fish was
taken in the lake.

The turbidity and cold water of Grant Lake and its tributaries
appear to limit thelr potential as fisheries habitat for most game
fish. However, the lake may prove to be a suitable nursery area for
planktivorous species, such as juvenile sockeye salmon. ADF&G has
been studying Kenal drailnage rakes for five years to locate suitable
sockeye nursery areas for Juveniles produced from the Trail TLake
Hatchery (currently beginning its first year of operation). In 1991
ADIP&C sampled Grant Lake, and preliminary indications are that it has
the second highest plankton concentrations of the lakes ADF&G tested

on the Kenal Peninsula. ADF&G's data also indicated a deeper liaht

ot
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penetration in the lower basin than expected (L. Flagg, pers. comm.).
Pathology investigations have confirmed the presence of IHN viruvs in
several propcosed sockeye juvenile nursery lakes in the Kenai drainage.
Sockeye spawners 1in Grant Creek have not been examined for the
presence of IHN virus, but they do not currently utilize Grant Lake “as
a nursery area. Grant Lake waters should, therefore, present no viral

danger to artificially cultured fish {J. Sullivan, pers. comm.).

Grant Creek

Previous ADF&G investigations of Grant Creek focused on its use
by salmon species as a spawning stream. All investigators have noted
that the glacial turbidity and turbulence of the creek hampers accu-
rate surveying and spawner enumeration. From its origin in Grant
Lake, it flows approximately one mile in a southwesterly direction and
discharges into the isthmus between upper and lower Trail Lake. In
the upper section it courses over three substantial waterfalls,
through a rocky gorge, and over large rubble and boulders. The lower
section 1is somewhat less turbulent, having fewer boulders and wmore
frequent gravel shoals, although the gradient of the lower O0.5-mile
segment is still fairly steep. The width of the stream is approxi-
mately 40 to 70 feet. Cover for Juvenile fish is available along
stream margins and in backwaters, deep pocls, and in a few small side
channels that offer lower velocities during low flows. Interstitial
space among cobbles and coarse gravels also provides cover for small
{ish.

Chinook and sockeye salmon spawn 1in Grant Creek, Figure 35

presents recorded peak escapement counts for the years 1952-82. These

@

counts are probably low due to the turbidity which limits accurat
visual estimates. Grant Creek may also be used for spawning and is
definitely used as a nursery habitat by coho salmon, Dolly Varden,
rainbow trout, and coastrange sculpin. Grant Creek is in the upper
partion of the Kenal drainage. Radlo tag studies of chinook salmon
movement. patterns by the USFWS in the Kenal system indicate that
tributary spawners are  early run  fish  that arrive in the Kenail
) -

drainage between mid-May and carly July (C. Burger, pars. comm, ).

Provious investigators have concentrated thely escapement survevs on



Figure 35. Peak salmon escapement counts for
Grant Creek, 1952-1982.

Species
King Salmon Sockeye Salmon
Year Number of Spawners Number of Spawners

1652 0 250
1953 12 13
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1954% 6 45
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Grant Creek in mid-August and early September, indicating that a delay
of one to two months occurs between entry into the Xenai River and the
arrival of chinock spawners at Grant Creek. Sockeye salmon also
appear to enter Grant Creek almost concurrent with the chinook run.

USFWS perindically sampled Grant Creek with minnow traps from
July 1959 through January 1961 {(USFWS 1961). Captured species
included king salmon, c¢oho salmon, Dolly Varden, and coastrange
sculpin (Figure 36). USFWS (1961) also reported that sprrt fishing
pressure was light due to the turbidity and distance of the stream
from the highwav. This report indicated that anglers usually caught
one to five fish and that there was an occasional take of 10 to 15;
Dolly Varden represented the bulk of the catch, but a few rainbows
were also taken. There are no reliable estimates of current fishing
effort in Grant Creek waters.

Creel census information was collected by ADF&G at the mouth of
Grunt Creek only during 1964 (Figure 37). OQur personnel talked with
two local residents who were fishing in Trail River at the mouth of
Grant Creek in August 1982. They caught tweo small Dolly Varden and
one small rainbow trout in about an hour. No round whitefish have
been reported in the literature except in a 1964 creel census, when
the Seward ADF&G biologist caught one specimen while fishing (T. Mc-
Henry, pers. comm.).

Moose Pass area residents estimated that L00 to 600 wan-davs of
fishing occur on Grant Creek each year, primarily for Dolly Varden and
rainbow trout. A well-established trail exists along both banks of
the creek from the mouth to the gorge. Residents also reported that
the population of Dolly Varden has dropped considerably over the
vears. Grant Creek is closed to sport fishing for salmon by ADF&G
regulations, although evidence of illegal fishing was discovered by
ARIDC. McHenry (pers. comm.) indicated that actual fishing pressure
is probably much lower than local residents estimates due to access
difficulty.

An examination of the ll-year streamflow data (Uigure 38) from
the USGS gage on Grant Creek indicated that June through August are
the months of highest flow and that discharge is still fairly high

)

during September through November. High stream discharges during peak

)



Figure 36.

Fish species collected by minnow trap by USFWS in
Grant Creek, July 1959 through January 1961.

Species

King Coho Dolly
Month salmon salmon Varden Sculpin
January X
February X X
March X
April X X
May No sampling ‘
June X X X
July X X X
August X X X X
September X X
October X X X
November X X
December No sampling
Source: U.S. Fish and Wildlife Service 1961.



Figure 37.

Creel census conducted at the mouth
of Grant Creek by ADF&G 1964.

No. of No. of Catch per
Date anglers Species fish effort
5/21/64 2 RWF 1 0.25 per hour
6/4/64 3 RB 3
DV 3 0.67 per hour
RWF 1
6/9/64 3 RB 2 0.26 per hour
Source: McHenry, pers. comm. 1981.



Figure 38. Monthly and annual mean c¢ischarge (cis)
at the USGS gage on Grant Creek.

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Annual

Mean 184 189 56 31 23 20 31 152 448 518 413 307 198

Percent 8 5 2 1 1 1 1 7 20 23 18 13

Source: U.S. Fish and Wildlife Service 1961.
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sundews, buckbean, scattered white beakrush and sedges. The ponds
themselves often suypport buckbean and yellow pond 1lily. The drier
bocgs may support scattered black spruce, dwarf birch, labrador tea,
lingonberry, dwarf blueberry, crowberry, and cloudberry. (This type
corresponds to Level III wet gramincid herbaceous and Level IV open
low shrub scrub, ericaceous shrub-sphagnum bog of Viereck, Dyrness,
and Batten (1982).) These bogs are most common in the project region
in areas of low relief in the mixed and conifer forest types, often
surrounding ponds or lakes. Most of them occur between Grant Lake and

the Trail lakes. Some of the smaller or more forested bogs are

included in the forest classes.

Alpine Tundra

Tundra vegetaticn can vary considerably depending on the micro-
climate of a site. In many areas, subalpine communities intergrade
with tundra types, making the delineations between these types some-
what arbitrary. Therefore, this description is a generalization of
many types which occur in patches throughout the alpine zone. Lichens
are conspicuous in many alpine areas, the most prevalent being

Cladonia spp. and Stereocaulon spp. Prostrate willows, such as

ovalleaf willow and arctic willow form a mat over the lichens in many
alpine areas, as does bearberry. Graminoids, such as woodrush,
finely~awned sedge, and fescue, are interspersed throughout tundra
areas, especially on most sites. Alaska moss heath, Aleutian mountain
heather, and crowberry can cover large arecas on the alpine slopes.

Luetkea pectinata and sweet coltsfoot grow in moist places such as

snowbeds and along drainages. Bog blueberry grows in patches on sunny
slopes. Shrubby willows such as barclav willow, feltleaf willow, and
diamondleaf willow grow along some <° the alpine drainages. {The
alpin~ tundra type correlates to Leve. I1I open dwarf shrub scrub of
Viereck, Dyrness, and Batten (1982).) Alpine tundra in the study area
1s limited by the steep barren mountain tops, talus slopes, and
pernmancnt snowfields. It 1s most extensive on south-facing slopes

above 2,000 ft.




















































































































































































































































































































































































