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1.

INTRODUCTION

PURPOSE OF THE REPORT

The objectives of the environmental, heaith, safety and socioeconomic
assessment tasks of this feasibility study were to define the major
environmental issues relevant to development of a coal gasification
and methanol fuels production facility and related coal mining activ-
ities and transportation systems in the west Cook Iniet area, Alaska.
To achieve this, extensive review into existing information on the
Beluga region of west Cook Inlet was conducted and updated with the
findings of current and on-going land resource projects. Specific
field activities. then were initiated to expand the envir'obnmental data
base in areas relevant to this project where there was a paucity of
information. Based on these findings the project was reviewed in
detail to identify significant environmental issues and to outline the
state and federal permit requirements to ensure that these elements
are an integral component of "all subsequent project planning and

management decisions.

While the format of this report is similar to that of an environmental
assessment, this document is not a formal environmental assessment.
The initial scope of work was to provide for the assemblage of suf-
ficient information to develop a more detailed scope of work for the
initiation of the requisite permitting procedures and for the prepara-
tion of an Environmental Impact Statement. Therefore, data gaps
may be identified but not necessarily addressed beyond the level
necessary to identify or define the issue of concern. This document
includes the results of the literature review and substantial contri-
butions from the 1981 field program. The report also incorporates
input from various state and federal agencies, from other consultants
participating in the feasibility study, and from the staffs of both

CIR! and Placer Amex.
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PROJECT LOCATION

The proposed project is located on the west side of middle Cook Inlet
approximately 75 air miles southwest of Anchorage. A general loca-
tion map is shown in Figure 1.1. The overall project area is bor-
dered on the north and south by the Beluga River and Nikolai Creek
and on the east and west by the Cook Inlet and the terminus of the
Capps Glacier and the Chichanta River. A project location map is

shown in Figure 1.2.

PROJECT DESCRIPTION

The proposed project consists of several components: The methanol
plant site, a dock site, a new town site, a construction camp site,

and a transportation corridor, as well as the coal mine areas.

The plant site would occupy some 400 acres located about two miles
inland from the Granite Point shoreline of Cook Inlet. About half the
area would be occupied by methanol processing facilities and the re-

mainder would be for coal handling and generat plant grounds.

The transportation corridor is a 300-foot-wide unspecified alignment
easement 27% miles long between the Capps coal field and Cook Inlet.
A preferred route has been selected which has a maximum gradient of
2%. A heavy duty railroad line capable of transporting approximately
42,000 tons of coal daily would be constructed to transport coal from
the mines in 100-ton cars. Ash would be returned to the Chuitna
West mine site in special 80-ton ash handling cars. A 40-foot-wide
access road would generally parallel the railroad route within the

same easement corridor.
The construction camp site is located about one mile north of the

proposed plant site. It would be used to house construction person-

nel in four quadrants of dormitory style barracks.
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The town site is an area about three miles northwest of the proposed
plant site, which has tentatively been selected for development of a
permanent new community in which plant and mine employees and
their families could live. [t is envisioned that this community would

eventually contain all the amenities of a self-sufficient town.

The dock site is an area near Granite Point on Cook Inlet where a
permanent dock structure is proposed. The dock's initial use would
be to receive equipment and construction materials during the devel-

opment phase of this project.

Presently mineable coal reserves of the area -éxceed one billion tons,
all within 25 miles of the proposed plant site and deep water in Cook
Inlet. The coal is characterized as sub-bituminous (6,500 - 7,500
Btu/lb.), with low sulfur (0.2%), high moisture (25 - 28%), and high

ash content (14 - 25%). The rate of coal consumption by the meth-

anol plant would be less than 10 million tons per year. The coal

feedstock for this project would be extracted from both the Chuitna .
Center Ridge mine area and the Capps lease. The coal would be
mined open pit with shovels and/or draglines, would pass through a
crushing process at the mine and would be transported via railroad a
distance of 15 to 25 miles to the coal receiving station at the methanol

plant near Cook Inlet.

Following preparation the coal would be gasified utilizing the Winkler
procedure followed by the remaining two major processing steps in
the production of methanol: syngas upgrading and methanol synthe-
sis (see Figure 1.3). These are commercially proven processing
systems currently in operation in various parts of the world.
Approximately 80% of the commercial plants now in operation use the
methano!l synthesis technology proposed for this project. The basic
design philosophy has been to select process steps in widespread use
with proven reliability which would maximize the possibility for future
increases in production with limited additional capital investment.

The resulting production of the plant would be approximately 54,000
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barrels per day of fuel grade methanol targeted primarily for power
plant consumption on the west coast of the United States. The
methanol would be batched at the plant and transported approximately
40 miles south via the existing Cook Inlet pipeline to the existing
Drift River Terminal currently operated by the Cook Inlet Pipe Line
Company. The Drift River marine terminal is a singie-berth, fixed-
platform, offshore loading facility capable of accommodating tankers
up to 706,000 DWT. The methanol would be loaded at this dock and
transported by tanker to market.
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SUMMARY OF THE STUDY

METHODOLOGY

General

To achieve the objectives stated in the purpose of the report, a

five-step process was utilized:

a.

Review all existing data and published environmental and socio-

economic information relative to the project area.

Supplement the published information with the findings of recent
and ongoing land resource projects (conducted primarily by state

and federal agencies).

Identify specific areas where the environmental data base is insuf-
ficient to make meaningful appraisals of the environmental effects
and permit requirements of this project. Following this identifica~-
tion, develop, plan and conduct specific field investigations in the

highest priority areas.

. Review the total project design and consider its effect on each

major environmental attribute.

. Summarize the issues and make preliminary findings reiative to

permit requirements, general environmental acceptability of the
project, and environmental factors (data gaps) material to the next

stage of planning and development.

Participation by and input from concerned state and federal agencies

was encouraged during the course of this work. Briefing meetings

were conducted on numerous occasions with the various agencies at

both the state and federal levels. Representatives of the U.S. Army

Corps of Engineers (COE), Alaska Department of Fish and Game
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(DF&G), and federal Fish and Wwildiife Service (FWS), Environmental
Protection Agency (EPA) and Department of Energy (DOE) visited the
project site to review the general project concept and observe the
environmental field activities. it has been the intention during the
course of this study to encourage as broad a participation as possible
and to present the findings in a systematic format that would be
compatible with the National Environmental Policy Act outline for an
Environmental impact Statement (EIS). - The goal was to produce the
data base in a form that could be utilized efficiently to prepare the
scope of work for the preparation of an EIS, which would be the
next major step in the orderly progression of project permitting.
DOWL staff members and consultants as well as personnel from CIRI/
Placer Amex also participated in an Adaptive Environmental Assess-
ment program sponsored by the FWS in Anchorage in late July 1981
which focused on the broader aspects of coal development in the
Beluga region. Although this study generally addresses thé entire
project. area from the inlet to the coal mine areas, the emphasis of
the investigation' and field program was on the proposed methanol

plant site.

Field Programs

The field program was initiated in the fall of 1980 with a reconnais-
sance survey of aquatic and terrestrial habitats. In the early spring
of 1981, aerial reconnaissance of the general area was undertaken to
determine the onset of spring "break-up" and the migratory patterns
of moose and emerging bear populations. Following scoping meetings
with representatives of CIiRI/Placer Amex and Davy McKee, the
spring-summer field program was initiated in early May. A summary
of the highlights of the activities and the participants is shown in
Table 2.1. The field program was designed to address specific gaps

in available background information under three general categories:

- Geotechnical (soils)
- Hydrologic (groundwater)

- General Environmental
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SUMMARY

Tabie 2.1

BELUGA FIELD PROGRAM
OF PRINCIPAL ACTIVITIES, 1980-81

Dates

Activities Participants

November 3-7, 1980

May 4 - June 8, 1981

‘May 2-6, June 1-5,

July 13-17, &
August 3-7, 1981

Reconnaissance of aquatic DOWL Engineers,

and terrestrial habitats - Arctic Environmentat
Information & Data
Center (AEIDC)

Soils and groundwater in- DOWL Engineers,
vestigations inciuding the Alaska Testlab with

drilling of 2 water wells support of Explora-
and 1 observation well tion Services and M-wW
Drilling

Field programs in hydrol- DOWL Engineers,

ogy, fisheries, wildlife, with support from
habitat evaluation of AEIDC, Radian Corp.
aquatic, terrestrial & and individual consult-
marine habitats tants. Included site

visits by personnel
representing the state
DF&G, and the federal
FWS, EPA and COE
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Under the general environmental program, preliminary work was
undertaken to perform reconnaissance surveys of aquatic habitats and
determine the presence or absence of fish in the numerous streams in
the area; perform reconnaissance surveys of big game distribution
(moose and bear); and conduct a reconnaissance survey of the inter-
tidal habitat near the proposed dock location. Other tasks also fell
under this general category: vegetation mapping, wetlands deter-

mination, socioeconomics, etc.

In this report, the perspective of the current field program must
always be considered. The areas of ecological concern for a project
of this magnitude varies with the specific activity and the resource
concerned. It will only be when the assemblage of baseline data is
more complete that the functional relationships of these ecosystems

can be understood and habitat values established.

The hydrology and geotechnical programs included drilling two test
water wells and an observation well; drilling six test holes; digging

32 test pits; and collecting six grab samples from existing road cuts.

Personnel and/or organizations involved in the field program are
shown in Figure 2.7. In addition, contributions from Benno Patsch
of Placer Amex and John Ramsey of the Bass-Hunt-Wilson leaseholder
group provided valuable insight into the geology and groundwater
conditions of the general area. Details as to field methodologies,
sample sizes and handling techniques, nature of laboratory tests, and
general operational procedures have not been provided as part of the
various overviews and summary sections. Numerous state and federal
agencies (Table 2.2) were briefed as to the intent and scope of the
program, and valuable input was received from many of these

agencies.
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BELUGA FIELD PROGRAM - 1981

(Organization)

DOWL ENGINEERS
J. Paulson

Program Manager

|

DOWL ENGINEERS
L. Dickinson
Partner in Charge

V. Sterling
Technical Editor

R. Dégon
Manager, Field Programs

P. Wohl
L. Franklin
Environmental Analysts

ALASKA TESTLAB

Nichols, Partner

Holum, Engineer

Barber, Geologist

. Hatch, Geologist
D. Cole, Engineer

T. Williams, Geologist

EXPLORATION SERVICES

B. Kranich

R. Goldman
Research Analyst

AEIDC, U. of Alaska
J. Baldridge, Biologist
D. Trudgen, Biologist

Engineer

J. Thiel, Biclogist

RADIAN
M. Hoban, Marine Biolgist

E. Rashin, Biologist

M-W DRILLING

W. Trihey

COMPANY Hydraulic Engineer
R. Hensel
Wildlife Biologist
P. D'Eliscu
Marine Biologist
[ |
PRECISION ALASKA NORTH PACIFIC GEO-CHEM
PHOTO HELICOPTERS AERTAL SURVEYS LAB
FIGURE 2.1 FIELD PROGRAM PARTICIPANTS




Table 2.2

BELUGA FIELD PROGRAM
AGENCIES CONTACTED OR BRIEFED BY DOWL IN 1981

U.S. GOVERNMENT

Department of the Army, Corps of Engineers (COE) - Alaska District, Regulatory Functions Branch

Department of the Interior, Fish and - Land & Water Resources Development; Biological
Wildlife Service (FWS) Services; Environmental Contaminant Evaluation

Department of the iInterior, Geological Survey (USGS) - Water Resources Branch

Environmental Protection Agency (EPA) - Region 10, Environmental Evaluations Branch

Department of Agriculture, Soil Conservation Service (SCS) - Susitna Task Force
N Department -of Agriculturé, Forest Service (USFS) - Forestry Science lLaboratory, Susitna Task Force
Department of Energy (DOE) - Region 10 Representative

STATE OF ALASKA

Department of Fish & Game (DF&G) - Habitat; Game Management; Sport Fish; Office
of the Commissioner
Department of Community & Regional Affairs (DCRA) - Division of Community Planning
Department of Commerce & Economic Development (DCED) - Office of the Commissioner; Director of industrial

Development

Department of Environmental Conservation (DEC) - Southcentral Region; Division of Environmental
Quality; Office of the Commissioner

Department of Natural Resources (DNR) . - Lands; Research; Geologicél Survey; Waler
Resources; Office of the Commissioner

Governor's Commission - Coal Task Force



SUMMARY OF MAJOR ISSUES

Fisheries

The Beluga area, although not one of the major salmon fisheries in
Alaska, has three principal drainage systems containing relatively
productive fish habitat: Nikolai Creek and its tributaries to the
immediate south of the project area; the Beluga River system to the
north; and the Chuitna River and its extensive tributary system in
between, which flows through major portions of the overall project
area. Prior to the 1981 environmental baseline field work conducted
for this study, relatively few details were known about the saimon
populations in these systems. The system best known is the Chuitna
River which supports four species of Pacific salmon (pink, chum,
coho and king). Other species of fish (i.e., rainbow trout and Dolly
Varden) are also present in these systems. A key environmental
issue concerns the fish populations in each of these three areas,
primarily the Chuitna River system due to its immediate proximity to
the Chuitna mine area. Any water discharges to this river system or
development activities near it would involve particularly close scru-
tiny by the Alaska departments of Fish and Game and Environmental
Conservation.  Alaska Statute 16.05.870 "Protection of Fish and
Game'" defines the requirements of one of the major permits that
would be necessary to get approval for development activities near a
fishery. Principal impacts to the fisheries resource would result from
disruption or elimination of habitat in the feeder streams of the
principal creeks and the possible disruption of the groundwater that
supplies these habitats. Consequently one of the major unknowns
that will require extensive exploration is the nature and operation of
the ground water regime. There are two major groundwater con-
siderations. It is potentially an operational problem to the mining
activities and it has a potential impact on the flows in adjacent
streams. A reasonable determination will probably have to be made
as to whether alteration of mine area groundwater flows will reduce

or deplete flows .in important streams and if so how you re-estabtish
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the water source. At this time, fisheries are considered one of the
key environmental issues relative to opening the coal mine portion of
the proposed project. The methanol plant and proposed town site
would have no affect on the Chuitna or Beluga river systems but

could potentially impact the lower reaches of Nikolai Creek.

Water Source

Operation of a methanol plant requires large volumes of water. The
plant process and cooling concept requires approximately 15,000 gpm.
Present freshwater surface sources have been ruled out as insuffi-
cient, and desalination of Cook Inlet water to fill the freshwater
requirement was considered unfeasible due to the extraordinary .power'
requirements. This study confirmed that deep groundwater is avail-
able in limited quantities, but even with storage it would be far too
inadequate to provide the anticipated supply. An infiltration gallery
system in the lower reaches of Nikolai Creek appears to be the most
viable alternative for large volumes of fresh water. It appears that
this could be done with an acceptable impact on the water flows in
Nikolai Creek. The lack of alternate sources, however, and the
possible affects on the Nikolai drainage system remain significant

development issues to be further defined.
Wetlands

Although wetland areas constitute major portions of the general
Beluga area, the plant site area avoids standing bodies of water and
appears relatively dry. There is a fairly high water table and the
plant site supports types of vegetation representative of a wetland,
and for this reason a major portion of the plant site may be con-
sidered a wetland by definition. A preliminary determination by the
Corps of Engineers, however, indicates that plant development in this
area may fall under the jurisdiction of the Corps of Engineers nation-
wide permit procedure thereby possibly simplifying future permit

requirements.
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Erosion and Sedimentation

The potential sedimentation from mining activities and runoff during
the construction and operation phases of the plant remain an issue of
major concern, relative to fisheries. The potential discharge of
sediment laden wastewaters may be one of the factors that would
prompt the Environmental Protection Agency to require an environ-
mental impact statement for this project. New Source Performance
Standards exist for a point wastewater (drainage) discharge from a
coal mine, and these discharges would require a National Pollution
Discharge Elimination System (NPDES) Permit under the Clean Water
Act. An industry which would create potential discharges for which
there are New Source Performance Standards can be required to file
environmental impact statements. One of the principal concerns,
primarily in mining activities, will be sedimentation and its potential

impact on existing fishery habitat.

Tyonek Village

Due primarily to likely cultural changes and the changes to the pre-
sent subsistence life-style, the neighboring Village of Tyonek gen-
erally does not welcome the inevitable growth that would accompany
development of one the the state's major energy resources in the
Beluga area. Special consideration should be given to the potential
socioeconomic conflicts. with village residents. Coal development
would probably mean that for the first time In their-long history, the

Tyonek residents would be in the minority in their own region.

Air_Quality

The primary air pollutant emitted from the mining operation would be
suspended particulates, and from the plant operation it would be
products of combustion. The existing air quality of the Beluga area
is considered virtuaily pristine, being relatively unaffected by indus-

trial activities in the Kenai area. Because this project would con-
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stitute an introduction of air emissions into a clean air shed, there
would be air quality impacts. However, these all should be well
within the limits of the air quality regulations under the Clean Air
Act.

ENVIRONMENTAL ACCEPTABILITY OF THE PROJECT

Based on the present level of environmental knowledge in the project
area and current environmental law and regulations, Cook Iniet Re-
gion, Inc./Placer Amex, Inc. should be able to obtain permits for
this project and mitigate major environmental concerns with prudent
construction and operation practices. The information gathered in
the field, previous assessments of the issues in the Beluga area and
the periodic involvement and comments of state and federal agency
personnel during the course of the on-going environmental studies
revealed no single environmental or permit issue which could preclude
proceeding with this project. There would be environmental impacts,
as with any large project invblving land or water resources. How-
ever, it appears that if managed properly, an acceptable balance
between orderly industrial and social growth and the preservation

and enhancement of environmental values can be achieved.
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3.0

AFFECTED ENVIRONMENT (BASELINE DATA)

GEOTECHNICAL

THE COOK INLET REGION
To understand the geology of the Beluga area, it is necessary to
consider a much larger gbeogr'aphic area, and to discuss the geologic

events that have occurred in the area over a broad time frame.

Geologic_ History

The Cook Inlet area has been described as a topographic, structural
and sedimentary basin containing 60,000-70,000 cumulative feet of
marine and non-marine sedimentary and volcanic rocks ranging in age
from Late Paleozoic to Recent (Barnes, 1966). Rocks of Triassic to
Recent age outcrop in the Cook Inlet Basin, while older rocks are
overlain by an estimated 40,000 feet of sediments. Figure 3.1 shows
the sequence or general correlation of sediments occurring in the
Cook Iniet Basin.

During Paleozoic and early Mesozoic eras, sediments were deposited in

-a linear depression occurring in Southeastern Alaska. Volcanic

islands and other land masses served as the source of these sedi-
ments and reef limestone depositions. Sediments which were de-
posited at this time include bedded cherts, tuffaceous silts, shales
and carbonates. The Triassic (early Mesozoic) rocks outcrop on the
southeastern rim of the Cook Inlet Basin near Seldovia. These rocks
include limestone, tuff, and banded chert underlain by ellipsoidal
lava, slate and graywacke. The thickness of the Triassic rocks in
the Cook Inlet Basin is estimated to exceed 2,000 feet.

Jurassic rocks of southern Alaska represent the most complete

sequence of this age in North America. During the middle Jurassic,
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Figure 3.1
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the sediments within the Southcentral Alaska area were tilted, up-
lifted and/or depressed to form anticlinal and synclinal belts - large
linear ridges and troughs. Voicanic activity increased during this
time and large batholiths and other intrusions of igneous rocks took
shape.

The rocks of Jurassic time comprise the Talkeetna Formation, Tuxedni
Group, and Chinitna and Naknek formations, and are widely dis-
tributed along the western shores of Cook Inlet and the Matanuska
Valley. These formations contain rocks predominantly consisting of
tuff and wvolcanic agglomerates in lower, older sections. The
Talkeetna Formation is composed of volcanic detritus containing fossil
plants and marine invertebrates, and is estimated to be several
thousand feet thick. The middle Jurassic Tuxedni Group consists of
sandstone, shale, conglomerate, and arkose with an estimated thick-
ness of up to 7,000 to 10,000 feet.

The Chinitna Formation, composed of several thousand feet of red
and dark argillaceous marine shales, is dated upper Jurassic and lies
conformably on the Tuxedni Group. The Chinitna Formation is com-
formably overiain by the Naknek Formation. The Naknek Formation
is the uppermost of the Jurassic system and consists of a basal con-
glomerate overlain by shales, arkose, and sandstone. The formation

ranges in thickness from 2,000 to more than 7,000 feet.

During the early Cretaceous era the seas of the Jurassic era shal-
lowed and the land rose. This emergence of land masses caused
increased erosion in some areas and less deposition in other areas,
causing a linear structural belt. The rock formations associated with
the Cretaceous era include a limestone unit referred to as the
Nelchina Formation; the Matanuska Formation which consists of
shales, siltstone and sandstone ‘sequences; and the Arkose Ridge

Formation, consisting of well indurated arkose and congliomerate.
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The rocks which comprise the Kenai and Chugach mountains probably
also were formed during the late Cretaéeous era. The strata consists
primarily of slate and graywacke which has been intensely deformed
and metamorphosed. Considerable volcanics and ultra-basic intru-
sions also are present, but these are considered to be late additions
to the area. More than 30,000 feet of sediments were deposited from
the time of the late Paleozoic era to the early Mesozoic era. This
period of deposition was followed by a period of uplift, erosion and

period of mountain building, by large-scale batholithic intrusions.

In early Tertiary time a change occurred in Southcentral Alaska. As
the Chugach and Kenai mountain ranges began to emerge, the seas
were closed off and a fresh-to-brackish water basin was created. It
was within this basin that the extensive formations of the Tertiary
were laid down. -

Formation of Coal Bearing Units

During eariy Tertiary time a narrow, deep basin, some 200 miles long
and 70 miles wide, formed in the area now known as Cook Inlet. It
was in this basin that more than 26,000 feet of non-marine sediments
were deposited during repetitive cycles of clastic sedimentation
alternating with coal swamps. In addition, considerable igneous

activity occurred in the northern part of the basin.

The formations deposited In the Cook Inlet Basin vary within the
basin. In the Matanuska Valley, the northern part of the basin, the
Tertiary sequences include three formations: The Chickaloon, Wish-
bone and Tsadaka. The Chickaloon Formation, deposited in the
Paleocene epoch, consists of more than 5,000 feet of non-marine
clastic sediments including many beds of bituminous coal, and random
intrusions of igneous stocks, sills, and dikes. The Chickaloon
Formation is conformably overiain' by the Wishbone Formation. This

late Paleocene/early Eocene formation consists of a sequence of coarse
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clastic, non-marine sedimentary rocks, and is about 3,000 feet thick.
The Tsadaka Formation, a sandstone and conglomerate of more than
1,000 feet thick, rests with angular unconformity on the Wishbone
and Chickaloon formations.

Outside the Matanuska Valley and in the southern portions of the
Cook Inlet Basin including the Beluga area, the Kenai Group is the
primary sequence of sediments. The Kenai Group is a mixture of
conglomerates, sandstone, siltstone, claystone and coal deposits and
has been divided into five formations: The West Foreland, Hemlock
Conglomerate, Tyonek, Beluga and Sterling formations. Of these,
three are significant with respect to energy resources. All of the
oil, gas and propdsed coal production within the Cook Inlet Basin
originates from the Kenai Group. ©OQil production comes from the
Hemlock and lower Tyonek formations, gas production from the
Beluga Formation (minor amounts from the Sterling Formation), and
proposed coal extraction would be primarily from the Tyonek For-
mation. Figure 3.2 illustrates the stratigraphic sequence of the
Kenai 'Group as proposed by Calderwood and Fackler (1972).

The lowest member of the Kenai Group is the West Foreland For-
mation, a tuffaceous siltstone and claystone. "There are also scat-
tered lenticular beds of sandstone and conglomerates within this
formation. The West Foreland Formation rests unconformably on older
Tertiary, Cretaceous and Jurassic rocks, and varies in thickness
from a few hundred feet to more than 1,000 feet.

The Hemlock Formation is the principal oil horizon in the basin. It is
composed of poorly to moderately sorted sandstone and conglomerate,
with interbedded carbonaceous siltstone, shale and coal. The Hem-
lock Formation varies in thickness from a few hundred feet to about
1,000 feet.

The middie member of the Kenai Group is the Tyonek Formation. It

is a massive unit varying in thickness between 4,000 feet and 8,000
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feet,' and is composed of alternating lenticular beds of sandstone,
siltstone and claystone, with massive sub-bituminous coal beds.
Overlying the Tyonek Formation is the Beluga Formation. It varies
in thickness to a maximum of about 6,000 feet and is primarily clay-
stone and siltstone interbedded with thin sandstone beds and sub-
bituminous coal.

The upper unit of the Kenai Group is the Sterling Formation which
varies in thickness to about 11,000 feet. It consists primarily of
massive, fine to medium grain, unconsolidated sandstone and con-

glomerate with occasional thin beds of coal and gray claystone.

SURFICIAL SOILS

The landscape in the Beluga coal fields and proposed methanol plant
area is dotted with unconsolidated Quaternary deposits which mask
the underlying structures and bedrock. These deposits include
glacial morainal and outwash deposits; alluvium in stream valleys; and
talus and landslide masses. The thickness of Quaternary deposits
varies to a maximum of 300 feet. This variation in thickness is due
primarily to irregular deposition on a surface of considerable relief,

and post glacial erosion.

Shallow discontinuous glacial debris consisting of gravel, sand, and
silt was deposited over the bedrock of the Kenai Group during the
Quaternary. These deposits include a complex system of lateral and
ground moraines deposited by the numerous glaciers which have
scoured the - area. Lateral moraines are parallel to the Nikoiai
escarpment and then broaden into kames and ground moraines. The
glaciers which deposited these sediments extended southeastward
across Cook Inlet aimost to Boulder Point on the Kenai Peninsula.

Isolated eskers also dot the area.

3-7



Other surficial soils are a result of Holocene marine deposition. It is
thought that the Chakachatna River and McArthur River region,
south of the Nicholai escarpment and the Chuitna River, is the set-
ting of Recent (Holocene) marine deposition. The most recent and
near surface deposits are probably tidal or estuarine shallow water
sediments, primarily of fine grain. These sediments include sandy
beach deposits, silty/sandy lagoon and outwash deposits, and silt

and clay tidal, estuarine, or shallow marine deposits.

Pond and bog deposits of Hoiocene age dot the post-glacial deposits
in discontinuous depressions. These deposits, chiefly peat and other
organic debris, also contain siit, clay and fine-grain sands. There
are also several thin beds of wvolcanic ash. The pond and bog de-
posits can be found in areas of poor drainage where the ground is

soft and wet except when frozen in winter.

Landslide deposits are found in several areas within the vicinity of
the Beluga coal fields: They are generally comprised of slumped
beds of the Kenai Group and occur along the steep siopes. of the

\upper' Chuitna Valley and other locations where slopes have been

over steepened by erosion or mountain building. A large landslide of
approximately siXx square miles in area is located on the east-facing
slope of the valley below the Capps Glacier. Another massive land-
slide extends for about two miles along the west ridge of the Beluga

River near Felt Lake.

THE BELUGA AREA

Topography

The proposed methanol plant site, townsite, construction dock, and
transportation corridor areas are located on the west shore of Cook

Inlet. - The Cook Inlet-Susitna Lowlands form an intermontane prov-
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ince between the Aleutian Range and the Kenai-Chugach mountains of

the coast range.

The topography of the western shore of Cook {nlet is generally char-
acterized by high glaciated mountains dropping rapidly to a glacial
moraine/outwash plateau which slopes gently to the inlet. The out-
wash/moraine deposits generaily begin at an elevation of 2,500 feet
and drop to tidewater in about 30 to 50 miles. The beach area often
consists of either a steep (1:2) escarpment which may be 50 to 120
feet high and which is caused by beach erosion of glacial deposits,
or it may be composed of extensive mud flats.. The upper portion of
Cook Inlet is relatively shallow and the submarine topography slopes
at only a few degrees.

The proposed development sites are on the Nikolai moraine, which
runs southeast from the vicinity of the Tordrillo Mountains and has
been mapped as extending across Cook Inlet to thev Kenai Peninsula
(Schmoll, et al., 1981). A well defined escarpment (Nikolai escarp-
ment) marks the southwestern edge of the moraine, but the north-
eastern edge (Susitna escarpment) is cut by numerous streams and is
not as steep or distinct. The surface of the moraine is generally of
low relief, and in the vicinity of the proposed plant there are num-
erous level areas containing peat bogs. Relief is generally 50 feet or
less in this area.

Stream channeis are deeply eroded and may be hundreds of feet
deep. Slopes along the eroded stream channels and near the moun-
tains often exceed the maximum angle of repose of soil, and numerous
landslides have occurred, some of which cover areas of more than
five square miles. Bluffs along eroding rivers such as the Chuitna,
and along tidewater have also been unstable. However, the proposed
methanol plant site is on the upper portion of the moraine and has
little slope except near the escarpment. The escarpment is generally

stable near the plant site. Maximum slopes are approximately 10°



except at small eroded areas and at the base of the escarpment where

the slope is about 20°.

Geology

Extensive reconnaissance geologic mapping, most recently by H.R.
Schmoll and others (USGS 1980), has resulted in a detailed geologic
map in the vicinity of the proposed development, shown on Figures
3.3 and 3.4. The town and plant sites are on the Nikolai moraine,
and the construction dock site is on the submarine extension of the
moraine. The moraine consists of a complex group of ground and

lateral moraines with numerous kames and eskers.

The moraine appears to lie in contact with sedimentary Tertiary
rocks, but subsurface conditions have not been extensively investi-
gated. The depth to bedrock is not accurately known, although gas
and water wells have been drilled in this area. The age and extent
of the moraine are unresolved. It appears to be slightly older than
many of the other moraines in Cook Inlet which formed about 10,000
years ago during the last major glacial retreat. No lacustrine or
marine deposits are known to underlie the moraine, and hence it may
have formed earlier than the extensive lacustrine/marine Bootlegger
Cove clay which underlies much of upper Cook Inlet and which has
been dated as 10,000 years old. Test Well #2, which was drilled at
the plant site during the 1981 field program, indicated some fine sand
at depths below 200 feet, but the samples were obtained by wash
boring, which may have produced nonrepresentative samples. The
log of Test Well #2 appears in Section 4.0 HYDROLOGY.

The Nikolai moraine is bounded on the southwest by the Chaka-
chatna-McArthur embayment, an area containing Recent alluvial and
marine deposits of sand and silt. Coarse material is generally found
at higher elevations in the embayment, and gray silt is found near

tidewater. No soils 'exploration was conducted in this area, but
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water well drillers have indicated that coarse material overlays fine-
grain-material near the Nikolai escarpment. The layer of coarse
material becomes thinner west of the escarpment. In Test Well #1,
which was drilled west of the proposed town site at Nikolai Creek,
coarse material was encountered to 85 feet and silt was found below
85 feet.

The Chuitna River approximately follows the northeast boundary of
the Nikolai moraine, but this edge is cut with numerous stream
channels and forms an indistinct boundary. This area exhibits no
evidence of recent glaciation and appears to be a long-established
drainage channel for runoff from the Nikolai and adjacent moraines.
Hence, the area contains well washed alluvium with a small amount of

fines and is generally a good source of aggregate.

The Nikolai moraine has been mapped as extending across Cook Inlet.
The area to the south of the moraine, which forms the present
beach, - consists of a thin deposit of fine sand and silt over very
dense moraine type materiai. The proposed dock area appears to be-
underiain by a dense soil exhibiting properties similar to that of the

onshore moraine.

The Nikolai moraine consists of a compiex group of ground and lateral
moraines with numerous kames and eskers. it is composed of very
dense diamicton including bouiders up to 10 feet or more in diameter.
The diamicton exhibits well to obscure bedding and contains layers of
volcanic clasts, sandstone, siltstone, and at one location east of the
site, coal. The diamicton may be generally characterized as a silty
sand although numerous inclusions of silty sandy gravel and sandy
silt were observed. The very dense diamicton was only observed at
ground surface along steep bluffs, but drilling revealed similar soil
at several sites on the moraine. Numerous deposits of clean sand
and boulders were also found, often in distinctly bedded planes.

The upper soils have been mapped as more recent moraine deposits.
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Alluvial deposits of sand and gravel are found in broad channels
along the moderate slopes near the plant site and consist of material
which is less dense and which contains less fines than the surround-
ing moraines. These areas (OC material in Figure 3.4) may present

loose soil conditions. Test Pit 7 was placed in this area.

Peat generally covers the moraine and is usually at least one foot
thick except upon eroding surfaces and may be 10 feet thick or more
on level, poorly drained areas. Vegetation was observed to have
little correlation with peat depth. Large black spruce, cottonwood,
and birch were observed to grow on peat which was more than 10
feet thick.

Surface water is relatively high in areas with peat bogs, which in-
cludes the top of the moraine and most of the plant site, but many
wells in the vicinity of Tyonek and elsewhere on the moraine indicate
a water table at depths of 30 to 50 feet or more. Surface water
drainage is impeded by the layer of organic material and organic silt
immediately below the peat. During soil exploration drilling, water
was encountered at depths which varied from 0 to more than 24 feet.
The deeper water levels were observed in areas with little or no
peat.

SITE CHARACTERIZATION

Methanol Plant Site

Most of the subsurface exploration was performed along the existing
road system (Figure 3.5).

° Topography

The site lies entirely upon the Nikolai moraine and generally

slopes to the south at a rate of about 50 feet per mile. The
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maximum elevation is about 350 feet. The southwest section of the
site approaches the Nikolai escarpment and has slopes of up to 10%

or more.

The topography of the area is characterized by low moraines
structures with relief of less than 50 feet set among nearily level
peat bogs. This topography changes to one of increasing slope
with steeply eroded stream channels along the south and southwest

portions of the site.

Subsurface Conditions

Existing information on subsurface conditions was expanded with a
field program that included backhoe excavation of 32 Test Pits
(TP1 through TP32); drilling nine Test Holes to depths up to 50
feet (B1 through B9); and taking six grab samples from existing
road cuts (G1 through G6). Logs of borings from two test water
wells (wWell #1 and Well #2) and from one observation well (Well
#3), which were drilled during the 1981 field hydrology investi-
gation for this study, also provided data. Locations of test pits,
borings, and grab samples are shown on Figures 3.6 and 3.7.
These investigations indicate the subsurface conditions at the site
consist of an upper layer of peat of varying depth (Figure 3.8)
underlain by very dense silty sand and hard sandy silt. One to
three feet of organic silt may also be found beneath the peat.
Layers of clean sand are present occasionally, and cobbles and
boulders are encountered frequently. Logs for a typical test hole
and test pit are shown in Figures 3.9 and 3.10. The upper soil
contains large amounts of boulders, cobbles, and angular sand and
gravel. These angular particles differ from the deeper soil which

contains subangular to moderately rounded fragments.

Although both types of material appear to be glacially transported,
sources and distance to the sources may differ for each group.

The silty sand resembles the diamicton exposed along the steep
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bluffs. It is very dense as shown by the standard penetration
blow counts in excess of 100, and consists of poorly graded,
brown silty sand with gravel. A gradation curve for a sample
from Test Hole 3 is shown in Figure 3.11. The sandy silt is
hard, nonplastic to slightly plastic, and contains some gravel. No

clay was found on the site.
A layer of wvolcanic ash was observed close to the bottom of the
peat layer and resembles reddish brown silt. This layer is less

than one foot thick.

Groundwater

Groundwater is- near the surface due to the: high: water level in

the peat. Water level depth increased north of the site in areas
with little peat and along the southern bluff. Well drillers indi-
cated artesian conditions may exist in deep, water bearing strata.
Groundwater is discussed in more detail in Section 4.0 HYDROL-
OGY.

Permeability of the dense silty sand is low (estimated to be .0001
inches/second or less), but the occasional tayers of poorly
graded, clean sand have moderate to high permeabilities. Esti-
mates of the coefficient of per‘rheability for this material range from
1 to .001 inches/second. However, these highly permeable layers
are not expected to be large in area, and well pump tests also

indicate limited aquifer extent.
Steeply eroded stream channels provide surface water drainage.
These channels also are found in the peat bogs, where they may

be 5 to 10 feet deep.

Plant Site Conditions

The ‘inorganic scils in the plant site are medium dense to very

dense and offer generally excellent foundation conditions, but
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these soils are often covered with peat and/or organic silt to
depths up to 13 feet (Figure 3.8). The peat is generally unac-
ceptable foundation material although limited service roads may be
constructed on . it using deep gravel overlays. Peat depths are
deep near the middie of the site, and become shallower along the
northern and southern boundaries. Existing roads were generally

placed in areas with little peat.

The dense inorganic soil has good stability and a very low poten-
tial for settlement or liquefaction. Soil bearing capacity is good,
generally in the range of 4,000 to 8,000 Ibs. per square foot.
However, the very dense, coarse material is moderately difficult to
excavate, - especially in areas with numerous boulders. Boulders
with diameters of 5 feet and more were observed, and they appear
to be well distributed throughout the site. Soil strength was not
measured directly, but standard penetration values indicate the
very dense till has an angle of internal friction of approximately

40°, and no cohesion.

The till, or silty sand, which forms much of the moraine should bé
easily compacted with vibratory equipment, provided the moisture
can be closely controlied. The material contains a moderate
amount of silt (10 to 20%) and will not compact if it contains too
much water. The silty material may require dust control during
dry periods. The clean sands and coarse upper soils found in
isolated areas throughout the moraine should compact easily with

vibratory equipment within a wide range of moisture content.

The lack of large quantities of clean on-site fill indicates that silty
sand may be needed for a large amount of fill, both for plaAnt and
road foundations. Frost protection of roads would require use of
up .to 18 or more inches of non-frost-susceptible (NFS) sub-base.
NFS materials are granular inorganic soils which contain less than
3% by weight finer than 0.02 millimeters. Existing logging roads

are in excellent condition and are constructed with material from
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on-site borrow pits and with gravel obtained from the Chakachatna
River. Much of the road material is silty sand, but NFS material
was scalped from many small knolls. Roads occasionally are of

gravel-covered log corduroy construction in deep peat areas.

No impermeable fine-grain soiis were found on site, but some
clayey silt was found in the Granite Point beach area. These

slightly plastic silts generally make poor impoundment material,

but a specific analysis should be performed for each application.

Beach borings in the prospective dock area indicate large quan-
tities of the silt material, but the quality may wvary from slightly

plastic silt to nonplastic sandy silt.

An investigation of the extent of organic soils was performed at
the proposed plant and town sites. This entailed an interpretation
of available air photos and literature, field reconnaissance tra-’
verses of the site, and hand-probing the depth of organic soils.
The peat probes were spaced approximately v600‘feet apart, with
traverses following existing seismic -Iine cuts, and on random
traverses. An idealized map of the plant area has been prepared
(Figure 3.8) showing the depth of organic soils to range from 0 to
13-plus feet. The organic soil ranged in depth from 0.2 to 3 feet
in the town site. A map showing the location of organic soil in
the proposed town site was not prepared because there are no

significant deep organic soil areas.

Slope stability is generally good due to the dense soil and moder-
ate slopes in the vicinity of the plant site. Small areas adjacent
to streams have been over steepened by erosion and are unstable,
but these areas can be avoided or cut to a stabie slope. The
maximum observed slopes of 10° to 20° would be marginally stable
under 0.4g loading and high groundwater conditions, but the
majority of the siopes would be stable for all expected earthquake
accelerations. Cut stability would be good and temporary cuts

should stand at slopes of 1:1 for short periods. Long-term slope
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stability probably wouid be controlled by erosion criteria, and
slopes approaching 2:1 may be required. The very dense coarse
material generally has a low potential for erosion, but layers of

silty material can erode rapidly under either wind or water action.

Town Site

[o]

Topography

The proposed town site is located on the Nikolai moraine, two
miles northwest of the plant site. The site is approximately one
mile from the Nikolai escarpment and has an elevation of about 450
feet.

Topography generally slopes to the southwest at about 200 feet
per mile, but becomes increasingly steep near the escarpment. An
intermittent stream with a steeply eroded channel cuts across the

north end of the site.

The land surface is typical of the Nikolai moraine, which is a com-
plex of ground and lateral moraines with numerous kames. The
area has generally low relief but is moderately well drained. Peat
bogs which contain 2 to 3 feet of peat are found in poorly drained
areas near the southern portion of the site, but most of the
proposed town site appears to have, at most, only a few feet of

peat.

Subsurface Conditions

Two borings and five test pits to depths up to 30 feet reveal the
town site has ‘a surface layer of peat which is underiain by
medium dense silty sand or sandy silt extending to a depth of
about 2 to 5 feet (Figure 3.12). The next deeper layer is NFS

-gravelly sand which may contain numerous bouiders between

depths of 5 and 15 feet. Very dense siity sand and sand are
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found below the boulders. Voicanic ash layers up to 4 inches

thick may also be found beneath the boulder layer.

A boulder Iayer‘ has -been ‘identified in many parts of the moraine,
but its source has not been firmly established. It may represent
volcaniclastic debris or glacially transported wvoicanic material.
Volcanic debris at this distance from known voicanos would repre-
sent volcanic activity more intense than currently anticipated.
Logs of a typical test hole and test pit are shown in Figures 3.13
and 3.14. '

Groundwater

The town site is generally well drained due to the proximity of the
escarpment, but the southern section of the town site contains
small areas of peat. The upper coarse soils have a moderate to
high permeability, but the underlying silty sand is very dense

and possesses a moderate to low permeability.

Groundwater was observed in the peat at depths of 2 to 4 feet,
but this appears to be surface water which is ‘inhibited from
draining by the low permeability silt underlying the peat. Suf-
ficient slope exists to permit surface drainage through channels,
and the shallow water level should not provide extensive problems
for construction. Coarse soils with moderate to high permeabilities
are found directly below the surface silt and peat. This soil
could be used to provide on-site wastewater disposal if systems

could be placed in areas with a low water table.

Construction Feasibility

The proposed town site is characterized by very dense soil
underlying a few feet of surface peat and silt. The upper soft
soils are sufficiently thin to allow excavation to expose very dense

granular soil. The dense soil provides excellent bearing capacity,

3-28



DEPTH (FEET)

= 2 2 - WO. NO.__ D13131
g E:' Q = LOGGED BY_O. H.
g% 53 z zg -z BORING 2-TOWN
a %]
b ol Z b pur| oo
x 30 = a E
O— 20 ° = ue ELEVATION=__ 430 DEPTH
57] , BROWN PEAT, SOFT
1Y S— 1.0'
m F-4, BROWN SILT, SLIGHTLY PLASTIC, SATURATED, SOFT
I TO STIFF
ML
5t ﬂﬂ[‘ 4.5'
- NFS, BROWN SANDY GRAVEL WITH OCCASIONAL COBBLES TO
1 12"+ MAXIMUM PARTICLE SIZE, MOIST, DENSE
10t
~ '
- F-2, BROWN GRAVELLY SILTY SAND WITH OCCASIONAL 12.0
il COBBLES TO 12"+ MAXIMUM PARTICLE SIZE, MOIST, VERY
|| DENSE .
SM
15F 11,32 1
1651
1 18.0'
1}l F-2, BROWN GRAVELLY SILTY SAND WITH OCCASIONAL
20 ﬂr COBBLES, MOIST, MEDIUM DENSE TO VERY DENSE :
8
SM
|
25¢ m‘*
SM
mﬂﬂl _ _ — — 29.0°
30t * BOTTOM OF TEST HOLE = 29.0'. COMPLETED 5/14/81.
|
L
KEY
PP = UNCONFINED COMPRESSIVE STRENGTH (PENETROMETER) (TSF)
TV = SHEAR STRENGTH (TORVANE) (TSF)
MA = MECHANICAL ANALYSIS
LL= LIQUID LIMIT (%)
P1 = PLASTIC INDEX
] - GRAB SAMPLE
4 - SPT SAMPLE
M - 25 1.0 SPOON_SAMPLE M
340 % WEIGHT, 30" FALL Iﬂﬁé
S - SHELBY TUBE - PUSHED g
= - GROUND WATER TABLE

WHILE ORILLING

LOG OF BORING

FIGURE 3. I3




TEST PIT20

WORK ORDER__D13132
LOGGED BY___T.B.

TEST
DOEPTH RESULTS - SAMPLES ELEVATION= N E DEPTH
== F~4, BROWN PEAT AND ORGANIC
Y SANDY SILT.
LT ' 1.5
-2, GREY SILTY GRAVELLY SAND WITH
WOOD AND ORGANICS MIXED, ANGULAR
2Fr AND SUBROUNDED 8"+ GRAVEL AND
COBBLES, MEDIUM DENSE. 2.5
3} F-2, BROWN SILT SAND AND 1°'
COBBLES, MEDIUM DENSE.
4 -
BECOMING CLEANER WITH DEPTH.
5 L
E
6 .
71
8 L
9 L
o} [§
I [é
11.5°"
12 GREY AND PINK VOLCANIC ASH AND SILT,12 0;
F-2, GREY SILTY GRAVELLY SAND
WITH COBBLES, MOIST TO WET, VERY
13t DENSE.
TEST KEY:
14} W = MOISTURE CONTENT
LL=LiQuio umm  EEERE e e e —14.5"
PL = PLASTIC LIMIT 4
15 MA = MECHANICAL ANALYSIS BOTTOM OF EXPLORATION = 14.5°

LOG OF TEST PIT

Ficlire R 14




generally in the range of 4,000 to 8,000 Ibs. per square foot for
spread footings. Stability of the dense soil is good, and the

‘liquefaction and settlement potentials are low.

Extensive cobbles and boulders found there would create moder-
ately difficult excavation conditions, but cuts and exposed slopes
would be stabie at relatively steep angles. Precautions to prevent
boulder slides should be provided during excavation. Slope sta-
bility is good, and only the small slopes along streams which have
been over steepened by erosion present stability problems. These
areas may be cut to a stable configuration or avoided entirely with
only a small loss of area. Removal of the surface peat and silt
near bluffs would contribute to increased water infiltration and

may possibly increase bluff erosion.

Dock Site
° Topography

Topography at the proposed dock area consists of a narrow (200
feet or less), level beach which is submerged or only a few feet
above water during extreme high tides. The shore slopes south-
ward at a rate of about 20 to 40 vertical feet per mile. Bluffs up
to 120 feet high with slopes of 30° to 40° border the beach strand
on the north. The bluffs are cut by numerous small streams
which have formed narrow channels. Ground surface above the

bluffs also slopes to the south at about 50 feet per mile.

The bluffs are continuously eroding and the toe of the slope often
has deposits formed by erosion debris or siumped material. This
material forms a bench about 10 to 30 feet above extreme high

water.
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Subsurface Conditions

A thin layer of soft gray silt covers the beach between mean and
low tide levels. Three test borings and two probes indicate that
soft or loose deposits of silt and sand extend to a depth of about
15 feet, below which is found very dense silty sand (Figures 3.15
and 3.16) The very dense material resembles the material of the
Nikolai moraine which has been mapped as extending across Cook
Inlet. The borings indicate that only a relatively thinlmarine
deposit covers the very dense material of the moraine. A log for
the boring Test Hole 2 is shown in Figure 3.17. The marine
deposits contain fine sand, silt, and clayey silt. The silt resem-
bles rock flour, being generally nonplastic and only slightly
compr‘es‘sible'(CC = .1).

Dock Construction-

The soils in the proposed dock area have excellent bearing capa-
city below the Recent soft, loose marine deposits (Figure 3.16).
However, boulders are present and may create difficult pile

driving conditions.

The existing beach is narrow with little or no back beach area,
and lack of space may limit the amount of activity near the dock.
The beach is generally only a few feet above extreme high water,
and portions of it may have to be raised to provide protection
adainst high water. The bluffs which border the site on the
north are steep and ar‘e'er‘oding continuously. They also repre-
sent a hazard of landslides onto the narrow beach. The slopes
should be stabilized if activity were to occur near the toe of the
steep slopes. The biuffs are composed of very dense, granular
material and should be stable at about a 1%:1 slope, provided

water is prevented from eroding the bluffs.
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Erosion of the beach appears to occur at a rate of about 2 feet
per year as shown by aerial photographs. Dock structures would
need protection from tidal current, ice scour, and wave action.
Protection in the form of riprap could be provided from several
sources. Boulder deposits occur on-site and appear to be wide-
spread, but their quality and quantity are unknown. Quarry
sites  containing volcanics and intrusives of Jurassic time exist at
elevations above the outwash/moraine plateau and at various loca-

tions throughout Cook Inlet.

Transportation Corridor and Mine Areas

The proposed mine sites include the Capps coai field area and the
west half of the Chuitna coal fields (Center Ridge).

® Topography of Mine Areas

The topography in the Capps and Chuitna coal fields includes
areas of significant mass wasting potential due to water runoff,
frost action, slope and other natural features. The ground sur-
face is covered with many small hummocky hills indented with small
cirques. The surficial features (patterned ground) indicate sur-
face frost action is occurring primarily in the uplands. The
presence of permafrost in the Capps coal field area is highly
possible. During hand probes, several samples obtained below 5

feet in depth were very cold to the touch.

° Surficial Conditions at Mine Areas

The ground cover within the area of the Capps and Chuitna coal
fields consists of a thin layer of moss, grasses, wild flowers and
Iowv woody plants. Field observations noted a cyclic build-up of
surficial soils. The mosses are gradually covered by wind-blown
sands and/or volcanic ash. Figure 3.18 illustrates a typicat shali-

low soil profile of the Capps area. Soils tests show the sands to
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be well-sorted with 68% retained between the #40 and #200
screens. A grain size analysis of the ash shows 48.5% is sand

and 41.6% is minus #200 grain size.

Transportation Corridor

The transportation corridor traverses the upland -tundra of the
Capps Field area, passes through the transition zone between the
tundra and mixed high brush where the Chuitna Field is located,
and enters the lower elevation which is dominated by mixed high

brush/spruce and hardwood forest area near tidewater.

The surface vegetation changes from grasses and moss to alders
and grasses with root systems which extend 18 inches or more.
The topsoil here has developed to a greater extent than the soils
of the Capps area, however, it is' still bisected with layers of
sandy volcanic ash. Figure 3.19 shows a typical section/soil pro-
file for the Chuitna Field area.

Trafficability

The trafficability of the upland Capps coal field area is very poor.
Layered organics and volcanic ash have been observed in recent
field reconnaissance to range from a few feet to more than six feet
in depth. In addition, the groundwater table is relatively high,
having been located in several test probes at depths from 20 to 60

inches.

Construction Materials

Surficial Geology

Subsurface soils investigations were performed in the proposed
plant and town sites and surrounding areas in order to observe

the existing soil conditions, and. to determine on-site aggregate
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sources. The investigation was confined to existing roads and
accessible logging trails in the plant and town site areas. Random
grab samples were also taken along the transportation corridor.
Sufficient quantities of on-site aggregate resources for use in
concrete, bituminus paving, railroad ballast, and classified fill do
not appear to be present within the immediate plant or town sites.
It is suspected there are moderate quantities of on-site aggregate,
but the quantities are probably too small to be used for any major

construction purposes.

The soils encountered in the proposed development areas are con-
sidered to be glacial in origin. The glacial deposits are generally
divided into two types: Till, nonstratified drift, and moderate to
well bedded diamicton; and stratified drift. The till is considered
to be a direct glacial deposit and the stratified drift is considered
to be deposited by a fluid medium less viscous than glacier ice,

i.e. water or air.

Two distinct kinds of glacial tili are found in the plant and town
sites and surrounding areas. An upper layer of coarse, angular
till was observed to depths of 0 to 8.5 feet, but is suspected to
be deeper in some areas. It appears to be unsorted, virtually
unweathered material containing all particle sizes. Boulders 10
feet or more in diameter are scattered erratically on the ground
surface. Rock fragments are of all sizes, are angular to sub-
angular, and contain some -subrounded particle shapes. Lith-
ologically, the parent material is primarily wvolcanic, ranging from
non-visicular to visicular in texture, with Ilittle visible matrix.
The upper soils often exhibit a silty sandy matrix, which may

contain some organics leached from the surface organic soils.

A second type of glacial till is found beiow the upper tili. It is a
poorly sorted, silty graveily sand mixture, with occasional angular
to subrounded cobbies and boulders. This till appears to have

undergone a higher degree of weathering than the overlying till.
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Various amounts of soil stratification were observed along road
cuts and in pits. Generally the deep soil is considered to be non-
stratified to moderately stratified and has been mapped as '"ground

moraine deposit -- primarily diamicton".

There are areas on the plant site where stratified tills are pres-
ent. These deposits generally cap small knolls, eskers, and
kames which are characteristic of the moraine topography. Most
sites have already been scalped to build access roads for removing
timber. The soil beiow this shallow surface material is a till com-
posed of silty, gravelly sand. Poor accessibility caused by deep,
soft peat prevented investigation of many of the potential aggre-

gate source areas.

Random aggregate samples were taken at road cuts and existing

gravel pits, both on and off the site, but no significant sources

of aggregate were found. The search was extended to the Chack-

achatna River area and the lower reaches of the Chuitna River.
The Chuitna River area has had little glacial activity and generally

contains coarser material than the moraine areas.

Potential aggregate sources were examined as a part of this study.
The Chakachatna riverbed and the accompanying old stream chan-
nels were considered. The sample tested was taken near the
existing bridge, however similar material was observed about four
miles east of the river. Other potential material sources include
the existing pit at Tyonek, and Test Pit 6, where sample 1 which
is representative of on-site material, was taken at a depth of 4
feet (Figure 3.7). Nearly unlimited quantities of material are ex-
pected to be present in the Chakachatna River area but on-site
quantities are expected to be severely limited. Gradations of the
samples tested are shown in Figure 3.20. The Chakachatna River
sample was not entirely representative of the material in the field,
because the natural deposit contains an abundance of large gravels

and cobbles not reflected in the sample.
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A limited soils testing program was conducted in -August 1981.
Sampies were obtained in the Capps Field area from exposed
glacial till and wvolcanic ash. Grain size analyses were performed
on the sand and volcanic ash, and Atterberg Limits were deter-
mined for the volcanic ash. In addition, a Los Angeles Abrasion
Test (American Society for Testing and Materials [ASTM] C131-55,
grading E) was performed on a surface grab sample of the gla-

cially deposited volcanics in the Capps uplands.

The grain size analysis on the sand revealed a well-sorted sand
with 68% retained between the #40 and #200 screens. This, in
combination with field observations, indicates the mode of deposi-
tion was by wind. Because of the dark color of the sand and the
surrounding dominant wvolcanic rock type, the sand is most likely

derived from volcanic rocks and ash.

The grain size analysis of the volcanic ash reports 48.5% is sand
and 41.6% is minus #200 grain size. An Atterberg test was run on
the ash, and confirmed it to be non-plastic. Other volcanic ashes

in the field were plastic.

The Los Angeles Abrasion Test on "glacial" till which had been
reworked by. surface runoff, reported a 15.6% loss by abrasion.

This is considered a very acceptable percentage loss and suggests

that this material could be used for a railroad ballast or for road

construction. Figure 3.21 illustrates the results of the abrasion
test.

Concrete Aggregates

The Chakachatna River material shows the most favorable grada-
tion of the three samples tested for both coarse and fine portland
cement concrete aggregates. Table 3.1 shows the gradation of the
three samples broken down on 1%" and #4 sieves. Both fractions

of the test sample meet the appropriate ASTM C33 gradations.

3-43



D,

Testing Expioration hemical Materials Inspection
LOS ANGELES ABRASIQN ASTM CG131-55
Size Grading
Fraciion A ! B C j») E f F G Used -
3" to 2-1/2" | 2500 gm
W
2-1/2" 10 2" 2500 gm|
|i » ! *
2" to 1-1/2" ii 5000 gm; 5000 gm :
! 1
1-1/2" to 1* | 1250 gn ' 5000 gm | 5000 gm | 1253.1
t b
1 ] |
1 to 3/4" I 1250 gni 5000 gm || 1252.2
ol i
3/4" to 1/2" || 1250 gm 2500 gm ]! 1253.74
h T
1/2" to 3/8" || 1250 gm 2500 gm | 1249.9
i
3/8" to 1/4" 2500 gm !
| 1/4" to #4 :', 5 2500 gm |
4 to #8 ” ! 15000 gmi '
Total Weightii 5000 ng 5000 gml 5000 gm | 5000 gm{ 10,000 gmy 10,000 gm 10,000 gm 5008.60 Actual Wt, (A)
il ! |
’[No. of Balls || 12 ; 11 8 6 I 12 12 12 4158.6 Wt. Ret #12 (B)
11 ! ; .

* Tolerance = 2%/size fraction 850.0 Loss A-3
Project Beluga - Methanol Plant 17.0 | % Loss(A-B)100
Location Tyonek . i A
Clien: CIRT/Placer - Amex D12780
>t Sampled A2503 W'O'—E—T;———

Date 6/6/81 Tech, C¢
FIGURE 3.2! ABRASION TEST RESULTS




Table 3.1

FINE CONCRETE AGGREGATES, #4 MINUS

Percent Passing

Chakachatna
Sieve River Tyonek Pit Oon-Site ASTM C33 Specs
4 100 : 100 100 95-100
8 87 ’ 80 .82 80-100
16 68 39 66 50-85
30 38 34 46 25-60
S0 19 16 27 10-30
100 9 10 1 2-10
200 5 8 4 0-5%-
F.M. 2.79 3.01 2.68 2.3-3.1
Absorption 2.9 3.6 3.3 --
Apparent
Sp. G. 2.81 2.71 2.76 -
Q? *0-3 is concrete subject of abrasion
. Percent Passing . ASTM C33
Sieve Coarse Concrete Aggregates, 1%" to #4 -Size 467 Specs
15" 100 100 100 95-100
R 60 86 87 -
3/4" 44 72 71 30-70
L 30 45 54 -
3/8 16 30 32 10-30
#4 0 0 0 0-5
Absorption 1.6 1.2 -- -~
Apparent
Sp. G 2.77 2.69 -- --
L.A. Abrasion 26 17 -- 50 Max.
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The oversized coarse gravel and cobbles wouid be wasted as a
part of the concrete aggregate operation, but would probably be
useful in some of the other products discussed below. The
amount of material passing the #200 ‘sieve in the Chakachatna
River sample is only marginally within specifications. Washing of
the sand or selective mining of the pit to decrease the amount of
material passing the #200 sieve may be desirable to improve the
efficiency of this material as concrete aggregate. Los Angeles
abrasion ‘loss on the coarse fraction of this sample is within
specification limits, although higher than for some aggregates in

the area.

The Tyonek pit material has grading deficiencies which would be a
problem for production of portland cement concrete. It has a
slight excess of coarse sand in the .#4 and #8 ranges, and an
excess of material passing the #200 sieve. It is. slightly deficient
in the medium sand fraction passing the #30 and retained on the
#100. These deficiencies could be overcome by processing the
sands through a classifying plant and wasting some of the
unwanted sizes. 1{n the coarse aggregate, the Tyonek pit material
has an excess of material passing the 3/8-inch and retained on the
#4. This (pea gravel) material decreases the economy of the
concrete by increasing the cement content required to achieve a
given strength level, and tends to cause poor finish-ability of the
concrete. Therefore, if this source is used it is recommended
that a large portion of the pea gravel size be wasted from the
concrete aggregate. It may be 'possible to utilize some of the
wasted pea gravel in other materials. The Tyonek pit material
would probably be quite durabie under abrasive conditions as

indicated by its low loss in the Los Angeles abrasion test.

The on-site material as represented by the sample from Test Pit 6
typically is too silty for use as concrete aggregate. A test sample
taken from an area with lower silt content than typical shows a

gradation which could be processed to provide satisfactory con-
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crete aggregates. The sand in that sample conforms to ASTM C33
specifications for concrete sand except that an excessive amount
passes the #100 sieve. This deficiency could easily be corrected
by washing the sand. The coarse fraction of this material has an
excess of the pea gravel sizes, some of which would need to be

wasted to provide a satisfactory concrete aggregate.

Coarse aggregate sizes other than 1%-inch maximum shown on
Table 3.1 would also be practical to manufacture from the materials
investigated. A 1%-inch maximum aggregate size would probably
be economical to produce from the Chakachatna River material,
while a finer coarse size, perhaps 3/4 to 1 inch nominal, would be
more practical to produce with the Tyonek or on-site materials. It
would also be possible to introduce crushed gravel into the coarse
concrete aggregate. This would give a greater latitude in . the
potential gradations available, particularly with the Chakachatna

River source.

No matter which source is selected for use as concrete aggregate,
further testing should be performed to verify the acceptability of
the source. Particles consist mostly of a mixture of coarse and
fine-grain igneous rocks. Certain fine~-grain igneous materials and
glassy igneous minerals are alkali. reactive. It is possible to com-
pensate for alkali reactive constituents in aggregates if their
presence is known beforehand. Therefore it is recommended that
alkali reactivity tests be performed on any aggregate source con-
sidered for use. Also useful would be to produce some laboratory
concrete test batches with materials tentatively selected for use.
It would then be possible to check the workability of the concrete
and the water demand, and to determine proper design strength
levels for that aggregate source. If concrete placements which
would be subjected to freeze-thaw action in a damp envir‘onmentv
are contemplated, freeze-thaw tests of specimens of hardened

concrete might also be considered.
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Asphalt Concrete Aggregates

Table 3.2 shows a typical aggregate grading for asphalt concrete.
The material coarser than the #4 sieve in asphalt concrete consists
mostly of crushed particles. The gradation of the coarse material

couid be controlled by controlling the crushing process, provided

- there is sufficient oversize material to provide a good crusher

feedstock. The Chakachatna River source has abundant coarse
gravel and cobbles that could provide large quantities of crusher
feedstock. The other two sources would have smaller quantities of
oversize material, but probably would have enough for production

of asphalt concrete in limited quantities.

It is usually not practical to crush a- fine asphalt aggregate to
achieve a desired gradation, but it is necessary to find a material
with. a fine fraction graded within specifications or to blend sev-'
eral materials to obtain the desired gradation. None of the three
sources contains a fine aggregate graded entirely to meet the

specification shown on Table 3.2 for fine aggregate. The Chaka-

Table 3.2

TYPICAL ASPHALT CONCRETE SURFACE COURSE
(Asphalt Institute [Vb)

Sieve Percent Passing
3/4" 100
3/2" 80-100
3/8' 70-90

#4 50-70

#8 35-50
#16 --

#30 18-29
#50 13-23
#100 8-16
#200 4-10

Material coarser than #4 sieve should be mostly crushed gravel.
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chatna River fine aggregate is deficient in materials passing the
#50, #100 and #200 sieves for use as an asphalt concrete aggre-
gate. The Tyonek pit material is deficient in the sizes passing
the #50 sieve and retained on the #200 sieve. The grade of the
on-site material more closely approximates the asphalt specifica-
tion, but is deficient in material passing the #200 sieve. Other
on-site materials have more material passing the #200 so it is
expected that a satisfactory blend could be achieved. If either
the Chakachatna or the Tyonek material were used for asphalt
concrete, it is recommended that a fine silty sand or sandy silt be
blended with the natural material to produce a more desirable
gradat'ion_for asphalt concrete. The exact blend would depend on
which source is selected. The Tyonek pit material showed high
resistance to abrasion using the Los Angeles abrasion test and
would be expected to produce an asphalt concrete more resistent
to traffic abrasion than would the Chakachatna material. The
gradation on Table 3.2 is simply typical of what may be used for
asphalt concrete. It may be worthwhile to test gradations outside
that specification, as a wide range of gradations is capable of

producing acceptable asphalt concrete.

Crushed Base Course

Surfaces which are to be paved with asphalt concrete probably
require a greater quantity of crushed base/leveling course than of
aggregate for asphalt concrete. A typical gradation of base/
leveling course is shown on Table 3.3. Since it is primarily a
crushed product the gradation of the coarse material must be
controlled by the crushing process.. Efficient materials for pro-
cessing into a base course would be those with a refatively high

percentage of material coarser than the 3/4-inch screen. Use of

‘sufficient quantities of coarse material would allow material from

any of the three sources Chakachatna, Tyonek or on-site, to be
processed into acceptable base course material. Some base course

specifications may allow a larger maximum size than shown on
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Table 3.3 and some allow a greater percentage passing the #200
sieve. No material with a "D" value less than 50 when tested for
susceptibility to degradation during agitation in water according
to Alaska Test Method T-13 should be used to produce base

course.

Railroad Ballast

Table 3.4 shows a typical gradation for railroad ballast. This is
an open graded coarse aggregate containing a mixture - of crushed
and natural particles. Any of the three sources considered couid
be used as a raw material source for railroad ballast. If the
Chakachatna River material were used, large quantities of coarse
gravel- and cobbles for crusher feedstock would be available, but
the number of crushed particles in the finished product woulid
probabiy be greater than required by the specification. If rail-
road ballast were being produced from either the Tyonek- or on
site source at the same time concrete aggregate were being pro-
duced, the oversize material wasted from the concrete aggregate
could be crushed and utilized in the railroad ballast, while pea
gravel sizes undesirable in the concrete aggregate could be wasted
from the concrete aggregate and utilized in the railroad ballast as

part of the uncrushed material.

The relative quantities of the different types of materials needed
are important in selecting the most practical pit from which to
borrow. The Chakachatna River material is expected to produce
the largest quantity of coarse gravel and cobbles for crusher
feedstock. The other sources would provide larger quantities of
naturally rounded medium-size particles. |If exceptionally large
quantities of concrete were required, sands from any of the three
sources could probably be processed through classification into an
acceptablie gradation. If the quantities of concrete would not
justify importation of a classification plant, the Chakachatna River

material shows the most favorabie natural gradation of sand. Use
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Table 3.3

TYPICAL BASE COUR§_§_
(State of Alaska D-1 Specification)

Seive Percent Passing
L 100
3/4 70-100
3/8" 50-80
#4 ‘ 35-65
#8 20-50
#40 8-30
#200 0-6
Crushed Particles 70% + #4 single face

Source: DOTPF 1981 Standard Specifications for Highway Construction.

Table 3.4

TYPICAL RAILROAD BALLAST
(Alaska Railroad G-2)

At least 70% of material coarser than #4 seive should be crushed.

Seive : Percent Passing
1M 100
" 65-100
by 35-75
#4 10-35
#8 0-10
#16 0-5
Crushed Particles 21-60

Source: Typical Alaska Railroad Construction Specification.
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of waste materials from one product in another product can im-
prove the economics of aggregate production, and could have an

affect on selection of the pit site.

GEOLOGIC HAZARDS

Seismicity

The Cook Inlet-Susitna Lowlands, the setting for the proposed pro-
ject, are included in a region of great seismic and volcanic activity
associated with the subduction zone formed as the Pacific Ocean plate
dips below the North American plate. Features of this collision zone
include the arcuate Aleutian Isiand chain of volcanos and many, but

not all, of the recorded large seismic events in Alaska.

Major fauit systems have been identified in the general area Figure
3.22, and include the Aleutian Megathrust (subduction zone), Castle
Mountain, Bruin Bay, Lake Cilark, and Border Ranges faults. Each
of these, as well as other more distant features, is capable of pro-
ducing seismic events, but the frequency and magnitude associated
with each system are not well known due to the relatively short
length of record, which is generally the case throughout Alaska.
Since 1899, nine Alaska qua;kes have exceeded Richter magnitude 8,
and more than 60 have exceeded magnitude 7. Thirteen earthquakes
of magnitude 6 or greater have occurred in the Cook Inlet region
during that time. The general project area lies at the border be-
tween Zones 3 and 4 in the 1979 Uniform Building Code, but his-
torical seismicity indicates a high level of seismic activity for all of
upper Cook Inlet. '

o

Aleutian Megathrust

The subduction zone between the North American and Pacific

Ocean tectonic plates is topographically expressed in the North

3-52



i
9

QE&%

FAULT SYSTEMS

I DENALI

IA FAREWELL SEGMENT
1B HINES CREEK STRAND
IC McKINLEY STRAND

ID SHAKWAK VALLEY STRAND
CASTLE MT-LAKE CLARK
BORDER RANGES
CHUGACH-ST. ELIAS
FAIRWEATHER
JACK BAY & WHALEN BAY
ALEUTIAN MEGATHRUST
CONTINENTAL MARGIN

TRANSITION
9 BRUIN BAY

10 MT. SPURR
11l MT AUGUSTINE

0 N OhH N

FIGURE 3.22

MAJOR FAULTS

IN SOUTHCENTRAL ALASKA




Pacific by the arcuate Aleutian lIsland chain, the mountains which
form the Alaska Peninsula, and the deep Aleutian oceanic trench.
The subduction zone in this area of the Pacific is thought to be a
shallow, north dipping (reverse fault) thrust zone termed a
"megathrust”. The unusually shallow (10°) angle of thrust is
inferred fr‘orﬁ hypocentral locations and fault plane solutions of the
earthquakes that continually express the tectonic realignment along
the northern limits of the Pacific Ocean Plate. Although a sim-
plistic interpretation of earthquake epicenters and topographic
expression implies the Aleutian megathrust is a smooth circular arc
with a radius of approximately 800 miles (1,280 kilometers) it is
now believed that the arc is composed of relatively short straight
line segments joined together at slight angles. [t is further
thought that these segments are tectonically independent. Thef'e
has been a tendency for the hypocenters of large earthquakes to
occur near one end of these blocks, and for the accompanying
aftershocks to spread over the remaining portion, so that during
large events strain is released over an entire segment of the
megathrust zone, stopping abruptly at the discontinuity between

individual segments.

Nearly the entire Aleutian Arc between 145°W and 170°E has rup-
tured in a series of great earthquakes (MLgr'eater than 7.8) since
the late 1930s. The most recent great event was the 1964 Prince
William Sound earthquake, which was the largest ever recorded on
the North American continent (ML = 8.3 to 8.6). It is believed
that this activity is typical rather than atypical for the area, and
that future earthquakes of magnitude 7.8 or targer can be ex-

pected along the megathrust.

Continual motion along the thrust system produces a targe amount
of regional subsidence and uplift due to plate warpage, and is
responsible for the orogenesis (mountain building) for the region.
The proposed plant site lies outside the zone of major vertical

movement produced by the 1964 event. Although large displace-
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ments of 35 to 50 feet were noted elsewhere in Alaska, oniy about
one foot of wvertical displacement was noted by residents of

Shirleyville, a small settlement near Granite Point.

Castle Mountain Fault

The proposed plant site lies in an area which is near the ends or.
juncture of three major faults, the Castle Mountain, Bruin Bay,
and ' Lake Clark fauits. Continuity of these faults has been
inferred by gravimetrié methods, but no surface expressions tie
them together.

The Castle Mountain Fault has been classified by various investi-
gators as both a right-lateral strike slip fault and a steeply
dipping reverse fault. Right-lateral slip was observed in Creta-
ceous units, and dip-slip motion has occured since Miocene time.
Schmoil has indicated the fault was active east of the  Susitna
River in Holocene time, but Recent movement west of the river is
unknown (Schmoll, et al , 1981).

The magnitude of earthquakes associtated with this fault generaliy
is small (ML = 3.0 to 4.5), and their focal depths are shallow--
generally less than 50km. However, it is thought that six re-
corded earthquakes with magnitudes greater than 6.0 have
occurred on the fault. The maximum historical earthquake is
believed to be 7.3 in 1943, but uncertainty exists concerning its

location.
The  Castle Mountain Fault is capable of producing a magnitude 8.0
earthquake based on its length of about 215 miles (exclusive of

the Lake Clark Fault), but a probable maximum is 7.5.

Bruin Bay Fault

It is postulated that the Bruin Bay Fault passes through the plant

site and joins the Castle Mountain Fault through the Moquawkie
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Contact. No surface lineaments are noted at the site, but
Congahbuna Lake has been suggested as a surface feature of the
fault (Schmoll, et al , 1981).

The activity of this fault system has not been established in
Recent time, but Tertiary movement is suspected. More extensive
investigations should be performed to determine its activity and
location, since this is the closest fault to the proposed plant site.
The length of the fauit (320 miles) implies that it could produce
seismic events with magnitudes greater than those associated with
the Castle Mountain Fault; however, no Holocence activity is

known.

Lake Clark - Lone Ridge Fault

It is postulated that the Lake Clark Fault is a continuation of fea-
tures similar to the Castle Mountain Fault. However, a gravi-
metric study indicates different tectonic blocks are involved. It is
also postulated that the Lone Ridge lineament belongs to the Lake
Clark system (Detterman, et al ). This ridge lies north of the

Chuitna coal field and exhibits steep scarps.

Border Ranges Fault

The Border Ranges or Knik Fault is located across Cook Inlet from
the proposed site and forms a boundary of the Cook Inlet low-
lands. A magnitude 7.0 earthquake has been estimated to be the
maximum expected for the Border Ranges Fault, but littie physical
evidence is available concerning its activity. No fault movement
has been documented for the past 10,000 years near Anchorage,

suggesting that part of the fault is inactive.
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Seismic Design Considerations

Seismic considerations significantly affect the design of structures
in the Cook Inlet region. Risk studies based solely on historic
seismicity in the upper Cook Inlet region (Anchorage and vicinity)
indicate peak rock accelerations of about 0.4g have a 10% chance
of exceedence in 50 years, and peak rock accelerations of 0.17g
have a 50% chance of exceedence in the same design period.
These values have been calculated for Anchorage during previous
investigations, but a regional study indicates that similar wvalues
should apply to adjacent areas inciuding the plant site. The fea-
tures which contribute to seismicity indicate that a 7.5 magnitude
earthquake would be reasonable for a closely occurring earth-
quake, and an 8.5 earthquake may be expected from a distant
earthquake attributable to the Aleutian Megathrust or other large
fault. Frequency of these events for Anchorage is shown on
Figure 3.23. The Castle Mountain and Bruin Bay faults probably
could produce greater accelerations than the values given above,
but these accelerations constitute the maximum credible accelera-
tions at the site and have a low probability of occurrence. Boore
(Boore, et al., 1978) indicates that peak accelerations of 0.8 to
1.0g would be expected from major activity on the nearby faults,

such as the Castle Mountain or Bruin Bay fault.

Frequency contents of distant and near earthquakes would differ
appreciably, but little information is available on the frequency
content of Alaska earthquakes. However, comparison with Cali-
fornia earthquakes indicates that "design earthquakes" shouid
differ for near and distant sources, i.e. a higher frequency con-
tent for close earthquakes than for distant earthquakes. The
peak rock acceleration may be used as a scale factor for design
earthquakes from close or distant sources. However, the peak
rock accelerations and design earthquakes were not determined

during this investigation.
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Peak ground acceleration is a function of the input rock accelera-
tion, soil response, and the soil-structure interaction. The very
dense soils which underlie the plant site indicate that surface
motion would not differ largely from the  input motion, but an

investigation of ground motion should be performed for the site.

The dense soil will offer excellent protection against liquefaction
or subsidence since it is already near its densest condition. Peat
in the area may contribute to amplified ground movement during
earthquakes if it is incorporated into foundations or if it underlies

filled areas.

The effects of seismic motions may include some slope instability,
but only in those areas which have been over-steepened by ero-
sion. Bluff areas near the proposed plant site appear to have
been relatively stable during the 1964 event except for areas along
the beach and rivers which had been over-steepened by erosion.
Slope failure did occur during the 1964 event along the steep
bluffs northeast of the site. The proprietor of Shirleyvilie indi-
cated that his house was damaged by an earthslide which occurred
soon after the 1964 earthquake, but that the slope was stabie
during the event. Frost and water may have contributed to this
phenomena of delayed slope failure. However, it must be con-
ciuded that many of the slopes in the area were not affected by
the 1964 earthquake. The beach bluffs typically receed 2 to 3
feet per vyear due to erosion or due to shallow, siump type fail-

ures regardless of earthquake activity.

The bluffs adjacent to the plant site appear to be stable for all
expected earthquake accelerations, provided large toe cuts are
avoided and large loads are not applied at the top of bluffs.
Some smail, locally over-steepened slopes exist, but these areas

could be avoided or cut to a stable configuration.
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Ground Failure

Local ground subsidence is not likely due to the dense state of the
soil at the proposed plant site, but surface faulting along the Bruin
Bay/Moquawkie Contact (Figure 3.22) could have severe consequences
to development if it were to occur. Local investigations should be
performed to determine the fault's activity and possibly the location
and alignment of its surface expression. Since peat in this area is
saturated, an investigation using trenching would be relatively dif-
ficult without extensive dewatering. The problems associated with
surface faulting through developed areas could be avoided by re-
stricting development in the area of possible ground fa‘ulting as

inferred by linear features, such as Congahbuna Lake.
Landslides

Landslides in the Beluga area often occur within the Kenai Formation.
The soils consist of low-grade sedimentary sandstone, conglomerates,
siltstone, and claystone. Most of the slides occur on steep slopes
which are undercut by stream action and/or where frost action, sur-
face and subsurface water, and gravity have contributed to slides.
Some tectonic activity due to movement along the Castle Mountain
Fault and earthquakes may also play a significant role in landslides in

the area.

The Capps Glacier slide is a very large slide covering approximately
five square miles. The land has a stepped slump topographic ap-
pearance. Many large coai blocks lie in a random orientation in rela-
tion to the surrounding insitu coal beds. The Capps Glacier slide is
active with the most recent movement observed occurring adjacent to
the top of the escarpment in Section 25, T14N, R14W, Seward

Meridian.

A subsurface soils investigation performed by the USGS (Yehle, et

al , 1980) indicated the strength index test on unconfined compres-
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sive . strengths on a drill hole made in the Capps Field ranged from
0.20 to 4.20 MPa (29 to 609 psi) with an average of 1.74 MPa (252

psi). The test hole material ranged from soft soil to soft rock.

During field reconnaisance by DOWL Engineers (1981), the observable
surface outcrops in landslide areas af‘e low-grade sedimentary rock
which is slightly to poorly cemented and friable. It appears to break
down readily in water and is clearly affected by freeze-thaw cycles

when surface water is present.

Along the Chuitna River and its tributaries, large and small slides
are- easily observed. Many slides are due to oversteepening of high-
cut banks by stream action and surface runoff. Resistive beds of
coal jut out from the face of the carved river banks. When enough
underlying soil is eroded below a resistive bed, large blocks of coal

fall into the stream channels.
Voicanos

Five active volcanos are found in the Cook Inlet region. The most
recent eruptions were by Mr. Spurr in 1953 and Mt. Augustine in
1976. Mt. Spurr is located about 40 miles from the proposed plant
site near the Capps Glacier. Mt. Augustine, located in south Cook
Inlet near Kamishak Bay, is considered potentially explosively erup-
tive and is under observation by the USGS. The USGS should be

able to provide warning if activity becomes imminent.

Volcanic deposits of 1 to 2 feet of ash from numerous eruptions were
found in the vicinity of the proposed plant site, and these deposits
are being mapped to determine historical volcanic activity in the
region. The most recent ash fall at the proposed plant site occurred

following the eruption of Mt. Augustine in 1976.

The wvolcanics in the Beluga area are Miocene or younger in age.

The Capps upland is covered by a reported 0 to 100-foot thick cap of
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glacial till which is made up of silts, sands, gravel, cobbles and.
boulders. Most of the till is derived from extrusive and intrusive

volcanics.

Many ash falls (nu’ees ardentes) have occurred. The eruption of
Katmai, in 1912, 240 miles south of Beluga, produced an ash and
sand flow of nu’‘ee ardente origin which formed sandy tuff 100 or
more feet thick over 53 square miles. One such ash fall also covered
an observable ar‘eé of six miles, and likely much more, in the Beluga
area. Flora prints of plant leaves are easily observed at the base of
the ash fall. The ash fall has been described as a lappilli (composed
of volcanic ejecta 4mm-32mm in diameter). Lappilli was observed,
during field studies by DOWL Engineers, near the uplands at the
2,400-foot elevation and on banks of the Chuitna near Botts Creek at
elevations of 750 to 800 feet. In both areas, the volcanic ash tuff
overiies a coal bed ranging in thickness from a few f.eet to- 7+ feet

where easily observed.
Tsunamis

Tsunamis are great sea waves most often caused by rapid vertical
dispiacement of the ocean floor or submarine landslides. Two tsun-
amis have been recorded in lower Cook Inlet since 1883. Mt.
Augustine errupted in 1883 and produced a 25-foot-high wave at
English Bay; and the 1964 Prince William Sound earthquake produced
a 4-foot-wave at Seldovia. These locations are 70 to 90 miles from

the proposed site.

The restricted opening of Cook Iniet provides some degree of protec-
tion from incident tsunamis generated along the potential source areas
along the Pacific Rim. In 1964, the Prince William Sound earthquake
produced only a few feet of tidal disturbance inside Cook Inlet, al-
though coastal areas such as Seldovia recorded some tsunami damage.
Tsunamis generated in Cook Iniet may have severe impacts on coastal
structures, but the plant site is at sufficiently high elevation to

preclude tsunami damage.
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Permafrost
No permafrost was detected in any of the borings. In addition, sur-
face reconnaissance indicates little evidence of shallow permafrost. It

is also unlikely that this south-facing area has deep permafrost.
Sample temperatures were at or above 42°F, but some sampie heat
gain is usually associated with auger drilling. The upland areas may

have some permafrost present but this is not confirmed.

Additional Geologic Hazards

Slope stability in the plant and town site areas is good, but slopes in
the vicinity of the proposed construction dock are generally unstable

and may require stabilization.

Other hazards were noted by Schmoll (USGS, 1980) in his preliminary
report regarding the surficial. geology of the area. Gravitational
spreading of surficial deposits which produced graben-like features
was noted along the Nikolai escarpment. However, this area is about
10 miles northwest of the proposed plant in an area of much steeper

escarpments than found in the areas of the plant and town sites.

Volcanic clasts were observed within a few miles of the plant site and
may indicate an unsuspected level of volcanic activity, or they may
represent glacially transported volcanic debris. Additional investiga-

tion to determine the origin of this material should be considered.

The mountains north and west of the project site are extensively gla-
ciated, among them being the Capps and Triumvirate glaciers. The
glaciers present no foreseeable hazard to the higher portions of
Nikolai margin, but the Triumvirate Glacier forms a dam creating
Strandline Lake which then empties into Beluga River. Glacier dams
can be unstable and have caused numerous floods, but a flood of this

nature would not affect the proposed plant, town, or dock sites.
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4.0

HYDROLOGY

GROUNDWATER

Introduction

The availability of industrial quantities of groundwater in the study
area is dependent on the existence of fairly extensive deposits of
highily permeabie granular materials which contact areas of high re-
charge capacity. The Chuitna River, although currently cutting its
way through consolidated formations, may have some abandoned
channel areas in which sufficient depths of gravels have been de-
posited so that a shallow groundwater or induced filtration situation
may be developed. However, throughout the upland area from
Nikolai Creek to the Beluga Lowlands the unconsolidated formations
consist predominantly of impermeable giacial till with scattered and
isolated deposits of sand -- ranging from siity sand to gravelly sand.
As a result, production of previously driilled wells in the general area
ranges from 0 to 50 gallons per minute (gpm). The only well of 500
gpm or more we know of in the Beluga area is at the Chugach Elec-
tric Association power plant. The vicinity of the Chakachatna River
appears favorable for high groundwater production, perhaps 1,000
gpm or greater, due to extensive gravel deposits and sizable rivers
to provide recharge. However, no production wells are known in
that area. Information obtained by others drilling seismic shot holes
in the Nikolai Creek flats area indicated that the Nikolai Creek area
is underlain by gravel which might provide a substantial water
source. A supply adequate for the proposed new town development

may be available along the toe of the escarpment near the town site.

It is against this background that the water exploration program for
this project was developed. The program included drilling two test
wells, Test Well #1 in the Nikolai Creek Flats area and Test Well #2
within the proposed methanol plant site (Figure 4.1). An observation
well, Well #3, was drilled near Test Well #1.
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Available Supply

Nikolai Creek Flats

The vicinity of Nikolai Creek Flats appeared to be the most prom-
ising for development of high production wells within a reasonable
distance of the proposed plant site. It did not appear that in-
dustrial quantities of groundwater could be obtained within a
2%t-mile radius of the proposed plant site. However, it was felt
that if an extensive shaliow gr‘avel\or coarse sand aquifer existed
in the Nikolai flats area, the creek would provide sufficient re-
charge to insure the long-term production of the formation. Since
road construction would have been necessary to gain access to the
flats nearer to the proposed town or plant sites, it was decided to
drill the test well near the logging road bridge approximately six
miles upstream from the plant site. 1t was felt that specific test
information from this site could be combined with other generalized
sources of subsurface information of the area to provide a rea-
sonable indication of the groundwater potential in similar
areas of the Nikolai flats nearer the proposed town and plant

sites.

The primary objective of drilling in this area was to determine if
relatively shallow aquifers exist which are recharged by Nikolai
Creek; the drilling was to be shallow, less than 200 feet deep.
Two holes were drilled, Test Wwell #1 and Well #3, which demon-
strated that, at least in the area of the bridge, no such aquifer
exists (Table 4.1). This verifies the surficial geologic mapping
of the area done by USGS. The drilling did determine, however,
that a series of predominantly fine-grain 'materials which are
under considerable artesian pressure underlie the general area.
These formations begin at a depth of 55% feet below the surface
and extend beyond the maximum drilling depth of 217 feet.
Although artesian leaks around the casings of Wells #1 and #3

were measured at 75 and 150 gpm, respectively, it was found that



Table 4.1

TEST WELL #1
SUMMARY OF DRILLER'S LOG

Drilted 5/16/81 to 5/19/81 - By M-W Drilling

Depth (Feet) Description

0.0 - 0.5 Fill

0.5 - 24.0 Silty Gravel with Water

24.0 - 40.0 Graveily Silt - Dry

40.0 - 48.0 Silty Gravel - Damp

48.0 - 133.0 Silty Sand with Water - Flowing
133.0 - 172.0 Sandy Clay with Water - Flowing
172.0 - 213.0 Gravelly Sand with Water - Flowing
213.0 - 217.5 Silty Sand with Water - Flowing

Screen was installed from 182 to 200 feet and .the well was surged
22% hours. The water would not ciean up. The well was pumped
one-haif hour at 180%f gpm with a drawdown to 150 feet. The esti-
mated sustained well capacity at -this depth interval is about 100%
gpm. There was an artesian leak around the casing at 75 gpm
which was unaffected by pumping from the screened interval. : The
leak was sealed by grouting. The static water level was calcutated
at 79 feet above the surface.




the formations were too fine and wvariable in gradation to be
tapped by a naturally developed well. Although a screen was set
in well #1, a period of surging did not wash the fines from the

formation sufficiently to perform a meaningful pump test.

it is possible that wells of 200 to 300 gpm capacity could be
developed in these formations using an artificially gravel-packed
construction method. The water in these formations is of very
good quality (Figure 4.2) and has a static level 79 feet above the
surface at Well #1.

Plant Site

Because of the poor water production history and relatively shal-

- low depths to bedrock reported in the upland area, Test Well #2

to' be drilled on the plant site was intended primarily to prove
firsthand that significant quantities are not available in that area.
The well also could verify the shallow depth to bedrock. in fact,
Test Well #2 was drilled to a depth of 405 feet without encounter-
ing bedrock (Table 4.2). This is deeper than bedrock was ex-
pected based on the information reported by Magoon, Adkinson
and Egbert (USGS 1978) (Figure 4.3).

Test Well #2 was located near the Congahbuna drainage so that
any shallow aquifers which may be associated with that drainage
could be detected, as well as any deeper formations. The well did
demonstrate that approximately 15 feet of good water-bearing for-
mation exists at the depth of 40 to 55 feet.v However, it is ex-
pected that the production potential of that aquifer would be rela-
tively insignificant, being limited by the availability of excess
water in the Congahbuna drainage system. This water-bearing
formation was not tested. From 328 to 395 feet, a water-bearing
silty gravelly sand was encountered which has a static water level
(artesian preésur‘e) approximately 25 feet above the surface. A

screen was installed in that formation and a 24-hour pump test
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CHEMICAL & CEOLOGICAL LABORATORIES OF ALASKA, INC.

TELEPHONE (907)-2784014 ANCHORAGE INDUSTRIAL CENTER
274-3364 5633 B Street
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ANALYTICAL REPORT

CUSTOMER ___DOWL_Engineers SAMPLE LOCATION: Alaska .
_ FOR LAB USE ONLY
DATE COLLECTED. _ 6-9-81 TIME COLLECTED:__10:00 IRgcvyp.BY__ LMG LAB #_7B18-2
GAMPLED BY i SOURCE well #2 DATE- RECEIVED 6-10-81
REMARKS Beluga Methanol 6" Pipe, Filtered Sample DATE COMPLETED. 6-19-81
__é&ﬁe,{;&al_w 0’?- — DATE REPORTED 6-19-81
e Lrn BS5E* Lovel 4"
SIGNED/ Lo ~
mq/1 mg/1 UV mg/l
[JAg,Silver <0.05 [ JP,Phosphorous 0.17 [JCyanide
[JA1, Aluminum <0.05 []Pb,Lead <0.05 [Jsulfate 2.3
[JAs,Arsenic <0.10 [JPt,Platinum <0.05 (JPhenol
[JAu,Gold <0.05 (Jsb,Antimony <0.10 [JTotal Dissolved 83
Solids
[]8,Baron <0.05 [(]Se,Selenium <0.10 [(JTotal Volatile
Solids
[)8a,Barium <0.05. [(1si,Silicon 12 (JSuspended
Solids
[]8i,Bismuth <0.05 (3sn,Tin <0.05 [Jvolatile Sus-
pended Solids
[JCa,Calcium 11 []sr,Strontium 0.08 [JHardness as 41
CaC
[JCd,Cadmium <0.01 (JTi,Titanium <0.05 [JAikalinity as 64
CaCO
[]JCo,Cobalt <0.05 [JW,Tungsten <1 [] 3
[JCr,Chromium <0.05 [Jv,Vanadium <0.05 []
[JCu,Copper <0,05_ [JZn,Zinc <0.05 0
[JFe,iron <0.05 [JZr,Zirconium <0.05 (]
* * - - - -
[JHg,Mercury <0.10 [JAmmonia [Jmmhos Conductivity 140
Nitrogen-N
[JK,Potassium 1 [Jxjedahl [(JpH Units 1.5
Nitrogen-N )
[IMg,Magnesium 3.4 [INitrate-N <0.1 (JTurbidity NTU
{3Mn,Manganese <0.05 [INitrite-N, [(JColor Units. E]
[JHo,Molybdenum <0.05 [(JPhosphorus []J7.Coliform/100m1
(Crtho)-P
[JNa,Sodium 12 [JChloride 3 0]
[I4i,Nickel <0.05 (JFiuvoride <0.10 0
FIGURE 4.2 GROUNDWATER QUALITY
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Table 4.2

TEST WELL #2

SUMMARY OF DRILLER'S LOG

Drilled 5/20/81 to 5/29/81 - By M-W Driiling

4,
20.
40.
54,
85.
92.

293.
297.

328.
395.
405.

0

©C O © O Un O O

Description

Fitl

Silty Gravei

Siity Gravel - Damp

Lose Gravel with Water - B8lows 30gpm
Gravelly Clay - "Hardpan"

Siity, Sandy Gravei

Gravelly Clay with Some Boulders

Siity Coarse Sand with Water -
Biows 3 gpm @ 293

Gravelily Clay
Siity Gravelly Sand with water
Clay

Screen was installed from 355 to 385 feet and the well was surged for
21 hours, which was adequate to clean up the well.
test at 149 gpm caused drawdown to 102% feet.
at the surface (there was no artesian leak).

- calculated at 25% feet above the surface.

4-7

A 24~hour pump
The well was grouted
The static levei was
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was performed to determine the production potential. The test
showed that the transmissivity (T) of the aquifer in the area is
quite low (2,380 gallons per day per foot [gpd/ft]) (Figure 4.4).
After 8 hours of pumping, the test also indicated that the cone
of influence encountered a major impermeablie boundary, reducing
the effective T to about 840 gpd/ft. This formation could be used
for minor intermittent demands of 100 gpm or less. It is unlikely
that this water-bearing formation is extensive under the pilant site

location.

° Existing Uses

Small domestic wells serve the Union 0Qil Company and ARCO
facilities at Granite Point; the Kodiak Lumber Mill camp near the
North Foreland, and the Chugach Electric Association facility at
Beluga. None of these wells is near enough the proposed project
to be influenced by withdrawals there. Other than these wells,
the groundwater resources in the Beluga region are virtually

untapped.

SURFACE WATER

Existing Sources

% |Lakes

Numerous shallow lakes dot the landscape between the Beluga
River to the north and the Chakachatna River to the south
(Figure 4.5). Of these, the largest is Congahbuna Lake located
just north of the proposed plant site. Some consideration was
given to the possible use of Congahbuna as a source of cooling
water. A summary of the known information about the lakes of
the Beluga region is contained in Table 4.3. Additional informa-
tion on many of ‘these lakes is being gathered as part of an on-

going field program.

4-9
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Table 4.3

LAKES OF THE BELUGA REGION

Chemical & Physical Characteristics

Area Area Temp DO CaCO  Secchi Test
Name Localion (mi.?) (Acres) Date (°C) pH mg/2  mg/2 depth Netting Resulls Olher
Ashley Lake 61°8', 151°11+ 00.07 44.8
Beluga Lake 61°24', 151°36' 16.97 10,860.8
Bishop Lake 61°19', 151°25! 00.18 115.2  6/12/75 n 6.7 17 17.1 12.5' Rainbow 3
Dollies 1
Bunka Lake 61°4', 151°10+ 00.06 38.4
Chuilbuna Lake 61°7', 151°9' 00.18 115.2
Cindy Lake 61¢8', 151°12* 00.06 38.4
Congahbuna Lake 61°4', 151°25' 00.40 256.0 7/18/81 15.2 6.2 10.0
Denslow Lake 61°14', 151°21" 00.03 19.2
Erin lLake 61°13', 151°19 00.07 44.8 7/18/81 15.4 6.4 9.4 Depth 3.2 feel
Feil Lake 61¢16', 151°18' 00.20 128.0
Guy Lake 61°10+', 151°17'  00.05 32.0
Jean Lake 61°17', 151°21 00.08 51.2
Kaldachbuna Lake 61°3', 151°14' 00.21 134.4
lLower Beluga Lake 61°21', 15121 01.88 1,203.2
Mad Lake 61°7+, 151°34 00.04 25.6



Table 4.3
Conlinued

LAKES OF THE BELUGA REGION

Chemical & Physical Characleristics

Area Area Temp DO CaCO  Secchi Test.
Name Location (mi.?) (Acres) Dale (°C) pH mg/¢ mg/f depth Netting Resulls Other
Priscilla Lake 61°20", 151°27 00.09 57.6
Roberla Lake 61°5', 151°31* 00.12 76.8 71/18/81 15:1 6.0 9.0 Depth 3.0 feel
Scoll Lake 61°7', 151°12+ 00.05 32.0
Second Lake 61°5', 151°9+ 00.07 44.8
Theresa Lake 61°10', 151°17¢ 00.05 32.0
Third l.ake 61°5', 151°10+ 00.03 19.2
Tukallah lLake 61°8', 151°7" 00.14 89.6
Viapan Lake 61°7', 151°6' 00.30 192.0
Vicky Lake 61°3', 151924 00.13 83.2 7/18/81 15.8 6.2 9.2 Depth 5.5 feet
Marie Lake 00.06 38.4
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Streams and Rivers

The most important properties of surface water are amount, chem-
ical quality, suspended sediment content, and temperature. With
few exceptions, data on surface water in the region is generally

sparse.

While it is fhe Chuitna River that most likely would be directly
affected by the project, the total project area includes several
drainage systems including the Beluga, Chuitna and Nikolai. As
part of the 1980-81 field program, staff gauges have been installed
at numerous locations (Figure 4.6) and various measurements have
been taken of discharge, water chemistry, and sediment content.
Selected data on stream and river systems is shown in Tabie 4.4;
stream flow data is shown in Table 4.5; selected discharge mea-
surements are shown in Table 4.6; summary data on suspended
solids is shown in Table 4.7; and selected water quality data is
shown in Tables 4.8 through 4.11.

The current field program wiil permit the generation of rating
curves for the various staff gauge locations and provide a first
look at overall contributions of tributaries and groundwater flows
to major stream courses. An example of such a rating curve for
one stream is shown in Figure 4.7. Precipitation data and addi-
tional discharge measurements would be required before the

hydrology of the region can be more accurately described.

Additionally, two sites (Nikolai Creek and Upper Chuit Creek) are
being monitored for stream temperature and flows on an experi-
mental basis using portable data recorders linked to temperature
and pressure probes. If successful, this program expanded
throughout the area of interest would permit a more detailed
assessment of the hydrologic balance since simultaneous measure-
ments throughout each of the drainage areas could be available.
An example of the type of data being recovered from this program

is shown in Figure 4.8.

4-14



LEGEND

=+ STAFF GAUGE
e«— OTHER STATIONS
& uses

STAFF GAUGE
LOCATIONS -

BELUGA REGION

FIGURE 4.6




»

Table 4.4

SELECTED DATA ON STREAM AND RIiVER SYSTEMS

Estimated
Approximale Approximate Annuat Estimatled Approximate
Drainage Area Length Runoff Flow Slope
NAME (sq. mi.) (mi.) (1000 acre fL.) (cu. fL./sec.) (ft./mi.) Point of Discharge Notes
BELUGA DRAINAGE ’
Beluga River 26.8 9 Cook 1Inlet
Chichantna River 13.5 23 Beluga River
Capps Creek 3.5 71 Chichantna River
North Fork Capps Crk 4.7 410 Capps Creek
South Fork Capps Crk 5.4 335 Capps Creek
Chichantna Creek 6.3 167 Chichantna River
Bishop Creek 9.1 38 Beluga River
North Fork Bishop Crk 5.0 190 Bishop Creek
South Fork Bishop Crk 3.0 275 Bishop Creek
Judy Creek 5.5 137 Sue's Creek
Sue's Creek 7.6 128 Bishop Creek
Scarp Creek 7.6 79 Bishop Creek
Upper Scarp Creek 1.7 156 Wobnair Creek
Wobnair Creek 4.2 83 Scarp Creek
CHUITNA DRAINAGE .
Chuitna River 24.5 57 Cook Inlet
Lone Creek 4.6 43 Chuitna River
Easl Fork Lone Creek 2.2 34 Lone Creek
Middle Fork lLone Crk 3.7 89 Lone Creek
- Upper Lone Creek 6.6 68 Lone Creek
Middle Creek 1.0 75 Chuitna River
Culvert Creek 3.6 35 Middle Creek
Upper Middle Creek 7.4 51 Middle Creek
Strip Creek 1.4 7t Upper Middle Crk
Brush Creek 1.7 162 Upper Middle Crk
BHW Creek 2.2 193 Chuitna River
Bass Creek 7.2 125 BHW Creek
Hunt Creek 4.1 146 Bass Creek
Wilson Creek 2.1 298 BiHW Creek
Cole Creek 5.6 134 Chuitna River
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Table

4.4

Continued

SELECTED DATA ON STREAM AND RIVER SYSTEMS

Estimated
Approximate Approximate Annual Estimated Approximate
Drainage Area Length Runoff Flow Slope
NAME (sq. mi.) (mi.) (1000 acre ft.) (cu. fL./sec.) (fr./mi.) Poinl of Discharge Noles

ZHUITNA DRAINAGE Cont. :

Chuit Creek 8.6 94 Chuitna River

Camp Creek 4.0 181 E. Fork Chuit Crk

East Fork Chuit Creek 6.1 107 Chuit Creek

Upper Chuil Creek 4.5 22 Chuit Creek

Bott's Creek 1.2 375 Chuitna River

Frank Creek 3.6 139 Chuitna River

Upper Chuitna River 6.9 29 Chuitna River

John's Creek 1.9 263 Upper Chuitna Riv

Benno's Creek 3.6 194 Upper Chuitna Riv

Wolverine Fork 6.1 - 98 Upper Chuitna Riv
RIKOLAI DRAINAGE

Nikolai Creek 27.9 97 Cook Inlet

Stedatna Creek 4.6 115 Nikolai Creek

Pit Creelk 4.7 287 Nikolai Creek

Jo's Creek 5.0 280 Nikolai Creek
GTHER DRAINAGES

Old Tyonek Creek 9.9 81 Cook. Inlet

Congahbuna Creek 4.6 69 Old Tyonek Creek

Muskral Creek .8 94 Congabuna Creek

Tyonek Creek 12.9 54 Cook Inlet

Indian Creek 1.4 Cook Inlet

Three Mile Creek 7.7 52 Cook tnlet

S. Fork Three Mile Crk 8.8 34 Three Mile Creek
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Table 4.5
STREAM FLOW DATA (SELECTED STATIONS)
Point Discharge Measurement, Cubic Feet per Second (cfs)
Slalion No. Stream Gage Location Latitude Longitude Nov. May June July Aug. Sept. Oct.
1 North Capps 61°19'05" 151°40'54" 17. 90.9 -~
2 Capps Creek 61°19'00" 151°40'43" 16. 134.7 -~
3 Chuitna River 61°12'00" 151239'15% 64. 375.9 140.82
below Wolverine Fork

4 Wolverine Fork 61°12'05" 151°3917% 14. 99.3 27.25

5 Chuitna River 61°12'03" 151°39'28" 45. 272.5 100.81
above Wolverine Fork

6 Congahbuna Creek 61°02'43" 151°20'27" 10. 17.2 6.9 32.0
above Old Tyonek Creek

7 Old Tyonek Creek 61¢02'48" 151°20'27" 21. 70.4 15.1 79.15
above Congahbuna Creek

8 Old Tyonek Creek 61°02'43" 151°20'21" 33. 88.9 17.5 121.57
below Congahbuna Creek

9 Congahbuna Creek, 61°03'18" 151°26'53" 5. 13.1 3.8! 9.97
below Congahbuna Lake 2.85

10 Stedalna Creek at Culvert 61°04'08" 151930'59* 5. 16.7 2.9 28.21

1" Nikolai Creek al Bridge 61°05'05" 151°35'54" 152. 136.0 245.51 --

204.75
12 Upper Chuil Creek 61°12'44 151°33'54" 27. 155.3 91.17
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Table 4.5
Continued

STREAM FLOW DATA (SELECTED STATIONS)

PoinL Discharge Measurement, Cubic Feel per Second (cfs)

Slation No. Slream Gage Localion Lalitude Longilude Nov. May June July Aug. Sept. Ocl.
13 Chuil Creek Moulh 61°09'18" 151°30'11" 42.0 56.4 271.9 58.40
14 Chuilpa River 61°09"17" 151°30'06" 116.2 163.1 209.87
below Chuil Creek

15 Chuitna River 61°09*16" 151°30' 11" 72.8 100.0 500.0 167.39
above Chuil Creek (est.) (esl.)

6 BHW Creek Mouth 61°09'00" 151°26'40" 76.5 24.2 24.28

17 Lower Lone Creek 61°07'51" 151°17'57% 275.0 26.8 -

(est.) )

18 Upper Lone Creek 61°11'15" 151°18'34" 80.2 12.5 12.99

19 Cole Creek Moulh 61°08'46" 151°29'16" 58.7 9.6 59.46

20 Pil Creek 61°07'58" 151°242'25" 43.3 12.9 8.75

21 Nikolai Creek 61°07'51" 151°42'30% 97.2 45.6 23.35
above Pil Creek

22 Nikolai Creek 61°07'51" 151°42'17% 136.9 57.4 28.94
below Pil Creek

23 Jo's Creek 61°08'15" 151°43'33" - 19.9 30.3 8.32

24 Nikolai Creek 61°08'15" 151°43'40" 73.1 18.0 15.99
Above Jo's Creek

25 Brush Creek 61°11'32" 151922'45" 2.5 4.15



Table 4.5
Conlinued

STREAM FLOW DATA (SELECTED STATIONS)
Point Discharge Measurement, Cubic Feelt per Second (cfs)

Slalion No. Slream Gage Location Latilude Longitude Nov. May June July Aug. Sepl. Ocl.
26 Strip Creek 61°11'28" 151°22'41" 1.5 1.74
27 Upper Middle Creek 61°11'24" 151°22'46" 4.2 5.62
28 East Fork Chuit 61°10'53* ~ 151°30'29" 68.8 15.57

above Camp Creek
29 Camp Creek 61°10'49" 151°30'22" 11.8 5.82
30 East Fork Chuit 61°10'45" 151°30'25" 78.3 19.61
below Camp Creek
3 Middle Creek 61°09'27" 151922+35" 11.3 16.43
near lLease Boundary :
32 Scarp Creek Mouth 61¢19'00" 151°19'33* 46.8 106.18
33 Wobnair Creek 61°16'03" 151°19'01" 4.8 18.42
34 Scarp Creek 61°16'03" 151°19+12" 3.2 66.33

above Wobnair Creek

35 Scarp Creek 61¢16'07" 151°19'06" 38.2 86.97
below Wobnair Creek

36 Frank Creek . 61¢11'33" 151°38'55" . 67.63

37 Bolls Creek 61°1110" 151¢35'18" 5.7
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Table 4.6

SELECTED DISCHARGE DATA
Cubic Feet per Second (cfs)

Total Mean Maximum Minimum
Water Year Drainage Area Discharge Discharge Discharge Discharge
Station No. Description or Date (sgq. mi.) (cfs) (cfs) (cfs) (cfs) Comment
Chuitna River (1J5GS 1979 131 147716 405 2370 45

gauge near Tyonek -
160 ft. above sea level)

From USGS 1980: Period of record from October 1975.



SUMMARY DATA ON SUSPENDED SOLIDS
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Table 4.7

Point Sampie, Single Day Observation. (mg/£)

Stalion _No. Descriplion Jan. Feb. Mar. Apr. May June July Aug. Sepl. Oct. Nov. Dec. Noles
1 Norlh Capps Creek 1.0 -- 2.5
2 Capps Creek 480.0 --

3 Chuitna River below 11.0 5.
Wolverine Fork
1.
94 Wolverine Fork 14.0 3. 1.0
5 Chuitna River above 12.0 8. 21.3
Wolverine Fork
6 Congahbuna Creek above 3.2 0.65 3. 8.4
Old Tyonek Creek
7 Old Tyonek Creek above 19.0 2.1 6. 4.7
Congahbuna Creek
8 Old Tyonek Creek below 18.0 2.2 1.
Congahbuna Creek
9 Congahbuna Creek below 4.0 8.
Congahbuna Lake
10 Sledalna Creek @ Culvert 8.4 1.1 2. 1.9
i Nikolai Creek @ Bridge 19.0 5.9
12 Upper Chuit Creek 8.2 2. 2.0
13 Chuit Creek Moulh 3.6  10.0 3.6



SUMMARY DATA ON SUSPENDED SOLIDS

Table 4.7
Continued

Point Sample, Single Day Observation (mg/¢)

s

Slalion No. Description Jan. Feb. Mar. Apr. May June July Aug. Sepl. Oct. Nov. Dec. Noles
14 Chuilna River below 18.0
Chuit Creek
15
Chuitna River above 22.0 32.0
Chuit Creek
6 BiIHW Creek Mouth 1.3 3.7
17 Lower Lone Creek 2.7 2.1
18 Upper Lone Creek 26.0 1.6 5.9
19 Cole Creek Moulh .42 1.3
20 Pit Creek 180.0 7.5 2.6
21 Nikolai Creek above (5/5) 36.0 11.0 8.0
Pil Creek (5/4) 150.0
22 Nikolai Creek below (5/5) 36.0 13.0 9.8
Pit"Creek (5/4) 130.0
23 Jo's Creek 25.0 9.4 3.0
24 Nikolia Creek above 43.0 11.0 9.6
Jo's Creek
25 Brush Creek 3.1
26 Strip Creek 72.0 110.0
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Table 4.7
Continued

SUMMARY DATA ON SUSPENDED SOLIDS
Point Sample, Single Day Observation (mg/£)

Stalion No. Description Jan. Feb. Mar. Apr. May June July Aug. Sepl. Ocl. Nov. Dec. Noles
27 Upper Middle Creek --
28 East Fork Chuit above .8

Camp Creek
29 Camp Creek 2.8 1.4
30 East Fork Chuil below 4.8 .5
Camp Creek
31 Middle Creek near 9.1
LLease Boundary
32 Scarp Creek Mouth 3.0 71.0
33 Wobnair Creek 1.7 ==
34 Scarp Creek_above 6.3
Wobnair Creek
35 Scarp Creek below 6.0
36 Frank Creek 8.7
37 Bolls Creek 4.4
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Table 4.8

SELECTED WATER QUALITY DATA, NOVEMBER 1980
Point Sample, Single Day Observation

Total Total Total
Dissolved Suspended Dissolved Total
Solids Solids : lron Manganese
Stalion No. Description (mg/2) (mg/%) pH (mg/2) (mg/2)
Capps Creek (South Fork) 27.0 35.0 0.19 <0.05
Chuitna River (below Wolverine) 28.0 5.4 ND <0.05



Table 4.9

SELECTED WATER QUALITY DATA, MAY 198i

Point Sample, Single Day Observation

Total Total Total

Dissolved Suspended Dissolved Total

Solids Solids Iron Manganese

Station No. Description (mg/2) (mg/2) pH (mg/£) (mg/2)

Jo's Creek 50.0 19.0 0.38 <0.05
Cole's Creek 21.0 16.0 1.10 0.08
Pit Creek 44.0 46.0 0.46 <0.05
BHW Creek 29.0 6.6 1.30 <0.05
Chuitna (below Chuit) 33.0 25.0 1.20 <0.05



Table 4.10

SELECTED WATER QUALITY DATA JUNE, 1981
Point Sample, Single Day Observation

Total Total Total
Dissolved Suspended Dissolved Total
Solids Solids tron Manganese
Slalion No. Description (ng/2) (mg/2) pH (mg/2) (mg/%)
Brush Creek 63.0 2.2 1.7 0.05
Strip Creek 94.0 45.0 1.6 0.17
Scarp Creek 54.0 1.3 0.70 0.05
Beluga River 72.0 34.0 1.9 0.06



Table 4.11

SELECTED WATER QUALITY DATA JULY, 1981
Point Sample, Single Day Observaltion

Total Total ' Total
Dissolved Suspended Dissolved . Total
Solids Solids tron Manganese
Stalion No. Description (mg/2) (mg/2) pH (mg/2) (mg/¢)
Chuitna Creek 27.0 2.2 7.1 . .28 <0.05
Strip Creek 45.0 15.0 7.0 .81 0.07
Brush Creek 51.0 7.0 6.9 77 <0.05
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BELUGA HYDROLOGY STUDY PAGE 1

PREPAKED BY DRYUEN & LARUE FOR DOWL ENGINEERS 10-AUG-81
NIKOLAI CKREEK STAKT TIME 06/03/81 12:00 (NIKO&4.POD)
PRESSUKE - INCHES H20 TEMPERATURE-BEG C STREAM GUAGE FLOW
LATE TINE AVG HIN HAX AVG HIN MAX READING (FT) (cfs)
06/03/81 12:00 15.8 0.7 17.5 9.0 6.5 20.5
06703781 146:00 14.4 13,4 5.1 6.5 6.0 6.5
06703781 24:00 11.6  11.3 12.0 6.0 6,0 6.0 13.75 205*
04704781 04:00 11.6  11.3 12.0 5.0 &0 4.0
06/C4/81 08:00 12,3 12,0 12.7 6.0 6.0 6.0
06704781 12:00 12,7 12.3 13.0 6.0 6.0 4.0
06/04/81 156:00 11.6 11,0 12.3 6.5 6,0 6.5
106704731 20:00 10.4 9.9 11.0 6.5 6.5 6.5
06/04/81 24:00 9.9 9.6 9.9 6.5 6.5 6.5
06705/81 04:00 10,3 9.9 10,4 $.0 4.0 4.5
06705/81 12:00 11.6 11,3 11.4 6.0 6.0 . 4.0 13.70 205 %%
06/05/81 16:00 11.0 10,3 11.3 5.0 4.0 6.5
06/05/81 20400 9.6 9.3 10.3 7.0 6.5 7.0.
6/05/81 24:00 9.3 8.9 9.3 7.0 7.0 7.0

* from rating curve
** measured

TYPICAL DATA RECOVERED FROM DATAPOD EXPERIMENT
FIGURE 48 | (NIKOLA! CREEK)
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The existing field program is being expanded to include more in
situ water chemistry so that temperature, pH, dissolved oxygen,
and conductivity measurements will be made each time a discharge
measurement is taken or a stream gauge reading is made. A
typical chemical analysis for one station on one day is shown in
Figure 4.9.

Following the completion of the 1981 field program an evaluation of
the program will be made and a scope-of-work for 1982 will be
prepared. This scope-of-work will be coordinated with other field
programs including the collection of climatic data and the initial
analysis of groundwater with particular reference to the proposed

mine areas.
Water quality for existing wells has been compared to that of the
Chuitna River (Table 4.12). Additionally, sediment samples of

numerous aliluviums have been analyzed (Table 4.13).

Possible Use of Surface Waters

Congahbuna Lake has a surface area of some 256 acres with an aver-
age depth of some 6 feet (maximum depth of 16 feet). The size of
this lake suggests that some consideration could be given to using
the lake for a cooling pond to provide natural cooling of the thermal
discharge from the plant. The impact on existing fisheries would
obviously have to be carefully weighed. The lake would provide a
holding time of approximately 25 hours assuming a 330,000 gpm dis-
charge from the plant (lake volume is approximately 500 million gal-
lons). The plant discharge would be 95°F. Analysis indicates that
the surface area of the lake is not sufficient to provide cooling by
natural means comparable to that which can be achieved by cooling

towers.

Natural mechanisms that tend to dissipate heat from water surfaces

would cool the thermal discharges to oniy 81°F in the colder winter

4-31



CHEMICAL & GEOLOGICAL LABORATORIES OF ALASKA, INC.

TELEPHONE (907).278-4014

274-3364

ANCHORAGE INDUSTRIAL CENTER
5633 8 Sueet

ANALYTICAL REPORT

ustover POWL Enagineers SAMPLE LOCATION: Alaska :
FOR LAB USE ONLY
JATE COLLECTED__ 575781 TIME COLLECTED:__1315 Hrs. RECVD.BY__GY LAB #_7432-
SAMPLED BY__ EWT SOURCE Jo's Creek DATE RECEIVED 5-6-81
IEMARKS DOWL Engineers - DATE COMPLETED___5-18-81
Beluga Methanol Project
ATTNg 1 1 48c DATE REPORTED 5-18-81
1 rr -
SIGNED MM/{’%%M
mg/1 mg/1 mg/1
"JAg,Silver <0.05 []P,Phasphorous <0.05 [ICyanide
"JA1,; Atuminum 0.33 (Jrb,Lead <0.05 [JSulfate <
‘JAs ,Arsenic <0.01 (Jpt,Platinum <0.05 (JPhenol
JAu,Gold <0.05 []Sb,Antimony <0.10 [JTotal Dissolved 50
Solids
‘18, Boron <0.05 (1Se,Selenium <0.01 [JTotal __ 68
Solids
]Ba,Barium <0.05 []si,Siticon 10 (JSuspended 19
Solids
"}81,Bismuth <0.05 (1sn,Tin <0.10 [JVolatile Sus-
pended Solids
Jca,Calcium 2.5 [1sr,Strontium <0.05 [JHardness as____ 17
CaC
JCd,Cadmium <0.01 (JTi,Titanium <0.05 (JAikalinity as___ 18
CaCo
JCo,Cobalt <0.05 [IW.Tungsten <0.05 []ag—jnm <0.02
JCr,Chromium <0.05 (Jv.Vanadium <0.05 (]
1Cu,Copper. <0.05 (1Zn.Zinc <0.05 0]
Jre,Iron 0.38 (1Zr.Zirconium <0.05 0]
- * - * *
JHg Mercury <0.001 (JAmmonia <0.95 [Jmnhos Conductivity
Nitrogen-N
JK,Potassium <1 []Organic 0.58 (JpH Units
. Nitrogen-N
JHg,Magnesium 2.3 [INitrate-N 1.8 (JTurbidity NTU_____ 2.2
JMn ,Manganese <0.05 [INitrite-N <0.01 [JColor Units 20
Jtio ,Molybdenum <0.05 []Phosphorus <0.05 (JT7.Coliform/100m]
(Ortho)-P
JNa,Sodium 2.4 [JChloride <1.0 (]
Ini,Nickel <0.05 []F]uoride <0.10 []

FIGURE 4.9

TYPICAL SURFACE WATER QUALITY ANALYSIS
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Table 4.12

WATER QUALITY COMPARISON
GROUNDWATER & CHUITNA RIVER

(Concentration mg/2)

. #1 #4 #3
Parameter well Pad Chuitna River Beluga Station
~Bicarbonate 390.0 77.0 112.0
Calcium 89.0 6.4 8.9
Chioride 2.4 0.1 6.3
Copper 0.001 0.002 0.004
Fiuoride 0.2 0.1 0.2
Iron 6.2 0.4 1.5
" Lead 0 0.003 0

Magnesium 16.0 3.8 4.6
Manganese 1.1 0.09 0.06
Potassium 7.6 1.5 2.7
Silica 338.0 18.0 54.0
Sodium 13.0 15.0 27.0
“Sulfate 2.2 2.9 8.9
Total Hardness 290.0 32.0 4.0
Corrosion index* 0.02 0.05 0.20

*me/2 (CI- + SO4,27), Greater than 0.1 indicates corrosive
tendency.

me/2 (Alkalinity as CaCOj3)
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Table 4.13

SEDIMENT SAMPLES ANALYSES

Coarse  Medium Fine
Sand Sand Sand Silt
9 2 [ 9
Q Q 9 (<]
1. Alluvium, Chuitna River, beiow 25 60 10 S
Wolverine Fork
2. Tertiary sediments in valley wall, 40 30 25 5
Chuitna River below Wolverine Fork
3. Alluvium, Chuit Creek, just above 40 S0 7 3
Chuitna coal lease area
4. Tertiary sediments in valley wail, 20 20 50 10
Chuit Creek just above lease area
5. Alluvium, Chuit Creek, near 65% 30*x* gre% 1
junction of Chuitna River
6. AHluvium, Capps Creek, near 5 50 40 5
junction of North Capps Creek
7. Sand dune, above Tertiary sediments 30 30 30 10
—~ in vailey wall, North Capps Creek
(j ) near junction ‘with Capps Creek
= 8. Alluvium, Stedatna Creek, in 50 20 25 5
canyon below logging road
9. Unconsolidated deposits, valley 20 15 50 18
wall above Stedatna Creek in canyon
10. Aliluvium, Congahbuna Creek, at 60 20 17 3
logging road crossing below lake
11. Alluvium, Congahbuna Creek, near 50 30 15 5
junction with 0Old Tyonek Creek
12. Alluvium, Oid Tyonek Creek, near 40 25 32 3
junction with Congahbuna Creek
13. Alluvium, Nikolai Creek, at 55 30 14 1
logging road bridge
14. Beach sand, Nikolai Creek, at -- 10 80 10

logging road bridge

0.02 - 0.08 inches diameter

0.01 - 0.02 inches diameter
0.0025 - 0.0l inches diameter
less than 0.0025 inches diameter

Coarse Sand
Medium Sand
Fine Sand
Silt

* Mainly quartz, lesser feldspar and dark minerals, angular to subround
** Mainly quartz
*** Mainly gquartz and feldspar
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months and to only 87°F in the colder winter months and to only 87°F
in the warmest months. Spray coolers to provide for additional cool-
ing do not appear to be cost effective when compared to the cooling
towers. To provide the same degree of cooling as can be achieved
by the proposed cooling towers would require a lake surface area of
éppr‘oximately 1,000 acres, nearly four times the area of Congahbuna
Lake.

Further consideration should be given to developing a plant water
source from Nikolai Creek in the vicinity of its junction with Stedatna
Creek. An infiltration gallery in this location couid conceivably pro-
vide adequate water to the plant without any impact on the upstream

fishery.
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5.0

ECOSYSTEMS

Due to the paucity of specific information available on the Beluga
region, field investigations were undertaken in 1980 and 1981 to
begin developing adequate baseline data. The major thrust of the
field program was directed toward determining the presence or
absence of fish in the numerous small creeks and tributaries of the
region. Additional field observations of terrestrial and avian species

were undertaken and are continuing.

An understanding of the resources of the general area requires that
the study area extend well beyond the boundaries of the specific
proposed project, so the field program encompasses an area extending
from the Beluga River south to the Chakachatna River. The fieid
program initially was designed to concentrate on the entire project
area, and then as the season progressed more effort was placed on
those areas that would have the most potential for impacts from the
project, e.g. the mine areas and the transportation corridor. The
field parties often were accompanied by one or more persons from

state or federal resource agencies.

This chapter represents the synthesis of information derived from the
existing literature, numerous conversations and meetings with agency
personnel, and the preliminary results of the on-going field pro-
grams. No attempt has been made to narrow this synthesis to spec-
ific project-related activities due to the incompleteness of the field
investigations. However, a general overview of the resources of the
area is now possible and coupled with the continuing fall-winter

observations will provide the basis for more detailed future programs.

This general area is far from pristine. Years of oil and gas explor-
ation programs as well as logging activities and exploration related to
the determination of coal reserves have resuited in numerous ex-

amples of surface disturbance.
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FRESHWATER AQUATIC ECOLOGY

Existing Habitats

-Habitat Characterization

This section provides brief descriptions which characterize the
general nature of the stream reaches in each ‘drainage area where

staff gauges and/or fish traps were located or where general field

observations were made. General locations are shown in Figure

5.1. in many cases, these observations are limited to or pertain
only to a single field excursion. This characterization of habitat

is an on-going program.

BELUGA DRAINAGE

Beluga River: This glacial fed river begins at Beluga Lake, a

7-mile~-long, 3-mile-wide lake located east of the toe of the Trium-
virate Glacier and northeast of Capps Glacier. Both glaciers
originate on the slopes of Mount Torbert. From. Beluga Lake,
elevation 246 feet, the river flows easteriy neariy five miles before
entering Lower Beluga Lake (elevation 243 feet), a narrow 3/4-mile
wide iake nearly 2% miles long. From this lower lake, the Beluga
continues its easterly flow across the broad lowlands another 22
miles to Cook Inlet cutting banks into the glacial tills ranging from
10 to 150 feet or more in depth. The system supports runs of
king, silver, sockeye and pink salmon. Dolly Varden also are

present, and lake trout are found in Beluga Lake.

Headwaters of Scarp Creek: This stream reach has a relatively

flat gradient meandering channel. The substrate is predominantly
cobbles and gravel with some sand, and the stream channel is
basically rectangular with vertical banks. Tall grass overhangs

stream banks and covers the floodplain. Stream top widths aver-
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aged from 2 to 3 feet, with average depth 0.7 to 1 foot. Juvenile
Dolly Varden and threespine sticklebacks were collected (1981).

Upper Scarp Creek: This reach is meandering with a moderate

gradient. Riffles comprise approximately 30% of the stream, runs
30%, and pools 40%. The channel is generally rectangular.
Stream top widths averaged 20 to 30 feet. Water depth in riffles
was about 0.5 feet, runs 1 foot, and pools ranged from 2 to 4
feet. A discharge of 38 cfs was recorded on June 4, and flow

probably ranges from 25 to 150 cfs during the ice-free season.

The substrate is gravel and smali cobbles. Water is slightly peat
stained. Stream bank materials are primarily silty sand, and
banks are wvertical and frequently undercut. Juvenile coho
salmon, Dolly Varden, and rainbow trout were collected. Chinook
and coho salmon fry were collected in this reach, as were aduit
rainbow trout (1981). Benthos collected included snails, midges,

and blackfly, caddiesfly, and mayfly larvae.

Mouth of Scarp Creek: ' The stream in the lower reach is a mod-

erate gradient meandering run. Few riffles and pools were evi-
dent in the vicinity of the staff gauge. The stream channel is
generally rectangular but is parabolic at bends where the stream
is cutting into steep banks 30 to 50 feet high. Stream banks are
composed of silty sands and clay. The bank is slumping at sev-
eral locations in the lower two miles. An active cut exposing clay
deposits is coloring the water in the lower 1% miles of the stream.
Stream top widths were approximately 30 feet and depths averaged
1.5 to 2 feet. A discharge of 47 cfs was measured on June 4,
and flow probably ranges from 30 to 350 cfs during the ice-free

season.

The substrate is predominantly gravel and is 100% embedded in

sand and silt. Much of the gravel was loose, indicating it was



recently deposited. The floodplain is covered with alder and
willow to water's edge. Some log debris was present along stream
margins. Juvenile Dolly Varden, rainbow trout, and chinook sal-
mon were collected (1981).

Wobnair Creek: This stream has a relatively flat gradient and

sharp meanders near its mouth. Substrate is gravels and small
cobbles. The banks are vertical with some undercutting and are
composed of silts and sand. Predominant vegetation is willow and
tall grass. Runs comprise 60% of the stream and pools 40%. The
channel is geherally rectangular. Stream top widths averaged
from 7 to 10 feet with depths of 1 to 2 feet. A discharge of 5 cfs
was measured on June 4, and flow probabiy ranges from less than
S to. 35 cfs during the ice-free season. Juvenile Dolly Varden and
rainbow trout, coho and chinook salmon fry, and threespine

sticklebacks were collected.

Headwaters Wobnair Creek: The headwaters of Wobnair above the

beaver activity is a flat gradient meandering stream with gravel
and cobble substrate. The floodplain and valley are relatively
narrow. _Stream top widths averaged 2 feet with depths to 1 foot.
No discharge was measured, but flows are unlikely to exceed 5
cfs. Tall grass overhangs the bank and scattered spruce covers

the floodplain. No fish were found here.

Below the highest set of beaver ponds the creek has a moderate to
flat gradient. Substrate is basically gravel with some isolated
boulders. This channei is generally rectangular with vertical
banks, and this reach is predominantly a run with few pools.
Pools were generally associated with remnants of old beaver dams.
Several sets of active dams are present downstream. Stream top
widths averaged from 5 feet, and average depth was 0.5 to 1 foot.
Juvenile Dolly Varden and coho salmon were collected (1981).
Stream flow probably ranges from 1 to 15 cfs during the ice-free

season.



Chichantna River: This is a relatively large glacial stream with its

source in Capps Glacier. The river, nearly 12 miles long with
moderate to steep gradients, enters Beluga Lake over a broad

silty delta.

Capps Creek: Capps Creek and its principal tributary, North

Capps Creek, have their headwaters on a plateau at about 2,000-
feet elevation, south of the Capps Glacier and just northwest of
the upper headwaters of the Chuitna River. The creek flows
northeast into the Chichantna River, joining it about three to four

miles below Capps Glacier.

Both the south and north forks have their far upper headwaters
covered by lapilli tuff and volcanic breccia, which contribute a
small amount of wvolcanic sediment to the river's alluvium. -The
streams also pick up sediment from the Quaternary deposits, which

contribute boulders, gravel, and silt to the system.

Both streams quickly become incised into the middle member of the
Tertiary Kenai Formation which contributes clay, silt, sand, gra-
vel, boulders, and coal lumps to the system. Each stream runs

through about three miles of this formation.

Capps Creek and North Capps Creek then enter a deposit formed
by landsliding and slumping of the middle member of the Kenai

Formation and the Quaternary deposits that cover it, including

sand dune deposits. These deposits contribute a variety of sedi-
ments to the river's alluvium, including clay, silt, fine sand,
gravel, boulders, and coal lumps. Both streams run through this
slump deposit for about three miles, with North Capps Creek

joining Capps Creek about a mile before the end of the deposit.
The canyons at the confluence of Capps Creek and North Capps

Creek are narrow and steep, with sidewalls about 150 feet high at

a slope of approximateiy 45°. Many local slides occur on the can-
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yon walls, involving the Tertiary and Quaternary sediments of the
sidewalls. Overlying sand dunes as much as 20 feet thick were
noted here. Many sites of slides were noted to also be the sites
of water seeps from the canyon walls, which may have been the

slide-triggering mechanism.

Capps Creek then enters a region of Quaternary and Recent gla-

ciofluvial deposits of sand, gravel, and boulders, continuing for

about three milés to the Chichantna River.

Capps Creek at Junction with North Capps Creek: Substrates are
composed of very coarse boulder and cobble alluvium, with some
sand- and gravel. Fines appear to be predominantly sand of eolian
origin (from nearby sand dunes that overlie the Tertiary sedi-
ments). Boulders are as much as 6 feet in diameter, many com-
posed of granite. Stream gradient is moderately steep, with many
riffles. Logjams found above the normal fall water stages indicate

probabie occasional flooding.

South Fork Capps Creek: Stream gradients are moderate to very

steep‘. Steep gradients were characterized by almost continual
waterfalls, cascades, or steep riffles; moderate gradients were
described as intermittent cascades or riffles with some pools; and
low gradients were characterized as entirely slow runs or very few
riffles among slow runs. Streambed materials within the water
course consist primarily of granite boulders and large pieces of
coal, with gravels and sands filling the interstices. These
streams consist almost entirely of riffles and rapids, but a few
pool areas can be found at the outside of stream bends and among

boulders at low flows.

Several high-water marks were observed 10 to 15 feet above the

water surface elevation of November.
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Both Capps and North Capps creeks are already incised in nar-
row, steep-walled canyons. Vegetation is primarily grass and
devil's club with an alder brush overstory. Mass wasting is a

common natural process within these canyons.
Aithough no major barriers to fish migration were observed along
either stream, steep gradients may preclude passage and use by

many species.

Capps Creek (vicinity of USGS gauge): The gradient is gentle

throughout this stream segment. The stream meanders at a mod-
erate velocity throughout a glacial outwash type floodplain.
Stream bank vegetation consists principally of a low alder and
willow overstory with a tall grass understory. Some scattered
large birch and cottonwood trees occur adjacent to the stream,
and .some moss=-covered cobble and gravel banks with occasional
spruce trees can also be seen. Overhanging alder shrubs and

grassy banks occur along the lower several miles of Capps Créek.

The predominant substrate material is much smaller than that
found in the upper reaches of Capps Creek. Substrate is prin-
cipally cobbles and large gravels about 50% embedded in small
gravels and sand. Sdme scattered coal pieces occur throughout
the stream course, and some of the finer to medium-size gravel

substrate is cemented with a heavy clay deposition.

High-water marks are evident 3 to 5 feet above the November 6

water surface elevation.
The stream is characterized as approximately 60% riffle, 40% pool
in this section. Interspersed are numerous sandy gravel bars,

with many silty clay deposits.

A juvenile Dolly Varden was observed (1980) in a backwater area

along the left bank of the stream. Benthos, consisting primarily
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of caddiesfly larvae, was observed beneath 8- to 10-inch cobbles.

No aquatic vegetation was observed.

Apparent signs of animal use included bear, fox, and otter
tracks. Beaver sign is extensive throughout this area as evi-
denced by active lodges, newly created dams, and freshly cut

shrubbery.

CHUITNA DRAINAGE

Chuitna River: The upper Chuitna River and its principal tribu-

tary, Wolverine Fork, both head in a plateau at about the 2,000
feet elevation south of Capps Glacier. The river system flows
southeastward into Cook Inlet. The streams initially course
through Quaternary deposits overlying the plateau area, consisting
of a discontinuous cover of glacial debris. Erosion of this cover
contributes sediments consisting of gravel, silt, and some boulders

to the streams.

Several of the upper, western tributaries to the Chuitna River
have their far upper headwaters in an area covered by dark gray
lapilli tuff and volcanic breccia. Alluvial sediments of this origin

are found in small quantities throughout the Chuitna River.

The streams soon become incised Iinto Tertiary sediments that
underlie the area. Near their headwaters, the streams cut
through the middle member of the Kenai Formation, consisting of a
non-marine sequence of gray and light yellow claystone, siltstone,
sandstone, and conglomerate, interbedded with sub-bituminous
coal, and occasional layers of calcareous cemented siltstone.
These sediments are poorly indurated and easily eroded, contri-
buting clay,. silt, sand, gravel, bouiders, and coal lumps to the

streams.

Within a few miles, the streams cross into the lower member of the

Kenai Formation, consisting of light gray to light yellow pebbly
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sandstones and conglomerates. These sediments are also poorly
indurated and easily broken down, contributing sand, gravel, and
boulders to the streams. Both streams reenter Quaternary sedi-
ments for a few miles, then Wolverine Fork joins the Chuitna River

in this section.

About six to seven miles downstream, the Chuitna River crosses
the Castle Mountain Fault, reentering the middle member of the
Kenai Formation and remaining in it for the next 15 to 16 miles.
The Chuitna River is joinéd by Chuit Creek after running about
four to five miles through this section. The canyon walls of the
river in this section contain many large and small landslides and
slump deposits, composed of the overlying Quaternary sediments,
including sand dunes deposits, and the middie member of the
Kenai Formation. These continually contribute clay, silt, sand,

gravel, boulders, and coal lumps to the Chuitna River alluvium.

Many upper tributaries to the Chuitna River are blocked by

waterfalls formed on coal seams, which appear to be the hardest

'strata in the area. These waterfalls may serve as barriers to fish

migration.

The Chuitna River canyon at its confluence with Wolverine Fork is
narrow and sidewall slopes average 35° to 40°. The walls are
about 150 feet high and are composed of Tertiary conglomerate of
a friable nature, consisting of sand, gravel, cobbles, and
boulders up to several feet in diameter. Many slide deposits are
found along the valley walls, composed of these Tertiary sediments

and a shallow Quaternary cover.

At the confluence with Chuit Creek, the canyon of the Chuitna
River is relatively broad, with walls about 150 feet high, and
sidewalls of 35° to 40°. The walls here are composed. of sand-
stone, claystone, and sub-bituminous coal, with the sandstone

layer being somewhat congiomeratic in places, and including some
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discontinuous layers of well-indurated sandstone and concretions.
Local slides, abundant in the area, are composed of these sedi-
ments. Water seeps are also common, often in conjunction with
slides. ‘

The lower four to five miles of the Chuitna River cuts through
Quaternary sediments consisting of unconsolidated glacial outwash,
sand and gr‘avel'. Slides are less common here. The canyon walls
in the vicinity of the USGS gauging station are 60 to 70 feet high;
sidewall slopes average about 25° to 30°. The valley then
broadens and becomes gentler until reaching the Chuitna River

delta about two miles northeast of the Village of Tyonek.

Chuitna River just Below Wolverine Fork: Substrates are com-

posed of sand, gravel, cobbles, and boulders as much as 10 to
15 feet in diameter. Most boulders are composed of Tertiary
sandstone, but some are granite. The sandstone boulders are
fairly well indurated and contain some wood and coal fossils. The

stream gradient is moderate.

Lower Chuitna River (USGS gauge): Substrates are composed of

sand, gravel, cobbies, and boulders as much as 2 to 3 feet in
diameter. A large portion of the cobbles falls in the 6- to 10-inch
range. Fines consist predominantly of medium sand. The stream

gradient is low.

Lone Creek at Upper Forks: This stream reach has a moderate

gradient with a cobbie/gravel substrate. The stream channel is
rectangular with vertical to undercut banks. Tall grasses are the
predominant vegetation and overhang the banks. The tributary to
Lone Creek has a steeper gradient 100 feet upstream from the

mouth, and the substrate is predominantly cobbles.

Lone Creek's top widths averaged 5 to 7 feet, with depths ranging

from 0.5 to 1.5 feet in this reach. It was comprised of 75% pool/

5-11



~,

f\

(

run and 25% riffle. No discharge was measured in this reach.
Juvenile Dolly Varden and coho salmon were collected; Dolly

Varden fry were also observed in this reach.

Upper Lone Creek: This reach has a meandering channel with a

moderate to flat gradient. Stream banks are nearly vertical, with
some slumping into the stream channel. Stream top widths aver-
aged from 20 to 25 feet with an average depth of 1 to 1.5 feet. A
discharge of 13 cfs was measured on June 4, and fiow probably

ranges from 5 to 200 cfs during the ice-free season.

The substrate is predominantly gravel and small cobbles partially
embedded in sand. Banks are covered primarily by alder and
willow with a grass understory. Several side channeis and cutoff
meanders are present in this reach, as well as log debris in pools

and along margins.

This stream reach supports a rich benthic community, and the
stream bottom is covered with green filamentous algae. Juvenile
Dolly Varden and coho salmon, and rainbow trout and chinook
salmon fry were collected (1981). A beaver dam upstream of the
staff gauge supports juvenile Dolly Varden and coho saimon. Adult
Arctic lamprey were observed in this area (1981). A surber
sample was collected over large gravel and included water mites,
midges, and larval forms of mayflies, caddiesflies, stoneflies, and

danceflies.

Lower Middle Creek: Lower Middle Creek has a moderate gradient

and basically a riffle/run sequence. It consists of approximately
20% pool, 50% run, and 30% riffle. The channel in this portion of
the stream is basically triangular. The average stream top width
was 30 feet, with average depths ranging from 0.4 to 0.7 feet.

Discharge was not measured at this site.



Substrate is composed mainly of cobbles and bouiders with small,
isolated gravel and sand deposits probably associated with road
construction. Riparian vegetation consists of cottonwood trees
with an wunderstory of alder and willow. Some log debris was
present in the pools. Juvenile Dolly Varden, coho saimon, and
chinook salmon, and pink and coho salmon fry were collected in
this reach (1981).

A moderate to steep gradient tributary (Culvert Creek) enters
Middle Creek in this reach. Dolly Varden and coho salmon juve-

niles were collected downstream of the culvert (1981).

Middle Creek (near the BHW Chuitna lease boundary): This

stream reach is characterized by a moderate to flat gradient and a

very meandering channel. It consists of approximately 50% pool,
30% riffle, and 20% run. The channel was rectangular and the

stream width averaged 10 to 15 feet in riffle areas and 15 to 20

feet in pool areas. Average depth in riffles was 0.3 to 0.6 feet,

and pools averaged from 1.5 to 2 feet. A discharge of 1 cfs was

measured on June 3.

Gravel and sand were the predominant substrate material. The
nearly vertical banks are composed of silts and sands, and were
undercut on bends. Stream. banks are covered with tall grasses
and a little log debris was present in the stream channel.
Juvenile Dolly Varden, rainbow trout, and chinook and coho
salmon were collected in this reach; an aduilt Arctic lamprey was
also collected (1981).

Upper Middie Creek: This reach has a moderate gradient with

approximately 30% pool, 20% riffle, and 50% run. This channel is
basically rectangular with average top widths of 10 to 15 feet.
Water depth of runs and pools averaged from 0.5 to 1 foot and 1
to 2 feet, respectively. A discharge of 4.2 cfs was measured on

June 3.
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The substrate consists of gravels and cobbles embedded in siits
and sands. There are large deposits of silt and sand in pool
areas. Stream banks are nearly vertical with undercutting on
bends and are composed of silt and sands. Tall grasses and an
occasional willow cover the banks. Juvenile Dolly Varden and

coho salmon were collected in this reach (1981).

Strip Creek: Strip Creek is a flat gradient tributary of Middle
Creek. The stream is an incised meandering run. Pools are
present in meander bends but probably comprise only 15% of the
stream. Few riffles were noted. The top width of this small
stream averaged 3 feet, and the average depth was 1 foot. A
discharge of 1.5 cfs was measured on July 3, and flow probably
ranges from 1 to 25 cfs during the ice-free season. This system

is probably influenced by groundwater.

The substrate is primarily silts and sands. Stream banks are
composed of similar materials and were neariy vertical to undercut,
with tall grasses covering them. Juvenile Dolly Varden, coho
salmon, and coastrange sculpins were collected in this creek
(1981).

Brush Creek: Brush Creek is a moderate gradient stream which

combines with Strip Creek to form Middle Creek. It is composed-
of 30% pool, 20% run, and 50% riffle. The channel is generally
rectanguiar with near vertical banks. Stream top widths averaged
from 7 to 10 feet. Water depth in the pool areas was generally 1
to 1.5 feet and in riffle areas was from 0.2 to 0.7 feet. Much of
this stream probably freezes solid during the winter. A discharge
of 2.5 cfs was measured in June and flow probably ranges from 1

to 50 cfs during the ice-free season.

Substrate is primarily cobbles and boulders. Stream bank material
is a glacial till which supports a dense growth of alders. Juvenile
Doily Varden, coho salmon, and coastrange sculpins were collected
here (1981).
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Chuit Creek: Chuit Creek has its headwaters on a plateau at

about 2,000 feet elevation south of the Capps Glacier, about three
miles east of the headwaters of the Chuitna River. The stream
flows southeastward about 10 miles to its confluence with the
Chuitna River. The stream initially flows through Quaternary
glacial deposits of gr‘avel,' silt, and boulders. The stream shortly
becomes incised into the middle member of the Tertiary Kenai
Formation, consisting of poorly indurated claystone, siltstone, and
conglomerate, interbedded with sub-bituminous coal and occasional
layers of cemented siltstone. These sediments contribute clay,

silt, sand, gravel, boulders, and coal lumps to the stream.

Within less than a mile the stream crosses into the lower member
of the Kenai Formation, consisting of pebbly sandstones and con-
glomerates. These contribute sand, gravel, and boulders to the
river. About six miles downstream, Chuit Creek crosses the
Castle Mountain Fault and reenters the middle member of the Kenai
Formation, remaining in it for about five more miles until its con-

fluence with the Chuitna River.

Chuit Creek canyon, within the Chuitna coal lease area, is a
relatively gentle canyon with sidewalls about 150 feet high and
averaging about 30°. Landslides occur here, but appear to be
fewer than along the Chuitna River. Just north of the lease area,
the sediments in the sidewalls consist of poorly indurated gravelly
sand, with cobbles up to 5 inches in diameter. Near the con-
fluence with the Chuitna River, the sidewalls are composed of
poorly indurated sandstone, with some lenses of well indurated
sandstone and occasional concretions. They grade downward into

claystone, which overlies thick, platy sub-bituminous coal.

Chuit Creek (just above Chuitna lease area): Substrate is sand,

gravel, and cobbles as much as 10 inches in diameter. Gradient

is moderate and very few boulders are evident.
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Chuit Creek (near junction of Chuitna River): Substrate is sand,

gravel, cobbles, and many boulders, as much as 1 to 2 feet in

diameter. Stream gradient is moderate.

Chuit Creek Area: Chuit Creek stream gradients are moderate

(primarily riffles with occasional pools or runs) as this creek

‘meanders through a relatively wide canyon. Riparian vegetation is

predominantly low willow thickets and grass at the higher eleva-
tions. Spruce, birch, and cottonwood trees occur in the flood-
plain near the mouth of Chuit Creek. The stream is primarily
riffles and runs with some (approximately 10%) pool areas. Sev-
eral beaver ponds occur in the floodplain. The substrate mate-
rials var‘e principally: gravels and small cobbles in the upper
reaches grading toward large cobbles and isolated boulders near
the mouth. No barriers to fish migration are evident ‘along this

stream.

East Fork of Chuit Creek: This stream is relatively straight and

has a moderately steep gradient. It consists primarily of riffle/
run/rapid sequences with less than 5% pools. The channel is
basically triangular with an average stream top width of 35 to 40
feet. Average water depths were 1.5 to 2 feet. A discharge of
78 cfs was measured below the confluence of Camp Creek in June.
Stream flow probably ranges from 20 to 300 cfs during the ice-free

season.

The substrate is predominantly large cobbles and boulders. Alder
and willow thickets grow to the water's edge, with some .cotton-
woods scattered throughout the narrow floodplain. No log debris
was observed in the channel. Juvenile Dolly Varden were col-

lected in the vicinity of the staff gauges (1981).

Camp Creek: This stream has a steep gradient and consists pri-
marily of riffles/rapids. The channel is primarily triangular with

an average top width of 10 feet. Depths averaged 0.5 to 1 foot.
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A discharge of 12 cfs was measured in June and fiow probably

ranges from 5 to 30 cfs during the ice-free season.

The substrate is predominantly large cobbles and boulders.
Alders and willows cover the stream banks and overhang the
stream. No log debris was observed in the channel. Juvenile

Dolly Varden and rainbow trout were collected (1981).

Frank Creek: This stream reach (elevation 16,000 feet) has a

moderate gradiant with 30% pooi, 30% riffle and 40% run. Top
width averaged 10 to 12 feet with average depths of 0.8 feet in
pools, 0.3 feet in riffles and 0.5 feet in runs. Substrate is com-
posed of small to medium graveis. The stream channe!l is rectan-
gular with nearly vertical banks approximately 3 to 4 feet high.
The stream banks were composed of sand and silt and supported
willows and tall grasses. Some mass wasting was evident farther
downstream where the stream cuts into a high bluff. One of the
few beaver dams present was located upstream. The floodplain is
covered with grasses and has several large marshy areas. High-

water marks were apparent 6.5 feet above the stream bottom.

Upper Chuitna River (above Wolverine Fork): The stream gradi-

ent in this area is moderate, with a substrate consisting predom-
inantly of large cobbles and boulders with a gravel-sand base.
Considerably more sand- and silt-size particles occur in the

Chuitna River above the confluence with Wolverine Fork.

The water courses in this area wind through distinct canyons
where vegetation consists of grassy or muskeg meadows or patchy
low willow and alder areas. Some active landslide areas are visible
on the Chuitna above the confluence with Wolverine Fork, but the

streams are clear and contain little sediment.

No barriers to fish migration are evident in this area. The sub-

strate material appeared suitabie for spawning by salmonids.



NIKOLAI DRAINAGE

Nikoiai Creek: Nikolai Creek has its headwaters on the plateau

south of Capps Glacier, in a small lake about 2% miles south of the
glacier, and about a mile west of the upper headwaters of Capps
Creek and the Chuitna River. The creek flows off the plateau in
a narrow valley and then crosses a small, flat area before pilung-
ing into a canyon cut through the Nikolai escarpment. The can-
yon is cut into Quaternary glacial debris consisting of gravel,
silt, and boulders.

The creek then follows a course southeastward along the foot of
the Nikolai escarpment for about 18 miles to empty into Trading
Bay. Near the logging road crossing, slightly more than a mile
west of Stedatna Creek, the creek is cutting only a few feet into
Quaternary and Recent glaciofluvial sediments of sand and gravel.
At the bridge, the creek banks are about 2 feet high, and com-
posed principally of sand. Substrate is silt, sand, gravel, and
small cobbles as much as 3 inches in diameter. Stream gradient is

low. Stream banks at this point consist of find sand.

Nikolai Creek (vicinity of logging road bridge): The gradient of

Nikolai Creek is very slight. The river meanders extensively
through a muskeg floodplain, and banks are alternately char-
acterized by thick muddy banks or grass-covered clayey banks.
Clumps of alder and some individual spruce trees are scattered
along the stream course. Substrate is principally clayey sand in
the low-energy deposition areas; in other areas with higher
velocities, considerably larger materials, specifically small to
medium cobbles, are predominant. Considerable quantities of
branches and twigs are found lying on or embedded in the clayey
banks along the stream. Beaver sign is extensive in this area, as
evidenced by the newly cut willow branches. Some man-made
pellution enters this stream in the form of suspended silts and

clays, as well as log debris, from upstream logging operations.
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Stedatna Creek: Stedatna Creek begins in a muskeg flat about

two miles northwest of Congahbuna Lake and flows southwest to
its confluence with Nikolai Creek. The creek flows over the
Nikolai escarpment, cutting a canyon about 50 feet deep into
Quaternary deposits in the escarpment, consisting of gravelly sand
with boulders up to 8 feet in diameter. Substrate is sand,

gravel, cobbles, and boulders as much as 6 feet in diameter.

The stream gradient just above the logging road is moderate, and
large boulders and cobbles are scattered throughout the stream
course. Although this stream reach had been channelized in
association with construction of the logging road, some grass lines
the banks. Most of the riparian shrubbery and trees have been
removed. The substrate is a heterogeneous mix ranging from
sands through large boulders. Habifats upstream and downstream
consist principally- of a meandering stream cascading over cobbles
and boulders. The stream passes through a cottonwood/birch/
spruce forest with an alder and grass understory. This segment
is approximately 20% pool, 80% riffle. No suitable salmonid spawn-

ing sites are apparent in the area.

Steep cascades downstream from the logging road crossing, as well
as the culverts beneath the road, may create definite fish migra-
tion barriers. However, an adult rainbow trout was captured

upstream from the culvert in 1981.

Pit Creek: This stream has clear water and the lower quarter
mile has a moderate gradient with approximately 10% pools, 20%
riffles, and 70% runs. The channel is rectangular with very steep
banks. Few scour holes or undercut banks are apparent. Stream
top widths averaged from 10 to 12 feet with an average depth of 1
foot. A discharge of 13 cfs was measured on June 1, and flow

probably ranges from 10 to 50 cfs during the ice-free season.



The substrate is predominantly gravels and cobbles embedded in
silts and sands. The substrate is tightly packed and has the
appearance of being cemented together. Tall grass overhangs the
banks and scattered alders and cottonwoods cover the floodplain.
Dolly Varden and coho salmon  juveniles and chinook salmon fry

were collected in this reach (1981).

Upstream of River Mile 0.25 the gradient steepens and the stream
is. predominantly riffles. The substrate contains larger material,
including large cobbles and bouliders. A surber sample collected
over large cobbles inciluded water mites, midges, and larvai forms
of mayflies, caddiesflies, stoneflies, blackflies, snipeflies, and

false craneflies.

Jo's Creek: This stream has clear water and the lower half mile
has a moderate to flat gradient with 40% pools, 50% runs, and 10%
riffles. The channel is rectangular with almost vertical banks.
Several scour holes are present along the banks. Stream top
widths averaged from 15 to 20 feet with an average depth of 1.5
feet. A discharge of 30 cfs was measured on June 1, and flow

probably ranges from 5 to 60 cfs during the ice-free season.

The substrate is predominantiy gravels and small cobbies with
some fines. The substrate appeared cleaner and was composed of
smaller particle sizes than those present in Pitt Creek. Tall grass
overhangs the stream banks, and scattered ailders and cottonwoods
cover the floodplain. Little log debris was present in the stream.
Juvenile Dolly Varden and coho salmon and Dolly Varden fry were
collected (1981). A surber sample collected over small cobbles
included larval forms of mayflies, stoneflies, caddiesflies, crane-

flies, and false craneflies.
Above River Mile 0.5 the gradient steepens and the stream be-

comes riffle/run/rapids. Substrate particle sizes increase to large

cobbles and boulders.
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CONGAHBUNA

Congahbuna Creek: Congahbuna Creek is a small creek that

begins in Congahbuna Lake and flows southeast and north to its
confluence with Old Tyonek Creek about one to two miles above
Beshta Bay. The creek runs principally through a region of
peaty soils and muskegs, underiain by Quaternary sands and
gravels. The substrate near the stream junction is silty fine
sand, but upstream a few hundred vyards the substrate is
gravelly. The stream gradient is low. At the junction of
Congahbuna Creek and Old Tyonek Creek, the substrate is sand,
gravel, and some cobbles as large as 2 inches in diameter. The
stream gradient is low. Stream bank materials at this site consist

of silt and fine sand.

Muskrat Creek: Muskrat Creek is a small creek that begins in a

small lake just north of Granite Point and flows north for slightly
more than a mile to its confluence with Congahbuna Cr‘i_eek. Its
course is pr‘edominantlyv across muskeg flats underlain by Quater-
nary sand and gravel. The substrate is siity fine sand with
organic material and is stained red. The stream gradient is low

(almost imperceptible).

Both Muskrat Creek and Congahbuna Creek meander slowly
through a muskeg bog. Stream bank vegetation is principaily tall
grass, which overhangs the stream providing extensive cover.
Muskrat Cr‘eék, which originates in a small lake about three-
quarters of a mile to the south is a tea-colored stream with a
bottom comprised of organic silty-sand material. The entire
course of this tributary appears to be one long slow run, with no
true riffles or pools. However, the uppermost section of this
stream near the lake from which it originates was not observed.
Congahbuna Creek is also tea-colored and is characterized by a

long slow run, and an organic silty-sand substrate. Submerged
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grass is also visible. Downstream from the confluence with Musk-
rat Creek, Congahbuna Creek develops a series of riffles and
pools in a near 50:50 ratio.

Old Tyonek Creek: 0Old Tyonek Creek begins in a small lake,

about two miles southeast of the confluence of Chuit Creek and
the Chuitna River, and runs about nine miles to Cook Inlet,
emptying into the sea at Beshta Bay. The creek's entire course
is through Quaternary glaciofluvial deposits of sand, gravel, and
boulders. The creek valley is relatively flat with low banks 6 to
10 feet in height. Substrate is sand, gravel, and cobbles as much

as 3 inches in diameter. The stream gradient is low.

Tall grass extensively overhangs the stream banks. Small patches
of willow and alder thickets with scattered birch, cottonwood, and
spruce trees provide the primary overstory. The substrate type
is a medium to fine gravel embedded in sand. Isolated patches of
armored substrate are present. Flooding is evidenced by a water
mark about 5 to 8 feet above the water surface. Stream banks
are deeply undercut, and some sloughing of bank materials was
observed. With the slight gradient present throughout the stretch
below Congahbuna Creek, the river exhibits a ratio of about 60%

run/pool to 40% riffle providing excellent spawning habitat.

Fishes

A comprehensive survey of the seasonal use, distribution and
abundance of fish in the Beluga region has not been performed.
Four species of Pacific salmon are known-to inhabit the Chuitna
River system and the mainstream of the Chuitna is an important
king salmon spawning stream. The occurrence of the fifth
species, the sockeye, is questionable though it may be found near
the mouth of the Chuitna. Figure 5.2 displays a preliminary

overview of the species distribution and spawning areas. The
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completion of the 1981 field program will provide further insight

into both distribution and habitat utilization.

Chuit Creek is a known king salmon spawning area, and both pink
and chum salmon spawn in the Chuitna from Lone Creek to the
mouth of the river. Estimates of the abundance of the annual

return to the Chuitna system are:

Pinks - 100,000 even years
Chums 20,000 odd vyears
Coho few
Kings 5,000
Rainbow Trout ?

Dolly Varden ?

Nikolai Creek provides spawning for king, coho, and pink salmon
and pink salmon also spawn in Old Tyonek Creek. Nikolai Creek
is known for its rainbow trout and Congahbuna Lake supports a

resident rainbow population.

The various Pacific salmon of Cook Inlet are discussed in some

detail later in this section under Marine Species, and Table 5.1

provides a summary of selected life history data.

Table 5.2 illustrates the type of data being obtained from the 1981
field program relative to determining the presence or absence of
species. Emphasis during this period was to determine the pres-
ence or absence of juveniles and observe the return of adult fish
to the system. No outmigration or preemergent work was accom-
plished in.1981.

Table 5.3 is a checklist of the probable freshwater species of the

Beluga region (not all species have been confirmed by this pro-

gram).
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Table 5.1

LIFE HISTORY DATA FOR FIVE SPECIES OF PACIFIC SALMON*

Freshwaler habitat

Length of time young
stay in fresh water

Length of ocean life

Year of life at
maturity (years)

Average length at
maturily (inches)

Range of length at
maturity (inches)

Average weight at
maturity (pounds)

Range of weight at
maturity (pounds)

Principal spawning
months

Fecundity (number of
eggs)

Principal spawning
habitats

Principal rearing
habitat

Chinook Sockeye Coho Chum
(King) Pink (Red) (Silver) (Dog)
Large Rivers Short Streams Short Streams Short Streams Short & Long
& Lakes & Lakes Streams
3 to 12 mos. 1 day or less 1 to 3 yrs. 1 to 2 yrs. Less than
. 1 mo.
1tob5 yrs. 1-1/3 yrs. % to 4 yrs. 1 to 2 yrs. % to 4 yrs.
2108 2 3to7 21to4 2tob
36 20 25 24 25
16 to 60 14 to 30 15 to 33 17 to 36 17 to 38
22 4 6 10 . 9
2% to 125 2to9 1% to 10 3 10 30 3 to 45
Aug - Sept July - Sept July - Sept Sept - Dec Sept’ - Nov
5,000 2,000 4,000 3,500 3,000
Sands & Silts & small Fine to large Fine to Fine gravels
gravels gravel gravels coarse gravels (2.5 cm)
(coarse) (5 cm)
Cool, clear Estuarine Lakes & Pools in Streams
streams ponds streams

* Exceplions to these general descriptions occur frequently.
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Location

Nikolai Creek

Jo's Creek

Pitt Creek

Stedatna Creek

Table 5.2

SELECTED FISH TRAPPING DATA

NIKOLA! DRAINAGE (JUNE 1981)

Date

6/6
6/2
6/2
6/2
6/6
6/2
6/2
6/2
6/2

6/2
6/2
6/2
6/2

6/2
6/2
6/2

6/2
6/2
6/2

Species Captured

Adult Chinook Saimon
Juvenile Chinook Saimon
Juvenile Coho Satmon
Coho Salmon Fry

Adult Rainbow Trout
Juvenile Rainbow Trout
Juveniie Dolly Varden
Coastrange Sculpin
Threespine Stickleback

Chinook Salmon Fry
Juvenile Coho Saimon
Juvenile Dolly Varden
Coastrange Sculpin

Chinook Salmon Fry
Juvenile Coho Saimon
Juvenile Dolly Varden

Juvenite Chinook Saimon
Juveniie Coho Saimon
Juvenile Dolly Varden

*py angler (hook & line)
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Table 5.3

CHECKLIST OF THE FRESHWATER FiSH

OF BELUGA AREA*

Pacific Lamprey
Arctic Lamprey
Green Sturgen
Pacific Herring
American Shad
Pygmy Whitefish
Round Whitefish
Rainbow Trout
Lake Trout
Dotly Varden

Sockeye Salmon (red or blue back)

Coho Saimon (siiver)
King Salmon (chinook)
Chum Saimon (dog)
Pink Salmon (humpy)
Arctic Grayling

Pond. Smelt

Surf Smelt

Eulachon (hooligan)
Longrose Sucker
Burbot

Saffron Cod
Threespine Stickleback
Ninespine Stickleback
Slimy Sculpin
Coastrange Scuipin
Pacific Staghorn Sculpin
Starry Flounder

* Including anadromous species and the marine species of brackish

estuaries.

Entosphenus tridentatus

Lampetra japonica

Acipenser medirostris

Clupea harenque pallasi

Afoza sapidissima

Prosopium coulteri

P. cylindraceum
Saimo gairdneri

Saivelinus namaycush

S. maima
Oncorhynchus nerka
Q. kisutch

O. tshawytscha

O. keta

O. gorbuscha
Thymallus arcticus

Hypomesus olidus

H. pretiosus
Thaleichthys pacificus

Catostomus catostomus

Lota lota

Elegimus graccilis

Gasterosteus aculeatus

Punagiitius pungitius

Cottus cognatus
€. aleuticus

Clinocottus acuticeps

Platichthys stellatus




Figure 5.2 shows the location of all reaches sampled by trapping
and angling during the period May to early August 1981. |In
addition, aerial observations were made on numerous streams at
various times during the field season (Table 5.4 is an example)
and all of the streams within the study area, with the exception of
those in the Bishop Creek System, have been examined in part
both from the air and the ground. Figure 5.3 shows those areas

where adult king saimon wre observed 'in July and August 1981.

°® Invertebrates

Only preliminary studies of the benthic invertebrate community
have been undertaken by the USGS and only general sampling of
these communities is part of the 1981 field program. Table 5.5
illustrates the results from basket sampies taken at two stations of
the Chuitna River by the USGS.

TERRESTRIAL ECOLOGY

Existing Vegetation

A generalized vegetation map adapted from the map, "Major Eco-
systems of Alaska" prepared by the Federal-State Land Use Planning
Commission in 1973, is shown in Figure 5.4. Terrestrial vegetation

in the region includes four general vegetative types:

upland spruce - hardwood forest
® high brush
° wet tundra

alpine tundra
The upland spruce - hardwood forest is a fairly dense, mixed forest

of white spruce, paper birch, quaking aspen, black cottonwood and

‘balsam poplar occupying major portions of the benchiand in the re-
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Table 5.4

CHINOOK SALMON AERIAL SURVEY

August 3, 1981*

LOCATION NUMBER

Chuitna River below mouth of 71

Lone Creek
Lone Creek 207
Middle Creek 26
Cole Creek
Frank Creek
East Fork of Chuit Creek 32
Nikolai Creek above Jo's Creek 0
Jo's Creek 0
Pitt Creek 0
Camp Creek 3

x

By helicopter; observers JB, JT and RD.
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Table 5.5

BENTHIC INVERTEBRATE COMMUNITY

Analysis of Basket Samples
Chuitna River Near Tyonek

10/18/77 3/29/78 Sampling Dates

#50 #60 Station Number
INSECTS )
Ephemeroptera nymphs
(May Flies)
Baetis sp -- --
Ephemereilla doddsi - -
Ephemereila inermis 2 --
Ephemereila sp - 1
Plecoptera nymphs
(Stone Flies)
Capnia sp -- --
/’\ Hastaperia brevis -- 6
: Isoperia ebria . - 2
N Isoperia sp - 6
Pteronarceila badia - --
Taenionema nigripenne - ==
Taenionema sp - 3
Zapada cintipes 2 6
Zapada frigida -- 3
Trichoptera larva
(Caddis Flies)
Apatania sp - --
Arctopsyche ladogensis -- 2
Brachycentrus sp 1 4
Ecclisomyia sp -- --
Glossosoma sp - ] --
Homophylax sp -~ -
Moianna sp -- 1/1P
Onocosmoecus sp 4 7
Psychoglypha subbarealis -- --
Rhyacophila sp - -
Diptera larva (True Flies)
Tipulidae tarva
(Crane Flies)
Dicranota sp == 1
Hexatoma sp - -
Limnophila sp -- --
Ormosia sp - --
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Table 5.5
(Continued) .
BENTHIC INVERTEBRATE COMMUNITY

10/18/77 3/29/78 Sampling Dates

#50 #60 Station Number
Simuliidae larva
(Black Flies)
Prosimulium sp : 3 1
Similium sp -- --
Chironomidae iarva (midges)
Arcto or Conchapelopia sp -~ .-
Brillia sp .- -
Cladotanytarsus sp - -
Conchapelopis sp -- --
Cricotopus sp 3 . -- --
Diamesa sp 1 1 1
Diamesa sp 2 - --
Eukiefferiella sp 7 17
Micropsectra sp 3 -
Orthocladius sp 1 --
Polypedilum sp - --
Potthastia sp -~ --
Procladius sp -- 2
Rheotanytarsus sp - --
Tanytarsus sp - 8
Trissocladius sp -- -~
Thienemanniella sp -~ 6
Ceratopogonidae larva
(Biting Midges)
Palpomyia sp - --
Empididae larva
(Dance Flies) : .- --
Psychodidae larva
(Moth Flies) .
Pericoma sp 1 2
MISCELLANEOUS ORGANISMS
Acari (Water Mites)
Limnesia sp -- --
Sperchon sp 1 -- -~
Totai Number of Qrganisms 25 80
Total Number of Taxa 10 19
Number of Taxa - Insects Only 10 19
Total Mumber of Insects 25 80
Diversity Index - insects Only 3.00 3.79
Pooled: Total Number of Insects 105
Diversity Index - insects Only 3.92

P Indicates pupa stage.
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gion extending from sea level to more than 1,000 feet in elevation.
Black spruce generally occupies areas of poor drainage; pure stands
of white spurce and mixed stands of cottonwood and poplar often
occur  along stream courses. Successional stages following fire are
birch on the east- and west-facing slopes with aspen foliowing willow
on south-facing slopes. Either of these stages provides good browse
for moose. Some Sitka spruce occur as far north as the southern
slopes of Mt. Susitna and some small stands are found near Tyonek.
Sitka spruce hybridize with white spruce making identification diffi-
cult. Some mountain hemlock is also found in the vicinity of Tyonek.

The endemic spruce beetle, Dendroctonus rufipennis, has destroyed

thousands of acres of forest in the Beluga region. Principal species

include:
White spruce Picea glauca
Black spruce Picea mariana
Quaking aspen . Populus tremuloides
Paper birch Betula papyrifera
Black cottonwood Populus balsamifera trichocarpa
Balsam popular Populus balsamifera balsamifera
Willow | Salix
Alder Alnus
Rose Rosa
High-bush cranberry Viburnum edule
Lingenberry Vaccinium vitis-idaea minus
Raspberry Rubus
Currant Ribes

The dominant species in the high brush vegetative type range from
dense willows to dense alder. This type occupies a wide variety of

soil types and often occurs as pure thickets in coastai lowlands and

. floodplains. Occasional trees including aspen, birch, and spruce may

be present but are generally widely scattered. Principal species
inciude:
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Sitka alder
Green alder
Thinleaf alder
Devil's club
Willow
Currant
Blueberry
Raspberry
Soapberry
Lingenberry
Spirea ‘
Thimblieberry
Salmonberry

Dogwood

Alnus crispa sinuata

Alnus crispa

Alnus incana tenuifolia

Echinopanax horridum

Salix
Ribes
Vaccinium
Rubus

Shepherdia canadenus

Vaccinium vitis-idaea minus

Spirea beauverdiana

Rubus parviflorus

Rubus spectabilis

Cornus

The wet tundra vegetative type 'is generally a mat of wvegetation
occurring along tidal flats and other flat areas near sea level. This
vegetative mat is dominated by sedges and cottongrass with scat-

tered woody and herbaceous plants occurring on drier sites above

Sedges
Cottongrass
Lyme grass
Pendant grass
Bur reed
Mare's tail
Rushes
Willow

Dwarf birch
Labrador tea
Cinquefoil
Lingenberry

Bog cranberry
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the water table. Principal species include:

Carex

Eriophorum
Elymus -arenarius

Arctophila fulva

Sparganium
Hippuris

Juncus

Salix

Betula nana exilis

Ledum palustre groeniandicum

Potentilla fruiticosa

Vaccinium vitis-idaea minus

OXycocus microcarpus




Alpine tundra is generally found at the higher elevations and is com-
prised primarily of low mat plants, both shrubby and herbaceous.

Principal species include:

Resin birch Betula glandulosa

Dwarf birch - Betula nana exilis

Arctic willow Salix arctica

Crowberry Empetrum nigrum

Labrador tea Ledum palustre groenlandicum
Mountain heather Phyllodoce

Rhododendron Rohododendron lapponicum
Dwarf blueberry ' Vaccinium caespitosum

Alpine blueberry Vaccinium giginosum'alpinum
Alpine bearberry Arctostaphylos alpina
Mountain avens Dryas

Moss campion Siiene acaulis

Arctic sandwort Minuartia arctica

Cassiope Cassiope

Alpine azalea Loiseluria procumbens
Sedges Juncus

Lichens

Mosses

A more detailed vegetation map of the region is currently being pre-
pared by the U.S. Forest Service Laboratory of the Pacific Northwest
Experiment Station as part of the Susitna Basin Project. It is anti-
cipated that this map will be available in 1982. The classification
system being utilized is unique for the project and is based on
Viereck and Dyrness‘s 1980 "A Preliminary Classification System for
Vegetation of Alaska". A modified vegetation map based primarily on
the laboratory's preliminary photo-mapping is shown in Figure 5.5.
This system classifies existing, not potential, vegetation and begins
with four formations for terrestrial wvegetation - forest, tundra,

shrub, and herbaceous vegetation.
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Based on Murray's 1980 list of "Threatened and Endangered Plants of

Alaska", only one species, the pale poppy Papaver alboroseum which

is often found in alpine tundra, is known to occur in the region.

The plant communities described above will ultimately be related to
successional stages and such regulating factors as altitude, soil and
groundwater conditions, wildlife, and man's activities, as part of a
continuing characterization of terrestrial habitats. Much of the
necessary baseline data will result from the 1981 field activities of the
SCS. It is anticipated that surficial soils data and ground-truth

confirmation of photo vegetation types will be available in 1982.
Wetlands

Wetlands constitute a large portion of the general area. The COE
(Regulatory Program, July 19, 1977, Part 323, Section 323.2) pro-

vides the following definition:

c) The term "wetlands" means those areas that‘ar‘e inundated or
saturated by surface or groundwater at a frequency and dura-
tion sufficient to support, and that under normal circumstances
do support, a prevalence of vegetation typically adapted for
life in saturated soil conditions. Wetlands generally include

swamps, marshes, bogs, and similar areas.

The U.S. Fish and wildlife Service has mapped portions of western
Cook Inlet at a scale of one inch to the mile as part of the National
Wetlands Inventory. This inventory has been curtailed by budgetary
constraints and it is not known when such information for the general

project area wiill become available.

The COE has made a preliminary wetlands determination in the Beluga

area and that determination is shown in Figure 5.6.
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PRELIMINARY DETERMINATION OF WETLANDS




The above wetland classifications or determinations will not of them-
selves portray wetland resources in sufficient detail to assess envi-
ronmental impacts of site specific activities. Different types of
wetlands vary in value, extent, and associated use by wildlife and

this will be assessed on a site specific basis.

Existing Mammal Populations

The brown bear (Ursus arctos), the black bear (Ursus americanus),

and the moose (Alces alces) are the principal species of large mam-
mals found within the general project area. All three species can be
considered common and widespread throughout the area. Moose are
often locally abundant; most bears are transient using the area on a
seasonal basis. Seasonal concentrations of moose are shown in Figure
5.7; known seasonal feeding areas along salmon streams for bears are
shown in Figure 5.8 as are primary denning areas. Other denning
areas most likely occur within the region, as do other feeding areas
along streams supporting seasonal runs of Pacific salmon. The wolf
(Canis lupus) is not common within this area but has been observed
in the Trading Bay State Game Refuge. Three wolves were also
observed in the Capps area in August 1981 above the headwaters of
Wolverine Fork.

Brown bears reach minimum breeding age at 4% to 6% years of age;
most males reach sexual maturity at 4 to 6 years (average 5%). The
bears mate in May or June and cubs are born the following February
or March. Denning in the study area probably begins in November,
with younger and pregnant female bears denning earlier. Most bears
remain in their dens until May, although they may emerge for brief
periods if disturbed or during stretches of mild weather. The cubs
remain with the sow for two years and are then abandoned in the
third year before the sow breeds again. Litters of cubs and year-
lings contain, on the average, slightly more than two cubs. A
postnatal mortality differential between cubs and yearlings makes this

"average' somewhat questionable.
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Brown bears usually leave their dens in May and may move to the
lower elevations or even onto the beaches, feeding on animal car-
casses cast up during the winter storms. More typically, the bears
remain at mid-elevations for various reasons both sociological and
physiological. fnland bears may opportunistically utilize "moose
yards" for winter kills and prey on moose calves at the calving
grounds. As spring progresses, dreen vegetation becomes the
principal diet, and as the snow retreats, the bears follow the spring
growth to higher ground. Green vegetation, with occasional small
mammals, carrion, roots, and other plant materials, fof‘m the mainstay
of the diet until berries and salmon become available during the
summer. Soon after they reach the spawning streams, salmon become
the primary component of their diet, and the bears remain near the
streams throughout the summer, supplementing their diet with piants
and berries. After the salmon runs are complete, brown bears feed
largely on berries, roots, and green vegetation, and occasional small

mammals and carrion.

°® Brown Bear Denning

Brown bears prepare dens by digging into hillsides usually at an
altitudinal range of 300 to 750 meters (m) (1,000 to 2,500 feet).
This zone provides certain environmental conditions favorable to
winter denning including moderate, ambient temperatures during
cold intervals, a relatively stable snowpack that insulates the den
cavity, and an interwoven complex of vegetation that supports the
snowpack (drifting) and den cavity (soil binding by root sys-

tems).

Dens generally have a single entrance, a chamber, and in some
cases, a connecting tunnel. They are occupied from October or
November until April or May and when abandoned, thawing and
erosion soon cause them to collapse. Rocky caves and natural
cavities may be appropriated or modified for use and reuse as

winter dens.
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Denning habitat of brown bears may be delineated by subjectively
evaluating the principal criteria leading to site selection: elevation
and slope, soil/rock substrate, and vegetation. The best snow
conditions during the denning period are gener‘a‘lly at intermediate
elevations. Higher levels above the vegetation zone (635 m or
2,000 ft plus) tend to have erratic and unstable snow conditions
characterized by massive drifting, wind scouring, icing, heavy
crusting and avalanches, and provide marginal denning. oppor-
tunities. Sea level temperatures are above freezing later in the
winter and snow cover may not be sustained at lower elevations.
Temperatures at the 300 m (1,000 ft) level may average lower than
at sea level and, therefore, permit the snowpack to increase in
depth. Later, during spring, lower temperatures at higher ele-
vations permit snow cover to remain longer than at lower eleva-
tions. The insulating property of snow has been recognized as an
essential element of successful denning of polar and brown bears
(Craighead and Craighead 1972; Lentfer and Hensel 1978, Lentfer
et al. 1972). intermediate levels also provide a warmer air
stratum compared to lower and higher elevations since temperature
inversions prevail during midwinter cold snaps in calm conditions.
Site preference probably is also a function of slope as an incline
aids in excavation--soil materiali can be easily deposited downhill
from the den entrance. An incline also provides site drainage

during thaws and spring snowmelt.

Suitable soil cohdition is a major criterion for den site selection.
Generally of shallow depth, alpine soils are easily pulverized and
lack the cohesive properties of soils found at lower elevations. At
upper elevations dens supported by subsurface freezing are likely

to collapse during warm periods and be abandoned prematurely.

'Although suitable soil conditions occur at lower elevations, site

selection at this level may be precluded by colder temperatures
during midwinter cold snaps, reduced insulation qualities of snow,

and insufficient drainage during snowmelt.
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Den site selection appears to be related to the subalpine ecotone
delineated by the upper limit of woody vegetation types, notably
alder, willow, and dwarf birch. Root penetration by these and
large herbaceous plants bind the soil and provide added support
to the den cavity. At intermediate elevations vegetation affords
concealment and enhances security. Standing vegetation also re-
tains and stabilizes the snowpack by retarding wind erosion.
Snow accumulation on semi-brushy sites seals the den entrance,
inhibiting air transfer, and provides an insulative layer covering
the entire den. Usable and marginal denning habitats in the
Beluga area were delineated through direct aerial observation of
bears, dens, and related signs, together with the site selection
criteria described by Spencef and Hensel (1980). Three possible
den sites were located in the upper reaches of the Wolverine Fork
and the Chichantna drainages and in the Chuitna drainage.
Actual occupancy of these sites was not verified by ground in-
spection. Distribution of tracks and bear sightings noted late in
the period of den emergence indicated that denning activity is
remarkably more intensive in the headwaters of the Chichantna
River, and in hilly areas of North Capps Creek, and the mainstem
of upper Capps Creek where the gentle relief the the plateau
slopes abruptly and drainage systems form intervening gullies and
steep-walled canyons. Considerable post-denning activity was
noted in the upper Chuitna drainage, to a Iesser‘rdegr‘ee in the
upper Chuit drainage, and along the upper edge of the Nikolai
escarpment. Most brown bear activity in the Beluga area is prob-
ably associated with this escarpment and steep slopes paralleling
the upper Chuitna and its major tributaries where elevation ex-
ceeds 300 m (1,000 ft). At this aititude the snowpack is probably
of sufficient depth, composition and duration to accommodate most
of the brown bear denning occurring in the Beluga area. Can-
yons and tributary slopes provide good drainage and adequate
shrub/herbaceous coverage are an added inducement for brown
bear denning in these areas. Slopes and drainages near the
Capps Glacier lack suitable soil and vegetation condition to be

considered usable denning habitat. Rocky land outcroppings and
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large boulders along the bottom edges of tributary canyons may
provide natural den sites for brown bears, but these situations

appear to be limited in number.

Much of the Beluga area, because of its elevated plateau character
and lowland tree cover, is unusable or marginal denning habitat for
brown bears. That portion of the plateau stretching from Nikolai
escarpment to Lone Ridge north to the Capps Glacier is of such
gentle grade, sparse vegetation cover and gravelly sandy soils to
virtually preclude denning. Approximately 20% of the delineated
brown bear habitat is situated in the North Capps Creek lease area.

° Brown Bear Movement and Activity Patterns

The locations of established bear trails were noted on topo-
graphic maps from aerial and field observations. When there is no
snow cover, such trails are prominent features on the landscape,
patterns of which indicate the level and direction of movements to
and from activity areas. Depending upon biological needs and
habitat conditions, brown bears utilize two or more activity areas,
which can be viewed merely as different portions of an all-encom-
passing range. Distances between activity areas also vary, since
one or several drainages may be part of a year-around range of
an individual bear.

The location of principal trail systems relates to topographic
obstacles and cross country distance and/or access to activity
areas, particularly those associated with seasonal food gathering.
In the Beluga area, topography limits movements to and from
adjacent areas. The high glaciated mountains preclude movements
north of the moraine plateau. The extensive lowland marsh
between Nikolai and the Chakachatna drainges deter westward
movement because brown bears traveling across lowland areas have
a proclivity to avoid open terrain. Logging operations in and
around this sector also affect movement in this area. The absence

of any established trails or recent signs indicative of traveling
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bears in this area supports this observation. To the east, the
relatively large and fast-flowing Beluga River probably restricts
brown bear movements parallel to the mountain range or Cook
Inlet. The region's geomorphology limits the degree of inter-
- change between brown bear subpopulations resident to the north
side of Cook Iniet. Brown bears may, therefore, be considered in
the Beluga area as a relatively discrete population with minimum

interchange between adjacent subpopulations.

Feeding and socializing (breeding behaviorism) as distinct activ-
ities greatly influence the extent to which brown bears move. In-
dividual tracks and bear sightings made during the post-denning
(breeding) period indicated bears traverse the upper reaches of
the plateau at an altitudinal range of 350 to 700 m (1,200 to
2,300 ft). Considerable movement activity of an exploratory na-

ture was noted to occur along the eastward edge of the plateau in

the headwaters of Bishop and Scarp creeks, and headwaters of the

Chuitna and Wolverine Fork.

In the Nikolai area, a major travel route (Pit Creek) was found to
connect the upper Chuitna and Nikolai drainages. The absence of
any permanent bear trails across the marshy areas west of Nikolai

Creek supports the supposition of limited population interchange.
Black Bears

Black bears are generally considered open forest animals which
tend to avoid both the denser forest and large open areas; this
may not be typical of the southcentral portion of the range where
black bears are found throughout the study area along principal
stream courses. Primary denning habitat for black bears occurs
along the Nikolai escarpment and forested portions of the upper
Chuitna and Lone Creek drainages. It is estimated that less than
15% of the primary habitat for black bear denning occurs within

the overall project area and even less in specific site locations.
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Black bear usually reach maturity in their third year, although
some females may not breed until they are 5 or 6 years of age.
They mate in June or July and the cubs, usually two to three per
litter, are born in the den in midwinter. Black bears in the
study area generally emerge from their dens in May, though
females with their cubs may emerge later and den earlier than
others. Cubs are generally weaned by the next September after
their birth, but may remain with a lactating sow for another

winter.

Black bears eat a wide variety of plant and animal material. Dur-
ing the spring, grasses, sedges, and horsetail (Equisetum) make
up the bulk of their diet. During the summer and early autumn,
berries make up the larger portion of the diet. Black bears in
general are less dependent on saimon runs than brown bears, but
in the study area, concentrations along salmon streams indicate
that salmon is an important component of the summer diet. In the
fall, vegetation again becomes more important in the diet as saimon

and berries become less and less available.

Moose

Moose range throughout the study area and caive during the
spring in areas of muskeg or swamps. One or two calves are the
norm. Bulls and cows with calves from previous years usually
summer on higher ground, and in early to mid fall move down the
hills to lower elevations. Wintering grounds usually are in the
lowlands and river valleys and may hold dense aggregations of
moose in "moose yards". 'YYarding" occurs primarily in response

to heavy snow cover and difficult feeding conditions.

Moose eat a variety of vegetabie matter inciuding browse (woody
plant stems, buds, leaves, bark, and twigs), lichens, fungi,
grasses, and forbs (non-woody annual and perennial plants other

than grasses). The percentage of each of these components in
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the diet is determined for the most part by its seasonal availabil-
ity. Birch, which constitutes a large percentage of the diet, does
not provide sufficient nutrition to support the moose for sustained

periods.

Moose reportedly eat aider and willow preferentially throughout the
year, but the quantity of these plants available to the moose is
usually less than sufficient to comprise the bulk of the diet. Low

browse, forbs, and other plant material are essential to moose

“diets. Typically, wvegetation on the best moose range is in the

earlier seral stages (i.e., 5 to 25 years old) of plant succession.
Much of the area logged in recent vyears is now in excellent

browse condition, particularly along the Nikolai escarpment.

Aerial observation of big game is continuing- as part of the on-
going 1981 field program. Table 5.6 shows the resuits of a 2-day
observation period in early June. Table 5.7 shows the resulits of
the 1980 moose survey conducted by ADF&G.

Seasonal distribution of bears, moose, and other mammals can oniy

be generally described considering the limits of the past and on-
going field studies. A more comprehensive mapping effort will be
required to quantify the impacts on habitat of the project. The
status and discreteness of both the moose and bear populations
require additional field evaluation. Predator-prey relationships for

big game and other species have not been described.

Other Mammals

Other mammals known or considered to be present within the

study area are:

Red Fox Vulpes fulva
Mink Mustela vison
River of Land Otter Lutra canadensis
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Dale
1981
6/1
6/2
6/2
6/3
6/3
6/3
6/3
6/3
6/3

o

Table 5.6

MOOSE/BEAR OBSERVATIONS (AERIAL) JUNE 1-4, 1981

Obs. Brown Black Sub- Uniden- Females Females Females Uniden-
No. Obs. Location Altitude Bear Bear  Adult adult _tified w/cubs w/Yearling Males Females w/calves _lified
- H Lower Chuitna 300 1 1
iA T Lower Capps Crk 500 1 1

1B H Lower Chuitna 300 1(2)

2H H Mid-Chuitna 1,000 1 1

3H H Mid-Chuitna 500 1

4H H Lower Chuitna 150 1 1

5H H 3 Mile Creek 250 1

6H H East Fork Chuitna 600 1 1

7C H S. Side Chichantna 300 1 1

8C H Wolv. Crk E. Side 1,500 2 1

9C H Upper Chichantna 1,000!

10C H Upper Chuitna 1,300 1 1

11C H Lower Chuitna 800 1 1

12C H Lower Chuitna 200 i

13C H Upper Chakachatna 1,900 3 1(2)

14C H Straight Creek 500 1 1

15C H Straight Creek 300 1 2 2
16C H Upper Nikolai 2,000 1 1

17C H Upper Chuit 1,600 1 1

18C H Mid-Chuitna 800 1 1

19C H Mid-Chuitna 800 1

20C H Lower Chuitna 200 1 1

21C H Upper Wolverine 1,700!

22H H Mid-Chuitna 375 1

23C H Nikolai Creek 900 3 1(2)

24C H Easl Chuilna 350 1 1



Tabie 5.7

1980 MOOSE SURVEY

Area: Lone Ridge, Beluga Drainage, Chuitna Drainage
Observer: J. Didrickson, ADF&G (Paimer)

Totai Moose: 151 (139 adults, 12 calves)

(\ Age-Sex_Ratios: Bulls - 33 large, Cows - 85 w/o calves
N 11 yearlings 8 w/calves
44 Total 2 w/2 calves
95 Total

Period of Observation: December



Red Squirrel

Lynx

Snowshoe or Varying Hare
Flying Squirrel
Muskrat

Beaver

Wolverine

Porcupine

Least Weasel

Ermine or Shorttail Weasel
Mouse Weasel

Marten

Coyote

Ground Squirrel
Coltared Pika

Hoary Marmot

Brown Lemming
Northern Bog Lemming
Red-backed Vole
Tundra Vole

House Mouse

Meadow Jumping Mouse
Masked Shrew

Dusky Shrew

Water Shrew

Little Brown Bat

Tamiasciurus hudsonicus

Lynx canadensis

Lepus americanus

Glaucomys sabrinus
Ondatra zibethica

Castor canadensis

Gulo luscus

Erethizon dorsatum

Mustela rixosa

Mustela erminea

Mustela nivalis

Martes americana

Canis latrans

Citellus undulatus

Ochotna coflaris

Marmota caligata

Lemmus trimucronatus

Synaptomys borealis

Clethrionomys rutilus

Microtus oeconomus

Mus musculus

Zapus hudsonius

Sorex cinereus

Sorex obscurus

Sorex palustris

Myotis lucifugus

Population estimates for the above are not available, however the
area has historically supported a relatively large harvest of fur-
bearers, particularly beaver and wolverine. Beavers are active
throughout the region and have a significant impact on the head-
waters of nearly every stream within the system. An aerial count
of active lodges is anticipated as part of an on-going field pro-

gram to be conducted in the fali of 1981.
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General Sensitivity to Changed Conditions

Popuiations of Iér‘ge mammals change in response to natural bio-
logic, geologic, and climatic events and in response to human
activities. Pressures from human activities are generally related
to economic development.. Direct pressures also occur when hab-
itats are altered or their uses are denied by segmentation or other
means. Habitat may be aitered or destroyed by fire, clearing,
logging, road building, or other construction and resource extrac-
tion activities. Segmentation divides a habitat into tracts too small
to be used effectively by a population. The noise and activity
associated with development also may prevent utilization of a
habitat. Many diverse habitat types within the range of a species
may be occupied at least occasionally by a particular species. One
or more of these types termed ‘critical habitats" may be of par-
ticular importance and their extent may limit the population.
Critical habitats may be areas used for denning, wintering, calv-
ing, or feeding. Use of a critical habitat may vary widely from
year to year depending on a variety of factors. Critical habitats

for many species have been defined.

Denning areas, spring feeding areas, and salmon streams are
probably the most critical habitats for brown bears. Most of the
salmon streams support brown bear concentrations and may be
considered critical habitat during the salmon runs. The future of
the brown bear inevitably will be determined by human encroach-
ment into bear habitat. Within the study area, brown bears prob-
ably are more vulnerable to the secondary effects of development,
especially increased access by hunters and increased incidental
confrontations, than to the more direct modifications of habitat

associated with resource development.
Factors determining black bear mortality are well known, and

hunting and other human activities generally become the major

limiting factors in accessible areas. Loss of habitat to develop-
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ment, loss of access to salmon streams and berry patches, harass-
ment (both intentional and inadvertent) by outdoor recreation and
transportation activities, and the incidence of nuisance bears that

must be destroyed will increase as human populations and bear

.populations interface more frequently. Small, discrete black bear

populations may be especially vulnerable to over-harvest. In the
study area, where black bear populations infrequently are isolated
from one another, the bears are less vulnerable to the effects of
human activities. Black bears usually inhabit open woodlands,
avoiding extensive open areas and the larger tracts of dense
forest. Where human contact has not been encouraged, habitat
preference and native wariness permit black bears to withstand

considerable human pressure.

Winter mortality of moose, including deaths associated with star-
vation and losses to predators caused by the weakened condition
of the moose and loss of mobility in deep snow, are the major
factors limiting natural moose populations. Winter mortality is
determined primarily ‘by food availability, wHich in turn is deter-
mined by competition for the food resources and by the depth,
duration, and hardness of the snow. Adverse winter conditions
first affect the calves, then the cows; and finally the bulls.
Mortality in extremely harsh years may be nearly 100%. Predation
by bears, wolves, and human hunters aiso may affect popuiations.
Accidental kills by automobiles may be important locaily, and traf-
fic mortality increases when roads and railroads are constructed
through prime ranges or across migration routes. = Secondary
effects of development, particularly increased access for hunters,

would have the greatest impact on existing moose populations.

Existing Avian Populations

Little information is available on terrestrial avian populations for the
Beluga area. Ornithological records primarily reflect lists published

by various observers. - Year-round populations of terrestrial birds
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are represented by relatively few species, including raven, chicka-
dee, redpoli, Canada and Steller's Jay, magpie, and several wood-
peckers. Species diversity and abundance increase markedly in the
summer. Table 5.8 represents a list of birds which can be expected
to be found in the Beluga region. The list includes year-round resi-
dents, migratory species (excluding water‘fowi, shorebirds and sea-
birds) and accidental or occasional sightings. Known nesting sites

(cranes, eagles, swans) based on 1981 field observations are shown

in Figure 5.9. Included in Figure 5.9 are swan and eagle nests

sighted during a June 2, 1981 flight of the Upper Cook Inlet Oil and

Gas Lease Units by personnel of ADF&G.

Nesting habitat (current and potential) will be mapped eventually as
part of an overall habitat mapbing scheme. The relationship between
project development and operation relative to adjacent refuge lands
must be carefully considered particularly if the DF&G were to under-
take any enhancement programs to encourage additional summer utili-

zation of the lands.

Amphibians

The. only amphibians known from the region are the rough-skinned

newt, Taricha granulosa, and the wood frog, Rana sylvatica. The

rough-skinned newt is a relatively large brown salamander (up to 6
inches in length) found near small ponds and lakes throughout the
spruce forests near the coast. The wood frog is a smail (up to 3
inches) light brown or gray frog, with a prominent dark eye mask,
found in or near the shallow ponds of both the lowland forest and
wet tundra. Both the rough-skinned newt and the wood frog are

active during daytime (diurnal).
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Common Name

Goshawk
Sharp-shinned Hawk
Red-tailed Hawk
Rough-iegged Hawk
Golden Eagle

Bald Eagle

Marsh Hawk
QOsprey

Gyrfalcon
Peregrine Falcon
Meriin

American Kestrel
Spruce Grouse
Willow Ptarmigan
Rock Ptarmigan
White-tailed Ptarmigan
Sandhill Crane
Rock Dove

Great Horned Owl
Snowy Owl

Hawk Owi

Table 5.8

TERRESTRIAL BIRDS

Scientific Name

Accipiter gentilis

Accipiter striatus

Buteo jamaicensis

Buteo lagopus
Aquila chrysaetos

Haliaeetus leucocephalus

Circus syaneus
Pandion haliaetus

Falco rusticolus

Falco peregrinus

Falco columbarius

Faico sparverius
Canachites canadensis
Lagopus lagopus

Lagopuys mutus
Lagopus leucurus

Grus canadensis
Columba livia

Bubo virginianus

Nyctea scandiaca

Surnia ulula

S/S/F/W = Summer, Spring, Fall, Winter

Common
Uncommon
Rare

1 +0$CO

Casual or accidental
Not known to occur
Known or probable breeder
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Qccurrence
S/S/F/W

u/u/u/u *
c/u/c/u *
R/R/R/+ *
R/+/R/+

R/R/R/R *
c/c/c/C *
C/U/C/R *
R/R/R/- *
R/R/R/R *
U/R/U/R *
R/R/R/R *
R/-/R/+

u/u/u/u *
u/u/u/u *
c/c/c/C *
R/R/R/R *
C/R/C/- *
c/c/c/C *
c/c/c/C *
R/+/R/U

u/u/u/C *



Common Name

Great Gray Owi
Short-eared Owi
Boreal Owil
Saw-Whet Owl
Rufous Hummingbird
Belted Kingfisher
Common Flicker

Yetlow-beilied Sapsucker

Hairy Woodpecker
Downy Woodpecker

Bilack-backed Three-toed

Woodpecker
Northern Three-toed
wWoodpecker
Eastern Kingbird
Alder Flycatcher
Western Wood Pewee
Olive-sided Flycatcher
Horned Lark
Violet-green Swallow
Tree Swallow
Bank Swallow
Rough-winged Swallow
Barn Swallow
Cliff Swallow
Gray Jay
Steller's Jay
Black=-billed Magpie

Table 5.8
Continued

TERRESTRIAL BIRDS

Scientific Name

Strix nebulosa
Asio flammeus

Aegolius funereus

Aegolius acadicus

Selasphorus rufus

Megaceryle alcyon

Colaptes auratus
Sphyrapicus varius

Picoides villosus

Picoides pubescens

Picoides arcticus

Picoides tridactylus

Tyrannus tyrannus

Empidonax alnorum

Caontopus sordidulus

Nuttallornis borealis

Eremophiia alpestris

Tachycineta thalassina

|ridoprocne bicolor
Riparia riparia

Stelgidopteryx ruficollis

Hirundo rustica

Petrochelidon pyrrhongta

Perisoreus canadensis

Cyanocitta stelleri
Pica pica

Occurrence
S/S/E/W

R/R/R/R *
C/C/C/R *
u/u/u/u *
R/R/R/R *
c/c/c/- *
u/u/u/u *
+/R/U/-

+f~/+/~

u/u/u/u *
u/uU/u/u *

+/~/~1- *

R/R/R/R *
~/*/*/=

u/u/u/- =
-/R/R/= *
R/R/R/- *
R/R/R/-

c/c/c/- *
c/c/C/- *
u/u/u/- *
+/+/-/=

c/c/c/- *
u/u/u/- *
R/R/R/R *
c/c/c/c o x
c/¢c/c/c *
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Common Name

Common Raven

Northwestern Crow

Black-capped Chickadee

Boreal Chickadee

Chestnut-backed
Chickadee

Red-breasted Nuthatch

Brown Creeper

Dipper

winter Wren

American Robin

Varied Thrush

" Hermit Thrush

Swainson’s Thrush
Gray-cheeked Thrush
Wheatear

Townsend's Solitaire

" Golden-crowned Kinglet

Ruby-crowned Kinglet
water Pipit

Bohemian Waxwing
Northern Shrike
Starling

Tennessee Warbler
Orange-crowned Warbier
Yellow Warbter
Yellow-rumped Warbler
Townsend's Warbier

Blackpoll Warbier

Tabie 5.8
Continued
TERRESTRIAL BIRDS

Scientific Name

Corvus corax
Corvus caurinus

Parus atricapilius

Parus hudsonicus

Parus rufescens
Sitta canadensis
Certhia familiaris

Cincius mexicanus

Trogiodytes trogiodytes

Turdus migratorius

|Xoreus naevius

Catharus guttatus

Catharus ustulatus

Catharus minimus

Oenanthe oenanthe

Myadestes townsendi

Regulus satrapa
Regulus calendula

Anthus spinocletta

Bombyciila garrulus

Lanius excubitor

Sturnus vulgaris
Vermivora peregrina

Vermivora celata
Dendroica petechia

Dendroica coronata

Dendroica townsendi

Dendroica striata

Oceurrence
S/S/E/W

c/c/c/cC *
c/c/c/cC *
u/u/u/u *
R/R/R/R *

c/c/c/c *
R/R/U/R *
u/u/u/u *
c/c/c/c o
u/u/u/u *
C/C/C/R *
c/c/c/u *
c/c/c/- *
u/u/u/- *
u/u/u/- *
R/R/R/- *
R/R/R/- *
u/u/u/u *
c/c/c/+ *
c/c/c/- *
U/U/U/R *
u/u/u/u *
R/-/R/R

+/=/-/~

c/c/c/- *
u/u/u/- *
u/u/u/- *
u/u/u/- *
R/R/R/- *



Common Name

Northern Waterthrush
Wilson's Warbler
Red-winged Btackbird
Rusty Blackbird
Brambling

Bullfinch

Pine Grosbeak
Gray-crowned Rosy Finch
Hoary Redpoil

Common Redpoli

Pine Siskin

Red Crossbill
White-winged Crossbill
Savannah Sparrow
Dark-eyed Junco

Tree Sparrow
Chipping Sparrow
Harris' Sparrow
White-crowned Sparrow
Golden-crowned Sparrow
White-throated Sparrow
Fox Sparrow

Lincoin's Sparrow
Song Sparrow

Lapland Longspur
Snow Bunting

Tabile 5.8
Continued
TERRESTRIAL BIRDS

Scientific Name

Seiurus noveboracensis

Wilsonia pusilla
Agelaius phoeniceus

Euphagus carolinus

Fringilla montifringilla

Pyrrhula pyrrhuia

Pinicola enucleator

Leucosticte tephrocotis

Carduelis hornemanni

Carduelis flammea

Carduelis pinus
Loxia curvirostra

Loxia leucoptera

Passerculus sandwichensis

Junco hyematlis

Spizella arborea
Spizeila passerina

Zonotrichia querula

Zonotrichia leucophrys

Zonotricha atricapilla

Zonotricha albicollis

Passereila iiiaca

Melospiza lincolnii

Melospiza Melodia

Calcarius !apponicus

Plectrophenax nivalis
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Qccurrence

S/S/E/W
R/R/R/-
c/c/c/-
R/R/R/-
U/R/U/R
=/=/+/+
-/=/+/+
u/u/u/u
U/uU/u/R
R/-/-/R
c/u/u/c
c/c/c/u
R/R/R/R
u/u/u/u
c/c/c/-
u/u/u/u
U/R/U/R
+/=/+/-
+/=/+/~
U/R/U/R
C/C/C/R
-/=/+/+
C/C/C/R
c/c/c/+
c/c/c/c
U/R/U/+
U/R/U/R

*

x

X

x

x
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MARINE ECOLOGY

Intertidal and Shallow Subtidal Habitats

The intertidal and shallow subtidal environments present in upper
Cook Inlet vary significantly from area to area. Figure 5.10 illus-
trates the diverse habitats present along the northwest shore of Cook
Iniet near the proposed project. The intertidal area from the Beluga
River south through Trading Bay contains broad expanses of gravel
and sand as well as extensive mud flats. From the sandy reaches
just south of the Beluga River, the intertidal zone becomes mud to
below Three-mile Creek. Gravel exists at the delta of the Chuitna
River, however mud flats are present north of Tyonek. The gravel
returns south of Tyonek through North Foreland. Mud flats are
again present to just north of Granite Point (Beshta Bay), gravel
with mixed boulders exist at Granite River, and then the area
becomes broad mud tidal flats (Trading Bay) disected by the flow of
Nikolai Creek.

The oceanographic conditions vary significantly on each side of the
inlet, and to a lesser extent on a site specific basis anywhere along
the west side of the inlet. This is a major reason for variations in
diversity of intertidal and shallow subtidal habitats.

% Mud Flats

The productivity and species diversity on the broad mud flats of
upper Cook Inlet are generally low. in addition, the subtidal
species density and diversity in these areas are also low. The
limiting factors to productivity in areas dominated by mud flats
are the high suspended sediment levels, low light penetration,
and climatic variables. In winter months the surface sediments

freeze during low tide.
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The fauna within the intertidal/shallow subtidal area of mud flats

is dominated by pelecypods (clams), primarily Macoma balthica and

Mya sp., and polychaete worms (Nephtys, Etcone, Potamiila, Spio)

of minor importance, and the clams Clinocardium, the basket

cockle, and Pseudopythina, the common ciam. There is substantial

vertical distribution of the faunal assemblages in the mud flats.
Figure 5.711 shows the distribution of the major organisms in the
mud flats.

Predation is strong, with diving ducks, gulls and shorebirds
being the major predators. A number of transient predators also
depend on the infauna. These predators include crab, flatfish,
cottids, and some Pacific salmon. Several migratory bird species
utilize the mud flats, including the western Sandpiper and Dunlins
during spring migration. The Greater Scaup, Old squaw, Surf
scoter and Black scoter feed extensively on the mud flats in the
winter. A generalized food web for mud flat environments is
shown in Figure 5.12.

Gravel and Cobble Substrate

The gravel and cobbie intertidal and subtidal areas support moderate

densities of gammaride amphipods (Anisogammarus confervicolus) and

the isopod Gnorimosphaeroma oregonensis.

In addition, barnacles (Balanus sp.) and mussels (Mytilus edulis) are

present during spring, summer and fall. They are preyed upon by

nudibranch (Onchidoris balamellata) and snails (nucella emarginata).

The barnacles and mussels seldom survive the winter and thus are

replaced yearly.

Other important predators include the rock sandpiper, a winter

predator; dungeness crab (lancer magister); helmet crab (Telmessus

cheiragonus); gray shrimp (Crangon alaskensis ; sand lance
(Ammoclytes hexapterus); Pacific staghorn Scuilpin (Leptocotuss
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armatus); starry flounder (Platichthys stellatus); and flathead sole

(Hippoglosgoides classodon).

Granite Point Intertidal and Shallow Subtidal Investigation

A July 1981 ‘investigation of the shallow subtidal and intertidal area
in the vicinity of Granite Point revealed that the benthic community
at all the sampled stations was dominated by the pink clam (Macoma
balthica). Three transects with three intertidal stations (high, low
and midtide) and one subtidal station were established. The inter-
tidal flats from the airport to Granite Point grades from a fine,
muddy clay near the airstrip to graveily sand toward Granite Point,
and grades to coarse sand and gravel at increasing distances from
the shoreline. The results of this investigation are summarized in

graphic form in Figure 5.13

Marine Species
° Fisheries

Fish. populations in upper Cook Inlet in close proximity to the
Trading Bay/Beluga River area include anadromous species (salmon
and eulachon), resident species (flounder and sculpin), migratory
species (halibut), and shellfish. Of commercial importance in
upper Cook Inlet are four of the the five species of Pacific sal-

mon. These salmon are also important sport fish.

The five Pacific salmon species found in upper Cook Inlet are:

King (chinook) salmon Oncorhynchus tshawytscha
Sockeye (red) salmon O. nerka

Silver (coho) salmon O. kisutch

Chum (dog) salmon O. keta

Pink (humpback) saimon O. gorbuscha
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The general life histories of the five species of Pacific salmon in
Cook Inlet is summarized in Table 5.9, as well as under Fresh-

water Fishes and in Table 5.1. Exceptions to these general

features occur frequently. The relationship between salmon and
the freshwater streams in the Beluga area is important in that the
fish use the freshwater streams only to carry on reproductive and
early life stage functions. Adult fish migrate from the marine
environment to spawn and then die. Young salmon (fry) inhabit
the freshwater streams for a short time, migrate to the sea where
they grow rapidly into adults, and return to natal streams to
spawn. Early development may also occur there. Some salmon
remain in fresh water for 2 to 3 years; Dolly Varden may remain

for as long as 4 years.

The different salmon species remain in fresh water varying lengths
of time and also return to spawn at different times of the year.
The general timing of the life history stages for each of the five
species is shown in Table 5.10. The adult fish migrate to fresh
water, then the female prepares the nest (redd) and generaily
spawns with only one male. Several males may be in attendance
but usually only the dominant male will spawn with the female. It
is estimated that early-run spawners deposit approximately 3,700
eggs each, while late-run spawners deposit approximately 4,100.
The eggs are covered with upstream gravel, and the females
guard the nest as long as possible but die soon after spawning.
Hatching usually occurs in February to March, depending pri-
marily on water temperature. The alevins (yolk sak fry) remain
in the gravel for 2 to 3 weeks and then emerge as free-swimming,
actively feeding fry. Some fry migrate immediately to the sea,
however, most remain in the gravel areas near stream banks.. Few
lakes in the Beluga area are accessibie to salmon. Most remain in
fresh water for at least one year before moving out to sea. The
life cycle of the king and silver salmon are illustrated in Figures
5.74 and 5.15.
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Table 5.9

PACIFIC SALMON IN ALASKA-LIFE FEATURES

5-69

Time Spent
in Fresh Average Average
Water after Time Age at Weight Eggs per
Emergence at Sea  Spawning of Aduits Female
Species of Saimon From Gravel Years Years Pgunds Thousands
Chum (dog) Less than 2-4 3-5 8 3.0
. 1 month
Pink (humpback) Usuaily less 1 2 4 2.0
than 1 month
Silver (coho) 12-36 months 1 3-4 9 3.5
Red (sockeye) 12-36 months 1-4 3-6 6 3.5
‘King (chinook) 3-12 months . 1-6 3-7 20 8.0



GENERAL SALMON RUN TIMING INFORMATION

Table 5.10

FOR NORTHERN COOK INLET STREAMS

Life History
Species Stage* Activity Dates
Chinook Adults ~ Enter fresh water May 15 July 15
Salmon Spawning June 20 Aug. 15
Juveniles Qutmigration Apr. 15 July 15
Sockeye Aduits Enter fresh water May 20 Aug. 15**
Salmon Spawning Aug. 1 Nov. 15
Juveniles Qutmigration Apr. 15 Aug. 1
Coho Adults Enter fresh water July 10 Nov. 1%**
Saimon Spawning Aug. 1 Feb. 1
Juveniles Qutmigration Apr. 15 July 15
Pink Aduits Enter fresh water June 20 . -~ Aug. 15%**
Sailmon Spawning July 10 Sept. 1
Juveniles Qutmigration Apr. 15 June 10
Chum Adults Enter fresh water July 1 Sept. 1¥**
Salmon Spawning Aug. 1 Oct. 1
Juveniles Qutmigration Apr. 15 July 10

¥ Juvenile chinook, sockeye, and coho salmon are present in

lakes. year round.

**  Even numbered years.

*** Odd numbered years.
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KING (CHINOOK) SALMON
Oncorhynchus tshawyischa

(WALBAUM)

|FIGURE 5.i4

EGGS INSTREAM
GRAVEL SEPT-JAN

e
' [FISH SPAWNING TN HOME
STREAM JULY- SEPT

JFRY IN NURSERY
STREAM MAY-JULY

ADULT MIGRATION TO SPAWNING
GROUND MAY-AUG

JUVENILE FISH IN FRESH
WATER 1 TO 2 YEARS

SMOLT MIGRATION TO OCEAN
AUG-SEPT (SMALL FINGERLING)

FISH MATURING IN OCEAN
1 TOS YEARS

LIFE CYCLE OF KiNG SALMON
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SILVER (COHO) SALMON
Oncorhynchus kisutch

(WALBAUM)

r

EGGS IN STREAM
GRAVEL OCT- JAN

ALEVIN IN STREA
GRAVEL JAN- APR

FEMALE

FISH SPAWNING IN HOME
STREAM SEPT-0CT

LADULT MIGRATION TO SPAWNINGJ

GROUNDS AUG-SEPT
[ JUVENILE FISH IN FRESH
WATER ITO 2 YEARS

SMOLT MIGRATION T0
OCEAN JUNE — JULY

FISH MATURING IN OCEAN
| TO 2 YEARS

FIGURE 5.i5

LIFE CYCLE OF THE SILVER SALMON




The spawning substrate for these salmon varies somewhat by
species. Silver (coho), pink (humpback) and chum (dog) prefer
a substrate of medium-size gravel, while red (sockeye) prefer fine

gravel or sénd and king salmon {(chinook) prefer coarse gravel.

Young chinooks and cohos feed mainly on insects, including fly
and beetle larvae and juveniles (dipterous larvae, trichopteran,
and coleopteran juveniles). Other species of salmon fry also serve
as an important food source for the coho. Sockeye feed on zoo-

plankton.

Several factors relative to incubation are important to the survival

of local salmon populations:

Access to Spawning Sites: Most basic to hatch success is the

ability of migrating salmon to reach the spawning sites.

Freedom from Disturbance: Once the redds are established and

eggs are deposited, disturbance may increase egg mortality.

Predation by Other Animals - Invertebrate organisms that in-
vade the redds or other fish which feed on dislodged eggs are

the major predators.
Diseases: Infection by -aquatic fungi increases egg mortality.

Water Quality and Quantity: If the water contains deleterious
chemicals and is not adequately oxygenated, is of unsuitable
temperature, or does not flow properly around the eggs or
larvae, significant mortality results. Proper stream fiow,
permeability of gravel, and dissolved oxygen concentrations are
critical to salmon survival. Foreign substances in the water
including siltation of streams has been demonstrated to severely

diminish productivity.
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Other factors such as adequate rearing habitat, food sources,"

holding areas, and spawning habitat are also important.

Dolly Varden (char) are widely distributed throughout Cook Inlet.
They also migrate from the marine environment to fresh water to
spawn. Upstream movement usually begins in iate July or August
and continues through November. Spawning usually occurs in
gravelly streams with a fairly stong current. Unlike the Pacific
salmon, Dolly Varden do not die after spawning. Development to
hatching requires about 130 days, and the young r'einain in the
gravel for 60 to 70 days. Dolly Varden usually spend three to

four years in the creek before going to sea.

Eulachon (hooligan), a smail anadromous smelt, is found in abun-
dance in upper Cook. Inlet. However, the only known run of
eulachon in the Beluga area is at the Beluga River. Eulachon
runs begin about May 15 and peak toward the end of May. The
eggs hatch in 2 to 3 weeks and the young move downstream

immediately.

Resident marine fish found in upper Cook Iniet are primarily
flounder, sculpin, and cod. Their distribution is widespread,
however their population densities are unknown. They are of

little commercial or subsistence importance.

Migratory marine fish include the halibut, which are primarily

found in lower Cook Inlet (Kalgin island and sou-th). Most halibut
winter offshore in the Gulf of Alaska. Herring also can be found
in fairly large numbers in lower Cook inlet, and are very rarely

found in upper Cook Inlet.

Shelifish, including Kking crab, dungeness crab, tanner crab,
several species of shrimp, clams, oysters, and scallops are all
found in commercial quantities in Cook Inlet. Most of these shell-

fish are found predominantly in lower Cook Inlet, south of the
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Forelands. Clams, however, are common in tidal flats in upper

Cook inlet, including Trading Bay.

Commercial Fisheries: Commerciaily important species of fish in

Cook Inlet include salmon, halibut, herring, shrimp and crab.
The commercial fishing industry (harvesting and processing) is
an important source of income and employment. The yearly and
mean catches for the period 1973 to 1977 of ‘the various fish-

eries in Cook Inlet are shown in Table 5.11.

Salmon: The salmon fishery in Cook Inlet is the most important
commercial fishery. There are three distinct Cook Inlet salmon
fisheries, defined by gear type (purse seine, drift gill net,
and set gill net). Upper Cook Inlet areas support primarily
gill net fishing. The salmon harvest in recent years has in-
creased substantially due to improved fishery: management,
enhancement and rehabilitation programs. Annual harvest
weight for 1980 was estimated to be 20.4 million pounds (0.224
metric tons), with a real value of $18 million. Harvest projec-
tions for the vyear 2000 are for approximately- 28.2 million

pounds (12,778 metric tons) with a value of $30.5 million.

The beach area from the northern end of Trading Bay in the
vicinity of Shirieyville to the Beluga River is heavily utilized
by set net fishermen including many residents of Tyonek.
Based on the experience of set net fishermen on the eastern
side of Cook Inlet, construction and operation of dock facilities

has littie impact on set net fishing.

Herring: The Cook Iinlet herring fishery is- primarily a roe
herring “fishery. The herring fleet is dominated by purse
seiners whose principal employment is in other fisheries. The
season is concentrated in a few days between May and mid-June
because the roe is of marketable quality for only a very brief

period. The average annual catch is approximately 6.4 million
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Table 5.11

COOK INLET FISHERIES

1973-1977

Catch in 1,000 Pounds

King Tanner Dungeness
Year Salmon Herring Haiibut Crab Crab Crab Shrimp
1973 14,418 3,184 3,972 4,349 8,509 330 4,897
1974 10,341 5,389 1,930 4,602 7,661 721 5,749
1975 18,045 8,298 3,935 2,886 4,952 363 4,752
1976 23,298 9,696 3,418 4,954 5,935 119 7 6,208
1977 36,012 6,435 3,249 2,027 5,650 76 5,144
Mean 20,443 6,600 3,300 3,764 6,541 322 5,350
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pounds (2,919 metric tons) with a real harvest value of approx-

imately $1.3 million.

Halibut: The Cook Inlet halibut fishery is dominated by a
small fleet which consists of boats that are often primarily
participants in other fisheries, and which fish in protected
waters. Many of these boats are less than 35 feet (10.7
meters) in length. The season is between May and August,
and is broken into several 2-week periods. Harvest weight and
real harvest wvalue of halibut for 1980 are approximately 0.6
million pounds (254 metric tons) and $400,000.

King Crab: The Cook Inlet king crab fishery is dominated by
boats smaller than in many other Alaska crab fieets. The
typical boat lengths are between 25 and 45 feet (7.6 and 13.7
meters). They generally have a crew of three or four and
participate in the fishery from August through March. The
harvest for 1980 was approximately 3.7 million pounds (1,667

metric tons) with a real market value of $4.6 million.

Tanner Crab: = The tanner crab season is from December
through May, and many of the boats participate in both king
and tanner crab fishing because of the succession of seasons.
The 1980 catch weight was approximately 5.2 million pounds

(2,350 metric tons) with a real market wvalue of $1.9 million.

Dungeness Crab: The Cook Inlet dungeness crab fleet consists
of boats that typically are 26 to 35 feet (7.9 to 10.7 meters) in
length, and have a crew of two. They participate in the
dungeness crab fishery from May through December. The
annual harvest has fluctuated significantly in recent vyears,
however, more favorable market conditions are expected to
stabilize the fishery in the future. Catch statistics and real
market value for 1980 are 500,000 pounds (204 metric tons) and
$300,000.
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Shrimp: There are two shrimp fisheries in Cook Inlet, a trawl
fishery and a pot fishery. The trawlers range in length from
less than 25 feet to more than 80 feet (7.6 meters to 24.4
meters), and have a crew of three. They participate in the
fishery from June through March. - Although several times as
many boats participate in the pot fishery as in the trawl fish-
ery, the trawi fleet harvests the majority of the annual catch.
The pot boats range in length from less than 25 to 45 feet (7.6
meters to 13.7 meters). They generally have a crew of two,

and are active throughout the year.

The shrimp fisheries are well developed and have well defined
resources. The 1980 harvest of all species amounted to ap-

proximately 5.6 million pounds (2,540 metric tons) with a real

. market value of $1.7 million.

Razor Clams: The Cook Iniet razor clam fishery has been small
and sporadic for a number of years. The latest large harvest
occurred in 1962 when just less than 200,000 pounds (91 metric
tons) were taken. During the five vyears the fishery was
active between 1969 and 1977, the annual harvest averaged less
than 24,000 pounds (11 metric tons) and the number of boats
in the fishery typically did not exceed three. With the excep-
tion of 1972 when a dredge was also used, the hand shovel has
been the sole gear type. Although increases in resource
abundance, increasingly favorable market conditions, the
development of more efficient types of gear, and improved
programs for the certification of beaches as a source of clams
for human consumption are expected to stimulate renewed
activity in this fishery, the razor clam fishery is expected to
remain an almost insignificant portion of the Cook Inlet com-

mercial fishing industry.

Sport Fishery: The Cook inlet area supports a diverse and

important sport/recreational fishery. Most sportfishing is for
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the five Pacific salmon species. The east side of Cook Inlet
(Kenai Peninsula) is the most intense sport fishery, however,
the west side of the inlet also supports a lucrative sport fish-
ery. The primary streams utilized for this purpose are in the

Susitna drainage.

The major streams in the Beluga area capable of supporting a
sport fishery are Nikolai Creek, Chuitna River and the Beluga
River. However, there are no catch statistics concerning sport
fish harvests from any of the streams or rivers in the Beluga
area. Access to these streams would be primarily by float
plane or limited wheel plane traffic. Fish harvested for sport/
recreation are the five species of Pacific salmon, rainbow trout,
Arctic grayling, Dolly Varden, and eulachon.

Sport fish regulations administered through the state Depart-
ment of Fish and Game restrict the number of fish taken within
a 24-hour period. The bag limit for any combination of salmon,
trout, grayling and char under 16 inches in length (or 20.
inches for King salmon) is 10 per day. Taking king salmon
longer than 20 inches is limited to one per day with‘ a maximum
of only two in possession. Taking any combination of the other
salmon species more than 16 inches in length is limited to three

per day.

Subsistence Fishery: Subsistence fishing is of importance to

the local residents of the Beluga area (Tyonek). Local Natives
use the shoreline of Cook Inlet in the summer and fail to
gather a large portion of the food in their diets. The marine
resources gathered include clams, cockles, and bottomfish. Of
primary importance during the summer months, however, is the

harvesting of spawning saimon and smelts.

Methods of harvesting salmon vary. The primary harvest

methods utifize drift gill net fishing, beach set nets, and seine
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net fishing. The drift gill net floats on the water's surface
and drifts with the tide, intercepting salmon traveling toward
the freshwater streams. Set nets are fished from the beach
and are comprised of a small mesh lead net attached to the gill
net. Salmon encounter the lead net as they swim along the
beach and are led out to the gili net where they become en-
trapped. Leads are permanently anchored to shore. Seine
fishing, although seldom used in upper Cook Iinlet, utilizes a

length of net to encirclie and trap schools of fish.

Subsistence catch records are not generally available and very
little specific data concerning subsistence fisheries is available

for the Beluga region.

Current marine resource utilization in Cook Inlet is shown in
Figure 5.16.

Birds

Marine birds or seabirds have been defined as birds which,
during some part of their life cycle, come in contact with the
marine environment. This broad definition includes the migratory
waterfowl as well as pelagic species. Primary marine bird habitat
within upper Cook Inlet includes offshore waters (more than three
nautical miles from land), inshore waters (within three nautical
miles of land), steep rock or rubble beaches, sea cliffs, intertidal

beaches, and coastal floodplains such.as wetlands.

Approximately 180 species of birds are known to inhabit the Cook
Inlet region. About 105 to 110 of these species are regarded as
being associated with the marine or coastal environment. There is
very little qualitative or quantitative information available for
pelagic and coastal birds inhabiting Cook Inlet, especially in the
Trading Bay to Beluga River region. Non-site-specific information

which is available refers to environment types as described above.
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Cook fnlet is a geographical funnel for migrating birds moving to
and from the interior, North Slope, and west coast Alaska breed-
ing areas. The highest bird populations occur in Cook Inlet's
wetlands during the spring migration period when the area is used
by more than 1.25 million ducks and geese (primarily lesser
Canada and snow), about 25,000 whistling and trumpeter swans,

several thousand cranes, and millions of shorebirds.

Pelagic areas in the upper inlet receive less bird use than areas
closer to the mouth of the inlet. During migration and summer
periods it appears that selected nearshore areas, estuaries, wet-
lands, and bays .receive significant use by waterfowl and shore-
birds.

Coastal wetland areas are important as nesting, resting, and
feeding habitat to several species of birds. Trading Bay is a
prime wetlands area and supports a diverse waterfowl population.
Highest waterfow! popuiations occur in Cook Inlet's wetiands in
spring when they are used by several thousand lesser Canada and
snow geese, ducks, and occasional swans and cranes. The fall
build-up of waterfow! in the inlet's wetlands begins in early
August and peaks in late September. During the fall migration
period about 0.75 million ducks and geese utilize wetland areas in
Cook Inlet. The fall buildup of waterfow! in the inlet's wetlands

begins in early August and peaks in late September.

Sea ducks, shearwaters, murres, gulls, puffins, guiilemots, mur-
relets, and cormorants are the principal seabirds in offshore
waters. These birds also inhabit inshore waters, where they nest
on sea cliffs or rocky shores. Many of the sea ducks and gulls
nest and feed in the sea beach tidai filat and coastal floodplain
habitats. Geese and dabbling ducks (puddle ducks), and shore-
birds, including black oystercatchers, plovers, snipe, trunstones,
sandpipers, vellowlegs, dunlin, dowitchers, sur‘fbir‘ds, and others,

also nest and feed in these two wetland habitats.
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Pelagic areas in Cook Inlet during the winter months appear to
receive comparatively little bird use. During winter months icing
conditions in the inlet, in part, regulate the distrubution of win-
tering birds, i.e., there are fewer birds in areas of moderate to
heavy ice cover. Since icing conditions are usually more severe
on the west side of the inlet comparatively fewer birds would be
present on the west side than on the east side. The most abun-
dant coastal wintering birds were sea ducks, larids, and shore-

birds, with very few alcids present.

Seabirds, sea ducks, and shorebirds generally feed on marine
animals such as molluscs (gastropods, pelecypods, and cephalo-
pods), crustacea (amphipods, schizopods, and copepods) and
several species of fish. Carrion, birds, other marine inverte-

brates and plants are also utilized by several species of birds.

The largest seabird colony in close proximity to the study area is
located in Tuxedni Bay on Chisik and Duck is.lands about 120
miles (182 km) south of Anchorage and on the west side of Cook
Inlet. Together the bay and islands comprise the Tuxedni
National Wildlife Refuge which was established in 1909 by Execu-
tive Order. Approximately six seabird colonies are located in
Tuxedni Bay, four are located on Chisik Island, one is on Duck
Island, and two are on the adjacent mainland. Black-ifegged

kittiwakes and murres are particularly numerous in Tuxedni Bay.

Table 5.12 is a list of migratory waterfowl, shorebirds, and sea-
birds which can be expected to be found in the Trading Bay/

Beiuga region.
Mammals
Numerous marine mammals inhabit or have been reported in Cook

inlet, but only a few species inhabit upper Cock Inlet. Harbor

seals (Phoca vitulina) move up and down the west side of the infet
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WATERFOWL, SHOREBIRDS AND SEABIRDS

Tabie 5.12

Common Name

Common Loon
Yellow-billed Loon
Arctic Loon
Red-throated Loon
Red-necked Grebe
Horned Grebe-
Pied-billed Grebe
Great Blue Heron
Whistling Swan
Trumpeter Swan
Canada Goose
Brant

Emperor Goose
White-fronted Goose
Snow Goose
Mallard

Gadwall

Pintail
Green-winged Teal
Blue-winged Teai

waterfowl and Shorebirds

Scientific Name

~Gavia immer

Gavia adamsii

Gavia arctica

Gavia stellata

Podiceps grisegena

Podiceps auritus
Podilymbus podiceps

Ardea herodias
Olor -columbianus

Olor buccinator
Branta canadensis

Branta bernicla
Philacte canagica

Anser albifrons
Chen caeruiescens

Anas platyrhynchos

Anas strepera
Anas acuta

Anas crecca
Anas discors

S/S/F/W = Summer, Spring, Fail, Winter

Common
uUncomman
Rare

¥ +DCO

[ U I O (I VI ]

Casual or accidental
Not known to occur
Known or probable breeder
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Occurrence
S/S/F/W
c/u/c/u *
U/R/R/U"
c/u/c/c *
c/C/C/u *
c/u/c/c *
c/u/c/C *
+/+/+/+ *
u/u/uy/u *
C/R/C/R
c/C/C/u *
c/C/C/u *
C/R/R/+
R/+/R/U
C/R/C/+ *
Cc/-/C/-
c/c/c/C *
Cc/u/C/u *
c/c/C/u *
C/C/C/R *
R/R/R/+ *



®

Common Name

Northern Shoveler
American Wigeon
Redhead

Ring-necked Duck -
Greater Scaup

Lesser Scaup

Common -Goideneye
Barrow's Goldeneye
Bufflehead

Oldsquaw

Harlequin' Duck
Steller's Eider
Common Eider

King Eider )
White-winged Scoter
Surf Scoter

Black Scoter

Common Merganser
Red-breasted Merganser
Semipalmated Plover
Killdeer

American Golden Plover
Black-bellied Plover
Hudsonian Godwit
Bar-tailed Godwit
Marbled Godwit
Whimbrel
Bristie-thighed Curlew
Upland Sandpiper

Tabie 5.12
Continued

waterfowl and Shorebirds

Scientific Name

Anas clypeata
Anas americana

Aythya americana

Aythya collaris
Aythya mariia
Aythya affinis
Bucephala clangula

Bucephala isiandica

Bucephala aibeola

Clangula hyemalis

Histrionicus histrionicus

Poiysticta stelleri

Somateria mollissima

Somateria spectabilis

Melanitta deglandi

Melanitta perspicillata

Melanitta nigra
Mergus merganser

Mergus serrator
Charadrius semipaimatus

Charadrius vociferus

Pluvialis dominica

Pluvialis squataroia

Limosa haemastica

Limosa lapponica
Limosa fedoa

Numenius phaeopus

Numenius tahitiensis

Bartramia longicauda
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Occurrence
S/S/F/W
c/c/c/u
c/c/c/u
R/R/R/+
R/R/R/R
c/c/c/c
R/+/R/R
c/u/c/c
c/c/c/c
C/RrR/C/C
c/u/c/c
c/c/c/c
C/+/u/C
u/u/u/u
u/-/uU/V
c/c/c/c
c/c/c/c
c/u/c/c
c/c/c/c
c/c/c/c
c/c/c/-
R/R/R/-
C/+/C/~-
c/u/c/-
u/u/u/-
R/-/R/-
R/=~/+/~
c/u/c/-
+/=/+/=
+/~/*/-
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Common Name

Greater Yellowlegs
Lesser Yellowlegs
Solitary Sandpiper
Spotted Sandpiper
Wandering Tattler
Ruddy Turnstone
Black Turnstone
Northern Phalarope
Red Phalarope

Common Sni/pe
Short-billed Dowitcher
Long-billed Dowitcher
Surfbird

Red Knot

3anderiing
Semipaimated Sandpiper
Western Sandpiper
Least Sandpiper
White-rumped Sandpiper
Baird's Sandpiper
Pectoral Sandpiper
Sharp-tailed Sandpiper
Rock Sandpiper

Duniin

Pomarine Jaeger
Parasitic Jaeger
Long-tailed Jaeger
South Polar Skua

Tabie 5.12
Continued
Waterfowl and Shorebirds

Waterfowl and Shorebirds

Scientific Name

Tringa melanoleuca

Tringa flavipes
Tringa solitaria
Actitis macularia

Heteroscelus incanus

Arenaria interpres

Arenaria meianocephala

Phalaropus lobatus

Phalaropus fulicarius

Gailinago gallinago

Limnodromus griseus

Limnodromus scolopaceus

Aphriza virgata

Calidris canutus
Calidris alba
Calidris pusilla

Calidris minutilla

Calidris fuscicollis

Calidris melanotos

Calidris acuminata

Calidris ptilocnemis
Calidris aipina

Stercorarius pomarinus

Stercorarius parasiticus

Stercorarius longicaudus

Catharacta maccormicki
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Qccurrence
S/S/E/W
c/c/c/-
c/c/c/-
U/R/U/-
c/c/c/+
c/u/c/-
C/R/U/-
C/U/C/R
C/C/C/+
C/R/C/-
C/C/C/R
c/c/c/-
C/-/C/-
c/u/c/u
C/-/R/-
u/u/U/R
U/R/U/-
c/u/c/-
c/c/c/-
+/=/4/~
u/-/u/-
C/-/C/~
-/~/R/-
c/-/c/c
C/R/C/U
C/R/C/-
usc/c/-
R/R/R/+
-/R/R/-
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Common Name

Black Oystercatcher
Glaucous Gul!
Glaucous-winged Gul!
Herring Gull

Thayer's Gull-
Ring-billed Gull
Mew Guil

Bonaparte's Guil
Black-legged Kittiwake
Sabine's Guil
Arctic Tern
Aleutian Tern
Common Murre
Thick-billed Murre
Pigeon Guiliemot
Marbled Murreiet
Kittiitz's Murrelet
Ancient Murreiet
Cassin's Auklet
Parakeet Aukiet
Rhinoceros Auklet
Horned Puffin
Tufted Puffin

Tabie 5.12
Continued
Seabirds

Haematopus bachmani

Larus hyperboreus

Larus glaucescens

Larus argentatus

Larus thayeri
Larus delawarensis

Larus canus
Larus philadeiphia
Rissa tridactyla

Xema sabini

Sterna paradisaea

Sterna aleutica
Uria aalge
Uria lomvia

Cepphus columba

Brachyramphus marmoratus

Brachyramphus brevirostris

Synthiiboramphus antiguus

Ptchoramphus aleuticus

Cyclorrhynchus psittacula

Cerorhinca monocerata

Fratercuia corniculata
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Qccurrence
S/S/F/W
c/c/c/u
R/R/R/R
c/c/c/c
c/u/c/u
R/R/R/R
R/R/R/R
c/c/c/c
c/c/c/+
c/c/c/u
U/R/U/-
c/c/c/-
u/u/u/-
c/c/e/c
R/R/R/R
c/c/c/c
c/c/c/C
c/c/C/u
u/u/u/u
R/R/R/~
u/u/u/-
R/R/R/-
U/u/U/R
C/C/C/R *



as far as and often up the Susitna River. Of the 13 species of
whales reported from Cook inlet, only the beluga (or white) whale

( Delphinapterus leucas) is found in upper Cook Inlet. While the

sea otter (Enhydra lutris) populations are reported to be increas-

ing within the inlet, no sea otters have been reported within the
specific area of interest though they have been observed in the
vicinity of Trading Bay and at Ninilchik on the eastern shore of
the inlet.

The following marine mammals have been reported for lower Cook

Inlet in addition to those indicated above:

Northern Fur Seal Callorhinus ursinus
Steller Sea Lion Eumetopias jubuta

Dall Porpoise Phocoenoides dalli
Harbor Porpoise Phocoena phocoena
Sperm Whale Physeter catodon
Minke Whale T Balaenoptera acutorostrata
Gray Whale : | Eschrichtius robustus
Humpback Whale Megaptera novaeangliae
Fin Whale Babenoptera physalus
Pacific Right Whale Balaena glacialis

Sea Whale Balaenoptera boraelis
Stejneger's Beaked Whale Mescoplodon stejnegeri
Goose Beaked Whale Ziphius cavirostris
Giant Bottlenose Whale Berardius bairdi

Blue Whale Balaenoptera musculus

Northern Pacific White-sided Lagenorhynchus acutus
Doiphin

The beluga whale in upper Cook Inlet feed primarily on salmon, both
adults and smolt. The Cook Inlet population of beluga has been esti-
mated to be on the order of 300 to 500 animals and is believed to be
a discrete population. These whales generally feed from the bottom
to mid-water levels and are known to move into the mouths and often

up the mainstem of major rivers (inciuding the Beluga River) to feed
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on outward migrating salmon. In addition to salmon, belugas are
known to eat smelt, flounder, sole, sculpin, lamprey, squid, shrimp,
and mussel. In Cook Iniet, belugas have been reported as far north
as Ship Creek (Anchorage) and the vicinity of Girdwood, pursuing

runs of hooligan.

Reproduction in belugas probably takes place in late May or June
with a 12-month gestation period. The calf generally remains with

the mother for several years following an eight-month lactation period.
in recent years, both the Minke whale and the beaked whale have

been observed in Kenai and Anchorage where, for unknown reasons,

individuals have been beached at low tides.

Trading Bay State Game Refuge

The Trading Bay refuge (Figure 5.17) was established in 1976 to
protect and perpetuate waterfowl and big game habitat. = The refuge
is approximately 169,000 acres in size including tidal and submerged
lands as well as uplands. The refuge boundaries border on the
project area in the vicinity of both the proposed town and plant sites

and includes the main stem of Nikolai Creek.

The refuge has been the scene of exploration activities for oil and
gas; is crossed by the Cook Inlet Pipe Line; and portions of the
refuge have been logged by Tyonek Lumber. Company. The latter
activity has resuited in bridge crossings of Nikolai Creek and the
Chakachatna River and numerous gravel roads that are still utilized
by the lumber company. The eastern shore of Chakachatna River is
a primary gravel source for commercial development in the area. In
addition, one test water well has been drilled as part of the 1981
field program in the vicinity of the Nikolai Creek bridge crossing.
The DF&G has recently completed (1981) a waterfowl survey of the

Trading Bay area. Nikolai Creek is an important fishery, and the

5-89



7 Y . e -

<

(1}

(3}

(a)
{5)
(6

(8)
(9)
(10)

Tawnship 9 Morth, Range 13 Hest. Seward Meridian
Sections €-7

Tomnsnin § torth, Range 14 West, Seward Meridian
Sections -4, €Y 5, d-12, Wy 13, 14-17, €419, 20-22,
Wy 23, Wy 27, 28-30

Townshio 9 %orth, inge 1S hest, Sewdrd Meridian
Sagticas Wy 1, 2-4, 9-11, Wi 12 and 13, 14-1€, 19-23,
wy 24, 26-28, 31-35

Township 10 Yorth, Sange 13 West, Seward Meridian
Sections 1-12, 14-22, 28-32

Tearsnip 10 tiorth, %3nge 13 West, Seward Meridian
Sectivns 1-18, €4 19, 20-22, 12-2

Townsnip 10 %orth, Sange 15 Wast, Seward Meridian
Sections 1-12, 13-23, 25-35

Township 11 Sorch, Ranga 13 Wast, Seward Meridian
Sections SWy 3, 4-10, 5d% 11, Wy Sau 13, 13-23, iy,
Swh, Wa NEY, SEY ME% 24, 25-36

Township 11 florth, Fange 14-15 West, Seward Merician
Sections 1-16

Township 12 Yorth, Range 13 West, Seward Meridian
Sactions 19, 29-33

Tawnship 12 Ncrth, cnge 18 Hest, Suward Maridian
secticas 22-28, 31-33, 36
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area between the Chakachatna River and Nikolai Creek is an impor-
tant moose wintering area. It would appear from the available browse
that the current moose population is far below the carrying capacity
of the land. Swans, sandhill cranes, and eagles nest along the
general stream course of Nikolai Creek. Road access to the Nikolai
drah1ége makes this area accessible to and important to local resi-
dents of the area.
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6.0

CLIMATOLOGY AND AIR QUALITY

CLIMATIC CONDITIONS

Thé Cook Inlet area in general is in a transitional climate zone
between the continental climate of the Interior and the maritime cli-
mate more common to the coastal areas farther south. The Aleutian
and Alaska mountain ranges to the northeast of the project. area are
effective in preventing the large, extremely cold air masses that
typically settle in the Interior Basin from causing comparably frigid
conditions along the inlet during winters. The Kenai and Chugach
ranges which run in a northeastern direction to the south of the
project area protect the inlet from advection of moist air from the
Gulf of Alaska, and from potentially heavy pr‘ecipitation; The higher
elevations experience colder temperatures, more precipitation and

stronger winds than the low-lying coastal areas.

The four seasons are not well defined in the region. Winter gener-
ally begins mid-October and lasts until mid-April. VMonthly average
temperatures vary between 10° and 30°F during this season. How-
ever, temperatures fall well below freezing, with the possibility of
some inland locations reaching -50°F. The total annual snowfall

ranges between 70 and 100 inches with December, the coldest month,

receiving the greatest snowfall. The difference in expected snowfall

between the inlet shore and the higher elevations of the Capps Field
is probably reflected by the above stated range in total snowfall.
Springtime occurs from mid-April to June when the average daily
temperatures rise from 30°F in April to near 50°F in June. Precipi-
tation is lowest in the spring with monthiy averages around 1 inch.
During the summer precipitation increases rapidly. About 40% of the
total annual precipitation falis between mid-July and the end of sum-
mer. July is also the warmest month of the year with the average
daily temperature near 55°F. Autumn is brief, accompanied by a
decrease in precipitation. Most precipitation occurs as rain early in

the season and snow later, although snow may predominate through-
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out the season at the higher elevations. Temperatures also falil
rapidly during this short season; monthly average temperatures for
September and October differ by 15°F.

The bar charts on Figure 6.1 summarize monthly variations in aver-
age daily temperatures, average daily temperature ranges, and pre-
cipitation for the part of the Cook Inlet Basin in which the proposed
project is located. The average values shown should be considered
as generally occurring for the entire area from the plant site to the
coal fields.

These charts are based on isopleth maps prepared by the U.S.
Environmental Data Service from data taken at weather stations asso-
ciated with the National Oceanic and Atmospheric Administration.
Figure 6.2 shows the locations and activities of these stations.
Stations represented by double circles monitor wind speed and
direction, sky cover and cloud ceiling heights in addition to mea-
suring temperatures and precipitation. Knowing these parameters
would make it possible to calculate how much dilution of air pollution
concentrations occurs as a function of the meteorology or atmospheric
conditions. Wind profiles for the Kenai and Anchorage stations indi-
cate that a general wind pattern exists for the entire inlet region.
However, local variations in wind profiles and turbulent diffusion are
expected in the project area due to the effects of terrain rbughness.
The rough surface should increase mechanical turbulence allowing for
the atmosphere to be well mixed during periods of high winds. Dur-
ing the winter, winds from the north/northeast are dominant and as
summer approaches the prevailing winds are from the south/south-
west. The annual average wind speed at both Kenai and Anchorage
is approximately 7 mph. Monthly average wind speeds range from 4
to 9 mph at Anchorage. Figure 6.3 illustrates wind roses for Kenai,
Anchorage, and the Phillips Petroleum's Platform "A" located approx-

imately 5 miles due east of Tyonek.
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Observations from the Kenai and Anchorage stations are used to
describe  the turbulent structure of the atmosphere. = Wind speed,
time of day, cloud cover and cloud ceiling height data are combined
with estimates of the intensity of solar radiation to classify the
atmosphere into one of six atmospheric stability categories designated
by' the letters A through F. Stability Class A represents the most
turbulent conditions and is associated with strong solar radiation
input and dominating convective currents. Stability Class. F de-
scribes very stable air absent of convection currents. For Kenai,
the annual frequencies of occurrence of the various stability classes
are: Class A - 0%, Class B - 1%, Class C - 10%, Class D - 62%,
Class E - 9%, Class F - 18%. This distribution reflects the rather
common occurrence of cloudy skies (Class D). It also suggests that
the dispersion of contaminants released into the atmosphere will be
controlled most of the vyear by wind speed and roughness of the
ground surface. This is discussed in more detail in Section 15.0 AIR
QUALITY.

Other aspects of the climatology that should be noted are:

° Possible sunshine Less than 50%, annual average

© Sky (cloud) cover (sunrise 70% annual average occurrence,
to sunset) 40% annual average full coverage

® Mean daily solar radiation 225 Langleys, annual average

® Precipitation greater than Less than 120 days, annual
0.01 inches '

° Shortest day 5% hours

° Longest day 19% hours

® Heating degree days 10,864, annual average total
(base 65°F) (Anchorage)

EXISTING AMBIENT AiIR QUALITY

National and Alaska Ambient Air Quality Standards set maximum levels

of several pollutants: Ozone, carbon monoxide, surfur dioxide, total



suspended particulates, hydrocarbons, nitrogen dioxide and lead.
The Clean Air Act as Amended August 7, 1977 (PL 95-95) defines
three classifications for areas which meet these standards: Class 1
areas are considered to have pristine air quality with the allowance
for minimal introduction of additional air poliutants; Class Il areas, in
which poliution will be allowed to increase to accommodate moderate
industrial growth; and Class Il areas which are the most heavily
industrialized. Some areas are specifically defined in the regulations
as mandatory Class | Areas (40 CFR 81 Subpart D). The Cook Inlet
Air Quality Control Region is designhated a Class 11 Attainment Area
for all critéria pollutants. The Tuxedni National Wildlife Refuge,
about 80 miles southwest of the project area, is a mandatory Class |
Area (40 CFR 81.402). Anchorage, approximately 75 miles east/
northeast of the proposed plant site, is one of two areas of Alaska in
nonattainment with ‘the ambient air quality standards for carbon
monoxide. The Prevention of Significant Deterioration (PSD) permit
program administered by EPA limits the amount of controlied pollu-
tants which can be emitted by a new sourcé in order to ensure that
the ambient air quality standards are not violated in any area which

could be affected by the new source.

ATMOSPHERIC EMISSION SOURCES

The actual air quality on the western shore of Cook Inlet near
Tyonek is not known. Several sources of emissions of particulate
matter, sulfur oxides, carbon monoxide, nitrogen oxides and hydro-
carbons are scattered throughout the onshore area, with a number of
offshore oil and gas platforms concentrated in the Nikishka/Kenai
area. Nitrogen dioxide emissions are greatest, with products of
combustion representing the majority from both offshore and onshore
pollutant emission sources. The impact of these existing sources on
ambient air quality tends to be very localized with the highest
regional concentrations occurring where source congestion is great-
est. The most congested areas include Trading Bay and Salamatof,

and even in these areas separation between individual sources is good

6-7



9

(Dames and Moore, 1978). For these reasons, air quality within the
area is expected to be well within the National and Alaska Ambient
Air Quality Standards. These existing sources will have to be con-
sidered in evaluating the impact that new sources would have on
ambient air quality, especially if the new sources are expected to

have their maximum impact to the immediate south of the site.

Visibility is occasionally a problem throughout the inlet area. At
Anchorage, the visibility is one-half mile or less 5% of the time
during December and Jénuar‘y, primarily due to fog. The Alaska
Department of Envir'onmvental Conservation may, in its discretion,
require any person proposing to build or operate an industrial pro-
cess, fuel burning equipment, or incinerator in areas of potential ice
fog to obtain a permit to operate and to reduce water emissions ( 18
AAC 50.090). In addition, snowfalls frequently decrease visibility to

less than 3 miles.
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7.0

OCEANOGRAPHY

PHYSICAL OCEANOGRAPHY OF COOK INLET

Cook inlet is a large tidal estuary in Southcentral Alaska which flows
into the Gulif of Alaska. The estuary lies between latitudes 50° and
61° 30' north and longitudes 149° and 154° west. The inlet is more
than 150 nautical miles long and 50 nautical miles wide at the mouth.
At its northern tip Cook Inlet divides into Turnagain Arm (43 nauti-

cal miles long) and Knik Arm (45 nautical miles long).

The inlet is bordered by more than 100 square miles of tidal marsh,
found primarily in the Susitna flats at the northwest end and in
Trading and Redoubt bays on the northwest side of upper Cook

Inlet.

For discussion purposes, the inlet is divided into lower, central, and
upper regions (Figure 7.1). The lower division extends from the
mouth to an east-west line from Chinitna Bay to Anchor Point. The
upper region lies north of an east-west line from East Forelands to
West Forelands. Granite Point, the site for the proposed methanol
plant, lies just north of Trading Bay in upper Cook .iniet; the Drift
River Terminal is in Redoubt Bay on the west side of central Cook

inlet.

The Cook Inlet environment is diverse, and water quality varies
greatly from the mouth of the inlet to the head. The tidal range in
Cook Inlet is one of the largest in the world. The upper portion of
the inlet is a shallow silt-laden basin. At the Forelands the maximum
depth is approximately 75 fathoms (450 feet). Beiow the Forelands,
the bottom siopes to a depth of more than 100 fathoms (600 feet) at
the mouth.
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Tides and Currents

The tides in Cook Iniet are semidiurnal with a marked inequality be-
tween successive low waters. At the mouth of the inlet the mean
diurnal tidal range is 13.7 feet. The range increases to 19.8 feet at
Kenai and 29 feet at Anchorage. At the ends of both Knik and

Turnagain arms, the tidal range exceeds 35 feet. These mean ranges

“can be exceeded during the spring and fall equinox periods by more
"than 5 feet. The time lag between high water at the mouth and at

Anchorage is about 4.5 hours. It has been estimated that the time
lag at Drift River is approximately 2 hours at low tide and 1.7 hours
at high tide.
The following tidal ranges are applicable for the central and upper
portions of the inlet. These ranges vary slightly for the Tyonek/
Beluga area.

Tabie 7.1

COOK INLET TIDAL RANGES

KENAI ANCHORAGE BELUGA

(ft.) (ft.) (ft.)
Estimated Highest Tide 27.0 36.0 --
Mean Higher High water 20.7 30.0 21.00
Mean High Water 20.0 29.0 20.40
Mean Tide Level 11.1 15.5 11.25
Mean Low Water 2.1 2.2 2.10
Mean Lower Low Water 0.0 0.0 0.0
Estimated Lowest Tide -6.0 -4.9 --

The extreme tides in the inlet create strong currents. The average
maximum tidal currents range from 1 to 2 knots in lower Cook inlet,

4 to 6 knots between the Forelands, and 2 to 3 knots near Anch-
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orage. Current direction is determined by bathymetry. Higher
velocities for currents vary within the inlet; however, the high
velocities are associated with flood tides. In the Tyonek area, cur-

rent velocities have an estimated range from 3 to 6 knots.

CIRCULATION

The circulation of waters within Cook Inlet has been extensively
studied. Generally waters from the Gulif of Alaska flow into Cook
Inlet through the Kennedy Entrance between the Chugach Isiands and
Cape Douglas. The waters must paés a steep entrance ramp into the
inlet, causing upwelling. The nutrients and pilankton from the Gulf
of Alaska are carried into the inlet creating an area of high produc-

tivity in the lower inlet/Kachemak Bay region.

The waters from the guif move northward along the east side of the
inlet and across the inlet at Anchor Point. Waters also flow into
Kachemak Bay, and eddies are created at the mouth of the bay.
Minor quantities of water move northward past the forelands and into
the upper inlet. = Turbid water from the upper inlet mixes with the
clear water from the gulf north of Anchor Point. Because of the
vast difference in the density between waters of the upper inlet and
those from the Gulf of Alaska, lateral mixing is slow. However, the
rapid currents and tidal action keep the waters of the inlet weli
mixed vertically. Lateral mixing produces convergence zones in
which denser saline waters flow under less saline waters and produce
rip tides. These rip tides produce considerable horizontal shear.
Circulation patterns and main rip tide locations are illustrated in
Figure 7.2.

Upper Cook Iniet

The waters of upper Cook inlet mix with each tidal cycle. This is

due to the large tidal fluctuations and the shallow sea bottom. in .
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the spring and summer a large amount of fresh water flows into the
upper inlet from major tributaries including the Beluga, Susitna,
Little Susitna, Matanuska, Knik, Eagle, Twenty-mile, Placer, Resur-
rection, and Swanson rivers. The increase in fresh water volumes
causes a net outward movement of upper inlet waters of as much as a
mile each tidal cycle. In the winter, however, when runoff is great-

Iy reduced, there is practically no net outflow from the upper inlet.

Middle Cook Inlet

The middie inlet is characterized by saline oceanic water moving
northward along the eastern shore, and the outward movement of
fresh runoff water from the upper iniet along the western shore.

Lateral separation of these waters is maintained.

Lower Cook inlet

in the lower inlet a vertical stratification of the water masses occurs.
The denser, colder, more saline oceanic waters underlie the warmer,
less saline waters of the inlet. As the inlet becomes shallower to the
north the dense oceanic waters are forced upward and mix with the

inlet waters.

WATER CHEMISTRY

The waters of Cook Inlet change chemical make-up seasonally, due
primarily to variations in the volume of freshwater inflow. During

summer, large quantities of nitrate, nitrite, silicate, and suspended

" sediments are carried into the inlet from rivers, streams and other

runoff sources. During the winter, with decreased freshwater in-
flow, there is an increased intrusion of oceanic water, and salinity,

phosphate and ammonia concentrations increase.
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Salinity

The salinity of Cook Inlet varies with the season due to increased
freshwater runoff in summer. During May through September the
increased discharge from rivers and streams and other runoff sources

decreases the salinity of the upper inlet. At Anchorage salinity

‘varies from 6 to 15 parts per million (ppm) during the summer. In

the winter, freshwater inflow is reduced and the intrusion of more
saline oceanic waters is evidenced by an increase in salinity. The
salinity of waters near Anchorage in the winter usually is approxi-
mately 20 ppm. At the mouth of the inlet, however, the salinity
values remain relatively constant at 32 ppm. The salinity in the
Beluga/Tyonek area varies between 10 and 20 ppm in the summer
months.

As a result of the increased freshwater inflow, the Alaska current
and the Coriolis effect, the water on the eastern side of Cook Inlet

tends to be more saline than on the western side.

Temperature

The temperature of waters varies with season from below 32° to 60°F
(0° to 15°C) in the upper inlet. The lower inlet is affected by the
intrusion of warmer waters from the Gulf of Alaska and thus the
waters range in temperature from 48° to 50°F (9° to 10°C). During
the winter, the upper inlet loses enough heat to form ice on the
water's surface and also loses heat throughout the vertical cotumn.
However, during spring, freshwater inflow and warm air temperatures

melt the ice and the water temperature rises.

Suspended Sediments

Discharges of fresh water from the major rivers which flow into Cook
Inlet carry ilarge amounts of suspended sediment. - The Susitna River

and other rivers flowing into Knik Arm represent 70 to 80% of the
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total sediment flow into the inlet. As with temperature and salinity,
suspended sediment loads vary seasonally. This is due to the large
amount of glacially derived sediments which combine with sediments in

the summer and fall runoff waters.

In the upper inlet the small-size particles, clays and silt-size par-
ticles are kept in suspension by strong tidal action. The heavier
particles are deposited at the mouths of the streams and rivers. The

distribution of sediments within the inlet is shown on Figure 7.3.

Concentration of suspended sediments varies within the inlet from
negligible at the mouth to 3,000 micrograms per liter (ug/2) in Knik
Arm. In the Beluga/Tyonek area the concentration varies from 250
to 1,000 pg/L.

Nutrients

Nutrients are introduced into the estuarine environment of Cook Inlet
through both natural and man-made sources. Total concentration of
nutrients is found to gradually increase with distance toward the
mouth of the inlet. Nutrients of importance include ammonia, nitrite,
nitrate, phosphate and silicate. The increase of these nutrients in
the southern portion of the inlet causes an increase in productivity.
Marine biological resources Iincrease dramatically. Low levels of
nutrients associated with high turbidity in the upper inlet are re-

sponsible for the near absence of plankton.

Ammonia concentration decreases northward toward Knik and Turna-
gain Arms, however, ammonia concentrations do not fluctuate season-
ally. Sources of ammonia input to Cook lInlet include oceanic en-
trainment, freshwater inflow, precipitation and man-made sources.
Of these, oceanic entrainment provides more than 80% of the ammonia
in the inlet. Ammonia is used by phytoplankton and is one of the
first elements decomposed by bacteria. Concentration of ammonia in

the upper inlet ranges from 0.5 to 2.0 pg/%£.
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Nitrite concentration in the inlet varies from 0.02 to 0.52 ug/%2.

There is a gradual increase in concentration seaward.

Nitrate concentration increases from below detectable Iimits at the
mouth to 23.5 pg/2 near the head of the inlet. The increase in con-
centration can be attributed to higher freshwater inflow, lower bio-

logical activity, and higher municipal waste inputs.

Phosphate-phosphorus concentration ranges from 1 ug/¢ at the ocean
entrance to approximately 2.3 ug/2 between Anchor Point and Kalgin
Island, then decreases to about 0.7 pg/¢£ in Knik Arm. The high
amounts of freshwater inflow at the head of the inlet reduce the

phosphate concentration.

Silicate concentration is directly related to the concentration of sus-
pended sediments and thus decreases in concentration toward the
mouth of Cook Inlet. Concentration ranges from 82 pg/¢ near Knik

Arm to 9 pg/L at the ocean entrance.

Dissolved oxygen saturation levels for Cook {nlet range from 6.5 to
9.5 ug/L. These levels may decrease slightly during winter months
in upper Cook Inlet when there is an ice cover. Dissolved oxygen is
necessary for aerobic marine life. Dissolved oxygen saturation value
increases with decreasing temperature and salinity and decreases with
suspended sediment concentration. The high suspended sediment
concentration in the upper inlet also may cause a slight decrease in
the dissoived oxygen saturation level. The high level of turbulence
and strong currents throughout the inlet, however, help maintain the

dissolved oxygen level at or near saturation.

pH values in Cook Iniet vary seasonally and with location. The pH

can vary from 7.7 near the head of the inlet to 8.4 at the mouth.
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SEA ICE

Heavy ice normally accumulates in upper Cook Infet around mid-
December, exists in greatest quantities during the colder months of
December and January, and remnants may be present through mid to
late April. Sea ice in Cook Inlet is found primarily north of the
Forelands and generally moves with the currents southward toward
warmer waters. The extent of the ice coverage depends on the

severity of the winter and the prevaliing winds.

Temperature and snow cover control ice growth in the inlet. When
air temperatures are extremely low and snow cover marginal for ex-
tended periods of time, the ice cover will be thicker and more ex-

tensive than usual.

ice in the inlet takes many forms. Usually the ice is floe ice, which
in periods of extremely low ambient temperature and little or no snow
cover can increase in thickness by as much as 1 inch per day,
forming cakes or pans of ice. The pans have a normal thickness of 2
to 4 feet but may attain thicknesses of 6 to 8 feet under uncommonly
severe conditions.  Tidal action moves the pans of ice back and forth
in the upper iniet causing small pieces to break off and form indi-
vidual pieces of stranded ice, called "Stamukhi". Shorefast ice forms
in shallow intertidal areas such as tidal flats. Tidal action deposits
large blocks of ice on the beach or along the shoreline. The blocks
of ice then freeze to the underlying mud. These blocks of ice are
exposed to  air and submerged with water during the tidal cycle and
build mats of ice, 6 to 10 feet in thickness. Piles of ice may break
off and go adrift during periods of extreme high tide and enter other
ice floes in the inlet. ice piles such as these can be dangerous to
the smaller ships, tugs, and barges which operate within northern
Cook Inlet.

Sea ice tends to accumulate along the western shoreline of Cook Inlet

due to prevailing winds and currents. Ice formed in upper Cook

7-11



C

N

Inlet has a-lower salinity due to freshwater discharges into the inlet,
and would tend to be harder than ice found in lower Cook Iniet and
the Gulf of Alaska. These freshwater discharges also carry large
amounts of suspended sediments of which a large part is glacial
flour. The ice which contains these sediments would tend to break
more easily than ice which doesn't. This would in part mitigate the

ice hardness due to the lower salinity of upper Cook Inlet.

fce occasionally causes difficulties with shipping within Cook inlet.
With the decrease in demand for freight to be shipped during the
winter and the possibility of sustaining damage to the vessel as a
result of impacts with ice flows, most tug and barge operations gen-
erally terminate in upper Cook Inlet from mid-November to late
March. The average tug length in Cook Inlet is approximately 120
feet, and none of the tugs or barges is strengthened for ice condi-

tions.

Though ice must be acknowledged as a factor important to navigation
and berthing of ships in Cook Inlet, it has not caused significant
difficuities to the large vessel trade. Anchorage, at the head of
Cook [nlet where ice accumulation is greatest, is the port of cali for
an average of two to three Totem Ocean Trailer Express and Sea-
Land Service Company ships weekly throughout the year, with 15 to
20 Chevron USA ships using the port facilities yearly. These ships
have extra plating to prevent damage due to the ice, with the excep-
tion of the two ships operated by Totem. Totem's marine manager
feels their fine-line ships have a greater tendency to cut through the
sea ice than do the wider ships. Totem's vessels have not sustained
damage due to ice floes which has required repair ahead of the

regular maintenance schedule.

Servicing of the many oil platforms within Cook inlet also continues
throughout the winter months without significant difficulties due to
the sea ice. The Alaska Husky, a 182-foot ship operated by Amoco

Production Company, transports fuel, water, and miscellaneous sup-



plies to and from two of the three oil platforms nearest Granite Point,
the Bruce and the Anna, twice weekly with little difficulty and with-
out an accelerated maintenance schedule. None of the above com-
panies has ever had a ship cancelled due to the ice in Cook Inlet.
An occasional short delay has been experienced, waiting for the tidal
action to wash the ice from the berthing area for a more facile entry.
Past experience indicates tankers transporting methanol from Drift

River should have no significant troubie with ice in Cook Inlet.

PORTS

There are 6 ports or terminal facilities within the inlet. These in-
clude Seldovia, Homer, Kenai/Nikiski, Ninilchik, Drift River, and
Anchorage. Anchorage, at the head of Cook inlet, is the most ice-
affected location within the inlet. Anchorage is also the largest of
the ports and is a modern, vyear-round facility that handles more
than one million short tons of cargo per year. The Nikiski port
handles primarily out-bound petroleum products including crude,
residuum, finished products and liquified natural gas (LNG).

Another major product is urea, which is shipped primarily to Japan.

The ports of Kenai, Homer, Seldovia and Ninilchik are primarily small
boat harbors and support the fishing industry in lower Cook inlet.
The Drift River Terminal is a single-berth fixed-platform offshore

loading facility which transfers crude oil from the offshore platforms

aboard tankers for transport to refineries.
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ARCHAEOLOGIC & HISTORIC SITES

A paucity of archaeological investigations in the area requires that an
understanding of the history and prehistory be gleaned from regional

sources of information.

ETHNOHISTORY AND SETTLEMENT PATTERNS

Settiement Patterns

The area is currently inhabited by the Tanaina Athapaskan Indians,
speakers of the Upper Inlet dialect of the Dena’ina language of the
Na-Dene speech family. Archaeological evidence indicates that the
ancestral Na-Dene moved across the Bering Strait into the present
State of Alaska by the tenth millenium B.C., near the end of the
final great glacial period. They continued to spread east and south
during the period of deglaciation, and diversification of the Pacific
Athapaskan subfamily is considered to have been completed by about
1000 A.D. It is further considered that the earlier inhabitants of the
Cook Inlet area were Pacific Eskimo or their direct ancestors, and
they were occupying the area at least seasonally beginning before
and lasting until after 1000 A.D., with the Tanaina moving into Knik
Arm, specifically, between 1650 and 1780 A.D.

A complex relationship between the people and the land can be de-
scribed for the inhabitants of Cook tniet. Location along the food-
rich sea coast enabled the fairly settled way of iife known as Cen-
tral-Based Wandering: A community that spends part of each year
wandering in the performance of subsistence activities, and the
remainder of the year at a settlement, or centrai-base. The settie-
ment patterns of the Northern Athapaskans, as well as of the Pacific
Eskimos, also can be characterized by a sedentary seasonal settie-
-ments-complex. This is one in which the vyear is divided into a

winter season during which little resource exploitation occurs and the
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people gather. at their winter settiements, and a hunting and fishing
season from the spring to the fall when people are scattered in small
hunting, sealing or fishing camps. In the case of the Tanaina on
Cook Inlet, it is probable that people gathered at the seashore or
riverbanks in concentrated settlements during the fishing seasons or
sea mammal hunting seasons, and in the intermittent seasons task

groups moved about to hunt wild game, trap, etc.

The socio-territorial relationships of historic and prehistoric inhabi-
tants of Cook Inlet can be broken down into three segments. The
local band was a community body resident in one locale, and struc-
tured around family ties. The regional band was oriented toward an
extensive exploitive territory with regard to its biotic resources.
The sites of these resources and routes of access to the sites deter-
mine the stations and movements of various groupings. The task
groups were short-term groupings of people specifically created for
exploitive activities. Task groups formed in the Cook Inlet area
could have been a male trapping pair or trio, a trapping party of a
few families, a moose hunting party or camp, a fish camp, a berry
gathering party, or a trading party. It is apparent that the settle-
ment patterns were determined by and changed according to the
ecological potentiality of the locale, combined with the exploitive

ability of the human occupants.

Dwellings

Aboriginal Tanaina dwellings were characteristic of those of the
Pacific Eskimo, and were also built on Kodiak Island, the Aleutian
Islands, and Prince William Sound. The winter house, known as a
"barabara" in Russian and "nichil” in Dena’ina was rectangular, and
semi-subterranean, excavated to a depth of two to four feet. It fits
in the category of the Third Period of Kachemak Bay. The dwelling
which extended "five trees long" was constructed with split vertical
logs, and had four or five fireplaces and a smoke hole at the top.

To the main part of the barabara, or winter house, one or more
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secondary rooms were added, for sleeping rooms (depending on the
number of families sharing the dwelling), a sweat house, and possibiy
a menstrual lodge. These were excavated to the depth of the main
lodge. Floors of the sweat house and sleeping rooms were rough
hewn planks and the remaining floors were spread with grass. A
narrow, semi-subterranean shed served as an entrance way. The
summer houses, used aiso for fish smoking, were simplified versions
of the winter houses. Excavation was to two feet, length was a

maximum of 20 feet, and three corner posts sufficed.

Petroff (1880) and Porter (1890) report that by 1880 house construc-
tion had changed and a log dwelling erected entirely above ground
replaced the barabara. The dwelling was divided into an outer room

for cooking and rough labor, and an inner room for sleeping.

Secondary dwellings, constructed for short-term use such as on
hunting expeditions, were of wvarious types. The semi-spherical
“beaver house" made of bent alders covered with birch bark or skins
was common. Another type was the lean-to, or one-sided lodge.

This was also constructed from covered alder poles.
Caches ’

The Tanaina in the Tyonek Upper Inlet area constructed two types of
storage caches. One was an underground cache constructed siméidarby
to the winter house, however the roof was lower and the whole house
was sunken and covered with earth. The caches were generally sit-
uated Vsome distance from the village and the main advantage of this
type was that they could not easily be detected and therefore were
protected from Eskimo raids. At the Kijik site on the west shore of
Lake Clark west of Cook Inlet, 29 small, deep depressions thought to
have been caches were noted. Storage pit depressions were also
found on the northwestern Kenai Peninsula. The more common log
building, situated on a platform and raised on poles, was also utilized

in the Tyonek area.
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Burial

According to Osgood (1937), the dead, along with their essential
possessions, were disposed of by cremation in the Tyonek area. The
ashes were then wrapped in birch bark and hung in a tree. A
method known to have been used by the Eskimo in Alaska south of
the Bering. Strait was box burial. in Tyonek, the dead were also
known to have been cremated and placed, with possessions, in a box
on posts. By 1805 only the rich were cremated, and by the late
1800s, due to Russian influence, cremation was no longer practiced.
Grave offerings continued, however, and burials were frequently in

structures resembling miniature houses.

Hieromonk Nikita visited in 1881 a grave of a former local chief at
Tyonek. A small house in the shapé of a chapel, equipped with a
door and a window, had been constructed over the grave. Inside
the structure was a table, food, clothes, a gun, a razor and other
items, many of European descent, that a weaithy Tanaina wouid
value. Petroff (1880) also witnessed a burial house at Tyonek filled

with Russian samovars, rifles, blankets and other costly items.

Material Culture

Osgood (1937) states that it is probable that metal working, to the
extent of pounding crude copper into useful shapes, was a custom of
the Upper Inlet Tanaina. Dumond and Mace (1968) concurred that at
least in late prehistoric times copper was used by the Natives in
Southcentral Alaska. Copper objects were attributed to the late
prehistoric sequence at Kachemak Bay, and Captain James Cook re-
ported that the Cook inlet Natives had spears and knives with copper
blades. Prince William Sound and the Copper River were the nearest
sources of native copper. The Athapaskans of Cook Inlet used to
travel the Matanuska River and cross the 12-day portage to the

Tazlina River where they traded with the Copper River Indians.
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1t is a point of conflict whether the Tanaina were producers of pot-
tery. Osgood (1937) reports that the pottery sherds discovered by
Jacobsen at an abandoned village called Soonroodna, on the south
shore of Kachemak Bay, are evidence that the Tanaina had pottery,
and he concludes that they made it themselves. He states, however,
that his informants have no memory of the Tanaina ever having made
pottery. It is considered that pottery users in the Naknek drainage
and on the Pacific were Eskimos. In addition, two gravei-tempered
sherds excavated by Delaguna at Kachemak. Bay are thought to
represent the last of the Pacific Eskimos residing there before the
arrival of the Tanaina. In addition, pottery sherds recovered in
1966 at Fish Creek on Knik Arm, which were associated with Pacific
Eskimo occupation were of relatively thick, gravel tempered ware,
globular form, with a rim identical to those from the Naknek drainage
from a time between 1000 and 1500 A.D. Therefore, it can be ex-
pected that there is at least a sporadic occurrence of later pebble
tempered pottery along the shores of Cook Inlet (Dumond 1969), and
it can be concluded that there is stronger evidence in favor of pot-
tery representing the Eskimo culture, than its replacement Tanaina

culture.

The uncovering of a coal labret (lip ornament) at the same Fish
Creek site substantiates the evidence of Eskimo occupation of the
area. Captain James Cook stated that the Tanaina of Tyonek in 1778
used fewer lip ornaments and more nose ornaments than the Eskimo of
Prince William Sound. Nose and ear ornaments were made of beads

and carved bone.

A simple pointed harpoon with blades attached, nine feet one inch
long, was collected at Tyonek. This was utilized for sea otters,
seals and porpoises. A spear-thrower with a hook on the end is
thought to have been used in the area. The bow had a guard and
no sinew backing.  Roughly hewn pieces of wood, slightly curved at
the striking end, were used as clubs to kill seals and for dispatching

sea otters after they were drawn alongside the kaiaks with harpoons.
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The aboriginal man's knife was generally made of stone, two inches
wide, eight inches long, and pointed. The handle was narrowed for
grasping. The woman's knife was fashioned after the Eskimo ulu, a
semri-ovaloid blade of stone set lengthwise. in a handle. ‘Adzes were
made from hard stone, and scrapers from beaver teeth, mussel

shells, and stone. No saw-like implements are known.

The foregoing list describes some of those tools used by the Tanaina
Athapaskans of the Tyonek area. Frederica Delaguna's exhaustive
archaeological investigation in Cook Inlet, particularly in Kachemak
Bay, can offer clues as to what cultural remains might be found in
the study area. Her collection contains a large proportion of stone
objects due to their resistence to decay. Bone and wood objects are
highly susceptibie to destruction by salt water. The stone industry
of the early Kachemak Bay culture is characterized by the importance
of chipping. This emphasis subsides as polished siate takes its
place. Notched stones appear in the. second period, as do grooved
stones. Stone types commoniy found in the later stages are the slate

awl, slate mirror and decorated stone lamp.

In the bone industry, the Thule Type | harpoon head is most impor-

tant in the First Period. In later periods the barbed dart head
replaces it in importance, and incised decorations on bone objects
become more common. The labret is found even from the earliest
periods, and the double pointed bird bone awl, bone scrapers, red
shale beads and rectangular bone and shell beads appear in the later

stages.

Pottery and copper are uncommon, and are restricted to the last
stage of the Third Period.

European Contact and Trade

The first documented contact between Pacific Drainage Athapaskans

and Europeans occurred in 1778 when, searching for the northwest
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passage, Captain James Cook sailed into the inlet that now bears his
name. Toward the close of that century other English navigators

visited and traded with the coastal Tanaina.

In 1786 the Russians settled at St. George on the Kenai Peninsula
and 13 years of struggle between various trading companies ensued.
Finally, in 1799 the Russian American Company was formed and
maintained a monoploy. Trade with the Russians was merely an
elaborated form of trade patterns that had been occurring between
the Indians and Eskimos before contact with the Russians. From the
Russians the Tanaina received iron, beads, clothing and furnishings

in exchange for furs.

At the time of the sale of Alaska to the United States, the assets of
the Russian American Company were purchased and the Alaska
Commercial Company was founded. A trading station was established
at Tyonek at that time. The Western Fur and Trading Company also
opened a post north of Tyonek at Ladd near the mouth of the
Chuitna River. Tyonek is considered the earliest permanent settle-
ment on upper Cook Inlet. Petroff reported 117 inhabitants in the

town in his 1880 census report. A post office was opened in 1897.

Gold fever drew hundreds of prospectors to upper Cook Inlet, and
in May 1898, 300 prospectors were reported camping on the beach at
Tyonek. Large boats would go up the inlet in the summer, and
touch at Tyonek. There, people would change to small boats and
dories to reach Turnagain Arm. The Indians were used as guides

and for manual labor.

In 1899, Captain Edward F. Glenn of the Twenty-fifth Infantry com-
manded the Cook Inlet Exploring Expedition which was based in
Tyonek. The goal was to explore, survey, establish, and mark the
trail from Tyonek to various locations. The routes were to be even=-
tually made available to the public, and information was gathered

regarding topographical features, feasible routes for railroad con-
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struction, sites for military reservations, the location and condition
of natives encountered, etc. Expeditions were dispatched in the
directions of the mouth of the Tanana River, Sushitna station, Circle

City, and Eagle City.

According to the register of accounts for the Alaska Commercial
Company, 16 types of skins were traded in 1884. The trading sta-
tion's clerks kept a daily diary of events in the town and reported
that there was much travel between towns by the inhabitants, and

game was particularly scarce.

Historic and Prehistoric Sites

DelLaguna (1934) notes four archaeological sites near the study area
(Figure 8.1). The modern village of Ladd is situated on the ancient
site, Ts'ui'tna, from which the name of the river Chuit is probably
derived. The town has been called Ladd since 1895, when it was a
trading post and fishing station. Near the current site of Tyonek is
the old village site, Qa’gesle. In the woods at the top of the hill
behind the village site are the houses where the Tanaina lived for
fear of raids by the Kodiak Eskimo. Olid Tyonek is called Ta'nag and
the site of Tsila’xna is at a small stream south of Granite Point. In
addition, the site of Tobona, meaning "people of the beach," is
located two miles. south of Tyonek. Californsky's Fish Camp is along
the beach 5% miles southwest of Tyonek. Located about two miles
southeast along the beach from the Kodiak Lumber Mills camp at
North Foreland is a native cemetary, and on the bluff in front of
McCord's cabin is evidence of prehistoric habitation. One-and-a-
quarter miles inland on a road near the mouth of Tyonek Creek is
Lake Batunglyashi. The lake, according to oral tradition, is the site
of the last Indian war. Located within the modern town of Tyonek

are many historic sites.

Proposed construction would avoid the land located within the bound-

aries formerly designated as the Moquawkie Reservation. The only
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site that lies outside these boundaries and within the study area is
the Village of Ladd.

ARCHAEOLOGIC SITES

The area of study has been inhabited by two distinct cultures, the
Pacific Eskimo, and more recently, the Tanaina Athapaskan Indian.
Any major excavation in the proposed town or plant sites shouid be
preceeded by an archaeological reconnaissance to determine the pres-

ence or absence of historic or prehistoric sites.

Dr. James Kari, of the Alaska Native Language Center at the Uni-
versity of Alaska, Fairbanks, has accumulated a vast knowledge of
placenames for the Tanaina territory, many of them located away from

the coastline. It would appear that the Tanaina may have been more

- than just coastal dwellers. More than 75 placenames have been iden-

tified in the Tyonek area, thus indicating that there exists a whole
range of sites that are significant either mythologically or historically

to the Tyonek peopie that cannot be evidenced archaeologically.

Two factors have placed a limit on the possibility of survival of
prehistoric and historic sites in the study area. It has been ascer-
tained archaeologically that the Tanaina Athapaskans were predomin-
antly coastal dwelling people. It is also evident that the violent tidal
action of the inlet has been constantly eroding the shoreiine. It is
possible, therefore, that artifacts, or even entire prehistoric settle-
ments situated on the extreme coastline, may have been washed away
by now. This phenomenon' has been encountered on the northwestern
Kenai Peninsula. It has been estimated that between 1953 and 1974
the bluff in areas between the North Foreland and Tyonek and be-
tween Ladd and Three Mile Creek had retreated two feet per year.
In addition, the biuff around Granite Point is characteristic of a zone
highly susceptible to erosion. Also, the study area has been crossed

with numerous lumber roads and seismic investigation trails, thus
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OTHER FRAGILE LANDS

The Surface Mining Control and Reclamation Act (SMCRA) of 1977
directed the Secretary of the Interior to establish a permanent regu-
latory procedure for surface coal mining and reclamation operations.
The regulatory program is intended to control adverse environmental
impacts stemming from- activity in and around surface coal mines.
Although neither the federal program nor state program has been
instituted 'in the State of Alaska at this time, a surface mining regu-
latory program is imminent and it is assumed it would resemble the
present federal regulatory program. An integrai part of the present
federal program is the establishment of criteria for the evaluation of
permit applications to determine if a proposed mine area should be
declared suitable or unsuitable for surface coal mining operations.
None of the criteria deals with the determination as to whether recla-
mation is technologically and economicaliy feasible under the Act.
This is discussed further in the volume of this report dealing with
mining plans. The other criteria deal with compatibility of the pro-
posed mining ope’rétioﬁ with the following outlined environmental ele-
ments. The remainder of this section discussesveach of these ele-
ments with reference to key land management criteria presented in

the federal program.

FRAGILE OR HISTORIC LANDS

Fragile lands, according to SMCRA, are geographic areas containing
natural, ecologic, scientific or aesthetic resources that could be

damaged or destroyed by surface coal mining operations:

Examples of fragile lands include valuabie habitat for fish
or wildlife, critical habitats for endangered or threatened
species of animals or plants, uncommon geologic formations,
National Natural Landmark sites, areas where mining may
cause flooding, environmental corridors containing a con-
centration of ecologic and aesthetic features, areas of
recreational value due to high environmental quality, and
buffer zones adjacent to the boundaries of areas where
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surface coal mining operations are prohibited under Section
522(e) of the Act and 30 CFR 761.

Within these proposed mining areas there are no critical wildlife
habitat areas or endangered or threatened plant species. There
would, however, be a general loss of noncritical vegetation and wild-
life habitat. There are valuable fish habitats in the areas adjoining
the proposed mining locations, however, with proper precautions and
controlied mining activities effects on these streams could be mini-
mized. Due primarily to its inaccessibility, this land currently re-
ceives essentially no recreational use. The local Native population
constitutes the only significant hunting and fishing activities. It is
expected that the proposed mining activities could be conducted

acceptably as envisioned by the federal regulatory program.

NATURAL HAZARD LANDS
Natural hazard lands according to SMCRA means:

geographic areas in which natural conditions exist which
pose or, as a result of surface coai mining operations, may
pose a threat to the health, safety or welfare to people,
property or the environment, including areas subject to
landslides, cave-ins, large or encroaching sanddunes,
severe wind or soil erosion, frequent flooding, avalanches
in areas of unstable geology.

No Jands of this type exist within the proposed mine area which
would render a mining operation incompatible with this criteria. The
nearest lands representing this definition would be the unstable
bluffs of the Chuitna River Gorge. Due to natural erosion there are
bluff areas that are subject to periodic slides but the area is suffi-
ciently removed from the mine areas as to not be impacted by mining

activities.
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RENEWABLE RESOURCE LANDS

These are lands in which "the mining operations could inflict a sub-
stantial loss or reduction of long-range productivity of water supply
or of food or fiber products." This area is not known as or utilized
for a watershed or a water source. It aiso wouid fall outside of the
timber harvest area, as it is at or above tree-line in nearly all loca-

tions. A mine site would not be incompatible with this criteria.

LAND PLANNING _

The contemplated mining activity is compatible with existing land use
plans or programs. The proposed mine sites are located in the
second most extensive untapped coal reserve in Alaska. The area
has largely been controlled by the State of Alaska under a leasing
policy encouraging energy development. A portion of the area now is
owned by CIiR! Native corporation, which encourages energy devel-
opment through resource oriented policies. Mining operations in the
Chuitna and Capps coal field areas are considered consistent with the

intended land use and industrial development in this area.
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10.0 EXISTING SOCIAL AND ECONOMIC ENVIRONMENT

WEST COOK INLET DEVELOPMENT

Employment Activities and Population

Currently, employment is created by three commercial developments
on the west side of Cook Inlet. These are the crude oil processing
and transportation facilities that serve offshore fields in Cook Inlet,
the Kodiak Lumber Mills (KLM) Tyonek Timber Division chip mill,
and the Chugach Electric Association (CEA) gas-fired generator sta-
tion at the Beluga gas field. Total regular on-site employment from
these sources is now about 100, although seasonal construction and
mainte.nance work can increase the work force to two or three times
that number.

There is only a minor residential population outside the Village of
Tyonek, mostly at the Three Mile Creek subdivision near the CEA

power plant and near Granite Point.

In addition to employment associated with the above commercial
development, a few nonlocal fishermen work commercial set net sites
along the west Cook Inlet coast during the six-week salmon season in
midsummer. Also, occasional geophysical work and exploratory drill-

ing in the area create sporadic local employment.

Granite Point and Trading Bay are landfall sites for submarine crude
oil pipelines that serve several production platforms in Cook Inlet.
At these sites the crude oil undergoes initial processing and meter-
ing. It is then transported by pipeline to the marine terminal at
Drift River where it is stored and loaded aboard tankers for trans-
port to U.S. refineries. The two processing plants and the marine
terminal require a total of about 55 operators. However, summer
maintenance and repair work involve additional temporary labor at

the sites. The work force lives in dormitories and rotates regularly
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between the facilities and Anchorage. Families do not live at the

processing plants or the terminal.

The KLM chip mill was built in 1975 on land leased from the Tyonek
indians - to process a large volume of timber infested with spruce
bark beetle. At the height of operations, the mill employed 200
people. Currently, however, it is operating year-round with fewer
than 20 peopie because of a decline in the Japanese chip market.
The work force lives in dormitory and single-family housing at the
plant site. It does not r‘otate‘ at regular intervals to Anchorage or

Kenai.

The Chugach Electric Association operates a large natural gas-fired
generation facility approximately 16 miles from the Village of Tyonek.
This facility provides the base load generating capacity for the
Anchorage area. It has a regular operations and maintenance work
force of approximately 30 people, but construction and special main-
tenance and repair work cause significant fluctuation in the local

labor force (the dining room capacity is approximately 250).

Land Ownership, Status and Use Restrictions

Land ownership in Alaska is complicated and continuing to evolve.
Land conveyances under the Alaska Native Claims Settlement Act
(ANCSA) and the Statehood Act are not yet complete; and disputes
remain over land rights of the state, boroughs and Natives. How-
ever, these issues have been resolved in the vicinity of the pro-

posed project.

Since ownership is integral with land use development rights, land
use planning questions are also discussed in this section. The De-
partment of Natural Resources, Planning Section, has the authority
to be the lead state agency in preparing an overall land use plan for
the area. The Kenai Peninsula Borough likely would assist in devei-

oping the plan and policies to guide specific actions proposed by
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industry, particularly in regard to land it owns in the vicinity of
the proposed plant and town sites. The land management policies of
CIR!I will also be of significant influence on the area because of its

substantial land holding in and adjacent to the project area.

Land Ownership and Status

Major land holdings in the area include ownership of both the sur-
face and subsurface estates. In some cases both rights are held by
the same owner and in others, by different owners. The latter case
produces potential conflicts where revenues obtained from séle of

mining rights are not conferred to owners of surface rights.

‘Key ownerships in the area are vested in the following state and

private organizations:

State of Alaska
Cook Inlet Region, lncorporated
Tyonek Native Corporation

Kenai Peninsula Borough
Other .smaller hoidings such as Native Allotments, the Native Village
of Tyonek, Inc., and other Native lands subject to reconveyance

under Section 14(c) of ANCSA are not discussed here.

Blocks of land owned by these. organizations are shown in Figure

10.1, along with subsurface mining leases.

° State of Alaska

A substantial portion of the Beluga coal district is patented state
land, excluding the Capps Field area that would be developed by
this proposal. These lands were transferred by the federal gov-
ernment under the 1958 Statehood Act (General Grant Lands),
and the 1956 Mental Health Enabling Act (Mental Health Lands,
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pr‘oviding' a. State General Fund revenue base on which to meet
needs of the Mental Health Program). in 1978 the state redesig-
nated Mental Health Lands to General Grant Lands, to allow mun-
icipalities to select land, of which not less than 30% is to be dis-
posed for private ownership. This redesignation does not affect
any prior leases, permits, or easements. The redesignation also
allows the state to dispose of lands to private parties more easily

than was possibie under its status as Mental Health Lands. The

-third major category of state lands on the west edge of the dis-

trict is the Trading Bay State Game Refuge, established in 1976.

The state Department of Natural Resources (DNR) classifies Gen-
eral Grant Lands and tidelands in this vicinity into one of four
categories: Resource Management ‘Lands, Industrial Lands, Re-
served Use Lands, and Material Lands. This system describes a
capacity for use or multiple use which can be modified for the
public interest. - Once lands have been classified, they may be
diSposed (by lease, sale, grant or exchange) to municipalities or

private parties.

Resource Management Lands

Most of the state land in the Beluga coal district is classified as
Resource Management Lands, portions of which are in the follow-
ing uses: coal prospecting and leasing, mining permits, timber
sales, and oil and gas leasing. Two Placer Amex leases and the
Bass-Hunt-wilson (BHW) lease are located on Resource Manage-

ment Lands (the Capps Field is located on land owned by CIR!).

Kodiak Lumber Mills is authorized to harvest timber from 223,000

acres until August 1983. About 6 million board feet of spruce-
beetle-infested trees are to be harvested. Numerous primary and
secondary logging roads have been built on state, CIRI, and TNC.
land in the area in association with these activities under author-

ity of 20-year leases between Kodiak Lumber Miils, CIRI, and
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Tyonek Native Corporation and the state. No public rights-of-

way are associated with these logging roads.

The Trading Bay State Game Refuge is a separate category from
Resource Management Lands. Established by the state legislature
in 1976, this refuge and the Susitna Flats Game Refuge east of
the Beluga coal district are managed by the state Department of
Fish and Game (DF&G). Pre-existing rights-of-way for roads and
pipelines are excluded from the refuges, and will become part of

the refuges when permits or applications expire.

industrial Lands

Specific facilities such as the CEA power plant near Tyonek are
operated as industrial Lands, subject to Kenai Peninsula Borough
building and zoning codes. These sites may only be used for the
designated purposes. Most of Sections 27 through 30, T711IN
R12W, including tidelands ailong Trading Bay are also classified as

Industrial Lands.

Reserved Use Lands

Reserved Use Lands are set aside for such public uses as expan-
sion of town sites and new town sites. Smail sites in the Beluga
area are being used for creek access, barge landing sites (e.g.,

Beluga River), and other DF&G requests.

Material Lands

Material Lands are administered by the DNR to sell sand, gravel
and other materials located on state-owned tidelands and uplands.
The Department of Natural Resources can influence the location of
coal port and transshipment facilities through its ownership of
tidelands. The state tand in the Beluga area which was trans-
ferred to CIR! or TNC includes sand, gravel and other materials

as part of their estate.
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The DNR will have an important role in guiding coai-related de-
velopment because of its management responsibilities for extensive
state holdings in the area. In addition to its aforementioned con-
trol of tidelands and surface minerals, DNR also regulates tem-
porary access and rights-of-way across state land and the appro-
priation and use of surface water and groundwater. It will ulti-
mately prepare a land use plan to guide the department in reclas-

sifying state land for the proposed project.

Cook Inlet Region, Inc. (CIRI)

The regional Native corporation holds both surface and subsurface
title to much of the inland area of the Beluga coal district. The
Placer Amex Capps lease is within this area. CIRl also owns
approximately 3,000 acres adjoining and'ir‘wcluding a portion of the
proposed plant site. As a profit-oriented corporation, CIR!l is
encouraging coal development in the area. It was granted a 300-
foot wide, unspecified location r‘ight-of-wéy easement to connect
its holdings in the Capps Field to the beach at the eastern edge
of Trading Bay. The corporation also holds subsurface rights to
the land whose surface rights are held by the Tyonek Native

Corporation.

Revenues from subsurface development rights are distributed to

stockholders of CIRI, TNC, and other Native corporations.

Tyonek Native Corporation (TNC)

Tyonek Native Corporation, the village corporation created under
ANCSA, has surface title to the 27,000-acre former Moquawkie
Indian Reservation, as well as other lands north of the Chuitna
River. Its «claim to about 11 sections of state land north and
west of the Chuitna River (known as the Moquawkie Reserve

Lands) is in litigation.
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Potential developers in the area negotiate with TNC for surface
use and with CIRl for subsurface use of the TNC lands. TNC
has leased land to Kodiak Lumber Mills for the chip mill.

Tyonek Native Corporation is opposed to rights-of-way and ease-
ments across its lands (DCED - Land Tenure, 1978). After pas-
sage of the ANCSA in 1971, the village corporation attempted to
obtain title to its former Moquawkie Reservation lands, but ob-
jected to the number of public easements proposed by the federal
government. Easements are discussed later in this section under

Transportation and Power Infrastructure.

Kenai Peninsula Borough

The borough owns eight sections of land that incilude most of
Congahbuna Lake (with the exception of State Special Use Lands
immediately around the lake, and a smaller lake to the east).
The proposed construction camp site and a portion of the pro-
posed transportation corridor are located on borough land. This
area also has been considered as a possible alternative town site
for a permanent community. The borough has not yet developed
policies on lease of its land for industrial or community develop-
ment (Battelle, 1979).

Land Development Planning Authority

In addition to the management responsibilities associated with land
ownership described above, other governmental and private corpora-
tions have jurisdiction over land use in the area. This section dis-
cusses these responsibilities with particular. reference to control of

land use and transportation access.

Agencies and organizations which will guide development in the

Beluga coal district, in addition to those discussed above include:

10
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Governor's Coal Policy Group
State Beluga Interagency Task Force
Kenai Peninsula Borough

Village of Tyonek, Inc.

Governor's Coal Policy Group

This cabinet-level group will provide the governor's office with
recommendations in three areas: possible royalty and severance
taxes on mining (none exist at present); state response to indus-
try requests to provide infrastructure; and land reclamation.
The governor will review coal policies with industry before adop-
tion. Legislation may not be required. For example, the Alaska
Industrial Development Authority may be a logical state instrument
for provision of certain infrastructure. This public corporation

assists in providing low-interest loans for industrial projects.

Beluga Interagency Task Force

This technical group is responsible for assisting the governor's
policy group on energy development in the Beluga area. At
present it is primarily an interagency informational forum. It is
chaired by the Department of Commerce and Economic Development
(supported by its own Division of Energy and Power Development)
and includes departments of Environmental Conservation, Natural
Resources, Community and Regional Affairs, and Fish and Game,
as well as the Office of the Governor Division of Policy Develop-
ment and Planning (DPDP). The Department of Community and
Regional Affairs will address issues of public facilities and serv-

ices with respect to possible town site development.

Kenai Peninsula Borough

Overall planning and zoning responsibility for the Beluga area

rests with the Kenai Peninsula Borough. Although no specific
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land use plan has been developed, its Draft Coastal Management
Plan (September 1978) proposes a special management district and
recommendations for the area. Development within this district,
or Area Meriting Special Attention (AMSA), could be governed by
a comprehensive development program. The proposed program
would be coordinated with state and other agencies and approved
by the Alaska Office of Coastal Management. At this time, how-
ever, the status of the coastal development planning for the bor-
ough is in doubt. The borough assembly adopted a resolution to
rescind the state act on which the plan is based, and there is no

apparent schedule for finalization of the draft pian.

Eventually, borough involvement would include reviewing plans
for town site development including zoning, subdivisions, schools,
solid waste and other permits. Only subdivision review is now
required in the Beluga area, entirely designated as "unrestricted"
use in its Comprehensive Plan. The Tyonek Village Council be-
lieves borough planning, zoning and subdivision authority does
not extend over any activities in the vicinity of its land (Battelle,
1979).

Tyonek Village Council (Native Village of Tyonek, Inc.)

The village tribal council is the federally chartered local govern-
ment of Tyonek. Its influence over development on Native lands,

however, extends beyond the village itself.

With passage of ANCSA, the Moquawkie Indian Reservation was
extinguished. Tyonek Native Corporation now has surface rights
and Cook Inlet Region, inc. has subsurface rights within the
former reservation. Generally, the council represents residents
of the village when they feel that policies of TNC and CIRI don't
necessarily represent the interests of the people of Tyonek. In
particular, the village council believes it still can control access

to lands within the former reservation which TNC and CIRI might

10-10



want to see developed for profit. Regardless of legal authority,
TNC has deferred to the village council on local land management
questions, particularly in the immediate vicinity of the village.
~ Additional discussions of community governance, life-style and
attitudes on industrial development are provided later in this sec-
tion under TYONEK VILLAGE.

- Transportation and Power |Infrastructure

Some existing roads in the area would be improved to serve a por-
tion of the project, with some extensions required to the mine and
dock’ tocations. The existing airstrip at Granite Point probably would
not be used except during very early stages of project start-up.
The existing KLM chip mill dock at the North Foreland is too distant
to conveniently receive heavy cargo, and pr‘obably. would not be

available for general use.

° Existing Roads and Easements

A network of gravel-surface logging roads crisscrosses the area
between the Capps Glacier and the coast. Of the approximately
100 miles of primary and secondary roads, the main logging roads
extend about 16 miles northwest of Congahbuna Lake, to within

eight miles of the Capps Field (Figure 10.2).

These roads were built to serve KLM timber harvest agreements.
No public right-of-way is ailowed on these roads. Agreements
exist between KLM and the state for use of logging roads on
state land west of TNC land. The timber harvest agreements
on TNC tland expire in 1983, when timber harvests are expected

to terminate altogether (DCED - Transportation, 1978).
A 27%-mile, 300-foot wide unspecified location transportation cor-

ridor easement between the Capps Field and the eastern edge of

Trading Bay has been granted by the State Department of Natural
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Resources, on land obtained by CIRI. Portions of the existing

fogging roads may fall within this easement.

Other road rights-of-way include section line easements on all
state land or land transferred to others by the state. Aithough
section line easements do not necessarily allow for access due to
topographic constraints, they do allow for public right-of-way
access across the land. These easements allow for a 100-foot

right-of-way between sections.

At the request of TNC, no section line easements or other ease-
ments for transmission lines, rail lines, or roads exist on TNC
land. Thus any new road, rail or power line proposed between
the project area and the Beluga area or east to developed por-
tions: of the Matanuska-Susitna Borough which passed through
TNC‘ land would probably be very difficult to obtain, given the
present position of the corporation. Plans for the CIRI/Placer
Amex project do not anticipate a need for any such easements. A
65-mile road connection between the coal district and Wasilia, and
an equally long rail- connection between the district and the
Alaska Railroad near Houston, have been discussed, although

neither is anticipated for this project.

A 200-foot development setback and a 100-foot recreation easement
are in effect along the Chuitna River and other streams (outside
of TNC land). These easements were established by the state
DNR, Division of Lands.

With respect to obtaining access across CIR| or state land in the
project area, no difficulties are anticipated. The DNR reviews

right-of-way applications on state land.

Airports

There are no airports with a capacity to handle landings of heavy

cargo planes in the immediate project vicinity. Airstrips which
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could be used in early stages of project development include the
beach strip at Granite Point and two 900-foot strips at Capps
Field. The Granite Point airstrip is about 3,500 feet in length,

with a gravel surface.

The closest airport with a good surface and landing lights is the
3,500-foot Tyonek Airport. Like other privately owned airstrips
in the vicinity, the Tyonek Airport is restricted to planes with
prior landing privileges. The village tribal council in Tyonek
wishes to control visits by planes to the village in the same way
the village corporation, TNC, wishes to restrict road access

across its lands.
Docks

The only dock near the proposed project with the potential for
use during early stages of project development is owned by
Kodiak Lumber Mills and is located 7 miles northeast of Granite
Point at the North Foreland. This dock is 1,466 feet long, with
685 feet of berthing space at a mean low water depth of 36 feet.
The largest ship to dock at North Foreland was 601 feet long and
45,000 metric tons (Battelle, 1979). Use of the dock would re-
quire permission, not only from Kodiak Lumber Mills, but also
from Tyonek Native Corporation for use of the existing road

across TNC land to the project area.

The dock that is proposed to receive and ship the methano! is
located approximately 40 miles southwest of the proposed project
area on the west side of Cook Inlet near Drift River. This facii-
ity, the Cook Inlet Pipeline Drift River Terminal, includes a
single-berth fixed-platform offshore loading facility that will
accommodate up to 70,000 DWT tankers. This facility will accom-
modate a maximum 810-foot LOA vessel. This facility is further
described in Volume (I of this report in the section on pipe

transportation and ship loading.
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° PpPower

The closest power source to the proposed plant and town sites is
about 16 miles northeast at Beluga. This gas-fired plant owned
by Chugach Electric Association supplies power to the Village of
Tyonek, the KLM chip mill and others, via a transmission line

near the coast.

Kenai Peninsula Borough Services

The entire project area lies within the Kenai Peninsula Borough, but

is isolated from the other borough settiements by Cook. Intet.

Under state law, boroughs éxer‘cise powers within their jurisdictional
boundaries, both inside and outside of home rule and general law
cities. Borough powers extending to the project area include educa-
tion, planning, platting and land use regulation, and air and water
poHutionv controi. Borough service areas can be established for un-
incorporated areas to provide public safety, solid waste or other

services.

The only existing school serving the area is the Bob Bartlett School

in Tyonek (discussed later in this section under Community Facilities

and Infrastructure). The borough builds schools, establishes cur-

riculum (with local input) and hires teachers. Although the school
operating budget is a local responsibility, 50% of operating costs
were paid by the state last year. It is not known if state funding
will continue. Under a bill likely to pass the 1981 Legislature, all
local school construction debt (rather than the current 80%) would be
paid by the state. The borough would continue to bond for school
construction and would be reimbursed by the state. - The proposed
legislation forbids 100% reimbursement for such special facilities as

swimming pools, hockey rinks and teacher housing.
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Planning and 2zoning and subdivision powers are provided on an
areawide basis. The borough establishes a planning commission
which prepares a comprehensive plan and/or plans for incorporated
cities. Theoretically, the borough could prepare the comprehensive
plan for a new town at Beluga if the town became an incorporated
first~ or second-class city. In pr‘aétice, this is unlikely because the
Kenai Peninsula Borough intends to transfer planning and zoning
powers to cities, ‘while retaining control of platting, subdivision

approval and transportation facilities.

The borough may collect property, saies and use taxes levied within
its boundaries. Taxes levied by an incorporated city shall be col-
lected by the borough and returned entirely to the city. - The Kenai
Peninsula Borough is proposing a July 1981 - July 1982 budget with
a 2.5 mill rate. |If increased state funding of schools is not forth-
coming, the borough mayor estimates that a 1 mill increase could be
required (Atkinson, 1981). At the same time, municipal assistance
grants of $1.4 million authorized by ‘the state for next year would
allow the borough to end personél property tax (on boats, cars, air-

planes, etc.) and reduce real property tax.

Other West Cook Inlet Coal Development

Another coal development project in the Beluga area is coal export
from leases held in the Chuitna. Field by the Bass-Hunt-Wilson (BHW)
venture. The BHW leases are shown in Figure 10.1. Development
plans prepared in April 1980 (Bechtel, 1980) suggest production of
7.7 million short tons of coal per yéar‘, shipped via a deepwater port
at Granite Point to Far East and West Coast destinations. Associated
facilities include a town site within the lease area for 1,300 personnel
and a conveyor or rail system to carry the coal to a tidewater stock-

pile.

A 7,700-foot wharf would be built to channel depth for 100,000 DWT

carriers. Alternatives to the Granite Point location include a new

10-16



8

8,000-foot wharf near the village of Ladd, about 12 miles southeast
across TNC land, or use of the existing 3,500-foot wharf owned by
Kodiak Lumber Mills, Inc.

A six-year time frame from engineering to commencement of mining
operations was envisaged in the April 1980 feasibility report, al-
though its schedule for development may be adjusted in light of an
agreement establishing a joint venture to develop the BHW lease. In
an agreement approved by the state DNR in August 1981, the Dia-

mond Shamrock Corporation joined with BHW leaseholders for the

_purpose of deveioping engineering, marketing and mining plans for

the coal field. The venture is to be managed through Diamond
Alaska Coal Company, a wholly owned subsidiary of Diamond Sham-
rock.

The BHW operations are largely independent 61’ those planned by
CIRI/Placer Amex. Town site, dock and transportation concepts
currently are completely separate. As these projects reach advanced
planning stages, it .is expected that the owners will explore ways

these infrastructure facilities can be shared to reduce capital costs.

TYONEK VILLAGE

Background

Tyonek is the only settlement on the west coast of Cook [niet. It is

- a long-standing community of about 270 Tanaina (Athapaskan)

Indians. The village and 27,000 acres surrounding it were with-
drawn as an {ndian reservation in 1915. However, the residents of
the village wvoluntarily surrendered the reservation status of their
land to participate in the land selection benefits of the Alaska Native
Claims Settiement Act of 1971.

10-17



Like other Indian villages, Tyonek was a traditional community ori-
ented to seasonal subsistence pursuits. When opportunities for
commercial trapping and fishing developed in the twentieth century,
villagers participated in them to the extenit the local resource base
would permit. Thus, the fortunes of the viilage were tied to the
cyclic fluctuations of fish and game. Poverty and the threat of
starvation were ever-present. In the winter of 1955, an emergency
airliftt of food was necessary to save the villagers from famine.
Housing and living conditions generally were substandard, like those

of numerous other remote Native villages in Alaska.

The life-style of Tyonek was radically altered in 1964 when the vil-
lage received $12.9 million in bonus bids for the competitive sale of
oil and gas leases on its land. The money was used to upgrade vii-
lage housing and community facilities; and to invest in Anchorage

real estate and other commercial ventures.

Tyonek's sudden prosperity did much to improve the living condi-
tions of village residents, but it caused new stresses within the
community and did nothing to solve familiar problems of culture
change faced by Tyonek residents. The oil revenue replaced the
remaining physical vestiges of traditional village life, but provided

no new spiritual or cultural substance.

Thus, the "“identity crisis" of the Tyonek villagers, caught in a con-
flict between the values and life-styles of traditional iIndian and

modern white societies, was exacerbated by the oil lease windfall.

The history of Tyonek's investment activities is long and often un-
happy. Exploratory drilling failed to discover oil in commercial
quantities, so a steady stream of royalty income has not supple-
mented the one-time bonus bid lease payments. Financial setbacks
and reversals have plagued the Tyoneks, so that early investments
do not now provide a continuous source of direct support or indirect

subsidy to village residents.
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Both Braund and Behnke (1980) and Battelie (1979) report that the
Tyonek village residents are suspicious of outsiders and prefer to
have non-Natives avoid the village. The presence of non-Natives in
the vicinity of the village is discouraged, especially if it involves the
attendance of non-Native children at the Tyonek school, which

occurred during the height of the chip mill operation.

Community Facilities and Infrastructure

Tyonek's facilities adequately serve the needs of its approximately
270 residents. Compared with many Native villages in Alaska,
Tyonek has good housing, water and sewer systems and educational
and health facilities. A substantial portion of the $12.9 million lease
sale revenue was used to improve village living conditions (Battelle,
1979).

° Housf@_ and Utilities

Lease revenue was used to provide a new house for each family in
Tyonek. Fifty-nine prefabricated, one- to five-bedroom units
were barged from Seattle. Today there are about 60 frame dwell-
ings and six mobile homes. All homes are owned by the Native
Village of Tyonek, Inc. Many of the ranch-style prefabricated
units have not stood up well to Alaska conditions and are in need
of new insulation and rehabilitation. Twenty-seven HUD-financed
houses were planned for construction in 1979, but .additional

housing for those wanting their own homes is stiil needed.

Village homes are heated by electricity, which is provided free by
Chugach Electric Association under an agreement which will expire
when the village has used a total of 50 million kﬂovolt hours
(about 1982-1984). Then homes will be converted to oil-fired
furnaces to use fuel! purchased from Kodiak Lumber Mills (Bat-
telle, 1979). Because of past power failures and fuel shortages,

some residents wish for a return to wood heat.
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The Kodiak Lumber Mills camp, located about two miles from the
village, has six 20-person bunkhouses, five 3-bedroom moduiar
homes, about 12 trailers and six duplexes -- capable of accommo-
dating a total of about 200 people.

Oil lease money also provided funding for new gravel roads in
Tyonek and a village water system. Roads are laid out in an
orderiy fashion to accommodate additional housing development. A
lake water source was developed in 1976 after a high iron content
was found in well water. The new system has apparent problems
with chlorination, and a low lake level in winter. The Public

Health Service is investigating alternative water sources.

Wastewater disposal is by septic tanks and cesspools. Some of
the steel septic tanks installed in 1965 are rusting. Socils are

gravel base and are adequate for- subsurface disposal.

The village has a community building which houses a store, shop
facility, guest house, medical center, and the viillage offices.

The town also has a gas station.
Education

The village school is the one facility which some village residents
feel they have the least control over. They fear that children of
coal field and plant workers might attend their school in large

enough numbers to make Native children a minority in the school.

The Bob Bartlett School, serving grades K-12, is financed and
managed by the Kenai Peninsula Borough School District. Enroli-
ment is about 100 students, and capacity is about 240 students.
The school has four regular classrooms, a home economics unit,
and a portable classroom. There are 10 full-time teachers, who
move in to teach temporarily. Two local residents provide sup-

plementary. education in cultural affairs, funded by the federal
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Johnson-0O'Malley program. The amount of funding is keyed to
the number (not proportion) of Native students in the school.

The Native Village of Tyonek oversees the program.

The borough school board would determine whether. students from
families employed by this proposed project would attend the
Tyonek school. When the KLM chip mill was in full operation,
about 20 students were bussed to the village to attend the school.
In deciding how best to meet the educational needs of all stu-
dents, the board would consider the wishes of Tyonek residents

in light of districtwide program requirements and funding.

Public Safety

The Alaska State Troopers provide public services outside of
incorporated cities. A constable serves Tyonek, the chip mill,
and the oil and gas facilities at Trading Bay. He is based at the
Beluga power station. Tyonek has no plans to incorporate as a

second-class city.

The addition of a full-time officer is not expected until population
increases justify it in another 10 or 20 years. Additional staff
can be added on a short-term basis to meet seasonal needs. In-

dustry can also be expected to provide its own internal security.

There is no publicly provided fire protection in the area. It is
not known what firefighting equipment is available at Tyonek.
Industry would, however, provide its own firefighting equipment

and capability.

Health care is available at a small clinic in the community building
at Tyonek. The facility is staffed by a resident Licensed Prac-
tical Nurse who provides medical and dental care. The U.S.
Public Health Service also provides a community health aide (and
alternate). Emergency medical care is received at the Alaska

Native Medical Center in Anchorage.
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Emergency services and hospital care from the health aide are
available to non-Natives on an emergency basis only. Emergency
evacuations are handled by the state troopers using private
charter planes. The U.S. Air Force also handles some emergency
evacuations. The Kenai Peninsula Borough provides service to

the area from a 32-bed hospital in Soldotna.

Employment

Employment in Tyonek is scarce. With the exception of a few per-
manent jobs associated with the operation of the school, work in the
village is part-time and seasonal. In recent vyears, a significant
amount of work has been derived from government activities and
programs. Thus, Tranter (1972) observed: "Tyonek, even with its

good fortune of the 1960s, does not significantly differ from the

. prevailing employment patterns found in. Alaska's Native village

society found elsewhere in the state."

A survey of employment in Tyonek in the spring of 1979 revealed
that 54 peopie had a full-time or part-time job. Seventy percent of
them worked in government-related programs, including state and
federal education and health programs and the federal Comprehensive
Employment and Training Act (CETA) program. In addition, eight
people worked at the KLM chip mill, four worked with a petroleum
exploration crew drilling for natural gas on village lands, and four
worked in Anchorage on the construction of modular houses that
would be brought to the village (Braund & Behnke, 1980). Little of
this employment represents permanent full-time jobs. Most is tem-
porary, and the government-related work is dependent upon annual.

program appropriations.

Thirty-three limited entry fishing permits are held by Tyonek resi-
dents (three salmon drift giil net permits and 30 saimon set gill net
permits). The Cook Inlet salmon season is open for two days per

week for a six-week period from July to mid-August. Salmon stocks
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in Cook Inlet have been rebuilding slowly after long years of de-
cline, and the fishery is increasingly lucrative to purse seiners and
drift gill net fishermen. However, because Tyonek villagers are
predominantly set-net fishermen, and because the runs in the vicin-
ity of the village are not especially strong, commercial fishing is still

a marginal enterprise for many residents who participate in it.

The record of village employment in the nearby chip mill is informa-
tive for what it suggests about the prospects of villagers benefiting
from employment opportunities created by development in the Beluga

coal fields. This record is summarized by Braund and Behnke
(1980):

When Tyonek Timber Company, a subsidiary of Kodiak
Lumber Mills, constructed a chip mill near the village,
many - residents hoped the plant would provide permanent

jobs for villagers after production began in 1975. The
chip mill is located on former reservation land once owned
by the village but now owned by the village corporation
(Tyonek Native Corporation). From time to time, Tyonek

Timber Company employs villagers, but the majority of the
workers are transients housed near the facility. Appar-
ently, Tyonek Timber Company did not intend to hire a
high percentage of nhon-Native transients, but many prob-
lems developed between the mill and the villagers.

From the industry point of view, the main difficuity was
keeping employees who would report to work each day.
Flexible work hours were arranged, but apparently
absenteeism and drinking probiems plagued production,
and with a $30 million investment which was losing money
each vyear, Tyonek Timber Company needed a crew of

dependable loggers and mill operators. The villagers,
who required specialized training for the jobs, often
became disillusioned with the training program. Also,

they felt that work scheduies were constraining and inter-
fered with more traditional and acceptable activities such

as hunting and fishing. The growing presence of out-
siders near their village was viewed with suspicion and
concern. Some villagers compilained that they were har-

rassed by non-Natives at the plant. Others felt the pay
was too low when compared to union jobs. A shortage of
gas in the village made it difficult to get to and from the
timber mill. Possibly one villager summed up the problem
when he said, "Natives aren't loggers." The net result is
that in a village where unemployment is of primary concern
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industry builds a lumber mill within a few miles, and for
various reasons, unemployment remains a problem.

Thus, it apparently cannot be assumed that the creation of local
empioyment opportunity will necessarily result in substantial village
employment.” Many of the same factors that affected village employ-
ment in the chip mill could also affect employment in a nearby coal

mining and industrial plant operations.

Community Attitudes Toward Development

Attitudes of Tyonek residents toward major new commercial develop-
ment in the vicinity of their village are discﬁssed in Braund and
Behnke (1980) and Battelle (1979). In general, there seems to be
little enthusiasm for local development that will result in an increase
of the non-Native population of the area. New employment oppor-
tunity has general appeal among the viilagers, of course, but even
this attraction of development is tempered by the realization that
full-time employment entails sacrifice of the slower-paced traditional
life-style of commercial fishing, seasonal subsistence pursuits, and

occasional wage employment.

There is nothing unusual about ambivalence on the part of a smail
rural town toward the prospect of dramatic change by a major re-
source development project; but in most cases, the promise of eco-
nomic prosperity is stronger than the urge to protect traditional
life-styles. In the case of Tyonek, however, the villagers may per-
ceive that the disadvantages of development éeem to outweigh the
hope of benefits. Available data suggest that a majority of village
residents would oppose creation of a major new town on the west
side of Cook Inlet. A community profile and community attitudes
survey are being prepared by a consultant to the Alaska Department

of Community and Regional Affairs.
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CONSTRUCTION AND OPERATIONS REQUIREMENTS

Background

The Beluga Methanol Project is comprised of the following basic com-
ponents: a coal mining operation; a rail and road linkage to a coal-
to-methanoi plant; a pipeline for the methanol to an existing trans-
shipment point; a separate cargo dock; an airport; construction
camp; and permanent new  town. Assumptions about project man-
power requirements and the ultimate projected population of the town
were derived by CIRI[/Placer Amex in consultation with CIRI/Holmes
and Narver, Inc. Separate estimates are provided for construction
and operations/maintenance manpower requirements for the mining
operation, construction camp, methanol plant,  airport, and permanent
town.

These figures should be taken as general estimates sufficient for
preliminary facility planning and cost estimating. Because of its
remote Ioca'tion, the project would require a high degree of self-suf-
ficiency. Since few public facilities or services would be required or
impacted, there was only limited consultation with governmental
agencies regarding facility requirements. Nevertheless, experience
with other remote community and support facilities in Alaska sug-'
gests that the proposed project realistically meets known require-

ments at this time.

Direct Labor Force Reguirements

Assuming the start of construction in 1984, a peak construction work
force of approximately 3,200 (direct manpower requirements) woulid
occur in the beginning of the second quarter of 1986 and last until
the end of the year. Operation of the mines would require approx-
imately 470 people, and the methanol plant approximately 450. In
addition, it is estimated by Holmes and Narver that approximatety

115 people would be required for the day-to-day operation and main-
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tenance (O/M) of the camp, town site, and airport. Therefore, a
total of approximately 1,242 regular O/M personnel would be required

after start-up of the facility and completion of the town.

Indirect Employment and Total Population

The concept design for the project town site calls for a highily self-
sufficient community with schools, recreational facilities, retail goods
and services, and other basic urban amenities. Thus, a quantity of
indirect, or secondary, employment would be necessary in the com-
munify to support the basic work force, as in any other small town
in Alaska. This is in addition to the operation and maintenance
work force associated with the airport, camp and town site. The
amount of this indirect employment is estimated to be approximately
200. This represents an employment mulitiplier of about 1.2, which
is typical for a town of this size in Southcentral Alaska (Kramer, et
al., 1979).

Thus, total employment at the project site is estimated at 1,242.
The total population of the town would therefore be about 2,600, as
an average of approximately one nonworking dependent for each
member of the labor force is expected (a labor force participation
factor of 2.0).

The town site development concept plan discussed in this report has
been scaled to a community size of approximately 2,600 residents
with the capacity to increase to more than 4,200 persons (Holmes and
Narver, 1981). Table 10.1 summarizes empioyment and population

assumptions for the project.
OVERALL PROJECT DEVELOPMENT

The project is located about 75 miles northwest of Anchorage across
Cook Inlet, in an area within the Kenai Peninsula Borough. The
project extends upsiope from Trading Bay a distance of about 25

miles to the Placer Amex Capps coal field.
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Table 10.1

ANTICIPATED CONSTRUCTION AND OPERATION WORK FORCE
BELUGA METHANOL PROJECT '

Peak Number

Project Phase work Activity of Workers
Construction
(1Q 1983 to 1Q 1986) Coal Mine" 550
Methanol Pfant 450
Camp and Permanent Townsite 2,000
Camp and Airport O/M _200
Total 3,200
— Operations
( (Beginning 1Q 1986) Coai Mine 470
- Methanol Plant 450
50-Person Camp, Airport, and
Townsite O/M _is
Total 1,035
Indirect Employment @ 0.2 207
Total 1,242

Total Estimated Town Population at
Approximately 1 Dependent per Empioyee 2,600

Source: CIRiI/Hoimes and Narver, September 1981.
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Figure 10.3 shows the general locations of key components of the
project. These locations are not precise, however, there is suffi-
cient land within the project area with moderate slope and reasonable
foundation conditions to allow for a great deal of latitude in final site
planning. Adjustments can be expected based upon further site
studies, consultation with government agencies and . evaluation of

property ownerships.

The Capps mine and methanol plant currently are envisioned on land
owned by CIRI; the proposed camp is located on borough land; and
the pro