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GLOSSARY OF ENVIRONMENTAL TERMS

AGENCIES

ACMP - Alaska Coastal Management Program

AEIDC - Artic Environmental Information and Data Center
CEQ - Council on Environmental Quality

COE - U.S. Army Corps of Engineers

DEC - Department of Environmental Conservation (Alaska)
DF&6 ~ Department of Fish & Game (Alaska)

DAR - Department of Natural Resources {Alaska)

DOE - U.S. Department of Energy

DOSH - Division of Occupational Safety and Health (Alaska)
pPOR - Division of Policy Development and Planning (Alaszka)

EPA - U.S. Environmental Protection Agency
(unless designated as state agency)
FAA - Federal Aviation Administration
FWS -~ Fish and Wildlife Services (Federal)
MSHA - Mine Safety and Health Administratien
NRDC - National Resource Defense Council
0OSHA = Qccupational Safety and Health Administration
OSM - Office of Surface Mining

USGS - United States Geological Service

.

REGULATIONS/ACTS

AAC -~ Alaska Administrative Code

ANCSA - Alaska Native Claims and Settlement Act
CARA ~ Clean Air Act Amendments of 1977

CFR - Code of Federal Regulations

CWA - Clean Water Act of 1977

EA - Environmental Assessment
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EIS
DEIS
FEIS
FR
FWPCA
MSHA
NAAQS
NEPA
OSHA
RCRA
SMCRA
TSCA

REGULATIONS/ENGINEERING

. e e el e e ik ]

Environmental Impact Statement

Draft Environmental lmpact Statement

final Environmental Impact Statement

Federal Register

Federal Water Pollution Control Act

Mine Safety and Health Act of 1977

National Ambient Air Quality Standards
National Envirenmental Policy Act of 1969
Occupational Safety and Health Act of 1970
Resource Conservation and Recovery Act of 1976

Surface Mining Control and Reclamation Act of 1977
Toxic Substances Cantrol Act of 1976

BACT
BAT
aMp
GEP
LAER
NPDES
NSPS
PSD
SPCC
UNAMAP

PTMAX
VALLEY
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Best Available Control Technology
Best Available Technology:
Best Management Practices

Economically Achievable

Good Engireering Practice

Lowest Achievable Emission Rate

National Pollutant Discharge Elimination System
New Source Performance Standards :
Prevention of Significant Deterioration

Spi1i Prevention Control and Countermeasure Plans
User's Network for Applied Modeiirg of Air Pollution
(series of meteorolngical models developed by the
U.S. EPA)

Single stack meteorological model in EPA UNAMAP series
Meteorological model used by USEPA to calculate con-
centrations on elevated terrain




Bl £ e gy 0

1.0

INTRORUCTION

PURPOSE OF THE REPORT

The objectives of the environmental, health, safety and socioeconomic
assessment tasks of this fe'asibility study were to define the major
environmental issues reievant to development of a coal gasification
and methano! fuels production facility and related coal mining activ-
ities and transportation systems in the west Cook Inlet area, Alaska.
To achieve this, extensive review Into existing information on the
Beluga reglon of west Cook Iniet was conducted and updated with the
findings of current and on-going land rescurce projects. Specific
field activities then were initiated to expand the environmental data
base in areas relevant to this project where there was a paucity of
information. 3ased on these findings the project was reviewed in
detail to identify significant environmental issues and to cutline 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 cf an environmental
assessinent, this document is not a formal environmental assessment.
The initial scope of work was to provide for the assembiage of suf-
ficient information to develop a more detalled 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 substantlal contri-
butions from the 1981 field program. The report also incorporates
input frem various state and federal agencles, from other consuitants
participating in the feasibility study, and from the staffs of both
CIRI 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 overail project area is bor-
dered on the north and south by the Beluga River and Nikolai Creek

and on the 2asi and west hy the Ccok Inlet and the terminus of the

Capps Glacier and the Chichanta River. A project location map is
shown in Figure 1.2.

PRCQJECT DESCRIPTION

The proposed project consists of several components: The methanal
plant site, a dock site, a new town site, a constructicn 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 haif the
area would be occupted by methanol processing facilities and the re-
mainder weuld be for coal handling and general plant grounds.

The transportation corridor is a 300-foot-wide unspecified alignment
easement 27% miles long between the Capps coal field and Ccook Inlet.
A preferred route has been selected which has a maximum aradient of
2%. A heavy duty railroad line capable of transporting approximately
42,000 tons of coal dally wouid be constructed to transport coal from
the mines in 190-ton cars. Ash wouid be returned to the Chuitna

West mine site in special 80-ton ash handling cars. A 40«foot-wide
access road would generally parailel the raiiroad :oute within the

‘same easement corridor.

The construction camp site is located about one mile north of the
propased piant site. It would be used to house construction person-
nel in four quadrants of dormilory style barracks.

1-2
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The town site is an area about three mlies northwest of the proposed
plant site, which has tentatively bean selected for development of a
parmanent new community In which plant and mine employees and
their families could live. It 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 materiais during the devel-
opment phase of this project.

Presently mineable coal reserves of the area exceed one billian tons,
all within 25 miles of the proposed plant site and deep water in Cook
tntet. The coat Is characterized as sub-bituminous (B,500 ~ 7,500
Btu/ib.), 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 raifroad a

distance of 15 to 25 miles to the coai receiving statlon at the methanol
plant near Conk Inlet.

Following preparation the coal would be gasified utilizing the Winkler
procedure fellower by the remaining two major processing steps in
the praduction uf 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
methanol synthesis technology proposed for this project. The basic
design philosophy has been to select process steps in widespread use
with preven rellability which would maximize the possibility for future
increases in production with limited additicnal capital investment.
The resuiting production of the plant would be approximately 54,000
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barreis ‘per' day of fuel grade methanol targeted primarily for power
plant cansumption 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 exlisting
Drift River Terminal currently operated by the Cook Inlet Pipe Line
Company. The Drift River marine terminal is a single-berth, fixed-
platform, offshore loading facility capable of accommodating tankers

: up to 70,000 DWT. The methanol wauld be loaded at this dock and
transparted by tanker 1o market.
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(. 2.0 SUMMARY OF THE STUDY

METHODOLOGY

Generai

Ta achieve the dbjectives 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.

b. Supplement the pubilshed information with the findings of recent
and ongoing land resource projects {conducted primarily by state
and federal agencies).

c. ldentify 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 priarity zreas.

d. Review the total project design and consider its effect on each
major environmental attribute.

e. Summarize the issues and make preliminary findings relative to
permit requirements, generai 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 en numerous occasions with the various agencies at
both the state and federal ievels. Representatives of the U.S. Army
( Corps of Engineers (COE), Alaska Department of Fish and Game




(DF&G), and federal Fish and Wildlife Service (FWS), Environmental
Pratection Agency (EPA) and Department of Energy (DOE) visited the
project site to review the general project concept and ocbserve the
enVironmental fleld 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
Envircnmental 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 permitiing.
DOWL staff members and consultants as weil as personnel from CIRI/
Piacer Amex also participated in an Adaptive Environmentzi Assess-
ment program spansared 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 the entire
project area from the inlet to the coal mine areas, the emphasis of
the Ihves:igation and field program was an the proposed methanol
plant site.

Field Programs

The field pragram was initiated in the fall of 1980 with a reconnais-
sance survey of aquatic and terrestrial habitats. In the early spring
of 1881, aerial reconnaissance of the general area was undertaken to
determine the onset of spring "break-up" and the migratory patterns
of moose and emsrging bear populations. Following seoping meetings
with representatives of CIR1/Placer Amex and Uavy McKee, the
spring-summer field pregram was initiated in early May. A summary
of the highlights of the activitiess and the participants is shown in
Table 2.1. The field program was acsigned to address specific gaps
in availabie background information under three general categories:

Geotechnical (soils)
Hydreologlie (groundwater)
General Environmental

2-2
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Table 2.1

BELUGA FIELD PROGRAM

SUMMORY OF PRINCIPAL ACTIVITIES, 1930-81

e e P LR AL

Dates

R ——————— e —

Navember 3-7, 1980

thay 4 - June 8, 1981

May 2-8, June 15,
July 13=17, &
August 3-7, 1981

Activities

R i

Participants

Recennaissance of aquatic
and tarrestrial hahitats

Salls and groundwater in-
vestigations including the
drilling or 2 water welis
and 1 obaervation waii

Fleld programs in hydroi-
ogy, fisheries, witdiifa,
habitat svaluaticn of
aquatic, terrastrial &
marine habitats

waba

DOWL Engineers,
Arctic Environmental
information & Data
Centar {AEIDC)

DOWL, Engineers,
Alaska Testlab with
support of Explora-
tion Services and M-W
Drilling

COWL Enginears,

with aupport from
AEIDC, Radign Corp.
and individual consult~
tants. Inclyded site
visits by persannal
representing the state
DF&G, and the federal
FWS, EPA and COE

-wv

kel




Under the general environmental program, pretiminary work was
undertaken to perform reconnaissance surveys af aguatic 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 inier-
tidal habitat near the proposed dock location. Other tasks also feil
under this general category: wvegetation mapping, wetlands deter-
mination, socioeconomics, etc.

in this report, the perspective of the current field program must
always be considered. The areas of ecological cancern 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
mare complete that the functional relationships of these ecosystems
can be understood and habitat values established.

The hydrolagy and geotechnical programs included drilling two test
water wells and an observation well; drilling six test holes; digging
32 test pits; and caollecting six grab samples from existing road cuts.

Personnel and/or organizations involved in the fiald program are
shown in Figure 2.1. In addition, contributions from Benno Patsch
o 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
generaoperational 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
pregram, and valuable Input was received from many of these
agencies.
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BELUGA FIELD PROCRAM -~ 1981
(Organization)
i \
DOWL CMGINEERS [ powt enGineers -
J. Paulson L. Dickinsan P
Program Manager Partner in Charge : i
T -
R. Dagon { i
Manager, Field Programs ) |
. Sterling P. Wohl :
Technical Editor L. Franklin to
Environmental Analysts i
R. Goldman
Research Analyst
ALASKA TESTLAB | AIDS, U. of Alaska
J. Baldridge, Biologist .
M. Nichols, Partner B. Kranich D. Trudgen, Biologist ;
M. Holum, Ergineer Engineer J. Thiel, Bialogist :
T. Barber, Geolagist -
0. Hatch, Geologist :
( D. Cole, Engineer RADIAN :
T. ®¥illiams, Geologist M. Hoban, Marine Biolgist :
E. Rashin, Biologist ;
EXPLORATION SERVICES H-H DRILLING H. Trihey :
COsPARY et ] Hydraulic Engineer
R. Hense!
Wildlife Biologist ‘
P. D'Eliscu :
Marine Biolagist
i ] | B ,
PRECISION ALASKA NORTH PACIFIC GEQ-CHEM
PHOTO HELICOPTERS AERIAL 3URVEYS LAB !
1
i
FIGURE 2. FIELD PRCGRAM PARTICIPANTS
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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 salmon

pcpulations In these systems. The system best known is the Chuitna
River which supports four species of Pacific salmon (pink, chum,
ccha and King). Other species of fish (i.e., rainbow trout and Dolly
Varden) are also present in these sysiems. A key environmzntal
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 araa. Any water discharges to this river system or
development actlvities near it would involve particularly close scru-
tiny by the Alaska departments of Fish and Game and Environmental
Conservatlon. 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 resuit from
disruption or elimination of habitat in the feeder stresams 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 flews 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 kow yvou re-establish

sietd




the water source. At this time, fisheries are considered one of the
key environmentzsl issues relative to opening the coal mine portion of
the proposed project. 7The methanol plant and proposed town site
wouid 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-
cilent, and desalination of Cook Inlet water to fill the freshwater
requirement was consldered 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
inadecjuate 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
possibte affects on the Nikolai drainage svstem 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 oif water and
appears relatively dry. There is a fairly high water tatle and the
plant site supports types of vegetation representative of a wetland,
and Tar 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 simpiifying future permit
reguirements.

.,




Erosion _and Sedimentation

The potential sedimentatl‘?n fram mining activities and runoff during
the construction and operatlon phases of the plant remain an issue of
major concern, relatlve 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 Performatice
Standards exist for a point wastewater {(drainage) discharge from a
coa‘if mine, and these discharges would require a National Pollution
Discharge Elimination System (NPDES) Permit under th= Clean Water
Act. An industry which would create potential discharges for which
there are New Source Performance Standards can be required to file
environmental Iimpact 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-~
eraily 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 confiicts with willage residents. Coal development
wouid probably mean that for the first time in their long history, the
Tyonek residents would be in the minority in thair own region.

Air Quality

The primary air poillutant emitted from the mining operation would be
suspended particulates, and from the plant operation it wouid be
products of combustion. The existing air quality of the Beluga area
is considered virtually pristine, being relatively unaffected by indus-
trial activities in the Kenai area. Because this project would con-

2-9
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stitute an Introduction of alr emissions into a clean air shed, there
would be air quality impacts. However, these all should be wall
within the limits of the alr guality regulations under the Clean Air

Act.

ENVIRONMENTAL ACCEPTABILITY OF THE PRQJECT

Based on the present level of environmental knowledge in the project
area and current environmental law and regulations, Cook Inlet 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 informatimn gathered in
the field, previous assessments of the issues in the Beluga area and
the periodic involvemfert 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 prectude
proceeding with this project. There would be environmental impacts,
as with any large project involving land or wa*er resources. How-
ever, it appe=ars that if managed properly, an acceptable balance
between orderly industrial and social growih and the preservation
and enhancement of environmental values can be achieved.

2-10
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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 geographic area, and to discuss the geologic

events that have occurred in the area aver a hroad time frame.

Geologic History

The Cook Intet area has been described as a topoegraphic, structural

- and sedimentary basin containing 60,000-70,000 cumulative feet of

marine and non-marine sedimentary and voicanic rocks ranging in age
from Late Paleczcic to Recent (Barnes, 1966). Rocks of Triassic to
Recent age outcrop in the Cook Inlet Basin, whiie older rocks are
overlain by an estimated 40,000 feet of sediments. Figure 3.7 shows
the sequence or general correlation of sediments occurring in the
Cook Inlst Basin,

During Paleazoic and early Mesoczoic eras, sediments were deposited in
a linear depression occurring in Southeastern Alaska. Volcanic
islands and other land masses served as the scurce 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 underiain by ellipsoidal
lava, slate and graywacka. The thickness of the Triassic rocks in
the Ceok Inlet Basin is estimated to exceed 2,000 fzet.

Jurassic rocks of southern Alaska represent the most complete
sequence of this age in North America. During the middle Jurassic,
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the sediments within the Southcentral Alaska area were tilted, up-
lifted and/or depressed ta form anticlinal and synclinal belts - large
linear ridges and troughs. Volcanic activity i creased during this
time and large bathaliths and other intrusions of ignecus 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 tnlet and the Matanuska
Valley. These formations contain rocks predominantly consisting of
tuff and wvalecanic agglomerates in lower, older sections. The
Talkeetna Formation is composed of voicanic detritus containing fossil
plants and marine invertebrates, and is estimated to be several
thousand feet thick, The middie 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 argitlaceous marine shales, is dated upper Jurassic and iies
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, ar'ﬁ:tose, and sandstone. The formation
ranges in thickness from 2,000 to more ‘than 7,000 feet.

During the early Cretaceous era the seas cf 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, slitstone and sandstone sequences; and the Arkose Ridge
Formatien, consisting of well indurated arkose and conglomerate,
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The rocks which comprise the Kenali and Chugach mountains prabably
also were formed during the late Cretaceous era. The strata consists
primarily of slate and graywacke which has been Intensely dzformed
and metamorphosed. Considerable wvolcanics and ultra-basic intru-
sions also are present, but thase are considered to be late additions
toa the area. More than 320,000 feet of sediments were deposited from
the time of the late Paleozeoic era to the early Mesozoic era. This
period of deposition was followed by a period of uplift, erasion and
mountain building. The Alaska range was also formed during this
pericd of mountain building, by large~scale bathalithic 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 early Tertiary time a narrow, deep basin, some 200 miles long
and 70 miles wide, formed in the area now known as Cook iniet. 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 nurthern part of the basin, the
Tertiary sequences inctude three formatlons: The Chickaloon, Wish-
bone and Tsacdaka. The Chickaloon Formation, depaosited in the
Palescene epoch, consists of more than 5,000 feet of non-marine
clastic sediments including many beds of bituminous coal, and random
intrusions of Iigneous stocks, slis, and dikes. The Chickaloon
Formation is conformably ovéﬁlain 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 Tsacdaka 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 oportions of the
Couk 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
Congiomerate, Tyonek, Beluga and Sterling formations. Of these,
three are significant with respect to energy resources. All of the
oil, gas and proposed coal productlon within the Cook Inlet Basin
ariginates Trom the Kenai Group. Oil production comes from the
Hemlock and lower Tyonek formations, gas production from the
Beluga Furmation (minor amounts from the Sterling Formation), and
propeosed coal extraction would be primarily from the Tyonek For-
mation. Figure 3.2 illustrates the stratigraphic sequence of the
Kenal 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 sandsrovi2 and conglomerates within this
formation. The West Foreland Farmation rests unconformably on older
Tertiary, Crataceous and Jurassic rocks, and varies in thickness
from a few hundred feet to more than 1,000 feet.

The Hemlack Formation iz the principai oil horizon in the basin. It is
compesed of poorly to moderately sorted sandstone and conglomerate,
with interbedded carbonacecus siltstone, shale and ceai. The Hem-

lock Formation varies In thickness from a few hundred feet to about
1,000 feet.

The middle member of the Kenai Group is the Tyonek Formation. It
is a masslve unit varying in thickness between 4,000 feet and 8,000

3-5
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Figure 3.2

PROPOSED STRATIGRAPHIC NOMENCLATURE :
FOR KENAI GROUP ‘

ERA PERIOD GROUP FORMATTYON DESCRIPTION
I .

| g Alluvium and Glacial
E i = Deposits ;
; | Sterling Formation Massive sandstone and 3
i i conglomerate beds with :
: occasional thin lignite :
beds and gray clay i
1
] Beluga Formation Claystone, siltstone and E
thin sandstone beds, thin !
sub~bituminous coal beds !
(' i & i Tyonek Formation | Sandstone, ciaystone & f 1
. o - =] | siltstone interbads and
& : tamg
P 2 ! massive sub-bitminous
. N = ) : coal beds. 1 :
5§ 8 5§ |
o & | ; :
Hemlock Conglomerate | Sandstond and conglom- :
erate, g
¥West Foreland Tuffaceous siltstone & ; f
Formation claystone. Scattered i
sandstone & conglom- '

y erate beds,

Fests unconformably on older Tertiary, Cretaceous and
Jurrasic rocks

Source: Calderwood and Fackler, 1972




feet, and is composed of alternating lenticular beds of sandstene,
slitstone and claystone, with massive sub-bltuminous 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-
bltuminous coeal.

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 tc 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 underiying structures and bedrock. These deposits include
glacial morainal and outwash deposits; aliuvium in stream valieys; and
talus and landslide masses. The thickness of Quaternary deposits
varies 10 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, ard
silt was Jeposited over the bedrock of the Kenai Group during the
Quaternary. These dsposits include a complex system of lateral and
ground moraines depocited by the numerous glaciers which have
scoured the area. Lateral moraines are parallel to the Nikolai
escarpment and then broaden into kames and ground moraines. The
glaciers which deposited these sediments extended southeastward
across Cook Inlet almost to Boulder Point on the Kepal Peninsula.
tsotated eskers also dot the area.
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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 deposils 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 shaliow marine deposits,

Pond and bog deposits of Holocene age dot the pcst-glacial deposits
In discontinuous depressions. These deposits, chiefly peat and other
organic debris, also contain silt, clay and fine-grain sands. There
are also several thin beds of volcanic ash. The pond and bog de-
posits can be found in areas of poor drainage where the ground is
soft and wet except when frozer in winter.

Landslide deposits are found in several areas within the vicinity of
the Beluga coal flelds. They are generally comprised of siumped
beds of the Kenai Group and occur along the steep slopes of the
upper Chuitna Valiey and other locations where slopes have been
over steepened by erosion or mountain building. A iarge landslide of
approximateiy six square miles in area is located on the east~facing
stope of the valley below the Cazpps Glacier. Another massive land-
slide extends for about two miles along the west ridge of the Seluga
River near Felt Lake,

THE BELUGA AREA

Topography
The proposed methanol plant site, townsite, construction deock, and

transportation corridor areas are located on the west shore of Cook
Iniet. The Cook Inlet-Susitna Lowlands form an intermontane prov-
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Ince between the Ateutian Ra2nge and the Kenai-Chugach mountains of
the coast range.

The topography of the western share of Cook inlet 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 generally begin at an elevation of 2,500 feet
and drop to tidewater in about 30 to 30 miles. The beach area often
consists of either a steep (1:2) escarpment which may be 50 te 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 the Kenal Peninsula
(Schmoil, et al., 1981). A well defined escarpment (Nikolai escarp-
ment) marks the southwestern edge of the moraine, but the north-
eastern edge (Susitha 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 oroposed plant there are num-

erous level areas containing peat bogs. Relief is generally SO feet or
less in this area.

Stream channels are cleeply eroded and may be hundreds of feet
deep. Slopes along the eroded stream channels and near the moun-
tains often axceed the maximum #ngle of repose of soil, and numerous

landslides hawve 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 approximatelvy 10°




except at small eroded areas and at the base of the escarpment where
the slope is about 20°.

GEDMQ!

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 cdock 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 askers.

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. WMo lacustrine or
marine deposits are known tc underlie the moraine, and hence it may
have formed earlier than the extensive lacustrine/marine Bootlegger
Cove clay which underlies much of upper Cook Iniet 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
boiring, 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 zliuvial and
marine deposits of sand and silt. Coarse material is generaily 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 tecomes thinner west of the escarpment. In Test Wall #1,
which was drllied west of the proposed town site at Mikolai 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 edgz 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 wasﬁed alluvium with a small amourt of
fines and is generally a good source of aggregate.

The Nikolai moraine has been mapped as extending across Cook lnlet.
The area to the scuth of the moraine, which forms the present
beach, consists of a thin depcsit of fine sand and silt over very
dense moraine type material. The proposed dock area appears 1o be
underlain by a dense scil exhibiting properties similar to that of the
onshore moraine.

The Nikelai moraine consists of a complex group of ground and later=l
moraines with numerous kames and eskers, It is composed of ve, v
dense diamicton inciuding boulders 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, ceal. The diamicton may be generally characterized as a siity
sand although numerous inclusions of silty sandy grave! and sandy
silt were observed. The very dense diamicton was only nbserved 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, otven in distinctly bedded planes.
The upper soils have been mapped &as moere recent moralne deposits.

3-13
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Alluvial deposits of sand and gravel are found in broad channels
along the moderate slapes near the plant site and consist of material
which 1s less dense and which contains less fines than the surround-
ing moraines. These areas (OC material in Figure 3.4) may present
loose soli conditions., Test Pit 7 was placed in this area.

Peat generally covers the moraine and is usually at least one foot
thick except vpon erading surfaces and may be 10 feet thick or mare
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 eisewhere 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 nrganic .material and organic siit
immediately below the peat. During soil exploration driiling, water
was encountered at depths which varied from 0 toc more than 24 feet.
The deeper water levels were observed in aieas 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 te 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 Niknlai escarpment and has slopes of up to 10% :
or more.

The topography of the area is characterized by low inoraines
structures with relief of less than 50 feet set among nearly level ;
peat bogs. This topograpny changes to one of increasing slope a
with steeply eroded stream channeis along the south and southwest i
portions of the site.

® Subsurface Conditions :

Existing information on subsurface conditions was expanded with a
fileld program that included backhoe excavation of 32 Test Pits
(TP1 through TP32); drilling nine Test Holes to depths up to 50
feet (81 through B9); and taking six grab samples from existing
road cuts (G1 through G6). Logs of borings from two test water
wells (Well #1 and Well #2) ond 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, ,
oorings, and grab sampies 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) f
underlain by very dense silty sand and hard sandy silt. Cne to
three feet of organic silt may also be found beneath the peat,
Layers of clean sand are present occasionally, and cobbies and
boulders are encountered frequently. Logs for a typical test hale
and test pit ace 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 scil which
contains subangular to moderately rounded fragments.

e Y et AL et
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Although both types of material appear to be glacially transported,
sources and distance to th2 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 penetratian
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 volcanic ash was observed close to the bottom of the
peat layer and resembles reddish brown siit. This jlayer is less
than cne foot thick.

Grroundwater

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

the peat. Water level adepth increased north of the site in areas
with little peat and along the southern bluff. Well drillers indi-
cated arteslan conditlons 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 layers of poorly
graded, clean sand have moderate to high permeabilitias. Esti~
rmates of the coefficient of permeability for this materiai range from
1 to .001 inches/second. However, these highly permeable layers

are not expected to be large in area, and well pump tests zlso
Indicate limited aquifer extent.

Steeply eroded stream chanrels 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 soils In the plant site are medium dense to very
dense and offer generaily excellent foundation conditions, but
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these «aqils are often rovered with peat and/or organic siit to
Cepths 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 middle of the site, and become shailower 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, espoaclally in areas with numerous boulders. SBouiders
with diameters of 5 feet and more were observed, and they appear
to be well distributed throughout the site. Seil strength was not

measured directly, but standard penetration values indicate the
very dense tili has an angle of internal friction of approximately
40°, and no cohesion.

The till, or silty sand, which ferms much of the moraine shouid be
easily compacted with vibratory equipment, provided the moisture
can be closely confrolled. The material contains a moderate
amount of siit (10 to 20%) and will not compact if it contains too
much water, The silty material may require dust controi during
dry periods. The clean sands and coarse upper soils found in
isolated areas throughout the moraine should compact =asily with
vibratory equipment within a wide range of moisture content.

The lack of large quantities of clean on-site fill indicates that siity
sand may be needed for a large amount of fill, both for plant and
road foundations. Frnst protection of roads would require use of
up 1 18 or more inches of non-frost-susceptible (NFS) sub-base.
NFS materials are granular incrganic scils which contain less than
3% by weight finer than 0,02 nillimeters. Existing logying roads
are in excellent condition 2nd are constructed with material from
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on-site borrow pits and with gravel obtained from the Chakachatna
River. Much of the rcad 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 scils 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 anaiysls should be performed for each application.
Beach berings in the prospective dock area indicate large quan-

tities of the silt material, but the quality may vary from slightly
piastic silt to nonplastic sandy silt.

An investigation of the =xtent of organic soils was performed at
the proposed plant and town sites. This entailed an interpretation
of available alr photos and literacire. field reconnaissance tra-
versas of the site, and hand-probing tha depth of organic soils.
The peat probes were spaced approximately 800 feet apart, with
traverses following existing seismlc line cuts, and oh random
traverses. An idealized map of the plant area has been prepared
(Figure 3.8) showing the depth of organic scils to range from 0 to
13-slus feet. The orgenic soil ranged in depth from 0.2 to 2 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 seil 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 erasion and are unstable,
but these areas can be avoided or cut to a stable slope. The
maximum observed slopes of 10° to 20° would be marginailly stable
under 0.4g loading and high groundwater conditions, but the
majority of the slopes would be stsble for ali expected earthquake
accelerations. Cut stability would be good and temporary cuts
should stand at slopes of 1:1 for short pericds. Long-term siope
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stability probably would be controlled by ercsion criteria, and
slopes approaching 2:1 may be required. The very dense coarse
material generally has a low potential for erosion, but lavers of

"slity material can erode rapidly under either wind or water action.

Town Site

Topography

The proposed town slte Is located on the Nikolal moraine, two
miles northwest of the plant site. The site Is approximately one

mite from the Nikolal 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 chanmel cuts across the
north end of the site.

The land surface is typical of the Nikolal 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 underlain by
medium dense silty sand or sandy silt extending to a depth of
about 2 to 5 feet (Figure 3.72). The next deeper layer is NFS
gravelly sand which may contain numerous boulders between
depths of 5 and 15 feet. Very dense silty sand and sand are
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found kelow the bouiders. Voicanic ash layers up to 4 inches
thick may also be found beneath the bouider layer.

A baulder layer has been identified in many parts of the moraine,

but its source has not been firmly established. It may represant
volcaniciastic debris or glacially transportad wvolcanic material.
Volcanic debris at this distance from Known volcanos would repre-
sent vaicanic activity more Intense than currently anticipated.

Logs of a typical test hole and test pit are shown in Figuras 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 contalns
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 permeabllity silt underlying the peat. Suf-
ficient slope exists to permit surface drainage through channels,
and the shallow water ievel should not provide extensive problems
for construction. Coarse solis with moderate to high permeabilities
are found directly beiow the surface silt and peat. This soil
could be used to provide on-site wastewater disposai if systems
could be piaced in areas with a low water table.

Construction Feasibillty
The proposed town site is characterized by very dense sail
underiying a few feet of surface peat and siit. The upper soft

soils are sufficiently thin to allow excavation to expose very dense
granular soil. The dense soil provides excerlent bearing capacity,
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generally in the range of 4,000 to 8,000 Ibs. per square foot for
spread footings. Stabllity of the dense soit 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 stable at relatlvely steep angies. Precautions to prevent
boulder slides should be provided during excavation. Slope sta-
bility is goed, and anly the small sicpes 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 ioss of area. Remowval of the surface peat and silt
near bluffs would contribute to increased water infiltration and
may passibly increase bluff erosion.

Dack Site

Topography

Topography at the proposed dock area consists of a narrow (200
fast or less), level beach which Is submerged ar only a few feet
above water during extreme high tides. The shore slopes scuth-
ward at a rate of about 20 to 40 vertical Teet 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
blutrs 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 ercsion debris or slumped materiai. This
material forms a bench about 10 to 30 feet above extreme high
water.
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