B s a2~

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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Subsurface Canditions

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 siity 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 berings indicate that only a relatively thin marine
deposit covers the very dense material of the moraine. A lcg for
the boring Tast Hole 2 is shown In Figure 3.17. The marine
deposits contain fine sand, silt, and clayey silt. The siit resem-
bles reck flour, being genersily nonplastic and only slightty
compreassible (Cc = .1}.

Dock Construction

The soils in the proposed dock area have excellent bearing capa-
city below the Recent soft, loose marine deposits (Figure 3.18).
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 generaily only a few feet above extreme high water,
and portions of it may have to be raised to provide protection
against high water., The bluffs which border the site an the
north are steep and are eroding 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. Tie bluffs are composed of very dense, granular
material and shoula 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 accur at a rate of ahout 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 depusits accur on-site and appear to be wide-
spread, but their quality and quantity are unknown. Quarry
sites contalning wvolcznics and intrusives of Jurassic time exist at
elevations above the outwash/moraine platc3u and at various loca-
tions throughout Cook inlet.

Transportation Corride: and Mine Areas

The proposed mine sites include the Capps coal 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, siope and other nmatural features. The ground sur-
face i3 covered with many small hummocky hilis indented with small
cirques. The surficial features (patierned ground) Indicate sur-

face frost action is occurring primarily in the uplands. The
presenca of permafrost in the Capps coal fielgd area is highly
possible. During hand probes, several samples obtained below §
feet In depth wera very cold to the touch.

Surficiai Conditions at Mine Areas

The ground cover within the area of the Capps and Chuitna coal
flelds consists of a thin layer of moss, grasses, wild flowers and
low woody plants. Field observations noted a cyclic build-up of
surficial soils. The mosses are gradually covered by wind-blown
sands and/aor wvolcanic ash. Figure 3.18 illustrates a typical shal-
low soil profile of the Capps area. Soils tests show the sands to
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(— be weli-sorted with 68% retained between the #40 znd #200 i
screens. A grain size analysis of the ash shows 48.5% is sand ;
and 41.6% is minus #20C grain size. :

® TYransportation 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 locatad,

and enters tha 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
ang grasses with root systems which extend 18 inches or more.
The topsoil here has developed to a greater extent than the sails
of the Capps area, however, it is stili bisectad with layers of

sandy wvolcanic ash. Figure 3.19 shows a typical section/soil pro-
( file for the Chuitna Field area.

(]

Trafficability

The trafficability of the upland Capps coal fieic 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 grouncwater tahle is relativeiy high,

having been located in several test probes at depths from 20 to 50 ‘
inches. i

Construction Materials

°  Surficial Geowogy i

Subsurface soils investigations were performed in the propused
plant and town sitas and surrounding areas in order to cbserve
( the existing soil conditlons, 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 wuse in

concrete, bituminus paving, railroad ballast, and classified flli do
not appear to be present within the immediate plant or town sites.
It Is suspected there are moderate quantitles 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 twe types: Till, nonstratified drift, and moderate to
well bedded diamicton; and strititied drift. The till is considered
to be a direct giacial deposit and the stratified drift is considered
to be depasited by a fluid medium iess viscous than glacier ice,
i.e. water or air.

Two distinct kinds of glacial till are found in the plant and town
sites and surrounding a.‘eas. An upper iayer 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, wirtually
unweathered material containing all particle sizes. Boulders 10
feet or more in dlameter are scattered wrratically on the ground
surface. Rock fragments are of all sizes, are anguiar to sub-
angular, and contain some subrounded particle shapas. Lith-
ologically, the parent material Is primarily volcanic, ranging from
non-visicular to visicular in texture, with little visible matrix.
The upper soils often exhibit a silty sandy matrix, which may
contain some organics leached from the surface organic sails.

A second type of glacial till is found below the upper till. it is a
poorly sorted, silty gravelly sand mixture, with occasional angular
to subrounded cobbles and boulders. This till appears to have
undergone a higher degree of weathering than the overlying till.
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Various amounts of soll stratification were observed along road
cuts and in pits. Ganerally the deep soil Is considered to be non-
stratified to moderately stratified and has been mapped as "gqround

"'moraine depcsit -~ primarlly 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 below 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.

Randicm aggregate samples were taken at road cuts and existing
gravel pits, both on and off the site, but no significant sources
of aggrsgate were found. The search was extended to the Chack-
achatna River area and the lower reaches of the Chuitna River.
Th2 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 oid stream chan-
nels were considered. The sample tested w-s taken near the
existing bridge, however similar material was observed about four
miles east of the river. Other potential materiat 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 abundancc of large gravels
and cobbles not reflected in the sample.
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A limited soils testing program was conducted in August 1981.
Samples were obtained In the Capps Field area from exposed
glacial till and volcanic ash. Geain size analyses were performed
‘on the sand and volcanic ash, and Atterberg Limits were deter-
mined for the voicanic ash. In addition, a Los Angeles Abrasion
Test (Amerizan Society for Testing and Materials [ASTM]}. C131-55,
grading E) was performed on a surface grab sampie of the gla-
cially deposited velcanics 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 flald 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 frem volcanic rocks and ash.

The grain size analysis of the wolcanic 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 Seen
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 railroai:l baltast or for road
canstruvrtion. Figure 3.21 illustrates the results of th2 abrasion
test.

Concrete Aggregates

The Chakachatna River material shows the most favorable grada-
tion of the three samples tested for both coarse and flne portland
cement concrete aggregates. Table 3.1 shows the gradation of the
three samples broken down on 1%" and #4 sleves. Both fractions
of the (est sample meet the appropriate ASTM C33 gradations.
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Table 3.1

EINE CONCRETE AGGREGATES, #4 MINUE

Percant Passing
Chakachatna
Sleve River Tvonak Pit Qp-Site ASTM C33 Spacs
4 100 100 . 100 95-100
8 a7 80 82 40-100
15 64 39 66 50-85
30 a8 34 46 25-80
50 19 16 27 19-30
100 9 10 1 2-10
200 ] 8 4 0-5=
F.M. 2.7 3.01 2.68 2.3-3.1
Absorption 2.9 3.6 3 -
Apparunt
sp. G. 2.3 2.7 2.76 -

*(-3 |2 concrete subject of abrasion

Percent Passin ASTM C33
Sisve Coarss Caoncrete_Aggregates; L7 o #a Size 467 Soecs

" 100 100 00 95-100
™" &0 88 7 we
3/44 443 72 N 30-70
M 30 45 $4 -
/8 16 30 32 10-30
H4 0 g 0 0-5
Absarption 1.8 1.2 - -
Aprarent
Sp, G 2.7 2.69 - .=
L.A. Abrasion 26 17 - S0 Max,
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The oversized cuarse gravel and cobbles would 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 axcess 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 classifylng plant and wasting some of the
unwanted sizes. In 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
cancrete. 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 durable under abrasive conditions as
indicated by its low loss in the Los Angeles abrasion test.

~'e on-site material as represented by the sample from Test Pit &
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 €33
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
escess of the pea gravel sizes, some of which would need to be
wasted to provide a satisfactory concrete aggregate.

Coarse aggreqate sizes other than 1%-inch maximum shown on
Table 3.1 would also be practicai to manufacture from the materials
Investigated. A 1%-inch maximum aggregate size would probably
be economical to produce from the Chakachatna River materiat,
while a finer coarse size, periaps 3/4 to 1 inch nominal, would be
more practical to produce with the Tyonek or on-site materiais. It
would alse be possibie to introduce crrushed gravel into the coarse
concrete aggregate. This would give a greater latitude in the

potential gradations available, particularly with the Chakachatna
River source.

Mo matter which source is selected for use as concrete aggregate,
further testing shouid be performed to verify the acceptability of
the source. Particles consist mostly of a mixture of coarse and
fine-graln igneous rocks. Certain fine-grain igneous materials and
ylassy igneous minerals are alkaii reactive. It is possible to com-
pensate for alkali reactive constituents in aggregates if their
presence is known beforehand. Therefore it is recommerided that
alkali reactivity tests be performed on any aggregate source con-
sidered for use. Also useful would ke to produce some laboratory
concrete test batches with materials tentatively selected for use.
It would then be possible te 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 environment
are czontemplated, 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
could be controlled by controlling the crushing process, provided

there is sufficient oversize material to provide a good crusher
feedstock. The Chakachaina 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 matzrial, but probably wouid have enaugh 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 te find a material i
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 1Vb)

.
N e et Ao b sre s s

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 shouid be mostly crushed gravel.
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chatna River fine aggregcte Is deficient in materials passing the
#50, #100 and #200 sieves for use as an asphalt concrete aggre-

gate. The Tyonek pit material is deficiunt in the sizes passing

the #50 sieve and retalned on the #200 sieve. The grade of the
on-site material more closely approximates the asphalt specifica~
tion, but is deficient in materlal 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 Tyanek material were used for asnhait
concrete, it is recommended that a fine silty sand or sandy silt be
blended with the natural material to produce a more desirable
gradation for asphalt concrete. The exact biend would depend on
which source is selected. The Tyonek pit material showed high
resistance to abrasion using the Los Angales abrasion test and
would be expected to preduce an asphalt concrete more resistent
to traffic abrasion than weould 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 capabie of
producing acceptable asphalt concrete.

Crushed BRase Caurse

Surfaces which are to be paved with asphalt concrete probably
require a greater quantity of crushed base/leveling csurse ithan of
aggregate for asphalt concrete. A typical gradaion of base/
leveling course is shown on Table 3.3. Since it is primarily a
crushed product the gradation of the coarse materiai must be
controlled by the crushing process., Efficient materials for pro-
cessing into a base course would be those with a relatively high
percentage of materia. coarser than the 3/4-inch screen. LUse of
sutficient quantitics of coarse material wouid allow material from
any of the three sources Chakachatna, Tyonek or on-site, tn be
processed into acceptable base ccurse material. Some basa coursa
spacifications may allew a larger maximum size than shown an
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Table 3.3 and some allow a greater percentage passing the #200
sieve. No material with a "D" wvalue less than 50 when tested for
susceptibllity to degradation during agitation in water according

'to Alaska Test Method T-13 shouid be used to producte base

caurse.

Railroad Ballast

Table 3.4 shuws a typical gradation for railroad ballast. This is
an open graded coarse aggregate containing a mixture of crushed
and natural pa-ticles. Any of the three sources considered could
be used as a raw material source for railroad ballast. If the
Chakachratna River materlal were used, large quantities of coarse
gravel and cobbles for crusher feedstocic would be avaiiable, but
the number of crushed particies in the finished product would
probably be greater than rvequived by the specification. If rail-
road ballast were being produced from either the Tyonek or on
site source at the samu time concrete aggregate were being pro-
duced, the oversize material wastec from the concrete aggregate
could be crushed and utilized in the railroad baliast, while pea
grave! 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 quentitias of the different types of materizls 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 cobblzs for crusher
feedstock. The other sources would provide larger guantities of
naturally rounded medium-size particies. f exceptionally larga
quantities of cencrete were required, sands from any of the three
sources could probably be processed through classificatiors into an
acceptable gradation. If the quantities of concrete would not
justify importation of a ciassification p:ant, the Chakachatna River
material snows the most favoraole natural gradation of sand. Use
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Tabie 3.3
A TIYPICAL BASE COURE
"_\ (Stata of Alaska b'-i Specification)
Selva Percent Passing
" 100
/¢ 7¢-100
38t 50-80
M 35-45
. ua 20-50
iy 440 8-30
1200 0=-6
Crushed Particles 70% + #4 single face
Source: DOTPF 1981 Standard Spacifications for Highway Construction.
R Table 3.4
e TYPICAL RAILROAD BALLAST
S aska Raiiroad G-2
N . At least 703 of matarial coarser than #3 saive should be crushed.
‘ ; Seive Parcent Passing
o B 1 100
. m 65-100
BN . Ly 35=-75
N 84 10-35
a8 0~10
. . 418 0-5
vy Crushed Particles 21-80
A Source: Tvpleal Alaska Railroad Construction Specification.
3-51
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of waste materials from one product In another product can im-
prove the econaomics of aggregate production, and could have an
affect on selection of the plt site.

GEOLOGIC HAZARDS

Selsmicity

The Cook Inlet-Susitna Lowlands, the setting for the proposed pro-
ject, are included in a region of great seismic and volcaniz activity
associated with the subduction zone formed as the Pacific Ozean plate
dips below the North American plate. Features of this collision zone
include the arcuate Aleutian Island chain of volcanos and many, but
not all, of the recorded large seismic events in Alaska.

Major fault systems have been identified In the general area Figure
3.22, and Include tha Aleutian Megathrust (subduction zone), Castle
Mountain, Bruin Bay, Lake Clark, 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 systam are not well known due to the relatively short
length of record, which is generally the vase throughout Alaska.
Since 1899, nine Alaska quakes have exceeded Richter magnitude 8,
and more than 60 have exceeded magnitude 7, Thirteen earthquakes
of magnitude 6 or greatar have occurved in the Cook Inlet region
durlng that time. The general project area lies at the border be-
tween Zones 3 and 4 in the 1979 Uniform Buiiding Code, but his=
torical seismicity indicates a high leve! of seismic activity for all of
upper Cook Inlet.

¢ Aieutian Megathrust

The subduction zone between the North American and Pacific
Ocean tectonic plates is topographically expressed in the North
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Pacific by the arcuate Aleutian Island chaln, 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 shaliow (10°) angle of thrust is
inferred from hypocentral locations and fauit plane solutiuns of the
earthquakes that continusily 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. it is further
thought that these segments are tectonically independent. There
has been a tendency for the hypocenters of large earthquakes to
occur near one end of these biocks, and for the accompanying
aftershocks to spread over the remaining portion, so that Juring
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 {MLgreater- than 7.8) since
the late 1930s. The most recent great event was the 1984 Prince
Willlam Sound earthquake, which was the largest ever recorded on
the Morth American continent (ML = 8.3 to 8.8). it is believed
that this activity is typical rather than atypical for the area, and
that future earthquakes of magnitude 7.9 or larger can be ex-
pected along the megathrust.

Continual motion along the thrust system produces a large amount
of regional subsidence and uplift due to plate warpage, and is
responsible for the orogenesis (mountain bu!lding) for the region.
The proposed plant site lies outside the zone of major vertical
movement producea by the 1964 event. Although large displace-
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ments of 35 to 50 feet were noted elsewhere in Alaska, anly about
one foot of wvertical displacement was noted by residents of
Shirleyviile, a8 small settiement near Granite Point.

Castle NMountain Fault

The propaosed 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 faults. Continuity of these faults has been
inferred bv gravimetric methods, but no surface expressicns tie
them together.

The Castle Mountaln Fault has been classified by various investi=~
gators as bath a right-lateral strike slip fault and a steeply
dipping reverse fault. Right-lateral slip was observed in Creta-
caous unrits, and dip=-slip motion has cccured since Miocene time.
Schmoll 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 generally

is small (ML = 3.0 to 4.5), and their focal depths are shailow--
generally iess 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
lacation.

The Castle Mountain Fault is capable of producing a magnitude 8.0
sarthquake based on its length of about 215 miles (exclusive of
the Lake Clark Fauit), 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 {5chmoll, et al , 1981).

The activity of this fauit system has not beern established in
Recent time, but Tertiary movement is suspected. WMore 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
aiso postulated that the Lone Ridge lineament belongs to the Lake
Clark system {Dettermzn, 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 iniet from
the proposed site and forms a boundary of the Cock inlet low-
lands. A magnitude 7.0 earthgquake bas been estimated to be the
maximum expected for the Border Ranges Fault, but little physical
evidence is available concerning its activity. No fault movement
has been documented for the past 10,000 vears near Anchorage,
suggesting that part of the fault is inactive,
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Seismic Design Considerations

Seismic consideratlons significantly affect tha design of structures

"in the Cook Inlet region. Risk ctudies based solely on historic

seismicity in the upper Cook Inlet region (Anchorage and vicinity)
ind.cate peak rock accelerations of about 0.4g have a 10% chance
of exceedence In 50 vears, 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 values
should apply to adjacent areas including the plant site. The fea-
tures which contribute to seismicity indicate that a 7.5 magnitude
earthquake wowld be reasonable for a closely occurring earth-
quake, and an 8.5 earthquake may be expected from a distant
earthquake attributable to the Aleutlan Megathrust or other large
fauit., 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 prabability of occurrence. Boore
{Boore, et al., 1978) indicates ‘that peak accelerations of 0,8 to
1.0g would l:;e expected from major activity on the nearby fauits,
such as the Castle Mountain or Bruin Bay fauit.

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" should
differ for near and distant sources, i.e. a higher frequency con-
tent Tfor close earth;:uakes 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 interactlon. 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 greund metion should be performed for the site.

The dense soil will offer axcellent protection against liquefaction
or subsidence since 1t Is already near its densest condition. Peat
in the area may contribute to amplified ground movement during
earthquakes if it Is Intorporated into foundations or if it underlies
filled areas.

The effects of seismic motions may inciude some slope Instzbility,
but conly 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 1954 event except for areas along
the beach and rivers which had been over-steepened by erosion.
Slope fallure did occur during the 1964 event along the steep
biuffs northeast of the site. The proprietor of Shirleyville indi-
cated that his house was camaged by an earthslide which cccurred
soon after the 1964 earthquake, but that the slope was stable
during the event. Frost and water may have contributed to this
phenomena of delayed slope failure. However, it must be con-
cluded 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 year due to erosion or due to shailow, slump type fail-
ures regardless of earthquake activity.

The bluffs adjacent to the plant site appear to be stable far al
expected earthquake accelerstions, provided large toe cuts are
avoided and large loads are not applied at the toap of bluffs.
Some smali, locally aver-steepened siopes uxirt, but these areas
cou!d be avoided or cut to a stable configuration.
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Ground. Fallure

Local ground subsidence is not likely due to the dense state of the
scil 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 paossibly the location
and alignment of Its surface expression. Since peat in this area is
saturated, an investigation using trenching would be relatively dif-
ficuit 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 faulting as
inferred by linear features, such as Congahbuna Lake,

Landslides

Landslides in .he 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 actinn 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 coal blocks lie in a random oriéntation in rela-
tion te the surrounding insitu coal beds. The Capps Glacier slide is
active with the most recent movement observad cccurring 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) indiczted the strength index test on unconfined compres-
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sive strengths on a drill hole made In the Capps Fietd 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 reconnalsance by DOWL Engineers {1981), the observabie
surface outcrops in landslide areas are lcw-grade sedimentary rock
which is slightly to pooriy cemented and friabie. (t 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 blacks of coal
fall into the stream channels. '

Voicanos

Five active volcanes 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 mlies from the proposed plant
site near the Capps Glacier. Mc. Augustine, located in south Cook
Inlet near Kamishak Bay, is considered potentially explqsively erup-
tive and is under observation by the USG3. The USGS shouid be
able to provide warning if activity becor.es imminent

Volcanic deposits of 1 te 2 feet of ash from numerous eruptions were
found in the vicinity of the preposed piant site, and these deposits
are belng mapped to determine historical wolcanic activity in the
region. Tha most recent ash fall at the proposed plant site occcurred
following the eruptior of Mt. Augustins in 1976.

The wvolcanics in the Beluga area are Miocene or younger in age.
The Capps upland is covered by a reported § to 100-foot thick cap of
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glacial titl 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
Katinai, in ‘912, 240 miles south of Beluga, produced an ash and
sand flow of nu’ee ardente origin which formed sandv tuff 100 or
more feet thick over 53 square miles. One such ash fall aiso covered
an observable area of six miles, and likely much more. in the Beluga
area. Flera prints of plant leaves are easily observed at the base of
the ash fall, The ash fa!l has been described as a lappiili (composed
ef wvolcanic ejecta 4mm-32Zmm in diameter). Lappi!ll was observed,
during fie'd studies by DOWL Engineers, near the uplands at the
2,400-feot elevation and on banks of the Chuitna near Botts Creek at
elevations of 750 to 8Q0 feet. In becth areas, the volcanic ash tuff
overlies a coezi bed ranging in thickness fram 2 few feet to 7% feet
where sasiiy observed.

Tsunamis

Tsunamis are great sea wavas most often caused by rapid venrtical
displacament of the ocean fiocor or submzrine landsiides. 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 Mrince William Sound earthquake produced
a 4-foot-wave at Saldovia. These locations are 70 to 90 miles from
the proposed sita.

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

No permafrust was detected in any of the borings. In addition, sur-
face reconnaissance indicates little evidence of shallow permafrost. It
s also unlikely that this south-facing area has deep permafrost.
Sample temperatures were at or above 42°F, but some sampie heat

gain 1s usually associated with auger drilling. The upland areas may
have some permatrast present but this {s not confirmed.

Additional Geologic Hazards

Slope stability in the plant and town site areas is good, but slopes In
tne vicinity of the preoposed construction dock are generally unstable
and may require stabilization.

Other hazarus wers noted by Schmol: (USGS, 1980) in his preliminary
report regarding the surficial geclogy of the ares. Gravitational
spreading of surficial deposits which produced graben-iike features
was noted along the Nikolal escarpmerit. Howewver, this areca is about
10 miles northwest of the proposed plant in an area of much steeper
=5carpments than found in the areas of the plant and town sites.

Voleanic clasts were okserved within a few miles of the piant sita and
may indicate an unsuspected level of volcanic activity, or they may
represant glacially transported wvplcanic debris. Additional investiga-
tion t2 determine the origin of this material should be considered.

The mountains north and wast of the project site are extensively gla-
ciated, among them being the Capps and Triumvirate glaciers. The
glaciers present no faoresesable hazard to the higher portions of
Nikolai margin, but the Triumvirate Giacier forms a dam creating
Strandline lLake which then empties intg Beiuga River. Glacier dams
can be unstable and have caused numerous floeads, but a flood of this
nature would not affect the proposed plant, town, or dock sites.
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HYDROLOGY

GROUNDWATER

Intraduction

The availability of industrial quantities of groundwater in the study
area Is dependent on the existence of fairly extensive deposits of
highty permeable granular materials which contact areas of high re-
charge capacity. The Chuitna River, aithough currently cutting its
way through consoclidated formsations, 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
Nikolal Creek to the Beluga Lowlands the unconsclidated formations
consist predominantly of Impermeable glacial till with scattered and
isolated deposits of sand -- ranging from siity sand ta gravelly sand.
As a result, production of previously drilled wells in the general area
ranges from 0 to 50 gallons par minute (gpm). The only well of 500
gpm or mare we know of in the Belugs area is at the Chugach Elec-
tric Association pawer plant. The vicinity of the Chakachatna River
appears favorable for high groundwater production, perhaps 1,000
gpm or greater, due ito 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 toc of the escarpment near the town site.

1T Is ageinst 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 methanoi 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
2t-mile radius oV the proposed plant site. However, it was felt
that if an extensive shallow gravel or coarse sand aquifer existed
In the Nikolai flats area, the creek would pravide 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 tawn or plant sites, it was decided to
drill the test well near the logging road bridge approximatety six

" miles upstream from the plant site. It was felt that specific test

information from this site could be combinzd with other generalized
sources of subsurface Information of the area to provide a rea-
sonabie indication of the garoundwater potential in similar
areas of the WNikoiai flats nearer the proposed tewn 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 hules were drilled, Test Well #i and Weil #3, which demon-
strated that, at least in the area of the bridge, no such aquifer
exists (Table 4.1). This verifies the surficial geslogic 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 underiie the general area.
These formations begin at a depth of 55t 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 7% and 150 gpm, respectively, it was found that
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Table 4.1

TEsT WELL #1
SUMMARY OF DRILLER'S LOG

Drilled 5/16/81 10 5/19/81 « 8y M-w Driiiing

Depth (Faet) Bescription
0.0 - 0.5 Fily
0.5 - 24.0 Silty Gravel with water
24.0 - 40,0 Gravally Siit = 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 Gravally Sand with Watar - Flowing
213.0 - 217.5 Siity Sand with Water - Flowing

Scresn was Installed frem 182 to 200 fest and the wall was surged
224 hours. Tha water would not clean Up. The waell was pumped
ons~half hour at 180¢ gpm with a drawdown t 150 feet. Ths esti
matad sustained well capacity at this depth interval is about 10Ct
gPm. There wss an artesian leak around tha casing at 75& gpm
which was uraffected by pumping from the scresned irtervai. The

leak was sealed by grouting. The static water level was calculated
at 73 fest abave the surface.

4=4

i

I
o

i ;.nh‘a&-&‘-&:&*’{‘};ﬂ: X




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

Tast Well #2 was located near the Congahbuna drainage so that
any shatlow 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. However, it is ex-
pected that the production potentiai of that aquifer would be rela-
tively insignificant, belng limited by the availability o excess
water in the Congahbuna drainage system. This water-beaaring
formation was not tested. From 328 to 395 feet, a water-bearing
silty gravelly sand was encountered which has a static water level
(artesian pressure) approximately 25 feet above the surface. A
screen was installed in that formation and a 24-hour pump test
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[1cu.coppar. £0.95 [Jzn,Zinc <0.05 0l
{jFe,Iren <0.05 LJ2r ,2irconiym <0.05 )
- L 3 * * * [
[IHg Mercury £0.10 [ Jamonia [Jmmhos Conductivity 140
Nitrogen-N
[I%.Potassium 1 [IRjedanl {JpH Units 3.5
Nitrogen-N
[ Mg, Hagnes fum 3.4 [WMiditrate-N £0.1 [JTurbidity NTU
(I¥n Manganase <0.05 {INitrite-N, [JColor Units 5
[IMa,Molybdenum 0.0 [JF!&?sgm’:rgs {I7.Coliform/100m1
tho) -
[Jna,Sodium 12 [IChloride 3 0]
[JuiHickel . <0.95 EIFlucride <1.10 0]

FIGURE 4.2

GROUNDWATER QUALITY




Tabie 4,2

JEST weLL #2
SUMMARY COF DRILLER'S LOG

R ————————

Driiled 5/20/81 to 3/29/81 - By M-W Drilling

Depth (Faer z’ Description

0.0 - 4.3 Fil}
4.0 - 2.0 Silty Gravei
20.0 ~ 4.0 Silty Gravel - Damp
40.0 ~ 54.5 Lase Gravel with Water - Blows 30gpm
54.5 - 85.0 Gravelly Clay = "Hardpan®
v 85.0 - 92.0 Silty, Sandy Gravael
( ' ga.0 - 283.0 Gravelly Clay with Some Bouidars
293.0 - 297.0 Sitty Coarse Sand with Watar ~
Blows 3 gpm @ 293
297.¢ - 328.0 Gravelly Clay
328.0 - 395.0 Silty Gravelly Sand with Water
895.0 - 405.0 Clay

Scresn was installed from 353 10 385 feet and the wall was surged for
27 haurs, which was acagquate to clean up the wall. A 24<hour pump
tast at 149 gpm caused drawdown to 102* fest. The well was grouted
at the surface (thers was no artesian leak). The static lavel was
calculatad at 25i feet above ths surface.
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was performed to determine the production petential. The test
showed that the transmissivity (T) of the aquifer in tha area is
quite low (2,380 gallons per day per foot [gpd/ft]) (Figure 4.4).
After 8 hours of pumping, the test salso indicated that the cone
of influence encountered a majur ‘mpermeable boundary, recucing
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 plant site
location.

Existing Uses

Small domestic wells serve the Union Qil Company and ARCO
facilities a1 Granite Point; the Kodiak Lumber Mill camp near the
North Foreland, and the Chugach Electiiic Association facility at
Beluga. None of these wells is nesr enough the proposed project

to be influenced by withdrawals there. Other than thase wells,

the groundwater rescurces in the Beluga region are virtuaily
untapped

SURFACE WATER

Existing Sources

o

Lakes

Numersus shallow lakes dot the i{andscape boetween the Beluga
River to the north and the Chakachatna River tg the south
(Figure 4.5). Of these, the largest s Congahbuna Lake located

Just north of the proposed plant site. Some consideration was
given to the possible use of Conganbuna 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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o

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 the Chuitna River that most likely would be directly
affectad by the pruject, the total project area inciudes several
drainage systems including the Beluga, Chuitna and Nikolai. As
part of the 1980-B1 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 Table 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 4.17.

The current field progrim will permit the generation of rating
curves for the wvarious staff gauge locations and provide a first
look at averall contributions of tributaries and greundwater flows
to major stream courses. An example of such a rating curve fer
ane stream is shown in Figure 4.7, Precipitation data and addi-
tional discharge measurements would be required before the

hydralegy of the region c¢an be more accurately described.

Additionally, two sites (Nikolai Creek and Upper Chuit Creek) are
being menitored for stream temperature and flows on an experi-
mentat 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 avaiiable.
An example of the type of data being recovered from this program
is shown in Figure 4.8.
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RLUGA HYDROLOGY STUBY PAGE }
PREPARED BY DRYUEW & LARUE FOR DOML ENGCINEERS 16-ALG-BI1
NIKOLAT CHEER STAKT TIME 04/03/81 12:00 (NIKGS4 .POD )

PRESSURE - INCHES H2D TEMPERATURE-DEG C STREAM GUAGE FPLOW
DATE TINE AVG RIN HAX RVG MIN HAaX READING  (FT) (cfa)
Rl mME ST ST oo -2oa —_—um Saax 2u= .43 L+
0&4703/81 12:00 15.8 0.7 17.5 9.0 4.3 20.5
046703781 14:00 4.4 13.4 1S.1 4.5 6.0 4.3
¢5/03/81 20:Q0 12.7 12.0 ,13.4 4,0 6.0 &.0
04703781 24:00 1.4 1.3 12.90 4.0 5.0 4.0 13.75 205%
04/04/81 04200 11.6 11.3 12.0 4.0 &8 4.0
.. jf4/C4/81 08:00 12.3 12,0 12.7 6.0 6.0 4,0
( 06/04/81 12:00 27 12,3 13.0 6.9 4.0 4.0
04/04/81 18200 11.46 11.0 12.3 8.9 6.0 4.5
04704731 20:00 10.4 2.2 11.0 8.5 §.5 4.5
06,/04/81 24300 9.9 ?.5 9.9 6.3 6.5 [-T%-1
056705781 04:00 10.3 2.9 10,4 6.0 5.0 8.5
C4/05/81 08:00 11.0 1.3 11.3 8.0 8.0 $.0 -
06705/81 12700 11.6 11.3 11.4 §.0 4.0 8.9 13.70 205 % H
06/705/81 14:00 11.0 10.2 11.3 §&.0 8.0 6.5
06/05/81 20.00 2.6 7.3 10.3 7.0 4,9 7.0.
§/05/81 24100 2.3 8,9 2.3 7.0 7.0 7.0
* from rating curve
*4 meagured
_ TYPICAL DATA RECOVERED FRCM DATAFCD EXPERIMENT
FIGURE 4.8 . (NIKOLA! CREEK)
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The existing fleld 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,

Fallowing the compietion of the 1981 field program an evaluation of
the program will be made and a scope-of-work for 1882 will be
preparad. This scope-~of-work will be coordinated with other field
programs inctuding the collection of climatic data and the initial

analysis of groundwater with particuiar referance 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 alluviums 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 wvolume is approximately 500 million gal-
lons). The plant discharge wouid bhe 95°F. Analysis indicates that
the surface area of the laka 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
wauld cool the thermal discharges to only 81°F in the colder winter

4-31

L L Ll

RNy =

;
!
ﬁé .
3




) IR s en e 4w kT b8 B

CHEMICAL & GEOLOGICAL LABORATORIES OF ALASKA, INC.
\‘ TELEPHONE [PO2). 2704014 ANCHMORAGS INDUSTRIAL CENTEM
N " 2743354 5623 B Strert
J AMALYTICAL REPORT
o wstoueR_DOWL Engineers SAMPLE LOCATION: 2)aska
SR FOR LAB USE OWLY
: IRTE COLLECTER S-5-81 TIME COLLECTEp: 1315 Hrs.  Recvp,BY__GY LAD #_i432-
e SAMPLED 8Y__ EWT SOURCE.__Jos Croek DATE RECEIVED__ S5:6-81
"t\ ) ErArks____DOWL Engineers - DATE COMPLETED_ _5-18-BL
?: “\‘ Beluga Methancl Pruject 0. TE REPORTED__ 5~18-Bl
R ATTN: rzd ' -
Tk sncusn@giura_gfpéfaﬁ
IR I mg/1 rg/l L1498
- &1 . "Jag,Silver, <0.05 [ 1P .Phosphorous, <093 [JCyanide,
o “JA1 , Atumtnum 0.7 {IPb.Lead <0.05 [Isulfate <
) JAs Arsenic <0.01 []Pt.Platinum £0.05 {iPhenol
"Jhu,Gotd <0.05 C1sb.Antimeny <0.20 {1Total Dissolved._ .59
, Solids
( .]e,saron <0.05 [1se,5elenium <0.01 [];oﬁ; &
Y *] 5
‘ '\ 13, Barium <0.05 [1s1,5111con 10 [ JSuspended 19
] Solids
s 381, 8smuth €005 [15n.Tin <0.10 [Volatile Sus~
“ pended Solids
: Jeu, Calcium 2.5 []Sr.St.'ontwm__E.L'_o.s__. [J4ardness as 17
caC
Jcd, Cadmium £0.01 [1Ti,Titanium <0.905 [Ja kg?inity as— 8
taco :
JCo,Cobalt €0.05 (J¥.Tungsten <0.05 []Bg.:z%u.im____o_&z_'f
Jer Chromium____€0.05 . []v,Vanadium <, 05 [1—
]cU.Cnpp!r <0.05 [JZn.ziﬂg <0.05 [3
Jre,lron 0.38 C1Zr.24rconium <0.05 ]
- * * L3 ®
- Hg Mercury <0.001 [ JArmonia <7.05 [lmnhas Conductivity
. ) Nitrogen-N
N % Potassium <1 {1oxrganic 0.58 {1pB Units
: . Nitrogen=H
R g, Magnesiur 2.3 (INitrate-N 1.8 [(JTurbidity NTU______ 2.2
RS JHn Hanganese, <0.05 CINftrite-N <0.01 (JColar Units 0
: JHo Holybienum___<0.05 []Pla?s‘plh?r;'t <0.05 {IT.Coli form/1G0mY
DR tho}-
Jna . Sod§um 2.4 [(IChloride <10 ]
44, dickel <0,05 [IFtuaride <0.10 @]
'l
S ( FIGURE 4.9 | TYPICAL SURFACE WATER QUALITY ANALYSIS
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Table 4.12

WATER QUALITY COMPARISON
GROUNOWATER & CHUITNA RIVER

{Concentration mg/2)

#1 #4 #3
Parameter Well Pad Chuitna Rlver Haluga Statlon

~Bicarbonate 390.0 7.0 112.0
Calelum 89.0 6.4 8.9
Chlaride 2.4 a.1 6.3

Copper 0.001 0.002 0.003
Fluoride 0.2 ¢.1 0.2
Dissalved 1ron 6.2 0.4 1.5

Species | Laad 0 0,003 0

Magnesium 16.0 3.3 4.6

Manganesa 1.1 0.09 0.06
Potassium 7.6 1.5 2.7
Silica 39.0 18.¢ 54.¢
Sedium 13.0 15.0 27.0
-Sulfate 2.2 2.9 4.9
Tetal Hardness 290.0 32.0 1.0

Corrosion Index* 0.t2 ¢.05 0.20

*me/g (C17 + §0,27), Greater than 0.7 indicates corrosive
tendancy.

me/2 (Alkaiinity as CaCOj)
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Tabla 4.13

SEBIMENT SAMPLES ANALYSES

Coarse Meadium Fine
Sand Sann Sand Silt
% % 1 1

1. Alluvium, Chuitra River, below 25 1] 10 5
Wolverine Fark i
2. Tertlary sediments in vailey walil, 40 30 L) s 1
Chulitna River baslow Wolverine Fork }
3. Alluvium, Chuit Craek, just above 40 S0 7 3 3
Chuitna coal lease area :
4. Tertiary sedimants in valley wall, 20 20 50 10
Chuit Creek just above lease arsa
5. Alluvium, Chuit Creak, near B> o= JE= 1
junction of Chuitna River
6. Allyvium, Capps Creek, near 5 S0 a0 S
junction of North Capps Crask
7. Sand dune, above Tertiary sedimants 30 30 30 10
in vallay wall, North Capps Crask
naar junction with Capps Cresk i
8. Alluvium, Stedatra Cresk, in 20 26 25 5
canyon belaw logging road
9. Unconsolidated deposits, valley 20 1% g0 18
wall above Stedatna Creek in canyon
10. Alluvium, Congahbuna Creek, at &0 20 17 3
logglng road crossing below lake
11. Alluviym, Congahbuna Crask, near 50 30 15 5

junction with Old Tyonak Creak

12. Alluvium, Oid Tyonak Cresk, near 40 25 a2z 3
junctien with Congahbuna Creek

13. Alluvium, Nikolai Creek, at 85 3qQ 14 1
logging road bridge

14. Beach sand, Nikolai Creak, at = 10 80 10

lagging road bridge

Coarse Sand =2 0.02 - 0.08 inches diamater
Medium Sand = 0.01 - 0.02 inches diameter
Fine Sand = 0.0025 - 9.01 inches diametar
Silt = less than 0.0025 Inches diameter

Mainlv quartz, lesser feldspar and dark minerais, angular to sub-ound
= Mainly gquartz
% Malnly quart2 and feldspac
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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

approximately 1,000 acres, nearly four times the area of Congahbuna
Lake.

Further consideration should be given to develeping a plant water
source from Nikolai Creek In the vicinity of its junction with Stedatna
Creek. An Infiitration gallery in this location coulu conceivably pro-
vide adequate water to the plant without any impact on the upstream
fishery. ’
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Chuitna River
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