
general ly in tho range of 4,000 to 8,000 Ibs. per square foot f o r  

spread foot ings .  S tab i l i t y  of the dense soil is good+ and the 

l iquefaction and sett lement potentials are low. 

Extensive cobbles and boulders found there  would create moder- 

ately d i f f i cu l t  excavat ion condi t ions,  bu t  cuts and exposed slopes 

would be stable at  re la t ive ly  steep angles. Precautions to p reven t  

boulder sl ides should be provided d u r i n g  excavat ion.  Slope s ta-  

b i l i t y  is good, and only the small slopes along streams which have 

been over  steepened by erosion present  s tab i l i t y  problems. These 

areas may be cut  to a stable conf igura t ion or  avoided ent i re ly  w i th  

only a small loss of  are~. Removal of the surface peat and s i l t  

near b lu f fs  would contr ibute to increased water in f i l t ra t ion  and 

may possibly increase b lu f f  erosion. 

Dock Site 

o Tol0ograDh~ 

Topography at the proposed dock area consists of a narrow (200 

feet or less), level beach which is submerged or only a few feet  

above water dup ing extreme high t ides,  The shore slopes south-  

ward at a rate of  about 20 to 40 ver t i ca l  ?eet per mile. B lu f fs  up 

to 120 feet  h igh w i th  slopes of 30 ° to 40 ° border  the beach s t rand  

on the no r th .  The bluf fs are cu t  by  numerous small streams 

which have formed narrow channels. Ground surface above the  

blutl's also slopes to the south at about  50 fest  pe.- mile. 

The b lu f fs  are cont inuously  eroding and the t o t  of the slope of ten 

has deposits formed by erosion debr is  o r  slumped maJ:eriai. Th is  

material forms a bench about 10 to 30 feet  above extreme high 

water. 
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o Subsurface Co~ditions 

A thin layer of soft gray silt covers the beach between mean and 

low tide levels. Three test borlnt;~ and two probes indicate that 

soft or loose deposits of silt and sand extend to a depth of about 

15 feet, below which is fotmd very dense silty sand (Figures 3.15 

and 3.16) The very dense material resembles the material of the 

Nikolai moraine which has been mapped as extending across Cook 

Inlet. The borings indicate that only a relatively thin marine 

deposit covers the very  dense material of the moraine. A leg for 

the boring Test Hole 2 is shown in Figure 3.17.  The marine 

deposits contain fine sand, silt, and clayey silt. The silt resem- 

bles rock flour, being generally nonplastic and only slightly 
compressible (C c = .1 ) .  

Doc.__.kk Construction 

The soils in the proposed dock area have excellent bearing capa- 

city below the Recent soft, loose marine deposits (Figure 3.16) .  

However, boulders are present and may create difficult pile 
driving conditions. 

The existing beach is narrow with little or no back beach area, 

and lack of space may limit the amount of activity near the dock. 

The beach is generally only a few feet above extreme high water, 

and portions of it may have to be raised to provide protection 

against high water. The bluffs which border the sloe on 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. Tile bluffs are composed of very  dense, granular 

material and shoul~ be stable at about a 1~:1 slope, provided 

water is prevented from eroding the bluffs. 
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. .  Erosion of the beach appears to occur at a rats of about 2 feet 

per year  as shown by aerial photographs.  Dock strUctures would 

need protection from tidal cur ren t ,  ice scour,  and wave action. 

• Protection In the form of r iprap could be provided from several 

sources. Boulder dapuslts occur on-si te  and appear to be wide- 

spread,  but their  qual i ty  and quant i ty  are unknown.  Quar ry  

sites contain ing volcanics and in t rus ives  o~" Jurassic time exist  at 

e levat ions above the outwash /mora ine  plat=~u and at var ious  Iota.. 

tions i;hroughout Cook Inlet .  

Transportat ion Corr idor  and Mine Areas 

The proposed mine sites include the Capps coal f ield area and the 

west half of the Chuitna co&l f ields (Center  Ridge) .  

o "l'opography o_~f Min_...ee Areas 

The topography in the Capps and Chuitna coal f ields includes 

areas of signif icant mass wasting potential due to water runoff ,  

f rost  action, slope and otller natural  features.  The ground suP- 

face i~ covered with many small hummocky hills indented with small 

c irques.  The surficial  features (pat terned ground)  indicate sur -  

face frost action is occurr ing pr imari ly  in the uplands.  The 

presence of permafrost in the Capps coal field area is highly 

possible. Dur,'ng hand probes,  several samples obtained below 5 
feet in depth were very  cold to the touch. 

o Surficial  Conditions at Mine Areas 

( 

The ground cover within the area of the Capps and Chuitna coal 

fields consists of a thin layer of moss, grasses, wild flowers and 

low woody plants.  Field observations noted a cyclic bu i ld -up  of 

surficial soils. The mosses are gradua! ly  covered by wind-blown 

sands and /or  volcanic ash. Figure 3.18 i l lustrates a typical shal- 

low soil profi le of the Capps area. 5oils tests show the sands to 
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( 
be well -sorted with 68~ retained between the #40 ¢nd #200 

screens. A grain size analysis of the ash shows 48.5~ is sand 

and 41.6~ is minus #200 grain size. 

o Transportat ion Corr idor  

The transportat ion corr idor  traverses the upland tundra of the 

Capps Field area,  passes through the transit ion zone between the 
tundra  and mixed high brush where the Chuitna Field is Iocatad~ 

and enters the lower elevation which is dominated by mixed high 

brush /spruce  and hardwood forest area near t idewater.  

. 

The surface vegetation changes from grasses and moss to aiders 

and grasses with root systems which extend 18 inches or more. 

The topsoil here has developed to a greater  extent  than the soils 

of the Capps area, however,  it  is still bisected with layers of 

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

o Trafficability_ 

The t.~afficability of the upland Capps coal fiel¢: area is v e r y  poor. 

La /ered  organics and volcanic ash have bEsn observed in recent 

field reconnaissance to range from a few feet to more than six feet 

in depth.  In addit ion,  the groundwater  table is relat ively h igh,  

having been located in several test probes at depths from 20 to 60 
inches. 

Construction Materials 

C 

o Surficial Geo~ogv. 

Subsurface soils investigations were performed in the proposed 

plant and town sit¢s and surrounding areas in order  to observe 

the cxlstitqg soil conditions, and to determine on-site aggregate 
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. sources. The  investigation was confined to exist ing roads and 

accessible logging trai ls in the plant  and town site areas. Random 

grab samples were also taken along the t ransportat ion corr idor .  

• Suff ic ient  quantit ies of on-si te  aggregate resources for use in 

concretes bituminus paving,  rai lroad ballasts and classified fill do 

not appear to be present within the immediate plant or town sites. 

I t  is suspected there are moderate quantit ies of on-s i te  aggregate,  

but  the quantit ies 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 or ig in.  The glacial deposits are general ly 

div ided into two types:  T i l l ,  nonstrat i f ied d r i f t ,  and moderate to 

well bedded diamicton; and str~.tified dr i f t .  The til l  is considered 

to be a d i rect  glacial deposlt and the strat i f ied dr i f t  is considered 

to be deposited by a f luid medium iess viscous than glacier ice, 

i .e .  water or air .  

Two distinct kinds of glacisl ti l l  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, i t  appears to be unsorted,  v i r tua l ly  

unweathered material containing all particle sizes. Boulders 10 

feet  or more in diameter are scattered ~-;rratically on the ground 

surface. Rock fragments are of all sizes, are angular  to sub-  

angular ,  and contain some subrounded part icle shal~-:;. Li th-  

ologically, the parent  material is pr imari ly  volcanic,  ranging from 

non-vis icular  to visicular  in textures with l i t t le visible matr ix .  

The  upper soils often exhibi t  a si l ty sandy matr ix ,  which may 

contain some organics leached ~rom the surface organic soils. 

A second type of glacial till is found below the upper  t i l l .  I t  is a 

poorly sorted,  silty gravel ly  sand mixture,  wit~ occasional angular  

to subrounded cobb!es and boulders.  This ti l l  appears to have 

undergone a higher degree of weathering than the over ly ing t i l l .  
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Various amounts of soil strat i f icat;on were observed along road 

cuts and in pits.  General ly the deep soil Is considered to be non- 
strat i f ied to modera¢ely strat i f ied and has been mapped as "ground 

moraine deposit  - -  pr imari ly  diamicton ~'. 

There  are areas on the plant site where strat i f ied til ls are  pres-  

ent.  These deposits general ly  cap small knolls, eskers ,  and 

kames which are characterist ic of  the moraine topography.  Most 

sites have a l ready been scalped to build access roads for  removing 

t imber.  The  soil below this shallow surface material is a t i l l  com- 

posed of silty~ gravel ly  sand. Poor accessibil ity caused by  deep, 

soft peat prevented investigation of many of the potential aggre-  

gate source areas.  

Random aggregate samples were taken at road cuts and existing 

gravel  pi ts,  both on and off the site, but no signif icant sources 

of aggregate we.'e found.  The search was extended to the Chack-  

achatna River' area and the lower reaches of the Chuitna River .  

Tk.~ Chui tna River  area has had l i t t le glacial act ivi ty and general ly  

contains coarser material than the moraine areas. 

Potential aggregate sources were examined as a part Gf this study. 

The Chakachatna r iverbed and the  accompanying old stream char,~- 

nels were considered. The sample tested w~s taken near the 

existing br idget  however similar material was observed about  four 

miles east of the r iver .  Other  potential  materlal sources include 

the exist ing pit  at Tyonek~ and Test  Pit 6, where sample 1 which 

is representat ive  of on-site materi31t was taken at a depth  of 4 

feet (F igure  3 . 7 ) .  Nearly unl imited quanti t ies of material are  ex-  

pected to be present in the Chakachatna River area but  on-s i te  

quantities are expected to be severely limited. Gradations of the 

samples tested are shown in F igure  3 .20 .  The Chakachatna River 

sample was not entirely representative of the material in the field, 

because the natural deposit contains an abundanc~ of large gravels 

and cobbles not reflected in the sample. 
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A !Imited soils testing program was conducted in August 1981. 

Samples were obtained in the Capps Field area from exposed 

glacial till and volcanic ash. G i'aln size analyses were performed 

'on the sand ~nd volcanic ash, and Atterber0 Limits were deter- 

mined for the volcanic ash. In addition, a Los Angeles Abrasion 

Test (American 5ociety for Testing and Materials [ A S T M ]  C131-55, 

grading E) was performed on a 3ur?ace grab sample of the gla- 

cially deposited volcanics in the Capps uplands. 

The grain size analysis on the sand revealed a well-sorted sand 

with 6896 retained between the #40 and #200 screens. This, in 

combination with field observations, indicates the mode of del0osi- 

,ion was by wind. Because of the dark color of the sand and the 

surrounding dominant volcanic rock type, the sand is most likely 

derived from volcanic rocks and ash. 

The grain size analysis of the volcanic ash reports 48.5~ is sand 

and 41.6~ is minus #200 grain size. An Atterberg test was run on 

the ash# and confirmed it to be non-plastlc. Other volcanic ashes 

in the field were plastic. 

The Los Angeles Abrasion Test on "glacial" till which had been 

reworked by surface run,f1', reported a 15.6~o loss by abrasion. 

This is considered a very  acceptable percentage loss and suggests 

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

constru~'tion. Figure 3.21 illustrates the results of the abrasion 
test. 

o Concrete Aggregates 

The Chakachatna River material shows th~ most favorable grada- 

tion of the three samples tested for both coarse and fine portland 

cement concrete aggregates. Table 3.1 shows the gradation of the 

three samples broken clown on 1~" and #4 sieves. Both fractions 

of the cest sample meet the appropriate ASTM C33 gradations. 
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Table 3,1 

FINE CONCRETE AGGREGATESr It4 MINU~ 

Percenl: Pas31ng 
Chakacllatna 

River "r,vonak P l I :  ~ AS'rM C33 $pecs 

4 100 100 . 100 95-100 
8 87 80 82 80-I00 

18 6a 39 66 50-e5 
30 38 34 46 25-60 
50 19 16 27 '10-30 

100 9 10 11 2-10 
200 5 8 4 0-5 m 

F.M, 2.79 3.01 2.68 2.3-3.1 
A b*orpt;ion 2 • 9 3.6 3.3 - - 
ApDar~nt 
Sp. G. 2.81 2.71 2.76 - -  

~0-3 Is concrete subject of abrasion 

Percent Passi.ng, ASTM C33 
51eve Coareq Concrete A-JQre¢lates t 1~" to ~ Size 467 Specs 

1~" 100 100 100 95-100 
1" 60 86 P7 -- 

3/4" 44 72 71 30-70 
V' 30 45 54 o- 

3/8" 16 30 32 10"30 
N4 0 0 0 0-5 

Absorption 1.6 t .2 . . . .  
Al=~arsnt 

5p. G 2.77 2.69 . . . .  
L.A. Abrasion 26 17 - -  50 Max. 

° ~  
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The oversized coarse gravel and cobbles would be wasted a3 a 

part  of the concrete aggregate operation0 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. I t  has a 

slight excess oP coarse sand in the f14 and #8 ranges, and an 

excess of material passing th~ #Z00 sieve. It is slightly deficient 

in the medium sand fraction passing the #30 and retained on the 

#100. These deficiencies could be overcome by processing the 

sands through a classifying plant and wasting some of the 

unwanted sizes. In the coarse aggregatet 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 f in ish-abi l iW of the 

concrete. There.foret if this source is used it is recommended 

that a large portion of the pea gravel size be wasted from the 

concrete aggregate. I t  may be possible to utilize some of the 

wasted pea gravel in other materials. The Tyonek pit material 

would probably be quite durable ut~der abrasive conditions as 

indicated by its low loss in the Los Angeles abrasion t6st. 

- '~e on-site materiol as represented by the sample from Test Pit 6 

typically is too silty for use as concrete aggregate.  A test sample 

taken Prom an area with lower silt content than typical shows a 

gradation which could be processed to provide satisfactory con- 

+I' 
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crete aggregates. The sand in that sample conforms to ASTM C33 

speclfic=tions 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 

exces~ of the pea gravel sizes~ some ot' which would need to be 

wasted to provide a satisfactory concrete aggregate. 

Coarse aggregate sizes other than l~-inch maximum shown on 
Table 3.1 would also be practical to manufacture from the materials 
investigated. A l~-inc)~ maximum aggregate size would probably 

be economical to produce from the Chakachatna River material, 

while a f iner coarse size~ peri~aps 3/4 to 1 inch nominal, would be 

more practical to produce with the Tyonek or on-site materials. It 

would also be possible to introduce crushed gravel into the coarse 

concrete aggregate. This would give a greater latitude in the 

potential gradations availables particularly with the Chakachatna 

River source. 
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No matter which source is selected for use as concrete aggregate, 

fur ther  testing should be performed to verify the acceptability of 
the source. Particles consist mostly of a mixture of coarse and 

f ine-grein igneous rocks. Certain fine-grain igneous materials and 

glassy igneous minerals are alkali reactive. It is possible to com- 

pensate for alkali reactive constituents i.~ aggregates if their 

presence is known beforehand. Therefore it is recommended that 

atkali reactivity tests be performed on any aggregate source con- 

sidered for use. Also useful would be to produce some laboratory 

concrete test batches with materials tentatively selected for use. 

It would then be possible to check the workability of the concrete 

and the water demandr 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 contemplated, freeze-thaw tests of specimens of hardened 

concrete might also be considered. 
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o Asphalt Concrete Aclgregates 

Table 3.2 shows a typical aggregate grading for asphalt concrete. 

• The material coarser than the 154 sieve In asphalt concrete consists 

mostly of crushed particles. The gradation of the coarse material 

could be controlled by controlling the crushing processr provided 

there is sufficient oversize material to provide a good crusher 

feedstock. The Chakachatna River source has abundant coarse 

gravel and cobbles that could provide large quantities of crusher 

feedstock. The other two sources would have smaller quantities of 

oversize matarialt but probably would have enough for production 

of asphalt concrete in limited quantities. 

It is usually not practical to crush a fine ~sphalt aggregate to 

achieve a desired gradatlont but it is necessary to find a material 

with a fine fraction graded within specifications or to blend sev- 

eral materials to obtain the desired gradation. None of the three 

sources contains a fine aggregate graded entirely to meet the 

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

Table 3.2 

TYPICAL ASPHALT CONCRETE SURFACE COURSE 
(Asphalt' Institute IVb)  

Siev._.._ee Percent Passin 9 

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

#4 50-70 
#8 35-50 

#16 - -  
#30 18-29 
#50 13-23 

#100 8-16 
#200 4-10 

Material coarser than #4 sieve should be mostly crushed gravel.  
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chatna River fine aggregc~.e is deficient in materials passing the 

#50, ~.100 and #200 sieves for use as an asphalt concret;e aggre- 

gate. The Tyonek p i t  material is ~eficiJnt in the sizes passing 

the #50 sieve and retained on the #200 sieve. The grade of the 

on-site material more closely approximates the aspl~alt speclPica- 

t ion, but is deficient in material passing the ~200 sieve. Other 

on-site materials I~ave more material passing the #200 so i t  is 

expected that  a satisfactory blend could be achieved. If either 

the Chakachatna or the Tyonek material were used for  asphalt 

concrete, i t  is recommended that a fine s i l ty  sand or sandy si l t  be 

blended with the natural material to produce a more desirable 

gradation for asphalt concrete. The exact blend would depend on 

which source is selected. The Tyonek pit material showed high 

resistance to abrasion using the Los Angales abrasion test and 

would be expected to prGduce an asphalt concrete more resiste.~t 

to t raf f ic  abrasion than would the Chakachatna matsrial. The 

gradation on Table 3.2 is simply typical of what may bP used ,%r 

asphalt concrete, tt may be worthwhile to test gradations outside 

that  specification, as a wide range of gradations is capable of 

producing acceptable asphalt concrete. 

o Crushed Base Course 

Surfaces which ~re to be paved with asphalt concrete probably 

require a greater quant i ty  of crushed base/leveling c,~urse than of 

aggregate for asphalt concrete. A typical grade'.ion of base/ 

leveling course is shown on Table 3.3. Since i t  is pr imari ly a 

crushed product the gradation of the coarse material must be 

controlled by the crushing process. Efficient materials for pro- 

cessing i~to a base course would be those with a relat ively high 

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

suff icient quantit ics of coarse material would allow material from 

any of the three sources Chakachet.na~ Tyonek or on-site, to be 

processed into acceptable base course material. Some base course 

specifications may allow a larger maximum size than shown on 
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Table 3.3 and some allow a greater percentage passing the ~t200 

sieve. No material with a "D" value less than 50 when tested for 

susceptlbility to degradation during agitation in water according 

• to Alaska Test Method T-13 should be used to produce base 

C O U r S e .  

o Railroad Ballast 

t 
\ 

Table 3.4 shuws a typical gradation for railroad ballast. This is 

an open graded coarse aggregate containing a mixture of crushed 

and na~.ural particles. Any of the three sources considered could 

be used as a raw material source for railro&d ballast. I f  the 

Chakachatne River materlal were used, large quantities of coarse 

gravel and cobbles for crusher feedstoc'.¢ would be available, but 

the number of crushed particles in t.he finished product would 

probably be greater than required by the specification. If rail-  

road b¢llast were be;ng produced from either the Tyonek or on 

site source at the same. time concrete aggregate ~ere being pro- 

duced, the oversize material w.~stecJ from the concrete aggregate 

could be crushed and utilized in the railroad ballast, while pea 

gravel sizes undesirable in the concrete aggregate cou;d be wasted 

frofn the concrete aggregate and utilized in the railroad ballast as 

part of the uncrushed material. 

( 

The relative qu~ntitles of the dif ferent types of materiels needed 

are important in selecting the most practical pit from which to 

borrow. The Chakachatna River material is expected to produce 

tl~e largest quantity of coarse gravel and cobbles for crusher 

feedstock. The other sources would provide larger quantities of 

nat.urally rounded medium-size particles. I f  exceptionally iarg~ 

quantities of concrete were required,  sands from any of the three 

sources could probably be processed through classification into an 

acceptable gradation. If the quantities of concrete would not 

ju t t i fy  import3tion of a classification p,ant, the Chakachatna River 

material snows the most favoraole natural gradation of sand. Use 
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Source: 

Table 3.3 

TVPlC~AI n BASE COURS E 
(State or Alaska D-J Specification) 

.Seiv_.. e ~ercent Passinq 

1" 100 
3/4" 70~100 
3t8" 50-80 
~4 35-65 
~t8 20-~0 

#40 8-30 
;200 0-6 

Crushs¢; Particles 70~, 4. #4 single race 

DOTPF 1981 Standard Specifications for Highway Construct:on. 

Table 3.4 

TYPICAL RAILROAD BALLAST 
(Alaska 'Railroad" G'Z) 

At least 70~ of material coarser Ulan #4 salve should be crushed. 

Sourcs: 

.~slve Percent Pasaln~ 

1~" 100 
I "  65-100 
~" 35 -7S 

#4 I0-35 
~8 0-10 

~:6 0-5 
Cru~he¢l Particles 21-60 

Tvpical A~aska Rai:road ConstrucTion Specification. 
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of waste materials from one product In another product can im- 

prove the economics of aggregate production, and could have an 

affect on selection of the pit site. 

GEOLOGIC HAZARDS 

Seismicity 

? ~i!ili ~ ~, :i 

L 

The Cook Inlet-Susitna Lowlands, the setting for the proposed pro- 

ject, are included in a region of great seismic and volcanic activity 

associated with the subduction zone formed as the P~cific Ocean 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 the Aleutian Meg¢thrust (subduction zone), Castle 

Mountain, Bruin Bay, Lake C!ark, and Border Ranges faults. Each 

of these, as well as other more distant featuresr is capable of pro- 

ducing seismic events, but the frequency and magnitude associated 

with each system are not well known due to the relatively short 

length of record, which is generally the case throughout Alaska. 

Since 1899, nine Alaska quakes have exceeded Richter magnitude 8, 

and more than 60 have exceeded magnitude 7. Thirteen earthquakes 

ot' magnitude 6 or gruat~r have occurred in the Cook Inlet region 
during that time. The general project area lies at the border be- 

tween Zones 3 and 4 In the 1979 Uniform Building Code, but his- 

torical seismiciW indicate3 a high level of seismic activity for all of 

upper Cook Inlet. 

= Aleutian MegathPust 

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 chain, the mountains which 

form the Alaska Peninsula, and the deep Aleutian oceanic trench. 

'l'he subduction zone in this area of the, Pacific is thought to be a 

.shallow, north dipping (reverse fault) thrust  zone termed a 

"megathrust". The unusually shallow (10 ° )  angle of thrust  is 

inferred from hypocentral Iocatlons and fault plane solutiuns of the 

earthquakes that continually express the tectonic realignment along 

the northern limits of the Pacific Ocean Plate. Although a sim- 
plistic interpretation of earthquake epicenters and topographic 
expression implies the Aleutian megathrust is a smooth circular arc 

with a radius of approximately 800 miles (1,280 kilometers) it is 

now believed that the arc is composed of relatively short 3traight 

llne 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 blocks, and for the accompanying 

aftershocks to spread over the remaining portlon~ so that ~uring 

large events strain is released over an entire segment of the 
megathrust zone, stopping abruptly at the discontinuity between 
indlvldual segments. 

Nearly the entire Aleutian Arc between 145°W and 170aE has rup- 

tured in a series of great earthquakes (MLgreater than 7 .8)  since 

the late 1930s. The most recent great event was the 1964 Prince 

William Sound earthquake, which was the largest ever recorded on 

the North American continent (M L = 8.3 to 8 .6 ) .  It is believed 

that this activity is typical rather than atypical for the area, and 

that future earthquakes of magnitude 7.9 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!ldlng) for the region. 

The proposed plant site lies outside the zone of major vertical 

movement produced by the 1964 event. Although large displace- 
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ments of 35 to 50 feet were noted elsewhere in Alaska, only about 

one foot of vertical displacement was noted by residents of 
Shlrleyvil le,  a small settSement near Granite Point. 

o Castle IViountain Fault 

The proposed plant site lies in an area which is near the ends or 

juncture of three major faults,  the Castle Mountain, Bruin Bay, 

and Lake Clark fault,'.. Continuity of these faults has been 

inferred by gravimetric methods, but no surface expressicns tie 

them together. 

The Castle Mountain Fault has been classified by various investi- 

gators as both a right-lateral strike slip fault and a steeply 

dipping reverse fault.  Right-lateral slip was observed in Creta- 

ceous units, and dip-slip motion has occ~r.ed since Miocene time. 

Schmoll has indicated the fault  was active east of the Susitna 

River in Hoiocene timer but Recent movement west of the river is 

unknown (Schmoll; et al , 1981). 

'The magnitude of earthquakes associtabad with this fault  generally 

is small (M L = 3.0 to 4 .5 ) ,  and their  focal depths are shallow-- 

generally less than 50km. However, it is thought that  six re = 

corded earthquakes with magnitudes greater than 6.0 have 

occurred on the fault. The maximum historical earthquake is 

believed to be 7.3 in 1943, but uncertainty exists concerning its 

location. 

The Castle Mountain Fault is capable of producing a magnitude 8.0 

earthquake based on its length of about 215 miles (exclusive of 

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

o Bruin Bay Faul_.~t 

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 siteF but 
CongahlDuna Lake has been suggested as a surface feature of the 

fault C;Schmoll, et al 0 1981). 

The activity of this fault system has not been established in 

Recent time~ but Tertiary movement is suspected. More extensive 

investigations should be performed to determine its activity and 

location, since this is the closest fault to the proposed plant site. 

The length of the fault (320 miles) implies that it could produce 

seismic events with magnitudes greater than those associated with 

the Castle Mountain Fault; howevert no Holocence activity is 

known. 

o Lak__.~e C!ark  - .Lone Ridge Faul..__~t 

It is postulated that the Lake Clark Fault is a continuation of fea-  

tures similar to the Castle Mountain F3ult. However, a gravi -  

metric study ind|cates different tectonic blocks are involved, it is 

aiso postulated that  the Lone Ridge lineament belongs to the Lake 

Clark system (Dettermcn, et al ) .  This ridge lies north of the 

Chuitn~ coal field and exhibits steep scarps. 

o Border._..__~" Ranges Fault 

The Border Ranges or Knik Fault is located across Cook Inlet from 

the proposed site and forms a boundary of the Cook Inlet low- 

lands. A magnitude 7.0 earthquake has been estimated to be the 

maximum expected for the Border Ranges Fault, but little physical 

evidence Is available concerning its activity.  No fault movement 

has been documented for the past 10,000 years near Anchorage, 

suggesting that part  of the fault is inactive. 

C• 
" 
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o Seismic ~ Considerations 

Seismic considerations slgrllficantly affect the design of structures 

' in the Cook Inlet region. Risk studies based solely on historic 

seismicity In the upDer Cook Inlet region (Anchorage anci vicinity) 

indicate peak rock accelerations of about 0.4g have a .1096 chance 

of exceedence in 50 years, and peak rock accelerations of 0.17g 

have a 50~ chance of exceedence in the same design period. 

These values have been calculated for Anchorage during p,'evious 

investigations, but a regional study ind~cates that similar values 

should apply to adjacent areas including the plant site. The fea- 

tures which contribute to seismiciCy indicate that a 7.5 magnitude 

earthquake would be reasonable for a closely occurring earth- 

quake, and an 8.5 earthquake may be expected from a distant 

earthquake attributable to the Aleutian Megathrust or other large 

fault.  Frequency of these events for Anchorage is shown on 

Figure 3.23. The Castle Mountain and Bruin Bay faults probably 

could produce greater accelerations than the values given above, 

but these accelerations constitute the maximum credible accelera- 

tions at the site and have a low probability of occurrence. Boore 

(Boore, et al. ,  1978) indicates .that peak ~ccelerations of 0.8 to 

1.0g would be expected from major activity on the nearby faults, 

such as the Castle Mountain or Bruin Bay fault .  

i 

Frequency contents of distant and near earthquakes would differ 

appreciably, but little information is available on the frequency 

content of Alaska eRrthquakes. However, comparison with Cali- 

fornia earthquakes indicates that "design earthquakes" should 

differ for near and distant sources, i .e. a higher frequency con- 

tent for close earthquakes than for distant earthquakes. The 

peak rock acceleration may be used as a scale factor for design 

earthquakes from close or distant sources. However, the peak 

rock accelerations and design earthquakes were not determined 

during this investigation. 
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, . °  Peak ground acceleration is a function of the input rock accelera- 

tion, soil response, and the soil-structure interaction. The very 

dense soils which underlie the plant site indicate that surface 

'motion would not differ largely from the input motion, but an 

investigation of ground motion should be performed for the site. 

The dense soil will offer excellent protection against liquefaction 

or subsidence since It is already near its densest condition. Peat 

in the area may contribute to amplified ground movement during 

earthquakes if it is incorporated into foundations or if it underlies 

filled areas. 

The effects of seismic motions may include some slope lnstzbil ity, 

but only in those areas which have been over-steepened by ero- 

sion. Bluff areas near the proposed plant site appear to have 

been relatively stable during the 1964 event except for areas along 

the beach and r ivers which had been over-steepened by erosion. 

Slope f~ilure did occur during the 1964 event along the steep 

bluffs northeast of the site. The proprietor of Shirleyville indi- 

cated that his house was damaged by an earChslide which occurred 

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 shallow, slump type fai l -  

ures regardless of earthquake activity. 

The bluffs adjacent to the plant site appear to be stable for all 

expected earthquake accelerations, provided large toe cuts are 

avoided and large loads are not applied at the top of bluffs. 

Some small, locally over-steepened slopes exir t ,  but these areas 

could be avoided or cut to a stable configuration. 

3-59 

~ m  
! 



I 

• ; ! i ~'' 'i 

:. ~i~•i ¸ ! 
L .  i/.~. I 

-e. ~i 

; :; 1 7 '  

:" ° , .  

° ~ 2; . '  
r .  

. - ~  . .  
° , 

' L i 

, t 
". . ,  

o . 
. . ~ ' .  

. . 

. I , 

'=: t '•• i: 

• ; / i .  

, ~  L 

C 

, 

GroL, nd. Failure 

Local ground subsidence is not likely due to the dense state of the 

soil at the proposed plant siter but surface faulting along the Bruin 

Bay/Moquawkie Contact (Figure 3.?~) could have severe consequences 

to development if it were to occur. Local investigations should be 

performed to determine the fault's activit V and possibly the location 

and alignment of its surface expression. Since peat in this area is 

saturated, an investigation using trenching would be relatively dif-  
f icult 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, 

siltatone, and claystone. Most of the slides occur on steep slopes 

which are undercut by stream action and/or where frost action, sur- 

face and subsurface water, and gravity have contributed to slides. 

Some tectonic activity due to movement along the Castle Mountain 

Fault and earthquakes may also play a significant role In landslides in 

the area. 

The Capps Glacier slide is a very large slide covering approximately 

five square miles. The land has a stepped slump topographic ap- 

pearance. Many large coal blocks lie in a random orientation in rela- 

tion to the surrounding insitu coal beds. The Capps Glacier slide is 

active with the most recent movement observ3d occurring adjacent to 

the top of the escarpment in Section 25, T14N, R14W, 5,ward 

Meridian. 

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

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

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

2 

3 

During field reconnaisance by DOWL Engineers (1981)~ the observable 

surface outcrops in landslide areas are low-grade sedimentary rock 

which is slightly to poorly cemented and friable. It appears to break 

down readily in water and is clearly affected by freeze-thaw cycles 

when surface water is present. 

. # -  - .+  

Along the Chultna River and its tr ibutaries,  large and small slides 

are easily observed. Many slides are due to oversCeepening of high- 

cut banks by stream action and surface .-unoff. Resistive beds of 

coal jut out from the face of the carved r iver banks. When enough 

underlying soil is eroded below a resistive bed, large blocks of coal 

fall into the stream channels. 

Volcanos 

Five active volcanos are found in the Cook Inlet region. The most 

recent eruptions were by Mr. 5purr  in 1953 and Mt. Augustine in 

1976. Mt. 5purr  is located about 40 miles from the proposeci plant 

site near the Capps G!acier. Me. Augustine, located in south Cook 

Inlet near Kamishak Bay, is considered potentially explosively erup- 

tive and is under observation by the USG3, The USGS should be 

ablQ to provide warning if activity becon.es imminent 

Volcanic deposits of 1 to 2 feet of a~h from numerous eruptions were 

found in the vicinity of the proposed plant site, and these deposits 

are belng mapped to determine historical volcanic activity in the 

region. The most recent ash fall at the proposed plant site occurred 

£ollowlng the eruptior, of Mr. Augustina in 1976. 

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

The Capps upland is covered by a reported 0 to 100-foot tl~ick cap of 
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glacial t i l l  which is made up of si l ts, sands, gravel, cobbles =nd 

boulders. Most of the ti l l  is derived from ext rus ive and in t rus ive 
volcanlcs. 

Many ash falls (nu'e.es ardentes) have occurred. The eruption of 

Katmai, in '1912, 240 miles south of Beluga, produced an ash and 

sand flow of nu'ee ardents or igin which formed sandy tu f f  100 or 

more feet th ick over 53 square miles. One such ash fall also covered 

an observable area of six m iles~ and I!kely much more~ in the Beluga 

area. Flora pr ints of plant leaves are easily obse=-ved at the base of 

the ash fall. The ash fall has been described as a lappiil i (composed 

af volcanic ejecta 4mm-32mm in di-~met~r). LaDpi!li was observed, 

dur ing fie!d studies by DOWL Engineers~ near the uplands at the 

2,400-foot elevation ~ncl on banks of the Chuitna near Botts Creek at 

elevations oi' 750 to 800 feet. In beth areas, the volcanic ash tu f f  

overlies a coal bed ranging in thickness from a few feet to 7- + feet 

where easily observed. 

Tsunami~ 

Tsunamis are great sea wav~.s most often caused by rapid ve.-tical 

displacement of the ocean freer or submarine landslides. Two tsun- 

amis have been recorded in lower Cook Inlet since 1883. Mr. 

Augustine errupted in 1883 and produced a 25-foot.high wave at 

English Bay'; and the 1964 Prince William Sound earthquake produced 

a 4-.foot-wave at Saldovia. These locations are 70 to 90 miles from 

the proposed site. 

The restricted opening of Cook Inlet provides some degree of protec- 

ti¢,n from incident tsunamis generated along the potential source areas 

along the Pacific Rim. In 1964, the Prince William Sound earthquake 

produced only a few feet of tidal disturbance ins!de Cook Inlett al- 

though cuasta| areas such as Seldov~a recorded sorr, e tsunami damage. 

"Tsunamis generated in Cook Inlet may have severe impacts on coastzl 

s Lructures~ but  the plant site is at suff ic ient ly high elevation to 

preclude tsunami damage. 

: 3-62 

t 

l 
i 

/ I  



# - 

.o, , ,  

• ii 

" ,  + ;  

• j .  k °' ' ,  

i 

• i u  . , . 

T. , • 

• . , ,  • 

, .  ' . .  

i:,. ~ • 
• : !  .! ~ . 

: • ,  o 
• : f .  ; , 

" ~ . t  • i 

e '  

;!T ; 
TiL. ! :,d ; '  

.p  
m . . : .  • 

) 

(- 

Permafrost 

No permafrust was detected in any of the borings. In addition, sur- 

face reconnaissance indicates little evlde,~ce of shallow permafrost. It 

is also unlikely that this south-facing area has deep permafrost. 

5ample tempera':'ures were at or above 42°F, but some sample heat 

gain is usually associated with auger dril l ing. The upland areas may 

have some permafrost present but this ~.= not confirmed. 

Add|tional Geologic Haz.ard_~s 

Slope stability in the plant and town size areas is good, but slopes in 

the vicinity of the proposeJ construction dock. are generally unstable 

and may require stabilization. 

Other hazarCs wets noted by $chmol: (USGS, 1980) in his preliminary 

report regarding the surficial geology of the area. Gravitational 

spreading of sur?icial deposits which produced graben-like features 

was noted along the Nikolai 6scarpment. However, this area is about 

10 miles northwest of the proposed plant in an a?ea of much steeper 

~.scarpments than found in the areas of the plant and town site~. 

Volcanic clasts were observed within a few miles of the p;ant site and 

may indicate an unsuspected level of volcanic activity, or they may 

represant glacially transported volc3n!c debris• Additional investiga- 

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

The mountains north and west of the project site are extensively gla- 

ciated, among them being the Capps and Triumvirate glaciers. The 

glaciers present no foreseeable hazard t= the higher por~.lons of 

Nikolai margin, but the Triumvirate Glacier forms a dam creating 

Strandline Lake which then empties into Beiuga River. Glacier dams 

can be unstable and have caused numerous floods, but a flood of this 

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

GROUNDWATER 

Introduction 

"i'he availabil i ty of industr ial  quanti t ies of groundwater in the s tudy 

area Is dependent on the existence of fa i r ly  extensive deposits of 

highly permeable granular  materials which contact areas of high re- 

charge capacity. The Chuitna River, although cur rent ly  cut t ing its 

way through consolidated formations, may have some abandoned 

channel areas in which suff icient depths of gravels have been de- 

posited so that  a shallow groundwater  or induced f i l t rat ion situation 

may be developed. However, th roughout  the upland area from 

Nikolal Creek to the Beluga Lowlands the unconsolidated formations 

consist predominantly of impermeable glacial t i l l  with scattered and 

Isolated deposits of sand - -  ranging from si l ty sand to gravel ly sand. 

As a resul t ,  product ion of previously dri l led wells in the general area 

ranges from 0 to 50 gallons per minute (gpm).  The only well of 500 

gpm or more we know of in the Beluga area is at the Chugach Elec- 

t r i c  Association power plant. The v ic in i ty  of the Chakachatna River 

appears favorable for  high groundwater  product ion, perhaps 1,000 

gpm or greater ,  due to extensive gravel deposits and sizable r ivers  

to provide recha.~ge. However, no production wells are known In 

that area. Information obtained by others dr i l l ing seismic shot holes 

in the Nikolai Creek flats area indicated that  the Nikolai Creek area 

is underlain by gravel wPich migh-;' provide a substantial water 

source. A supply adequate for the proposed new town developme.~t 

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

I¢ is against th is  background that the water exploration program for 

this project was developed. The program included dr i l l ing two test  

wells, Test Well #1 in the Nikolai Creek Flats area and Test Well t)2 

within the proposed methanol plant site ([Figure 4.1]). An observation 

well, Well #3, was dri l led near Test Well #1. 
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Nikolai Cre_.....ek Flats 

C 

The vlcinity of Nlkolai Creel( Flats appeared to be the most prom- 

lsing for development of high production wells within a reasonable 

distance of the proposed plant site. it did not appear that in- 

dustrial quantities of groundwater could be obtained within a 

2~-mile radius m' 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 provide sufficient re- 

charge to insure the long-term production of the formation. Since 

road construction would have been necessary to gain access to the 

flats nearer to the proposed town or plant sites, it was decided to 

drill the test well near the logging road bridge approximately six 

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

information from this site could be combined with other generalized 

sources of subsurface information of the area to provide a rea- 

sonable indication of the groundwater potential in similar 

areas of the Nikolai flats nearer the proposed town and plant 

sites. 

CI 

The primary objective of dri l l ing in this area was to determine if 

relatively shallow aquifers exist which are recharged by Nikolai 

Creek; the drill ing was to be shallow, less than 200 feet deep. 

Two boles were dri l led,  Test Well #1 and Well #3, which demon- 

strated that, at least in the area of the br idge,  no such aquifer 

exists (Table 4 .1 ) .  This verifies the surficial geologic mapping 

of the area done by USGS. The drilling did determine, however, 

that a series of predominantly fine-grain materials which are 

under considerable artesian pressure underlie the general area. 

These formations begin at a depth of 55 + - feet below the surface 

and extend beyond the maximum drill ing depth of 217 feet. 

Although artesian leaks around the casings of Wells #1 and #3 

were measured at 75 and 150 gpm, respectively, it was found that 
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Table 4.1 

TEST WEI~. #1 
SUMMARY OF DRILLERIS LO~- 

Drilled 5/16/81 to 5119/81 - By  M-W Drllllng 

~eDth (Fest) 
0 .0  - 0.5 

0 . 5 -  24.0 

2 4 . 0 -  40.0 

4 0 . 0 -  48.0 

4~ .0  - 133.0 

133.0 - 172.0 

172.0 - 213.0 

213.0 - 217.5 

Description 
Fill 

Silty Gravel with Water 

Gravelly Slit - Dry  

Silty Gravel - Oamp 

Silty Sand with Water - Flowing 

Sandy Clay with Water - Flowing 

Gravelly Sand with Water - Flowing 
Silty Sand with Water - Flowing 

Screen was Installed fP~m 182 to 200 I'ee¢ and the well was surged 
22~ hmars. The water would not clean up.  The well was pMmped 
one-heft  hour at 1802 gpm with a drawdown to 150 feet. Thl~ eat|- 
mated sustained well capacity at this depth interVal is about 10Q¢ 
gpm. There wr.s an artesian leak around the casing at 75± gpm 
which was uP, affected by pumping f'rem the screened interval. The 
leak was sealed by grouting. The static water level was ¢alculab~l 
at 79 feet above the surface. 

i 
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the formations were too fine and variable in gradation to be 
tapped by a naturally developed well. Although a screen was set 
in Well #1, a period of surging did not wash the fines from the 
formation sufficiently to perform a meaningfu; pump test. 

It is possible that wells of 200 to 300 gpm capacity could be 

developed in these formP.tions using an artificially gravel-packed 

coltstruction 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. 

o Plant Site 

Because of the poor water production history and relatively shal- 

low depths to bedrock reported in the upland areas Test Well #2 

to be drilled on the plant site was intended primarily to prove 

firsthand that significant quantities are not available in that area. 

The well also could verify the shallow depth to bedrock. In fact,  

Test Well #2 was drilled to a depth of 405 feet without encounter- 

ing bedrock (Table 4 .2 ) .  This is deeper than bedrock was ex-  

pected based on the information reported by Magoons Adkinson 

and Egbert (USGS 1978) (Figure 4 . 3 ) .  

"~est Well #2 was located near the Congahbuna drainage so that 

any shadow aquifers which may be associated with that drainage 

could be detectedt 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 potential of that aquifer • would be rela- 

tively insignificantt being limited by the availability of excess 

water in the Congahbuna drainage system. This wa~er-bearing 

formation was not tested. From 328 to 395 feet, a water-bearing 

silty gravelly sand was encountered which has a static water level 

(artesian pressure) approximately 25 feet above the surface• A 

screen was installed in that formation and a 24-hour pump test 
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(|As,Arsenic < 0 . 1 0  []P~,Plat|num 
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[]B,Boron < 0 . 0 5  (]Se,Selen]um 
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[]B|,B1smuth <0.05 []5n.Tin 

(|Ca,Calcium 11 [|St,Strontium. 

~]Cd,Cadmtum <0.O~ .." []T|.Tttantum 
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[]Cr,Chromium ~ o . 0 5  [IV.Vanadium 
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[]Hg,Hercury < 0 . 1 0  []-~monta. 
.~trogen-N 

[~K,Po:asstum 1 []Kjedahl.. 
N~trogen-R 
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Table 4 .2  

TEST WELL ~l~ 

SUMMARY OF DRILLER'S  LOG 

Dril led 5/20/81 to 3/29/81 - B y  M-W Orill lng 

.Depth ~Feet) Description 
0 .0  - 4 .0  Fill 

4 .0  - 20.0 Si l ty Gravel  

20.0  - 40.0 Silty Grzvel  - Oamp 

40.0  ° 54.5 Lose Gravel  with Water - Blows 3Cgpm 

54.5  - 85.0 Gravel ly  Clay - "Hardpan" 

85.0 - 92.0  SIltye Sanely Gravel 

92.0  - 293.0 Gravel ly  Clay with Ssme Boulders 

293 .0  o 297.0 Si l ty Coarse Sand w l ~  Water - 
Blows 3 gpm e 293 

297 .0  - 328.0 Gravel ly  Clay 

328.0  - 395.0 ~ i l ty  Gravel ly  Sand with Water 
395.0  - 40S.0 Clay 

Screen was installed from 355 ~o 385 fee :  and the well was surged for  
21 hours,  which was aoequato to cee~n up" the well. A 24-hour pump 
test  a t  149 gpm caused drawdown to 10~-- feel;. The well was grouted 
el. the Surface ( there was no artesian leak) .  The static level was 
calculated at 25 + feat abovp Ule surface.  
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was performed to determine the production lootentlal. The test 
showed that the transmissivlty ( T )  of tile aquifer in the ar~a is 
quite low (2,380 gallons per day per foot [ g p d / f t ] )  (Figure 4 .4 ) .  

After 8 hours of pumping, the test also indicated that the cone 

of influence encountored a major !mpermeable boundary,  reducing 

the effective T to about 840 gpd / f t .  ~his 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 pla~t site 
location. 

o E~|sting Use.~s 

Small domes*.!c wells serve the Union Oil Company and ARCO 

facilities e~ Granite Point; the Kodiak Lumber Mill camp near the 

North F.oreland, and the Chugach Electi'ic Association facility at 

Beluga. Noqe of these wells is near enough the proposed project 

to be influenced by withdrawals there. Other than these wells, 
the groundwater resources in the Beluga region are vir~.u~.Hy 
untapped 

SURFACE WATER 

C 
' ,  

Existing Sources 

o L~kes 

Numer'ou.~ shallow lakes dot the landscape between the Beluga 
River to the north and the Chakachatna River to the south 
(Figure 4 .5 ) .  Ot' these, the largest is Congahbu~a Lake located 
just north of the proposed plant site. Some consideration was 

given to the possib!e use of Congahbuna as a source of cooling 

water. A summary of the known information about the I~kes 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. 
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o Streams and Rivers 

The most Important properties of surface water are ~mount, 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 
affected by the project ,  the total project  area includes several 
dra inage systems including the  Beluga,  Chuitna and Nlkolai.  As 

par t  of  the 1980-81 field program,  staf f  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 r iver  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 ls shown in Table 4.7; and selected water quality data is 

shown in Tables 4.8 through 4.11. 

The current field p r o g r ~  will permit the generation of rating 
curves  for  the various staf f  gauge locations and provide  a f i r s t  

look at overall contributions of tr ibutaries and groundwater flows 

to major stream courses. An examp!e of such a rating curve for 

one stream is shown in Figure 4.7.  Precipitation data and addi- 

tional discharge measurements would be required before the 

hydrology of the region can be more accurately described. 

b °  

Additionally, two sites (Nikolai Creek and Upper Chuit  Creek) are 

being monitored for stream temperature and flows on an experi -  
mental basis using portable data recorders linked to temperature  

and pressure probes.  I f  succes3ful,  this program expanded 

throughout  the a r e a  of  in terest  would permit a more detailed 

assessment of the hydrologm balance since simultaneous measure- 

ments £hroughout each of the drainage areas could be available. 

An example of the type of data being recovered from this program 

is shown in Figure 4.8.  
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KLUCA HYbROLOGY 5TUOY 
PREPARED BY DRYbEN t LARUE FOR POgt EHCIHE[RS 

NIKOLA; Ckf.EK STAkT TIME 06103181 12:00 ( HIK064 ,POD } 

PEES.~URC-INCli[S H20 
Lllil E 1' I HE AVG H I N PAX 

][HPERArURC-DEG C 
AYG HIN HAX 

06/03/81 12:00 15.8  0 .7  17.S 
!06103/81 16:00 14.4 13.4  15,1  
i06/03/01 20:00 12.7 12.0  . t 3 , 4  
0 6 / 0 3 / 8 I  24:~0 1 t , 6  11.3  12 .0  

9.0 6,5 20.5 
6,5 6.0 6,5 
6,0 6.0 6.0 
6.0 6.0 6,0 

06/04181 04:00 I t . 6  11.3 12.0 
06/0;/81 08:00 12,3 12.0 12.7 
;06/04181 12:00 12.7 12.3 13o0 
06104181 16:00 t i , 6  11 .0  12 ,3  
06/04181 20:00 I0 .6  9.9 11,0 
06/04181 2/, :00 9,9 9.6 9°9 

6.0 6,0 6,0 
6.0 6.0 6,0 
6,0 6,0 6,0 
6.5 6,0 6,5 
6,5 6,5 6,5 
6.5 6.5 6,5 

|6105181 04:00 10.3 9.9 10~; 
06105181 08:00 11.0 10.3 11.3 
| 6 / 0 ~ ' 8 1  12:00 I I , 6  11 .3  11 .6  
~6/05/81 16:00 11.0 10.3 11 ,3  
~6/0S181 2~:00 9 . 6  9 , 3  10 ,3  
~6/05/81 24:00 9.3 8 , 9  9.3 

6.0 ~,0 6.5 
6,0 6.0 & . O  
6,0 6.0 6.0 
6.0 6,0 6,5 
7,0 6,5 7,0. 
7,0 7,0 7,0 

PACE i 
IO-AUC-81 

STREA~! GUAGE FLOW 
READING (FT) (=fs) 

13.75 205* 

13.70 205 *4 

* £~om c a t £ n q  c u r v e  
** measuEed 

r 

!FIGURE 4.8 
II I 

I I 

' ;~ r A ~ o  ""  ' 
n P , c A L  DATA .SCOVE.S  r . C .  OA EXPER, .ENT  

rNaKOLA, c~eEK) 
I I I I  I 

" i  i ~ . .  
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The existing field program is being expanded to include more i.~n 

slt_._~u water chemistry so that temperature, pH, dissolved oxygent 

and conductivity measurements will be made each time a discharge 

measurement is taken or a stream gauge reading is made. A 

typical chemical analysis for one station on one day is shown in 

Figure 4 .9 .  

.) 

Following the completion of the 1981 field program an evaluation or' 

the program will be made and a scope-of-work for 1982 will be 

prepared. This scope-of-work will be coordinated with other field 

programs including the collection of climatic data and the initial 

analysis of groundwater with particular reference to the proposed 

mine areas. 

+ 

I 

i. 

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 volume is approximately 500 million gal- 

lons). The plant discharge would be 95°F. Analysis indicates that 

the surface area of the lake is not sufficient to provide cooling by 

natural means comparable to .that which can be achieved by cooling 

t o w e r s .  

Natural mechanisms that tend to dissipate heat from water surfaces 

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

4-31 
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~ . ~ . v ~  CA L GEOLOCICAL LABORATORIES OF ALASKA, INC. 
T E L l [ P H O N E  | g O t l , 2 ~ 9 4 0 1 4  A N C H O R A G E  I N D U S T R I A l .  ¢ I [ N T F . R  

2 ~ 4 , 3 3 5 4  $ 6 3 3  0 S l ~ e | !  

:USTOHER DOWL E n c x i z z e e r s  

)ATE COLLECTED 5-5-81 TIHE COLLECTED: 

;A~,PL[O BY ~ SOURCE Jo'~ ~eek 

IEHARKs~DOg'r--, E n ~ n e e ~ s  - 
Belusa Me~hanoZ Pru~ecC 

ATTN: r r d  

, . SAMPLE LOCATION: 

1315 Rrs. 

~lA2,Stlve e <0.05 

~A1,Alumlnum 0.33 

~]As,Arsentc <0..-.0.,1 

']Au,Gold <0.05 

.]B,Boron <0.05 

]8a,Bartum <0.05 

lBt,B|smuth. <0.05 

]C~,Calc~t|m 2.5 

]Cd,Cadm~um__~ <0-01 

]Ca,Cobalt <0.05 

] C r , C h r o m | u m . _ _ _ . _ . ¢ ~ O 3 ~  

[ ]P,Phosphorous <0.05 

[]Pb,Lead, <0.05 

[ ] Pt, P1 a t.~ num <0.05 

[]Sb .Antimmy <0.10 

[]Se,Sel enium <0.01 

[ ]St  ,St1|con . . . . . .  10 

r ]sn.Ttn <0.10 

[ ]Sr .St, ont~ um <1). 05 

l IT1 ,Tttan|um. <0.05 

Jig.Tungsten <0.05 

[ I v  ,Vanadium <0.05__. .  

]Cu,Copper~ 

]re, i ron 

]Hg,Hercur~ <0.001 

]K,PoLass~um < 1  

~ltg,Hagne~tu~_ 2.3 

]Hn,~anganese <.0.05 

]Ho,Holylx:enum <0~5 

]lla.Sodtu= 2~4 

]~t,N|ckel <0.05 

<o.os . . . .  

O.3G 

[]Zn,Z~ne <0.05 

[]Zr,Z~rcon~um <O.OS 

[].em'nonia... <0.05 
Nttrogen-H 

[]org~i¢ o.se 
Nftrogen-N 

[]N|LraLe-N 1.8 

C]NILr~te-N. <0.05 

[~Phosphorus <0.05 
(Ortho)-P 

[ ]Chlor ide <~,.o 

[ ]F I  uor ide <o. 10 

J'~T',.~."" 

~ - :  

r~as!~ 
FOR LAB USE ONLY" 

RECVO.aY = LAB, ;43,- 

DATE RECEIVED 5-6-B1 

DATE COMPLETED S ' l S - S l  

O:.TE REPORTED S-18"8Z 

,, m_p)_~====-~ 

[]Cyanide 

[ ]Su l f a te  <1 

[~Phenol 

[ ]To ta l  Dissolved_ 50 
Sol ids 

[ ]Tota|  69 
Sol ~ds 

[1Suspended 19 
Sol ids 

[ ] V o l a t i l e  Sus- 
pended Solids 

[]Hardness as 17 
CaCO~ 

[ l R k a T t n i t y  a s  18 
cacg~ 

[ ] P - - u O J . t u = ~  <0.02 

[1 

[1 

C1 . • • 
[]~mhos C o n d u c t | v i t y . ~  

[]pH Unit~ 

[]Turb~dtt0, NTU 

[ ]Co lor  Units 

liT.Coliform/lOOm1 

[ ]  

2.2 

20 

[ ]  

i 

i 

FIGURE 
I I , 

i i m l l  

1 
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Table 4.12 

WA.T~R ~)UALITY COMPARISON 

GROUNOWAT.ER,& CHM TNA RIVER 

Dissolved 

(Concentration m9/9. ) , , 
#1 ~4 ;t3 

Parameter Well Pad Chuitna River Belu,c/a Statlon 

390.0 77.0 11;~.0 
89.0 6.4 8 .9  

::'.4 0.1 6 .3  
0.001 0.0~2 0.004 
0.2  0.1 0.Z 
6 .2  0.4 1 .5  
0 0,003 0 

16.0 3.8 4.6 
1.1 0.09 0.06 

7.6 1.5 2 .7  

39.0 18.0 54.0 

13.0 IS.O 27.0 

2 .2  2.9 8 .9  

-Bicarbonate 
Calcium 
Chloride 
Copper 
Fluoride 
Iron 
Lied 
Magnesium 
Manganese 

Potassium 

Silica 
Sodium 

-Sulfate 

Toe:l Hardness 290.0 32.0 41.0 

Corrosion Index = 0.~2 0.05 0.20 

=me/£ (ca ° + SO4=') ,  Greater then 0.~ indicates corrosive 
tendency. 

me/£ (Alkalinity as CaCO=) 
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Table 4.13 

SEDIMENT SAMPLES ANALYSE¢: 

Coarse Medium Fine 
Sand Sand Sand Si l t  

~ _.1_ _~_ _1.. 
1. Al luv ium, Chuitna River, below 25 60 10 5 

Wolverine Fork 

2. Te r t i a ry  sediments in val ley wail, 40 30 25 5 
Chuitna River below Wolv.~Hne Pork 

3. Al luv ium, Chuit  Creek, just  above 40 50 7 3 
Chuitna coal lease area 

4. Te r t i a r y  sedimen[s In val ley wall, 20 20 50 10 
Chui t  Creek just  above lease are~ 

5. Al luv ium, Chui¢ Creeke near 65 = 30 n 4 m 1 
junct ion of Chuitna River 

6. Al luv{um, Capps Creek, near 5 50 40 5 
junct ion of North Capps Creek 

7. Sand dune, above Tert iary sediments 30 30 30 10 
in va l ley  wall,  North Capias Creek 
near junction with Cal=ps Creak 

8. A l luv ium, Steele,ha Creek, in 50 20 25 5 
canyon below logging r~ad 

9. Unconsolidated deposits, val ley 20 15 50 15 
wall above S[l¢tatna Creek in canyon 

10. Al luv ium, ¢onOahbuna Creek~ at GO 20 17 3 
logging road ¢~ssing below lake 

11. Al luv ium, Congahbuna Creek, near 50 30 15 S 
junction with Old TyoneK Creak 

12. Al luv ium, Old Tyonek Creek, near 40 25 32 3 
jun(:~lon with Congahbuna Creek 

13. Al luv ium, Nikolai Creek, at E5 30 14 1 
logging road br idge 

14. Beach sand, Nikol•i Cre~k, at *-  10 80 10 
lOgging road br idge 

Coarse Sand : 0 .02  - 0 .08  i nches  d i a m e t e r  
Medium Sand : 0 .01 - 0 .02  ; r iches d i a m e t e r  

F ine  Sand = 0.0025 - 9 . 01  inch¢s  d i a m e t e r  
S i l t :  = l ess  1:hen 0 .002~  inches d i a m e t e r  

Mainly quar tz ,  lesser feldspar and clark minerals, angular to sub-ound 
mt Mainly quar~. 

m Mainly quar tz  and feldspae 
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months and to only 87°F in the colder winter months and to only 870F 

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 developing a plant water 

source from Nikolai Creek in the vic ini ty of its junction with Stedatna 

Creek. An Inf i l t rat ion gallery in this location could conceivably pro- 

vide adequate water to the plant without any impact on the upstream 

f ishery. 
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