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GEOLOGY OF WATER-POWER SITES IN ALASKA 
- 

GEOLOGIC INVESTTGATlONS OF PROPOSED POWER 
SITES AT COOPER, GRANT, PTARMIGAN, AND 

CRESCENT LAKES, ALASKA 

AB8TRII;T 

Ueo1oglc cwditlws at m r ,  Grant. Ptarmigan, and Cremnt Xlakea on the 
Xenai PeninsnIa In sonth+entral Alaska are dlacnwd in relatloa to pomfble 
plans for de~e10pmeIIt of hgdroelectric power. Tbe propQBBd power altea are 
in the central part of the Reual Mountains, a mmed mountain mam underlain 
predominantly by tightly folded slate and graywacke of probable Mesozoic 
age. Unconsolidated gladal and postglacial depmita of Quaternary age mantle 
the bedrock over large parte of the area. Grant and Ptarmigan h k e a  are aitn- 
ated in bedrock basins formed by glncIal scour; Cooper and Crescent Lagerr 
were formed by a combfnation of glacial scour and moralnal damrnlng. 

The investlgatlm Indieam that divemio~ tnnnele mold be driven through 
relatively sonnd Wmck Zhroaghont their lenffth at  each of the sltw, One of 
tbe. two psribh tunnel sltea a t  Cmwent Lake is considered to be geolo%cally 
unfavorable became of the presence of a thick overburden of nncomolfdated 
edfments and shear mnes In the bedrmk. 

The dam sites at Grant and Ptarmigan I&ee are naderlalrr by mound bed- 
toek which fs well suited for construction of concrete or rmk-dl1 duma. The 
dam dte at Cooper Lake is underlain by poorly sorted glaclal dmo~lts  whlrh 
are witable foandatlon materials for an earth-fill dam. A bedrack gotm lJ00 
feet downstream from the outlet of Cooper M e ,  mny be mltable for conatme 
Uon of a concrete arch dam depending on tbe desrrd maxlrnr~rn elevation of 
water In the msemoir. The northeast abutment of C m n t  M e  dam aite 
and the reseraair wau LmmedlateIg northcast of the dam site are cornwed 
at relatively mrmeable alluvium. SPakage throagh this alIudum may b i t  
the level to which water a n  be stored In the reservoir. 

The Oeo'logical Survey, as part of its program of the classification 
of public lands with respect to mineral and water resourn, is cur- 
rently making a -matic study and evaluation of the potential 
water-power sitm in Alaska. This report describes the geologic wn- 

I 
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ditiow and th& rdation h W b I e  plans for the development of 
water power at Cooper1 Grant, Ptarmigan, and C-t Lakes on 
the Kenai Penhda near Seward, Alaska. 

The field work on which this report is based was d e d  on during 
the period August 14 to September 8,1952. The geology of the dam 
sites, reservoir sites, and diversion tnnnel routes at each of the four 
lakes mentianed above was mapped. This report should be con- 
sidered as a preliminary reconnaissance study bemuw of the limited 
time spent at ,th of these sites, the diEcu2ty of working in t h w  
brush wvered areas, and the indefinite development plans for the 
lakes. Base maps used for the dam sitas, reservoir sites, and for 
the tunnel site at Grant Lake were prepared by the Commation 
Division, U. S, h l o g i d  Survey. Topographic maps of the reser- 
voir sitas are at a acde of 1 : 24,000,and the h - s i t e  maps are 1 : 4,800, 
except for the Grant Lake dam-site map, which is 1 : 2,400. The bpog- 
raphy along the tunnel dignments of Cooper, Cree;cenb and 
Ptarmigan Lakw was modified horn the C q e r  Lake and Grant h k e  
Quadramglw, U. 5. Corps of Engineers, male 1 : 50,000, md aerial 
photographs made by the U* S. Air Force ~t a scale of s h u t  1 : 40,000. 

PREVIOUS ~ T I C + A T I O N B  

Previous geologic work in this area was w g i d  in scope and di- 
rected primarily at investigations of mineral resources. The rocks 
along Kenai Lake were briefly described by Martin (1915). Tuck 
(1933, p. 489-5303 describd the geologg at Solars mine new Grant 
Lake and at the many gold mines north of tbis Brea. However, no 
previous detailed work was done in the vicinity of any of tlm proposed 
puwer sit&. 

GEOGEAFHP 

The lakes under cumideration are located in the central part of 
the Eenai Peninsula of southern A l h  (fig. 1). In this area the 
Kenai Mountains have a genera1 summit altitude of from 6,000 to 
6,000 feet with as much as 5,000 feet local relief. These mountains 
mnditute a rugged mass with littIe apparent mngernent of form or 
drainage. The dominant factor in the production of the present 
land dorms was glaciation, which tended t o  accent the preglacB1 
topography. At its maximum edent eoaI~scent alpine glaciers filled 
the valleys to an altitude of about 4,000 fed  leaving only the higher 
ridges and peaks protruding above the ice. Small cirque glaciers 
occur on north-fecing slopes abov~ an altitude of 2,500 feet in the 
vicinity of Kenai Lake, and supply the sediment which keeps the 
larger lakes and streams of this arm turbid. Cooper, Gmnt, 
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Bloonm l.-Topogmpb!c map nhawiag location of Cooper, Qtsnt, Cmscmt, and 
Ptarmigan Lgkes 

R h p n ,  and C m n t  Lakes drain westward inh Cook Met by way 
of the Kenai River. 

The climate of the Kenai Peninsula is characterized by cool sum- 
mers and wintam that are rather mild for the latitude. The Weather 
Bureau station nearest to  the Kenai Lake area is at Seward, over 15 
miles to the south. Average monthly tempemtm and precipitation 
records for this station over a &-year period are summarized in table 1. 
These mcords would not be strictly applicable to the Kenai Lake 
area as the mean hmperatum are slightly lower with increasing dis- 



tance from the coast and an increase in altihda Tt &odd be noted 
that, as most of the streams in this area head in glaciers, tempwatum 
can play aa important a part in their d i w h a .  as precipitation 

Veptstion within the Kensi Mountains is mntroUed prhmily by 
the phy~iographic features and the climata. The vaPIeys we some- 
what heavily timbered up to a general altitude of 2,000 feet, above 
which are bare uplands. Spruce forests cover most of the valley 
floors and gentle dopes below an altitude of 1400 feet, but alder, hem- 
lock, birch, cottonwood, and willow are a h  found in most localities 
Dense alder thickets are commonly found in the zone between the 
upper limit of the forestad areas and the bare nplanda 

WATER-POWEB n E T E L O F m  

The water-powd~ potential of the lakes under considaration was 
fimt inmstigated by E l l s w d ~  and Davenport (1916, p. 118-126) 
who maintained gaging stations on the d r e a m s  draining them lakee 
during part of the summer of 1931. Permanent gaging stations were 
established by the U. S. Geological Survey on Gmnt and Ptarmigan 
Creeka during 194'1 and on Cooper and Cmcmt C r d s  during 1949; 
discharge records for these stations can b obtained from the Survey 
office in Junean. 

TABLE 1 .-Ansmge monthly I s m ~ t u ~  a d  p"cl'pitahahun at Ssrwrd, A b k a  

Discharge from thme I&w is ~t a m b u m  and fluctuates greatly 
daring the summer; in the winter, bowover, it is much reduced or may 
even be nonexistent. Storage is nemasarg to distribute the Row 
throughout the yenr to conform to the power demand. At the pro- 
posed power sites the lakes constitute natural storage bagins. A con- 
stant flow could be maintained either by tapping the lalm a suitable 
distance below their present levels in order ta allow for the required 
amount of drawdown during cold weather, or by tapping the lakm at 
their present lev& and mising the lake la~els  a sruibble amount by 
damming the lake outlets. The diversion from lake to powerhmtle 
could ba by tunnel, surf acs conduit, or a combination tunnel and con- 
duit. Because this investigation is mnoerned primarily with the 
geologic aspecb,of the propod developments, emphasis is p l d  on 
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the possible tunnel alinements rather than surface conduit alinments 
between lake and powerhouse, Although conduits could be ntihed in 
all c a m ,  i t  is felt that their use would not permit year-round reliable 
power output as they would be subject to freezing and to possible dis- 

- ruption by landslides or snow avalanches. 

REGIONAL GEOLOGY 

me four p w e r  sites considered in this report are located in a part 
of the Kenai Mountains that is composed of rt thick series of slightly 
metalnorphd clastic sediments of probable Mewmiic age. Bed- 
rock consists almost entirely of dark p y  to black, thinly bedded 
 late interhgering in varying proportions with lenticular beds of 
f ine  to medium-grained, hard massive ~ a y w a c k e .  Interstratified 
with these, but in very minor amounts, are lenticular Wies of con- 
glomerate lm than 10 feet thick. In a few pIacm the slate md gray- 
wacke bedrock is cut by veinlets or irregular masses of quartz. 
In geneml, structures in this area are characterized by closely ap- 

premed isoclinnl folds striking approximately north, which are in part 
overturned towar& the west. In detail, there are considerable struc- 
tural differences on either side of the north-trending valley in which 
are situated Upper and Lower Trail Lnkes and the eastern arm of 
Kenai Lake (fig. I). East of tIus valley strikes are nearly due north, 
and bedding dips uniformly to the esst at angles ranging from 40" to 
70". To the west of this valley, however, attitudes are much mom 
variable. Here the beds strike beheen north and N. 65" E. and dip 
fmm 70" W. to &IpS" E., although m a t  m-ly they m within 15" 
of the vertical. Everywhere jointing is welI developed in the p y -  
wacke, and an imperfect incipient cleamge is fotmd in the he-grained 
rocks. Although local deviations am numerous, cIeavage as a rule 
stikes nwdy parallel to the bedding. 

There are many fault,s in this area. However, the uniform bed- 
rock lithology and estensive surface cover hinders efforts to locate 
nnd measure the displacement of the fttults. Most of the stress asmci- 
ahd with folding appears te have &en relieved by slippage aIong 
inxny small bedding faults, which are generally tight. 
In addition to the hdding faults there are two prominent. widely 

spaced cunjugrtte sets of high-angle: transverse fractures thel strike 
betwwn exst and southeast and between north and nodwast.  Them 
fractures ars probably open and constitote lines of m h e s s  as is 
indicated by their tendency to control drainage and by many of the 
rectangular topographic features in the vicinity of Renai Lake. 

8 4 8 9 9 W L 2  
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A mll-developed set of vmtical joints with an east strike is found 
throughout the area, particularly in the massive graywacke. 

Quaternary glaciation, controlled and directed by the preexisting 
topography, modified the terrain nnd removed any chemically weath- 
ered material that may have been present up to nn nltitnde of a b u t  
4,000 feet.. All of the Iakes under consideration owe their origins 
primarily to glacial scour in the floor of 'U-~haped valleys. 

The ~lnconsolidated d a p i t s  that cover over ana-hnlf of the s111t.e 
nnd g a y w x k e  bedrock are all of glncj~1 or postglacial mge. They 
cnn be classified into three groups as follows: Glaciofluvinl deposits 
consisting of rudely stratified aiEt, snnil, gravel, and boulders: stmti- 
tied silt, sand, gmveI, and boulders deposited by the present streams; 
and un~ltratified coarse rubble along the steeper slopes formed by ex- 
tremely active mass-wasting processes. Both Cooper and Crescent 
Lakm are deepened by dams of glncioflnvial and alluvial deposits 
mross their outleb. 

None of the faults in the vicinitg of Kensi Lalre me known to tse 
active. However, this is a st mngly seismic area in which shallow- 
focus ssxtl~qu~tkes have been recorded, wh- magnitudes are as high 
as 6.9 on the Gutenberg-Richter scale? This area is c l m l y  equivalent 
to the Coast 33mges of California in fqnency and magnitude of 
al~ocks~ Consequently, the possibility of additional loads due to earth- 
quake vibrations should be considered in designing structulw at the 
prop& power sites. 

COOPER SAKE 

Cooper Luke is situated a b u t  4 milss south of Cooper Landing 
at an elevation of 1187.7 feet above sea l e v ~ l  (iig. 1). The lake drains 
via Cooper Creek into the Kenai River at tm point about 1% miles 
west of Cooper Landing. Between Cooper Lake and Remi River, 
Goper Creek flows down a steep-walled  alley, dropping roughly 
770 feet in a dist~nce of 4% miles. Cooper Lake is 6 miles long and 
is 2,000 feet wide at its upper end. The lake broadens rapidly to a 
maximum width of 6,850 feet at  a distance of 1% miles from the upper 
end and then tapers gradually towards the outlet. TWO glacial 
streams and one clear-water stream flow into the upper end of the lake, 
and severml smaller clear-water streams ff ow into the lower end of the 

I U: B. Comt and &odetic Flu-, PrrlMnarp eelmmie ptobabill~ map of Mask& 
mtember 1960. (Unpubllahett) 
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Iake. The area of the Cooper T ~ k e  drainage basin is itbont 30 square 
miles. The ridge separating Cmpr l i k e  from Renai Lake (pl. 1) 
ranges in altitude from 1,250 to 4,580 feet, and at its lowest point it 
is abont 125 feet above the level of Cooper Lake. At their dosest 
point the lakes are 1.8 miles apart, and at tllis point the ridge wparat- 
ing  them is st a height of 1,800 feet, or about 450 feet above Cooper 
L k e ,  

A For& Service trail 334 miles long leads from Ken~i  M e ,  over 
the low pass between the two lakes, to the upper end of Cooper M e .  

Over 700 feet of h e ~ d  could be developed from h p e ~  Lake by 
diverting water from it via a hnnel into a powerhouse along Kend 
L k e .  The shortest distance between the two lakes, and the mast suit- 
abIe location for this tunnel, would be through the saddle in the vi- 
ciniQ of seetion B-R' as shown on plate 1- The required drawdown 
to maintain dequate flow during periods of low water co111d be pro- 
vided in one of two ways as follows: Tap Cooper Lake from 30 to  
50 feet below the present water level, or tap the lnke near its present 
water surface and raise the lake level from 30 to 60 feet by means of 
a d m  at the outlet. 

The location and topography of the reservoir BW[C are shown on 
plnte 1. Also shown are the geology and topopphy of the dam 
nnd tnnnel sites, and along sections in the vicinity of two possible 
dnm alinemants (A-A', 23-23'), and one of the possible tunnel aline- 
ments ( C - F ) .  

REBERVOm BITE: 

The reservoir site is in a broad, U-shaped valley whom profile to 
an altitude of about 4,FK)O feet is a result of glaciation (fig* 1).  Glmial 
scour deepened the original stream valley, forming a basin-like de- 
pression in the alate and gmywtscke bedrock which is now occupied 
by f h p r  Lake. The greatest depth sounded in Cooper Lake is over 
400 feet, near the bend about 1% mil- north of the head of the lake. 
About 35 feet of the depth of Cooper Iake is accounted for by the 
presence of natuml dnm of glaciofluvial debris at  the present lake 
outlet ; the remainder of the lake is in a rock basin. 

Bedrock in the dam-site nren consists almost entirely of slate and 
graywacke. T h w  rocks crop out along Cooper Creek at the down- 
stream limit of the darn-site area map, md ons outamp of slate 
occurs muthwest of Cooper Cmek at  an aItitude of I$& feet (pE. 1). 

The alate is fine grained, well consolidated, and dark gray, blue 
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black, or black in cocalor. Inkmtratified in minor amounts with the 
date are thin graywacke lenses which range from s trace up to 1 inch 
in thickness. Cleavage is imperfectly de~eloped ; the rock breaks inta 
slabs along rough, irregular surfnces. A ~ystem of closely spaced in- 
tersecting joints cut the slabs of slate into mdP, angular pimq rarely 
over 9 inches in length. The slate is mechanicaIly weathered along 
the deavag~ and joint planea to an average depth of 3 feet. 

Graywacke occurs as a rnassi~e outcrop along Cooper Cmk. It is 
gray, tine to medium grained, extremely bard, and is composed chiefly 
of angular fragments of quartz and feldspar dong with n u e m s  
flat streaks of slate embedded in a fine-pined clayey matrix. Red- 
ding in the gaywacke can only be dimrned from the orientation 
of the included slate streah. This rock is excaptionally mistant, 
as it is susceptible to erosion and weathering only along a Wtem 
of widely spaced joints which cut the rock inta large blocla. 

Bath cleavage and bdding of the date strike within 5" of N, Ba 
E. and dip from 45" to 60° E. At the point where Carper C m k  
changes its direction of flow from west to northwest, a mass of slate 
on the north bank has slumped so that both dips and strikes are ex- 
tremely variable. This slump block is mapped sepanttely on plate 
1. The graywacke strike N. 30" E. md dips &ween 85" W. and 
$5" E. Discordru3t attitudes bstwmn the slate and graywmke indi- 
cab t h ~ t  they are in fault contact--the fault b ing  concealed under 

' the alln~ium-filled gully separating rock of the two types. 

Unconsolidated glaciofluvid, talus, and aUnvid deposits of Qua- 
ternary age unconfamably overlie t.he slate and graywacke bedmck 
as &own on plate 1. 

The gl aciofluvial deposit is characterized by the following feat- : 
Moundlike, poorly drained hpography; extremely mpid vertical 
and lnternl variation in grain size, and rough stratification dipping 
upstream in at least one exposure. All of these features suggest that 
this deposit may be a kame which originally consisbd of m u l l  deltm 
or outwnsll cones built out from the glacier's margin; the material 
later collnpsing into its present form upon melting of the ice. The 
gTaciofluvial deposit consists predominantly of poorly sorted, angular 
to subround gravel, cobbles, and boulders in a matrix of sand and 
silt. Scattered a b u t  on the surface of these deposits a m  boulders 
RS long as 4+$ feet, which may be wpraglacial in origin. Postglmid 
weathering has resulted in the formation of a well-developed pod- 
wlic soil profile which serves to distinguish the glaciofluvi~l material 
from the younger alluvial and talus deposits. This soil is distin- 
guished by a gray or white bleached horizon, 1 to 2 inches thick which 



is directly beneath the sa&ciaI organic matter rrnd is underlnin by 
a reddish-brown iron-enrichad zone as much as 2% feet thick. 

Fm-shaped, unconsoIidated deposits of talus and alluvium from 
the steep valley slope n o d  of Cooper Creek overlie both the glacial 
deposits and hdrock. This malarial is composed of an sngdrtr or 
subangular sand, gravel, cobbles, and boulders showing littlo or no 
sorting or strrstifi~tion. These deposits are too recently formed 
to have developed a distinguishable soil profile. 

hose, subrounded to munded gravel, cobbles, and boulders of re- 
worked glacial materid occur aIong the shore of Cmper Lake and 
in the bed of Goper Creek where it flows over unconsolidtated de- 
p i t s  Thee bemh and stream deposits ars  probably nowl~ere more 
thm 5 feet thick 

Tm92QELSITE 

An approximate aIinenr~r~t for  rliv~rt ing water from Cooper Lake 
to 'Renai h k e  is shorn on plate 1, section C-P'. The desired hydro- 
static hmd could be achieved by tunneling from Cooper Lake to  tt 
pomrhouge along Rentti L a k ~ .  or by ttmt~eling almost horizontally 
though the rid- to about the l7l0(1-fwt contour and then running 
a conduit from tunnel to pow~rhoum. 

The ridge along the tunnel alinement is underlain almost entirely 
by well-consolidated, blue-black to black dnte md hard, p y  or 
black gragwacke. The mtio of slate to paymacke varies mnsidembl y 
along the tunnel alinement. In general, the western pal% mnsish 
of slate with up to 80 percent graywacke in beds less than 50 feet 
thick while in the eastern part mmive  graywacke in beds up to 500 
feet thick wnstitute 50 percent or more of the badrock. 

Bedding in these rocks strikw from N. 5" E. to N. 25" E. and dips 
from 70" W. through 70" E. The slaty rmlcs generally show high- 
angle clwvage with .strikes rnnging from north to to. 1 5 O  Em--at a 
smaI1 angIe to or almost parallel to the bedding. 

Joints spaced from ti inches to 10 feet apart occur in tmo persistent 
sets throughout the area. One set is vertical and strikm enst; the 
other set is pnertl1Iy within 10" of the horizontal. In addition, dis- 
continuous high-angIe joints trending roughly northeast and north- 
west are well developad locnlly. The joints divide the pywacke  into 
large blocks, and, in combination with bedding and cleavage, they 
divide the slab into sltlbs with irregular, a n ~ l a r  edges. 

No faulta were ohrved ,  although i t  is probable that mmy bdding 
faults occur throughout the bedrock. However, a s y h  of high- 
angI~, conjuete fractures striking N. 70' E. and N. 35O45" W, is 
indicated by widely spaced, well-dehd linear depressions criswross- 
ing the tunnel area. Them fractures may be joints or faults, but in 
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any case they constit~ite lines of weakness as evidenced by their topo- 
gx~phic expremion and tendency to mtr01 drainage. 

RESERVOrn SITE 

The floors and wall9 of the memoir would be composed of bedrock 
or bedrock ever'l~tin I)y ntluviurn which is sufficiently tight to insure 
minimum water loss through leakage. 

DAM 8IT.E 

Foundation conditions in tha dam-site area. are quite variable and, 
consequently, the type of dam to br! constructed would depend I I~OH its 
location within this nwa. Cmss sections throng11 two of the possible 
dam alinements are shown on plate I, sections A-A' and R-B'. 

Ear.t?~-fill dam-Most of the chm-site area is underlain by uncon- 
solidated glmial and alluvial del)osits sI~icIr a r e  mitabIe in varying 
d e g r e ~  as foundation rnnterials for low earth-fill dams. The glmia- 
fluvial deposits exposed Rear the surface am relatively impermeable 
and wonId not be subject to awssios seepage or compaction under 
load. The silt present in this matmid may be susceptible to piping, 
nnd may therefore require a cutoff to reduce the velocity of water 
seeping under the dam. This cutuff could be extended to bedrock if 
necessary as the mmnsolidptted deposits along line A-A' (pl. 1) are 
probably less than 25 feet thick. The JIuvisl and talus deposits north 
of Cooper Creek may be rather pemeabk, requiring either a cutoff b 
bedrock or removal to prevent excessive seepngs. 

Stripping for a fill dam would involve only removal of the mat of 
vegetation and organic soil less than 5 feet thick? dong wit,h a 1x1s 
iively small amount of loose alluvium in the bed of Cooper Cmk.  

Moro detailed investigations along the following lines are sugpstpd : 
Tho lithology of the unconsolidated materials down to bedrnck and 
rlopth to bedrock ahould be determined along the dnm axis in nneon- 
solidated deposits to determine whether highly permeable or plastic 
strata are incIuded in or underlie the glacioffuvial deposits. Perme- 
ability of the uncondidat~d makrialq pahcdarly the tnlus, should 
be determined by obmrving rates of water leakage from pits or drilI 
holes along the d m  ais. 

Concrete QP mck-fi17 dona.-The narrow gorge in gray wacke at  the 
downstwarn limit af the mapped dam-sih area may he s suitable sita 
for a wncreb or rock-fiI1 dam. The foundation is sufficiently sound 
and the valley profile is such thnt an arch dam might be utilized here. 
At t k  site m k v e  p y w a c k e  is exposed from Cooper Creek ta an 
altitude close to 1,300 feet, and is overlain by unconsolidated depo~its 
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on both banks a t  an altitude above 14Q0 feet. The desired reservoir 
nl ti tude nnd the tl~ickness of the uncunwlidatd material overlying t.lle 
paywacke mould be limiting factors determining the mihbility of 
this sib. More detailed investigations along the following line3 are 
sugpst~d : ."k detailed topographic map of the awn at nnd immediahly 
below this site should be made; lloles sllould he dril l~d through the 
~lnconsolidated deposits into the bedroclt on hot11 abtlt.ments t.a deter- 
mine depth to bedrock; and water-pressure k s t s  should be made in 
drill holes on both abutments and one hole along Cooper Creek to 
determine rates of water leakage, to be expectd nlong joints in the 
bsdmk 

I 

Con8tncctbn mfeIfda.-Acleq~1at~ conma fill material is readily 
nr~ilable from the glg~acinfi,tluvial tleposits along Coopel. Clreek nnd on 
r he soa thwet  sllore of Cooper Lnke. Riprnp co~lld he obtnined from 
cobbles and boult le .~ in thew depmits or. it could be quarried from 
massive gmywacke along C w p r  rrwk rlo~rnstrearn from the dam 
site. There are no fine-grainer1 mils suitable for nn, impervious core 
section in the dam-site ares. 

Natural concrete aggregate could be obtined from the glmiofluvial 
deposits although treatment would be required to m o v e  nndssirab1.e 
size fr&ions present in these deposits. Suitable a m t e  could BISQ 
be quarried from the gmywacke immediately do&t-rn from the 
dam-site area, 

TU- 13l'TE 

Except for short distances at the portals nnd in local shatteres zones 
along widely spaced faults, the rocks to be encountered in the tunnel 
can be expected to stand unsupported for an indehite period. Them 
would probably be some goi~nd-water inflow from joinh md f r w  
turn throughout the tunnel. Excessive quantities of water under high 
pressuws might be p m t e d  in the fnult zones, especially where over- 
h~irrlen is nt H. maximum. 

The most favorable tunnel dinenlent would be at right nnglar to the 
strike of tlre bedding, or nearly due east. The slab would be relatively 
easily broken and removed, but overbreakage may be considorable clue 
to the system of interseeking joint, claaiage, and bedding p l w .  
Drilling n i ~ d  breaking the graywacke would probably be more diffi- 
cult, altbongh overbreakage could be more readily controlled than in 
the slate. Use of a combination tunnel and conduit would minimize 
the amount of tunneling required in the pywacke .  

A diamond-drill program undertaken prior to selection of the hit1 
tunnel alinement would help determine whether any large faults sre 
present in the ama ; the nature of the linear depressions crossing the 
area; the inflow of ground water to bec expected during tunneling 
operations; and the spacing, nature, and pattern of joints at depth. 
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ORANT LAKE 

Gmnt Lake is situated 1% miles due east of Moose Paw at  7130 feet 
altitude (fig. 1). Grant Creek flows from the lake into Trail Creek, 
which connects Upper and h w e r  TraiI Lakes. Grant Cmk is 1 
mile long and dwcends through a namm box canyon for most of the 
way to ih junction with Trail Creek-a drop of 228 feet. Between 
Grant Lake and Upper Trail Lake is s 30w ridge which is only 4,000 
feet wide near the outlet of G m t  h k e .  Grant Lake is slightly more 
than 6 miles long and from 1,500 to  3,000 fset wide. The lake makss 
a right-angle bend 2 miles above the outlet, the lower segment trend- 
ing slightly east of north, and the nppr  segment trending slightly 
south of east. A large glacial stream empties into the upper end of 
the lake, and several srnalIer glacial and clear-water strems drain 
into the lnke along its length. The total drainagw area of Grant Lake 
is abut  44 square miles. 

A g d  wagon trail 1% miles long (the Portage Trail) leads from 
the railroad bridge at  Moose Pnss to Grant h k e .  The lake outlet is 
accemible from Upper Trail Lake via an unused lumber trail 0.6 mile 
row (PI. 2) .  

About 200 feet of hydrostatic head could be developed fmm Grant 
Lake by diverting water from it to a powerhouse along Upper Trail 
bake. This d d  be accomplished by means of a tunnel, or combina- 
tion -el and conduit, through the ridge betwmn these two lakes 
(pl. 2). The reqnired drawdown cauld be provided by tapping Grant 
h k e  30 to 50 feet below ita surface, or by raising the lake level 30 
to 50 feet by means of a dnm at  the outlet. 
The location and topography of the reservoir, dam sits, and tunnel 

aite are shown on plnte 2. Plate 2 also shows the geology at the dam 
aitas, parts of the tunnel sites, and along crm sections through these 
areas. 

RE-VOIEE BI'XBl 

"She reservoir site is a broad U-shaped v~l ley  which was glaciated 
to an altitude of about 4,000 feet. Grant Lake occupies part of a 
deep m k  basin excavated in the valley floor by glncial erosion, (See 
fig. 1.) 

n m  BITE 

T h e  dam-site area is underlain by a uniformly dipping sequence of 
interbedded slate, sandy slate, and paywacke, which is well exposed 
along Grant Creek and the shores of Grant Lake* 

The slate is h e  grained, well consolidated, and dark gray to black 
in color. T h e  rock breaks into thin slabs along fairly mmth, sub- 
pmllel bedding and cleavage planes. bcally, the slate contains 



considerable amounts of sand and rock fragments. Slate mntaining 
aand and rock fragments is somewhat more maasive than the re- 
mainder of the slate and breaks into slabs up to 6 inches thick along 
rough, imguIar bedding and cleavage planes. Where possible, the 
more massive slate is shown separately on the dam-site map as "sandy 
slata" A system of intersecting joints cuts the slabs of both slate and 
sandy slate into angular pieces generally less than 1 foot long. Be- 
c m u ~  the data is readily susceptible to mechanical erosion along the 
joints, bedding planes, and cleavage planes, it genymlly underlies the 
valleys in this area. 

Massive beds of p y w a c k e  as thick as 200 feet form tha ridga in 
the dam-site area. The rock is gray, fine to  medium grained, and 
extremely hard and tough. The grrtywacka is relathely resistant to 
erosion, as it is only susceptible to attack along a system of widely 
spaced jointsl which cut the rock into large angultar blocks. 

Bedding and cleavage generally strike between north and K. s5" E. 
with dips ranging from 42" to  60° E. 

A small anticline about 35 feet across is exposed along the south 
bank of Grant Cneek 50 feet downstream from the point at which 
the 690-foot contour crmales the creek. The axis of this anticline 
strikea parallel to  the strike of the bedding, and the east limb dips 
60" E. The west limb is cut off near the fold axia by a tight normal 
fault which strikes N. 20° E. and dips e ~ s t  at a high angle. 

Widkly spaced, high-angle, eastward trending join& me present 
throughout the dam-site nrea. Closely aptwed intersecting joints 
from 1 t o  5 feet apart without obvious consistent orientation also 
occur throughout the bedrock and particularly in the slate. 

Small areas of alluvium mcur on both aides of Grant, C m k  at the 
dam site, and one extensive area of alluvium occurs east of the dam 
siQ on the south shore of Grant Lake (pl. I). 
These unconsolidated deposits consist predominantly of roughly 

mEPorted, subrounded to rounded gravel, cobbles, and boulders in a 
matrix of sand and silt. 

Tmmm BITE 

The power potential of Grant I ~ k e  could be developed by tunneling 
in a westerly to northwesterly dirwtian from the ontlet of the lake 
to a powerhouse on Upper Tmil l ike ,  or by tunneling almost hori- 
zontall y through the ridge between these lakes approximately to the 
700-foot conbur and then running a conduit from tunnel to power- 
house. 

The ridge between Grant ibnd Upper h i 1  Ldxs is underlain by 
interbedded slate and grapmke, as shown jn plata 2, section 0-0'. 
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Abut  70 pemnt of the bedruck consists of well-conwlidated dark 
slate in beds up to several hundred feet thick; the remainder is 
hard, massive p y w ~ c k e  in beds up to 200 fwd thick. 

The strike of both bedding and d e a v w  in this area is betweem 
north and N. 10" F,. although in a few plrccas divergent strikes from 
N. 15" W. to N. 2 5 O  R. were measured. Bedding dips from 35O to 
65* E. with evidence that at least part of the section is overturned. 

A set of widely spacod, high-angle joints trending roughly eastward 
is well developed in the tunnel area. The* joints, along with several 
poorly developed sets generally spaced from 1% to 5 feet %part mt 
the graywmke into large blocks, md in combination with bedding 
and cleavage, they out the slate inte dabs with rough, angular edges. 

The only fault found in the tunnel area is at the sharp bend in Grant 
Creek where &he stream c h a n p  courm from due south to southwest, 
(pl.2). AtthispointthereisafaulttmndingN.50" E-anddipping 
65" S. which is in line with, and pmbabl y controls, the lower c o w m  
of Grant Creek. The zone of fractured rock ndjawnt to the fault is 
between 15 and 20 feet wide and cont~ins several small quartz veins. 
The hulk contains up to 3 inches of clay gang& 

-Tom a m  

The floors and wralls of the msemoir would be mrnpmed of bedrack 
or bedrock overlain by all;vium that is sufficiently impermeable to 
jnsare minimum water loss throagh pund-water leakage. 

The height of water in the resewair would be limited by the drain- 
age divide traversed by the Portage Trail. This divide is about !M 
feet ~bove the present lake d a c e  ; therefom, a small wing dam would 
be required to prevent overflow through this pass if the lake level is 
r a i d  more than 50 feeL 

DAM SITE 

F d ~ . - B e d r o c L  in the dam-site area, particularly the gray- 
wacke, is suitable = n foundation for either a concrete or rock-fill dam. 
Secttion A-A' (pl. 23 is along one of the more favorable dam dine- 
rnenfs. Along this alinement, only a thin mat of vegetation and 
organic soil would have t,o be removed to expose fresh, sound gray- 
wacke and sl~ndy slate bedrock 

The bedrock should have sufficiently high mrnprwive and shear 
sltrengtll to support the contemplated load. The rock i k l f  is rela- 
tivel y imperrnoable and insoluble; some empage could take place along 
the joint planes although from surf ace indications they are generally 
tight. The amount of seepage to be expected could be determined by 
means of pressure tagts in drill holes along the darn alinement on both 
abutments and in the stream bed. 
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In designing tt dam at this sib it should be noted t h ~ t  the low 
divide traversed by the Portag~ Trail (pl. 2) could be used as a 
natural spillway if the lake level were raised 50 feet, 

C m i h e t i m  mate7.i&.-Graywwke in the dam-site area would be 
excallent for crushed concrete, aggregate and for rock fill. In addi- 
tion, natural qgregata could be obtained from the alluvium to the 
aast of the d m  site, but washing and wresning would probably be 
required to remove undesirable size fractions that are commonly 
present. 

TUNNEL 13m 

Except for widely spaced fracture zones which cross the tunnel 
area, bedrock appe3.rs to be uniformly fresh, sound, and tight. The 
mod; favorable alhement for the tunnel would be at right mglea ta 
the bedding strike or almost due west. Support would probably be 
required at the tunnel portals and in local closely jointad or fault 
zones. In general, the rocks that will be encountered in tthe tunnel 
can be expected to stand unsupported for an indefinite period. Some 
pund-water s9page could be cxpscted from joints and fractum 
throughout most of the tunnel area. However, since the tunnel would 
never be more than 200 feet belou- tbc surface, the water inflow would 
probably be smali. 

The slate would be roIatively easily broken and removed, but over- 
breakage may be considerable due to the closely spaced system of 
inhasectkg joints, bedding, and cleava@ planes. Drilling and break- 
ing the graywacke would be more difficult, but overbreakage could be 
more readily controlled. 

A diamond-drill program undertaken prior to selection of the h a 1  
tunnel aIinement would help determine whether or not any large 
faults are prewnt in the area ; tho inflow of ground water to be ex- 
pected during tunneling operations; and the spacing, nature, and pat- 
tern of joints at depth. 

PTARMIGAN LARE 

Ptarmigan Lake is situated 2.2 miles east of Lawing at an altitude 
of 755 f& (fig. 1).  The Fake drains into Kenai Lake via Ptarmigan 
Creek, which is about 3 miles long and drops 319 feet between the 
two lakes. Ptarmigan Lake is 3.4 miles long and is between 1,000 and 
4,000 feet wide. A glacial strwrn 754 miles long empties into the 
head of the lake and one small glacirtl stream and several small clear- 
water streams drain into the lake near its lower end. T h e  drainage 
area of Ptrtrrnigan Lake is  bout 33 square miles. 

A good Forest Service foot trail 5 miles long Ieads from the Seward- 
Anchorage Highway 1.54 miles north of Lawing to Ptarmigaxl Lake. 
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The power potentid of Ptarmigan h k e  wuld be developed by di- 
verting water fromi it into a powerhouse located near the lower end 
of Ptarmigan Creek. A tunnel or combination tunnel and conduit 
could be used to conduct water from lake to powerhouse. The re 
quired drawdom could be provided by tapping the lake 30 to 50 feet 
below its surface, or by damming the outlet in order to raise the lake 
level 30 to 50 feet above the tunnel intake. 
T h e  topography ancl geology of the Gunnel and dam sites, and the 

topography of the reservoir site are shown in plate 3. 

The reservoir site is in a broad, U-shaped valley which was formed 
by glaciation to an elevation of about 4,000 feet. (See 6 g. I.) Ptarmi- 
gan Lake occupies a portion of a m k  basin gonged by glacial ice, and 
has s mttximnm depth of 2% feet. 

The dam-site area is underlain by sIate that contxins minor mounts 
of graywacke in lenses less than 2 inches thick. The data is fine 
grained, well consolidated, and blue black to black in color. The rock 
breaks into slabs as mlich as several inches thick along shiny, undulat- 
ing, subparallel cleavage and bedding planes. The slabs of slate are 
cut int,o irregular pieces generally less than one foot long by a system 
of intersecting joint planes. As everywhere in this area the high- 
angle, east-trending joints are the most prominent m d  persistent 

cutting these rocks. The slate is weathered along lmdding, cleav- 
qp, and joint p h e s  to an average depth of 3 feet. 

The slate at the dam site appears to be on the overturned limb of 
an iscclind fold. Strike uf both bedding rand cleavage is between 
north and N. 10" E. The beds di;p from 50" to  70" E. ~ n d  the cleavage 
is either parallel to the bedding, or hss a, slightly lower angle of dip 
than the bedding. 

The date along the steep east bank of Ptarmigan Creek, immediately 
below the lake outlet, has been undercut by the stream so that the 
angle of dip of the slate is progressively less from tap to bottom of the 
bank, owing t o  sarface creep. 

UnwnsoIidated deposits in the form of beaches up to 10 feet wide 
and several feet deep are found along the lake shore tst the dam site. 
The beach pebbles are predominantly slate shingle derived from the 
local date bedrock. At the eastern Iimit~l of the dam-site area the slate 



@b1m gfe mixed with coarse cobbles of p y w m k e  and quartz de- 
rived from b& of massive p y w a c k e  to the east and north of the 
dam-sib area. 

~~ 

An approximath dinement for diverting water from Pta6ga.n  
Lake ta a powerhouse near Kenai Lake is shown in plate 1, section 
B-B'. The diversion could be accomp4ished by tunneling directly to 
the powerhouse or by tunneling nearly horizontally through the ridge 
west of Ptarmigan Lake to  the 750-foot contour md then running a 
conduit from tunnel to powerhouse. 

Most of the ridge between brmigan  ,nand Kenai l ike9  is underlain 
by well-conmlidated dark slate. In the s9treme western part of the 
tunnel area the slate is interbedded with thick beds of hard, massive 
graywaclre. The al1uvial fan deposited by Ptarmigan C m k  consid 
of wdl-stratified and rounded sand, gravd, and cobbles. 

Through most of the tunnel area both bedding and dettvage strike 
htween north and N. 10° E, with dips between 45" and 70° E. 
There is a well-developed joint system cutting these rocks; most 

prominent of which is the high-angle east-trending set, Three well- 
developed .fracture sets showing varying degrees of displacement cut 
the date bedrock in the tunnel area. Two of these sets are almost 
at right angles to each other, striking about N: 20° W. and N. 6 5 O  E. 
with dips at high angles to the northwest a d  southeast respectively. 
The third set trends nearly parallel to tha bedding. Most of the . 
faults are very tight with little or no gouge along the fault planes 
or shattering of the adjoining rock. h a l I y ,  however, up to 6 inches 
of clay gonge is developed along the faults and the adjoining rock is 
somewhat shattered as in tha highway cuts south of Lawing. Small 
faults control the cwm of Ptarmigan Creek throughout most of it9 
length; however, they am too closely apmd (about 150-500 feet) ia 
be shown on plate 3. 

me floors and walls of the reservoir site would be composed of 
bedFbcg or alluvium underlain by bedrock which ia mflticiently im- 
permeable to insure minimum water loss through gmu~ld-water 
Feakaga, 

DAM %ITM 

F o ~ ~ - B e d m k  at this site is well snit4 as the foundation 
for concrete or rock-fill dam. Ona of the possible alinements is along 
section A-A' (pl. 3).  The pmfile of the stream valley and aorxndness 
of the foundation are euch tht an arch dam could be considered at 
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this site. Stripping would involve removal of less than five feet of 
vegetation and weathered rock, along with the loose, slumped slate 
on the sast bank of Ptarmigan Creek. The bedmck wouId probably 
be subject to minor seepage along joint and cleavwo planes, the 
amount of which muld be measured by means of p m u r e  te& in 
drill holes along the dam axis on both abutments and in the stream bed. 

Suitable spillway sites for a fill dam o m  on both abutmanta as 
shown on plate 8. 

Crmtmction &wi&.-Th~ only construction material at the darn 
site is date. Because it i~ soft and tends to break into small slabby 
fragments, the slate would not be suitable for concrete wgregate and 
would not produce fragments large enough to be used in a rock fdl. 

Beds of hard, massive graywacke arid conglomerate, cut by numer- 
ous quartz veins, are exposed dong the north side of Ptarmigan Lake 
about 1,000 fset east of the dam site. Rock suitable for aggregate 
tlnd GI1 could probably be obtained fmm these beds. 

Clean, well-rounded and well-graded nnataral concrete aggregah 
could be obtained in the lowland along the Alaska Railroad route or 
from t h e  alluvial fan at the mouth of Ptarmigan Creek. Suitable 
concrete a g p g a t a  could also be. quarried from the graywake and 
conglomerate east of the dam site area. 

The shortest and geologically most f avorrtble tunnel alinement would 
be in the vicinity of line B-B' (pl. 3).  

Bedrock throughout most of the tunnel area would probably be 
relatively sound and tight. Support would be required a t  the tunnel 
portals and in narrow, closely jointed or faulted zones that would 
be encountered a b u t  every 160 to 500 feet. In the remainder of the 
tunnel, however, the rock to ba encountered can be expectsd ta stand 
unsupported for an indefinita period, 

There would probably ba ground-water inflow from joints and 
fractures throughout most of the tunnel. Excewive quantities of 
ground water may be encaunterd in the fault zonsa, and this water 
may be under high p m u r e s  in places where the overburden is several 
hundred feet thick. 

The slate would be relatively easily Mled and broke11 although 
overbreakage may be dificuIt to control due to the systeru of closely 
spaced cleavage, bedding, and joint planes, and the praence of shat- 
tered rock dong the faults. 

A diamond-drill progrrlm undertaken prior to selection of the fmal 
tunnel alinement would help determine the location and nature of 
faults present in the area ; the inflow of ground water ta be expect;sd 
dndng tunneling operations; and the spacing, nature, and pattern 
of joints at depth. -A - 



CREBCENT LAKE: 

C-nt Lake is situated at an altitude of 1,454 feet near the center 
of a somewhat isolated group of hills bounded on the south and 
west by Kenai Lake, on the east by the Trail Lakes, and on t he  
north by the valleys followed by the Seward-hnchorage and Sterling 
Highways (fig. 1). hs its name implies, this lake is remarkably 
crescentic in plan with the convex side toward the south. The lake 
is 6 miles long and is slightly less than 2,000 feet in average width. 
7% total drainage area of Crescent Lake is only 28 square miles. 
The lake is dmined westward via Crescent Creek and Quartz Creek 
into Kenai h k e ;  a difference in altitude of slightly more than 1,000 
feet. At its cl-t point Crescent Lake is 14,500 feet norhh of Ilenai 
m e ,  with a divide 1,850 f e t  in height between the two lakm The 
upper end of the lake is about 14,500 feet southwest of Mmse Creek; 
the pass forming the drainage diride between Crescent Lake and 
Moose Creek is 1,494 feet in height, or 50 feet above the altitude of 
the surface of Crescent Lake. 

Between 900 and 1,000 feet of hydrostatic hesd could be developed 
from Crescent h k e  by diverting water from it into a powerhouse 
along either M o m  Creek or Kenai Lake, along m a  of the following 
posaible dinsments. One dinement is from the upper end of Cres- 
cent W e  northeastward to Moose Creek; the other is h m  near the 
middle of Crescent Lake south t o  Kenai Lake. Adequate flow dur- 
ing periods of low water could be maintained either by tapping 
Crescent Lake 30 to  50 feet below the present wator surfam, or by 
d s i n g  the lake level an equal amount by means of a low dam at 
t h e  ontIet. 

A Forest Service trail 334 miles long leads from Kenai L k a  b 
the middle of Cmccnt Lake, as shown on plate 4. 

The location, topography, m d  geology of the reservoir site, dam 
site, and tunnel sites are shown on plate 4, 

In c m s  &ion, the valley oecupied by Crescent Lake is U-shaped 
due to glaciation up to an altitudo of nbout 4,000 feet (fig. 1). The 
lake occupies two basin-like depressions gouged out of the valley 
floor by glacial ice. In the basin nt the lower end of the lake the 
water reaches a maximum dcpth of 123 fwt; the depth in the upper 
b i n  is almost 300 feet. Tfle b~sins are connected by an island- 
staddd constriction nenr the west-central part of the lake, at which 
point the water is less than 20 feet deep. Fallowing retreat of the 
glaciers the two basins pxob~My contained separah Iakas. Subse- 
quently, rapid accumulntjon of alluvium at the lower end of the val- 
ley in which the lakes are situated probably d t d  in a rise of 



20 . G E O L O a  OF WATER-POWER BITE8 IN 

water lave1 h the point where the two bagins beceme oonnwted, 
forming the present Crescent Lake. 

DAM BITE 

The foundation material at the dam site consids of uneomli- 
dated streams and fluvioglacial deposits. 

The east side of Cremnt Lake at the darn site is anddain by an 
nlluvial-fan deposit which  lopes gently from the east side of the 
valley down to Crescent Creek The alluvial-fan deposit mnsists 
predominantly of &ratified, subrounded to  rounded gravel snd cob- 
bles in a matrix of silty sand. This alluvium is p d b I y  more than 
80 feet deep at the dam sita. 

The material forming the w& abutment of the dam site is pdorly 
exposed, but appears to consist predominantly of coarse, angular 
ko subroundad gravel and cobbles in a fine sandy silt matrix. The 
low knob on this abutment may be an ice-mnbct deposit af glacio- 
fluvial material or possjblg bedrock conceded under a thin mantle 
of unconsolidstad material. Behind this knob, the base of the valley 
dope is mantled with coalminp: fans of caarse alluvium. 

hose, subrounded t o  rounded grave1 and cobbles of reworked 
unconsolidated material occur along the shores of Crescent Lake 
and in the stream bed at  the dam site. 

Development of the power potential of Crescent Lake could be 
mxomplished diverting water from it ki a power eita along either 
Kenai Lake or Moose C d .  Bath alinemenfs would be about 14,500 
feet long. 

~ ~ e 8 e d  L&Xd Laks Tilnml A E w d . - A  tunnel or cam- 
&ination t nnnd  and conduit would be required to divert water from 
C m n t  Lake to a power site along Kenai Lake. The shortest dig- 
tance between the two lakes is southward from a point near the 
middle of C m n t  Lake, as ;shown an plate 4, mtion G-C'. 

Slate with interbedded thin lenses of graywacke constitutes almost 
-dl of the bedrock in this area. Locally, the gmywaclra lenses may 
.attain a thicknew of 30 feet and grade into pebbIe eonglomerata. 

Throughout most of the tunnel area both bedding and cleavage 
pera l ly  strike betteen north and N. 10" E. with steep easterly dips. 
Shear zones in the slate are exposed on the ridges both eaat and wwt 
.of the tunnel abement and north of C m t  Lake opposite the tun- 
nel area. Bedrock exposed along the stream emptying into Renai 
Lake and along the shore of Kenai Lake near the south end of section 
6-C' is tightly folded rtnd extensively f r a c t d  W& of this folded 
zone, the rocks e x p o d  along the shore of Kenai Lake s t r i k e  N. 25" E., 
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Ghereas to the east of this zone the beds strike btwwn north and 
N. 10" E. as in the mmainder of the tunnel area. 

The divide htmen Crescent and Kenai Lakes and the lower ridge 
dopes throughout this area are mantled im varying depth by nncon- 
mlidaEed fluvial, glacioff uvial, alluvial, and rubble deposits as shown 
on plate 4. 

Creaceni? Z&+M60se Cmak 2 A Z ~ T M W W Z ~ . - ~  appm-sb 
alinement for diverting water from Qeecsnt Lake to a powerhouse 
mm Moose Creek is shown on plate 4, section B-B1. The desireil 
h y h t a t i c  head could be achieved by one of two general procedures 
as follows : A tunnel or combination tunnel and conduit; or a conduit 
the entire distance from C m n t  Lake to the powerhouse. 
. The divide between Crescent Lake and Moose Creek consists of about 
equal amour& of black, weU-mnsolidated and thinly Wded slab 
inhrbedded with gray, h e -  to  medium-pined, hsrd, masive 
graywack~. 
. The beds in this arm a m  hoclinally fo1aed md overturned toward 
the wmt with dips uniformly from S. 45" to 5 5 O  E, The bedding 
&ikes about N. 2 5 O  E. near the upper end of Crescent Lake, and grad- 
ually changes towads the es& dong the line of the tunnel; thus in the 
~ c i n i t y  of the Seward-Anchorage Highway attitudes range from N. 
45" to 56" E. 
An irregular system of joints cuts the graywacke into large blocks; 

in combination with bedding and d e a v a g  they cut tha slate into thin 
bmgular slabs. 

Faur coalescing alluvial fans mantle the bedrock along the west side 
of the valley between Crwcent Lake and the small lake drained by 
Carter Creek (pl. 4 ) .  The alluvium consists of subrounded to 
rounded gravel, cobbles, and omasional boulder& This material is 
probably nowhere more than 75 fwt thick, and at the dminage divide 
betwean tha two lakes the alluvium is probably 1- than 15 feet thick. 
A similar deposit of alluvium is being built out *om the, extreme 
northwest corner of Cm~cent Laka 
The sluviurn deposited in the A d  plain of Moose Creek consists of 

rounded gravel and cobbles in a matrix of he. sand and dt.  

The wall of the reservoir immedirtely northeast of the dam site is 
an alluvial fan eomped of unconsolidated hounded to rounded 
gravel and cobbles in a silty sand matrix. .i" he material in this alfu- 
vial fanis probably quite permeable as#icated by the influent nature 
of the stream flowing over it, and the growth on the fan of cottonwood 
trees, which require relatively permeabIe, saturated soils. Cause- 
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qumtly, there may be a considerable amount of leakage through this 
material if the lake level is raised, and it may be digcult or impossi- 
ble to store water to the desired level in the rwrvoir. 

The walls and floor of the remainder of the reservoir would consist 
of bedrock or alluvium-covered bedrock which is almost certainly d- 
ciently impermeable to insure negligible leakage. 

Information on the permeability of the unconsolidated matwial at 
the lower end of the l a h  shouId be obtained early in the planning 
stage by observing rates of water Aow into or out of test  holes sank 
into the material, 

DAM a m  

F d a t h - T h e  foundation material at the dam site has de- 
quate physical properties to support a low eadh-fill dam of proper 
design One of the possible dam alinemmts is along section A-A' 
(PI. 4). However, seepage through the foundation and attendant 
piping of h e r  fractions in this materid will be a critical factor in 
determining the ultimate suitability of tkis site. From surf ace indi- 
cations, the alluvial-f~n deposit appears te be quite permeable, and 
there is little possibility that this condition would change with depth. 
Tha exact nature of the material forming the west abutment is not 
known well enough for an estima* of its permeability to be made from 
surface indications, although it appwtrs to be poorly sorted and would . 
pmldly be less permeable than the material of the east abutment. 
Subsurface investigations of the nnconwlidated deposih should be 
made along the proposed, line of the dam to determine the type of 
material on the west abutment, the depth of unconsolidated deposits, 
and the permeability and sumptibility to piping. 

G m  W f N a  Yate&b.4oarse  fill matarid is readily available 
everywhere in the vicinity of the dam site. There i~ no clay suitable 
for an impervious core section in the a m .  

TmxNlmI s m  

Crewent Laka-Red Lake T w n ~ l  AZ&wmmd.-A tunnel in the 
vicinity of h e  C-C" shown on plate 4, would encounter nnconso2id~ted 
materids near Cmaent Lake and bedrock for most of the remaining 
distance. The length of tunnel requ id  in the unconsolidated mate- 
rial can only be guessed at without subsurface exploratio~~ but the 
range is probably between 500 ~ n d  1,200 feet. In the unmnsolidated 
materials a tunnsl would require support and lining throughout. The 
tunnel would probably a h  require a considerable amount of support 
in the slaty bedmk as the ruck is tightly folded md faulted where 
exposed at the surface. 

The necessity of tunneling both in untxl~lsolidated material near 
C r w n t  Lake and in the tightJy folded bedrock near Kenai Lake 
could be avoided by following rt parallel alinement 4,000 feet to  the 



west. A tunnel at this location would be slightly longer, but it would 
probably be in relatively sound bedrock throughout its length. 

Crescent Lake-Moose Creek TunneZ A1inement.-This alinement 
would probably be more favorable than the one to Kenai Lake for the 
following reasons: Both the powerhouse site and Crescent Lake 
would be readily accessible from the Seward-Anchorage Highway; 
if a tunnel is used, it would be in bedrock throughout its length; and 
the necessity of tunneling may be avoided by utilizing a conduit across 
the divide from Crescent Lake to Carter Creek. 

A diversion tunnel along line B-B' (pl. 4) would encounter slate 
and graywacke throughout its length. Bedrock in  the tunnel area 
would be relatively sound and tight, with support required only for 
short distances at the portals and in widely spaced fault zones. I n  
the remainder of the tunnel, the rock to be encountered can be expected 
to stand unsupported for an indefinite period. Because the tunnel 
would never be more than one hundred feet underground, the ground- 
water inflow would probably be a relatively minor factor in tunneling. 

The slate would be relatively easily drilled and broken although 
overbreakage may be difficult to control due to the system of closely 
spaced cleavage, bedding, and joint planes. Drilling and breaking 
the graywacke would be somewhat more difficult, but overbreakage 
should be easier to control. 

The low drainage divide between Crescent Lake and Carter Creek 
suggests that a cut-and-cover conduit may be utilized to conduct water 
from Crescent Lake across this divide, and then via a conduit to a 
powerhouse along Moose Creek. This could be accomplished by lay- 
ing the conduit in a cut from Crescent Lake across the drainage divide 
to an altitude of about 1,450 feet along Carter Creek. The cut would 
have to be about 7,750 feet long and would attain a maximum depth 
of 50 feet at  the divide. A cut to the west of line B-B' would be in 
alluvium most of the way, although i t  is likely that at  least 35 feet of 
rock excavation would be required at the divide and near the outlet of 
t,he lake drained by Carter Creek. 

Before the relative costs of a tunnel and conduit along this aline- 
ment could be estimated, a series of holes should be drilled to bedrock 
along the line of the conduit to determine the amounts of common 
and rock excavation that would be required. 
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