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TLLUSTRATIONS

Topographic map showing location of Cooper, Grant, Crescent

and Ptarmigan Lakes.

Maps and sections showing geology and topography of dam site,
tunnel site and part of reservoir site at Cooper Lake.

Maps and sections showing gaology‘and topography of dam site,
tunnel site snd part of reservoir site at COrant Lake.

Maps and sectioni showing peology and topography of dam site,
tunnel site and part of reservoir site at Ptarmigan Lake.
Maps and sections showing geology snd topography of the dam

site, reservoir site and possible tunnel sites at Crescent Lake.
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INTRODUCTION
Purpose of Work.
The Geblogical.Survey, zs part of its program of the classifica=-
tion of public lands with respect to mineral and water resources,
is currently making a systematic study and evaluation of the potential
water power sites in Alaska., This report describes the geologis
conditions and their relation to poesible plans for the development

of water power at Cooper, Orant, Ptarmigan, and Crescent Lakes on

the Kenai Peninsula near Seward, Alaska.

Present Investigations

The field work on which thls report is based was carried.on
during the period August 1k to September 8, 1952, The geolary of the
dam sites, reservoir eites, and diversion tunnel routes at each of
the four lakes above mentionad were mapped. This report should be
considered as a preliminary reconnalssance stgdy sécause of the
limited time sﬁent at, each of these éites, the difficulty of
working in these lrush covered areas, and the indefinite development
plans for the lakes.

Ease maps used for the dam sites, reservoir sites, and for the
tunnel site at Grant Lake were prepared by the Conservation Division
of the U, 8, Geologiral Survey, Topographlc maps of the reservoir
sites are at a scale of 1:124,700, and the dam site maps are 1:4,8M0),
sxcept for the Grart Lake dam site map which i{s 1:2,100, The topo=
graphy along the tunnel alignments of Cooper, Crescent, and Plarmigan
Takes was modified from thas Cooper Lake and Grant Lake Quadrangles,
U. S. Corps of Engineers, scale 1150,000, and serial pholographs

made by the U. S. Air Force at a scale of approximately 1:.0,000,
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Previous Geologic Tnvestigations
Previous geologic work in this area was regional in scope and direct-
ed primarily at investigations of mineral resources. 7The rocks along
Kenai Lake were briefly described by Martin {1915), Tuck (1933) describ-
ed the geology at Solars mine near Orant Lake and at tﬁo many gold mines
north of this area, However, mo previous detailed work was done in the

vieinity of any of the proposed power sites.

Geography

The lakes under consideration are located in the ocentral part of
the Kenal Peminsula of southern Alaska (fig. 1). In this ares the
Kenai Mountains have a general summit elevation of from 5,000 to 6,000
feet with as much as 5,000 feet local relief. These mountains consti-
tute a rugged mass with little apparent arrangement of form or drainage,.
The dominant factor in the production of the present land forms was
glaciation which tended to accent the pre-glacial topography. At its
maximun extent coalescent alpine glaciers filled the wvalleys to an ele-
vation of approximately ii,000 feet leaving only the higher ridges and
peaks protruding abﬁve the ice. 5Small cirque glaéiers occur on north=
fueing slopes above 2,500 feet elevation in the vicinity of Kenai Lake,
and supply the sediment which keeps the larger lakes and streams of this
area turbid., Cooper, Orant, Ptarmigan, and Crescent Lakes drain westi-

ward inte Cook Inlet by way of the Kenai River,
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Tom elimete of the Kenal Femd insala is characbarized by conl BUMMErS,

and winters that are rabther mild for the 1atitude, Ths Weather Bureald
cration nesreot to the Senal Laxe arsa ie ab Tew.ri, over 15 miles to

pitation racords

|,..

the seuti. The average montly temperature ani pred
oy bhie stalion over a Lowyonr pariad ore summarized tn Tuule 1. These
racords would not be strietly syniicabla to the fnrat Lake area ag the
maan Lemperalures ard slightly lower witi nes aiag digtance rum the
poacst and an inuerease in altitade, An most of the ctreans in Lhis area
head i gplacierz, Losh 414 be noted that temperature cac piay ac
impoctant o part in thaip discharre as praciplta tiana

Vepetallon within the Kenai Mountains ig controtied primacily by
the physiographic faatymes gnd She riimate. The wvallayn ave fairuy
heavily timbered vp b0 2 ganaral elevaiion of 7,000 feet, ab.vs whish
apre oure uptanite  frruce Papests cover most of the wrlley Mioors and
gentle slopes belaw 1,500 foot aievs tinn, but aldar, hemlork, bireh
cottomwand, and willow are alos found in most 1oealities, Dovse alder
Lhickets are coterly found r bhe gone Lotwen:s the uppor limon of the
forested ameas and the bars uplands
Wdater Power Developmeni

Tha waber power potential A% the laxes andor consideration was
rivst dnvestizated by Tilaworth and Daverpori f1475) who as wiotained
saging fhalizng on trhe atreans dradning Lhese Takes duriag part ol e
aumper of 1913, Ferminoent roping statisng wore actaplished by the U. O,
feological Survey AUTing 15,7 on Grant and Ftarmigan cypare sl oon

Tonper andt Trarsent fraaks during 1%4-; discharge re rie for theoo

ataticns san be obtalned from sna Survey o Uice in Juneau,
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Average monthly temperature and precipitation st Seward, Alaska.

Jan. Feb. Mar. Apr. May Jun. Jul. Aug, Sep. Oct. Nov.

Dece.

23.6 27.b 31.0 37.6 k5.8 52,6 55.3 Sh.6 L9.0 .2 3.9
$.27 5¢37 3.80 k.33 3.49 2,41 2.89 6,09 9.79 10.70 7.03

2L.9
6.72
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Discharge from these lakes is at a maximum Anc fluctuates greatly

during the summer; in the winter, however, it is much reduced or may
even be entirely cut offe Storage is necessary to distrivute the flow
throughout the year 1o conform to the power demand, At the proposed

power sites the lakes constitute natural storage basins. A consuiant

‘flow cculd be maintained either by tapping the lakes a suitabla distance

below their present levels in order to allow for the required amount of
drawdown during cold weather, or by tapping the lakes at their present
1avels and raising the lske leveles a suitable mmount dy damming the lake
outlets. The diversion from lake to powerhouse could be by tunnel,
sufface conduit, or a combi%ation tunnel and conduit. Because this
investigation 1is concerned primarily with the geologic aspects of the
proposed developments, emphasis is placed on the possible tunnel
alignmerts rather than surféce conduit alignments between lake and
powerhouse,. Although conduits could be utilized in all cases, it is
felt that their use would not permit year-round reliable power ouiput
as they would be subject to freezing and to possible digruption by

landslides or £now avalanches.



REGIONAL GEOLOGY

Bedrcek

The four power sites considered in this report are in a part of
the Kenai Mountains composed of a thick series of slightly setamorphosed
clastic sediments of probable Mesoroic age. Bedrock consists almost en-
tirely of dark gray to black, thinly bedded slate interfingering in
varying proportions with lenticular beds of fine- to medium-grained, hard
mnﬁsive grayvacke, Intersﬁratitiod with these, but in fary minor smounts,
are lenticular bodies of conglomerate leses than 10 feet thick. In a
few places the slate and graywackerbedrock is cut by veinlets or ir-
regular masses of quarts.

In general, structures in this area are characterized by clcsely
appressed isoclinal folde striking approximately north, which are in
part overturned towards the west, In detail, there are considersble
structural differences on either side of the northetranding valley in
which are situated Upper and Tower Trail Lakes and the eastern arm of
Kensi Lake (fig. 1). East of this vslley strikes are very nearly que
north, and bedding dips uriformly to the east at angles ranging from kLo
to 70 degrees. To the west of this valley, however, attitudes are much
more variable, Here the beds strike between north and N 65 E and dip
from 70° W to 45° E~-although most commonly they are within 15° of ths.
vertieal, Everywhere jointing is well developed in the graywacke, and
an imperfect incipient cleavsge 1is found in the fine-grained rocks.
Although local deviations are numercus, cleavage as a rule strikes very

nearly parallel to the bedding.
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There are many faults in this area, However, the uniform lithology
and extensive surface cover hinders afforts to locate and wessure the:
displacement of the faults., Most of the stress associated with folding
appears to have been relieved by slippage alcng many small bedding taulﬁs
which are generally tight, |

In addition to the bedding faults there are two prominent, widely
spaced conjugate sets of highe-angle transverse fracturea that strike
between east and ‘scutheast and between north and northwest., These frace
tures are probably open and constitute lines of weakness as is indicated
by their tendsncy to control drainage and by many of the rectangular
topopgraphic features in the viecinity of Kenai Lale.

A well deweloped set of vertical joints with an east-west strike is

feund throughout the ares, particularly in the massive graywacke.

Uneconsolidated Deposits

Quaternary glacistion, controlled and directed by the pre-existing
topography, nodi;ied the terrain and removed any chemically wesathered
material that may have been present up to an elevattion of about L,000
feet., All of the lakes under consideration owe their origins primarily
to glacial scour in the floor of U-shaped valleys,

The unconsclidated deposits that cower over % of the slate snd graye
wacke bedrock are all of glacial or poste-glacial age., They can be
classified into three groups as follows: (1) Glaciofluvial depesits cone
sisting of rudely stratified silt, sand, gravel, and bouldere. (2) Strat-
ified silt, sand, gravel, and boulders deposited by the present stresms,

(3) Unetratified coarse rubble along the steeper slopes formed by exe

tremely active mass-wasting processes, Both Cooper and Crescent Lakes

are deepened by dams of glaciofluvial and alluvial deposits scross their

outlets,



Eart_hquahl

None of the faults in the wicinity of Kenai Lake are known to be
active, However, this is a itmngly seismic ar;n in which shallow=focus
earthquakez have been recorded with magnitudes as high as 6.9 on the
Outenberg-Richter seale (U.S.C.03.S., 1950}, This ares is closely equiva-
lent to the Coast Ranges of California in frequency and magnitude of
shocke, Consequently, the possibility of eadditional loads due to earthe
guake vibrations should be considered in designing ztruetures at the

proposed power sites,

COOPER LAKE

Introduction

Cooper Lake is situated approximately Lk miles scuth of Cooper Landing
at an elevation of 1167.7 feet (fig. 1), The lake drains via Cooper
Creek into the Kenai River at a point approximately 1% miles west of
Cooper Landing. DBetween Cooper Lake and XKenai River, Cooper Creek flows
down a steer-wmlled valley, dropping roughly 770 fest in a distance of
Lt miles. Cooper Lake is 6 miles long and is 2000 feet wide at its
upper send, The lake broadeng rapidly to 2 maximum width of 5500 feet at
a distanoe of 1% miles from the upper end and then tapers graduslly toe.
wards the outlet. Two glacial streams und one clear water stream flow
into the upper snd of the lake, and severazl smaller .elear wter streams
flow inte the lower end of the laks. The area of the Cooper Lake drainage
basin is about 30 square miles. The ridge separating Cooper Lake frem
Kenai Lake (see pl. 1) ranges in altitude from 1,250 feet to L,S&) feet,
and at its lowest point it is aﬁwt 125 feet above the level of Cooper
Lake, The lakes are 1.8 wiles apart at their closest, and at this point
the ridge separating them has an altitude of 1,600 feet, or approximately

LSO feet above Cooper Lake.
wfie
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A Forest Service treil 3% miles 1ong leads from Kenal Lake, over

the low pass betwesn the two lakes, to the upper end of Tocper Lake.

A head of ovar 700 feet rauld be developed fraom fooper Lékn bar
diverting water from it via a tannel into a power houss along Kenal
Lake. The shortest distance between the two lskes, spd mert sustabla
leccation fo; this tunnel, would be through the saddle in ithe vieinity
of see'ion B~E! ag shown on plate 1. The reaquired drawdown to maintain
adaquate flow during pariods of low water could be provided in one of
two ways as follows:

1) Tap Cooper Lake from ) to 50 facbt below the prasent witer Tzvel.
(2) Tap the lake near its present water surface and ralse the lake
leval from 30 to 50 fect by means of a dam at the outlet,

The location and topography of the reserveir area are shown on
plate 1. Also shown are the geology and topogravhy of the dam and
tunrel sites, and along sections in the vicinity of twe possible dam
alignments (A=A', B-B'), and one of the possible tunrel alignments (7=31).

Reservoir Site

The reservoir site is in a bread, U-shaped valley whose profile
to an elevation of about L,000 feet is a result of plactztion {fizs 1)
(lacial scour deepened the originsl stream valley forming a basin-like
depression in the slate and praywack: bedrock which 1s now oncupied by
Jooper Lake, The greatest depth sounded in Ccoper Take is over L0 feat
near the bend about 15 miles riorth of the bead of the lake, About 35
feet of the depth of Cooper lake is accounted for Uy the presence of &
natural dam of glaciofluvial debris at Lhe présent lake outlel; the

remainder of the lake is in a rock obasin.
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Nam Site
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At o

o, emBadiroscg in the dam oite area congiste almont entirely of

Slate ard sranwianda, Theve rocks srop oul atong Cowper {reek 2% the
dewnetred Timit of the dam slte ared maps, and one ocuterop of slate
sorue sottimest of Cooper Treck af an elevation of 1,245 feet (ple 1)W
The slnte is Cire-grained, weil congolidated, and dack gray, blue-
Wik, or Dlack in culore Interstratified in minor amounts witl the
5iat= are Wiln "rarw,  lensns whish range from o trace Jp o 1 iqch
in thickoass, fieavage is impeyfentiy drvaloped so that the rock
brenks iate siang along roagh, irregular curfancs. A system of closely
apaced irtevrect ing Joints cut the slacs ~f slate into small, angular
piecnan, rarciy over ¢ inches in length. The slats is mechanically

weathered along the cleasvage and joint planes o an averane depth of

3
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G:aywacka orncUTS &S A massive outerop along Couper Croeke I
TRy, Chree L0 modiumegrained, extreanly hard, and iz compesed chiefly
cf oangular Jropgments of gquartz ant feldspar along with mume nous thab
st reaks of slate embedlsd in a fins=prained rlayey matrix. Tadding
in the graywacke <an only be Gisrerned from the orisntaticn of the
Cavnded glaty streaks. Tids peek ie axceptionally reaistant, a3 1t is
susesptible to erosion and weatkering only along a sysiem of widaly
spared Jjolnts whioh oub ‘he rack into large biecks.

Both aleavage and tedding of the slate s strike within 57 of ﬁ 59 E
snd ip fres L5? te 4OV F. At the point whore Cooper Creek changas ite
ipeation of Claw Irom weoh to porihwest, a mass of #late on the north
bank hes slomnad go btrat hoth dips and strikey are cxlrealy variatle
(pi, 1Y, Tiis stump block is mapped sepuraiely on plate 1. The gray=-

Disaordant

i
.

_ , - . ] P s e
cioba stoikes WOA00 2 oand dips betweun FE2 W and &5
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N attitudes between the slate and graywacke indicates that they are in

fault contact-=the fault being concealed under the alluviwe=filled

gully separating the two rock types.

£
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Unconsolidsted naggaiu.-'--uncouondaua glaciofluvial, talus,

and alluvial deposits of Quaternary age unconformably overlie the slate

and grqllch bedrock as shown on plato 1.

The glaciofluvial deposit is characterised by the following foaturos:
(1) Mound-1ike, poorly drained topogrsphy. (2) Extremely rapid vertieal
and lateral varistion in grain sise. (3) Rough stratification dipping
upstrean in at least oné exposure. All of ihzu features suggest that
this deposit may be 3 kame which originally consisted of small delias

or outwash cones built out from the glacier's nargin; the material later

collapsing into its present form upon melting of the ice. The glaciofluvial .

deposit consists predominantly of poorly sorted, angular to sub-round
gravel, cobbles, and boulders in a matrix of sand and silt., Scattered
about on the surface of these deposits are boulders up to i} feet long
which may be supraglacial in origin, Post-glacial weathering has re=-
sulted in the formation of & well-developed podsolic soil profile which
serves to distinguish the glaciofluvial material from thes younger al-
luvial and talus deposits. This soil is distinguished by a gray or white
Dleached horison 1 = 2 inches thiek direetly beneath the surficial organ-
ic matter and underlain by s reddish-brown iron-enriched sone up to 2%

feet thicks

-12-
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" Fan-shaped, unconsolidated deposits of talus and alluvium from the
steep valley -1§po north or' er Creek overlie both the glacial de-
poslt.l and bedrock, This material is composed of angular or ‘sub-angular
sand, grt'nl, cobbles and bmlders showing little or no sorting or |

utratiﬁcation. These dapooits are too recently fomd to have develop~

. od a distinguishable soil prof”.t.

Looss, sub-rounded to roundod gravel, cobbles, and boulders of re=~

worked glacial ‘material occur along thas shore of Cooper Lake and in the

‘bed of Cooper Creek whers it flows over unconsolidated depbsits. These

beach and stream deposits are probably novhere wore than 5 feet thick.

Tunnel Site

An approximate alignment for diverting water from Cooper Laim to
Kinsi Laks is shown on Plate 1. (C-C'). The desired hydrostatic hoad
eonldheuhimdhytumlﬂtm cooperhketeapowerlwuualm
Xenad Lah. or by tlmol:lng alnost horisontally through the ridge to
shout the 1,100 foot contour and then running a cenduit from tumel to
powerhouse. |

The ridge along the tumnel aligmment 1s enderlain almost entirely
by well-consolidated, blue-black to blaék slate and hard, gray or black

- graywacke, The ratlo of slate to graywacke varies considerably along

the tunnel aligmment, In gemeral, the weatera part consists of slate

with up to 0 percent graywacke in beds less than 50 fest thick while

to the east massive graywacke in beds up to 500 feet thick constitutes

50 percent or more of the bedrocks

3.
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Bedding in these rocks strikes from K 50 E to N 25° E and dips from
20° W through 70° E. The slaty rocks genarally show high-angle cleavage
with strikes ranging {rom N-S to N 15° E, in other words at a small angle
to or almost parallel to the bedding.

Joints spaced from 6 inches to 10 feet apart occur in two persistent
sots throughout the ares. One set is verticel and strikes east; the
other aet is generslly within 10° of the horizomtal. in sddition, dis-’
contimious high-angla joints trending roughly northeast and northwest
are well developed locallye The joints divide the graywacke into large
blocks, and in ecombination with bedding and cleavage, they divide the
glate into slabas with irregular, angular edpns,

¥o taults were observed, 'uthough it is probable that many bedding
fanlts oecur throughout the bedrock. Howaver, a system of high-anrle,
conjugate fractures striiing ¥ 70° E and N 35°.450 W i3 indicated by
widely spaced, well~dafined linear depressions eriss~crossing the tun=
nel area. These fractures may be joints or faults, but in any cass they
eonstituts lines of wealmess as evidenced by their topographic expresalon

and tendency to control drainage.
Conclusions and Recommandations

Reseﬂ_g&g_gi__tq.-?ha f1oors and walls of the resarvoir would bo
composed of bedrock or padrock overlain by alluvium which is sufficiently

tight to insure minimum water loss through leakage,

-1&-



)

A

Dan Site

Foundation conditions i the dam site ares &rs quite varisble and,
conssquently, the type of dam to be cons£ructed would depend upon its
Jocation within this ares. Cross sections through two of the po;sible
dam alignments are shown on Plate 1. (A-A', B=B').

Earth 11 dam.~--Most of the dam site area is underlsain by uncon-

solidated glacisl and alluvial deposits which are suitable in varying
degrees as foundation materials for low earth=fill dams. The glacio=
fluvial deposits exposed near the surface are relatively impermeable
and would not be subject to excessive seepage OT compactisn under load.
The silt present in this matarial may be susceptible to piping, and may
therefore require 2 cut=off to reduce the veloclity of water s eeping
under the dsm. This cut-off could be axtanded to bedrock if necessary
as the consolidated dsposits along line A-A' {(pl. 1) are probably less
than 2 feet in tiickness, The alluvial and talus deposits north of
Cooper Creek may be rather permeable, requiring either a cut=off to
bedroek or ramoval to prevent excessive seepage.

Stripping for 3 £111 dam would involve only removal of the mat of
vegetation and organic soll leas than G feet thick, along with a rela-~

tively small amount of loose alluvium in the bed of Cooper Creek.

Mors detailed jnvestigations along the following lines ure suggeated:

(1) The 1lithology of the unconsolidated materials down to bedrock and
depth to bed»ock should be determined slong the dam axis in unconsoli-
dated deposits to determine whether highly permeable or plastic strata
are included in or underlie the glaciofluvial deposits. (2) Parmeability
of the unconsolidated natofi;ls - particularly the talus = should be
determined by observing rates of water leakage from pits or drill holes
along the dam axis.

-15&



Conerete or rock 111 dam.,~The narrow gorge in graywacikes at the

downstream limit of the mapped dem mite ares may be a suitsble site for

a concrets or rock £i11 dem. The foundation is sufficiently sound and
the walley profile is such that an arch dam might be utilized hera, At
this site massive griyuackp 15 exposed from Oooper Creek to an elevation
close to 1,200 feet, snd is overlain by unconsolidated deposits om both
panks above 1,200 feet elevation. The desired reservoir elevaﬁiun and
the thickness of the unconsolidated material overlylng the graywacks
would be limiting fhctora determining the suitability of this site.

More detailed investigations along the following lines are suggesteds
(1) A detailed topograpmd map of the area atmd ismmediately below thia
site should be made, {2) Holes should be drilled through the uneonaolli
dated deposits into the bedrock om both sbutments to determins depth to
bedrock. (3) Water pressure tests should be made in drill holes on both
abutments and one hole alohg Cooper Creek to determine rates of water
leakage to be expeected along joints in the bedrock.

Construction materials.--Adequate coarse fill material is readily

availabls from the glaclofluvial deposits along Cooper Creek and on the
southweat shore of Cooper Lake. Cobbles and boulders in these depoaits
could be utilised as riprap, or riprap could be quarried from massive

graywacke along Cooper Creek downstream from the damsite, There are

" no fine grained soils suitable for an impervious core section in the dam

site ares,

Natural concrete aggregate could be obtained from the glaciefluvial

‘deposits although trestment would be required to remove undesirable sige

fractions present in these deposits, Suitable aggregate could also be

quarried from the graywacke immediately downstream rrdm the dam site area,

=15=
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Tunnel Site

The power potential of Grant Lake could be developed by tunnelling

in a westerly to northwesterly direction from the owtlet of the lake to

| & powerhouse on Upper Trail Lake, or by tunnelling almost horizontally

through the ridge between these lakes approximately to the 700-foot
contour, and then running a conduit from tunnel to powerhouse.

The ridge betwsen Grant and Upper Trail Lakes is underlain by
interbedded slate and graywacke as shown in section C-0!'. Approximately
70 percent of the bedrock consists of well-consolidated dark slate in
beds up to several hundred feet thick; the remainder is hard, massive
graywacke in beds up to 200 feet thick.

The strike of both bedding and cleavage in this area is between N
and N 10° E although in a fev places divergent strikes from N 15° W to
N 25° E were measured, Bedding dips from 35 degrees to 65 degrees East
with evidence that at least part of the section is overtumed,

A set qf widely spaced, high-angle joints trending roughly eastward
is well developed in the tunnel area. These Joints, along with several
poorly developed sets generally spaced from 1% to § feet spart cut the
graywacks into large blocks, and in combination with bedding and cleavape,
they cut the slate into slabs with rough, angular edges,

The only fault found in the tunnel area is at the gharp bend in
(rant Creek where the stream changes course from due south to southwest
(pl. 2). At this point there is a fault trending N 50° E and dipping
65° S which is in line with, and probably controls, the lower course of
Orant Gﬁok. The mone of fractured rock adjacent to the fault 15 between

15 and 20 feet wide and contains several small Quarts veins, The fault

contains wp to 3 inches of clay gouge.

«2]l-
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Conclusions and Recommendations

Reservoir Site

The floors and walls of tne reservoir would be composed of bedroek
or bedrock overlain by alluvium that is sufficiently imperneable to in-
sure minimum water loss through ground water leakage.

The height of water in the reservoir would be limited by the
drainage divide traversed by the Portage Trail. This divide is about
50 feet above the present lake surface; therefore, a small wing dam
would be required to prevent owverflow through this pass if the lake level

is raised more than 50 feet,
Dam Site

Foundations,--Bedrock in the dam site area, particularly the gray-
wacke, is suitable as a foundation for either a econcrete or rock fill
dam., Section A-A' (pl. 2) 4is along one of the more favorable dam align-
ments. Along this alignment, only & thin mat of vegetation and organiec
301i) would have to be removad to axpose fresh, sound graywacke and sandy
slate bedrock,

The bedrock should have sufficiently high compressive and shear
strength to support the contemplated load. The rock itself is relative-
ly impermeable and insoluble; some seepage could take place along the
joint planes although from surface indications they are generally tight.

The amount of seepage to be expacted could be determined by means of
prossure tests in drill holes along the dam alignment on both sbutments
and in the streax bed,

In designing a dam at this site it should ba noted that the low
divide traversed by the Portage Trail {pl. 2) could be used as a natural
spillway if the lake level were raised 50 feet,
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Construetion materials,~-0Oraywackes in the dam sits area would be

excellent for crushed concrets aggregate and for rock fill, In addition,
natural aggregate could be obiained from the alluvium to the aast of the
damsite, but washing and screening would probably be required to remove

undesirable sise fractions that are eommonly present,

Tunnel Site

Except for widely spaced fracture sones which cross the tunnel
area, bedrock appears to be uniformly fresh, sound and tight., The most
favorable alipnment for the tunnel would be at right angles to the bed-
ding strike or almost due west. Support would probably be required at
the tunnel portals and in local closely jointed or fault sones, In
general, the rocks that will be encountered in the tunnel can be expected
to stand unsupported for an indefinite period., Some ground water seepage
could be expected from joints and fractures throughout most of the tun-
nel area, However, since the turmel would never be more than 200 feet
below the surface, the water inflow would probably be small,

The slate would be relatively easily broken and removed although
overvreaksge may be considerable dus to the closely spaced system of
intersecting joints, bedding, and cleavage 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 final
tunnel alignment would help determine: (1) Whether or not any large
faults are present in the area. (2) The inflow of ground water to be
expacted during tunnelling operations. (3) The spacing, nature, and

pattern of joints at depth,
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PTARMIGAN LAKE
Introduction

Ptarxigan Lake is situated 2.2 miles east of Lawing at an elevation
of 755 feet (fig. 1). The lake drains into Kenai Lake via Ptarmigan
Creek which is approximately 3 miles long and drops 319 feet between the
two lakes, Ptarmigan Lake is 3.4 miles long and is betwsen 1,000 and
L,N00 feet wide., A glacial stream 7% miles long empties into the head of
the lake and one small glacial strean and several small clear~water stresms
drai;l into the lake near its lower end., The drainage arez of Ptarmigan
Lale is about 33 square miles,

A good Forest Service foot trail 5 miles long leads from the Seward-
Anchorage Highwvay 1.? miles north of Lawing to Ptarmigan Lake,

The power potential of Ptarmigan Lake could be developed by diverting
water from it into & powsrhouse located near the lower end of Ptarmigan
Creek. A tunnel or combination tunmel and conduit could be used to con=
duct vater from lake to powerhouse, The regquired drawdowm eould be pro-
vided by tapping the lake 30 to 50 feet below its surface, or by damming
the outlet in order to raise the laka lewel 30 to 50 feet above the tunnmel
intalm.

The topography and geology of the tunnel and dam sites, and the
topography of the reservoir site are shown in Plate 3.

Reservoir Site

The reservoir site is in a broad, U«shaped wvalley which vas formed
by glaciation to an elevation of approximately 4,000 feet, (See fig, 1.)
Ptarmigan Lake occupies a portion of a rock basin gouged by glacial ice,
and has a maximum depth of 235 feet,



Dan Site

Bedrock

"l'h- dam site area is underlain by slate that contains minor amounts
of graywacke in lenses less than 2 inches thick. The slate is fine=grained,
well consolidated, and blue-black to black in color. The rock brealsine

" to slabs up to several inches thick along shiny, wndulating, sub-parallel

cleavage and bedding planes. The slabs of slate are cut into irregular
pleces generally less than ome foot long by a system of internectiag
Joint planes, As everywhere in this area the high-angle, east-trending
Joints are the most prominent and persistent set outting these recks,
The clate iAa weathered along beddiag, cleavage, and joimt planes to an
average depth of thres feet, |

mnauatmdaaaiuwmhhnthemrhrmdlnhof
an isoclimal feld, Strike of both bedding and cleavage is between north
and ¥ 10° X, The beds dip from S0° to 70° E and the eleavage is sither
pu'dtel to the bedding, or has a slightly lowar angle of dip than the
bedding,

The slate aleng the steep east bank of Ptarmigan cﬂok, immediately
below the lake outlet, has been unda_rcut by the stream so that the angle
of dip of the slate is progressively flatter froam top to bottem of the:
bank due to surface creep.

Unconsclidated Deposits

Unconselidated deposits im the form of beaches up to 10 feet wide and

“several feet deep are foumd alomg the laks shore at the dam site. The

beach pebbles are predominantly slate shingle desived from the local slate’

| bedrecks At the eastern limits of the dam site area the slate pebbles are

mixed vith coarse cobbles of gnywach and quarts derived from beds of
msingrqnehtothonatmc_lnorthorthednutem
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Tunnel Site

An approximate aligmment for diverting water from Ptarmigan Lake
to a powerhouse near Kensi Lake is shown on Plate 1 (B=B'), The diver=
sion could be accomplished by tunnelling directly to the powerhouse or
by tunnelling nearly horizontally through the ridge weat of Ptarmigan
Lake to the 750-foot contour and then running a conduit from tunnel to
powerhouse. .

Most of the ridge between Ptarmigan and Kenai Lakes is underlainm
by well-consolidated dark slate, In the extreme western part of the tun~
nel area the slate is interbedded with thick beds of hard, mascive graye-
wvacke. The alluvirl fan deposited by Ptarrigan Creek consists of wells
stratified and rounded sand, gravel, and cobbles,

Throughout most of the tunnel area both badding and cleavage strike
between north and N 10° E with dips between 4S° and 70° E,

There i= a well-developed joint system cutting these rocksj most
prominent of which is the high-angle east-trending set. Three well-
developed fracture sete showing varying degrees of displacement cut the
slate bedrock im the tumnel asrea. Two of these gets are almost at right
angles to each other, striking approximately N 20° W and X 65° E with dips
at high angles to the nortiwest and southeast respectively. The third
set trends nearly parallel to the bedding. Most of the faults are very
tight with little or no gouge along the fault planes or shattering of the
adjoining rock. Locally, however, up to 6 inches of clay gouge is devel-
oped along the faults and the adjoining rock is somewhat shattered as in
the highway cuts south of Lawing. Small faults control the course of
Ptarmigan Creek throughout most of its length; however, they are too

closely spaced (appreximately 15C - 500 feet) to be shown on Flate 3.
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Reservuir Site

The floors snd walls of the ressrvoir site would be composed of
pedrock or slluvium undsrlain by bedrock vhich is sufficiently imperme=

able to insure minimum water loss through gound-water leakage.

Dam Site

Fonndntiona.-ﬂndrock at this site 1is well suited ae the foundation
for concrete or rock-£i11 dam, One of the possible alignments is along
seetion A-A' (pl. 3). The profile of the stream valley and soundness of

the foundstion are sech that an arch dam could be considered at this

site, Stripping would involve removal of less than five feet of vege=

tation and weathered rock, 8long with the loose, slumped slate on the
east bank of Ptarmigan Creek. The bedrock would probably be subject o
minor seepsge 8long joint and cleavage planes the amount of which could
be messured by means of pressure tests in drill holes along the dam axis
on both abutments and in the stream bed.

Suitable spillway sites for a fill dam occur on both abutments as
shown on Plate 3.

Con=truction materials.~~The only construction material at the dam

site is slate. Because it is soft and tends to break into small alabby
fraguents, the slate would not be suitable for concrete aggregate and
would not produce fragments large enough to be used in & rock fill.

Beds of hard, massive graywacks and conglomerate, cut by mumerous
quarts veins are sxposed slong the north side of Ptarmigan Lake approxi=
mately 1,000 fect esst of the dam site, BRock suitable for aggregate and

£411 eould probably be obtained from these bads.
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(lean, well-rounded and well-graded natural concrete ageregate could
be obtained in the lowland along the Alaska Railroad or from the alluvial
fan at the mouth of Ptarmigan Creek. Suitable concrete aggregate could
slso be quarried from the graywacke and conglomerate east of the dam site

area.

Tunnel Site

The shortest and geologically most favorable tunnel uligxment would
be in the vieinity of line B-B' (pl. 3). |

Bedrock throughout most of the tunnel area would probably be relative-
1y scund and tight. Support would be required at the tunnel portals and
in narrow, closely jointed or faulted sones that would be encountered
approximately every 150 to 500 feet, In the remainder of the tunnel,
however, the rock to be encountered can be expected to stand unsupported
for an indefinite period,

There would probably be gound-water inflow from joints and fractures
throughout most of the tunnel. Excessive guantities of ground-amter
may be encountered in the fault gones, and this water may be under high
pressures in places where the overburden is several hundred fest thick.

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, and the presence of shattered
roek along the faults,

A diamond drill program undertaken prior to selection of the final
tunnel alignment would help determins: (1) The location and nature of

faults present in the area. (2) The inflow of ground water to be ex-
pected during tunnelling operations., (3) The spacing, nature, and |
pattern of joints at depth,
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CRESCENRT LAKE
Introduction

Crescent Laks is situated at an elevation of 1,u45k feet near the
sonter of a somevhst isolated group of Mlls bounded on t.be south and
wast Wy l-nl:l Lake, on the east by the Trail Lakes, and on t.he north by

the valleys followed by the Seward=Anehorage and Sterling higheays {fig. D).

~ Ag its name implies, this lake is remarimbly crescentie in plan with the

convex side towards the south. The lake is 6 miles long and is slightly
less than 2,000 feet in average width, The total drainage area of
Crescent Lake is only 22 square wmiles. The lake is drained westward via
Crescent Creek and Quarts Creek into Eenai Lake; a difference in el'o-
yation of slightly wore than 1,000 feet. At its elosest point Cresesnt
Lake is 15,500 fest north of Kenai Lake, with s divide 1,850 feet in
elevation between the two lakes, The upper end of the lake is about 1k,500
feet southwest of Moose Cresk; the pass forming the drainsge divide be-
tween Crescent Laks and Moose Creek is 1,494 feet in elevation, or %0

feet above the surface elevation of Crescent Lake.

Betwesn QOO*md 1,000 feet of hydrostatic head ecould be developed
from Cresocent Lake by diverting water from it into a powerhouse along
sither Moose Creek or Kensi Lake along one of the following possible
aligneents, One alignment is from the upper end of Crescent Lake northe-
sastward te Moose Creek; the other is from nesr the middle of Crescent
Lake south to Kenai Lake, Adequate flow during periods of low water
eould be meintained either by tepping Crescent Lake 30 to S0 feet below
the present water surface, or by raising the lake level an equal amcunt

by means of & lov dam at the outlet.
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A Forest Service trail 3% miles long leads from Kenai Lake to the

middle of Crescent Lake as shown on Plate L.
The location, topography, and geclogy of the reservoir site, dam

site, and turnel sites are shown on Plate L.

Reservoir Site

In cross section, the valley oecupied by Crescent Lake is U-shaped
due to glaciation up to an elevation of approximately L,000 feet {(fig, 1).
The lake occupies two basinelike depressions gouged out of the valley
floor by glacial ice. In the basin at the lower end of the lake the
wvater reaches a maxlm depth of 123 feet; the depth in the upper basin
is almost 300 feet. The basinz are connected bv an island-studded con-
striction near the west-central part of the lake at which point the water
13 lees than 20 feet deep. Following retreat of the glaciers the two
basins probebly contained separate lakes. Subsequently, rapid accumu-
lation of alluvium at the lowar end of the valley in which the lakes are
situated probably reszulted in a rise of water level to the point where
the two basins became connected, forming the present Crescent Lake,

Dam Site

The foundation material at the dam site consists of unconsolidated
stream and fluvioglacial deposits,

The east side of Crescent Lake at the dam site is underlain by an
alluvial-fan deposit which slopes gently from the east gide of the valley
down to Crescent Creek. The alluvial-fan dcpos-it conzists predominantly

of stratified, sub-rounded to rounded gravel and cobbles in a matrix of

| silty sand. This alluvium is probably more than 50 feet deep at the

dam site.



()

O

The material forming the west abutment of the dam site is poorly
exposed, but appears to consist predominantly of coarse, angular to sub-
reunded gravel and cobbles in a fins sandy silt matrix, The low Imob
on this abutment may be an ice-contact deposit of glaciofluvial material
Or possibly bedrock concesled under a thin mantle of unconsolidated
material. Behind this knob, the base of the valley slope is mantled with

coalescing fans of coarse alluvium,

Laose, sube-rounded to rounded gravel and cobbles of rewvorked wune
consolidated material oceur along the shores of Crescent Lake and in the
stream bed at the dam gite,

Tunnel Site

Devalepment of the power potential of Crescent Lake eould be ac~
complished by diverting water from it to 4 power site along either Kenai
Lake or Moose Creek. Both aligrments would be about 14,500 feet long.

Crescent Laie«~Kenat Lake Tunnel nimnt

A tunnel or eombinetion tunnel and conduit would be required te
divert water from Cmscept Lake to a power site along Kenai Lake, The
shortest slignment between the two lakes is southward from a point near
the niddle of Crescent Lake 32 shown on Plate 4 (C-C'},

Slate with interbedded thin lenses of graywacke constitutes almost
all of the dedrock in this area. Locally, the graywacke lenses may ate
tain a thickness of 30 fest and grade into pebble conglomerate,

~31-
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Throughout most of the tunnel area both bedding and cleavage

generally strike betwean north and N 10° E with steep easterly dips.

Shear sones in the slate are exposed on the ridges both east and west

of the tunnsl aligmment and north of Crescent Lake opposite the tunnel
area, Bedrock exposed along the stream emptying into Kenai Lake and along
the shore of Kenai Lake near the south end of sectionm C-Ct is tightly
folded and extensively fractured. West of this folded zone, the rocks
exposed aleng the shore of Kenal Lake strike N 25° E whereas to the east
of this sone the beds strike between north and N 10° E as in the re=-
mainder of the tunnel area,

The divide betwsen Crescent aﬁd Kenal Lakes, and the lower ridge
slopes throughout this area are mantled to varying depths by unconsolidate
ed fluvial, glaciofluvial, alluvial, and rubble deposits as shown on
Plate L.

Crescent Lake-Moose Creek Tunnel Alignment

An approximate aligrment for diverting water from Crescent Lake to
a powerhouse near Moose Creek is shown on Plate L (B«B'), 7The desired
hydirostatic head could be achieved by one of two genaral proeedures as
followss (1) A tunnel or combination tunnel and conduit; (2) A conduit
the entire distance from Creseent Lake to the powerhouse,

The divide between Crescent Lain and Moose Creek consiszts of approxi=
metely equal smounts of black, well-consolidated and thinly bedded slate

interbedded with gray, fine- to medium-grained, hard, messive graywacke.

LY
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The beds in this area are {soclinally folded and overturned toward

the west with dips uniformly from S kS° - 55° E. The bedding strilme
lpprazilltoly ¥ 25° E near the upper end of Crescent Lake, snd gradually
changes towards the east slong the tunnel alignment so that in the
vieinity of the Seward-Anchorage Highvay attitudes rangs from N L5° -
55° B.

An irregular system of joints euts the graywacke into large blocks,
and in combination with dedding and cleavege they cut the slate into thin
irregular slabe.

Pour coaleecing alluvial fans mantle the bedrock along the west side

of the walley between Crescent Lake and the small lake drained by Carter

~ Creek (pl. k). The alluvium consists of sub-rounded to rounded gravel,

cobbles, and occasional boulders, This material is probably nowhere more
than 75 feet thick, and at the drainage divide between the two lakes
the alluvium is probably less than 15 gfeet thick. A similar deposit of
alluvium is being built cut from the exireme northwest corner of Crescent
Lake .,

The alluvium deposited in the flood plain of Moose Creek consists

of rounded gravel and cobbles in a matrix of fine sand and silt.
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Concluaions and Recommendations

Reservoir Site

The wall of the reservoir immediately northeast of the dam site is
an alluvial fan composed of unconsolidated sub-rounded to rounded gravel
and cobbles in a s1lty sand metrix, The material in this alluvial fap
ie probably quite Permesable as indicated by the influent nature of the
stream. flowing over it, and the growth of cottonwood trees on the fan
which require relatively permeable, saturated soils, Consequentlv, there
may be a considerable amount of leakage through this material if the
lake level is raised, and it may be difficult or imposeible to store

water to the desired level in the regervoir,

of bedrock or alluvium-covered bedroek which is almost certainly suffi-
clently impermeable to inrfure negligible leakage,

Information on the permeability of t;he unccnsolidated materia] at
the lower end of the lake should be obtained early in the planning
stage by observing r ates of water flow into or out of test holes sunk
into this material,
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Dam Site

Foundations,=<The foundation material at the dam site has adequate
phy§1c11 properties o support a low earth«fill dam of proper design,
One of the possible dam aligmments 1s along section A-A' (pl. 4). How~
e€ver, seepage through the foundation and attendant piping of finer
fractions in this material will be a tritical factor in determining the
ultimate suitability of this site. From surface indications, the
alluvigl-fan deposit arpears to be quite permeable, and there is little
posaibility that this ecadition would change with depth, The exact nature
of the naterinl forming the west abutment is not known well enough for
an estimate of jtg permeability to be made from surface indications, ale
though it appesrs to be poorly sorted and would probably be less pers
meable than the material of the east abutment., Subsurfaoe inwestigations
of the unconsolidated deposits should be made along the dam alignment
to doternino: (1) The type of material on the west abutment; (2) T
depth of unconsolidated deposite; and (3) The Permeability and suscepti-
bility to piping.

Construction Materiale.-~Coarse £i11 material is readily available

everywhere in the vicinity of the dam site, There is nmo clay suitable

for an impervious core section in the ares,
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Tunnel Site

Creseent Lake-Kenai Lake Tunnel Alignment.--A tumnel in the vicinity

of 1ine C-C' shown on Plate L, would encounter unconsolidated materials
near "rescent Lake and bedrock for most of the remaining distance, The
length of tunnel required in the unconsolidated material can only be
guessed at without subsurface exploration, but the range is probably
between 500 and 1,200 fset, In the unconsolidated meterials a tunnel
would require support and lining throughout. The tumnel would probebly
also require a considerable amount of support in the slaty badrock as
the rock is tightly folded and faulted where exposed at the surface.

The necessity of tunnelling both in sneonsolidated material near
Crescent Lake and in the tightly folded bedrock near Kenai Lake could
be awvoided by following a parallel alignment L,000 feel to the west., A
tunnel along this aligmment would be slightly longer, but it would prob-
ably be in relatively sound bedrock throughout its length.

Crescent Lake-Moose Creek Tunnel Alg-nt.--’!‘hia alignment would

probably be more favorable than the Kenai Lake alignment for the following
reasons: (1) Both the powerhouse site and Crescent Lake would be readily
accesgible from the Seward-Anchorage Highway; (2) If a tunnel is used,
it would be in badrock throughout its length along this aligrnment; and
(3) The necessity of tunnelling may be avoided by utilizing a conduit

across the divide from Crescent Lake to Carter Creek.
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A divarsion tunnel along line B-B' would encounter alaf.e and gray=
wacke throughout its length. Bedroek in the tunnel area would be rela-
tively sound and tight, with support required only for short distances
at the portals and in widely spaced fault sones, In the remainder of
the tummel, the rock to be sncountared can be expectad to stand unsupported
for an indefinite psriod, Because the tunnel would never be more than
one hundred feet undergound, the ground-watser inflow would probably be
a relatively minor faetor in tunnelling.

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

The low drainage divide between Crescent lLake and Carter Creek sug-
gests that s cut-and-cover conduit may be utiliszed 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 laying the conduit in
& cut from Crescent Lake ascross the drainage divide to an elevation of
approximately 1,450 feat along Carter Creek. The cut would have to be
sbout 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, aithough it is likely that at least 35 feet of rock excavation would
be required at the divide and near the outlet of the lake drained by
Carter Creek.

Before the relative costs of a tunnel and eonduit along this align-
ment could be estimated, a serias of holes should be drilied to bedrock

along the eonduit aligmaont to detarmine the amounts of common and rook
axcavation that would be required,
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