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Potentigl Waterpowar of Leke Chakechomna, Aleska
By

Bruce L. Jackson

‘Abstract

lake Chakacharma, in view of its area, altituds, end loca;;i.on in a
region of high yrecipitetion ard runcff, hac a large potential power
value. The ocutflow from the laks; besed on iimited streemflow reccrds,
veries from less than 60 cfs to well over 15,000 ofs, with an annusl
fiow 1n 1960 of 3196 cfs or 2,320,000 acre~feet. With this prooounced
veriation in flow, resgulation by storage is necessary for power develop-
ment. The requisite storage can be developed by drawing the lgke bslow
its natural lewel. For complste regulstion, a drawdown of 78 feet would
be required. Regulation of 90 parcent of mean flow ¢an be accomplished
wvith a dravdown of O7 feet, Comatruction of a dem at or near the lake
outlet 1s not considered feasible. The most 1likely eite for a powerhouse
appears to be in the MeArthur River Valley where a mean hemsd of ss much
as 1004 feet could be utilized which with & mean flow of 3196 efe would
develop 218,000 kv, The principsl market for this power would be the
Anchorage and vicinity area and the Kenai Feninsula,




Introduction

Lake Chakachamne is a high mountain glecfal lake located in the
Almsken Range some 80 miles west of Anchorage. Ko roeds or paseeble
trails exist into the lake, and at pregent thic areas is inaccesgible
axcept by aﬁ.

Mwh’intereat hes been shown in recemt years concerning the watexr-
‘power potentisl of thiz lake, An undervater contour map of the lake hes
been made and a grging station esteblished just below the lake outlet in
crder to obtain data on storage capscity and runoff charectaristics of
the lske,

The purpose of this report is to present the date now availabdle
_and estimate the potential power which could be developed in this region.
The plen of devel?mnt discussed berein ig provisionsl, apd is
presented as a mana of evaluating the potential power.

Mape end serial photographs

lake Chakachamna is shown on the following quadranglesg:
Tyooek - Reconneimsance series, scele 1:250,000.
CI: 200 fest. 1951.
Tyonek - A-6, A-T, A-8, scals 1:63,360. CI: 100 feet.
(In preparation.)
lake Chakechemna - Scals 1:24,000. CI: 20 feet, with
underwater cootours to e depth of 240 feet.

{In preparation.)



Leke Chakacharma and vioinity is included on the serial photogrephs
listed below. The f1ilms for theee are on flle with the Geological Swrvey,

Dsnver Federsl Center, Denver, Colorado.

Flight Altitude gures

M-653 20,000 134, 135, 136, 137

M-222 24,850 5851, 5852, 5653

M-237 | 2k, 000 ‘ 10117, 10118, 10119
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Previous investigations

The earliest m.r’thentio information about this pert of Almaka was
that obteined by the British navigator, Captain Jemes Cool, who in 1778
Qiscovered the inlet that bears his neme, A second British expedition,
beaded by George Vancouver, returned to the inlet in 1794 for further
exploration, | !

An expedition by J. E. Spurr and W, 5. Puat traversed wvest from
Cock Inlet eoroes the Alasken Range to the north of lake Chakachema in
1898. In 1502 en expedition oonducted by Alfred H. Brooks again went
porth of leke Chakachamma and scross the Alaskan Range. This expedition
vas the firat into this region but still laft the area eround Lake
Chakachaona unexplored.



In 1027 an o::ploﬁtory party headed by §. R. Cappe traveled from
Tyonek, an Indian villege on the west shore of Cook Inlet, up the
Chakachatna River end across Barrier Glacier into lake Chekachamna.

This party turned north up the Nagishlamina River, acrose a high mountain
pass, and into the Chilligan Valley. fThe latensss of the peason forced
tham to retrace their stepe and leave the upper part of the laike
unexplored.

Artlmr_Johnson made a brief reconnaisesance of lLale Chekachamna in
1948, and prepared a repart on the potential power available which was

-placed in open f£1le.

Present investigations

A survey was made of the lake during July and August 1960. A map
of the shorelines and undervater contours at 20 foot intervals to a depth
of 240 feet was mads, and random soundings below the 240 foot depth were
made to show the saximum depth of the lake, Topography to 100 feet
above lake level was compiled from eserial photographs by the Denver
office of the Topographic Division, U. 8. Geologicel Survey. The
undervater contouring has bLeen combined with this compilation and the
resulting map 4is nowv in preparation for publication. This map will be
at a scals of 1:24,000 vith a 20 foot contour interval. The control for
the field mapping and compiletion was based on a network of triengulation
along the lake establishaed by tha Coast and Geodetic Survey. A
fathomster ves ussd to obtain the scundings, and spot chscks with the
tagl;mnhovedthnaceuracytobemita satisfactary - the difference
never being more than 2 feet. The yositions of the soundings were

4 RENCIRS Y ~



determined by planetabls methods from stations along the lake shore,
distances being resd on a stadis rod mounted in the boat. 1ITwo-vay
radios were used for cammunication between the planatable and the boat.
The use of the fathameter resulted in a time saving of approximately
30-40 parcent in ths field as compared with soundings mede by
lins-and-weight. All transportation for this survey vas by atir,

A paging atation wes established at the laks outlet in Rme 1959
by the Geologicel Survey in cooperation with the Bureeu of Reclamation
and 1s ptill in operation.
~ The United States Fish and Wildlife Service had a crew on the lake
{n July and August 1960 to maka gtudies of the ealmon run in this erea.

Geography

The outlet of lake Chakachamna 1s located 80 milss west of
Anchorage et latitude 61°13' N., longitude 152°23' W. (figure 1), The

Figure 1. - location map.

lale is at elevation 1142 feet, 1is 15 miles long and an average of

2 milea vide, hss an area of 26 sguare milss, approximstely 45 miles of
ahoreline, and draine an area of 1120 cquare milss. It lies in a deep
east-ve'st arisnted glacial velley that has bsen effectively blocked by
Barrier Glacler, vhich descands the southwest slope of Mount Spurr.
High peaks complataly surround the lake, and for the most part, tha
valley valls riss very abruptly from the water's edge.
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Kenibupa leke, s smaller lake which hes been formed by the blocking
of the Reacola River by &hamrock Glacler at the upper end of Leke
Chakachamna, 18 at an elevation of 1222 feet, 80 feet sbove the elevation
of lakte Chakacharma. The ares of Kenibuna lake as measured from the
1:250,000 reconnaissance quadrsngle 1s 4.5 aguare miles.

The ares around lake Cheakacharma is unsettled., The nearest
villsge 15 Tyonek, vhich 1a some 38 air miles to the eest.

The land would be useless for agriculturs, as the climate is severe
and the land totally unsuited for eny type of farming. Some scrub
timber 1s present, but none is of any commercial value,

Game in this area 1s ebundant. Moose, blsck bear, and wolverine
were spotted frequently during the 1960 mapping operation.

Geology

,

The dominant geologic festure of the area sround Lake Chakaschamma

is Mount Spurr. According to Capps (1927, p. 170):
"It is likely that this mountain, 1like other

volcanoes, bhaes been getive intermittently, the ective

periods alternating with pericds of relative quiescence,

Volconic ash 18 widely scattered in this region, and is

fourd immedistely benecth the turf, indiceting that the

lest violent exploaion, probably from Mount Spurr, toolk

place within the last few centuries. At present a

moderate stesm plume 1o the only indication of activity."

Mount Spurr erupted in 1953, csusing a mudflow down the southern
flank of the mountein and the damming of the Chakachatna River et a
point S5 to 6 miles dowmstream from the outlst of Lake Chakachamna which
formed a lake about S5 miles long, the upper end of which is-1.5 miles

from the laks outlet. This eruption was dsseribed by Juhle and Coulter
(1955, p. 199).



A quite noticeable steam plume from Mount Spurr was obeerved by the
(:) f1e1d perty vwhile encamped on the lake during Jily and Auguast 1960.

The geologic map of the area included in Geol. Survey Bull, 810-C
pbows that the domipapt rock type is grguite intrusive with minor
amounts of basaltic intrucivee. According to Cappe (1927, p. 154):

"A large part of the gren here considered is

occupied by granitic rocks that form a noteble element

of the Almekan Range from lLake Clark northward to Mount

MeKinley and beyond. Quite possibly granites of several

a8 are reprasezted, but in the Mount Spurr region,

there 1s eviderce for the belief that the major

intrusions took plece in late Mesozoic time; although

earlier granitea are presapt also,”

Lake Chzkaschemma bas been formed by a dam of glecisl morainel
deposite from the still sctive Barrier Glecier on the southwestern
elope of Mount Spurr. Otber deposita in this area are the gravels,
sands, and silts of presen! etreams which form river deltas and beach
depoaits at the entrances of the Nagishlamina, Chilligan, and Neacola
Riverg. A large glacigl moraipe is present at the base of More
Glacler.

Aerial photographe of thie reglon show a series of perallel
liregments which tread roughly EW-BE. These features sre quits evident
in the fileld, and seam to extend for some digtance. They are nearly
vertical, acd close exemiration shows severe fracturing and pulver-
{zation in the feult or fracture zone. A tunnel from lake Chakachamne
to the MeArthur River Valley would roughly perallel the strike of these

fegtures.,



Factars affecting hydraulie structures

The aree around lake Chskachama 1s seiemtcally active, as evidenced
by the mipor eruption of Mount Spurr in 1953. Large scale faulting end
severe Jjointing pive an indication of the ingctability of the area. The
design of @ll hydraulic structures should recognize the poesibility of
future distrudances. The topography of the area 1s such that avelanches
aré possible, and irn the area around the tunnel inlet, appropriats
pafeguards should be included in the project design.

The streams which feed lake Chakachamna are all heevily lgden with
pediment. The sediment is primarily "rock-flour" of glactel origin, and
much of it peeme to stay in gugspension even after it reaches the caln
vaters of the lake, There are no date gvailadble as to the rate of
accumlation of sediment in the lske, but the abrupt "leveling off" of
the lake bottom et depthe below 240 feet seems to indicate a comsiderable
accumulation of sediment. Large deltas have been formed from the stream
cerried pediments at the entrances of the Regishlaminn, Chilligsn, end
Reecola Rivers. These deltas form large shellow underwater plains which
drop off rather etruptly gt veryirg distaonces from the ghore, There is
little likelihood that the sedinant sccumrilstion will affect the usable
capecity of the lake within the lifetime of any proJject undertakesn here,
but the "rock-flour" in suspension may heve an ebrasive effect on the
plant facilities.

There are no temperature date availadle at or near lakas

Chakachamna. If it is assumed that temperstures in this areas are




siinilnr to the temperatures at existing steticns at roughly the sems
altitude, an average annusl temverature of from 30°F to LO°F may be
expected. Icing conditions exist from 7 to 8 months of the year, and

hydrgulic structures must be designed eccordingly.

Hater supply

There are no precipitation records aveileble for the ares eround
Loke Chakachesmma or the Chakachgetne River. Most of the precipitation in
the area undoubtedly occurs as snow with consequent low rates of rumoff
in the late fall) and winter monthks apd high runoff rates during the
syring and summer months.

Runoff is derived from the meiting of enow and glacial ice along
with normal rainfall durinz the summer oonths., July and August are the
months of heaviest rupoff. In the water yegr 1960, 83 percent of the
annucl runoff occurred in the pericd Jume through September, or during
33 peres=nt of the year,

A gnging station designated, 'Chakachatna River near Tyonak," was
instelled op the Chakachatna River in June of 1955, making a record of
16 months availsble at the end of the 1950 water year. The wmonthly
runoff, in thousands of acre-feet, for thie period is tsbulated on the
following page. The everage discharge for the water year 1960 wes
3196 cfe ®r 2,320,000 acre-feet, The equivelent runoff is 39 inches,
The meximm maan daily discharge for thie period was 8722 efs on
August 28, 1999, the minimm was undetermined because of icing conditions

vhich interfered with gage action, but wae probebly lese than 60 cfs,

10 )
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Monthly discharge, Chakachatna River
near Tyonsk, Alsgcka

1559 1550 1559 1585
Month 103 103 Month 103 103

(ac-£t) (ac-£t) (ac-£t) {ac-£t)
Oct. cvm 1o Apr. ——- 15
Nov. ans 59 May - 91
Dec. .- ho June h57 379
Jan, =en £ 676 &S
Feb, - 22 Aug. (O 634
Mar. | e 20 gept. 343 260

Storage regulation

Tos capscity of lake Chakachamna Delow ite normal elevation of
1142 feet is shown in table 1, srnd graphically in figure 2. The total

Figure 2. = lalke Chakachamna Reservoir Site, Area and Capacity.

cepacity bstween elsvations 1142 and 900 is 3,261,000 acre-feet.

A comparison of the monthly flov records of the Kasilof, Iliawma,
{levhnlen and Susitna Rivers indicates thet the flowv in these rivers in
1960 was 3 to 4 percent below pormal. A correletion of annual flow for
these rivers over a 10 year period, 1951-1950, showed little similarity
ir their records ess to the years of high and low flow. For this reason
the water yeer 1960, the only rcomplete year of record, will be the only
basls for power estimetes,




Table 1. = Area and capecity of lake Chakachamma:
balow normal lake elewation.

Altitude Area Capacity
(feet ) (acres) (ac-£t)
1142 16,780 0
1140 16,100 33,000
1120 ‘ 1k, &0 340,000
1100 14,390 630,000
1080 14,170 916,000
1060 13,960 1,197,000
2040 _ 13,7%0 1,474,000
1020 | 13,520 1,746,000
1000 - 13,280 2,014,000
980 12,960 2,277,000
960 12,650 2,533,000
940 12,320 2,783,000
920 11,960 3,026,000
900 11,590 3,261,000
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A mass dlagram dased oo tha 1960 record is shown in figure 3.

Flgure 3. - Cumulative monthly discharge (1960).

Regulstion of meen annual flow, 3196 cfs, would require a drawdown of T8
feet. A flow of 90 percent of annual, 2876 efs, would require a drav-
down of 67 feet.

For the purposes of this report, power estimateg will be made on
tha basis of mean annual flow,

Potential power

A1) plens of development on Chekechampa Lake will depend on the
tapping of the lake at some point below lake level and diversion of the
wvater to a powerhouse site located at ecme point on the low lying plains
to the east or south of the lake, The tunnel inteke will probably dbe
Jocated et some point on the south mhore, approximately 2000 fest west

of the leke outlet (see figure 4). This area is of a favorable rock

Figure 4. - Tunrel routes and powerhouse sites.

type, is uniformly steep, and is the closest such ares to the proposed
poverhouse sites In the adjacent MeArthur River Vallsy.

Three posaible powerhouse gites hsve been considered at approximate
elevations of 100, 200, and 300 feat. The location of the powerhouse will
depend on a number of factors, such as topography, geology, mnd acces-
sidility. The large glacier (lettered G, figure k) could overrun ope of

the proposed powerhouse sites if it advanced 2 miles or so from its

L
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present location. It seems unlikely that an gdvence of this magnitude
would take place, but a study of this glacier should de made before any
developmant 1s underteken. ' |

With regulated msan flow (3196 cfs), the average elevation of water
in the reeervoir will be 1104 feet. With regulated flow equivelent to
90 percent of mean flow (20876 cfs), the average elevation of water in
the reservoir will be 1110 feet, In all plsns of development tunneling
wvill probebly be through rock which is mrimarily granitic in nature,
Unless faulte or fracture zomss ere encountered, losses due to leakage
and groundwater encroachmsat chould be of very little importance.

Approximate tunnel and peastock distences and power estimates at
reguhted- pecn annual flow and flow equivalent to 90 percent of mean
anpual are ehown in table 2 for the 3 powerhouse sites which have been
sssumed. Pover is based on the formula: KW w ,068 QH, which assumes
an overall ef{iclency of 80 percent.

Variocus schemas of waterpower development through the use of dams
downstream from lake Chakachzmna on the Qhakaohntna River has been
postulated, but nome seem ae practicsble as the method outlined above.

Theye is at present no local market for the power which would
result from this project, Tha neerest potential market is in Anchorage,
anG industry would have to be developed concurrent with power to
achieve full utilizstion of the power. Four possidle traensmisasion
routes to Anchorage from Lake Chakachampa are shown on figure 1.
Brirting Cook Inlet to the north would involve roughly 79 miles ecross
lapd whickh 1s for the most part marshy and ungettled, with 1.8 miles of

underwvater or suspension cable across Knik Arm, A direct route between

17
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the powerhouse and Anchorsge via Fire Island would cover 43 miles
overland and 34 miles underweter. The two routes to the south are
longer, but onca acrose Cook Inlst would be readily eccassible from
exicting roads. A 10 mile ¢rossing of Cook Inlet between East and

West Foreland and a 2 mile crossing of Turnagain Arm at Snipers Point
would require underwster cable. If the Sterling Bighwvay were followed,
the entire route would be approximately 177 miles. A direct route from
West Foreland to Sunrise would be 138 miles long.

It 1s not unreasonable to visualize an undervater cable across
Cook Inlet as suggested above. A 16 mile, 138 kv cable between
Vancouver Ieland, B. C. and the Canadisn mainland was completed in 1956
end, as far as 1s known, has proved to be satisfactory.

All estimates of power made in this report are based exclusively
on the Aischarge record for the 1960 water year. The actual discharge
over & period of tima may very somewhat, but the figures do, at least,
indicate the order of ragnitude of the power potentisl of lake

Chakachamna.

19
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