
Four preapectim sited for waterpwer dcwelopaent on the Kenni Psnhsula near 
Sewrsrd, Alaska, haas b m  hveatigated by scientists and engfnears of the Gaolog- 
i c d  Sumrey aad pronousrccd npotentially useful," kccording to Sacretrary of the 
Interior Douglae McKay. 

.- - __--- - . > 

- - ' -  - ~ k i l d  eSma6na  h v e  been h&&<F 'G&ioiof -dm d t e  a, r e a m  ir 
sttss, and proisable Ciivert~ion tunnel routes for pbusr dmelopnwtt for Grant, 
Ptannilgan, Cooper, and Crescent Sakes, These lakw are in t h e  Kenai Mountains 
roughly 25 to SO mil sa  north of Setrard. 

The report has been prepare8 by Arthm Jshnmn an8 is available Sn Survey 
files Far public i n a p e c t i ~ n ~  It describes the phyrjfcaZ and climatic character- 
istfcs of the area that relate la power development and states that because the 
sttas are located h areaar of severe vlrlter temperatures (30 ta 40 degrees below 
zero Fahrenheit during most winters), "This climatfc feature must be given due 
eong5dergtion in the deafgn of the various structures rgquPred for pmr develop 
ment ," 

Strmflow recordn avdlable for evdwting the potentital power, cover a 
?-year wriOd for G r a n t  and Ptarmigan Creeks and a 5-year period f o r  Cooper and 
Crescent Creeks. They &ow a pronounced ~ariatfan throughout the y e  as WU a& . 
from one year to the next, Therefore reservoir storage to equaZise fiou fa  a 
p ~ h e  requirsih for power develolment. 

AX1 four lake8 provide fa~orable opportmf t les for moh starage, Relatively 
i'nexpensilv~ dms rarqiqig! in he%pbt-_f_rlffn 2KM 50 f eetm beLtuil% E& thahke - .. -- . . - . --."-- 
outleiZ~-*Vater c& be convey& fram storage s i t e ~  to the power sitas through 
pipelines or tunnels o f  reasonable lengths, utiliaing a fall of approhately 250 
f set for Grant Lake, 345 feet for Ptarmigan Lake, 745 feet for Cooper Lake, and 
1,000 feet for Crescent M e .  

The total wtfmatsd patentlal power for the four lakes is 11,006 ki3owat.t~ 
for 40 percent of the t h e  and 14,000 kilowatts for 50 percent of the f b e .  

Cop5es of Mr. Johnmnts paper entitled "Prdiminaq report ori the potential 
uaterpawer of Grant, Ptarsligan, Cooper d Crescent Lakes on the Kenaf Penlasula 
near Semrrd, AZa~ka,~ are avmllable for public Inepection at the fo22o~ing officea 
of the Goological Sur~eys L i b r q ,  Roam 1033 General Services Administration Bldg,, 
Waahhgbn, D. C, J in California at 4 Homewood Plece, Menlo Park, and Roan 724. 
Appraiser@ Bldg., San fimcisco; Room 244 Federal. Bldg., Tacomer, Washingtan; and 
in dlagks in Roap 117, F d w d  Bldgr, JUW, Roam 2lO G l o v e r  Bldg,, Anchorage, 
Geological h e y  Qff ice ,  Palmer, and Brooke Memorial Mines Bldg., at College, 
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G r a n t ,  Ptarmigan, Cooper, and Crescent Lakes, located in the Bnai 
Mountains in the upper portion of the Kenai Rive? Basin, approximately 25 miles 
to the north of Seward, present favorable opprt-mities for  the 4evelopm@ilt of 
waterpower. Gzant and ?tarmigar, L&ea can be made readily accessible by roads 
from the Sewwd-Anchorage Highway which in t h i s  area practically px'alleie the 
Alaska Railroad; and Cooper and Cresceut Lakes by access roads f rom the Ster- 
ling Highway. 

Geologic conditions are favorable for the cewtruction of the various 
elements of a power developne~t although some special problems m y  be encountered. 

The pownr sftes are located in wsae 09 severe winter temper~turss, 
-30' to -400 or less in most winters. This climatic featwe must be given due 
co~ idera t ion  in the design of the various structures required for  a power 
developwnt . 

Streamflow record8 are available fur s 7-yewr p r i o d  for Grant and 
Ptamlgan Creek and for s 5-year perf& for  Cooper and Crescent Craeke. Only 
abort and incomplete records of precipitatFon are available in the area of the 
power a i t s s  but records have been kept at Seward fo r  30 y e a s .  The precipita- 
t i on  at Seward during the periods for which etxeamflow records are available 
was, in general, less than average. It seem reasonable that similar conditions 
would prevail over the upper Kenai BasZa. Consequently, the available atream- 

@ flow records cover a period of lees then emrage precipitation and estimates 
of potential power W e d  on these figures probably are on the  conservative 
sPde. Olzly regulated flow is constdered in this regort. 

k h  of the four lakes is a favorable storage site. Adequate capac- 
ity for complete regulation of the flw on a year-to-yeex basis ox over a 
period of several years C a r  be obtaZned by the construction of dama ranging in 
height from 20 to 90 feet. Water from the reservoirs can be conveyed to the 
powerhuwes through condu'lts, tunnels, ox pipelifies of reasonable length. 

The total estfmated poten t ia l  power for the four lakes 5s lL,OOO 
kflowatts far 90 percent of the tfme and 14,000 kilowatts for 50 yercent of 
t he  time. 

Transmission line dietances to S e m d  range from 22 m i h s  for the 
Ptmigw Lake power site to as much as 50 miles l o r  the Cooper pwer site 
that would be located on the Kemi River, The transmission l i n e  distance to 
Anchorage w i l l  approximate 100 miles, depecding on the route selected. 



Purpose and Scope 

'Zlhfs report is Pade to evaluate the waterpower pote:lCial of Grant, 
Ptarmigan, Cooper, and Crescent lakes in order to classify t h e  lands adjacent 
to these lake8 as t o  their waterpower values, The report considers the avail- 
able topowaphic map data, atreamflow records, cllmatic records, land other 
pertinent inf  armat ion in arriving at estimates of the potent d l  power. 

A general plan of development is shown for each W e  as a means of 
arriving at the potantfa1 pa-er as well as indicating the construction that 
would be required t o  develop it. It ie recognized that when the various sites 
are developed the f i d  plans m y  not follow the general pAans outlined herefa. 
The obgective of t h e  repert 56 ta show the potentfal power available whereas 
consideratiorus at the time of actual development may show that the fullest 
possible development may not necessarily be the best one to follow, The 
analysis 0% potential waterpower in this  report considers only the use of reg- 
ulated flow as the  flaw from each of the  hkea f a  so low %or such a long per- 
iod of each yew that development based on natural flow m a d  not be dustified. 

e !l%e four Wes under consideration a r e  shown on the fo l lming  t o p -  
g~aphf c quadrangles : 

S w a r d .  R~lcomaissance series, s c d e  1:250,000. 
Contour interval 200 feet. 

Sewtird. B-6, B-7, B-8, C-6, C-7, C-8, scale ~:63~360. 
Contour interval 100 feat. 

Maps m e  also available for each 04 the four Lakes on a scale of 
1~24,000 with a 10- or 2Q-foot contour interval. These maps include under- 
water con'hours and dekailed maps of the dam sAte at the I&e outlets* The 
dam s i t e  maps are on, a scale of 1:48OO (1 inch = 400 feat) or 1:2400 
(1 inch = 2M3 feet). These mapa are published under the TollowZng titles and 
are included as plates 1, 2, 3, and 4 in th i s  report. 

Plan md Profile 
Grant Creek and Grant W e ,  A l w -  

D m  S l t e  

Plan 
Ptarmigan W e  near W a r d ,  Alaska 

Dam Si te  



Plan 
Coopr  b k e ,  Alas%& 

Dam Site 

~ i a n  
Crescent Lake new Seward, A l a s k a  

Dam Site 

Aerial photopaphs ware obtaiced of the area by the Army Map Service 
in 1951. The photogra2hs coTw2ring the lakes and ad;scent area are l i e t ed  b a h :  

m e  - S p b o l  
CClll 

M5ss ion Roll  
II 

*osUTes 

Grant 

Cooper 

Crescent 52-AM-1 509 3 345, 346, 3473 3m 

e 392, 393, 394, 395 

The negatives for the above photographs are on f1l.e with 
the Geologicax Survey, Denver Federal Center, Denver, Colorado. 

Personnel of the U, S, Forest Service located at the ICesai 
Lake Ranger Station were most cocperative ia making equipment m i h b l e  to 
the f i e l d  parttes making the surveys on the lakes as we= as giving much help- 
ful infornation on trails and other local conditions. 



The four U e e  consieered in thie  report are located in  the Kenat 
Mountains, 22 to 26 miles generally north of %ward (see fig. 1) &ad are 
tributary to the upper part of the &mi River Bas in. Each lak@ empties into 
a creek of the  same name. 

Grant Lake 

!be Grant, Lake Basin has an area of &3-5 sqme m i l e s  and fs the 
largest of the four basins considered in this  report. The M a  itself is six 
miles long and hss an area of 2.45 a q w e  m i l e s  or 5.6 perccn* of the s e a  of 
the basin. For the first two milee from the outlet  the axis of the lake trend8 
a l i t t le  to east of north md then nukes 'practically a right-mgle bend 
trends just south of east rrom the bend to the head. The maxhmm width is 
slightly over one-half m i l e .  About a half' m i l e  upstream from the bend 
mntioned above there is an islanil ieaving only narrow channel8 about 75 feet 
wide between either side of the i s h a  and the lake shores. The channel be- 
tween the island and the north shore of the W e  had a depth of only three 
feet  and the  channel to  the south of the i s b n d  a depth of 18 feet at the 
tfme of the f i e ld  survey. Soundings were made in the 1- 1 1/2 miles of 
the lake sad depths of well alter 200 feet  were obeerved. 

e A depth of 196 feet was observed at a point 0.3 mile *on tb lake 
outlet (see plate 1). 'Phe shore l i ne  is steep throughout. The o n 4  c m -  
paratfvely flat area adJacent to the lake is the valley bottom juat upstreem 
fkam the head of the lake, The lower two-mile section of the M e  roughly 
parallels the north-south trending valley of Ilgpel. and bwer *ail kkes 
and is separated f'xwrn that v d b y  by a ridge which varies in width from 3/4 
to 1 1/4 m i l e s .  For the first 1 1/2 miles north QT the Cr& h k e  outlet  the 
elevation of this  rtQp is helm 1,000 feet. Its topography is quite I r r e w  
and a saddle one m i l e  fiorth of the lake outlet P a 8  to elemtion 743 feet 
which is only 43 feet higher than, the 3wke levell !The t r a i l  from Moose Pase 
to Grant M e  goes throw t h i s  sadtile. N o r t h  and e m t  of the saddle the r idp  
rtscs rapidly and the maximum elevation in the basln, 5,883 feet, is on the 
aaddle north of Grant bake. Elemtiom above 5,000 feet are reached at a 
number of points along the boundary of t h i s  drainwe basin. The distribution 
of area v l t h  respect to e l e n t i o n  Is shown -la table 2. 

Grant Creek belov the lake is only 1.1 dies in Leagt;h and f h s  
in to  the short eectioa of *ail River between Upper and h e r  Trail W a s .  

According t o  the Sward 3-6, B-7, C-6, and C-7  quadrangles there 
are nine d i s t i n c t  glaciers in the basin with a combined ares of 5.3 square mflea 
or 12 percent of the area of the basin at the lake outlet. 

There Fa a fairly good foot  trail from the raflroad bridge aver trpper 
W a i l  Lake at bose Pass to Grant M e ,  reaching the west shore of the lake 
at a point one mile north of the outlet. The A h k a  &elroad and the 5ews;rd- @ Anchursge H i g h w a y -  Grant Iek readily accessible. 



0 Ptarmigan Lake 

% Phmimn M e  $asin has an area of 29.9 aquare m i l e s .  The M e  
is 3 1/2 m i l e s  long and has a maximum width of one-half mile. The axis of the 
trends slightly south of east, The shores are ateep and the only comparatively 
flat area adjacent to the W e  is the valley bottom at the head of the k k e .  
The steep shores exbend w e l l  below W e  level as shown by the underwater con- 
tours (sea p b t e  2). The maximum observed depth was 234 feet. Ptarmimn Creek, 
t h e  outflowing stream from the M e ,  2s 3 l/4 miles long and flows in to  Kenwi 
Lake one-fourth m i l e  south of t he  Keaai Zalm Ranger Statton which is five m f b a  
north af the uypm end of Kemi W e .  

There me eight glaciers in the  Ramigan Lake Basin with an aggre- 
gate area oi 2.6 aquare miles. 

The maxinum elevation In the bas in, 6,210 feat, is along the divide 
between it and the Victor Creek &sin to the south. The ekvatfon along the 
baain boundary is abow 6,W0 f ee t  at th i s  point only 'out a comidererble p w t  
of it is above 5,000 feet 231 elevatior?. mere is a compwlstixely low d l  vide 
southeast of the W e ,  1,900 t o  2,000 feet zn ahvation, between the p t w g a n  
lab B a s h  end tb Show R-lfp~r Basin. 

The 8latrlbutton of area w i t h  respect to elemtion is shown in table 2. 

The Alaeka Ikilroad and the Seward-Anchorage Highway cross Ptarmigan 
Creek within one-fourth m i l e  of the mouth. There is a f a b l y  good foot trai l  
from the s t a t i on  of FaUs on t h e  railroad to the  M e .  Wie trail follow8 the 
north ahore of the M e  to its upper end and apparently continues beyond the 
lake into Paradi~a Valley In the Snow R i v e r  Basin, 

Cooper Lalre 

The C~oper Zake B w i c  baa an aPca of 31.6 square m i b a .  The lake is 
six m i l e s  long wlth a mimm width of one mile near the upper end. It has a 
minimum width of less than 500 feet at a point 1 112 m-llee 'from the  out let .  
The lake flms into Cooper Creek, which ha$ a length of lf. 3/4 miles and empties 
Into the Kenai River k o  m i l e s  downstream from Cooper ZesadFng at the outlet of 
Kenai Lake. The general dtraction of both the lake and the creek i s  ~ou theas t -  
northwest, The shores of the lake are steep except nem the head of the W e  
where the  adjoining area i s  comparatively flat. The stee;r slopes continue w e l l  
below lake level as shown by t he  underwater contours on the map of  Cwpr Lake 
(see plaea 3). In t he  section from the M e  outlet to the constriction mentioned 
above the maximum depth was about 70 feet.  Upatream from the conatricCion 
d e N n  of more than 200 feet are amn reached. Depth8 in excess of 400 feet 
were found in t he  w i u e  section of the lake about 1 1/2 miles f'rm the upper end. 



me area draining into Cooper Zake couLd be increased by diversion * of the flow f rom about 8.5 square milee of Stetson Creek. This would increase 
the preeent draitlage erea of 31.6 square mileer above the Jwke outlet to 40.1 
square a l e e ,  or 27 percent, Ststson Creek is a tributary of Cooper Creek, 
joining it w t  a point 3. 1/2 miles downstream from the outle% of Cooper lake. 
The p i n t  of diversion on Stetaon C:'eek would be about one-half mile upstream 
f r o m  the mouth and the necessmy dtversfon canal would be about 1 lj2 m i l e s  
long. 

The h i e s t  point in the basin i s  Cciopr Mountain, elevation 5,270 
feet, on the ridge bekween the Cooper lake Basin md the Russian River Basin to 
the southweat. This is the only point  along the boundary of the besfn tht I s  
more tkm 5,000 feet 5rr elemtion.  There is a iow divide or saddle between 
t h e  upper end of C-r M e  and Upper Rusaion M e  five milea to the ~ o u t h -  
met. The low po in t  in thSa saddle is slightly lesa than 1,30Q feet in eleva- 
tion. There is d a o  a l o w  divi* ar saddle between the U ~ F  end of Cooper 
W e  and KenaS. M e  two milea to t i e  northeast, Tba low pollnt in thie saddle 
also is between t h e  1200 and 1300-foot cantows but apparently slight* lower 
than the paes t~ m r  Russiw Lake. 

The dietribution 00 area with respect to alevation is shown in table 2. 

It is of tnterest to note that the area of Cooper lake, 3-11 square 
milee, ia 10 percent of the area of the e ~ t i r e  basin. 

There are,  as sham or. the Seward 3-8 topopaghf c quadrangle, sewn 
@ s d . 1  glaciers in the basin with an aggregate area of 0.8 square m i l e .  This 

quadrangle also a h m  a foot trail *om Uppr Russian Zake to Kenai Lake going 
through the  two saddles mentioned above and gassing by the upper end of 
Cooper W e .  

bny developaent on Cooper W e  would require the  con~itruction of a 
road to the lake. One general route would be up the valley of Coopr Creek 
and the road would be about five miles in length. hother  would be an approach 
f r o m  Kenai Take through t h e  saddle previous3y mentioned. Although the lakes 
are only 2 miles apart across t h i s  saddle, to connect with the Sterling High- 
way near Cooper Xsnding would require approximtely an additiionel eight miles 
of highway along the southqest ahore of Henat Lake and to connect with the 
Seward-Anchorage Highway Zust south of the  head of Kenai W e  would require 
15 miles of road following the south and west shores of Kewi W e .  

Crescent Larke 

The Crescent Lake drainage baain has, an area of 21.2 square m i l e s .  
The lake, as the mame *lies, is crescent-shaped with  the points of the 
crescent pointing northward. The lake is s i x  mi lea  long and ha8 a maximum 
width of one-half m i l e .  The lake area, 2-14 square miles, is 10 percent of 
the area of the b i n ,  the same as for Cooper Lake, The lake emyties i n t o  
Crescent Creek, a tributary of Quartz Craek which in turn flows into Kenai 

e M e  four m i l e s  upstream T o r n  the lake ou t l e t .  Cre~cent Creek has a lewh 



@ 
of s t x  milee. me original road to Ketlai lake was on the east side of Quartz 
Creek and crossed Wscen* Creek o i l e - k u  m i l e  above the mouth but the new 
reed is l e c a k d  on the opposite aide of Quartz Creek and does not erose 
Crescent Creek. 

The entire ehore of the Lake is steep. In general, the steep slopes 
continue w e l l  below the lake level as aharn by the underwater contours (see 
plate 4). There 3s a shallow area around two small islands 2 112 m i h a  from 
the outlet. Depths around the upper island w e  less than 15 feet. The m i -  
snrm depth obeerved in random soundings was 291 feet. Slightly greater depths 
m y  exist but it seema doubtful that these would be mch over 300 feet. The 
maxfmm observed depth was about two miles f r o m  the head of the -4:. 

The highest point in the basin, 5,320 feet, ie on the divide between 
the drainage into Crescent Lake and Crescent Creek, and is about midway be- 
tween the two points of the  crescent or the ends of the W e ,  Two other points 
along the boundary of the Basin exceed 5,000 feet in elevation. These are on 
the ridge b'kweea the  upper ae-nt of Crescent W e  and Kemi M e ,  There 
is a low divide or saddle beWeen Crescent h k e  and Kenal W e .  The low point 
in thts saddle is between 1,800 end 1,900 feet in elevation. A t  the  aerrow- 
est  part of t h i s  lsaddle the d iahnce  between the Me8 is 2 3/4 m i l e s .  There 
is also a low divLde or  saddle between the upper end of Crescent Lake and 
W s a  Creek which drain8 into Upwr Trsl l  W e .  There is a small lake, 
Carter W e ,  which drains in%o Moon Creek, located in t h i s  saddle. This 
lake is three-fourths m i l e  long and one-fourth m i l e  wide w i t h  the long 
dimensloa sl fghkJy eesst of north, It is sewatad  A.om Crescent W e  by B 

distance of one-half m i l e .  ?Ire elevation of Carter m e  is 1,486 feet or 32 
feet higher than the  eLev&-t;.Lon of Crescent W e .  The dividiw ridge between 
Carter Iake and Crescent Lake is at about an elevation of 1,490 feet. B 
view of this  tapgraphic condttkrm there 18 practically no "uppr basin" so 
that -st the entbe drainam in%o Crescent Lake is frm the  side^. 

The aistribtrtian of area wfth respect to elent ion is shown in table 2* 

The drainage whlcb nornPaUy enters the Carter W e  h i s r  could 
readily be diverted into Crescent Lake by breaching the =row divide at the 
head of C a r t e r  Lake to such a depth that there would be no outf3m through 
the regular lake outlet. The Carter Mce Basin ha8 an was of 1-7 s q w e  
dies. me drai- f rom a small basin, w i t h  an area of 1,l square milesp 
that drains into Creecent Creek about 1,030 feet dowmtream from the lake 
outlet, could a3Lao be readily dtverted into Creecent M e .  These two 
a d d i t ~ o n a l  areas, nlth a total of 2.8 square miles, would increme the area 
tributary to Crescent Lake to 24.0 s q w e  milea or 7'7 percent of tbe area 
at the gaging station on Crescent Creek. 

Any dew-& on Crescent La would require road construction. 
One route wodd be from the existing old road t o  K e n a i  W e  up the Crescent 
Creek Valley to the lake outlet. Such a road would be about s i x  m i l e s  long. 
The upper end of tbe Lalre is 2 1/2 &lea In s straight line from the 3-d- 
Anchorage Hghw J u t  west of the u m  end of Upper W a i l  M e .  %re is 



practically a 1,000-foot difference i n  elevation in the first m i l e  of this 
distance. The length of road required t o  reach the head of Crescent Lake 
would theref m e  be considerably longer than the 2 1/2-mile straight - l ine 
dbtance i n  order to keep within prmfsaible p & s .  

There l a  a foot t r ~ l l  from a point on tbe north shore of Ksnai W e  
five milea west of the Kenai W e  Ranger Station leadfng to Crescent Lake 
thou@ the saddle between the two lakes. This trail reaches Crescent W e  
on the south ahom 2 1/2 m l k s  from t h e  head of the lake. This trail  was In 
fair conditfon in Xg51 when the w a a  ~rlapped. 

'Ihe four lakes considered in this report &re readiLy accessibk by 
amphibious planes during the open-water semoo and by ski-equlpwd phws 
during the winter months, 

hta rehtiw to elevation an8 ares of ttbe four M e $  w e  summatized 
in table I* 



Table 1.--1E:lewattons and areae relating to Grant, Ptarmigan, Cooger, and Crescent M s s ,  m s k a  

Elevebt ion : Area of M e  : ~ m i n a g e  wee (aq mi) 
Lake * (feet) I 

(5s mi> : ~t lake ou t l e t  5 
A t  gaging etatlon 

G m t  . . . . . . . .: 7m p 2.45 43.5 : 43 e 7  . 0 

Ptarmigan . . . . . .: 755 : 0~99 + V.4 • 32.4 
I a * 

C 

 COO^^ . . . . . .: 1,168 3 -20 31.6 31.6 
t 

Crescent . . . . . ,: 1,454 h • 2.14 21.2 31-3 
1 

m * 

Table 2.--Fielation of area w i t h  respect to elevation for Grmt, Ft8rmigm, Coaper, and Crescent 
Creeks, A l a s k a  

Elevation : Grant Creek * Warmimu Creek . * Cooper Creek : Crescent Creek 
t e r 

below : Area : Percent af : Psea : Percent of : &ea r Percent of : Area : Percent of 
: (wq a ) : t o t d  ares a/: (sq mi):total area a/: (sq  total area a/: (sq mi):total area a/ 

i 

1,000 feet : 5.7 : 13.0 t 4.7 : 14.5 t - t - : 0.4 : 1-3 
b I 0 w * I t 

2,000 feet : 13.6 : ' 31,2 : 1 37.h : l4,2 : 45.0 : 10.8 : 34.5 
I * . 

3,000 feet : 23.4 : 53.5 : 18,9 : 58.3 : 22.1 : 70.0 : 18.8 : 60.0 

aJ Area st; e n s  stations. 



A #'ield axemination of the @ o l o a  of the 8am s i t e s ,  reservo* sites, 
and p b a b l e  diwrsion tunnel routes fo r  p e r  duvtsloparrent frm the faur lakes 
considered In this  r e p t  webs made during the 1942 f i e ld  season. T h  result- 
Zng =pork entitled "Geologic i n w e t l ~ t i o n s  of mopoeed power s l t e s  at Coopr, 
G r a n t ,  Fhmimn, and Cr-cent Lakes, Alaska, " by George P l a f k r ,  wae re- 
lease4 to open fils November 3, 3954, It is avaelable for public i%pection 
at the follarlng o f f  ices of the Geologicd Survey: Library, Room 1033, 
General Services Administration Building, W-himton, D, C . ; 4 Homewood Place, 
k n l o  Park, Cdtfornia; R w m  72b3 A p p I a s e r ~  Building, SEia h c f a c o ,  
California; Room U7, Federal Building, Juneau, h s k a ;  Brooks Merno~id Mines 
Building, CbUege, Alaska; a d  Room 210, E. F. Glover Building, Anchorage, 
Alaska.  It I s  a U o  available at the Territorial *par tmnt  of Mines, Jumau, 
Alaska. Further reference w i l l  be made to th%s rspuxt io the diecussion of 
t he  'Individual pwer sites. 

The c W t l c  features that are of pr-y concern In the evaluation 
of mterpmer poterhial. are %emperatwe and prectpitation. No weather rec- 
o r d ~  have been obtained within the four Lake basins under consideration. 
ShwYt; and incomplete records of precipitation are available at three nearby 

@ statiom,MooseP~sa,CooperLanding, andNaptmm. T h e f i r s t t w o a r e i n  
the inmediate vicinity aP the lake basins and the winter temperature records 
at these stations are of particular interest in relation to the power sites. 
me record at Naptome is of interest Ln giving informatton on conditione 
in the Kenai lowlands which l i e  west o r  the W e  area. The longest p l o d  
of record available near the area under study is at Seward at the head of 
Resurrection Bay fm which the record extends Prom 1908 to the present. Thiei 
record is not complete ae m e  or more monthly values ase lacking in several 
yesrs 813d data for several complete years are not available, Tbe 33;recipTta- 
t ion  record, including aemonal snowfall, 18 glwn In table 3. A review of 
t h i s  table shows that there are 30 yeara during the period for whLch the 
annual record is complete. The precipi%tion records for Moose Pass, Cooper 
Landing, and Naptowne are ahown in table 4. !Fable 3 also includes the 
a e s a o d  snowfall at S e u a ~ d ,  recording a seasonal mem of 68.7 inches. Ue- 
the Val.= of 10tbnowfaU as equivalent to 1 inch of precipitation, snaKPaU 
wouM account for a b u t  10 percent of the precipitation at Wwd. ID v l e w  
of the higher ekvatfon and colder temperatures over the  Lalre basiris ea larger 
paportion of the mnW preeipLbtion would occur aa snow than at Sward. 
Thfa %a veri f ied by the runoff racorda for the lake Wins, Annual values 
for anowfall are not available at either Moose Pass or Cooper hdlxrg.  

The available tempzrature records at Moose Pass, Coopar W i n g ,  
avld Naptowne are s h m  in table 5, together w i t h  the record at Sward since 
191. t h b  table it is Been that the  monthly mean temperatures at 
kose  Pass and Cooper Ianding are qulte cumparable but are appreciably Largr 



yl * t h r u r a t ~ d d u r i ~ t h e w i n t e r m o u t h s , O c t o ~ t o ~ c h .  msummer 
tmpretures are comparable w i t h  those at Sewmd. The temperatures at  
Baptowne are aligbtly 1mr than those at Coopr landing or Moose 'Pass. 
The available annual minimum temperatures at Sewwd, Moose Peas, Coolper 
landing, and Kemi are show in table 6. This record indicates that the 
winter minimums at Moose and Cooper Iandiq w S - U  genera- be at lea& 15% 
to 25OF lower than t k  minimums at Seward. This Fs of particular signif- 
icance em the coaditions at Mooes Paas and Coomr Landing we repessnta- 
tlm of  the condttions at the pcrcrerhrruse locatiozis that are discussed in 
t U  report. W i u t e r  temperatures l a  the power site Bleebs w i U  be perm -2@F 
to -309 practically every winter and teprperatms of - 4 @ ~  to -50 F can 
be expected in acme years. 

Although conditioria in the Eake baeins are nut directu compeur- 
able w i t h  conditions at Seward the gemral pattern a h o m  be eonwhat 
similar. The precipitation is concentrated in the winter months. In 
general, the 4-month period, September through December, has me-baU of 
the amwal average. October is usually the  month of greatest precipitation 
and 3- the least. The three-month priwd,  May through Juu, accounts 
for only onedeighth of the annual average precipitation, Sunrmer .t;empera- 
twres in the vicinfty of the lakes are  much the s m  as at Seward whereea 
the uhter temperatures are aonsi&erably lower. 





3 . . - ~ o n t ~  0 
. . . t :  . 6 . . . : I : . . . - . :- : : : Water r.plercent of :-Seasonal 

0' 

x- 3 -.. :+Fbb0,t.Mrrrc?h :April t .  t JCMe t.3uly r Augot-&ptot O c f m 8 . ~ .  8 :  Dec.:. 
s. t :  3 t t : : t : t : t '-P . 

' 3 -  : I t . f : : : t : t' c t :  t .  . 
1936 t s.16 r.0.71 I 1 .~9 1.29 r 8.35: 0.17 r 2.15: 5.85 : 5.76 r 16.63: 14.85: 3.16 r :  72.27 g.57.65 : 

: 
0.84 : 46-1 

1937 : 3.6b t 0.35 t 3.59 : 3.39 t 3.72: 4.67 : 2.29 a 2.11 t12.50 : 10.458 - : 5.29 : - t 70.9 : 1.03 : 46.2 
1938 r 6.58,:.8.17r 1.50: 6.06: 5.03;6.49:2.52r - t a t - : - t - t - t .  - t .. : .. 
1939 r - r -  - t 5 4  c 6.51 r 1.57: 1-22 : 4.17 111.38 : 6.05 8 6.81: 5.57: 9.81 r - : - t 3 . t 

igbo t 12.w t 2.83 t 5. t 8.6e t 3.w; 1-32 r 2.14 :10.71 rd.69 t 14.858 6.43: 5.86 t 9.q : g1.B 8 1.n : 47.6 
8 :. 1 : ' : I t c I .  t S a t . . a . 0 

1 t 2.48 814.55 : ~ ~ 4 . 9 1  c 4.60: 2.98 r 5.50 : 0.78 r 4.70 t -  3.47: 2.27tJl.17 ; 78.53 a 88.76 ; 11.8 r .  64-1 
lglz t 8.22 ~30.10 t 6.64 : 5.00 t 1.12t 3.83 : 3.61 :10.49 r 7.9 7.38: o.gbr 1.01 t 66.35 t 74.u 1, 1.06 t :  66.8 
1943 r 2.68 ~ 6 . 7 7  t .  1.68 t 4.49 t 2.228 3.38 r 3.58 : 3.62 t15.19 t 1 1 0 ~ 1  s.33te.25 s 91.53 t Se7b : 0.n t :  99.1 
iw 8 u.33  5.6.16 t 1.97 r 1.09 t 7*00r 1-58 : 4.83 tu.44 : 8.m t l2.202 7Lk3t 6.25 s 79-35 r101.39 t 1.47 t . 87.5 
lgb5 t.u.13 r10.99 t 3.w t 1.38 t 2.24: t.8.U t 6.55 t 14,81t 2.333.4.78 71.41 ~74.53 t -  1.08 65.5 

:' t ? : t t ' t : t t t t '  t t : t .  . 
1946 r 5.59 r 6.20 : 3.23 t 3.40 : 4.mr 1.25 1 0.88 : 4.62 r5.C t U.pt 4.37t 2.93 t 9.49 t 58.22 i 0.85 r 91.1 
1907 : 3.U t.6.h t .  7.16 t 1.19 t 6.64: 2.87 2 2.38 : 4.95 :loon z 7.731 12.618 8.73 t 75.ob t 65.00 t 0.95 t . 

p 1998 :12.52:-4.83:.1.@: o.OOt 3.72: - r4.36r1.05r9.49t13.48: 4.46:1.61: - t - t .. t - 
1949 : . 4.66 t 0.64 t 6.10 : 3.67 t 1,788 2.05 r i.& : 5.62 113.21 t 8.13: i0.90t.4.65 r 62.44 : 58.31 r 0.85 t - 
390 1 O t 3.03 t - t .  5.9: 3.77 t 1.38 : 4.82 $15.83 t 3.96: 0.323 6-12 - t - t - t .. 

: t t t t t : a t : 0. t '  t t I . 
1951 :. 3.27 r-3.8i r e  2.63 r 4.66 r 2.603 2.87 : 0.88 : 3-02 8 2 2 . 8 2  1 5.12: 4.88: 2.57 t 4 9 . ~  r 6 9 6  t 0.68 t - 
1952 t 1.76 t 3.n r 3.U t e  4.74 t .  1.74: 1.41 r 5.28 a 4.44 t.3.96 : 21.65: 19,23r15.& t 86.19 r 42.80 : 0.62 ; * 

1 :. 2.16 a15.s :. 2.08 c 7.63 : 0.80: 0.60 : 1.12 : 5.64 : 8.87 : 10.Z3t 6.49: 7.76 : 69.16 :l00.83 a 1-46 : - 
1954 t 4,go t 3.54 t .  5.81 t 0 . b  t 2.45t.0.71 : 4.m : 2.73 ; 2.86 - : - ; - :. - : 51.73 : 0.75 r - 

: t . . . . . t ' : . t t :. t t t 3 
@ib..o* : : t : : : t . t t t . . . 2 : . t 

vahmt~ t  37: 40 8 42 : 43 r 43 r 42 r 4 3  42 42 r 40: 4 0 :  39 t 30 t .  31 t 3.8 
Icwr r 5.03 r.5.Y r -  3.76 t 4.3 : 3.31: 2 .p  r 2.88 8.5.89 r 9.54 : a0.82: 7.27: 6.85 t 68.46 8.68.83 r t a.7 

t 1. t S 8 :  t : t 8 - t ' 1 . - t t . 
: ' *  2 t t t : t -  t .  : t 2 '  . 1. 

8.2 r 5.6 t 6.1 t 3.0 : 3.8 t 4.3 t 8.7 tlk.1 t l6.0 t 10.8 tU.1 t - ; - :: : 0 

lQjrimmt 14.02 rl5.m t 12.12 a u.91 r 8.39: 6.81 t 6.81 t ~ . d ,  ~26.35 t 33.17: 20.Br16.25 : . r101.39 t 1. 122.0 
Mbimmr 0.32 8-0.35 : 0.20 t 0.00 r 0.10; 0.05 : 0.69 : 0.78 r 1.86 r 2.82: 0.32: 0.00 r 3 .8l t 42-80 r : 29.5 

: t t a . . . I . t r : : : t t t : 

October 1 to September 30. 

d W l t o - 3 0 .  





: : : t t t t: v f kc. f Annual Oct. Jme : JWy : A w e  : Bept* : OYU : a. I hb. Yrch Awl1 8 )(Y i 
Semrrd 

t t : : : : : r . 
1 : 26.6 32.9 35.2 r 40.6 t 45.8 : 52.4 : 51.8 : 58.0 r 52.1 : 42.6 : 26.2 : 4.1 : 40.9 

30 .8 :  35.0 r 30.4 r 39.8 8 49.0 : 51.6 : 56.2: 5 5 . 1 :  53.0 : 41.4 t r 6 , 8  ~ . 7  : 40.2 
1913 : 19.6 t 26.8 r 32.0 t 38.8 8 : 52.6 : 55.2 : 54.9 : 47.8 : 40.7 : 34.6 : 30.5 : 40.0 
lg44 g 26.5 32.8 t 30.5 : 36.0 : 43.8 t 53.0 : 55.7 57.6 : 49.5 8 kt8 33.0 3 28*8 : 40-7 
1*5 : 33.2 r 30.4 : 31.8 t 36.7 t 44.5 t 52.0 r 55.8 : 54.1 : 50.2 : 39.4 : 25.8 : 28.4 t 10.2 

t : t : t t t ' t : . : . 
1946 : 27.4 t a8.5 t 25.8 8 35.4 : 43.6 : 54.0 : 57.6 : 53.8 : 49.7 t 41.2 : 28.9 : 18.0 : 38.7 
1 9 4  8 u.0 : 28.6 g 34.8 : 38.3 : 43.5 t 50.5 : 58.6 : 57.4 : 49.2 t 41.2 t 36.1 : 32.2 : 40.3 
xg48 : 28.2 : . I  t 28.2 t 40.0 8 45.2 : - : 4 : 55.6 : 48.4 : 38.9 : 25.5 : 19.4 : .. 
i g k g :  24.8 t m.8 t 94.6 t 35.8 t 44.2 t 50.5 : 54 .4 :  S . 5  : 50.6 : 41.1 :  3 4 . 7 :  21.3 : 39.1 
1950 t 25.6 2 19.8 t 34.5 t 37.2 : 43.0 : '50.9 : 9 . 7  : 59'8 : 48,7. : 39.3 1: $24.5 : 24.4 : 38.4 . 8 t t : : - :  t t t 
1951 ; IB.4 i 26.2 t 24.0 r 37.4 r 44.4 ; 49.2 : 60.0 I 55.7 : 50.1' : 38.2 8 33.3 : 23. 

p 1952 : M.9 t 28.9 : 31.0 : 35.4 t 43.5 a fi1.6 t 54.8 : 56-7 : 50.51 t 41.7 t 36.5 : a. 
1953 t 21.4 t 27.9 : 29.3 t 38.6 : 44.6 t 55.8 : 58.2 : 56.0 : 48.7 : 38.1 t '32.0 : 29.6 : 
19gL 124.7 : S.1 I - : 36.9 : 45.1 : 51.7 r 56,5 : 55.4 r 51.9, : - : - t .. t .. 

t t t ? : t e ; :  : 8 
I - 
Moose Pass 







mble 6.- ~nnual minimum temperatures, OF, at Seward, Moose Pass, a Coopar W i n g ,  PTap3me a& &mi, Alaska 

e Annual  dnimm ternperatures OF 
Yew 

Seward Moose Pass Cao~er Landing Naptame Kenat 
* 4 * 1 

1940 : 4 1 : 
1941 r f 1 : . : 
1942 : - 5 : - 37 : - 23 
1943 : - 12 : - 4 8  : - 32 
1944 r - 1 t - 35 

d + * 
1945 : rn - 33 
1946 : 7 : e - 29 
194.7 E - 17 : : - 48 
1948 : - 1 : * t - 28 
1949 : - 6 : . * - 36 

2 
1950 : 0 :  r : * - 29 
1951 : 1 : : - 4 8  : - 42 
1952 : - 5 : - 5 1  : - 40 
1953 - 2 : - 27 : - 19 : - 3 3  : - 25 
1954 41 - 6 : -39 : - 33 z - 4 0  : - 34 

4 : 

@ For period Jan- l - Novemker 30. 

FACCPOREl AFIWTING HYDRAULIC ST RE^ 

The severe winter temperatures, -20Q~ or lower in most winters, 
wi th  some years ers law IM -40% t o  -TO0F, and the resultant ice conditions 
mwt be considered in the design of dams, agillways, intake and tallxace 
structures, p i p e l h s ,  ma penskocks, The over-aU range in tempe~atwes 
from possible maxirmrma appaching 1 d . F  to minimum of -50'~, or l m r  mt 
be consIdared in the design of transmission lines. 

Flood conditiow may result f'rom rapid mltiw of srm or heavy 
rains. The annual mwxfmum stages as a rule result I f ran t he  melting of the 
snow and w i l l  in general occur at a tim when reservoir stages would be low. 
Ths heavy rains are most l ike ly  to come at time when  reservoir^ we at or 
n e a  meur3tmum s t q e s .  me probable maximum discharge from either snow melt 
or heavy ra ina  must Ee considered in the design of apiUw8.y~. 

The dispoeal or passing of debrla that may accramzlate in the reser- 
voir~ -om heavy rains or from awlanchea must also lx conaidered in the de- 
sign of npilltmy~ an& intake structures. The p s s i b l e  occurreace of avabncher 
should be cmefu l l y  conaidered in the location of the various structures re- 
lated to a p e r  development. 



e This area i e  similar to the Coast Ranges of California in frequency 
ad magnit& of aarthguaIre shocks (~la&r). Shallow focus earthquakes have 
been recorded with magnitudes as high ss 6.9 on the Gutenberg-Richter scale 
(w.s.c. & E.S. 1950). The effect of possible earthquakes must therefore be 
considered in the &sign of the requbed structures, 

A few m i a c e ~ n e o u s  stremflarw measuremnter were mde on Grant, 
Ptarmie;an, and Cooper Creeks fn  19u. A record of diacharge was obtained 
for the Kenai River at a p i n t  3 or 4 m i l e s  downstream from the outlet of 
Kens1 W e  from A w t  Lg13 though January 1914. Mo further recorb were 
obtained In this area unt i l  M y  1947 when a w i n g  elat ion was established 
on %be Kenat Rt-r st the outlet of Kensi Lake and h~ been in o w a t i o n  
since then. Records were started on the Pour s t r e w  which drain the four 
lakes under consideration as follows: 

Gxmt Creek October 19117 
P t m Q ~ n  Creek %Y 1947 
Coopr Creek August 1*9 
Crescent Creek Jury l&g 

The records are complete *om the dates inalcated but all. contain periods of 
cetimated walues, partfcularly during the winter months. The recards at 
present are considered povls ional  and subject to revision. Whatever re- 
visions may be made I n  these records w i l l  not be l ikely to have an apprscf- 
able effect on the power e s t m t e s  in this report. 

!!!he runoff at &U four  stations was exceptionally high for 1953. 
The precipitation at Seascrrd for  this  year uas 47 percent above average, fa 
the 30 years of wecipitatioa record at Seward only two other yews, 1924 
and 1944, had correspondingly high values. These were 44 and 48 percent, 
respectively, above the  average. h the asaltmption that the variations 
In runoff from the lake basins are c o m ~ a b l e  to the variations in precipf- 
tation at Seward and the further assmptlwn thak the 30-year precipitation 
record at W a r d  I s  re~esentative of long-pried occurrences, then runofl 
comparable to the values in 1953 could be expcted  on an average of about 
1 year in LO. This ratio of course caenot be taken t oo  l i terally but on 
the other hand runoff d u e s  such as recorded f a  1953 should be cowiderad 
srccordfngly in studies of required storage capacities and estimataa of 
potential power. Where favorable storage opportunities exist the  excessive 
runoff of yews like 1953 carz be used for bold-over storage t o  sugment the 
f low in years of 1- r u f f .  

Tbe mecipitation at Sewsrd, In preen* of average, fox the years 
for whf ch s t r e d l o w  record are available tme as follows : 



me meam for certain per id  combinations are shown below: 

Period 

The recordrs for Grant and Ptarmigaa Creeks cover the ?-year perlod 
1448-1954 and for Cooper rand Crescent Creeks the 5-year. period 1950-1954. 
This indicates that the  period of available streWlow records represents 
a period aS somewbt less than average precipitation. If 1953, which WBS a 
year of excessive precipitatfan, were not considered then t h e  remaining 
yews would represent a period in whlch the precipitation was only about 75 
percent of the awrage. Power estimates W e d  on the available stredlow 

@ records w i l l  therefore be on the conservative side. 

The rraontuy man and annual mean values of discharge for the four 
stream6 above mentioned we giwn in table 7. Refereme to t h i s  table shows 
that the variation in discharge throughout the year ie similar at a l l  
stat lam. Ijl general terms two-thirds of the mu1 runoff occurs in one- 
third af the year, t b  four-month priod, June through September, Only 5 
to 10 percent of the am-1 runoff occurs during the four-month pzriod, 
January through A p r i l ,  June and July are Invariab3.y the months of greatest 
runoff, this two-month pr iod  accounting fo r  about 40 percent of the annual 
total. Febrmy and Mwch are the months of least rutloif, accounting for  
only 3 or 4 prcent of t he  annual. total. This var ia t ion  in flow di s t r i -  
bution tbmughout the year cleerly  shows the need for storage in order to 
equalize the streaWlow. 

Any developmeat on these streams based on natural flow is con- 
sidered impracticable. Consequently, a determination of the distribution 
of natural f l o w  with respect to time (auration curves ) has not been made. 
The fol lmiug discwsien i s  aimd only at detemnining the amount of regu- 
lated flow that coula be obtained asswaing that a b ~ u a t e  storage capcity 
could be prov$ded or the f l w  ~ttainable with some specified maxhum storage 
capacity. These determimtions have been based on the study of  s w s  curve 
of the roeasurea or eatbated  discharge B'm each of the four lakes. 3 3  the 

Annual value of precepttation based on estimated value for one m o d  a during the year. 



t mmhwge tn second-fe%t 
' Year : 

:a- 
t. 3 : o m :  C. r b,: t t ~ e p t .  

;A-ikettf m$m 





: t a t 1 f L P 
1949s r r t - :  - t - o - .' - t 
1950 t . t 33Q r 44.5 t e.6: U.1 t 9.2 r c 58.7 8 

t a L g x t t t o 
1953, t 73.3 t 31,2 r a.0 s l.&0 r 25.5 t 33.3 8 23.0 t n.5 t 
1952 r 66;6 t zoo : 

22.2 t 1 : 13.0 z 52-5 t U . 5  t 9.9 t 
1953 t 2@ , - t  t ?4.8 r 47.7s 45.5 t s . 4  t e . 4  t~ t 
1.~4 t 132 t ' 45.9 r 3 . e  t 25.0 t 24,2 t 17.0 t u.7 : 

t t t : t a t 
J.6 8 

I 
lbur: 116. r 89.8: 38.7 r 25.4 r 22.13 6 7 .  79.7 r 
M- t t : a t i - : aoB S t 74.8 r 47.7 i 45.5 f 31.4 1 26.4 r w I 
u- x : t t - t  t ' r t 
mqn t a.6 t 32.2 t 20.0 : 33.5 r 12.1 r 9.1 : 11.5 t 34.9 t 



Crescent Creek patrr C o ~ p s r  LBnd-, dlask 
( ~ p w  C V ~  3 1 e 3  a q ~ e  mrlan) 



following discussion it haa been asslm.ed that t h e  erstire flow from the lalces 
would be used for power generation. This wvld mean that except in rate 
instances there would be uo outflow from the lakes into t h e i r  outlet streams 
and the only flow in them would be from the tributary areas downetream from 
the lake outlet.  Certain considerations such as the needs for fish l i fe  may 
require that some water be released from tne lakes in order to maintain 
adequate flows in the streams. This would decrease the amount of water t h e  
would actually be available for  power generation. As pointed out in a 
previous _pwagraph, the availwbk streamflow records cover a period of Less 
than average precipitation and over a long pr iod  the values of streamflow 
would tend to be larger than thoee used in this repart. The two foregoing 
considerations would tend to balance each other, Consequently, the values 
of regulated streanflow, aa arrived at in t k  following paragraphs, a r e  be- 
lieved to give a fairly reliable indication of what can reasonably 'be ex- 
pected over a long period. 

The possible effects of ava2oration are not considered in t h i s  re- 
port. As f= 88 known no factual daka fo r  evaporation in the study area 
are available. In view af  the climatic characteristics the amount of evap- 
or~t iomuould  not be large. The areas of the reservoir sites under consider- 
ation w f U  not be muah greater thw the original M e  areas eo very Little 
addit i o 4  "evaporation? opportunity" w i l l  resul t  . Uhatever evaporation 10s s 
occurs frm the existing U e s  i a  reflected in th@ available gaging s ta t ion  
records. A l l  factors considered, any adjustment due to evaporation would be an 
m x a n t a d  refinement not jus t i f i ed  by the available data. 

G r a n t  Creek 

Stredlow records are available from October 1947 through Se~temkr 
1954, s 7-year period. The gaging station is located near the mouth of 
Grant Creak, about 314 mile downstream from the outlet of Grant Lake. The 
area at the gaging stat ion is only lor 2 preen% greater than at the lake 
outlet, The runoff at the Mce outlet  i s  therefore considered as being the 
same a8 at the gaging atation. k i n g  the p r l o d  of record the extremes of 
discharge Yaried from a maximum of 2,290 cfs to a minimum of W c f s ,  the 
daily extremes from 2,190 to 11, and the  monthly extremes from 922 to 32 cfs.  
The annual mas, flows varied f r o m  a minfmum of 155 cf'a in 1952 to a maximum 
of 308 cfs in 1953. The latter, however, yas a yeax of exceptionally heavy 
runoff, me p e c i p i t a t i o n  at S m d  fo r  t h i s  year was 47 percent above nor- 
mal. Disragardtng 3953, the average discharge for  the other six years was 
185 cfs. 

The regulated flow a n i b b l e  from Grant Lake for the period of 
record, assuming sufficient; storage capacity f a r  year-to-rear regulation, 
is 8mmmrized as iollowa : 



Storage re- Available 
quirad fo r  mean flow 

Period 
L 

yew -to-year for 
regulation period 
{acre -feet ) (cf s ) 

October 1, 1947 - October 3L, 1947 0 262 4 
November 1, 197 - October 31, 1948 50,000 2 l O  
November 1, 1Pb8 - October 31, 1949 57,000 180 
November 1, 199 - &@ember 30, 1950 57,000 207 
October 1, 1950 - September 31, 1951 62,000 174 

October 1, 1951 - November 30, 1952 65,000 
December 1, 1952 - August 31, 1953 75, 
September 1, 1953 - Septemker 30, 1953 0 
October 1, 1953 - October 31, 1953 0 
November 1, 1953 - Atlgust 31, 1954 4 % 0 ~  
September 1, 1954 - September 30, 1954 0 

The foregokng tabulation Indicates that a maximum storage capacity 
of 75,000 acre-feet would have been required for complete year-to-year rep-  
Is t ion.  As w f l l  be explained hLl;er, ca3c:ty of the Grant Lake reservoir 
site in excess of about 67,000 acre-feet may not be practtcable due to 
topographic conditions . Coasidering this figure as the maximum capacity 
available same vtater would have been wasted during August 1953. With this  

@ exception the available storage c a p  i t y  would make year-to-year regulation 
possible. The re-ted flaw, based on the above data, would be 17'2 cfs 
90 percent of the time and 190 cfs 50 percent of the  the, Values of 130 and 
190 cfs for 90 percent and 50 percent of the t h e  are bei~lg assumed fo r  the 
discharge f'rm Grant lake. 

Ptarcmiwn Creek 

Stredlaw records are amilable from k y  1947 ehrougb September 
1954. The gaging station is located about one- fo r th  mile upstream from the 
mouth of W r n i g a n  Creek. The area at the outlet of Rarmigan W e ,  2g19 
square milea,  is 92 percent or the  area at t'ne gaging s ta t ion ,  I n  view of 
the higher elevatiom of the drainage ares &me the Lake the runoff per 
aquare m i l e  in to  the I& would be somewhat greater than for the area be- 
tween the  W e  and the  gaging s ta t ion .  Consequently, the dischwge from the 
lake would be ,greater than the 92 percent reh t ioc  that a straight drainage 
area ratio would indicate, For t h i s  report tbs discharge at the lake out- 
let bas been saaumd as being the same as that observed at the gaging 
s k t  ion. 

a/ Natural flow, 



The average discharge for the 7-year p r i o d  of record wes lJ.5 cfe, 
varying From a minimum of 75 cfs in 1952 to a maximum or 170 cfs in 1953. 
!he latter year was a year of e x c e p t i o d l y  high discharrge. If the year 1933 
were disregarded t h e  average for the other 6 years would have been 106 cfa . 
The monthly means varied from a minimum of 9.5 to a maxImm of 382 cfs. The 
maximum mean daily discharge was 914 cfs  and the maxbm peak discharge m e  
980 rfs, both on June 29, 1953. 

The regulated flow tha t  could have been obtained during the period 
of record i a  tabulated bslar.  

Storage re- AvaihbU 
quired for mean flow 

Period year-towyear for 
regulatf on period 
(acre-feet ) ( c i s  1 

October 1, 1947 - A w t  31, 1948 28,000 
Be@ember 1, W 8  - November 30, 2949 40# 000 .z 
December 1, 1#9 - September 30, 1950 30,000 
October 1, 1950 - November 30, 3952 

123 
30, 90 

December 1, I952 - October 31, 1953 38mO 164 
movember 1, 1953 - September 30, 1954 24,000 88 

The above table shows that year-to-ye= regulation could have been 
attained with a wxlmwn storage capaclty of 40,000 acre-feet . Thie would 
have provided flows of 90 and 125 cfs for 90 and 50 percent of the time. !b 
uQiliae a33 of the- flow over the 3-year gexiod, October 1, 1950 through 
October 31, 3953, would have required a maximum storage capacity of 58,000 
acre-feet a d  would haw resulted in flows of 108 and l23. cfs for 90 and 50 
percent of the time. The figures available for year-to-year regulation have 
been assumed far the power estimates in this report, viz,, 90 and I25 cfs 
for 90 arid 50 -cent of the time. 

Cooper Creek 

The mging s t a t i o n  an Cooper Creek is located at the outlet of 
Cooper lake and therefore pravfdes an actual record of the lake discharge. 
Records are available from August 1949 through Septmber 1954. The average 
discharge for the 5 comp1ete years of record was 89.1 cfs, varying from a 
mfnbwn a n a u  af 60.5 cfs In 1952 to a max- annual of 151 cfs in 1953. 
The monthly means varied from a minimum of 9.1 cfs to a maxFmum of 408 cfs. 
The ~ Z a n r m  peak discharge was 695 cfs and the maximum daily mean waa 689 
cfa, bath of which occurred on June 29, 1953. The regulated flow that could 
have been attained during the pried of record is s h m  in the f o l l w i n g  
tabuhtfon. 



Storage re- Available 
quired for  mean flow 

Period yesr -to -year for 
regulation per i d  
(acre-feet } (cf s ) 

October 1, 1949 - October 31, 1949 I 102 aJ 
November 1, 1*9 - November 30, 1949 I 130 E/ 
December 1, 1949 - September 30, 1950 20,000 82 
October 1, 1950 - September 30, 1953. 16, 000 66 
October 1, 1951 - Novwmber 30, 1952 24,000 80 

December 1, 1952 - August 31, 1953 30,000 - 130 
September 1, 1953 - September 30, 1953 - 125 g 
Qceober 1, 1953 - October 31, 1953 132 4 
Rovember 1, 1953 - Geptember 30, 1954 18~ OW 76 

!The foregoing tabulation shows that ye=-tomyear regulation could 
have been attaine8 w i t h  a maximum storage capacity of 30,000 acre-feet. !Phis 
wauld ham resulted in regulated flows of 71 and 82 cfs for 90 and 50 percent 
af t h e  tlme. Values of 70 and 80 cfs are being assumed far the power eetlrmtes 
ia t h i s  report. 

As explained under the section an Geography (page 6 ) ,  the Plot7 
from Stetsba Creek could readfly be diverted into Cooper M e ,  thus increas- 
ing the area draining i n t o  the lake by 27 percent. Assuming that the run- 
off characteristics for the  Stetson Creek Basin are similar to those Por 
the Coopr Lake Basin, the flow availabh for power generation would be In- 
creased 27 p r c e n t  by t h i s  diversion. The figures thec become 90 and 103 
cf s fo r  90 and 50 percent of the time. For th i s  report values of 90 and 
100 cfs are assumed for t h i s  alternative p b ,  

Crescent Creek 

The gaging stat ion on Crescent Creek is located one-fourth m i l e  
upstream from t h e  mouth af the creek and 5 3/4 m i l e s  downstream from the 
outlet of mescent Lake. Records are available from Bugwit 1949 through 
September 1954, The area at the gaging station is 31.3 square miles and at 
the outlet of Crescent M e  21.2 square miles or 68 p c e n t  of the area at 
the gaging station. As explained under the section on Geogr~phy, the drain- 
age from the Carter W e  Basin adjacent to the head of the Crescent Lake 
Baafn and the drainage from a small trfbutary basin adjacent to the lmer 
end of the lake could readily be diverted into Crescent M e .  The adaition 
of the C a z t e r  Iake drainage mea would increase the ares tributary to Crescent 
lake t o  22.9 square miles or 73 percent of the area at the gaging station. 
Including the W i n  near the lake outlet would bring the total to &,0 aquare 
miles or 77 percent of the area at the gaging station. 1% seems quite prob- 
able that any develapnent on Crescent M e  would take advantage of the 
poswibility of the diversion f rom Carter lake and possibly also the diversion 



n e a r t h e l a k e o u t l e t .  I n v i e w o f t h i s f a c t t h e d i s c h a r g e a t t h e o u t l e t o f  
Crescent lake ha9 been aasumed to be equivalent to 75 percent of that at 
the @ging station on Crescent Creek. Runoff est-tes based on t h l e  assump- 
t i o n  should gfve fairly reliable f i p e a  t o  use regardless of which o f  the 
three alternative plans are followed in developeat. 

The average discharge at the gage for the 5 years of record was 
70.9 cfs, Tbis Varied f'rom a minimum of 50.5 cfs ia 1952 to a m x i m w n  of 125 
cfs  in 1953. Using a 75-percent factor the  corresponding values aA the lake 
outlet become 53.2 cfs for mean flow, 37.9 cfs for the minimum, and 93,8 c f ~  
for the maxlmzm* 

A m a  curve fox the discharge at the l&e outlet, wing monthly 
mluea of 75 percent of the  obaerved values at the gaging station was plotted 
and used in determining the reguhted Slowa aa we= as the storage capacity 
required to attain them. Theae ere t~bulated below, 

Period 

Stor* re- Resulting 
quired for  flow 
year -tomyear attain- 
regulation able 
(acre-feet ) (cfs) 

October 1, 1949 - NoWrnber 30, 1949 I 

kcember 1, 1949 - September 30, 1950 8,500 
October 1, 1950 - November 30, 1951 9,000 @ , CeCernbel. 1, 1951 - December 31, 1952 14,000 

J ~ W Y  1, 1953 - August 31, 1953 17,000 
September 1, 1953 - October 32, 1953 I 

November 1, 1953 - September 30, 1954 9,500 

!he foregoing tabulatton shows that year-to-year regula.tion could 
have been athined wlth a maximum storage capacity of l7,QW acre-feat. The 
rasultiug ~eguZated f law8 would have been 40 and 49 cfs far 90 and 50 percent 
of the time. Values of 40 and 50 c l a  are being a s a w d  f o ~  the power 
estimates, 



'Be estimated regulated flows for the four U e a  are summarized 
below 

Estimated discharge in cfs 
M e  90 percent of time 50 percent of t- 

(Q?Q 1 (Q50 3 
G r a n t  170 
Ptamaigan 90 
Cooper (lake discharge on ly )  70 

(with diversion from Stetson creek) 90 
Cras cent 40 

T&e difference in flow between the four lakes is due not only to 
the differences in tha areaa of the  respct ive  drainage basins but a s o  to 
the difference in the unit runoff per s q w e  mile. This is shown i n  table 
8. From this  It is noted that Grant Creek hm the largest y$eU and the 
other three creeks progressively less. Considerir~ t h e  5-year period, 
1950-1954, for which record8 are available at all t he  stations, c q i s o n  
w i t h  Gran t  Creek records shows that the runoff per square mkle from Ptarmlgau 
Creek was three-fourths, from Cooper Creek three-fifths, and from Crescent 
Creek one-half of that fkom &ant Creek. The var ia t ion  Is emphasized by the 
fact that the four bas&& fa= within  er rectangular area exbending about 30 @ m i l e s e a s t a n d w e s t a n d 1 5 m i l e s n o r t h a n d s o u t h .  

Table 8 also tncludes the prectpitation ~t Sward and a comparison 
of the runoff from the basins for the yews of record with th i s  preclpitatlon. 
Although relationships vary f k o m  yew to year there i~ a f a i r l y  good general 
agreement w a g  the variations In precipitation and t h e  runoff from the four 
bas f ns . For e~amph, the 1953 precip-ftatton at Seward was more than double 
the value for 1952. me 1953 runoff from, each basin was also more than 
double the 1952 value. It is of i n t e r e s t  to note that the  runoff from Grant 
Creek in general is inclined to be peatar than the prscipftation at &ward. 
The runoff depth in inches for Ptmmigan Creelr approxbaters four-fifths,  
for Cooper Creek two-thirds, and Creecerh one-half of the pecigitat loo at 
W d .  The pronounced variation in precipitation over the  four basins, 
as Indicated by the values for depth of runoff, is no doubt due to oro- 
graphic conditions and their  effects on storm gaths and precipitation. 



Favorable opportunities exist for the development of storege on 
each of the four lakes under conaideration. Reference to the summary of 
areas, table 1, shows that the area of each M e  is an appreciable percentenge 
of the wee of the drainage basin above the lake out le t .  Tn view of this 
r e l a t i on  atorage for  complete equalization of the atreamflow throughout the 
year or over a, period of several years can be attained by the construction 
of dams of low to moderate height at the outlets of each of the four lakes. 
A discussion of each of the four sites fallows. The area and capacity values 
for each of the four lakes I s  shown in table 9. 

The Grant Lake, Ptarmigan Lake, Cooper Lake, and Crescent M e  
reservoir sl-s and dam sitea are shown on plates 1, 2, 3 ,  mid 4, respectively. 

G r ~ n t  Lake Reservrrix Site 

The d e w l o p a t  of storage on Grant M e  could be accomplished by 
the cons-t;ruction of a dam at the lake outlet to raise tile lake k v e l  or by 
tapping the lake with a t u n n e l  to draw i$ below its natural level. In the  
first m i l s  upstream from the out le t  the M e  bas depths of as much as 200 
feet. A t  the i s land about 2 li/2 miles from Yne h k e  out let ,  just east of the 
right-angle bend in the halee, the Clepths are shallow. In the charnel between 
the island and the north shore the depth is only three f e e t  and in the channel @ between the island and the ~outh shore 18 feet, corresponding to elevations 
of 697 and 682 feet er t  the! time of the f i e l d  survey* If' storage were to be 
developed by Wering the lake below I t s  mtrual Level, excavation would be 
necess-y to obtain su f f i c i en t  depth in the chanLel between the  island and 
She shore. The depths in the lower end of the  M e  w o U  readily permtt a 
diversion at a BUffi~fent depth to obtain necessary storage. However, such 
a plan of developnentwould r e s a t  in a mean head of about 20 percent less 
than under a plan of storage d e v e l o p n t  by the construction of a dm at the 
lake outlet.  In th i s  report storage developetlt by lowering the M e  is 
theref ore not considered . 

?he maximum reservoir elevation or F1m line for Grant: I.&@ ie 
limited to an elevation of about 7'40 feet by the a d d l e  i n  the rtdge between 
Grant Lake and Upper W a i l  Lake one mile north of the  outlet of Grwt Lake. 
The low point in t h i s  saddle i s  at elevation 743 feet. A reservoir elevation 
exceeding 74.0 f ee t  would require a dike  or auxiliary dam in t h i s  saddle. 
The estimated capaclty at elevation 740 feet i a  67,000 acre-feet. As 
pointed out under Water Supply, this c a p c i t y  would hsve been adequate to 
attain year-to-year regulation fo r  all years except one during the  ?-yew 
period of record, 198-1954. The maxbmm storage required during OW period, 
December 1, 1952 through August 31, 1953* w a s  75,000 acre-feet, equivalent 
to a maximum elevation of 7'45 feet, or two feet higher than f he low golnt 
of the saddle, A capacity of 75,000 acre-feet or even mare could tbertsfore 
be readily attained by the construction of a low dike in the saddle along with 
a  light increase in the height of the dam at the lake out le t .  For the  pur- 

@ pose of thia report a maximum reservoir elevation of 740 feet l s  assumed, 
equivabnt to a cagiczty of 67,000 acre-feet . 



Table 8.--~wrparison of runoff, depth in inches, for Grant, Ptarmigan, Cooper, and Crescent Creeks 
w i t h  precipitation st S e m d ,  Uska 

-- 
a - * : Preclp5- : G r a n t  [)reek 1 Pt-gan Creek Cooper Creek 1 Crescent Creek 

I ~unoff : Percent of I ~ u n o f ~  : Percent of 1 ~ u n o f f  : percent of 1 ~unoff : Percent of Year 4 at : depth : precipita- : depth : precipite- : depth : p-ecipita- : depth : precipita- 
: in : t i o n  at : in : t i o n s t  : in : t i on  at : 33 : tton at I inches : inches : ~ o r a t d  : inches : &ward : inches : Seward : inches : Seward 

Oct.  1--Sept. 30 for both precfpftatlon and runoff, 
Includes estimated d u e  for o m  month, 



0 Wble g,--Ares and capacity of reservoir sites 
I 

T m t t o n  of ; * Area - Capclty (acre -rest ) 
water surfme 3 : Above lake : &low latre 

(feet) * (acres ] leve 1 level. 

G r a n t  W e  Regexmi2 Site  

Ftarmig3an Lake Reservoir Site  

Cooper Lake Reservoir Site 



Elevation of : Capacity (acre-feet] 
water surface : Axea 

t % : Above lake : Below lake 
(feet ) (acres ) level + level 

Crescent Lake Reservoir S i t s  

Measured on Seward B-6 and B-7 topagraphic qu~drmgles. 
b_/ Interpolated values. 

Reservoir ekvation above 746 would require auxiliary dam across 
saddle in ridge between Graat Zake and Upper Trail I&@. 

Assuming auxiliary dam at o u t h t  of Carter W e ,  

Rarmigan...kke Reservoir Si te  

%he development of the Rarrnigan Lake resarvol~ s i te  could be 
accomplished by the construction of a dam at the  M e  outlet t o  ra ise the 
lake a b m  its natural elevation or by drawi~g the lake below its natural 
elevation by the constructlton of' appropriate diverelon worlrs. As in the  
caae of Grant M e ,  the l a t t e r  method would result in an average heed of 
15 to 20 percent less than Tn the f o r ~ e r  case. In the  iUustxatlve scheme 
of developent wed in this report construction of  a dam at the Zahe outlet 
is assumed. Is 

A storam capcity of 40,000 acre-feet would have made possfble 
complete regulation on a yew-towyear bs is  during the ?-year perid, 
1*8-1954, for which stre&low records are available. Reference to table 
9 shows that a capcity of 40,000 acre-feet would require a dam that would 
raise the Zake l e v e l  47 fest or to the 802-foot sbmtion. AS seen from 
the  map of the R8migan Lake dam site, plate 2,  there is a saddle 300 feat 
southwest of the lab outlet,  the low polat of which 3s between the 800- 
and 810-f oot contour . With a maximum reservo* elevation of 802 fest sa 



sug,gestsd above, a small dam or dike might be required in t h i s  saddle and @ would, of course, be required for a reeerroir elevation much above 8M feet. 
This saddle couM be used &a the spil?.way Ucation, thereby returning any 
overflow water to the creek at a point well b s h  the dam. There is also 
a saddle located 400 feat northeast of the lake outlet, the controlJing ele- 
vation of which I s  not much above the 810-foot contour. A reservoir eleva- 
t i o n  appmachhg 810 reef; would require consideration of  a dike in th i s  
saddle. 

As stated above, a storage capacity of 40,000 acre-feet would re- 
quire rais iag the Lake level 47 feet. The lake would have to be lowered 72 
feet below its normal level to obtain this same capacity, The lahe attains 
a depth of over b5O feet within om-half mile of the outlet ao that con- 
d i t i o n ~  are famrabb for diverting the M e  well below its natural e3evation. 

Cooger hke Reservoir Site 

COOPT L&e bas an waa equal to 10 percent of the area of its 
drainage basin, Consequently an sppreciable storage capaciliy can be attahed 
by a relatively emall change. in lake level. As e b m  in the section on Water 
Supply, complete regulation during t he  5-yew geriod of record, 1950-1954, 
codti  have been attained with a storage capacity of 30,000 acre-feet. This 
capacity would regu&e raisiw the Jake 14 feet above or luwering it 16 feet 
below its natural level. TSie average reservoir elevation in the former case 
would be 1,175 feet and in the  latter 1,160 feet. A difference of 15 feet 
repeeents only 2 percent of the total head available between Cooper Lake 
and Kenai lake. In view of the small slze  of dam t h a t  w o u l d  be required 
the iUwtrat1v-e s c b  for power d e w 3 0 p n t  used in t h i s  report is based 
on the C O Q B ~ ~ U C ~ ~ O ~  of a dam at the lake outlet to develop the  sequlsite 
storage capacity. If Stetson Creek is dfwerted into Cooper W e  the additional 
atorage capacity could be obtained w i t h  only  an additional four- or five-foot 
increase in the maximum reservoir elevation, St is estimtded that raising 
M e  lake level 20 feet would provide sufficient capacity t o  fully accommodate 
the diversion Prom Stetson Creek. 

Cresce~t U e  Reservoir Si te  

Crescent Lake, like Coopr Lake, has an. arela equivalent to 10 per- 
cent of the area of its drainage basin, Consequently, the requisite storage 
capacity can be attained with a comparatively small chaoge h lake level. 
The a m l y s l s  of the s t r e ~ l o w  shows that a, nlax3mum storage capacity of 
17,000 acre-feet would have been required for year-to-year regulation during 
the 5-year period af record, 1950-1954. This could be attained by raising 
the lake I2 feet or lowering it 14 feet below its natural ebYaeiowrw 

Although t he  necessary storage capacity could be attained by the 
conatmction of a dam to raise the W e  level only 12 feet Cbe construct;ion 
of a a-hat higher dam would facilLtate the diversion of the water from 
CrsscentLalreto~pwerhousesi teonMooseCreekjustupstrem~omits  



mouth at Upper Trail I&em As previously explaired, there is a low divide 
between the dreicage into Crescent Lake and Carter W e ,  the latter flowing 
into mose Creak. Carter Lake is at  an elemtion of 1,486 feet and the 
divide is at  an elevation of about 1,490 feet. By cutting through the =row 
ridge between Carter Lake and Crescent W e  and builriing a dam at the out le t  
of Crescent Lake to raiae its elevation to 1,496 feet or 10 feet above the 
elevation of Carter Lijke, =d with the construction of a small dam a d  appro- 
priate headworks at the outlet of Carter Lgke for a pipeline and penstock, 
dfversion of water f'rom Crescent Lake to a powerhouse an Eaooae Creek could 
readily be accomplished. 'Ilhe d m  at t h e  Crescent Lake outlet  w i t h  a maximum 
reservoir elevation of 1,&96 feet and allowf ng five feet Tor freeboard, 
would  mad t o  be 47 feat in height. The above plan i a  answned in the 
IUustrative acheme of developwnt. The mable storage capacity in the 
LO-foot range between 1,486 and 1,496 would be 18,000 acre-feet. 

Bvelopad Power S i t e s  

There are no developed watergower s l t e s  within the four bast- 
considered in t h i s  reprt ,  Plans  for development on each of the four M e s  
are under active consideration as is evidenced by t h e  applications l isted 
below that have been submitted to the Federal Power Commissionl 

Project No. Applicant Remarks 

&an% 2129 Grant fake Electr ic  Preltminary p z r m l t  
Pmer Company issued January 1954 

Ptimrligan 23-56 City of Scward PrelWwg permit 
issued I>ecember 1954 

Coopz-r 217'0 Chugach Electric Applicatiorr, for pre- 
Association liminary pmit f i l e d  

October 1954 

Crescent 2171 City of Sward Application for pre- 
l h i n a r y  p e r m i t  f %led 
October 1954 

A p e l b i n a r y  permit from the Federal Power Comiss~on gives the applicant 
the exclusive right to conduct surveys and lnvestig~tions and mahe plans for 
d e v e l o p n t .  These permits are issued for a specific period, usually three 
years. Before actual development can be undertaken a license m u s t  be issued 
by the Fkderal Power Corranisaioa, 



U n d e v e l ~ ~  -.-. Power Sites 

The development of the potential pmer from the four ldces can be 
accomplished in one stage for each lake, The possible plat-& of develapnent 
outlined below are used as a means of evaluating the potential  power. The 
objective of this section is to point  out in gemral t e r m  poss ibh  schwnes 
of development and the  potential power that could be made available. It is 
recognized that when actual developmel~t occurs the f inal  plan may vary can- 
siderably f r o m  that outlined herein. However, the basic factors of water 
supply, available head, and storage possibflitfes w i l l  remain essentiauy 
the same except for possible changes in the estimates of water sugply that 
may occur when records for additional yeam w e  obtained. 

As pointed out in the preceding sactian on Stream Regulation, 
storage at each of the four reservoir sites could be developed by #e con- 
struction of a dam at  the Zake out le t  to raise the lake level above I t s  
natural elevation or by tapping the lalce at sulf ic ient depth and drawing 
the M e  below its natwal elevation. The illustrative plans presented in 
th i s  report contemplate the construction of a d m  at the lake outlet in 
each case. libr Grmt W e  and Ptarmig~an W e  developmeat of starage by 
drawing the lake below its natural level. would result In a substantial de- 
cresse in the available head that could be detrelopb wad a corresponding 
decrease in the available power as compared with raising the lake by the  
construction of a dm, In the case of Cooper Lake and Crescent Lake, the 
difference in the head that could be u t i l i z e d  is only a matter of two or 
three percent between the two methods. In the case of Crescent Lake, how- 

@ ever, there are defini te  advantages to be gained by the coustruction of a 
dam at the lake out le t  as; w i l l  subsequently be explained. 

The four power sites are described below. Tbe estimated waterpwer 
mtentlal of the sites with related, data are shown in table 10, I 

In the folluwing descriptions the s t a b a n t s  regarding the geologic 
conditions at dam sites or along tunne l  routes are based on the report pre- 
vfously mentioned under the section 013 Geolom, This report should be re- 
ferred to for more detail about the geologic conditions and their  relation- 
ship to and effects upon probable plans of development. 

In the  matter of tunnels and pipelines, the intakes would have to 
be auff'ieiently below the minimum reservoir elemtion t o  provide an adequate 
water aeal and would be subject to a hydrostatic pressure equivalent to 
t h i s  depth and the variation In reservoir elevations. The gradients lo r  
any tunnels considered would be c o m a t i v e l y  flat aa in all cases, with 
the possAbh exception of Grant W e ,  the minimum s i z e  of tunnel that can 
be conveniently drPven would have a larger area than would be required by 
hydrau3lc considerations. Any p i p l i n e s  would likely have a steeper gradient 
than a tunnel. In view of the low Minter temperatures it may be advisable 
t o  have pipelines covered to suff icient  depth to rnin2mize freezing. So 
b i n g  would also minimize the p s e i b i l i t i e s  of damage from avahnchefi. For 
these same reaaons it m y  be advisable to g;Fve consideration to l ~ c a t i n g  
the penstocks underground, 

@ 
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Tailrace ehvatfons have been ssawrred to be the same as for the 
lake or stream on which the powerhouse Ls located. Whether or not t h i s  is 
attainable will depend on type of design se lec ted .  In the power estimates 
Sn this  report the availabh head has been considered as the difference be- 
tween the eathated  mean reservoir elevation and the tailrace elevation a8 
above referred W. 

Grant Lake Power Site 

The development of pdwer from G r a n t  Lake would require the comkmc- 
t i o n  of a dam at the Lake outlet and conveyace of the water to one of 
several possible powerhouse sites on the east shore of Upper W a i l  Lake. 
fn thia report a dam w l t h  a maxirrmm reservoir elevation of 740 feat, 40 feet 
above normal lake elevation, is assumed. With 8 five-foot f-reebamd such 
a dant would have a height of 45 feet above normal lake elavat ion and a crest 
length of approximately 550 feet. The exact length w i l l  depend on the  actual 
location selected but w i l l .  be between 500 and 600 feet. 

A dam w i t h  a maximum reservoir elevation higher than 74.0 feet would 
require an auxiliary dam or dike in the aaddle in the ridge between Grant 
Lake and Upper W a i l  Lake located one mile north of the ouklet 09 Grant Lake. 
The controlling elevation in this saddle is 743 feet. ThSs saddle could 
serve as a location for the spillway. fP the maximum reservoir elevation 
were limtted to 140 feet some excavation would be required. With a higher 

@ reser~ ire levat ionthespi l lwaystructurecoulds l soserveastheauxi l iary  
dam. A spillway could also be incorporated aa par t  of the main dam. 

T4@ dam a f t e  area is underlain by a uniformly dtpping sequence of 
interbedded slate, sandy slate and graytracke. These rocks, particularly 
the graywacke, are . suitable as s foundation for either a concref e or rock 
fill dam of the height requbed at t h i s  s l t e ,  about $0 feet. 

Water Srom t h e  reservoir vould be conveyed by a pipeline or tun- 
nel t o  a powerhouse 8ite at one of several. possible locations along the east 
shore of Upper Trail Lake, Tf a pipeline were used it would fallow the right 
bank of' Grant  Creek for  about one-half m i l e  and then swing away to the north 
for about one-half mile to the head of She penstoclc leadining to a parerhouse 
site in the cove a half mile northeast of the  mouth of G r a n t  Creek. The 
penstock would a length 02' 700 to 800 feet. P w t  of the pipeline 
route along Grant Creek would be tbrough a canyon w i t h  very steep w a l l 8  
where construction and maintenance would be d i f f i c u l t  (see plate I). 

The elevation of Uppar W a i l  Lake is 472 feet which is considered 
the tallrace ehvation far the powerhouse, The head would vary from a 
minimum of 228 feet to a maximum of 268 feet with an e a t h t e d  man head of 
249 Pee t . 



mere axe several possible tumel routea that could be considered, * varying in length f r o m  about 2,7GO feet to about 3,700 feet, each terminst- 
ing in a penstock 700 to 860 feet in length, The shortest tunnel  route, 
2,700 feet, would dfvert from a p i n t  just  upstream frcm the d m  at the 
laire outlet and lead to the s tme  powerhouse site motioned above for the 
pipeline. This sane p e r h o u s e  site couldl also be reached by a tunnel 
diverting horn the lake in the small smbaymnt one-k3.f m i l e  north 09 the 
lake outset. A tunnel originating at the same point, and about 3,500 feet 
in length,  could lead to a powerhouse site in the cove on the east shore 
of Upper !hail m e  one mile above ita outlet.  !Two other tunnel routes 
could be used for this alternative pawerhouse aite. One would divert from 
Grant Lake in t h e  amell  embaymant 0.8 mile north of the lake ou t l e t  a d  
would have an approxUmts lengbh of 3,300 feet. !he other route would 
originate in the elslba;yment 1.1. m i l e  north of the M e  outlet and would ha* 
an approxtmte length of 3,700 feet. The f i n a l  selection of a tunnel route 
would be dictated prlLmarily by the geologic conditions that would be en- 
countered rather than by the actual length of the  route. 

The ridge between G r a n t  W e  and Upper Trail W e  is underlain 
by interbedded slate and graywacke, The strike of both bedding and cl&avag@ 
is generally between N an6 R 10%. The MdPock Par the most part appars 
to be ur;iformJy freah, sound, and tight. The most favorable a l i g m n t  for 
a tunnel would be at right angles to the bedding strLke or a b o s t  due west. 

me minimurn size of tunne l  that could be conveniently driven 
would fla*obably be adequate for the volume of water to be carried with 

@ velocities conforming to accepted design standards. The potential power 
would be easentialQ the same for any of the suggested tunnel sautes. The 
potential power with the diversion by pipeline w~uld be slightly less then 
for the tunnel diversion due to greater length and less favorable hydraulic 
characteristics. The regulated flaw from G r a n t  Lake has been estimated 8s 
170 and 190 cfs for 90 and 50 percent of the time, respectively. The 
corresponding pmer values with the  plan of develagment.outfined would be 
2,880 and 3,220 kilowatts. 

The transmiseion line from either of the  above sites could follow 
the Seward-Anchorage Highway. The distance from this s i t e  to Beward is 
27 m i h a .  

!Fhe proximity of G r a n t  Lake to the Alaska Raiboad and the Seward- 
Anchorage Eighway makea the Location for %he several atructurea that would 
be required readily accessAble, 

Ptarmigan Lake, Pawer Site 

The plans of clevelopment f o r  Ptarmigan Lake would be a b i -  to 
those for Grant lake. A dam would be bui l t  at the lake outlet t o  raise the 
lake to a maximum elevakion of 802 feet or 47 feat above normal lake! level. 



Allowing for a five-foot freeboard, the dam would have a height of 52 feet 
above lake level.  Immediately below the lake outlet there is a ntimaw can- 
yon so that a dam 50 feet high would have a crest length  af  only 100 feet 
{see plate 2). 

As previously explained in the section on Stream Regulation, there 
is a saddle  Located 300 feet southwest and also one located 400 feet north- 
east of the lake outlet.  'Phe controlling elevation in the first is between 
the  800- and 810-foot contours aad in the second between the 810- and 820- 
foot contours, apparently not very much above the 810-foot contour. With 
8 maximum reservoir ahvation of 802 feat a ~zmaI.1 auxiliary dam qr dike 
might be required in the saddle first mentioned. The spillway could aleo 
be located tn th i s  saddle and could be tncorparated as part of the auxiliary 
d m .  This spillway locatfon would return any excess flow to the creek w e l l  
downstream from the dam. Xf the maximum reservoir elevation approached t he  
810-foot elevation conaideration would also have to be given to the second 
saddle mentioned. 

The dam sits is underlain by slate that contains minor amount6 
of graywacke in lenses less than two inches thick. Tbe slate is fine- 
grained, well consolidated, and blue-black to black in color. The rock is 
w e l l  suited as t he  foundation fo r  a concrete or rock f i l l  d m  of the height 
considered, about 50 feet. The profile of t h e  stream valley and eoundinese 
of t h e  foundation are auch that an arch dam could be considered at this  s i t e .  

The pawerhowe would be located on the shore of Kenai 'Lake one- 
half m i l e  southeast of the mouth of Ptarmigan Creek and three-fourths mile 
southeat  o l  the mnai Lake Ranger Station. The elevation of Kenai Lake 
is 436 feet which is considered as the tailrace elevation for this power- 
house. The head would vary from 319 to 366 feet, with an estimated man 
head of 345 feet, Water would be brought froa the reservoir to the pen- 
stock LeaBtmg to the powerhouse either through a pipelice following the  
left bank of Ptarmigan Creek or through a tunnel, The pipeline would have 
a length of 2.5 miles and the  tunnel 1.9 miles. Tho d-lversion paint for 
the tunnel could be located at some point along the southweat shore of the 
lake in the first half mile upstream from the M e  outlet aud the length 
to the penstock leading to the powerhouse s i t e  would remain close to the 
1.9 m i l e s  above indicated. b s t  of the ridge between Ptarmigan Creek and 
Kenai I&s is underlain by w e l l  consolidated dark a la te .  Near Kenai Lake 
the slate is interbedded w i t h  thick beds of hard, massive graywacke. The 
bedrock along mst of the tunnel alignment would pobably be relatively 
sound and t ight .  Spme closely Jointed or faulted zones may be encountered. 
The penstock would be in practi,cally the same location in either plan and 
would have a length of 1,000 feet or less. The tunnel diversion would 
tend to give slig?~tly &reater pver v a l u e s  than the p i p l i n e  diversion due 
to the more favorable characteristics of shorter length and less f r i c t i o n  
loss as a tunael would likely have a greater cross sectional wea than a 
pipeline. The tunnel plan would be preferable to the pipdine  from the 
s tandpint  of' operation and maintenance although the i n i t i a l  cost  of the 
tunnel plan would probably be peater  than for the pipeline. The relative 
merfts of the two plans would require a detailed analysis which i a  bepond 



the scope of this  report. The regulated flow *om Ptarmigan lake h w  been 
estimated as 90 and 125 cfs ?or 90 and 50 percent of the t h e ,  The corres- 
ponding p e r  tdws a r e  2,lLO md 2,930 kilowatts. 

The transmission line route from the powerhouse could follow along 
or near the Sewe;rd-Anchorwe Highway. Ttae distance to Seward would be 22 
m i l e s .  

Ftsrmigan m e ,  like Grant Lake, l a  also readily accessible f r o m  
the A h s k a  Railroad and the Seward-Anchorage Highway. 

Cooper lake Power Site 

plan of development autlfned berein wou ld  consist of a dam 
at the lake outlet to develop t he  necessary storage capacity. Such a deun 
would only have to raise the  M e  level 14 fee t  to provide the requisite 
storage to regulate the flow from Coopr M e .  However, as exphinad under 
Water Supply it appears possible to divert the Plow from Statson Creek into 
the Cooper M e  reservoir and by so doing increase the flow available for 
power production approximately 25 p r c e n t  . In order to provide for t h i a  
additional volume as well as to grovide eom add%$ional capaciky over the 
arn~mt indfcated by the recards now avaihble a d m  25 feet high with a 
maxfrmxm reservoir elemtion 20 feet above normal lake elevation has been 
assumed for t h i s  report. 

The geologic conditions within the area tn which the dam would be 
located are quite variable a d  the type of dam to be comtructed w o d d  de- 
pend on the exact location selected along with further investigation of tk 
geologic conditions, In order to give a general picture of t he  size crf the 
dam required two t eab t ive  locations will be discussed (see plate 3) .  

The first location considered 2s 800 feet dowmtrem from the 
M e  outht .  !he st:ream elevation at this  p i n t  is 1,158 feet or 10 feat 
lower thsn the lake level .  The metximum re servo^ elevation WOU be 1,188 
feet and the crest of the  dam would be at elevation ;L,193 feet. The d m  
would ham a height of 35 feet above the stream elevation and a crest 
length of 325; feet. f i b m  the Information now available it appears that 
an ear-t;h f i l l  dam m i g h t  be considered fop t h i s  site with adequate cut-off 
provTs ions for both the foundat ion and abutments. 

The second location is about 2,400 feet downstream from t h ~  lake 
Outlet. At this  pint the stream elevation is 1,125 feet. With a ~~ 
reservoir elevation of 1,188 feet and allowiag a 5-foot freeboard the dam 
would have a height of 68 feet above stream sleva$ion. !be crest Length 
would be approxhately 250 feet. !his narrow gorge IB in graywacke and may 
provide a suitable site for a concrete or rock f i l l  t y p  af dam. 1% m i g h t  
even be suitable for an arch type of dam, 



Topographic conditions throughout the d m  site ares do not permit * the location of a spiUway in a near3y saddle w e l l  removed from the dam, 
as was the case for Grant flake and ptarmigan Lake. Tbe spi lbmy would have 
to be incorporated as part of the dam or inmediately adJacent to it on either 
bank. 

As above mentioned, it may be advantageous to divert the f l o w  f rom 
Stetson Creak into Coope r  M e  and thua increaae the water avaihble for 
power generation. This diveraton would require a canal about 1 l j 2  miles 
long w i t h  suff icient  capacity to carry the enttre flow fxoa Stetson Creek 
&wing  periods of max;Smm diecharge. Dwing the period of record the maxi- 
mum peak discharge at the outlet, of Cooper Lake 11:- 695 cfs. %sed on 
drainage area ratio the correspondSng maxfmum on Ststsou Creek would have 
been 188 cfs .  A canal capacity in the order of mqpitude of 200 cfs or more 
would therefore be required to take advantage of the  entire discharge from 
Stetaon Creek. 

There are two possible 1oca;t;ions for a powerhouse for t h e  devel- 
o p n t  of Cooper Lake. One location would be on the west shore of Kenai 
Lake, almost opgosite Porcupine Island, 9 114 miles southeast of the 
outlet  of K e n a i  Lalce at Coopr t a n d i t g .  At t h i s  point the shortest distance 
btween the shore lines of Cooper Lake and Kenal Lake is 1.8 m i l e s ,  This 
locat ion would regukre a tunnel 1 -1/4 miles i n  length and a penstock aboul; 
4,000 feet in length to convey t h e  water from the reservoir to the  power- 
house. The tunnel would divert from Cooper Lake at a point about 1 3/4 
miles from the head of the Lake, new where ehe shore line changes f'rom a 
north-aouth to a northwest-southeast direction. The tunnel r o u t e  would @ be through the saddle between Cooper and Kenai Lakee on a course of about 
N 7WE, !€he tunnel would be through well  consolidated, blue-black to 
black slate and hard, gray or black papaeke. The tranemiseion line 
route from the perhouse  loca'cion would depend on where the power was to 
be used. I f  the market area were Sward and vicinity the route would mst 
likely follow the south and west shore of Kenai Lake u n t i l  the Sewad- 
Anchorage Highway is reached near the head of Kenai Iake, a distance of 
15 112 miles. From t h i s  point to W a r d  the distsnce is 17 miles, so the 
over-all diatarnce from the powerhouse to Seward would be between 32 and 
33 Illllles. Another route would Follow the west and south shore of Kenai 
M e  to the hfgkay bridge three-fourths m i l e  east of Cooper Landing, a 
distance of 8 1/2 m i l e s ,  and then follow the h i m a y  to the point where 
the  power would be used. 

!he other location fo r  the  powerhouse wauld be on the  aouth or 
lef't bank of the Kemi River at a point threebfourths mile east of t h e  
muth of Cooper Creek and three-fourths m i l e  west of Coopr  ianding. Water 
would be conveyed from the reservoir to the powerhouse through a pipeline 
about 3 3/4 mFlee in length follawing the right aide of the Cooper Creek 
Valley to the penstock which would be about 3,500 feet in length. This 
location has the admtage of being on an existing higbw~y, Tha omreall 
length of the conduit f r o m  the lake to this site is 4 3/2 miles, as com- 
pared with a lengbh of two miles for the pmerhouae site on Kenai W e  and 



consequently the net head would be s l ightly  less. The final choice as t o  
which of the t w o  locations is preferable w i l l  require a detailed study t o  
evaluate and compare the various considerations, some of which cannot be 
fully evaluated until time af actual development is at hard. Both schema 
of dewlopent w e  included in t h e  illustrative plans shown in figure 2. 
The plan wEth the pawerhouse locat ion on Kemi L8ke has been shown as an 
sltsrnat ive plan. 

With the powerhowe located on the Kenai River the  tailrace 
elevation would be esse&idLy the  same as the elevation of Keaai Lake, 
436 feet. The m e a n  head. i a  estfmated as 746 feet. 

Tfie estimated regdated flow from Cooper W e  is 70 and 80 cfs 
for 90 ana 50 percent of the t h e .  The corresponding pmer values w e  
3,550 and 4,060 kilowates. Includhg the diversion From Stetson Creek these 
values would be 4>570 and 5,070 kilwatta.  

Crescent Lake Power Site 

!&ere are two general plans for  the dewdopent of power from 
Crescent Zaire, both of which contemplate the construction of a dam at the 
nutlet of Crescent Lake to develop the neccasary storage capacity. Although 
raising the W e  level 12 feet w i l l  provide the necessary storage capaciky 
the ilLustrative plan herein proposed contemplates a dam t o  raise t h e  W e  
42 feet so as to provide a silnpler method of conveyi~g the water Prom the 
reservoir to the pwerhouse. The difference in the two plans of development 
is in the location of the powerhouse. 

Tn one case the powerhouse would be located on the north shore 
of Kenai M e ,  4 112 miles east of Porcupine I s h ~ d  and 5 a l e s  west of 
the Kenat M e  Ranger Station,  Water would be brought from the reservob 
through a tunnel  2.0 m i l e s  in hn@h t o  the pnatock '@kh would have s 
length of 4 , 0 ~  feet. The tunnel would divert from the  south aide of  
Crescent Lake at a palnt one-third mile east of the trail to Kemi Lake and 
would have a north-south direction, This location and alignwent of the 
tunnel along with the penstock takes admntsge of tlx shortest distance 
between the  twa lakes, 2 3/4 miles, The tunnel  Length would be about two 
m i l e s  w i t h  the penstock three-fourths m t l e  i n  length. The bedrock in the 
t w e l  we& is a shte interbedded w i t h  l e ~ s e s  oT graywacke. The t u n e l  
route abow outlined would pass through some unconsolidated material for 
a short dtstance near Crescent W e .  An alternate location aboizt 4,000 
feet to t h e  weat would encounter less uaconeolidated material and have more 
favorable rock conditions as w e l l .  Its length would be s l i gh t ly  longer, 
approximately five percent. 

most likely tran~mission line route would follow t he  north 
shore of rClenai 'Jska five miles, crosa the Trail River, and then reach the 
Seward-Anchorage Hlghway at a p i n t  near the Kensf hire Ranger Station 23 
miles from S m d .  





In the event that geologic ccnditions are  such that the construe- * t i o n o f a & a m a t t h e o u t l e t o f C r e s c e n t L & l r e i s n o t P e a s i b l e t h e p l a n o f  
development of drawing the W e  below its mtural level can be considered 
as an alternative. With a powerhouse location on Kemi Lake the diversion 
conditions would remain essentially the same as previously descr$bed. With 
a powerhouee location on Bbose Creek the diversion would require a tunnel. 
almost two miles i n  lengkh. The penstock would be essentially t h e  same 
as in the previoua plan with a length of approximately 2,000 feet. The 
tunnel would be in n h t e  and graywacke throughout t he  en t i r e  length. This 
rock I s  relatively sound and tight. The above tunnel would b v e  practically 
the same length a8 the tunnel to Kenai W e  but the geologic conditions 
a l o q  Eta rou-lie are considered more favorable. The proximity to the Seward- 
Anchorage Highway also makes it more readily accessible. A U  factors con- 
sidered, it appears t b t  a powerhouse location an Mose Creek along the 
Seward-Anchorage Highway is the  most Savorable plan for #e dsvelopmrent of 
Crescent lake whether the required storage capacity is developed by the  
building of dama as above o ~ ~ t l i n e d  or by drawing the Lake below i ts  natural 
elevatf on. 

Zu the plan of drawing the lake below its natural level the  mean 
reservoir elevation would be 1,448 feet whereas if a dam could be bull+, at 
the outlet of Crescent Lake ao as to &?re a maxlmu~ reservoir elevgtfon of 
10 feet above Carter Lake the mean reservoir elevation would be 1,491 
feet, or 43 feet greater. The tailreee elevation far a powerhouse oo hose 
Creek would be 472 fget, the  elevation of Uppr *ail Lwke . The heads under 
the  two schemes of development would be gq6and 1,019 feet, or a difn erence 

@ o f a b o u t 4 p e r c e n t w h i c h v o u l d s l s o b e t h e d i f f e r e n c e i n t h e p e r a v a i l e b l e .  

The wtential power available from the four hkes discussed 
SollwFng the plans of development outlined i s  summarized in table 10. 
Tb@ parer estimates are based on the  formuJa 

P = (0.&8)(&)@) in which 
P = power in kilowatts 
Q = flow in cubic feet per second 
H = gross head in feet. 

The constant, 0.~68, gimc an over-all eff ic iency of 80 percent. 



Table 10.--Estimated potential aateqower and related data for Grant, Ptamfgan, Coopr, and Crescent Wes 
power sites, Alaska 

Elevatf ons in feet Flew in cfs Power in kilowatts 
Power Site *Est&ted: : 9 percent : 50 percent : : : wan :milrace: ~ e a d  : of time : of time : 90 precent: 50 percent 

I 'eserPair~reseruoir : : &go : Q50 of the : o f t *  
C * 

Grant M e  

Pt~llliigan Lake 

Cooper Lake (with f l o w  from : 
Cooper lake only) : 1,188 : 1,182 : 436 : 746: 70 : 80 : 3,550 ; 4,60 
(with diversfon *om rn 

Stetson Creek ) t : go : 100 : 4,570 : 530?o 

Crescent Lake (wlth dam and : * 

powerhouse on Moose creek) : 1,496 : 1,491 : 472 :I, 029 : 40 I 50 12,770 1 3,460 
(without dam and powerhouse : . * 

on Moose creek) : 1,454 : 1,a8 r 472 : 976 : 40 : 50 : 2,660 : 3,320 
(without dam and powerhouse : 
on Kena i Lake ) : 1,454 : 1,448 : 436 r l , O E  : 40 : 50 ; 2,750 : 3,440 

4 * 


