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Preliminary report  on the waterpower resources 
of Snow River, Nell ie Juan Lake and 
Lost Lake, Kenai Peninsula, Alaska 

- 
By Vernon C . Indermuhle 

Summary 

The three basins discmeed i n  t h i s  report  l i e  In t he  eastern pa r t  

of the Kenai Peninsula. Detailed topographic surveys and geolbgic I 
reconnaissances have been made by the  Geological Survey between 1955 

and 1959 and quadrangle maps compiled from a e r i a l  photographs cover 

a l l  of the basins on a scale of one inch t o  the  m i l e .  I 
No streamflow measurements have been made on the Snow o r  Nellie I 

Juan Rivers and only one complete year of record has been obtained f o r  

Lost Creek. The Snow River runoff was estimated a s  the  difference 

between the recorded flow a t  the ou t l e t  of Kenai Lake and the  recorded 

and estimated Plows from several  areas e i b u t a r y  t o  the  lake downstream 

from the Snow River. Because of the proximity and s imi l a r i t y  of the  I 
Snow and Nellie Juan basins, the  runoff of Nellie Juan was estimated I 

I t o  be similar t o  t h a t  of the  Snow River. Lost Creek runoff was 

I estimated by comparisons of the one year record with runoff from Grant 

Creek basin. The e s t a t e s  a r e  intended t o  be conservative. 



&cause of low flows during the winter months storage would be ' I  
I 

requked  for  substant ia l  u t i l i z a t i o n  of the  runoff t o  provide dependable I 
i 

power, Suff ic ient  storage capacity could be developed a t  a l l  s i t e s  fo r  - 1  1 .  J."- 

i regulation of a t  l e a s t  90 percent of the  expected runoff, on a schedule 
r ?I i 
% G  , 

of uniform monthly releases.  . - , 
Y 

A t  the Snow River s i t e  a dam 328 f e e t  high and auxi l i a ry  dams i n  
s: i 

s ,  

2, ; 
two saddle areas would be necessary t o  develop the  po t en t i a l  power. 

Conveyance by a waterway system f o r  2.3 miles t o  the  powerhouse would . , 

develop 740 f e e t  of head and provide f o r  generation of 32,000 kw, 

I 100 percent of the  time. Abnormal floods due t o  re leases  from na tura l  ~;4 

storage have been reported on t h i s  r i v e r  but without d i r e c t  evidence. 

If there is  a pos s ib i l i t y  t h a t  such floods can occur, it would be of 

primary importance t o  consider larger  spillway systems than would be 

needed t o  provide f o r  floods due t o  storm runoff alone. The Sndw River 

damsite is only a few miles from an ex is t ing  highway and ra i l road.  

Development of the  Nellie Juan Lake s i t e  could be accomplished by 

construction of a dam 95 f e e t  high a t  t he  lake o u t l e t  and an auxi l i a ry  
4 I 

s t ruc ture  a t  a saddle area. The water would be conveyed by a two-mile I 
waterway t o  the  powerhouse thereby developing 514 f e e t  of head. This 

would provide for  generation of 7,300 kw, 100 percent of the  time. A 

r e l a t i ve ly  small amount of construction near the upper end of the lake 

would increase the drainage area 3.9 square miles, thereby increasing I 
t he  plant  output 11 percent. The Nellie Juan damsite is 15 miles from A 
the ex is t ing  highway and railroad,  hence the cost  of construction of an 

access road and transmission l i ne  might be a subs tan t ia l  pa r t  of t he  

plant cost. 



~ o s t  b k e  project, the smallest of the three considered, could 

developed by a dam 68 f e e t  high and conveyance by pipe1iI.X and penstock 

two and a half  miles t o  the powerhouse. This would u t i l i z e  1,537 fee t  
I 

of head and provide for  generation of 2,900 kw, 100 percent of the  . 1 
I 

tiw. I 

The Lost Lake area is within two miles of an ex i s t i ng  highway and 

railroad, and access by t r ac to r  t r a i l  probably is feasible .  

Alternative plans of development have been considered and 

i l l u s t r a t e d  f o r  a l l  three  projects. 

Introduction 

1 I 

Purpose and scope.--The primary purpose of t h i s  repor t  i s  t o  give a 

preliminary estimate of the hydroelectric po ten t ia l  of the  Snow River, 
1 

Nellie Juan Lake, and Lost Lake basins t o  a id  i n  c lass i fy ing  ladds i n  

the  areas a s  t o  t h e i r  waterpower values. Pertinent conditions and 
2'' *- 

features which may determine the  character of developments a r e  2 4  

-2 

described. 

General plans of developent  are  shown for  each basin as  a mans 

of determining the po ten t ia l  power. These plans give a rough approxi- 

nation of t h e  amount of construction t h a t  may be involved but cost  +: 
ad' 
E;' 

analysis is beyond the scope of t h i s  report .  The plans presented !?i 
a 

herein are  not intended as  models of development, but nrjrely a means 

of making reasonably accurate power estimates. 

The possible e f f ec t s  of sedimentation, floods, and ice  are  

mentioned, but no attempt is made t o  accurately analyze these e f fec t s .  



0 previous investigations and reports.--Hubbell and Waller Engineering 

Gorp., Sea t t le ,  Washington re ta ined by the c i t y  of Seward, made an 

investigation i n  1935 and submitted a report  and plans f o r  developnent, 

1 An application was made by the c i t y  of Seward, Alaska i n  1936 t o  the.  

1 Federal Power Commission for  8,permit on Lost Creek and Upper and 

Lower Lost Lakes. This permit, Federal Power Project  No. 1316, was 

surrendered on May 24, 1938. 

~ckhow1edgments.--Acknowledgment is due Hubbell and Waller Engineering 

Corporation, Seat t le ,  Washington, and Alex Petrovich, Mayor and Acting 

City Manager, Seward, Alaska, f o r  making available t he  repor t  on the  

investigation of the hydroelectric poss ib i l i t i e s  of Lost Lake. 

G. E. Mitchell, Assistant Regional Forester, U. S. Forest Service, 

Juneau, Alaska; and R. H. Anderson, General Manager, The Alaska 

Railroad, Anchorage, Alaska supplied information concerning repdrts on 

abnormal floods of the Snow River. 

C. E. Watson, State  Climatologist, U. S. Weather Bureau, 

Anchorage, Alaska furnished information regarding cl imat ic  conditions 

i n  the Gulf Coast and Cook I n l e t  areas. 

General discussion.--The three basins considered in t h i s  report  a re  

located i n  t h e  southeast par t  of the  Kenai Peninsula within a 30 mile 

radius of the  c i t y  of Seward (fig.  1) .  

Figure 1. - Location map. 

There a re  few, i f  any, inhabitants within any of the areas, and 

so there is l i t t l e  d i r ec t  knowledge concerning the  c l imat ic  conditions. 



LOCATION MAP 
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0 Estimates of the runoff were made on the bas i s  of streamflow records 

for  nearby basins and climatic records obtained a t  various s ta t ions  on 

the Kenai Peninsula. 

The power poss ib i l i t i e s  of the basins a re  discussed on the basis  

of regulated flow only. Power,estimates were made on the basis of 

80 percent and 90 percent regulation of the  expected runoff. If and 

when these projects a re  developed, it may be desirable t o  provide a 

greater or  l esser  amount of regulation. 

b p s  and a e r i a l  photographs.--The three drainage basins a re  shown on 

the following quadrangle maps: 

Seward: Reconnaissance se r ies ,  sca le  1: 250,000, 

contour in te rva l  200 f ee t ,  

.sward: A-6, A-7, B-6, B-7, and C-6, scale  1: 63,360, I 
contour in te rva l  100 feet .  

The reservoir  areas and damsites on Snow River, Nell ie Juan Lake, 

and Lost Lake are  shown on the following standard r ive r  survey maps: 

Plan and prof i le ,  Snow River, Alaska, damsite. 

Scale 1:24,000, contour i n t e rva l  20 f e e t  on land, 

5 fee t  on water surface; d a m i t e  scale  1:2,400, 

contour in te rva l  10 f e e t  on land, 1 foot  on water 

surface. 

Plan, Nell ie Juan Lake, Miscellaneous Damsites, Kenai 

Peninsula, Alaska. Scale 1 : 24,000, contour in te rva l  20 

f e e t  on land, 5 f e e t  on water surface; damsite scale  

1:4800, contour i n t e rva l  10 f e e t  on land, 1 foot  on 

water surface. 



Plan, Lost Lake near Seward, Alaska, damsites. Scale 

1:24,000, contour in te rva l  20 and 100 f e e t ;  damsite 

scale  1:4800, contour i n t e rva l  10 f e e t  on land, 1 foot 

on water surface. 

These maps a re  included a6 Plates  I, 11, and I11 respectively,  i n  

t h i s  report .  

Aerial  photographs used i n  compilation of of t h e  topographic maps 

are  on f i l e  with the Geological Survey, Denver Federal Center, Denver, 1 
Colorado. 

Geography and topographic features  I 
Snow River basin.--The Snow River flows i n  a southwesterly di rect ion,  

about 18 miles from a glacier  a t  i ts headwaters, then north about 4 I 
miles, t o  i ts  mouth a t  Kenai Lake approximately 25 miles north Af 

Seward. It is crossed by the Alaska Railroad and the  Seward-Anchorage 

highway near Kenai Lake. The South Fork of the  Snow River converges I 
with the  main r i ve r  about two and a half  miles from i ts  mouth. - 

From a point 4 miles below the headwaters glacier ,  the  r i ve r  flows 
* 2 

through Paradise Valley, which i s  about 17 miles long and has an average 

width of about half a mile. Two lakes located i n  t h i s  valley are ca l l ed  

Upper Paradise Lake and Lower Paradise Lake. Their surface areas a r e  

206 and 158 acres respectively.  In  addition, there  are  several  ponds I 
i n  the  valley. Views of the headquarters g lac ie r  and the  upper par t  of I 
Paradise Valley are shown in  f igures  2 and 3. 

- - - -- - 

Figure 2. - Aerial  view downvalley from above g lac ie r  a t  the head of 
Snow River. 

e F i w e  3.  - Glacier a t  head of Snow River. 



Figure 2. - Aerial  v i e w  downvalley from above g lacier  a t  the head 
Snow River. 

- - -  - - 

Figure 3. - Glacier a t  head of Snow River. 



The Snow River enter8 a narrow canyon a t  the downstream end of 

Paradise Valley, where construction of a high dam would provide 

suf f ic ien t  storage capacity i n  the  val ley f o r  e i t he r  complete or 

p a r t i a l  control  of the r i ve r .  , 

The basin varies i n  a l t i t u d e  from 436 f ee t  a t  i ts  mouth on Kenai 

Lake t o  peaks over 5,500 fee t .  Numerous glaciers  are  located i n  the 

basin, the glacier  area being 52 square miles or 31percent  of the 

basin area of 166 square miles. 

The basin  contains very l i t t l e  timber, although there are some 

spruce and mountain hemlock i n  Paradise Valley and on the  lower slopes. 

Vegetation on the higher slopes i s  l imited t o  low shrubs and grasses, 

or  i s  lacking. 

Paradise Valley and the damsite areas  can be reached by t r a i l  

from the Seward-Anchorage highway. Float equipped a i r c r a f t  can Land 

on the lakes i n  the valley, or  small land airplanes can land on some 

of the  r i v e r  gravel bars.  

Nellie Juan River basin.--Nellie Juan Lake is located i n  the eastern 

par t  of the  Kenai Peninsula approximately 15 miles east  and s l i gh t ly  

north of the  town of Seward and about 12 miles southeast of Kenai Lake. 

The lake extends 3.8 miles i n  a north-south direct ion and var ies  

i n  width from about three-tenths t o  eight-tenths of a mile. The lake 

has a surface area of 1,130 acres and is a t  an a l t i t ude  of 1,189 f ee t .  . 

It is  bounded mostly by s teep  slopes on the west, whereas the e a s t  

s ide is lower, more broken country. The valley upstream from the lake 

is f i l l e d  with glac ia l  deposits which form a de l ta  about eight-tenths 

r9 of a m i l e  wide, extending one and a half  miles upstream from the lake. 



.L J 

0 A large par t  of the po ten t ia l  storage capacity of the  lake i s  i n  t h i s  

valley. . Several a l l u v i a l  fans a re  located around the perimeter of the  

lake. 

The lake is drained by the Nellie Juan River which flows north- 

1 eastward t o  i ts  out le t  i n  Kingg Bay on the  Port  Nell ie Juan arm of 

I ' Prince William Sound. The stream f a l l s  about 450 f e e t  i n  the  f i r s t  two 

1 miles below . the  lake ou t l e t  beyond which the  gradient becomes r e l a t i v e l y  

f l a t .  

The lake drainage basin covers an area of 35.3 square miles ranging 

from an a l t i t ude  of 1,189 f e e t  a t  the lake surface t o  peaks higher than 

5,500 feet .  There a re  several  large g lac ie rs  i n  the  basin, the  t o t a l  

1 glacier  area being approximately 9.4 square miles or  27 percent of the  

t o t a l  area. 

The e n t i r e  lake basin is prac t ica l ly  void of t rees ,  contai i ing 

only a few scat tered scrub spruce and mountain hemlock. Alluvial  fans 

extending i n t o  the lake a re  covered with grasses and shrubs. Vegetation 

on the higher slopes is l imited t o  low shrubs and grasses, o r  is  

completely lacking. 

There a re  no known t r a i l s  leading i n t o  the area. The lake i s  

about 15 miles from the Seward-Anchorage highway and can be reached on 

foot but the t rek  is hampered by many g lac ie r  stream crossings. The 

1 area can best  be reached by f l o a t  equipped a i r c r a f t .  

Lost Lake basin.--lost Lake is located approximately 11 miles north of 

Seward and two and a half  miles west of the  Seward-Anchorage highway. 

It is  drained by Lost Creek which runs i n  a southerly direct ion t o  its i 
.t 

r9 
confluence with Salmon Creek s i x  and a half  miles north of Seward. 

" = 



0 ~ w o  lakes i n  t he  basin a re  known as  Lost Lake and Lower Lost Lake. 

Their surface areas a r e  370 and 38 acres  respectively.  Lower Lost Lake 

a t  an a l t i t u d e  of 1,899 f e e t  is 21 f e e t  lower and about three-tenths of 

a mile southeast  of t he  l a rger  lake. 

The basin area draining i q t0  t he  lakes is 5.6 square miles. There 

' a r e  g lac ie r s  i n  the surrounding area but  few, if any, i n  the  drainage 

basin. 

The a l t i t ude  of t he  basin var ies  from 1,899 f e e t  a t  the  lower lake 

t o  peaks higher than 5,000 fee t .  The average a l t i t u d e  of the  basin  is 

about 2,600 fee t .  

Most of the  area is  barren and rocky, with vegetation being l imi ted 

t o  low brush, grass, end a few scrub spruce and mountain hemlock. 

Lost Lake can be reached by t r a i l  from the  Seward-Anchorage highway 

and it may be accessible t o  four wheel drive vehicles. However; it is 

most e a s i l y  reached by f l o a t  equipped a i r c r a f t .  

Geology 

Geologic investigations have been made of the powersites i n  t he  

th ree  basins under consideration. Reports, a s  l i s t e d  below, have been 

prepared bu t  a s  yet  have not been published nor released t o  open f i l e .  

The comments r e l a t i n g  t o  geology fo r  the  various s i t e s  have been extracted 

from these  reports .  



0 Geologic investigations of powersites on Bradley, 

Halibut, Snow, and Anchor Rivers, Kenai Peninsula, 

Alaska by K. S. Soward, June 1958. 

( ~ o t e :  The sect ion on Bradley Lake has been 
prepared and submitted for  publication as  a 
bu l l e t  i n  chapter. 1 

Geologic reconnaissance of the  Nellie Juan damsite 

and reservoir  area, Kenai Peninsula, Alaska by 

D. L. Gaskil l  and R. G. Wayland, 1959. 

Geologic reconnaissance of the Lost Lakes damsites 

and reservoir  area, Kenai Peninsula, Alaska by 

D. L. Gaskil l  and R. G. Wayland, 1959. 

General.--So f a r  as  known no cl imat ic  records have been obtained ' in  any 

of the  three basins of concern. However, records have been maintained 

a t  Seward since l9C% and a t  Whittier since 1942. 

Table 1 is a summary of the  records a t  Seward and shows indices of 

wetness fo r  individual years. 

The mean annual p rec ip i ta t ion  a t  Seward is 66.8 inches fo r  39 water 

years, and a comparison of overlapping records indicates t h a t  the  

corresponding mean a t  Whittier might be roughly 177 inches. This large 

difference i n  annual p rec ip i ta t ion  seems t o  indicate t ha t  there i s  a 

de f in i t e  increase i n  prec ip i ta t ion  t o  the northeast of Seward. The 

large amount of glacier area substant ia tes  t h i s  supposition and indicates  

t h a t  most of the  prec ip i ta t ion  f a l l s  i n  the  form of snow. 



Table 1. - Preclpl ta t ion and indices of wetness 

a t  Seward, Alaska 

Water Recorded Percent of Water Recorded Percent of 
year (inches ) mean year (inches ) mean' 

1937 70.1 105 1959 49.4 74 

1940 87.2 130 Mean 66.8 100 

The mean annual precipitation,  1948-59, was 90 percent of the  mean fo r  

a 39 years of record between 1909 and 1959. 

13 



Distribution of annual precipi ta t ion.  --The monthly d i s t r ibu t ion  of the  

precipi ta t ion a t  Seward, and percent of mean annual t o t a l ,  fo r  the  

period of record t o  1959 is  shown i n  the following tabulation: 

Mean monthly precipi ta t ion i n  inches 

and percept of man annual 

Percent Percent 
Month Pcpt . of mean Month Pcpt . of mean 

(inches ) annual (inches ) annual - 
Jan. 5-25 7 -89 July 3 -01 4.52 

Feb . 5.35 8.04 Aug . 6.01 9-04 

Mar. 3 .72 5.59 Sept . 9-43 14.17 

Apr . 4.14 6.23 oct  . 10.34 15.55 

May 3-51 5.28 Nov. 7.14 10.72 

June 2.26 3.40 Dec . 6.37 9.57 

Annual 66.53 100.00 

The seasonal d i s t r ibu t ion  a t  Whittier i s  very nearly the same as a t  

Seward, so  it appears t h a t  the  d i s t r ibu t ion  i n  the  mountain areas 

between the  two s ta t ions  probably is  closely similar. 

Approximately 40 percent of the precipi ta t ion occurs during the  

months of September, October and November. 

Temperatures .--The mean annual temperature a t  Seward was 3 9 . 4 " ~  f o r  

16 water years, and by way of comparison it was 38.9O~ a t  Whittier f o r  

the corresponding period. Minimum temperatures of about -20°F were 

recorded a t  the two s ta t ions  during t h i s  period. 

I The s t a t i ons  a t  Seward and Whittier are located a t  or near sea 





Changed from 634 square miles as  published i n  water-supply papers 
a f t e r  a revised interpreta t ion of the drainage area boundary. The 
change i s  too small t o  jus t i fy  revis ion of the  water-supply papers, 
but is appreciable i n  the Snow River portion of the Kenai River 
basin. 

Affected by storage regulation a f t e r  M y  1959. 

4 /   NO^ a ~ont inuous record. 

In  1960 the Geological Survey and the Corps of Engineers, U. S. Army, 

planned t o  s t a r t  a cooperative program of stream gaging for  both the 

Snow River and Nellie Juan River. Plans were being made t o  i n s t a l l  the  

gages i n  1961. 

Estimate of Snow River runoff.--The Kenai Lake drainage basin, including 

the Snow River basin, has an area of about 642 square miles. (A precise  

boundary i n  places. ) Available streamflow records cover approximately 

245 square miles of t h i s  area between the Snow River and Cooper Landing. 

The Snow River basin c o b r e  an area of 166 square miles, thus leaving 

about 230 square miles of ungaged area i n  downstream t r i b u t a r i e s  above 

Cooper Landing. This area can be broken down as follows. 

16 



Area, Basis of u n i t  runoff 
Description sq.  m i .  est imates 

Kenai Lake surface a rea  21.3 Equal t o  Cooper Creek 

F a l l s  Creek 15.0 Average of Grant Creek 
and Ptarmigan Creek 

Victor Creek, Rocky Creek and skll 18.0 Same a s  F a l l s  Creek 
unnamed drainages between 
Ptarmigan and Snow River 

Porcupine Creek, Meadow Creek, 50.6 Average of Grant Creek 
Ship Creek and small  adjacent  and Cooper Creek 
drainages 

Shackleford Creek and adjacent  20.0 Equal t o  Cooper Creek 
small  drainages t o  t h e  southeast  

Quartz Creek and remaining area  76-3 Equal t o  Crescent Creek 

S c h l i t e r  Creek, Dry Creek and 29.6 Equal t o  Crescent Creek 
unnamed drainages between 
Crescent and Kenai Lakes 

An es t imate  of t h e  runoff f r o m t h e  ungaged area,  excluding t h e  

Snow River basin, was made by assuming re la t ionsh ips  with adjacent  

basins a s  indicated i n  t h e  above t ab le .  By sub t rac t ing  t h e  sums of t h e  

gaged runoff  and est imates of t h e  ungaged runoff of t r i b u t a r i e s  from 

t h e  discharge of Kenai River a t  Cooper Landing, es t imates  of t h e  Snow 

River runoff  were obtained. Table 2 shows t h e  r e s u l t s  of these es t imates  

on an annual and monthly b a s i s  f o r  a l l  months (excluding the  per iod 

November through May, which is shown a s  one value)  from October 1947 

through September 1959. Some of the  monthly f igures  may be i n  

considerable  e r r o r  because of e r r o r s  i n  est imated a r e a l  d i s t r i b u t i o n  i n  

ungaged basins.  However, on an annual b a s i s  these  e r r o r s  probably tend 

t o  be compensating. The m a n  annual runoff  a s  determined by t h i s  



analys is  is 81.2 inches. For t h e  corresponding per iod t h e  p r e c i p i t a t i o n  

records a t  Seward show a mean of 60.4 inches which i s  approximately 90 

percent  of t h e  39-year mean a t  t h i s  s t a t i o n .  Adjusting the  Snow River 

runoff by a propor t ional  amount ind ica tes  t h a t  t h e  long-term annual . 

runoff may average about 90 inches. 

Mean runoff of 90 inches very l i k e l y  is  l e s s  than t h e  mean runoff 

above t h e  damsite a t  Mile 4.8, f o r  two reasons. F i r s t ,  t h e  estimate 

was made on t h e  bas in  a s  a whole, whereas t h e  p r e c i p i t a t i o n  and u n i t  

runoff i n  t h e  higher and more e a s t e r l y  p a r t s  of t h e  bas in  undoubtedly 

a re  g rea te r  than i n  t h e  lower por t ion  of t h e  basin.  -.Second, it i s  f e l t  

t h a t  t h e  es t imates  of t h e  ungaged runoff from t r i b u t a r y  bas ins  downstream 

from the  Snow River, if i n  e r r o r ,  a r e  overestimated and, therefore ,  

t h a t  Snow River runoff may be somewhat underestimated. 





Estimate of runoff from Nell ie  Juan Lake basin.--The ana lys i s  of t h e  

Snow River runoff on t h e  preceding pages provides a b a s i s  f o r  p r e d i c t i n g  I 
t h e  runoff from t h e  Nel l ie  Juan Lake basin. The two bas ins  a r e  

separated by only one r idge and have marry s imi la r  c h a r a c t e r i s t i c s .  . 

Table 3 shows a comparison of t h e  a l t i t u d e  d i s t r i b u t i o n  f o r  t h e  two I 
basins. The d i s t r i b u t i o n  f o r  t h e  Lost Lake bas in  a l s o  is  included i n  I 
t h i s  t a b l e .  The mean a l t i t u d e  of Nel l ie  Juan Lake and Snow River 1 
basins a r e  p r a c t i c a l l y  the  same, being 2,620 f e e t  and 2,600 f e e t  I 
respect ively .  I 

The vegetat ive condit ions probably a r e  somewhat d i f f e r e n t ,  

p r i n c i p a l l y  because of the  l a r g e r  a rea  a t  lower e leva t ions  i n  t h e  

Snow River basin. This lower p a r t  of the  bas in  undoubtedly conta ins  I 
more vegetat ion thereby increasing t h e  evapotranspi ra t ion  l o s s e s  of  

t h e  bas in  a s  a whole. 
8 

For purposes of es t imat ing t h e  power p o t e n t i a l  of t h e  Nellie 

Juan Lake basin, the  runoff per u n i t  area was assumed t o  be the  same I 
a s  t h a t  of the  Snow River basin, o r  90 inches per year. This poss ib ly  1 
is  a conservative es t imate  because of t h e  location,  vegetat ive 

condit ions,  and higher e levat ions  of t h e  Nell ie  Juan Lake basin.  

It seems reasonable t o  assume t h e  monthly d i s t r i b u t i o n  of t h e  

runoff t o  be somewhat s imi lar  t o  t h e  d i s t r i b u t i o n  shown f o r  t h e  Snow 

River i n  Table 2. However, Nellie Juan Lake with a surface  area  of  1 
1,130 acres  or  5 percent  of t h e  area  of t h e  bas in  undoubtedly has 

some regu la t ing  e f f e c t  on the  monthly flows. 



Table 3. - Altitude d i s t r i bu t ion  

Snow River, Nellie Juan Lake and Lost Lake basins 

Snow River basin I. I 

I 8 

(includes So. ~ o r k ) '  Nell ie Juan Lake basin '  Lost Lake basin 
I 1 

Drainage area Drainage area Drainage area 
I I 

166 sq  m i  I 35.3 89 m i  I 5.6 sq  m i  
1 1 

Alt i tude ' Area Percent o f '  Area Percent o f '  Area Percent of 
1 t 1 

below ' (sq mi) t o t a l  area '  (sq mi) t o t a l  a rea '  (sq m i )  t o t a l  area 
1 1 1 

Mean a l t i t u d e  2,600 ft. 2,620 f t .  2,100 f t .  



Estimate of Lost Lake runoff.--A gage located 4.9 miles downstream from 

Lower mst Lake was maintained and operated by the Geological Survey 

during the period 1948-1950. Remarks i n  Water-Supply Paper 1372 s t a t e  

t h a t  the records a re  poor. A continuous record was obtained from , 

A U ~ U S ~  1948 through March 1950, 

During the  1949 water year, a runoff of 69.3 inches was measured 

a t  t h i s  s ta t ion.  Estimates of the  monthly runoff i n  other years were 

based on the records for  Grant Creek near Moose Pass. The Grant Creek 

basin is about 15 miles northeast of Lost Lake. The estimates between 

1948 and and 1959 together with the records, August 1948 t o  March 1950, 

a r e  l i s t e d  i n  Table 4. 

The precipi ta t ion a t  Seward during the 12 year period, 1948-59, was 

90 percent of the  mean for  the  39 year period of record. By compari- 

son the long-term mean annual runoff of Lost Creek is estimated t o  be 

about 76 inches. 

Hubble and Waller Engineering Corporation (1935) s t a t e  t h a t  

during a flood i n  September and October 1935, the l e v e l  of Lower Lost 

Lake rose 5 f e e t  and the discharge a t  the  lake o u t l e t  was estimated 

as  reaching a maximum of more than 1,500 c fs .  (A number of discharge 

measurements and estimates were made by engineers of t h i s  corporation 

i n  the f a l l  of 1935. ) 



year 0 N D J F M A M J J A S Annual 

1948 2.96 2.24 0.86 0.15 0.06 0.08 0.28 4.18 11.12 5.72 1.71 1.66 31.02 

Table 4. - Estimates and records of the monthly and annual runoff of 

Lost Creek near Seward i n  hundreds of acre-feet 
Y 

Water 

I Mean 2.02 1.30 0.40 0.13 0.06 0.09 0.33 2.69 10.33 5.29 2.54 3.68 28.83 - 

i 1/ - Figures for the period August 1948 t o  March 1950 rounded from published records; 
other figures were estimated from records of Grant Creek and the monthly 
relationship during period of overlapping records, 







Variation of annual runoff.--During the period 1948 t o  1959 it was 

determined from the estimates t h a t  the  annual runoff of the  Snow River I 
ranged from 71 percent t o  134 percent of the  mean fo r  t h a t  period, I 
whereas precipi ta t ion a t  Seward ranged from 71 percent t o  167 percent 

of the  corresponding mean. The runoff from t h i s  basin and the  Nellie I 
Juan ~ a k e  basin i n  many years has l i t t l e  d i r ec t  re la t ionship with the 

amount of annual precipitation.  A s  an i l l u s t r a t i on ,  the 1957 runoff, 

which was the high of the  12-year period of estimates, was 134 percent 

of the  mean, whereas prec ip i ta t ion  a t  Seward was only 74 percent of the 

mean and the second lowest amount of the 12-year period. 

The equalizing e f fec t  of snow and ice storage is  shown by the 1 
charac te r i s t ics  of amiual runoff from several  of the basins i n  t h i s  I 
area i n  r e l a t i on  t o  the charac te r i s t ics  of annual precipi ta t ion a t  ' I 

Seward. These are  tabulated as  follows: I 
I 

Variabi l i ty  of annual Variabi l i ty  of annual I 
I 

runoff precipi ta t ion,  Seward 

Water years Standard Standard 
Range deviation Range deviation 

i 
1948 -59 
Stat ion (4 of mean) ($ of mean) (4  of mean) (4 of mean) 

I 

Snow River +34, -29 17.6 +67, -29 28.3 

Kenai River +42, -22 
a t  Cooper 
Landing 

Cooper Creek +67, -33 

Crescent Creek +a, -31 25.8 +67, -29 28.3 

T r a i l  River +43, -21 15.8 +67, -29 28.3 I 
Lost  Creek +69, -30 23.2 +67, -29 28.3 



The annual runoff va r i ab i l i t y  i n  percent of the mean annual runoff of 

Cooper, Crescent, and Lost Creeks is somewhat similar t o  t h a t  of the 

annual precipi ta t ion a t  Seward. This would seem t o  indicate  t h a t  the  

natural  storage of these basins i s  small, a circumstance t h a t  may be 

substantiated by the absence o r  any appreciable amount of glacier  area 

i n  these basins. The somewhate consis tent  nature of the difference for  

T r a i l  River, Snow River and Kenai River indicates  t h a t  na tura l  storage 

had an appreciable e f fec t  - reducing the range of runoff and the 

standard deviation considerably. However, the  figures f o r  Kenai River 

are  undoubtedly a r e f l ec t ion  of the  Snow and T r a i l  River basins which 

comprise approximately 55 percent of the  Kenai drainage and contribute 

an even larger pa r t  of the  runoff. The upper T r a i l  River and Snow 

River basins a re  i n  high glacier  areas where a considerable amount of 

natural  storage would be expected. During the  wet years the  cool, 

cloudy weather would tend t o  i nh ib i t  the normal melting of the  snow and 

ice, an e f f ec t  which together with the greater  duration of the  heavier 

snow packs would tend t o  increase the amount t o  be car r ied  over in to  

other years. 

The annual var ia t ion during future  periods probably w i l l  be 

similar t o  t ha t  shown because the period, 1948-59, includes the d r i e s t  

and the  second wet tes t  year of record f o r  the 39-year period of record 

a t  Seward. 

Because of i t s  r e l a t i v e  locat ion and many s imilar  charac te r i s t ics ,  

the Nellie Juan basin can be expected t o  be s imilar  t o  the  Snow River 

basin i n  i t s  annual var ia t ion of runoff. 

I 



Seasonal variation of runoff.--Table 5 shows the seasonal dis t r ibut ion 

of several streams i n  the Kenai Lake area. The figures shown for  Snow 

River were computed f r o m  the estimates made for  t h a t  basin. 

Because of the similar character is t ics ,  runoff from the Nellie Juan 

Lake basin probably i s  s imi lar - to  tha t  of the Snow River i n  seasonal 

distribution. 

Table 5. - Average seasonal dis t r ibut ion of runoff 

from some Kenai Peninsula basins 

Percentage of annual runoff 

Bas i n  Oct. Nov. Dec. Jan t o  May June July Aug. Sept. Annual 

1/ - 
Snow River 

d ( 
10.8) 14.6 23.8 25.0 16.3 loo 

Tra i l  River 
, I 

7.1 4.6 2.5 11.9 18.5 23.0 19.5 12.9 100 
31 - 

Cooper Crk. 9.3 7.9 3.8 15.7 19.9 19.5 13.0" i 0 . y  100 
3/ - 

Crescent Crk. .9.5 8.5 4.4 17.9 20.9 17.5 11.0 10.4 100 

1/ Average figures computed from runoff estimates 1948-59. - 
Average figures computed from recorded runoff 1948-59. 

3/ Average figures computed from recorded runoff 1950-59. - 
* Runoff for  1959 estimated. 

Runoff increases substant ial ly  during May and June with peak 

discharges usually occurring during July and August, primarily as  a 

r e s u l t  of heavy runoff from snow melt. High flows are  generally sustained 

by heavy f a l l  ra ins  through September, usually through October and 

occasionally through November. From December through April  runoff i s  

very low, and probably consists of occasional small amounts of snow 

0 melt or rain,.with some ground-water return. 



Undeveloped powersites 

Factors t ha t  would a f f ec t  the  operation of powerp1ants.-- 

Sedimentation. --During the  f i e l d  surveys on Nellie Juan Lake and 

Snow River, it was noted t h a t  t o t h  streams carr ied considerable bedloads 

and suspended sediment which evident ly  is a r e s u l t  of g l a c i a l  erosion. 

On the  Snow River t h i s  sedimentation is  par t icu la r ly  notice- 

able near the junction of the  South Fork and the  main channel where it 

has been necessary for  the Alaska Railroad t o  move considerable 

quant i t i es  of t h i s  mater ia l  f o r  protect ion of a ra i l road  bridge. 

If a reservoir  were developed i n  Paradise Valley on the  Snow 

River o r  a t  Nell ie Juan Lake, a c e r t a i n  amount of t h i s  mater ia l  would 

undoubtedly be deposited i n  t h e  reservoirs .  This would eventually 
1 

decrease the storage capacity but it would probably be many years 

before it would be a ser ious  th rea t .  However, t h i s  should be taken 

in to  consideration and a su i tab le  s a f e ty  factor  included i n  the  o r ig ina l  

design. It is beyond the  scope of t h i s  repor t  t o  attempt an estimate 

of the  r a t e  a t  which t h i s  sedimentation would occur. 

A t  the  upper end of Nell ie Juan Lake there  is  evidence of 

much mater ia l  being deposited during high water periods. This mater ia l  

consis ts  of boulders and gravel, grading down t o  the  f i n e r  materials. 

The lake discharge was noted a s  being a s l a t e  color which seemed t o  
. . 

Indicate t ha t  the  suspended mater ia l  was mostly g l ac i a l  f lour .  

Suspended mater ia l  passing through the  hydraulic s t ruc tures  

and machinery would cause some addi t iona l  wear, but t h i s  problem would 

be r e l a t i ve ly  minor. 



~ o s t  Creek basin contains l i t t l e ,  I f  any, g lac ie r  area, 

hence the sedimentation problems would be minor. 

~100ds.- - I t  has been reported by the Forest Service, the Geological 

Survey, and loca l  res idents  t h a t  Kenai Lake is  subject t o  abrup r i s e s  

of several  feet .  The common conjecture is t h a t  the o r ig in  of these 

' r i s e s  are  glacier lakes i n  the  Snow River basin. A recording gage 

was ins ta l led  on Kenai Lake a t  the  ranger s t a t i o n  on November 15, 1933. 

Following i s  an excerpt from a descritpion of t h i s  gage by W. M. 

Sherman, Forest Ranger: 

"Floods: 'High water marks a re  evident a l l  
along the lake shore. This lake i s  subjected 
t o  large floods caused by glacier  lakes 
breaking loose, it having been known t o  r i s e  
4 f e e t  i n  3 hours'." 

Since such a r i s e  corresponds t o  a mean discharge of more than 200,000 

cfs ,  it seems probable t h a t  the  account is exaggerated o r  mistakhn. 

However, i n  the Seward (B-6) quadrangle there  is  a sihk area which may 

be the source of infrequent large floods. This evidently contains a 

g l ac i a l  lake draining under a glacier  t o  the  Snow River. It is 

conceivable t ha t  t h i s  lake could be dammed by g lac ia l  act ion u n t i l  the  

water pressure caused a break i n  the bar r ie r .  If t h i s  should occur, 

the water might be released abruptly through channels under the glacier ,  

thereby creating flood conditions i n  the  Snow River area and a 

corresponding r i s e  of Kenai Lake water surface. 

There is no conclusive evidence, however, t h a t  any recorded 

r i s e s  of Kenai Lake o r  the Kenai River resul ted from abrupt releases 

from natural  storage. It is  qui te  possible t h a t  a l l  of t he  recorded 

r i s e s  were due t o  normal runoff from heavy storms occurring i n  the 
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mountainous regions of the  upper Snow River basin.  Comparisons of t h e  

runoff from nearby basins and t h e  es t imates  of Snow River runoff 

indica te  the  mountainous areas  of the  Snow River a r e  subjected t o  heavy 

storms which bypass t h e  o ther  basins.  Because of t h e  remoteness of t h e  

area  and lack of inhabi tants ,  it is probable t h a t  t h i s  condi t ion  could 

e x i s t  and be unknown t o  r e s i d e n t s  of t he  Kenai Lake area.  

Analysis of t h e  recorded r i s e s  and ava i l ab le  c l ima t ic  

records a t  nearby s t a t i o n s  (~eward ,  Moose Pass and Portage) show t h a t  

the re  were d e f i n i t e  increases  i n  p r e c i p i t a t i o n  and temperature r i s e s  

during the  periods preceding and during t h e  occurrence of s e v e r a l  of 

t h e  r i s e s .  Moreover, records of t h e  Alaska Rai l road do not  d i sc lose  

t h a t  any r i s e s  of the  Snow River observed i n  connection wi th  the  design, 

operation, and maintenance of  the r a i l r o a d  were of an  unusual nature. 

(Preliminary surveys f o r  a predecessor r a i l r o a d  were made i n  1902 and 

construction of a s e c t i o n  from Seward across t h e  Kenai Peninsula was 

Y 
s t a r t e d  i n  1903. This was taken over by the  government i n  1915. ) 

1/ Geology of t h e  Alaska Railroad Region, Geological  Survey B u l l e t i n  - 
907, 1940. 

Nevertheless, i n  any plan of  development on t h i s  stream t h e  

p o s s i b i l i t y  of t h e  occurrence of  abnormal surges should be taken i n t o  

cons iderat ion.  

Ice  on t h e  reservoirs.--The r e s e r v o i r s  would be f rozen over dur ing 

t h e  winter months, which would be t h e  normal w r i o d s  of drawdown. It I 
would be necessary t o  take  i n t o  considerat ion t h e  p ro tec t ion  of t h e  dam I 
and intake s t r u c t u r e s  from i c i n g  and damage by i c e  from t h e  sp r ing  

breakup. 



I f  storage were provided f o r  a high degree of regulation,  

s p i l l  would probably occur only i n  the  l a t e  summer a f t e r  melting of 

ice, therefore, i c e  from the breakup would probably present no 

spillway problems. 

Earthquakes.--The Kenai mountains a r e  known t o  be i n  a s t rongly 

seismic area. Therefore, it would be necessary t o  design earthquake 

r e s i s t an t  s t ruc tures  f o r  any projects  i n  these basins. 

Methods fo r  appra i sa l  of.power.--The estimates were made by use of 

the  formula P = 0.068 Q H, where: P = power i n  kilowatts; Q = flow I 
i n  cubic f e e t  per second; H = mean gross head. Use of t h i s  formula I 

I 

assumes an ove ra l l  e f f ic iency  of 80 percent and does not take i n t o  , 

consideration the  f r i c t i o n  losses  occurring i n  the  tunnels or conduits. I 

Snow River. -- 
Reservoir and damsiteso--The proposed damsite (see P la te  I i n  

pocket) is located between r i v e r  mile 4.8 and 4.9, as  measured upstream 

from the Alaska Railroad bridge. The s i t e  is  topographically favorable 

f o r  a dam. The r i ve r  a l t i t u d e  is about 965 fee t .  A t  a l t i t udes  of 

1300 and 1250 f ee t ,  t he  canyon widths are 1000 and 900 f e e t  respectively.  

There are two saddles t h a t  must be considered along with t h i s  damsite. 

One of these is  located about a mile southeast of the damsite a t  an 

a l t i t ude  of 1205 f ee t .  The other is  located about 1100 f e e t  north- 

northwest of the  damsite a t  an a l t i t u d e  of 1235 fee t .  Dikes or  dams 

across these saddles would be necessary f o r  reservoir  flow l i n e s  

exceeding t h e i r  con t ro l l ing  a l t i tudes .  



I r 

0 Geologic conditions a t  the  damsite are  favorable f o r  the  

construction of a concrete o r  r o c k - f i l l  dam t o  a height of 1300 f ee t ,  

the  maximum considered i n  the  f i e l d  investigation.  The rocks a t  t he  

damsite a r e  well-indurated, interbedded s l a t e s ,  a r g i l l i t e s ,  and - 

1 graywackes i n  an estimated r a t i p  of 70 percent argil laceous t o  30 

percent arenaceous. The f ab r i c  of t he  rock is  impermeable, but 

minor seepage might take place along joints  and f ractures .  Cement 

grouting of the  rock should reduce water losses  t o  a negligible 

amount. The overa l l  f e a s i b i l i t y  of t he  s i t e  may be primarily 

dependent on the  permeability of the  mater ia l  underlying the  saddle 

area 1 mile southeast  of the  damsite. 

The reservoir  s i t e  is the  Paradise Valley which extends 

northeast from the  damsite some 17 m i l e s ,  averaging about half a 

mile i n  width. The stream has a r e l a t i v e l y  f l a t  gradient i n  t h i s  

valley as  shown on the  p ro f i l e  (see P l a t e  I). Soward (1958) found 

t h a t  the reservo i r  area probably is underlain by interbedded s l a t e  

and graywacke covered by gravel, sand, and possibly till a t  many 

places i n  t he  val ley bottom and t h a t  no appreciable seepage losses  

would occur except possibly a t  t he  saddle area 1 mile southeast  of 

the damsite. 

The po t en t i a l  reservoir  capaci t ies  and corresponding 

surface areas a r e  l i s t e d  i n  Table 6, following t h i s  page. 
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Inflow.--The average estimated annual inflow t o  the  reservoir  is 

about 504,000 acre-feet  or an average of about 700 c f s  based on the  

estimate of 90 inches on the  104.5 square miles above the  darnsite. 

This probably i s  an underestinate since it i s  based on t h e  assumption 

t h a t  the runoff is uniform throughout the  basin, whereas it probably is  

'heaviest i n  the  upper par t .  Evaporation losses from the  surface of 

the reservoir  t o  be created may be equivalent t o  as  much a s  an inch 

1 and a half on t he  basin  area above the damsite. Since t h e  e r ro r  i n  

the  estimated runoff undoubtedly i s  large with respect  t o  t h i s  amount, 

and since it probably is negative, no allowance was made f o r  

evaporation i n  the  computation of reservoir  schedules. 

Storage requirements.--As shown by the  indices of wetness of 

Table 1, page 13, prec ip i ta t ion  a t  Seward (and probably i n  t h i s  basin)  

during the  12 years, 1948-59, was about 90 percent of t h e  long term 

mean. Storage requirements were computed on basis  of t h e  monthly 

estimates of t h e  basin  fo r  t h i s  period. ( ~ s t i m a t e s  shown i n  Table 2. ) 

The usable storage capaci t ies  required t o  provide regulated 

flows equivalent t o  90 percent and 80 percent of the  longtime estimated 

mean flow would be 523,000 acre-feet  and 295,000 acre-feet  respectively.  - 

I These regulated flows would be 627 and 547 cfs .  

Po t en t i a l  power.--Power development would be accomplished by the  

construction of a dam a t  mile 4.8, conveying the water from the 

resu l t ing  reservo i r  by a tunnel about 1.9 miles i n  length and a penstock 
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0 0.4 miles long t o  a powerhouse a t  a l t i t ude  500 fee t .  The powerhouse 

would be ' located about three-tenths mile east-northeast of where the 

Paradise Valley t r a i l  leaves the ra i l road  (see Seward B-'7 quadrangle ) . 
I 

The estimated power along with re la ted  data i s  shown i n  the following 

tabulation. 

Estimated power and rela ted data 

With regulated With regulated 
flow 9@ flow 8% 
of mean of mean 

Required storage capacity, acreTfeet  
9 

523,000 295,000 

Meximum reservoir  a l t i tude ,  f e e t  1,293 1,247 

Minimum reservoir  a l t i t ude ,  f e e t  

Height of dam, f e e t  

Mean reservoir  a l t i t ude ,  f e e t  

Mean gross head, f e e t  740 711 

Mean flow, c f s  

Power, kilowatts 

a/ Capacity above a l t i t ude  1,140, the  proposed minimum reservoir  - 
level .  

Construction of t h i s  project  would be f a c i l i t a t e d  by i ts  

location i n  respect  t o  ex i s t i ng  transportation f a c i l i t i e s .  Access t o  

the damsite could be had by construction of two and a half  t o  3 miles 

of road from the  Seward-Anchorage highway. The Alaska Railroad pa ra l l e l s  

the highway i n  t h i s  area. The powerhouse s i t e  is within easy access 

from both the  highway and ra i l road .  



C 

L 

spillways.--A spillway or spil lway system of su f f i c i en t  s i z e  

would be necessary t o  pass any flood which may occur. Soward (1958), 

on the  basis  of h i s  examination of the  damsite, s t e t e s  t h a t  a discharge 

of a s  much a s  200,000 c f s  could probably be passed by the  combination 

of spillways over t he  dam and through the  small saddle 1,000 t o  1,400 

f e e t  north of the  r i v e r  a t  the  damsite. H i s  study shows another 

possible spillway s i t e  through the  saddle about 1 mile southeast  of 

the  damsite. However, a decision a s  t o  t h i s  s i t e  cannot be made u n t i l  

subsurface geologic invest igat ions  a re  made. 

Locations a t  which power could be used.--The prtmary market fo r  

a block of power t h i s  l a rge  i n  the  foreseeable fu ture  would be i n  the  

Anchorage area about 110 miles t o  the  northwest. This p lan t  could 

e a s i l y  be interconnected with Cooper Lake project ,  now under construction, 
I 

and the proposed Ptarmigan and Grant Lakes development. The Cooper 

Lake project  includes plans f o r  transmission l i n e s  t o  t h e  western 

Kenai Peninsula area and Anchorage. 
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Reservoir and damsite.--The canyon a t  the lake o u t l e t  appears 

topographically su i tab le  for  a dam t o  about a l t i t ude  1,300 f e e t  or  

110 f e e t  above the lake surface. However, development above an a l t i -  

tude of 1,255 f ee t  would require a dike i n  a bypass area about 1,600 

f ee t  north of the  lake ou t le t .  The exact location of a dike probably 
I 

would be depndent  upon the height of development. . Two possible dike 
I 

locations a r e  near the ponds a t  a l t i tudes  1,254 and 1,244 f e e t  (see 

Plate  11). Development t o  a l t i t ude  1,280 f ee t  would necessi ta te  a dam 

I a t  the lake o u t l e t  about 680 f ee t  long and a dike 600 t o  1,000 f e e t  

long i n  the  bypass area. 

The bedrock exposures i n  the Nellie Juan Lake damsite area 

consis t  of generally t h i ck  t o  massive beds of graywacke Interbedded 

with a somewhat smaller v o l m  of dense, t i gh t ,  qua r t z i t i c  s l a t e .  The I 
beds a r e  i soc l ina l ly  folded, s t r i k e  para l le l  t o  the  general course of 

the Nellie Juan River, and everywhere dip a t  a near-ver t ical  t o  

ve r t i ca l  angle. The rock fabr ic  is re la t ive ly  impermeable and 

insoluble, but  the rocks a re  broken by numerous f rac tures  and shear 

clevage planes. A lineament, adjacent t o  the damsite area on the ea s t  

side, indicates  the proximity of a possible major f a u l t  zone. The 

damsite abu tma t s  a re  characterized by bedrock exposures with very 

l i t t l e  overburden. 

General views of Nellie Juan Lake are  shown i n  f igures  4 

Figure 4. - View cjf Nellie Juan Lake showing the Nellie Juan River 
in foreground. 

Figure 5 .  - View of Nellie L e n  Lake from l e f t  abutment of damslte. 



me 4. - View of N e l l i e  Juan Lake showing Nellie Juan River i n  
foreground. I 

- - I  - .  - - < - -  --. .-I - I  

re 5, - View of Nellie Juan Lake from l e f t  abutment of damsitc. 



Diversion possibil i t ies.--A low saddle area a t  an a l t i t u d e  of 

1,314 f e e t  about a mile and a half south of the  lake separates Nellie 

Juan Lake and Day Harbor drainage. By diversion of the two streams 

draining t o  the  south i n  t h i s  area (see Seward A-6 quadrangle), the  . 
area t r ibu ta ry  t o  the lake could be increased by about 3.9 square miles 

' o r  11 percent. Diversion could be accomplished by excavation of a 

channel about half a mile i n  length t o  the northwest. It might be 

necessary t o  construct a short  t ra in ing  wall  o r  dike near the point of 

diversion. Excavation of the  channel would be l a rge ly  o r  e n t i r e l y  

through deposits of g l ac i a l  debris. 

Another possible diversion ex is t s  near t he  headwaters of the  

I South Fork of the  Snow River. A large glacier  is located a t  the  

~ drainage divide, with drainage in to  both basins. (!This is  shown on the  

1 map of the  Seward (A-6) quadrangle.) By means of a dike and exchvation 

I of g lac ia l  debris t h i s  drainage could possibly be diver ted en t i r e ly  t o  

1 Nellie Juan Lake, thereby tapping a drainage area of approximately 2.3 
I ~ 
~ square miles or  6.5 percent of t h a t  of Nellie Juan Lake. However, t h i s  

I 

I d iversion may be impractical because the glacier  terminus is i n  the  

I divide and constant movement of g l ac i a l  debris would no doubt 

necessitate constant maintenance work on the  diversion works. 

The diversion and drainage areas as  l i s t e d  may be somewhat 

i n  error  because of the  inexact method of dividing g lac ie r  drainage b y ,  

surface topography which may not r e f l e c t  the drainage pa t te rn  under 

the  glacier.  



Inflow.--The drainage basin area above the damsite, according t o  

the  surface boundary i s  35.3 sqmre miles. I f  the average annual inflow 

i~ equivalent t o  the estimated 90 inches on the basin, it is  about 

169,000 acre-feet  . Because the tapping of the  addi t ional  3.9 square * 

miles of drainage area as  prevbusly described would e n t a i l  r e l a t i ve ly  

l i t t l e  construction, it is  probable t ha t  t h i e  would be favorably 

considered i n  any d e v e l o p n t  . Therefore, preliminary estimates of 

t h i s  report  are  based on the runoff from 39.2 square miles or  a long- 

term average water supply of 188,000 acre-feet per year. 

Storage requirements.--Assuming the seasonal and annual runoff 

var ia t ion t o  be similar t o  the Snow River, about 196,000 acre-feet  of 

storage would be required for  regulation of 90 percent of the  runoff. 

This would provide for  a uniform release of about 235 c f s .  

I 
On the same basis, it is estimated tha t  only 111,000 

acre-feet  of storage would be required fo r  80 percent regulation of 

t he  expected runoff. This degree of regulation would provide f o r  a 

uniform re lease  of about 204 cfs .  

The poten t ia l  reservoir  capacit ies and corresponding surface 

areas a r e  shown i n  Table 7 following t h i s  page. 



Table 7. - Nellie Juan Lake reservoir ,  areas  and capac i t i es  

Capacity 
(acre-feet  ) 

Alt i tude Area Be low Above 
f e e t  acres lake surface lake surface 

1/ Lake surface. - 



Potent ia l  power.--The d e v e l o p n t  of power would be accomplished by 

u t i l i z i n g  the lake as  a storage reservoir  and conveying the water from 

it t o  a powerhouse located about 2 miles downstream a t  an a l t i t ude  of 

730 f e e t  (see f i g .  6). This location takes advantage of the  concen-. 

Figure 6. - I l l u s t r a t i v e  plans .of development, Nell ie Juan basin. 

t r a t ed  f a l l  i n  t h i s  section of the  r iver .  The required storage would be 

developed by the  construction of a dam a t  or near the  lake ou t l e t  t o  

r a i s e  the lake above i t s  natural  l e v e l  or by a combination of a dam and 

drawing the lake t o  some point below i t s  natural  level .  The underwater 

topography near t he  lake ou t l e t  is, however, not pa r t i cu l a r ly  favorable 

fo r  underwater construction. With a drawdown of 49 f ee t ,  darn t o  an 

a l t i t ude  of 1140 f ee t ,  the intake s t ructure  would be about 700 f e e t  

from the lake out le t .  The estimated power fo r  2 degrees of regulat ion 
I 

and 2 methods of development fo r  each, along with r e l a t ed  data i s  shown 

i n  the following tabulation.  

Estimated power and re la ted  data 

With regulated With regulated 
flow 90 percent flow 80 percent 

of mean of mean 
With dam With dam With dam With dam 

only and only and 
drawdown drawdown 

Required storage capacity, ac-f t  
hhximum reservoir  a l t i tude ,  f ee t  
Minimum reservoir  a l t i tude ,  f ee t  
Height of dam, f e e t  
Drawdown, f e e t  
Mean reservoir  a l t i t ude ,  f ee t  
Mean gross head, f e e t  
Mean flow, c f s  
Power, kilowatts 





The Nellie Juan River f a l l s  730. f ee t  between the proposed 

powerhouse location and i t s  mouth on Kings Bay. I f  the  lake project  

were developed, it would provide a regulated re lease which could be 

u t i l i zed  by construction of an addit ional powerplant or  p lan ts  on the 

lower reaches of the  r iver .  Cgnsiderably more water would be available 

' a t  these downstream locations because of the increased drainage area. 

Extensive g lac ie rs  on both sides of t he  valley downstream from the lake 

suggest t h a t  the  precipi ta t ion and runoff m u s t  be very heavy. From the 1 
I 

available map coverage the topopaphy appears su i t ab l e  f o r  dams a t  

several  down r i v e r  s i t e s  fo r  concentration of head and some addi t ional  

storage. The overa l l  po ten t ia l  power of the  Nellie Juan River thus may 

be very much greater  than t h a t  of the  f i r s t  s tage - possibly as  much a s  

30,000 or 40,000 kw.   he Corps of Engineers i n  a rough preliminary 

estimate given i n  a wri t ten communication estimates t h a t  prime pbwer of , 

as  much a s  55,000 kw might be developed from the lake t o  tidewater. ) 

Investigation of possible s i t e s  on the  r i v e r  downstream from 

an a l t i t ude  of 730 f ee t  may reveal t ha t  a desirable  pool l e v e l  of the  

second stage might be higher than 730 f ee t .  The locat ion of a power- 

house et t h a t  level,  a s  suggested herein, is  f o r  i l l u s t r a t i v e  purposes 

only. 

Spillway.--If a dam were constructed a t  the  lake ou t l e t ,  it would 

be necessary t o  provide a spillway capable of passing any flood which 
, i 

may occur. The saddle areas on the damsite could be used a s  natural  ~ 
spillway s i t e s  f o r  development above an a l t i t ude  of 1,250 fee t .  



0 Locations a t  which power may be used.--If t h i s  plant  were 

developed, the power would probably be used a t  Anchorage and i n  the  

Kenai Peninsula area. The Nellie Juan plant  could be interconnected 

with the exis t ing and proposed networks. 

The most a t t r a c t i v e  transmission l i n e  route from Nellie . 
.Juan powerplant is along the west shore of the  lake and through the 

low pass separating the lake and South Fork Snow River drainages, then 

along the South Fork t o  the Seward-Anchorage Highway. This distance 

i s  about 1'7 miles. 

Lost Lake dam and reservoir  sites.--Two damsites and the  reservoir  

s i t e  i n  the  Lost Lake area were surveyed and maps published i n  1957 by 

the Geological Survey (see P l a t e  111). 

One damsite is  located near the  ou t l e t  of Lost Lake and the other 

i s  near the  ou t le t  of Lower Lost Lake (see f igs .  7, 8, 9, 10). Both 

Figure 7. - Outlet of Lost Lake. 
8. - View looking downstream, Lost Lake damsite. 
9. - View looking downstream, Lower Lost Lake damsite showing 

r igh t  abutment face. 
10. - Lower Lost Lake from below out le t .  

s i t e s  appear topographically su i tab le  f o r  low, shor t  dams. However, 

any developmnt a t  e i t he r  damsite above an a l t i t u d e  of 1,950 f e e t  would 

necessitate construction of a dike i n  the saddle area about 2,000 f e e t  

southwest of the  o u t l e t  of Lost Lake. 

Gaski l l  and Wayland (1959), a f t e r  a geologic reconnaissance of t h e '  

area, found Lost Lake damsite t o  have bedrock foundation mater ia l  

euitable f o r  a rock - f i l l  or concrete dam, whereas the Lower Lost Lake 

s i t e  may be more susceptible t o  foundation f a i l u r e  due t o  a t r i ke  

a direction.  This and other per t inent  geologic features  a r e  described 

i n  t h e i r  report .  



> d 

Figure 7. - Outlet of h s t  Lake. 

-/ - - - / I '- J 

8.  - Viev Isoking downstream, Lost Lake damsite. 



Tiew looking damstream, Lower Lost Lake damsite showing 
:ight abutment face. 

_ - - _  _ ?  - _  - A  - 

- - - - -  --- Lower Lost Lake from below outlet. 
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Diversion possibility.--Purcupine Creek, which or iginates  about a 

mile and a half  northwest of Lost Lake para l le l s  the  Lost Lake drainage 

fo r  about two miles, the  lower half a mile i n  a deep gorge, then makes a 

r i g h t  angle t u rn  t o  the  north and flows t o  i ts  o u t l e t  a t  Kenai Lake.. 

About a square mile of t h i s  drqinage basin could be made t r ibu ta ry  t o  

.Lost Lake, thereby increasing the drainage area and water supply by 

about 18 percent. The topography of t h i s  area is shown on the Seward 

(B-7) quadrangle map. 

Diversion of t h i s  stream could be accomplished by a diversion 

dam and conveyance of the  water by open channel o r  pipel ine for  about a 

quarter of a mile or  t o  a point where natural  drains  i n t o  Lost Lake 

could be u t i l i zed .  Waterways designed for  a maximurn of 25 c f s  would 

probably be large enough t o  convey a l l  but the  extreme floods,  Excava- 

t i o n  i n  t h i s  area may be d i f f i c u l t  because the dividing ridge is'formed 

largely of massive graywacke beds  a ask ill and Wayland, 1959). 

Because of the  usual decrease i n  un i t  cos t  as the s ize  of a 

small project  increases, t h i s  diversion may be favorably considered i n  

any development plans . 
Inflow.--The drainage basin areas above the upper and lower damsites 

a r e  4.9 and 5.6 square miles, respectively. The average expected annual 

inflow above the  lower damsite i s  about 20,300 acre-feet  or 28.0 cfs ,  

i f  it is equivalent t o  the  estimated 68.1 inches on the drainage area of 

5.6 square miles. Diversion of Porcupine Creek would increase the 

expected annual runoff t o  about 23,900 acre-feet o r  33.1 c fs .  Estimates 

of storage requirements and regulated flows do not take t h i s  diversion 

in to  account, except as noted hereinafter.  



Storage requirements.--The reservoir  area includes both Lost Lake 

and Lower Lost Lake. The poten t ia l  reservoir  capaci t ies  and 

corresponding surface areas a re  shown i n  Tables 8 and 9 following thFs 

By use of the runoff ,estimates for  the  period 1948-1959, it 

'was determined from an operation schedule t h a t  about 21,770 acre-feet  

of storage would provide 100 percent regulation of the  runoff above 

the Lower Lost Leke damsite. Since the mean prec ip i ta t ion  a t  Seward 

during the corresponding period was 90 percent of the  mean f o r  the 

39 year period of record, it is estimated t h a t  the  storage capacity 

required for  100 percent regulation of the runoff during t h i s  period 

(1948-1959) would p-ovide for  only about 90 percent regulation of t h e  

expected longtime annual runoff. With storage capacity of 21,770 

acre-feet, a uniform release of about 28 c f s  could be maintained! 

For 80 percent regulation of the long term annual runoff, 

storage requirements would be reduced by approximately 36.5 percent or 

t o  13,800 acre-feet. This would provide a uniform release of about 

25 cfs .  This  l e s se r  degree of regulation may be considered desirable 

because of decreased construction costs. 
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Table 8. - Areas and capacities above Lost Lake Damsite 

Altitude Area Be low Above . - 

fee t  acres , lake surface lake surface 

Water surface a t  damsite. 

2/ Loat Lake surface. - 



Table 9. - Areas and capacities above Lower b e t  Lake Damsite 

(without drawdown below surface of Lost Lake) 

8 

Altitude Area Capacity 
f ee t  acres (acre-feet ) 
y 

1,885 0 0 
2! 

1,899 38 - 
1,900 81 60 

1,920 113 2, ooo 

1,920 483 
2/ - 

1,940 653 13,400 

1,960 843 26,300 

1 

Water surface a t  damsite. 

2/ Lower Los t  Lake surface. - 
3/ Includes surface area of Lost Lake. - 
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c) I l l u s t r a t i v e  plans of development and estimated power. --Powerhouse 

locations and waterway routes a re  shown on f igure  11. Waterway route 

Figure 11. - I l l u s t r a t i v e  plans of development, Lost Lake and Snow 
River pwer s i t e s .  

number one leads t o  a powerhouse location a t  an a l t i t u d e  of about 500 

' f e e t  near the  Seward-Anchorage Highway. The discharge would be i n t o  

Grouse Creek. The t o t a l  waterway length would be about one and a half  

4 miles, and the  waterway would consist  of a half  a mile of tunnel and a 

1 mile of penstock. A pond a t  an a l t i t ude  of 1,838 f e e t  near the  o u t l e t  

a of the tunnel could be used a s  a forebay, a s  was proposed i n  the  plan 

I of Hubbell and Waller Engineering Corp. (1935). Since t h i s  would 

1 sacr i f ice  nearly a hundred f e e t  of the available head, it was not 

considered f o r  purposes of t h i s  report .  I f  an unlined tunnel  of 

minimum p rac t i ca l  s i z e  is  feasible ,  water under pressure could b;! 

conveyed through it i n  a pipeline; otherwise, a l ined tunnel could be 

operated under pressure. 

The a l t e rna t e  route, number two, f igure  11, leading t o  a 

4 powerhouse locat ion a t  an a l t i t u d e  of of 400 f e e t  near t he  Seward- 

Anchorage Highway would require two and a half  miles of waterway. The 

water would be conveyed by pipeline along Lost Creek f o r  approximately 

a mile and a half ,  then eastward a mile by penstock t o  the  powerhouse 

and discharged in to  Grouse Creek. This route,  although a mile longer . 

I than route number one, may be the  more feas ib le  because there  would be 

no tunnel construction, and 100 f e e t  of addi t ional  head would be 

developed. 

I 
I 
I 

I 
I 





The power estimates shown below-, except as  noted, were 

computed assuming the powerhouse a t  an a l t i t ude  of 400 f e e t  and 

without t he  Porcupine Creek diversion. 

Developent i n  one of the a l te rna t ive  plans l i s t e d  below 

would u t i l i z e ' 1 0  f e e t  of the uqderwater storage capacity of Lost Lake. 

This would necessi ta te  excavation of the creek channel f o r  a distance 

of about 600 f e e t  below the lake ou t le t  and a minor amount of 

excavation a t  t he  saddle area located i n  the  narrow constr ic t ion of 

the lake. The f i e l d  surveys showed the minimum lake depth a t  t he  

constr ic t ion t o  be about 3 fee t .  

The power p o s s i b i l i t i e s  and re la ted  factors  a re  summarized 

a s  follows: 

Plan A Plan B Plan C Plan D 
1 

Controlled flow 
(4 of mean flow) 

Controlled flow 
(cfs  ) 

Mean head 
( f e e t )  1,500 1,537 1,500 1,531 

Storage capacity 
(acre-feet ) 19, 21,770 12,200 13,800 

Height of dam 
( f ee t  ) 42 68 36 56 

Operating range (1,951 (1) 953 (1,945 (1,941 
( a l t  i n  f e e t )  (1,910 (1,900 (1,920 (1,900 

Continuous power 
(h) 2,510 2,920 2,220 2,600 

Plan A, dam a t  upper s i t e  and 10-foot drawdown of Lost Lake. 
Plan B, dam a t  lower s i t e .  
P h n  C, dam a t  upper s i t e .  
Plan D, dam at  lower s i t e .  



The foregoing estimates feature  regulation of runoff from the 

Lost Lake basin alone. With the estimated diversion from Porcupine 

Creek, and with a dem a t  the  lower s i t e  the power p o s s i b i l i t i e s  and 

1 re la ted  factors  fo r  2 degrees of regulation would be as follows: 

Plan E Plan F 

Controlled flow 
($I of mean) 90 80 

Controlled flow 
(cf s 33 -1 29.4 

Mean head 
( fee t  ) 1,539 1,533 

Storage capacity 
(acre-feet ) 25,600 16,300 

Height of dam 
( fee t  ) 74 60 

I 

Operating range (1,959 (1,945 
( a l t  i n  f e e t )  (1,899 (1,899 

Continuous power 
(kw ) 3,460 3,060 

The power estimates shown above do not take i n t o  considera- 

t i o n  the additional evaporation losses t h a t  would occur a s  a r e s u l t  of 

the  increased water surface area. However, i f  t h i s  evaporation were as  

I much as  24 inches per year it would be only about 2 percent of the  

estimated average annual inflow, which i s  small i n  r e l a t i o n  t o  the  

probable e r ro r  of the .estimates. It should be noticed, however, t h a t  

i n  operation schedules fo r  100 percent u t i l i z a t i o n  over many years, such I 
es from 1948 t o  1959, cumulative evaporation losses might be equivalent 

t o  a subs tan t ia l  portion of the reservoir  capacity. 



Spillways.--This basin is subject t o  heavy floods such as  OccUrred 

during September and October 1935 ( ~ u b b e l l  and Waller, 1935). The 

discharge, a s  measured a t  the lake ou t l e t  increased from 25 c f s  t o  over ! 
I 

1,500 c f s  during an e igh t  day period of heavy r a i n f a l l .  I 

I 
I f  the  project  were developed with a dam a t  t he  Lower Lake 

s i t e ,  a spillway could be b u i l t  t o  d iver t  the water through the saddle I 
.: 1 

~ 
area about 400 f e e t  west of the  lake ou t le t .  Another saddle area bout 

2,000 f ee t  southwest of the upper damsite could be u t i l i z e d  as a 

spillway for a l l  i l l u s t r a t i v e  plans of development. This would d iver t  

floods and s p i l l  i n t o  the west branch of b s t  Creek. Spillways could 

also be developed over the dams or  on the  damsite abutments. Wayland 

and Gaski l l  (1959) s t a t e  t h a t  with the probable exception of abutmnt- 

s p i l l  s i t e s  a t  the  lower lake damsite, these areas would need l i t t l e  

or no protection from water erosion. I 

Locations a t  which power could be used.--Power generated by t h i s  project 

could be subs tan t ia l ly  u t i l i z e d  a t  Seward which is now served by d i e se l  

e l e c t r i c  plants .  Any excess could be dis t r ibuted by interconnected 

systems t o  other  p a r t s  of the Kenai Peninsula and Anchorage. 
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