
Procaadlagr tlghth Uotluhop Oaothaml Ranemir bgiM*rlng 
Stanford Unlvaralty. Stanford. CAlltornla, kcanbar 1982 
SGP-TB-60 

ENGINEERING AND GEOXOGICAL ANALYSES OF THE GEOTHERMAL ENERGY 
POTENTIAL OF SELECTED SITES IN TIIE STATE OF ALASKA 

1 1 Michael J. Ecoymides , Jamal Ansar4 , 
Gary N. Arce and John W. Reeder 

'University of Alaska, 'Division of Geological and Geophysical Surveys 

I N T R O D U C T I O N  

Resource a s ses smen t  of a v a r i e t y  of 
l o c a t i o n s  in Alaska h a s  demons t r a t ed  
t h a t  t h e  S t a t e  owns s i g n i f i c a n t  
geo the rma l  s i tes .  C e r t a i n  r e s e r v o i r s  
have a l r e a d y  been i d e n t i f  i e d  and t h e y  
c o u l d  be u t i l i z e d  f o r  e i t h e r  d i r e c t  
space  h e a t i n g  o r  ( p r o b a b l y )  f o r  power 
g e n e r a t i o n .  While s e v e r a l  of t h e s e  
r e s e r v o i r s  would ' have been q u i t e  
a t  t r a c t i v e  e l s e w h e r e  , e x t r e m e l y  h i g h  
c o n t r u c t i o n  c o s t s ,  t h e  s p a r s i t y  of t he  
Alaskan p o p u l a t i o n  and t h e  r emoteness  
from u r b a n  marke t s  , i n d i c a t e  
u n f a v o r a b l e  economics in most cases. 
The S t a t e  owns some of t h e  l a r g e s t  
pe t ro l eum,  n a t u r a l  g a s  and c o a l  
r e s o u r c e s  in t h e  U.S.A. There is a n  
enormous p o t e n t i a l  f o r  h y d r o e l e c t r i c  
power. 

Hence , t h e  demons t r a t i o q  of t h e  
d e s  i t a  b i l i  t y  of ge o t h e  rmal e n e r g y  
u t i l i z a t i o n  in Alaska f a c e s  h i g h l y  
a d v e r s e  odds. The s i t e s  where t h i s  
mode of e n e r g y  cou ld  compare f a v o r a b l y  
w i t h  o t h e r  a v a i l a b l e  o p t i o n s  a r e  prima 
f a c i e  few. 

For  example,  t h e  A l e u t i a n  v o l c a n i c  
a r c  r e p r e s e n t s  a f a v o r a b l e  s e t t i n g ,  
due t o  t h e  e x i s t e n c e  of p o s s i b l e  
s h a l l o w  magma b o d i e s  and deep t e c t o n i c  
f r a c t u r e s  f o r  a "vapor dominated" 
g e o t h e r m a l  r e s e r v o i r  a s  d e f i n e d  Iby 
White e t  a l .  (1971) .  Three 1500 f t  
temperature g r a d i e n t  wel l s ,  d r i l l e d  on 
Unalaska i n  t h e  Summer of 1982,  have 
r e v e a l e d  e x t r a o r d i n a r y  g e o t h e r m a l  
t e m p e r a t u r e  g r a d i e n t s .  A r e s e r v o i r  
y e t  t o  be d i s c o v e r e d  would be of a 
q u a l i t y  t o  produce s i g n i f  i c a n t  amounts 
of e l e c t r i c  power. . P e t ,  i t s  
d e s i r a b i l i t y  nus  t be de mons t ra t e  d 
a g a i n s t  t h e  p r e s e n t l y  used d i e s e l .  
Obscuring t h e  i s sue  are f u t u r e  ( r e a l  
o r  p r o j e c t e d )  u s e s .  The f u t u r e  p r i ce  
of f o s s i l  f u e l s  is d i f f i c u l t ,  t o  
a s s e s s .  N e w  marke t s  may emerge o r  
expand such  as a major  bot tom f i s h  
i n d u s t r y  o r  o t h e r  heavy u s e r s  of 
power. 

Although "vapor domina t e d " 
r e s e r v o i r s  are e x p e c t e d  t o  be rare ( o r  
n o n - e x i s t e n t )  in t h e  rest of A laska ,  
h o t  water r e s e r v o i r s  are presumed 
q u i t e  common. The S t a t e  c o n t a i n s  a n  
i m p r e s s i v e  c o l l e c t i o n  of n a t u r a l  h o t  
s p r i n g s .  L imi t ed  d r i l l i n g  a c t i v i t y  
h a s  produced ve ry  e n c o u r a g i n g  r e s u l t s  
i n  a t  l e a s t  one s i t e  ( P r i l g r i m  
S p r i n g s ) ,  w h i l e  g e o l o g i c a l  and 
g e o p h y s i c a l  s u r v e y s  of a l a r g e  number 
of s i t e s  have i n d i c a t e d  good 
p o t e n t i a l .  

It is t h e  purpose of t h i s  r e p o r t  t o  
produce i d e a s  a n d / o r  o p t i o n s  on how 
geo t h e  r m a l  r e s o u r c e  s might be a c t u a l l y  
deve loped  assuming a g i v e n  g e o l o g i c a l  
d a t a  base  f o r  s e v e r a l  geo the rma l  
p r o s p e c t  a r e a s  i n  Alaska.  The 
p o s s i b i l i t y  of geo the rma l  e n e r g y  
u t i l i z a t i o n  cou ld  be weighed a g a i n s t  
e x i s t i n g  ( o r  p roposed)  modes of 
ene rgy .  The economic a t t r a c t i v e n e s s  
o r  l a c k  t h e r e o f  , w i l l  be  demons t r a t ed  
u s i n g  a common means of comparison 
among t h e  o p t i o n s .  

S i x  . geo the rma l  p r o s p e c t  s i t e s  have 
been s e l e c t e d  for this s t u d y :  

a )  Tenakee S p r i n g s  
b )  S i t k a  Region 

(Goddard Hot S p r i n g s )  
c)  P i l g r i m  S p r i n g s  
d )  The Klawasi Region of 

Copper V a l l e y  
e )  Summer Bay on Unalaska 
f )  The Makushin Vo lcan ic  Region 

of Unalaska.  

F i g u r e  1 p o s i t i o n s  t h e  s i x  s i tes  on 
t h e  map of Alaska.  A l l  of t h e s e  have 
been t h e  t a r g e t  of g e n e r a l  geo the rma l  
i n t e r e s t  in the p a s t  few yea r s .  They 
were i n c l u d e d  in t h e  J u l y  1980 Alaska 
Geothermal Implemen ta t ion  P l a n  (Reeder  
e t  a l . ,  1980) .  T h e i r  s e l e c t i o n  
p r o v i d e s  a g e o g r a p h i c  d i v e r s i t y  
spann ing  t h e  e n t i r e  S t a t e .  With t h e  
e x c e p t i o n  of Tenakee S p r i n g s ,  t h e y  are 
i n  r e l a t i v e  p r o x i m i t y  w i t h  p o p u l a t i o n  
c e n t e r s  which, by v i r t u e  of t h e i r  
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r emoteness ,  pay a premium p r i c e  f o r  
d i e s e l .  The a t t r a c t i v e n e s s  of 
g e o t h e r m a l  e n e r g y  u t l i z a t i o n  is more 
p r o b a b l e  i n  t h e s e  s i t e s  t h a n  
e l sewhere .  

TBHAKEE SPRINGS 

The t h e r m a l  s p r i n g s  a t  Tenakee occur  
i n  C r e t a c e o u s  g r a n i t i c  r o c k s  ( B r e w  and  
M o r r e l l ,  1980) which are c u t  by 
numerous h igh -ang le  j o i n t s .  The two 
most prominent  o r i e n t a t i o n s  are 850E 
and 140W. S i l u r i a n  h o r n b l e n d e  and 
b i o t i t e  s y n e n i t e  are exposed j u s t  
s o u t h  of Tenakee,  and have b e e s  
i n t e r p r e t e d  (Loney e t  a l . ,  1975) t o  
bound t h e  g r a n o d i o r i t e  by a n  east-west 
f a u l t  which would be l o c a t e d  j u s t  
o f f  s h o r e .  

The l i q u i d - d o m i n a t e d  h y d r o t h e r m a l  
sys t em a t  Tenakee may d e r i v e  i t s  
f l u i d s  from c o n n a t e  waters a s s o c i a t e d  
w i t h  e x t e n s i v e  s e d i m e n t a r y  u n i t s  
l o c a t e d  a t  depth.  The prominent  j o i n t  
s e t s  i n  t h e  g r a n i t i c  r o c k s  p r o v i d e  a n  
avenue f o r  t r a n s p o r t i n g  t h e  h e a t e d  
f l u i d s  t o  t h e  s u r f a c e .  The east-west 
f a u l t  l i k e l y  s e r v e s  as a l a t e r a l  
boundary on t h e  r e s e r v o i r .  

S u b s u r f a c e  r e s e r v o i r  t e m p e r a t u r e s ,  
based  on s i l i c a  and Na-K-Ca 
geothermometry,  have been c a l c u l a t e d  
t o  be between 101 t o  l l O ° C  (I. Barnes ,  
p e r s o n a l  commun.). During t h e  
d r i l l i n g  of s e v e n  s h a l l o w  w e l l s  i n  
1981, t e m p e r a t u r e s  of IOOOF were 
measured a t  a d e p t h  of 180 f t  (Mil ler ,  
1981).  Very smal l  f l o w r a t e s  were 
o b t a i n e d  th rough  t h e s e  w e l l s .  

The most obv ious  consumer of t h e  
g e o t h e r m a l  r e s o u r c e  would be t h e  
v i l l a g e  of Tenakee. S i n c e  t h e  s p r i n g s  
are  l o c a t e d  w i t h i n  t h e  community, 
d i r e c t  u t i l i za t ion  f o r  p u r p o s e s  o t h e r  
t h a n  power g e n e r a t i o n  c o u l d  be e a s i l y  
accompl i shed .  I f  a d e e p e r  h igh -  
t e m p e r a t u r e  r e s e r v o i r  were t o  be 
d i s c o v e r e d ,  t h e  c l o s e s t  s i g n i f i c a n t  
p o p u l a t i o n  center  would be S i t k a .  A 
power l i n e  r o u t e  from Tenakee unde r  
Tenakee I n l e t  t o  Uadashan Bay, o v e r  
t h e  Moore Mountains  ( e l e v a t i o n  200 
f t ) ,  under  P e r i l  S t r a i t  and o n t o  
Baranof I s l a d d  a t  Duff i e l d  P e n i n s u l a  
i s  t h e  most d i r e c t  p a t h .  T h i s  
d i s t a n c e  is r o u g h l y  50 m i l e s .  

Tenakee c o u l d  be a t a r g e t  f o r  d i r e c t  
u t i l i z a t i o n .  The h e a t i n g  needs  of i t s  
50 h o u s e s  and o t h e r  s r u c t u r e s  can be 
e s t i m a t e d  a t  1 .4  X 10' BTUihrs. on a n  
a v e r a g e  year-round b a s i s .  The 1981 
d r i l l i n g  produced a geo the r lna l  
g r a d i e n t  of 13°C/100 f t .  and w i t h  a 
s u r f a c e  t e m p e r a t u r e  of 16OC. The 

p r e d i c t e d  s o u r c e  t e m p e r a t u r e  of 
a p p r o x i m a t e l y  100°C c a n  be e x p e c t e d  a t  
a d e p t h  of a b o u t  700 f t .  I f  a w e l l ,  
d r i l l e d  a t  t h i s  d e p t h  were t o  
e n c o u n t e r  a r e s e r v o i r ,  i t  would need a 
f l o w r a t e  of 37500 l b s l h o u r  ( f o r  a 40°F 
u s e f u l  t e m p e r a t u r e  d r o p  i n  t h  heat 
sys t em) .  T h i s  f l o w r a t e  can  be 
t r a n s l a t e d  t o  70 GPM. The d r i l l i n g  
c o s t s  are e s t i m a t e d  a t  one m i l l i o n  
d o l l a r s  w h i l e  t h e  d i s t r i b u t i o n  sys t em 
would need a n o t h e r  $1.5 m i l l i o n  
( i n c l u d i n g  pumps). With o p e r a t i n g  
c o s t s  of $ 8 0 , 0 0 0  ($40,000 f o r  a 
t e c h n i c i a n  p l u s  $ 4 0 , 0 0 0  f o r  pumping 
c o s t s )  and i f  no taxes o r  rates of 
r e t u r n  i n f r i n g e  on t h e  scheme, a 20 
y e a r  u s e f u l  l i f e  of t h e  sys t em would 
r e s u l t  i n  a c o s t  of $ 1 5 . 6 / m i l l i o n  BTU 
o r  a n  a v e r a g e  monthly b i l l  of $340 
p e r  h o u s e h o l d ,  s i g n i f i c a n t l y  h i g h e r  
t h a n  t h e  p r e s e n t  rates. E l e c t r i c  
power g e n e r a t i o n  would prove even  more 
c o s t l y ,  compared t o  d i e s e l  g e n e r a t i o n ,  
s i n c e  d r i l l i n g  and power p l a n  c o s t s  
would be v e r y  l a r g e .  Tenakee. w i t h  
i t s  small marke t ,  does  n o t  a p p e a r  t o  
be a n  a t t r a c t i v e  t a r g e t  f o r  g e o t h e r m a l  
u t i l i z a t i o n  even  i n  t h e  most f a v o r a b l e  
s c e n a r i o .  

SITKA (GODDARD SPRINGS) 

One of t h e  more common rock t y p e s  i n  
t h i s  p o r t i o n  of S o u t h e a s t  Alaska is 
t h e  S i t k a  Graywacke, a s t e e p l y  d i p p i n g  
o r  o v e r t u r n e d  se r ies  of i n n e r  
submarine f a n  t u r b i d i t e s .  The S i t k a  
Graywacke is p r o m i n e n t l y  j o i n t e d  and 
h a s  been r e g i o n a l l y  metamorphosed t o  
p r e h n i t e - p u m p e l l y i t e  f a c i e s .  
T o n a l i t e s  and g r a n o d i o r i t e s  are  
exposed  s o u t h  and w e s t  of Redoubt 
Lake, and po ta s s ium-a rgon  a g e s  on 
b i o t i t e  range from 42 t o  46 m . y .  T h i s  
i n d i c a t e s  a midd le  Eocene age  of 
i n t r u s i o n  (Loney and o t h e r s ,  1975).  
Numerous a l k a l i - o l i v i n e  d i a b a s e  d i k e s  
are exposed n e a r  t h e  h o t  s p r i n g s ,  and 
range i n  t h i c k n e s s  from c e n t i m e t e r s  t o  
meters. 

S t r u c t u r a l l y ,  s o u t h e a s t  Alaska is a 
complex area, c u t  by numerous h igh -  
a n g l e  f a u l t s .  One of t h e  more 
prominent  is t h e  Pa i rwea t h e  r -Quee n 
C h a r l o t t e  s y s t e m ,  190 km i n  l e n g t h .  
T h i s  r i g h t - l a t e r a l ,  s t e e p l y  d i p p i n g  
f a u l t  is t h e  boundary between the 
North American and P a c i f i c  
l i t h o s p h e r i c  p l a t e s .  Also of n o t a b l e  
s i z e  i s  t h e  Chatam S t r a i t  F a u l t ,  400 
km l o n g ,  which h a s  e x p e r i e n c e d  190 
meters of r i g h t - l a t e r a l  movement s i n c e  
t h e  C r e t a c e o u s  (Loney and o t h e r s ,  
1975). 

Goddard and Baranof Hot S p r i n g s  
o c c u r  i n  Lower Cenozoic  g r a n o d i o r i t e  
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( B r e w  and H o r r e l l ,  1980).  High-angle 
j o i n t  s e t s  are common a t  o r i e n t a t i o n s  
of NSOE and N40W. Goddard Hot S p r i n g s  
are  l o c a t e d  v e r y  n e a r  t h e  no r thwes t -  
t r e n d i n g  Redoubt Lake F a u l t ,  and 
Baranof Hot S p r i n g s  f a l l  on t h e  trace 
of t h e  Medvej ie  Lake F a u l t  (Loney and 
o t h e r s ,  1975).  

The s h a l l o w  l iqu id -domina ted  sys t em 
a t  Goddard Hot S p r i n g s  is i n t e r p r e t e d  
t o  be of v e r y  l i m i t e d  e x t e n t ,  based on 
EM-31 s u r v e y s  (R. R e i f e n s t u h l ,  
p e r s o n a l  commm.) T h i s  h y d r o t h e r m a l  
sys t em is p r o b a b l y  q u i t e  similar t o  
t h e  Tenakee sys t em,  w i t h  c o n n a t e  
waters a s s o c i a t e d  w i t h  s e d i m e n t a r y  
r o c k s  a c t i n g  as  t h e  f l u i d  s o u r c e .  
E x t e n s i v e  e x p o s u r e s  of C r e t a c e o u s  
a r g i l l i t e  and graywacke are common 
t h r o u g h o u t  t h e  S i t k a  r e g i o n ,  b u t  t h e s e  
u n i t s  are n o t  l i k e l y  t o  a c t  as 
r e s e r v o i r  r o c k s  due t o  t h e i r  low 
pe rmea b i l i  t y  and d i s c o n t i n u o u s  
j o i n t i n g .  

S u b s u r f a c e  r e s e r v o i r  t e m p e r a t u r e s  
f o r  Goddard and  Baranof Hot SprLngs 
have been c a l c u l a t e d  a t  147OC and 
1 1 8 ° C ,  r e s p e c t i v e l y ,  based  on s i l i c a  
and a l k a l i  geothermometry (I. Barnes,  
p e r s o n a l  commun.). I f  a power p l a n t  
were c o n s t r u c t e d  n e a r  t h e  Goddard 
S p r i n g s ,  t h e  n e a r e s t  p o p u l a t i o n  c e n t e r  
i s  S i t k a .  In t h i s  case, a p o s s i b l e  
r o u t e  f o r  p o w e r l i n e s  would be 
n o r t h e a s t w a r d  ( p a r a l l e l  t o  Redoubt 
Lake) f o r  s e v e r a l  m i l e s ,  t h e n  
n o r t h w e s t  a round  M t .  G r a n i s h i n i k o f ,  
and f i n a l l y  unde rwa te r  a c r o s s  t h e  
E a s t e r n  Channel  of S i t k a  Sound (a 
d i s t a n c e  of a b o u t  5 miles )  t o  S i t k a .  
The t o t a l  d i s t a n c e  would be 
a p p r o x i m a t l e y  21 m i l e s .  

The d i s t a n c e  between t h e  Goddard 
S p r i n g s  and  S i t k a  p r e c l u d e s  d i r e c t  
u t i l i z a t i o n  e v e n  i f  a r e s e r v o i r  of 
s u f  f i c i e n t  p r o p o r t i o n s  were f ound. A 
deep  water r e s e r v o i r  a t  150°C c o u l d  
produce enough power e i t h e r  in a f l a s h  
o r  a b i n a r y  sys t em p l a h t .  
T r a n s m i s s i o n  of power would be 
f e a s i b l e .  

F i g u r e  2 p r e s e n t s  a n  economic 
compar i son  be tween '  d i e s e l  and 
g e o t h e r m a l  g e n e r a t e d  e l e c  t t i c a l  
c o s t s .  An economic model v a s  w r i t t e n  
t h a t  u sed  a rate of r e t u r n  as  a 
comparing y a r d s t i c k  between g e o t h e r m a l  
and d i e s e l  g e n e r a t i o n .  The h i g h  
i n v e s t m e n t  c o s t s  of g e o t h e r m a l  
development  are  e v e n t u a l l y  o f f  se t  by 
t h e  h i g h  o p e r a t i n g  c o s t s  a s s o c i a t e d  
w i t h  d i e s e l  f u e l .  The c a l c u l a t i o n  of 
t h e  rate of r e t u r n  d i d  no t  t a k e  i n t o  
a c c o u n t  t h e  in-town s t a n d a r d  
a d m i n i s t r a t i v e  and ma in tenance  c o s t s  

a s s o c i a t e d  w i t h  e i t h e r  o p t i o n .  Eence,  
t h e  R.O.B. s h o u l d  be used f o r  what is 
i n t e n d e d ,  i.e., comparison. The market  
s i z e  and t h e  demand f o r  e v e n t u a l  
payoff  is of c o u r s e  i m p o r t a n t .  As can  
be s e e n ,  t h e  two c u r v e s  i n t e r s e c t  a t  a 
p l a n t  c a p a c i t y  ( o r  market  demand) of 
27 MW. I f  t h e  e l e c t r i c a l  demand f o r  
S i t k a  is above t h i s  l e v e l ,  geo the rma l  
becomes more a t r a c t i v e .  Y e t ,  t h e  
u n c e r t a i n t y  of t h e  e x i s t e n c e  of t h e  
g e o t h e r m a l  r e s e r v o i r  and t h e  r e c e n t  
committment t owards  h y d r o e l e c t r i c  
power cast  a d o u b t f u l  l i g h t  o v e r  
g e o t h e r m a l  e n e r g y  development.  

PILGRIM.  SPRINGS 

The t h e r m a l  a c t i v i t y  a t  P i l g r i m  
S p r i n g s  is l o c a t e d  i n  t h e  P i l g r i m  
R i v e r  V a l l e y ,  a f au l t -bounded  t e c t o n i c  
d e p r e s s i o n  (g raben) .  P r e  Cambrian 
a m p h i b o l i t e s  and Mesozoic p l u t o n s  are 
t h e  common rock  t y p e s  in t h e  area,  
w i t h  l o c a l  e x p o s u r e s  of confo rmab le  
and unconf ormable (ove r t h r u s  t ) 
P a l e o z o i c  c a r b o n a t e s .  Potassium-argon 
d a t i n g  by T u r n e r  and Swanson (1981)  
i n d i c a t e s  a c o o l i n g  age  of 84 m.y., 
which s u g g e s t s  i n t r u s i v e  i g n e o u s  
a c t i v i t y  in t h e  Upper C r e t a c e o u s .  

G r a v i t y  s u r v e y s  conduc ted  in t h e  
r e g i o n  by K i e n l e  e t  a l .  (1980)  
i n d i c a t e  t h a t  P i l g r i m  S p r i n g s  i s  
l o c a t e d  n e a r  t h e  i n t e r s e c t i o n  of two 
p o s s i b l e  f a u l t  zones  which form t h e  
c o r n e r  of a downdropped basement 
block.  O t h e r  f a u l t s  in t h e  a r e a  have 
been v e r i f i e d  by seismic d a t a  and 
g e o l o g i c  mapping, and one o r  more of 
t h e s e  f a u l t s  c o u l d  p r o v i d e  deep 
c o n d u i t s  f o r  t h e  g e o t h e r m a l  anomaly. 

It h a s  been s u g g e s t e d  (Wescot t  and 
T u r n e r ,  1982) t h a t  t h e  P i l g r i m  R i v e r  
V a l l e y  g r a b e n  may r e p r e s e n t  a n  
i nc i p i e  a t  r i f t  e x t e n d i n g  2 5 0  
k i l o m e t e r s  a c r o s s  t h e  c e n t r a l  Seward 
P e n i n s u l a  and o f f s h o r e  i n t o  t h e  B e r i n g  
Sea. Based on t h i s  h y p o t h e s i s ,  t h e  

J anomalous h e a t  f l o w  in t h e  P i l g r i m  
S p r i n g s  area is due t o  t e n s i o n a l  
t e c t o n i c s  and a c t i v e  r i f t i n g .  

The p o s s i b l e  e x i s t e n c e  of a major  
r i f t  s y s t e m  is s i g n i f i c a n t  f o r  t h e  
r e g i o n a l  g e o t h e r m a l  p o t e n t i a l .  A 
he l ium s u r v e y  w a s  conduc ted  t o  t e s t  
t h i s  r i f t  model,  and n i n e  o u t  of 
e l e v e n  he l ium a n o m a l i e s  o c c u r  n e a r  t h e  
p roposed  r i f  t segmen t s  and s u g g e s t  
a b n o r m a l l y  h i g h  h e a t  f l o w  . in t h e s e  
a r e a s .  Fu the rmore ,  e x t e n s i v e  b a s a l t i c  
f i e l d s  n o r t h  of t h e  P i l g r i m  S p r i n g s  
area have been i n t e r p r e t e d  as 
r e s u l t i n g  from e r u p t i o n  in a zone of 
c r u s t a l  weakness produced by t h e  
g e n e r a l  n o r t h - s o u t h  e x t e n s i o n  ( T u r n e r  
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and Swanson, 1982).  

The amount of s e p a r a t i o n  a l o n g  t h i s  
proposed r i f t  is less t h a n  t h e  w i d t h s  
of t h e  Q u a t e r n a r y  d e p r e s s i o n s  which 
have p r o b a b l y  been e n l a r g e d  by normal  
f a u l t i n g  and m a r g i n a l  s u b s i d e n c e ,  
a l o n g  w i t h  r i f t i n g .  Potassium-argon 
d a t i n g  i n d i c a t e s  t h a t  e x t r u s i v e  
vo lcan i sm which was a s s o c i a t e d  w i t h  
r i f t i n g  began in t h e  Upper Miocene 
(Turne r  and Swanson, 1981).  

F i n a l l y ,  a p e r m a f r o s t  boundary h a s  
been i d e n t i f i e d  h i c h  e n c l o s e s  a n  area 

t h i s  p e r m a f r o s t  is over  350 f t .  
of 1 t o  1.5 km s . The t h i c k n e s s  of 

Temperature  d a t a  a t  P i l g r i m  S p r i n g s  
was p r e v i o u s l y  l i m i t e d  t o  s h a l l o w  
d e p t h  (4.5 meters)  t e m p e r a t u r e  
r e a d i n g s  ( T u r n e r  and F o r b e s ,  19801, 
Helium s o i l  s u r v e y s  (Wescot t  and 
T u r n e r ,  1981) ,  and geothermometry 
(Xotyka and o t h e r s ,  1980).  The 
t e m p e r a t u r e  d a t a  f o r  t h i s  s t u d y  were 
t a k e n  from t e m p e r a t u r e  v e r s u s  d e p t h  
c u r v e s  r e c o r d e d  in s i x  e x p l o r a t i o n  
w e l l s .  These c u r v e s  showed a t r e n d  
toward a maximum t e m p e r a t u r e  a t  d e p t h s  
from 40 t o  100 f t ,  f o l l o w e d  by a r a p i d  
t e m p e r a t u r e  d e c r e a s e  a t  d e p t h s  from 
100 t o  250 f t ,  and f i n a l l y  by a 
c o n s t a n t  g e o t h e r m a l  g r a d i e n t  r a n g i n g  
from 1 . 8 O C  t o  2.1°C p e r  100 f t ,  down 
t o  a d e p t h  of 900 f t .  Two deep w e l l s  
(PS4 and PS5) show t e m p e r a t u r e  t r e n d s  
t h a t  would i n t e r s e c t  a t  155OC a t  a 
d e p t h  of 4875 f t ,  s u g g e s t i n g  t h a t  a l l  
t h e  w e l l s  o v e r l a y  t h e  s o u r c e  r e s e r v o i r  
a t  a d e p t h  of 4875 f t .  

The s h a l l o w  t e m p e r a t u r e  anomaly 
o b s e r v e d  in a l l  t h e  w e l l s  s u g g e s t s  
t h a t ,  somewhere in t h e  immediate  
v i c i n i t y ,  h o t  water is f l o w i n g  upward 
th rough  a f a u l t  or f i s s u r e  sys t em 
which e x t e n d s  v e r t i c a l l y  from a d e p t h  
of a b o u t  50 f t  t o  t h e  deep s o u r c e  
r e s e r v o i r  a t  a d e p t h  of 4875 f t .  

I f  a power p l a n t  were c o n s t r u c t e d  a t  
P i l g r i m  S p r i n g s ,  t h e  c l o s e s t  major  
consumer of t h a t  e l e c t r i c i t y  would be 
t h e  community of Nome. One p o s s i b l e  
r o u t e  f o r  p o w e r l i n e s  would be westward 
from P i l g r i m  S p r i n g s  t o  t h e  
Cobb les tone  R i v e r  V a l l e y ,  c r o s s i n g  t h e  
K i g l u a l k  Mountains a t  Mosqui to  P a s s ,  
and t h e n  s o u t h  t o  J e n s e n s  Camp and 
a l o n g  t h e  road t o  Uome. T h i s  d i s t a n c e  
is r o u g h l y  55 miles. The n e x t  c l o s e e t  
s i g n i f i c a n t  s e t t l e m e n t  is a t  T e l l e r ,  
which would be a d i s t a n c e  of 45 miles. 

The P i l g r i m  S p r i n g s  g e o t h e r m a l  s i t e  
h a s  a p roven  i n t e r m e d i a t e  t e m p e r a t u r e  
and s h a l l o w  r e s e r v o i r  c a p a b l e  of 
p roduc ing  300 GPM of 90°C ( a t  t h e  

w e l l h e a d )  a r t e s i a n  water.  Induced a i r  
l i f t & d  f l o w r a t e s  may r e a c h  1500 GPH. 
A much h o t t e r  and henee d e e p e r  
r e s e r v o i r  h a s  been p o s t u l a t e d .  
However, t h e  d i s t a n c e  between P i l g r i m  
S p r i n g s  and Nome p r o h i b i t s  t h e  
c o n s i d e r a t i o n  of a h o t  water p i p e l i n e  
w h i l e  power g e n e r a t i o n  is a l s o  q u i t e  
d o u b t f u l .  The d e p t h  of t h e  r e s e r v o i r ,  
t h e  l e n g t h  of t h e  t r a n s m i s s i o n  l i n e ,  
and t r a n s m i s s i o n  l i n e  l o s ses  p r e c l u d e  
a r e a s o n a b l e  c a l c u l a t i o n .  

The p r e s e n c e ,  though,  of a 
s i g n i f i c a n t  amount of h o t  water c o u l d  
a i d  in two a r e a s :  a )  development  of a 
l a r g e  r e s o r t  area on B i t e  and ,  b) u s e  
of t h e  water as a m i n e r a l  l e a c h i n g  o r  
p e r m a f r o s t  thawing medium in p r e s e n t  
o r  con templa t ed  mining o p e r a t i o n s .  
Such s p e c u l a t i v e  u s e s  are beyond t h e  
scope  of t h i s  r e p o r t .  

COPPER VALLEY 

The t e c t o n i c  framework of t h e  Copper 
R i v e r  B a s i n  is dominated by east-west 
t r e n d i n g  o r o g e n i c  arcs  which are 
concave t o  t h e  s o u t h ,  and by t h e  
Wrange l l  Mountains  t o  t h e  eas t .  The 
r e g i o n a l  a e r o m a g n e t i c  map o f  t h e  
Copper R i v e r  B a s i n  s u g g e s t s  t h a t  t h e  
a n d e s i t i c  and b a s a l t i c  l a v a s  of t h e  
Wrange l l  mass i f  u n d e r l i e  t h e  mud 
v o l c a n o e s  of t h e  K l a w a s i  h y d r o t h e r m a l  
s p r i n g s  a t  a r e l a t i v e l y  s h a l l o w  d e p t h  
(Andreason and o t h e r s ,  1964).  A r a p i d  
d e c r e a s e  in t h e  magne t i c  g r a d i e n t  
westward from M t .  Drum p r o b a b l y  
i n d i c a t e s  t h a t  t h e  l a v a s  are t h i n n e r  
and more d e e p l y  b u r i e d  unde r  t h e  
a l l u v i u m  of t h e  Copper R ive r .  

The Moore Creek e x p l o r a t i o n  w e l l  
d r i l l e d  by t h e  Pan American Pe t ro l eum 
C o r p o r a t i o n  p e n e t r a t e d  o l i v i n e  b a s a l t  
of t h e  T a l k e e t n a  Forma t ion  a f t e r  
p a s s i n g  t h r o u g h  7500 f t  of C r e t a c e o u s  
s e d i m e n t a r y  rocks .  These u n i t s  
p r o b a b l y  e x t e n d  u n d e r n e a t h  t h e  
Wrange l l  v o l c a n i c  p i l e .  The Moose 
Creek Well e n c o u n t e r e d  h i g h  p r e s s u r e  
water i n  b e n t o n i t i c  s h a l e  a t  a d e p t h  
of 5430 f t .  

The h y d r o t h e r m a l  r e s e r v o i r s  in t h e  
K l a w a s i  area are p r o b a b l y  a r t e s i a n  
a q u i f e r s  l y i n g  a t  d e p t h s  of up t o  7 0 0 0  
f t  w i t h i n  t h e  s e d i m e n t a r y  sequence.  A 
s i g n i f i c a n t  amount of c o o l i n g  and 
mixing o c c u r s  d u r i n g  t h e  upward 
m i g r a t i o n  of t h e s e  f l u i d s ,  e s p e c i a l l y  
in p a s s i n g  t h r o u g h  g l a c i a l  till and  
p e r m a f r o s t .  N i c h o l s  and Yehle (1961) 
r e p o r t  s u r f a c e  t e m p e r a t u r e s  of 12 t o  
3OoC and f l o w  r a t e s  up t o  10 GPM f o r  
t h e  K l a w a s i  s p r i n g s .  

For a power p l a n t  c o n s t r u c t e d  a t  

. 
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Upper Klawasi  S p r i n g ,  t h e  Lowet 
Klawasi  and Shrub S p r i n g s  a r e  a t  
d i s t a n c e s  of rough ly  f i v e  and seven  
miles, r e s p e c t i v e l y ,  so h e a t  loss 
d u r i n g  p i p i n g  of t h e  f l u i d s  cou ld  be 
s i g n i f i c a n t .  G l e n n a l l e n  i s  a b o u t  20 
miles w e s t  of Upper Klawasi  S p r i n g ,  
and t h e  o t h e r  community in t h e  a r e a  is 
Copper C e n t e r ,  rough ly  15 m i l e s  
s o u t h w e s t  of U p p e r  Klawasi  Sp r ing .  
E i t h e r  of t h e s e  two communities would 
be a l i k e l y  r e c i p i e n t  of t h e  
geo the rma l  e n g e r y  . 

An economic comparison of d i e s e l  
v e r s u s  g e o t h e r m a l  u t i l i z a t i o n  is 
p r e s e n t e d  in F i g u r e  2. ( A  d e s c r i p t i o n  
of t h e  model is i n c l u d e d  in t he  S i t k a  
s e c t i o n . )  The p o i n t  of i n t e r s e c t i o n  
is 22 MW, w i t h i n  t h e  r ange  of 
f o r e c a s t e d  needs in t h e  Copper V a l l e y  
r e g i o n .  A v i g o r o u s  geo the rma l  
e x p l o r a t i o n  and s u b s e q u e n t  d r i l l i n g  
( i f  i n d i c a t e d )  is recommended f o r  t h e  
Copper V a l l e y  r eg ion .  

SUMMER BAY , UNALASKA ISLAND 

The rocks  of Unalaska I s l a n d  c o n s i s t  
of t h r e e  main groups .  The o l d e s t  and 
most e x t e n s i v e  is t h e  lower T e r t i a r y  
Unalaska Forma t ion ,  composed of 
i n t e r b e d d e d  igneous  and s e d i m e n t a r y  
members. T h i s  f o r m a t i o n  h a s  been 
e x t e n s i v e l y  f o l d e d ,  f a u l t e d  and 

T e r t i a r y  c a l c - a l t a  l i n e  p l u t o n s  
comprise  t h e  second l i t h o l o g i c  
c a t e g o r y .  These p l u t o n s  have been 
emplaced by such  mechanisms a s  
a s s i m i l a t i o n ,  s t o p i n g ,  and f o r c e f u l  
i n t r u s i o n .  The t h i r d  group c o n s i s t s  
of b a s a l t  and a n d e s i t e  f lows  of t h e  
Q u a t e r n a r y  Makushin V o l c a n i c s  (Drewes 
and o t h e r s ,  1961).  

m e t a s o m a t i c a l l y  a l t e r e d .  Upper 

The f i r s t  of t h e  two major  
h y d r o t h e r m a l  a r e a s  is a t  Summer Bay. 
A l a r g e  normal f a u l t  s t r i k i n g  N45W and 
d i p p i n g  60 t o  75' s o u t h  is w e l l  
exposed a l o n g  t h e  c o a s t  j u s t  s o u t h  of 
Summer Bay. T h i s  f a u l t  aay  be 
p r o j e c & e d  a c r o s s  Summer Bay Lake and 
t h r o u g h  t h e  Summer Bay warm s p r i n g ,  
a l t h o u g h  e x p o s u r e s  a r e  poor .  
T h e r e f o r e ,  j o i n t s  t r e n d i n g  N45W a r e  
h i g h l y  s u s p e c t e d  as c o n t r o l l i n g  t h e  
e o u r c e  w a t e r s  of t h e  s p r i n g s  (Reede r ,  
1981) .  The l a r g e s t  of t h e  s p r i n g s  has  
a t e m p e r a t u r e  of 35OC and a d i s h c a r g e  
of 2 GPM. Two s h a l l o w  e x p l o r a t i o n  
wel l s  were d r i l l e d  in 1980 and 
e n c o u n t e r e d  t e m p e r a t u r e s  of 4 3  t o  
5OoC. S i l i c a  geothermometry i n d i c a t e s  
a s u b s u r f a c e  r e s e r v o i r  t e m p e r a t u r e  of 
86OC (Motyka and o t h e r s ,  1981). It is 
n o t  c lear  what l i t h o l o g i c  u n i t  is 
a c t i n g  as a cap  f o r  t h i s  a q u i f e r ,  
because  no impermeable m a t e r i a l  was 

d e t e c t e d  d u r i n g  d r i l l i n g .  A v e r y  t h i n  
l a y e r  c o n s i s t i n g  mainly of m i n e r a l  
p r e c i p i t a t e s ,  d e r i v e d  from t h e  warm 
w a t e r s ,  may e x i s t  above t h e  a q u i f e r .  
Schlumberger  e l e c t r i c  sound ings ,  EM-31 
Geonics  s u r v e y s  , and Dipole-Dipole  
r e s i s t i v i t y  s u r v e y s  i n d i c a t e  t h a t  t h e  
s h a l l o w  a q u i f e r  is f a i r l y  l i m i t e d  in 
e x t e n t .  Data from a Helium soil 
su rvey  s u g g e s t s  t h a t  t h e  hydro the rma l  , 

s o u r c e  is d e r i v e d  from v o l c a n i c  rocks ,  
and n o t  from a c i d i c  igneous  o r  
metamorphic rocks  found a t  such p l a c e s  
a s  Tenakee o r  Goddard Hot S p r i n g s .  
Summer Bay is a p p r o x i m a t e l y  5 m i l e s  
o v e r l a n d  t o  Dutch Harbor o r  h a l f  t h e  
d i s t a n c e  i f  a n  unde rwa te r  r o u t e  is 
employed. 

The Summer Bay r e s e r v o i r  a t  86OC 
cou ld  be a n  i n t e r e s t i n g  f i n d .  The 
c i t y  of Unalaska p r e s e n t l y  has  200 
cus tomers  w i t h  a n  e s t i m a t e d  a v e r a g e  
h e a r  demand of 20,000 BTU/hr p e r  
house.  T o t a t  u se  on t h e  i s l a n d  is 
t h e n  4 X 10 BTU/hr, The f i v e  m i l e  
d i s t a n c e  w i l l  r e s u l t  in a r e d u c t i o n  of 
25OC from t h e  we l lhead  t e m p e r a t u r e .  
Hence, in t h e  b e s t  of c a s e s ,  a u s e f u l  
t e m p e r a t u r e  d r o p  of 10°F can  be 
con templa t ed  w i t h i n  a proposed 

, system. The f low r a t e  demand w i l l  be 
400,OO l b s / h r  o r  800 GPM. A t  l e a s t  
f o u r  ( s h a l l o w )  we l l s  would be needed 
f o r  such  a f l o w r a t e ,  c o s t i n g  $4 
million The p i p e l i n e  and 
d i s t r i b u t i o n  system would c o s t  a n o t h e r  
$8 million ( u s i n g  s t a n d a r d  e n g i n e e r i n g  
economic f i g u r e s )  € o r  a t o t a l  of $12 
m i l l i o n  f o r  c a p i t a l  e x p e n d i t u r e s .  The 
a n n u a l  o p e r a t i n g  c o s t s  a r e  e x p e c t e d  t o  
t o p  $300,000. I f  a 20 y e a r  u s e f u l  
l i f e  were t o  be c o n s i d e r e d  and i f  no 
t a x e s  o r  r a t e s  of r e t u r n  were t o  be 
imposed, t h e n  a c o s t  c o n s i d e r a t i o n  of 
$26 p e r  m i l l i o n  BTU can be c a l c u l a t e d .  
An a v e r a g e  h e a t i n g  b i l l  of $37S/month 
must be a s s e s s e d  on househo lds  in 
o r d e r  t o  r e c o v e r  t h e  i n v e s t m e n t .  Such 
a f i g u r e  is q u i t e  u n a t t r a c t i v e  
c o n s i d e r i n g  t h e  p r e s e n t  ( o r  p r o j e c t e d )  
c o s t s .  

MAKUSHIN VOLCANO 

The second major  hydro the rma l  a r e a  
on Unalaska I s l a n d  is a t  Makushin 
Volcano. The rock  c o n t a c t s  between 
t h e  Unalaska Forma t ion  and t h e  
g r a n i t i c  p l u t o n s  in t h e  Makushin 
r e g i o n  are commonly n e a r  v e r t i c a l  and 
i r r e g u l a r ,  w i t h  t h e  i n t r u s i v e  b o d i e s  
f n t e r f  i n g e r i n g  i n t o  t h e  h i g h l y  a l t e r e d  
sed imen t s .  J o i n t s  are common in t h e s e  
rocks  w i t h  o r i e n t a t i o n s  of N6OE and 
N55W, and t h e  fumaro le  a c t i v i t y  a t  
F i e l d s  2 and 3 a p p e a r s  t o  f o l l o w  t h e  
N60E j o i n t  system. High-angle f a u l t s  
a r e  a l s o  common, a l o n g  w i t h  d i k e s .  
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Most of t h e  f a u l t s  appea r  t o  be normal 
f a u l t s  and s t r i k e  N55W and N35E. One 
of t h e s e  N55W f a u l t s  t r e n d s  d i r e c t l y  
i n t o  Fumarole F i e l d  5 ,  and two o t h e r  
f a u l t s  w i t h  N55W o r i e n t a t i o n s  bound 
Fumarole F i e l d  2 (Reeder ,  1981).  

Large,  vapor-dominated hydro the rma l  
sys t ems ,  a r e  p o s t u l a t e d  t o  e x i s t  
benea th  t h e  e a s t e r n  and s o u t h e r n  
f l a n k s  of Makushin Volcano, where 
t h e i r  e a s t e r n  e x t e n t  is marked by 
F i e l d  1 and t h e i r  w e s t e r n  e x t e n t  
d e l i n e a t e d  by F i e l d s  2 and 3. Such 
sys t ems  are p robab ly  d r i v e n  by d i k e -  
l i k e  magma b o d i e s  l o c a t e d  s e v e r a l  
k i l o m e t e r s  benea th  t h e  fumaro le s .  The 
dominant g a s e s  be ing  d i s c h a r g e d  from 
most of t h e  fumaro le s  are C o t ,  N 2 ,  
SO and H2S. Motyka and o t h e r s  
(&2)  es t ima t e d  r e s e r v o i r  
t e m p e r a t u r e s  of between 232 t o  278OC, 
based on gas  geothermometry.  Three 
t e m p e r a t u r e  g r a d i e n t  wells d r i l l e d  
d u r i n g  t h e  summer of 1982 e n c o u n t e r e d  
maximum bot tomhole t e m p e r a t u r e s  of 
200°C a t  a d e p t h  of 1500 f e e t  i n  t h e  
p l u t o n i c  rocks.  

P r e l i m i n a r y  g r a v i t y  modeling 
s u g g e s t s  t h a t  t h e  p l u t o n i c  rocks  and 
t h e  Unalaska Formation e x t e n d  benea th  
t h e  Makushin v o l c a n i c  p i l e  w i t h  no 
major f a u l t  d i s p l a c e m e n t s .  Such 
l i t h o l o g i e s ,  i f  h i g h l y  f r a c t u r e d ,  
cou ld  c o n t a i n  l a r g e ,  vapor-dominated, 
systems a t  d e p t h s  g r e a t h e r  t h a n  a b o u t  
1 k i l o m e t e r  . 

Should a power p l a n t  be c o n s t r u c t e d  
t o  u t i l i z e  t h e  r e s o u r c e ,  t h e  p l a n t  
would need t o  be c l o s e  t o  t h e  w e l l s  t o  
minimize t h e  l o s s  i n  q u a l i t y  when 
t r a n s p o r t i n g  steam. Power l ines  could 
f o l l o w  Makushin V a l l e y  f o r  rough ly  6 
m i l e s  t o  Broad Bay, where unde rwa te r  
c a b l e  cou ld  t r a n s p o r t  t h e  e l e c t r i c i t y  
t o  Dutch Harbor ,  o r  a n  o v e r l a n d  r o u t e  
around C a p t a i n s  Bay cou ld  be 
c o n s t r u c t e d .  The s a f e s t  l o c a t i o n  
f o r  power p l a n t  c o n s t r u c t i o n  from a 
v o l c a n i c  h a z a r d s  v i e w p o i n t ,  would be 
rough ly  4 m i l e s  east  of F i e l d  1 beh ind  
t h e  n o r t h - t r e n d i n g  massif  of V i s t a  
Ridge (Arce and Economides, 1982).  

Unalaska is a major  s i t e  of 
geo the rma l  e x p l o r a t i o n  a c t i v i t i e s  i n  
t h e  State .  F i g u r e  2 i n d i c a t e s  a 
j u n c t u r e  between t h e  d i e s e l  and t h e  
geo the rma l  c u r v e s  a t  32MW. P r e s e n t  
p r o j e c t i o n s  s u g g e s t  a n  e l e c t r i c  power 
demand of 50 MW by t h e  y e a r  2000. 
Geothermal development is i n d i c a t e d  i f  
t h e  enormous l o g i s t i c a l  c o s t s  
a s s o c i a t e d  w i t h  t h e  . t e r r a i n  and t h e  
wea the r  a r e  k e p t  i n  check. 

CONCLUSIONS 

Of t h e  s i x  s i t e s  examined, on ly  two 
(Copper V a l l e y  and Una€aska/Makushin 
Volcano) a p p e a r  t o  be a t t r a c t i v e  
c a n d i d a t e s  f o r  geo the rma l  development.  
I n  bo th  c a s e s ,  s u f f i c i e n t  r e s e r v o i r s  
must be d i s c o v e r e d .  While t h e  
geo the rma l  anomal i e s  (and 
t e m p e r a t u r e s )  are t h e r e ,  t h e  f l u i d  is 
y e t  t o  be d i s c o v e r e d .  The o n l y  means 
of v e r i f i c a t i o n  is d r i l l i n g .  The 
a t t r a c t i v e  ne s s of ge o t h e  rmal 
development depends l a r g e l y  on c a p i t a l  
e x p e n d i t u r e s .  S i g n i f i c a n t  o v e r r u n s  
beyond t h e  e s t i m a t e s  used i n  t h i s  
s t u d y  s h i f t  t h e  market s i z e  
r e q u i r e m e n t s  upwards. Such a n  e v e n t  
would prove geo the rma l  e c o n o m i c a l l y  
u n a t t r a c t i v e .  A h i g h  e s c a l a t i o n  of 
d i e s e l  c o s t s  would have t h e  o p p o s i t e  
e f f e c t .  
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Figure 2. Economic Comparison of Geothermal 
and Diesel Power Generation i n  
Selected S i t e s  i n  Alaska. 
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