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which he r e s e r v e s  of heat-  
c a r r y i n g  water o r  steam a r c  f o u n d  and w h i c h  
meet. r e q u i r e m e n t s  a r e  r e g a r d e d  
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I t  ho t .  
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n a t u r a l  h e a t  d i s c h a r g e  a n y  
s y s t e m  i s  t h e  of  heat 

v a r i o u s  t y p e s  of  thermal 
hea t  i n t o  

w a t e r s ,  hea t  t he  s u r f a c e  
a n d  h o t  

the r o c k s ,  
w h i c h  g e o t h e r m a l  T h e  
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a l l  w e l l - k n o w n  
a n d  thermal  ion!: t h e  

Centra  1 Kamchatka 1 i 

b e l t s .  1 5 0  groups h o t  s p r i n g s  
t h  d i f f e r e n t  t e m p e r a t u r e s  arid d i f f e r e n t  
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c r i t e r i a .  
o f  h o t  a n d  single hot. 
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T h e r e  a r e  1 6  group:; of ho t  
Karnchatka T h r  

t e m p e r a t u r e  of w a t e r  to been 
o b s e r v e d  a n d  R u s a k o v s k i y e  

n i t r o g e n  r i c h  w a t e r  
c o n t a i n i n g  p r e d o m i n a n t l y  a n d  
sodium.  t o t a l  m i n e r a l i z a t i o n  is 

T h e  t o t a l  heat  is 
g r o u p s  s p r i n g s ,  i n c l u d i n g  

t w o  
i n  M i d d l e  

p r o v i n c e .  T h e s e  s p r  I  

h y d r o c a r b o n a t e - s u l p h a t e  t h e  b o i l i n g  
s p r i n g s  discharge waters;  t h e  
total mineralization t o t a l  h e a t  

i s  MW,. 
T h e r e  are  5 2  of 
E a s t  K a m c h a t k a  T h e  

t h e  E a s t  
v o l c a n i c  b e l t .  Among them a r e  b o i l i n g  
s p r i n g s  and steam v e n t s  s u p e r f i c i a l  m a n i f e s -  

o f  l a r g e  systems 
G e y s e r n a y a  and e a c h  

d i s c h a r g i n g  268, 3 2 1  a n d  314 r e s p e c t i v e l y  
s p r i n g  have 

c h l o r i d e  c o m p o s i t i o n :  t o t a l  
Hot  a n d  warm w l t h  a 

of  
hydr  t e - s u l  pha  e-ch 1 wa te r s  i a 

t . 

1549 



I g .  . o f  t 
of and 
of 

- 
i n  

2 ,  except .  I - 7 ,  
- - i n  

t u  5 - 2 - 7 5  t o  100 
3 - t o  7 5  - 30 - 

6 t o  - heat  d a t a  
- 

10 - t o  11 
provinces: I - - M i d d l e  

E a s t  Kamcha tka ,  - S o u t h  
Karnchatka; 1 2  - 
belt.: 1 3  - t . 

7 - 8 - 8 0 ,  9 80 

m i n e r a l i z a t i o n  0 . 8 - 7 . 0  1 .  The 
about.  1 2 4 7  

Tn t h o  1 p r o v i n c e  
55 h o t  s p r i n g s ,  

those r e l a t e d  t o  t h e  h i g h  h y d r o-  
s y s t e m s  such a s  

and 
ho t  w i t h  tempera tures  o f  t o  '(- 

a r t :  by rind c h l o r i d e -  
w a t e r s  w i t h  a of 

T h e  h o t  
w a t e r s  c h l o r  

h o t  9 2 3  
The t ! f of 

a of' 
1782 MW, I 7 7  by h i q h  
t u r e  s y s t e m s .  Most t h e s e  of  1 1  

are  t h e  East 
b e l t .  

€550 



1 .  The resources o b t a i n e d  d u r i n g  p r o s p e c t i n g  exploitation of  
f i e l d s  in their 

56 17 

285-1228 336-1228 

Note: by Corporation 1 - resources 
not the hot water i n e  about 

progress 2- 11 generating p l a n t  i n  opera t ion.  v i l l age ;  3 - power 
p lan t  w i t h  of 80 4 - resources a r e  5 - of 

greenhouses; - heating of resort., 7 - of 3 h a  of 
8 extraction. 

PROGNOSTIC 
RFSOURCES 

r e l a t e d  
s t o r e d  and b a s e d  t r a n s -  
port of  e t  a r e  d e f i n e d  

resources b a s e  ( M u f f l e r  and 
O f  n i o s t  i n t e r e s t  a r e  r e -  

g i o n s  v o l c a n i s m ,  since 
( h y d r o t h e r m a l  

chambers)  h e r e  provide a 
w i d e  d e v e l o p m e n t  of  g e o t h e r m a l  power and 
systems geothermal heat  supply. The 

of w a s  
t h e  b a s i s  of  h e a t  evaluation 

w i t h i n  f i r s t ,  k m  t h i c k  l a y e r  
t o t a l  h e a t  e n e r g y  s t o r e d  r u c k s  

w a r :  f o u n d  o r d e r  of 
Heat. b y  1 1  

i s  r ega r ded  b y  t h e  

f o l  and Shaw a gcothermal 
S i n c e  the  p r o b l e m  of 
f r o m  r o c k s  magma 

is  will 
o n l y  of Of a l l  
magna c h a m b e r s  of  Kamchatka l y i n g  a 

down t o  objects are  
in te res t  f r o m  t h e  p o i n t  of  possible h e a t  

, most  f o r  
h e a t  e n e r g y  e x t r a c t i o n  a r e  i n  F i g .  

t h e  A v a c h i n s k y  
v o l c a n o  has b e e n  s t u d i e d  b y  geophysical methods  
i n  d e t a i l  e t  The v o l u m e  
t h e  reaches 50 

t h e r m a l  e n e r g y  J 
t a k e  heat liberated he 2 . 4  x 
caused decrease of t h e  t h e  
chamber f r o m  850 t o  300 and  S h a w ,  

I n  t h e r m a l  e n e r g y  
of o t h e r  I ,  v o l u m e  
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Figure 2. Map showing the location of the 
geothermal fields of considered for 
further prospecting and exploitation ( s e e  T a b l e  

1 - geothermal provinces (same a s  in 
Symbols 2 to 4 - low-temperature geothermal 

(with temperature below 150 - 

operated; 3 - s t u d i e d ;  4 - considered €or  
prospecting: 1 2  - Tumlatskoye, 13 - 
14 - Rusakovskoyc, 1 5  - Anavgaiskoye, 16 - 

17 - - Nalychevskoye, 
- 20 - Pinachevskoye, 21 - 

2 2  - Yuzhnoberczhnoye, 23  - 

24 - Verkhne-Paratunskoye: 
to 7 - high-temperature fields: 5 - 

operated, 6 - 7 - f o r  
(numbers of fields marked by sym- 

b o l s  2 tu 7 correspond to t h e  number of each 
prospect in Table 8 - volcanoes 
c a l d e r a s  with near- surface  magma chamber: - 

volcanic r i f t  in the region o f  
2 - - Avachinsky, - 

5 - Ksudach caldera. 

their magma chambers was t a k e n  to he 20  
excluding the r i f t  of the 
volcano. The order of magnitude of stored 
thermal energy of the tka magma chambers 
is estimated to be 1 . 2  J. 

The minimum v a l u e  of  geothermal resource 
potential of high-temperature hydrothermal 
systems can b e  determined from the value of 
natural heat supplied t o  t h e  surface. Table 2 
p r o v i d e s  the measured values of t h e  natural 

a rough assessment, of geothermal 
resources of high-temperature hydrothermal 
systems. The actual extractable resources, 
was established f r o m  prospecting d a t a  obtained 

Pauzhetka and Bolshe-Bannoe geothermal 
fields, exceed the natural heat more 
than three times. 

Geothermal r e s o u r c e  potential calculated 
u s i n g  the value of natural heat discharge 
Increasing empirical coefficient 4 g i v e s  o n l y  
an idea of the order of magnitude. This assess- 
ment w a s  a t  earlier stages  study 
before drilling. 

The geothermal resources potential 
f o r  high-temperature systems, excluding 

C e y s e r n a y a ,  a n d  located in 
Kronotsky Preserve, was equivalent to an 

electrical power potential o f  550 MW,. 
Assessments of geothermal resource  poten- 

tial calculated b y  the volume method 
and Cataldi, a r e  probably reliable. 

order to make by this method it 
is necessary to evaluate heat energy con- 
tained in the r e s e r v o i r  rocks saturated with 
fluid. volumes of t h e  b l o c k ,  layer or reservoir 

rocks, their temperature and  volumet- 
ric specific heat of rock p l u s  water. 

required evaluation reservoir 
energy were taken from M u f f l e r  

Tn determining the volume of the its 
thickness w a s  assumed t o  be the same 
f o r  a l l  s y s t e m s ,  proceeding d a t a  that roof 
lies a t  a d e p t h  of 0 . 5  and that t h e  economic 
base depth of a system is 3 km. Therefore the 
volume of t h e  reservoir was u s i n g  the 

of  the reservoir. The temperature i n  
of t h e  systems,  u s i n g  data o f  heat 

measurements, d a t a  from measurements in wells, 
and varied 150 t o  

hot systems and from t o  
310 €or vapor-dominated or  two-phase systems. 
However, The distribution of temperatures within 

geothermal reservoir for  most of the systems 
n o t  y e t  known. We have the tempera ture  

of 200 f o r  a l l  hot water and 
€or  vapor-dominated o r  systems as t h e  
calculation temperature. 

Specific heat capacity rocks, chiefly 
and volcanic-sedimentary r o c k s .  

with water  and steam was taken 
2 . 7  ( M u f f l e r ,  A l s o  a5 in M u f f l e r  

the reservoir heat eneryy extraction 
coefficient assumed to 25  and the of  
the reservoir heat energy utilization was 
such as a n d  for reservoirs with mean 
temperatures respectively. 

factor was assumed to be 0 . 4  for h o t  
water- systems 0.5 f o r  vapor-dominated 
systems. 

D a t a  f o r  calculation of power potential f o r  
high-temperature systems are shown in Table 

2 .  The heat  potential of a l l  high-temperature 
g e o t h e r m a l  fields, except f n r  t h e  

Uzonand Geysernaya hydrothermal 
systems which a r e  located the Kronotsky 
Preserve  are equivalent to  an electrical power 

of t h e  o r d e r  of 1 1 3 0  MW for 
y e a r s .  The prognostic capacities calculated w i t h  

n a t u r a l  heat losses have the same order of 

The chemical and gas composition of t h e  
f l u i d s  can be seen from t h e  real  fluids 
tiori from fields th wells and n o t  
springs, which approximately reflect the compo- 
sition of reservoir fluids. Heat 
energetic parameters of hydrothermal systems a n d  
geothermal fields s t u d i e d  through drilling were 
determined using actual measurements T a b l e  

Large geothermal fields with temperature at 
depth of b e l o w  150 also a r e  areas 
temperature Numerous thermal springs 
w l t h  temperature of 20- 95 point t o  their 
existence (Fig. Assessment of poten- 
tial based  on heat energy stored rocks of 
the reservoirs. Volumes were by analogy 
w i t h  the prospected fields and r e g a r d  t o  the 
character of distribution of the superficial 
thermal manifestations, their thickness a n d  
characteristic features of geological 
Data u s e d  f o r  t h e  geothermal 
potential, which a r e  promising fu r  utilization 
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h e  ka  
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200 H o t ,  

water ,  
s p r i n g s  

€ 5 . 3  

171- 200 '  
43 

2 0 0  

2 0 0  

1 2 0 0  h8 
8 3  

w i t h  t h e  p r o s p e c t  
26 were f o u n d  t o  have a 

3 . 7  e a c h .  
taken  t u  100 f o r  The v a l u e  

o f  i s  2 . 5 3  10 
w h i r - h ,  a period of 

M W , .  of 
t e m p e r a t u r e  o f  below 150 

t h e r e b y  1345 

6 

g e o t h e r n i a l  . reservoir 
be low is shown i n  
heat s t o r e d  i n  r o c k s  recoverable 

made according Lo ( 1 9 7 9 1 .  
therrrial w a t e r s  a r e  u s e d  

heat .  of  p r o g n o s t i c  
may  b e  

b e n e f i c i a l  heat. I f a c t o r ,  
w h i c h  e q u a l  to 0 . 2 4 .  o f  g e o t h e r -  
mal a l l  showed i n  
giver:  value 1 . 7 1 8  x w h i c h  

o f  a 
power p o t e n t i a l  of T h e  t o t a l  

h e a t  by superficial thermal man i f  
of 

I n  t o t a l ,  hydrothermal 
within f o u r  g e o t h e r m a l  

T h e y  p o o r l y  s t u d i e d ,  
e n e r g y  and geothermal r e sou rce  

were o n  approximate 
ana logy  w i t h  p rospec t  

a l a r g e  of  reservoir 
d e f i n e d  t h e  f o u r  s y s t e m s .  By 

CONCLUSIONS 

A s s e s s m e n t  of resource?; 
a n d  

b a s e d  b e f o r e  
1 9 9 0 .  a r e  assessment 

resources 
t h e r m a l  b r t  t e r  t h e y  
a r e  electrical 
f 

and b e e n  
b y  d r i l l i n g .  state a n d  assessment of  
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of these  f i e l d s  a r e  g i v e n  i n  
1 and 

Various i n f o r m a t i o n  o b t a i n e d  a t  different. 
b e g i n n i n g  f r o m  t h e  have  b e e n  u s e d  

i n  p a p e r .  Assessment of geothermal re-  
sources and  s t u d y  w i t h  t i m e .  
At, f i r s t ,  our  assessment. of of 
g c o t h e r m a l  based on  h e a t  

was 350 MW, f o r  30-100 y e a r s .  
t h e  p r e s e n t  p a p e r ,  t h e  re- 

source p o t e n t i a l  of  h y d r o t h e r m a l  sys tems  W A S  

c a l c u l a t e d  m a i n l y  by t h e  volume method ( M u f f l e r  
and C a t a l d i ,  reservoir 
e n e r g y  erns , 
n o t  t a k i n y  account  t h e  

and l o c a t e d  i n  
P r e s e r v e ,  can s u p p o r t  opera-  

t i o n  power p l a n t s  u i t h  a 
r a p a c i t y  t h e  o r d e r  1130 f o r  y e a r s .  
T h e  geothermal  resource p o t e n t i a l  of h y d r o t h e r-  
mal and  u i t h  reservoir 

be low i s  about. J 
f h e a t  ) ,  equal  1345 for 

y e a r s .  
h i h - r 

c a l c u l a t c d  h e a t  
f o r  i n  

P r e s e r v e .  
s h o u l d  emphasized of 
h e r  1 f 

o r d e r  of 
of g e o l o g i c a l  d a t a ,  t h a t  makes 

t o  d e t e r m i n e  
r e s e r v o i r : : .  

c a n  
h e  €or p r o s p e c t s ,  a n d  

u s i n g  
obvious that .  of 

i n  and 1987;  
and l e s s  t h e  g e o t h e r m a l  r e s o u r c e  

p o t e n t i a l .  pa r t .  
of P a u z h e t k a  s y s t e m ,  n o t  drill- 
i n q  ax 

i s  t h e  t. is 
est 

t of 
on of ng . 

is with 

t h  bc low a 
i n  t h e  

hea t  f l o w  m e a s u r e m e n t s ,  
base o f  t c d  

i n t e r v a l s  1- 10 is  
energy of ka  magma 

1 . J .  
N o w  o n l y  a p a r t  of the  g e o t h e r m a l  re-  

is u s e d .  Four  
mal f i e l d s  

and 
a l r e a d y  e v a l u a t e d .  The P a u z h e t k a  f i e l d  is t h e  

now f o r  e l e c t r i c  g e n e r a t i o n .  T h e  
p l a n t  MW,. 

o f  t h e  
f i r s t  p h a s e ,  BO i n  

a s  t h e  h o t  pipe l i n e  
in h t h e  p l a n t  

. T h e  of w a t e r  125 
2 2  

k m  from f se t  t I 
ment. of  is progress .  Among 8 
p r o s p e c t e d  g e o t h e r m a l  fields with t emperature  
below the 

are  used.  T h e  
o u t p u t  t o  on a v e r a g e  a b o u t  

. known a n d  new opened  h i g h-  
geothermal  f i e l d s  t h e  b e s t  

o b j e c t s  f o r  p o w e r  g e n e r a t i o n  and t h e  
of supply  The  

f i e l d s  f l u i d s  w i t h  
for € o r  a n d  

f o r  b i n a r y - c y c l e  i n s t a l -  

he I r f 

h r o t r 

l a t i o n s ,  €or e x a m p l e  u n e x p l o r e d  
a n d  f i e l d s  
Kanichatka. 
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