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GEOTHERMAL ENERGY DEVELOPMENT I N  C H I N A  

X i n  K u i d e  Yang q i l o n t :  
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M i n i s t r y  o f  Geo logy  a n d  M i n e r a l  R e s o u r c e s ,  

Bel. j i n g ,  C h i n a  

INTRODUCTION 

C h i n a ' s  g e o t h e r m a l  r e s o u r c e s  a r e  m a i n l y  o f  
low - medium t e m p e r a t u r e .  More t h a n  9 
g e o t h e r m a l  a r eas  h a v e  been o r  a re  b e i n g  
e x p l o r a t e d .  A c c o r d i n g  t o  t h e  g e o l o g y ,  
economy a n d  t e c h n o l o g y  o f  g e o t h e r m a l  e n e r g y  
d e v e l o p m e n t  ma in  e f f o r t s  a r e  c o n c e n t r a t e d  
i n  some p l a c e s  w i t h  b e t t e r  c o n d i t i o n s  a n d  
c a n  be e x p l o i t e d  e f f e c t i v e l y  i n  t h e  n e a r  
f u t u r e ,  s u c h  a s  l o w  t e m p e r a t u r e  g e o t h e r m a l  
f i e l d s  i n  B e i j i n g  a n d  T i a n j i n ,  Y a n g b a j a i n  
and  Dengchong h i g h  t e m p e r a t u r e  g e o t h e r m a l  
f i e l d s  r e s p e c t i v e l y  i n  T i b e t  a n d  Yunnan 
p r o v i n c e  . 
I n  B e i j i n g  and T i a n j i n  t h e  g e o t h e r m a l  w a t e r  
i s  u s e d  f o r  s p a c e  h e a t i n g ,  b a t h i n g ,  m e d i c a l  
t r e a t m e n t ,  g r e e n h o u s e ,  r a i s i n g  t r o p i c a l  
f i s h ,  i n d u s t r y  a n d  s o  on.  I n  B e i j i n g  now 
more t h a n  200 t h o u s a n d  sq. m. o f  i n d o o r  
f l o o r  i s  b e i n g  h e a t e d  w i t h  g e o t h e r m a l  w a t e r  
a n d  a b o u t  50 t h o u s a n d  p e r s o n s  p e r  d a y  u s e  
i t  t o  t a k e  b a t h .  I n  f u t u r e ,  t h e  l o w  teinpe- 
r a t u r e  g e o t h e r m a l  water u t i l i z a t i o n  i n  
t h e s e  b i g  c i t i e s  would f l o u r i s h .  

I n  1970 t h e  f i r s t  e x p e r i m e n t a l  g e o t h e r m a l  
power p l a n t  u s i n g  t h e  f l a s h i n g  method w a s  
b u i l t  i n  Dengwu, Guangdong p r o v i n c e .  117 
1977 o n e  M W  e x p e r i m e n t a l  wet steam power 
p l a n t  was b u i l t  i n  Y a n g b a j a i n ,  T i b e t ,  and  
a 6 M W  power p l a n t  i n  1981 ( P h o t o  1 1. And 
a n o t h e r  3 M W  g e n e r a t o r  is  e x p e c t e d  t o  
c o m p l e t e  i n  1985. 

Photo 1: The 6 MW Experimental  Power Plant 
a t  Yangbajain 

T h i s  p a p e r  i s  i n t e n d e d  t o  summar ize  some 
i m p o r t a n t  r e s u l t s  o f  e x p l o r a t i o n ,  p a r t i c u -  
r a l y  i n  t h e  g e o t h e r m a l  r e s e r v o i r  e n g i n e e r -  
i n g .  

GEOLOG I CAL CHARAC'l'l*:HISTICS OF' G L~' l ' l lEl?l~lAL 
RESOURCES ( F i g .  1 )  

The  d i s t r i b u t i o n  o f  g e o t h e r m a l  f i e l d s  i n  
C h i n a  i s  c l o s e l y  r e l a t e d  t o  t h e  g e o t e c t o -  
n i c  f e a t u r e ,  t h e  magma a n d  e a r l h q u a k e  
a c t i v i t i e s .  The h i g h  t e m p e r a t u r e  g e o t h e r -  
mal f i e l d s  ( > 150'C ) a r e  m a i n l y  s i t u a t e d  
i n  s o u t h e r n  T i b e t ,  w e s t e r n  Yunnan and  
Taiwan.  The w e s t - s o u t h e r n  C h i n a  i s  e f f e c l -  
ed by I n d i a n  P l a t e .  The I l i m a l e y a n  t e c t o -  
n i c  z o n e  i s  l o c a t e d  i n  t h e  c o l l i s i o n  z o n e  
b e t w e e n  Eiuras ian  a n d  I n d i a n  P l a t e s  and  
Ta iwan  - b e t w e e n  E u r a s i a n  arid P a c i f i c  
P l a t e s  - i s  a t  t h e  same time s u b j e c t e d  t o  
t h e  n o r t h w e s t w a r d  c o m p r e s s i o n  of t h e  P h i -  
l i p p i n e  P l a t e  ( L u o  Huanyan,  1979).  I n  a l l  
t h e s e  a r e a s  t h e  p l a t e  movement,  magma arid 
e a r t h q u a k e  a c t i v i t i e s  a r e  q u i t e  s t r o n g  and 
h a v e  no  d o u b t  p r o v i d e d  t h e  c o n d i t i o n s  f o r  
i n t e n s e  h y d r o  t h e r m a l  a c t i v i t y  . 
The medium- and  low- t e m p e r a t u r e  g e o t h e r m a l  
f i e l d s  ( <  150'C ) a r e  m a i n l y  d i s t r i b u t e d  i n  
t h e  c o a s t a l  r e g i o n  i n  East C h i n a ,  i n c l u d i n g  
Fu j i a n ,  Guangdong a n d  Hunan p r o v i n c e s ,  i n  
which t h e  Y a n s h a n i n  movement s i n c e  the 
Mesozoic g a v e  a grea t  i n f l u e n c e s ,  'The  
g e o t h e r m a l  f l u i d  i s  c o n t a i n e d  i n  t h e  g r a -  
n i t e  w i t h  s t r o n g  s i l i c i f i e d  a l t e r a t i o n .  

The low t e m p e r a t u r e  g e o t h e r m a l  f i e l d s  ( < 
1OO'C ) a r e  d i s t r i b u t e d  a l m o s t  a l l  o v e r  t k ?  
c o u n t r y ,  n o t a b l y  t h e  S o n g l i a o  P l a i n ,  N o r t h  
C h i n a  P l a i n ,  L i a o d o n g  P e n i n s u l a  a n d  o t h e r  
a r e a s .  The  g e o t h e r m a l  w a t e r  i s  r e l a t e d  t o  
f a u l t s ,  magma a c t i v i t i e s  a n d  b a s e m e n t  
u p l i f t .  

BEIJING A N D  TAINJIN LOW TEMPEHA'I'UIiE GEO- 
THERMAL FIELDS 

1 .  R e g i o n a l  g e o l o g y  a n d  g e o t h e r m a l  f e a t u r e  

B e i j i n g  a n d  T a i n j i n  g e o t h e r m a l  f i e l d s  a r e  
s i t u a t e d  i n  N o r t h  C h i n a  P l a i n  and f a c e  t h e  
B o h a i  G u l f  on  t h e  e a s t .  T h e r e  a r e  a s e r i ec  
Of d e e p  f a u l t s  w i t h  NE - Sd d i r e c t i o n s  
b e t w e e n  g r a b e n s  and  h o r s t s  ( F i g .  2 ) .  The 
g e o t h e r m a l  f i e l d s  c o i n c i d e  w i t h  t h e  l o c a l  
u p l i f t s  w i t h i n  t h e  g r a b e n s ,  b u t  t h e  p l a c e  
w i t h  t h e  maximum geother r r ia l  g r a d i e n t  i n  c a p  
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(1) Southern Xizang (Tibe t )  - Western Yunnan High Temperature 
Geothermal Zone ( 2 )  Taiwan High Temperature Geothermal Zone 
( 3 )  Southeast Coast Medium Temperature Geothermal Zone 
(4) Main Geothermal F ie lds  

Fig. 1: The d i s t r i b u t i o n  of geothermal resources i n  China 

r o c k  i s  n o t  a t  t h e  t o p  o f  t h e  l o c a l  u p l i f t ,  
b u t  a t  t h e  s t e e p  f a u l t  zone between t h e  
u p l i f t  and c e n t r e  o f  g r a b e n .  

The g e o t e c t o n i c  and geo the rma l  a c t i v i t i e s  
i n  t h e  e a s t  i s  s t r o n g e r  t h a n  i n  t h e  west - 
t h e  main f e a t u r e  o f  g e o t e c t o n i c  and g e o t h e r -  
mal c o n d i t i o n  i n  North C h i n a p l a i n .  For 
i n s t a n c e ,  t h e  t e m p e r a t u r e  o f  basement a q u i -  
f e r  i n  T a i n j i n  i s  58 - 96'C and i n  B e i j i n g  

Accord ing  t o  t h e  s e i s m i c  r e c o r d  and o b s e r -  
v a t i o n  d a t a  o f  a r t i f i c i a l  e a r t h q u a k e ,  t h e  
c r u s t  t h i c k n e s s  o f  North China P l a i n  i s  
a p p r o x i m a t e l y  30 - 45 km, w i t h  t h e  t r e n d  
g e n e r a l l y  b e i n g  t h i n  i n  t h e  eas t  and re la -  
t i v e l y  t h i c k  i n  t h e  west. The neighbour-  
hood o f  T a i n j i n ,  h a v i n g  a Conrad and a Moho 
r e s p e c t i v e l y  o f  a b o u t  17 and 32 - 33 km, is 
a r e g i o n  which i s  r e l a t i v e l y  t h i n n e r  i n  t h e  
N o r t h  China P l a i n  ( & i n  J i a f a  and Gu Datong 
1981 ). 

From I s o t o p e  d a t a  t h e  geo the rma l  f i e l d s  a r e  
r e c h a r g e d  by p r e c i p i t a t i o n  i n  t h e  mountain 
a reas ,  c i r c u l a t e d  th rough  t h e  basement 
a q u i f e r s  and f a u l t s .  Measured i n  a b o r e  
l o c a t e d  i n  t h e  N W  s i d e  o f  B e i j i n g  Graben ( 
n e a r  t h e  mountain ) a t  d e p t h  o f  1 km, t h e  
t e m p e r a t u r e  o n l y  r eached  1g'C. I t  shows 
t h e  p r e c i p i t a t i o n  r e c h a r g e  sweeps t h e  h e a t  
from t h i s  p a r t  o f  sed imen t  and makes i t  
c o o l e r .  The d e e p  w a t e r  c i r c u l a t i o n  can  a l so  
be de t e rmined  by t h e  a n a l y s e s  o f  t h e  chemi- 
c a l  c o n t e n t  o f  geo the rma l  f l u i d s .  I n  Bei- 
j i n g  area t h e  m i n e r a l i z a t i o n  o f  geo the rma l  

- 40 - 79 'C. 

water from basement a q u i f e r s  
is  low ( 0.4 - 0.7 g /1  ) , t h e  
type  o f  i t  - HC0, -  Na. B u t  
i n  T a i n j i n  a r e a  t h e  m i n e r a l i -  
z a t i o n  i s  h i g h  ( 1 .>8 - 4.4 
g / l  ) ,  t h e  t y p e  - C l . H C O , -  
Ma. I t  appea red  t h a t  ground-  
water r u n o f f  and  r e c h a r g e  i n  
T a i n j i n  i s  even s m a l l e r  com- 
p a r e d  wi th  B e i j i n g .  

2. R e s e r v o i r  c h a r a c t e r i s t i c s  

The d o l o m i t e  o r  l i m e s t o n e  
basement o f  P a l e o z o i c  and 
P r o t e r e z o i c  e r a  i n  North 
China P l a i n  i s  c h a r a c t e r i s e d  
by many f i s s u r e s ,  f r a c t u r e s  
and k a r s t .  For e x a m p l e , i n  
w e l l s  5 and 7 i n  B e i j i r i g  c i t y ,  
t he  k a r s t  c a v e s  have been 
found a t  d e p t h  of 958.6 - 
93y.3 m and 730 - 735 m r e s -  
p e c t i v e l y .  And t h e  f i s s u r e  
with width o f  1 cm a t  d e p t h  
o f  721.9 m i n  w e l l  32 have  
been seen  by t h e  d o w h o l e  TV 
( Pho to  2 ) .  And i n  T i a n j i n  
w h i l e  d r i l l i n g  w e l l s  2 and 4 
i n  t h e  l i m e s t o n e s ,  t h e  b i t s  
were dropped s e v e r a l  times. 

F ig .  3 shows t h e  d i s t r i b u t i o n  
o f  two a q u i f e r s  ( T i e l i n g  
and Wumishan g r o u p s ,  Zjt and ZjJ , 

t h e i r  t o p  d e p t h ,  t h e  w a t e r  t e m p e r a t u r e  a t  
we l lhead  and s p e c i f i c  c a p a c i t i e s  f o r  e a c h  
wel l .  
c l i n a l  s t ra tbm wi th  d i p  a n g l e  a b o u t  10 
towards  s o u t h .  I t  is  c l e a r  t h a t  t h e  do lo -  
m i t e  o f  T i e l i n g  g roup  ( a b o u t  300 m i n  
t h i c k n e s s  ) d i s t r i b u t e s  o n l y  i n  t h e  s o u t h  
p a r t  o f  t h e  geo the rma l  f i e l d  wi th  t o p  d e p t h  
o f  587 m i n  wel l3  i n  t h e  easl. t o  1200 m i n  
wel l  R 1  i n  t h e  west, and t h e  wa te r  tempe- 
r a t u r e  r i s e s  w i t h  i n c r e a s e  o f  t o p  d e p t h  
from 39.2'C i n  wel l  3 t o  53'C i n  w e l l  R 1 .  
The d o l o m i t e  o f  t h e  Wumishan g roup  d i s t r i -  
b u t e s  i n  a l l  a r e a .  The t h i c k n e s s  o f  i t  may 
r e a c h  s e v e r a l  km and i s  t h e  main r e s e r v o i r  
i n  B e i j i n g .  The s t so l lowes t  t o p  o f  i t  ( 51'1 
m i n  well  21 ) is i n  t h e  c e n t r a l  p a r t  o f  
t h e  f i e l d  and i t  i n c r e a s e s  r a p i d l y  towards  
t h e  N W  d i r e c t i o n  ( i n  well 20 2456 m ) .  
The water t e m p e r a t u r e  r i s e s  a l s o  with i n -  
c r e a s e  o f  t h e  t o p  d e p t h  o f  t h e  d o l o m i t e  
r e a c h i n g  69°C i n  wel l  20 a t  wel lhead and 
79.6-C a t  t h e  bot tom o f  wel l  38 ( 2600 in ) .  
The we l l  p r o d u c t i o n  v a r i e s  from 30 t o  96 
m3/hr and s p e c i f i c  c a p a c i t i e s  - from 0.2 t o  
3.4 kg/s .  m . 
Between t h e s e  two d o l o m i t e  a q u i f e r s  and 
above T i e l i n g  d o l o m i t e  t h e r e  a re  t h e  s h a l e s  
o f  Hongshaizhuang ( abou t  300 m i n  t h i c k -  
n e s s  ) and Xiamal ing  ( a b o u t  90 m ) groups  
( Z,*and z j h )  r e s p e c t i v e l y .  And t h e  base- 
ment i s  o v e r l a i d  w i t h  f o r m a t i o n s  o f  Neso- 
z o i c  and Cenozoic  era .  S i n c e  t h e  s h a l e s  
have low r e s i s t i v i t y  ( < 150 0 m . m .  ) and 
h i g h  r a d i a t i v i t y  ( j O O O  - 15000 n/m ) ,  t h e  

The basement s t r u c t u r e  i s  a mono*- 
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M .in geothcrmnl 

fields: 

1. Xisotangrhan  
( Photo 3 )  

2, ~ . ~ i t a l  Airp l l r t  

3. Beiiing City 

4.  Fcngheyine  

5.  Ntutuozhcn 

6. W m l a n z h u a n e  

I ’\ ’ -\  

cross  S e a l l o ”  I - I 
km 

Bohai G u l f  

No o f  I W e l l  20 23 ms J1 i  

Depth 2600 m 1600 m 

M m e r a l u a t l o n  o,7 / I  2 e ’ ’  I 6  GI12 
~~~e o f  w a t e r  HcO,-N~ CI. HCOI-Na 
W a t e r  temp 69.5% 96 T 

(1) Quaternary system (2) Tertiary and 
Mesozoic system (3) Permian and Carboniferous 
system ( 4 )  Ordovician and Cambriam system ( 5 )  
Proterozoic system (6) Fault ( 7 )  Geological 
line (8) Isotherm line (OC) (9) Cold rechargc 
water (10) Deep circular hot water (11) 
Terrestrial heat flow (12) Upflow along faults 

Fig. 2: Schematic of hydrogeology features 
o f  North China Plain 

Photo 2: The fissure 
in dolomite (bore 32, 
depth of 721.9 m), Scale 
1:l.l (Tv sereen) 
Photo 3 (left): The 
artesian well 7 (depth 
of 500 m and temp. iqf 
62’) in Xiaotangshan!, 
Beijing 

b o r d e r  o f  them can b e  de t e rmined  c l e a r l y  
by l o g g i n g .  

l’o d e t e r m i n e  t h e  p a r a m e t e r s  o f  a q u i i e r s  3 
s e t s  o f  i n t e r f e r e n c e  pumping t e s t s  h a v e  
been done i n  R e i j i n g .  The daLa from a n  
i n t e r f e r e n c e  we l l  t e s t  a r e  shown i n  T a b l e  1 
The water t a b l e  was r e c o r d e d  i n  b e l l  T2 
w h i l e  well T1 was f l o w i n g  a t  a r a t e  o f  95.5 
mJ/hr. A l o g - l o g  g raph  of t h e  drawdown 
p r e s s u r e s  i n  well  1’2 v e r s u s  t ime  H a s  ana lyz -  
ed  by t y p e  c u r v e  ma tch ing  w i t h  t h e  l i n e  
s o u r c e  s o l u t i o n ,  a s  shown i n  Fig.  4. From 
t h e  p r e s s u r e  match,  t h e  p e r m e a b i l i t y  ( k )  is  
e s t i m a t e d  a t  3.06 Darcy ( t h e  t h i c k n e s s  i s  
100 m ) .  The time match g i v e s  a p o r o s i t y  
o f  1.6 Z ,  which r e s u l t s  i n  a n  e s t i m a t e  o f  
4.5s 10y kg/cm’ )-’ f o r  t h e  c o m p r e s s i b i l i t y  . 

T a b l e  1 
P r e s s u r e  i n t e r f e r e n c e  d a t a  between 

w e l l s  T1 and T2 ( 1983 ) 

T ( d a y )  S (m) /P (ps ig )  T(day)  S ( m ) / P ( p s i c )  

0 0 / o  
0.04 0 / 0 
0.08 0.02/0.028 
0.125 O.Oj/O.O43 
0.17 0.06/0.085 
0.21 0.09/0.128 
0.25 0.11/0.156 
0.29 0.14/0.1’39 
0.33 0.17/0.242 
0.38 0.20/0.284 

0.42 0.24/0.341 
0.50 0.28/0.3Y8 
0.58 0.37/0.526 
0.67 0.40/0.569 
0.7> 0.41/0.>83 
0.32 0.43/0.612 
1.08 0.49/0.69’/ 
1.25 0.51/0.725 
1.42 0.55/0.782 
1.67 0.60/0.853 

D i s t a n c e  between wel ls  = 230 m 
Water v i s c o s i t y  = 0.6 c p  

O t h e r  methods a r e  a l s o  used t o  d e t e r m i n e  
t h e  p o r o s i t y  of a q u i f e r s .  For i n s t a n c e ,  
1.78 - 3.6 % h a s  been c a l c u l a t e d  by sound- 
wave l o g g i n g  i n  6 wel l s  a t  d e p t h  o f  705 - 
1575 m. I n  a d d i t i o n ,  t h e  p o r o s i t y  o f  7 
d o l o m i t e  c o r e s  c o l l e c t e d  from a wel l  were 
measured i n  l a b  t o  be 0.4 - 6 % ( a v .  2.’/7,6). 
And Prof. Bodvarsson e s t i m a t e d  t h e  p o r o s i t y  
t o  be 3 %, assuming  t h e  r e s i s t i v i t y  o f  
d o l o m i t e  a q u i f e r  and l o c a l  water 400 and 
12 0 m . m .  r e s p e c t i v e l y .  

The f a c t  t h a t  t h e  resu l t s  o f  t h e  i n t e r f e -  
r e n c e . t e s t  a g r e e  w i t h  o t h e r  d a t a  s u g g e s t s  
t h a t  t h e  d o l o m i t e  or l i m e e t o n e  a q u i f e r s  i n  
B e i j i n g ,  o r  even i n  North China P l a i n ,  h a s  
h i g h  p e r m e a b i l i t y  ( k a b o u t  3 Darcy ) and 
low p o r o s i t y  ( a b o u t  2.5 % ) ,  i n d i c a t i n g  a 
f r a c t u r e d  and /o r  s o l u t i o n  o p e n i n g  s i t u a t i o n .  
F i n a l l y  i t  s h o u l d  be  no ted  t h a t  b e s i d e s  
basement a q u i f e r  t h e r e  a r e  some a q u i f e r s  i n  
T e r t i a r y  and J u r a s s i c  s e d i m e n t a r y  o r  volca-  
n i c  r o c k s ,  b u t  t h e i r  t e m p e r a t u r e  i s  low. 
P a r t i c u l a r l y  i n  T i a n j i n ,  t h e  sed imen t  a q u i -  
fer now i s  t h e  main geo the rma l  p r o d u c t i o n  
a q u i f e r .  

3. The long- t e rm obse rved  w a t e r  l e v e l  and 
geo the rma l  r e s o u r c e  a s s e s s m e n t  

The drawdown on wel l s  d u r i n g  t h e  e x p l o i t a -  
t i o n  depends  on t h e  w e l l  p r o d u c t i o n .  The 
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Contour o f  t o p  d e p t h  f m )  
*\@- of  W u m i s h a n  d o l o m i t e  

,woo- C o n t o u r  of  t o p  d e p t h  ( m ) 
o f  T i e l m u  dolomite 

.C T c m p , o f  w a t e r  from W u m i s h a n  
dolomite a t  w e l l h e a d  ( C )  

,sa'- T c m p . o f  w a t e r  from T i e l i n g  
d o l o m i t e  a t  w e l l h e a d  ( 'C) 

D i s t r i b u t i o n o f  T i e l i n g d a l o m i t c  

Fin. 3: Distribution of aguifers, their top depth and water temperature by Daofu, Yang Qilong - 
and Bai Tieshan 

drawdown c u r v e s  o f  4 t y p i c a l  w e l l s  i n  t h e  
c i t y  o f  B e i j i n g  t h e i r  p r o d u c t i o n  i n c r e a s -  
ed from 4 . 9 1 1 0 $ 1 b i n  1971 t o  3 . 3 * 1 0 6 m 3 i n  
1981, a r e  shown i n  F i g  5. And i n  t h e  c i t y  
o f  T i a n j i n ,  259 w e l l s  have been d r i l l e d  
s i n c e  1970. The w a t e r  l e v e l  h a s  dropped 
t o  40 - 60 m below s u r f a c e  ( F i g .  6 ). The 
basement l i m e s t o n e  water  i s  s t i l l  a r t e s i a n ,  
because  t h e  p r o d u c t i o n  r a t e  is l i m i t e d .  

3.1. E s t i m a t i o n  o f  maximum w e l l  p r o d u c t i o n  

T h e  e x p l o i t a t i o n  p e r i o d  from 1971 t o  1981 
was d i v i d e d  i n t o  f o u r  s t a g e s  ( Fig .  5 ). 
Based on t h e  f u n c t i o n a l  r e l a t i o n s h i p  b e t -  
ween s p e c i f i c  p r o d u c t i o n  r a t e  i n  whole a r e a  
and drawdown o f  w a t e r  l e v e l  ( f r o m  o r i g i n a l  
s t a t i c  w a t e r  l e v e l  ) t h e  maximum p r o d u c t i o n  
was e s t i m a t e d .  The s p e c i f i c  yield (9) and 
depth  o f  w a t e r  table[ ' ] for  each s t a g e  were 
3 .2 .105 ,  6 .9=105,  1 .3<10b, 1 . 9 x 1 0 6  m 3  and 
11.3, 15.1, 18.9, 22.9 m r e s p e c t i v e l y .  
A f t e r  d i s t i n g u i s h i n g  t h e  r e l a t i o n s h l p  b e t -  
ween q and s i n  v a r i o u s  way, t h e  power 
f u n c t i o n a l  e q u a t i o n  Lg q = -1.05 + 2.44Lgs 
h a s  been g o t  ( Fig .  6 ) .  I f  t h e  drowdown 
r a t e  i s  1.5 m/yr, t h e  w a t e r  t a b l e  would be 
i n c r e a s e d  from 22.9 m a t  t h e  end of  1981 
t o  35 m i n  1990 ( dynamic t a b l e  may r e a c h  
60 - 80 rn ) ,  t h e  p r o d u c t i o n  b e i n g  7.7=10b 
rn3/yr .  

1.01 I 

, , , I b / * D  
1.01 

10-7 
101 

l o - ,  lo-'  t ( d a y )  IO 1 .0  
10-2 

Fig. 4 :  
interference data between wells Ti and T2 

Type-curve matching of the pressure 

Prof .  Bodvarsson wrote  i n  his c o n s u l t  r e -  
p o r t : "  Based on t h e  d a t a  from o b s e r v a t i o n  
s e l l  3 ,  t h e  e q u i l i b r i u m  dynamic drawdown a t  
c o n s t a n t  t o t a l  pumping r a t e  o f  6>00 m3/d i s  
a b o u t  10 m, t h a t  i s  18 m below ground s u r -  
f a c e .  Without  d i f f i c u l t y ,  t h e  drawdown 
c o u l d  be i n c r e a s e d  by a f a c t o r  6 t o  10. I t  
i s  p r u d e n t  t o  l i m i t  t h e  e s t i m a t e  t o  a fac-  
t o r  o f  5 such t h a t  w i t h o u t  f l u i d  r e i n j e c -  
t i o n  t h e  y e a r l y  a v e r a g e  t o t a l  pumping r a t e  
could be i n c r e a s e d  t o  3.10 m4/dl l  ( 1 .1~10 '  
m,/yr.  1. 
3 . 2 .  E s t i m a t i o n  o f  t o t a l  energy  r e s e r v e s  
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Assuming t h a t  t h e  t h i c k n e s s  o f  
a q u i f e r  is 300 m ,  t e m p e r a t u r e  a t  
we l lhead  and f o r  waste water - 55 
and 35'C r e s p e c t i v e l y ,  v o l u m e t r i c  
s p e c i f i c  h e a t  o f  rock /wa te r  - 0.5 
cal/cm*.C, r e c o v e r y  f a c t o r  - 0.2,  
t h e  e n e r g y  r e s e r v e s  o f  3*lO"kcal  
was e a t i m a t e d  f o r  50 km', where 
t h e  e x p l o i t a t i o n  d e p t h  i s  l e s s  
t h a n  1.5 km. And t h e  h e a t  e n e r g y  
for a n  o t h e r  50 km2(depth o f  1500 - 2500 m ) is  9 ~ 1 O " k c a l  ( 500 m 
i n  t h i c k n e s s  o f  a q u i f e r  and 70'C 
o f  t e m p e r a t u r e  a t  wel lhead a r e  
a d o p t e d ) .  So t h e  t o t a l  h e a t  
e n e r g y  i n t h e  geo the rma l  a r e a  o f  
100 km'in t h e  c i t y  o f  B e i j i n g  
cou ld  r e a c h  1 .2*10 '4kca l (  e q u a l s  
t o  t h e  e n e r g y  r e l e a s e d  by burn- 
i n g  1 . 7 * 1 0 7 t o n s  o f  c o a l ) .  Assum- 
i n g  a c t i v e  r e s e r v o i r  l i f e  t o  be 
25 y r . ,  h e a t  ene rgy  o f  4.8=10" 
k c a l / y r  can  be e x t r a c t e d .  I f  2/3 
o f  t h e  h o t  water i s  used  f o r  s p a c e  
h e a t i n g ,  t h e  f l o o r  a rea  would 
r e a c h  2.6=10'sq.m. ( Assuming t h e  
h e a t i n g  p e r i o d  i s  3 months and 
h e a t  s t a n d a r d  - 40 kcal /sq.m*hr)  . 
I n  t h e  c i t y  o f  T i a n j i n  t h e  geo the rma l  f i e l d  
( a b o u t  100 km') h a s  t h e  t o t a l  e n e r g y  o f  1.4 
lO"kca1, I f  t h e  t h i c k n e s s  and t e m p e r a t u r e  
o f  basement a q u i f e r  assumed t o  be 400 m and 
70'C, and o t h e r  p a r a m e t e r s  a r e  t h e  same as  
mentioned above.  

It  i s  c l e a r  t h a t  a s u f f i c i e n t  d e g r e e  o f  
h e a t  sweep ing  from a q u i f e r  can  be o b t a i n c d  
o n l y  by s u c c e s s f u l  r e i n j e c t i o n .  I n  B e i J i n g  
c i t y  wel lR4(depth  o f  1274 m ) h a s  been utsed 
f o r  r e i n j e c t i o n  o f  waste wa te r  ( a t  t h e  end 
o f  h e a t i n g  sys t em)  f o r  two y e a r s .  The pro- 
d u c t i o n  wel l  32 ( d e p t h  o f  1151 m) a t  a t i is-  
t a n c e  o f  200 m from well  R 4 ,  had a r a t e  o f  
36 m3/hr  w i t h  t e m p e r a t u r e  o f  49'C a t  wel.1- 
head ,  p r o v i d i n g  a h e a t i n g  f l o o r  area o f  
11,000 6q.m. A f t e r  t h e  w a s t e  water w i t h  
temp. o f  38'C was r e i n j e c t e d  i n t o  v.ell E14 
t h e  w a t e r  t a b l e  r i s e d  o n l y  by 2.8 m. A f t e r  
s t o p p i n g  r e i n j e c t i o n  o f  1.2*104rn i n t o  RL) 
for  8 months,  t h e  water t e m p e r a t u r e  i n  t.he 
d o l o m i t e  r e c o v e r e d  t o  49.5-C ( t h e  o r i g i n a l  
temp. was 52'C). S i n c e  t h e  h e a t i n g  p e r i o d  
i n  North China l a s t s  o n l y  4 months,  t h e  
water t e m p e r a t u r e  can  r e c o v e r  i n  a n  o t h e r  
8 months. Up t o  now, no temp. d r o p  i n  
s u r r o u n d i n g  w e l l s  h a s  been obse rved  y e t .  

e w 
1 1 9 7 6  1973 I 1974 1 1975 I 1976 I 1977 I 1978 I 1979 I 1980 I 1981 

Fig. 5: Drawdown curves of water level in 4 
typical wells (1971-1981) by Liu Shufang 

H I G H  TEMPERATURE GEOTHERMAL FIELD I N  
YANGBAJAIN, TIBET ( F i g .  8 ) 

1 .  R e g i o n a l  and f i e l d  geology f e a t u r e  

J u s t  a n  h o u r ' s  d r i v e  n o r t h w e s t  o f  Lhasa,  
t h e  c a p i t a l  o f  T i b e t ,  i s  t h e  Yangbajain 
Geothermal  F i e l d ,  l o c a t e d  i n  t h e  e l o n g a t e  
b a s i n  a b o u t  5 km wide and 100 km l o n g  a t  
t h e  f o o t  o f  M t .  Nya igen tang lha .  Here 
t h e r e  a r e  many geo the rma l  f i e l d s  and new 
t e c t o n i c  movement and e a r t h q u a k e  are v e r y  
a c t i v e .  F o l d s  and f a u l t s  can  be s e e n  i n  

1974 I 1975 I 1976 I 1977 1978 1 = 5 0  

Fig. 6: Variations of underground water 
level of one geothermal well in Tianjin 

I 

Q u a t e r n a r y  l a y e r s .  
The main r o c k s  i n  ,gq=2,:! 

Yangbajain and t h e  
s u r r o u n d i n g  a r e a  
a r e  g n e i s s ,  s l a t e ,  
t u f f  and g r a n i t e .  

I n  t h e  s o u t h e r n  
p a r t  o f  t h e  f i e l d  
t h e r e  are many h o t  
o r  b o i l i n g  s p r i n g s  
( P h o t o  '4),  b o i l f n g  
mud- p o o l s ,  s i l i c a  
s i n t e r s ,  h o t  water 
l a k e  and so on. 
The n o r t h e r n  p a r t  
o f  t h e  f i e l d  i s  a n  
a l t e r a t i o n  area ( 
a b o u t  4 km'). Here, 
due t o  i n t e n s e  
thermo-chemical  
a c t i o n ,  t h e  c o l o r -  
f u l  r o c k  h a s  been 
r educed  t o  w h i t e ,  
powdery k a o l i n .  
I n  some p l a c e s ,  
j u s t  a few c e n t i -  
m e t e r s  benea th  t h e  

I 

/ 

Fig. 7: The line shows 
the equation of 
lgq=f ( l g s )  
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g r o u n d ,  t h e  t e m p e r a t u r e  e x c e e d s  t h e  l o c a l  
b o i l i n g  p o i n t  o f  86'C ( 4300 m a b o v e  sea 
l e v e l  ). And s u l p h u r  i s  a l s o  b e i n g  mined .  
Based  on  d a t a  f rom wel l s ,  t h e  v e r t i c a l  zo- 
n a t i o n  o f  s u l p h u r  and s u l p h i d e  h a s  b e e n  
f o u n d .  A t  d e p t h  o f  20 m t h e  Q u a t e r n a r y  
l a y e r s  c o n t e n t  p y r i t e  ( F e s , ) .  And semi- 
t r a n s p a r e n t  s u l p h u r  c r y s t a l s  ( S ) a p p e a r -  
e d  a t  c r a c k  f rom s u r f a c e  t o  10 m .  I n  more 
o x i d a t i o n  c o n d i t i o n , s u l p h a t e  o c c u r r e d  a n d  
t h e  l a y e r s  became k a o l i n i z e d  and  a l u n i t i z e d .  

2. T e m p e r a t u r e  a n d  p r e s s u r e  o f  g e o t h e r m a l  
f l u i d  ( F i g .  9 a n d  10 ) 

The maximum t e m p e r a t u r e  o f  g e o t h e r m a l  
f l u i d  c h a n g e s  f r o m  l72.C i n  t h e  n o r t h e r n  
p a r t  o f  t h e  f i e l d  t o  160'C i n  t h e  s o u t h e r n  
p a r t .  On t h e  o t h e r  two s i d e s ,  t h e  tempe-  
r a t u r e  r e d u c e s  t o  112 - 142'C. Well 19 
shows a t r e n d  t o w a r d  a maximum temp. o f  
l52'C a t  d e p t h  of  140 m ,  f o l l o w e d  by a 
g e o t h e r m a l  g r a d i e n t  o f  3.l0C/1O0 m t h a t  
was r e c o r d e d  f rom 810 m down t o  1000 m. The 
g e o t h e r m a l  g r a d i e n t  o f  wel l  7 is  4"C/lOO m .  
So f a r  o n l y  t h e s e  two wel ls ,  19 (1000 in) 
and 7 (603 m), a r e  d e e p  enough  t o  d e t e r m i n e  
t h e  g e o t h e r m a l  g r a d i e n t  a t  d e p t h ,  s h o w i n g  
temp. t r e n d s  t h a t  would i n t e r s e c t  a t  178.4 

a t  d e p t h  of  2600 m ( t h e  method p r o v i d e d  
by M i c h e l  J. E c o n o m i d e s , e t c .  1982). I t  
s h o u l d  b e  n o t e d  t h a t  t h i s  s o u r c e  t e m p e r a -  
t u r e  i s  l o w e r  t h a n  t h a t  o f  207 - 222'C 
e s t i m a t e d  by g e o t h e r m o m e t e r s ,  so  t h e  r e a l  
s o u r c e  d e p t h  m i g h t  b e  d e e p e r .  

The b e g i n i n g  p o i n t  o f  i n c r e a s e d  g e o t h e r m a l  
g r a d i e n t  c h a n g e s  f r o m  810 m (  1,?2.g°C) i n  
wel l  19 t o  460 q (92.C) i n  wel l  7. After  
e x p a n d i n g  t h e  g r a d i e n t  t o  s u r f a c e  t h e  temp.  
o f  97.7.C a n d  74.4.C (much h i g h e r  t h a n  l o -  
c a l  a v e r a g e  a t m o s p h e r i c  temp. o f  l l  'C) h a v e  
b e e n  g o t .  

D e p e n d i n g  o n  t h e  d r i l l i n g  s t a b i l i z e d  mud 
d e n s i t y ,  M r .  Wang Z o n g y i n g  c a l c u l a t e d  t h e  
downho le  w a t e r  p r e s s u r e .  The a l t i t u d e  o f  
t h e  z e r o  p r e s s u r e  i n  wel l s  d e c r e a s e s  f rom 
N W  t o  SE, h a v i n g  t h e  same t e n d e n c y  as t h e  
t e m p e r a t u r e  a n d  re l ie f  c h a n g e s  [ Fig. 9 ).  

3 .  The  g e o t h e r m a l  s y s t e m  model  

The s i l i c i f i e d  s a n d s t o n e  d i s t r i b u t i o n  a n &  
c h e m i c a l  c o n t e n t  o f  g e o t h e r m a l  f l u i d  a r e  
a l s o  i m p o r t a n t  t o  p r o v e  t h e  l a t e r a l  water 
f l o w  i n  Y a n g b a j a i n  G e o t h e r m d  F i e l d .  

F i g .  1 1  shows t h e  r e l a t i o n  o f  temp. of 
f l u i d  w i t h  s i l i c i f i e d  s a n d s t o n e .  The 
h i g h e s t  temp.  a r e  r e c o r d e d  a l l  i n  t h e  sili- 
c i f i e d  s a n d s t o n e s ,  which h a v e  h i g h  r e s i s t i -  
v i t y .  The s i l i c i f i e d  s a n d s t o n e  a p p e a r s  i n  
a form o f  t l tongue91,  t h a t  is,  t h e  t o p  o f  i t  
v a r i e s  f rom a d e p t h  150 m i n  n o r t h  t o  a 
d e p t h  o f  70 m i n  s o u t h ,  a n d  i n  t h i c k n e s s  
f rom 250 t o  100 m .  A s  t h e r e  a r e  a l o t  o f  
f r a c t u r e s  i n  i t ,  t h e  p e r m e a b i l i t y  i s  h i g h .  
Fo r  i n s t a n c e ,  well 9 h a s  t h e  b e s t  parame- 
ters:  d e p t h  89.3 m ,  169 t o n s  o f  water a n d  
21 t o n s  o f  steam p e r  h o u r  a t  a w e l l h e a d  

~~ 

(Q) Quaternary sand and till; (K) Cretaceous tuff, 
C + P - Carboniferus and Permian slate; (Pz) 
Pareozoic gneiss, (r) Granite; (1) Wydorthermal 
alteration area; ( 2 )  Hot and boiling springs; 
(3 )  Geological line; ( 4 )  Fault 

Fig. 8: Geology may Yangbajain and 
surrounding area 

4 4 0 0 ,  C r o s s  sect ion1  - I 

(1) Isotherm 10' at depth 
of 5 rn (2 )  Number of 
bores, max temp. (OC) 
and altitude of zero 
pressure (m) (3) Isotherm 

YIW. 

36m. (OC)  ( 4 )  Isoline of 
altitude of zero pressure 
(m) (5) Hydrothermal 

Y W .  1 2 5 , 6  alteration area ( 6 )  
127.5 Direction of movement of 
128.7 geothermal water flow ( 7 )  

Direction of movement of 
cold water 

33-24. 

Fig. 9:  Temperature and 
pressure distribution in 
Yangba j ain 
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temp. of  148°C and p r e s s u r e  O f  4.7 atm. 
The e s t i m a t e d  e l e c t r i c i t y  p o t e n t i a l  i s  
1978 kw ( Photo  5 ). 

Fig .  12 shows t h e  m i n e r a l i z a t i o n  and i o n  
c o n t e n t  o f  f l u i d  i n  w e l l s  are p r o p o r t i o n a l .  
They d e c r e a s e  from NW To SE and from t h e  
t t tonguel t  t o  su r round ing  a r e a .  The f l u i d  
c o l l e c t e d  from wel l  13 c o n t a i n s  m i n e r a l i -  
z a t i o n  (2.2 g / l ) ,  C 1  (651 mg/l) and H B 0 2 (  
298 mg/ l ) ,  t h e  h i g h e s t  among a l l  e x i s t i n g  
we l l s .  T h i s  k ind  o f  water  mixes co ld  
water  w i t h  low m i n e r a l i z a t i o n  and h igh  HCO, 
from o u t s i d e  t h e  f i e l d  and C l  - HC0,mixed 
water  is formed. 

Accord ingly ,  i t  i s  presumed t i i a t  t h e  pre- 
s e n t  a c t i v i t y  o f  t h e  f i e l d  i s  t h e  pos t -  
i n t r u s i v e  a c t i o n  magma. Cold r echa rge  
wa te r (1 )  p a s s e s  a nearby h e a t i n g  volume 
benea th  t h e  s u l p h u r  d e p o s i t  o r  even f a r -  
t h e r  and mixes wi th  j u v e n i l e  wa te r  from 
c o o l i n g  magma, r i s i n g  i n  t emp . ,dec reas ing  
i n  d e n s i t y ,  and forming a deep thermal  
f l u i d ( 2 ) ,  which r i s e s  a l o n g  t h e  f a u l t .  
Due t o  p r e s s u r e  r e d u c t i o n  and changes i n  
t h e  ox ide - reduc t ive  c o n d i t i o n s ,  s u l p h u r  
s t e a m ( 3 ) , m e r c u r y , e t c .  a r e  s e p a r a t e d  and 
produce hydro thermal  a l t e r a t i o n  and s u l -  
phur d e p o s i t .  Then as i t  is pushed by 
co ld  water  a t  t h e  f o o t  o f  M t .  Nyaingen- 
t a n g l h a (  4 ) ,  t h e  deep the rma l  f l u i d  t u r n s  
t o  t h e  h o r i z o n t a l  movement t o  be mixed- 
thermal  f l u i d ( 5 ) ,  Fig.  13. 

4. R e s e r v o i r  pa rame te r s  and r e s o u r c e  
assessment  ( F i g .  14 ) 

T h i r t e e n  geothermal  w e l l s  have been d r i l l e d  
h e r e  up t o  1980. They have t h e  parameters :  
depth  68 - 1000 m,  t o t a l  f l o w r a t e  82 - 191 
tons /h r  a t  a wellhead t empera tu re  of  120 - 
148'C and p r e s s u r e  of  2 . 3  - 4.7 atm. The 
t o t a l  e s t i m a t e d  e l e c t r i c i t y  p o t e n t i a l  i s  

The energy  r e s e r v e 6  a r e  e s t i m a t e d  t o  be 
4.5xlO"kcal f o r  t h e  Quaternary  a q u i f e r ,  as- 
t h e  geothermal  a r e a  is  10 kmz( t h e  maximum 
temp. in w e l l s  is h i g h e r  than  l > O ' C ) .  T h i s  
a r e a  c o n s i s t s  o f  6 km2in t h e  n o r t h  o f  t h e  
r o a d ( t h e  t h i c k n e s s  o f  300 m and temp. 01' 
1 7 0 ° C )  and 4 km'in t h e  sou th  (150  m and 160 

'C). T h e  was te  wa te r  temp. i s  90°C, t h e  
s p e c i f i c  volume o f  rock/water  - 0.6 cal/'cni'rt 
t h e  h e a t  r ecove ry  - 0.2.  I f  t h e  p i p e  arid 
power p l a n t  e f f i c i e n c y  i s  0.1, t h e  e l e c t r i -  
c i t y  p o t e n t i a l  - 65.4 M W .  I f  t h e  exploi. ta- 
t i o n  p e r i o d  c o v e r s  25 y e a r s ,  t h e  e l e c t r i c  
p o t e n t i a l  o f  26 M W  i s  es t ima ted .  

The f a c t ,  t h a t  t h e  Yangba j a i n  Geothermal 
F i e l d  h a s  t h e  l a t e r a l  wa te r  f low,can  not. 
be n e g l e t e d  i n  i t s  r e s o u r c e  assessment .  The 
f o l l o w i n g  e q u a t i o n s  were used t o  de t e rmine  
r e s e r v o i r  p e r m e a b i l i t y ( k )  i n  we l l  13. 

15.3 MW. 
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t 3 d 0  d 9 0.85 S = 2 . 3 2 ~ 1 0  QLgR/r 
2.73MS K =  

Put  Q = 141 m 3 / h r ,  R = 400 m, r = 0.2, 
M = 58 m,b= 0.09 cp ,  t = 3 mm(width o f  
f i s s u r e  de te rmined  from core )  and V,= 1.125 
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Photo 4: Morning in 
Yangbajain 

201 

Fig. 10 (right): The 
shallow reservoir and 
source temp. at Yangbajain 
Geothermal Field 
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Fig. 11: Relation of temp. and resistivity 
with silicified sandstone 
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Fig. 12: Relation between mineralization and 
ion contents of geothermal fluids sampled from 
bores in Yangbajain 
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cmg/g i n t o  t h e  e q u a t i o n s ,  we g o t  S = 5.1 m 
a n d  K = 1 4 . 3  m/day f o r  w e l l  13. A d o p t i n g  
t h e  w i d t h  o f  t h e  c r o s s  s e c t i o n  .I - I ' o f  2 
km, t h e  t h i c k n e s s  o f  a q u i f e r  300 m ,  water 
l e v e l  g r a d i e n t  o f  1.5 % ( c a l c u l a t e d  f rom 
i s o l i n e  o f  a l t i t u d e  o f  z e r o  p r e s s u r e )  - 
t h e  c r o s s  s e c t i o n  water f l o w  o f  5363; m 3 / h r  
h a s  b e e n  o b t a i n e d .  I n  Y a n g b a j a i n  a water 
f l o w r a t e  o f  100 m3/hr  c a n  p r o d u c e  1 M W ,  so 
54 M W  m i g h t  b e  p r o d u c e d  by u s i n g  a b o v e  
m e n t i o n e d  f l o w r a t e .  F i n a l l y ,  t h e  t o t a l  
e l e c t r i c i t y  p o t e n t i a l  o f  t h e  Q u a t e r n a r y  
a q u i f e r  i n  Y a n g b a j a i n  i s  e s t i m a t e d  t o  be 
80 MW. 

SUMMARY 

G e o t h e r m a l  e n e r g y  i s  o n e  o f  t h e  i m p o r t a n t  
new e n e r g y  r e s o u r c e s  i n  China .  I n  B e i j i n g ,  
T a i n j i n ,  T i b e t ,  Yunnan,  F u j i a n ,  Guangdong 
a n d  many o t h e r  p l a c e s  i t  i s  u n d e r  e x p l o r a -  
t i o n  and u t i l i z a t i o n .  The p r e l i m i n a r y  re- 
s o u r c e  a s s e s s m e n t  i n  t h i s  p a p e r  shows t h e  
p r o m i s i n g  p r o s p e c t s  o f  p r o d u c t i o n  o f  geo-  
t h e r m a l  e n e r g y  i n  B e i j i n g ,  T a i n j i n  and  
Y a n g b a j a i n .  

I n  N o r t h  C h i n a , t h e  d o l o m i t e  o r  l i m e s t o n e  
o f  P a l e o z o i c  a n d  P r o t e r e z o i c  e ra  h a s  h i g h e r  
temp. a n d  good p e r m e a b i l i t y .  I m p o r t a n t  
t h i n g  i s  t o  f i n d  a n d  explorate more new 
g e o t h e r m a l  f i e l d s  i n  l o c a l  u p l i f t  w i t h i n  
g r a b e n s .  I n  Y a n g b a j a i n  t h e  s i l i c i f i e d  
s a n d s t o n e  o r  c o n g l o m e r a t e  c o n t r o l s  t h e  
Q u a t e r n a r y  a q u i f e r .  The  most  i m p r o t a n t  
t a s k  is  t o  f i n d  t h e  h i g h  t e m p e r a t u r e  geo -  
t h e r m a l  f l u i d  i n  t h e  b a s e m e n t .  
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Photo 5: The well 9 spouts 
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Fig. 13: Geothermal system model of 
Yangbajain Geothermal Field 

Fig 14: 
cross section for reservoir assessment 

Map shows the geothermal area and 
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