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ABSTRACT 

Tatapani geothermal f i e l d  i s  l oca ted  a long 
f a u l t e d  Gondwana bas in  margin w i t h i n  
t r e n d i n g  SONATA Lineament zone i n  Cen t ra l  I n d i a .  
The Tatapani  f a u l t  and c ross  f a u l t s  i n  Pro teroz-  
o i c  g n e i s s i c  basement and Gondwana rocks c o n t r o l  
t h e  thermal a c t i v i t y .  Th i s  f i e l d  has 400 x 
300 m area o f  upf low w i t h  c o n t i n u i t y  t o  depth o f  

geochemical ly  es t imated r e s e r v o i r  tempera- 
t u r e  o f  thermal g r a d i e n t  o f  t o  
/m, heat  f l o w  o f  50 and b o i l i n g  zone 
around depth.  Steep f r a c t u r e s  as feeder 
zones have been recorded i n  exp lo red  depth o f  

Successful  comple t ion  o f  f i v e  p roduc t i on  
w e l l s  w i t h  cumula t ive  d ischarge o f  30 o f  

and maximum temperature o f  f rom 
sha l low thermal zone i n  depth can s u s t a i n  
up t o  300 b i n a r y  c y c l e  power generat ion .  
Heat p o t e n t i a l  o f  g e o f l u i d s  f rom proven sha l low 
thermal zones i s  o f  t h e  o rde r  o f  186 f o r  20 
years.  P r o j e c t i o n  o f  geothermal parameters t o  
r e s e r v o i r  depth suggests occurrence o f  c o n i c a l  
geothermal body o f  a r e a l  e x t e n t  o f  2 a t  

and 7.2 a t  1500 m depth,  w i t h  capab- 
i l i t y  t o  s u s t a i n  commercial development o f  t h e  
order  o f  3.17 energy f rom recoverab le  
u i d s  and 18 energy i n  rocks  and water com- 
b ined f o r  temperature drop o f  2 5 ° C  f rom 1 1 2 ° C  t o  
87°C. 

1 .  INTRODUCTION 

As a p a r t  o f  n a t i o n a l  non- convent ional  energy 
resources development programme, Geolog ica l  
Survey o f  I n d i a  launched a programme o f  geothe- 
rmal s t u d i e s  i n  n o r t h e r n  and c e n t r a l  I n d i a  i n  
1973-75 and g e o l o g i c a l ,  hyd rogeo log i ca l ,  geoche- 
m i c a l ,  geophys ica l ,  thermal- remote sensing 
s t u d i e s ,  mercury d i s p e r s a l  i n  s o i l s  and thermal 
g r a d i e n t  d r i l l i n g  i n  se lec ted  h o t  s p r i n g  areas 
were c a r r i e d  o u t .  These s t u d i e s  r e s u l t e d  i n  
i d e n t i f i c a t i o n  o f  heat-anomaly zones r e l a t e d  
w i t h  upf low zone v e r t i c a l l y  l i n k e d  w i t h  deep 
r e s e r v o i r  o f  t h e  geothermal system. Th is  s i g n i -  
f i c a n t  obse rva t i on  opened an avenue f o r  estab-  
l ishment  o f  p i l o t  geothermal power p l a n t s  a t  
Puga i n  Jammu and Kashmir S ta te ,  Manikaran i n  
Himachal Pradesh and Tatapani  i n  Madhya Pradesh, 
Ind ia ,  Feasi 1 s t u d i e s  t o  e s t a b l i s h  t h e  
thermal p o t e n t i a l  o f  upper 350 t o  p a r t  o f  
geothermal system capable o f  s u s t a i n i n g  power 
genera t i on  t o  t h e  tune o f  100 a t  Tatapani  
were taken up i n  1989-90 by Geolog ica l  Survey o f  
I n d i a  T e s t i n g  o f  p roduc t i on  w e l l s  was 
done by t h e  O i l  and Na tu ra l  Gas Corpo ra t i on  
L i m i t e d  (ONGC). Resu l t s  o f  these s t u d i e s  under 
j o i n t  GSI-ONGC c o l l a b o r a t i o n  programme f o r  
i n s t a l  o f  100 b i n a r y  c y c l e  power p l a n t  
and scope o f  f u l l  s c a l e  commercial u t i l i s a t i o n  
o f  Tatapani  geothermal f i e l d  a re  presented i n  
t h i s  paper. 

2. TATAPANI GEOTHERMAL FIELD 

Geothermal a c t i v i t y  a t  Tatapani ,  a p lace  l oca ted  
94 km n o r t h  o f  headquarters of 
j a  d i s t r i c t  Madhya Pradesh i s  i n  t h e  form o f  23 
h o t  s p r i n g s  rang ing i n  temperature f rom 60 " t o  
97' C w i t h  cumula t ive  d ischarge o f  about 300 

l i t r e s  per  minute  The h o t  s p r i n g s  a re  
spread over a 400 m l ong  and wide b e l t  
a long t r e n d i n g  Tatapani  f a u l t  
These ho tsp r ings  most ly  a l i g n e d  a long f a u l t  
p lanes v i z .  Tatapani f a u l t  and c ross  f a u l t s  o f f -  
s e t t i n g  it, e x h i b i t  moderate e b u l l i t i o n  o f  
gases. Depos i t i on  o f  s i l i c a  and ca l c ium carbo- 
na te  around vents  i s  common. P r e c i p i t a t i o n  of  
n a t i v e  su lphur  and f i x a t i o n  o f  Arsen ic  
by green a lgae i n  t h e  v i c i n i t y  o f  h o t  s p r i n g s  i s  
a l s o  recorded i n  t h e  area.  Palaeogeothermal 
a c t i v i t y  i s  mani fes ted i n  t h e  form o f  hydro ther-  
mal l y  a l t e r e d  c l a y  around Lakarmanwa lage and 
development o f  s i l i c a  s i n t e r  near v i l -  
lage about 500 west o f  Tatapani .  

2 . 1  Geolog ica l  S e t t i n g  

Two d i s t i n c t  l i t h o t y p e s ,  P ro te rozo ic  and Gondwa- 
na Supergroup, a re  exposed i n  t h e  area 
Gondwana rocks exposed nor thwest  of  Tatapani ,  
show f a u l t e d  con tac t  w i t h  t h e  P ro te rozo ics ,  and 
ex tend towards nor thwest  as Tatapani-Ramkola 
c o a l f i e l d .  Rest o f  t h e  t e r r a i n  exposes Pro tero-  
z o i c  rocks  (Tab le  

Table-1 
Geolog ica l  Sequence a t  Tatapani  Geothermal 

f i e l d ,  I n d i a .  

Recent 

Quaternary 

S o i l ,  r i v e r  
a l l uv ium,  
hyd ro the rma l l y  

t e r e d  c l a y s  

Gondwana Mahadeva Reddish brown coarse 
Supergroup fo rma t ion  sandstone, conglomerate 

( T r i a s s i c  t o  Barakar Sandstone and sha le  
Lower Permian) fo rma t ion  w i t h  g r i t .  P l a n t  

f o s s i l s  and coa l  seams 

T a l c h i r  Sandstone, g r i t  and 
fo rma t ion  conglomerate, s p l i n t e r y  

sha les  

P r o t e r o z o i c  P h y l l i t e ,  g r a p h i t i c  
s c h i s t ,  q u a r t z i t e ,  
k y a n i t e - s i l l i m a n i t e  
s c h i s t ,  augen gne iss  
g r a n i t e  gne iss ,  ca l c-  
g r a n u l i t e .  

Geolog ica l  mapping o f  t h e  area revea ls  a baseme- 
n t  o f  P ro te rozo ic  rocks  compr is ing t h i n  bands o f  

q u a r t z i t e ,  g r a p h i t i c  s c h i s t ,  grey 
b i o t i t e  gne iss ,  hornblende gne iss  and p i n k  
f e l s p a t h i c  p o r p h y r i t i c  g r a n i t e-  
gneiss.  Kyan i te  and s i l l i m a n i t e  s c h i s t  occur as 
l e n s o i d  bands. Rocks show r e g i o n a l  metamorphism 
up to  k y a n i t e - s i l l i m a n i t e  grade. Augen gne iss  i s  
repo r ted  south  o f  t h e  f i e l d .  The rocks show w e l l  
developed f o l i a t i o n  i n  t h e  d i r e c t i o n  
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and w i t h  steep d i p  o f  7 5 "  t o  
85' towards n o r t h  as a r e s u l t  o f  i n tense  f o l d i n g  
and cross  f o l d i n g .  

A t h i c k  p i l e  o f  Gondwana sediments compr is ing 
sha le ,  s i l t s t o n e  and f i n e  gra ined sandstone o f  
T a l c h i r  fo rmat ion i s  observed r e s t i n g  
mably over t h e  basement. The T a l c h i r  f o rma t ion  
i s  o v e r l a i n  by grey wh i te  sandstone and g r e y i s h  
sha le  w i t h  carbonaceous s t reaks .  Reddish brown 
sandstone and g r i t  bands are  exposed i n  Tatapani 
na la .  The con tac t  o f  T a l c h i r  w i t h  basement i s  
marked by h i g h l y  sheared g r a n i t i c  rock .  Gondwa- 
nas i n  t h e  area have a general  s t r i k e  o f  - 

w i t h  d i p s  towards n o r t h  a t  very low 
angles upto  1 5 " .  They are  g e n t l y  f o l d e d  i n t o  a 
wes te r l y  p lung ing  synform 
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FIG 1 - MAP OF TATAPANI GEOTHERMAL FIELD, INDIA 

2.2 S t r u c t u r e  

Tatapani geothermal f i e l d  i s  l oca ted  i n  pro-  
minent (SONATA) l ineament zone 
o f  Cen t ra l  I n d i a .  Fau l ted  Gondwana bas in  margin 
i n  t h i s  SONATA l ineament zone e x h i b i t s  
t o n i c  and c o n t r o l s  thermal a c t i v i t y  a t  
S a l b a r d i ,  Anhoni and Tatapani  h o t  s p r i n g  areas 
f rom v e s t  t o  eas t  over  a d i s tance  o f  490 km. 

Shankar 1987).  Geothermal a c t i v i t y  a long 
Gondwana bas in  margin i s  more i n tense  i t s  
eas te rn  sec to r  a t  Tatapani  than i n  western 
sec to r  a t  Sa lba rd i  ( P i t a l e  e t  a l ,  1994). 

The area i s  s t r u c t u r a l l y  h i g h l y  d i s tu rbed .  The 
major s t r u c t u r a l  f e a t u r e ,  t h e  ENE-WSW t r e n d i n g  
Tatapani f a u l t  i s  cha rac te r i sed  by w e l l  
developed zone of f a u l t  b r e c c i a  o f  dark grey 
c o l o u r .  T h i s  f a u l t  b r e c c i a  i s  seen very  promin- 
e n t l y  i n  t h e  v i c i n i t y  o f  h o t  s p r i n g s  and a l s o  
extends over some d i s tance  towards e a s t .  Here 
t h e  f a u l t .  l i e s  e n t i r e l y  i n  t h e  P r o t e r o z o i c .  
Towards west o f  t h e  h o t  s p r i n g s ,  t h e r e  i s  no 
prominent express ion o f  t h e  f a u l t .  Tatapani  
f a u l t  and t h e  o the r  E-W f a u l t  a re  a f f e c t e d  
by numerous cross  f a u l t s  t r e n d i n g  NE-SW causing 
displacement o f  out- crops,  i n tense  shear ing,  
c rush ing  and development o f  b r e c c i a  a long these 
f a u l t s .  Most o f  t h e  E-W f a u l t s  a re  g r a v i t y  t ype .  

s l i d e s  i n d i c a t i n g  no r thwes te r l y  movement 
and plunge o f  25' have been n o t i c e d  a long sym- 

p a t h e t i c  shear zones a l so .  The Tatapani geother-  
mal f i e l d  i s  bounded by f a u l t s  on a l l  s i des .  The 
southern boundary o f  geothermal f i e l d  i s  marked 
by ENE-WSW t r e n d i n g  Tatapani f a u l t  w i t h  d i p  o f  
78" towards n o r t h  (Thussu e t  1987).  Cross 
f a u l t s  t r e n d i n g  NE-SW demarcate t h e  E-W 
ex ten t  o f  t h e  thermal m a n i f e s t a t i o n .  An E-W 
f a u l t  demarcates t h e  no r the rn  l i m i t  o f  
thermal a c t i v i t y .  

2 .3  Geof lu ids  and thermal  g r a d i e n t s  

Hot s p r i n g  and h o t  water i n  sha l low dug w e l l s  i s  
t ype .  The main c o n s t i t u e n t s  o f  

water are  sodium 115 t o  133 ppm, 
b icarbonate  87-106 c h l o r i d e  70 t o  7 7  
TDS 494 t o  570 ppm and s i l i c a  45 t o  164 ppm. 
The r a t i o  i s  h igh .  The m ix ing  o f  c o l d  water 
has marg ina l  e f f e c t  on q u a l i t y  o f  t h e  water .  The 
d i l u t i o n  more i n  t h e  month o f  March which 
g r a d u a l l y  subsides by t h e  end o f  A p r i l  (Thussu 
e t  High r a t i o  suggests t h a t  t h e  
h o t  s p r i n g  water-s have mixed w i t h  s i m i l a r  t ype  
o f  c o l d  water and emerge f rom same r e s e r v o i r .  
Un i form boron concen t ra t i on  i n d i c a t e s  t h a t  t h e  
su r face  s p r i n g s  are  r e l a t e d  t o  s i n g l e  source a t  
depth.  Eased on s i l i c a  geothermometry ( E l l i s  and 
Mahon 1977) t h e  r e s e r v o i r  temeperature o f  
t o  1 6 0 ° C  i s  i n f e r r e d  f o r  Tatapani geothermal 
f i e l d .  

o f  temperature w i t h  depth as observed 
i n  e x p l o r a t o r y  boreholes ranges f rom a t  30 

t o  78°C a t  100 m t o  104°C i n  
84°C t o  i n  t o  i n  
90°C t o  i n  53°C t o  

(Ghosh and Das Gupta 1991).  Beyond 100 m 
up to  exp lored depth o f  300 t o  t h e  tempera- 
t u r e  o f  i s  near cons tan t  o r  show r i s e  o f  

t o  8°C be ing i n  convec t i ve  zone i n  these 
w e l l s .  Borehole however shows reve rsa l  
f rom t o  beyond m up to  480 m. I n  
t h e  o t h e r  boreholes though t h e  thermal g r a d i e n t  
i n  upper 100 m i s  same t h e  temperatures recorded 
are  o f  lower o rde r .  Thermal g r a d i e n t  i n  upper 
100 m t h i c k  s l i c e  i s  o f  t h e  o rde r  o f  0.06 t o  

w h i l e  t h a t  i n  upper 300 m s l i c e  i s  
t o  Boreholes and 6 en- 
countered f r e e  f l o w i n g  geyse r i c  c o n d i t i o n s  w i t h  
maximum temperature o f  recorded i n  t h e  
exp lored depth.  Subsurface geothermal da ta  o f  22 
e x p l o r a t o r y  boreholes revea led t h a t  boreholes 
no. 3,  E and 7 l i e  i n  t h e  area o f  
anomalous h i g h  thermal g r a d i e n t .  D i s p o s i t i o n  o f  
isotherms and thermal g r a d i e n t  contours  a t  100 
m ( F i g .  2 )  and 300 m l e v e l  i n d i c a t e  t h a t  upf low 
zone has an area o f  1 i n  upper 100 m s l a b  
w h i l e  i n  deeper l e v e l  up to  t h e  area o f  
h ighe r  thermal g r a d i e n t  extends up to  2 
Cons ider ing su r face  a r e a l  e x t e n t  o f  thermal 
m a n i f e s t a t i o n  o f  t h e  o rde r  o f  (400 m 
x 200 t h e  thermal body has an a rea l  e x t e n t  o f  
about 25 t imes a t  300 m thereby i n d i c a t i n g  a 
p o s s i b l e  occurrence o f  h i g h  thermal p o t e n t i a l  
r e s e r v o i r  a t  depth i n  Tatapani  area.  
a r  (1987) as i n d i c a t e d  heat  f l o w  va lue o f  

5 t imes t h e  normal t e r e s t r i a l  
heat  f low,  f o r  depth range 100 t o  a t  Tatap- 
an i  which a l s o  con f i rms  t h e  p o s s i b i l i t y  o f  
encounter ing thermal zones capable o f  s u s t a i n i n g  
e x p l o i t a t i o n  and geothermal development a t  
Tatapani . 
2.4 Geothermal Parameters 

G e o s c i e n t i f i c  s t u d i e s  i n c l u d i n g  geophysical  
surveys f o l l o w e d  by e x p l o r a t o r y  the rma l- g rad ien t  
d r i l l i n g  r e s u l t e d  i n  e s t a b l i s h i n g  f o l l o w i n g  
geothermal parameters o f  t h e  Tatapani geothermal 
system. 

* Reservo i r  temperature:  160 I n  proven 
p a r t  (upper 100-500 112°C temperature 
encountered i n  boreholes.  

1258 



P i t a l e  e t  al. 

FIG.2 - ISOTHERMS AT 100 m DEPTH TATAPANI, 

Thermal g rad ien t  : t o  i n  upper 
m s l i c e  
t o  i n  upper 

300 s l i c e  
* Heat f l ow : 290 50 
* Upflow zone : I d e n t i f i e d  around 

borehole 
Depth o f  b o i l i n g  : I d e n t i f i e d  (150- 160 m 

below ground l e v e l )  
Free f low ing  and 
s e r i c  cond i t i on  : I n  we l l s  

o f  100 
* Pressure : 37  t o  a t  

Feature c o n t r o l l i n g  
upflow zone : Fractures associated 

* Thickness of  f r a c t u r e  
zone i n  98 t o  506 m 
depth explored : 45 t o  
Possible deep reser-  
v o i r  rock : Fractured c r y s t a l l i n e s  
Extent o f  c o n t i n u i t y  
o f  saturated thermal 
zone : About 1 km. as 

w i t h  major f a u l t s .  

cated by conduct ive 
zone o f  10 t o  ohmm. 

Rao e t  . 1987). 

3 PILOT GEOTHERMAL POWER PLANT 

With t h i s  background in fo rmat ion  on geothermal 
regime i n  upper m p a r t  o f  geothermal system, 
chemical geothermometric data on deeper reser-  
v o i r  and poss ib le  c o n t i n u i t y  o f  condui t  zone t o  
a depth o f  l k m .  as assessed from r e s i s t i v i t y  
values o f  10-20 ohm a t  Tatapani geothermal 
f i e l d ,  f e a s i b i l i t y  s tud ies f o r  i n s t a l l a t i o n  o f  
100 b inary  cyc le  geothermal power p l a n t  were 
taken up. Under t h i s  programme fou r  product ion 
we l l s  around f ree- f low ing  geyseric we l l  
were d r i l l e d  t o  t e s t  the  thermal energy poten- 
t i a l  o f  shal low thermal zones i n  upper 350 m 
p a r t  o f  Tatapani geothermal system. 

3.1 Geology o f  thermal zones 

The product ion we l l s  have encountered sandstone 
shale sequence o f  Ta l ch i r  format ion t o  a depth 
of 80 t o  120 m fo l lowed by sheared g ran i t e  
gneiss t o  we l l  bottom (F i g .  3 ) .  The rocks are 
h i g h l y  sheared, indurated and f r ac tu red  a t  
angles o f  60' and 70' t o  ho r i zon ta l .  
The f r ac tu res  are f i l l e d  w i t h  secondary s i l i c a ,  
zeo l i t e s  and c a l c i t e .  P y r i t e ,  cha lcopyr i te  
disseminat ions are common i n  f r ac tu red  zones. 
The borehole cores show t h i n  bands o f  f a u l t  
b recc ia  upto 30 cm t h i c k  which comprises angular 

pieces o f  gran i te- gneiss,  quar tz  ve in ,  peg- 
mat i te ,  p h y l l i t e  and c h l o r i t e  s ch i s t .  Core 
samples under t h i n  sec t ion  reveal ro ta ted  f e l s -  
par w i t h  f r ac tu red  core and pu l ve r i sa t i on  along 
margins. The pu lver ised,  r o t a t ed  f e l spa r  crys-  
t a l s  suggest t h a t  these rocks have been subjec- 
ted  t o  repeated deformation. Prominent f rac-  
tu res  have been recorded i n  these we l l s  i n  depth 
ranges o f  120-140 m, m, 220-240 m and 
around 300 m. 

3.2 Geothermics o f  we l l s  

The f r ac tu res  recorded depth range o f  120-140 
m, - m, 220 - 240 m and around 300 m a c t  
as feeder zone o f  thermal water. The thermal 
water discharge commences below sandstone-gneiss 
contact  w i t h  temperature r i s i n g  t o  around 
140 - m which cons t i t u t es  the  actua l  blow- 
out  zone. The blow-out zone i s  shallower near 
Tatapani f a u l t  as seen i n  we l l s  and 26. 
High permeab i l i t y  zone i s  observed from depths 
o f  140 t o  250 m suggest ing thereby the  occur- 
rence o f  reservo i  r i n  f r ac tu red  Proterozoics.  
Over ly ing Gondawana sandstone aqu i fe rs  which 
have area l  extension r eg i ona l l y  i n  the  nor thern 
p a r t  a c t u a l l y  induce some mixing o f  co l d  water 
w i t h  u p r i s i n g  thermal waters through f r a c t u r e  
condui t  systems i n  the  Proterozoics.  Surface 
exposure o f  Gondwana aqu i f e r s  the  no r t h  
a c t u a l l y  prov ide easy access o f  surface water t o  
under ly ing Proterozoics.  The meteoric water 
a f t e r  reaching deeper reservo i r  and c o l l e c t i n g  
the  heat moves upwards through Tatapani f a u l t ,  
cross f a u l t s  and associated f r a c t u r e  system 
encountered i n  the  product ion we l l s .  Th is  a l so  
expla ins the  l o c a l i s a t i o n  o f  ho t  spr ings t o  the  
nor th  o f  Tatapani f a u l t .  

Shut i n  temperature and pressure i n  we l l s  
and recorded dur ing we l l  t e s t i n g  

by ONGC i s  shown i n  F i g .  4. The shu t- in  temp- 
era tu re  r i s e s  from a t  50 m t o  a t  
a depth o f  1 7 5  m i n d i c a t i n g  a temperature grad i-  
en t  o f  about 3 t imes the  normal. 
There e x i s t s  a zone o f  convect ive heat t r ans fe r  
between and 250 m f o r  we l l  6 and between 
175  m and 315 m f o r  we l l  23  making the 
ure constant i n  t h i s  region. Below t h i s  depth 
temperature invers ion  shows ex is tence o f  co lder  
zone. shows the  r i s e  o f  convect ive zone 
t o  shallow depth as compared t o  and 23. 
Maximum temperature recorded the  we l l s  i s  

1993). the  we l l s  i nd i ca te  
pressure h igher  than the  hyd ros ta t i c  pressure. 
Pressure values a t  the  bottom o f  t he  23 
and 2 5  are 37 kg, 42kg and 32 
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Tot-6 Tot-23 

3 2 0 m  

Tat-25 

3 5 3  5 m  

I N D E X  

SLUDGE BASIC 

ROCK CLAST HARD ROCK 

SAND STONE CASING 

SHALE CHLORITIC ROCK 

GRANITE-GNEISS ZONE 

BLOW OUT ZONE MUD STONE 

Fig.3 Li thographs o f  Boreholes, Tatapani 

Tat -26 

0 

Pressure Temperature 

i 

Fig 4 Shut in temperature and pressure profiles 

ve ly .  The pressure p r o f i l e  shows a d i s t i n c t  
change i n  i t s  curvature a t  a depth o f  about 100 
m - 150 m i n  a l l  the  th ree  we l l s .  Corresponding 
temperature p ro f  l e s  show drop i n  temperature o f  
the  we l l  f l u i d s  by i n  t h i s  region. Th is  
conf i rms t h a t  due t o  low pressure encountered i n  
t h i s  reg ion f lash ing  i s  t a k i ng  place a t  t h i s  
depth thereby reducing the f l u i d  temperatures 
from a t  about t o  a t  wellhead. 

3.3 Chemistry and Po ten t i a l  o f  Geof lu ids 

Thermal waters o f  ho t  spr ings and product ion 
have near s i m i l a r  composit ion they are 

o f  type. Near un i form chemical 
composit ion o f  the  waters suggest same source. 
F lour ine  ( 1 5  ppm) i s  r e l a t i v e l y  higher i n  Tatap- 
ani waters. S im i la r  Boron content po i n t s  t o  same 
source of thermal waters. S i l i c a  thermometry 
ind ica tes  reservo i r  temperatures o f  these ther-  
mal water t o  be o f  t he  order o f  t o  

The study o f  p r e c i p i t a t i o n  i n  discharge p ipes 
y i e l d  most ly c a l c i t e ,  l i t t l e  s i l i c a ,  t h i n  scales 
o f  Cu, As and even s i l v e r  upto 4 ppm. Thus the 
discharge water may requ i r e  e l im ina t i on  o f  
t o  avoid choking o f  p ipes and t h a t  o f  f l u o r i n e  
f o r  usefu l  s u r f i c i a l  consumption. 

A l l  the  we l l s  are f r e e  f low ing .  The temperature 
and discharge parameters are summarised i n  
Table-2. 
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Table-2 
Temperature and d ischarge o f  P roduc t i on  w e l l s .  

Bore Depth Tempe- Max Pres.  Energy 
h o l e  r a t u r e  arge temp a t  bot-  
no. su r face  tom n t i a l  

lpm 

6 320 99-99.5 111.5 37 510.2 
23 353.15 99-100 269-303 112.9 42 501.4 
24 244.60 99.5-100 431-451 -- - 773.2 
25 350.70 255-269 112 32.1 459.4 
26 239 99-100 881.9 

T o t a l  thermal energy p o t e n t i a l  o f  a l l  t h e  w e l l s  
f o r  temperature drop f rom t o  i . e  

A t h e  average temeprature range spec- 

i f i e d  f o r  heat  e x p l o i t a t i o n  i n  proposed b i n a r y  
c y c l e  power p l a n t ,  comes t o  3125 

3.4 Thermal requ i rements  o f  Power P l a n t  

The thermal requ i rments  f o r  o rgan ic  
b i n a r y  c y c l e  power p l a n t  under procurem- 

e n t  by ONGC are  : 

Hotwater f l o w  : 30 i . e  1800 

Hotwater i n l e t  temperature : 
O u t l e t  temperature : 
Working f l u i d  : Perch lo roe thy l  

Maximum hotwater  pressure  : 5 
ene 

1 t h e  temperature,  pressure  and d ischarge 
c o n d i t i o n s  a re  f u l f i l l e d  by t h e  sha l low 
geothermal zones under e x p l o i t a t i o n  by these 
f i v e  p roduc t i on  w e l l s .  P l a n t s  w i t h  improved 
e f f i c i e n c y  o f  genera t i ng  300 Kwe from 
t h e  same mass f l o w  r a t e  o f  30 a re  a v a i l a b l e  
( J i v c a t e  and Fo r te ,  

3.5 F e a s i b i l i t y  o f  Power P l a n t  

To  assess t h e  a v a i l a b i l i t y  o f  thermal f l u i d  o f  
p l a n t  s p e c i f i c a t i o n s  f rom sha l low thermal zones 
under e x p l o i t a t i o n  by t h e  f i v e  f r e e  f l o w i n g  
p roduc t i on  w e l l s ,  t h e  area covered by 
iso therm t o  a depth o f  350 m has been taken i n t o  
cons ide ra t i on .  Thermal c a p a c i t y  o f  t h e  rese r-  
v o i r  i n  t h e  e x p l o i t a t i o n  depth o f  350 m c a l -  
c u l a t e d  on t h e  b a s i s  o f  w i d t h  o f  upf low zone on 
t h e  su r face  o f  o rde r  o f  300 m and c ross  sec- 
t i o n a l  area (652800 o f  s l i c e  w i t h i n  
iso therm recorded i n  t h e  p roduc t i on  w e l l s  i s  as 
f o l l o w s :  

*Energy l i q u i d  = Cross s e c t i o n  area o f  thermal 
zone x w i d t h  o f  up f l ow  zone x p o r o s i t y  x d e n s i t y  

x en tha lpy  A 

= x 948 

= 1.953 x 10 6.3 
seconds 

3 .1  x e f f i c i e n c y  0.06 
= o r  186 f o r  20 

years.  

*Energy rock  = Volume x d e n s i t y  x 
Sp. hea t  x temp. d i f f .  

6528 0 x 300 xO.9 x 2660 
x 0.19 x 

2 5 ° C  
= 2.227 x 
= 9.37 x Jou les  6.3 x 

seconds 

ency f a c t o r  .06 
14.87 MW f o r  20 years x e f f i c i  

0.892 = 892 Kwe f o r  20 
years.  

*To ta l  energy = = 1078 f o r  
20 years.  

The s t o r e d  hea t  i n  t h e  l i q u i d ,  assuming no 
recharge model, i s  o f  t h e  o rde r  o f  186 f o r  
20 years.  Geothermal parameters o f  proved p a r t  
o f  t h e  geothermal system a t  Tatapani  t h e r e f o r e  
c l e a r l y  c o n f i r m  t h e  f e a s i b i l i t y  o f  t h i s  P i l o t  
geothermal power p l a n t  p r o j e c t .  

4 ENERGY POTENTIAL AND COMMERCIAL UTILISATION OF 
GEOTHERMAL FIELD 

With t h e  es tab l ishment  o f  geothermal parameters 
f rom su r face  g e o s c i e n t i f i c  s t u d i e s  f o l l o w e d  by 
thermal g r a d i e n t  d r i l l i n g  and f e a s i b i l i t y  o f  
P i l o t  b i n a r y  c y c l e  geothermal power p l a n t  tap-  
p i n g  energy f rom sha l low thermal zones i n  upper 

p a r t  o f  geothermal system, f u l l  sca le  
commercial u t i l i s a t i o n  o f  Tatapani  geothermal 
f i e l d  i s  on a n v i l .  A t  t h i s  stage o f  inves-  
t i g a t i o n ,  f o l l o w i n g  geothermal model and scope 
f o r  commercial u t i l i s a t i o n  can be conceived. 

4.1 Geothermal model 

The geothermal system a t  Tatapani e x h i b i t s  
c o n i c a l  c o n f i g u r a t i o n  o f  hotwater  body w i t h  
narrow c o n s t r i c t i o n  o f  a t  su r face  
w i t h  a r e a l  e x t e n t  o f  sha l low r e s e r v o i r  o f  t h e  
o rde r  o f  1 a t  l O O m  depth,  2 a t  300 
m depth and about 7.20 a t  1500 m depth 
( a r e a l  e x t e n t  where thermal water i s  
expected a t  1500 m dep th ) .  Over l y ing  Gondwana 
sequence w i t h  v a s t  a r e a l  e x t e n t  towards n o r t h  of 
t h e  f i e l d  forms a recharge zone f o r  p e r c o l a t i n g  
meteor ic  water.  F rac tu re  and f a u l t  system i n  
concealed P ro te rozo ic  below recharge zone p r o v i -  
des downward passage t o  h o t  p a r t  o f  t h e  rese r-  
v o i r .  F r a c t u r e  zones assoc ia ted w i t h  Tatapani  
f a u l t  and c ross  f a u l t  fo rm c o n d u i t  zones f o r  
upward passage o f  thermal water th rough t h i s  
con ica l  water body i n  Tatapani  h o t s p r i n g  area. 
Well no.6 has smal l  amount o f  T r i t i u m  whereas 
h o t s p r i n g  has very  n e g l i g i b l e  T r i t i u m  suggest ing 
thereby residency p e r i o d  o f  30 t o  40 years 
(Thussu e t  f o r  t h e  thermal waters.  
Deep Schlumberger sounding i n d i c a t e  t r ue  res is-  
t i v i t y  o f  conduct ive  l a y e r  t o  be o f  t h e  o rde r  o f  
10 t o  20 ohm m and one dimensional  i n t e r p r e t a -  
t i o n  i n d i c a t e  l a r g e  depth o f  more than 1 km. t o  
r e s i s t i v e  basement (Jogarao e t  1987). Wi th  
t h i s  depth pe rs i s tence  o f  over 1 km. o f  satura-  
t e d  thermal zone and res idency p e r i o d  o f  30 t o  
40 years,  t h e  r e s e r v o i r  dimension a t  1500 m 
cou ld  be even much more than 7.2 as 
envisaged f rom e x t r a p o l a t i o n  o f  thermal g r a d i e n t  
f o r  l o c a t i n g  zone o f  100°C water a t  1500 m 
depth. 

4.2 Thermal p o t e n t i a l  o f  t h e  F i e l d  

Thermal energy p o t e n t i a l  o f  t h e  c o n i c a l  h o t  
water body w i t h  basal  a r e a l  e x t e n t  o f  7.20 

a t  depth o f  1500 m, i n  rock  sequence w i t h  

10% assumed f r a c t u r e  p o r o s i t y  f o r  A T 

i s  assessed as : 

*Area o f  iso therm : 7226400 a t  

*Thickness o f  zone : 1400 m. 
1500 m depth 

A T  - 8 7 '  

*entha lpy  E 1 1 2 ° C  - 
*Water d e n s i t y  
*Po ros i t y  assumed 
*Rock d e n s i t y  

hea t  rock  
*P lan t  e f f i c i e n c y  f a c t o r  
* L i f e  
*Volume o f  cone = 1/3 su r  

( o m i t t i n g  t o p  
m sandstone) 

: 

105.2 
948 
0.1 
2.66 
0.19 

20 years 
0.06 

ace area x h e i g h t  
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*Energy l i q u i d  volume x p o r o s i t y  

x d e n s i t y  x A en tha lpy  x f a c t o r  

0.06 

6 . 3  x = 3.17 f o r  20  
years.  

*Energy rock  = 7226400 x 0.33 x 

15.16 f o r  20 

x.06 

years 

T o t a l  Energy 15.18 + 3.17 
= 18.35 f o r  20 

years 

Recoverable heat  f rom l i q u i d ,  assuming no recha- 
rge ,  i s  o f  t h e  o rde r  o f  3.10 a t  proven 
temperature o f  1 1 2 ° C .  I n  f a c t  h ighe r  temperature 
o f  t h e  o rde r  o f  150°C as envisaged from chemical 
thermometry i s  l i k e l y  t o  be encountered a t  1500 
m depth.  Once these temperatures are  a c t u a l l y  
recorded i n  deep w e l l s  t h e  p o t e n t i a l  o f  geother-  
mal f i e l d  a t  Tatapani i s  l i k e l y  t o  increase 
man i fo ld  and s u s t a i n  f u l l  s c a l e  commercial 
u t i l i s a t i o n  i n  t h e  f i e l d  o f  e l e c t r i c i t y  genera- 
t i o n  and d i r e c t  hea t  u t i l i s a t i o n .  

4 .3  Heat U t i l i s a t i o n  Schemes. 

Heat i n  t h e  range above 87 C can be u t i  f o r  
e l e c t r i c i t y  genera t i on  w i t h  moderate beg in ing  as 
100 t o  300 b i n a r y  c y c l e  power p l a n t  f rom 
sha l low thermal zones and l a r g e  sca le  genera- 
t i o n ,  once h i g h  temperature r e s e r v o i r  i s  proved 
by deep d r i l l i n g .  

Keeping i n  view t h e  raw m a t e r i a l  resources 
a v a i l a b l e  i n  Tatapani area f o l l o w i n g  d i r e c t  heat  
u t i l i s a t i o n  p r o j e c t s  can be thought  o f  f o r  
thermal f l u i d  below re leased f rom power 
p l a n t .  

*Cocoon b o i l i n g  f o r  s i l k  t h read  e x t r a c t i o n  
*Mineral  water 
*Mushroom c u l t u r e  
*Cold s torage 
*Food process ing 
*Canning and c o n t r o l l e d  d r y i n g  o f  f i s h  
*Bo i l ed  r i c e  
*Rice-bran o i l  
*Spa 
* T o u r i s t  development 

5 CONCLUSION 

F e a s i b i l i t y  s t u d i e s  f o r  100 geothermal power 
p l a n t  have proved occurrence o f  thermal zones 
sha l low depth o f  350 m w i t h  thermal p o t e n t i a l  o f  
186 f o r  20 years.  Free f l o w i n g  c o n d i t i o n  

wel lhead temperature o f  maximum 
tempe a t u r e  o f  pressure  o f  32 t o  42 

a t  h o l e  bottom, thermal g r a d i e n t  o f  
and cumula t ive  d ischarge o f  30 o f  

f rom thermal f l u i d  condu i t  system 
f r a c t u r e d  P ro te rozo ic  rocks  have been es- 
t a b l i s h e d  i n  f i v e  p roduc t i on  w e l l s  t o  be l i n k e d  
t o  power p l a n t  f o r  genera t i on  up t o  300 KW, o f  
e l e c t r i c i t y  by a temperature drop o f  25°C i n  
temperature range o f  1 1 2 ° C  t o  
parameters of  proven sha l low thermal zones 
suggest thermal zone c o n t i n u i t y  beyond 1 km 
depth and deep r e s e r v o i r  o f  geochemical ly  e s t i -  
mated temperature o f  

s t o r e d  heat  i n  l i q u i d  (3.17 and rock  (15.18 
i n  t h i s  c o n i c a l  geothermal body i s  o f  t h e  

order  o f  18 f o r  20 years.  Recoverable hea t  
f rom l i q u i d  assuming no recharge i s  o f  t h e  o rde r  
o f  3.10 a t  proven temperature o f  Wi th  
r e s e r v o i r  temperatue o f  l i k e l y  t o  be 
encountered i n  1500 m deep w e l l s ,  t h e  p o t e n t i a l  
i s  l i k e l y  t o  increase mani fo ld .  Successful  
comple t ion  o f  f e a s i b i l i t y  s t u d i e s  o f  100 
p i l o t  geothermal power p l a n t  u s i n g  sha l l ow  
thermal zones have opened a scope o f  f u l l  s c a l e  
development and u t i l i s a t i o n  o f  e n t i r e  p o t e n t i a l  
o f  geothermal f i e l d  f o r  genera t i on  o f  e l e c t r i c i -  
t y  t o  t h e  tune o f  3 t o  10 and many d i r e c t  
heat  a p p l i c a t i o n s  l i k e  c o l d  indus-  
t r y ,  f i s h  d r y i n g ,  r i c e- b r a n  o i l ,  m ine ra l  wa te r ,  
Spa, t o u r i s t  a t t r a c t i o n s ,  h e a l t h  r e s o r t s  based 
on e f f l u e n t  thermal f l u i d  o f  f rom power 
p l a n t .  
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Geothermal body has a c o n i c a l  shape w i t h  a rea l  
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