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ABSTRACT 

The Riagqu geothermal f i e l d  i s  a s ingle-phase .  
l iquid-dominated svst-eiii at reservoir .  condi - 
t i o n s .  having a high  gas c o n t e n t .  T l i i s  f i e l d  
is  l o c a t e d  a t  an  e l e v a t i o n  of about  4.500 iii 

( a s l ) ,  i n  the  v i c i n i t y  of the  Ci ty  o €  Nagqii I 

which is  one of t h e  most iniportant c i t i e s  of 
T i b e t .  The resei:voir rock is  made of a h ighl>-  
f r a c t u r e d .  low-perineahili t y  sedimentary se- 
quence, During t.he iinpleinenratiriii of  the 
s t u d y  descr ihed  i i i  t h i s  paper ,  f l u i d  pi.oduc- 
t i v n  w a s  inainl?- ot i ta ined froiii two out  of foul 
p o s s i b l e  product ive wel.15. Tlie i i i a i  11 f a u l t  
s l~sterns  a r e  l o c a t e d  i r i  a NE-SG; and F.-K t l i -  
r e c t i o i i s ,  which seem t o  cont.1 t i l  f l u i d  i i iure- 
meiit a t  depth .  T h e  geotlierinal f i e l d  is  ?.e- 
s t r i c  t e d  t o  a siiiall a r e a  d i e r e  h>-drotliel-ni:il 
iiiaiiiEes t a t i o n s  a r e  locat-erl I Reservoi l  triii- 

pera t t i re  i s  1 1 4  O C .  gas coiitent is  i i i  tlir 
range of 0 . 5  t o  0 . 6  pe rcen t  h>- iiiass, being 
mainl>- CO Reservoir  t i a n s m l s s i v i t > -  i n  the 
area oi ' L e  wel ls  i s  \-er>- Iiigli. Reservoir  
iesponse t o  changes i n  f lo i j  r a t e  i n  air? of 
the producing w e l l s  could  be d e t e c t e d  aliiiost 

iiliiiiediat e l>-  i n  the l .J t ibCl  v:itiuli wel l s  I whii,li 
were d i . s t a n t  between 300 t o  900 m, ilepenc-liug 
on the product ion-obser \  a t i o n  well airange- 
Illen t. . 
Cal.ciuiri cartmiat e scaLittg was preseiit i n  a1 I 
producing wells. T h i s  deposi t  ioii was coli- 
t r o l l e d  b y  t h e  C 0 2  partial p r e s s u r e .  Dr- 
s c r i p t i o r i  o f  wel l  t e s t i n g  r e s u l t s  is pro\icl- 
ed .  as  w e l l  RS t.he tlieriiiod?n;iiiiics and geo- 
die in is t ry  of reser -vui r  f l i i i d s .  

INTRODUCTION 

The Himalayan Xouutain Range is ahout. 250 t o  
300 kin wide and nearly- 2.000 kni l w g .  There 
are over  400 a r e a s  of a c t i v e  hydrotliet'innl in- 
a i i i f r s t . a t i o n s  i n  t h e  whole zoiie , i n c l u d i n g  
hydrotheriiial erupl:i.oiis such as craters g e l -  
sers ,  ftuiiaroles, bi i i l i i ig  spr i i igs .  h o t  aiid 
K a r i n  s p r i n g s ,  e t c .  . Surge of  geotheriiial. ili iui-  

iEestaLions i s  stri1:t.l)- co i i t ro l led  by ac.t.1i.e 
tec:tonics. 
Nagqu geothermal f i e l d  is l o c a t e d  i n  Nort l ie i~i  
Tihe t ,  two ki loineters  southward of Nagqu Town 
( s e e  F ig .  1). a t  ail a l t i t u d e  raugiiig betweeii 
4 ,500 to 4 . 7 0 0  iii ( a s l ) .  .The a r e a  is  <.har.;tr:t- 
e r i z e d  bl- p la teau- type  iiiorphology wit.11 i e l a -  
t i \ - e l y  broad f l a t .  topcig~-aphy- and 1 i . i i > i  t.ed 
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S t r u c t u r e  

The most important  s t r u c t u r a l  f e a t u r e  i n  t h e  
geothernial f i e l d  a r e a  i s  represented  by an 
a n t i c l i n e ,  whose a x i s  t r e n d s  NE 7 0 ° ,  with  d i p  
angle  of strata vary ing  froiii 40 t o  600. Af te r  
t h e  f o l d i n g  s t a g e ,  t e c t o n i c  events  of H i i n a -  
l ayan  s t a g e s  pioduced two main f a u l t s  sys tenis 
t re i iding NE-SW and E-W: t h e  l a t t e r  event  is  
o lder  than t h e  NE t r e n d  and shows ev ident  
compressive c h a r a c t e r i s t i c s .  The NE-SW 
t r e n d i n g  f a u l t s  a r e  iiioi e widespread be ing  
produced by t e n s i l e  s t r e s s e s .  These twr r  t e c -  
t o n i c  t r e n d s  have been t h e  most s i g n i f i c a t i v e  
a1.igiments i n  iiiore r e c e n t  s t a g e s  of H h a l a y a n  
t e c t t r n i c s ,  aiid even a t  t h e  present. time the)  
r e p r e s e n t  t h e  act-ive f a u l t  b e l t s  a long which 
t hr hydrotlteriilal a c t i v i t y  i s  devel-oped. 
Moreover, i n  t h e  a r e a  of t h e  geothermal f i e l d  
a NW t r e n d  i s  present  which is  s t r i c t l y  ctrii- 

iiected with t l i  geo t h e  rind iiian i f e s  tat i on s 
( F i g . 2 ) .  c o n s i s t  ng o C warm and hot s p r i n g s  I 
thermal swamps, s teaming grounds and tleposi - 
t i o n  of hydrotermal  minera ls  such a s  kaol.in- 
i t e ,  s i l i . c a .  p>-ril:e, s u l p h n t e s  and cnrh~rn- 
a t e s .  

GENERAL BACKGROUND OF FIELD CONDITIONS 

A t o t a l  of 15 e x p l o r a t o r y  w e l l s  have beeii 
d r i l l e d  i n  the Nagqu Geothermal F i e l d  ( F i g .  
1 ) .  Well depth  is  rangilig between 80 and 
about  400 111,  with  t h e  except ion  (-I€ w e l l s  
ZK1005 and ZK1203, d r i l l e d  down t o  503 aiid 
708 m, respec t ive lb- .  Wells ZK1005, 1007. 1105 
and 1203 have a 9 S / 8 "  or a 13 3 /8"  produc- 
t i o n  c a s i n g  s e t  a t  depth  ranging betr*.een 37 
and 94 i n .  Wells ZR1104 and 1303 a r e  completed 
wi th  both  a s u r f a c e  c a s i n g  and a 9 S/8" pio- 
d u c t i o n  c a s i n g .  whereas i n  a l l  reillailling 
wells only a ccruductor pipe has  been in-  
s t a l l e d .  
S i x  w e l l s  have been d r i l l e d  i n  t h e  produc- 
t i v e  a r e a  which has  a s u r f a c e  of  about 
600.000 i n 2 ,  knong them w e l l  Z K O O l  t h e  sha- 
l l o w e s t  one,  d i d  n o t  reach  any product-ive 
zone b u t  showed h igh  temperature  
(about  110 OC a t  80 m ) ;  the  o t h e i  w e l l s .  
ZK1005, 1104, 1105, 1203 and 1303 a r e  coin- 
p l e t e d  with a c a s i n g  head f l a n g e  and a master 
va lve  as s t a t i c  w e l l  head pressure  rangi.ug 
from 3 . 9  t o  5 . 2  b a r a  is  p r e s e n t .  Well ZK1105 
can n o t  be used f o r  product ion  purposes  as i t  
is  damaged by a f i s h  wi th  t.op l o c a t e d  a t  
about  104 in .  T h e  four  product ive  we1l.s were 
t e s t e d  try Chinese e x p e r t s  a f t e r  d z - i l l i n g  
completion and f o r  about  one week. d u r i n g  a 
product ion t e s t  of t.he whole f i e l d .  During 
t h e  f i e l d  survey conducted on t h i s  study-, 
on11 two w e l l s  were t e s t e d ,  2K1203 and 1104. 
Wells ZRIOOS and 1303 were used as obserba- 
t i o n  w e l l s  dur ing  a l l  f i e l d  a c t . i v i t i e s .  

Table  1. pH value and chemical compositiotl 
(mg/kg) of r e s e r v o i r  water .  

RESERVOIR FLUID MAIN CFIARACTERISTICS 

Tables  1 and 2 show t h e  water  and gas  compo- 
s i t i o n s ,  r e s p e c t i v e l y .  

PH 5 . 8  C02 5240 

Na+ 1004 ( f23)  HC03- 2000 

2- 200 
R+ 66 (f 4) SO, 
C a  '+ 22.5 c1 248 

Mg2+ 6 . 0 ( k  0 . 7 )  F -  8 (k  1 )  

A 1 3 +  0.035 B 9 (f 0 . 5 )  

F e  + 0.05  6 "3 
2 

L i  + 2 . 7  S i 0 2  75 

Table  2. Average d r y  gas  composition ( V o l  %) 
and gas /water  r a t i o  (molar ) .  

99 .5  co 2 

H2 

CH 4 

0.0018 f 0.0006 

0.25 k 0 .06  

GO 0.00000s f 0.000001 

H2S* 0.024 f 0.012 

0 . 2 1  f 0 . 0 8  N 2  

A r  0.0035 f 0.0020 

H e  0.0013 f 0.0005 

g a s l ( t o t a 1  H20) = 0.0022 

* A c o n c e n t r a c t i o n  of 0.04% was measured 
i n  samples a n a l i z e d  i n  t h e  f i e l d  and is 
considered as most r e l i a b l e  

A s  it can be seen  froin t h i s  t a b l e ,  CO is  t h e  
main component of d i s s o l v e d  gases .  2Thermo- 
metamorphism can be cons idered  t h e  main pr-  
ocess  f o r  t h e  occurrence of CO i n  t h i s  th -  
ermal  are 
Measured 83C c o n t e n t  of  - 1 . 6  f 0.6 % con- 
f i rmed this  h y p o t h e s i s ,  s i n c e  a C02 concen- 
t r a t i o n  of t h i s  o r d e r  can normally be con- 
s i d e r e d  as l i n k e d  t o  a c r u s t a l  o r i g i n  from 
sediments  wi th  no organic  o r  vo lcanic  (man- 
t l e )  components. This  conclus ion  is supported 
by t h e  f a c t  that p l o t t i n g  t h e  measured N - 
A r  - He c o n c e n t r a t i o n s  on a t r i a n g u l a r  h a -  
gram (Giggenbach e t  a l . ,  1983) the  p o s i t i o n  
of t h i s  po in t  i s  l o c a t e d  along t h e  l i n e  con- 
n e c t i n g  t h e  meteoric  component t o  t h e  H e  
c o r n e r ,  sugges t ing  a c r u s t a l  component i n  t h e  
o r d e r  of 75%. 

The carbon monoxide c o n t e n t  can be used t o  
e s t i m a t e  t h e  Cog p a r t i a l  p r e s s u r e  us ing  t h e  
so c a l l e d  water-gas s h i f t  r e a c t i o n  (Chiodini  

2 
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and Cioni ,  19891, by maing t h e  fol lowing ch- 
emical equi l ibr ium:  

CO + H = CO + H20 2 2  

a r r a n g i n g  t h e  e x p r e s s i o n  of t h e  equi l ibr ium 
c o n s t a n t  by in t roducing  P(H 01, t h e  fo l lowing  
r e l a t i o n  is obta ined  f o r  a pure l i q u i d  phase: 

l o g  P(C02) 0 .491  + 192.41T + 0.979 l o g  T + 

2 

l o g  (CO/H2) + l o g  B(C0) - l o g  B(H2) 

where B ( i )  is  t h e  d i s t r i b u t i o n  c o e f f i c i e n t  
f o r  each gas  s p e c i e s .  From gas  composition a 
va lue  of P = 11.6  b a r  is obta ined .  

For product ive  w e l l s ,  where t h e  g a s / ( t o t a l  
H 0) and t h e  r e s e r v o i r  temperature  a r e  known. 
t i e  maximum value  of P(CO i n  t h e  a q u i f e r  
can be computed, assuming 2a pure l i q u i d  ph- 
a s e .  by the  fo l lowing  equat ion:  

l o g  P(C02) = log (C02/H2) + l o g  B(C02) t 

c02 

l o g  P(H20) 

In  our  case f o r  w e l l  ZK1203 a va lue  of 1 2 . 8  
bar  i s  obta ined .  Gas composi t ion can be used 
t o  compute equi l ibr ium teinperature .  Two in- 
dipendent  chemical equat ions  can be used:  

CH4 + 3C02 = 4CO + 2H20 

CH + 2H 0 = 4 H 2  + C02 

t h e  d e r i v e d  geotherniometric equat ions  f o r  a 
pure l i q u i d  phase are: 

4 2 

410g (CO/C02) - l o g  (CH4/C02) = 

4.73 - 12913.84/T + 0.719 l o g  T - 410g B(C0) 

+ 31og B(C02) + l o g  B(CH4) 

410g (H2/H20) - l o g  (CH4/C02) + 410g F ( C 0 2 )  = 

-15.3.5 - 3952.8/T + 4.635 l o g  T + 
410g A(H2) + log  A(C02) - l o g  A(CH4) 

where A ( i )  is  a term r e l a t e d  t o  the  vapor 
f r a c t i o n  wi th  r e s p e c t  t o  t o t a l  water i n  t h e  
r e s e r v o i r  and t h e  molal  d i s t r i b u t i o n  c o e f f i -  
c i e n t  B ( i ) .  (D'Amore and T r u e s d e l l .  1985) .  
The computed temperature  a r e  r e s p e c t i v e l y  
l l O ° C  and 112OC f o r  a P(C02) = 1 1 . 6  b a r .  
Reservoi r  f l u i d  temperatures  were a l s o  coin- 
puted based upon both  t h e  thermal  equi l ibr ium 
of minera l  assemblages and t h e  a p p l i c a t i o n  of 
some empir ical  geothermoineters. 
Computer program WATCH2 (Arnorsson et. a l . ,  
1982) was used t o  perform c a l c u l a t i o n s  of 
d i s s o l v e d  s p e c i e s  i n  thermal e q u i l i b r i u n  with 
a l t e r a t i o n  minera ls .  Calcu la ted  r e s e r v o i r  
equi l ibr ium temperature  by t h i s  method was 
118 k 6OC, wi th  t h e  fol.lowing mineral  assem- 

blage :  k a o l i n i t e ,  c a l c i t e ,  q u a r t z ,  K-felds- 
p a r ,  Ca-Mg-Na-K montmor i l lon i tes ,  Mg-K-ill i- 
t e ,  K-mica, Mg-chlor i te ,  f l u o r i t e ,  magnet i te  
and g o e t h i t e .  Most of t h e  minera ls  used i n  
t h e  mineral assemblage c a l c u l a t i o n s  perfoined 
have been found i n  t h e  s tudy of t h e  local 
a q u i f e r  (Geothermal Geological  Team, 1989) .  
The low enthalpy of f l u i d s  from the Nagqu 
geothermal system w a s  confirmed by t h e  ap- 
p l i c a t i o n  of some s e l e c t e d  e m p i r i c a l  geoth- 
erniometers (average temperature  125 k 9OC). 
Using gas  composition (C02. H2S, H2 and CH ) 
and t h e  geothernionieter of D '  Aniore and Panick i  
(1980) a temperature of 123OC w a s  o b t a i n e d .  A 
summary of r e s u l t s  ob ta ined  froin t h e  a p p l i -  
c a t  ion  of s e v e r a l  einpir i c a l  geo theriaoine t e  rs  
fo l lows  : 
Table 4. Computed tempera tures  with d i f f e r e n t  
geotherinometers . 

/ G e o t h m o n e t e r  S o u r c e  T c 0 C  I 
INa-K-Ca-Hg P o u r n i e r  119811 111 
l p l a r t z j n o  s t e a m  !ossi  P o u r n i e r  a n d  P o t t e r  119821 122 1 

G i g g e n b a c h  etal. (19831  1 2 3  I 
K h a r a k a  a n d  N a r i n e r  ' 1 9 8 9 )  132 

L a - L i  Kharaka  Gal. ( 1 9 8 2 1  
Hg-ti 

S t a b l e  i s o t o p e s  water composi t ion 

For both w 1s t h e  fo l lowing  <tveiage Deut-e- 
rim and 6 0 c o n t e n t s  have been measured f o r  
the  h i i n e  sampled a t  s e p a t a t i o n  tempeia tu ie  
of 9 6 f l  O C :  

6D = 149.8 f 0 . 5  (% V S .  SHOW) 

18 6 0 = 18.0 +- 0.05  (%e V S .  SMOW) 

Fig .  3 r e p o r t s  measured v a l u e s  as p o i n t s  A .  
Line B-C r e p r e s e n t s  the l o c a l  meteoric  1i.w 
drawn us ing  d a t a  fr-om Nyingzhong and Yaiigy- 
ixianp thermal areas for cold w a t e r s  ( A q u a t -  
e r ,  1989) .  Poin t  N Z l l  corresponds to  a lake 
l o c a t e d  at an  a l t i t u d e  of 5,050 in ( a s l ) .  
Poin t  TX8 is  t h e  i s o t o p i c  composition of ii 

r i v e r  whose recharge area is l o c a t e d  a t  an  
average a l t i t u d e  of about  5.500 n i  ( a s l )  . O n  
t h e  o t h e r  lland, l i n e  A-D has  been drawn 
cons ider ing  t h e  t h e o r e t i c a l  i s o t o p i c a l .  
composi t ion produced by evapora t ion  a t  115OC. 
No major e f f e c t s  of water-rock i n t e r a c t i o n  
have been accounted f o r  cons ider ing  t h e  low 
entha lpy  of t h e  system. According t o  t h i s  
assumption, p o i n t  D would represent  the  
i s o t o p i c a l  composi t ion of meteoric  ,a+,, 
recharg ing  t h e  geothermal system. Since 6 0 
values  change of about  0 . 3  u n i t s  every 100 in 

and cons ider ing  t h e  e l e v a t i o n  of YX8 and 
N Z 1 1 ,  t h e  recharge a r e a  i n d i c a t e d  by point- D 
has  an average e l e v a t i o n  of about  5 ,600 in 

(asl ) .  
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The absence of tritium i n  t h e  water  sugges ts  
a long  res idence  time of t h e  meteoric  water 
i n  the r e s e r v o i r ,  wi th  an age exceeding 30 
y e a r s .  Then, w e  may exclude any mixing wi th  
l o c a l  shal low waters. This  can e x p l a i n  t h e  
good agreement between measuied and computed 
temperatures  u s i n g  watei  composition. 

F l u i d  Scaling Tendency 

Produced f l u i d s  a t  Nagqu e x h i b i t e d  a h igh  
s c a l i n g  tendency. S c a l e  was made of CaC03 
mainly. S c a l i n g  tendency was eva lua ted  by 
means of t h e  s a t u i a t i o n  index,  Is ( C o r s i ,  
1986) : 

++ [Ca ]A1k2 
I = log -------------- + 10 22 + 

S 

c02 
PT Y 

2.739E-2 T - 1.38E-5 T2 - 1.079E-8 PT - 

2.52 I + 0.919 I 

where 1, [Ca"] and A l k  a r e  expressed i n  
m o l / l  of w a t e i ,  PT i n  Pa and T i n  OC. I s > O  
i n d i c a t e s  a supersaturcl ted s c a l i n g  s o l u t i o n  
and I tO an undersa tura ted  s o l u t i o n .  
T h e  msle f r a c t i o n  of CO 2 ,  yco2 w a s  c a l c u l a t e d  
from Dalton law: 

'C02= 'CQ2 'T 

Calcu la ted  I va lue  a t  r e s e r v o i r  condi t io l i s  
w a s  0 .28 :  meanwhile a t  atmospheric  c o n d i t i o n s  
was 3 .45 .  From t h e s e  r e s u l t s ,  it is e v i d e n t  
t h a t  produced f l u i d  a t  r e s e r v o i r  c o n d i t i o n s  
is  s l i g h t l y  s u p e r s a t u r a t e d .  while  a t  t h e  end 
of t h e  i s o e n t h a l p i c  f l a s h i n g  process  shows a 
h igh  s c a l i n g  tendency.  I n  f a c t ,  dur ing  t h e  
product ion  t e s t s  c a r r i e d  o u t  s u b s t a n t i a l  
diameter  reduct ions  were o b s e w e d  b0t.h i n  the 
s u r f a c e  l i n e s  and downhole. 

S 

PRODUCTION TESTING 
Carbonate s c a l e  d e p o s i t i o n .  c h a r a c t e r i s t i c  of 
product ive  w e l l s  i n  t h e  Nagqu F i e l d ,  a f f e c t s  
bo th  t h e  product ion  technology and t h e  
measurement procedures .  A s  r o u t i n e l l y  per-  
formed i n  product ive  w e l l s  of  t h e  Yangbajing 
f i e l d ,  l o c a t e d  about  220 km south  of Nagqu, 
ca ibonate  s c a l e  d e p o s i t s  a r e  mechanical l )  
removed us ing  a heavy p i p e  lowered downhole 
by means of a n  e l e c t r i c  winch. According t o  
t h e  experience gained i n  o p e r a t i n g  Yangbaj i n g  
power p l a n t ,  t h e  method i s  e f f e c t i v e  f o l  
shal low w e l l s  when t h e  scale build-up r a t e  is 
n o t  s e v e r e .  I n  Nagqu w e l l s ,  because of h ighe i  
CO p a r t i a l  p r e s s u r e ,  t h e  scale d e p o s i t i o u  is  
q u i t e  f a s t  and t h e  mechanical c leaning  seems 
t o  be necessary  each 2 t o  4 days.  

Product ion t e s t s  were perfoimed dur ing  t h i s  
s tudy us ing  t h e  w e l l  known " l i p  method" 
e s t a b l i s h e d  by James (1966) .  The o u t p u t  
curves  were determined wi th  3 product iol l  
s t e p s  t h a t  l a s t e d  abolit 2 days each.  Before 

2 

each s t e p ,  w e l l  ZK1203 w a s  c leaned u s i n g  t h e  
mechanical device ,  whereas well'ZK1104, t h a t  
produced previous ly  only f o r  t e s t i n g  purpos- 
e s ,  w a s  n o t  c leaned.  D i f f e r e n t  l i p  p i p e  
d iameters  were used f o r  t h e  3 s t e p s  ( 4 " ,  5" 
and 6")  on each w e l l .  A f o u r t h  product ion  
s t e p  on both  w e l l s  w a s  c a r r i e d  o u t  mainly f o r  
i n t e r f e r e n c e  test purposes .  
During t h e  process ing  of flow r a t e  d a t a ,  bo th  
t h e  gas  conten t  of d i scharged  f l u i d  aiid t h e  
s c a l e  build-up a t  t h e  l i p  p ipe  were accounted 
f o r , '  t h e  former be ing  t h e  most impor tan t .  The 
g a s  conten t  i n  t h e  pre- f lashed  f l u i d  w a s  
es t imated  t o  be about  5.300 t o  5 ,700 ppin i n  
w e l l s  ZK1203 and 1104, r e s p e c t i v e l y .  Pub- 
l i s h e d  methods t o  c o r r e c t  t h e  l i p  p r e s s u r e  
readings  were a p p l i e d  s i n c e  t h e  e f f e c t  of CO 
p a r t i a l  p ressure  a t  l i p  c o n d i t i o n s  w a s  prove% 
t o  be q u i t e  h igh .  I11 f a c t ,  a l though t h e  g a s  
conten t  is  not  so high  i f  compared wi th  o t h e r  
geothermal f i e l d s ,  i t s  e f f e c t  becomes impor- 
taiit because of low f l i i i d  en tha lpy .  Liyuid  
en tha lpy  w a s  c a l c u l a t e d  a t  f l a s h  Condi t ions  
t o  be about  470 k J / k g ;  thus  t h e  vapour phase 
mass f r a c t i o n  a t  l i p  c o n d i t i o n s  ( p r e s s u r e  
ranging between 1.10 and 1.79 b a r a )  w a s  very 
low, between 0.029 t o  0.012 . The g a s  mass 
f r a c t i o n  i n  t h e  vapour phase was r e l a t i v e l y  
h i g h .  ranging from about  0.18 t o  0 . 4 1 ,  w i t h  
gas p a r t i a l  p ressure  between 0 .09  t o  0 .40  
b a r .  
These f i g u r e s  were computed by s i m u l a t i n g  t h e  
i s o e n t h a l p i c  f l u i d  flow from c o n d i t i o n s  a t  
t h e  producing zones, t o  a tmospheric  p r e s s u r e  
( 0 . 6  b a r a ) .  

A thermodynamical package based upon the  
method proposed by S u t t o n  (1976) and updated 
latex by O 'Sul l ivan  etal, (1985) has  been 
used wi th  minor modi f ica t ions  as an  equat ion  
of  state Ear t h e  H20-CO system. To c o r r e c t  
the  l i p  pressure  readings  s e v e r a l  methods 
were t e s t e d :  James (1970) ,  Karamarakar and 
Cheng (1980) ,  Grant etal. (1982a) and Grant 
- e t  a l .  (1982b) .  The f i r s t  t h r e e  proved t o  be 
q u i t e  c o n s i s t e n t  i n  t h e  range of measured l i p  
p r e s s u r e s ,  whereas t h e  l as t  one gave a hi.gher 
c o r r e c t i o n .  It was decided t o  use t h e  method 
sugges ted  by Karainarakar and Cheng, as it is 
based on a t h e o r e t i c a l  assessment of James' 
method made us ing  two-phase flow models a t  
t h e  l i p  p i p e .  According t o  this method, 
c o r r e c t i o n  t o  measured l i p  pressures  are as 
fo l lows  : 

2 

P l i p c  = P l i p  (1 - Y/m) 

where : 
Y = r a t i o  between t h e  inass of gas  and steam 

i n  t h e  vapour phase a t  l i p  c o n d i t i o n s ;  

in = 2 . 4  - 9.6E-4 ( P l i p  - Patm) + Y 
Corrected l i p  p r e s s u r e s  were about  92 % and 
77 % of o r i g i n a l  readings  a t  l i p  p r e s s u r e s  of  
1 . 1 0  and 1.79 b a r a ,  r e s p e c t i v e l y .  

Another f a c t o r  i n f l u e n c i n g  flow r a t e  mea- 
surements was t h e  s c a l e  bui ld-up i n s i d e  t h e  
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l i p  p ipe .  Average s c a l e  th ickness  measured 
a f t e r  two days of product ion  was ranging 
between 2 and 7 mm;  t h e  t h i c k n e s s  was h igher  
in  t h e  smal le r  d iameters .  A s  a f i r s t  approx- 
imat ion ,  a l i n e a r  i n c r e a s e  i n  s c a l e  th ickness  
dur ing  product ion s t e p s  was considered t o  
e v a l u a t e  t h e  a c t u a l  l i p  p ipe  i n s i d e  diameter  
t o  be used i n  James' e q u a t i o n .  

PRODUCTION TESTS RESIJL.TS 

Product ion output  curves  determined on wells 
ZK1203 and 1104 a r e  shown i n  F ig .  4 (Aquater ,  
1990) .  

The e f f e c t  of non-condensible gases  is  
e v i d e n t  i n  F i g .  5 wheie p r e s s u r e  p r o f i l e s  
recorded i n  w e l l  ZK1203 under s t a t i c  condi-  
t i o n s  and dur ing  product ion  s t e p s  of t h e  
o u t p u t  curve a r e  p l o t t e d .  Two-phase flow is  
c l e a r l y  p r e s e n t  above 100 ni dur ing  t h e  
h i g h e s t  t e s t e d  flow r a t e .  
TemperaLure p r o f i l e  T3 recorded a t  the  same 
t i m e  of P3 is a l s o  shown. The p r o f i l e  shows 
t h e  q u i t e  uniform temperature  d i s t r i b u t i o i i  
down t o  700 in. wi th  temperature  ranging 
between 1 1 1 . 5  t o  113 OC. 
The e f f e c t  of CO c u n t e n t  on b o i l i n g  pressure  
can e a s i l y  be seen 111 F i g .  6 .  I t  i l l u s t . r a t e s  
P-T d a t a  c o l l e c t e d  dur ing  dynamic surveys a t  
w e l l  ZK1203, compared wi th  t h e  pure water  
s a t u r a t i o n  l i n e  i f  no d i s s o l v e d  gases  were 
p r e s e n t .  Taking i n t o  account  the  accuracy OE 
P-T measurements, t h e  d e p a r t u r e  from a n e a r l y  
i so thermal  flow can be d e t e c t e d  a t  a t o t a l  
p r e s s u r e  of about  1 4 . 5  k 1 . 0  b a r a .  Good 
agreement is  iJbtained wi th  the  d a t a  measured 
i n  well Z K 1 1 0 4 .  which i n d i c a t e d  a b o i l i n g  
p r e s s u r e  of about  1 6 . 0  ? 1 . 0  b a r a  as w e l l  as 
wi th  t h e  va lues  obta ined  through tlie proces-  
s i n g  of  chemical d a t a .  The C O P  p a r - t i a l  
p r e s s u r e  a t  b o i l i n g  c o n d i t i o n s  i s  betweell 8 
and 9 times t h e  steaiii p r e s s u r e ,  which is  n o t  
a very  common f e a t u r e .  

2 .  

WELL TESTING 

P r e s s u r e  buildup tests 

For t h e  c h a r a c t e r i z a t i o n  of t h e  r e s e r v o i r ,  
bu i ldup  t e s t s  were conducted a t  t h e  two 
producing w e l l s .  Dowdiole pressure  changes 
were measured by means of mechanical,  &ne- 
rada- type pressure  sensing-recording d e v i c e s .  
An extremely f a s t  p r e s s u r e  recovery was 
observed i n  a l l  tests performed. which 
coupled wi th  t h e  l i m i t e d  accuracy of t h e  
mechanical type of s e n s o r s  used,  d i d  n o t  
a l low t h e  record ing  of enough q u a l i t y  d a t a  t o  
perf6rm e i t h e r  adequate  type-curve o r  semilog 
a n a l y s e s .  
Heavy l e a k s  of f l u i d s  a t  t h e  wellhead pre- 
vented a complete s h u t - i n  of t h e  w e l l s ,  and 
increased  t h e  d i f f i . c u l t y  of the  a n a l y s i s  of  
t h e  well t e s t s .  

Pre l iminary  d i a g n o s i s  a n a l y s e s  by means of 
log-log p l o t s  of bo th  pressure-d i f fe rence  vs. 

time and p r e s s u r e  d e r i v a t i v e  f u n c t i o n  vs. 
time were performed. Matching of pressu-  
r e - d i f f e r e n c e  v s .  time data to  type-curve w a s  
n o t  f e a s i b l e  due t o  t h e  extremely shoi- t  
s t a b i l i z a t i o n  per iod  and a l s o  the  small range 
of p r e s s u r e  d i f f e r e n c e s  involved.  On t h e  
o t h e r  hand, matching of t h e  pressure  der iva-  
t i v e  f u n c t i o n  v s .  time was not  e i t h e r  poss- 
i b l e  due t o  the  l a r g e  s c a t t e r  of d a t a  p o i n t s  
even a f t e r  performing s e v e r a l  a t t e m p t s  of 
p r e s s u r e  d e r i v a t i v e  c a l c u l a t i o n  us ing  d i f -  
f e r e n t  smoothing parameters .  F ig .  7 shows 
d a t a  from one of  these  t e s t s .  Type curves  
publ i shed  by Bourdet e t  a l .  (1984) were used.  

I n t e r f e r e n c e  Tests 

To c a r r y  o u t  i n t e r f e r e n c e  t e s t s ,  the  two 
extreme w e l l s  ZK1005 and ZK1303 were chosen 
as observa t ion  w e l l s ,  while  i n t e r n a l  w e l l s  
2K1104 and ZK1203 were a c t i v e  w e l l s  ( s e e  F i g .  
1) .  Wellhead pressures  and smoothed produc- 
t i o n  d a t a  dur ing  t h e  t e s t  are shown i n  F i g .  
8.  To ensure  t h a t  wel lhead measurements worild 
provide r e l i a b l e  d a t a ,  record ings  of such 
measurements on w e l l  ZK1303 f o r  one week 
previous  t o  t h e  s ta r t  of t h e  i n t e r f e r e n c e  
t e s t  were c a r r i e d  o u t ,  excluding i l l  t h i s  w a y -  
the  p o s s i b l e  e f f e c t  of any gaseous coluiiiii 
i n s i d e  the w e l l .  
I n t e r p r e t a t i o n  o f  i n t e r f e r e n c e  t e s t s  was 
c a r r i e d  out  by means of type-curve matching 
procedures ,  us ing  hoth a homogenous system 
and a natura1l .y-fractured r e s e r v o i r  system 
models, a p p l i e d  t o  pressui-e  response produced 
by a s i n g l e  product ion s t e p ,  without  accoun- 
t i n g  f o r  t h e  e f f e c t  o f  previous s t e p s .  

A )  Type-curve matching us ing  a model for  a 
homogenous system. 

For t h i s  purpose. t h e  type-curve for a 
homogeneous system publ i shed  by Ramey (1980) 
was used.  I n t e r p r e t a t i o n  equat ions  fo i  t h i s  
model a r e  a s  fol lows (nomenclature a t  t h e  end 
of paper)  : 

kh 1 4 1 . 2  qpB(PD/dP)M 

0.000264 k h A t  

Uni t s  i n  t h e s e  e q s - a r e :  k(md), h ( f t ) ,  
q(STR/day), P ( P s i ) ,  B(STB/bbl), p ( c p ) ,  
r ( f t )  t ( h r ) ,  @ ( f r a c t i o n ) .  

F i g .  9 shows t h e  match of f i e l d  d a t a  wi th  tlie 
publ ished type curve obta ined  f o r  t e s t  per iod  
I T 2  shown i n  F i g .  8 .  Table 4 below shows 
r e s u l t s  ob ta ined  from matches dur ing  flow 
per iods  I T 1  through IT3 of F ig .  8 .  

B) Type - curve matching us ing  a double - 
p o r o s i t y ,  n a t u r a l l y  f r a c t u r e d  sys t em 
model. 

Taking i n t o  account  t h a t  from g e o l o g i c a l  
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Table 4. R e s u l t s  of f i e l d  d a t a  matching wi th  
a homogenous r e s e r v o i r  nlodel. 

PERIOD 

402.1 269 E-5 
455.7 343 E-5 
338.5 53 E-5 

evidence ,  r e s e r v o i r  rock c o n s i s t s  of 
f ractured-sedimentary rock,. t h e  use  of  a 
n a t u r a l l y  f r a c t u r e d ,  double-porosi ty  model 
seenis j u s t i f i e d .  The model publ ished b> 
Deruyck e t  a l .  (1982) was used f o r  the 
i n t e r p r e t a t i o n .  I t  was found t h a t  t h e  model 
t h a t  assumes t r a n s i e n t  i n t e r p o r o s i t y  flow 
between t h e  system of f r a c t u r e s  and t h e  
mat r ix  b l o c k s ,  b e t t e r  f i t t e d  measured f i e l d  
d a t a  and so i t  w a s  the one s e l e c t e d .  

I n t e r p r e t a t i o n  equat ions  a r e  as fo l lows:  

a )  For t h e  log-log a n a l y s i s :  

k +  = 1 4 1 . 2  q B V ( P ~ / ~ P ) ~  

b )  For t h e  semilog a n a l y s i s  

162.6 q B p  

m 
k h __________--_-- 

f 

kP 
( ($I VCt)f+M 11 = -------- 2 

pr 

’1 h 

m 
a = ------- + 3.23 

F i g .  10 i l l u s t r a t e s  t h e  match obta ined  f o r  
data from per iod  I T 2 .  A suirunary of r e s u l t s  of 
d i t t i n g  f i e l d  d a t a  w i t h  t-he publ i shed  
type-curve is  g iven  i n  Table  5 ,  below. 

F i g .  11 shows a semilog p l o t  of d a t a  froni 
p e r i o d  I T 2 .  From t h e  s l o p e  of  t h e  s t r a i g h t  
l i n e  i n  t h i s  f i g u r e  t h e  fo l lowing  va lues  f o r  
r e s e r v o i r  parameters  are obta ined:  

kfh  = 288 ( d  m )  

Table 5. R e s u l t s  of f i e l d  d a t a  matching wi th  
a double - p o r o s i t y ,  n a t u r a l l y  f r a c t u r e d  
system model. 

I I I I 

IT3 

9: The test was t o o  s h o r t  and no response 
from t h e  mat r ix  was y e t  e v i d e n t .  

( @ V ct)f+M h= 68.2 E-4 (in bar  

A s  i t  can be seen by coiiiparisoii wi th  r e s u l t s  
of t h e  type-curve matches given i n  Table  5 ,  
t h e  k 1 value c a l c u l a t e d  wi th  t h e  seinilog 
metlio d’ a g r e e s  w e l l  wi th  those c a l c u l a t e d  by 
t h e  type-curve procedure ; meanwhile, t h e  
s t o r a t i v i t y  va lue  is soinellow lower.  
Therefore ,  it can be concluded t h a t  t h e  h igh  
t r a n s m i s s i v i t i e s  ob ta ined  f roin the  type-curve 
ana1ysi.s. confirin t h e  presence of a higl i l )  
f r a c t u r e d  system, wi th  t r a n s m i s s i v i t y  ia i iging 
between 338 t o  456 d ni i f  a hoiiiogenous systeai 
model is assumed o r  froiii 287 t o  314 d in i €  a 
n a t u r a l l y  f r a c t u r e d  system model is  consid-  
e r e d .  Based upon g e o l o g i c a l  ev idences ,  the 
l a t e r  seems t u  be niore r e a l i s t i c .  I n  t h i s  
mode1 the  f r a c t u r e  system a c t s  as t h e  inaiu 
f l u i d  c o n d u i t s ,  while  t h e  matr ix  represent-s  
tlie main source of f l u i d  s t o r a g e .  

FITTING OF INTERFERENCE DATA USING SIMPLE 
LUMPED PARAMETER MODEL 

As can be seen i n  F i g .  8 .  t h e  response of twu 
o b s e r v a t i o n  w e l l s  seems t o  be very similar. 
The two set.s of d a t a  showed a l i n e a r  r e l a -  
t i o n s h i p  with a u n i t  s l o p e  and a s t a n d a r d  
d e v i a t i o n  of 0.0099 b a r .  This  r e s u l t  sugges ts  
t h a t  the  e f f e c t  of f l u i d  e x t r a c t i o n  was t u  
produce a q u i t e  uniform d e c l i n e  of p r e s s u r e  
throughout t h e  r e s e r v o i r .  I n  t h i s  case t h e  
use of lumped parametei  niodels t.0 i n t e r p r e t e  
t h e  i n t e r f e r e n c e  d a t a  was considered s u i t -  
a b l e .  

A s  a f i r s t  approach tlie assumption crf a 
s teady  s t a t e  recharge  t u  the  r e s e r v o i r  froni a 
suppor t ing  a q u i f e r  was eva lua ted  according t o  
t h e  S c h i l t u i s  equat ivn  (Olsen,  1984). I n  t>is 
approach a mass ba lance  takes  i n t o  account 
t h r e e  main c o n t r i b u t i o n s :  t h e  f l u i d  produced 
from t h e  system, t h e  recharge to  the  system, 
and t h e  l i q u i d  expansion i n  the  r e s e r v o i r  due 
t o  t h e  loweriug of average r e s e r v o i r  pres -  
s u r e  . 
According t o  t h e  S c l i i l t u i s  assumption t h e  
water recharge is d i r e c t l y  p r o p o r t i o n a l  t o  
t h e  p r e s s u r e  drawdown i n  t h e  r e s e r v o i r .  The 
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a q u i f e r  w i l l  supply any r a t e  e x t r a c t e d  by t h e  
w e l l s  a f t e r  an  i n i t i a l  drawdown dur ing  which 
t h e r e  is  a p r e s s u r e  d e c l i n e  depending on t h e  
r a t e  of product ion and r e s e r v o i r  s t o r a g e  
c o e f f i c i e n t .  According t o  t h e  conceptual  
r e s e r v o i r  model, t h e  v e r t i c a l  recharge 
through f a u l t s  and h ighly  f r a c t u r e d  zones was 
niodeled cons ider ing  a l i n e a r  a q u i f e r  re -  
charging t h e  r e s e r v o i r .  Examinillg t h e  re-  
s u l t s ,  i t  was concluded t h a t  t h i s  model was 
n o t  a b l e  t o  provide  a good f i t  of f i e l d  d a t a .  

Next approach was t o  cons ider  f l u i d  recharge 
t o  the  r e s e r v o i r  under t r a n s i e n t  c o n d i t i o n s .  
Under t h e s e  c o n d i t i o n s  r e s e r v o i r  behaviour is 
descr ibed  by a m a t e r i a l  ba lance  equat ion  and 
a s i m p l i f i e d  s o l u t i o n  t o  t h e  d i f f u s i v i t y  
equat ion .  The s o l u t i o n  used was t h a t  pre-  
s e n t e d  by Hurst  (Olsen,  1984 - Brock, 1986) 
f o r  an i n f i n i t e  l i n e a r  a q u i f e r  recharg ing  t h e  
r e s e r v o i r .  
The c h a r a c t e r i s t i c  paraineter def ined  by Hurs t  
f o i  a l i n e a r  system is  a r a t i o  uf a q u i f e r  and 
r e s e r v o i r  parameters  and a geometric f a c t o r .  
It is  def ined  as fo l lows:  

The g e n e r a l  s o l u t i o n  t o  h e  used is as f o l -  
lows : 

n 2 Po - P ( t n )  = B C dW. M ( A  ( t D  -t ) )  
j = o  D j  

where : 

f o r  a l i n e a r  i n f i n i t e  r e s e r v o i r ;  

For a given va lue  of h parameter ,  it is  
p o s s i b l e  t o  determine t h e  B parameter through 
a l i n e a r  r e g r e s s i o n  a n a l y s i s  us ing  t h e  l e a s t  
square c r i t e r i o n .  The s tandard  d e v i a t i o n  of 
c a l c u l a t e d  p r e s s u r e  drops respect. t o  t h e  
measured ones is determined a t  t h e  same time. 
The s o l u t i o n  is represented  by t h e  couple B- 
h t h a t  g i v e s  t h e  minimum s tandard  d e v i a t i o n .  
Consider ing the  d a t a  recorded a t  Nagqu f i e l d ,  
t h e  p l o t  of s tandard  d e v i a t i o n  V S . ~  does n o t  
show any minimum b u t  i t  s t a b i l i z e s  around 
0.023 b a r  f o r  1 g r e a t e r  than about  0 . 1  i n - 1 ,  
slowly d e c r e a s i g  f o r  A -->a. 

A s  po in ted  out  by Brock (19861, under t h e s e  
c o n d i t i o n s  it is not  p o s s i b l e  t o  determine 
s e s e r v o i r  parameters ,  bu t  by us ing  a h igh  
va lue  of h i n  t h e  f l a t t e n e d  p a r t  of t h e  
curve ,  a h i s t o r y  match and a p r e d i c t i o n  can 
s t i l l  be performed. Under t h e s e  c o n d i t i o n s ,  
the  s i z e  of the  r e s e r v o i r  can be cons idered  
as small compared wi th  t h e  s i z e  of t h e  system 
( r e s e r v o i r + a q u i f e r ) ,  so t h a t  t h e  r e s e r v o i r  
has  p r a c t i c a l l y  no i n f l u e n c e  i n  de te rmining  
t h e  system behaviour .  Although t h i s  f a c t  
seems t o  be i n  good agreement with g e o l o g i c a l  
data sugges t ing  a l i m i t e d  r e s e r v o i r  exten-  
s i o n ,  i t  must be recognized t h a t  product ion  
per iod  was s h o r t  and t h a t  perhaps d a t a  
c o l l e c t e d  under longer  product ion h i s t o r y  
could  show some f e a t u r e s  n o t  ev ident  d u r i n g  
t h e  per iod  t e s t e d .  
The h i s t o r y  match is  shown i n  F ig .  1 2 ,  where 
c a l c u l a t e d  and measured p r e s s u r e s  are p l o t -  
t e d .  Even i f  t h e  h i s t o r y  match can be con- 
s ider-ed s a t i s f a c t o r y  from t h e  p o i n t  of view 
of matching accuracy- ( s t a n d a r d  d e v i a t i o n  w a s  
0 ,023  b a r ) ,  t h e  i n t e r p r e t a t i o l l  s t i l l  has  t o  
be considered as a pre l iminary  one.  I n  f a c t ,  
t h e  i n t e r f e r e n c e  t e s t  covers  a s h o r t  per iud  
of about  580 hours  and a small amount- of 
f l u i d  e x t r a c t e d ,  about  48.6 Mkg, wi th  a 
maximum pressure  drawdown of only  0 .43  b a r .  

PRELIMINARY ASSESSMENT OF RESULTS 

Eventhough t h e  r e s e r v o i r  is  l i q u i d  dominated, 
t h e  h igh  par t ia l  p r e s s u r e  of non-condensible 
gases  can be very important  i n  determining 
huth t h e  n a t u r a l  rese i -voi r  s t a t e  and f u t u r e  
r e s e r v o i r  behaviour under e x p l o i t a t i o i i .  Froiri 
a n a l y s i s  of d a t a  c o l l e c t e d ,  it i s  evident  
t h a t  i n  t h e  c e n t r a l  paxt  of t h e  f i e l d ,  where 
v e r t i c a l  upf lob  of f l u i d  a t  n e a r l y  cons tan t  
temperature  is p r e s e n t ,  b v i l i n g  c o n d i t i o n s  
should be reached a t  depths  ranging from 100 
t o  120 m .  This means t h a t  a two-phase zone 
could evolve i n  t h e  upper p a r t  of t h e  r e s e r -  
v o i r ,  I f  t h i s  two-phase shal low zone should 
be present, the xeservoir conipressibi1it:- 
would be h igher  than t h a t  coming from a 
l i q u i d  phase only ,  because of l i q u i d  vapos- 
iza t j .on  as p r e s s u r e  d e c r e a s e s .  This mechani.sin 
could f u r n i s h  a suppor t  t o  p r e s s u r e  
s t a b i l i z a t i o n  i n  a d d i t i o n  t o  t h a t  s u p p l i e d  by 
t h e  recharg ing  a q u i f e r .  
The above mentioned mechanism could be 
important  i n  a l t e r i n g  r e s e r v o i r  behaviour  
r e s p e c t  t o  t h a t  of a pure l i q u i d  phase i n  
case of long  term i n d u s t r i a l  p roduct ion .  A 
mass r a t e  e x t r a c t i o n  of about  80 k g / s  has  
been es t imated  necessary  t o  produce about  0 . 9  
MWe wi th  an a i r  cooled b inary  c y c l e  p l a n t .  
The coi l t inous e x t r a c t i o n  a t  t h i s  l e v e l  could  
produce an important  r e s e r v o i r  d e p l e t i o n ,  
ex tending  downwards the  two-phase zone. 
To proper ly  assess t h e  f e a s i b i l i t y  of t h e  
pre l iminary  r e s u l t s  ob ta ined  i n  t h i s  s t u d y ,  
longer  product ion t e s t s  a t  r a t e s  c l o s e  t o  80 
k g l s  should supply addi . t iona1 d a t a  very 
h e l p f u l  i n  a s s e s s i n g  long teriii r e s e r v o i r  
behaviour  under i n d u s t r i a l  e x p l o i t a t i o n  l e v e l  
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r a t e s ,  

CONCLUSIONS 

The pH i n  t h e  r e s e r v o i r  has been computed as 
5 . 8 .  Water is  bicarbonate-Alkal ine and shows 
a s t r o n g  s c a l i n g  n a t u r e  wi th  d e p o s i t i o n  of 
CaCO, . 

Based upon t h e  a n a l y s i s  of t h e  d a t a  c o l l e c t e d  
from t h e  t es t s  performed a t  b e l l s  from t h e  5 .  Froni t h e  behaviour shown by t h e  r e s e r v o i r  
Nagqu Geothermal F i e l d  and t h e  ana lyses  dur ing  t h e  i n t e r f e r e n c e  t e s t  performed, a 
performed a t  t h e  f l u i d  s a n p l e s  c o l l e c t e d ,  the  r e s e r v o i r  volume of l i m i t e d  ex tens ion  could  
fo l lowing  conclus ions  can be withdrawn: be i n f e r r e d .  

J 

1. The a r e a  of geothermal f i e l d  and its 
surroundings do not  p r e s e n t  any evidences of 
v o l c a n i c  a c t i v i t y  a b l e  t o  produce an aiioina- 
l o u s  thermal g r a d i e n t .  According t o  the  
v a l u e s  achieved wi th  d r i l l i n g ,  it can be 
noted  t h a t  the thermal  g r a d i e n t  decreases  
s h a r p l y  o u t s i d e  t h e  a r e a  of producillg w e l l s ;  
fur thermore the  va lues  of t h e  thermal g i a d i -  
e n t  a r e  c o n t r o l l e d  by s t r u c t u r a l  t r e n d s .  111 
f a c t  wel l s  ZK1403 and ZK903 l o c a t e d  0 . 8  t o  
1 . 2  kiii r e s p e c t i v e l y  away fruiii producing k e l l s  
show g r a d i e n t s  vary-ing from 4 . 2  t o  7 . 6  OC/lOO 
i n ,  whi le  ZK807 l o c a t e d  2 kin away from pro- 
d u c t i v e  w e l l s ,  h u t  c l o s e r  to  an ac t - ivr  
t e c t o n i c  t r e n d  sliows a g r a d i e n t  of 1 4 . 5  
O C / l O O  in (Geothermal Geological  Teaiir, 1389) .  
The producing w e l l s  t e s t e d  p r a t i c a l l y  exliibi t 
no g r a d i e n t ,  wi th  temperature  a lmost  constant  
from about 200 m down t o  total depth and 
v a l u e s  between 113 t o  115OC. This fai  t 
demonstrates  t h e  u p r i s e  of geothermal f l u i d s  
along f a u l t  p lanes  and l a c k  of anomaly €ar 
froni those  p l a n e s .  C r u s t a l  o r i g i n  of d i s -  
so lved  gases  is  a f u r t h e r  demonstrat ion o f  
t h e  absence of any inaginatic-t.ype h e a t  scJui'c:e. 

2 .  According t o  the d a t a  provided by the 
Geothermal Geological  Team (19891, cap rock 
and r e s e r v o i r  formations can not  be d i s t i n -  
gu ished .  I n  f a c t  t h e  Quat-erna1.y d e p o s i t s  does 
i ia t  p r e s e n t  any cover c l m r a c t . e r i s t i c s  ; below 
t h e s e  d e p e p o s i t s ,  d r i l l i n g  uf geotlrerinal 
w e l l s  c rossed  mai i i ly  Jurassic format i.c)us 
represented  by mudstone, s i l t s t o n e  a r c 1  
sandstone with very low t o  null. prjlriary 
permeabi l i ty .  Tec tonic  a c t i . v i t y  can produce 
f r a c t u r e d  sandstone l aye r s ,  which can act as 
s t o r i n g  l e v e l s  f o r  geotherinal f l u i d s ;  but 
l i m i t e d  l a te ra l  e x t e n s i o n  of such l a y e r s  a w a y  
from the  f a u l t s .  c o n f i n e s  the  i n t e r e s i  of 
t h e s e  r e s e r v o i r s  t o  t h e  surroundings of the 
a c t i v e  f a u l t s .  Such a conclus ion  is  proved t o  
be v a l i d  by the  Lherinal g r a d i e n t  d i s t r  i h u t i  on 
obta ined  i n  t h e  d r i l l e d  w e l l s .  

3 .  The r e s e r v o i r  tapped h y  iiieans of tlir w e l l s  
d i i l l e d  a t  t h e  Nagqu. f i e l d  corresponds to a 
1 i q u i d  dominated reservo  i r  conta  i n i n g  coinpr- 
essed  water a t  a measured temperature  between 
113 and 115 OC. Estimated reservoi  r l1ui.d 
temperatures  from water rock e q u i l i b r i a  m d  
empi.rica1 geotllermolneter s a r e  i n  good a g r e r -  
ment wi th  measured temperature .  

4 .  Produced f l u i d s  a t  t h e  s i i r face arr 
two-phase wi th  a steam content  i n  t h e  o r d e i  
of  5% a t  atmospheric  c o n d i t i o n s ,  and high gas 
c o n t e n t  of about  5 ,500  ppm i i i  t o t a l  f l u i d .  

6 .  Matching of measured d a t a  by means of 
lumped-parameter models have shown t h a t  
p r e s s u r e  drawdown i n  t h e  r e s e r v o i r  under 
e x p l o i t a t i o n  w i l l  be dependent on a q u i f e i  
recharge .  Recharge i n  the  r e s e r v o i r  seems t o  
be c o n t r o l l e d  by t h e  u p l i f t  of hot f l u i d s  
through v e r t i c a l  f r a c t u r e s .  

7 .  R e s u l ~ t s  ob ta ined  from t h e  i n t e r p r e t a t i o n  
of t h e  w e l l  t e s t i n g  prograti c a r r i e d  o u t  i l l  

the  f i e l d  have shown , t h a t  t h e  reser -voi r  
behaves as a h igh-permeabi l i ty ,  double 
p o r o s i t y ,  n a t u r a l l y  f r a c t u r e d  system. 

8 .  Prelimin&y f o r e c a s t  of h t u r e  r e s e t  v o i r  
behaviour  based upon the siuall amount. of 
product ion d a t a  a v a i l a b l e  and t h e  h igh  gas 
c o n t e n t ,  i n d i c a t e s  t h a t  p ressure  drawdown at. 
the r e s e r v o i r  induced bq expl .oi ta t ior i ,  ccjuld 
favour  the  e v o l u t i o n  of a two-phase zone i n  
t h e  upper por t io i i  of the  r e s e r v o i r ,  as 
e x p l o i t a t i o n  tirite proceeds.  

9 .  For  t h e  tho  producing we1l.s t e s t e d .  tlie 
f l a s h i n g  zone under t.he f low r a t e s  raiiges 
covered i n  determiiiati.c)ii of the  c h a r a c t e i -  
i s t i c  producti.on c u r v e s ,  w a s  locai.ec1 hetweeii 
100 and 130 m ( froiii ground l e v e l  1.  

10.  The es t imated  b o i l i n g  pressure  tiliiges 
between 1 4 . 5  t u  1 6 . 0  5 1 . 0  1)ara. 

11. A c r u s t a l  o r i g i n  has been e n t i f i e t l  f o r  
gas  produced froni b o t h .  tlie C conteu t  i l l  

CO and the  r e l a t i b e  p o s i t i o n  of the produced 
gas composition i.n a H -N -He diagram. 

1 2 .  A n  underground c i i - c u l a t i o n  t iine g i e a t e r  
than 30 years  f o r  the  pruduced f l u i d  was 
confinned froiii the  absence of t r i t i u m  
f l u i d s  sampled. Departure  of 6 D  v s .  6 0 
d a t a  froill t h e  meteoric  s t r a i g h t  l i n e  can he 
exp1:iined bv a steam l o s s  from the  r e s e r v o i i  
p r i o r  t o  wel l  product.j.vn. Presence of  nullier- 
ous ss ia l l  t.hermal n i a n i f e s h t  ions  a l l  over  the  
f i e l d  seem t o  confirm t.his conclus ion .  

i!4 
2 

2 2  
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Fig. 5 Measured pressure and temperature 
profiles of well ZK 1203 

Fig. 7 Composite plot of pressure change and 
pressure derivative function vs. time 
for a build-up test performed at well 
ZK 1203 after IT1 production step 
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Fig. 6 Pressure-temperature data measured at 
well ZK 1203 compared with the H20 
saturation line 

Fig. 8 Well head pressure and smoothed 
production history vs. time 
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F i g .  9 Type curve match of d a t a  from p e r i o d  
I T 2  by means of a homogeneous model 

F ig .  11 Semilog a n a l y s i s  of data from p e r i o d  
I T 2  

F ig .  10 Type curve match of d a t a  from p e r i o d  
I T 2  by meails of a n a t u r a l l y -  f r a c -  
t u r e d ,  double  p o r o s i t y  model 
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Fig .  12 Well head p r e s s u r e  data match u s i n g  
t h e  lumped parameter  model with water 
recharge  accord ing  t o  Hurst  simp- 
l i f i e d  model 
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