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Ea r th  Sc iences  Department, Un ive r s i ty  
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ABSTRACT 

The high temperatures  and h o s t i l e  environments 
o f  geothermal r e s e r v o i r s  have prevented t h e  use 
o f  high p r e c i s i o n  downhole w e l l  t e s t i n g  i n s t r u -  
mentation. For t h e  measurement o f  temperature ,  
p r e s s u r e ,  and flow a t  temperatures  i n  excess  o f  
15OoC, r e s e r v o i r  eng inee r s  have had t o  r e l y  on 
less a c c u r a t e  non-e l ec t r i ca l  i n s t rumen ta t ion .  
Sand ia ' s  development of high temperature  elec- 
t r o n i c s  and t h e  i n t r o d u c t i o n  of high temperature  
c a b l e  has now inc reased  t h e  temperature  range 
o f  certain ins t rumen t s  u t i l i z i n g  downhole a c t i v e  
e l e c t r o n i c s  t o  275OC. However, t h i s  instrumen- 
t a t ion  is  not y e t  commercially a v a i l a b l e .  
Development of high temperature  in s t rumen ta t ion  
v i t h  moderate accuracy u t i l i z i n g  p a s s i v e  e l ec -  
t r o n i c s  downhole has on ly  been l i m i t e d  by t h e  
n o n - a v a i l a b i l i t y  o f  high temperature  mult i -  
conductor cab le .  With t h e  r e c e n t  i n t r o d u c t i o n  
o f  275OC multi-conductor c a b l e ,  t h e  s imultan-  
eous  measurement of moderate t o  high p r e c i s i o n  
temperature ,  p re s su re ,  and flow is p o s s i b l e  
t h i s  year.  
phase flow a t  t h e  s u r f a c e  w i l l  a lso soon b e  
t e c h n i c a l l y  poss ib l e .  The involvement o f  t h e  
LBL Geothermal Reservoir  Engineer ing Group in 
t h e  development and e v a l u a t i o n  o f  geothermal 
w e l l  t e s t i n g  i n s t r u m e n t a t i o n  is presented.  

The a c c u r a t e  measurement o f  two- 

INTRODUCTION 

The development o f  a geothermal r e source  re- 
q u i r e s  d e t a i l e d  information on t h e  hydrau l i c  
and thermal  p r o p e r t i e s  o f  t h e  r e s e r v o i r .  Well 
t e s t i n g  i s  t h e  b e s t  technique f o r  t h e  s t u d y  o f  
t h e  i n - s i t u  response o f  t h e  r e s e r v o i r  t o  pro- 
duc t ion  and /o r  i n j e c t i o n .  
p rov ide  reasonable  estimates o f  e f f e c t i v e  re- 
s e r v o i r  p o r o s i t y ,  pe rmeab i l i t y ,  geometry. 
l a t e r a l - v e r t i c a l  c o n t i n u i t y ,  and areal e x t e n t .  
Well t e s t i n g  is a l s o  used i n  t h e  assessment  
o f  near w e l l  phenomena such as we l lbo re  damage, 
the  i n f l u e n c e  o f  f r a c t u r e s ,  and t h e  mixing of 
v e r t i c a l l y  sepa ra t ed  product ion o r  t h i e f  zones. 
Well t e s t i n g  inc ludes  p r e s s u r e  buildup-drawdown, 
flow, i n j e c t i o n ,  i n t e r f e r e n c e ,  pu l se ,  and d r i l l -  
stem tests. A l l  of t h e s e  r e q u i r e  a c c u r a t e  mea- 
surement of temperature ,  p r e s s u r e  and f lowra te .  

The LBL Geothermal Reservoir  Engineer ing Group 
has been involved w i t h  t h e  t e s t i n g  o f  geothermal 
wells s i n c e  1975. LBL a c t i v i t i e s  have included 

Well t e s t i n g  can 
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t h e  d e t a i l e d  assessment  of s e v e r a l  geothermal 
r e s o u r c e s ,  t h e  development o f  improved techni-  
ques f o r  i n t e r p r e t a t i o n  o f  f i e l d  d a t a ,  and t h e  
e v a l u a t i o n  and mod i f i ca t ion  o f  a v a i l a b l e  w e l l  
t e s t i n g  in s t rumen ta t ion .  

The measurement o f  r e s e r v o i r  p r e s s u r e  under 
t r a n s i e n t  c o n d i t i o n s  (p roduc t ion - in j ec t ion )  is 
fundamental  t o  w e l l  t e s t i n g .  The measurement 
o f  downhole ( r e s e r v o i r )  p r e s s u r e  changes i n  
s i n g l e  phase f l u i d  p roduc t ion  wells is accom- 
p l i s h e d  w i t h  downhole in s t rumen ta t ion  or i s  ob- 
t a i n e d  from wellhead measurements by t a k i n g  i n t o  
account  g r a v i t y  changes and f r i c t i o n a l  l o s s e s  
i n  t h e  we l lbo re .  For two-phase product ion wells, 
f low a n a l y s i s  i s  n o t  s u f f i c i e n t l y  a c c u r a t e  t o  
o b t a i n  downhole p r e s s u r e  from wellhead d a t a .  
The S p e r r y  Sun P r e s s u r e  Transmission System* i s  
p r e s e n t l y  t h e  o n l y  commercially a v a i l a b l e  method 
o f  con t inuous ly  mon i to r ing  downhole p r e s s u r e s  
in h i g h  t empera tu re  (>15OoC) product ion w e l l s  
f o r  l o n g  p e r i o d s  ( > 3  days) .  The Sperry Sun 
system u t i l i z e s  a p r e s s u r e  t r ansduce r  l i nked  t o  
a dovnhole chamber by c a p i l l a r y  tubing.  When 
t h e  t u b i n g  i s  charged w i t h  f l u i d ,  e i t h e r  gas o r  
l i q u i d ,  the  p r e s s u r e  t r ansduce r  i n d i c a t e s  down- 
h o l e  p r e s s u r e  minus a v a l u e  f o r  c a p i l l a r y  f l u i d  
head. 
f o r  p r e s s u r e  measurements. Experience has 
demonstrated t h a t  g r e a t  care must be taken when 
t h e  w e l l  test  i s  designed,  instrumented,  and 
analyzed.  It  was observed t h a t  temperature  
changes a long the length of the t u b i n g  (both 
downhole and s u r f a c e  p o r t i o n s )  r e s u l t e d  i n  
s u b s t a n t i a l  (up t o  300%) v a r i a t i o n  i n  t h e  
p r e s s u r e  s i g n a l  recorded a t  t h e  su r face .  To 
maximize t h e  u s e f u l n e s s  o f  f i e l d  d a t a ,  t h e  
p r e s s u r e  r e sponse  o f  f l u i d - f i l l e d  c a p i l l a r y  
t u b i n g  was s t u d i e d  ( M i l l e r ,  1978).  The 
r e s u l t s  o f  t h e  computer model l ing i n d i c a t e  t h a t  
downhole p r e s s u r e  changes are not immediately 
sensed a t  t h e  s u r f a c e  due t o  t h e  c o m p r e s s i b i l i t y  
and /o r  v i s c o s i t y  o f  t h e  f l u i d  used. The p r e s s u r e  
s i g n a l  is a l s o  d i s t o r t e d  d u r i n g  t ransmission.  
w i t h  h i g h  frequency s i g n a l s  be ing  more damped 
than  l o w  frequency s i g n a l s .  
>O. S0C g r e a t l y  i n c r e a s e  t h i s  d i s t o r t i o n .  
e r a t u r e  e f f e c t s  can b e  minimized by inco rpora t ing  
small f low rate  changes i n t o  t h e  test and by 
i n s u l a t i n g  and/or h e a t i n g  a l 1 . t u b i n g  remaining 

LBL h a s  e x t e n s i v e l y  used t h i s  approach 

Temperature changes 
Temp- 
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a t  t h e  s u r f a c e  t o  c o n s t a n t  temperature .  When 
t h e  tes t  s e g w n t s  are ana lyzed ,  t h e  f i r s t  10  t o  
20 minutes  of t r a n e i e n t  p r e s s u r e  d a t a  i s  
u s u a l l y  t h e  response of  t h e  tub ing  n o t  t h e  
r e s e r v o i r .  
phenomena cannot be determined. 

LBL has  a l s o  gained s u b s t a n t i a l  exper ience  
us ing  t h e  commercially a v a i l a b l e  Kuster  pressure  
probe. The t o o l  i s  c lock  d r i v e n  w i t h  p r e s s u r e  
vs. time being recorded downhole on a b r a s s  
chart. Although t h e  t o o l  is  r a t e d  f o r  on ly  3 
hours  downhole a t  300°C. it has  proven very 
u s e f u l  f o r  p r e s s u r e  vs .  depth surveys  and f o r  
shor t - te rm ( l e s s  than  3 days)  measurement of 
t r a n s i e n t  r e s e r v o i r  p r e s s u r e  a t  lower temper- 
a t u r e s .  

Sandia Laboratory 's  h igh  temperature  (275OC) 
w e l l  t e s t i n g  ins t rumenta t ion  has  been developed 
and f i e l d - t e s t e d .  The temperature. low r e s o l -  
u t i o n  p r e s s u r e ,  and flow t o o l s  each u t i l i z e  
a c t i v e  e l e c t r o n i c s  downhole and are run s e p a r a t e l y  
m s i n g l e  conductor cable .  
a h igh  r e s o l u t i o n  p r e s s u r e  t o o l ,  m u l t i p l e x i n g  of 
signal f requencies  for tandem t o o l  use,  and t o o l  
commercial izat ion i s  scheduled f o r  completion 
in two years .  

Denver Research I n s t i t u t e  and S3 have indepen- 
d e n t l y  developed temperature-pressure i n s t r u -  
menta i o n  using only  pass ive  s e n s o r s  downhole. 
The S t o o l  has  been a u t o c l a v e  t e s t e d  t o  203OC 
and f i e l d  t e s t e d  t o  18OoC. (Ginne). Using t h i s  
concept of only  p a s s i v e  s e n s o r s  downhole. LBL has  
designed and f a b r i c a t e d  a s i n g l e  t o o l  f o r  t h e  
s imultaneous measurement o f  temperature ,  p r e s s u r e  
and flow. The t o o l  c o n s i s t s  of a plat inum RTD, 
a B e l l  and Howell CEC 1000-04 p r e s s u r e  gauge, and 
a Kuster flow meter converted t o  e l e c t r i c a l  out-  
pu t .  The pro to type  t o o l ,  t o  be used i n  conjunc- 
t i o n  v i t h  PFA/TFE seven conductor  c a b l e ,  w i l l  be  
f i e l d  t e s t e d  a t  up t o  275OC la ter  t h i s  year .  
LBL IS a l s o  e v a l u a t i n g  o t h e r  temperature ,  p r e s s u r e  
and flow s e n s o r s  f o r  i n c o r p o r a t i o n  i n t o  t h e  f i n a l  
t o o l  design.  Upon completion of t h e  t e s t i n g ,  
geothennal  downhole w e l l  t e s t i n g  ins t rumenta t ion  
w i t h  moderate r e s o l u t i o n  w i l l  b e a v a i l a b l e  f o r  
long  term use (up t o  2 veeks downhole) i n  92% 
of  a l l  geothermal resource  areas g r e a t e r  than  
15OOC l i s t e d  i n  t h e  1978 USGS Assessment of 
Geothermal Resources of  t h e  U.S. (Ci rc  790). 

Without e a r l y  t i m e  d a t a ,  n e a r  w e l l  

The development of 
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LBL is  a l s o  e v a l u a t i n g  low c o s t ,  low tempera ture  
geothermal ins t rumenta t ion .  A temperature  t o o l  
h a s  been designed and f a b r i c a t e d  f o r  use  i n  hea t  
f low o r  temperature  g r a d i e n t  test holes .  The 
t o o l ,  1.9cm (0.75") O.D.. uses  a four  w i r e '  
p la t inum RTD f o r  temperature  measurement. 
t o o l  is designed f o r  use i n  water  or d r i l l i n g  
mud a t  temperatures  up t o  225OC. The LBL 
Reservoir  Engineer ing Group has  a l s o  designed 
and f a b r i c a t e d  f i v e  high r e s o l u t i o n  pressure-  
temperature  t o o l s  f o r  u s e  i n  w e l l  logging  s u r -  
veys ,  downhole product ion-observat ion w e l l  
monitor ing,  and wellhead measurements. The t o o l s  
i n c o r p o r a t e  Paro S c i e n t i f i c  q u a r t z  p r e s s u r e  
t r a n s d u c e r s  and plat inum RTD's .  
capable  of cont inuous use a t  tempera tures  up 

The 

They are 

to 125OC and have a r e s o l u t i o n  of 0.01 p s i  and 
0.1%. One of t h e  t o o l s  i s  a l s o  adapted f o r  
use v i t h  t h e  modif ied Kuster flowmeter. LBL i s  
also e v a l u a t i n g  a l l  a v a i l a b l e  temperature  s e n s o r s  
f o r  g e n e r a l  l o w  temperature  use. One of  t h e  
wre promising s e n s o r s  is t h e  A.D. 590 i n t e -  
g r a t e d  c i r c u i t  t empera ture  t ransducer .  This  I.C. 
p rovides  a c u r r e n t  t h a t  i s  p r o p o r t i o n a l  t o  
tempera ture  ( ~ I J A / O K ) .  Pre l iminary  r e s u l t s  in-  
d i c a t e  t h a t  t h e  t r a n s d u c e r  is w e l l  s u l t e d  t o  
tempera ture  logging  f o r  d e p t h s  less t h a t  1000 
f e e t  a t  t empera tures  less than  150°C. 
t r a n s d u c e r  r e q u i r e s  only  two conductor  c a b l e  
and does n o t  r e q u i r e  l e n g t h  compensation o r  
a d d i t i o n a l  signal condi t ion ing .  The I . C .  has  
s u b s t a n t i a l  p o t e n t i a l  as a low c o s t  tempera- 
t u r e  moni tor ing  and logging  s e n s o r ,  s i n c e  t h e  
I.C. costs approximately $15. 

The 

The LBL Reservoi r  Engineer ing Group is eva l -  
u a t i n g  s ingle-phase  f low s e n s o r s  f o r  s u r f a c e  
measurements. I n s e r t i o n  t u r b i n e  meters and 
p i t o t  t u b e s  are p r e s e n t l y  being eva lua ted .  
Although LBL i s  n o t  a c t i v e l y  involved i n  t h e  
development and e v a l u a t f o n  of two-phase flow 
measurement i n s t r u m e n t a t i o n  and techniques,  
t h e  p r o g r e s s  of  o t h e r  r e s e a r c h  o r g a n i z a t i o n  
is c l o s e l y  followed. 
r e s e a r c h  are: 1 )  t h e  pulsed-neutron a c t i v a -  
t i o n  (PNA) technique ,  and 2) t h e  use of  
m u l t i p l e  s i n g l e  phase flow s e n s o r s  combined 
w i t h  a gamma beam dens i tometer .  Argonne 
Nat iona l  Lbaoratory has  used t h e  PNA technique 
t o  d i r e c t l y  measure t h e  mass flow rate of two- 
phase f l o v  . The flow is a c t i v a t e d  wi th  a s h o r t  
b u r s t  of n e u t r o n s  from a small p o r t a b l e  neutron 
source ,  and subsequent ly  t h e  a c t i v i t y - t i m e  d i s -  
t r i b u t i o n  i s  measured downstream. The t r a n s i t  
t ime is used t o  c a l c u l a t e  mass flow v e l o c i t y ,  
t h e  t o t a l  a c t i v a t i o n  is used t o  c a l c u l a t e  
d e n s i t y .  
dard f o r  t h e  measurement of  phase v e l o c i t y ,  
d e n s i t y ,  mass flow measurenents.  (Kehler. 1979) 
EGG. Idaho has  e v a l u a t e d  t h e  performance of a 
combination drag-d isc  t u r b i n e  t ransducer  and a 
gamma dens i tometer  f o r  t h e  measurement of two- 
phase flow. (Nalezny, 1979) Accuracies  of 
210% are o b t a i n a b l e  u s i n g  t h i s  approach. 
(Nalezny) 

Two promising a r e a s  of 

PNA appears  very  s u i t a b l e  as a s tan-  

For f i e l d  d a t a  management, a micro-computer 
system i s  p r e s e n t l y  being assembled. 
computer is designed f o r  raw data ana log  t o  
d i g i t a l  convers ion ,  magnetic t a p e  and f loppy 
d i s c  d a t a  logging ,  and f o r  rea l - t ime a n a l y s i s  
of d a t a .  P r i o r  t o  t h e  a c t u a l  w e l l  t e s t ,  t h e  
assumed parameters  w i l l  be used t o  c a l c u l a t e  
t h e  expec ted  r e s u l t s .  During t h e  test, t h e  
observed pressure- tempera ture  response w i l l  be 
used t o  v e r i f y  o r  update  t h e  assumed parameters .  
The r e q u i r e d  product ion or i n j e c t i o n  time f o r  t h e  
a n a l y s i s  of b a r r i e r s  w i t h i n  t h e  test area, f o r  
example, w i l l  be based on t h e s e  updated parameters .  
The real-time a n a l y s i s  of t h e  w e l l  test d a t a  can 
then  be used t o  determine when the  test should 
be te rmina ted .  

T h i s  h a s  been only  a p a r t i a l  d e s c r i p t i o n  of t h e  
LBL geothermal  r e s e r v o i r  engineer ing  w e l l  

The 
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t e s t i n g  in s t rumen ta t ion  e v a l u a t i o n .  mod i f i ca t ion ,  
and development program. Ins t rumen ta t ion  
e v a l u a t i o n  procedures  and r e s u l t s ,  and t o o l  
mod i f i ca t ion  des ign  d e t a i l s  are a v a i l a b l e  t o  
t h e  geothermal i n d u s t r y  from LBL through publ ished 
documents and through in fo rma l  exchange o f  
information.  
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