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A SuluuLRy OF WELL TESTING ACTIVITIES AT L R W C E  BERKELEY LABORAMRY, 1975-1982 

U. G. Bodvarsson and S. M. Benson 

Barth Sciences Division, Lawrence Berkeley Laboratory, 
University of California,  Berkeley, California 

ABSTRACT In  responae t o  the  many requests LBL has 
received fo r  t h e  accumulated v e l l  test da ta  and 

This paper presents ve l1  test  da ta  collected associated information, a report e n t i t l e d  " W e l l  
from various geothermal f i e l d s  by t h e  geothermal T e s t  Data fram Geothermal Resemoirs (1975-1982)" 
group a t  Lawrence Berkeley Laboratory. 
describes the  type of v e l l  tests conducted, t h e  
instrumentation used and the data collected. 
Experience gained through in te rpre ta t ion  of t he  
data has helped iden t i fy  problems i n  test  proce- 
dures and in t e rp re t a t ive  methods. 

The paper (Bodvarsson and Benson, 1983) has been prepared. 
The report documents the  reservoi rs  tes ted ,  t h e  
various tests conducted, and the  data obtained. 
It also describes the  techniques and ins t rmenta-  
t i o n  used to  collect the  data. The present paper 
summarizes t h a t  report and provides excerpts of 
the information it contains. 

INTRDDUCTION 
GEOTHERMAL WELL TESTS 

Since 1975 t he  geothermal group of t he  Earth 
Sciences Division of t he  Lawrence Berkeley Labora- 
to ry  (LBL) has car r ied  out extensive -11 tes t ing  
i n  geothermal resources throughout the n s t e r n  
United S ta t e s  and i n  northern Hexico (Fiqure 1 ) .  
Data fram these production, in jec t ion ,  interference,  
variable-rate, and multiple-vel1 tests represent 
considerable experience i n  geothermal vel l  tes t  
procedure, instrumentation, and data acquisit ion.  
In te rpre ta t ion  of t he  data has yielded many oppor- 
t u n i t i e s  t o  ident i fy  and record c l a s s i ca l  reservoir 
engineering and geohydrologic problems. 

The geothermal reservoi rs  t e s t ed  t o  date by 
LE& are videly varied both geologically and hydro- 
geologically, and include high-temperature (3OO0C) ,  
lo r tempera ture  ( 6 0 * C ) ,  single-phase ( l i q u i d ) ,  and 
two-phase systems. The range of boundary condi- 
t i o n s  encountered include systems t h a t  are closed, 
open, confined, semiconfined, fault-charged, and 
fracture-controlled. Permeabili t ies ranging from 
several mi l l idarc ies  to hundreds of darc ies  have 
been calculated f r a  t h e  data. Negative skin val- 
ues and very high pos i t ive  sk in  values have been 
computed i n  either na tura l ly  fractured or hydraul- 
i c a l l y  fractured ve l l s .  Even very clear evidence 
of a ncar-vellbore turbulent flow regime has been 
detected i n  a fractured, l i q u d - v a t e r  hydrothermal 
system. 

The w e l l  tests conducted v i th in  each resource 
include production, in jec t ion ,  and interference 
tests, and a s  such are varxed i n  type, duration, 
and sophistication. A var ie ty  of v e l l  t e s t  in- 
strumentation, ranging f r a  quite simple t o  highly 
sophisticated,  is used, including: gas- and f lu id-  
f i l l e d  cap i l l a ry  tubing, quartz c rys t a l  pressure 
gauges, f l o a t  t y p e  vater-level gauges, wellhead and 
dmmhole temperature gauges, and other commercially- 
ava i lab le  or LBL-designed and fabricated instrumen- 
tation. 

Table 1 lists the  v e l l  tests conducted by LBL. 
Available information about these tests includes: 
test descriptions,  instrumentation used, br ie f  
results of data in te rpre ta t ion ,  the  calculated 
hydrologic parameters, and special or unique char- 
acteristics of geothermal (o r  hydrologic) systems 
infer red  fram the  data. 

The fo l lcu ing  are selected examples of v e l l  

t e s t ed  by LBL. tests are given by Bodvarsson and Benson (1983) .  
Figure 1. Location map of geothermal resources tests performed by LBL. Descriptions of other v e l l  
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Table  1. W e l l  T e s t s .  

Geothermal Production Observation Inject ion 
Reservoir Type of T e s t  W a l l ( S )  well(s) well(s) T e s t  Dates 

-- 
I(IIIGE 1 

6-1, 8-1 
38-30 
6-1, 8-1, 31-1, 
44-7, 38-30 
56-30, 31-1, 
16-29 
56-30, 31-1, 
16-30 , 
56-30, 31-1, 
16-30, 78-30 

-- 
9/12/75 - 9/13/75 
9/30/75 - 10/30/75 

11/ 4/75 - 11/ 7/75 
2/13/76 - 2/24/76 
4/ 1/76 - 4/12/76 

2/10/77 - 4/13/77 

7/14/77 - 7/18/77 

Raft River 
Raft River 
Raft River 
East moa 
E a s t  nesa 
E a s t  mesa 

production 
interference 
production 
interference 
interference 
interference 

W E  2 
R S E  2 
W E  1 
6-2 
31-1 
6-2, 6-1 

30-30 E a s t  mesa interference 

interference 16-29 E a s t  nesa 

interference 38-30 East msa 
8/24/77 - 10/ 5/77 
12/ 1/77 - 12/ 6/77 
12/16/77 - 12/20/77 
1/ 6/78 - 3/29/78 
4/17/78 - 4/21/78 
5/ 2/78 - 5/ 4/78 

in jec t ion  
production 
interference 
production 
production 
interference 

nesa 
E a s t  *sa 
East nesa 
B a s t  *sa 
East nesa 
C e n o  Prieto 

- 
8- 1 
8-1, 44-7, 6-2 
6-2 
6- 1 
?I-50, M-51, 
n-90, M-91 
n-53 
LDS church 
D a V i S ,  S. Pool, 
LDS church 
WEN- 1 
mcA #2 

6-1, 48-7 

n-101 
M-104, M-10 
Naef 

Naef, LtB #2 
suzy 3, SUEy 4 

- 
ma #l, 
Adamcheck, 
Glen Head 
Parks, Adamcheck 
Glen Bead 
Parks, Olson, 
Stanke, C.C. 
Parks, Stmike, 
Olson 

1/14/78 - 3/3Q/78 
5/16/70 - 7/24/78 
7/26/78 - 11/29/78 Cerro Pr ie to  

Susanville 
Sueanville 

susanvi l le  
Klmath Fa l l s  

interference 
interference 
interference 

12/10/78 - I/ 8/79 
3/ 3/82 - 3/ 8/82 production 

interference 

12/ 2/79 
Klmath P a l l s  interference cw- 1 

cw-1, cw-2 

cw-2 

10/24/79 - 10/25/79 
Klamath Fa l l s  interference 

9/29/81 - 9/30/81 
Klanath Fa l l s  interference 

2/ 8/82 - 2/12/82 

permeability may play important ro l e s  i n  the  hydrol- 
ogy of the  reservoir .  

To date  (19821, approximately 100 deep w e l l s  
have been d r i l l e d  i n t o  the  reservoir  (Fig. 2). 
Roughly 33 of these wells, ranging in depth from 
1000 m t o  2500 m, supply a steam-water mixture t o  
the  geothermal power p lan t ,  operational since April 
1973. The ar tes ian  production r a t e  of the  water- 
stem mixture f rau  the wells is  ncw close to 4300 
toPnes/hr. 

CERRD PRIEl'O GEOTHERMAL RESOURCE 
BAJA CALIFORNIA, MEXICO 

Resource Description 

The Cerro Pr ie to  geothermal resource is 
located near MexiCali, i n  Baja California ,  Mexico. 
The producing f i e l d  is s i tua ted  in the  a l l u v i a l  
p la in  of the  MexiCali Valley, which is  part of the 
seismically ac t ive  Salton Trough/Gulf of Cal i fornia  
r if t  bas in ' sys tm.  The f i e l d  is made up of a tNdc 
sequence of e s sen t i a l ly  d e l t a i c  deposi ts  t h a t  are 
discordant upon a grani te  and metasedimentary base- 
ment. Several major s t r ike-s l ip  f a u l t s  have been 
ident i f ied  within the  resource. 

The following w e l l  tests were performed by LBL 
during the  period January through July 1978. The 
tests were undertaken as part of a j o in t  e f f o r t  of 
LBL and Comisidn Federal de Electr ic idad de Mxico 
(-E) t o  conduct a cauprehensive invest igat ion of 
the  e n t i r e  Cerro R i e t o  geothermal f ie ld .  

[abstracted fran B e r d j o  M. e t  al., 1978: 
Dominguez A. e t  a l . ,  1981; Puente C. and de la 
Peiia, 19781 Schroeder et  al., 1978; and Lyons 

and van de Kamp, 19801 

Lithologic s tud ies  indicate  t h a t  several  major 
producing in te rva ls  l i e  a t  depths of 500 t o  1900 m. 
The resource is a liquid-daninated system which 
shows boi l ing near the  producing w e l l s .  Fluid tem- 
peratures i n  the  resource range f rau  260. to 350.C. 
It is thought that secondary matrix porosi ty  and 

2 
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Wells M-50/M-51/M-90/M-91 Interference Test, 
January 14-March 30, 1970 

The f i r s t  interference t e s t  u t i l i zed  four 
production wells: M-50, M-51, M-90 and M-91. Well 
M-101 w a s  monitored fo r  interference e f f ec t s  ( F i g .  3 
and Table 2). These w e l l s  a re  located approximately 
1.5 Ian from the main producing f i e ld .  The producing 
in te rva l  of well M-91 is somewhat deeper than those 
of the  other three we l l s .  

The producing w e l l s  vere flowed a t  var iable  
f l w r a t e s  w i t h  overlapping in te rva ls  of 4 days t o  
2 weeks. A t o t a l  of 30 days of drawdown and 15 
days of recovery were observed. Pressure changes 
vere measured i n  vel1 M-101 using 304 m of ni t ro-  
gen-fi l led,  0.14 CUI I .D.  s t a in l e s s  s t e e l  tubing 
connected t o  a Paroscient i f ic  Digiquartz pressure 
transducer a t  the  surface. 

Northern region \\ 

r 

yw L 

Since there  were multiple producing wells, a 
least squares matching routine was used i n  which 
multiple producing wells and var iable  flow r a t e s  
can be accounted for .  An excel lent  match of the 
observed and calculated data was obtained, resu l t -  
ing i n  a calculated transmissivity of 1.5 x IO6 
md*ft/cp and a s to ra t iv i ty  of 2.3 x f t / p s i .  

[abstracted fram Schroeder e t  a l . ,  19781 

Figure 2. W e l l  location map, Cerro Pr ie to  
geothermal resource. 

Table 2. M-5O/M-5l/M-90/M-91 Interference Test, January 14 - March 30, 1978. 

WELL TEST DESCRIPI'ION INST-ATION ANALYSIS 

C l a s s i f  i- Fluid AP Production ( T I  Temperature md' f t / cp  f t / p s1  
Distance to (PI Pressure kwu ch 

cation Flow ( p s i )  well(s) ( m )  (Q) Flourate (m3/~a*s) ( m/Pa ) 

M-50 4 days (2/23-2/271 (Q) James method and 
production stepwise vari-le ueAr box 

@ 1.4-19-53-61- 
42-1.3 kg/s 

M-5 1 14 days  (2/7-2/21) (y) James method and 
production stepwise var iable  @ w e i r  box 

1.6-42-66-80-66-75- 
80-30-36-33-1.6 kg/S 

M-90 16 days (2/16-3/1) (p) James method and 
production stepwise var iable  @ vc i r  box 

1.6-1 5-28-35-41-53- 
58-39-5.5 kg/S 

M-91 12 days (1/29-2/9) ( Q )  James method and 
production stepwise variable I! w e i r  box 

47-50-55-72-80-85- 
86-60-2.2 kq/S 

L 

1.5 x 106 2.3 x M-101 5.0 960 ( t o  M-50) (P) Paros. with 304 m of 
observation 1285 ( t o  M-51) xutroqen gam-filled (4.5 10-7) (1.1 x 10'6) 

530 (to U-90) 0.14-cm I.D. tubing 
1480 ( t o  M-91) 

computer-assisted analysis  

3 
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u-51 1 

Pigure 3. M-101 interference data (M-SO/n-5l/M-90/n-91 interference tes t ) .  

KLAMATH FALLS GEOTHERMAL RESomEcE, OREGON 

C i t y  W e l l  $1 Interference Test (October 24-25, 1979) 

The test involved pwnping C i t y  W e l l  #1 a t  
s tepvise  var iable  r a t e s  of 16, 30, 35 and 43 l/s, 
f o r  a t o t a l  of 15 1/2 hours, while interference 
e f f ec t s  were monitored i n  t h e  Parks, Adamcheck and 
G l e n  Head w e l l s ,  55 m, 305 m, and 430 m away, re- 
spectively (Pigs. 4 and 5 and Table 3). A maximum 
flowrate of 43 l/s w a s  held constzmt fo r  7 1/2 
hours, during which a maximum drawdown of 33 p s i  
w a s  recorded i n  t h e  w e l l  by e l e c t r i c  probe. A 
Productivity Index (Q/AP) of 2.0 x 10-7 n3/s*pa was 
obtained f o r  t h i s  w e l l .  

Table 3. CW-1 Interference Test, October 24-25, 1979. 

Water-level changes i n  t h e  Adamcheck and Glen 
Head w e l l s  were monitored with Leupold-Stevens con- 
tinuous-recording water-level devices. A dawnhole 
Paroscient i f ic  pressure transducer w a s  used i n  the  
P a r k s  W e l l .  Background data were obtained f ran  the 
w e l l s  f o r  several  months pr ior  t o  the  test. Analy- 
ses of data indicate  extremely high reservoir  perme- 
a b i l i t y ,  which is a t t r ibu ted  t o  the  fractured nature 
of the  reservoir  rock. 

[abstracted from Benson e t  al., 1980b 
and Benson, 1982bl 

~ ~~ 

WELL TEST DESCRImION INSTIIUPlENTATION ANALYSIS 
Distance t o  (P I  Pressure fi/U ch 

Classif  i- Fluid AP Roduction (T)  Temperature md ' f t /cp  f t / p s i  
cation Flow ( p s i )  Well(s) (m) (Q) Flawrate ( 3 / ~ a .  s) (m/Pa) 

cw- 1 15.5 h r ~  33 
production etepwi se 

variable @ 
16-30-35- 
43 l/s 

(TI Rl'D a t  wellhead 
(Q) o r i f i c e  p l a t e  and 

bourdon tube  

Parks 
observation 

0.52 55 (PI  Paros. dawnhole 3.3 107 9.1 10-4 
(9.9 x 10-6 (4.0 x 
possible bar r ie r  boundary 

~~~~ ~ 

Adamcheck 
observation 

~~ 

0.25 305 (PI L.-S. water-level 2.6 107 1.1 10-3 
(4.8 x 10'8) (7.8 x 10'6) recorder 

possible bar r ie r  boundary 
~- 

1.7 107 1.4 10-3 G l e n  Head 0.25 430 (P)  L.-S. water-level 
observation 

typa curve analysis  
t i n  nonartesian w e l l s ,  pressure changes are recorded by measuring changes i n  water leve l  i n  the  wells 

recorder (5.1 x (6.2 x 

4 
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Figure 4. Parks w e l l  in terference data 
(CW-1 interference t e s t ) .  

SUSANVILLE GEOTHERMAL RESOURCE, CALIWIINIA 

WEN-1 Production Test (March 3-7, 1982) 

Well WEN-1 was produced for  f ive  days a t  s t e p  
wise variable ( a r t e s i an )  flowrates of 13, 27, 42, 
and 39 1/s (see  Fig.  6 and Table 4 ) .  The first 
three r a t e s  were held constant for  12 hours each, 
and the  t h i r d  r a t e  for  75 hours. Pressure and t e m -  
perature measurements were recorded a t  the  wellhead 
and dawnhole fo r  the  duration of the  t e s t  and for  
approximately 12 hours a f t e r  the  w e l l  was shut in. 
Downhole pressure data were obtained w i t h  a H e w l e t t  
Packard quartz c rys t a l  gauge, and wellhead pressure 
was measured w i t h  a Paroscient i f ic  gauge. Downhole 
and wellhead temperatures were measured with a 
Gearhart-Owen temperature gauge, and a thermocouple. 
respectively.  
o r i f i c e  p l a t e  and d i f f e ren t i a l  pressure gauge. 

Flow r a t e s  were measured w i t h  an 

Table, 4. WEN-1 Production Teat, March 1-8, 1982. 

- l O / a  10124 IOIZS 10126 l O / n  

Figure 5. Glenhead/Adacheck interference data 
(CW-1 interference t e s t ) .  

Semilog analysis of drawdown data indicates  a 
reservoir  t r a n d s s i v i t y  of approximately 3.3 x 106 
d a f t / -  (9.9 x m3/Pa*s). The Productivity 
Index ( Q / A P )  fo r  t h i s  well varied w i t h  each change 
i n  flow ra t e ,  indicat ing non-Darcy flow i n  t he  
reservoir. 

[abstracted frun Benson, 1982al 

CONCLUSIONS 

A report  describing well t e s t s  conducted by 
LBL has been prepared (Bodvarsson and Benson, 1983). 
The report  describes individual w e l l  t e s t s  i n  de- 
tail,  focusing on instrumentation, well t e s t  design, 
and the data collected.  This paper summarizes the  
contents of t ha t  report. 

~~~~~~ ~ 

WELL TEST DESCRIPTION IHSTWUEHTATION 

Fluid AP (TI Temperature 
(PI Pressure 

Classif icat ion Flow ( p s i  1 (Q) Plowrate 

ANALYSIS 
kh/u ch 

md- f t / cp  f t / p s i  
(m3/~a.s)  (m/Pa) 

WEN- 1 5 days 31.5 (P) H.P. damhole 3.3 x 106 
production stepwise Paros a t  wellhead (9.9 10-7) 

variable  (TI G.O. dawnhole thermocouple P.I. = 4.5 x 2.7 x 
B 13, 27, a t  wellhead 2.0 10-7, 2.1 x 10-7 

# 42, 39 l/s (Q) o r i f i c e  p l a t e  m3/s*pa + 

semilog analysis 
t appears t o  be non-Darcy f lov  i n  reservoir  

5 
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m C L A l U R E  AND ABBREVIATIONS 

to ta l  canpress ib i l i ty  
reservoir thickness  
p r m e a b i l i t y  
pressure 
volumetric flow rate 
f l u i d  temperature 
porosi ty  
dynamic v iscos i ty  

ft-1 (Pa-') 
f t  (m) 
nd ( 2 )  
psi  (Pa) 
l /S  
*C 
f r ac t ion  
cp (P.3.S) 

G.0. Gearhart-Wen Temperature Gauge 
H.P. t levlett  Packard Quartz Pressure Gauge 
L.-S. Leupold-StWeM Water-Level Recorder 
Paros. Parosc ien t i f ic  Digiquartz Transducer 
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