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ABSTRACT 

Two product ion geothermal w e l l s  have been 
d r i l l e d  and tes ted  f o r  development and eva lua t ion  
o f  the  geothermal r e s e r v o i r  f o r  the  Honey Lake 
h y b r i d  power p l a n t  p r o j e c t  i n  northeastern C a l i -  
f o r n i a .  Ar tes ian f l o w  has been used i n  a ser ies  
o f  constant - f low variable-head t e s t s  t o  determine 
we1 1 performance and reservo i  r c h a r a c t e r i s t i c s .  
The r e s u l t s  from these t e s t s  i n d i c a t e  an exten- 
s ive,  water-dominated r e s e r v o i r  w i t h  a moderate 
temperature o f  250°F (121°C). The t r a n s m i s s i v i t y  
value i s  w i t h i n  the  range from 10,000 t o  60,000 
gpd/ f t  f o r  we l ls  WEN-2 and WEN-1, respec t ive ly .  
The s p e c i f i c  capac i ty  i n  both w e l l s  decreases 
s u b s t a n t i a l l y  w i t h  an increase i n  the  f l o w  ra te .  

Ar tes ian f l o w  t e s t i n g  conducted i n  both 
w e l l s  has provided in fo rmat ion  f o r  the  r e s e r v o i r  
charac ter iza t ion  and we l l  performance evaluat ion.  
Results i n d i c a t e  a moderate-temperature geotherm- 
a l  r e s e r v o i r  s u i t a b l e  f o r  the  proposed hybr id  
power p l a n t  p r o j e c t .  

INTRODUCTION 

Two product ion wel ls ,  WEN-1 and WEN-2, have 
been d r i l l e d  and tes ted  t o  determine t h e  f e a s i -  
b i l i t y  o f  the geothermal r e s e r v o i r  f o r  the  Honey 
Lake h y b r i d  power p l a n t .  The geothermal energy 
resource w i l l  be used i n  a hybr id  wood-geothermal 
power p l a n t  cyc le  t o  preheat iso-butane, the work- 
i n g  f l u i d  o f  an organic Rankine power cyc le .  
Development and evaluat ion of the geothermal f i e l d  
a t  the  Wendel-Amedee KGRA has been conducted by 
Geoproducts Corporation w i t h  the Department o f  
Energy p a r t i c i p a t i o n  under the User Coupled Con- 
f i r m a t i o n  D r i l l i n g  Program. EG&G Idaho has pro- 
v ided technica l  support dur ing  f l o w  t e s t i n g  o f  
the  we l ls .  The p r o j e c t  i s  loca ted  on the  nor thern 
edge o f  the Honey Lake Basin i n  Lassen County, 
C a l i f o r n i a  (F igure 1) .  

The WEN-1 geothermal t e s t  product ion we l l  was 
d r i l l e d  dur ing  August and September o f  1981, t o  a 
t o t a l  depth o f  5823 f e e t  below the land surface. 
The w e l l  penetrated basa l t  lava  f lows t o  a depth 
o f  2620 f e e t ,  b a s a l t i c  and andes i t i c  ash; and 
minor sandstone beds from 2620 t o  4550 f e e t ;  and 
conglomerates from 4550 t o  5050 f e e t .  Crysta l  1 i n e  
g r a n i t i c  t o  d i o r i t i c  rock was penetrated from 5050 

1625, Idaho F a l l s ,  Idaho 83415 

Figure 1. Location map. 

feet  t o  the bottom o f  the hole a t  5823 f e e t .  The 
WEN-1 product ion zone i s  i n  open f r a c t u r e s  from 
5190 t o  5330 f e e t  depth w i t h i n  a f a u l t  zone i n  
c r y s t a l l i n e  rocks ( Z e i s l o f t ,  1984). 

The WEN-2 geothermal product ion we l l  was 
completed i n  May o f  1984 t o  a t o t a l  depth o f  
5030 f e e t .  A ser ies  o f  vo lcanic  rocks i n c l u d i n g  
b a s a l t  f lows, t u f f s ,  vo lcanic  mudflows and con- 
glomerates occur between a depth o f  300 and 4395 
f e e t .  Below the  vo lcanic  rocks, a sedimentary 
conglomerate extends from 4395 t o  4860 f e e t .  The 
g r a n i t i c  basement s t a r t s  a t  4860 f e e t  and extends 
t o  more than 5030 f e e t .  The main product ion zone 
f o r  WEN-2 i s  between 4500 and 4600 f e e t  w i t h i n  a 
f r a c t u r e d  f a u l t  zone i n  conglomerates. 

Apparently, both w e l l s  are producing from 
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the same f a u l t  zone, the  Wendel Faul t ,  bu t  from 
d i f f e r e n t  rock formations. The f a u l t  zone w i t h i n  
the c r y s t l a l i n e  rocks i n  WEN-1 has approximately 
ten t imes higher t r a n s m i s s i v i t y  than the same 
f a u l t  zone w i t h i n  the conglomerates i n  WEN-2. 

WEN-1 ARTESIAN FLOW TESTING 

Test ing o f  WEN-1 cons is ted o f  three separate 
t e s t  ser ies.  The f i r s t  f l o w  t e s t ,  an i n i t i a l  
shor t  dura t ion  ar tes ian  f l o w  t e s t ,  was conducted 
immediately a f t e r  completion o f  d r i l l i n g ,  w i t h  a 
d r i l l  r i g  a t  the s i t e .  The purpose o f  t h i s  t e s t  
was t o  determine the product ion c a p a b i l i t y  o f  t h e  
we l l  which would prov ide a bas is  f o r  design o f  the  
f i n a l  t e s t i n g  and help decide i f  d r i l l i n g  should 
be terminated. 

To conduct t h i s  t e s t ,  a s ix - inch  f l o w  l i n e  
was assembled w i t h  a three- inch o r i f i c e  and gate 
valve f o r  f l o w  measurement and cont ro l .  I n s t r u -  
mentation on the f l o w  l i n e  included: d i f f e r e n -  
t i a l  pressure gauge, bourdon tube pressure gauge, 
bimetal and mercury thermometers. Results from 
the  i n i t i a l  t e s t  i n d i c a t e  w e l l  WEN-1 i s  a good 
producer w i t h  a r tes ian  f l o w  o f  over 650 gpm and a 
w e l l  s p e c i f i c  capaci ty  o f  approximately 23 gpm/psi. 
A temperature e q u i l i b r i u m  was no t  reached, bu t  
from the  temperature bui ld-up data, i t  was e s t i -  
mated t h a t  approximately 250°F bottom hole temp- 
e ra tu re  may be expected. 
t e s t  ser ies  ind ica ted  t h a t  WEN-1 would be a pro- 
duc t ive  we l l .  Therefore, t h e  dec is ion was made t o  
terminate d r i l l i n g  and re lease the r i g  from the  
s i t e .  

Results from t h i s  f i r s t  

A second f l o w  t e s t  was conducted approximately 
45 days a f t e r  completion o f  d r i l l i n g .  Test para- 
meters were designed based on data from t h e  i n i t i a l  
t e s t .  A temperature l o g  conducted p r i o r  t o  the  
s t a r t  o f  the f l o w  t e s t  i n d i c a t e s  a sharp tempera- 
t u r e  increase from the surface t o  a depth o f  200 
fee t .  From a depth o f  200 f e e t  t o  the bottom, the  
we l l  i s  c lose t o  isothermal (November 11/81 log ,  
F igure 2). 
i n d i c a t i o n  t h a t  v e r t i c a l  f l o w  may e x i s t  w i t h i n  the 
cased p o r t i o n  o f  the wellbore. A rupture i n  t h e  
cas ing was suspected, however, a t  t h i s  p o i n t  i t  
was decided t o  proceed w i t h  t e s t i n g .  

This  temperature l o g  provided the  f i r s t  

Th is  second t e s t  ser ies  consisted o f  th ree  
consecutive pulse t e s t s  w i t h  increas ing f l o w  r a t e s  
and a sustained f l o w  t e s t  a t  the conclusion o f  
t e s t i n g .  The f l o w  l i n e  employed i n  the i n i t i a l  
t e s t  was a lso  used i n  the  second ser ies  o f  tes ts .  
However, more soph is t i ca ted  inst rumentat ion was 
used f o r  the f low,  pressure and temperature meas- 
urements (Figure 3). 
"Lynes" pressure-temperature probe was se t  above 
the  product ion zone. I n i t i a l  r e s u l t s  from t e s t i n g  
i n d i c a t e  a s u b s t a n t i a l l y  lower we l l  f l o w  than was 
expected and an e r r a t i c  pressure response. 

I n  add i t ion ,  a downhole 

The dec is ion was made t o  terminate t e s t i n g  
and run  a spinner l o g  t o  de tec t  i f  i n t e r n a l  f l o w  
w i t h i n  the  wellbore e x i s t s .  A spinner l o g  run 
dur ing  f l o w  cond i t ion  i n d i c a t e s  an increase i n  
f l o w  below 230 f e e t  depth (F igure 4). A l o g  run 

Tamp OF 

WEN-1 temperature logs before 
f l o w  t e s t i n g  wel l  shut- in. 

sa 1ua 

Figure 2. 

dur ing  w e l l  shu t - in  condi t ions i n d i c a t e s  i n t e r n a l  
f l o w  below t h i s  same depth a t  an estimated r a t e  
o f  400 gpm. F l u i d  from t h e  geothermal r e s e r v o i r  
was f l o w i n g  i n t o  the ground water a q u i f e r  a t  a 
depth o f  230 f e e t  through a break i n  t h e  casing. 
A t  t h i s  p o i n t ,  f l o w  t e s t i n g  was terminated and 
prepara t ion  f o r  r e p a i r  i n i t i a t e d .  
te lev iewer  was run t o  prov ide a p i c t u r e  o f  t h e  
damaged casing. The video tape i n d i c a t e d  a con- 
t inuous break along the e n t i r e  length  o f  the  cas- 
i n g  sec t ion  from 211 to. 251 f e e t  depth. 
o f  the cas ing included s e t t i n g  a 10 3/4 i n c h  
l i n e r  from 750 f e e t  ( top  o f  9 5/8 i n c h  cas ing)  t o  
186 f e e t  and cementing the  annular space between 
10 3/4 i n c h  l i n e r  and 13 3/8 i n c h  sur face casing. 

A borehole 

Repair 

The f i n a l  a r tes ian  f l o w  t e s t  o f  WEN-1 was 

The t e s t  parameters and 
conducted i n  March 1982 s h o r t l y  a f t e r  t h e  cas ing 
r e p a i r  was completed. 
inst rumentat ion were s i m i l a r  t o  those used i n  t h e  
prev ious t e s t s  p r i o r  t o  d iscovery o f  t h e  cas ing 
rupture.  A downhole Hewlett-Packard pressure 
temperature probe provided by Lawrence Berkeley 
Laboratory was used instead o f  the  Lynes probe. 
The t e s t  data summary i s  presented i n  Table 1. 
The t r a n s m i s s i v i t y  value obtained from these 
t e s t s  i s  approximately 60,000 gpd/ f t .  The press- 
ure drawdown data from t h e  long dura t ion  f l o w  
t e s t  were a f f e c t e d  by a f l u c t u a t i n g  f l o w  ra te .  
However pressure data suggest a recharge boundary 
i s  present  near WEN-1 (Geoproducts Corp. 1982). 

586 



Ski  ba 

Figure 3. Wellhead and discharge l i n e .  

We1 1 head Assembly 

(MV) - Master valve 12" - 400 ANSI 
Tee 6" 
Gate valve 4'' - 300 P S I  
Lubr ica tor  p i p e  4" (about 18' long)  
w i t h  attached p u l l y  

Discharge L ine 

(DQ) 
(TC) 

(TM) 

- D ig iquar tz  pressure transducer 200 P S I  - Thermocouple w i t h  d i g i t a l  reading i n  O F  

- Thermometer Mercury 2OOOC range 0.2"C 
and O C  

increments 

The we l l  s p e c i f i c  capac i ty  v a r i e s  w i t h  t h e  
f l o w  ra tes .  
lower s p e c i f i c  capaci ty  (F igure 5) .  
i n  s p e c i f i c  capaci ty  may be explained by changes 
from laminar  t o  t u r b u l e n t  f l o w  cond i t ions  w i t h i n  
the f r a c t u r e s  next t o  the  wellbore. Transmissiv- 
i t y  values were no t  a f f e c t e d  by the  f l o w  r a t e s  
suggesting laminar f l o w  cond i t ions  f a r t h e r  f rom 
the  we1 1 bore. 

The h igher  f l o w  r a t e  r e s u l t s  i n  a 
These changes 

WEN-2 ARTESIAN FLOW TESTING 

The t e s t i n g  format f o r  WEN-2 was s i m i l a r  t o  
WEN-1. An i n i t i a l  shor t  dura t ion  f l o w  t e s t  was 

( S C )  - Sampling Co i l  
(PG) - Pressure gauge 150 P S I  range 1 P S I  

increments 
(OR) - O r i f i c e  p l a t e  3.068" (Beveled) 
(DQ1) - D ig iquar tz  pressure transducer (200 PSI) 

f o r  d i f f e r e n t i a l  pressure across o r i f i c e  
readings 

(DQ2) - D ig iquar tz  pressure transducer (200 PSI) 
f o r  d i f f e r e n t i a l  pressure across o r i f i c e  
readings 

(PG ) - Pressure gauge 30 P S I  0.5 P S I  increments 
(CVp - Control Valve, b u t t e r f l y  type w i t h  s i x  

(6 )  notches on a handle 
(1nst r . ) - Inst ruments f o r  t h e  we1 1 head pressure, 

d i f f e r e n t i a l  pressure and thermocouple 
readings . 

performed before the d r i l l i n g  r i g  was released. 
Results from t h i s  t e s t  i n d i c a t e  a s u b s t a n t i a l l y  
lower product ion r a t e  ( w i t h i n  400 gpm range) and 
s p e c i f i c  capaci ty  (below 10 gpm/psi) than f o r  
we l l  WEN-1. Four sect ions o f  t w i s t e d  d r i l l i n g  
c o l l a r s  were s tuck i n  the ho le  f rom the bottom 
depth o f  5030 t o  4890 f e e t  so d r i l l i n g  was term- 
inated.  

The second phase o f  t e s t i n g  was conducted i n  
J u l y  o f  1984. 
c o n s t i t u t e  a f i n a l  f l o w  t e s t i n g  o f  WEN-2. 
f l o w  l i n e  was equipped w i t h  s i m i l a r  f l o w  c o n t r o l  
and measurement inst rumentat ion as WEN-1 (F igure 

This  t e s t  ser ies  was designed t o  
The 
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Figure 4. WEN-1, spinner log,  Nov. 19, 1981, 
(we1 1 f l ow ing  approximately 335 gpm). 
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Figure 5. Spec i f i c  capaci ty  versus product ion 
ra te .  

3). A downhole HP temperature-pressure probe was 
used. 
275 gpm r a t e ,  pulse t e s t  a t  400 gpm and long-term 
constant discharge r a t e  t e s t  (approximately 1 
week) a t  370 gpm ra te .  

Test ing consisted o f  a step t e s t  a t  150 and 

Resul ts from these t e s t s  i n d i c a t e  a t rans-  
m i s s i v i t y  value o f  10,000 gpd/ f t .  Well s p e c i f i c  
capaci ty,  dependent on the f l ow  rate,  ranges from 
6.5 t o  12 gpm/psi f o r  400 and 150 gpm ra tes ,  re-  
spec t i ve l y .  Since these parameters are s i g n i f i -  
c a n t l y  lower than f o r  we l l  WEN-1, i t  was decided 
t o  c lean the  bottom p o r t i o n  o f  the hole o f  f i l l  
ma te r ia l  and the tw is ted  d r i l l i n g  s t r i n g .  Based 
on the d r i l l i n g  r a t e  and l i t h o l o g y ,  i t  was be- 
l i e v e d  t h a t  some add i t i ona l  product ion could be 
obtained by c leaning out  the 70 f e e t  o f  f i l l  mat- 
e r i a l  (sand used dur ing s e t t i n g  o f  the product ion 
casing) which accumulated from t h t  t op  of the 
d r i l l  c o l l a r  a t  4890 f e e t  t o  the 4820 f e e t  depth. 
The hole was cleaned ou t  using aerated water. 
A d d i t i o n a l l y ,  one d r i l l i n g  c o l l a r  was removed. 
This concluded workover operat ions.  

F i n a l  we l l  t e s t i n g  was conducted a f t e r  com- 
p l e t i o n  o f  the workover operat ion.  The format o f  
previous t e s t i n g  was repeated. Unfor tunate ly ,  
t he  we l l  performance f a i l e d  t o  show any improve- 
ment; i n  f a c t ,  i t  a c t u a l l y  i nd i ca ted  some degrad- 
a t i o n  i n  product ion capaci ty.  Dur ing t h e  f i n a l  
long-term f l o w  tes t ,  the wel l  could n o t  sus ta in  a 
370 gpm product ion f l o w  ra te .  It i s  be l ieved 
t h a t  sand forced back i n t o  the product ion f r a c -  
t u res  du r ing  c leaning o f  the sand f i l l  from the 
bottom o f  the hole could have resu l ted  i n  t h i s  
f l o w  decrease. 

Dur ing f l o w  t e s t i n g  o f  WEN-2, a Steven's 
water l e v e l  recorder was i n s t a l l e d  i n  WEN-1 ( co ld  
WEN-1 has a water l e v e l  a few f e e t  below the sur- 
face).  The water l e v e l  f l u c t u a t i o n  a t  WEN-1 ex- 
h i b i t s  a complicated d i u r n a l  f l u c t u a t i o n ,  masking 
a response t o  f l ow  from WEN-2. Evaluat ion o f  the 
drawdown data o f  WEN-1 i nd i ca tes  a t r a n s m i s s i v i t y  
o f  approximately 50,000 gpd/ f t  and s t o r a t i v i t y  o f  
6.5 x 10-4 (Geoproducts Corporat i  on 1984). 

CONCLUSIONS 

Resul ts from the f l o w  t e s t i n g  o f  w e l l s  WEN-1 
and WEN-2 i n d i c a t e  a substant ia l  goethermal reser-  
v o i r  which has t r a n s m i s s i v i t y  values between 
10,000 and 60,000 gpd/ f t .  
i s  approximately 250°F and i s  o f  genera l l y  good 
q u a l i t y ,  as the t o t a l  d isso lved s o l i d s  a r e  s l i g h t -  
l y  greater  than 1000 ppm. 
ra tes  are 680 and 370 gpm f o r  w e l l s  WEN-1 and 
WEN- 2, respec t i  ve l  y . 

The f l u i d  temperature 

Maximum a r t e s i a n  f l o w  

Ar tes ian  f l ow  t e s t i n g  proved t o  be a useful  
method o f  t e s t i n g  the geothermal r e s e r v o i r .  I n  
t h i s  type o f  t es t i ng ,  the f l ow  c o n t r o l  and pre- 
c i s i o n  measurements are c r i t i c a l  f o r  ma in ta in ing  
a constant r a t e  a r tes ian  f low. The downhole i n -  
strumentat ion proved t o  be essent ia l  f o r  t he  t e s t s  
conducted i n  WEN-1 and WEN-2. Temperature and 
spinner logs were instrumental  i n  d e t e c t i n g  the 
casing rup tu re  i n  WEN-1. 
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Table 1. March 1982 t e s t  data summary. 

Tests Downhole datal Wellhead data 

Dura tion 
Flow rate time Pressure2 Temp2 Recovery3 Presssure2 Temp2 Recovery3 

Date gpm min. PSlA "F PSlA PSlA "F PSlA - - 
312 Step 1 

225 583 2203.5 247.1 --- 65.35 232.8 --- 
313 Step 2 

455 480 2191.7 247.4 2208.2 52.3 240.1 71.1 

313- Pulse 
314 680 810 2176.2 248.0 2207.5 33.9 242.0 70.7 

. 

314- Sustained 
317 620 4560 2179.5 250.2 2207.5 37.7 242.5 69.9 

Downhole probe sel el 5200 lwt deplh 

Mexlmum slablllzed pressure after recovery. 
* A I  the Iesl end 

ACKNOWLEDGEMENT 

This work was conducted by EG&G Idaho, Inc.  
f o r  the U. S. Department o f  Energy under Contract 
NO. DE-AC07-76ID01570. 

REFERENCES 

Z e i s l o f t ,  J . ,  Sibbet t ,  B. S., Adams, M. C. , 1984. 
Case Study o f  the  Wendel-Amedee exp lo ra t ion  
d r i l l i n g  p r o j e c t ,  Lassen County, C a l i f o r n i a  
User Coup1 ed Conf i rmation D r i  1 1 i ng Program, 
Ear th Science Laboratory, U n i v e r s i t y  o f  . 
Utah Research I n s t i t u t e ,  S a l t  Lake City, UT. 

Geoproducts Corporation, 1982. The Honey Lake 
Geothermal Pro ject ,  Lassen County, C a l i f o r n i a .  
I n t e r i m  techn ica l  Droaress reDort,  GeoDroducts 
Corporat i  on, Oa k l  and, "Cal i f o r n i  a. - 

GeoDroducts CorDoration, 1984. The Honev Lake 
' Geothermal' Pro jec t ;  Lassen County, - "Cl i forn ia .  

F ina l  technica l  repor t ,  Geoproducts Corp- 
o r a t i  on, Oa k l  and, Cal i f o r n i  a. 

Skiba, P. A., 1983. "Ar tes ian f l o w  t e s t i n g  o f  
product ion w e l l  Wendel-1, Honey Lake Geo- 

s3 1551 

thermal P r o j e c t  ," 12th Annual Rocky 'Mountain 
Groundwater Conference, Boise, Idaho. 

589 


