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The Bureau o f  Reclamat ion has e s t a b l i s h e d  an ongoing program for 
t h e  a n a l y s i s  and e v a l u a t i o n  o f  t h e  East Mesa Geothermal F i e l d .  
p r e s e n t a t i o n  w i l l  d iscuss  t h e  recent  h i s t o r y  o f  t h e  f i e l d  i n c l u d i n g  
t e s t i n g  methods and r e s u l t s .  
cussed. 

T h i s  

F u t u r e  t e s t i n g  p lans  w i l l  a l s o  be d i s -  

T h e  East Mesa F i e l d  

Located from v a r i o u s  geophysica l  s t u d i e s  i n c l u d i n g  heat  f l o w ,  
g r a v i t y ,  se ismic no ise ,  and r e s i s t i v i t y ,  t h e  f i e l d  l i e s  on t h e  eas t  
f l a n k  o f  t h e  S a l t o n  t rough.  Mesa 6-1 was d r i l l e d  t o  a depth  o f  
2443 meters i n  1972 a t  a common anomaly t o  t h e  above geophysica l  para- 
meters.  The w e l l  was i n i t i a l l y  completed by a hanging s l o t t e d  l i n e r  
and l a t e r  t h e  uphole cas ing  was p e r f o r a t e d  o p p o s i t e  permeable sand 
hor izons .  Produced f l u i d  i s  o f  a sodium c h l o r i d e  type  hav ing a t o t a l  
d i s s o l v e d  s o l  i d s  (TDS) conten t  o f  26,300 mg/l (un f lashed wel lhead 
sample). 

Mesa 6-6 was d r i l l e d  as a s tep-ou t  w e l l  o n e - f o u r t h  m i l e  west o f  
Mesa 6-1. Completed t o  1916 meters,  produced f l u i d  i s  o f  t h e  sodium 
c h l o r i d e  type  hav ing  a TDS c o n t e n t  o f  5000 mg/l (un f lashed we l lhead 
sampl e) . 

I n  1974 t h r e e  a d d i t i o n a l  w e l l s  were d r i l l e d ,  based on a d d i t i o n a l  
heat  f l o w  and se ismic m o n i t o r i n g  work. These w e l l s  a r e  des ignated 
Mesa 5-1, Mesa 8-1, and Mesa 31-1. They f l o w  a sodium c h l o r i d e  t y p e  
water  w i t h  a TDS c o n t e n t  o f  about 2500 mg/ l .  

Tab le  1 descr ibes  t h e  cas ing  and comple t ion  program o f  each 
w e l l .  Wel l  l o c a t i o n s  a r e  shown i n  F i g u r e  1.  

Well  T e s t i n g  

Flow T e s t i n g .  The p o r t a b l e  f l a s h  tank  and w e i r  box has been 
most u s e f u l  i n  o b t a i n i n g  f l o w  i n f o r m a t i o n  a t  East Mesa w e l l s .  A 
p i p e l i n e  i s  connected d i r e c t l y  t o  t h e  f l a s h  tank  from t h e  w e l l  where 
f l u i d  i s  f l a s h e d  t o  atmospher ic c o n d i t i o n s .  Steam f rom t h e  w e l l  bore 
and f l a s h o f f  evo lve  from t h e  f l a s h  tank.  L i q u i d  passes i n t o  a w e i r  
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box where l e v e l  over a V-notch w e i r  i s  measured. C lock -d r i ven  pressure,  
temperature,  and l e v e l  gauges mon i to r  sur face  c o n d i t i o n s ,  and c a l c u -  
l a t i o n s  a r e  made t o  determine t o t a l  w e l l  f l o w .  Th is  techn ique was 
descr ibed by Mathias i n  1975. Flow t e s t s  have been performed a t  a l l  
w e l l s  and rep resen t  c o n d i t i o n s  which e x i s t  a t  t h e  wel lhead d u r i n g  
f lows a t  v a r i o u s  r a t e s  f o r  a t o t a l  f l o w  p e r i o d  of severa l  days. 
Low f l o w  c o n d i t i o n s  a r e  g e n e r a l l y  n o t  a t  p ressure ,  temperature o r  
f l ow  e q u i l i b r i u m  due t o  t h e  extended t ime  r e q u i r e d  t o  heat sur round ing  
uphole rock  fo rmat ions .  

Pressure T e s t i n g .  Downhole pressures have been measured us ing  
s tandard  o i l  f i e l d  type mechanical c l o c k - d r i v e n  r e c o r d i n g  ins t ruments .  
In a d d i t i o n ,  a v e r y  s e n s i t i v e  downhole q u a r t z  p ressure  gauge was used 

t o  conduct i n t e r f e r e n c e  t e s t s  i n  the  East Mesa F i e l d .  Th i s  t e s t  was 
repo r ted  by W i  therspoon, Narasimhan, and McEdwards i n  1976. The r e s u l t s  
o f  mechanical gauge work and e l e c t r o n i c  p r e c i s i o n  gauge work were com- 
b ined w i t h  f l o w  data  and used t o  eva lua te  and model t h e  East Mesa Reser- 
v o i r  (TRW-lntercomp, 1976). The r e s u l t s  o f  t h i s  work a r e  presented 
elsewhere i n  these proceedings (Spivak and Rice, 1976). 

Temperatures. Sur face  and downhole temperature have been 
measured bo th  a t  s h u t - i n  and under f l o w i n g  c o n d i t i o n s .  Standard o i l -  
f i e l d  t ype  mechanical c l o c k - d r i v e n  r e c o r d i n g  ins t ruments  have been 
used f o r  downhole measurements. A summary o f  bot tomhole temperatures 
a t  s h u t - i n  e q u i l i b r i u m  c o n d i t i o n s  i s  shown on Table 2. 

l n i e c t i o n  ODerations 

Mesa 5-1 has been used as an exper imental  i n j e c t i o n  w e l l .  I t  
was loca ted  i n  an area o f  low heat  f l o w  and approx imate ly  two k i l o -  
meters f rom t h e  neares t  microearthquake e p i c e n t e r  (Combs, 1974). The 
lower 305 meters were s l o t t e d  o p p o s i t e  sand hor izons  hav ing  an average 
Saraband p e r m e a b i l i t y  o f  69 m i l l i d a r c i e s .  Dur ing  i n i t i a l  t e s t s ,  water 
hav ing  a TDS of 50,000 mg/l and a d i s s o l v e d  oxygen con ten t  o f  6.9 
mg/l was i n j e c t e d .  A f t e r  48 hours of pumping a t  a r a t e  of 1000 m /day, 
water  l e v e l  reached t h e  su r face  and pressure  pumping began. A t  t h e  
end o f  t e n  days, su r face  pressure  had r i s e n  t o  about 5.5 bars gauge. 
Average i n j e c t i o n  pumping was then 400 m3/day. l n t e r m i  t t e n t  pumping 
was then begun, as r e q u i r e d  pressure  was above pumping equipment 
c a p a c i t y  on hand. Sur face  pressure  v a r i e d  between 0 and 14 bars 
w h i l e  pumping i n t e r m i t t e n t l y  a t  a w ide  range o f  r a t e s .  A summary o f  
i n j e c t i o n  a c t i v i t i e s  f rom February 28 th rough A p r i l  2 ,  1975 i s  tabu- 
l a t e d  on Tab le  3. 

3 

An average o f  0.0923 grams per  l i t e r  suspended s o l i d s  was 
measured i n  t h e  i n j e c t i o n  f l u i d .  A sample o f  t h e  f l u i d  f i l t r a t e  was 
analyzed by X-ray d i f f r a c t i o n  techniques. The p r imary  c o n s t i t u e n t s  
were found t o  be quar t z ,  c l a y - s i z e d  p a r t i c l e s ,  and o t h e r  m a t e r i a l  
t h a t  would be wind blown i n t o  a pond i n  a d e s e r t  area. From the  
above c o n c e n t r a t i o n  va lue ,  a t o t a l  we igh t  of 1030 k i lograms o f  s o l i d  
m a t e r i a l  i s  c a l c u l a t e d  t o  have been pumped down the  w e l l .  
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P i p i n g  a t  t h e  t e s t  s i t e  was r e v i s e d  so t h a t  f l u i d  blowdown f r o m  
geothermal o p e r a t i o n s  would be t r a n s p o r t e d  d i r e c t l y  i n t o  t h e  i n j e c t i o n  
system w i t h  minimal c o n t a c t  t o  a i r  and no c o n t a c t  w i t h  the  b r i n e  h o l d i n g  
pond. As h i g h  c o r r o s i o n  was noted i n  t h e  lower p o r t i o n  o f  t h e  downhole 
w i r e l i n e  equipment, i t  was suspected t h a t  c o r r o s i o n  damage t o  t h e  
cas ing  may have r e s u l t e d .  A Schlumberger cas ing  th ickness  l o g  was run  
i n  December o f  1975 and no damage was de tec ted .  

A h i g h  pres  u r e  pump of c a p a c i t y  t o  pump up t o  138 bars  gauge 
pressure  a t  1088 m 3 /day was added t o  t h e  wel lhead.  F l u i d  was i n j e c t e d  
u s i n g  t h i s  pumping arrangement f rom January 14, 1976 t o  January 28, 
1976. A summary o f  wel lhead pressures i s  shown on F i g u r e  2. I t  was 
noted t h a t  a t  a p ressure  o f  near 85 bars gauge, wel lhead pressure  
decreased. S u f f i c i e n t  pumping c a p a c i t y  was n o t  a v a i l a b l e  t o  increase 
t h e  volume o f  f l u i d  i n j e c t e d  t o  m a i n t a i n  t h e  85 bars gauge wel lhead 
pressure.  

5 I n  May, 1 76, t h e  i n j e c t i o n  w e l l  was a c i d  t r e a t e d  w i t h  38 rn 
of  15% H C I ,  38 m 3 of mud a c i d ,  and 19 m3 o f  5% H C I .  Shor t  term 
pumping concluded t h a t  t h e  t rea tment  had r e s u l t e d  i n  improved accep- 
tance c h a r a c t e r i s t i c s  o f  t h e  w e l l .  

F u t u r e  T e s t i n g  

General.  A t e s t i n g  program i n v o l v i n g  a l l  o p e r a t o r s  a t  t h e  East 
Mesa F i e l d  i s  scheduled f o r  e a r l y  1977. The t e s t i n g  program w i l l  
search two main areas.  F i r s t ,  a f l o w  p r o f i l e  t e s t  f o r  each w e l l  
connected i n t o  a d i s p o s a l  system (Mesa 8-1, 6-1, and 6-2) w i l l  be run  
t o  a s c e r t a i n  t h e  l a t e s t  c h a r a c t e r i s t i c s  o f  t h e  w e l l s  a t  low f l o w  
r a t e s .  As these w e l l s  w i l l  be used t o  supply  t h e  ERDA t e s t  pad a t  
t h e  t e s t  s i t e ,  i t  i s  impor tan t  t o  know each w e l l  c h a r a c t e r i s t i c  a t  
t h e  range o f  f l o w s  t o  be u t i l i z e d .  The second p a r t s  o f  t e s t s  i n v o l v e s  
i n t e r f e r e n c e  t e s t s .  The d e t a i l s  of  t h i s  t e s t  program a r e  o u t l i n e d  
below. T h i s  t e s t i n g  program and o t h e r s  i n  t h e  f u t u r e  w i l l  i n v o l v e  
o t h e r  equipment and programs a t  the  s i t e .  These i n c l u d e  i n j e c t i o n ,  
se ismic  m o n i t o r i n g ,  chemical ,  and o t h e r  geophysica l  m o n i t o r i n g .  These 
w i l l  a l s o  be d iscussed i n  d e t a i l .  

I n t e r f e r e n c e  T e s t i n g .  The i n t e r f e r e n c e  t e s t  w i l l  be of a 
d u r a t i o n  o f  a t  l e a s t  30 days. P r e c i s i o n  q u a r t z  p ressure  gauges w i l l  
be p laced i n  s e l e c t  w e l l s  operated by Republ ic ,  Magma Power Co., and 
t h e  Bureau. The Bureau's p r o d u c t i o n  w e l l  Mesa 6-2 w i l l  be operated 
a t  a low f l o w  r a t e  (about 800 m3/day). 
p r o v i d e  a c o n t i n u o u s l y  r e c o r d i n g  s u r f a c e  readout downhole c a p i l l a r y  
t y p e  pressure  gauge t o  be p laced i n  t h i s  w e l l .  F l u i d  w i l l  be 
i n j e c t e d  a t  w e l l  Mesa 5-1. The e f f e c t s  o f  p ressure  drawdowns and 
b u i l d u p s  i n  t h e  f i e l d  w i l l  be analyzed and used t o  r e f i n e  t h e  
a l r e a d y  e x i s t i n g  model developed by TRW and Intercomp. 

Magma Power Company w i l l  

P r e c i s i o n  pressure  gauges, o p e r a t i n g  personnel  and a n a l y s i s  o f  
r e s u l t s  w i l l  be s u p p l i e d  by Lawrence Berkeley Labora tory .  

- 100- 



I n j e c t i o n  Equipment. F l u i d  conveyed t o  Mesa 5-1 w e l l s i t e  w i l l  
be moved downhole by a h i g h  speed c e n t r i f u g a l  pump. Bypass equipment 
has been i n s t a l l e d  a t  t h e  pump t o  m a i n t a i n  a steady and optimum f low 
o f  about 1088 m3/day a t  60 bars pressure through t h e  pump w h i l e  
a l l o w i n g  l e s s  f l u i d  t o  be i n j e c t e d .  The Mesa 5-1 wel lhead i s  f u l l y  i n -  
strumented t o  i n d i c a t e  wel lhead pressure,  temperature,  f l o w r a t e ,  
and t o t a l i z e d  f l o w .  T h i s  apparatus i s  shown on F igures  3 and 4. 

Seismic M o n i t o r i n g .  The Bureau s i x - s t a t i o n  se ismic m o n i t o r i n g  
a r r a y  i s  s i t u a t e d  w i t h i n  an area o f  about 6 km r a d i u s  o f  t h e  t e s t  
s i t e  o f f i c e .  Each s t a t i o n  i s  comprised o f  t h r e e  component seismometers 
o f  which s i g n a l s  a r e  te lernetered by FM r a d i o  l i n k  t o  t h e  Bureau 
o f f i c e .  The da ta  i s  recorded on magnet ic tape a t  t h a t  l o c a t i o n .  
C o r r e l a t i o n  between se ismic a c t i v i t y  and r e s e r v o i r  parameters have 
been observed i n  t h e  pas t .  I n  one case, (Witherspoon, Narasimhan, 
McEdwards, 1976), 14 l o c a l  se ismic events i n  a t i m e  p e r i o d  o f  l e s s  
than one hour corresponded d i r e c t l y  t o  a r i s e  i n  p ressure  i n  w e l l  
Mesa 8-1 b u t  n o t  i n  Mesa 6-1. These events  were l o c a t e d  two to  
f o u r  m i l e s  eas t  and n o r t h e a s t  o f  Mesa 8-1. I t  i s  p o s s i b l e  t h a t  a 
r e s e r v o i r  boundary prevented a p ressure  s i g n a l  f rom be ing  t r a n s -  
m i t t e d  t o  Mesa 6-1. D i f f e r i n g  f requency conten t  and anomalous t r a v e l  
t i m e  delays f rom events  o c c u r r i n g  o u t s i d e  t h e  f i e l d  have l e d  us t o  
b e l i e v e  t h a t  t h e r e  e x i s t s  an anomalous r e g i o n  i n  t h e  East Mesa F i e l d  
(Combs, 1975). 
more about t h i s  phenomena; t h e  r e s u l t s  o f  t h i s  work a r e  n o t  y e t  
completed. 

A s e t  o f  c a l i b r a t i o n  b l a s t s  was arranged t o  l e a r n  

S e i s m i c i t y  i n  t h e  Imper ia l  V a l l e y  has been seen t o  a f f e c t  
t h e  chemical  c o n t e n t  o f  w e l l s  d u r i n g  produc t ion .  The most remark- 
a b l e  change has been t h e  a s s o c i a t i o n  o f  area se ismic a c t i v i t y  w i t h  
increases i n  wel lhead C02 a t  Mesa 6-2 d u r i n g  produc t ion .  A d d i t i o n a l  
se ismic r e c o r d i n g  equipment i s  be ing i n s t a l l e d  t o  h e l p  f u r t h e r  
d e f i n e  t h i s  observa t ion .  
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Table 1 

Casing and Completion Records, 
Geothermal Resource Inves t iga t ions  , 

Imperial Valley, Cal i forn ia  

Average Saraband 
Mesa Casing Depth S l o t t e d  Perforated sand 
we1 1 outs ide  diameter i n t e r v a l  i n t e r v a l  i n t e r v a l  permeabi 1 i t y  

number ( i n .  ) (m) (m) (m) (md) 

6-1 20 0-116 
13  3/8 0-763 
9 5/8 0-2223 2075-21 79/1868-2075 230 
7 221 3-2443 2238-2433 1.5 

6-2 20 0-1 9 
11 3/4 0-301 
7 5/8 0-181 6 1663-181 6 1392-1 662 70 

5- 1 20 0-18 
13  3/8 0-312 
7 5/8 0-1830 1525-1830 69 

1 3  3/8 0- 304 
7 5/8 0-1 829 1508-1 829 39 

1 3  3/8 0-309 
7 5/8 0-1882 1652-1882 62 

8- 1 20 0-18 

31-1 20 0-18 

Table 2 

Bottom-hole s h u t - i n  temperatures, 
Geothermal Resource Investigations, 

Imperial Valley, Cal i forn ia  

Mesa Depth Bottom-hole 
We1 1 Measured tempera t u  re 

Number (m) (OC) 
~~ ~~ ~ 

6- 1 2442 204 

5- 1 1830 157 
8-1 1830 179 
31-1 1882 154 

6- 2 1816 188 

-1 03- 



Table  3 

I 

0 
P 
I 
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I n j e c t i o n  Schedule,  Mesa 5-1, 
February 28-Apri 1 2-1975 

Date 1975 Time Opera t ion  

Average Cumul a t i  ve 
f l  w r a t e  quant[&flowed s (m  /day)  

Feb. 28 
Mar. 11 
Mar. 11 
Mar. 12  
Mar. 12 

015 Begin I n j e c t i o n  1 090 0 

745 Stop  I n j e c t i o n  125 7 222 

730 Stop  I n j e c t i o n  398 6 968 
020 Begin I n j e c t i o n  398 - 
840 Begin I n j e c t i o n  w i t h  Booster pump 1 281 - 
330 S top  I n j e c t i o n  600 7 416 
450 Beqin 1n.iection 441 - 
100 s t o p  I n j e c t i o n  578 7 490 

Mar. 1 3  0915 Begin i n j e c t i o n  1 128 - 

11 184 
Apr. 2 0955 Begin inject ing sha l low well wa te r  300 - 
Apr. 2 1300 Stop  I n j e c t i o n  300 11 441 

Average flow dur ing  i n j e c t i o n  273 
Mar. 25 1525 Stop  I n j e c t i o n  34 3 
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USBR OEOTHERMAL TEST WELLS, EAST M E S A  TEST SITE 1 

Figure 1 -  Locations of U.S.  Bureau of  Reclamation Geothermal Test Wells, East Mesa Test Site. 



I N J E C T I ON OPE RAT I O  N 
Jan 14 t o  Jan 28,1976 
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M e s a  5-1 

Figure 3 - Generalized Flow Diagram of the 
Mesa 5-1 T e s t  Injection System. 
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