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AESTRACC 

Area) I6 located i n  the 1aperi.l Valley of Southern 
Californi.. 
to 177.C have been successfully tepped by fourteen 
geothermal w e l t ,  ranging in depth from 1800 t o  280th. 
During 1977 several production and interference d l  
t e ~ t 6  wen performed on the Eaet ?lesa we116 i n  order 
t o  ~ 6 0 6 s  the reservoir potential. 
the6e te6t6 are 6rmrmarired i n  tM6 paper. 

fffpRowCTION 

The mt &Ea (m ce 

Geothermal fluids a t  temperatures of 160% 

The result6 of 

The h t  Mesa fCBA (Known Geothermal Resource 
Area) (Figure 1) is located tn the  Imperkl Valley of 
Southern California clo6e t o  the Xexlcan border. In 
addition t o  the U.S. Bureau of Reclamation (aWC) 
which own6 land6 i n  the central  part  of the geo theml  
snomaly, tvo private companies have l e a ~ e d  lands fo r  
the exploitation of the geothermal fluids: Xepublic 
Geothermal, Inc., t o  the north .ad Wagna Power CO. 
t o  the south. By l a t a  1977, a t o t a l  of fourteen well6 
had been dr i l led  t o  explore the resource: f ive by the 
BUREC, 8l.x by Republic and three by Itagma. h e n c e  
Berkefey Laboratory has been carrying out w e l l  tests 
dace early 1976 i n  order t o  assess the charactcriaties 
of the East Mesa geothermal reservoir. The result6 

RESULTS OF RESERVOIR ENGlNEEfMG 
TESTS, 1977, EAST MESA, CALIFORNIA 

faulted d t h i n  the East llesa area. A t  l e r6 t  three 
fault6,  varYinp i n  trend f om W - S S E  t o  UNW-ESE. have 
been poaitvely identified.5 Growth fau l t s ,  penecon- 
temporanwus v i th  deposition and trending northeast 
have a160 been inferred (J.L. Smith, Republic Geother- 
mal CO.. personal communication). There I6 reason t o  
bellevo tha t  6ome of the fault6 may be di~continuous. 
e i ther  la te ra l ly  or vertically.  The disposition of 
i6otherms at a depth of 1.80Om (6,000 feet)  ~ugges t  
tha t  the hot-6pot of the geothe-1 anomaly is centered 
in the B R E C  property (Figure 2). The wells tested 
vary in depth from 1,8001 (6.000 feet)  to  a l i t t l e  Over 
2,770m (9,000 f eet) . The well-head temperatures , which 
are dependent on flow rates,  varying f ro r  *ldO'C (320.P 
%177'C (350.F). 
with well-head presrureo ranging from 3.4475 x lo5 Pa 
(50 psi)  to  8.274 x 105 Pa (120 pri) .  
data on the different well6 at East Mesa are 61mrmarired 
i n  Table I. 

DESCUIPTION OF WELLS TESTS 

A l l  the well6 are under artesian head 

The available 

The tests were conducted i n  two partr .  rhe f i r r t  
part, extending from F e b w r y  t o  June 1977, consisted 
of producing BUREC Well6 6-2 and 6-1 for  over 10 week6 
and monitoring pres6ure drawdowns i n  BUREC Well 31-1 
and Wagma Well 44-7. 
w e l l  t e r t ing  activity,  from July t o  October 1977. 

During the 6econd part of the 

"J . . .. . . .- . -- .-- . . weder. 
Member SPE-AXME, Colin 8. 60ranson. and 
Sally M. Benson. Lawrence Berkeley labor at or^ 
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In the case of the Republic well test. flow rates 
were m u r e d  by f i r s t  separating ateam and water and 
then passing each phase through separate o r i f i ce  meteri 

leesure fluid pressures. Bottomhole pressures in self. 
flowing production wel ls  were measured using the Sperq 
Sun system in  which a small diameter tube L f i l l e d  
with nitrogen gas. In  the uapumped, quiet observation 
wells, w e l l  head pressures were automatically m i t o r e i  
by means of Paro Scientific quartz-crystal pressure 
tramducers. 

Two different methods were aployed in  order to 

Pigtire 3 presents a segment of the data collected 
from B W C  W e l l  6-2 using the Sperry Sun system (a 
.066cm (0.26 inch) inrnr-dinmeter tube extended to a 
depth of *l,525m (5,OOO feet)  below ground level). Thc 
figure shows tha t  during the f i r s t  90 minutu a f t e r  

pm!enccment of production on 2110177, the measured 
pressures increased by nearly 8.62 x lo5 Pe (*125 psi), 
during which t b  the well-head temperatures mse 

A l l  of the tests were conducted with the reservoir 
remaining in single-phase with l iquid water. Because 
the time scale in which temperature changes occur 
within the reservoir is ouch greater than the duration 
of the w e l l  tests, it is practical  t o  apply the widely 
known techniques for  isothemal systems developed by 
petroleum engineera end hydrogeologists fo r  purposes 
of analysis. 

o r  a semi-log p lo t  d y s h  requires that well tests be 
conducted with constant flow rates. Emever, f o r  
practical  reasom i t  is often extremely d i f f i cu l t  t o  
assure comtant o r  nur-conatant production duriag 
geothenualwell tests. Since ell the tests in the 
present study involved variable flow rates. it was 
clearly not feaaible t o  u t i l i ze  the conosntioaal 
methods t o  interpret  the data. Instead, a w q u t e r  
a s sb red  cume-PatcNng procedure3 developed at  the 
Lawrence Berkeley Laboratory was employed. 

In the case of a few observation wells (8.g. U e l l  
31-1, Pig. 4; W e l l  16-29. Hg. 5) which experienced 
only mall pressure drawdowns, the data collected was 
aufficiently sensitive t o  reveal the presence of .mall 

It ia vell known tha t  the conventional type-cume 

pressure perturbations induced by earth tides. 
such casu. the effect  of the earth t ides on the 
pressure transient was f i r s t  eliminated by smoothing 
the data through eye judRement. 

In 

I. T E S T S O N B U R E C Y E U S  

Our tests f i r s t  began by producing Well 6-2 for  12 
days. during which time w e l l  head pressures were moni- 
tored on Wells 6-1, 8-1 and 31-1. 

production was continued without interruption on 6-2 
while, at the same time. U e l l  6-1 was also opened t o  
production. The t o t a l  production from the  wella 
remained steady at  approximately 6.94 x lO-@/sec 
(110 gpm) for  over 10 weeks. 

Plow rates from 
2 varied from 2.524 x 10-%13fsec t o  6.31 x 

(40 to  110 gpm). After t h L  12 day period, 

Downhole measurements taken in W e l l  8-1 during the 
first weeks of the test showed no appreciable draw- 
dams. thus indicating a lack of communication between 
Wells 6-1, 6-2 on the one hand and 8-1 on the other. 
This observation agrees 4 t h  the data collected during 
u1 earlier test i n  1976.l The precise geologic cause 
of t h i s  lack of comunication has not yet been deter- 
d n e d  . 

The analysis of *he data rol wtw! f n  v U-1' 5-1 
with Well 6-3 in production W R R  rvndetcd d f f f i t i i l t  
because of the uncertainty in establlshfng fke l a  I 
reservoir pressures v i th  reference to vhi& drrow& * ' a  

are calculated (Pig. 6). 
from the fac t  that  Well 6-1 WM heated up br ie f ly  a 
few day# prior t o  the interference test .nd was atiS 
cooling down when the test commenced. Subject to  
t h i s  uncertainty, by a reasonable estimate o f  the 
i n i t i a l  pr s r e  the reservoir kH was coqu t td  JW 

7.50 x l0-€Ly (25.000 lad-feet) with a rrrrrvolr 
+CR of 2.65 x 10-7 m/Pa (6 x 10-3 f t l p s t ) .  llir 
estimated MI, it rhould be pointed out, i s  mor l i  iiigher 
than the earlier1 estimate of *3.31 x 
(11,Ooo *-fwt). 

This uncertainty rcsulta 

Z k  drawdown responses obsennd in Wells 31-1 and 
44-7 with Wells 6-2 and 6-1 s h l t a n e o u s l y  producing 
were extremely amall. The former (Pig. 4). approd- 
mutely 2,75(kp 9,000 fee t )  away indicated a drawdown 

12800 (4,200 feet)  way, e drawdown of *3.b5 x lo3 Pa 
(0.)  psi). Data from both wells shoved considerable 
earth t ide  influence. Although the quali tative evi- 
dence of clear drawdown ef fec ts  suggests the hydraulic 
continuity of the reservoir, a s t r i c t l y  quantitative 
interpretation aus t  be viewed with caution due to  the 
long distances between the production and observation 
wells. 

When we posit a l inear  leaky boundary trending 
s l igh t ly  t o  the w e s t  of north and passing a little t o  
the west of 8-1, an interpretation assuming a single 
production well located midwa between 6-2 and 6-1 
yielded a LH of 7.94 x 1 0 - 1 d  (26,400 ad-feet) for 
the  31-1 data and a kll of 6.91 x (23.000 mi- 
feet)  fo r  the 44-7 data. Nthough a leaky boundary h8d 
also been inferred from the earlier tests in 1976l, chi 
quality of the data collected thus f a r  has not been 
roOa -ugh t o  positively e s t ab lbh  the presence of 
th i s  leaky boundary. 

t es t  data are summarized in Table 111. 

of *1.379 x 10 I Pa (0.2 psi);  the latter, approxh te l l  

The resu l t s  of our interpretations of the BUREC 
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damhole pressures takm from Well 16-29 were wailatilt 
fo r  only a limited duration j u s t  before and .iter 

~ I Three t L 8 t 8  were conducted 011 the Republic vellm. shutting dovn production. We butld-up data, which v I 
of doubtful auality. led t o  an estimate of 9.62 x 10” I f: 

11. TEST ON REPUBLIC WELLS 

In  the f i r s t .  a DroductiOU-hterfermCe test. Yell 
I 

t 

Careful measurements on Uell16-30 indicated that 
The flow history of Well 38-30 during the f i r s t  

that which one might have expected from elready 

Study of the reaults indicates that the Produc- 
t i v i t y  Indax of Well 38-30 vas ‘4.6 x 10-8 3/mec Pa: 
5.0 gpmfpsi. Aualyria of the drawdown data indicates 
a reservoir lrII of 24,000 d - f e e t  in the Vicinity of 
38-30. 

ry near W e l l  16-30 is the lost pro- 

I n  analyzing the in 
rough calculations ind 
18-28, located 8 WnSi 
dl1 not create r i m i f  
observation wells thro 
Hence the ef fec t  of ia 
can conveniently be ue 

h l  confirmation based on mora def in i t ive  vel1 
evidence, should such evidence be forthcoming. 

Iv. 

The interpretation arm suggested the possible e. Interference data from Wells 31-1 
farther remved from the center of 
indicate klI values of 7.81 x 10-12 

l y  suggesting that the rerervoir 

presence of a barr ie r  boundary. 
image vel1 vas estimurted t o  be 1.40Om (6,600 feet)  
from Well 56-30 and 8OOm (2,600 feet)  from V e l 1  31-1. 
These distances resu l t  in two possible positions for  
the bar r ie r  boundary. However. when during mubsequent 

The d l t a n c e  t o  the 

(26,000 and 23,000 &I-feet) 

that the presence of a barr ie r  boundary had also been The Republic tests indicate that in the northern 
inferrad during an earlier test in  1976.1 rt of th t rervoir, klI va e generally range from 

2 1  x to 1.05 x IO-&’ (26,000 t o  35,000 

\ 



in the BUREC property have .lao been inferred from thc 
available data. 

nuuEt4mm 
k - pemeability [L2] 

B - reservoir thickness [L] 

* - porosity 

c - t o t a l  compressibility; is equal to nter  
compremibility p l w  pore volme compressi- 
b i l i t y  of the rodc [LT2hl  

1. Uithenpooa, P A ,  T.U. Uaraaimhan md D.C. 
&Edwards, "ltesults of Iaterference Testa  
from 'Fvo C e o t h e d  Resermirs." Jour. Pet. m.. Vol. 30. pp. 10-16, January 1978. 

2. 11.8. Bureau of Reclamstion, "Geothermal 
Iavestigations. Bast Mesa Test Site. Imperial 
Valley, Celifornia. Status Report 197b." 
Uovember 1974. 

3. T8Urg. C.?., D.C. XcEdwards, T.H. Uarasimhan aad 
FA. Witherspoon. "Variable ?lw Ucll Test Analysi 
by a Computer Assisted Watching Rocedure," Paper 
lo. 6547. SPE. AXME. Bakersfield. Celiforni.. 
April 1977. 
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Fig. 1 - Locatlon map of East k s a  ffiw. 
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Fig. 2 - East h a  
eau o f  Reclaatlon. 1914. 

Irothem at  1.- (6.00 feet) depth. After U.S. Bur- 

WELL 6-2 ,  2/10/77 to 2/13/77 

-.* ' 

Fig. 3 - Damhole pressure v a s u r d  ulth a Sperry-Sun 
g a m  using 0.066 o (.a Inch) 1.0. tuba. 

;' , 

F l  4 - Mellhead p n t r u n t  ~KUI well 31-1 with e l l s  6-2 and 6-1 i n  pmductlm (IP.150 a or 5 
9.b feet way). 

wcu 18-n. tnvl t .  myn 

u 

l lkad  pressuns fmm well 16-29 ulth *ell 38-30 
on ( *1,2m; 4.m feet my). 
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well flald. 

m m r n  wrt of thc Eist%sa W t h c N l  

+ - - * +  

* t - + * ,  

c 

FIE. 10 - P m r u n  COaunlcatlons b e t r a n  dlffennt e l l s  
In th. fast  k s a  g c o t h e ~ l  fleld as wldmced by well bsts.  




