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INTRODUCTION 

The t i t l e  of t h i s  presenta t ion  is  "Geothermal Resource Inves t iga t ions  

and Development Plans a t  East Mesa, California" (see Figure 1). 

l i n e  w e  w i l l  follow i s  shown i n  Figure 2. 

t h e  resource including: 

The out- 

We w i l l  d i scuss  t h e  geology of 

0 Its loca t ion .  

0 Its recognition by means of geophysical surveys and i t s  

def in ing  t h e  d i s t r i b u t i o n  of po in ts  having i n  common the 
same temperature (i.e., "isothermal" sur faces) ,  t h e  same 
poros i ty ,  and t h e  same permeability. 

subsurface de l inea t ion  by t h e  construction of sur faces  1 

Subsequent t o  our discussion of t h e  g e o l o h  of t h i s  resoufce, w e  wi l l  

d i scuss  proposed uses of t h e  reso 

0 

e 

Its poss ib le  use i n  t h e  productiton of f r e s h  water, and 

The generation of e l e c t r i c i t y  by e i t h e r  t h e  so-called 
binary cyc le  system o r  t h e  flashed steam system. 

A theme t h a t  should be pointed ou t  - one of which many are aware - is 

t h a t  t h e  d e f i n i t i o n  of a s p e c i f i c  g e o t h e m l  resource a t  any geographic 

loca t ion  and s t r a t e g i e s  for its exp lo i t a t ion  depend on i t s  s p e c i f i c  

intended use. 

united successfu l ly  both technica l ly  and economically a t  i t s  site' of 

occurrence with an  energy uger such as an electric generation p lan t .  

.-  

A geothermal resource i s  not a reserve u n t i l  it is  
7 

a 
I 

Fina l ly ,  w e  w i l l  comment on estimates of energy in  place. 

1 
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DESCRIPTION OF THE RESOURCE 

Location of t he  resource is shown i n  Figure 3. The East Mesa Known 

Geothermal Resource Area (KGRA) is shaded i n  t h i s  f i gu re .  The KGRA lies 

about 125 m i l e s  east of San Diego. 

Trough, a topographic f ea tu re  t h a t  is t h e  sur face  expression of t he  

E a s t  P a c i f i c  R i s e  northward from t h e  Gulf of Cal i forn ia .  The resource 

occurs within a sequence of Te r t i a ry  elastics t h a t  are the  accumulation 

of d e l t a i c  depos i t s  associated wi th  t h e  anc ien t  Colorado River system 

and l a c u s t r i n e  depos i t s  associated with occasional i s o l a t i o n  of t h e  

Trough from t h e  Gulf of California.  

The resource l ies within the  Salton 

Interest i n  the  poss ib le  existence of a geothermal resource a t  East 

Mesa w a s  generated by t h e  recognition of a r e s idua l  grav i ty  anomaly 
mapped by Biehler i n  the  la te  s i x t i e s  and e a r l y  seventies.  

which is of t h e  order of a few pgal, is shown i n  Figure 4. 
of t h e  resource w a s  f u r t h e r  subs tan t ia ted  by heat flow s t u d i e s  conducted 

by t h e  University of Cal i forn ia  a t  Riverside working under con t r ac t  t o  

the  U.S. Bureau of Reclamation. These s tud ie s  revealed the  ex is tence  

of an area marked by hea t  flows as l a r g e  as 7 pcal/cm -sec. 

of heat  flow s t u d i e s  are summarized i n  Figure 5 .  

The anomaly, 

The occurrence 

2 The r e s u l t s  

Existence of a body of very hot water w a s  confirmed with the  d r i l l i n g  

of deep w e l l s  by the  U.S. Bureau of Reclamation, Republic Geothermal 

Inc., and Imperial Magma Company. The loca t ions  of these  w e l l s  is 

shown i n  Figure 6 ,  as is a l i n e  of sec t ion  t o  which w e  w i l l  r e f e r  

sho r t ly .  Information obtained from these  w e l l s  has l ed  t o  a n  i n t e r -  

p re t a t ion  of t h e  resource t h a t  is sketched i n  Figure 7, a north-south 

cross-section through t h e  zone of highest  heat flow and, i n  f a c t ,  t he  

area of h ighes t  temperature f o r  any plane a t  depth through t h e  resource. 

The resource is defined by t h e  s p a t i a l  d i s t r i b u t i o n  of temperature, 

poros i ty ,  and permeability. 

, I  
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I n  p a r t ,  t he  geothermal resource is  defined by an upper boundary 

surface which is  the 300'F isothermal surface.  

would make use of t h e  resource have minimum requirements €or f l u i d s  

A l l  processes t h a t  

a t  temperatures of about 300°F. 

t o  a f f e c t  t he  d i s t r i b u t i o n  of temperature, and the  s t r u c t u r a l  geology 

of the resource is a very low-amplitude, fau l ted  dome. 

S t ra t igraphic  u n i t s  do not  appear 

The lower boundary surface is character ized by permeabi l i t i es  too 

l o w  t o  allow f o r  the very l a r g e  mass flow rates expected of individual  

geothermal w e l l s .  

convex up and t o  m i m i c  t he  d i s t r ibu t ion  of t he  350'F surface,  

This sur face  is s t i l l  being mapped but  seems to  be 

Additionally,  and obviously,, t he  resource must contain s u f f i c i e n t  

porosi ty  t o  provide an amount of movable energy i n  water adequate t o  

supply the  needs of any surface f a c i l i t y  it w i l l  service over the  l i f e  

of that f a c i l i t y .  

The north-south sec t ion  shown i n  Figure 7 i l l u s t r a t e s  t h a t  t he  

300'F isothermal surface,  f o r  instance,  is  more shallow at  the  s i te  of 

highest  heat flow ( l e f t  center  of t he  f igure)  than elsewhere. 

Understanding the  d i s t r i b u t i o n  of t h e  minimum acceptable permeabili ty 

However, as noted, i t  appears t o  be shallowest surface is sti l l  evolving. 

near  the  zone of h ighes t  hea t  flow a lso .  

the observation t h a t  a t  depths of about 5500 f e e t  gross  permeabili ty 

appears t o  decrease toward the  zone of highest  hea t  flow, i n  pa r t i cu  

from values  around 3'0 md. t o  about one-third t h i s  value.  The conclusion 

is  fu r the r  supported by the  ccurrence of q u i t e  low permeabili ty,  namely 

about 0,5 md., a t  depths below 6000 f e e t  i n  the zone of highest  heat  flow. 

There i s  some reason f o r  bel ieving t h a t  the  lower l i m i t  of acceptable 

permeabili ty coincides  with,  o r  near ly  coincides  with,  the  loss of good 

r e f  l e c t o r s  as shown i n  r e f l ec t ion  seismic p r o f i l e s  over the  geothermal 

resource. 

p ro f i l e s ,  and it  appears t h a t  t h i s  sur face  is a l s o  most shallow beneath 

the  zone of highest  heat  flow. 

This conclusion is supported by 

- - 

3 

This sur face  is present ly  being defined by review of these 
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Porosity decreases with depth, as indica ted  a t  t h e  r i g h t  s i d e  of t h e  

f igure .  

zone of h ighes t  hea t  flow. 

d i r e c t l y  r e l a t e d ,  t h i s  observation adds f u r t h e r  support t o  t he  hypothesis 

t h a t  a t  any given depth minimum gross permeability tends t o  occur a t  the  

zone of highest  hea t  flow. 

t h a t  t h e  b e s t  p a r t  of t he  geothermal resource may not  be r i g h t  above t h e  

hea t  source, but may be on t h e  flanks.  

grated concept should be given t o  D r .  J .L.  Smith of Republic Geothermal, Inc.) .  

Greatest loss-per-unit depth appears t o  be h ighes t  through t h e  

Inasmuch as poros i ty  and permeability are 

In t eg ra t ion  of a l l  these  observations suggests 

(Credit f o r  suggesting t h i s  in te -  

The na ture  of t h e  primary source of hea t  is now known. However, as 

shown i n  t h e  cross-section, f l u i d s  a t  temperature g rea t e r  than 400'F are - 
based on geochemical thermometry - thought t o  occur a t  depths of 8000 feet 

o r  more. 

Generally speaking, t h e  f l u i d s  encountered i n  the  shallower, exten- 

s i v e l y  d r i l l e d  por t ion  of t he  E a s t  Mesa geothermal resource have a sa l in -  

i t y  i n  t h e  range of 1800 t o  5000 ppm. Tota l  dissolved s o l i d s  of f i v e  

t i m e s  t h i s  amount, namely 24,000 ppm, have been reported from t h e  deepest 

w e l l  which w a s  d r i l l e d  t o  8000 f e e t  i n  t h e  zone of h ighes t  hea t  flow. 

Although t o t a l l y  dissolved s o l i d s  are not l a r g e  relative t o  resources 

such as t h e  Salton Sea KGRA (where TDS are as high as 250,000 ppm), they 

are the  cause of scale formation i n  production w e l l s  and equipment, and 

of plugging i n  some r e i n j e c t i o n  w e l l s .  

Reduction i n  porosity,  reduction i n  permeability, and high gravi ty  

va lues  a l l  appear t o  be r e l a t e d  t o  an  increase  i n  dens i ty  of rock a t  

t h e  core of t h e  resource. The cause of t h i s  change is not known. It 

may be t h e  r e s u l t  of metamorphism due t o  stress under elevated temper- 

a t u r e ,  o r  i t  may be the  r e s u l t  of p r e c i p i t a t i o n  from geothermal b r ines  

containing dissolved so l id s .  Petrographic s t u d i e s  should be usefu l  t o  

d i s t ingu i sh  these  mechanisms, and they are cu r ren t ly  underway. 
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ANTICIPATED PRODUCTION FROM THE RESOURCE 

A major problem f o r  t h e  explo r of a geothermal resource is  the  

mining of hea t  once i t s  i n  ace d i s t r i b u t i o n  has been evaluated. 

Republic Geothermal, Inc. (Barkman et al.,  1976) made preliminary 

r e se rvo i r  estimates of p a r t s  of t h e  East Mesa Geothermal Resource. 

Their study revea ls  (Figure 8) t h a t  t he re  is on t h e  order of 1300 

megawatt-years of resource i n  Section 29 of t h e  East Mesa site alone; 

and more than t h i s ,  namely 1900 megawatt years i n  Section 30. 

b a s i s  - t h a t  t he re  i s  on t h e  order of 1000-2000 megawatt years per 

s e c t i o n  - Republic concludes t h a t  t he re  is more than an adequate 

On t h i s  

energy i n  t h e  r t o  se rv i ce  t h e  an t i c ipa t ed  needs 
of var ious  energy production schemes. One is  re fe r r ed  t o  t h e i r  art icle 

f o r  more d e t a i l s  of t h e  ca lcu la t ion .  

The mining of hea t ,  namely t h e  production of f l u i d  containing hea t  

is cont ro l led  by t h e , p a t t e r n s  of flow es tab l i shed  by the  producing and 

i n j e c t i o n  w e l l s  d r i l l e d  i n t o  the  reservoi r .  

i n  Figure 9.  

a t  prescribed rates wi th  cooled, r e in j ec t ed  f l u i d  moving from an  i n j e c t i o n  

w e l l  back t o  a production w e l l  i n  such a way as t o  remove st i l l  more hea t  

from t h e  rock matrix through which it passes. Although developers expect 

t h a t  w e l l s  w i l l  produce i n  t h e  range of 40,000 bpd, experience thus f a r  
indicates that  only flow rates less than t h i s  amount are a t t a i n a b l e  from 
w e l l s  d r i l l e d .  A s  shown i n  flow rates 6f t h e  

of 15-20,000 bbljday only are ons . 
Thus, f o r  commercial production these  n a t u r a l  flow rates must be increased 

An i d e a l  p a t t e r n  is suggested 

It is  one t h a t  would nea t ly  move f l u i d  from t h e  r e se rvo i r  

with add i t iona l  pressure  drawdown provided by downhole pumps. . -  

An equally impor is  the  forecas t ing  of long-term changes 

i n  temperature as a consequence of produc 

t i o n  of cooled f l u i d .  

such as bottom wa x are not w e l l  own; and, conse 

d i c t i o n s  of long- e r a t u r e  behavi 

temperature as a func t ion  of t i m e  f o r  various assumptions regarding 

and re in jec-  

Boundary conditions t h a t  a f f e c t  long-term production 
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boundary conditions, namely with convection, slight convection, and no 
convection. 
prediction of temperature, pressure, and mass flow rate as a function 
of time throughout the field. 
are reported by Republic Geothermal Inc., for instance (Barkman et al., 
1976). A major conclusion of the study was that for some combinations 
of withdrawal rate, spacing of producers, permeability, and peripheral 
reinjection, adequate production rates, pressure, and temperature can 
be maintained for 20 to 30 years. 

The objectives of reservoir simulation studies are the 

A wide variety of results of analyses 

The geologist's and reservoir engineer's problem lies in understand- 
ing what combinations of reservoir properties, development drilling, and 
operating practices will result in successful exploitation of the energy 
in-place. This understanding can only be achieved by producing the 
resource, feeding back reservoir-related experience from that effort, 
and making whatever changes in the mining of heat that appear to be 
called for by the experience gained. Although in situ conditions of 
temperature, pressure, porosity, and permeability are now reasonably 
well understood, only by production of fluid can full understanding 
be achieved. 

PROPOSED SCHEMES FOR EXPLOITATION 

Various groups have proposed schemes for exploitation of the East 
Mesa Geothermal Resource. The U . S .  Bureau of Reclamation (Figure 12) 
proposes to produce fresh water from the resource to augment the water 
supply of the Colorado River. 
cesses for fresh-water production. These include the flash multiple 
distillation system, a schematic of which is shown in Figure 13. Also 

included is the vertical tube evaporator distillation system (Figure 14 
shows the vertical tube evaporator unit now on-site at the Bureau's 
property at East Mesa). 

The Bureau is investigating various pro- 

A third potential system calls for the use of 
high-temperature electrodialysis. 
extensively to determine which system could best produce fresh water 
on a large-scale basis. 

These units have been operated 
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The Magma Companies propose t o  produce 10 MW of e l e c t r i c i t y  using 

The pro- t h e  MAGMAMAX process, which is an experimental binary cycle.  

cess (Figure 13) includes: 1) downhole pumps t o  assure  adequate flow 

rates per  ind iv idua l  we11,'Z) very long nonbaffled, economically-priced 

hea t  exchangers, 3) s p e c i a l  isobutane turb ines  t h a t  are thought t o  be 

unusually e f f i c i e n t  

duce a s t i l l  add i t iona l  increment of power. 

i t s  system w i l l  be more e f f i c i e n t  than any o the r  f o r  production of 

e l e c t r i c i t y  from geothermal resources characterized by r e l a t i v e l y  

low temperatures. 

power p lan t  f o r  E a s t  Mesa; and Figure 17 is  a view of the  turb ine  

a l ready  i n s t a l l e d  a t  t h e  turb ine  house a t  the  Magma property a t  E a s t  

Mesa. 

.. 

nd 4) a secondary propane turb ine  t h a t  w i l l  pro- . . 
Magma a n t i c i p a t e s  t h a t  

Figure 16 is an artist 's r end i t ion  of t h e  completed 

Republic Geothermal, Inc. proposes t o  produce 50 MW of e l e c t r i c f t y  

using a conventional two-stage f l a s h  s t e a m  process. The reasons f o r  

s e l e c t i n g  t h i s  process (Figure 18) were: 1 )  t he  technology f o r  t h e  

process is proven; 2) t h e  design f o r  t h e  plan is based e n t i r e l y  on 

standard p rac t i ce ;  3) from a p r a c t i c a l  point of view the re  are no 

delays expected i n  t h e  de l ivery  schedule of component p a r t s ;  and 4) i t  

is believed t h a t  t h e  two-stage f l a s h  steam system is p a r t i c u l a r l y  w e l l  

s u i t e d  t o  t h e  low-salinity,  low noncondensable b r ines  of t h e  E a s t  Mesa 

resource. 

Is to  be built by Republic Geothermal, Inc. 

of t h e  two-stage f l a s h  steam system. 

Figure 19 is an  artist's rendi t ion  of the  power p l a n t  t h a t  

Figure 20 is a schematic 

SUMMARY 

" Figure 2 1  is a summary of t h e  h igh l igh t s  of t h i s  presentation. F i r s t ,  

a concept of a type of geothermal resource is evolving. 

is 

grav i ty  anomaly, high-heat flow, and a core assoc ia ted  with h ighes t  hea t  

flow, h ighes t  temperature, bu t  r e l a t i v e l y  poor production. 

experience i n  mining the  hea t  of t h i s  resource via production h i s t o r y  

The type member 
- t he  E a s t  Mesa geothermal resource. Charac t e r i s t i c s  include a res idua l  

Second, 
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is not yet to be established. 
through major field operations, the technical and economic viability of 
exploitation of the resource. These activities include: 1) the U.S.  

Bureau of Reclamation, who are interested in water augmentation; 

2) Republic Geothermal Inc., who are interested in electric power 
production using a two-stage flash system; and finally 3) Magma Power 
Company, who are interested in the production of electricity using the 
MAGMAMAX binary cycle system. 

Third, several groups are about to evaluate, 

, 
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Figure 5 Heat-flow data. 
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EAST MESA GEOTHERMAL RESOURCE 

POROSITY, PERMEABILITY, TEMPERATURE AND 

CHEMISTRY ACROSS THE RESOURCE 
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Figure 7 

TDS- 2900 
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XBL 784-1800 

North-south cross-section through zone of highest 
heat f l o w .  
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Figure 9 Republic Geothermal East Mesa project, proposed 48 I'4W 

geothermal power plant and associated w e l l s .  Drilled 
w e l l s  are shown i n  so l id  colors, blue are injectors,  
green are producers. 
posed w e l l s .  

Half-colored c i rc l e s  are pro- 
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EAST MESA GEOTHERMAL RESOURCE 

PRESSURES, TEMPERATURES AND FLOW RATES 
FOR THREE WELLS 
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EAST MESA GEOTHERMAL RESOURCE 
TEMPERATURE ASA FUNCTION OF TIME FOR 
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Figure 11 Temperature of production w e l l s  a s  a function of time 
for three different recharge mechanisms. 
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Colorado River.. 

Processes for fresh wafer production include the following 
desalting units: 

0 - Multistage Flash 

e HTED - High Temperature Electro Dialysis 
e VTE-V  tical Tube Eva 

types of 

XBL 784-623 

Figure 1 2  Proposed uses of the  resource - U . S .  Bureau of Reclamation. 
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SCHEMATIC D I A G R A M  

MULTISTAGE FLASH DISTILLATION PROCESS 

XBL 791-7794 

Figure 13 Schematic diagram of USBR multistage flash distillation 
process. 
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EAST MESA GEOTHERMAL RESOURCE 

PROPOSED USES OF THE RESOURCE 

MAGMA COMPANIES propose to produce electricity using 
the "MAGMAMAX PROCESS" a t  East Mesa. 

The process includes: 

0 Downhole pumps to assure adequate flow rates per well 
Very long, non-baffled, economically priced 

0 Special isobutane turbine 
Secondary power generating propane turbine 

heat exchangers 

MAGMA anticipates that its system will be more efficient than any 
other for production of electricity from geothermal resources with 
re1 at  ively low tem peratu res 

XBL 784-624 

Figure 15 ' Proposed uses of the resource - Magma Companies. 
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CB% 786-6737 

Figure 1 7  Turbine for the Magma Power Plant at East Mesa, 
California. 
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EAST MESA GEOTHERMAL RESQUWCE 

PROPOSED USES OF THE ReSOURCE 

- .  GEOTHERMAL,, INC. proposes to produce electricity 
-stage flash process. 

, .  
Reasons for selecting  his process are: 

e Proven technology 
e Standard design features 

Well suited to chemistry of the resource 
. . . .  . .  - . .  . .-.-* NQ delays-expected in delivery sc . . -. . .  

. 

XBL 784-625 . .  ./ ’ . . e  

. .  . . .  , *  . 

P ”  .  figure 18 -Proposed uses o f  the resource - Republic Geothermal, 
Inc . e,4 - ~ 

. 
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CBB 786-7504 

Figure 19 Artist's rendition of the power plant by Republic 
Geothermal, Inc. at East Mesa, California. 
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TWO-STAGE FLASHED STEAM ENERGY CONVERSION PROCESS 

@ STEAM 

RBINE-GENERATOR 

HIGH PRESSUR 

CONDENSATE PUMP 

REINJECTION 
WELLS 

xeL 784-636 

Figure 20 Diagram for two-stage flashed steam energy conversion 
process. 
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EAST MESA GEOTHERMAL RESOURCE 

SUMMARY 

1. A concept for a type of geothermal resource is evolving. 
Characteristics include: 

Residual gravity anomaly 
High heat flow 
"Degenerate" (7) core 

2. Experience in mining the heat of the resource via production history 
is yet to  be established 

3. Several groups are about to  evaluate, through major field experiments, 
the technical and economic viability of exploitation of the resource. 
These include: 

U.S. BUREAU OF RECLAMATION - Water augmentation 
0 REPUBIC GEOTHERMAL, INC. - Electric power 

MAGMA COMPANIES - Electric power 

XBL 784-622 

Figure 21 Summary of ta lk .  




