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AN ESTIMATE OF THE GEOTHERMAL ENERGY RESOURCE 
IN THE SALTON TROUGH, CALIFORNIA 

Abstract zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
The geothermal energy resource in the 

Salton Trough is estimated based on meas- 

ured geologic parameters, extrapolation 

of data from geophysical surveys, and 

current research in energy conversion 

systems. The total resource is estimated 

at 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx lo1’ J contained in 15 x 10 

of water, the quality of which varies 

from fresh to over 25% dissolved solids. 

12 
kg 

More than one-half of the resource is 

in the high-saline deposit at the Salton 

Sea. It is estimated that 5 x 10 MW of 

electric energy equivalent to 5000 MW for 

20 yr could be generated. This is a 

substantial part zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof the present electric 

power requirements of Southern California 

and is the energy equivalent of 1.3 

billion barrels of oil. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8 

Introduction 

This report estimates the potentially 

recoverable geothermal energy and the 

potential electric power generation from 

development of the U.S. part of the 

Salton Trough. The Salton Trough is a 

sediment-filled depression including, 

northwest to southeast, the Coachella 

Valley, the Salton Sea, and the Imperial 

Valley in California, the Mexicali 

Valley in Mexico, and extending into the 

Gulf of California. (See Fig. 1, from 

Ref. 1.) 

The estimates developed here are 

intended as a guide to resource develop- 

ment and to research on production and 

energy conversion methods. From them, 

some important observations can be made 

on operating, production, and environ- 

mental considerations, such as, maximum 

plant size, operating rates, and land 

use. The results are summarized in 

Table 1. 

This report is based on the best 

data available through August, 1974. 

Sources used for the data include 

exploration developments, well logs, and 

production results. This report is not 

detailed enough for major financial and 

engineering decisions but is adequate to 

guide further studies. Results are 

rounded to one or two significant figures 

as indicated by the basic data. The 

estimates herein must be used with caution 

and with recognition of the purposes for 

which the were made. There is very little 

hard data. Only 5% of the area of the 

Trough is believed to be underlain by 

the Resource (see the following section), 

and only 5% of this,has been explored by 

the drill. In most of the drilled area, 

no more than 600 m of reservoir have 

been penetrated by drilling, and in many 

cases, only 300 m or so have been 

tested. 

Following a section on definitions, 

the data for and method of calculating 

the volume of producible water are 

presented. 

-1- 



Consideration of estimates of in assumptions zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof enthalpy and electric 

place enthalpy and electric energy poten- 

tial led zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAt o  a calculation of in place 

enthalpy based on pure water and of electric 

potential based on the Total Flow system2 

and assumed well conditions. The effect bear on the estimate. The results are summar- 

on the estimates of several different 

generating systems is shown. 

The final sections summarize ecomonic 

and operating consequences of the estimate 

and some unresolved technical issues that 

ized and compared to other published estimates. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Los Angeles (7.0 M) CALIFORNIA 

1 .  Salton zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBASea 

--- Sa I ton Trough 

@ Potentially recoverable 
geothermal resources as 
defined by temperature gradients 

Gulf of California 

miles 

GRA 

Fig. 1. Location of Salton Trough.] 

- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2- 



Table 1. 

Salton Trough geothermal energy estimate. 

Expected electric 

energy production 

20-yr 
Thermal energy in place, Brine mass, lo8 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAMWh equivalent, 

10l8 J Btu) for: 1012kg Mw 

Salton Trough (U.S.  portion) 

Identified l(1) 
Undiscovered 19(19) 

Total 20(20) 

Salton Sea KGRA~ 

Identified l(1) 
Undiscovered 10 (10) 

Total ll(11) 

b zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
- Salton Sea Geothermal Field 

Identified l(1) 
Undiscovered 1 (1) 

Total 2(2) 

0.8 
14.2 

15 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 . 8  
8.2 

9 

0.8  
0.5 

1.3 

0.42 
7.6 

8 

0.42 
0.46 

5 

0.42 

0.30' 

0.72 

250 
4750 

5000 

250 
2750 

3000 

250 

150 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
400 

a 
KGRA: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA tract of land designated a "Known Geothermal Resource Area" by the U.S. 

Department of Interior. 

bThe part of the Salton Sea KGRA designated as a geothermal field by the California 

Division of  Oil and Gas. 

Resource Definitions 

California law3 defines geothermal 

resources as "the natural heat of the 

earth, the energy in whatever form, below 

the surface of the earth present in, 

resulting from, created by, or which 

may be extracted from, such natural heat, 

and all minerals in solution or other 

products obtained from naturally heated 

naturally occurring fluid that can be 

brought to the surface through wells is 

considered in this report. Various 

temperature and depth limits are consid- 

er ed . 
The Resource estimated here is defin- 

ed as water with a minimum in situ 

temperature of 230°C (450°F) that is 

fluids, brines, associated gas and contained in and recoverable from Salton 

steam - - - . ' I  Only heat contained in Trough geothermal reservoirs. Reservoirs 

-3- 



are porous and permeable rocks at depths 

less than 2134 m (7000 ft). Their tops 

are at the 23OoC isothermal surface, and 

the bases are zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA305 m (1000 ft) deeper, 

or at 2134 my whichever is less. Data 

are from test wells and from Austin et 

I DENTI FlED 

Demonstrated 

Measured Indicated Inferred 

al. Combs, Dutcher et al. Griscom 

and Muffler Helgeson, and Randall. 

U.S. Department of the Interior’ 

resource definitions are followed here. 

Figure 2 shows their breakdown. 

U N D ISC OVERED 

-in known -in undiscovered 
Hypothetica I Speculative 

districts districts zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAV .- 
E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAor 

x zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAl e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
c .- 
L .- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
G zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
i; a -  
V 

cc 

.- 
E 

0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Y .u 

E 
0 
C 
0 
0 
W 

3 
v) 

n 

R E S . E  R V E S 

RESOURCES IN SALTON TROUGH 

1 x 10I8 J 1.9 x J 
(95 GWY ) 

e (5GWY ) 
e 

I 8 x 1 O I 9 J  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 

I (400 GWY,) 
1 

4 Increasing extent of geologic knowledge 

ldentif ied t 
Undiscovered 

Salton Sea 
Geothermal Field 

----- 

s. 

Location and distribution of the Resource 

Fig. 2. Classification and distribution of Salton Trough Resources. The expected 

electric equivalent is given in giga-watt years electric (GWye). 
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e zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA Resource is defined as total 

material in place over a specific geo- 

graphic area accessible by present tech- 

nology whether or not it has been tested. 

Economic extraction is currently or 

potentially feasible. 

e zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA Reserve is defined as the 

part of the identified resource (defined 

below) that can be economically and 

legally extracted at the time of deter- 

mination. (In metallic mineral deposits, 

this is ore.) There are no geothermal 

energy Reserves in the Salton Trough as 

of the date of this estimate. 

Resources are further defined by the 

following subcategories (as shown in 

Fig. 2): 

Identified Resources are parts of the 

Resource whose location, quality, and 

quantity are known from geologic evidence. 

Identified material may be divided into 

Measured, Indicated, and Inferred clases 

in order of decreasing extent of know- 

ledge of the Resource. A Measured Re- 

source zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi s  defined asjmaterial for which 

quality and quantity have been computed 

from measurements from closely spaced 

and geologically well-known sample sites, 

with a margin or error of less than zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA20%. 

No Measured Resource is recognized in 

this report. 

Indicated Identified Resource is 

defined as material for which "the 

quantity and quality have been computed 

partly from sample analyses and measure- 

ments and partly from reasonable geologic 

projections 

For the Salton Sea area, the Indica- 

ted Identified Resource is shown in Fig. 

3. It underlies the S 112 sec. 2 2 ,  sec. 

2 3 ,  W 1 1 2  sec. 2 4 ,  sec 2 7 ,  and sec. 33, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
T.llS., R.13E. and sec. . 4  and N 1 1 2  sec. 

10, T.l2S., R.13E. 

Inferred Identified Resources are 

materials "in unexplored but identified 

deposits for which estimates of the 

quality and size are based on geologic 

evidence and projection." The Inferred 

Resource here lies in five sections that 

are bounded by areas of drilling north, 

west, and south and that can reasonably 

be expected to have similar reservoir 

characteristics to the area drilled. The 

Inferred Resource underlies secs. 26, 34, 

and 35, T.llS., R.13E. and secs. 2 and 3 ,  

T.lZS., R13E, as shown in Fig. 3. 

An Undiscovered Resource is presumed 

to exist on the basis of broad geologic 

knowledge and theory. 

Identified Subeconomic Resources 

are not now economically exploitable. 

The Salton Trough Resources are all now 

subeconomic, in that some advance in 

technology is required. Subeconomic 

Resources may be further divided into 

paramarginal (bordering on being econom- 

ically producible) and submarginal (re- 

quiring substantially higher price zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo r  a 

major cost-reducing advance in technology). 

- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5- 
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I -J ---------- 
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Data from these wells 

Fig .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 .  L o c a t i o n  of I d e n t i f i e d  Resource. 
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Calculation of the Resource zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
ESTIMATING THE RESOURCE 

Resources  are  e s t i m a t e d  by: (1) 

c a l c u l a t i n g  t h e  r e c o v e r a b l e  f l u i d  vo l -  

ume and mass,  and ( 2 )  c a l c u l a t i n g  t h e  

i n  s i t u  f l u i d  energy by a p p l y i n g  a c a l -  

c u l a t e d  u n i t  e n t h a l p y  t o  t h e  t o t a l  volume 

o r  m a s s .  T h i s  i s  w r i t t e n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAas: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 Area x t h i c k n e s s  of sand x 

s p e c i f i c  y i e l d  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= volume. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
e Volume x d e n s i t y  = mass of  

f l u i d  . 
0 Mass x s p e c i f i c  e n t h a l p y  = 

ene rgy .  

Only t h e  f l u i d s  i n  porous s a n d s t o n e s  

are c o n s i d e r e d .  Although t h e r e  i s  some 

f r a c t u r e  p o r o s i t y ,  i t  i s  v e r y  small, and 

t h e  b u l k  of  t h e  Resource  i s  b e l i e v e d  t o  

be  c o n t a i n e d  i n  t h e  s a n d s t o n e  p o r e  space .  

Volumes and masses of  geothermal  f l u i d  

were e s t i m a t e d  by: 

0 Using w e l l  d a t a  t o  c a l c u l a t e  

b r i n e  r e s o u r c e s  i n  t h e  d r i l l e d  areas. 

e Extrapolating t h e  resource t o  

a d j o i n i n g  u n d r i l l e d  areas. 

0 Measuring t h e  area of o t h e r  

r e g i o n s  w i t h  r e p o r t e d l y  h i g h  t e m p e r a t u r e  

g r a d i e n t s  and m u l t i p l y i n g  by t h e  same 

a r e a  f i g u r e  used above. 

0 P r o j e c t i n g  i n  d e p t h .  

I n  t h i s  c a l c u l a t i o n ,  each  geothermal  

w e l l  o r  group of  w e l l s  i s  g i v e n  a n  "area 

of i n f l u e n c e ' '  o v e r  which t h e  p r e s e n c e  of  

b r i n e  can b e  a s s u r e d .  Entha lpy  and 

e l e c t r i c  g e n e r a t i n g  c a p a c i t y  are based  

on water and a 300°C r e s e r v o i r  t empera tu re .  

These w i l l  v a r y  w i t h  s a l i n i t y  and v a r i o u s  

energy c o n v e r s i o n  systems as d i s c u s s e d  i n  

t h e  a p p r o p r i a t e  s e c t i o n s .  

Th ickness  of sand i s  determined  a s  

f o l l o w s .  I n t e r p r e t a t i o n s  of e l e c t r i c  

l o g s  by Randa l l*  of S a l t o n  Sea F i e l d  w e l l s  

l i s t  p e r  c e n t  of sand f o r  each 152-m 

(500- f t )  i n t e r v a l  i n  t h e  w e l l s  cons ide red .  

Sand i s  r e p o r t e d  t o  t h e  n e a r e s t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAlo%, i . e . ,  

10 t o  20. The f i g u r e s  f o r  t h e  f i r s t  305 m 

(1000 f t )  below t h e  230°C (450°F) i so the rm 

were averaged  t o  f i n d  pe r  c e n t  of sand i n  

t h a t  i n t e r v a l .  Where zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA"30 t o  40%" w a s  g i v e n ,  

t h e  a v e r a g e  w a s  t a k e n  as 35%, "50 t o  60%" 

w a s  55%, etc .  (See Tab le  2.) Most d a t a  

are i n  t h e  f i r s t  305 m (1000 f t )  below t h e  

230°C (450OF) i s o t h e r m ,  and v e r y  few 

w e l l s  ex tend  much beyond t h a t  dep th .  To 

avoid w e i g h t i n g  v a l u e s  h e a v i l y  by t h e  few 

deepe r  w e l l s ,  a uni form 305-m (1000-f t )  

i n t e r v a l  was used.  

From Tab le  2 ,  t h e  t h i c k n e s s  of sand = 

305 m x 0.59 = 180 m (590 f t ) .  Assume t h a t  

t h e  sand w i l l  produce  water b u t  t h a t  t h e  

s h a l e  w i l l  n o t .  

Dutcher  e t  a l . '  estimate a s p e c i f i c  

y i e l d  of 0.16 f o r  t h e  I m p e r i a l  V a l l e y  

r e s e r v o i r  a t  t h i s  d e p t h  and estimate 

p o r o s i t y  as from 1 0  t o  20%. 

y i e l d  i s  t h e  p o r o s i t y  of  t h e  r o c k  minus 

t h e  f r a c t i o n  of water t h a t  d o e s n ' t  d r a i n  

due t o  c a p i l l a r y  f o r c e s . )  

s p e c i f i c  y i e l d  f i g u r e  i s  used h e r e  as a 

r e a s o n a b l e  approx ima t ion  ( e q u i v a l e n t  t o  

20% p o r o s i t y ,  w i t h  80% d r a i n a g e  of p o r e  

water). Using t h i s  v a l u e ,  I c a l c u l a t e d  

t h e  f o l l o w i n g :  

( S p e c i f i c  

The 0.16 

6 2  
0 Volume p e r  km2 = 180 m X 1 0  m 

6 3  
x 0.16 = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA29  X 1 0  m . 

-7- 



Tab le  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2. 

Sand p e r  c e n t ,  f i r s t  305 m below 450°F i s o t h e r m .  

Depth,  

m ( f t )  
Repor ted  s a n d , %  Average,% Well Locat  i o n  

Hudson 1 13-llS-13E 914-1219(3000-4000) 20-30, 30-40 30 

I I D  2 2 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 11 S - 1.3E 914-1219(3000-4000) 50-60, 70-80 65 

I I D  1 23-llS-13E 914-1219 (3000-4000) 60-70, 80-90 75 

Sportsman 1 23-11s-13E 610- 914(2000-3000) 60-70, 40 ,50  55 

S t a t e  1 23-11s-13E 610- 914(2000-3000) 50-60, 40-50 50 

R ive r  Ranch 1 24-11s-13E 914-1219(3000-4000) 70-80, 60-70 70 

Elmore 1 27-llS=13E 610- 914(2000-3000) 60-70, 60-70 65 

Magmamax 2 33-11s-13E 610- 914(2000-3000) 60-70, 63-70 65 

Magmamax 3 33-11s-13E 610- 914(2000-3000) 60-70, 50-60 60 

S i n c l a i r  4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4-1 2 S-13E 1006-1311 (3300-43 00) 50-60, 60-70 60 

Average of above 58.5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
e D e n s i t y  is  r e p o r t e d 7  as 

e s s e n t i a l l y  1 . 0 .  

e Mass = 29 x 106m3 x 103kg/ 

10 2 
m3 = 2.9 x 1 0  kg/km p e r  305 m of 

8 
r e s e r v o i r  (2 .6  x 10 l b / s u r f a c e  acre/  

1000 f t of r e s e r v o i r ) .  

e Energy p e r  u n i t  area w a s  

c a l c u l a t e d  from t h e  A u s t i n  e t  a1.' s p e c i -  

f i c  e n t h a l p y  estimate of 1 .3  x 10 J / k g .  

(Enthalpy i s  t r e a t e d  i n  d e t a i l  i n  t h e  

f o l l o w i n g  s e c t i o n . )  Because of t h e  sand 

a v e r a g i n g  and t h e  poor t empera tu re  d a t a ,  

c a l c u l a t i o n s  of e n t h a l p y  are o n l y  

approximate.  

kg/km2 x 1 . 3  x 1 0  J / k g  = 3 . 8  x 1 0  

( 9 . 6  X 1013 Btu/mi ) . 

6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
10 

Energy ( I n  P l a c e )  = 2.9 x 10  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
J/km 

6 1 6  2 

2 

The c a l c u l a t e d  energy p e r  u n i t  area 

i s  i n  p l a c e  the rma l  ene rgy ,  n o t  t h e  ene rgy  

t h a t  may be  c o n v e r t e d  t o  e lec t r ic  or  o t h e r  

u s e f u l  forms of ene rgy .  To d e r i v e  t h e  

e s t i m a t e d  e lec t r ic  f i g u r e  ( i n  M W h ) ,  t h e  

i n  p l a c e  v a l u e s  were m u l t i p l i e d  by a n  

e lec t r ic  c o n v e r s i o n  f a c t o r ,  as e x p l a i n e d  

under  "Expected Electric Capac i ty . "  

To summarize, t h e  e s t i m a t e d  o r  assum- 

ed v a l u e s  used  i n  t h e  c a l c u l a t i o n s  were: 

For volume and mass c a l c u l a t i o n s  

Th ickness  of  305 m (1000 f t )  

r e s e r v o i r  zone 

N e t  s a n d s t o n e  180 m ( 590 f t )  

S p e c i f i c  y i e l d  0.16 

S p e c i f i c  g r a v i -  

t y  of t h e  f l u i d  1 . 0  

e For energy c a l c u l a t i o n s  

En tha lpy  of t h e  water:  1 . 3  x 

106J/kg (563 B t u / l b )  

e For e l e c t r i c  g e n e r a t i n g  c a p a c i t y  

Water usage  p e r  kWh: 1 9  kg 

( 4 1  l b )  p e r  kwh 

The Undiscovered  Resource  is h e r e  
/'1 

c a l c u l a t e d  by a p p l y i n g  t h e  e n e r g y l u n i t  

area v a l u e  of  t h e  I d e n t i f i e d  Resource  t o  

-8- 



the other areas in the Imperial Valley 

that are judged to have geothermal poten- 

tial from known near-surface temperature 

gradient measurements. 

The implicit assumption is that the 

undetermined reservoir and brine charac- 

teristics will be reasonably similar to 

those of the areas that have been tested. 

Areas were measured from a published 

temperature gradient map by Combs4. 

the Salton Sea zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAKGRA, the Identified 

Resource areas are outlined very closely 

by the 109°C per zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkm (6°F per 100 ft) 

isograd. See Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA simplistic 

extrapolation of that gradient places the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
230°C surface at about 1930 m (6270 ft) 

deep. The actual depths are different due 

to near-surface variations in gradient and 

due to variations in depth to the reservoir 

top. In the Salton Sea Field, for instance, 

230°C is first reached at depths from 488 

to 1494 m. 

In 

Table 3 shows the areas enclosed 

by the 109°C per km isograd. 

Much of the Salton Sea Resource 

area was extrapolated out under the Sea, 

where there were no temperature gradient 

Table 3 .  

Areas of high temperature gradient 

2 
Area, km 

(mi21 

Salton Sea KGRA 307 (118) 

Heber KGRA 96( 37) 

East Mesa KGRA 78( 30) 

Brawley KGRA 26( 10) 

Glamis KGRA 1 3 (  5) 

Dunes KGRA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 3 (  5)  

Total 5 3 3  (205) 

surveys. This was done by extrapolation 

from a very few existing gradient data 

guided by aeromagnetic data, published 

by Griscom and Muffler,6 that are believed 

to show the outline of a rock body that 

is the source of the geothermal heat. 

Although the sediments in the Imper- 

ial Valley are very deep, certain facts 

must set an absolute limit to the depth 

at which brines (except for capillary- 

held water) can be present. These are: 

1. Metamorphism, due to brine- 

rock reaction and heat, at some depth 

destroys effective porosity. This will 

be shallow in high-heat areas. 

2. Magnetic surveys in part of the 

Salton Sea area6 indicate an igneous rock 

body at depths of 2134 to 3048 m (7000 

to 10,000 ft) that is closely related 

to and presumably the source of heat for 

the geothermal brines. 

If (1) and (2) are true, then only 

610 to 1524 m (2000 to 5000 ft) of sandy 

sediments at depths from approximately 

1524 to 2134 m or 1524 to 3048 m are 

available for the high-temperature brine 

reservoir. We will assume that the same 

applies to other Imperial Valley geothermal 

areas. 

The total potential, then, can be no 

more than some multiple of between two 

and five times the resource in 305 m of 

reservoir. 

ESTIMATING ENTHALPY OF THE BRINES 

According to Helgeson, expansion of 

the fluid in the well bore is isenthalpic, 

so estimates of the enthalpy in the reser- 

voir can be used to approximate the well- 

head enthalpies. Reservoir temperatures 

-9- 



I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAr zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 
I 

0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 10 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA15 20 

Kilometers 

I I I I I S T A T E  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAor CAILIFOr7NII  

DIVISION OF OIL e G A S  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
TE M P E RATV R E  GRA 1) I E NT M A 1' 

OF THE 
1 M PER I A 1- VALLE I' 

C A I  . I  FOR N I A 
? L a > ,  8M "\LfS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

0 - j  . " * -~ ~ 

Temperature gradients 

6'F/100 f t  temperature gradient 

I S >  Legend 

Areas with high temperature - - 
Faults with reported surface 

rupture during historic time; 

since 1769 

Faults which appear to  displace 

quaternary rocks or deposits 

@ gradients zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 Greater than 1O0F/100 ft in depth 

#' to lO"F/lOOft in depth 

..' s°F/lOO ft in depth 

4' to  SoF/lO0 ft in depth 

4 to  4'F/100 ft in depth 
,' lnferrcd faults 

Wildcat oil w e l l s  abandoned 

(see list for well No. 8 name) 0 Less than 2OF/lOO ft in depth - KGRA border 

F i g .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 .  Temperature gradien t  map. 



have been or can be reasonably estimated, 

as can reservoir pressures. Enthalpy of 

a pure water system could be calculated 

from published tables, but in a highly 

saline brine the calculation is much more 

complicated. In the pressure-tempera- 

ture regime existing in the Salton Trough 

reservoirs, where the fluid is single- 

phase liquid, the practical effects of 

pressure differences can usually be ig- 

nored. This is not the case with salin- 

ity, however. 

Austin et a1.' estimated electric 

capacity of the brines from consideration 

of the water enthalpy, neglecting the 

effect of dissolved salts. In their 

discussion of chemical problems, they 

noted this and pointed out that theoreti- 

cal enthalpy might be calculated by 

separately calculating the contribution 

of the water and the dissolved salts. 

If the relations between salinity 

and enthalpy could he quantified by ex- 

perimental studies, they would be very 

helpful when detailed reservoir work has 

established good temperatures and brine 

analyses. Such is not the case in the 

areas studies here, however. Because 

most zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof the Resource in the Salton Trough 

is in the Salton Sea area, a typical 

high-salinity well there was used to 

construct an empirical chart to be used 

for routine estimates of brine enthalpy 

where temperature is known or can be 

estimated. Helgeson's5 data on the IID zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1'12 well (259,000 ppm brine) were extra- 

polated here to 3100-m (10,000-ft) depths 

and 350°C to determine the difference 

between steam table data and his values. 

In the reservoir conditions here studied 

and with the single-phase liquid in the 

reservoir, pressure is not an important 

factor. Temperature is and it increases 

with depth. Data obtainable are neither 

numerous nor accurate enough to make very 

accurate enthalpy estimates that take in- 

to account all possible variables. Data 

on brine salinity at various depths, 

especially, are lacking. Accordingly, 

Helgeson's experimentally determined 

enthalpy values corresponding to depths 

from 610 m (2000 ft) to 3100 m (10,000 

ft) and temperatures from 200 to 350°C 

were examined for the variation between 

them and corresponding steam table values 

for pure water. Brine enthalpies are 

11 to 29%, or an average zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1J%, less than 

steam table enthalpies. Brine enthalpy 

is thus, on average equal to 0.83 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx steam 

table value. These values are shown in 

Fig. 5, which was used to estimate enthal- 

pies from down-hole temperature measure- 

ments. The estimated values are judged 

to be at least as accurate as other cal- 

culated enthalpies, temperatures, and 

other available reservoir data. For most 

of the temperatures, they are well within 

Helgeson's 10% uncertainity range. 

EXPECTED ELECTRIC CAPACITY OF THE RESOURCE 

However crude it may be, a statement 

needs to be made of the amount of final 

product (electricity) that might be 

realized from a given resource. 

In their study of the Total Flow 

conversion system, Austin et a1.' develop- 

ed the following parameters, which are 

used here to estimate the electricity to zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-11- 
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Fig. 5. Brine and water enthalpy. Salton Sea Field data zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAf rom Helgeson.7 
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be generated from the Resource with such 

a system: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
e Well-head enthalpy of brine: 

1.3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx 106J/kg at 221°C 

(562.5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAB t u / l b  at zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 3 4 ° F ) .  

a Amount of brine used will be 

19kg/kWh (41 lb/kWh). 

Should the production of electricity 

in the Salton Trough be like that expected 

from the Total Flow system, it will be 

similar to that at The Geysers, and the 

estimates here would be quite accurate. 

Should experience be more like that at 

Cerro Prieto, then these estimates of 

generated electricity should be reduced 

by approximately 30%. 

The electricity realized from a 

given Resource depends not only on the 

enthalpy and the temperature of the 

Resource fluid, which can be specified 

at the time of the estimate, but also 

on plant equipment (i.e., the gathering 

and separation systems), the heat exchanger 

and turbine designs, and the generating 

efficiency. These factors can vary in 

many ways. 

Austin and Lundberg” made a very 

useful calculation of net power output 

as a function of reservoir temperature, 

using estimates of typical well produc- 

tion f o r  the Salton Sea Geothermal Field, 

steam-table values for water, and assumed 

energy conversion parameters for three 

conversion systems. The estimate in this 

report corresponds to their Total Flow 

curve at a reservoir temperature of 300°C. 

Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 is their chart with power output 

for high-saline brine (enthalpy = 0.83 x 

enthalpy of pure water) added, and the 

power output of their 470,000-lb/h well 

recalculated to MWh per million kg. This 

can be used for direct estimates of ex- 

pected power output. 

ALTERNATIVE RESOURCE CALCULATIONS 

The basic estimates here were made 

by considering the sands in the shallow- 

est 305 m (1000 ft) of reservoir with 

temperatures above 230°C (450°F). The 

temperature requirement ensures a high- 

temperature fluid and the depth limit 

was chosen to correspond to a realizable 

draw-down limit. Other depth and temper- 

ature limits could result in estimates 

as much as 150% higher. (Table 4 shows 

the base and alternative estimates.) 

These alternative net sand calcula- 

tions include: sandstones with: (1) 

temperatures over 100°C to a total depth 

of 1524 m (5000 ft) and (2) temperatures 

over 230°C to a total depth of 1524 m 

(5000 ft). This last depth is the 

practical limit of information; few wells 

are much deeper, and most temperature 

measurements are above that depth. Pre- 

liminary economic studies also indicate 

1524 m is probably the present limit of 

profitable wells. Temperatures above 

100°C include all fluids of any use in 

electric generation. For the major part 

of the Resource, the temperature at the 

top of the sandstone reservoir is well 

above 100°C. 

230°C ensures a temperature suitable for 

any of the three major conversion schemes. 

Average fluid temperatures can be calcu- 

lated from known or estimated tempera- 

tures and porosities. 

Using a lower limit of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-13- 



Table zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 .  

Average energy and electric potential calculated by various methods zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Minimum Average Average Energy and e lect r ic  potential 

tempera- tempera- enthalpy, Net 

ture, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOC ture, 'C 106J/kg sand, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAm 1016J/km2 1010kg/km2 kg/kWhe (10 kWh,/acre) depth, m 

109kwhe/km2 Maximum 
6 

100 270 l . o a  549 8.6 8.6 23 3.7(15) 1524 

230 290 l.la 427 7.4 6.9 21 3.2 (13) 1524 

230 290 l.la 180 3.2 2.9 21  1.5( 6)  b 

230' 300' 1.3 180 3.7 2.9 19  1.5( 6 )  b 
d 

aEstimated from Fig. 5. 

'Haximum depth is 305 m below the 230'C temperature l i ne .  

'These values were used zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAf o r  the estimates in  th is  report 

dTaken from Austin e t  a1.' 

Assuming a constant specific yield, 

average temperatures are weighted by net 

sand values to estimate an average temp- 

erature of the fluid in place between the 

selected depths. Enthalpies can be cal- 

culated from the stated temperatures and Electric generating capacity is estimated 

can be similarly weighted to estimate an from Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6. 

average enthalpy for the selected in- 

tervals. An arithmetic average from the 

wells is used because the few wells avai- 

lable are not spaced so that a meaningful 

area-of-influence weighting can be made. 

Geology and the Resource Estimates 

The geology of the Salton Trough and 

its relation to geothermal energy deposits 

have been discussed by Anderson and 

Axtell,'3 Combs,4 Dutcher et al.,' Helge- 

son,7 Rex,14 and others. In this section, 

I briefly describe the setting and discuss 

the geologic features with a bearing on 

the estimate. 

fault systems, and cut by a number of 

parallel NW-SE strike-slip faults, whose 

location and geometry are known only in a 

general way. 

Fig. 7. 

These faults are shown in 

The Trough is filled with mostly 

continental and some coarse-grained near- 

shore marine sediments resulting from 

The Trough is a graben-like depres- almost continuous sedimentation since 

Miocene time. The important geothermal, 

reservoirs are in the younger deltaic 

sion bounded northeast and southwest by 

the San Andreas and San Jacinto-Elsinore 

-14- 
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Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 .  Net power output vs reservoir temperature. (Modified from Ref. 10.) 

sands, gravels, and siltstone sequence 

of late Tertiary and Quaternary age. 

These are penetrated by volcanic rocks 

to the surface at the Obsidian Buttes 

area at the south end of the Salton Sea 

and at Cerro Prieto in Mexico, and else- 

where in the subsurface. The sediments 

are irregularly deposited so detailed 

stratigraphic correlation is difficult 

over long distances, although it can be 

done in local areas, except where compli- 

cated by faulting. 

Reservoir sands are irregular and 

separated by silt- and clay-stone beds, 
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n zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Fig. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 .  Depth to basement, Imperial Valley, Cal. (Modified from Ref. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 4 . )  

and the reservoir section is overlain by 

a variable thickness zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof impermeable shale 

and clay. The clay cap is thickest in 

the Salton Sea Field, where it is as much 

as 7000 m thick. It thins to the south 

to less than 200 m and is absent in places 

south to the Salton Sea Geothermal Field. 

Below the cap, heat transmission is assum- 

ed to be convective and temperature in- 

creases very slowly with depth. 

average temperature within this region 

and the temperature at the cap base in- 

crease with cap thickness. 

Both the 

Helgeson7 reported that the rocks 

become silicified and metamorphosed 

where temperatures reach 280 to 300°C, 

with development of such minerals as 

epidote, chlorite, potash micas and feld- 

spars, and some metal sulfides. These 

brittle rocks are apparently extensively 

fractured in the subsurface. Intergranular 

porosity and permeability decrease with 

temperature and depth. Dutcher et a1.’ 

estimate specific yield of 5% for deposits 

below 2400 m, about 16% for rocks 

shallower than 2400 m with temperatures 

-16- 



exceeding 100°C, and about 13% for those 

at temperatures bel-ow zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA100°C. They state 

that "where temperatures exceed about 

250°C most of the original interstitial 

sediment permeabil-ity has probably been 

greatly reduced or entirely eliminated." 

At some depth then, original stored water 

is trapped, and only water in fractures 

can be produced. 

Airborne magnetic surveys by Griscom 

and Muffler6 indicate a possible igneous 

intrusive body at depths of 2100 to 3100 

m in the Salton Sea area. This also 

would limit the depth of the reservoir. 

Geology, then, indicates irregular 

reservoirs, a limit in depth of perhaps 

3000 m or less, and the importance of 

fracture permeability. 

Except for the drilled areas and a 

few surface indications near the Salton 

Sea and at Cerro Prieto, the only direct 

evidence of high temperatures at economic 

target depths are the abnormal tempera- 

ture-depth gradients reported by Combs.' 

Although the U. S. Government has 

designated about 1000 km2 of the 10,000- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
km total Trough area as KGRAs, tempera- 

ture gradient data indicate that only zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 

2 
about 5% of the total surface (530 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAk m  ) 

is underlain by geothermal energy 

resources. 

Economic and Operational Consequences 

ECONOMICS AND WELL CAPACITY 

Assuming conditions given in Table zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 

(including initial flow rates and produc- 

tion decline), electric generating 

capacity of each well can be calculated 

from Fig. 6, and working estimates of 

return-on-investment can be made with 

various combinations. 

Return-on-investment on a discounted- 

cash-flow basis was calculated by a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAU. S. 

Bureau of Mines graphical method (Garland 

et al. ' ') developed for evaluation of 

development oil wells. Capital costs 

for standard materials are from the Heber 

(Imperial County) , California area. 
The estimate for the cost of additional 

special materials is by Austin et al. 

It is assumed that wells will be zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 

operated by an energy producer and the 

product delivered to a utility on a 

generated kWh basis, as is done at The 

Geysers Field. Capital cost of injection 

wells is included. 

Table 5 shows capacity o f  represen- 

tative wells and the estimated return, 

for wells using either standard oil- 

field materials or special corrosion- 

resistant materials, and with either 

Total-Flow or conventional energy con- 

version units. Present (1974) costs and 

revenue per kWh are used. 

All capacities are shown for a normal 

well with 0.19 m zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(7-518 In.) 0 .  d. produc- 

tion string. Bigger holes would improve 

capacity (if the reservoir delivers) and 

economics. 

Land cost and miscellaneous are esti- 

mated at $1000 per acre, calculated on the 

area required for a 10-yr well life. 

Exploration cost is not included. 
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a 
Table 5. Summary of financial analyses for Salton Sea field wells. 

Financial analyses for: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1524-m wella zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- using special materials or a 

2134-m well -using standard materials 1524-m wella - using standard materials 

Resource Data Flash steam system Total flow system Flash steam system Total flow system 

Thickness Capital Capacity,d ROIe Capacity,d ROIe Capital Capacity,d ROIe Capacity,d ROIe 

We (DCF), We (DCF), MWe (DCF) Mwe (DCF), zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
x x cost % 

Brine' Reserve of net 

Wellb lo6 J/kg Temp,'C sand, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAm Cost' 

~~ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 1.2 310 549 $643,000 7 18 10 29 $893,000 7 0 10 10 

2 1.0 280 549 641,000 6 15 9 27 891.000 6 < O  9 9 

3 0.8 230 518 659,000 5 10 7 25 909.000 5 < O  7 0 

4 0.7 200 488 661,000 4 <O 6 10 911,000 4 < O  6 < O  

aNotes: Flow: Initial 56.8 kg/sec, declining 10% per year. 
Annual operating cost $6,000 per well, plus $25,000 if special materials required. 

byella: (1) Northeast part of field, (2) Central part, (3) South part, (4) Marginal edge well. 

'Standard well cost  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAfrom producers' experience 1974 (from Ref. 12). 

dElectric generating capacity. See Fig. 6. 

eReturn on-investment discounted cash flow method, 1914 oil well tax and 22% depletion conditions assumed. 

fCost of special materials per Austin et a1.' 

Revenue: 4 mills/Kwh, 80% load factor. Enthalpy: From Fig. 5. 

Several conclusions are apparent: 

e These wells could be economic 

with improvements in materials and energy 

conversion. Research and development 

resulting in a reduction of capital costs 

and an improvement in energy recovery 

could result in a return of 20% or more, 

enough to make production attractive to 

private investors. 

Deep wells may be of doubtful 

value. Unless much more energy can be 

tapped, the economic depth limit with 

present conditions may be 1500 to 1800 m 

(5000-6000 ft). Table 5 indicates a maxi- 

mum 10% return on a 2134-m (7000-ft) well. 

Development of lower-cost 

effective brine-handling systems and 

materials is necessary. Solution of  the 

materials problem with materials less 

expensive than something like titanium 

will make power generation practical. 

If material costs approach those of normal 

oil-field materials, this development will 

make the most important economic contribu- 

tion in improving return from unacceptable 

to nearly adequate. 

e Addition of a successful Total 

Flow system' could result in acceptable 

economic return. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA s  these preliminary 

results indicate, the development of a 

/ 
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Total-Flow svs tem,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAas proposed by Aus t in  

e t  a l . ,  could  improve power c d p a c i t v  and 

revenue  t o  v e r y  a c c e p t a b l e  l e v e l s .  An 

a d d i t i o n a l  b e n e f i t  would b e  t h a t  lower 

e n t h a l p y  b r i n e s  could  b e  economical Ly 

produced i n  a r e a s  where m a t e r i d l s  and 

c o r r o s i o n  a re  n o t  such  s e r i o u s  problems 

as t h e y  a re  in t h e  S a l t o n  Sea F i e l d .  

OPERATIONAL zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACON ST-DERAT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI ONS 

The impor tance  o f  t h e  S a l t o n  Sea 

KGRA i s  e v i d e n t :  abou t  55% o f  t h e  t o t a l  

energy r e s o u r c e  i s  i n  t h e  KGRA. A l l  of  

t h e  I d e n t i f i e d  Resource  c i t e d  i n  t h i s  

r e p o r t  i s  t h e r e .  T h i s  i s  t h e  s i t e  o f  t h e  

h i g h e s t  measured water t empera tu res  i n  

the  Trough and t h e  h i g h e s t  b r i n e  s a l i n i -  

t i es .  S o l u t i o n  of  t h e  problems of  s c a l i n g  

and c o r r o s i o n  and t he  d e s i g n  of b r i n e -  

h a n d l i n g  sys tems are n e c e s s a r y  f o r  

u t i l i z a t i o n .  

About two- th i rds  o f  t h e  S a l t o n  Sea 

Resource p robab ly  l i e s  under  t h e  S a l t o n  

Sea ,  i n  a game r e f u g e  and r e c r e a t i o n a l  

a r e a  t h a t  i n c l u d e s  a s i g n i f i c a n t  amount 

of F e d e r a l  l a n d .  The combina t ion  of  

t h e s e  f a c t o r s  have  t o  d a t e  p reven ted  

s u r f a c e  hea t - f low s u r v e y s  o r  deep  d r i l l i n g  

because  of  env i ronmen ta l  and l e g a l  

r e s t r i c t i o n s  and t h e  u n a v a i l a b i l i t y  o f  

geothermal  l eases  on F e d e r a l  l a n d .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
6 2 

Land u n i t s  are  l a r g e .  The a p p a r e n t  

r e s o u r c e  i s  about  1 . 5  x 1 0  MWh/km (6000 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
7 2 

MWh/surface a c r e ) ,  so 20 km- (-8 m i  ) 

w i l l  b e  needed f o r  a 220-MW complex, 

assuming 80% l o a d  f a c t o r  and 20-yr l i f e .  

I f  g e n e r a t i n g  modules of  55 t o  110 MW 

a r e  used and w e l l s  have 5 t o  I 1  PRd capa- 

c i t y ,  t h e n  20 t o  4 4  w e l l s  and 2 t o  4 

g e n e r a t i n g  p l a n t s  would be  needed f o r  

220 MJ. Modules l a r g e r  t h a n  110 MW w i l l  

p robab ly  n o t  be  p r a c t i c a l  because  f low 

l i n e s  wil l  become e x c e s s i v e l y  l o n g ,  b u t  

s l a n t  d r i l l i n g  from a c e n t r a l  l o c a t i o n  

might p a r t i a l l y  s o l v e  t h a t  problem. 

Capac i ty  and number of  w e l l s ,  t h e  s i z e  o f  

g e n e r a t i n g  p l a n t s ,  and t h e  area r e q u i r e d  

i s  rough ly  e q u i v a l e n t  t o  t h a t  a t  The 

Geysers .  Ac tua l  s u r f a c e  usage  a t  t h e  

S a l t o n  Sea would b e  from 1 t o  -1.5% o f  

t h e  t o t a l  area .  The p l a n t s  w i l l  b e  a 

h i g h l y  v i s i b l e  change t o  t h e  s c e n e r y ,  

however 

u s e s  i s  

I n  

a re  a t  

lessees 

even i f  t h e i r  impact  on o t h e r  

small .  

the  S a l t o n  Sea area a l o n e ,  t h e r e  

east  t h r e e  major  o p e r a t o r -  

and t h r e e  o r  f o u r  t imes as many 

major  s u r f a c e  and m i n e r a l  owners .  T h i s  

i m p l i e s  t h a t  major  (200 MW p l u s )  develop-  

ment w i l l  r e q u i r e  p o o l i n g  o r  u n i t i z a t i o n .  

S i m i l a r  l a n d  and lease p a t t e r n s  are  

common e l sewhere  i n  t h e  Trough. 

Enormous q u a n t i t i e s  of  water must 

b e  produced .  I t  i s  e s t i m a t e d  t h a t  a 

220-MW p l a n t  i n  the  S a l t o n  Sea area w i l l  

r e q u i r e  1 0  w e l l s  producing  7000 kg (2000 

g a l l o n s )  o f  water p e r  minute .  I n  o i l  

f i e l d  terms, t h i s  i s  a t o t a l  of  615,000 

b a r r e l s l d a y ,  o r  n e a r l y  4 . 5  b i l l i o n  b a r r e l s  

i n  20 y r .  

Design and g u i d e l i n e s  f o r  producing  

and g e n e r a t i n g  sys tems must cor respond t o  

t h e  r e a l i t i e s  of  the  r e s o u r c e  d i s t r i b u t i o n .  
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Unresolved Technical Issues zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A number of technical issues remain 

unresolved at this time due to a lack of 

detailed knowledge about the Resource 

itself, reservoir performance and pro- 

duction systems, and ‘environmental effects. 

More Resource data are needed. 

Laboratory determination of the enthalpy 

of brine mixtures and actual bottom-hole 

samples from all depths are needed. 

Exploration with deep holes or geophysical 

surveys is needed in the major areas 

where there is no information at all, 

such zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAas the subsea portion of the Salton 

Sea KGRA. 

Reservoir and production data are 

needed. The variations in physical 

properties in the reservoir are not well 

known, and actual flow-testing for Dro- 

duction history is needed. The effect of 

production on the reservoir and the long- 

term effect of massive re-injection on 

reservoir temperature and chemistry are 

unknown. 

and scaling in the reservoir and decrease 

production as well as have adverse 

environmental effects. Production ex- 

periments should be performed to test 

this. 

These may result in plugging 

Optimized designs and good cost 

estimates for production, transport, and 

generating systems are needed, and design 

of brine-tolerant production systems is 

vital. 

Discussion and Other Estimates 

The Salton Trough geothermal esti- 

mates made here are summarized in Table 1. 

The effect of specifying other tempera- 

ture and reservoir values is shown in 

Table zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 .  Such changes could increase the 

estimate by 150%. 

Should there be unexpected techno- 

logical developments or major economic 

changes such that drilling into and pro- 

ducing from 600 to 1500 m (2000 to 5000 

ft) of reservoir at depths to 3050 m 

(10,000 ft) might be potentially economic, 

then total in-place resource of the Salton 

Trough would be increased up to five 

times to 10 J Btu) with an electric 

capacity then of approximately 25,000 MW 

for 20 yr. 

20 

A number of estimates, with electric 

generating potentials as much as 30,000 

and 90,000 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAMW, have been published. When 

the areas and depths used and the economic 

and geologic premises are known, these 

can be compared with the estimates in 

this report. Correspondence is often 

surprisingly good, considering the varied 

data used and the common lack of critical 

measurements. 

This report corrects the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA92,000-MW 

electric generating estimate reported by 

Austin et al.2 In that report, a mathe- 

matical error was made in calculating an- 

nual well production rates. 

data, capacity should have been stated as zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
9200 MW for the drilled portion of the 

Salton Sea Field. 

Based on their 
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1 2  
Helgeson7 r e p o r t e d  1 . 4  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx 10 kg 

(5 x l o l o  f t 3 )  b r i n e  and 4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA10l8 J 

k c a l )  o f  h e a t  i n  t h e  r e s e r v o i r  b r i n e  i n  

t h e  d r i l l e d  p o r t i o n  of t h e  S a l t o n  Sea 

F i e l d .  These f i g u r e s  a g r e e  e x c e p t i o n a l l y  

w e l l  w i t h  my t o t a l  r e s o u r c e  e s t i m a t e  

f o r  t h e  S a l t o n  Sea F i e l d  of 1 . 3  x 1 0  kg 

and 2 x 1 0  J ,  because  t h e  d a t a  a r e  from 

c l o s e  w e l l s  i n  a w e l l - d r i l l e d  p o r t i o n  o f  

t h e  f i e l d .  

1 2  

18 

Rex'' p u b l i s h e d  t h e  most w ide ly  

quoted  h igh  e s t i m a t e ,  20,000 - 30,000 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAPlW 

e l e c t r i c  g e n e r a t i n g  c a p a c i t y  f o r  t h e  

Trough s o u t h  of t h e  S a l t o n  Sea F i e l d .  

Using t h e  pa rame te r s  chosen  f o r  t h e  e s t i -  

mate ,  I c a l c u l a t e d  t h a t  30,000 Mld f o r  

20 y r  would r e q u i r e  approx ima te ly  lo2' J 

1 4  
o f  thermal  energy  i n  10  kg of w a t e r .  

These v a l u e s  are about  five t imes  a s  l a r g e  

1 2  
a s  my e s t i m a t e  o f  2 \ 1019 J and 1 5  x 10 

kg f o r  t h e  Trough and n e a r l y  t h e  same as 

my upper l i m i t  of p o s s i b l e  Resources  

r e q u i r i n g  major t ec l ino log ica l  o r  economic 

changes.  

Def in ing  Resources  a s  " p o t e n t i a l l y  

economic", a s  i s  now done ,  p l a c e s  a dep th  

l i m i t a t i o n  on t h e  producing  i n t e r v a l .  

My economic e s t i m a t e s  p l a c e  a dep th  l i m i t  

of 1800 t o  2100 m (6000 t o  7000 f t ) .  I n  

a d d i t i o n ,  t h e  est imate  c o n s i d e r s  a maxi- 

mum a r e a  (o f  h igh  t e m p e r a t u r e  g r a d i e n t )  

of 530 km2 (205 m i  ) , o r  11% as much a r e a  

a s  t h a t  c o n s i d e r e d  by Rex,' '  Combs,' and 

Dutcher e t  a1.5 

2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Summary 

The 5000-MW geo the rma l  e l e c t r i c  

c a p a c i t y  f o r  t h e  Trough i s  approx ima te ly  

one -qua r t e r  of Sou the rn  C a l i f o r n i a ' s  p r e s e n t  

e lec t r ic  g e n e r a t i n g  c a p a c i t y .  On t h e  b a s i s  

of 12,900 b a r r e l s  of o i l  p e r  mega-watt 

y e a r ,  5000 MW of  geo the rma l  ene rgy  would 

r e p l a c e  65 m i l l i o n  barrels of  o i l  pe r  y e a r  

o r  1.3 b i l l i o n  b a r r e l s  i n  20 y r .  

On t h e  lower end of t h e  s c a l e ,  t h e  

I d e n t i f i e d  Resource  c a p a b l e  of g e n e r a t i n g  

250 MW would r e p l a c e  3 . 2  m i l l i o n  b a r r e l s  

of o i l  p e r  y e a r ,  o r  65 m i l l i o n  b a r r e l s  i n  

20 y r .  

The re  i s  no c u r r e n t l y  economic 

Reserve  i n  t h e  Trough. These Resources  

w i l l  be  subeconomic u n t i l  p r a c t i c a l  

t echnology f o r  p r o d u c t i o n ,  f o r  c o n t r o l  

of s c a l i n g  and c o r r o s i o n ,  and f o r  energy  

conve r s ion  i s  deve loped .  

Acknowledgements 

I am i n d e b t e d  t o  a number of peop le  many of t h e s e  d a t a  and p u t  them i n t o  

who he lped  i n  t h i s  work. I n  a d d i t i o n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAto u s a b l e  form. This  p r e s e n t a t i o n  b e n e f i t e d  

t h e  i n f o r m a t i o n  s o u r c e s  l i s t e d  by r e f e r -  from t h e  d i s c u s s i o n  and c r i t i c a l  r e a d i n g  

e n c e ,  a l l  t h e  geo the rma l  operators  i n  t h e  of t h e  d r a f t  m a n u s c r i p t  by  my c o l l e a g u e s :  

S a l t o n  Trough have c o n t r i b u t e d  w e l l  d a t a .  J. H. Howard, P. W. Kasameyer, A .  W. 

D. P.  Lande, C a l i f o r n i a  D i v i s i o n  of O i l  Lundberg, L. B. M e ,  and R. F .  S t e i d e l .  

and Gas, and T. D .  Palmer ,  LLL, o b t a i n e d  I a l o n e  am r e s p o n s i b l e  f o r  t h e  c o n c l u s i o n s .  

-21- 



1. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
2. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3 .  

4. 

5. 

6. 

7. 

8. 

9. 

10. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
11. 

12. 

13. 

14. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

References 

J. H. Howard, Lawrence Livermore Laboratory, private communication (March 21, 

1974). 

State of California, "Geothermal Operations," Public Resources Code, Chapter 4, 

Division 3, Subchapter 4, Section 1920, paragraph e. 

A. L. Austin, G. H. Higgins, and J. H. Howard, The Total Flow Concept for Recovery 

of Energy from Geothermal Hot Brine Deposits, Lawrence Livermore Laboratory, 

Rept. UCRL-51366 (1973). 

J. Combs, "Heat Flow and Geothermal Resource Estimates for the Imperial Valley," 

in Cooperative Geophysical-Geochemical Investigations of California (University 

of  California, Reverside, Cal., 1971). 

L. C. Dutcher, W. F. Hardt, and W. R., Moyle, Jr., Preliminary Appraisal of 

Ground Water in Storage with Reference to Geothermal Resources in the Imperial 

Valley Area, California, U.S. Geological Survey, Washington, D. C., Circular 

649 (1972). 

A. Griscom and L. J. P. Muffler, Salton Sea Aeromagnetic Map, U .  S. Geological 

Survey, Washington, D. C., Map GP-754 (1971). 

H. C. Helgeson, "Geological and Thermodynamic Characteristics of the Salton Sea 

Geothermal System'', Amer. J. Sci. __ 226, 129-166 (1968). 

W. Randall, Phillips Petroleum Co., Los Angeles, Cal., unpublished maps and 

sections of the Salton Sea area (1973). 

U .  S. Department of Interior, New Mineral Resource Terminology Adopted, press 

release (April 15, 1974). 

A .  L. Austin and A. W. Lundberg, A Comparison of Methods of Electric Power 

Generation from Geothermal Hot Water Deposits, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAm. SOC. of Mech. Engr., New 

York, Rept. Preprint 74-WA/Ener-10 (1974). 

T. M. Garland, W. D. Dietzman, and J.  G. Thompson, Determining Discounted Cash 

Flow Rate of Return and Payout Time for On-shore Development Wells, U. S. 

Bureau of Mines, Washington, D. C., Information Circular 8593 (1973). 

D. Butler, Chevron Oil Company, San Francisco, Cal., private communication (1974). 

D. N. Anderson and L. H. Axtell, "Geothermal Resources in California," in 

Geothermal Overviews of the Western United States, (Geothermal Resources Council, 

Davis, Cal., 1972), Special Rept. No. 1, p. 18. 

R. W. Rex, "Investigation of  Geothermal Resources in the Imperial Valley and 

their Potential Value for Desalination of  Water and Electricity Production," 

in Compendium of Papers Presented at the Imperial Valley-Salton Sea Area Geothermal 

Hearing (State of  California Geothermal Resources Board, Sacramento, Cal., zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1970). 

MBB/grw 

-22- 


	DISCLAIMERS.pdf
	SUMMARY
	LISTOFTABLES
	LISTOFFIGURES
	GLOSSARY
	FACILITY DESCRIPTION
	VITRIFICATION CELL
	EQUIPMENT
	UTILITIES MATERIALS AND WASTES

	SITING
	OP ERAT IONS
	MA I N TEN AN C E
	REFERENCES
	High-Level Liquid Waste Vitrification Flowsheet
	Canister Operating Time Cycle

	Zone Classifications
	Liquid Waste
	Personnel Exposure Categories
	NWVF Areas and Associated Functions
	Process Equipment
	Legend for Figures 5 Through
	Essential Material Requirements
	Nuclear Waste Vitrification Faciltiy Waste Generation
	Allocated Facility Staffing Requirements
	Source of High-Level Waste in the Fuel Cycle
	High-Level Liquid Waste Vitrification Flow Diagram
	High-Level ‚daste Vitrification Cell Plan View
	High-Level Waste Vitrification Cell Elevation View
	Calciner Feed Tank
	Calciner
	Melter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell AirFilters

	Welding and Inspection Stations
	Calciner Condenser


	Calciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Calciner Feed Tank
	Cal ci ner
	Me1 ter
	Frit Feeder
	Calciner Condensate Tank
	Decontamination Solution Tank
	Canister Storage Rack
	Cell Air Filters
	lrlelding and Inspection Stations
	Calciner Condenser
	Cal ciner Scrubber-Separator
	Off-Gas Demister
	I and Ru Sorber Feed Heaters
	Ruthenium Sorber
	Pre- and HEPA Off-Gas Filters
	Iodine Sorber
	NOx Destructor
	Off -Gas Cool er
	Process Operators
	Radiation Monitors
	Supervisors
	Others
	(P1 ant Forces
	Craft Workers
	P1 anners and Supervisors
	Others
	Process Engineers
	Faci 1 i ty Engineers
	Safety
	Technicians
	Others (Including Analytical )
	Others
	Totals: Nonexempt
	Exempt
	Supervisors







