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WTER SUPPLY DILEFMAS OF GEOTHERMAL 

DEVELOPMENT I N  THE IMPERIAL VALLEY OF CALIFORNIA 

David Y. Layton' 

ABSTRACT 

There a re  fou r  known geothermal resource areas i n  the Imperial Val ley 

t h a t  have a combined po ten t i a l  o f  over 4,000 megawatts o f  e lec t r i ca l  

energy f o r  25 years. The water resources avai lab le t o  support geothermal 

energy development are imported Colorado River water, agr icu l tu ra l  waste 

waters, Sal ton Sea water, and ground water. 

p lants can produce t h e i r  own cool ing water i n  the form o f  steam condensate. 

Nevertheless, the  r e l a t i v e l y  high water requirements o f  geothermal 

I n  addi t ion,  geothermal power 

f a c i l i t i e s  along w i t h  a ser ies of r e a l  and po ten t ia l  constraints may 

cause water supply d i l m a s  involv ing both the  acquis i t ion and use o f  

cool ing water. 

supply costs, technical  problems, and impacts upon the Salton Sea. This 

paper examines these constraints and re la ted dilemnas i n  l i g h t  o f  re levant  

Information on the va l l ey ' s  water resources, geothermal resources and energy 

technologies. cool ing water requirements. and water supply options. 

(Key terms: water supply dilemnas; geothermal power plants; water 

requirements; water supplies; Imperial Vaj ley) 

Important constraints a re  i n s t i t u t i o n a l  pol ic ies,  water 

'Environmental Scient ist ,  Lawrence Livermore Laboratory, Universi ty o f  
Cal i fornia.  Livermore, Ca l i f o rn ia  94550. 
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INTRODUCTION 

Recent estimates o f  the  energy po ten t ia l  o f  geothermal reservoirs 

underlying the  Imperial Val ley o f  Ca l i f o rn ia  ind ica te  t h a t  they could 

sustafn between 4,000 and 5,500 megawatts (m) o f  e lec t r i ca l  power 

generation f o r  25 years (Towse. 1975; Nathenson and Muff ler ,  1975). To 

sustain 5,500 mw o f  energy production, more than 300,000 acre-feet ( a f )  

o f  f resh water would be required fo r  wet cool ing towers, o r  about 10% 

o f  the water annually d iver ted t o  the  va l l ey  from the Colorado River. 

The water resources po ten t i a l l y  avai lab le t o  meet the requirements o f  

fu tu re  geothermal projects are Colorado River water, ag r i cu l tu ra l  waste 

waters, the Salton Sea, ground water, and condensate from geothermal steam. 
- 

During the i n i t i a l  stages o f  geothermal development when t o t a l  water 

requirements are r e l a t i v e l y  low, water supply problems w i l l  probably be 

minor. However, as greater l eve l s  o f  energy are produced. dilemnas may 

emerge tha t  hinder fu tu re  projects.  

involve d i f f i c u l t l e s  i n  acquir ing adequate sources o f  cool lng water, bu t  

a lso the consequences o f  using a pa r t i cu la r  water supply. 

these dilemnas w i l l  be determined by the  character is t ics  o f  the water 

and geothermal resources, the prospective geothermal energy technologies 

and t h e i r  requirements f o r  cool ing water, the avai lab le water supply 

options, and a se t  o f  rea l  and po ten t ia l  constraints. 

The expected dilemnas would not on ly  

Formation o f  

WATER RESOURCES 

The Imperial Val ley i s  located i n  one o f  the  more a r i d  regions o f  the  

United States. It receives, on the  average, less than 3 inches o f  annual 

r a i n f a l l .  Yet the  importation o f  water from the  Colorado River has turned 
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. 
the v a l l e y  i n t o  a productive ag r i cu l tu ra l  area tha t  includes over 450,000 

acres o f  i r r i g a t e d  lands. H is to r i c  inf lows of l r r t g a t i o n  water shown i n  

f i gu re  1 have averaged nearly 3 m i l l i o n  a f / y r  below drop No. 1 on the 

All-American Canal (see f i gu re  2) and are d i s t r i bu ted  w i th in  the va l l ey  

by the Imper ia l  I r r i g a t i o n  D i s t r i c t  ( I I D ) .  This imported water I s  pa r t  

o f  Ca l i f o rn ia ' s  4.4 m i l l i o n  a f  al lotment of Colorado River water. Ag r i cu l tu ra l  

and municipal wastes o f  less than 120,000 a f / y r  f lowing across the  border from 

Mexico i n  the New and Alamo Rivers are another source o f  inflow. 

. 

Water de l i ve r ies  t o  the va l l ey  depend on the i r r i g a t i o n  demands t h a t  

are highest during the months of Apr i l  and August-September when the surmner 

andw in te r  crops are planted (Kaddah and Rhoades, 1976). Demands f o r  

i r r i g a t i o n  water are based on the evapotranspiration requirements o f  crops, 

the e f f i c i e n c i e s  of i r r i g a t i o n  methods, and the water required t o  leach 

sa l t s  out  o f  t he  r o o t  zone. To f a c i l f t a t e  the leaching o f  the va l l ey ' s  

so i ls .  the IID has i n s t a l l e d  a t i l e  drainage system tha t  encompasses over 

83% o f  the a g r l c u l t u r a l  land (shaded i n  f igure 2). Ef f luent  f lows from the 

i r r i g a t i o n  System [excluding waters from Mexico) have averaged over 1 m i l l i o n  

a f l y r  since 1951 ( f i g u r e  1)  and represent 37% o f  the inf lows t o  the system. 

Approximately 75% o f  the eff luent water i s  considered t o  be t a i l  water w i th  

an addi t ional  5 t o  10% contr lbuted by sewage dlscharges and canal sp i l l age  

(Kaddah and Rhoades, 1976). 

The predominant water q u a l i t y  problem i n  the va l l ey  i s  the s a l i n i t y  

of the Colorado River, which contains nearly 1.2 tons o f  salt /af o f  water. 

Waste waters from the drainage system ca r r i ed  away i n  the New and Alamo Rivers 

contain 3.7 tons o f  sa l t / a f ,  o r  about 2.700 ppm t o t a l  dissolved so l ids (TOS) 

(IID. 1975). Concentrations o f  dissolved so l ids i n  drainage ditches 

sometimes exceed 4,000 ppm TDS (Pimental, 1976). 

Brackish waste waters from both the Coachella and Imperial Valleys end 

up i n  the Salton Sea, Ca l i f o rn ia ' s  largest  in land body o f  water. 

surface area o f  almost 235,000 acres and i s  completely land-locked. 

Evaporation from the sea i s  as high as 5.8 f t / y r  (Hely etd., 1966) and 

I n  some years the t o t a l  evaporation has ac tua l l y  exceeded the flows o f  

ag r i cu l tu ra l  waste waters, causing the sea's s a l i n i t y  t o  r i s e .  

now has water tha t  i s  approaching 40.000 ppm TDS. 

t o  the sea have been greater than the evaporation rate,  thus producing 

incFeases i n  the sea's surface e levat ion and area displayed i n  f i gu re  3. 

Drainage and f looding problems resu l t i ng  from the r i s i n g  o f  the sea have 

been a source o f  much concern t o  r i p a r i a n  property owners. 

prompting o f  those property owners, a water conservation program has been 

adopted by the I10 (Imperial Val ley Press, 1976) tha t  i s  designed t o  reduce 

the inf lows t o  the sea by encouraging the more e f f i c i e n t  use o f  water by the 

va l ley 's  farmers. 

would have t o  be greater than 100,000 a f  t o  begin decreasing the sea's 

e l  evation. 

It has a 

The sea 

I n  recent years the inf lows 

Through the 

Annual reductions i n  waste water output, nevertheless, 

Fortunately, previous e f f o r t s  a t  water conservation have shown tha t  

waste flows can be cu r ta i l ed  by large amounts. 

when a l locat ions o f  Colorado River water to  lower basin users were cut back 

because o f  the f i l l i n g  o f  the Glen Canyon Dam, water conservation was given 

a high p r i o r i t y  by the i r r i g a t i o n  d i s t r i c t ,  and waste water output from the 

drainage system represented only  about 33% o f  the inflows. 

During the years 1964-1965 

I n  1975 waste 
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f lows from the d i s t r i c t  rose t o  37.6% o f  the 3,001,207 a f  imported from the 

Colorado River (110, 1975). 

rate, a reduction o f  over 137,000 a f  could have been realized. 

I f  flows had been cu r ta i l ed  t o  the 1964-1965 

Another water resource i s  the ground water contained i n  the sediments 

underlying the va l ley.  The amount of ground water having a s a l i n i t y  less 

than 35,000 ppn TDS i s  estimated by Dutcher &a. (1972) t o  be 1.1 b i l l i o n  af. 

The most promising area for ground water ext ract ion i s  the East Mesa region 

(see f i g u r e  2) where recharge from the unl ined All-American and Coachella 

Canals has amounted t o  well  over 7 m i l l i o n  a f  since 1950 (Loeltz eta., 
1975). 

- 
GEOTHERMAL RESOURCES AND TECHNOLOGIES 

There are s i x  known geothermal resource areas (KGRAs) i n  the Imperial 

Valley. Thei r  locations and acreages are shown i n  f i gu re  2. An assessment 

o f  the geothermal resources i n  the United States by Nathenson and Muf f ler  (1975) 

ind icates t h a t  four o f  the s i x  KGRAs have s ign i f i can t  amounts o f  recoverable 

energy. The Salton Sea KGRA has the greatest energy potential w i th  3.344 mw 

f o r  25 years. followed by 1,168 m a t  the Heber KGRA, 584 mw a t  the East Mesa 

KGRA, and the Brawley KGRA w i th  400 m. The geothermal reservoirs associated 

w i th  those KGRAs are l i q u i d  dominated as opposed t o  the dry-steam or vapor 

dominated type found a t  The Geysers i n  northern Cali fornia. When a well  i s  

d r i l l e d  i n t o  one of the va l l ey ' s  geothermal reservoirs, par t  of the f l u i d  

entering the wel l  flashes t o  steam, resu l t i ng  i n  a two-phase f low t o  the 

wellhead. 

wellhead flow (Palmer, 1975). 

I n  the Salton Sea KGRA steam represents between 10 t o  20% o f  the 

Temperatures and s a l i n i t i e s  of the geothermal f l u i d s  vary a great deal 

among the KGRAs. 

temperatures i n  some wells as great  as 572OF (Palmer, 1975). while wells i n  

the East Mesa KGRA have temperatures general ly below 39FF (U.S. Bureau of 

Reclamation, 1974). 

200.000 t o  300.000 ppm dissolved so l i ds  compared t o  under 2,500 ppm f o r  

the major i ty  o f  East Mesa wells (U.S. Bureau o f  Reclamation, 1974). 

o f  the var ia t ions i n  the geothermal f l u i d s ,  the energy conversion technologies 

implemented i n  the va l ley may d i f f e r  according t o  the f l u i d  propert ies o f  

each - reservo i r .  

TDS. a proven energy conversion technology I s  the flashed steam method 

(Austin and Lundberg, 1975). 

l lquid-steam mixture coming from a we l l  f i e l d  and i s  then sent t o  a turbine 

tha t  runs a conventional generator. 

re in jected i n  a g e o t h e m l  reservo i r  or discharged t o  evaporation ponds. 

A 75 m f a c i l i t y  using the flashed steam method I s  already i n  use south 

o f  the Imperial Valley i n  Cerro Prieto. Mexico. 

w i th  t h i s  conversion approach i s  the corrosion o f  turb ine components 

resu l t i ng  from the carry  over o f  sa l t s  i n  the steam (Austin and Lundberg. 

1975). 

heat from brine-steam we l l  f lows t o  a secondary f l u i d  such as isobutane tha t  

expands through a turbine. 

f low system being developed a t  Lawrence Livermore Laboratory (Austin 

1973). 

The Salton Sea KGRA, f o r  example, has down hole 

Fluids produced from the Salton Sea f i e l d  contain 

Because 

For reservoirs having geothermal f l u i d s  w i th  i s a l i n i t i e s  less than 3% 

In  t h i s  technique, steam I s  separated from the 

The geothermal f l u i d s  are then e i the r  

One problem connected 

Power plants using a binary system avoid t h i s  problem by t ransferr ing 

A t h i r d  energy conversion method i s  the t o t a l  

g.,  
Instead o f  sending processed steam through a turb ine or t ransferr ing 

. 
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geothermal heat t o  a secondary working f l u i d ,  the en t i re  two-phase f low 

from a geothermal wel l  i s  sent through nozzles tha t  are directed toward a 

spec ia l l y  constructed turbine t h a t  can withstand a h igh ly  corrosive 

brine-steam f low. 

No matter how well-designed the geothermal energy conversion systems 

are, they s t i l l  suf fer  from thermal i ne f f i c i enc ies  caused by low reservo i r  

temperatures. 

the amount o f  waste heat produced per u n i t  o f  e lec t r i ca l  output and the 

The lower the thermal e f f i c i ency  o f  a power plant, the higher 

greater t he  need f o r  cool ing water. 

COOLING WATER REQUIREMENTS 

'The basic types o f  cool ing water requirements are consumptive use by 

evaporative cool ing systems and withdrawals f o r  once through cooling. 

amount o f  water consumed o r  withdrawn by a geothermal power plant depends 

primarily on the  r a t i o  o f  power output t o  condenser heat reject ion. 

(1975) has ca lcu lated the power t o  heat r e j e c t i o n  r a t i o s  o f  a s ing le stage 

flashed steam process, the t o t a l  f low system, and a one-stage f l ash  binary 

system t o  be 0.21, 0.18, and 0.15, respectively, based on a 572OF reservo i r  

temperature. 

2% o f  the c i r c u l a t i n g  f low i n  a mechanical d r a f t  wet cool ing tower (Leung 

and Moore, 1969), the s ing le stage f l a s h  steam design would provide the 

most e f f i c i e n t  water use per megawatt o f  capacity a t  52 af/mw/yr. 

water e f f i c i e n c y  would be the t o t a l  f low system consuming 61 af/mw/yr and 

the l e a s t  e f f i c i e n t  i s  the s ing le stage f l a s h  binary system a t  73 af/mw/yr. 

A decrease i n  the reservo i r  temperature t o  302OF would essent ia l ly  double 

these water requirements. 

The 

E l l i o t t  

By assuming a 20°F condenser r i s e  and an evaporation r a t e  of 

Next i n  

The consumptive uses o f  other evaporative systems 

would compare t o  mechanical d r a f t  wet towers i n  the fo l lowing manner: 

cool ing ponds > mechanical d r a f t  cool ing towers > spray ponds > natural d r a f t  

cool ing towers > wet-dry cool ing towers (Edmonds st., 1975). Withdrawal 

ra tes o f  the representative conversion systems when operating a t  100 mw 

and using once through cool ing would be 260,000 a f / y r  f o r  the flashed steam 

method, 306,000 a f l y r  f o r  the t o t a l  f low approach, and 367,000 a f / y r  f o r  the 

f l ash  binary system. 

WATER SUPPLY OPTIONS 

The primary water supply options f o r  geothermal f a c i l i t i e s  i n  the 

Imperlal Val ley are Colorado River water, ag r i cu l tu ra l  waste water, and 

geothermal steam condensate. The use o f  imported r i v e r  water and waste 

waters i n  evaporative cool ing systems i s  shown schematically i n  the top 

por t ion of f i gu re  4. Cooling towers o r  ponds receive water o f  about 1.000 ppm 

TDS from an i r r l g a t i o n  canal. 

c i r c u l a t i n g  water by about 4 times. excess sa l t s  are discharged via blowdown 

water I n t o  a drainage ditch. 

the concentrating e f f e c t  o f  evaporation would r e s u l t  i n  sal ine blowdown 

waters t h a t  exceed waste discharge requirements established by the Regional 

Water Q u a l i t y  Control Board (1975). 

blowdown would be by re in jec t i on  o r  discharge i n t o  a l i ned  evaporation pond. 

Besides i t s  use i n  evaporative devices, waste water could be used f o r  once 

through cooling. 

A f te r  evaporation increases the s a l i n i t y  o f  

If waste waters are used i n  a wet cool ing tower. 

Two possible ways of disposing o f  the 

Use o f  geothennal steam condensate represents a t h i r d  supply o f  cool ing 

water (see f i gu re  4). A t  The Geysers a l l  the power p lant  cool ing water i s  

supplied by condensate, and surplus water i s  re in jected (Matthew, 1973). 
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Geothermal f a c i l l t i e s  i n  the va l l ey  could a lso r e l y  on condensate f o r  

make-up water i n  cool ing systems unless high evaporation rates o r  blowdown 

discharges made i t  necessary t o  supplement the condensate f l o w  w i th  

i r r i g a t i o n  o r  poss ib ly  waste water. 

The remaining water supplies avai lab le f o r  energy projects are Salton 

Sea water o r  ground water. Sea water could be used as a source o f  once 

through cool ing water, o r  i t  could be used as make-up water i n  s a l t  water 

cool ing towers. 

i n  evaporatlve cool ing systems. 

Ground water, i n  contrast, would on ly  be su l tab le f o r  use 

CONSTRAINTS AND DILEMMAS 

The a b i l i t y  o f  the various water supplies t o  meet the requirements o f  

geothermal development w i l l  depend on constralnts comprislng l n s t l t u t i o n a l  

po l ic les.  the costs of ce r ta in  water supplles, technological problems, and 

Impacts on the Salton Sea. Actlng together these constraints w i l l  def lne 

the types of dilemnas tha t  may accompany future geothermal energy projects. 

I n s t l t u t i o n a l  Pol i c i e s  

Imported Colorado River water I s  the most desirable water f o r  use i n  

power p lan t  cool ing systems since i t  i s  the freshest water i n  the Imperial 

Valley. However, water d i s t r i bu ted  i n  the va l ley by the I10 already supports 

i r r i g a t e d  agr icu l ture.  It appears u n l i k e l y  tha t  substantial quant i t ies  o f  

i r r i g a t i o n  water would ever be sh l f t ed  t o  nonagricultural uses, especia l ly  

since the i r r i g a t i o n  d i s t r i c t ' s  board o f  d i rec to rs  I s  elected by residents 

of the d i s t r i c t  who depend p r imar i l y  on ag r i cu l tu re  f o r  t h e i r  l ive l ihood.  

Despite the favorable pos i t i on  o f  agr icu l ture,  the d i s t r i c t  i s  empowered 

by Section 22121 of the State Water Code t o  make special appropriations o f  

water f o r  power production. Water may be 

i f  the water conservation program star ted 

avai lab le f o r  such appropriat ions 

by the I10  saves water t h a t  would 
.I 

normally be wasted. 

pro jects  through successful conservation measures; y e t  even more water may 

be needed t o  support the t o t a l  development o f  the va l l ey ' s  geothermal 

resources. Therefore, a t  some fu tu re  time geothermal developers could be faced 

w i th  the dilemna o f  having t o  se lect  other less desirable water supplies. 

A t  l eas t  100,000 a f / y r  could be provided f o r  geothermal 

An a l te rna t i ve  t o  i r r i g a t i o n  water I s  the brackish waste water contained 

I n  the New and Alamo Rivers and i n  the  drainage structures o f  the i r r i g a t i o n  

d i s t r i c t .  

Resources Control Board (1975), the use o f  bracklsh water i s  encouraged f o r  

power p lan t  cool ing rather than fresh water because o f  the dwindl ing f resh 

water supplies i n  the state. 

Involves the disposal o f  sa l ine blowdown waters resu l t i ng  from the use o f  

brackish waters i n  cool ing towers. 

blowdown waters i n t o  drainage ditches i n  the Imperlal Val ley would not be 

allowed under present regulat ions, a posslble so lut ion would be t o  dispose 

o f  the wastes i n  l i ned  evaporation ponds. 

f o r  ponds may c o n f l i c t  w i th  planning standards o f  Imperial County (1971) 

tha t  are designed t o  reduce the amount o f  arable land disturbed by geothermal 

projects. 

removed t o  a Class I waste disposal s i t e  (Cal i forn ia  State Administrat ive 

Code, T i t l e  23, Section 2531) and none current ly  e x i s t  i n  the region. 

Accordlng t o  a po l i cy  adopted by the Ca l i f o rn ia  State Water 

The po ten t i a l  dllemna o f  t h i s  water use po l i cy  

Since the discharge o f  hlgh s a l i n l t y  

However, the land requirements 

Moreover, sa l t s  stored i n  the ponds would u l t ima te l y  have t o  be 

A second po l i cy  o f  the contro l  board tha t  w i l l  a f f e c t  the se lect ion of 

cool ing water options concerns thermal discharges. The board's po l i cy  i s  



-11- 

t h a t  thermal discharges from once through cool ing are prohibited unless i t  

can be s h m  by the discharger t h a t  "such a pract ice w i l l  maintain the 

ex l s t l ng  water q u a l i t y  and aquatic environment o f  the State's water resources" 

(Ca l i f o rn ia  State Water Resources Control Board, 1975). Chances are remote 

t h a t  geothermal power p lants  w i th  t h e i r  high heat r e j e c t i o n  rates could use 

once through coo l l ng  and s t i l l  preserve ex i s t l ng  water qua l i t i es  and aquatic 

environments. 

I n s t i t u t l o n a l  po l i c i es  aimed a t  the prevention o f  subsldence caused by 

the withdrawal of f l u i d s  from the va l l ey ' s  geothermal reservoirs could a lso 

Inf luence the se lect ion o f  cool ing water f o r  geothermal f a c i l i t i e s .  

subsldence i s  occurr ing i n  the va l l ey  and increases resu l t i ng  from geothermal 

developnent could d l s rup t  the t i l e  drainage system tha t  supports i r r i g a t e d  

agr icu l ture.  As a consequence, s ta te  and county po l i c i es  (Cal i forn ia  State 

Admlnistrat lve Code. T i t l e  14, Section 1971; Imperlal County, 1971) already 

requi re geothermal we l l  s i t es  i n  Imperial Val ley t o  t i e  i n t o  a subsidence 

detectlon network. 

projects. new p o l i c i e s  may be established t h a t  requi re  complete r e i n j e c t i o n  

o f  the geothermal f l u i d s  extracted from a reservoir.  A po l icy  o f  t o t a l  

r e i n j e c t i o n  would mean tha t  addi t ional  water supplies would have t o  be 

acquired t o  rep lace the condensate used as make-up water i n  cool ing towers 

operated w i t h  f lashed steam systems (Goldsmith, 1976). 

Technical Problems 

Natural 

I f increased subsidence does occur w i  t h  geothermal 

The operation of wet cool ing towers w i th  brackish waste waters o r  

Salton Sea water invo lve technical problems tha t  may reduce the accep tab i l i t y  

o f  those water supplies. The basic problems are re la ted  to :  (1) the 

-12- 

corrosion and fou l i ng  o f  tower components exposed t o  c i r c u l a t i n g  water 

(Roffman. 1973) and (2) the contro l  o f  d r i f t  from towers t o  prevent possible 

crop da:?ge. A problem tha t  i s  j u s t  as important i s  the disposal o f  high 

- s a l i n i t y  blowdown waters. I n j e c t i o n  t o  a geothermal reservo i r  i s  an 

a t t r a c t l v e  solution, but the technical f e a s l b i l i t y  o f  doing so s t i l l  needs 

t o  be resolved. 

dlsposal t o  l i n e d  evaporation ponds i s  impractical.  the use o f  sa l ine water 

supplies would no longer be possible unless other technical solut ions were 

devlsed. 

Water Supply Costs 

I f blowdown waters cannot e a s i l y  be in jected and i f  the 

- 
Developers o f  sane geothermal power p lants  may f i n d  tha t  one o r  more 

o f  the water supply options are economically Infeaslble. Geothermal 

f a c i l i t i e s  i n  the Heber and East Mesa KGRAs, f o r  example, could have 

special dilemnas caused by the costs o f  co l l ec t i ng  and transport ing 

i r r i g a t i o n  drainage waters because those resource areas are a t  the borders 

o f  the drainage system where the waste water f lows are comparatively small. 

The economic f e a s l b i l i t i e s  of uslng Salton Sea water and ground water as 

sources o f  cool ing water are a lso questionable. 

the pumping and conveyance costs o f  br ing ing i t  t o  KGRAs not  i n  the proximity 

o f  the sea could make tha t  water more expensive than other supplies. 

Similarly, the expenses o f  developing and operating a wel l  f i e l d  f o r  ground 

water recovery could r e s u l t  i n  water t h a t  i s  economically unattract ive. 

Salton Sea Impacts 

I n  the case o f  sea water, 

Future l eve l s  o f  geothermal energy production i n  the Imperial Valley 

could produce increases i n  s a l i n i t y  and reductions i n  the surface elevation 
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o f  the Salton Sea by consuming substantial amounts o f  ag r l cu l tu ra l  drainage 

waters t h a t  nonnally f low t o  the sea. 

however, would c o n f l i c t  w i th  past e f fo r t s  d l rected towards the development 

o f  s a l l n l t y  cont ro l  plans whose purpose was t o  protect  the sea's Sport 

f lshery from adverse impacts. 

hand, would be consistent w i t h  more recent concerns over the impacts o f  

contlnued sea leve l  r lses. 

on the Salton Sea, Goldsmlth (1976) has shown tha t  a waste water d lvers lon 

of 60,000 af/yr t o  support a generation capacity o f  1 ,ooO mw would r e s u l t  i n  

a dec l ine of 2% ft i n  the sea's e levat ion and a s a l l n l t y  r l s e  o f  3,500 ppm 

SeverftY Of future dflemnas W i l l  depend on the r a t e  of geothermal development, 

the types of enemy technologies Implemented, and the nature of the constraints 

tha t  evolve. 

Any s i g n i f i c a n t  increases I n  s a l l n i t y .  
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I n  estimatlng the Impacts o f  geothermal pro jects  

- 
greater than the  expected value. 

CONCLUSIONS 

The process o f  select lng sources o f  cool lng water needed f o r  power p lan t  

coal lng may eventual ly be compllcated by dilemnas resu l t i ng  from constraints 

that a f f e c t  t he  acquis l t lon and use o f  water supplies. Acquisit lonal 

const ra in ts  w l l l  be tnalnly de ten lned  by the quant i ty  o f  i r r l g a t i o n  water 

the IID w i l l  a l l oca te  t o  geothennal energy pro jects  and potent ia l  subsldence 

contro l  po l l c i es .  C r l t i c a l  water supply problems could be created If 

inadequate water a l locat ions 'occurred along w i th  a subsidence pol I c y  t h a t  

necessitated the  r k l n j e c t l o n  o f  an amount o f  water equlvalent t o  the steam 

condensate consumed i n  evaporative cool ing devices. 

geothermal developers would have diletmnas associated w l th  the se lect ion of 

a l t e r n a t l v e  cool ing water supplles tha t  have adverse water qua l i t y  impacts. 

technical problems, o r  less favorable economics. Ult imately the t iming and 

I n  tha t  s i t u a t i o n  

"Reference to a company or product 
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recommendation of the product by 
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Energy Research & Development 
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others that may be suitable." 
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Fig. 1. Water Inflows and Outflows o f  the 
Imperial Irrigation District. 
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