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INTRODUCTION
The Salton Sea and Imperial Valley area of southern

California has long been recognized as a  �hot spot� of geo-
thermal development.  In the geothermal industry, this area
has for some time been synonymous with electric power gen-
eration projects.  Starting with the first plant in East Mesa in
1979, geothermal power has increased over the years to the
present 400+ MW of installed capacity in the three primary
areas of Salton Sea, Heber and East Mesa.   Although most in
the industry are aware of the millions of kilowatt-hours annu-
ally produced in this desert oasis of development, they re-
main surprisingly uninformed about the Valley�s other geo-
thermal industry�aquaculture.

At present, there are approximately 15  fish farming (or
aquaculture) operations clustered, for the most part, around
the Salton Sea.  All of these farms use geothermal fluids to
control the temperature of the fish culture facilities so as to
produce larger fish in a shorter period of time and to permit
winter production which would otherwise not be possible.  In
aggregate, these farms produce on the order of 10,000,000
lbs of fish per year most of which is sold into the California
market.  Principle species are catfish, striped bass and tilapia.

For the past several years, tilapia has been the fastest
growing part of the aquaculture industry.  In 1996, the total
U.S. consumption of tilapia was 62,000,000 lbs.  Of this, only
16,000,000 lbs (26%) was domestically produced and the bal-
ance imported.  The primary market for the fish on the West
Coast is among the Asian-American populations in the major
cities.  Fish are shipped and sold live at the retail level.

RESOURCES
The geothermal fluids used by the aquaculture opera-

tions are quite different from the those produced for electric
power production. Table 1 presents a summary of water chem-
istry for  typical Imperial Valley electric power and aquacul-
ture wells.

Table 1.   Typical  Water  Chemistry  -  Imperial Valley

     Wells1 (Youngs, 1994)
                 Electric          Aquaculture

Power Well      Well
          Depth (ft)       2260       246
    Temperature (oF)        509       145
               pH         6.1       7.8
               Na     47,300       980
               K       7,960        46
               Ca     23,600      132
               Mg        110        33
               SiO

2           
   435         65

1.  All chemical species in ppm.

AQUACULTURE IN THE IMPERIAL VALLEY
- A GEOTHERMAL SUCCESS STORY -

Temperatures of the wells used by the aquaculture op-
erations vary from site to site with the highest in the area to
the east of the Salton Sea.  Pacific Aqua Farms and the Cali-
fornia Desert Fish Farm, located on Hot Mineral Spring Rd
(adjacent to the area�s major hot spring resorts, see fig 2) at
the foot of the Chocolate Mountains have the warmest water
at approximately 165 oF.  All of the wells in this area sustain
some artesian flow though often it is not sufficient to meet the
needs of the operators.  In some cases, production is increased
using air lifting.  This method is not common in most conven-
tional geothermal systems due to the corrosion resulting from
the oxygen entrained in the water.  In the aquaculture opera-
tions, however, all of the piping is of non- metallic (mostly
PVC) construction so corrosion is not as great a consideration.
Beyond this, since the fish are grown in the geothermal water,
oxygen must be added later at the growout tanks.

On the west side of the Salton Sea, the wells typically
produce water between 90 and 120 oF depending upon depth.
Shallow wells in the 200 ft range,  produce water toward the
lower end of these values and �deeper� wells of greater than
600 ft produce water toward the higher end.   All of the wells
in this area of the valley require pumps to produce the water.
Most of the larger growers have 2 to 3 wells, with a few of the
smaller operations dependant upon a single well.

Due to the desert climate, high water temperatures are a
major concern for the growers in the warmer portion of the
year; particularly, those whose only water source is the geo-
thermal fluid.  Many use ponds to cool the water.   A novel
solution to this problem is illustrated in Figure 1.   Pacific
Aqua Farms uses a �cooling tower� of their own design to
cool the geothermal water in the summer.  Reportedly, these
towers are capable of reducing the 140 oF water to 90 oF under
favorable conditions.  Their steel construction, however, is
subject to high rates of corrosion and rebuilding is an ongoing
task.

Figure 1.   Cooling tower at Pacific Aquafarms.
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LOCATIONS
Figure 2 provides a map of the area indicating the loca-

tions of the individual operations.  The largest concentration
of operations is in the southern Riverside County region on
the northwest fringe of the Salton Sea.  The largest single fish
farm in the valley, Kent Seafarms with a production of ap-
proximately 3,000,000 lbs per year,  is located in this area.
Kent grows primarily stripped bass and because these fish can-
not be shipped live most of the production is shipped on ice.

Figure 2.   Locations of aquaculture and geothermal power
     generation operations  -  Imperial Valley (num-
     bers are keyed toTable 2).

The largest single tilapia producer, Pacific Aqua Farms,
as mentioned above,  is located on the east side of the Sea.
Pacific produces approximately 1,000,000 lbs per year and
ships most to the Los Angeles market.

Fish Producers the Valley�s largest catfish facility and
one of the oldest aquaculture operations having started busi-
ness in the late-1960s.  It is located just east of the town of
Niland.  Catfish is the primary product here and annual pro-
duction is in the range of 1,300,000 lbs per year.  Fish Produc-
ers has used a conventional pond culture (Figure 3) approach
in the past.  Much of the water source for this portion of the

operation is irrigation canal water.   A recently constructed
�raceway� facility (Figure 4), along with two new geothermal
wells, will allow them to increase production by an additional
300,000 lbs per year and also permit some development work
with other species than catfish.

Figure 3.   A small portion of the 70 acres of catfish ponds
     at Fish Producers.

Figure 4.   Newly  constructed  �raceway� designed  for  a
     production of 300,000 lbs per year.

Table 2 provides additional information on some of the
fish farms appearing in Figure 2.

Table 2.  Species and Annual Production Data

  No.           Farm Name                         Species1    Annual Prod.2      Years

    1      California Desert Fish Farm          T                 390,000              7

    2      Pacific Aqua Farms                T              1,000,000            12
    3      Fish Producers                                C              1,300,000            30
    4     Valley Fish Farm                             C                 600,000            12
    5     Kent Sea Farms                             HSB            3,000,000            12
    6     Blue Aquarius                                  C                 125,000            10
    7     Dashun Fisheries                             T                 320,000             13
    8     Coachella Valley Fish Farm           C                  450,000           unk
    9     Arbia Farm                                      ?               in start up          new
  10     Unknown                                         ?               in start up          new
  11     Oceanridge                                      T                 300,000              4
  12     H&T                                                T                 150,000              5
  13     Hsiang Niching                              C,T               200,000              2
  14     S S Vong                                          T                 225,000            15
  15     Unknown                                         C               unknown           unk

1.  T = Tilapia, C = Catfish, HS = Hybrid Striped Bass
2.  Estimated production in lbs per year.
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ANATOMY OF A TILAPIA FISH FARM
The following description is based on a tilapia farm pro-

ducing approximately 400,000 lbs of fish per year.  It is im-
portant to understand that all farms are a reflection of their
management and as a result, two farms growing the same spe-
cies with the same annual production can be quite different in
configuration.  The overall layout of the farm appears in Fig-
ure 5.   Figures 6 through 10 provide a close up of each major
aspect of the operation
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Figure 5.   Typical fish farm layout for tilapia production.

Most fish farms operate their own hatchery to maintain
product quality and assure an adequate supply of fingerlings
for production.  The hatchery typically includes tanks for brood
stock, egg collection, fry and fingerling handling.  Figure 6
shows the hatchery/fingerling portion of the California Desert
Fish Farm facility.  Brood fish are kept in the long rectangular
tanks at the upper right, eggs and fry in the small building
beyond the brood tanks and various size fingerlings in the 20-
and 30-ft diameter circular tanks in the foreground.

Figure 6.   Hatchery area.

At a size of approximately 3 to 6 inches, the fingerlings,
now referred to as juveniles, are moved to the larger tanks (Fig-
ure 7) for growout.   Due to the very high density of fish in the
tanks, artificial aeration is necessary to maintain adequate lev-
els of oxygen.  Electric motor driven paddle wheel type de-
vices are most common.  Two paddle wheel aerators (approx 3
to 7 hp each depending on pond size) are oriented on opposite
sides of the pond and operated in reverse rotation relative to

each other.  In addition to aeration, this also promotes a circu-
lar flow in the tank.  This flow helps to drive waste products
toward the center for collection.  Feed for the fish is in pellet
form and size varies according to the fish size.  The feed is
often distributed to the pond surface using a trailer mounted
hopper equipped with a blower.  The circular growout tanks
are of concrete and block construction.

Figure 7.   100- and 120-ft diameter growout tanks.

In a desert climate, many growers are constrained by the
available supply of water.  Raising fish at high density results
in the need to remove waste products (solids, ammonia etc)
from the recirculated water.  With irrigation canal water gen-
erally unavailable to most aquaculture operators, a variety of
methods are used to �stretch� the geothermal water supply as
far as possible.  Often this involves passing the water out of
the fish tanks to several large earthen ponds arranged in such a
way as to cause the water to flow through them in series.   These
ponds remove a portion of the impurities in the water allowing
some of the flow it to be recirculated.

At approximately nine months, the tilapia are large
enough for sale into the market place.  Market size varies ac-
cording to the needs of the particular retailer at which the fish
will be sold.  Generally, fish in the 3/4-lb to1-lb range are con-
sidered �small� and those larger than 1 1/4 lb �large.�  Prices
are often better for the larger fish.   At this point, the fish in the
large circular tanks are gathered into one corner using a large
siene net.  They are sorted as to size and placed in a transfer
net equipped with a scale (Figure 8), for delivery to the ship-
ment holding tank (Figure 9) and eventually to the transport
truck.

Figure 8.   Sorting and moving fish from growout to trans-
    fer tank.
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Figure 9.   Transferring fish to delivery truck.

The fish are shipped live to the retail level in a truck
equipped with a series of tanks and a liquid oxygen distribu-
tion system for aeration (Figure 10).   A few of the largest
operations employ their own trucks and deliver directly to the
markets and restaurants.  In most cases, however, the grower
sells to a �middle man� who owns and operates the truck and
sells to the retail store or restaurant operator.   Figure 11 shows
a view of the transport truck in San Francisco�s Chinatown.

Figure 10.   Live fish delivery truck--liquid oxygen storage
       tank at back.

Figure 11.   Delivery truck in San Francisco�s Chinatown.

CONCLUSION
Agricultural statistics, gathered for the Coachella Val-

ley for the year 1995, provide some interesting data.   At that
time, there were 34 individual types of crops grown on lands
irrigated by the Coachella Canal.  Of the approximately
$432,500,000 in gross value for these crops, approximately
3.1% was attributed to fish farm production.  Interestingly, the
gross revenue produced by the fish crops, per acre of land,
ranks 4th out of the 34 crops raised in the area.  Only dates, bell
peppers and nursery crops produced higher gross earnings per
acre of land.

The substantial growth in the number of operators and
annual production for aquaculture in this region is impressive.
Much of the growth has been in the production of tilapia.  This
reflects the national trend in the growth of aquaculture.  Since
1991 the national production of tilapia has approximately qua-
drupled (Aquaculture, 1998).  At some point, this level of
growth will begin to approach equilibrium with the market
demand in certain areas. In California, where 40% of the U.S.
production is located, this may already be occurring.  Prices
have dropped recently, from a high of $2.30 per pound in 1995
to approximately $2.00 per pound currently.  The price situa-
tion was a commonly discussed topic at all of the farms visited
in the course of gathering information for this article.

Based on the limited shipping distance for live fish and
the finite size of the Asia-American market, it may be in the
best interests of the growers to explore the establishment of
some new markets for the tilapia.  Tilapia burgers maybe?

Finally, the estimate of the geothermal installed capac-
ity and annual energy use for the 15 famrs is 85 MWt and 1.5
trillion Btu/year, or about 500 Btu/yr/lb of fish.
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