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ABSTRACT
Inperial County's geothermal resource
devel opnent is potentially limted by numerous
factors. This paper examines six limting factors
of potential inportance.

Routing and construction of high voltage
transmission lines of 1,000 MWe capacity are
essential, because the county is presently
restricted by a local transmi ssion network of only
300 MWe capacity. Financing is a limtation
because of the large suns of noney required for
power production. Political factors are likely to
surface into major inportance, if geothernal
devel opnent threatens the present agribusiness
orientation of the County, anobng other reasons.
The origins of several recent geothermal |eader-
ship disputes are discussed. Another limtation
is the supply, quality, and environnental inpact
of cooling water. Direct use transm ssion pipe-
lines are a linmting factor, because of both high
cost and environnmental inpacts. As geothermal
capacity reaches maxi mum |l evel s, brine waste
di sposal will become a problem as brine rein-
jection is not always feasible.

| NTRODUCTI ON

Inmperial County's geothernal electrical
capacity is estimated at 2,500 to 6,800 MWe by
the year 2020. Presently, total County generating
capacity consists of Magma Power Conpany's 11 MWe
pilot plant in the East Mesa KGRA. Direct uses
wi |l be added beginning in the early 1980s, with
such pl anned projects as the geothernmal heating/

cooling of a Community Center building in the town
of El Centro, and the utilization of geothernal
heat in the Holly Sugar beet processing plant.

Chronol ogi cal ly, Inperial County will
become the second maj or geot her nmal
The Geysers,

l'ikely
area, after
to be developed in the United States.

The present study stems froma | arger
research project at the University of California,
Riverside, to study geothermal devel opment in
I mperial County, California, which has run from
1975 to the present, partly under NSF/ DCE sponsor -
ship from 1975-77, as well as under Law ence
Livermore Laboratory sponsorship from 1976-78.
this broad project, the present researchers were
i nvol ved in studying the popul ati on, soci oecononic,

In
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public opinion, |eadership, and policy aspects of
the County's geothermal devel opnent, results of
which are summarized in a previous report.

(Pasqual etti et al,, 1979), as well as in two
forthcom ng reports (Pick and Butler, 1979;
Butler and Pick, 1979--a full summary vol une).

LI M TI NG FACTORS ON GEOTHERVAL DEVELOPMENT

As | arge scal e geothermal devel oprment
commences in the County, many factors will com
bine tolimt its size and pace. For the pur-
poses of this paper, a limting factor is defined
as a mpjor inpedinent to the realization of geo-
thermal potential. The following Iist presents
major limting factors for Inperial County:
Transmission |ines
Fi nanci ng
Political factors
Cooling water availability
Direct use transm ssion pipes
Brine waste di sposal

Al though all these are considered inportant
as limting factors, the list is ordered in
i npor t ance. However, the real order of inportance
wi || depend on unknown future chains and sequences
of events, as the geothermal devel opnent process
unf ol ds.

Transm ssion Lines

Central to transmission lines as a limiting
factor is the existing transm ssion network of the
local wutility, the Inperial Irrigation District
(IID), which can only transnit a maxi num of about
300 MWe out of the County. Al though the problem
of geothernal energy will be solved by construc-
tion of one or nore 500 kV |lines out of the County,
there are delays of five to ten years in planning
the corridors, purchasing and condeming |and,
overcom ng regulatory and | egal delays, and con-
structing the transmission lines.

One sol ution proposed by the I|nperial
Action Plan (1978)

Val | ey
is to allow export of 2,000 MWe
of geothermal energy by expanding the existing IID
network into a triangular-shaped collector' system
consisting of 230 kV lines. This collector system
has nodes in all four KGRAs and has three inter-
connection substations to the 500 kV lines. To
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realize such a full system however, wll take
from5 to 20 or nore years. Recently, the San

Di ego Gas and El ectric Conpany announced con-
struction plans for a 500 kV line fromArizona to

San Diego, to follow either a |ower (Heber) route
or middle route (Niland) across the County. Con-
struction is planned in two stages, with the

Inperial Valley-San Diego link going in a year or
so before the Valley-Arizona link. Ener gy
inported to California from Arizona and New Mexi co
will be largely coal-fired rather than nuclear,
because the Pal o Verde nucl ear energy is already

under contract. This plan is conditional on
approval by the California Public Uilities
Commi ssi on. Thi s announcenent appears to inply

an increase above the present 300 MWe |initation
in the late 1980s.

Fi nanci ng

This is a factor of major inportance, because
of the large devel opnent cost per installed kW--a
cost estimated at $417-865/kW in 1979 dol |l ars,
based on Larson (1977). Hence, for conplete
devel opment of a field and power plant of 50 MW
capacity, 20.8 to 43.2 million dollars nust be
rai sed by developers, utility conpanies, and
others. A conference of the Ceothermal Resources
Council was recently devoted to the subject of
geot hermal financing (CGeothermal Resources
Council, 1978). The brief discussion belowis
largely based on that conference. For a fuller
discussion, the reader is referred to the con-
ference proceedings.

There are different ratios for distributing
a dollar sum of geothernal investnent between
devel oper, utility, and possibly also banks
finance conpanies, insurance conpanies, the
general investing public, and the government
In addition, however, it is also necessary to
spread the risk of financial |oss among one or
several of the above parties. Since a geotherm
devel opnent project takes place over many decades
the distribution ratios for noney and for finan-
cial risk may vary at different time points in
devel opment .

Many sol utions to geothernal
been proposed.

financing have
Four of these are nentioned

briefly.
1.  Developer-utility contract. This is the
standard geothernal financial package, which

general ly has costs split rather evenly between
devel oper and utility, but with risks weighted
more heavily towards the devel oper.

2. Developer-IRAC-Uility
a nodification of solution 1.
Ri sk Assumi ng Conpany.

contract. This is
An IRAC, or Interim
is a corporation created

only for the purposes of a single devel opnent
project. The IRAC, falling between the devel oper
and utility, is responsible for power plant con-

struction and assumes nost or all of the financial

risk.

This solution is
The

3. Leveraged Leasing.
analagous to | easing a home, as follows:
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"homeowner" (that is, |easing conpany which owns
the power plant) obtains financing froma

"nortgage conpany" (that is a bank or insurance
conpany) and | eases the "house" (that is, power
plant) to a lessee (that is, utility). A weakness

of leveraged |easing for geothernal purposes is
that the distribution of risk has not yet been
determned by the | egal system

4. Geothermal Loan Guarantee Program In
this DCE program 25% of the financing cost is
borne by the federal government for qualified

devel opnment conpanies. A weakness in this program
is that large conpanies are not willing to risk

| oss of conpany-wi de credit ratings in the case of
defaul t.

Besi des financial packaging options, there
are other neasures to reduce risk in geothernmal
fi nanci ng. These include shared projects and
reservoir insurance. In a shared project, several
utilities join together for percentage participa-
tion in a project. A second risk reduction
measure is insurance of the reservoir for both
length and quality of production. As the geo-

thernmal energy sector grows, the insurance indus-
try will nost probably develop plans for this type
of insurance.

Political Factors

These include public opinion and |eadership
di sput es. Di sputes invol ving geothermal energy
have already surfaced. For exanple, a dispute has
ari sen over the proposed |ocation of a secondary
sewage treatment plant in the Braw ey KGRA.
Landowners were concerned about displacement of
their agricultural holdings. The geothermal
devel oper (Union Q1) was involved, because of
city proposals for possible injection of the sew
age plant effluent into Union O1's geothernal
reservoir. The outcome of this conplicated dis-
pute is not yet clarified, but may involve litiga-
tion. Another dispute which recently surfaced
involved a retraining programto train County
residents in geothermal skills. This dispute has
revol ved around the question of precedence of
uni on workers over retrained residents for geo-
thermal jobs.

These two exanpl es are precursors of nany

potential political disputes as geothermal devel op-
ment unfolds. As liniting factors, political con-
flicts will surface unpredictably, depending on

devel opnental events.
in the United States,

Many recent energy events
i ncludi ng the dispute over

the location of the Sun Desert nuclear plant, have
been limted by political factors.
Direct Use Transmi ssion Pipes

Direct use applications of geothermal are
limted by the distances from geothermal fields to
the urban areas or industrial plant sites, which

use the hot water. For house heating in the
Western United States, a very small percent of the
popul ation lives within 10 nmiles of the water-
donmi nated geothernal fields (Lienau, 1978). The
mej or towns of Inperial County, Braw ey, El



Centro, and Calexico, accounting for 58.6 percent
of the 1970 popul ation, are either in the niddle
of a KGRA (Brawl ey) or bordering a KGRA (El Centro
and Cal exico). Therefore, distances from ngjor

town to KGRA direct heat sources are, at the nost,

several niles.

The EI Centro Community Center and Holly
Sugar Plant direct use projects do not plan to
utilize heat sources in KGRAs. Rather, drilling

be done within a half-mle distance from
Many of the other
uses are |ikewise
non- KGRA heat

will
each site on non-KGRA | and.
potential industrial direct
within a half mle of KGRA or
sour ces.

Wth such small hot water transmission dis-
tances relative to the rest of the western US.,
direct use would appear very favorable in the
county. Such a picture, however, is made |ess
rosy by the high cost of deep geothermal drilling

in the Inmperial Valley, and by the high cost and
environmental problems of transm ssion pipes.
Drilling costs are high because the three reser-
voirs near the populated areas are all at the

m nimum 3,000 feet deep. The cost of a produc-
tion well at such depths ranges in cost between
$500, 000 and $1,200,000. At other direct use

I ocations such as Boise and Klamath Falls, drill-

ing costs are much |ower because the nedium and
low tenperature reservoirs underneath these
cities are much shallower, sonetimes only several
hundred feet in depth.

A second problemis the cost of transm ssion
pipes. CGoldsmith (1976a) cites costs (installed)
for surface transmi ssion pipes of $10,000/mile

per inch of pipe diameter. For a typical hot
water well, steam and water pipes wth one-way
flow will cost $220,000/mile. However, the
cost is considerably increased by burying the
pipe. The increase is due to costs of excava-
tion, of special insulation to protect against
ground water, and of special thermal expansion
outlets. TRW(1977) estimates that buried 14"

insul ated pipes, with two-way flow, cost
$1,290,000 per mile. Similar 10" pipes woul d
cost $850,000 per nmile. In Inperial County
direct use applications, two-way brine flowis
necessary because of the necessity to reinject.
Therefore, even for the naximal, several.mile
di stances in the County, transnission pipe costs
woul d be substantial.
Under such financial constraints, how could
the huge lcelandic direct use have been built?
In Reykjavik, lceland, for instance, the direct
heating system serves 15,600 hones and apartnents,
The project econonics are viable because of the
consi stency of lceland s seasonal and di urnal
patterns, and because of cost sharing achieved by
a large nunber of consuners.

Envi ronnental problens with transm ssion
pi pes stemfromthe extrenely high tenperatures
(300-400° F.) of the steamand brine in the

pipes. There are dangers to humans and animals
from pipe contact (Coldsnith, 1976a). In addi-
tion, for buried pipes, small persistent |eakages
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could lead to ground contami nation, while a pipe
burst would be a najor hazard to the |and.

Cooling Water Availability

If no environnental controls are present,
wat er presents no problem for geothermal devel op-
nent. For exanple, at the Cerro Prieto geothernal
pl ant south of Mexicali, Mexico, agricultural
drain water is used for cooling purposes without

concern for environnental danmges, such as |and
subsi dence, land pollution, and others. In

I nperial County, however, environnental controls
will be strict. The Geothermal Element of the

County General Plan has strictures agai nst sub-
sidence, damage to agricultural |and, geothernal

use of fresh irrigation canal water, and so forth.
Therefore, cooling water requirements will need to
be carefully analyzed by all power plant operators
in the Valley.

VTN Inc. (1978)
water availability options for the Inperial
KGRAs under a variety of power plant designs
(flash, binary) and a variety of cooling water
sources (agricultural waste water, canal water,
ground water). Perhaps the npost realistic option,
of seven options studied, is Option B (flash
steam conplete reinjection, use of agricultural
waste water). In this case, three KGRAs nmy be
devel oped to maxi mum field capacity w thout cool -
ing water constraints. These KGRAs with estimated
mexi mum fi el d capacity in parentheses, are Heber
(1000 MWe), Salton Sea (2000 MWe), and Braw ey
(1000 MWe). The East Mesa KGRA (500 MWe) is con-
strained by water availability at only 40 MwWe,
because of the slight flow of agricultural waste
water in the Alano River in the southern part of
the county. Another |ess probable option studied
is Option D (flash steam conplete reinjection,

recently studied cooling
County

use of ground water, indirect contact condenser).
In this case, maxinumfield capacity is reached in
all four KGRAs, without water constraints.

Al t hough the vol ume of cooling water does not
appear to be a mpjor limting factor for geo-

thermal devel opment, this factor is conplicated by
the potential effects of water options on the
Salton Sea. Wien the Sea was fornmed, it rose to a

hei ght of 80 feet and then receded to a hei ght of
55 feet. Since 1925, the Sea has been rising. If
geot hermal water options cause a rise, |andowners
on the Sea edge will be threatened. On the other
hand, if an option causes the Sea to fall, sports
facilities at the Sea edge will be endangered. |f
the Sea's salinity rises, certain aquatic species
in the Sea, such as the sport fishes sargo

(Ani sotrenus davidsoni) and gul f croaker
(Bairdiella icistia) will be threatened (Layton,
1978). Goldsmith {(1976b) performed conputer simnu-
lations to deternmine effects of water options on
the Sea's level and salinity. Depending on cool -
ing water options chosen, for a 1000-2000 MW
capacity, the Sea level would vary between a 4
foot fall and a 10 foot rise, and Sea salinity
woul d vary between eventual stabilization and
doubling in amount.
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Brine Waste Disposal

A final linmting factor is the disposal of
geothermal brines. Ceothermal brines are very
hot and corrosive. In addition, they nmay contain
potentially damaging biological mterials. There
has been little experience worldw de with
environmentally regulated brine disposal. The

reason is that nmany existing plants are pernitted
to cause significant pollution from brine wastes.
At Cerro Prieto, for exanple, brine wastes are

di scharged into an evaporation pond. At

Lardarello, Italy, nost wastes are disposed,
untreated, into local streams, while at Wairakei,
New Zeal and, all brine wastes are enptied into

the Waihato River.

What brine disposal options are avail able?
Defferding et al. (1978) proposed the follow ng
list:

direct surface discharge
treatment and surface discharge
pondi ng
secondary use of
reinjection
reinjection with pretreatnment

effluents

D oW

Options 1 and 3 appear ruled out in I|nperial
County by the County General Plan. Presently,
option 5 is the npbst popular one in the planning
of power plants in the County. However, this
option has several mmjor problens. First, there
may be plugging of the reinjection wells.

Second, there may be reduction in the permeability
of the geothermal field due to precipitation of
the reinjected brines. Finally, there may be a
sanitary danger to drinking water if biological
organi sms survive in reinjected fluids,

Options 2, 4, and 6 have the di sadvantage of
requiring sewage treatment facilities. The cost
of these options will be related to the chemical
quality of the geothermal brines. The extent of
limititions fromthe brine waste disposal factor
i's unknown for a water-donminated resource in an

environmental |y regulated region. Presently, no
provi sion has been made by the County for a
shared disposal site. Although individual

devel opers appear to favor option 5 they may be

forced into forms of water treatnent.
CONCLUSI ON
CGeot hernal energy is inherently regional,

since it constrains locations of power plants and

direct use applications to within several dozen
nmles of the resource. For this reason, geo-
thermal will be developed in a wide variety of
geographic, environmental, and social |ocations.
Hence, the six limting factors discussed for
Imperial County will likely be different for

other devel opment locales. Such differences from

region to region make it all the nore inportant
to identify aregion's limting factors early in
the geothermal devel opnent process. Once the
factors are clearly identified, private industry
and governnental planners can hopefully proceed
nore quickly in nmitigating themto allow a
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reasonably sw ft devel opment process and maxim ze

eventual energy capacities.
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