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M r .  Bennie G. DiBona 
Director ,  Division of Geothermal Energy 
U. S. Department of Energy 
20 Massachusetts Avenue, N.W. 
M a i l  Stop 3122-C 
Washington, D. C. 20845 

M r .  Thomas Heenan 
Direc tor ,  Division of Geothermal Energy 
U, S. Department of Energy 
1333 Broadway 
Oakland, Cal i forn ia  94612 

Re: Unsol ic i ted Proposal t o  Construct and Operate a Binary-Cycle 
Geothermal Power Plant  a t  Heber, Cal i forn ia  

Gentlemen : 

unsol ic i ted  proposal t o  obta in  f i n a n c i a l  a s s i s t ance  from t h e  
Department of Energy (DOE) f o r  t h e  design, construct ion,  and 
operat ion of t h e  world's  f i r s t  l a rge-sca le  binary-cycle geothermal 
power p lan t .  We are a l s o  submitt ing t h i s  proposal to the  E l e c t r i c  
Power Research I n s t i t u t e  (EPRI) f o r  co-funding as w e l l .  
known as  t h e  "Heber Binary-Cycle Geothermal Project",  w i l l  support 
development of t h i s  Country's geothermal resources.  

San Diego Gas & E l e c t r i c  (SDG&E) is pleased t o  submit t h i s  

The project  

Though t h e  binary-cycle is  widely accepted as t h e  most 
economical means of generating power from moderat e temperature 
resources  common t o  a major i ty  of t h e  na t ion ' s  hydrothermal f i e l d s ,  
i t s  technology has  not  as ye t  been demonstrated on a commercial sca le .  
The Heber Pro jec t  w i l l  provide t h a t  c r i t i c a l  demonstration. 

program, t h e  pro jec t  w i l l  t r a n s f e r  power plant  technology and 
r e se rvo i r  experience t o  e l e c t r i c  u t i l i t i e s ,  resource developers,  
equipment manufacturers, and t h e  f i n a n c i a l  community, thus  providing 
t h e  necessary confidence f o r  t hese  groups t o  make commitments t o  

Through an in t ens ive  da t a  acqu i s i t i on  and dissemination 

ac c e l  era t e b inar y-c yc 1 e d eve l o  pment , 
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December 3, 1979 

- Unsolicited Proposal t o  Construct and Operate a Binary-Cycle 
Geothermal Power Plant  a t  Heber, Cal i forn ia  

SDG&E has assembled a highly qua l i f i ed  management team f o r  
t h e  pro jec t .  We have already secured many of t h e  key permits and 
l i c e n s e s  necessary t o  cons t ruc t  and opera te  t h e  p lan t .  The Southern 
Cal i forn ia  Edison Company, t h e  Imper ia l  I r r i g a t i o n  Distr ic t ,  and t h e  
S t a t e  of Cal i forn ia  Department of Water Resources have expressed an  
i n t e r e s t  i n  funding and owning a port ion of t h e  power plant .  
addi t ion ,  t h e  pro jec t  has received broad industry endorsement. 
EPRI, whose member u t i l i t i e s  represent  more than 80% of t h e  na t ion ' s  
e l e c t r i c  generating capac i ty ,  has  indicated s t rong support f o r  t h e  
pro jec t .  We are encouraged by such widespread u t i l i t y  i n t e r e s t ;  , 

nonetheless,  we are continuing t o  s o l i c i t  add i t iona l  pa r t i c ipa t ion  
from t h e  geothermal indus t ry  t o  a s su re  t h e  broadest industry 
involvement . 

I n  

Any quest ions regarding t h i s  proposal o r  t h e  pro jec t  should 
be addressed t o  : 

R. G. Lacy 
Manager, Heber Geothermal Project  
San Diego Gas & Electric Company 
P. 0. Box 1831 
San Diego, Cal i forn ia  92112 
Telephone: (714) 235-7730 

tG;i/b-& k. E. Morris 

President  and 
Chief Executive Off icer  

REM: GA : p j h 
Attachment 

cc: R. E. Balzhiser 
Vice-president of Research Development 
E l e c t r i c  Power Research I n s t i t u t e  
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December 3, 1979 

M r .  Bennie G. DiBona 
Director, Division of Geothermal Energy 

20 Massachusetts Avenue, N.W. 
Mail Stop 3122-C 
Washington, D.C. 20845 

Dear M r .  DiBona: 

. U. S. Department of Energy 

The estimates of the cost for plant design and 
construction, plant demonstration, and data acquisition 
and dissemination for the Neber Geothermal Project have 
been prepared by San Diego Gas and Electric Company using 
established estimating practices. 
reasonable.’given the research and development nature of 
the project and the extent of design work which has taken 
place. 
when contractual arrangements between SDG&E,Chevron, 
participants and contributors are finalized. 

We believe they are 

However, we recognize these costs could be adjusted 

In order to bound the DOE cost exposure for the 
project we are willing to negotiate a ceiling on potential 
DOE expenditures prior to signing an agreement. 

z F e 3 +  

. Robert G. Lacy, Manager 
Geothermal Project 
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SECTION I 
INTRODUCTION 

BfNARY CONVERSfON PROCESS 

the binary-cycle offers an impro temperature geother- 

mal resources into electric power. 
in Figure 1-1, has significant advantages over existing methods of 
geothermal power generation. The advantages of the binary process 
are that greater amounts of power can be generated from a given re- 
source, fewer wells are needed to support a given power output, and 

process for this type of resource. 

The process, shown schematically 

is expected to be more economical than the flash 
Another advantage is that the 

-cycle is a closed process and thus enhances environmental 

P '  

L 
f '  

L 
I 

1 
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Oenerator 
turtrlne 

Flgure 1-1. Bfnary-Cycle Conversfon Process for (I Geothermal Reservofr. 
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In addition, this process is applicable to a larger range of the 
nations geothermal reservoirs, It is estimated that 80 percent of 
the nation's hydrothermal resources can be classified as moderate 
temperature (300 to 410'F) resources. The flash process, commonly 
used to convert high temperature geothermal resources to electric 
power, is technically feasible for moderate temperature resources. 
However, when compared to the binary process for moderate temperature 
applications, the flash process conversion efficiency is lower, envi- 
ronmental impacts may require abatement, and power production costs 
may not be coxknercially competitive. 

HEBER BINARY PROJECT 

The objectives of the Heber Binary Project are to demonstrate the 
reliability, technical and economic feasibility, and environmental 
acceptability of a commercial-size, binary process geothermal power 
plant at a representative moderate temperature resource. Although 
successful feasibility studies, laboratory and field testing, and 
pilot plant operation been have completed, this project will be the 
world's first commercial size binary process power plant. 
ment of these objectives will serve as a major stimulus to develop 
the large majority of the nation's hydrothermal resources. 

Accomplish- 

SDG&E proposes to build this plant at a site ready for immediate con- 
struction and located on one of the most representative and well 
understood moderate temperature hydrothermal resources. The binary 
process plant design has been developed, field tested and optimized, 
and is now ready for detailed engineering. A proven and experienced 
management team will combine executive direction with centralized 
project management. 

SDG&E has assembled a highly qualified team to manage, design, and 
construct the power plant and the associated reservoir facilities. 
SDG&E will manage the project. 
the engineering, permitting, construction, and operation of the plant 

In this capacity, SDGM will implement 
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by drawing upon its own expertise and that of Fluor Power Services, 
Inc. as the architect-engineer and plant constructor, and Chevron 

s Company as the resource operator and developer. We have 
developed a statement of work for the project, a detailed work plan 
and work breakdown structure, and detailed schedules for the work. 
We ieve th proposal for the Heber Binary Project establishes 
a firm basis 

This volume presents a discussion of the sal 

lizing the objectives of the project. 

features Of Our pro- 
osal. The titles and cation of these eatures are as 

. . . . . . . . . . . . . . . . . . . . .  0 The Site Section 2. 

0 The Heber Reservoir . . . . . . . . . . . . . . . . .  Section 3. 

0 .Conversion System . . . . . . . . . . . . . . . . .  Section 4. 
. . . . . . . . . . . . . . . .  Power Distribution section 5 .  

0 Cost of Electricity . . . .  . . . . . . . . .  Section, 6 .  

0 Work Plan and Master Schedule . . . . . . . . . . .  Section 7. 
0 Project Management . . . . . . . . . . . . . . . .  Section 8 .  

ncial Arrangements . . . .  . . . . .  Section 9.  

0 Data Generation and Technology Transfer . . . . . .  Section 10. 

This projec 
temperature geothermal resources by 
commercial scale., 
the costs of demonstrating this binary-cycle process. 

the binaryprocess On a 
Our proposal offers an equitable basis for sharing 

We are also 
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convinced that every reasonable effort has been made to assure reali- 
zation of the project objectives. 
project will successfully provide the data necessary to prove the 
economic viability of the binary-cycle and accelerate the commercial 
development of these currently unused resources. 
with our planned 'information dissemination and technology transfer 
will result in a significant step forward in meeting our nation's 
electrical energy needs. 

This proposal offers the following unique benefits to the government 
and to the geothermal industry. 

We are highly confident that the 

These data together 

Immediate Results 

0 

0 Site purchased, approved and ready for construction. 

0 Plant architect-engineer selected. 

Prior design and licensing accomplished. 

Excellent Probability of Success 

Site specific studies, laboratory and site field testing, and 
related pilot plant activities. 

One of the most well understood reservoirs. 

Selection of a simple, single cycle, binary process, proven 
and available components. 

Acceptable environmental impacts with assured sources of cool- 
ing water. 

II 



Potential for Large Regional Commercial Expansion and Use 

0 SDG&E's long range commitment to geothermal development. 

Imperial Valley's potential of 6760 megawatts of geothermal 
power. 

0 

0 Direct participation of four utilities. 

National Applicability for Commercial Development 

0 The most representative moderate temperature ,,ydrothermal 
resource. 

e Commercial basis for project agreements. 
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SECTION 2 
THE SITE 

The site we have selected for the power plant is located near the 
center of the Heber Geothermal Reservoir in California's Imperial 
Valley, as shown in Figure 2-1. 
of San Diego and about one mile south of the townof Heber. 
site has been purchased by S D W ,  is readily accessible, and a Condi- 
tional Use Permit for the power plant obtained. Adequate supplies of 
cooling water for plant operation, and transmission lines for the 
distribution of the electrical power are located within or adjacent 

It is approximately 120 miles east 
The 

to the site. 

-. 
EL CENTRO 

Flgure 2-1. Heber Demonsfraflon Plan! Slte. 



Collectively, the geothermal reservoirs in the Imperial Valley have an 
estimated 6760 megawatts of electrical generating capacity. 
County has recognized this potential and has added a Geothermal Ele- 
ment to its General Development Plan. 
state policies to accelerate geothermal development. The County has 
actively encouraged geothermal development. Extensive reservoir ex- 
ploration, testing and environmental studies have already taken place. 

Accessibility to the site by highway is shown by the index map in 
Figure 2-2. Paved county roads allow easy access from Interstate 8 ,  

which passes .four miles north of the site. Rail access for freight 
is provided by a branch line of the Southern Pacific Railroad, which 
passes within a mile of the plant site, as shown in Figure 2-3. 
Scheduled air service is provided to the Imperial Valley airport, 
located about eight miles north of the site. 

Imperial 

The element is consistent with 

SDG&E has purchased 40 acres of land for the plant, which is imedi- 
ately north of Jasper Road and west of Dogwood Road, as shown in Fig- 
ure 2-3. Approximately 20 acres will be required for the project. 
This land is currently under agricultural production, and land which 
is not used for the plant and related facilities will remain under 
agricultural production. SDG&E has also obtained a Conditional Use 
Permit from Imperial County to construct and operate a commercial- 
size, binary-cycle geothermal power plant at the site. The permit 
was preceded by a thorough environmental study. The County has also 
issued a Conditional Use Permit to Chevron to construct and operate 
the geothermal brine production and injection facilities that are 
required by the plant. 
master Environmental Impact Report for development of 500 megawatts 
at the Heber Reservoir. This will reduce the licensing time required 
for follow-on power plants at the reservoir. 

The county is in the process of completing a 
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Figure 2-2. Index Map of Imperial Valley and the Project Area. 

I I  2-3 



5 / 

I 

I ROSS RD. 

ELCENTRO I 

{EBER RD. 

JASPER RD. 

Figure 2-3. Roads and Highways in the Heber Area. 
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SECTION 3 
THE HEBER RESERVOIR 

The Heber Geothermal Reservoir has been subjected to an extensive 
evaluation. 
reservoir evaluations have been completed. 
have been drilled in the area, the average depth being 5500 feet and 
the deepest 9700 feet. 
reservoir is provided in Figure 3-1. 
wells and includes the reservoir temperature profile to a depth of 
6000 feet. 
Geothermal Reservoir is one of the best understood reservoirs in the 
United States. 

Geophysical surveys, well drilling, well testing, and 
Fifteen exploratory wells 

A northwest by southeast cross-section of the 
This figure shows some of the 

As a result of this testing and evaluation, the Heber 

Hulse #l. J.D. Jackson Nowlin #l Thompson #2 G.T.W. #5 

4 

Figure 3-1. NW-SE Temperature Cross-Section o f  the Unit Area. 

depth 
(in 11.) 

! 



The Heber Reservoir lies within the Salton Trough. 
broad depression that extends from the Gulf of California to the 
Salton Sea. The Salton Trough is filled with mainly non-marine upper 
tertiary and quaternary sediments that reach a thickness in excess of 
20,000 feet. High heat flows are generally observed in this area. 

brine. 

The reservoir was defined by geophysical surveys, a shallow tempera- 
ture drilling program, deep drilling, and well testing. It covers an 

shown in Figure 3-1. 
metrically skewed plume of high temperature. 
within porous and permeable sediments and has a total dissolved solids 
content of 14,000 ppm. 

detailed reservoir testing. 

This trough is a 

I 
I In several local areas the sediments are charged with hot geothermal 

, 

area of approximately 7400 acres, with temperatures up to 375OF as 1 

The reservoir is sharply defined with an asym- 
The brine is contained 1 

I 
I I There is continuity of gross sand content 

across the field, and no impediments to flow have been observed in 1 

Analyses of log and core data from the wells indicate acceptable res- 
ervoir production and injection characteristics. 
the reservoir with good accuracy to 6000 feet. 
development drilling will be used to confirm estimates of heat dis- 
tribution and total reservoir capacity for the zones below 6000 feet. 
Reservoir pressures in the various sands are essentially hydrostatic. 
Drill stem tests, long term flow tests, and interference tests indi- 
cate acceptable reservoir continuity and high fluid flow capacity 
throughout the Heber Unit Area. Injectivity indicies during testing 
showed minimal degradation over a period of more than a month. 
effect of long-term injection on permeability degradation was also 
determined to be minimal. 

Isotherm maps define 
Data from future 

The 

The most efficient and economical development plan for the reservoir 
involves central production islands over the center of the heat 
anomaly and injection islands along its periphery. 
is returned to the reservoir would sweep hot brine to the central 
producing wells to maintain reservoir pressure. 

Cooled brine that 

The reservoir has 
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about 75  percent of its heat contained in the rock grains and about 
25 percent of its heat is contained in the geothermal brine. 
tral production and peripheral injection well-pattern allows the 
injected brine to contact the hot rock grains, thereby extracting and 
sweeping a larger fraction of the reservoir heat. 
tween the injecting and producing wells also minimizes the risk of 
cold brine break-though into the 

A cen- 

The distance be- 

oducing wells during the 30 year 
life of the power plant. 

Directional drilling from well-islands is a technique that has been 
applied by the petroleum industry for many years on off-shore rigs 
and on urban sites, and recently for geothermal steam at the Geysers. 
Moreover, Magma has used directional drilling at East Mesa. 
nique is firmly established. 

The tech- 

The use of production and injection islands for geothermal plants 
offer a number of significant advantages over older techniques. Com- 
mon well-pads require less land, and the number and length of surface 
production and injection pipelines are reduced, thereby minimizing 
environmental impacts. 
drilling, completions, and operations can be concentrated and put to 
common use. 
is expected to assist in data collection and verification of total 
field capability. 
development. 

Down-hole pumps will be developed for the production wells of the 
Heber Project, and the cost of this development paid for by Chevron. 
Since down-hole pumps are expected to be required by nearly all low 
and moderate temperature reservoirs, the Heber Project will again be 
representative. The pump design is expected to be an adaptation of 
the proven concept of the shaft-driven pump. This type of pump has 
already been proven at several geothermal reservoirs. However, other 
pump designs are currently undergoing test and development and will 
be reviewed before the type to be used in the Heber Project is finally 
specified . 

Equipment for production or injection well- 

The use of concentrated areas of production and injection 

All of these advantages reduce the cost of field 
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SUMMARY 

I t  has been independently estimated t h a t  the Heber Reservoir has 
enough heat-in-place t o  support more than 500 megawatts of power gen- 
erat ing capacity for  30 years. 
i s  required t o  confirm the field 's  total-capacity,  our assessment in- 
dicates t h a t  there i s  a high probabili ty t h a t  the t o t a l  capacity is 
i n  the  range of 500 megawatts. 

Although actual operating experience 
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SECTION 4 
CONVERSION SYSTEM 

BINARY-CYCLE CONVERSlON PROCESS 

The binary-cycle conversion process is one in which heat is transfer- 
red from the geothermal brine to a secondary working fluid. 
ing fluid is then vaporized and used to drive a turbine-generator. 
Upon leaving the turbine, the working fluid is condensed and re-used 
in a closed loop. A cross-sectional diagram of the process at a geo- 
thermal reservoir is provided in Figure 4-1. This process is in con- 
trast to a direct flash cycle, associated with higher temperature re- 
sources. In the direct flash cycle a portion of the geothermal brine 
is flashed into steam in flash vessels and the flashed steam is used 
to drive a turbine-generator. 

The work- 

/-- 

Figure 4-1. Binary-Cycle Converslon Process for a Geothermal Reservolr. 



Selection of the binary-cycle conversion process resulted from stud- 
ies, many of which were funded by the Electric Power Research Insti- 
tute, that evaluated the importance of moderate temperature geothermal 
resources, and the comparative economics of the process with other 
technologies, such as direct flash cycle. These studies were complet- 
ed in 1976 and subsequently verified. 
that the binary-cycle, using a saturated hydrocarbon as the working 
fluid, has significant potential for generating reliable electric 
power at a cost that is lower than a direct flash cycle when operated 
on reservoirs in the low to moderate temperature range. Other signi- 
ficant advantages include greater use of a given resource per unit of 
electrical output, flexibility to adapt to changing reservoir condi- 
tions, and elimination of non-condensable gas emissions to the atmos- 
phere. 

They supported the conclusion 

The binary process is based on a technology that is well established 
in the process industry, and it requires little modification for geo- 
thermal power generation. However, some of the components are not 
available in the size required for a commercial power plant. 

HEBER GEOTHERMAL POWER PLANT 

The conceptual design for the power plant is characterized by the fol- 
lowing features: 

A single hydrocarbon binary cycle, tailored from a simple 
Rankine Cycle, is used in the conversion process. Sensible 
heat from the brine is used to change the liquid hydrocarbon 
working fluid to a supercritical fluid. 

The binary working fluid is a saturated hydrocarbon mixture of 
90 percent isobutane and 10 percent isopentane that will be 
used over the life of the plant. 
to drive the turbine-generator. 

This fluid is then expanded 
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The geothermal brine enters a conventional, shell and tube, 
heat exchanger where the temperature is reduced to about 160OF. 
This reduction is a result of counter-flow heat exchange with 
the binary working fluid. The brine is then pumped to the in- 
jection island and returned to the reservoir. The geothermal 
brine iqnever exposed to the ambient air or hydrocarbon work- 
ing fluid. 

The hydrocarbon turbine is an efficient, compact, and clean 
unit. 

Plant accessories and cooling water systems are typical of in- 
land power plant 

The Heber Geothermal Power Plant s an outdoor-type facility with a 
net power output of approximately 45 megawatts. The gross capacity 
of the plant is 65 megawatts, which includes the power for auxiliary 
systems and the rese ies. The net cycle efficiency for 
the power plant is e e 11.2 percent. Reservoir tempera- 
ture decline over the plan fe will cause a slight reduction in. 
efficiency. Geotherma will increase from about 7 to 9 

million pounds per hour at end of life conditions. 
are about 38 percent less than an equivalent dual-stage flash plant. 

The outdoor concept provides for all major plant equipment to be in- 
stalled outside to reduce capital cost and to simplify handling of 
the hydrocarbon working fluid. 
from a central control room, and it will include complete support 
facilities. 

The brine production wells are located a 
minimize heat and pressure losses during the transport of the brine. 
The power plant and production island occupy approximately 20 acres. 

shows the relative location of the power plant, production 
ection island, and the brine return pipeline to the town- 

These brine flows 

The plant is designed for operation 

acent to the power plant to 

ship of Heber. 
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Figure 4-2. Brine Return Pipeline Route from Power Piant to Injection Island. 

A preliminary arrangement of the power plant is provided in Figure 
4-3. 

around the turbine-generator to allow direct runs of hydrocarbon 
piping, thereby decreasing pressures losses. Clearance and accessi- 
bility for maintenance and safety were also a primary consideration 
in the plant layout. 
building near the major equipment. 
lengths of control loops and provides the operators with easy access 
to the equipment. 
area. This location provides a safety circle radius of 170 feet to 
ensure personnel protection during upset conditions. 

The energy conversion equipment is strategically positioned 

The control room will be located in the main 
This location avoids excessive 

The flare stack is located in the settling pond 

The binary-cycle conversion process consists of three fluid loops: 
geothermal fluid (brine) loop, a hydrocarbon working fluid loop, and 
a cooling water loop. 
brine to the reservoir without direct exposure to the atmosphere or 
to the working fluid. 

a 

The brine loop is a closed loop, returning the 

The purpose of this loop is to provide an ef- 
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ficient and economic means of transferring the heat energy in the 
geothermal fluid to the hydrocarbon working fluid. A process flow 
diagram of the binary conversion system is shown in Figure 4-4. 

The hydrocarbon working fluid loop is a closed loop. 
efficient transfer of energy from the brine loop to the hydrocarbon 
turbine. In the hydrocarbon loop, the hydrocarbon is pressurized 
after it leaves the hydrocarbon condensers. The hydrocarbon is in 
turn heated to approximately 305OF as it passes through the brine- 
hydrocarbon heat exchangers. From the heat exchangers, the hydrocar- 
bon expands through the turbine and is then condensed in the hydro- 
carbon condensers. 

It provides for 

Although cooling water is recirculated, it is not a closed loop. 
Make-up water is continuously added to balance evaporative losses. 
This method of cooling is economic and efficient, and it is commonly 
used in power plant and process industry applications. Cooling is 
provided to condense the hydrocarbon working fluid after it leaves 
the turbine. As shown in Figure 4-4, cooling water is pumped from 
the cooling tower basin, circulated through the hydrocarbon condenser 
and returned to the cooling tower where the heat is released to the 
atmosphere through evaporative cooling. 

An objective of the project is to use as many proven commercial com- 
ponents, developed for the process industry, as possible. Although 
many research and development efforts to improve the components of 
this process appear to be promising, SDG&E has chosen to limit the 
number of new components through the use of the basic single cycle 
concept. 

The hydrocarbon turbine is a key development component in the binary 
power plant. There are many designs, but commercial size units do not 
exist. 
manufacture, and operation of a unit to meet the requirements of the 
Heber Power Plant. 
is feasible. 

Feasibility studies indicate high confidence in the design, 

Either a radial or an axial-flow turbine design 
The axial-flow turbine design would be based on princi- 
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ples used in the design of existing steam turbine and centrifugal and 
axial hydrocarbon compressors. The radial in-flow hydrocarbon expan- 
der design would be based on existing commercial gaseous fluid turbo- 
expanders used in the process industry. 

The hydrocarbon turbine has several advantages over a flash cycle 
steam turbine. 
ficantly improved. 
sealing, corrosion, or non-condensable gases do not apply to the 
hydrocarbon turbine. 
bon turbine, due primarily to fluid density differences, is expected 
to lead to substantial cost reductions. 

Turbine expansion efficiency is expected to be signi- 
The problems associated with brine carry-over, 

The significantly reduced size of the hydrocar- 

Turbine specifications will include development milestones and design 
reviews. 
will be placed on the manufacturer, and performance guarantees will 
be the primary means to assure its successful development. 
approach reduces the costs and risks of major component development, 
assures data transfer, and allows the remainder of the project team 

to concentrate on system performance. 
expressed a willingness to supply a turbine under these conditions. 

However, responsibility for the development of the turbine 

. This 

Several U.S. manufacturers have 

SUMMARY 

Based upon an extensive background of technical studies, it is appar- 
ent that the combination of binary-cycle technology and the moderate 
temperature geothermal reservoir at Heber is the most efficient means 
to use this type of resource to produce electricity. The single 
binary-cycle, will achieve a major performance using many components 
and technology proven in the process industry, and efficiency gain 
over the flash process at comparable conditions. previous laboratory - 
and heat exchanger field testing at this resource has confirmed the 
applicability of the plant design. 
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SECTION 5 
POWER R 

The major portion of 
Plant will be transm 
operated by the Imperial 
are shown in Figure 5-1. A majo transmission line project, 
the 500-kV Eastern Interconnection, is expected to be in service 
before the ber Binary Proj 
sion capaci for many sour 

electrical power generated by the Heber Power 

istrict (IID) and SD-, which 

ide needed transmis- 

ed in the Imperial 
fornia. However, terconnection is not part 

of this proposal. 

N z Brawl e y 

Figure 5-1. Electrical DistributJon Diagram Showing Routes from the' Plant t o  the €1 Centro and 
Imperial Valley Substations. 
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IID's 34.5-kV circuit which passes near the Heber Plant site will be 
connected with the plant's 34.5-kV switchyard. 
power plant would be delivered over IIDIs transmission system to the 
point of interconnection with SDG&E's Eastern Interconnection. That 
portion of the output of the plant not consumed in the Imperial Valley 
will be transmitted over the Eastern Interconnection to SDG&E's 
service territory. 
Los Angeles area network will allow consumption in broad areas of 
Southern California in accordance with power sales agreements. 
route of this interconnection is shown in Figure 5-2. 

The output from the 

If required, existing interconnections with the 

The 

If the Eastern Interconnection is not completed when the Heber Power 
Plant mes operational, there are several alternate means of de- 
livering power to the metropolitan areas of Southern California. In 
the unlikely event that transmission capability from the Heber Power 
Plant to San Diego is not possible, utilities with interconnections 
in the Imperial Valley could purchase the power and transmit it to 
their service areas. 

SUMMARY 

IID's portion of the power generated by the plant would be consumed 
in the Imperial Valley. 
mitted over SDG&EIs Eastern Interconnection. In the unlikely event 
that SDG&E's Eastern Interconnection is not available, 
a number of alternatives whereby the power could be transmitted and 
consumed by Southern California. 

Most of the remaining power would be trans- 

there will be 
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figure 5-2. Nectric Transmission Corridors in Southern Californla. The beaded, 500 KV line Is 
SDG&E’s planned “Eastern Connection.’’ 
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SECTION 
COST OF ELECTRICITY 

The busbar cost of electricity produced from any new sourcecof power 
must be competitive with the alternative sources of power. 
binary-cycle process offer 
using moderate temperature 

ectricity for th 
thermal, 'power 

The 
-potential O Ompeti tive busbar costs 

resou Our estimate Of the 
from a commercial, binary- 

perating at an 8o percent capacity 
factor is 89 mills/kWh. 
ational in mid-1984. 

total cost of electrici 

This estimate is for a plant that is oper- 
The estimate was developed using a revenue- 

ements method of c utation* The components representing the 

re listed in Figure 

- * 35 mi''s/kWh Or 39 percent 

0 Operation and Maintenance , . . , . . . , . . . . . . .12 mills/kWh or 13 percent 

Figure 6-1. Cost Elements f irst-Year Operation Of BinarY-Cycle, Power 



Derivation of the commercial economics for a binary-cycle power plant 
is a primary objective of the Heber Binary Project. 
estimate'of the commercial cost of power is not possible, we have 
conducted an analysis of these costs and established a preliminary 
estimate. 
on binary-cycle plants should be in the range of our alternative 
sources of power. 

Although a firm 

Our analysis indicates that the cost of power from follow- 

She utility capital investment represents a portion of the commercial 
busbar cost of power. The capital investment must provide a rate of 
return for the investor or lender. 
expenditures for licensing and environmental, engineering design and 
procurement of power plant facilities and brine pipelines, construc- 
tion and start-up. However, similar to any other construction pro- 
ject, additional capital investment is required to provide for escal- 
ation and allowance for funds used during construction accumulated 
before plant operation. 

Direct capital costs involve 

The cost of operating and maintaining the power plant and brine pipe- 
lines is directly connected with the production of electricity and is 
also included in the busbar cost of power. The annual operation and 
maintenance costs include the expenses for operation and maintenance 
to keep the plant in efficient operating condition along with the cost 
of cooling water, operating supplies, and property taxes. 

The Heber Binary Project will purchase geothermal heat from the reser- 
voir developers. The exact terms and conditions of the heat purchase 
agreements have not been completed however, an understanding has been 
reached as to the pricing method that will be used. The energy charge 
will be separated into 91fixed" and 1tvariablen9 portions. The fixed 
portion will be represents a minimum heat charge and it is independent 
of the capacity factor achieved by the plant. 
depends on the amount of heat used by the plant. 

The variable portion 

Power production costs are normalized to allow comparison of plants 
with different generating capacity. A unit cost of power (in mills/ 
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kwh) is simply the total revenue requirements (costs plus a return on 
investment and depreciation) for a year divided by the electrical 
energy generated ifi that year. 

As stated above, the first year (mid-1984) busbar cost of power is 89 

mills/kWh at a constant 80 percent capacity factor. 
cost elements which constitute this estimate are energy, plant cap- 
ital, and operation and maintenance. Their percentages of busbar cost 
of power are shown in Figure 6-1. This estimate does not represent 
the cost of the proposed project, but the commercial cost of power 
from a plant of identical design, assuming the project demonstration 

s is successful. These costs appear to be in the range of estimated 
costs for some of our alternate commercial sources of power initiated 

, G in this time frame. 
are : 

b’ 

The three major 

Other advantages of geothermal power generation 

e Energy costs (geothermal heat) are anticipated to escalate at 
a rate that is lower than the fuel cost escalation for alter- 
native power sources. 

The short licensing and construction time required for small 
geothermal plants minimizes the plant capital interest charges 
during construction. 

e 

Y 
SUMMARY 

I 

t 

Follow-on binary power plants will benefit from the engineering, pro- 
cedures, and testing accomplished by the Heber Binary Project. The 
cost reduction associated with equipment manufacturing and testing 
are difficult to quantify, but significant reductions are not unrea- 
sonable to expect. 
are expected to cause the power production cost from commercial, geo- 
thermal, binary, power plants to be lower than our present estimate. 
These factors are: 
erating capacity to obtain economies of scale; common site and res- 
ervoir facilities for multiple binary plants at the same resource; 

. 
In addition, there are several other factors which 

. 

binary cycle efficiency allows increasing the gen- 

f 



concurrent improvements associated with production wells and pumps. 
Each of these factors, singly or in some combination, tend to make 
follow-on binary, geothermal, power plants even more competitive with 
available conventional generating alternatives. 
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SECTION 7 
WORK PLAN AND MASTER SCHEDULE 

WORK PLAN 

The scope-of this project is to desi 
commercial-size, binary-cycle, geoth plant at the Heber 
Reservoir for a two year demonstration period. 
ject is to demonstrate the tec onomic feasibility as 
well as the ironmental acceptabili geothermal power generation 
using the bina 
four major tas which are gure 7-10 The tasks are to be 
performed by SDG&E, the Chev 
vices, Inc., and a Data Subcontractor. 

The goal of the pro- 

Resources Company, Fluor Power Ser- 

B i nary-C ycl e 
Geothermal 
Demonstration 
Power Plant 

b 

WBS #l. - 

Power Plant Design 

Injection Systems (SDG&E & Fluor) 
(Chevron) 

WBW.1 WBS #1.2 

Figure 7-1. First and Second Lewels of the Work Breakdown Structure for the Heber Binary Project. 
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Wells and Fluid Production and injection Systems - WBS #1.1 

Primary responsibility for this task has been assigned to Chevron Re- 
sources Company. 
of surface facilities for geothermal fluid production and injection, 
and operation of the field facilities to support plant operation. 

The task consists of well drilling, the construction 

Power Plant Design and Construction - WBS #1.2 

This task consists of the work by SDG&E and Fluor to manage the 
design, procurement, construction, and start-up of the power plant 
systems and the associated switchyard, distribution system, and the 
brine return pipeline. 
associated monitoring, design, procurement, construction, start-up, 
and project management activities. 

The task includes obtaining necessary permits, 

Power Plant Demonstration - WBS #1.3 

This task consists of the work by SDG&E to operate the power plant 
for a two-year period to achieve the basic objectives of the project 
The task includes services, repairs, facilities, overhaul, cleaning, 
consumables, testing, spare parts, and the tools necessary to operate 
the plant in a safe and reliable manner. 

Data Acquisition and Dissemination - WBS #1.4 

This task consists 'of the work by SDG&E and an independent subcontrac- 
tor in gathering, reducing, evaluating, and reporting on reservoir 
and plant performance data. 
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MASTER SCHEDULE 

The Master Schedule for the project is shown in Figure 7-2. 
ject term is 82 months. 

power plant demonstration. 
Will submit a final project report to the DOE and the Electric Power 
Research Institute. 
ject and contain SDG&E's assessment of the economic vitality of the 
plant. This report will form the basis for the DOE'S planned with- 
drawal from the project. 

Because of the progress previously accomplished in design and licens- 
ing for the project, engineering will begin immediately with the Co- 
operative Agreement. ~ q u  ent procurement will begin in the third 
month and the purchase or for the turbine-generator will be issued 
in the eleventh month. Construction of the power plant starts in the 
twenty-fifth month, subsequent to approval of the Federal Environmen- 
tal Impact Statement. 
the thirty-seventh month and conclude nine months after mechanical ' 

completion of the plant. The power plant demonstration period commen- 
ces at the end of plant start-up and continues for twenty-four months. 
The project is concluded four months later with a final report to the 
DOE and the Electric Power Research Institute. 

Major milestones for the project are also identified in Figure 7-2. 
In addition to these milestones, 
formal design review meetings ov r the first two-years of the project- 

The pro- 
It will begin with the Cooperative Agreement 

between the DOE and SDG&E and will end four months after a two-year 
At the conclusion of the project, SDG&E 

The report will document the results of the pro- 

Power plant start-up is scheduled to begin in 

. 

tj  

l i  

P I  
h 

The first review is a Conceptual Design Review, which will 
cover the design criteria for the power plant, the conceptual 
design documentation, and it will establish the basis for 
initiating the detailed design and engineering effort. 

The second review is a Preliminary Design Review which will 
result in releasing the preliminary design to begin the final 
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2ooperative PROJECT MAJOR MILESTONES Final 
B I NARY-CYCLE 0 EOTH ERM AL 

DEMONSTRATION POWER PLANT 
aareement Report - Mechanical 

Generator Completion 
Beain I a i n  Purchase I Complete 

Demonstratloi Coistruction Dehoi I -  lration - Order 
I WBS 

REF 
NUMBER 

1 
TASK OR EVENT 

DESCRIPTION 
IMACA 

l 

1.1 

1.1.1 

1.1.2 

1.1.3 

1.2 

1.2.1 

1.2.2 

1.2.3 

1.2.4 

1.2.5 

1.3 

1.4 

Wells & Fluid Production & injection Systems: 

-Design & Constructlon .......................... 
-Well Drilling 81 Testing .......................... 
-Starbup 81 Operatlon ............................ 

Power Plant Design 8 Construction: 

-Environmental Studies 8 Permits ................ 
-Engineering Design & Pracurement ............... 
-Power Plant Construction ....................... 
-Power Plant Start-up ............................ 
-PmjectManagement ........................... 

.-.--.--.I- 

- 

174 
:eptuai w gn Review Cycle Final Po- Revit 

Design Rev1 

a i  Design()-- 
'iwV 

Power Plant Demonstration. ......................... 

Data Acqulsitlon & Disseminatton ................... 

MACA Months After Cooperative Agreement. 

0-0 Actlvlty Perfad 

LEQEND 

v -Milestone or Event 

0 -Start/Flnlsh Activity *---- 0 Actlvlty as Requlred 

o -Issue 1st Purchase Order &---- A Dellvery Tlme Span Issue Date NOv.1@7~ 

Flgure 7-2. Master Schedule for the Heber Binary Prolect. 
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systems design effort. This review will concentrate on the 
piping and igstrumentation diagrams and system descriptions of 
the primary power cycle components; hydrocarbon, brine, and 
water systems. 
procurement package for the turbine-generator. 

The review will also include a review of the 

0 The third review is a Final Power Cycle Design Review, which 
will concentrate on the final design of the primary power cycle 
components. 

The fourth review is a final Design Review, which will include 
all systems and subsystems of the power plant which are ready 
for release to the construction effort. 
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SECTION 8 
PROJECT MANAGEMENT 

PROJECT 0 RGA NIZATION 

Executive control of the project rests with an Executive Committee, 
which is composed of five members of SDG&E's management, one member 
from each of the participating organizations, namely, the Imperial 
Irrigation District, the Southern California Edison Company, and the 
California Department of Water and Power, and one member from the 
Electric Power Research Institute. 
will be SDG&E's Vice President of Engineering. The interaction of the 
major management elements and project responsibilities of the partici- 

he chairman of this committee 

pating companies are shown in Figure 8-1. 
. .  

--- SDG&E & Fluor 

Flgure 8-1. Operating Relationshlps and Project Responslbllities. 



EXECUTIVE COM MITTEE 

This committee has as its charter the successful execution of the 
project in accordance with the agreement between the participating 
companies. In brief, the committee oversees the Heber Binary Project 
on a business endeavor and provides management-by-exception resolution 
of technical and business problems outside of the scope of the Cooper- 
ative Agreement with the DOE, or referred to it by the Manager of the 
Heber Geothermal Project. 

Regarding matters of procedure, the committee will act as an evalua- 
tion forum for problems or issues which do not have gross financial 
or operating implications on the participating companies. The com- 
mittee will deliberate on the possible courses of action open to it 
and on the consequences of those actions. 
to approach a unanimity of decision within the time alloted by the 
problem, the committee chairman will exercise authority to render such 
decision. This procedure will ensure a definitive response to program 
exigencies which, although outside the Manager's authority to resolve, 
nevertheless require timely action. 
ity for making decisions on behalf of the participants resides with 
the lead utility, namely, SDG&E. 

If the committee is unable 

Final authority and responsibil- 

The cognizant DOE representatives for the project will have unhindered 
and complete access to the project organization. 
access, we have identified several specific channels. For executive 
management purposes, the DOE may communicate directly with the chair- 
man of the Executive Committee using the telecon, written correspon- 
dence, management reviews, and meetings. Exchanges concerning the 
daily activities of the project will be made between the DOE Project 
Manager and the SDG&E's Manager of the Heber Geothermal Project. 
latter channel will be the primary decision-making one for the Coop- 
erative Agreement. 

To ensure their 

The 

We also encourage communication between the DOE 
representatives and personnel below the Manager to promote mutual 
understanding of project status and direction. 
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TECHNICAL ISSUES REVIEW AND ADVISORY BOARD 

Supporting the project is a Technical Issues Review and Advisory 
Board, chaired by a member of SDG&E's Engineering Department. The 
role of this board will be one of support to the Executive'Committee 
and to the Manager of the Heber Geothermal Project for the resolution 
of technical issues that may be required. Membership will consist of 
one representative from each participating company, the Electric Power 
Research Institute, the California Energy Commission, and other con- 
tributing companies. 
will be called upon as necessary to assist the board. 
provide a strong technical foundation for the decisions of the Execu- 

1 

u 
ij 

1 

Technical consultants in the geothermal field 
bd 

! This board will d 
F *  tive Committee. 

MANAGER OF THE HEBER GEOTHERMAL PROJECT MANAGER OF THE HEBER GEOTHERMAL PROJECT 

r i  

Y 
l l  

I 

L! 

Mr. Robert G. Lacy has been selected as the Manager of the Heber Geo- 
thermal Project. In this position he will report directly to the Ex- 
ecutive Committee, and he will be responsible for the daily activities 

His time is committed 100 percent to the project, and 
he has total responsibility and commensurate authority for all techni- 
cal, cost, and schedule aspects of the project. 

roject. 

His current admini- 
strative position within SDG&E is Manager of Generation Engineering. 

ut the Heber Binary 
project-oriented, the 

central lines of communication and 
e and the Manager of the Heber 

tain access to the supporting line departments of 
various subcontractors. As shown on Figure 8-2 ,  Che 
Manager is Mr. A. M. Cooper and the Project Manager 
Services, Inc., is Mr. S .  G. Unitt. 
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c Chevron I Project Manager I Manager - Heber 
Geothermal Project (Heat Sales Agreement) - - - - - - - - -  

I A.  cooper I 
Reservoir Mgmt. 

0 Well Drilling 
0 Fluid Prod. & Injection 

Operation & Maintenance 

Business Planning - Control 
Administration 

Legailcontracts Adm. 
Procurement 
Fuel Resources 
GOV. Affair8 
Public 1nfo.lLiaison 

Finance 
Accounting 
Scheduling 
Computer Services 
Project Reporting 

1 1 I Project I I Project I 
Engineer Assurance Environmental 

J. M. Burns L. Bernath 

Quality Assurance 
0 Impact Statement 0 Reliability 

Licenslng & Permits 

SDG&E 

SDG&E 

I , 

Plant Design 

S. G. Unitt 

Plant Starbup 
& Testfng U SDG&E 

Transmission Planning 
Englneering Support 

0 Construction 

~~ 

Process Engineering 
Design & Systems Engrg. 
Equip. Procurement 
Plant Construction 

Control Veriflcatlon 
Electrical Production 
Operator Trainlng 
Operation & Maintenance 

I Data Acquisition I & Dissemination 
I Subcontractor I 

Data Acquisition 
Analysis & Evaluation 
Dissemination 
Data Management 



This project organization allows immediate response to changing pro- 
ject needs while drawing upon the full technical experience and judge- 
mental capabilities residing with e participating companies. The 
SDGStE positions shown on the proj organization chart will be filled 
by following SDG&E1s standard administrative practices after the Co- 
operative Agreement with the DOE ha been signed. 
complete freedom t allocate his re urces to meet project exigencies, 
and he may take a other actions he deems appropriate to fulfill pro- 
ject goals, so long as those actions are consistent with the operating 
policies and procedures of the participating companies and the Coop- 
erative Agreement with the DOE. 

/J The Manager has 

SJ 
L 
6 1  

QUA LlFlCAllO NS 
L ' Over the past 40 years, SDG&E has developed project management capa- 

bilities by supervising the design, construction, and operation of 
fossil steam power plants,' liquid natural gas storage and handling 
facilities, and gas .and electrical transmission systems. We have also 
acquired geothermal experience through such activities as exploration, 
research, field development, and test demonstration. 

Chevron is the pajor leaseholder on the Heber Reservoir and has been 
designated the Unit Operator for evaluation and development of the 
reservoir. Chevron is a subsidiary of Standard Oil Company of Cali- 

operation to explore for and develop crude oil and natural gas re- 
serves, to transport crude oil, natural gas, and petroleum products 
by pipeline, tank ships, and trucks, to operate large refinery com- 
plexes, and to market a complete line of petroleum products. 
company maintains extensive research facilities for studies of petro- 
l e u  resources, processes, and products. The company is also inves- 

the similarity between geothermal and oil or gas field development, 
Chevron has a large base of expertise to draw upon for well drilling 
and the activities associated with resource extraction and injection. 

L: 
ia' 
L 
1 %  fornia. The company is engaged in a world-wide, integrated petroleum 
-ow 
i i  
ki 
i ?  
%d 

The 

$ tigating alternate energy sources, such as geothermal. Because of 
&d 
' *, 

ii 
f 

{ !  
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The Fluor office that will be responsible for the design and construc- 
tion of Heber Power Plant is located in Imine, California, about 90 

miles north of San Diego. Fluor's qualifications as engineers and 
constructors extend from major experience in refining, chemical pro- 
cessing, and power generation to many years of government contract 
work in the energy field. 
the proposed binary-cycle plant and conducted design optimization 
studies under an earlier project sponsored by S D W ,  the Electric 
Power Research Institute, and several other utilities and state gov- 
ernment agencies. 
carbon turbo-expanders to natural gas processing. This experience 
will be directly applied to the binary-cycle power plant at Heber. 

Fluor provided the conceptual design for 

Their experience includes the application of hydro- 
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SECTION 9 
FINANCIAL ARRANGEMENTS 

PARTICWANTS AND CONTRIBUTORS 

The parties that have expressed 
SDG&E are the Imperial Irrigation District, the Southern C 
Edison Company and.the Ca 
Electric Power Research I 

expected to provide 
ship interest. Othe 
expected to provide contributions to the project. Based upon letters 
of interest from the prospective co-owners and EPRI, we have developed 

ir interest in being 

rnia Department Of Water Resources* 

tute and the Department Of Energy are 
The 

ancial assistance to the project without Owner- 
tilities and California state agencies are 

the cost sharing plan shown in Figure 9-1. 

Project Cost Sharing (Percent) 
Source of Funding 

Government: DOE..  ........... 

SCE ............. 

Contributors: EPRI.. ........... 

Others.. ......... 

TOTAL 

Capital 

50 

30 

4 

2 

1 

10 

3 

100% 

lemonstratior 

50 

32 

10 

5 

3 

100% 

Total 

50 

31 

6 

6 

1 

7 

2 

100% 

Figure 9-1. Anticipated F inanclal Arrangements for the Heber Geothermal Project. 
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A Participation Agreement will be required for the project. It will 
contain provisions for the owners to share any obligations and reve- 
nues that are derived from the plant. 
tion to the financial investment in the project by each owner. Some 
of the other provisions that will be included in this agreement are: 

Such sharing will be in propor- 

Management of the project by S D W .  

Participant membership on the project's Executive Committee 
and Technical Issues Review and Advisory Board, 

Participant ownership and project obligations. 

Operating arrangements, such as geothermal heat sales, water 
supply, power sales, land ownership, plant operation, termina- 
tion, etc. 

Following execution of this agreement, SDG&E will act on behalf of 
the owners to negotiate a Cooperative Agreement with the DOE. 

OPERATING AGREEMENTS 

Major agreements required to operate the plant are heat sales, water 
supply and power sales, and transmission agreements. Long term heat 
sales agreements are being negotiated with Chevron and the other res- 
ervoir developers. These agreements will provide the reservoir devel- 
opers with a reasonable commercial return on their investment, but 
are expected to limit escalation, limit liability in the event of res- 
ervoir failure, and specify interfaces on a commercial basis. Trans- 
mittal of all non proprietary reservoir data will also be included in 
the agreements. 

SDGW has entered into an agreement with Imperial Irrigation District 
for an assured plant cooling water supply. 
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Power sales agreements will be the responsibility of each participant. 
The power generated will be allocated based on ownership interest. 
Transmission to the metropolitan area of San Diego is expected to use 
SDG&E's Eastern Interconnection Line. 

COST SHARING 

The total capital cost of the project will be shared by the DOE, par- 
ticipants, and contributors. SDG&E is requesting that the DOE provide 
fifty percent of the operating costs for the two-year demonstration 
period. We are also requesting that the DOE pay 100 percent of the 
data acquisition and dissemination costs. These costs are subject to 
the agreement between SD&E and the DOE on the scope of work for this 
task. SDG&E also expects to receive additional funding for the pro- 
ject from contributors such as the Electric Power Research Institute 
and others. 

REVENUE SHARING 

Net revenues resulting from the sale of power from the Binary-Cycle 
Geothermal Demonstration Power Plant will accrue solely to the parti- 
cipants (plant owners) in proportion to their respective ownership 
interests in the plant. 
by the DOE, the participants would be willing to negotiate a provision 
whereby any net revenues earned from the electric power sales could 
be shared with DOE. It is proposed that such revenue sharing would 
commence at the beginning of demonstration period and extend into the 
commercial operation period. 

In view of the contributions to the project 
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LONG TERM COMMITMENT . 

San Diego's load growth and long-term commitment to geothermal devel- 
opment should easily allow integration of the power from this plant, 
if successful and competitive in cost, into SDG&E's resource base. 
SDG&E's 1979 resource plan shows up to 800 megawatts of geothermal 

In addition to the Heber Pro- 
ject, other SDG&E geothermal activities include a contract with Magma 

plant at East Mesa, letters of intent for two commercial, 50 megawatt 

and related activities. These plans and activities, plus the signif- 
icant capital and other resources committed to this project, assure 

I electric energy capacity through 1995. 

for purchase of power and data from their 10 megawatt binary pilot I 
I 
I 

, power plants with Magma and Republic Geothermal, reservoir development 

maximum long range usefulness of this project and subsequent geother- 
mal expansion. 
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SECTION 10 
DATA GENERATION AND TECHNOLOGY TRANSFER 

DATA GENERATION 

Our plan for the generation and management of data on system perfor- 
mance, reliability, commercial potential, and environmental accept- 
ability of the power plant and reservoir operations is summarized in 
Figure 10-1. 
task for the project. 
joint responsibility of SDG&E and an independent subcontractor. 
semination of power plant and reservoir operational data will be the 
Data Subcontractor's responsibility. The technology transfer, which 
'will involve access to the plant by the geothermal industry and the 
release of plant design information that is developed during the pro- 
ject, will be a joint responsibility. 

We have established a Data Acquisition and Dissemination 
We are proposing that this task will be the 

Dis- 

Reservoir Operations 

Binary System Data 
Other Plant Data 
Fluid Production & 
Injection Data 

Data Acquisition, 
Reduction, & Analysis 

Data Collection Systems 
Plant Performance 
Turblne-Generator Performance 
Reliability Assessment 
Environmental Assessment 
Economic Assessment 

Access to Plant by Geothermal Industry 
Semi-annual Technical Meeting with 
Manufacturers and Geothermal Industry 
Utility Personnel Training Public Meetings 

- 

Figure 10-1. Key Elements of SDG&E's Dafa Generation and Technology Transfer Plan. 
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Broad applications of the binary-cycle technology are expected to 
result from this project. 
dissemination task will be to collect and disseminate useful power 
plant and performance information on this technology to a broad spec- 
trum of potential users to accelerate commercial development of mod- 
erate temperature hydrothermal resources. 

The objective of the data acquisition and 

DATA COLLECTION 

An on-site data collection system will be designed and constructed. 
Binary-cycle data and information will receive first priority. The 
design of this system will be reviewed by the Data Subcontractor and 
integrated into this subcontractor's data handling requirements and 
procedures. 
ly with the design and construction of the plant. 
criteria, specifications, drawing, and "as-built" configurations will 
be acquired during this phase. 

This phase of the effort will be accomplished concurrent- 
Data such as design 

Management, storage, and retrieval of the data will be accomplished 
by both on and off-site activities. On-site data calibration, compu- 
ter and cassette tape processing and display will allow immediate val- 
idation and correction. Off-site data storage, retrieval, and reduc- 
tion will also provide easy access for analysis and evaluation by the 
subcontractor. Data collection will be accomplished throughout the 
entire project, ranging from design criteria to operational data on 
the power plant and the reservoir facilities. 

Although binary-cycle data will be the primary focus, other plant and 
reservoir data and analysis will also be addressed. The objective of 
the analysis and evaluation is to provide a comprehensive design and 
operational data base for application to other geothermal binary power 
plants. The intent is to identify areas of insufficient data which 
can be addressed by this project. Evaluation will include design 
parameters, system and component efficiencies, response to transient 
conditions, operation and maintenance, busbar electricity costs, and 
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plant reliability. 

lNFORMATION DISSEMINATION 

The dissemination of information will be accomplished by several 
methods. 
Technical Information Service as well as direct mailings to interested 
parties. 
industry will be held to discuss technology status and problems and 
to receive industry inputs to the project. 

Technical reports will be distributed through the National 

Semi-annual meetings with representatives of the geothermal 

TECHNOLOGY TRANSFER 

A staff training program will allow participating and non-partkipat- 
ing utility staff personnel to obtain first hand geothermal plant 
experience and training. 
tributors such as EPRI, and the use of an independent subcontractor 
assures a wide audience within the project. 
project can be directly applied to other binary geothermal projects. 

The spectrum of project participants, con- 

Experience gained in the 

SUMMARY 

Our plan presents an imaginative and comprehensive method to generate 
and effectively transfer technical data from this project. We will ~ 

concentrate on those portions of the binary-cycle technology that can 
be directly used by industry for other geothermal applications. This 
will conserve funds and focus attention on required areas, 

- 

The selec- 
tion of an independently qualified subcontractor will result in direct 
two way communication with the geothermal industry, provide the de- 
tailed information required for effectively transfering the technol- 
ogy, and promote commercial geothermal development. 
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