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ABSTRACT 

The study c o m p r i s e s  Phase  0 of a pro jec t  f o r  Exper imenta l  

Geothermal  R e s e a r c h  Fac i l i t i es ,  pe r fo rmed  by TRW Sys tems 

Group under  Grant  No. GI-44149 of the National Science Founda- 

t ion ' s  ove ra l l  p r o g r a m  of Resea rch  Applied to National Needs 

(RANN) . The study focuses  on identification of a representa t ive  

l iquid-dominat ed geothermal  r e  s e  rvo i r  of modera t e  t e m p e r a t u r e  
and salinity,  p re l imina ry  engineering de sign of an appropr ia te  

ene rgy  convers ion  sys tem,  identification of c r i t i ca l  technology, 

and planning f o r  implementat ion of exper imenta l  fac i l i t i es .  

objectives included development of l ia ison with the indus t r ia l  

s ec to r ,  to  e n s u r e  respons iveness  to  the i r  views i n  facil i ty requi re -  

The 

m e n t s  and planning, and incorporat ion of environmental  and socio- 

economic fac tors .  

The overa l l  project ,  of which the six-month Phase  0 is re- 

por ted  here in ,  is phased i n  accordance  with R A "  guidelines. 
"1 This  P h a s e  0 , r e p o r t  cove r s  problem definition and s y s t e m s  

r equ i r emen t s .  

facil i ty,  and tes t ing  of components. 

t a i led  des ign  and construct ion of an  exper imenta l  geothermal  

e l e c t r i c a l  powerplant at E a s t  Mesa, Imper ia l  County, California. 
Fac i l i t i e s  will incorpora te  capabili ty f o r  r e s e a r c h  i n  component, 

sys t em,  and m a t e r i a l s  technology and a nominal  10 MWe exper i -  

Phase  1 will involve design of the exper imenta l  

Phase  2 will  compr i se  de- 
/ 
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1. INTRODUCTION AND SUMMARY 

This repor t  presents r e s u l t s  of a 
study sponsored by the National Science 

Foundation as p a r t  of t h e i r ' p r o  

research i n  u t i l i z a t i o n  of geo 

resources. It focuses on iden t i f i ca t ion  

of a representat ive liquid-dominated geo- 

thermal reservoi r  of moderate temperature 

and s a l i n i t y ,  preliminary engineering 

design of an appropriate energy conversion 

system, iden t i f i ca t ion  of c r i t i ca l  tech- 

nology, and planning f o r  implementation of 

experimental f a c i l i t i e s .  The object ives  

include development of l i a i s o n  with the 

i n d u s t r i a l  sec tor ,  t o  assure  responsive- 

ness t o  t h e i r  views i n  f a c i l i t y  require- 

ments and planning, and incorporation of 

environmental and socio-economic fac tors .  

The study comprises Phase 0 of a pro jec t  

i n  "Experimental Geothermal Research 

Fac i l i t i e s , "  performed by TRW Systems Group 
under Grant No, GI-44149 of the  National 

Sclence Foundation's overa l l  program of 
"Research Applied t o  National Needs"(RANN). 

A geothermal reservoir has been d i s -  

covered a t  East Mesa, Imperial County, 

Cal i fornia ,  which uniquely meets criteria 
establ ished t o  select a i t e  on which 

f a c i l i t i e s  can be devel ed t o  conduct 

research i n  technology i n  using l iquid-  

dominated systems of moderate temperature 

and s a l i n i t y .  Further, i t  appears that a 
range of f l u i d  characteristics is ava i lab le  

a t  t h i a  si te,  this providing a spectrum of 

test f l u i d  parameters t o  potential experi- 
menters. Engineering s tudies  have indica- 

ted a binary energy conversion system as 

optimum for u t i l i z a t i o n  of f l u i d s  produced 

from exis t ing  wells on the site. 

advisors t o  the pro jec t  have indicated the  

d e s i r a b i l i t y  of the planned experimental 

f a c i l i t i e s ,  and it has been determined 

that (1) environmental impact is com- 

parat ively low, and (2) there  are v iab le  

options f o r  u t i l i z a t i o n  of power generated 

a t  the  site. Final ly ,  i t  has been deter-  

mined that ownership of s i t e  improvements 

can and should be vested i n  a government 

agency. 
area. 

I n d u s t r i a l  

Options a l s o  appear v iab le  i n  t h i s  

The ove ra l l  p ro jec t ,  of which the  

six-month Phase 0 is  reported herein,  is 
phased i n  accordance with RANN guidelines 
as indicated i n  the  pro jec t  flow diagram 

(Figure 1-1). 
problem d e f i n i t i o n  and systems require- 

ments. 

experimental f a c i l i t y  and t e s t ing  of com- 

ponents. 

design and construction of an experimental 
geothermal electrical power p lan t  f a c i l i t y ,  

Incorporating f a c i l i t i e s  f o r  research i n  
component, system, and materials technology, 

This Phase 0 repor t  covers 

Phase 1 w i l l  involve design of the  

Phase 2 w i l l  comprise de t a i l ed  

nd a nominal 10 xperimen t a1 binary 

cycle power g e n e r a t h g  plant ,  as shown i n  

Figure 1-2. 
d.  

Previous s tudies  and invest igat ions 

have indicated the existence of l a rge  

po ten t i a l  reserves of geothermal water i n  

the United State8 which, i f  u t i l i z e d ,  

might s ign i f i can t ly  reduce the  need f o r  

f o s s i l  fue l s ,  I n  view of the  na t iona l  

, 
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goals for development and uti 
geothermal energy (nominally MWe 
by 1985, thus saving the equivalent of 
750,000 barrels of oil per day), current 
capital investment is comparatively low. 

bn of The results of the study are summarized 
as follows: 

a While many areas in the United 
States are highly prospective for 
liquid-dominated geothermal reser- 
voirs, only a few are proven. From 

Our study, and contact wfth the industrial 
sector, indicates that, aside from avail- 

viewpoints of existing reservoir 
development and availability of 
data to the public, the East Mesa 

ability of the resource itself, extant site is unique. It is representa- 

i"r: 
I t  

technology for extraction and conversion tive of a liquid-dominated reser- 
voir, exhibiting fluid properties 

of geothermal fluid energy is at present 
inadequate to present low risk to capital. 
Construction and operation of the planned 

of 3500F to 390°F and 3,000 to 
25,000 ppm total dissolved solids. 

0 Assuming proven extraction and 
experimental research facilities, with 
appropriate industrial participation, would 
thus hasten the availability of requisite 
technology to move utilization of geother- 

conversion technology is avail- 
able. (an overall project objec- 
tive), representative geothermal 
hot water resources can cost- 
effectively compete with oil-fired 
power plants at a petroleum cost 

mal brine reservoirs from experimental to 
operational phases in a time frame consis- 
tent with national objectives. 

of $8 per barrel or higher. 

A binary cycle energy conversion 
system using isobutane as the 
working fluid in a closed Rankine 

0 

n! 

<'U In recognition of needs for the 
experimental facilities, the Phase 0 study 

A 

cycle was determined to be the 
most efficient and cost effective 
in the representative resource. 

objectives were to 
0 The technology for the binary/ 

0 Select a r esentative geothermal 1 Rankine cycle system is as yet 
not sufficiently developed to 
institute large scale commercial 

0 Select an energy conversion system utilization. 
optimally compatible with the 
properties of the selected resource e An experimental test facility is 

required for the dqvelopment of 
0 Define utilization system require- critical technology. The facility 

mente, technical, economic, and must accommodate a broad range of 
environmen tal research and a variety of system 

concepts, many of which are promis- 
0 Identify critical technology ing but extremely developmental. 

Component and materials technology 
0 Plan Phase 1 and Phase 2 development is required, however, 

even for application of more con- 
ventioml (e.g., binary) systems 

a Develop Pha geothermal energy conversion. 

experiments 

To provide credib eliabilfty and 
econamic data for 
major capital investment $n binary participation, 



geothermal power p lan ts ,  a repre- 
sen ta t ive  i n s t a l l a t i o n  of 10 W e  
naninal caphcity is required. Such 
a f a c i l i t y ,  located a t  East Mesa, 

load center.  

Imperial County, Cal i fornia  s a t i s f i e s  the 

c r i t e r i a  uniquely and advantageously. 
Fluid characteristics (nominally 350°F and 

e a  proven by the f i v e  

y the USBR. Estimated 
independently) of 

ies a t  the  East 

completion of Phase 1, 44 months erally-sponsored 
from the  start of 
mpletion of the 
f a c i l i t i e s .  flow- of the  site by BR is w e l l  along; 

ever, TRW st rongly recommends an 
accelerated schedule i n  which cer- 
t a i n  port ions of both phases are 
conducted currently.  This accel 
erated schedule w i l l  r e s u l t  i n  a 
t o t a l  program time frame of 
30 months - saving a f u l l  year 

Project  object ives ,  plus  review of 

select ion,  generalized here f o r  brev i ty  

site is sur- 

e r t i on  into the' l o c a l  
e available.  

ation makes it highly 
s s ib l e ,  and re levant  

the U.S. Bureau of Reclamation (USBR) i n  



development of the region’s geo- 
thermal reservoirs. Rapid transfer son of candidate systems included costing 
of technological development to 
commercial utilization is 
facilitated. 

Baseline characteristics for compari- 

in 1974 dollars, plant output of 50 MWe, 
use of wet cooling towers, and direction- 

0 Development of facil ally d d wells. For the selected 
government land would not &litail a 
third party beneficiary question. 

Three basic energy conversion system 

binary m, all-up (wells and power 
plant) costs of $540 per kilowatt were 
projected, which were the lowest of all 

concepts, and permutations thereof, were candidates considered. Since wet cooling 

studied to select an optimal for known and 
postulated characteristics of the reser- 
voir, and available cost and engineering 
data. These included flashed st kilowatt. Costs ah30 were projected for 
binary, and hybrid binary systems at 3, 10, 25, and 50 MWe 

an effort wa8 made output for comparison. It was determined 
where technological breakthroughs were 
implied, although technological develop- 10 We. Components of 10 MWe 
ment is required in all cases, as noted in tor, switchgear and turbine) 

towers are precluded in arid regions, e.g., 
East Mesa, we have projected binary system 
costs with dry cooling towers at $1,008 per 

--- ,. 

-. -._ #***I - -._ . .  

that all-up cost was roughly linear with 

the body of this report. are the smallest size commercially avail- 
able which are representative of utility 

selected reservoir, a binary energy conver- 
sion system using isobutane as the working 
fluid appears optimal. Development of 
technology for reliability, performance, 
and economy in binary systems would in our 
view make such systems logical choices for 

commercial development on a large scale, in 
view of the recognized preponderance of 
moderate temperature geothermal deposits in 

for binary system concept demonstration 
plant is a nominal output of 10 MWe. 

system cost compari- 
as critical 

u i m p a c t  on a broad spectrum of energy con- effort in materials proof testing is 

version and utilization concepts. required. 
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To gain the views of the power utility 
industry as related to the objectives of 

bdthe study, TRW invited representatives of 
the Southern California Edison Company, 
the San Diego Gas and Electric 
the cities of Burbank and Riverside td act 
as Project Advisors. 
the Sierra Club was also invited to act as 
an advisor to provide an early communica- 
tive link with the environmentalist com- 

, and 

A representative of 

1 invitations were accepted, and 
of information and views 

implemented through briefings, interviews, 
and correspondence. 
Project Advisors are presented in Appendix D. 

fort was made to gain a consensual 

The views of the 

opinion from the advisors as a group. How- 

technological development to m i  

capital risk and meet environmental criteria 

Edison Company are indi 

badly needed hard- 

tally sensitive of the sites that were 

considered and is therefore the preferable 
from the environmental standpoint.” -I 

i 

1 
Utilization of the completed experi- 

lities for maximal benefit to 

evelopment of geothermal power I 
i itution of policies and mecha- 

nisms to gain industrial participation in 
t 1 research and development performed in the 
i i facilities, and rapid and effective trans- i 

conditions and restraints indicated below. : , 
We include as options: 

\ fer of information, subject to certain i 

a Government sponsored work contracted 
to industrial firms, fully reported 
in the open literature 

facilities to industrial 
er which arrangement 

right6 in data are protected 

ta requirements, 

nizatians, e,g., 

technology as applicable to comer--. 

with the USBR, which currently occupies 
the site and is a logical choice as lead 



r? 

i d 

1 

agency for the planned facility implemen- 
fer of the facility t o  the 

Energy Research and Development Agency 
(ERDA) is suggested as an option. 
a close coupling with USBR is 

recommended throughout the prc, ecause 
of their previous work at the site, but . 

also to capitalize on the potential €or 
alternative use of the geothermal fluids 
as well as power generated at the site. 

However, 

Priorities for experimental work have 
been identified and clarified by the study. 
Immediately recognized are needs for tech- 
nological development in down-hole pumps, 
heat exchangers, and materials. A general 
requirement for well completion technology 
to increase formation permeability and well 
production rates is observed. Considerable 
progress in these areas is anticipated in 
Phases 1 and 2 of the project. Section 5 

presents our Recommended Implementation 
Plan. The reader is also referred to the 
comments of Mr. James Woodburn, Chief En- 
gineer, Public Service Department,City of 
Burbank, in Appendix D. 

Recognizing the critical nature of the 
need, the planning has included concurrent 
Phase 1 and Phase 2 activities as an 
option. 
project team and working relationships with 
the necessary consultants, equipment manu- 

TRW has further established a 

facturers, and architecture and engineer- 
ing firm to support an accelerated effort. 
If implemented, the accelerated effort 
would result in total project completion 
within 30 months. 

Because of the breadth of scope and 
the many issues addressed in the study, 
this introduction cannot do more than 
indicate results and recommendations. We 
have attempted to facilitate review of the 
work by organization of this report into 
two volumes: 

Volume I - Experimental Geothermal 
Research Facilities 
Volume I includes reports 
of all of the major study 
efforts and summarized 
results and recommendations 
including implementation 
plans for Phase 1 and 2. 

Volume I1 -Appendices A through I 
Volume I1 presents detailed 
results of studies and 
analyses arranged in nine 
appendices which can be 
consulted by the reader 
as desired. 

TRW has elected t o  use units of the 
English system of measurement throughout 
the report, rather than metric, since A&E 
firms, drilling contractors, and the 
utility industry are all uniform in the 
uses of the English system. 

I 
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2. RESOURCE EVALUATION AND SELECTION 

A bas i c  problem fac ing  the develop- 

ment of a v iab le  geothermal power industry 

lies i n  the ’ loca t ion  of usable 
resources. The geothermal f l u i d  most 

l i k e l y  t o  be used f o r  fu ture  power gen- 
e ra t ing  systems is hot water of moderate 

temperature and s a l i n i t y .  Use of dry 

steam such as is  found i n  the  Geysers 

F ie ld  of Cal i fornia ,  or highly s a l i n e  

waters such as are found i n  the  Niland 

Field of Cal i fornia ,  probably w i l l  be 

rare. 
geothermal hot  water resources of moderate 

temperature and s a l i n i t y .  

I n  t h i s  study, w e  concentrated on 

The eleven western states between the 

Rocky Mountains and the Pac i f i c  Ocean form 

a major geothermal province. Throughout 
t h i s  region, late Ter t ia ry  and Recent vol- 

canic rocks are widespread, ho t  spr ings 

are numerous, and many abnormally high 

temperature gradients  wcur  i n  o i l  w e l l s .  
Also, over 240 good measurements of ter- 
restrial hea t  flow now exist i n  the 
United S t a t e s  and these show a clear 

d iv is ion  of t h e  country i n t o  western and 

regions marked by extensive volcanic and 

tec tonic  a c t i v i t y  i n  Tertiary and Recent 

times. 

world’s producing geothermal f i e l d s  t o  

da te  and provide the bes t  prospects f o r  

Such regions have provided a l l  the 

the fu ture .  

The widespread normal and t ransverse 

fau l t ing ,  the  volcanic a c t i v i t y  and the  

high hea t  flow cha rac t e r i s t i c s  of the  

western United S t a t e s  a l l  f i t  i n t o  the  
global p i c tu re  of p l a t e  tec tonics  express- 

i n g  complex events occurring as t he  North 

American cont inental  p l a t e  overrode the 
E a s t  Pac i f i c  R i s e ,  a major sea f l o o r  

spreading axis.  

I n  the  11 western states, geothermal 

exploration has been underway f o r  approxi- 
mately 20 years. 
s i s t e d  primarily of sur face  geological 

and hydrological mapping and d r i l l i n g  of 
shallow wells. Lately, sur face  geophysi- 

c a l  surveys have become common, and w e l l s  

deeper than 2,000 f e e t  have been d r i l l e d .  

Surface geophysical da ta  and one o r  more 
deep w e l l s  e x i s t  i n  a t  least 27 loca t ions ,  

and exploration appears t o  b e  acceler- 

at ing.  The geothermal resource po ten t i a l  
of the western states is de ta i l ed  i n  

Early exploration con- 

f t h i s  study w a s  t o  

e fo r  an experimental 

1, hydrological, and 

socio-economic da ta  ava i lab le  on both 

proven and po ten t i a l  geothermal resources. 

Based on t h i s  review, w e  developed the  



following set of cri teria f o r  These c r i t e r  and the s i te  se l ec t ion  
the  si te.  u l l y  i n  Appen- 

a b i l i t y  of t 
ence of a geothermal re 

0 Existence of a hot  wate 
es, TRW found tha t  the 

ment, and a v a i l a b i l i t y  of geo- 
technical  and reservoi r  data  
including 

- Deep w e l l s  with geophysical 
logs 

- Surface geophysical s 

- Test data  on water t 
and chemical composition 

amation (USBR) 

urface geophysical 

ns and deep d r i l l i n g .  The - Desirable po ros i t i e s  and 
permeabili ties 

has been proven. major fu ture  development 

re already i n  place,  and n o .  - Thick sequence of reservoir ' 

s t ra t  
ta l ,  p o l i t i c a l  and in s t i -  - Good inte and intra-strata 

communication permitt ing 

o No restri 
nat ion of a l l  d 

ucers; the f i f t h  (Mesa 5-1) is an lnjec-  

t i on  well. There are no hot  spr ings o r  - Minimal p o l i t i c a l  and i n s t i t u -  
t i ona l  problems. 







other  surf  ace manifestations of geothermal 

a c t i v i t y  a t  East Mesa. 
a c t i v i t y ,  and seismic-noise, i nd ica t e  

incident  with the  f i e l d  as 

ure  2-3. Major f au l t i ng  i n  
the  f i e l d  has been postulated (see Fig- 

ures 2-2 and 2-3). 

The f i e l d  lies on the  east flank of 

the Sal ton Trough, the  cont inental  exten- 

s ion  of the  E a s t  Pac i f i c  R i s e .  The sur- 
face a t  East Mesa is barren and feature- 

less alluvium and dune sand. 

crustal outcrops are Ter t ia ry  volcanics 
approximately 25 m i l e s  t o  the  east and 

(d 

Figure 2-4 presents  temperature pro- 
The nearest  f i l e s  of t he  East Mesa geothermal w e l l s .  

Note t h a t  f o r  a l l  w e l l s ,  the  p r o f i l e  
steepens below 2,500 fee t .  

p r o f i l e  probably denotes a change i n  hea t  

occurring above 2,500 f ee t  and convective t a i c  sequence of sands, silts and clays 
becoming compacted t o  sandstone, s i l t s t o n e  

hea t  flow maximum ( tha t  is, Mesa 6-1, 6-2, and claystone with depth. 
%and 8-l), temperatures a t  depths below graphic marker beds, e i t h e r  l i t ho log ica l  

' #,500 f e e t  average 350°F, which is high o r  paleontological, have been iden t i f i ed  ,I:  ': , p. - 
' enough t o  be exploi table;  temperatures a t  and no well-to-well cor re la t ions  have been . 

found on the  geophysical logs. This lack 
of cor re la t ions  has made determination,of 

This change i n  
I nor theas t 
1 t r ans fe r  mechanism, conductive t r ans fe r  

The subsurface of E a s t  Mesa is  a del- 

1 
1 
I t r ans fe r  below. For wells ly ing  on the  

I No strati- 
i 
i 
I - .  

the  same depths i n  w e l l s  off  the  hea t  flow 

maximum (Mesa 5-1 and 31-1) are lower, 
nominally 275'F. 

. .- I 

' 6d 
II t i c u l a r l y  d i f f :  
:% 

the  geologic s t r u c t u r e  of the m r p '  

c - -  . 
x 

data  ind '  

- e  
-- ' 6d the  geologic s t r u c t u r e  of the area par- 

t i c u l a r l y  d i f f i c u l t .  Seismic r e f r ac t ion  

da ta  ind ica t e  t h a t  the  basement is a t  

least 11,000 f e e t  deep. 

Geophysical da ta  obtained from logs 

s were combined by 
and computer method t o  determine 

a c t e r i s t i c s ,  includ- Surface geophysical exploration tech- 
le l i tho logy ,  poros i ty ,  

program output is 
ch were combined t o  

niques have bee 
East Mesa area. 
used has shown an anomaly over the  geo- 

r sa tu ra t ion ,  and w a t e r  

lues  of porosity,  
ter qua l i ty  over importance i n  discovering and de 

contours derived from the  thermal measure- 

proximate ten foot  i n t e rva l s ;  these are 

5 i nd ica t e  c lay.  wells. Note t h a t  ' the  

physical techniques, such as gravi ty ,  

electrical-resis t i v i t y  , microearthquake 

t e n t  is considerably 

uctive hea t  t r ans fe r  
zone above 2,500 f e e t .  Sand predominates 
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from 2,500 t o  7,000 f e e t ;  belt& 
m 
i clay content again becomes s ign i f i can t .  s a l i n e  body ranging from 10,000 t o  
ag/ Bulk porosity. is approximately 20 percent 25,000 ppm. Other wells i n  the  area, how- 

from 2,500 t o  7,000 feet and diminishes 

below t h a t  depth. 

ever,  are not deep enough t o  determine 

whether t h i s  postulated deeper reservoi r  

In the  Saraband process, permeability 

I s  derived empirically from t h e  porosity 
data  and therefore  may be  subject t o  ques- 

t i o n  a t  any one s p e c i f i c  l o c a l i t y ,  such as 
East Mesa. The general Saraband-derived 6,000 f e e t  becomes fresher  ( s a l i n i t y  

permeabili t ies of 50 t o  100 mi l l i da rc i e s  decreases) as distance from the area of 
are i n  general agreement with permeabili- maximum hea t  flow increases. Water i n  the  

t ies  provided by o ther  inves t iga tors  (Rex area of maximum hea t  flow, as evidenced by 

e t  al ,  1972) However, permeability the  Mesa 6-1 and 6-2 wells, is more highly 

values derived from d r i l l  stem test da ta  mineralized, i .e . ,  contains noore ions  

are considerably lower than the  Saraband 

Analysis of water qua l i t y  i n  the  geo- 

thermal f i e l d  wells and i n  outlying wild- 

cat o i l  w e l l s  ind ica tes  t ha t  water above 

from the hea t  flow maximum. - 
Permeability decreases below 7,000 I n  summary, the geothermal reservoi r  

f e e t  i n  Mesa 6-1 and becomes less than one 

mill idarcy below 7,600 f e e t .  Water pro- between 4,200 and 6,200 f ee t .  This 2,000- 

duction below t h i s  depth has been a t t r i b -  

uted t o  f r a c t u r e  r a the r  than intergranu- 

at East Mesa appears t o  l i e  a t  depths 

foot  i n t e r v a l  (or  reservoir)  represents  

the  b e s t  tradeoff between water tempera- 

' ture,  water qua l i ty ,  and formation sta- 
b i l i t y .  Furthermore, i t  af fords  a hos t  

rock sec t ion  th ick  enough to provide the 

water flow needed f o r  the  power generating 

e water t a b l e  et East Mesa is 
shallow - less than 20 feet-  and the sub- 

surface sec t ion  is 100 percent water sat- 
urated. 

(defined as the  t o t a l  dissolved s o l i d s  by 
weight) below 2,500 f e e t  is 4,000 t o  

5,000 p a r t s  per mi l l ion  (pprn) ,decreasing 

t o  approximately 3,000 ppm below 
5,000 f ee t .  Of p a r t i c u l a r  interest is the  

In  Mesa 6-1, water qua l i ty  
Environmental considerations, notably 

subsidence, are a very real concern a t  the 

East Mesa si te.  A first and second order 

level network has been established i n  the  

is network is resurveyed 

0 feet. This depth 

-foot clay beds. Th 

East Mesa - a f resher  water body of tiltmeters and two extensometers placed 



i n  d r i l l  holes previously used f o r  thermal 

measurements. 

Appendix B contains de ta i ls  
geology, geophysics, geochemist 

hydrology of the East Mesa Field.  

The East Mesa Field can be  a p r o l i f i c  

geothermal producer if developed properly. 
Theoretical ca lcu la t ions  ind ica t e  tha t  the 

l i f e  of the  f i e l d  can be extended beyond 

100 years if the produced water is rein- 
Jected i n t o  the  reservoi r .  Based on the 

l imited da ta  ava i lab le ,  t he  expected flow 

rate f r o i a  s i n g l e  w e 1 1  is a t  leaqt 
0.7 gallons/minute/foot of prod 

i t h  a pressure drawdown 

I f  the producing sec t ion  is 1,500 
e t ,  t he  minimum expected flow from one 

6 w e l l  is 1.5 x 10 ga l lo  

Appendix C f o  

1 t e s t i n g  is 
required t o  e s t ab l i sh  reservoi r  ex ten t  and 

continuity , including s ta t ic  and 

pressure measurements, pulse test 
t e s t i n g  f o r  in te r fe rence  am0 

wells. 

the  i n j e c t i v i t y  cha rac t e r i s t i c s  of t he  

formation should 
t i ona l  temperatu 

Also, it  may be 
mathematical models of the vo l  

sweep e f f i c i e n c i e s  of water re 

For the purpose of water cycling, 

etermine the  e f f i c  

operations as a function of we 
and spacing. Information f r o  

tests and surveys can be used to  select 
t h e  optimum loca t ion  o f  i n j ec t ion  welss, 
t o  r e f i n e  values of porosity and 

permeability, and t o  improve estimates of 

reservoi r  pressure. USBR plans t o  conduct 

production and in j ec t ion  test program 

i n  t t Mesa Field i n  the  near fu ture .  

Water flow rates and recoverable hea t  
are two important cha rac t e r i s t i c s  i n  eval- 

uating the  Field 's  po ten t i a l  as a geo- 

thermal energy, source. Because of the 

l imited production h is tory  and test da t a  

ava i lab le ,  estimating flow rate (i.e., 

reservoi r  productivity) is d i f f i c u l t .  

Nevertheless, productivity estimates have 

been made by three  d i f f e ren t  methods: 

0 D r i l l  .stem tests 

0 ct flow data  

0.7 gallons/minute/foot 

t i ona l  200-foot 

s teady+s ta te  condition, a 

0.7 8allonsfminute/foot of producing 
sec t ion  is a conservative estimate, and a 

flow rate of 1.0 gallons/minute/foot 



appears e n t i r e l y  reasonable, considering 

the  uncer ta in t ies  i n  the permeability 

about two years expected flow from f i v e  

w e l l s .  

Therefore, any p rac t i ca l  means of determinations. As noted preyiously, 
nominal permeabili t ies of more than 

100 mi l l idarc ies  are obtained f r  

geophysical w e l l  logs  through the  Saraband 

process; t he  l imi ted  d r i l l  stem test da ta  

show nominal permeabili t ies of one 

mill idarcy . 

long;. te 
F ie ld  ti equire  re in jec t ion  of the  
produced water. Heat is contained in t h e  

hos t  rock as w e l l  as the water s tored  i n  

the pore volumes and the  t o t a l  hea t  is 
equivalent t o  an e f f ec t ive  t o t a l  of three 

oduction from the East Mesa 

I 

I f  production reduces the  reservoi r  pore volumes of f lu id .  A very conserva- 

pressure t o  below t h e  f l u i d  vapor pres- t i v e  estimate of the hea t  f r ac t ion  tha t  
sure ,  f l u i d  production would be i n  the 

vapor phase and considerable addi t iona l  t ranspor t  is 25 percent. I n  theory, a l l  

hea t  could be  extracted from the  host  rock t h i s  water should be recovered a t  the  
as hea t  of vaporization. Production rates i n i t i a l  reservoi r  temperature, although 

would be low however, because of the low addi t iona l  inves t iga t ion  of the reservoi r  

pressures involved. 

could be recovered by convective heat  

volume swept by the re in jec ted  water is 
required. Estimating hot  water reserves 

requires  knowledge of the  reservoi r  s i z e  

and recharge cha rac t e r i s t i c s .  Since the  ’ without hea t  recharge, a recoverable hot 
cha rac t e r i s t i c s  of the hea t  recharge from 

the  hea t  source as as y e t  unknown, t h i s  

Accordingly, with re in jec t ion ,  bu t  

water reserve of 4.7 x 10l1 gal lons of ho t  
water may e x i s t  a t  East Mesa. A t  an 

f a c t o r  is neglected and only water an t ic ipa ted  production rate of 3 x 10 9 
recharge is  included, For t h i s  study, gallons/year, t h i s  reserve w i l l  supply the  
the reservoi r  is considered t o  be bounded 
by a thermal gradient  of S0F/lO0 f e e t .  

The area so defined is approximately ten  

square miles. With an average producing 

test f a c i l i t y  fo r  w e l l  over 100 years .  

This reserve is s u f f i c i e n t  t o  sup- 
ply 60 megawatts f o r  a commercially- 

i f e  of 30 years. 

erve f igu re  is very conservative, 
recharge, he re t o  f lu id’  i n  place t o t a l s  

r a b l e  reserves are 5 x 10 9 gal lons,  t h e  real is t ic  power po ten t i a l  of 





3. ENERGY CONVERSION SYSTEM SELECTION AND ASSESSMENT 
1 

This section summarizes te 0 Power plant size 

Size assessments and candidate gebkh - tems and subsystems that are based on 
studies described in the appendices. 1 to 3 MWe e It 
describes an energy conversion system for 0 

and economics favoring commercial 
development. 

3.1 GUIDELINES AND CONSTRAINTS 50 W e  0 

The following design requirements, 
constraints and considerations were used 
in the parametric characterization and 
comparative evaluation of candidate energy 

a 

.q conversion systems. 

electrical power generation that uses 

salinity (<20,000 ppn total dissolved 
moderate temperature (300 to 400°F) and e 

solids) geothermal well fluids. The 
selected and optimized system is based on 
the East Mesa environments and reservoir 

10 MWe 0 

characteristics. It affords the most bene- 
fit at the least cost, with acceptable 
environmental impact. 

0 

25 W e  a This section also identifies and 
recommends critical technology developments 
and experiments to demonstrate reliability 

0 

Applicability 2 
One well production * 

Electrical collec- 
tion concepts 

Near small distant 
load center (i.e., 
Alaska) 

Geothermal interest 
identified nominal 
demonstration plant 

Near small distant 
load centers (i.e., 
Long Valley, Raft 
River, Hawaii) 

Midpoint cost 
scaling 

Potential binary 
cycle turbine size 
limitation 

Approximates field 
well fluid collee- 
tion module practi- 
cal size (20 acre 
spacing) 

Near a large load 
center (i.e., East 
Mesa, Niland, Heber) 

3.1.1 Study Parameters 
o Well fluid temperature: 300 to 

The following demand, well fluid, and 4000F 

a Individual production well flows: environment parameters were used in select- 
ing candidate systems and in analyzing 
their performance characteristics and 

1000 to 1500 GPM 

o Condensing temperature: 100 to 

-Ld 



3.1.2 Reservoir Characteristics 

Recommended system selectioh is based 
on East Mesa reservoir characters 
identified in Section 2 and summa as 

0 Producing Zone. The opthum well- 
fluid producing zone is between 
5200 to 6200 feet. The selection 
is based on the representative low 
salinity, high porosity, and high 
permeability characteristics 
exhibited by USBR well Mesa 6-1, 

Well Fluid Temperature of 350°F. 
This selection is based on the 
average zone temperature of the 
three representative USBR wells: 

0 

6-1, 6-2, and 8-1. 

0 Formation Pressures. East Mesa 
reservoir formation pressure is 
hydrostatic. 

o Well Fluid Salinity. The USBR 
chemical analyses indicated in 
Table 3-1 are-selected as repre- 
sentative for design evaluation. 

0 Reservoir. Productivity is esti- 
mated at 1000 GPM per well. 

3.1.3 Environments 

The following data were used to 
establish thermal environment guidelines 
in the evaluation of cooling (plant heat 
rejection) subsystems. 

0 Air Temperatures. Table 3-2 
presents a climatological summary 
for El Centro which is 20 miles 
west of the East Mesa area. 

0 East Highline Canal. 
approximately 2 miles west of the 
USBR test site, may be a candidate 

Table 3-1. Well Fluid Chemical Analyses 
(USBR Water Analyses) 

Vel I 6-2 
!one (feet) 54563957 
IH 6-7 

6- 1 
6809-7982 . 

6-8 

PPm 

\la 725 
< 03 

8.5 ,a 
% 0.8 

c. 

KO3 749 

SO4 182 

CI 793 
GO2 301 

Fe . 2.6 
B 16.7 
F c 

- p04 
Li 11 
so 6 
S 0.8 

TDS (-) 2,880 

- H2S 

PPm 

6,263 
782 

.642 

204 
2.8 

. 17.3 

11,053 
163 

1 
15.3 
1.07 
0.17 

19,14!5 

1 PPm 

for use as a thermal sink wlthin 
these constraints: 
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- Summer normal flow of geothermal fluids af forG4 ot,.er advantages: 
it provides for subsidence control and 

- Winter minimum flow (rainy nds geothermal reservoir life. To 

2500 second feet (cu ft/sec) 

season) of 200 second 

- Cutouts for repair, c 
d gbsbible seismic disturbances, rein- 

be carried out at a point 
fault zones. average of one week/ye 

- Closed loop thermal extraction 
only with no process water 
extraction or effluent . plant will depend substantially on design 

options associated with various subsystem pollution 

functions: extraction, brine transmission, 
, and electrical trans- 

Environmental impact of the geothermal 

a Ground Water. Ten shallow wells 
have been drilled encompassing 
USBR wells 6-1 and 6-2. Repre- 
sentative water tables vary from 
7 to 22 feet and water tempera- 
tures approximate YOOF. 

must accommodate environmental impact con- 

siderations. Ap H summarize 

In consider 

eL- 

reinjected to ground. Reinjection of the 



m I 
aesthetics of drilling rig and equipment, 
Fortunately, drilling and exploration are 

6$ of short duration, and their adverse effects 
can be mitigated by suitable precautions, 
such as precipitators and silehcer 
the effluent 'steam discharge. However, 
because of the remoteness of the test area, 
mitigation measures probably will not be 
required. 

As Phase 1 of the geothermal project 
progresses, activities will be constrained 
by the California Environmental Quality 
Act of 1970. It requires that local agen- 
cies evaluate the consequences of any pro- 
posed project on the environment. 
Imperial County (and other counties with 
geothermal resources), local agencies 
require' completion of a special application 

In 

for exploratory geothermal drilling, and cp' 
another approval scheme for a permit to 
undertake a geothermal project. 
these permits require an environmental 
impact statement. 

Both o f  - 

In applying for a permit to conduct 
exploratory drilling, a project report 
relating to the proposed drilling activi- 
ties is required. The statement for 

rilling is drafted by the 
ty Planning Department. We 

expect that exploratory drilling e l l  be 
approved readily because East Mesa 
been the site of the USBR geothermal 
.projects in the past, and environmental 

F 

impact reports have been drafted by the 
USBR and approved. 

rk 

In applying for a permit to construct 
te a geothermal power plant at 
sed site, the Planning Department 

of Imperial County requires an environmen- 
tal impact report. The USBR has provided . 
an environmental statement for a similar 
geothermal project in this area before; 
therefore substantial information on impact 
assessment exists. Our investigation found 
that the area is generally insensitive to 
environment impact, and that the proposed 
geothermal projects will cause no signifi- 
cant adverse effects provided the design 
includes suitable mitigation provisions. 
We anticipate that we will be able to rely 
substantially on USBR impact reports in 
drafting an environmental statement for the 
Experimental Research Facilities and in 
demonstrating the environmental acceptabil- 
ity of these activities. 

3.1.5 Advisor's Views and Comments 

To gain the views of the power utility 
industry, TRW invited representatives of 
the Southern California Edison Company, 
the San Diego Gas 

* 
Department of the Interior, Bureau of 
Reclamatiou, 1) Euvlronmental Statement, 
Final Deep Geothermal Test Well, Geother- 
mal Resource Investigations, Imperial 
Valley, California; FES 72-9, April 1972. 
2) Supplement to the Final Environmental 
Statement on Proposed Deep Geothermal Test 
Well; - F'ES 73-5, February 1973. 



and the cities of Burbank and Riverside to 
act as project advisors. A representative 
of the Sierra Club also was invited to act 
as an advisor. .The views of the 
advisors are presented in Append 
tradeoff optimizations and implementation 
planning are responsive to the advisors' 
views. 

In summary, the utility companies 
consider the following problem areas the 
major retardants to industrial development 
of geothermal power (in order of priority): 

0 Methods or systems for determining 
the expected longevity and recover- 
able energy from geothermal 
reservoirs. 

0 Definition of a true geothermal 
resource. A reliable estimate of 
availability of geothermal energy 
based on true produceability. 

0 Development of reliable/economical 
production equipment: e.g., heat 
exchangers (host important) down- 
hole pumps, high quality steam 
separators. 

e Tradeoff analyses and techniques 
for evaluation of long-range 
economics. 

The advisors also generally recognized 
the following requirements to justify a 
power plant at specific geothermal sites: 

e Near a small distant load center 
(examples: Mammoth, Raft River, 
Alaska, Hawaii) 'I 

I 
l 

e load cente 

- Proven reserves: 50 MWe 
(30 years) 

- Potential reserves: 200 to 
400 MWe 

Remote from a large load center 
(examples: Central Nevada) 

- Potential reserves: 1000 to 

0 

2000 MWe 

The advisors unilaterally emphasized 
that accelerated construction and opera- 
tion of the planned experimental r 
facilities, with appropriate advan 
hardware technology demonstrations, is 
required to encourage industry commercial 
developments in a time frame consistent 
with national objectives. 

3.2 CANQIDATE ENERGY CONVERSION 
SUBSYSTEMS , 

An energy conversion subsystem is 
required to convert the heat energy 
(enthalpy) of a geothermal well fluid into 
electric power. 
cribes the synthesis of candidates and 
parametric performance characterizations. 
The performance characteristics are in suf- 
ficient detail for input to the comparative 
cost analyses of Section 

The following summary des- 

ergy conversion concepts 
screened on the basis of 

r the conversion 
geothermal well water 

to electriclty: 



o Flash process wherein high temper- 
ature, high pressure well water is 
throttled adiabatically, producing 
a mixture of steam and water at 
lower pressure and temperature. 
The steam is used directly i.b a 
turbine; the remaining water may 
or may not be flashed again. 

Binary process wherein well water 
is used without change of phase to 
heat and vaporize a secondary work- 
ing fluid in a Rankine cycle. 

Hybrid combination of the flash 
and binary processes wherein the 
water remaining after flashing is 
used to heat the working fluid in 
the binary portion of the process. 

- 

o 

o 

Table 3-3. Candidate Energy Conversion 
Concepts and Options 

CONCEPT OPTION DESCRIPTICN 

A-1 SINGLE FLASH -STEAM 

DOUBLE FLASH - STEAM A-2 

SINGLE FLASH WITH REHEAT - STEAM A 4  

8- I BINARY FLUID - WATER 

0-2 FINARY FLUID - BUTANE 

8-3 BINARY FLUID - ISOBUTAFJE 

B-4 

0-S BINARY FLUID - PENTANE 

B-6 BINARY FLUID - HEXANE 

A 

B 

BINARY FLUID - ISCPENTANE 

HYBRID - BEIT COMBINATION OF OPTION A-1 C e-1 PLUS ONE OPTION OF CONCEPT B 

3.2.2 Comparative Concept Analyses 

Other concepts were eliminated from 
consideration because of limited defini- 
tion and development status. Note that options. The analytical procedure, inclu- 

the recommended experimental test facili- ding results with varying temperatures, is 

ties are configured to support future presented in Appendix E. 

developments of these concepts, which 
include : 

This section summarizes performance 
characteristics of candidate concepts and 

D* 

Costs of providing the well are a 
major portion of overall system costs. 

o Helical screw expander (Sprankle) Thus, comparative characteristics were 

0 Bladeless turbine (Possell) 

0 Keller Roto Oscillating Van (JXROV) 

0 Impulse turbine (Austin) electrical output over the available energy 

B Biphase engine (Elliott) 

developed to minimize well flow rates. To 
facilitate comparisons on this basis, we 
defined system efficiency as the net plant 

in the well water measured between well- 
head and the design condensing temperatures. 

A realistic comparison of different 
cycles and fluids requires that certain 3.2.1 Candidate Concepts and Options 

Further examination of the three operating conditions and plant parasitic 
basic thermodynamic processes selected for loads be defined. These need not be exact, 
study led to the options shown in Table 3-3. because small changes in, say, condensing 
Figures 3-1, 3-2, and 3-3 are overviews, temperature or cooling tower fan power, 
respectively, of the Concept A flashed that have significant impact on efficiency 

are unlikely to affect the relationship 
between the cycles or fluids. 

-B, steam cycle, the Concept B binary cycle, 
and Concept C hybrid binary-steam cycle, 
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Initial system selection analyses 
were based on the following: 

Pumped well fluid temperature: 
3500F 

0 Condensing temperature: 1 

0 Reinjection: 90 psi with 40 per- 

0 Down-hole pump load: 2-3 Btu/lb 

cent pump efficiency 

Pumped 
(0.45 HP/gpm) 

0 Wet cooling tower pump loss: 
0.018 Btu/Btu condensed 

0 Turbine efficiencyr 0.85 

0 Generator efficiency: 0.98 

independent of variable cooling water sup- 
plies in the locality. 
maximum condenser temperature of 130°F. 
Isopentane can provide power at a higher 
ef f ici 
required) than isobutane. However, it 
operates in the supercritical region, and, 
on expansion, it goes through the saturated 
liquid region, increasing vapor quality as 
it expands. 
turbine wheels be erosion resistant and 
maintain their geometry for the life of 
the system to operate at design efficiency. 
Only a small penalty in efficiency results 
from the choice of isobutane. 

This results in a 

(lower geothermal water flow 

Isopentane requires that the 

The binary cycle using isobutane as 
0 Maximum second Y fluid turbine a working fluid was analyzed considering 

different turbine inlet temperatures and 
pressures (see Appendix I). 
operating parameters for the recommended 
Phase 2 10 N e  gross powerplant are indi- 
cated in Table 3-5. 
schematic of the recommended powerplant, 
showing temperatures, pressures, and flows 

efficiency: 0.95 

inlet temperature: 20°F below 
well fluid temperature 

The selected 
o Regenerator efficiency: 0.80 

(binary cycles, when used) 

0 Condenser coolant temperature Figure 3-4 is a rise: 15OF 

0 Miscellaneous losses: 2 percent 
of net 
output throughout the system. 

Results of these analyses, shown in 
Table 3-4, were used to develop compara- 
tive system costs, and to the selec- 
tion of isobutane as t 
Certain cycle operating conditions were 

We recommend that the turbine inlet 
temperature be investigated in Phase 1 

e the size of heat 
quired well flow, and 

possibly to eliminate the regenerator. The 
o comply with site requirements: 
ry cooling tower was selected to 

fectf; on cycle efficiency, condenser size, 
d overall plant cost o f  these optimiza- 

prevent subsidence and make the plant tions will have to be evaluated. 
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3.3 CANDIDATE SUBSYSTEM C O N C d S  

The following assessments address 
cooling, pumping, and electrical technol- 

ogies t h a t  are common t o  each of the  energy 

conversion concepts iuvestigated.  Various 

approaches are analyzed and recommendations 

are made f o r  t he  Phase 2 powerplant design. 

Also crit ical  technology developments and 

experiments are iden t i f i ed  f o r  Phase 1 
implementation. 

W 
' 

' 

M a  
water (shallow wells)  or l o c a l  streams 

(e.g., East Highline Canal). 

for t h i s  water could be ground 

I f  ground water were used f o r  a 
10 Epwe powerplant, upwards of 50 w e l l s  
widely scat tered through the area would be 

required f o r  the  removal of condenser . 

waste heat.  The cost  of w e l l s ,  p ipel ines ,  
pumps, and power would be high and the  

environmental impact considerable. 

The use of the E a s t  Highline Irr iga-  3.3 . 1 Process Cooling 

Each candidate energy conversion con- t i o n  C a n a l  is subject t o  ce r t a in  

constraints .  cept analyzed requires  a means of cooling 

the plant .  
ment of closed thermodynamic cycles and 

may be accomplished using loca l  waters, or  

by w e t  and/or dry cooling methods. System 
performance (i.e., power cycle eff ic iency)  

is sens i t i ve  t o  condensing temperature, 

which es tab l i shes  turbine exhaust back 

r e j e c t  system heat at  the  lowest f eas ib l e  
temperature t o  minimize system s ize  and 

cost  . 

Maximum temperature rise allowed 
is 20F ( i n  the summer). 

Stream must be kept clean with no 
increase i n  so l id  contents. 

No hot spots  must be created by 
water returning t o  the canal. 

Canal flow is var iab le ,  with 

winter months. 

This i s  a fundamental require- 

0 

0 6.' 
0 I pressure. Thereforep it is des i rab le  t o  occaskonal shutdowns during 

1 

I 
1 Waste heat removed from a 10 We 

powerplant would raise the  temperature 0 of 
the canal water In the summer by 0.6 F. The fea tures  of each approach and the  

1 r a t iona le  leading t o  se lec t ion  of a dry 4 e I I D  and a considerably higher i 
cooling tower are described i n  the follow- 
ing paragraphs. 

? 
2 3.3.1.1 Local Waters 
'I 

r a tu re  rise is  considered toler- 
? 

j 
1 

s i r a b l e  during 
er can be supp 

returned by buried pipes fo r  a d is tance  
st expensive and most e f f i  

ng methods i s  the  use of l o c a l  

waters passed d i r e c t l y  through the  conden- 

ed t o  the source reservoi  

e supply location. The 

about between the test site and i j 
P ! 1 ing is  required a t  the  

l i n e s  are provided with ! I 
perature d i s t r ibu t ion  I 



~~ 

Although the use of canal water appears 
potentially attractive for a 10 MWe plant, 
this type of cooling source is not readily 
available at most geotherma1,resource 
areas and would not support further power- 
plant developments in the East 
Therefore, this approach was eliminated 
from further consideration in developing a 
representative experimental facility. 

3.3.1.2 Wet Cooling 

Wet cooling towers transfer heat to 
the atmosphere by evaporation and are more 
efficient in both cost and performance than 
dry cooling towers. Wet cooling towers can 
provide cold water to the condenser year- 
round, since even on a hot summer day the 
water temperature can reach wet bulb temp- 
erature. 
temperature will be about 87OF. 
bine back pressure can be maintained (with 
the aid of noncondensable removing equip- 

On a hot summer day, the wet bulb 
Thus, tur- 

ment for the flashed steam concepts) at a 
value corresponding to a temperature o f  

about 100°F. 
the flash steam concepts and 25 psia for 
option B4 (isopentane). 

This i s  equal to 1 psia for 

The main disadvantage of wet cooling 
wers is that the amount of water that 

must be evaporated equals the latent heat 
of the vapor that is condensed. That can 
be substantial and must be made up from a 
continuous supply. In concept, water can 
be taken from the cycle, and this can be 
subtracted from water that should be rein- 
Jected to avoid subsidence. For Concept B, 
water can be withdrawn from the production 

well stream after it has gone through the 
working fluid heaters, or from an alternate 
source, such as ground water or local 
streams (canals). 

Neither of these sources is very 
since the geothermal source water 

would have to be flushed, which could 
create a number of problems. 
is environmental pollution by the addition 
of salts to the ground in an area that has 
been fighting the problem of excess salinity 
in the soil for years. 
caused by the peculiarities of the terrain 
contour and composition, and the run-off 
of irrigation waters. The use of ground 
water would cause a major subsidence 

problem: 
August day, approximately 6 acre feet of 
water would be evaporated resulting in a 
decline i n  the water table and a 4 percent 
subsidence of about 0.5 inch per day of 
operation. 
amounts of water from the local streams 
cannot be allowed because the area depends 
on this water far irrigation and the 
removal of water from the stream would 
reach a maximum when the removal for 
irrigation i s  maximum. 

One problem 

This problem is 

for a 10 W e  plant on a July or 

The permanent removal of such 

Another alternative for supplying 
t cooling is 

Theeie have been found environmentally 
unattractive because of their extremely 
large size, 
for cooling towers. 

Water losses are larger than 
In addition to the 

to the heat added by the 
process, wind-caused evaporation and 
entrainment also contribute to water losses. 



5 

I 

hese reasons, w e t  cooling methods 

s i  were eliminated from fu r the r  consideration. 

3.3.1.3 Dry Cooling 
W 9 

. I  ’ 

$ 

To avoid the problems discus 

loca l  waters’and w e t  cooling, the use of 

a i r  f o r  the  removal of waste heat was con- 
.\ sidered. Two possible  approaches are 

d i r e c t  and ind i r ec t  cooling. 

I n  d i r e c t  cooling, air is blown 

d i r e c t l y  through the condenser. In  the  

ind i r ec t  method, air is  blown through a 
water cooler and the  cooled water is used 

i n  the condenser f o r  waste heat removal. 

e i t h e r  of these approaches, power- 

f ic iency  is highly dependent on 

air  temperature and varies considerably 

from winter t o  sumer .  To f l a t t e n  out the 

power output f luc tua t ions  due t o  these 

temperature changes, t he  powerplant can 6e 
designed f o r  a mean summer air temperature. 

Such a powerplant would have a reduced 

power output on ho t t e r  days, and during 

the winter, a number of fans  can be shut 
down t o  reduce the  air and maintain a more 

even turbine exhaust back pressure. 

The d i r e c t  air-cooled condenser 

approach is the least expensive. 
quent Phase 2 design s tud ie s  w i l l  consider 

wet/dry cooling towers, with spec ia l  atten- 
t i on  t o  impact on subsidence. Subsidence 

is not a problem with dry cooling towers; 

however, acceptable impact may be obtained 

with wet/dry c o o l l q  towers with measur- 

Subse- 

ab le  benef i t  on powerplant operation and 
M LJ system costs .  

The cooling options f o r  the turbine 

lube o i l  coolers  and the generator coolers  

have received minimum a t t en t ion  because 

they represent very minor system heat loads.  

Forced air or c i rcu la t ing  water o i l  coolers  

can be considered f o r  t h i s  function. I n  

the case of the  generator, hydrogen cooling : 

may even be considered f o r  the  lowest power 
’ 

output option. Normally, generators produc- 

ing less than 25 MWe a r e  a i r  cooled; how- ? 

ever, t o  prevent any problems from corrosive ~ 

1 
gases and vapors emanating from the  geother- ’ 

m a l  w e l l s ,  hydrogen cooling is  considered 

f o r  a 3 We generator. The hydrogen can be Y 

i 
; 

i 
? c i rcu la ted  through an a i r  o r  water-cooled 

c o i l  t o  remove the  heat produced by i 

generator. I 

3.3.2 Downhole Pumps 

Geothermal w e l l  production may be 

accomplished by pumping or  by permitt ing 

the w e l l  t o  flow natural ly .  
na tura l  flow i s  obtained by 

water t o  f l a s h  in to  a mixture of steam and 
l iqu id .  However, considerable energy is 
given up by the  geothermal water i n  vapor- 

i z a t i o n  and i n  propelling i t s e l f .  

fore ,  considering the moderate enthalpy of 

East Mesa w e l l  f l u ids ,  we recommend t h a t  

the w e l l  f l u i d s  be pumped t o  pressure the 
maximum a t t a inab le  temperature t o  the  

point of u t i l i z a t i o n .  Additional j u s t i f i -  

oation f o r  t h i s  approach, 1.e.. maintaining 

system pressures above sa tura t ion ,  i s  that 

carbonate deposit ion is avoided i n  the  wells 

and surface t ransport  system. 

I 

There- 

I 
I 
1 

I 
I 



Recommended pump (less than 9-5/8 inch outside diameter and 
and cavitation avoidin i t i c  power requirements and to maxi- 

y margins are indi ti.@., reduce lmpellor 

d t h  referenre tn  the draw-down l e W  
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he electrical equipmexi red of expensive insulated over- 

l y  avai lable  from i n d u s t r i a l  land piping i n  Option A. Eliminating 

. the-shelf equipment w i l l  be se lec ted  t o  turbance. Accordingly, TRW 

manufacturers. Standard design o r  off-  t h i s  piping a l s o  r e s u l t s  i n  less environ- 

the  m a x i m u m  ex ten t ,  recommends tha t  d i r ec t iona l  d r i l l i n g  be  

3 - 4  G E O T H E R ~  FUJID COLLECTION used i n  the f l u i d  co l lec t ion  system, 

fu r the r  recommends tha t  i n  the  . 

evelopment, a conservative pro- 
This sec t ion  eummarizes the  recon- 

mended means of d r i l l i n g  and completing 
the: deep w e l l s  t h a t  are required t o  pro- gram of equal numbers of water producer 

r w e l l s  be adopted. Fig- 

s producer/injector r a t i o ,  
h e m a l  f l u i d  f o r  the t e e t  f a c i l i t y ,  

n t a l  and f i e l d  l i f e  considerations 
As more knowledge of the reservoir  i s  

obtained, the more e f f i c i e n t  ratio of 

three producers t o  two in j ec to r s  w i l l  

probably prove desirable .  

, d i c t a t e  t h a t  the  produced water be rein- 
jec ted  i n t o  the  reservoir .  Consequently, 

both producer and i n j e c t o r  wells are 
red. Factors considered include 

v e r t i c a l  vs d i r ec t iona l  d r i l l i n g  (direc- Reinjection of the produce 
ells are preferred based on lower necessary because environmental concerns 

I ste disposal  are eliminated, environmental impact) ; caslngs 

t ha t  allow adequate water flow and 

capabi l i ty  f o r  t e s t i n g  down-hole pumps at 
minimum cost ;  and w e l l  completion methods 

tha t  allow t e s t ing  of the  reservoir  flow 

capabi l i ty  a t  minimum cos t ,  

s prevented (the l e v e l  network 

and instrumentation used t o  monitor subsi- 
vu 
I 

described i n  Sec- 
i n  Appendix B), and f i e l d  l i f e  

I 

s ign i f i can t ly  (see Appendix C). 
1 

I 
TRW suggests a conservative 20-acre 3.4.1 Fluid Collection Options.  

production and i n  c t ion  w e l l  spacing, 

1 

ocacea a m i n i m u m  OL 

rs. These des i rab le  
se, subjec t  t o  change 

Two means of f l u i d  col lFct ion have 
' 

d i n  this study: ve 

11s with overland piping to  

iona l  h i s tory ,  . 
and d i r ec t iona l ly  d r i  

cen t r a l  f a c i l i t y .  See Figure 3-8. 
i p a l  f ac to r s  entered i n t o  the 

: cos t  and environment. Costs 

of the two options are itemized i n  F i  a t  because the 

ure  3-8, Option A d i rec t lona l  coe ts  a and angle of the hole cannot be 

approximately 20 percent less than measured at  hSgh temperature. .Accordingly, 

Option B vertical. The s ign i f i can t  

reason f o r  the cos t  d i f fe rence  l i es  i n  the 

the  hole mulit be diverted a t  a shalloQ 

depth where the temperature i s  r e l a t i v e l y  



OPTION B 
t VERTICAL DRILLING OPTION A 

> .  
DIRECTIONAL DRILLING 

J. 

7- - - - _* -_-_- 

INJECTION - * PRODUCTION INTERMEDIATE 
WELL (TYP) WELL RYP) CASING 

I -  

(MINIMUM) 

,- BURIED PIPELINE nYP) +b- - - 

PROJECTION INJECTION INJECTJON ’ PROWCTION 

ITEM UNIT COST 6)  UNITS ‘?lT UNITS c?:T UNITS ‘gsT UNITS ‘ET 
DRILL RIG 1 3 0 A i R  1300 169 IXK, 169 1200 I 5 6  1100 156 

THIRD PARTY SERVtCE L.S. -* 89 *- 89 -- 89 -- 89 

CONDUClOR CASING 29.47/LF 250 7 150 7 250 7 250 7 

INTERMEDIATE CASING 18.69/LF 1509 28 1 M O  28 IS00 28 1500 28 

FLOW CASING 

low. Once the  intermediate casing is 
emplaced, deviat ion of the  hole can begin 

and the hole def lected by 1 degree in the 
required d i r ec t ion  f o r  every 10 meters of 

advance, Thus, the  hole can be deflected 

by 25 t o  30 degrees before production cas- 
ing is ins ta l led .  TRW w i l l  i n s t a l l  verti- 
cal intermediate casing t o  1500 f e e t  before 

deviation. 

the California  Divieion pf Oil and Gas 

requirement t ha t  cemented aurface c a s h  

and in j ec to r  w e l l s  (see Option A, 

Figure 3-8), 

Typical sizes and ra t ings  of the  

Depth capabili ty:  4500 t o  7500 f e e t  

This a l s o  is i n  keeping with 

the  v e r t i c a l  is planned for both producer 



An electric, r a the r  than d i e s e l  r i g  

dr ive  w i l l  be used t o  reduce environmental 

effects. Also because of envi 
considerations, containerized mu ks  
w i l l  be used i n  l i e u  of ponds. 

the ex i s t ing  USBR pond w i l l  be used f o r  
discharge i n  the  i n i t i a l  flow t e s t i n g  of the 

wells, and a pipe w i l l  be i n s t a l l e d  from the  

experimental f a c i l i t y  t o  the pond f o r  t h a t  

purpose. 
s t ruc t ed  so t ha t  four holes may be d r i l l e d  

from a s i n g l e  s i te  by skidding the  r ig .  

However, 

The d r i l l  sites w i l l  be con- 

A d r i l l i n g  t i m e  of 30 t o  45 days per 
hole is  an t ic ipa ted ,  followed by 10  days 

f o r  completion and tes t ing.  These t i m e s  t 

b 
e comparable t o  those reportedly encoun- 

tered by USBR a t  East Mesa and the Chevron 

O i l  Company a t  Heber. Costs per w e l l ,  tabu- 

l a t ed  i n  Table 3-6, include cos t s  antici-  
pated f o r  the experimental test f a c i l i t y  

wells and projected cos t s  f o r  fu tu re  com- 

mercial d r i l l i n g .  The cos t s  contain an 

i t e m  f o r  t h i r d  par ty  services ,  which is 
deta i led  i n  Table 3-7. 

3.4.3 Casing Program 

a3 

The casing used i n  t h e  USBR East Mesa 
wells is  shown i n  Figure 3-9. 
the 7-5/8 inch diameter production casing 

is not necessar i ly  the  optimum diameter; 

Note t h a t  

s the only diameter ava i lab le  
a t  the time of completion. 

program t h a t  TRW plan 

Figure 3-9. 

mediate casing w i l l  be set t o  a depth of 

The casing 
o use on the  experi- 

t a l  f a c i l i t y  wells is  a l s o  shown i n  
As shown, 13-3/8 inch inter- 

br 1500 f e e t  t o  allow the i n s t a l l a t i o n  of high ' 

net  pos i t ive  head suct ion (NPHS) pumps, such 

as the Sperry and Lear models. 

t i on  casing diameter w i l l  be 9-5/8 inches, 

The produc- 

Large enough to  handle the  r equ i r ed .  I 

. One w e l l ,  however, w i l l  use 

&5/8  inch diameter production casing as a 
test of the  flow capacity of t h i s  less 

cos t ly  configuration. Casing lengths wil l  

be joined by bu t t r e s s  thread and coupling 

j o i n t s ,  thereby achieving a smooth I D .  

: 

3.4.4 Well Completion 

The experimental f a c i l i t y  w e l l s  wi l l  . .  

be completed by se l ec t ive  zone perforation, 
r a the r  than by using s lo t t ed  l i ne r  as i n  

the USBR wells. 
i n t e rva l s  w i l l  be selected from low sal in-  

i t y ,  highly permeable and porous sands 
located by geophysical logging of the  

holes. Enough geological sect ion,  approxi- 

mately 1500 f e e t ,  w i l l  be perforated t o  

sus ta in  the required 1000 gpm flow. Extra- 

polat ion of da t a  from the  USBR w e l l s  t o  the  

proposed s i te  ind ica tes  that s u f f i c i e n t  
sand sec t ion  w i l l  be avai lable .  I n  the 

i n t e r e s t s  of cos t  savings TRW recommends 

i n i t i a l l y  perforat ing a t  2 shots / foot  and 

reservoi r  tes t ing .  Perforat ion w i l l  be 

increased t o  4 shots / foot ,  if necessary, 

The spec i f i c  perforat ion 

i a l l y  simulates an open hole. 

t i c ipa t ed  i n  the  

proposed wells; there  w i l l  be approximately 

$six times the perforated zone of the  USBR 

3-2s 
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Table 3-6. Geothermal Well Cost Estimates 

PROJECTED COMMERCIAL 

Drill Rig 

Thi  rd Party Services 

27.39/LF -- 
29.471 LF 250 

COST 
$K 

140 

89 

-- 
7 

-- 
28 

-- 
90 

-- 
40 

394 

- 

INJECT I ON - 
UNITS 

45 

1 

-- 
250 

-- 
1500 

-- 
6900 

-- 
1000 

PRODUCTION 

UNITS - 
30 

1 

250 
-- 

1000 
-- 

6000 
-- 

800 
-- - 

IN J ECT I ON 
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wells. However, t h e  experimental f a c i l i t y  scale formation and/or sa l t  p rec ip i t a t ion  
wells i n i t i a l l y  w i l l  be produced slowly t o  

app l i cab i l i t y  of corrosion data  

(such as Peerless  gear-driven l ineshaf  t 

with a capacity of 400 t o  1500 gpm) be 
i n s t a l l e d  and used i n  the  i n i t i a l  pro- 

duction. 

ac id i c  East Mesa brines.  It is  s t rongly  

t o  resolve these problem areas. 

3.5.1 System Requirements 
. ,  

3.5 MATERIALS AND CORROSION FACTORS The materials used i n  the  construction 

of a geothermal powerplant must meet 

extremely severe operation requirements. 
They must provide long-term operation with 

a minimum of maintenance o r  replacement i n  

a very corrosive environment under varying 

conditions of temperature, pressure, f l u i d  

ve loc i t i e s ,  and,. possibly f l u i d  composition. 

The governing parameters f o r  material selec- 
t i o n  are associated with the dr iv ing  f l u i d  

and the working f lu id .  

f l u i d  in te rac t ion  is desired.  

r e l a t ed  requirements and problems and the 

material recammendations are generally 

based upon a study which is summarized i n  

Appendix F. 
t i on  of da t a  on geothermal plant  operations,  

desal inat ion s tudies ,  laboratory R d D 

s tudies ,  chemical engineering s tudies  and 

petroleum engineering s tudies .  During the  

s.’ course of the  invest igat ion,  pr iva te  con- 
versat ions were held with representat ives  

of i n d u s t r i a l  and academic groups as w e l l  

as government agencies i n  order t o  obtain 

f i r s  t-hand information. 

The study included the  collec- 

A minimum material- 

The ove ra l l  system requirements are 
s t a t ed  below, followed by a discussion of 

the bas i s  f o r  maters 

327 



ailabi l i ty ,  stability, and 

ous system components for t 

e in water o 

corrosion, and galvanic (dissimilar me tal)  
stress-corrosion cracking or hydrogen 



embrittlement does not occuri Normally, 
proper selection of heat treatments (lower 
strength steels are more resistant) and 
process control so that impuri 
as hydrogen, are not absorbed, 
design to maintain subcritical stress 
levels in the components obviate such 
problems 

LJ 

Corrosion-resistant stainless steels 
(CRES) are superior to mild steels, alloy 
steels, and high strength steels in cor- t 

? rosion resistance. CRES is, however, prone 

to pitting a d  crevice corrosion, especially 
at low brine velocities. Molybdenum bearing 
CRES is better than non-molybdenum bearing 
CRES. As with mild steels, the presence of 
O2 accelerat corrosive attack. CRES is 
more expensive than mild steels due to its 
nickel and chromium contents. 

1 

1 

i 
! 

pper alloys exhibit good u 
I 

! corrosion resist e in hot brine, espe- 
cially if the O2 content is low. 
fluid velocities can cause erosion-corrosion 
attack, especially at lower temperatures. 
Erosion due to entrained solids (sand, etc.) 
can be a problem. Brasses are susceptible 
to stress corrosion cracking if H2S or NH3 

High 

Aluminum alloys are highly susceptible 

t 

Titanium and titanium alloys exhibit 
excellent resistance to corrosion, pitting 

on, and erosion-corrosion in hot 
Crevice corrosion occurs in alloys, 

but some of the newer grades of low alloy 
how excellent resistance to this 

ttack. Titanium has a high 
strength which means that thinner sections 
can be used for component design, thus 

it economically competitive with 
cupro-nickels CRES. High strength 
titanium all0 st be protected from 
stress corrosion attack. 

olymeric) materials have 
limited to a maximum of 
ne environments. These 
een used as protective 

coatings in desalination plants with vary- 
ing degrees of success. Erosion is a 
problem, especially in thermoplastic 
materials. Environmental stress cracking 
has been encountered in many plastics in 
hot brine. 
especially in the behavior of thermosetting 
plastics, befo hese materials can be 
recommended fo 

More information is required, 

e in the proposed system, 

e 



election for System 

low by system componetl round water near the sur- 

materials select 
of the study sunmarlzed in Appendi ity and pressure 

igh levels. This 
hole pumping is very 

system are listed. 
working fluid side 

loys (or equiva 



heat  exchanger tubes and housing exposed 

t o  br ine  should be constructed of a 
t i tanium a l loy  o r  316 CRES. 

is used care should be exercised ka prevent 

galvanic coupling t o  steel components. 

Headers should be CRES or T i  t o  prevent 

oxides from forming, exfo l ia t ing ,  and 

flowing i n t o  the  tubes causing a blockage. 

I f  mild steel tubes are used i n  the  heat  

exchanger, they must be protected on the  

br ine s i d e  by a protect ive coating. One 
p o s s i b i l i t y  is an e l e c t r o l e s s  nickel  coat- 

ing on the  ins ide  of the  tubes. 

t h i s  combination of materials would have t o  

be invest igated t o  prove f ab r i cab i l i t y ,  

uniformity, and performance. 

3.5.3.5 Valves, Controls, Pumps 

I f  t i tanium 6, 

However, 

Nickel-iron cast a l loys  (Ni-resist) 
6, with 316 CRES t r i m  is recommended f o r  

valve construction. CRES, nickel ,  and 

monel are acceptable for individual valve 

components. Critical p a r t s  should be made 

more noble with respect  t o  the valve hous- 

ing. 
a u s t e n i t i c  cast i ron,  and impellers and 

s h a f t s  made from 316 CRES and monel, 

respectively.  
low to  minimize problems with stress 
corrosion. 

Similarly,  pump housings should be 

S t r e s s  l eve l s  should be kept 

3.5.3.6 Auxiliary Equipment 

Experience a t  the  New Zealand p lan t  

that above ground 

6 presented very t 

tenance problems. Tarnishing of s i l v e r  

and copper e l e c t r i c a l  contacts,  blacken- 

ing of lead-pigmented paints ,  stress cor- 

rosioxl &f spring mater ia ls  i n  gauges and 

record 

have been encountered. However, much of 
the  problem is re la ted  t o  H2S i n  the 

atmosphere which should be absent i n  the 

proposed East Mesa plant.  

corrosion presents  a problem, correct ive 

measures include the  use of aluminum f o r  

electrical conductors, use of K-monel o r  

stainless steel springs,  use of t i tanium 
oxide pigmented pa in ts ,  chromium pla t ing  

of instrument and telephone components, 

and gold p la t ing  of electrical contacts.  

3.5.4 Critical Materials Problem; and 

and corrosion of exposed l i n e s  

If atmospheric 

Recommended Research 

During the course of t he  l i t e r a t u r e  

survey, several  problems were iden t i f i ed  

f o r  which d a t a - i s  not avai lable .  These 
are, l i s t e d  below with recommended action. 

a )  The app l i cab i l i t y  of ex i s t ing  geo- 
thermal corrosion and sca l ing  da ta  
t o  the s l i g h t l y  ac id i c  br ines  of 
East Mesa must be established. 
Nearly a l l  ex i s t ing  da ta  is based 
upon a lka l ine  brines.  
mended tha t  a comprehensive corro- 
s ion  test program be i n i t i a t e d  
immediately. The e f f e c t s  of temp- 
e ra tu re  end f l u i d  ve loc i ty  on 
candidate materials, especial ly  
mild steels, should be determined. 
In addi t ion,  the conditions f o r  
scale formation should be 
establ ished.  Stress corrosion 

It is recom- 

be performed on 
um, and high s t rength  

high temperatures. 



b) Environmental stress cracking or 
severe erosion occurs in most 
organic materials at temperatures 
above 200°F. A program is recom- 

' mended to test candidate polymeric 
materials under temperature-stress- 
brine exposure conditions 
high-velocity flow conditions at 
temperatures up to 400°F. It is 
important that a suitable liner 
material for mild steel be found, 
especially if protective scale 
formation does not occur. 

c) Inorganic protective coatings are 
still in the development stage. 
In the event that polymeric coat- 
ings are unsuitable at 4OO0F, an 
inorganic erosion-corrosion resis- 
tant coating will be needed to 
protect mild steel and copper bases 
metal components. It is recommended 
that various metal and ceramic coat- 
ings, such as electroless Ni, nickel 
cladding, flame-sprayed oxides, etc., 
be tested with East Mesa brine under 
high-flow velocity conditions at 
400OF. The test specimens should 
simulate an elbow or other flow 
directional change area in the 
sy s t em 

d) It is unclear at this time whether 
precipitation of salts could occur 
for East Mesa brines in the pro- 
posed system. The third heat 
exchanger will operate at relatively 
low temperatures (exit temperature 
possibly as low as 180OF) and the 
temperature just prior to reinjec- 
tion will be still lower. The con- 
ditions for precipitation shauld be 
established by test and, if nece 
sary, prevention methods include 
in the system. 

The aforementio 
s and performance c 
used to provide a 

optimum representative geother- 

mal powerplant system as described herein. 

Several methods of comparing systems 
and evaluating variables have been identi- 
fied and used in other geothermal power 
studies, 
poratiing ency, unit costs and 
delivered energy costs either singly or 
in combination. The figure-of-merit used 
in this study is based solely on estimated 
1974 system unit costs, which reflect sys- 
tem efficiency and eliminates the uncer- 
tainties of future escalation and costs of 
financing. 
vendor quotes where possible and by scaling 
other costs of analogous plant equipments 
from the utility, chemical, and petroleum 

"f igures-of -meri t" incor- 

The estimates are based on 

The reader is cautioned against 
e comparison of costs with 

different variables and cost bases. 

3.6.1 System Selection 

The performance characteristic6 
3-4 were used as a 

ng candidate concept 
em unit costs. The 

following criteria were used to provide 

ture) to provide 

independent of environmental impact 
influences. 



c) Directionally drilled wells, with 
20 percent spares, to 6200 feet 
with 1000 feet of perforations. 
Producing well flows of 1000 GPM 
(350°F well fluid) and i 
wells 1500 GPM. Casing cept B - Binary cycle 
with 9-5/8 inch outer diameter 

plexity' and potential critical items in 
each concept option, the following order 
of preference is indicated: %, 

I 

' production and injection strings. b) Concept A-1 - Single-flashed steam 
cycle 

The initial candidate system unit 
c) Concept C - Double-flashed steam 

cost estimates are presented in Table 3-8 
with the following observations: 

cycle 

The selected representative system 
employs a binary cycle energy conversion 
system with isobutane as the working fluid. 

) The double flash steam system 
appears more cost effective than 
single flash. Increased efficiency 
results in lower well costs off- 
setting the higher powerplant cost 
of double flash. 

3.6.2 System 
b) The binary cycle with isopentane 

or isobutane working fluids is 
more cost effective than either of 
the flashed steam systems. 

The selected system approach was 
optimized considering ranges of well fluid 
temperatures, condensing temperatures, 
powerplant sizes and energy collection 
approaches. The comparative system cost 
summaries are indicated in Figure 3-10 and 
the cost sensitivity optimization displays 
and conclusions are indicated in 

c) The fluid collection (wells) costs 
are significant, 45 to 65 percent 
of total system costs with pumped 
well fluids at 350OF. 

6, 

Preliminary reliability-maintainability 
analyses were performed as described in 
Appendix G. Based on an overview of com- Figure 3-11. 

I 



*Ptoduction 

Single . 

(30) 254.5 

40.5 
12.0 
8.8 

(21) 1a.2 

. 63.6 

547.6 

300.1 

Doubt e 

(23) 195.1 
(15) 120.0 

31.1 
8.8 
6.6 
47.2 

Bimny CYC 

lsobutane 

(13) 110.3 
(12) 96.0 

24.3 

5.2 
I. 

(12) 101.8 
(11) 88.0 

21.6 

4.7 
33,l 

-- 
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4. PRELIMINARY UTILIZATION PLAN ' 

A primary objective of tEie hi! 
blgeothermal power generation experiments is 

ndicated below. We include as 
options : 

to encourage utility industry 
applications'with relatively e Government sponsored work contracted 

to industrial firms, fully reported 
zation technology. It is therefore neces- in the open literature 

sary to provide timely dissemination of 
findings and technology de 
criptions to relevant publi 

ich arrangement 

private sector communities. Reco imental work in 
, data require- 

ments, and success criteria are are: 
apecified by industrial organiza- 
tions, e.g., Electric Power e Immediate dissemination o 

Institute. This option cant experiment trends and results 
by means of bi-monthly progress 
reports to interested subscribers. 

Progress report briefings at geo- 
thermal symposiums and conferenc 
Based on the past year's experie 
quarterly public briefings may be 
anticipated. 

pecially appropriate 
of reliability and 

economic data essential to 
industry-wide acceptance of tech- e 

cable to commercial 

course, do' not 
4.1 USER GROUPS 

The specific near-term user gr 
are identified as municipal and 
utilities. It 
current par ticip 
and participati 
sequent Phase 1 and Phase 2 planning 

activities and experiments. arizes user market 
Utilization o completed experi- 

mental research f ies for maximal sition of test 
benefit to come ial development of s recommended that 

geothermal power lso implies institution 
of policies and mechanisms to gain indus- 
trial participation in research and 

development perf o m  
and rapid and effec 

in the facilities, 
e transfer of infor- 

and beneficial program involvement with 
other power companies in representative 



&generation economic viability i s  to com- 

398 610 

summarized as follows: 

e study. O i l  fueled 
sts are optimistically 
obtained from the 

rieto of greater than 90 perce 
1.25 3.75 

3.00 3.00 the national 

plier of electric energy to the Imperial 



Valley i n  which the recommended East Mesa 

test  s i t e  is  located. 
, 

The I I D  power 

sources are indicated i n  Figure 4-1. 
I 

Figure 4-1 a l so  shows the I I D  power 

transmission grid.  

s igh t ,  provided a 33 KV transmissibn ser- 

v ice  in to  the USBR test s i t e  with poten t ia l  

f o r  fu ture  feed i n t o  the  transmission gr id  
of geothermal generated power. The trans- 

The I I D ,  w i t h  fore- 
K 

I 

t mission pole l i n e  is within 1000 f e e t  of 
I 

the study-recommended NSF test  s i te  and 

has the capabi l i ty  to  absorb up to  30 MWe 

of si te generated power. 

could be absorbed with increased trans- 

mission voltage modifications t o  the  I D D  

suljstation. 

Up t o  50 MWe 

Assuming tha t  I I D  would pay 5 m i l l s / K W l !  

f o r  NSF f a c i l i t i e s  developed power and 

6 MWe avai lable  a t  85 percent plant  fac tor ,  

$223,380 p e r  year revenue would be obtained 

from Phase 2 operation to  provide supplemen- 

t a l  t e s t ing  goods and services .  
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5. RECOMMENDED IMPLEMENTATION PLAN 5. RECOMMENDED IMPLEMENTATION PLAN 

A primary goal  of the NS ermal nds an accel- 
. u. program is  t o  encourage c o d 6  evelop- se 2 program tha t  provides a 

e span of 30 months and a ment of geothermal electrical power gener- 

ation. To achieve this object ive,  f a c i l i -  ed cost  of $21mi l l ion .  This 

ties are required f o r  geothermal t e s t ing  

and research under ac tua l  f i e l d  conditions,  

and f o r  f i e ld ing  the technology needed t o  
demonstrate f e a s i b i l i t y  of commercial 

ares 14 months off  the  schedule 
Its i n  a cos t  savings of 1 4  per- . 

cent,  which is rea l ized  because of a 
reduction i n  the esca la t ion  impact (see 

development. Accordingly, TRW rec a d  5-3). 

imental Geothermal Research 
that w i l l  provide an experimental 

research f a c i l i t y  with a power generating 
capacity t o  10 We. 
the  moderate temperature, low s a l i n i t y  

liquid-dominated geothermal resources a t  
Ea6 t Mesa. RCIAL DEVELOPMENT 

presents our approach t o  

g commercial development, our plan- 
ionale,  our implementation plan for The f a c i l i t y  w i l l  use 

I by a statement of 

The implementati plan present  rc ia l  development of 
this sec t ion  is recommended as the  bes t  

approach t o  achieving program object ives .  
It is s t ruc tured  i n  accordance with the  research f a c i l i  

NSF R4" phased pro jec t  approach as s t a t ed  

i n  the Pro jec t  Independence Geothermal 
Task Report. The plan calls f o r  two 

phases: Phase I involves systems def ini-  

t i on  and subsystem (component) experimen- 
t a t ion ;  Phase I1 iavo the actual design 

and construct ion o f  t 

rch f a c i l i t i e s .  

As present ly  envisioned, Phases 
and 2 w i l l  be consecutive e f f o r t s ,  total- 

l i n g  44 months. Bowever, subs t an t i a l  time 
and cost  savings are avai lable  t o  the NSF 
by conducting the two phase6 conc 

with Phase 2 beginning 6 months after 
start of Phase 1. demonstrations 

u t i l i z a t i o n  technologies, e. 

and ana lys i s  t o  advanced hardware 
development and technology 

cd 

5-1 



RECOMMENDED 

Ngure  5-1. Consecutive and Concurrent 
Phase l /Phase 2 Schedules 

DESCRIPTION 

FAClLlTY DESIGN 
CONSTRUCT ACCESS ROADS 
PREPARE TEST AREAS 

CONSTRUCT LAB BUILDING 
INSTALL ELECTRICAL SERVICE i 

INSTALL PIPELINE TO POND 
WELL COMPLETION ENGR 
WELL 6-1 MOD k TEST 
WELL 6-2 MOD I TEST 
DRILL WELLS 6-3 (I 6-4 k TEST 
DRILL WELLS 6-5 k 6-6 I TEST 
MOD WELL 6-3 I MAX FLOW TEST 
RESV'R ANALYSES k REPORT 
SPERRY PUMP TEST WELL 6-1 
LEAR PUMP TEST WELL 
CORROSION TESTS 6-  1 

CORROSlON TESTS 6-2 

CORROSION TESTS 6-3 

SCALE C L W N M G  RkD 6-3 
SYSTEMS OPTIMIZATION ANALYSES 
PHASE 2 DESIQN CRITERIA 
ENVIRONMENTAL IMPACT STATEMENT 
UTlLIZATlON BRIEFlNGS 
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CONSTRUCTION SUPERVISIOK 

RELIABILITY ANALYSES 
DRILL PRODUCTION WELLSf6t 

DRILL INJECTION WELL321 
INSTALL WELLHEADIPIPING 

INSTALL DOWN-HOLE PUMPS161 
INSTALL BRINE DISTRIBLTIOS 

INSTALL ISOBUTANE SYSTEM 

INSTALL TURBINEIGENERATOR 

INSTALL STATION POWER 
INSTALL GENERAL FACILITIES 

ENVIRONMENTAL IMPACT 
STATEMENT 

UTlLIZATION BRIEFIUCS 

PROGRAM M A N A G E M L N ~  

5 . 3 1 1 .  150 

MOST PROBABI E COST I 6 . U l O . 4 1 0  

2 , 5 3 9 . 5 0 0  15% CONTIUCCNCY 

Figure 5-3 .  Accelerated Phase 2 Schedule and Cost Estimate 

5.2 PLANNING RATIONALE leverage with respect to the binary 
cycle energy conversion concept: 

- Down-hole pumps 
TRW'S planning rationale for achieving 

program objectives, emphasizing industry 

needs, is as follows: - Well completions for increased 
well flows bJ 8 Resource Measurement and Evalua- 

tion. Existing USBR wells will be - Materials corrosion and 
modified early in Phase I by addi- 
tional perforations and down-well 
pumps to accelerate project test - Heat exchangers 
capability and reservoir measure- 
ment and evaluations, New producer/ - Working fluid and turbine 
injector well pairs (6-3 /6-4  and 
6 - 5 / 6 - 6 )  w i l l  be d r i l l e d  to  support  
reservoir definition and evalua- 
tions. 
related with predictions derived 
from previous explorations at East 
Mesa to verify exploratory techni- 
ques and evaluation. 

erosion 

optimizations . 
The experimental binary cycle power 
plant of 10 MWe gross output gener- 
ating capacity is representative of 
equipment life and operating charac- 
teristics of utility companies; 
This plant size is large enought to 
demonstrate scalable technical and 

to encourage commercial development. 

New findings will be cor- 

0 Experiments. Phase 1 subsystem economic viability requiring them 
(component) experiments must empha- 
size system concepts and technology 
experiments that demonstrate relia- I, Experimental Research Facilities. 
bility and economic viability of 
commercial development. 

The following critical technologies 
have been identified as providing 

Although the Phase 1 test facilities 
must address the specific needs of 
this project, sufficient well bore 
size, additional test spaces, well 
fluid manifolding and power service 

k.' 



hs 

cd 

5.3 

w i l l  be provided t o  accommodate 
other  techno logy demonstrations 
involving 

- Direct contact heat exchangers 

- Steam separators  

- Advaneed down-hole pumps 

- Materials 

- Processes (heating, refr igera-  
t ion,  chemical extract ion) .  

u i e s  w i l l  be located In Imperial County, 

The East Mesa reservoir  exhib i t s  a 
low s a l i n i t y  (3000 ppm) zone a t  
5000 t o  6000 foot  depths and a 
higher s a l i n i t y  (25,000 ppm) zone 
a t  6000 t o  7000 f ee t .  It is desir-  
ab le  t o  develop this unique fea ture  
and to  provide test f a c i l i t i e s  with 
access t o  each of these brines.  
This is done by modifications t o  
ex is t ing  w e l l s  6-1 and 6-2. By 
providing su f f i c i en t  power reserve, 
br ines  can be heated t o  500°F, 
resu l t ing  i n  a versatile geothermal 
brine research and test f a c i l i t y .  

e Program Accelerapion. Early com- 
ple t ion  of the f a c i l i t i e s  is v i t a l  
t o  encourage industry par t ic ipa-  
t i on  i n  geothermal development. 
An overa l l  program based on the 
NSF/RANN phased approach requires  
a t  least 44 months. Much of t h i s  
time i s  devoted t o  in-line project  
review and procurement betyeen 
Phases 1 and 2, and t o  in-line 
lead times. For instance,  the 
lead t i m e  fo r  Phase 1 d r i l l  r i g s  
and casing is approximately 
6 months; an Phase 2 turbine/ 
generator lead time is approx 
mately 18 months. An accele 
program is required t o  provide 
operational demonstration by 1978 
i f  we are t o  meet our 1985 
nat ional  goal. 

. 

PHASE I INTEGRATED EXPERIMENTAL 
RESEARCH FACILITIES 

The NSF experimental research faci- 

California  (see Figure 5-4) .  This s i t e  

was selected because 

0 Reservoir cha rac t e r i s t i c s  are 
typica l  of f i e l d s  of moderate 

~ a tu re  (350O to  400°F), low 
t y  (3000 ppm t o  25,000 ppm) 

0 The site is not  under lease, 
thereby minimizing acquis i t ion 
d i f f i c u l t i e s .  

The E a s t  Mesa test site now has f i v e  

deep w e l l s  d r i l l e d  spec i f i ca l ly  f o r  geo- 

thermal purposes by the USBR. 

completion in te rva ls ,  and.completion types 

are indicated on Figure 5-5. The 5-1 w e l l  
is a water in jec t ion  w e l l ;  the  other  four 

are used for producing hot brines.  Fig- 
ure 5-6 is an aerial v i e w  of the  East Mesa 
area showing USBR test w e l l s  and f a c i l i t i e s ,  

and the recommended locat ion of the NSF 
experimental research f a c i l i t y .  

5.3.1' Coordinated Ulse of USBR F a c i l i t i e s  

Total  depths, 

The USBR is planning a test program 

during January through March of 1975 that 

calls f o r  f r e e  flowing production of w e l l s  
6-1 and 6-2 t o  the  pond, then pumping from 
the pond i n t o  the in jec t ion  w e l l ,  

We recommend that t proposed NSF 

project  incorpo d i f i c a t i o n s  and 
supplementary p duction tests of 

these USBR wells t o  provide ea r ly  test 

f a c i l i t y  capab i l i t i e s  and reservoi r  evalua- 

t ions.  Modifications involve perforat ing 

addi t ional  reservoir  sect ions t o  increase 

well w i l l  be perforated 

l in i ty  section. The 
shallower section; 

addi t ional  per forat ions w i l l  increase 

b 

5-4 











volumes of this low salinity brine. These 
r modified wells will permit time-shared use, 

high and low salinity (3000 ppm to 
. 6) 25,000 ppm) brine tests of components prior 

to completion of NSF production wells 6-3 

and 6-5. 

Both free-flowing and pumping produc- 
tion tests are recommended. The pump tests 
require a high volume, electric-submergible 
down-hole pump to increase flow rates to 
1000 GPM. 
interconnections will permit direct injec- 
tion into well 5-1. 

I 

Pond discharge bypass plumbing 

Specific tests will involve producing 
'the wells at various rates for various time 
intervals, and monitoring the decrease in 
pressure (pressure drawdown), The increase 
in pressure (pressure recovery) at the ces- 
sation of production also will be noted. 

WTests such as these, together with the 
USBR tests and porosity and reservoir 
thickness data from the geophysical logs, 
will yield data on reservoir permeability 
and continuity. 
measure of hot water reserves, reservoir 
life, and recoverable heat. The test 
program will emphasize monitoring any 

They also will yield a 

' unexpected changes in water temperature 
and/or salinity. 

' 5 . 3 . 2  Experimental Test Facility 

The site recommended for the NSF 
experimental research facility is  immedia- 
tely north of and adjacent to the USBR 

- experimental desalting facilities (see 

' 

Figure 5-7). The site affords the 

u Oilowing 

0 Directionally drilled production 
wells will confirm the predicted 
geothermal anomaly center and 
heat flow contours 

o Proximity to USBR will allow 
shared use of existing USBR faci- 
lities, chemical laboratories, and 
test wells to reduce costs. For 
instance, the USBR brine holding 
pond will allow well flow and 
rework brine collection. 

o The site is close to roads, power 
transmission lines, and other 
utilities. 

The recommended Phase 1 experimental 
test facilities include the following (see 
Figure 5-8): 

e Four Wells -There will be a com- 
mon location (see Figure 5-9) and 
directionally drilled to minimize 

Will be drilled in this order: 

- 6-3 ,  a producer (9-5/8 inch 
outer diameter producing 
string) 

1 environmental impact. The wells 

- 6-4,  an injector 

- 6 - 5 ,  a producer (8-5/8 inch 
outer diameter producing 
s t r ing ) 

- 6-6 ,  an injector. 

The bottom hole locations are in 
conformance with a 20-acre spacing, 
and the injection wells are sepa- 
rated from the producing wells by 
0.75 miles (now thought t o  be opti- 
mum for East Mesa-type fields). 
The surface locations allow wells 

tested while the remaining wells 
are being drilled. 

Figure 5-9 details well drilling 
and recommended casing programs 
for the tes t  wells. 
casing string is  hung from 

I 6-3 and 6-4 to be completed and 
i 
I 

The production 
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13-3/8 inch outer diameter i 
mediate casing at 1500 feet to 11 be provided to 

porosity zone to 
or greater flows 

I 

technology development testing on 
ins features as 

be used as a sp  
se 2 electric p 

areas are 

tional areas 
concurrent us her commerci 

Figure 5-8 and described 
pendix I w i l l  be installed. 

necessary grade to dise i -  
obutane across the site and 











away from the l a rge  s t ruc tu res  i n  
the d i r ec t ion  of the prevai l ing 
wind. tenance program f 

Thgs . inf ormati w i l l  be used t o  
evolve a good preventative main- 

1 be handled t a 
small s e p t i c  tank and l e  
f i e l d  behind the cont ro l  building. condensed isobutane from the air  
A l l  co l lec t ion  and flows w i l l  be cooled condenser, which is eleva- 
by gravi ty  head. ted t o  provide a suct ion heat 

esceeding the NPSH requirement f o r  
A s torage pond w i l l  provide water isohutane booster pumps. From the 
f o r  f i r e  protect ion and a water hotwell, the is  
treatment system f o r  potable supply. pumped t o  the s 
The p lan t  area w i l l  be fenced, with feed pumps by two i d e n t i c a l  booster 
major access through one 3bfOOt pumps dr iven by explosion-proof 
double s w h g  gate.  An i n t e r i o r  electric motors. The booster pumps 
parking area w i l l  be provided f o r  w i l l  raise the pressure of the iso- 
operating personnel and v i s i t o r s .  butane s u f f i c i e n t l y  t o  accommodate 

the  feed pump HPSH requirements. 

permits the  i n s t a l l a t i o n  of a 

, 

m Plant  Operation. he instrumenta- The layout of the booster pumps 
t i o n  of the  powe l a n t  has been 
l a i d  out t o  allow complete control  
and monitoring from a cen t r a l  con- 
t r o l  room. Provision w i l l  be made the f u l l  flow 
loca l ly  a t  key points  i n  the  sys- 
tem f o r  i n s t a l l a t i o n  o'f precis ion 
instruments. This w i l l  ensure an loop w i l l  be fed by 
accurate  heat balance. 

v i s ions  f o r  the i n s t a l l a t i o n  of a 
In  addi t ion to  normal powerplant 
instrumentation, instruments and 
cont ro ls  w i l l  be provided f o r  
operation as an experimental 
i n s t a l l a t i o n .  A t  each cri t ical  
point,  a connection w i l l  allow turb iaes  w i l l  be dr iven by isobu- 
use of a test o r  ca l ib ra t i an  gauge. tane gas. The turbine character is-  
Instruments and controls  w i l l  allow t ics  i n  the working range are such 
unattended operation after a manual t h a t  the pump will maintain a con- 
s t a r tup ,  Any out  of tolerance con- . s tan t  discharge pressure indepen- 
d i t i o n  w i l l  be detected and w i l l  dent of varying flow rates. Both 
cause an automatic shutdown. The pumps and pump turbines  w i l l  have 
annunciator w i l l  give a "f i rs t -out"  o i l  lubr tca t ion  seals t o  
ind ica t ion  so the  

t a later date .  The 
each booster pump.is 

t he  feed pumps. 

feed pumps with pro- 

u ture  th i rd  pump. The pumps w i l l  
e turbine-driven, each capable of 

one-half the t o t a l  flow 

. the  shutdown may 
d r ive  the  feed 

Thergy input t he p lan t  w i l l  be pumps w i l l  receive vapor from the 
derived from brine pumped from l ine  t o  the main turbine.  A pres- 
the geothermal production w e l l s .  
The hot br ine  w i l l  pass through 

f the brine-isobutane 
uperheater then w i l l  ' discharge pre 

sure  cont ro l  i n  t h i s  l i n e  w i l l  
r egula te  the speed of t he  feed 
pumps t o  maintain 

r e tu rn  t o  the in j ec t ion  w e l l s .  conditions w i l l  be 
Instrumentation will id icat e the main turbine.  
b r ine  flow rate, pressure,  and 
temperature a t  the entrance t o  
and e x i t  from each heat exchanger 
branch as w e l l  as from the plant .  

The isobutane s t a r t u p  pump w i l l  be 
driven by an explosion-proof elec- 
t r i c  motor, with pump capabi l i ty  
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t o  supply the isobutane flow f o r  
one feed pump turbine a t  its ra ted  
capacity and design pressure,  The 

hs pump w i l l  have double mechanical 
seals t o  prevent isobutane leakage. 
The station power requirements fdf  
cold s t a r tup  of the  powerplant wil 
provide the  i s o l a t i o n  of t he  two 
feed pumps and the  s t a r t u p  pump. 

The e igh t  economizer heat exchan- 
gers  w i l l  t r ans fe r  heat from the 
turbine exhaust to the l iqu id  con- 
densate. The l i qu id  w i l l  pass 
through the  s h e l l  s i d e  and the 
vapor through the  tube s i d e  of the 
heat  exchanger. From the vapor and 
l iqu id  s ide ,  these vessels are con- 
nected i n  4 p a r a l l e l ,  2 series 
arrangement. 

The e igh t  brine/isobutane l iquid-  
vapor heat exchangers w i l l  be con- 
nected i n  4 p a r a l l e l ,  2 series 
arrangement. These u n i t s  w i l l  
vaporize and superheat the power 
f l u i d  (isobutane) t o  t h e  t h r o t t l e  
conditions at  the  generator- 
turbine.  Heat from the  geothermal 
br ine water passing through the 
tubes w i l l  heat t he  isobutane 
passing through the shell  s i d e  of 
the heat exchangers. 

. ing f ea tu re  w i l l  a l l  
of two heat exchangers t o  be 
i so la ted  from the  system f o r  main- ’ 
tenance. The remaining heat  
exchangers can be operated i n  
series by closing the appropriate 
valves. 

The turbine is a s ing le  s tage  uni t .  
. The isobutane w i l l  en t e r  t h e  tur- 

bine through a separately mounted 
main s top  valve, check valve, and 
cont ro l  valve. The generator out- 

e panels. The controls  w i l l  
6, include tachometer pickup, bearing 

I vibra t ion  pickup, slams and sig- 
n a l s  of shutdown of the uni t .  The 

turbine w i l l  be provided with rate 
control  equipment and s u f f i c i e n t  
feedbacks from other  control  sys- 
tems f o r  automatic l i m i t  of rate of 

’ 

F&!iiities w i l l  be provided t o  take 
power i n t o  the p lan t  from the  step- 
up transformer t o  supply s t a r t u p  
power. Once on-line, the generator 
w i l l  provide a l l  the required sta- 
t ion  power and the load on the  gen- 
e ra tor  w i l l  be brought t o  the 
desired l e v e l  by a governor cont ro l  
u n t i l  f u l l  output power is reached. 
A 9000 rpm gas expander turbine w i l l  
be d i r e c t l y  connected t o  a gear 
reducer t o  reduce the  speed t o  
3600 rpm. 
cer output sha f t  w i l l  be d i r e c t l y  
connected to  the generator. The 
gas expander turbine-generator com- 
binat ion w i l l  recover the energy on 
expansion of t he  power f l u i d  (iso- 
butane vapor) through the turbine.  

The 3600 rpm gear redu- 

A dry mechanical d r a f t  cooling tower 
w i l l  remove heat of vaporization 
from the isobutane gas and cause i t  . A standard mechanical 

ooling tower w i l l  be 
used. It is a highly r e l i a b l e ,  
w e l l  proven method of disposing 
unusable heat energy with m i n i m u m  
thermal environmental pol lut ion.  
The hot  exhayst gases w i l l  be i n  a 
closed loop; after passing through 
the  regexterator, they w i l l  en te r  
the cooling tower (condenser). The 
cooling a i r  w i l l  be c i rcu la ted  by 
induced d r a f t  fans. The condensate 
discharge from the condenser w i l l  
have the  necessary head t u  permit: 

Additional equipment required i s  an 
instrument and cont ro l  air system. 



It will be backed by an emergency 
nitrogen system. 

All process instrumentation will be 
pneumatic except the governor con- 
trol system. Pneumatic instrumen- 
tation will make the syste 
ently explosion proof. T 
the plant to remote monitoring or 
control, transducers may be added 
to convert the pneumatic signals 
to electronic. Final control valve 
operators will be pneumatic except 
for the electro-hydraulic governor 
system. The governor will require 
the high speed response possible 
with hydraulics. All important 
alarm conditions will be monitored 
by a "first-in" annunciator system 
for ease in troubleshooting. Plant 
protection will be provided in that 
any equipment approaching unsafe 
level will automatically trip, 
causing plant shutdown. Examples 
are overspeed or excess vibration 
on any rotating equipment, high 
lube oil or bearing temperatures, 
or loss of level in the isobutane 
condensate hotwell. 

A separate building will house the 
generator, machine shop, and main- 
teneance area. Instrument' air and 
hydraulic oil systems also will be 
enclosed in this building. 

The control building will house the 
control room, switchgear, mainte- 
nance shop, and living quarters for 
one or two people. The control 
room and living quarters will be 
air-conditioned. 

Ad 

bJ 

5.5 INTRA-AGENCY COORDINATION 

TRW'S recommended implementation plan 
is based on information obtained from these 
government agencies 

United States Bureau of 
Reclamation (USBR) 

0 United States Geologic S 

0 Bureau of Land Management (BLM) 

o Imperial Irrigation District (IID). 

Because the proposed project will 
require interfaces with these agencies, we 

hat NSF coordinate specific 
s of this implementation plan with 

these agencies prior to project start: 

0 Lease Set Aside. Request BLM and 
USBR for set aside of available 
leaseholds 1 and 2 of Figure 5-4. 

0 Environmental Impact Statement 
(EIS). - USBR-approved EIS permits 
nine test wells of which only four 
have been drilled. Coordinate with 
USBR for installation of four new 
wells on approved USBR/EIS. 

e Time Share Existing Wells. Coor- 
dinate with USBR to accommodate 
NSF project tests and proposed 

perforation modifications. 
: Preliminary discussions 

of recommended plans have been 
held with USBR, Boulder City, 
Nevada; however, planning funding 
and operational details require 
NSF/USBR intra-agency resolution. 

o Power Connections. Coordinate 
Phase 1 site power requirements 
and Phase 2 power supply plans 
with IID. 

0 Subsidence. Coordinate drilling 
and injectgon plan with coopera- 
tive USGS/USBR site subsidence 
monitoring net planned for the 
USBR site. 

5,6 STF,TEMENT OF WORK 

5.6.1 Phase 1 Statement of Work 

Task 1- Experimental Test Bed 
Development 

imental test facilities 
e 5-8 will be constructed. 
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Development of the facilities will include from these tests will be used in determining 
reservoir continuity and life, and in par- 
ticular, optimum bottom hole separations. 
Phase 1 tasks will be to do the following: 

e Facility design 

e Construction of access roads 

0 Site preparation (test 'areas and 
yard piping) 

0 Construction of a laboratory and 
off ice building 

0 Installatiop of electrical trans- 
mission line and substation 

Construction of a buried pipeline 
connecting the test bed t o  the 
USBR pond. 

0 

Task 2 - Reservoir Measurement and 
Evaluation 

Drawdown pressure recovery and injec- 

rm engineering design of well 
ications and install new wells. 

0 Perforate existing well 6-1 in the 
high salinity section between 
6000 and 7000 feet, and provide 
it with an electrical submergible 
1000 GPM pump. Perform reservoir 
testing. 

Perforate existing well 6-2 in the 
low salinity section between 
5000 and 6000 feet, and provide 
it with an electric submergible 
500 GPN pump. Perform reservoir 

0 

tion continuity tests will be performed 
forate both between 5000 and 
6000 feet. Install variable speed using modified existing USBR wells 6-1, 

6-2 and 5-1 and new NSF wells 6-3, 6-4, 1 driven, gearhead, lineshaft 

0 Drill wells 6-3 and 6-4, and per- 

(temperature upgraded) with 

-3 at a 900 foot depth. 
ellhead and piping, and 

maximum 1500 GPM pumping capability h j - 5  and 6-6. These tests will determine 
reservoir permeability and continuit 
Test results, together with porosity 
reservoir thickness data from the geophy- 

perform reservoir engineering tests 
at 1000 GPM flow. 

0 Drill wells 6-5 and 6-6, and per- 

Install 1000 GPM high 

sical logs, will provide a measure of hot 
water reserves, reservoir life, and produc- 
tivity indexes, which will be input to 
Phase 2 fluid collection and well designs. 

forate both between 5000 and 
6000 fget. 
temperature electric submergible 
pump in well 6-5 at a 900 foot depth. 
Install wellhead and piping, and 
perform reservoir engineering tests. 

related measurements 

maximum flow capability to 
1500 GPM. Phase 2 power plant design. 

Additionally, interference tests will 
be conducted by producing from one well and 
monitoring other wells for changes in pres- 

Tracers will be used b u r ,  and temperature. 
to measure reservoir water movement. Data 



Correlate test results and analyses 
with predictions derived from pre- 
vious East Mesa explorations. Powerplant systems will be defined 

Task 4 - Systems Definition Analyses 
- 

.-. U 
Recommend improved and confirm 
existing exploration techniques and 
evaluation methods. and findings. Working fluid and turbine 

and analyzed based on Phase 1 experiments 

opthikitions that can reduce capital or 
operating costs will be performed Experiments 

Experiments will be performed on 
m critical subsystems and components to 

, establish optimum design requirements and 

0 Other fluids, such as R-318 and 
cyclobutane, show promise and 
will be investigated. Coeffi- 

.. criteria for Phase 2 powerplant design. 
Down-hole pump (temperature upgraded line- 

cients for the Starling equations 
will be derived. 

shaft and electric-submergible) and well 
completion experiments will be performed 

in Task 2. In addition, the following 0 Off-design point performance will 
pumps under NSF advanced technology 
development will be tested: 

0 The performance of mixtures of 
various compounds will be studied, -, 

be studied to evolve a design that 
exploits the increased performance 
resulting from lower winter con- 
densing temperatures. Steam turbine pump (Sperry) 

0 HF electric submergible pump 
(Lear 1. 

Corrosion and scaling effects in the gs 

0 Computational techniques that treat 
turbine efficiencies as a function 
of cycle parameters will be refined 
(specific speed, operating pressure, 

heat exchanger, which are critical to working fluid, etc.). 
economic and operational effectiveness of 
a geothermal binary system, will require 

0 Direct contact heat exchangers 
(mixing water and working fluid) 
will be studied to eliminate costly 

0 Coupon Tests to determine the and fouling-prone surface heat 
qptimum beat exchanger materials exchangers. 
and conflgurations to protect 
against geothermal well fluid 0 Tradeoffs will be performed to 
corrosion, erosion and scaling. determine optimum turbine configu- 
Test equipment will include ration and fluid expansion condi- 
sample material tubings with tions. Single stage radial tur- 
representative diameters con- bines versus multiple stage axial 
figured to pass geothermal well turbines will be compared based on 
fluid exchanger rated flows from performance, efficiency, size, and 
wells 6-1, 6-2, and 6-3. The cost. An optimum combination of 
tubing will be externally cooled working fluid, turbine configura- 
representative of operational tion, and heat transfer equipment 
requirements. will be derived. 

Scale Cleaning t o  develop scale 
prevention and cleaning methods 
for problem configurations and 
materials identified in coupon uations (Task 2) and subsystem 

m eria for Phase 2 power- 
will be prepared based 

on reservoir measurements and eval- 

tests. (component) experiments (Task 3 ) .  



Task 5 - Environmental Impact Report 

,.lW The California Environmental Quality 
t ' Act of 1970 requires these tasks: 

e Preparation of a project 
be submitted to the Imperial County 
in applying for a permit for geo- 
thermal exploratory drilling at the 
proposed site. 

e Assessment of the environmental 
impact of the proposed geothermal 
power plant facilities, and prepara- 
tion of an Environmental Impact 
Report preparatory to approval of 
the geothermal project by Imperial 
County. 

Task 6 -Utilization Briefings 

The research outputs and technology 
developments of Phase 1 will be dissemina- 
ted to relevant public or private communi- 
ties. Briefings will be presented at 

u o t h e r m a l  symposiums and conferences. 
Based on the past year's experience, 
quarterly public briefings are anticipated. 

Task 7 - Phase 2 Implementation 
Planning 

Phase 2 planning will be conducted 
concurrent with resource evaluations and 
experiments. Cost, engineering, and 
schedule information will be provided for 
the Phase 2 plan. 

Task 8 - Program Management 
program manager will be assigned to 

nitor, and control the pr 

sonnel as re 1 be assigned to 
bjeside at the site within two months aft 

project start. 

Coordination meetings will be held 
quarterly with NSF. 

meetings will b e  submitted to NSF two weeks 
heduled date. Recommendations 
ems resulting from these meet- 

Agendas for these 

ings will be documented and minutes provided 
to NSF within a week after the meetings. 

A formal briefing will be presented ' 

to the NSF Program Manager summarizing 
the major project conclusions in conjunc- 
tion w i t h  the submittal of the final 
repor t o  

Phase 1 Schedule and Costs 

The Phase 1 schedule and estimated 
costs are shown in Figure 5-2. 
based on September 1974 costs, with 5 per- 
cent allowance for miscellaneous, 6 per- 
cent for contractor's fee, and 12 percent 
per year for escalation. 
contingency is indicated. 

Costs are 

A 1 5  percent 

Preliminary Phase 2 
Work 

preliminary design of an experimental 
cycles powerplant with 10 MWe gross 
generating capacity (Reference Appen- 

dix I) has been developed to identify 
Phase 2 design and construct 
costs, and schedul 
following major tas 

ion 

c nviromental impact 
tat emen t 



Task 5 -Utilization briefings 
Task 6 - Program management. 
The Phase 2 schedule and estimated 

costs are shown in Figure 5-3. The 

accelerated schedule option calls for 
Phase 2 to begin 6 months after start of 
Phase 1 and for the two phases to run 
concurrently. 
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