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IMPERIAL COUNTY 

GEOTHEWAL SEMI-ANNUAL REPORT 

October 1, 1980 to March 31, 1981 

This semi-annual report will show the current progress on Cooperative 

Agreement DE-FC03-79ET27196 and Geothermal progress in Imperial County. 

It was prepared by the Director of Public Works and the Geothermal 

Coordinetor as partial fulfillment of this Cooperative Agreement. 

report will be broken down into three areas: Geothermal Administration, 

Geothermal Planning; and other Geothermal Activities. 

The 

Geothermal Administration will address the status of the Imperial Valley 

Environmental Project (IVEP) transfer, update of the Geothermal Resource 

Center, and findings of Geothermal field inspections. Field inspections 

will cover the txo power plants that are on line in East Nesa and North 

Brawley and the two possible new Geothermal anomalies being developed; 

South Brawley and East  Brawley. In addition, we w i l l  cover the cooperative 

efforts between industry and the County; Master EIR for the Salton Sea 

KGRA and the resurveying of the subsidence detection network. The status 

of Geothermal esvelcprnent throughout the County will cover existing and 

proposed facilities. 

Geothermal Planning will address a Board of Supervisor action on the 

Union Oil Geothermal Production Permit for 16 wells in the Salton Sea 

KGRA and a permit for Southern California Edison 10 megawatts 

power plant in the Salton Sea KGRA. Planning Commission action will 
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cover: 

Permit to 28 megawatt power plant and relocation of the plant and 

wells within the Salton Sea KGRA; Exploration permit to Occidental 

Geothermal for four exploratory wells in East Brawley; Geothermal 

Production Permit to Southern California Edison to operate a 10 megawatt 

power plant in the Salton Sea KGRA; and Geothermal production permit to 

Union Oil for 16 production-injection wells in the Salton Sea KGRA. 

EIR exemptions to CEQA were granted to Chevron tor 70 shallow temperature 

observation holes and Union for fifteen. 

Amendment of Magma Power's 4 9  megawatts Geothermal Production 

Lastly, 

I 

Other Geothermal Activity will address the County Direct Heat Development 

study; the solicitation f o r  district heating and cooling proposals; 

the new Geothermsl Class II-1 disposal site; the DOE Region IX meeting in 

Tucson; and USGA designating a new KGRA, the East Brawley KGRA, the WeStmor- 

land KGRA, and revising the southern border of the Salton Sea KGRA. 

Lastly, it should be noted that in June, 1981, Cerro Prieto will bring on 

line their new 27.5 megawatt low-pressure turbine a year ahead of schedule 

and Imperial County will host an Imperial Valley Geothermal meeting. 
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IMPERIAL COUNTY 

GEOTHERMAL DEVELOPMENT SEMI-ANNUAL REPORT 

October 1, 1980 to March 31, 1981 

This ser;!i-annual report will cover all significant Geothermal development 

which has occurred in Imperial County during this period. 

format suggested in the Department of Energy Cooperative Agreement 

DE-FC03-79ET27196 consisting of three major headings: 

Geothernal Planning; and Other Geothermal Activities. 

It will follow the 

Geothermal Administration; 

I. Geothermal Administration is the task of the Geothermal office based 

within the Department of Public Works under direction of  the Director 

of Public Works. It is responsible for the transfer of the Imperial 

Valley Environmental Project (IVEP) updating of the Geothermal resource 

center conducting Geothermal field inspections, and monitoring Geothermal 

development. Progress in these areas is as follows: 

A .  Status of IVEP transfer. Lawrence Livermore Laboratory's (LLL) 

summary is found in a two volume study tited, "An Assessment of 

Geothermal Development in the Imperial Valley of California, Volume 

1 and 2" received November 10, 4980. The individual data that went 

into the report is still on file at LLL. 

zing the air monitoring data is also on file. 

to transfer the raw data for a future updating program. In addition, 

an Executive Summary of the two volume study was received March 19, 

1981, (Available at the Department of Public Works). 

An earlier report utili- 
I 

A plan is being developed 
i 

B. Update of the Geothermal resource center. Besides receiving and 

filing all current reports on the Imperial Valley, a review of 

LLL's previous documents was completed. They sent the documents 
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r eques t ed  i n  January .  These have a l s o  been ca t a loged  and f i l e d .  

C .  R e s u l t s  of  f i e l d  i n s p e c t i o n .  During t h i s  pe r iod  t h e r e  w a s  a d e d i c a t i o n  

of  t h e  Southern C a l i f o r n i a  Edison/Union dua l  f l a s h  10 megawatt power 

p l a n t  a t  North Brawley, McCulloch Geothermal f low- tes ted  t h e i r  South 

Brawley well, Republ ic  f low- tes ted  n e a r  Niland,  P h i l l i p s  completed 

t h e i r  t h i r d  E a s t  Brawley well, and Magma's 10 megawatt b i n a r y  power 

p l a n t  a t  E a s t  Mesa h a s  some mechanical  problems. 

1. Dedica t ion  ceremonies were he ld  October 15, 1980, a t  t h e  Brawley 

Geothermal Power p r o j e c t .  They were co-hosted by Fred L. H a r t l e y ,  

Chairman arid P r e s i d e n t  of Union O i l  Company and W i l l i a m  R. Gould, 

Board Chairman and Chief Execut ive  O f f i c e r  of Southern C a l i f o r n i a  

Edison. 

and Geothermal f i e l d .  

demonst ra t ion  p r o j e c t .  

The ceremony inc luded  a t o u r  of  the 10 megawatt p l a n t  

Appendix A c o n t a i n s  a f a c t  sheet on the 

2.  Af t z r  NcCulloch Geothermal completed t h e i r  second well, flow- 

t e s t i n g  w a s  conmenced by Vedder research. 

t e s t  w a s  i n t e r r u p t e d  due t o  s c a l i n g  problems n e a r  t h e  w e l l  head. 

A f t e r  c o r r e c t i n g  t h e  problem, t e s t i n g  was completed t h e  f i r s t  

week i n  January .  R e s u l t s  appear  t o  b e  v e r y  f avorab le .  

Republ ic  h a s  two wells east of  t h e  S a l t o n  Sea KGRA ( B r i t z  3 

and Fee  1) which were f low- tes ted  by Vetter Research (30 day 

Th i s  45 day f low 

3 .  

t e s t )  i n  March wi th  good r e s u l t s .  

4 .  ? ; ? i l l i p s  Geothermal completed t h e i r  f i r s t  well (Borchard A-1, 

13 ,434  f t . )  i n  September and have completed two more wells 

(Borchard A-2, 11,800 tt. and Borchard A-3, 12,800 f t . ) .  These 

w e l l s  a re  i n  East Brawley. They are des ign ing  test equipment 

f o r  f low- te s t ing  now. 
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5. Magma Power's 10  megawatt b i n a r y  p l a n t  a t  East Mesa i s  s t i l l  

expe r i enc ing  mechi2nical problems. 

f u n c t i o n i n g  normally,  bu t  problems e x i s t  w i t h  t h e  gas  t u r b i n e .  

It had t o  b e  removed and s e n t  back t o  t h e  manufacturer  f o r  

m o d i f i c a t i o n .  It w a s  r e t u r n e d  and a f t e r  two smaller problems 

w a s  i n s t a l l e d  and o p e r a t i n g  toward t h e  end of t h i s  r e p o r t i n g  

p e r i o d .  

The b i n a r y  p rocess  i s  

D .  Eva lua t ion  of coope ra t ive  e f f o r t s  between i n d u s t r y  and t h e  County 

f o r  Geothermal development i n  t h e  area. The e f f o r t  i s  t y p i f i e d  

by l i s t i n g  a few of t h e  t r a n s a c t i o n s  f o r  t h i s  pe r iod :  

1. Geothermal subsidence d e t e c t i o n  network r e su rvey .  Appendix B 

i n d i c a t e d  who was on t h e  Geothermal Subsidence De tec t ion  Com- 

m i t t e e  and d o l l a r s  committed. The survey commenced i n  November 

and i n v o l v e s  t h r e e  second o rde r  survey crews and two f i r s t  o r d e r  

crews re sd rvey ing  438 m i l e s .  November 20 ,  1980, t h e  County 

f i r s t  o r d e r  surve:y crew and t h e  I m p e r i a l  I r r i g a t i o n  District 

( I I D )  second o r d e r  survey crew commenced work. The County 

f i r s t  o r d e r  survey crew completed 40 m i l e s  d u r i n g  t h i s  pe r iod .  

The I I D  crew completed t h e i r  s h a r e  (80 m i l e s )  i n  February.  

December 2 2 ,  Na t iona l  Geodeti? Survey (NGS) f i r s t  o r d e r  survey 

crew commenced work. 

>!arch 31. December 24th,  Imper i a l  County second o r d e r  survey 

crew Commenced work. 

31. I n  January t h e  Water and Power Resources Se rv ice  (WF'RS) 

second o r d e r  survey crew commenced work. They have completed 

40 miles as of March 31. 

They haye completed 166 m i l e s  as of 

i 

They have completed 46 m i l e s  as of March 

The t o t a l  r e su rvey  i s  due t o  be 

completed i n  May, 1981. 

2 .  Meeting w i t h  r e p r e s e n t a t i v e s  of Mapco on f e a s a b i l i t y  of e t h a n o l  
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f a c i l i t y  u s i n g  Geothermal f l u i d s  cascading from t h e  proposed 

Piapco power p l a n t .  

3 .  Meeting wi th  r e p r e s e n t a t i v e s  of Chevron f o r  i i n a l  approva l  

of t h e i r  proposed micro-seismic monitor ing network a t  Heber. 

4 .  Meeting w i t h  s e v e r a l  deve lope r s  about p o s s i b l e  greenhouse 

s i t i n g  i n  Imper i a l  Val ley.  

E .  Problems i n  Geothermal development and recommendations f o r  a c t i o n .  

During t h i s  p e r i o d  t h r e e  major concerns were looked i n t o :  

1. The problem of Geothermal d i r e c t  h e a t  development. A s  

noted l a s t  p e r i o d ,  t h e  County Ethanol  Committee made a 

Request f o r  Proposal  (RFP) t o  a d d r e s s  t h e  p o s s i b l e  a p p l i c a t i o n  

s u i t a b l e  t o  t h e  I m p e r i a l  Val ley and t h e i r  impacts .  VTN w a s  

s e l e c t e d ,  a f t e r  competing w i t h  seven o t h e r  m i r s  f o r  t h e  c o n t r a c t .  

It  was awarded on December 1 7 .  The i n i t i a l  two phases  are  sub- 

c o n t r a c t e d  t o  t h e  Ben Holt  Company. T h e i r  s t a t u s  r e p o r t  shows 

40% completed (Appendix C). 

The problem of Geothermal d i s t r i c t  h e a t i n g  and c o o l i n g .  

A t  t h e  end of October,  w e  were adv i sed  of p o s s i b l e  HUD/DOE 

Request f o r  P roposa l s  f o r  d i s t r i c t  h e a t i n g  and c o o l i n g  w i t h  

a d e a d l i n e  of mid-January. 

s c r i b e d  t h e  p r o j e c t  t o  them. We then  a r r anged  f o r  a De- 

p a r t c e n t  of Energy r e p r e s e n i a t i v e  and HUD r e p r e s e n t a t i v e  t o  

a d d r e s s  t h e  i n t e r e s t e d  p a r t i e s .  From t h e s e  e f f o r t s ,  t h e r e  

a r e  t h r e e  comrr,unities submi t t i ng  p roposa l s :  Rrawley, Heber, 

anti C a l i p a t r i a .  R e s u l t s  are s t i l l  unknown. 

2 .  

W e  m e t  w i t h  t h e  c i t i e s  and de- 
l 

3 .  The problem of Class 11-1 Geothermal hazardous s i t e  a v a i l a b i l i t y .  

On December 1 7 ,  1980, t h e  I T  Corporat ion opened a Class 11-1 

s i t e  f o r  Geothermal hazardous wastes and a small  amount of 

p e s t i c i d e s .  S ince  t h a t  t i m e ,  more than h a l f  of t h e  waste 
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F. 

r ece ived  h a s  been from t h e  o i l  i n d u s t r y  i n  t h e  Los Angeles area. 

Th i s  has  caused p u b l i c  concern and o p p o s i t i o n  t o  t h e  s i te .  

The Board of Supe rv i so r s  w a s  h a l t e d  from changing t h e  

Cond i t iona l  Use F e r m i t  i s s u e d  t o  I T  by a r e s t r a i n i n g  o r d e r  

from I T  Corpora t ion .  A r eques t  from t h e  County t o  t h e  Regional 

Water Qua l i ty  Con t ro l  Board t o  modify t h e i r  o r d e r  has  l e a d  t o  

several h e a r h g s ,  t h e  l a s t  of  which w i l l  b e  h e l d  A p r i l  29, 1981, 

i n  E l  Centro.  

Concern over  t h e  I T  s i t u a t i o n  and t h e  p o s s i b l e  removal of Class 

X I - 1  s l t e  a v a i l a b l e  f o r  t h e  Geothermal community l e a d  t h e  Super- 

v i s o r s  t o  r e q u e s t  a s tudy  on p o s s i b l e  11-1 s i t e  l o c a t i o n s  i n  

Imper i a l  County. The Geothermal Coordinator  was g iven  t h e  l ead  

i n  t h i s  p r o j e c t  which c o n s i s t e d  of meet ing w i t h  l o c a l  and s t a t e  

r e p r e s e n t a t i v e s  and r e s e a r c h  f o r  p o s s i b l e  s i tes .  The r e s u l t s  of 

t h e  s tudy  were seven s i tes  be ing  presented  t o  t h e  Board of Super- 

v i s o r s .  P u b l i c  c:oncern about  Class 11-1 s i t i n g  procedures  l e a d  

t h e  3oard of Supe rv i so r s  t o  r e q u e s t  i npu t  from concerned c i t i z e n s  

on t h e  s tudy  b e f o r e  a c t i o n  was taken  by t h e  Board. The f i r s t  

of s e v e r a l  meet ings w i t h  t h e  p u b l i c  has  been set  f o r  May 6 ,  1981. 

S t a t u s  of Geothermal e x p l o r a t i o n ,  development, and product ion  i n  

t h e  Imper i a l  County. C u r r e n t l y  there are  two 1 0  megawatt power 

p l a n t s  on l i n e ,  w i t h  approval  f o r  f i v e  more. There are t h r e e  com- 

p a n i e s  d r i l l i n g  w e l l s  and t h r e e  development companies expanding 

f i e l d  development. The s t a t u s  o f  a l l  t h e s e  w i l l  be  d i scussed  i n  

f o u r  s e c t i o n s :  Power P l a n t s ;  F i e l d  Development; Direct IIeat Pro- 

j e c t s ;  a n d ,  Other P r o j e c t s .  

1. Power P l a n t s  

The Southern C a l i f o r n i a  Edison/Union 10 mega ratt pol e r  p l a n t  i n  

Brawley i s  o p e r a t i n g  as mentioned e a r l i e r .  They are commencing 
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c o n s t r u c t i o n  of  a 10 megawatt p l a n t  n e a r  t h e  S a l t o n  Sea. It 

w i l l  be  on l i n e  i n  J u l y ,  1982. The Magma Power 10  megawatt b ina ry  

p l a n t  i s  o p e r a t i n g  i n t e r m i t t e n t l y  due t o  mechanical  problems. 

The t u r b i n e  has  been r e b u i l t  and they  have r e p a i r e d  l e a k s  i n  

t h e  h e a t  exchanger .  Magma Power h a s  d r i l l e d  'four new wells 

and s t a r t e d  c o n s t r u c t i o n  o f  a 28 megawatt d u a l - f l a s h  power 

p l a n t  a t  t h e  S a l t o n  Sea n e a r  t h e  former loop  f a c i l i t y  (Geother- 

mal Loop Experimental  F a c i l i t y ) .  The f a c i l i t y  has  been t o r n  

down w i t h  t he  excep t ion  of  t h e  c l a r i f i e r .  San Diego Gas and 

E lec t r i c  i s s u e d  a l e t t e r  of  i n t e n t  t o  buy t h e  e l e c t r i c i t y  from 

t h i s  28 megawatt p l a n t  and Magma's f u t u r e  50 megawatt p l a n t .  

Soxthern C a l i f o r n i a  Edison has approval  f o r  a 45 megawatt power 

p l m t  a t  Heber which i s  scheduled t o  b e  on l i n e  i n  1984. 

San Diego Gas and E l e c t r i c  h a s  approval  f o r  a 45 megawatt b i n a r y  

p l a n t  which i s  due t o  go on l i n e  i n  1984. 

h a s  wel l s  a t  E a s t  Mesa f o r  a power p l a n t  and i s  n e g o t i a t i n g  

w i t h  Los Angeles  Department o f  Water and Power f o r  a 10 megawatt/ 

48 megawatt p l a n t .  

Republ ic  Geothermal 

2.  F i e l d  Development 

During t h i s  p e r i o d ,  Union and P h i l l i p s  have b o t h  d r i l l e d  w e l l s  

i n  t h e  East Erawley area.  Th i s  area i d e n t i f i e d  by USGS as a 

p o s s i j l e  h o t  s p o t  was j u s t  des igna ted  as a KGRA i n  March, 1981. 

Union d r i l l e d  one well and P h i l l i p s  d r i l l e d  t h r e e  deep w e l l s  

t o  about  13,000 f e e t .  P h i l l i p s  i s  a l s o  r e q u e s t i n g  t o  d r i l l  s i x  

xe l l s  n e a r  S a l t o n  C i t y  i n  a n  area p rev ious ly  n o t  explored .  I n  

t h e  South Brawley area,  McCulloch Geothermal now known as PlCR 

Geothermal Corpora t ion ,  has d r i l l e d  two w e l l s .  The deepes t  t o  

13,000 f e e t .  They have f low-tested t h e  well and a re  c u r r e n t l y  

ana lyz ing  t h e  r e s u l t s ,  
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3 .  D i r e c t  Heat Uses 

The Holly Sugar P r o j e c t  (TRW c o n s u l t a n t )  completed t h e i r  

f i r s t  w e l l ,  which i s  a l s o  i n  t h e  South Brawley area. 

of E l  Centro Heating and Cooling P r o j e c t  (Westec c o n s u l t a n t )  

s e l e c t e d  H 6: D r i l l i n g  t o  d r i l l  t h e i r  two w e l l s .  

The C i t y  

P a c i f i c  Gas and Electr ic  and Southern C a l i f o r n i a  Gas have se- 

l e c t e d  CH2M H i l l  t o  do a f e a s i b i l i t y  s tudy  f o r  a commercial s i z e  

methane p l a n t  i n  t h e  Imper i a l  V a l l e y ,  us ing knowledge gained 

from t h e  small  methane p l a n t  which has  ope ra t ed  f o r  two y e a r s .  

The co rmerc i a l  s i z e  f a c i l i t y  w i l l  r e q u i r e  Geothermal h e a t  f o r  

p a r t  of t h e  p rocess .  

4 .  Other P r o j e c t s  

The Sperry P r o j e c t  (Appendix D ) ,  which w i l l  u s e  a down h o l e  pump 

and h e a t  exchanger t o  d r i v e  a w e l l  head g e n e r a t o r ,  i s  i n  t h e  f i r s t  

phases  of w e l l  development. 

i n c h  diameter  w e l l  c a s i n g  which took s p e c i a l  e f f o r t s  t o  r e s o l v e .  

The c a s i n g  i s  now r e p a i r e d  and they are proceeding w i t h  t h e  build-up 

of t h e  experiment.  

i n  January,  1981. 

h o l e  punp nex t  q u a r t e r .  

They had t r o u b l e  w i t h  l e a k s  i n  t h e  30- 

They had a l l  t h e  s u r f a c e  equipemnt i n  p l a c e  

They w i l l  b e  i n s t a l l i n g  and t e s t i n g  t h e  down 

They expect  t o  have t h e  g r a v i t y  head 

systein i n s t a l l e d  by January, ,1982.  

a d i v i s i o n  of Armco I n c . ,  h a s  opened a Geothermal supply o f f i c e  

The Na t iona l  Supply Company, 

I 

i n  f n p e r i a l  Val ley.  

l o c a t e d  i n  t h e  I m p e r i a l  Va l l ey  are Schlumberger W e l l  Logging, 

H a l l i b u r t o n  Cement, and Midway F i s h i n g  Tool Company. November 

Other Geothermal s e r v i c e s / s u p p l y  companies 

1 2 ,  1980 ,  San Diego Gas and Elec t r ic  s igned an  agreement f o r  

150 megawatts of e l e c t r i c i t y  over a t e n  y e a r  p e r i o d  from Mexico's 
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Geothermal energy c e n t e r  a t  Cerro P r i e t o  and Southern C a l i f o r n i a  . 

Edison s igned f o r  70 megawatts. 

11. Geothermal Planning 

Geothermal- planning i s  t h e  t a s k  of t h e  Geothermal Planner  based w i t h i n  

t h e  Flanning Department under t h e  d i r e c t i o n  of t h e  Planning D i r e c t o r .  

R e s p o n s i b i l i t i e s  are: Geothermal a p p l i c a t i o n s ;  h e a r i n g s  pe rmi t s ;  pre- 

p a r i n g  d r a f t  environmental  impact r e p o r t s  (EIR's);  and, implementing t h e  

Geothermal element t o  t h e  g e n e r a l  p l an .  P rogres s  t h i s  pe r iod  w a s  as 

fo l lows:  

A. Planning Commission a c t i o n s  

1. 

2. 

3 .  

4 .  

December 10, 1980, t h e  Planning Commission i s s u e d  an  amendment 

t o  Magma Power's p r e v i o u s l y  approved 49 megawatt Geothermal Pro- 

d u c t i o n  Permit a u t h o r i z i n g  i n s t e a d  a 28 megawatt power p l a n t  

and r e l o c a t i o n  of t h e  power p l a n t  and w e l l  s i tes w i t h i n  t h e  

S a l t o n  Sea KGRA. 

DecerLber 10 ,  1980, Planning Commission i s s u e d  a n  Exp lo ra t ion  Per- 

m i t  t o  Occ iden ta l  Geothermal € o r  f o u r  e x p l o r a t o r y  w e l l s  i n  

East Brawley r e s o u r c e  area. 

December 1 7 ,  1980, Planning Commission i s s u e d  a Geothermal Pro- 

d u c t i o n  Permit  t o  Southern C a l i f o r n i a E d i s o n  t o  o p e r a t e  t h e  t e n  

megawatt power p l a n t  i n  t h e  S a l t o n  Sea KGRA. 

Cecrnber 1 7 ,  1980, Planning Commission i s s u e d  a Geothermal Fro- 

d u c t i o n  Permit t o  Union Oil'Company t o  a l l o w  1 6  p roduc t ion /  

i n j e c t i o n  w e l l s  i n  S a l t o n  Sea KGRA. 

+ 

I 

B. Board of Supe rv i so r s  Act ions.  

1. December 23, 1980, Board of Supe rv i so r s  appealed Union O i l  

Company Geothermal Permit f o r  1 6  wells i n  t h e  S a l t o n  Sea KGRA. 

It ag reed  t o  h e a r  an a p p e a l  by Southern C a l i f o r n i a  Edison on 

t h e i r  t e n  megawatt power p l a n t  i n  t h e  S a l t o n  Sea KGRA. Hearing 
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d a t e  f o r  t h e s e  appea l s  was January 20, 1981, a t  which 

t i m e  t hey  were pe rmi t t ed .  

C .  E I R  No t i ce  of Exemptions from CEQA 

1. Chevron w a s  g ran ted  a No t i ce  of Exemption f o r  2 1  

sha l low tempera ture  obse rva t ion  h o l e s  (500 f e e t  i n  dep th )  on 

December 1, 1980. 

Chevron was g ran ted  a No t i ce  of Exemption f o r  25 

sha l low tempera ture  obse rva t ion  h o l e s  (500 f e e t  i n  dep th )  on 

Deceaber 2 2 ,  1980. 

2 .  

3 ,  On March 30, 1981, Chevron w a s  g ran ted  a No t i ce  of Exemption 

f o r  24 sha l low tempera ture  obse rva t ion  h o l e s  (500 f e e t )  and 

Union was gran ted  a Not ice  of Exemption f o r  15 sha l low 

t e x p e r a t u r e  o b s e r v a t i o n  h o l e s  (1000 f e e t ) .  

D.  Other  Geothermal P lanning  Act ivi t ies .  

1. The Planning  Department,  a f t e r  s u i t a b l e  e v a l u a t i o n ,  s e l e c t e d  

Westec t o  p repa re  t h e  Master E I K  f o r  t h e  S a l t o n  Sea KGRA. 

Th i s  document will addres s  t h e  gena r i c  accumula t ive  impact of 

bo th  f i e l d  and power p l a n t  development r e s u l t i n g  from up t o  

1400 megawatts of e l ec t r i ca l  gene ra t ing  c a p a c i t y .  T h i s  e f f o r t  

i s  j o i c t l y  funded by CEC and t h e  Geothermal lease ho lde r s .  The 

d r a f t  i s  due t o  be  completed by June ,  1981. 

111. Other  Geother?.al Act iv i t ies .  Th i s  pe r iod ,  f i v e  a c t i v i t i e s  are addressed:  

The Geotherc.el Direct Heat Study; t h e  Revis ion  Keport f o r  t h e  S o l i d  Waste 

Management P l a n ;  t h e  opening of  t h e  Class 11-1 d i s p o s a l  s i t e ;  t h e  Region 

I X  meet ing i n  Tuscon; and USGS d e s i g n a t i o n  of two new KGFA's and r e v i s i o n  

of t h e  S a l t o n  Sea KGRA. 

A .  A f t e r  competat ive s e l e c t i o n ,  VTN, I nc .  b7as  s e l e c t e d  t o  conduct  a 

Geothermal Direct Heat Study mentioned last  q u a r t e r .  The s tudy  w i l l  

-11- 
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l ook  a t  t h e  p r a c t i c a l  d i r e c t  h e a t  a p p l i c a t i o n s  t h a t  could  be  developed - 
i n  t h q  I m p e r i a l  Va l l ey  and t h e  impacts .  The c o n t r a c t  was awarded on 

December 1 7 ,  1980. The f i r s t  p a r t  of t h e  d i r e c t  h e a t  s tudy  i s  sub- 

c o n t r a c t e d  t o  t h e  Ben Holt  Company. A S t a t u s  Report  i n d i c a t e s  t hey  

are  40% complete  (Appendix C). 

The I m p e r i a l  County S o l i d  Waste Management P l a n  which needs t o  b e  B.  

updated t o  a d d r e s s  Geothermal waste took  t h e  f i r s t  s t e p  by having 

a r e v i s i o n  r e p o r t  submi t ted  on October 2 4 ,  1980, t o  t h e  S o l i d  Waste 

Management Board. Th i s  r e p o r t  w i l l  be  reviewed and when approved, 

w i l l  form t h e  b a s i s  f o r  t h e  changes t o  t h e  P lan .  

C .  On December 1 7 ,  1980, t h e  I T  Corpora t ion  commenced o p e r a t i o n  of a 

Class 11-1 d i s p o s a l  s i t e  f o r  Geothermal hazardous  waste d i s p o s a l .  

D .  On October  28, 29, & 30, 1980, t h e r e  was a Department of  Energy (DOE) 

Region IX Geothermal Development meet ing h e l d  i n  Tucson. Th i s  meet- 

i n g  hos t ed  by t h e  U n i v e r s i t y  of Arizona,  Geothermal Div i s ion ,  pro- 

v ided  an  o p p o r t u n i t y  t o  s h a r e  t h e  knowledge l e a r n e d  i n  Geothermal 

deve lop ren t  i n  each of f i v e  states - C a l i f o r n i a ,  Nevada, Arizona, 

N e w  Mexico, and Hawaii. I n  a d d i t i o n ,  Randy Stevens  from t h e  Depart-  

ment of Energy, Washington D C ,  de sc r ibed  t h e  HUD/DOE Dis t r ic t  Heat ing 

and Cooling Request  f o r  Proposa l  (RFP) which would be  sent o u t  i n  

November, 1980. 

I n  a d d i t i o n  t o  upda t ing  t h e  s t a t u s  o f  p r o j e c t s  i n  t h e  Imper i a l  

Valley, t3ere were speake r s  who addressed  the i s s u e s  of e thano l ,  

s o c i a l  geothermal  concerns ,  and t h e  problems of  geothermal  devel-  

opment. One of  t h e  p r e s e n t a t i o n s  emphasized t h e  f a c t  t h a t  

u n l i k e  o i l ,  a bucket  of Geothermal steam i s  n o t  a s a l a b l e  com- 

modity;  t h e r e f o r e ,  even a f t e r  t h e  r e source  i s  i d e n t i f i e d ,  e f f o r t  

i s  needed t o  b r i n g  about  u l t i m a t e  development of t h e  r e source .  
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E. USGS advised u s  of two new K G M ' s ,  E a s t  Brawley, Westmorland, and 

r e v i s i o n  of t h e  S a l t o n  Sea KGRA. These are i d e n t i f i e d  i n  Appendix 

E. The g r e a t e s t  e f f e c t  w i l l  b e  i n  E a s t  Brawley, where 70,211 

acres w i l l  now b e  i n  t h e  new KGRA's. Estimated e lectr ical  poten- 

t i a l  has  n o t  been determined y e t .  BLM has  j u s t  completed a n  

Environmental Assessment (EA) of E a s t  Mesa which e x t e n d s  n o r t h  

through t h e  e a s t e r n  t h i r d  of t h e  new KGRA. There fo re ,  competit ,fve 

b i d s  f o r  t h e  F e d e r a l  :Land w i l l  b e  taken i n  t h e  near f u t u r e .  Three 

companies are a l r e a d y  d r i l l i n g  in t h e  area, s o  t h i s  change could 

h e l p  remove o b s t a c l e s  t o  f u l l  f i e l d  development. The TJestmorland 

K G W  i s  3,200 acres extending s o u t h  and east of the c i t y  of West- 

morland (Appendix E ) .  

t h e  s o u t h e r n  bo rde r  t h r e e  m i l e s  t o  Walker Road between Benson Road 

The r e v i s i o n  of t h e  S a l t o n  Sea KGRA extended 

and F o r r e s t e r  Road as shown i n  t h e  map i n  Appendix E.  
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This  semi-annual r e p o r t  was d iv ided  i n t o  t h r e e  s e c t i o n s :  Geothermal 

Admin i s t r a t ion ;  Geothermal Planning;  and,  Other Goethermal A c t i v i t i e s .  

The Geothernal  Admin i s t r a t ion  p r o g r e s s  i s  as fo l lows :  

Volume 1 and 2 of LLL's summation of d a t a  t i t l e d  An Assessment 

of Geothermal Development i n  Imper i a l  Va l l ey  of C a l i f o r n i a  were 

r e c e i v e d  November 10 ,  1980. The Execut ive Summary w a s  r e c e i v e d  

i n  Marcii. 

S t a t u s  of geothermal r e s o u r c e  certter - completed review of LLL 

p u b l i c a t i o n s  and r eques t ed  mis s ing  i t e m s .  They w e r e  r e c e i v e d  

i n  January and have been ca t a loged .  

S t a t u s  of f i e l d  i n s p e c t i o n s  and c u r r e n t  p r o g r e s s  - Southern 

C a l i f c r n i a  Edison/Union 10 megawatt power p l a n t  i n  Brawley on 

l i n e .  Magma Power 10  megawatt power p l a n t  a t  East Mesa i n t e r -  

m i t t a n t l y  on l i n e ,  mechanical problems w i t h  t h e  t u r b i n e .  

McCulloch Geothermal, now c a l l e d  MCR Geothermal Corpora t ion ,  

f l o w - t e s t i n g  t h e i r  well a t  South Brawley, some s c a l i n g  problems 

d u r i n g  t h e  tests b u t  tests were completed Janua ry ,  1981. Republ ic  

completed a 30 day f low- te s t  of t h e i r  w e l l s  n e a r  Niland east 

of t h e  S a l t o n  Sea K G M .  P h i l l i p s  Petroleum h a s  completed t h r e e  

! 

I 

i 
w e l l s  i n  East Brawley ::rid p l a n  t o  f low- te s t  a f t e r  t hey  des ign  

a tes t  system. 

Evz lua t ion  of c o o p e r a t i v e  e f f o r t s  between i n d u s t r y  and t h e  

County f o r  geothermal development - r e su rvey  of Subsidence 

D e t e c t i o n  Network damaged i n  t h e  October 1979 ear thquake 
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commenced i n  November. This  \ J i l l  i nvo lve  t h r e e  second o r d e r  

l e v e l i n g  crews and two f i r s t  o rde r  l e v e l i n g  crews working 

u n t i l  May 1981, cover ing  438 m i l e s  of f i r s t  and second o r d e r  

l i n e s .  Th i s  i s  a n  e f f o r t  between many agenc ie s  and t h e  

County. 

There w e r e  meet ins  w i t h  s e v e r a l  deve lopers  on e t h a n o l  f a c i l i t i e s  

and greenhouses  i n  Imper i a l  Val ley  and a f i n a l  approva l  of micro- 

s e i s n i c  moni tor ing  zetwork f o r  Chevron a t  Heber . 

Prob1r::s i n  geothermal  development and recorrimendations f o r  a c t i o n s  - 

d i r e c t  h e a t  development i n  Imper i a l  Val ley  i s  be ing  i n v e s t i g a t e d  

by VTN, I n c . ;  f e a s a b i l i t y  of geothermal  d i s t r i c t  h e a t i n g  and 

coo l ing  h a s  been reques ted  from HUD by t h r e e  c i t i e s  i n  Imper i a l  

County; Brawley, Heber, and C a i i p a t r i a ;  and Class 11-1 geothermal  

hazardous waste s i t e  a v a i l a b i l i t y  i s  be ing  s t u d i e d  by t h e  County. 

S t a t u s  of geothermal  e x p l o r a t i o n  development and product ion  i n  t h e  

County - two 1 0  megawatt power p l a n t s  on l i n e ;  Southern C a l i f o r n i a  

Edison a t  North Brawley, llagma Power a t  East Mesa. Cons t ruc t ion  

corrmencing on Hagma's 28 megawatt power p l a n t  and Southern C a l i f -  

o r n i a  Edison's 10  megawatt p l a n t  a t  S a l t o n  S e a . ,  Both expected t o  

b2  on lins- i n  1982. Southern C a l i f o r n i a  Edison ' s  45 megawatt dual-  

f l a s h  p l a n t  pe rmi t t ed  a t  Heber scheduled t o  b e  on l i n e  i n  1984. 

San Diego Gas and E lec t r i c ' s  45 megawatt b i n a r y  p l a n t  i s  pe rmi t t ed  

a t  EeSer,  c o n s t r u c t i o n  w i l l  s t a r t  n e x t  y e a r  and on l i n e  by 1984. 

Republ ic  i s  working w i t h  Los Angeles Department of Water and Power 

on p o s s i b l e  10  megawatt/48 meF,awatt power p l a n t  a t  East Mesa. 
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McCulloch a t  South Erawley i s  e v a l u a t i n g  t h e i r  wells. 

and Union are  d r i l l i n g  welis a t  E a s t  Brawley. 

Holly Sugar P l a n t  completed.  

D r i l l i n g  f o r  t h e  geothermal  w e l l s  needed f o r  t h e  Community Center  

t i ea t ing  and Cooling P r o j e c t .  

s t u d y  f o r  a commercial s c a l e  methane f a c i l i t y  i n  Imper i a l  County 

P h i l l i p s  

F i r s t  w e l l  a t  

C i t y  of  E l  Centro selects  H & 14 

CH2M H i l l  i s  conduct ing  a f e a s a b i l i t y  

f o r  PG & E and, Southern C a l i f o r n i a  Gas. Sper ry  Corpora t ion  a t  

East Mesa has  completed a l l  s u r f a c e  work f o r  t h e i r  down h o l e  pro- 

j e c t  and are a w a i t i n g  t h e  down h o l e  pump. 

h a s  operred a geothermal  supply o f f i c e  i n  Imper i a l  County. 

Na t iona l  Supply Company 

The Geothermal P lann ing  p rogres s  t h i s  p e r i o d  w a s  as  fo l lows:  

P lann ing  Coaxiss ion  approved amendment of  t h e  Magma Product ion  

Permi t  t o  28 megawatt pover p l a n t  and r e l o c a t i o n  of  t h a t  p l a n t  

and w e l l  s i tes w i t h i 2  t h e  S a l t o n  Sea KGRA and i s s u e d  Explora tory  

Pe rmi t s  f o r  f o u r  a d d i t i o n a l  wells f o r  Occ iden ta l  Geothermal i n  

t h e  East Bravley  r e s o u r c e  a r e a .  

Board of  Supe rv i so r s  pe rmi t t ed  t h e  Union r e q u e s t  f o r  1 6  w e l l s  

and t h e  Soutllern C a l i f o r n i a  Edison 10  megawatt power p l a n t  i n  

t h e  Sa l ton  Sea KGRA, January  20, 1981. E I R  No t i ce  of  Exemptions 

were g ran ted  t o  Chevron f o r  70  sha l low tempera ture  obser-  

v a t i o n  h o l e s  (500 f e e t  i n  depth)  and Union f o r  15 sha l low tempera ture  

o b s e r v a t i o n  wells (1000 f e e t ) .  The P lanning  Department 

selected Westec t o  p repa re  t h e  Master E I R  f o r  t h e  S a l t o n  Sea 

KGRA (1400 megawatt c a p a c i t y ) .  Th i s  e f f o r t  i s  j o i n t l y  funded by 

C a l i f o r n i a  Energy Commission and geothermal  lease ho lde r s  and t h e  

d r a f t  i s  due t o  be  completed June ,  1981. 
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The Other Geothermal Act ivi t ies  w e r e  a s  fo l lows :  

The Geothermal D i r e c t  Hear Study w a s  awarded t o  VTN (Phase 1 and 

2 of t h e  s t u d y  are 40% complete - Appendix C ) .  

f o r  t h e  County S o l i d  Waste Management P l a n  w a s  submit ted t o  t h e  

S o l i d  Waste Management Board; I T  Corpora t ion  opened t h e i r  Class 

11-1 d i s p o s a l  s i t e  on December 1 7 ,  1980; Department of Energy 

Region I X ,  h e l d  a Geothermal Development meeting October 28 ,  29, 

and 30 i n  Tucson where t h e  s t a t u s  of I m p e r i a l  County Geothermal 

development w a s  d i scussed .  I n  a d d i t i o n ,  t h e  Department of Energy 

A r e v i s i o n  r e p o r t  

Washington r e p r e s e n t a t i v e s  d i s c u s s e d  t h e  new HLJD/DOE Distr ic t  

Heat ing and Cooling Request f o r  P roposa l s  which were due i n  January 

16 ,  1981. Three p roposa l s  w e r e  submitted: Brawley, Heber, and 

C a l i p a t r i a .  

Westmorland KGRA, and r e v i s e d  t h e  sou the rn  bo rde r  of t h e  S a l t o n  Sea 

L a s t l y ,  USGS des igna ted  two new KGRA's, E a s t  Mesa KGRA, 

KGRA by ex tend ing  p a r t  of i t  s o u t h  t h r e e  t o  f o u r  m i l e s  t o  Walker 

Road. 

In conc lus ion ,  e f f o r t s  both;-in electrical  and d i r e c t  h e a t  a p p l i c a t i o n s  

are p r o g r e s s i n g  w i t h  two more power p l a n t s  beginning construckfon,  two 

more w i t h i n  s i t e ,  and d r i l l i n g  commencing on d i r e c t  h e a t  p r o j e c t s .  

f u t u r e  of g e o t h e m a l  can b e  seen.  

The 

Southern C a l i f o r n i a  Edison is  deep ly  
I 

4 

comiiitted t o  geozhermal as a v i a b l e  a l t e r n a t e  energy source  and as M r .  

Hadley, ChaFrman of Union O i l ,  s a i d ,  Impdr i a l  County may become t h e  Saudi 

Arabia of hydro-thermal energy (geothermal energy from h o t  w a t e r  v e r s u s  

steam). 
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... Union O i l  Company of Ca l i fo rn ia  
Southern Ca l i fo rn ia  Edison Company 

BRAWLEY GEOTHEWKL-ELECTRIC 
DEI4ONSTRATION PROJECT 
TECHNICAL FACT SHEET 

P r o j e c t  Location: Imperial  County, Ca l i fo rn ia ;  t w o  
miles nor th  of Brawley on Highway 
111 . 

Union Leases : Approximately 1 0 , 0 0 0  acres of 
p o t e n t i a l l y  product ive  geothermal 
lands in t h e  Brawley area. T o t a l  
area for demonstration p r o j e c t  i s  
12 surface acres. 

N u r n b e r  of w e l l s  d r i l l e d  
t o  date i n  Brawley area :  Nine 

Number of producing wells 
for this p r o j e c t :  Four producing, four i n  j ection wells 

and one a l t e i n a t e .  

Deepest w e l l  drilled: 

Average product ion per  
. w e l l :  

8,077 feet 

37,500 bbls/day of geothermal f l u i d s .  

Average steam production 
pe r  w e l l :  67,500 pounds/hour or roughly at 15  

pe rcen t  s t e a m  f r a c t i o n .  

Average drilling time 

Average ccst per  well: 

Average texperature of 

per  w e l l :  

r e s e r v o i r  fl-ilids: 

Tota l  dissslved solids 
i n  r e se rvo i r  fluids: 

Steam production. system: 

Average 

Average 
stem 

Average 

30 days 

$75O$pOO 

475O2. t o  525OF. 

50 ,000  t o  250 ,000 p a r t s  per  mi l l i on .  

Flashed steam 

‘i 

s t e L m  require-ent:  209 ,000  Ib/hr 

t e n s e r a t u r e  of 
a t  tu rb ine :  

s t e m  pressure :  

340°F. 

115 lbs per  square inch abso lu te  



4- 

. .  
,. 

Fac t  Sheet  - 2 

Turbine type: 

Condenser : 

Cooling Water System: 

P l a n t  economics: 

Appendix A-2 

1 0 , 0 0 0  k i lowa t t ,  3600 r p m ,  s i n g l e  
flow, s i n g l e  c y l i n d e r  u n i t  with 
f ive  impulse s t a g e s .  

S h e l l  and tube made of corrosion 
r e s i s t a n t  s t a i n l e s s  steel. 

Conventional two-cell, induced . 
draft, counterflow, w e t  cooling 
tower wi th  rated h e a t  load of '  
200 MM Btu/hr. 

N e t  p l a n t  h e a t  ra te  is 28,000 
Btu/kwhr. Cap i t a l  cost of the  
p l a n t  i s  $11 m i l l i o n  and t o t a l  
p r o j e c t  cost, including p r i o r  
research  work, i s  approximately 
$16.3 mi l l ion .  C o s t  of power 
generated by t h e  p l a n t  i s  forecas  
t o  be about 1 7  c e n t s  p e r  k i lowa t t  
hour (30-year l e v e l i z e d )  

Customer for electricity: E l e c t r i c i t y  genera ted  by t h e  demon- 
s t r a t i o n  project w i l l  be s o l d  t o  
t h e  Imperial  I r r i g a t i o n  D i s t r i c t  
for use i n  t h e  Imper ia l  V a l l e y .  
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STATE OF CALIFORNIA-RESOURCES AGENCY EDMUND G. BROWN JR., Governo:. 

DEPARTMENT OF CONSERVATION 

DIVISION OF OIL AND GAS 
1416-9th STREET, R O O M  1316 
SACRAMENTO, CALIFORNIA 958 14 
(916) 445-9686 October 10, 1980 

M r .  Dutch Scholz 
Imper ia l  County Geothermal Coordinator  
Courthouse 
E l  Cen t ro ,  CA 92243 

Dear M r .  Scholz:  
Qk?T! :;F >:-:;-?! ;<- ?>,p?.*.. 

On September 2 2 ,  1930, t h e  Geothermal Subsidence De tec t ion  Committee h e l d .  a 
meeting a t  t h e  Imper i a l  County Airpor t  Conference Room. 
meet ing was t o  d i s c u s s  and make recommendations concerning t h e  proposed 
r e l e v e l i n g  of p o r t i o n s  of t he  I m p e r i a l  County Ground Movement Net. The 
meet ing w a s  c a l l e d  by t h e  S t a t e  O i l  and Gas Superv isor  and h i s  r e p r e s e n t a t i v e ,  
M r .  Doug Stockton.  To d a t e  w e  have secured the  fo l lowing  c o n t r i b u t i o n s :  

The purpose of  t h i s  

PUBLIC AGENCY 

Federa l  Emergency Management Adminis t ra t ion  (FEMA) 
U.S. Geological  Survey (USGS) 
Lawrence Berkeley Laboratory (LBL/DOE) 
C a l i f o r n i a  Div i s ion  of O i l  and Gas (CDOG) 
C a l i f o r n i a  S t a t e  Lands Div i s ion  (SLD) 
C a l i f o r n i a  Department o f  Water Resources (DWR) 
C a l i f o r n i a  Energy Commission (CEC) 
Imper i a l  I r r i g a t i o n  D i s t r i c t  ( I ID)  (IN KIND) 
Imper i a l  County 
Los  Angeles Department of  Water and Power 
Bureau of Land Management (BLM) 

T o t a l  Funds Committee, P u b l i c  Agencies 

PKI  VATE /UT ILITY COH?ANIES 

. lfAPCO/Republic Geothermal 
Chevron USA, I n c .  
Union O i l  Company 
Geothermal K i n e t i c s  Inc .  /MCR 
Imper i a l  Magma 
Occidenta l  Geo thzmal  , Inc .  

P R I V A E  /UTILITY COMFAPJIES 

P h i l l i p s  Petroleum Company 
E l e c t r i c  Power Research I n s t i t u t e  
Southern Cal  Edison/Mono Power Southern Pac. Lands 
San Diego Gas & E l e c t r i c  (NARC01 (IN KIND) 
Imper i a l  Val ley  Farm Bureau 

FUNDS COMMITTED 

$ 60,000+ 
25 ,ooo+ 
5ci,ooo- 

5,000 
5,000 
5,000 
5,000 

10,000 
? 
? 
? 

$165,000 

FUNDS COMMITTED 

$ 15,000 
15,000 
15,000 
15,000 

? 
? 

FUM)S COMMITTED 

7,500 
? 
? 
? 
? 

$ 67,500 T o t a l  Funds Committed, I n d u s t r y  
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- .  

. The c o s t s  o f  t h e  f i r s t  and second o rde r  su rveys  8r 

FIRST ORDER SURVEY 

Sur v e y i n g A e nc y /Corn T? a n y M i l e s .  & Cost/I?ile Cost -- 

_ _  - 

Appendix B-Z 

as fo l lows :  

FENA F u n d s  

N a t i o n a l  Geodet ic  Survey (NGS) 88 @ 8700 8 61,600 (17  m i .  FEMA = 811,900) 
I m p e r i a l  County 69 @ $600 $ 41,400 ( 3 3  m i .  FEMA = $19,8CrO) 
R i v e r s i d e  County 38 @ 8650 # 24,700 

TOTALS 195 m i l e s  8127,700 (50 m i .  FEMA = $31,700) 

SECOND ORDER SURVEY 

I m p e r i a l  I r r i g a t i o n  D i s t r i c t  92 @ $500 $ 46,000 

P r i v a t e  Company 53 @ 8550 $ 29,150 
Pr iva te  Company ‘42 8 $550 (FEMA) 8 23,100 

Water & Power Resource S e r v i c e s  56 @ $450 8 25,200 

TOTALS 243 miles 8123 , 450 (42  m i .  FEMA = 823,100) 

* T o t a l  FEMA funds:  92 m i .  8 $54,800 

T o t a l s  f o r  f i r s t  and second o r d e r  438 m i l e s  8251 , 150 

T o t a l  Surveying  Cos t s  8257,150 

Coord ina t ion  c o s t  $ 6,000 

S u b t r a c t i n g  t h e  p u b l i c  agency funding  from t h e  t o t a l  s u r v e y i n g  c o s t s  of  $257,150 - 
#165,000, a ba lance  o f  $92,150 is needed from p r i v a t e  sou rces .  
p r i v a t e  s e c t o r  h a s  committed funds  i n  t h e  amount o f  $67,500. 

C u r r e n t l y ,  t h e  

The accompanying map shows t h e  proposed first ( g r e e n )  and second ( r e d )  o r d e r  survey  
l i n e s  and t h e i r  r e s p e c t i v e  p r i o r i t i e s ,  The hachured l i n e s  w i l l  be funded by FENA. 
The funds  committed f o r  t h e  r e s u r v e y  w i l l  be d i s b u r s e d  a c c o r d i n g  t o  t h e  p r i o r i t i e s  
e s t a b l i s h e d  by t h e  I m p e r i a l  V a l l e y  Subsidence D e t e c t i o n  Committee on December 6, 1979, 

The C a l i f o r n i a  Division of O i l  and Gas and t h e  members of t h e  sub-conmit tee  of t h e  
I m p e r i a l  Va l l ey  Subsidence D e t e c t i o n  C o n r i t t e e  urge  a l l  members t o  phone i n  t h e i r  
p ledge  by October  15 and send  i n  t h e i r  r e s p e c t i v e  c o n t r i b u t i o n  by November 1, 1980 
t o  Bob E s t e s ,  County of I m p e r i a l ,  Department o f  P u b l i c  Vorks, Courthouse,  E l  Cent ro ,  
C a l i f o r n i a .  The r o x y  will be d e p o s i t e d  i n  a ’ t r u s t  account  which can  o n l y  be used  
for t h e  r e w v e y  of t h e  l e v e l  n e t  agreed upon by t h e  committee members i n  December 
1979. Any excess  f c n d s  w i l l  be d i s b u r s e d  i n  accordance wi th  c o n d i t i o n s  approved 
by t h e  committee. The c o n t r a c t s  w r i t t e n  f o r  each p a r t i c i p a t i n g  member w i l l  i n c o r -  
p o i ~ d t e  t h e  a p y r o p r i a t e  language,  The County, a c t i n g  as  t h e  r e p o s i t o r y  for t h e  
t r u s t  accoun t ,  w i l l  w r i t e  c o n t r a c t s  w i th  each  c o n t r i b u t i n g  company/agency and each  
p a r t y  doing  t h e  s-mveying. 

D i v i s i o n  of O i l  and Gas Chevron USA,Inc. 
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x. . A .  M. Cooper 

Robe.rt C. Er ickson  

GEOTHERMAL SUBSIDENCE DETECTION COMI.41TTFX 

October 7, 1980 

Alan V. La t t anne r  

J e s s e  S i l v a  

Te r ry  Paxton 

O l i n  Whitescarver  
f,- .\, 
\I . 

T. C. H i n r i c h s  

Don Lande 

f? u 

Chevron, USA 
575 Market S t r e e t ,  Room 1986 
San F r a n c i s c o ,  CA 94105 
(415)  894-2116 

Chevron, USA 
575 Market S t r e e t ,  Room 1986 
San F r a n c i s c o ,  CA 94105 

Union Oil Company o f  C a l i f o r n i a  
2099 RarLge Avenue 
San ta  Rosa, CA 95401 
(707) 542-9543 

I m p e r i a l  I r r i g a t i o n  D i s t r i c t  
P, 0, Box 937 
I m p e r i a l ,  CA 92251 
(714)  355-1112 

Tmperiel  I r r i g a t i o n  D i s t r i c t  
P, 0, Box 937 
I m p e r i a l ,  CA 92251 

Union Geothermal 
135 Main S t r e e t  
Brawley, CA 92227 
(714)  344-7170 

Magma E l e c t r i c  
P. 0. Box 325 
H o l t v i l l e ,  CA 92250 
(714) 356-4635 

D i v i s i o n  of O i l  and Gas 
5199 Pacific Coast Highway 
Long Beech, CA 90804 
(213) 590-5311 

E. J. Woody E n n i s  C a l i f o r n i a  Energy Commission 
1111 Hbwe Avenue 
Sacr ament 0, CA 95825 

I (916) 920-7313 
I .  

J, F. Die t z  San Diego Gas & E l e c t r i c  Company 
P. 0. BOX 1831 

. Sen.Diego ,  CA 92112 
, I - (71$)  235-7767 

Richard D. M i t c h e l l  I m p e r i a l  County P lann ing  D i r e c t o r  
C o w  t house 
El Centro ,  CA 92243 
(714)  352-8184 



Dutch Scholz  

David E. P i e r s o n  

Bob D. E s t e s  

Ken Doering 

D. E. P y l e  

E r i c  S t e n s t e d t  

Neil Crow 

Russ  H. Robinson 

Ray Chan t l e r  

F r a n c i s  S. R i l e y  

Bruce L. Massey 

i 
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Imper ia l .  County Geothermal Coordina tor  
Courthouse 
E l  Cent ro ,  CA 92243 
(714) 352-2851 

I m p e r i a l  County P u b l i c  Works D i r e c t o r  
Court house 
E l  Cent ro ,  CA 92243 
(714) 352-2851 

I m p e r i a l  County A s s i s t a n t  Surveyor  
Courthouse 
E l  Cen t ro ,  CA 92243 
(714) 352-2851 

U.S. Department o f  t h e  I n t e r i o r  
Bureau of Reclamation 
Bin 5569 
Yuma, A Z  85364 
(602 726-2531 

Union O i l  CDmpany 
P. 0. Box 7600 
Los Angeles ,  CA 90051 
(213) 486-7600 

Sou the rn  P a c i f i c  Land Company 
65 Market S t r e e t  
San F r a n c i s c o ,  CA 94105 
(415) 362-1212 Ext.  22051 

Lawrence L ive r  more Labor e t o r y  

Livermore,  CA 94550 
(415) 422-6467 or 422-0926 

’ P. 0. Box 808 

Mono Power Company 
P. 0. Box 8W 
Rosemead, CA 91770 
(213) 572-2992 

McCullsch Geothermal Corpora t ion  
10880 W i l s h i r e  Blvd. 
Los Angeles ,  CA 90021+ 
(213) 879-5252 

U.S. Geolog ica l  Survey 
Bldg .  25, M.S. 404 
F e d e r a l  Center  
Lakewood, CO 80225 
(303) 837-4169 

U.S. Geolog ica l  Survey 
P. 0. Box 25046, M.S. 404 
F e d e r a l  Center  
Denver, CO 80225 
(303) 234-2700 o r  (home) 331-7915 
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Dw i g h t C R r  e y 

James L. Mulloy 

Sem Sugine 

R icha rd  Foss 

Norman G o l d s t e i n  

Bob S t e r r e t t  

Don E v e r i t t s  

Gar ry  Dobbs 

Roger Haskins  

Joe Edney 

Republic Geothermcl, I n c .  
11823 E. Sluuson Avenue, S u i t e  1 
S a n t a  Fe S p r i n g s ,  CA 90670 
(213) 945-3661 

Los Angeles Department of Water and Power 
P. 0. Box 111, Room 1155 
Los Arigeles, CA 90051 
(213) 481-8679 

Los Angeles Department of Water m d  Power 
P. 0. Box 111, Room 1155 
Los Angeles,  CA 90051 

Califorr,ie Energy Cornmission 
1111 EIowe Avenue 
Sacramento, CA 95825 
(916) 924-2323 

Magma Energy, Inc .  
631 S .  Witner S t r e e t  
Los Angeles,  CA 90017 
(213) 483-5542 

Lawrence Berkeley Labora to ry  
B u i l d i n g  90, Room 1012B 
One Cyclotron Road 
Berkeley,  CA 94720 
(415) 486-5961 

Lawrence Berkeley Labora to ry  
B u i l d i n g  90, Room 1012B 
One Cyclotron Road 
Berkeley,  CA 94720 

S t a t e  L a d s  D i v i s i o n  
100 Oceangate, Suite  300 
Long Beach, CA 90802 
(213 597-5205 

MAPCO Geothermal, I n c  . 
1800 S .  Ba,ltimore Avenue 
T u l s a ,  OK 74119 
(918) 584-4471 

Bureau of Land Management 
1629 Main S t ree t  
E l  Centro,  CA 92243 
(714) 352-5842 

Bureau of Land Management 
1629 Main S t ree t  
E l  Centro,  CA 92243 



Brt;ce Wyant 

Paul Engl i sh  

La r ry  Grogan 

Henry Struckmeyer 

Tom Greene 

ApDendix B-7 . . 

Occ iden ta l  Geothermal,  Inc .  
5000 Stockda le  Highway 
B a k e r s f i e l d ,  CA 93309 
( 805) 327-7351 

P h i l l i p s  Petroleum Company 
P. 0. Box 239 
S a l t  Lake C i t y ,  UT 84110 
(801) 364-2083 

New Albion Resource Company 
P. 0. Box 168 
San Diego, CA 92112 
(714) 232-4252 Ext. 2156 

Department of Water ;it;7so~rces 
1416 Hinth S t r e e t ,  Room 445 
Sacramento,  CA 95814 
(916 )322-0447 

Department of Water Resources  
3.416 Ninth  Street, Room 445 
Sacramento,  CA 95814 . 



,' 
. DAVID E. PIERSON 
DIRECTOR OF P U B L I C  W O R K S  
COUNTY R O A D  C.OMMtSSlONER 
COUNTY SURVEYOR 
COUNTY ENGINEER 

WINTER G A R D E N  OF AMERICA 

TELEPHONE 

71 4 - 3 5 2 - 2 0 5 1  

DEPARTMENT OF PUBLIC WORKS 
COURTHOUSE 

EL CENTRO. CALIFORNIA 

March 31, 1981 

Board of S u p e r v i s o r s  
I m p e r i a l  County 
Courthouse 
E l  Centro,  CA 92243 

SUBJECT: S t a t u s  Repor t  on VTN, Geothermal Direct Heat Study 

Gentlemen; 

A s  you w i l l  r e c a l l > t h e  c o n t r a c t  f o r  t h i s  Department o f  Energy Funded 
Study,  was awarded t o  VTN on December 1 6 ,  1980. T h i s  i s  t h e  f i r s t  
s t a t u s  r e p o r t  on t h e  s t u d y .  

The f i r s t  phase of t h e  s t u d y  was subcon t rac t ed  t o  t h e  Ben I I o l t  Company, 
It c o n s i s t e d  of two p a r t s :  1. Compulation of t h e  master l ist  of 
d i r e c t  h e a t  u s e s  r e l e v a n t  t o  I m p e r i a l  Val ley.  2. Compute p o t e n t i a l  
c a p i t o l  and o p e r a t i n g  c o s t  and estimated energy s a v i n g s .  
c a t a g o r i c a l  l i s t  was p repa red  and submit ted t o  t h e  e t h a n o l  committee 
l a s t  month. A f t e r  d i s c u s s i o n  and minor m o d i f i c a t i o n  t h e  enc losed  
t o p i c s  were ag reed  upon f o r  i n v e s t i g a t i o n .  

A p r e l i m i n a r y  

John Brugman, the p r o j e c t  manager f o r  Ben H o l t  Company, s ta ted  that 
phase  one was 4'0% complete-and on budget .  
a l l  a p p l i c a t i o n s  i n  ou r  a r e a s z o f  c o n c e m  i s  complete.  
r e f e r e n c e  S i b l i o i r a p h i e s  are on hand ndw and t h e  rest are on o r d e r .  
Phase one should be comple'te'd i n .  June,  ! 1981,; 

The s t u d y  co:pletioh-'date i s  December,, 1981. 
Energy funds  f o r  t h i s  p r o j e c t  are o b l i g a t e d  even i f  i t  g o e s  i n t o  the 
n e x t  f i s c a l  yea r  t h e  t i m e  s c h e d u l e  i s  n o t ' a s  c r i t i c a l  as t h e  budget  
c e i l i n g .  I f  t h e r e  are  any major  changes i n  t h i s  budge t ,  you w i l l  be  

The l i t e r a t u r e  search f o r  
70% of t h e  

I 

*Since  t h e  Department of 

. 1  a d v i s e d  imnedia t e l y  . : . %  * 

S i n c e r e l y  y o u r s ,  
. (  * 

' 3  

DAVID E. PIERSON 
D i r e c t o r  of P u b l i c  Works 

kk 

AN E Q U A L  O P P O R T U N I T Y  E l b P L O Y E R  G 
.,. . ~ ~. _, .- . , _  .. . . .. .,._ . . . . ..__ . .. , . - ..,. . .~ .,. .-, .. . . . .. . - -, .. . . . . . . . . . .. .. . ...+_ _.. .", . . .  
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Enyinecrr . Aichitects - Planners 

VTN CONSOLIDATED, INC. 
Post Office Box C-19529 

2301 Campus Drive 
Irvine. California 92713 

(714) 851-5200 

:Zar.ch 31 1981 AG 657-3 

t 4 r .  David E .  Piereson 
Director. o f  Pub1 i c  Works 
Count ) )  of 1 q x r . i  a1 
Cour-thou se 
E l  Ceatio,  C A  92243 

D_zPC QIC Plj:iilc yd(2,Jvr Subject:  Quarxer.iy Pr*ogr*ess 2epor.t for.  the Period End ing  .,\,b 

APR 0 2 yJfq 
jMP5K1AL cQui’\;ly 

Marxh 31, 1981 Geothermal Heat Application Study 

Dear Mr.. Pierson: 

The following sumnar-izes the w o r k  w h i c h  has been completed t h r o u g h  
March 31, 1981, on t h e  D i r e c t  Geothermal Heat A p p l i c a t i o n  Study.  

I ntr-oducti on 

T h e  VTkt/Ben Holt Team i n i t i a t e d  work on the  study i n  the  l a t t e r -  p a r t  of 
Jan1iar.y. The i n i t i a l  work . h a s  been undertaken by Ben Hol t  Co. f o r  
Task5 1 a n d  2.. 

Tasks Coml eted 

1. Stydy Cutline/Table o f  Contents -- --__- 

The Table o f  Contents for .  the  study has been completed. The i n i t i a l  
Table o f  Contents was  revised based on our’ informal discussion o f  
February 1 7 ,  1931. The Table of Contents ou t l ines  the w o r k  w h i c h  wil l  
appear in  b o t h  Tasks  1 a n d  2 and i s  attached. 

The VT?i!Ben 8 o l t  Pro jec t  Team i s  proceeding based on the out l ine .  

2.  

A coapr’ehensive l i t e r a t u r e  search a n d  bibliography compilation has been 
completed.  The purpose o f  t h i s  t a s k  was t o  review a l l  c u r r e n t l y  
ava i lab le  l i t e r a t u r e  on d i r e c t  use appl icat ions o f  geothermal energy. 
The Ben Halt Co. in te rna l  libr*ar-y was u t i l i z e d  as an i n i t i a l  source for. 
t h i s  searxi;. The primary l i s t i n g  o f  1iteratur .e  was developed f r a n  the 
Department o f  Energy Geothernal Update publications.  The 1 i ter’ature 
search \vas coypleted a n d  categorized by t h e  topics  shown i n  the  Table 
o f  Ccntents .  Approximately 70$ o f  the material refer-enced i n  the  
b i b l i o g r a p h y  i s  curren t ly  on f i l e  i n  the  Ben H o l t  Co. l i b r a r y .  

L i te ra ture  Search and Bib1 iography 
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M r .  David Pierson 
March 31, 1981 
Page Two 

3 .  I n i t i a t i o n  of Project  Contacts 

For- each major.  area of interest defined i n  the Table of Contents, the 
VTN/Ben Hol t  Co. Team ‘wi l l  be contact ing firms and agencies i n  the 
spec i f i c  area of study. I n i t i a l  contact  was made with Colorado S t a t e  
University,  which i s  conducting researxh on ethanol production. This  
s tudy  i s  s ign i f i can t  because i t  focuses on use of agr*icul tural  waste 
products, such a s  straw and corn s tover  i n  the  production o f  ethanol .  
Focus on this area i s  important because a h i g h  percentage of the c o s t  
of production of ethanol i s  i n  t h e  feedstock. T h e  Colorado S t a t e  
University study focused on the d i r e c t  appl icat ion of geothermal f l u i d  
t o  break down the  ce l lu lose  i n  t he  straw t o  glucose w h i c h  can l a t e r  be 
fermented in to  ethanol.  Potent ia l  l y ,  the use of low c o s t  agr icul  tur’al 
waste products would decrease the  overa l l  c o s t  o f  the ethanol produced. 

The Colorado S t a t e  University study has been primarily d i r ec t ed  t o  the 
theore t ica l  aspects of  this process and has not focused on the prac- 
t i c a l  engi  n e e r i  ng conce rns  w h i c h  may be encoun te red .  Addi t i  onal  
information and completed study papers t o  date a r e  being sen t  from 
Color*ado S ta te  Uni vertsi ty .  

Tasks t o  be Completed 

1. Other Project  Contacts 

Contacts w i t h  o ther  firms and agencies do ing  s tud ies  u s i n g  geothermal 
heat  wil l  be completed i n  t he  coming quarter’. T h e  i n i t i a l  e f f o r t  w i l l  
be d i r e c t e d  toward f o o d  process ing .  Contac t  w i l l  be made w i t h  Magma 
Power. Company, which h a s  a p ro jec t  i n  Nevada t o  dry onions from geo- 
thermal .  

Contacts % i l l  be made w i t h  firms and agencies d o i n g  work i n  the aqua- 
cu l tu re  area.  Eased on i n i t i a l  review, l i t  appears as  i f  water qua l i t y  
i s  a c r i t i c a l  i s sue  i n  t he  use of geothermal f l u i d  i n  c e r t a i n  aqua- 
c u l t u r e  p r o d u c t i o n .  This f a c t o r  i s  espec ia l ly  important w i t h  c a t f i s h  
production where control led water qua l i t y  condi t ions a r e  c r i t i c a l .  The 
use of aquaculture f o r  prawn production may be more f e a s i b l e  s ince  
water. qua l i t y  does n o t  appear t o  be such an important f a c t o r .  

1 

Contact wi l l  be made with the  f i rm doing aquaculture studies i n  Mecca 
near- Indio,  Cal i forn ia .  
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2. Other Tasks 

In a d d i t i o n  t o  these p r o j e c t  contac ts ,  other. research i n  the  areas  s e t  
f o r t h  i n  t h e  Table  o f  C o n t e n t s  w i l l  be undertaken i n  t he  coming 
quarter. 

Very t r u l y  yours, 

VTN CONSOLIDATED, INC. 

cc F.A. Scholz 
J .  Brugrnan, Ben H o l t  Co. 
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ABSTPACT 

A novel e l ec t r i c  p w e r  generat ing system f o r  
low-temperature ho t  water geothermal resources  i s  
descr ibed.  This  so-cal led "gravity-head" system 
i s  a binary p l a n t  with t h e  primary hea t  exchanger 
i n  t h e  production w e l l  t o  a depth of 2000 f e e t .  
This  conf igu ra t ion  r e s u l t s  i n  a novel heat-engine 
cyc le  which e l imina te s  t h e  "pinc:. e f f e c t "  i n  t h e  
primary hea t  exchanger and t h e  working f l u i d  feed 
pump and provides  a major decrease i n  b r i n e  pump- 
ing  power. The n e t  e f f e c t  i s  a 374 inc rease  i n  
n e t  e l ec t r i c  ou tpu t  p v e r  over  a "conventional" 
binary p l a n t  under equ iva len t  cond i t ions  and cos ts .  

INTRODUCTION 

Hot-water g e o t h e n a l  resources  i n  the  250°F 
t o  4OO0F temperature range have been l i t t l e - u s e d  
f o r  e lectr ic  power generat ion.  A major reason f o r  
t h i s  i s  t h e  l o w  e f f i c i e n c y  c f  e x i s t i n g  u t i l i z a t i o n  
technology, which l e a d s  t o  high p l a n t  and w e l l  
costs per k i lowa t t  and l a r g e  b r i n e  ccnsumption per  
kilowatt-hour.  This  i s  so even f o r  binary p l a n t s ,  
which o f f e r  t h e  b e s t  e f f ic iency .  

Sperry Research Centez i s  engage2 i n  a pro- 
gram under DOE sponsorship t o  experimentally t e s t  
a novel concept c a l l e d  a "gravity-head system" f o r  
a binary p l a n t ,  which promises a 31% inc rease  i n  
n e t  e lectr ic  ou tpu t  poiier over a conventional 
binary p l a n t  under equ iva len t  cond i t ions  a t  t h e  
same, or somewhat l e s s ,  c o s t  f o r  p l a n t  p lus  %ells.  

I n  t h i s  paper w e  f i r s f  desc r ibe  a "conven-. 

Then .we w i l l  des- 
t i o n a l "  b ina ry  p l a n t  a i d  d i s c u s s  some of t h e  l i m i -  
t a t i o n s  on i t s  output  p d e r .  
c r i b e  t h e  gravity-head syste-. . .  and ~ its f e a t u r e s  
which inc rease  n e t  ou tFJ t  -Dojrer. 

THE "CCPIT?E?:TIOS:.L" BI?;ARY PLANT 

For purposes of dis:,ssion, assume a ho t  
water geoche-rnal r e s o x c e  c??able o f  providing 
1000 GPY of b r i ?e  floi race from one production 
wel l  with a dom-hole  pis? a= about 1500 f t .  depth 
adding 250 psi p re s su re  a t  a b r i n e  temperature 
j u s t  below t h e  pump of 3500F. A l s o  assume a w e t -  
bulb temperature of 5OoF. 
j e c t i o n  of b r i n e  with an a d d i t i o n a l  250 p s i  pres-  
su re  added t o  t n e  b r i n e  on t h e  su r face  f o r  t r ans -  
port and r e i n j e c t i o n .  

Fu r the r ,  assume rein-  

Appendix D-I 
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GRAVITY-HEAD GEOTHEIL'IAL ENERGY CONVERSION SYSTEM 

Pro jec t  sponsored by 
U.S. Department of Energy 
Division of Geothermal Energy 

A schematic diagram f o r  t h i s  p l a n t  is shown 
i n  F ig .  1. a-1 TURBINE GENERATOR 11 { I  I T R F ~ I I  

CONDENSER 

SOURCE TOWER 
f 

HEAT EXCHANGER 

BRINE 
BLOWDOWN - 

REINJECTION SUPPORT 
PUMP EOUIPMENT 

BRINE 

Fig. 1 Conventional organic  Rankine cycle  

There is  a b r ine  pump i n  t h e  production w e l l  
and support  equipment f o r  it on t h e  surface.  
purpose of t h e  pump i s  t o  add pressure t o  t h e  
b r i n e  t o  prevent  i t s  f l a s h i n g  i n t o  steam or evolv- 
i ng  C 0 2  as it loses i t s  p res su re  i n  approaching t h e  
su r f  ace. 

The 

The b r i n e  then passes  through the  primary 
heat  exchanger where i ts  hea t  i s  t r a n s f e r r e d  i n t o  
an organic  working f l u i d .  
r e i n j c c t e d  i n t o  t h e  ground i n  another w e l l ,  a f t e r  
a d d i t i o n a l  p re s su r i za t ion  from a su r face  r e in j ec -  
t i o n  pump. 

The cooled b r i n e  i s  then 
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The p r i n c i p a l  components of t h e  organic  
cyc le  a r e ,  a s  shown, t h e  feed  pump, one s i d e  
t h e  primary hea t  exchanger, t h e  t u r b i n e ,  and 
condenser. 

f l u i d  
Of 
t h e  

The feed pump i n c r e a s e s  organic  pressure  
from 30 p s i  a t  condenser-out le t  t o  900 p s i  i n t o  
t h e  hea t  exchanger. It  t y p i c a l l y  consumes 20% of 
t h e  g r o s s  o s t p u t  powar of t h e  s y s t e m .  

The t n r b i n e ,  because of t h e  high energy den- 
s i t y  of t h e  organic  f l u i d ,  w i l l  be  a f r a c t i o n  of 
t h e  s i z e  of an equiva len t  steam t u r b i n e  opera t ing  
a t  t h e  same low temperatures .  

The condenser i s  a convent ional  s h e l l  and 
tube  design with t h e  organic  condensing on t h e  out- 
s i d e  of t h e  tubes  and t h e  cool ing  water i n s i d e  t h e  
tubes .  The cool ing  tower is a l s o  convent ional .  

Fig. 2 i s  a pressure-enthalpy diagram of R- 
1 1 4  f l u i d  (C2C12F4) with a s u p e r c r i t i c a l  Rankine 
c y c l e  superimposed. R-114 i s  used here ,  s i n c e  it 
has  q u a l i t i e s  d e s i r a b l e  €or  t h e  gravity-head sys- 
t e m  t o  be descr ibed l a t e r ,  and we wish t o  be a b l e  
t o  make direcr :  compdlrisons. IsobutaRe was ana- 
lyzed  under t h e  same circui is tances ,  and was some- 
what less e f f i c i e n t .  The opera t ing  p a r m e t e r s  
assumed are a s  fol lows:  

The 

1-2 

2-3 

3-4 

4-1 

Me11 Flow 1,000 GPM 

Brine Temperature 3 5 O°F 

Wet-D2l.b Temperature 50°F 
(This  would be an average 
throughout t h e  West, n o t  
t h e  worst  case which would 
be over  80°C!. 

processes  a r e  a s  fol lows:  

Feed pump work 

Heat added a t  c o n s t a n t  pressure  

Expansion i n  t u r b i n e  

Heat r e j e c t e d  t o  atmosphere 

The t u r b i n e ,  of course ,  d r i v e s  t h e  a l t e r n a t o r  
which, i n  t u r n ,  f u r n i s h e s  t h e  energy f o r  t h e  auxi l -  
i a r i e s  inc luding  t h e  feed punp, cool ing pumps and 
f a n s  , and t h e  b r i n e  pin? (except  i n  t h e  case  of a 
Sperry pump, which is a se l f -conta ined  system).  

Fig.  3 i s  a h e a t  t r a i l s f e r  diagram of t h e  Fig.  
1 system. 
mean e f f e c t i v e  tempcretdre  d i f f e r e n c e  i n  t h e  p r i -  
mary he2t exc:?anger; i G 3  a-Jerage temperature  d i f -  
fe rence  i n  t h e  c o n 2 e r . s ~ ~ ;  2 100 approach of t h e  
e x i t  cool ing cower water zo t h e  wet-bulb tempera- 
t u r e ;  and 200 AT betxree.? %;le b r i n e  e n t e r i n g  t h e  
h e a t  exchanger and t h e  wirking f l u i d  leaving a t  
t h e  peak of i t s  cyc lo .  

I t  has t h e  R o z a l  design goa ls  of 20° 

Fig. 2 Cycle diagram f o r  conventional 
Rankine cycle-R114 f l u i d  

Fig.  3 Heat t r a n s f e r  diagram 
Conventional binary s y s t e m  

The pinch e f f e c t  i n  t h e  primary hea t  exchanger 
i s  caused by t h e  h e a t  capac i ty  v a r i a t i o n  of t h e  
R-114 a t  cons tan t  p r e s s u r e .  

The problems i n  t h e  binary system which are 
a l l e v i a t c d  by t h e  gravi ty-head s y s t e m  a r e  a s  f o l -  
lows : 

o The l a r g e  p o r t i o n  of t h e  a v a i l a b l e  power 
used by t h e  b r i n e  pumps and feed pump i n  
a binary system. 

0 The "pinch e f f e c t "  - a loss i n  a v a i l a b l e  
energy i n  t r a n s f e r r i n g  hea t  from water t o  
an organic  f l u i d  a t  cons tan t  pressure .  

o The c o s t  of t h e  feed pump and hea t  cx- 
changer s h e l l .  

f l u i d  produccd by feed pumping. 
e The l o s t  temperature  rise i n  working 

The loo  AT which r e s u l t s  from t h e  feed pump 
work r e p r e s e n t s  a loss i n  o v e r a l l  e f f i c i e n c y .  

2 
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energy as the fluid flows down. This 
is the Z/J term in the general energy 
equation. 

2-3 Down-hole brine-pump turbine work. 

3-4 Lift work. This is the inverse of the 
process of 1-2 in which enthalpy is 
being transferred back into potential 
energy. 

4-5 Expansion in surface turbine to drive 
alternator. 

5-1 Heat rejected to atmosphere in an evap- 
orative condenser. 

The path of process 1-2 can be altered within 
limits by varying the amount of heat transfer sur- 
face per foot of depth. 
constant heat capacity for the R-114. This means 
that the pinch effect with its attendant loss in 
available energy is eliminated. 

The one shown has a nearly 

I 

. ;. 
THE GRAVITY-HEAD SYSTEM 

Fig. 4 is a simplified schematic of the 
gravity-head cycle. In this system, heatstransfer 
between the brine and the organic takestplace en- 
tirely in the production well from the brine flow- 
ing upward in the outside annulus to organic fluid 
flowing downward in the second annulus. Thus, the 
brine arrives at the surface cold, requiring no 
pressurization to prevent it from flashing, but 
merely sufficient pressure to reinject it into 
another well. 
of its downward path hot. The organic is then 
routed through a small turbine driving a brine 
pump, where a small portion of its thermal power 
is extracted. It then returns to the surface in 
an insulated riser, drives the power generating 
turbine on the surface, condenses in an evapora- 
tive condenser, and then returns to the primary 
heat exchanger input at well-head. 

The organic arrives at the bottom 

Fig. 5 shows the gravity-head cycle superim- 
posed on the same R-114 pressure-enthalpy diagram 
of Fig. 2. The assumed operating parameters are 
the s&!e. 
two cycles is obvious. In the Rankine cycle, the 
heat is added at constant pressure, whereas in the 
gravity-head cycle, the heat is added at a con- 
stantly increasing pressure. In other words, heat 
is added to the fluid as it flows down the 2000- 
foot vertical heat exchanger with a constantly in- 
creasing pressure due to the gravity head. 

An important difference between the 

HEAT REJECTION UNIT 

BLOW DOWN - 

REINJECTION 

-INSULATED RISER 

i 5  
h l  - 

. . , ~ ?:i: 
1 .  

Fig. 4 Gravitv-head system schematic 

- L . I  

I ,  

The processes are as follows: I 

1-2 Eeat input to working fluid from bri/ne. 
Also, there is an added enthalpy (hept 
energy) contribution due to the poten- 

t tial energy of the fluid (energy due 
to height) being transferred into heat 

- w - - - ( ; r e + +  - 
Fig. 5 Cycle diagram for Gravity-head 

system - R114 fluid 

Fig. 6 is the heat transfer diagram of the 
gravity-head system, showing the elimination of 
the pinch effect and the loo AT during feed pump- 
ing and a total 30° AT between wet bulb and con- 
densing temperature rather than the 40° AT, which 
is the reasonable minimum of a heat rejection sys- 
tem composed of a separate cooling tower and con- 
denser. The net effect is that the brine is re- 
jgcted at 100°F, compared with l4OoF for the con- 
ventional binary system. 

, The down-well heat exchanger design may be of 
interest. The system parameters on which the de- 
sign is based are as follows: 

1 Well Flow 1,000 GPM 
Well Temperature 350°F 
Wet-Bulb Temperature 5Q°F 
Working Fluid R-114 
(Dichlorotetrafluoroethane) 
Working Fluid Flow 479 lbs./sec. 
Flow Losses 50 psi in all 

three conduits 

A s  mentioned previously, the desired curve on 
the heat transfer diagram is obtained by varying 

3 
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t h e  h e a t  t r a n s f e r  s u r f a c e  per  f o o t  of depth. 
7 is a t a b l e  l i s t i n g  t h i s  v a r i a t i o n .  
f o u l i n g  f a c t o r  was -0015 on the b r i n e  s i d e  and 
.0005 on t h e  organic  s i d e .  Fluid v e l o c i t i e s  were 
chosen a s  a compromise between low flow losses, 
high hea t  t r a n s f e r  c o e f f i c i e n t s ,  low f o u l i n g  r a t e s  
and small wel l  cas ing  s i z e ;  they vary from 1.75 
f t . / s e c .  a t  t h e  t o p  t o  5 f t . / s e c .  a t  t h e  bottom 
f o r  t h e  5 r i n e  and approximate 5 f t . / s e c .  i n  a l l  
Sec t ions  fo r  t h e  organic .  Heat t r a n s f e r  coef-  
f i c i e n t s  approximate 150 BTU/HR-FT2-OF i n  a l l  
s e c t  ions.  

Fig.  
The design 

Fig .  & is t h e  design of one of t h e  tube 
bundle s e c t i o n s .  I t  has  been checked with heat-  
exchanger manufacturers and seems q u i t e  f e a s i b l e .  

The planned wel l  cas ing  p r o f i l e  t o  accom- 
modate t h i s  h e a t  exchanger design i s  30"' O .D.  t o  
1000 f t . ,  then 24" O.D. t o  2200 f t . ,  then con- 
v e n t i o n a l  s i z e  t o  wel l  bottom. 

w r  

Primarr rxch.ns.r 
*om L.l.l.., ,.m..r.t... ell( .... .. 

Imp - 
- y_r 

.I, ., #I.  ".I .",. r.... r.t.r. 

Fig. 6 Heat t r a n s f e r  diagram 
Gravity-head system 

Surface Area C d a t l v e  Length of 
Dspth of Cumulative Heat Exchnger Per Foot 

Seet:o a? Dw?h Sectlons Srwiace Area 

102 ft.'/ft. 200 It. 20,500 
51 f t . 2 / i t .  365 I t .  29,700 f t . 2  

16 rt.2/ft. 600 It. 32,400 f t .2  
13 md/;t. ea0 f t .  36.000 

1.1~1 ft. 5.5 ft.*//ft. 2,000 42,200 ft.2 
Sections 

Fig. 7 Gravity-head h e a t  exchanger 
Design parameters 

SYSTEMS COYTARISONS 

The per fomance  c o n p r i s o n  between t h e  grav- 
i ty-head system and t k  conventional b inary  system 
i s  s h o m  i n  Fig.  9 . r a t e  t h e  37% l a r g e r  n e t  
e l e c t r i c  o u t p x  poxer fron t h e  gravity-head system 
This  i s  a l s o s t  e n f i r e l i ;  Zue t o  four  advantages: 

o E 1 h i n a t i - n .  of pinch e f f e c t  
o >:ore e f f i c i l - n t  b r i n e  pumping 
o Pl iz t inat ion of mechanical feed pump 
o Gse 05 evaporat ive condenser f o r  hea t  

r e j e z t i o n .  

Cost com2arisons a r e  inexac t .  However, t h e  
i n c r e a s d  ::ost of t h e  l a r g e r  product ion w e l l  r e -  
qu i red  f o r  t h e  gza-~i ty-head system i s  o f f s e t  by 
e l imina t ion  cf t h e  mechanical feed pump, t h e  

-. 
primary hea t  exchanger s h e l l ,  and t h e  b r i n e  pump 
support  equipment. We t h i n k  t h e  combined c o s t  of , 
p l a n t  and wel l s  w i l l  be less f o r  t h e  gravi ty-head 
p l a n t  per  u n i t  of b r i n e  flow r a t e ,  i n  which case 
t h e  $/mi advantage would be g r e a t e r  than 37%. 
Another way of looking a t  t h e  comparison i n  c o s t -  
performance between t h e  gravity-head p l a n t  and t h e  
convent ional  b inary  p l a n t  i s  t h a t  i f  one assumes 
equal c o s t  p e r  u n i t  b r i n e  flow r a t e  and equal  ! 

b r i n e  flow rate, t h e  gravity-head p l a n t  would pro- 
duce with a b r i n e  temperature of 35OoF t h e  same 
n e t  e l e c t r i c  ou tput  power as a convent ional  b inary  
p l a n t  with a b r i n e  temperature of 400OF. 

F i s .  8 Gravity-head h e a t  exchanger s c h c x a t i c  
of one tube bundle s e c t i o n  

Binary 
Plant 

(Fig.  1) 

Well Flow l.m GFW 

Well Head Temperature 350°F 

Heater In le t  Temperalure 3 d F  

Log Mean Temperature Difference 
In Heater 

Working F l u i d  R-114 

Wet Eulb  Temperature ' 50°F 

Condenslng Temperature 90°F 

2OoF AT 

Brine' Pump Type Hydraulic. shaft 

Brine Pump AP 250 PSI  

Erind Pump Eff ic iency 26% 

or e l e c t r i c  

250 ps i  ReinJeclion Pump AP 

Rein ec t lon  Pump Efficiency 56% J 
Surface Turbine Eff ic iency . 85% 

Coaling Tower Work .3n Hn 

Alternator Eff ic lency 96.2% 

Working F l u i d  Flow 419 lbs./rec 

Net E lec tr i ca l  Output 3.08 HW 

Fig.  9 :+rformance comparison 

Gravity-Hcsd 
P l a n t  

(Fig. 5 )  

l.m GR1 

10O'P 

352.7OF 

2OoF AT 

R-114 

SOOF 

SOOF 

Sperry 

400 psi 

56% 

100 p s i  

56% 

05% 

96.2% 

.354 HW 

481 Ibs. /rec.  

4.21 MW 

Gravity-head v s  convent ional  
binary 

4 



TO : F i l e s  

I M P E R I A L  C O U N T Y  

I N T E R - O F F I C E  M E M O  

D A T E  May 12, 1981 

F R O M :  Fm. "Dutch" Scholz  

S U B J E C T :  Locat ions  of E a s t  Brawley and Westmorland KGRA's, and a d d i t i o n s  
t o  S a l t o n  Sea KGRA. 

The enclosed maps and p l a t s  show the l o c a t i o n s  of t h e  E a s t  Brawley and 
Westmorland KGRA's and t h e  a d d i t i o n s  t o  t h e  S a l t o n  Sea KGRA. These 
were rece ived  May 11, 1981, from USGS. 



~ ~~ 

Appendix E-2 

33OOO 

3 2 O 4 !  

5 IO 13 2 0  
1 KILOMETERS s* ,a , ,a -  

F'iqtire 1. 
piit tern) 

1,ocation of the E a s t  U r a w l c y  KGRA and ne ighbor ing  KGRAG (shaded 
i n  t h e  Imperial Valley of t h e  Saltor? Trough, s o u t h e r n  C a l i f o r n i a .  

f 12 s 

T 1 3 S  

T 14s 

T 15s 

. 
.-. 

I 

... . 



T. 13 - 15 S., R. 15-16 Iz., Sun Bernuraino 
Appendix E-3 

I 

T. I3 S. 

T.13S. 
7.145. 



Appendix E-4  W ESTMORLAN D K.G. R.A. 
J 

. ,  7--13S., R.lSE.,San Bernardino Meridian, Cali fornia 
V -  

7: i 3s. 






