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ABSTRACT 

The Idaho Geothermal R&D Project was i n i t i a l l y  charted by the 

Division of Applied Technology i n  December 1973. 
the f i r s t  three months of act iv i ty .  A brief summary is given in  
Section 2, with more detailed discussions in  subsequent sections.  

This report covers 

? 
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w 1.0 BACKGROUND INFORMATION 

The area of Southern Idaho is one of the most promising regions 

wi th in  t h e  United S t a t e s  f o r  near  sur face ,  economically recoverable  

geothermal energy. 

end of a major Volcanic R i f t  Province. 

f au l t ed ,  north-south t rending sedimentary bas in  i n t e r s e c t i n g  t h e  

major vo lcanic  r i f t  known as t h e  Snake River Plain.  

Raft  River Basin t h a t  a number of wells, d r i l l e d  f o r  i r r i g a t i o n  

purposes, unexpectedly yielded warm t o  h o t  water. 

bottoming a t  400 and 540 f t  y i e l d  bo i l ing  water under a r t e s i a n  flow. 

These wells are near t h e  Malta, Idaho headquarters of the Raf t  Rlver 

It is i d e n t i f i e d  by geo log i s t s  as t h e  younger 

The Raft  River Valley is a 

It is i n  t h e  

Two such w e l l s  

Rural Electrical Cooperative, Inc., an REA financed power company 

serv ing  10,000 s q  m i l e s  of Southcentral  Idaho, Northwestern Utah, 

and Northeastern Nevada. 

The occurrence of t h e  bo i l ing  water i n  t h e  Malta, Idaho area promoted 

the Raf t  River Rural Electric Cooperative t o  conduct prel iminary geo- 

l o g i c a l  i nves t iga t ions  pe r t inen t  t o  the p o s s i b i l i t y  of e s t a b l i s h i n g  

a geothermal power p l a n t  in the area for the production of e l e c t r i c i t y .  

Simultaneously, t h e  Coop management began secur ing  geothermal leases 

on t h e  p r i v a t e  land owned by its members. 

Aerojet  Nuclear Company, prime cont rac tor  t o  the U.S. A t o m i c  Energy 

Commission a t  the Nat ional  Reactor Tes t ing  S t a t i o n  (40 m i l e s  no r th  of 

the Raf t  River Electrical Coop. service area), entered i n t o  a prel iminary 

engineering and f e a s i b i l i t y  s tudy,  including a s s i s t a n c e  in gather ing  

add i t iona l  geophysical information from t h e  Raf t  River Valley. 

1 



Unlike the anomalous Geysers ho t  dry steam f i e l d  i n  Northern 

Cal i forn ia ,  t he  Raft  River Valley is a hot  water f i e l d  (approximately 

150OC) very s i m i l a r  t o  most of t h e  i d e n t i f i e d  geothermal p o t e n t i a l  

resources i n  t h e  Northwest. 

a t t r a c t i v e  f o r  commercial production of electric power. 

economics nor even t h e  most economical power ex t r ac t ion  techniques 

are y e t  known f o r  these  low temperature hea t  sources. 

s a l i n i t y  of t hese  waters is genera l ly  low (compared t o  t h e  Cerro P r i e t o  

f i e l d ,  f o r  ins tance) ,  still t h e  use  of this water has  no t  been mastered 

f o r  long-term heat exchanger appl ica t ion .  

These temperatures are no t  cu r ren t ly  

Nei ther  t h e  

Though t h e  

S b u l d  further geological  and geophysical work confirm the s u i t a b i l i t y  

of the Raft  River resource f o r  an R&D pro jec t  and should funding be 

made aya i l ab le ,  t h e  AEC and its cont rac tor  w i l l  design and i n s t a l l  

the geothermal p l an t .  Raft  River Rural E l e c t r i c  w i l l  a r range  f o r  

l ea s ing  of t h e  private-land geothermal r i g h t s  on which i t  now has  

an option. 

and use  of t h e  power. The AEC w i l l  a c t ive ly  monitor and manage t h e  

geothermal f i e l d ,  which though highly convective exists i n  a reg ion  

where ground water suppl ies  have been shown t o  be  q u i t e  s e n s i t i v e  t o  

withdrawal rates.. 

coolhg-water (from t h e  cold-water aqui fe r )  is considered a l i k e l y  

necessi ty .  

The u t i l i t y  w i l l  a l s o  provide f o r  t he  e l e c t r i c a l  connections 

Re-injection of both geothermal and condenser 

The Raft  River area appears i d e a l  f o r  demonstrating t h e  harnessing 

of the power producing p o t e n t i a l  i n  warm, no t  ho t ,  water. With only 

UDoC water an t i c ipa t ed ,  

o d y  marginal f o r  normal 

conventional steam tu rb ine  systems appear 

applications. .  But, t h e  Raf t  River Val ley 's  

. 

8 
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Bd near su r face  aqu i f e r  is  q u i t e  cold,  approximately 10°C (50'F). 

With such a cold temperature heat s ink ,  150'C water becomes q u i t e  

attractive, from a Carnot e f f i c i ency  viewpoint. '  A low b o i l i n g  po in t  

organic  f l u i d  is  a prime candidate  f o r  t h e  working f l u i d ,  bu t  t h e  

economics of i t  compared t o  steam has  not  been es tab l i shed ,  as ye t .  

The demonstration power p l an t  w i l l  contain a steam and/or a b inary  

(organic f l u i d ]  cyc le  depending upon f i n a l  temperatures and mineral  

content  of t h e  hot water. I n i t i a l  operat ion of the  p l an t  is  a n t i c i -  

pated t o  b e  mid-1977. More d e t a i l s  about t h e  geology of the area, i h s  

apparent geothermal p o t e n t i a l ,  and t h e  general  c h a r a c t e r i s t i c s  of t h e  

var ious power cycles  being considered can be  obtained from t h e  r epor t  

ANCR-1138, e n t i t l e d  "A Low Temperature Demonstration Geothermal Power 

P lan t  i n  t h e  Raft  River Valley," dated February 1974. 

The o v e r a l l  goals  of t h e  p ro jec t  are bas i ca l ly  as follows: 

1. To demonstrate t h e  ex t r ac t ion  of energy from a hydrothermal 

f i e l d  u t i l i z i n g  full re - in jec t ion  of t h e  waste f l u i d .  The re- 

in j ec t ed  f l u i d  is t o  cont r ibu te  t o  t h e  f l u i d  re-charge of t h e  

hydrothermal f i e l d ,  w i t h  minimum environmental degradation and 

minimum degradiat ion of t h e  thermal hea t  source. 

2. To demonstrate t h e  design and opera t iona l  c h a r a c t e r i s t i c s  

of a geothermal electric power p l an t  operat ing from a re se rvo i r  

temperature w e l l  below t h e  limits (170'C o r  338'F) now considered 

t o  be  economically a t t r a c t i v e  f o r  commercial development. 

3 



2.0 SUMMARY 

1. U. S. Geological Survey da ta  taken i n  t h e  f a l l  of 1973 w a s  

re leased  t o  open f i l e  on February 1, and has been examined 

by co-workers a t  Boise S t a t e  University.  

and geophysical i nves t iga t ions  by the USGS are scheduled t o  

resume i n  the  spr ing  of 1974. 

Subsequent geological  

2. The shallow w e l l  d r i l l i n g  program commenced t o  s tudy the  ground 

water pa t t e rns  possibly feeding t h e  geothermal r e se rvo i r .  As of 

March 15, 18 holes  t o  a t y p i c a l  depth of 100 f t  w e r e  completed. 

3. Discussions have been held wi th  two d r i l l i n g  companies, and 

e f f o r t s  t o  secure  a s u f f i c i e n t  quant i ty  of long-lead-time d r i l l i n g  

p ipe  are now underway. 

4. Power cyc le  s t u d i e s  and conceptual design w e r e  begun on both low 

temperature steam f l a s h  and low temperature water-to-organic- 

f l u i d  heat  exchangers. 

L, 

5 .  Contacts have been made wi th  both Utah Power and Light Company 

and Idaho Power Company t o  a sce r t a in  how t h i s  p ro jec t  would b e s t  

s e rve  u t i l i t y  needs of the fu tu re .  Also, several vendors of 

equipment w e r e  contacted t o  determine t h e i r  i n t e r e s t  i n  t h e  p ro jec t .  

4 



cad 3.0 GEOLOGY AND GEOPHYSICS 

The U.S. Geological Survey has open f i l e d  t h e  geology and geophysical 

da t a  obtained i n  the  Raft  River Valley last  f a l l .  

t h e  geologic,  

r e s i s t i v i t y  da ta  are at tached as Figures 1 through 9.* No in t e rp re t a -  

t i o n  of t h e  da t a  has been o f f i c i a l l y  made by the  USGS, but  some in t e r -  

p r e t a t i v e  information i s  attached as Appendix I, a repor t  by 

D r .  Clayton Nichols of Boise S t a t e  University working i n  cooperation with 

AEC-ANC via  funding provided by t h e  Idaho Nuclear Energy Commission. 

Reduced copies of 

magnetic, g rav i ty ,  and automagnetotelluric apparent 

An agreement f o r  f u r t h e r  explorat ion t h i s  f i s c a l  year  is present ly  being 

negotiated.  

s p e c i f i e s  f u r t h e r  geological  and geophysical work t o  be  conducted t o  b e t t e r  

def ine  t h e  geothermal f i e l d .  

This agreement between t h e  AEC and t h e  U.S. Geological Survey 

The d r i l l i n g  of shallow (100 f t )  hydrology w e l l s  (5-1/2 in .  dia.)  through 
t h e  Raft  River Narrows area is progressing s a t i s f a c t o r i l y  wi th  18 w e l l s  

completed. Two w e l l  pos i t ions  may have to  be ro t a ry  d r i l l e d  due t o  t h e  

l a r g e  rock encountered a t  10 t o  1 5 . f t  depths. 

ered t o  d a t e  w a s  48OC (118OF) a t  t h e  bottom of a 30 f t  deep and a 40 f t  

deep w e l l s  east of t h e  narrows. 

t o  s tudy the near su r face  water flow pa t t e rn ,  temperatures of t h i s  magni- 

tude t h i s  c lose  t o  su r face  a l s o  provides c lues  concerning t h e  c i r c u l a t i o n  
of heated w a t e r  from depth t o  t h e  surface.  

Highest temperature encount- 

Though these  shallow holes  are intended 

ANC and I D  personnel m e t  wi th  NAVOO and REECO personnel on March 4, i n  

Nevada. 

d e t a i l .  

d r i l l  a t  least 8,000 f t .  

The d r i l l i n g  r i g s  were inspected and cos t s  w e r e  discussed i n  

They have one r i g  which could be made ava i lab le .  This r i g  could 

A 20-in. casing through t h e  domestic aqu i f e r  

with 10-3/4 in .  beyond i s  t e n t a t i v e l y  planned. From t h e  var ious informa- 

t i o n  cur ren t ly  ava i lab le ,  i t  would appear t h a t  one might plan f o r  d r i l l i n g  

t o  about 1,000 f t ,  where impermeable.basement rock is l i k e l y  t o  be 

encountered. 
I 

c 

' * For o r i en ta t ion ,  t h e  two bo i l ing  w e l l s  are located i n  Section 23 of R26E, i J  
T15S, approximately centered a t  coordinates 113' 23'E longi tude and 42' 
06" l a t i t u d e .  5 



Pet ro logica l  examinations were performed on d r i l l i n g  chips supplied 

t o  Boise S t a t e  University (work sponsored by Idaho Nuclear Energy 

Commission). Subsequently, d r i l l i n g  records,  mud logs ,  l i tho logy  

logs,  and ana lys i s  of t he  w e l l  samples from t h e  two deep o i l  and gas 
w e l l s  were supplied t o  REECO w e l l  d r i l l i n g  personnel f o r  use i n  

estimating d r i l l i n g  cos t s  i n  the  Raft  River Valley. D r i l l i n g  

t i m e  w a s  very sho r t  (on the order  of three weeks) f o r  t he  Malta 

(Griffith-Wight) w e l l  t o  6787 f t . d  

test w e l l  should a l s o  be s h o r t  bu t  considerably more logging w i l l  
be done subs t an t i a l ly  increasing the  a c t u a l  d r i l l i n g  period, The 

Boise State University preliminary evaluat ion is at tached as an 

Appendix I, 

Time estimates f o r  our f i r s t  

AEC (.ID) Procurement has agreed t o  allow t h e  purchase of w e l l  

casing as a s tock  item not  t i e d  t o  any program. 

the purchase of t h i s  long lead time i t e m  f o r  de l ivery  by September 

without tying up FY-74 program funds. 

This w i l l  al low 

* The tGo o i l  and gas w e l l s  were drilled i n  the f a l l  of 1973 by a 
commercial gas explorat ion company. Both w e l l s  have s ince  been 
abandoned. 
abandoned. That flow has s ince  been control led.  

One began t o  spout hot  water th ree  weeks a f t e r  being 

6 



4.0 POWER CYCLE STUDIES AND POWER PLANT DESIGN 

Effo r t s  t o  d a t e  have concentrated on system parametric s tud ie s  

wi th  the a i m  of es tab l i sh ing  c r i t e r i a  from which one can a r r i v e  

hd 

c a t  an optimized (minimum) cos t  system. The work has been l a rge ly  

w i t h  t h e  s i n g l e  s t age  f l a s h  steam cycle ,  but  b r i e f  s tud ie s  on the  

binary (organic f l u i d )  cyc le  have a l s o  been made on hea t  exchanger 

design. 

t h a t  t h e  s u p e r c r i t i c a l  f l u i d  cyc le  (e.g., Freon-12) w i l l  involve 
long counter-flow heat exchangers (over 100 f t )  unless  t he  pinch poin ts  

are s i g n i f i c a n t l y  relaxed from t h e  otherwise des i red  10' t o  15'F value.  

A s  f o r  the latter,  the r e s u l t s  of t h e  preliminary work show 

i 

r 

Relaxing t h e  pinch poin t  t o  l a r g e r  values  i n  tu rn  r e s u l t s  i n  less temp- 

e r a t u r e  drop f o r  t h e  geothermal f l u i d  (less heat  removed) and lower 

operat ing temperatures and e f f i c i e n c i e s  f o r  t h e  organic f l u i d  turbine.  

4.1 Steam Plant  S i z i n q  

For a given quant i ty  of geothermal f l u i d ,  the f l a s h p r e s s u r e  and 
turb ine  condi t ions can be determined. A reduction i n  f l a s h  pressure 

w i l l  increase  t h e  amount of steam produced, but  i t s  temperature w i l l  

be lower and t h e  ava i l ab le  turb ine  enthalpy w i l l  be  less. Figure 

10  shows parametrfcal ly  t h i s  re la t ionship .  Aprior i ,  one might be  

inc l ined  t o  accept the  m a x i m a  of t hese  curves (approximately 88'C 

o r  190'F steam) f o r  the design conditions.  

of t h e  maximum t o  higher temperatures, one f inds  that the system hard- 

w a r e  (piping and turbines)  become s u b s t a n t i a l l y  smaller. 

the same tu rb ine  operat ing from 220'F has 50% higher steam throughput 

than one operat ing from 200'F. Y e t  t he  kW-hr/lb of b r i n e  curve shows 

anly a 3% reduct ion i n  cyc le  output-a minor penal ty  f o r  the much 

However, by moving of f  

For instance,  

, smaller turbine.  

Such considerat ions r e l a t i n g  'to hardware s i z e  and hence cos t  are 

demonstrated i n  Figures 11 and 12. 

rates are not  necessar i ly  t h e  des i red  p l an t  design criteria. 

It i s  apparent t h a t  high steam 

Nor, f o r  

t h a t  matter, is minimum c a p i t a l  cos t  of t h e  power p lan t  equipment (above 

ground) f o r  t h e  w e l l  cos t  and geothermal f i e l d  l i f e t i m e  are c h a r a c t e r i s t i c s  

/L i  I 
t o  be included i n  t h e  ove ra l l  cos t  optimization s tudies .  

7 



Appendix I1 shows r e s u l t s  of mul t ip le  s t a g e  steam f l a s h  consid- 

e ra t ions ,  a parametric study completed under a cooperative support  

arrangement funded by t h e  Idaho Nuclear Energy Commission. 

4.2 Down Hole Pumps 

Calculat ions were performed on t h e  f e a s i b i l i t y  and usefulness  of 

down-hole pumps. Such pumps appear economically j u s t i f i a b l e  f o r  

boosting the output  of low temperature, shallow w e l l s ,  and t o  

restart shut-in w e l l s .  For shallow wells,<2,000 f t ,  the increased 

flow from pumping w i l l  produce, t yp ica l ly ,  t h ree  t i m e s  t h e  r e t u r n  i n  

electrical output as the pumping power requirements. 

shallow low temperature w e l l s  w i l l  most l i e k l y  r equ i r e  pumping t o  main- 

tain sa tu ra t ion  pressure a t  the  su r face  and hence prevent f l a sh ing  u n t i l  

the f l u i d  reaches the p lan t .  

the increased flow from pumping is not impressive compared t o  o v e r a l l  

flow. Pumps i n  such w e l l s  have their p r h c i p a l  advantage i n  s t a r t i n g  

a w e l l  tha t  has been shut-in and whose water column has cooled. P l o t s  

f o r  15OOC and 2OOOC water w e l l s  showing the  advantage of down hole  

pumps are shown i n  Figures 13 and 14. 
a t  t h e  w e l l  bottom. 

enough t h a t  the above head is s u f f i c i e n t  t o  prevent f l a sh ing  and t h a t  

t h e  holow hydros ta t ic  dr iv ing  fo rce  is s u f f i c i e n t  t o  s a t i s f y  t h e  ne t  

p o s i t i v e  suc t ion  head requirements of t h e  pump. 

And, of course, 

A t  depths less than 5,000 t o  6,000 f t ,  

Note, pumps need not  be placed 

I n  general ,  they need be posi t ioned merely deep 

4.3 Condenser Cooling Source 

Preliminary s tud ie s  on conceptual design and cos t s  estimates of t h e  

once-through condenser cooling concept occupied s u b s t a n t i a l  e f f o r t .  

It appears that economic bene f i t s  from this concept w i l l  b e  d i f f i c u l t  

t o  achieve (compared t o  w e t  cooling towers) unless  t h e  cold water source 

is a t  a depth of less than approximately 250 f t ,  o r  unless  by-product 

use  can be found f o r  t h e  w a s t e  cooling water ( i r r i g a t i o n ,  f o r  instance) .  

An a l t e r n a t i v e  cooling method f o r  low humidity, temperature c l imates  is  

shallow cooling ponds ( lakes) .  Make up water would need t o  be s l i g h t l y  * 

$bigher than f o r  w e t  cooling towers, but by-product advantages are obvious 

compared t o  w e t  cooling towers. 

8 
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5.0 PLANS FOR SUBSEQUENT QUARTER 

The next  t h ree  months' a c t i v i t i e s  w i l l  p r inc ipa l ly  involve the  

following : 

1. 

2. 

Completion of shallow (100 f t )  w e l l s  (approximately 35). 

Execution of formalized USGS-AEC agreement and resumption of 

USGS f i e l d  work. 

Revision of l as t  year 's  formal p l an t  construction-data shee t  

(AEC Schedule 44) and re-submission t o  AEC-HQ. 

3. 

4. Conceptual design and preliminary estimates of costs f o r  an 

organic f l u i d  heat-exchanger f o r  both a s u b c r i t i c a l  bo i l i ng  

and a s u p e r c r i t i c a l  f l u i d  cycle.  

9 
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APPENDIX I . 
. 

FINAL REPORT 

GEOLOGIC AND GEOPHYSICAL ASPECTS OF SITE SELECTION FOR 
A GEOTHERMAL DEMONSTRATION PROJECT, MFT R I V E R ,  IDAHO 

Submitted to 

Idaho Nuclear Energy Commission 

Clayton R. Nichols - Project Leader 
dames K. Applegate - Investigator 

Boise State University 
Department o f  Geology 

March 12, 1974 
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INTRODUCTION AND REVIEW OF THE PROJECT 

Through the suppor t  of the INEC, two Boise State  University Depart- 

i ment o f  Geology faculty members have participated i n  a project pertaining 

t o  p lanning  and the interpretation o f  data from the Raft River geothemal 

area,  Cassia County. 

', the BSU investigators 

redirected their e f fo r t s  to: 

other data useful t o  the Raft River project; 2)  proposal development for 

1) the acquisition and interpretation of 
I 1 

I other low temperature geothermal demonstration projects; 3) advising Aerojet 

Nuclear Company on the construction o f  e lec t r ica l  r e s i s t i v i t y  gear; and 

, 

I 

I 4)  the interpretation o f  USGS op n . a f te r  its release i n  

1 

c * - -  

@€tor's Note: The above page was partially abstracted from the original 
E version. ) 
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RESULTS OF THE INVESTIGATION 
.- 

Data Acquisition and Interpretation Independent of the USGS Projects: 

Samples from two petroleum t e s t s  dr i l led  i n  the Raft River were placed 

i n  the Boise State  University Department o f  Geology's sample depository. 

Drilling time records ( ra te  of penetration), mud logs and cornmercially- 

prepared lithology logs were also given to  BSU. Sample analysis for  the 

"hot" well three miles south o f  Malta (Griffith-Wight No. 1 ,  SENW Sec. 1 ,  

T14S R26E) was completed by Miss Ann Cochrane, a student working under 

the direction of Richols, u t i l i z i n g  microscopic techniques supplemented 
- 

by X-ray diffraction analysis. 

The samples indicated a section of volcanic tu f f s ,  shales, siltstones 

and sandstones down t o  a depth of  5000 f t .  From 5000 t o  6000 f ee t ,  the 

proportion of sandstone vs. volcanic sediments increased. Carbonate rocks 

(limestones and dolomites) of probable Paleozoic age were dominant below 

6000 fee t .and  continued t o  the bottom of the hole a t  6787 feet .  T h i s  t h i c k -  

a 

ness of re la t ively young volcanic and sedimentary valley f i l l  i n  the Raft 

River Basin (5000-6000 f ee t )  i s  i n  close agreement w i t h  our preconceived 

ideas of the depth of the basin.  

The sediments encountered i n  the well near Malta are dominantly fine 

grained a t  depth. Calcite cementing is extensive. Zeolites (hydrated alum- 

inum s i l i c a t e  minerals) have formed extensively i n  the deeper volcanic 

sediments as thermal a l terat ion products of the volcanic glass. The presence 

of pyrite and cryptocrystalline quartz i n  son;e sample intervals may indicate 

the presence of thermal f luids  and more de ta i l ed  mineralogical work on the b 

samples is planned. T h i s  information has been forwarded t o  Don Snodgrass 
J 

o f  the Nevada-Test S i te ,  Deep Dril l ing Operations Branch, far his use i n  

estimating d r i l l i n g  costs i n  the Raft River Project. 

,- 

LJ 
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New Proposal Development: 

Li 
c 

7i 

Nichols, Applegzte and Hollenbaugh of BSU and Mink, Idaho Bureau o f  

Mines and Geology, prepared the geologic and hydrologic portion of "A 

Jo in t  Proposal for a Demonstration Space Heating Project Involving Govern- 

ment-bmed B u i l d i n g s  a t  Boise, Idaho." T h i s  j o i n t  proposal from the s t a t e  

o f  Idaho and Aerojet Nuclear Conipany seeks AEC f u n d i n g  for the research and 

development of municipal space heating i n  Boise. 

Nichols and Applegate made possible by the INEC Raft River grant was also 

Faculty released time fo r  

ut i l ized i n  the preparation of the Boise proposal dur ing  Januaryprior  t o  

the release of the USGS open f i l e  reports on the Raft River project. 

Resis ti vi. t y  Equipment Construction: 

5 During Novenber and December, 1973, Applegate cooperated w i t h  Miller 

and others a t  Aerojet lluclear i n  the construction of dipole-bipole resisti- 

v i t y  gear t o  be used i n  the Raft River and other geothermal projects by 

BSU and ANC personnel. Working w i t h  plans provided by Applegate, the equip-  

ment has been completed w i t h  the exception of one part  which is  on order. 

In dipole-bipole r e s i s t i v i ty  mapping, the apparent r e s i s t i v i ty  of an 

.I 

area i s  calculated and contoured as  opposed to  the standard DC deep rests-  

t i v i  t y  measuremen long a l i ne  across the area of interest .  

The technique is thus omplementary t o  audio-magnetotell uric apparent res is-  

t i v i t y  mapping, which i s  more of a reconnaissance tool. The dipole-bipole 

which a re  ma 

apparent r e s i s t i v i ty  r!apping nay indicate low r e s i s t i v i ty  areas present t o  

depths of several thousa 

propecting. The same equipment may be used i n  other configurations, such 

meters and i s  t h u s  ideal ly  suited to  geotherral 

L as Wenner or Schlumberger electrode arrays for resistSvi ty mapping, sponta- 

neous potential (self  potential of llSP1l) mapping, electromagnetic mapping 

(EM), e tc .  
W 
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Equipment Functioning: The source box switches and r ec t i f i e s  the 

o u t p u t  from a generator, provid ing  a n  assymmetrical I I D C "  s ignal.  One 

purpose of the assymmetrical signal i s  t o  simplify the identification of 

the signal received a t  a receiver box. The receiver box measures the 

potential  f i e ld  caused by the exciting signal a t  discrete locations i n  the 

area of interest .  T h i s  recorded measurement is combined w i t h  the i n p u t  

current and various geometric parameters t o  calculate an apparent res is-  

t i  v i  t y  . 
Interpretation of the USGS Preliminary Open File Data: 

Through an exceptional e f for t ,  the d a t a  obtained dur ing  the f a l l  1973 

f i e l d  program of the USGS i n  the Raft River Valley was released t o  open 

f i le  status on February 1,  1974. Maps released include: 

1. Preliminary geologic map of the southern Raft River area, Cassia 

County, Idaho by P.L. Williams, Kenneth. L. Pierce, David H. Mclntyre and 

P.W. Schmidt. 4 sheets, scale 1:24,000; 

2. Residual magnetic intensi ty  map of the southern Raft River area,  

Cassia County, Idaho, by the U.S. Geological Survey. 1 sheet, scale 1:24,000. 

3. Bouguer gravity anomaly map of the southern Raft River area, 

Cassia County, Idaho, by Don R. Mabey and Carol W. Wilson. 1 sheet, scale 

1 :24,000. 

4. Audio-magnetotelluric apparent r e s i s t i v i ty  maps, southern Raft 

River area, Cassia County, Idaho, by D.B. Hoover. 3 sheets,  scale 1:24,000. 

The Geologic Maps: The maps reveal a more complex geologic si tuation 

t h a n  had previously been imagined for  the Raft River Valley and adjacent 

mountain ranges. 

down-dropped block o r  graben structure between the Cottrell and Jim Sage 

Ranges t o  the west, the Black Pine Range t o  the east  and the Raft River 

Earlier models of the bas in  had pictured i t  simply as  a 

28 
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Figure 1 

Area of geologic mapping, southern Raft River Valley 
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Range t o  the south. The mapping by the Survey reflnes this model by 

indicating that  the western ranges may have been upwarped rather  t h a n  

uplifted as simple, bri t t le blocks. These ranges and the important north- 

south trending f au l t  zones which  parallel  them have been the locus of 

extensive volcanic ac t iv i ty  dur ing  Tertiary time. The youngest igneous 

u n i t  mapped is  a shallow intrusive body just  north of Cassia Creek and 

Rice S p r i n g ,  which was assigned a probable Miocene age. The age of this 

body (greater than seven million years) indicates tha t  i t  and other kncwn 

igneous rocks i n  the southern Raft River Valley a re  too o ld  t o  s t i l l  be 

cooling. The presence of this major vent zone along the western margin of 

the valley extending northward from the "narrows" i s  an important finding; 

nevertheless, as old zones of weakness may be reintruded from time t o  time. 

Sheep.Mountain is  a l so  an intrusive dome o f  Pliocene-Miocene age along 

this sanie trend. The dominant lava composition along the trend is  rhyol i t ic ,  

or Si02-rich. 

Fault trends mapped i n  addition t o  the north-south trend on the west- 

ern margin of the valley include suspected majot- east-west s t r ike - s l ip  

faults t h r o u g h  the narrows and t h r o u g h  the breach i n  the ranges west of !{aha 

occupied.by Cassia Creek. These f au l t s  are t h o u g h t  t o  have a dominant 

l a te ra l  or "sideways" component of movement rather than one side moving u p ,  

the other down. The area eas t  o f  the narrows t h u s  is  the point o f  intersec- 

t i o n  of a t  least two major f a u l t i n g  trends and also i s  the s i te  o f  the hot-  

test water produced t o  date. 

I.luch of the diff ic l r l ty  i n  the interpretat ion of the major geologic % 

features i s  due t o  the veneer of a l luvial  fan deposits o f  Pleistocene age 

which cover the slopes i n  the c r i t i c a l  areas. These have been painstakingly 
4 
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mapped by Williams e t .  al.,and const i tute  most of the detai l  on the geologic 

maps. 

the southern Raft River Val 1 ey (provided by Aerojet Nuclear Company) the 

fau l t s  mapped by the USGS group. Based on "linears," or s t ra ight  l i ne  

trends i n  drainages, rock outcrops, e tc . ,  the Survey mapping of the numbers 

of small fau l t s  may even be conservative. Faults trending NW-SE are  mapped 

i n  the area immediately SE of the h o t  wells east  of the narrows. These may 

 have an influence on the shallow hot water d i s t r i b u t i o n  as indicated by 

AMT data obtained by the Survey. 

Nichols was able t o  confirm on the stereo aer ia l  photo coverage of  

1 

'+ 

I Q  

I 

Residual Magnetic Intensity Map: A contour map showing variations i n  

the residual magnetic intensi ty  confirms the general geologic nodel d is -  

cussed previously. Magnetic intensi ty  measured a t  a part icular  location is 

influenced by the rock type(s) a t  depth. Some rock types,such a s  basal t ,  

w i l l  yield abnormallv h i g h  magnetic values. Sharp gradients i n  the data 

may indicate faulted contact o f  rocks w i t h  'differing magnetic intensities. 

The data fo r  the southern Raft River Valley contains several interesting 

anomalies i n  the Jim Sage Range and i t s  margin near Sheep Eoun ta in .  
The 870 gamma positiveanomaly eas t  of Sheep Mountain may indicate 

buried igneous rock o f  a basic composition (basalt?) a t  shallow depth. T h i s  

area could be separated by NE-trending normal fau l t s  from a lower portion 

of the basin to  the south i n  the vicini ty  of Cranks! hot well. 

more complex magnetic anomlies near the north end of the Jim Sage Range 

may also indicate igneous intrusive bodies a t  depth. 

Other, 

Bouguer Gravity Anomaly Map: T h i s  map shows variations i n  gravity 

measured i n  milligals a f t e r  corrections for elevation are applied. Differ- 

kJ 
j 
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ent rock types have differ ing densi t ies ,  and these differences may be 

detected through their influence on the measured values of gravity over 

an area. High negative values on a Bouguer gravity map i n  an area l i ke  

the Raft River Valley indicate re la t ively deep, low density f i l l  material, 

whereas t h e  denser marginal rock types will yield lower negative values. 

The gravity map thus generally re f lec ts  the configuration of the bas in  a t  

depth, and sharp gradients may indicate fault ing.  The major fault ing 

discussed previously i s  a l l  supported by the gravity da ta .  Especially 

well developed is  the EM trend t h r o u g h  the narrows. A gravity "h igh"  

i s  centered just west of the magnetic anomaly near Sheep Mountain. 

on the gravity mapping, the deepest po r t im  of the southern Raft River 

Basin is the region ju s t  east of Cranks' ho t  well. 

Based 

Audio-magnetotelluric Apparent Resis t ivi ty  Maps, Southern Raft River 

Area: T h i s  method is  a re la t ively recent innovation which involves 

measurements i n  the audio range of orthagonal components of the horizon- 

t a l  electric and magnetic f ie lds  induced by natural  prirary sources ra ther  

t h a n  by a DC i n p u t .  These "natural" sources are  atmospheric fluctuations 

o f  the  electromagnetic f i e ld  a t  frequencies o f  from 1 to  lo5 hertz caused 

by lightning discharges a t  great distances. Observations of the induced 

electromagnetic f i e ld  intensi ty  are averaged over a period of time a t  each 

of  a range of frequencies, and  one component.of the E f i e l d  i s  simultan- 

eously recorded with co i l s  arranged along NS and EGI 1 ines. A t  26Hz, for  

example, two raps of apparent r e s i s t i v i ty  a re  produced: one f o r  a NS l i ne  

and another for  an EW l ine.  The depth t o  which the r e s i s t i v i ty  i s  "seeing'' 

i s  a function of the frequency according t o  the relationship: 
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Skin depth = -meters 

where u = conductivity i n  mhos/meter, = - 1 shere p = res is t iv i ty  i n  
P 

ohm-me t ers 
p = permeability in  henries/meter, typically that of vacuum, 

4n loc7 
w = angular frequency in  radians/sec 

and skin depth - effective depth of penetration for the constants used 

by the Survey, the relationship s impl i f i e s  a t  2 6 ~ 2  to: 

Skin depth = 99 

where p is the observed apparent resist ivity.  

A few trial  substi tutions will indicate t h a t  the d e p t h  o f  penetration is  

very shallow a t  26Hz f o r  areas o f  low res i s t iv i ty .  A value o f  4 ohm 

meters yields a depth of 198 m. This does n o t  imply t h a t  the low resis- 

t i v i t y  is confined t o  shallow depths, b u t  rather t h a t  the measured resis-  

t i v i t y  values r e f l ec t  only penetration t o  shallow depths. 

Apparent r e s i s t i v i ty  "lows" were indicated on the 26Ht maps correspon- 

ding t o  several of the known h o t  water occurrences. Most notable o f  these 

f s  the 2.7Hz anorr,aly centered 0.5 miles SE o f  Cranks' ho t  well. 

contours through the narrows also r e f l ec t  general trends on the gravity 

Resistivity 

and magnetic maps. Subsurfzce structures will a f fec t  values through their 

control o f  porosity a t  depth. Areas of low apparent res i s t iv i ty ,  such as 

the Cranks' well anomaly, should be investigated,  u t i l i z i n g  deep r e s i s t i v i ty  

techniques. 

CONCLUSIONS 

The extensive investigations undertaken t o  da te  by the Geologic Survey 

* and the release of deep well da ta  from wi ldca t  tests i n  the Raft River Easin 

allow a refinenient of the e a r l i e r  "simple" models of the Raft River Valley. 

The Jim Sage Range on the western margin of the valley is  faulted and cross- 

I 

I 

4 

faulted, domed upward and in t ruded  throughout  i t s  NS length. The thermal 
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water occurring along this valley i n  numerous deep wells may rise a t  a 

number of locations along the NS f a u l t  trend where i t  is  cross-faulted, or 

it may be associated w i t h  only a few locations of especially intense fau l t -  

ing and be "spreading out"  i n t o  aquifers through which i t  i s  widely distri- 

buted. 

Cranks' well may r e f l ec t  the water's circulation down t o  depths  where i t  

contacts the carbonate rocks encountered a t  a d e p t h  o f  6000 f ee t  near Malta. 

Deep circulation,heating and the rise of f lu ids  is s t i l l  best evidenced 

i n  the downfaulted area eas t  of the narrows. P.dditiona1 deep r e s i s t i v i t y  

should be conducted i n  the v ic in i ty  o f  the anomalies detected southeast of 

the hot wells. 

The exceptionally carbonate-rich geochemistry of the water from 

The next petroleum test  (which i s  scheduled t o  begin d r i l l i n g  w i t h i n  

the next  three weeks) will be s i ted  close t o  the c r i t i c a l  area east o f  the 

narrows which contains the hot wells. 

o f  the basin and will probably be s t ruc tura l ly  "high" re la t ive  t o  the tcialta 

test. The temperature data and s t ra t igraphic  section revealed by this 

well may provide our  best evidence t o  da t e  o f  the geothermal potential  

of the southern end of the valley. 

I t  is  south o f  the deepest portion 

The  samples from the Malta w i l d c a t  tes t  indicate a predominantly volca- 

nic tuff ,  s i l t s tone ,  shale and sandstone section t o  a depth of 5000 fee t .  

The limestones and dolomites of Paleozoic age below the younger valley 

f i l l  may provide a reservoir for  thermal f lu ids  below 6000 f e e t  i n  the 

deeper portions of the basin. 
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APPENDIX 11 

MULTIFLASH STEAM CYCLE PARAMETRIC STUDY FOR GEOTHERMAL POWER PLANT. 

The following t a b l e  and f i g u r e  are ex t rac ted  from a repor t  submitted 

by D r . . D .  T. N e i l 1  of Idaho S t a t e  University. I n  a cooperative e f f o r t  

w i th  the AEC's Idaho Geothermal R&D Pro jec t ,  this study w a s  supported by 

t h e  Idaho Nuclear Energy Commission. 

As noted i n  the main body of t h i s  repor t ,  the mul t ip le  f l a s h  s i t u a t i o n  

more near ly  approaching the i n i f i n i t e  s m a l l  s tep ,  r eve r s ib l e  s i t u a t i o n  produces 

the maximum p lan t  output. 

two s t age  f l a s h  (see f o r  ins tance  Case No. 7, though i t  is not  necessar i ly  

optimized) probably does not  exceed 15%. Y e t  hardware cos t  d i f fe rences  would 

be  enormous. It should a l s o  be noted t h a t  hardware cos t s  f o r  the Case No. 7 
with a 4 p s i a  second s t age  f l a s h  probably f a r  exceeds those f o r  Case No. 5 wi th  

second s t age  f l a s h  a t  10 ps ia .  

However, the ga in  t o  be r ea l i zed  over an optimized 

Y e t  t he  p l an t  output increase  is only 11%. 

For Purposes of conversion: 

6 10,000 gpm is  approximately 4.6 x 10 
(302"F, 150°C) 

6 20 x 10 Btu/hr t u rb ine  work is 5.86 MM. 

For comparison, the Case No. 7 output is near ly  douhle that of the idea l ized  

lh /h r  of geothermal f l u i d  flow 

Freon 11 and Freon 21 s u b c r i t i c a l  bo i l i ng  cycles  of re ference  document ANCR-1138 
(A Low Temperature Demonstration Power P lan t  i n  the  Raft  River Valley),  bu t  is 

s u b s t a n t i a l l y  lower than the output of the highly idea l ized  Freon 12 s u p e r c r i t i c a l  
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TURBINE WOPX FRON MULTIfiASlI STRAY GENERATORS c 
6 I n l c t  Conditions: 1 .0  x 10 lb/hr of snturatcd ,  gcothcrmol 

m t c r  (302OF, 69 psicr) 

Turbinc c f f i c i c n c y :  757. 
Turbinc discl inrgc condi t ions :  79'F, 1 in IlgA (0.5 p s i n )  

Stcam EInss Turhinc tlork From 
Case KO. F l a s h  Flash Flow x loL4 Flash Stnr,c x 
KO. Sta'.*cs Prcssurcs  (?s in )  ( 1 t) /hr) (I:tu/hr) 

l* 1 10 .o 11.4 15.4 
2 1 8.7 11.8 15.2 
3 1 3.7 15.4 14.8 

4 2 45.0 3.0 6.2 
9.9 
16.1 

o o o o o o o o o o o ~ - - o - o o ~ o . . . o o o ~ ~ ~ ~ ~ ~ ~ ~ o -  

- 15.0 6.3 

5 2 30.0 
10 .o 

5.7 
5.7 

10.7 
7.2 
17.9 
12.2 
4.5 
16.7 

- 

- 
6 2 26.0 

15.0 
6.7 
2.9 

8 3 60.0 1.0 2.2 
42.0 2.5 5.1 

11.0 
18.1 
- 3.7 11.6 

9 3 60.0 1.0 
30.0 4 .I( 

3.7 9.5 

2.2 
8.3 
9.0 

19.5 
- 

10 3 60.0 
Ift.0 
3.7 

1 .o 
8.7 
5.fb 

2.2  
13.6 

5 . 1  
20.') 
7 

11 3 3.0 

2.9 
3.fb 

6.2 
6.2 

1 6 . Y  
t b  5 - 

3 
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Table 1 Continucd 
i 

Stcam k i s s  Turbinc Work Frm* 
CRSC No. Flash Flash Flow x Flash Sta!;c x IO-o 
No. St3WS Prcssurcs ( p s i a )  ( lb /hr)  (Btu/hr) 

12 4 60.0 1.0 2.2 
42.0 2.5 5.1 
30.0 1.9 3.6 

9.0 
19.9 
- 3.7 9.5 

i 

13 4 60.0 1.0 
30.0 4 e 4  
21.0 1.9 

2.2 
8.3 
3.2 

3.7 7 e 4  

0 0 0 0 ~ 0 ~ ~ ~ ~ 0 ~ 0 0 0 0 0 0 0 0 0 . " ~ 0 . ~ ~ 0 0 ~ . 0 0 ~ .  

14 5 60.0 1.0 2.2 
42.0 2.5 5.1 
30.0 1.9 3.6 
21.0 1.9 3.2 

7 .0  
21.1 
- 3.7 7 ; 4  

1s 5 60.0 1.0 
30.0 4.4 
21.0 1.9 
14.0 1.8 

.2.2 
8.3  
3.2 
2.9 

3.7 5.5 5.2 
21.8 
- ,  

~ 0 0 0 0 0 ~ 0 * ~ 0 0 0 0 0 ~ . ~ . 0 ~ 0 0 0 ~ 0 0 . 0 0 0 . 0 0 ~ ~  

16 6 60.0 1.0 2.2 , 

42 .O 2.5 5.  1 
30.0 1.9 3.6 
21.0 1.9 3.2 
14.0 1.8 2.9 
3.7 5.4 5.2 

22.2 
- 
.......-- 0 

2.2 I 

2.8 
2 08 
3.6 . 

3.2 
2.3 

.. L. 0 0 .. .. - (I . 0 .. - 0 . 0 

17 7 60.0 
51 .o 
42.0 
30.0 
21.0 
14 .o 

3.7 5.2 
22.7 - .  
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Turbine work from multiflash stages 
(Case Nos. beside points refer to 
identification numbers in Table 1) 
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