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My fellow Idahoans : 

I am pleased to have published through the Idaho Office 
of Energy this guide to geothermal development. 

The years of inexpensive readily available conventional 
energy sources are quickly coming to an end. 
must now look to the future and develop our own alternatives 
for home heating, industrial processing and agriculture. 

Idahoans 

Idaho's geothermal waters have historically served us on 
a limited basis. We must now seriously consider an increased 
effort to develop this resource to its full potential. 
Individually and collectively we can take advantage of this 
unique resource and help make Idaho a leader in alternative 
energy development . 

GOVERNOR 
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Idahols energy problems have increased at alruming rates due to  our 
dependency on imports of gas and oil. 
oped i n  Idaho has for years kept our electric rates relat ively low and 
suppliedus with energy on a consumer denand basis. However, t h i s  re- 
source cannot be expected to  wet our growing demands i n  the  years to 

The large hydroelectric base devel- 

come. 
Energy alternatives,  i n  whatever fom, are extremely important to 

the future welfare of the State of Idaho. 
hplications, uses, requirements and regulations governing one of Idaho's 

This handbook addresses the 

mst abundant resources, geothemal energy. 

lay person with the basis of geothemal energy i n  Idaho. 
The intent  of the Idaho Geothe- Handbook is t o  familiarize the 

The potential  for geothe- develapnent in the State of Idaho is 
t m n d o u s .  The authors hope t h i s  handbook w i l l  both increase your how- 
ledge of geothemd energy and speed you on your way to u t i l i z ing  t h i s  
renewable res~ource. 
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CHAPTER ONE 

GEOTHERMAL RESOURCES IN IDAHO 



e 1 

Geothennal energy is derived fran the natural  heat of the  earth. 
Observations in mines and wells indicate that temperatures Increase q t h  
depth to between 390 degrees.F and 1,830 degrees F at the  base of the 
Earth's-crust. 
flow is much greater -than other PI&. . These are areas of high geother- 
mal (crustal mvanent) activities. 

.toward the Earth's surface frun geologically recent intrusive flm of 
molten rock (magma) througZl fractures i n  the Earth's crust. 

geopressured, bydrothennal (hot water), vapor daninated, and hot dry rock. 
In Idaho, the hot water or hydmthemal resources are the rnost rxmnon. In 
fact, nearly a l l  carmercially Inportant geothermal water resources i n  the 
United States are west of t he  Rocky Mountains and are hydrothermal re- 

In 6ome p l h s  on the Earth's surface, t he  natural heat 

In these 81reas, heat is transferred 

1. 
L 

t 
 our tms of gmthermal systems are known to c)ccuT in nature: 

-1 I 

t 

GouTces 

In Idaho, mst hot water systems are themal ly  driven; that is, 
grrmndwater fm rain and snow is heated by a load heat source and mves 
upward. This upwelling of hot water often reaches the surface as hot 
springs, geysers and other surface phenanena. 'kmperatures of the water 
vary in range from abotrt So degrees F tomre than 300 degrees F. 

Idaho has for many years benefited fmn hot; water springs and wells 
for hane heat-, bathing and recreatian. 
regian have mentioned Idaho's hot water springs. 
evaluate Idaho's geothermal potential have been periodically published 
since 1925, and with the haeased cost of oil, gas and e lec t r i c i ty ,  these 
studies have taken on a new Importance in the searcb for al ternat ive en- 
ergy supplies. 

For the hame Owner, farmer, food processor, and nlllILerOUS Carmercial busi- 

As early as 1879, surveys of the 
Studies to identify and 

The range of uses for developing g e o t h e d  energy am tremendous. 

, L  
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nesses, the ge0themn.l 

sound choice.' Since mst of the known temperatures of ge0themn.l fluids in 
Idaho are in the low to  i n t e d a t e  temperature range (80 degrees F to 
200 degrees F), space heating is the largest target area for direct uses. 
Idahoans azx! extremely fortunate that a large portion of the geotheIIlral 
resource i n  the state lies close to  m a t e d  areas. 

Snake River Plain, as shown i n  Figure 1). Technologies for u t i l i z ing  
ge0thenn.l energy for space heating, such as heat exchangers, are easy 
to understand and ecananically a t t ract ive.  

clude industr ia l  processing, aquaculture and g r e e m e  operations, and 
the possible production of electrical power, i f  the resource temperature 
exceds 300 degrees F. Figure 2 lists the required tmperature of geo- 

thermal fluids for a n m k r  of possible processes. 

be an econanically and envimnmntally 

(Generally along the 

Other potential  uses for ge0themn.l energy i n  the State of Idaho in- 

- 2 -  
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Temperature 

O F  

392 

374 

356 

338 

320 

302 

284 

266 

248 

230 

212 

194 

176 

158 

140 

122 

104 

86 

68 

Linda1 Unesco 1973. 

Use 

, 
Evaporation of Highly Conc. Solutions 
Refrigeration by Ammonia Absorption 
Digestion in Paper Pulp, Kraft 
Heavy Water via Hydrog. Sulfide Proc. 
Drying of Diatomaceous Earth. 

Drying of Fish Meal 
Drying of Timber 

Alumina via Bayers Process ' 

Drying Farm Products at High Rates. 
Canning of food. 

_ -  - Figure 2 

Temp. Range 
of Conventional 
Power Production 

Evaporation in Sugar Refining. 
Extraction of Salts by Evaporation and Crystaliration. 

Fresh Water by Distillation. 
Most Multiple Effect Evaporations, Concentr. of Saline 
Sol. 
Refrigeration by Medium Temperatures. 
Drying and Curing of Light Aggreg. cement Slabs. 

Drying of Organic Materials, Seaweed, Grass, Vegetables, etc. 
Washing and Drying of Wool. 

Drying of Stock Fish. 
Intensive De-Icing Operations. 

Space Heating. 
Greenhouses by Space Heating. 

Refrigeration by Low Temperature. 

Animal Husbandry. 
Greenhouses by Combined Space and Hotbed Heating. 

Mushroom Growing. 
Balneological Baths. 

Soil Warming. 

Swimming Pools, Biodegradation, Fermentation. 
Warm water for year around Mining in Cold Climates. 
De-Icing. 
Hatching of Fish, Fish Farming. 
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CHAPTER TWO 

MARKET ASSESSMENT 



t 

L 

I ua 

L 

The viab i l i ty  of any geothermal development outside of personal 
use wi l l  depend on the marketing of the resource o r  products gruwn o r  
produced i n  conjunction with the  resource. The use of geothermal for  
recreation such as hot baths, Swimning, or fo r  greenhouses, aquaculture, 
space heating and industr ia l  processing a l l  require differ ing market 
approaches. 
product w i l l  be a key factor i n  the  project ' s  economic success. 

undertake on your own, any project,  especially one bringing new or 
different  products into an area w i l l  need a professional market survey. 
A l l  government and private funding wi l l  require a well-documnted mar- 
ket analysis. 

Knowing your market, your canpetition, and your own strengths and 
weaknesses is a valuable tool  which should be useful i n  a l l  phases of 
geothermal deve lopmt .  

A ccmprehensive market study of your intended end use or 

While preliminary market research is something you may choose to  

Y 

Li 

Y 
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CHAPTER THREE 

COMMUNITY NEEDS ASSESSMENT 
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OOMMUNITY NEEDG ASSESSMENT 

When selecting the  best possible use fo r  your resource, one of 
the prime considerations i n  dealing with the  various government agencies 
w i l l  be the  impact on the  local cumnlnity. 

as housing, schools, transportation and recreation w i l l  affect  not only 
yourself but your neighbors and your ccmnunity. While most people view 

increased employment opportunities as a benefit,  your neighbors may not 
view increased pressure on roads and land i n  your area as a beneficial 
trade-off f o r  employment. 

s ty l e s  i n  your cunnunity should be studied carefully. U s e  of a consul- 

tant  trained in evaluating the  impact of a large scale development w i l l  
save the  resource mer/developer  a great deal of time and money. Hm- 
ever snall geothermal resource pmjec ts  such as aquaculture, greenhouses 
or on-site space heating w i l l  generally not call fo r  a ccmnunity needs 
assessment. 
detexminat ion. 

Increased employment and the  corresponding need for services such 

Therefore, any development which may change the  t radi t ional  l i f e  

The Idaho State Office of Ehergy can assist you i n  t h i s  

t 

lii - 6 -  
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CHAPTER FOUR 

PRIVATE GEOTHERMAL LEASING PROCEDURES 
PRIVATE LANDS 



i-1 

c 

En obtaining leases f m  private owners or an en t i t y  seeking to  
lease your resource, consult an attorney and an accountant. 
various leasing, royalty payments, and other mechanism used for leases 
and mt of these tme based on oi l  and gas procedures. 

disturbance to  your land or to the land you are leasing, and consider 
how d r i l l i n g  equipnent and w e l l  heads may interfere  with fanning or 
other deyeZopment. It would be w i s e  to  have your attorney consult the 
Xd&o Bate Office of Energy for  factors  to  consider i n  leasing a geo- 
thermal ~mwce. 
t he  geothenqal t ax  laws, 
money w e l l  spent. 

There are 

Be cautlious, however, and insist  on performance criteria, minimal 

Also your accountant might need to have copies of 
Your attorney and accountant fees will be 

- 1  
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CHAPTER F I V E  

IDAHO STATE GEOTHERMAL LEASING PROCEDURES 
STATE LANDS 



IDAHO STATE GEUEEM& LEASING 

STATE LANDS 

The Sta te  Board of Land Oomnissioners (Land Board), t b u g h  the 
Idaho Department of Lands, is authorized to  issue leases f o r  geothennal 
resources underlying state and school lands of the  State of Idaho. The 
term of a geothermal lease is ten years and can be continued as long a s  
the geothermal resource is producing "in paying quantities" or as long 
as the lessee shows dil igent good f a i th  i n  d r i l l i ng  and development. 

size, but there is no l i m i t  on the nunber of leases that any one person 
may hold. 
(25c) per acre and the  royalty is a & h u m  of ten percent of the  gmss 

value of the resource produced fm the  lands under lease. 
minimum assessments of royalty and rental ,  and the  state can set higher 
figures i f  it w i l l  '- the public benefits". 

In issuing a g e o t h e d  lease, the  state does reserve the right t o  
issue leases for agriculture and other purposes for the same land. The 
g e o t h e m l  lease w i l l  h v e  paramount r igh ts  to  as much of the  surface 
m a  as it needs to accomplish the  purpose of the  lease. 
indicates the  state's intention for a multipurpose use of its lands, par- 
t i cu la r ly  with respect to  agriculture. Present and future agriculture 
leases are subordinate to  a geothermal lease i n  tern of access, but i n  

no way are other uses excluded f m  a geothermal area. 
( / I  

i t i a l  lease and an additional six thousand dollar ($6 ,OOO) b n  
before the  construction of any geothermal 
t h u g h  the  Land Board, reserves the  right to  cancel or modify any get+ 

thexmal lease. 
geothermal resource d e v e l w n t  on lands under its 
f ic ien t  and conservation oriented manner. 

The lease area is limited to  an area no greater than one section i n  

The annual rental  is set at a mininun of twenty-five cents 

These are 

This provision 

A minimum one thousand dollar ($l,OOO) bond is required with the  in- 

This provision gives the  state the  authority to  manage . 

The following sumnation is added to  show the  f i l i n g  fee,  tern of 
lease, annual fees and royalt ies.  

- 8 -  



Filing Fee 

dollar ($25) nonrefundable f i l i n g  fee is mandatory. 
erals Division of the Department of Lands i n  your area for lands avail- 
able f o r  ,lease. 
application. 

T e r n  of kase 

In making application fo r  a state geothermal lease, a twenty-five 
Check with the Min- 

When you f i l e ,  ask how long it w i l l  take t o  process your 

A l l  leases sha l l  be f o r  a primary tern of ten (10) years, with con- 
tinued renewal fo r  a maximmi of for ty  (40) years as long as the  geothermal 
resou~ces are produced or u t i l i zed  i n  paying quantit ies.  
forty (40) year lease may be awarded by the  Land Board provided the  lease 

An additional 

holder meets the  terms and conditions at that time. 

Annual Fees 
Annual fees fo r  each acre o r  fraction of an acre leased fran the 

state are as follows: 
$1.00 per acre per year-for the  f i r s t  f i ve  (5) years 
$2.00 per acre per year-for the second f ive  (5) years 
$3.00 per acre per year-thereafter 

The fees are 

The fees are not ,  
royal t ies  . 
Royalties 

A royalty of 

deducted frcm production royal t ies  i n  any given year. 
hawever, recoverable in t e r n  of future production 

t en  percent (10%) of the  value of t he  geothermal re- 
source or any other form of heat or energy derived fran the leased prem- 
ises and f ive  percent (5%) royalty of an associated by-product derived 
fran production under the lease agreement is t o  be paid to  the State of 
Idaho. 
duction operation is not subject t o  royalty fees. 

However, the  geothermal resource u t i l i zed  or consumed i n  the  pro- 

INNXMATION 

under authorization of Idaho Code 47-1601, Chapter 16, Geothermdl Re- 
sources. For a copy of and information pertaining t o  the  rules and 
regulations governing the issuance of State  of Idaho leases contact: 

The rules  and regulations governing geothermal energy were issued 

Department of Lands-Minerals Division 
Statehouse 
Boise, Idaho 83720 
(208) 384-3280 \ 

- 9 -  
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STATE OF IDAHO ' S A PI P L E 

ON FOR GFOTHFRMAL E! jOURCE I F M  See Reverse Side for  
Instructions 

1, BpPl ICANT INFOR MATION ( A S  TO APPFAR I F A ~ :  

Name 

P.O.  Box or Street 

City, State, zip 

Phone No. (optional) 
Area Code and Number . .  

Applicant applies for 
for lease in the following section: 

of the State-owned land which is available 

4 SGNATORY 

Applicant applies for this land in accord with the.$tate of Idaho 
Rules and Regulations Governing the Issuance of Geothermal Leases. 
Applicant assumes the risk that the land applied fo r  may have al- 
rnady been leased or applied for, or  that this application may be 
filed simultaneously with others, as defined by the Rules, which 
will necessitate a drawing. 
Rental will be $1.00 per acre per year. .Should a lease be approved, 
first year rental will be payable concurrent with the return of the 
lease sent for signature. Application fee i s  925.00, which is non- 
refundable and must accompany this app,lication. 

Basic term is for ten (10) years. 

Dated 
'Signature of Applicant or  Representative 

. . + * *.* + + + * + + 0 + * + (I 

FOR, IDAHO DEPARTMENT I OF LANDS USE ONLY 

Acreage -Determin'ed and Platted 1-1 Application No. : GRLA- 

Legal Description: Tract No. (if applicable): 

Fee Paid: 

Receipt No. 

- 
I (Date Stamp) r Fund Acres- 

Fund Acres 

Fund Acres I 

TOTAL : b 

- l o - .  
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INSTRUCTIONS 1 

THE FOLLOWING INSJRUCTIONS AND INFORMATION ARE PROVIDED FOR PROPER 
COMPLETION OF AN APPLICATION FOR STATE OF IDAHO GEOTHERMAL RESOURCE 
LEASE a 

Item 1. Applicant Information -- Complete name.and address must be 
listed. Either print or type. Phone number is optional. More than 
one (1) person may be entered as applicant. However, one person must 
be designated as the Jessee of record for purposes of correspondence 
and lease accountahility. 
of accountability. 

Item 2. 
lease will include state-owned lands in a section, unless such lands 
are presently leased or otherwise not available for lease. Hence. enter 
only the township, range, and section of interest. Acreace will be 
determined by the Department of Lands staff and, if a lease i s  approved. 
will be entered with the complete legal description on the lease documen 

Item 3. County Amlied Section 
applied for section is located in. 

Item 4. 
A copy Of the Rules are available from the Department of Lands. 
ization of this application is not required. 

. 
Lease address will be the address of lessee 

Description of Land plpplied For -- The Rules stipulate that a 

. fn -- Enter here the county that 
Sianature -- Read carefully and sign and date where indicated. 

Notar- 

Submission of Awlication -- Mail one copy of application and required 
fee to: 

IDAHO DEPARTMENT OF LANDS 

BOISE, ID 83720 
.' STATEHOUSE 

Check t'o be.made payable to State of Idaho -- Department of Lands. 
Application may also be filed at the Statehouse Office of the Depart- 
ment in Boise, between the hours of 8 : O O  A.M. and 5:OO P.M., ,other than 
holidays and week-ends. 

NOTE : 

Only one section per application permitted. 
with the application. 

$25.00 fee,must be filed 

- 11 - 
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CHAPTER S I X  

FEDERAL GEOTHERMAL LEASING PROCEDURES 
FEDERAL LANDS 



FEDERAL 1;ANas 

The Geothennal Steam A c t  of 1970 (P.L. 91-581) authorized the 
Secretary of t h e  Inter ior  t o  issue leases fo r  the developnent of ge<F. 
thermal resources. Lands available for  leasing include: 

(1) public, withdrawn and acquired lands aiPninistered by the 

Secretary of t h e  Inter ior ;  
(2) National forest  and other lands administered by the U. S. 

Department of Agriculture through the  U. S. Forest Service; and 

(3)  Lands which have been conveyed by t h e  United States  subject t o  
reservation of the geothermal steam and associated geothermal 
resources therein. 

\ 

Lands excluded from leasing include national recreation areas; lands 
in a f i s h  hatchery administered by the Secretary of the  Inter ior ,  wildl i fe  
refuge, game refuge, wildlife management area, waterfowl production area; 
lands a q u i r e d  o r  reserved fo r  the  protection and conservation of f i s h  and 
wildl i fe  , that  are threatened with extinction; and t r iba l ly  or individually 
owned Indian t r u s t  o r  res t r ic ted lands, within or without the  boundaries 
of Indian reservations. 

REspoNSIm FEDERAL AGENCIES 

The Bureau of Land Management (BLM) through the  U. S. Department of 
the  Interior has jurisdiction over mineral and ,related subsurface resources 
on public lands. "he EUl ro le  includes: 

(.1) Receiving and processing lease 
leases. 

(2) Fhblishing lease sale notices fo r  ccmpetitive bid lands. 
(3) Awarding leases. 

- 1 2 -  



(4) Administering leases (except those functions assigned t o  the 
U. S. Geological Survey of the U. S. Forest Services as outlined 
below). 

The Conservation Division, U. S. Geological Survey (Department of the  
Inter ior)  has expertise'in geothermal geology and engineering, deep-well 
drilling and other technical aspects of geothermal d e v e l o p n t  operations. 
Their lple in the leasing program is: 

(1) Supervising ac t iv i ty  inside the area of operation on leased lands  

including enforcement of regulations covering all aspects of ex- 
ploration, d e v e l o p n t  and u t i l i za t ion .  
-paring post-lease environmental studies on specif ic  devel- 
opment p r o p a l s .  The Forest Service or Bureau of Land Manage- 
ment provides input on surface management environmental consid- 
erat ions. 

(3) p1.oviding input on geothermal geology and g e o t h e d  operations 
fo r  pre-lease environmental studies. 
Issuing Geothermal Resource Operational Orders. 
Concurring t o  special s t ipulat ions proposed (by the  land man- 
aging agency) t o  mitigate or cont ro l  s i tuat ions peculiar to  the  
lease area. 

(2) 

(4) 

(5) 

On national forest land, the  U. S. Forest Service, through the Depart- 
ment of Agriculture is responsible for: 

(1) Preparing environmental assessnents on su i t ab i l i t y  of national 
forest  lands fo r  geothermal leasing purposes. 
vey provides input.) 
Providing input to  the  Conservation Division, U. S. Geological 
Survey, on surface environmental considerations of post-lease 
environmental studies.  
sponsibil i ty.)  

(Geological Sur- 

(2) 

(Conservation Division has primary re- 

- 13 - 
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(3)  Preparing lease stipulations covering special surface management 
' pmbl&. 

(4) Issuing special us for  occupancy of leased lands needed 

for  development purposes. 
Supervising land uses on leased lands outside areas of operation. 

PREXdUSE EXPLDRATION 

Examination of Federal lands which involves only "casual use" re- 
quires no permits and m y  be conducted a f t e r  notifying the  Geothermdl Sup- 

ervisor of Geological survey. Casual use involves activities which do 
not appreciably dis turb the  land, improvements or other resources, which 
do not q u i r e  heavy equipment or explosives, and which confine vehicles 
t o  established roads. 

tensive exploration, an operator must f i r s t  secure approval under a 
" N o t i c e  of Intent  and Permit t o  Conduct Exploration Operations". 

'Ib dri l l  temperature holes, construct roads and perform other in- 

Geo- 

surveying and test d r i l l i ng  up t o  152 meters 
(500 fee t )  may be conducted under t h i s  pennit. 
thermal development wells are not included; these are authorized only un- 

t e n t  are not exclusive r ights  and do not confer any preferential  r ight  t o  
a geothermal lease. 

Core d r i l l i ng  and geo- 

, d e r  a g e o t h e m l  lease. Casual use and explorations under a N o t i c e  of In- 

(m) 

Canpetitive Leasing 

A Known Geothermal Resource Area ( E R A )  is a region i n  which the 

geology, nearby discoveries t i t i v e  hterests, or other indications 

ir - '14 - 



would, i n  the opinion of the  Secretary of i the  Inter ior ,  lead experts to  
believe the  prospects f o r  extracting geothermal resources are suff ic ient  
to  warrant spending mney fo r  the  purpose (Geothermal Steam A c t  of 1970). 
A "discoverytt is a w e l l  capable of producing geothermal resources i n  
carmercial quantit ies,  which means quantit ies suff ic ient  to provide a re- 
t u r n  a f t e r  a l l  variable costs of production have been met. 
logic structure is not known, al l  land within f ive  miles of the  discovery 
is "nearby". I f  the extent of the  producing structure is known, a l l  land 
i n  the structural area, regardless of distance fran the  discovery w e l l ,  is 
designated a KGRA. 

nated KGRA i f  W or more of the  lands overlap another application of the  
same f i l i n g  period. If less than half of t he  application is overlapping, 
the  competitive portion alone m y  be designated KGRA. 

cation (nomination) must be f i l e d  with the proper BIM off ice  s ta t ing:  

I f  the gm- 

A l l  of the  lands covered by a geothermal lease application are desig- 

In order t o  qualify fo r  cmpetitive bidding under a E R A ,  an appli- 

(1) The person's (cmpany's) name and adwss. 
( 2 )  S t a t m n t  of cit izenship and qualifications fo r  leasing. 
(3) S i t e  description. 
(4) Declaration of interests in any other Federal geothermal leases 

within the  same state. 

The notice of competitive bid for  the  GRA w i l l  be published once a 
URek for four (4) consecutive weeks i n  the area where lands are located. 
The notice w i l l  include a l l  per t inent  information including t e rn  and con- 
ditions of the  sale, royalty and rental  tern.  
a sealed bid which includes a ce r t i f i ed  o r  cashier's check fo r  one-half t he  

amount bid. 
eral government, however a l l  monies on rejected bids wi l l  be returned to  
the  applicant. 

Regulations governing KGRA status and access to  Federal lands appear 
as T i t l e  43, ChaNer I1 of the Code of Federal Regulations (43 CFR Part 3200). 

Each bidder must submit 

The right to  reject any and all  bids is reserved by the Fed- 

- 15 - 



Non-Compe titive Leasing 

Federal lands which have not been dec1ared.a KGEZA or reserved fran 
mineral leasing by the Secretary of the In t e r  
public fo r  geothermal leasing without mmpetitive bidding. 
of the  local BZM office should be contacted for the appropriate application 
and guidelines submittal. 
p le te  and accurate description of the  lands applied for ,  a proposed plan 
including maps, and a statement tha t  the applicant does not hold over 

- available to  the  
"he director 

However, the application should include a com- 

20,480 acres of Federal geothermal leases i n  the  same state. 
Each application must be i n  sealed envelo d "Application f o r  a 

Lease Pursuant t o  4 

f i f t y  dollars ($50. 

subpart 32" and be acccmpanied by payment of 
a service charge. 

R€lL,ES AND RMULATIONS 

Before lands may be offered for  lease, t 
vey first secures a description of the  lands an 
which might accanpany geotheml d e v e l o p n t .  
significantly affect  the  quali ty of the human e n v i r o m n t ,  an environ- 
mental impact statement must be prepared under the  National Environmental 
Policy Act of 1969. 

aquatic resources, wildl i fe  habitats,  populati 
area's recreational values. 

or of Geological Sur- 
effects on the  area 

If  issuance of leases may 

The statement must consi ffects on f i s h  and other 
aesthetics,  and the  

I n  selecting tracts for lease, t h e  Director of Geological Survey is to 
request the  views and r e c m n d a t i o n s  of appropriate Federal agencies, busi- 

ness and industry, and private organizations. Public hearings may be held. 

If a decision to  lease is made, the director is t o  include i n  the  lease any 
t ions necessary to  protect the'envimnment, to  permit use of 

the  land 'for other ses, and t o  protect other natural resources. * 

ral Regulations T i t l e  43 Chapter I f  

- 16 - 



T e r n  of Lease 

Lease Terns: 

(a)  10-year tern 
(b) renewal as long as cannercia1 production occurs 
(c) 40-year maximum fo r  autanatic renewal 
(d) preferential  r ight  to  second &year tern 

A c r e a g e  Limit at ions : 

. 

640 minirman 

2560 maximum 

20,480 acres/state rrraximm t o t a l  holdings 
acreage ccmTlitted to  cooperative development plans is 
excepted when calculating total holdings within a state 

$l/acre minirrnxn (exact amount set i n  lease) 
$l/acre escalation each year a f t e r  the f i f t h ,  u n t i l  
comnercial production begins 
exploration expenditures during the  f i r s t  f i ve  years, 
and those exploration expenditures i n  excess of t he  
minimm for subsequent years, may be credited to  the  
escalated portion of rent due 
@/acre during periods of production 

Royalties : 

(a) at least 10% and no more than 15% on the "value of steam, 
or any other f o m  of heat or energy" 

(b) no mre than 5% of the value of by-products sold,  u t i l i zed  
or reasonably susceptible t o  u t i l i za t ion ;  except 
any by-product which is a mineral named i n  Section 1 of the  (c )  

i 
1 L 
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Mineral Leasing A c t  of 1920, as m n d e d  (20 USC 181), 
has a royalty as set i n  tha t  act 

(d) $2 acre miniman royalty m n c i n g  the year production i n  
canercia1 quant i t ies  begins; t h i s  royalty is paid i n  l i e u  
of rent 

(e )  224% maxirrmm royalty 

Lease Adjustments: 

(a )  ren ta l s  and royal t ies  may be adjusted every 20 years, 
beginning 35 years after production of geothermal steam; 
maxjmum increase for any interval  is 5@& 
other tern and conditions m y  be adjusted at 10-year 
intervals ,  b e g h i n g  10 years after production of geothermal 

(b) 

steam 

(a) lease cunpliance $10, OOO 

(b) surface protection $ 5,000 

(c )  i n  l i e u  of t he  above bonds, statewide or 
nationwide bonds may be f i l e d  

---statewide $50 J Oo0 
---nationwide $150 , OOO 

Note: A t  the  present 8 t h e  Idaho of Water Rf3sources 
requires a l l  
permit before d r i l l i n g  operations can begin. 

lessees to  acquire a geothermal re so^^ 

Applications for geothermal leases on Federal Lands can be obtained by 
writ ing the  S ta t e  of f ice  of the  Bureau of Land Management, as follows: 

Bureau of Land Management 
Idaho State Office 
550 West Fort Street 
Boise, Idaho 83702 i 

f 
lip I 
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wlreau of Land Pennit for Pre- Non-surface disturbing 30 days 
Management Lease Operation exploratory a c t i v i t i e s  

on lands not leased by 
applicant 

U.S. Forest 
service 

r-" - I 

Issue LRase-EXM 
Lands 
Conducts EAR 
Conducts KGRA 
Lease Sales 

Issues Lease 

Plant S i t i ng  
Permit 

Post-Lease Joint  
Approval with 
USGS of Plans & 
Operat ions 

Plant Construction 

Special Use Before exploratory 
Permit for Pre- activit ies on lands 
Lease Operations not leased by appli- 

cant 

About 5 months 

Total: about 8 
mnths  

Not h m  

Includes geophysical/ 
geological exploration, 
temperature gradient 
surveys, etc., 30 day 
time l i m i t  f o r  approval 

Site Specific 

30 days Includes geophysical/ 
geological exploration, 
tanperature gradient 
surveys, etc., 30 day 
time limit for approval 



FEDERAL AGENCIES 

Service cont. 
U . S .  Forest 

Conducts EAR 
KGRA Land Sales 

W ~ p p m V e  Lease 

I 
to 
0 
I U.S.  Geological 

W Y  

Joint  Approval with 
USGS of Plans of 
Operat ion 

Administers T e r n  
of Lease 

Approves Pexmit for 
Ekploratory Activ- 
it ies 

Conducts Site- 
Specific Environ- 
ment a1 Analysis 
and Approval of 
Plans & Operations 

Exploration 

REQUIRED PRIOR 'Ill: 

Before major explora- 
tory activities 

Before non-surface 
disturbing ac t iv i t i e s  

Before non-surf ace 
disturbing ac t iv i t i e s  

ESTIMATED TIME 
ZOR ISSUANCE NorEs 

About 17 months Lease-obtains r igh ts  
o r  longer to  the resource 

30 days Includes geophysical/ 
geological ac t iv i t i e s ,  
temperature gradient 
surveys, etc., 30 day 
t i m e  limit fo r  approval 

About 1 year 



ESrIh TED TIME 
FDR ISSUm RECJJIRED PRIOR TO: PERUIT FEDERAL AGENCIES 

Gathering of required 
1-year's environmental 
baseline data 

About 3 to  5 mnths  Must be completed 
at  least one year 
before Plan of 
Production is 
submitted 

U.S. Geological Environment a1 
Survey cont. Baseline Data 

Developnent 

Injection 

U t i l i z a t i o n  

About 3 t o  5 mnths  Define extent of 
f i e l d  

Dr i l l ing  and develop- 
ment of production 
wells 

About 3 t o  5 mnths  

About 3 to  5 mnths  

Dr i l l ing  and develop- 
ment of injection 
system I 

Kl 
P 
I 

Sundry notices sub- 
mitted f o r  each phase. 
Includes contract and 
royalty breakdown. 

Includes production 
data from wells and 
target date f o r  can- 
p le t  ion 

Oonstruction of power 
plant 

Product ion About 3 t o  5 mnths  U s e  of t he  resource 
f o r  power production 

changes i n  Plans 
of -rat ion 

A few mnths  Sundry notices I3ef ore implement at ion 

operat ion 
of changes i n  plans of 

About 90 days Certify A i r  Dis -  
charge Pennit' 

U . S . EnviPomnt a1 
Protect ion Agency 

r- - 
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ESTIMATED TIME 
FOR ISSUANCE FEDERAL AGENCIES WIFED PRIOR TO: -IT 

Issue Water 
Permit 

Air, water, solid 
waste permits are in 
conjunction with 
S ta t e  Environmental 
Health Agencies 

U. S . Environmental 
Protection Agency 
a n t .  

About 90 days 

About 90 days Issue Solid 
Waste D i s p o s a l  
Permit 

Review of EIS I 
h3 
h3 

I 

Consults on lease sales 
( w q e t i t i v e  abd non- 
competitive), pre- 
lease and post-lease 
environmental analysis 

Advisory U.S. Fish and 
Wildlife Service 



P 

1. Name (Last .  First .  M i d J c  i i i i t ia/ ,  print or l ypb*)  

UNITED STATES 
DEPARTMENT OF THE INTERIOR 
BUREAU OF LAND MANAGEMENT 

Serial Number 

APPLICATION TO CEASE GEOTHERMAL R 

Address (itit-ludc zip r o d c )  

T h e  undcrsigncd hereby makes application to lcasc a11 or any of the lands described herein [hat arc available Tor lcasc pursuant and 
subjcct to tlic tcrnis and provisions of the Act af Dcccinbcr 24, 1970 (84 Stat. 1566. 30 U.S.C. Sec. 100I). or m y  amcndmcnls 
Iicrcaflcr cnactcd. hcrcinafler rcferrcd to as the Act, and to 311 applicable regulations now or hercaftcr in force wlrcn no1 
inconsistcnl with any cxprcrs and spccific provisions hcrcin. which arc madc a part hercof. 

3. Service charge enclosed 
4 .  Rental enclosed 
5 .  Compliance bond enclosed 
6. Are you the sole party i n  interest? 
7. Are you a c i l i t e n  of the United S ta tes?  
8. Have you reached the age of majority? 
9. Is application made for a corporation or other legal  entity? I 

State I County 

- .-- NATION!-k REZOVRCE 

Total area 

lo. t i as  a statement of Qual i f icat ions been f i led? I I 
I CERTIFY Tlra~ tny inlercsls. dircct or ittdircct. in gcc)tlicrmaI rcsourccs Icascs in lhc above Statc d o  not cxcccd 20.480 acres. 
'T11at lhc ttatcmcnts tnadc hcrcin arc truc, coinpletc, and correct to llie bcst of my knowlcdgc and bclicf and are nmdc in good 
hi 111. 

* ----i -&---.--A- I - 

(DSIC)  (Attorney-in-Foct)  

t'ille 16 U.S.C. Src.lion 1001 makes i t  a crime for ony pcrren k n w i n y l y  snd wi l fu l ly  lo rnnkc lo any ilcpurtrncnl or npency of the 
United S tu le s  any fnlnc .  f i c t i t ious .  or frauclulcnt a1ulrmciita or rcprcscntol ions as to ony matter within i t s  jurindiclion 

f l ~ r s r r r r c t r r ~ r r r  V M  WI.C*YC) 

--_. -- ---- --- --- ----___ -.---- ___ - ____ _-- - - - --.- .-- -.I- -_________-_. c -^---- -- 
F o r m  J200-1 (December 1073) - 23 - 
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GENERAL INSTRUCTIONS 

Submit copies o f  application typcwrittcn or printed plainly. and signed 
111 ink. Apldicallon musl be filed in Ihc prcipcr DLM Ofllce (or Ilic Slate 
in which the lands are located. in duplicurc for national rc.wurce lands 
and in friplicafc where aquircd lands arc involvcd. Applications for 
lands in  tlic following States which have no proper ULM Office should 
be filed in the office indicated below. 

North Dakota. South Dakota 
State Office. nLM 

Billings. Montana JY 101 

Kansas, Nebraska 
State Ollicc. ULM 

Cheyenne. Wyoming 82001 

Oklahoma 
State orficc. BLM 

Santa I:e. New Mexico 17501 

l h t r r n  States 
Eastern States Office. BLM 

79R I Eaatcrn Avenue 
Silver Spring. Maryland 20910 

1 1  a d d t t i ~ ~ i i ~ l  space u needed in furnishing any a b f  tlic rcquircd 
i i i t t i r inatiwt, i t  should be prcpared on additional .rhcets. initialed. -atid 
JiIaChrd t o  your aplilicatwn. 

tir*m I - (;ivc last nanic. tirst name, iiiiJdlr initial. and Social Security 
t t r  I'~\~J)VI Nunibcr. Give \Ircct and iiuiiibcr (PA). Ilox). City. Staic. 
and Zip Code. 

/rem 2 - I . d d  Drscnpfion - Give complctc and accurate dcwription of 
Lnds for which lease is  dc\ired. If Ian& have hccn suneycd under the 
public land rectangular syrtc~n, each application musr describe lands by 
k g J l  subdivirron. uction. township. and range. When protracted surveys 
I iavc hccn appiovcd and elfcctivc date thereol pubitslied in the IkleraI 
Hrgister. all applications to lcasc lands shown on such protracted 
runcys. tiled on or alter such effective date. must dcscribc lands only 
according l o  xvtion. township. and range shown on approved p r e  
lrJclCd runcys. I f  hnds have neither bccn suncycd on the ground nor 
shown o n  rcciirds as protracted suneys. each application mitsr describe 
I~ndn by melds and bounds. glving wurws and dbtanccs hclwecn 
~ucccssive angle points on the boundary o f  tract. in cardinal directions 
cxccpi where boundaries of lands are in irregular form. and connected 
by courses and distances to an official corner of  the public land surveys. 
In Alaska, descriptions or unsurveyed lands musl be connected by 
cnwrxes and distances to either an official corner of thc public land 
*unr*ys or to a irungulaiion station c.ciablirlied by any agency o f  the 
I 'nitcd Stat&% (mcli os flit Unrtnl Stores Crolo~icol Survey. the Cmsr 
and Gcvdrfic Sumcy. or fhr lnfcmational Boundary Commission). i f  
the record position thereof u available to the gencral public. For 
drwription til unsiirvcycd public lands adjacent to t J a l  walcrs in 
I t lU ls l . l ~J  and Alaska. we 4 3  CI'll 3203.4(d). 

Total arca of land rcqlicstcd dtould be shown. in acres. in space 
providcd. That area. cxcxpl whcrc the rule of approximation applies. 
must not exceed 2560 acres. AU of the bnd applied for, must bc within 
a six 161 mile y w r c  or an arca of six (6) suneyed or protracted 
rctions in lcngth o r  width. In instances where the United States docs 
not own a I00 pcrcent intcrcst in the mincral deposits in any particular 
tract. the offeror should indicate the  percentage^ of Covcrnmcni 
ownership. 

/t.m 3 - Scwicr C h q c  - Nonrefunclablc service charge of nfty dollars 
($50) niust accompany application. 

/rum 4 - Rcnful- Advance rental at  rate of not Icu than one dollar 
( S I )  per acre. or fraction thcrcof. must be submittal a t  timc of filing 
rpplicatiun. 

/rem J -Bonding - A S h g h  copy of the bonds on fvrins approved by 
the Director musf be filed in the proper BLM Office. Bonds may be 
filed with application or musf be filed within thirty (30) days after 
receipt o f  notice from Authorized Officer. 

/rem 6 - h r r v  in lnteresf - Indicate whether sole party in interest or 
nof. I f  not. submit. at the timc application is  filed, a signed statement 
rtting forth names of  other intcrrstcd parties and the nalure of the 
agrccmcnl bctwccn I hem. All in!ercsled parties musl furnirh evidcncc 
af their qualilicatiunr to hold an interest in tlic leare whcn application 
is filed. 

\ 

Itwn 8 - A f t  o/ I fu jw i fy  - Indicate wlictlicr o r  not the age of majority. 
II' applicatuin is made by a guardian i ir  trustee lor a pcruin who liar nil1 
reached the ayc ul' tiiajority. the application mtts~ be accuiiipanicd by 
cvidcnce required by Section 3202.2-2 o f  thc Regulations. 

/rem 9 -AppIicution by Corpurufion or Arrociarion . I f  the applicant 
is a corporation. or an axwciation. it must subinit a stalemcnt 
containing the folluwiny information: (1) State in which i t  IS incorpo- 
rated or formcd; (2 )  Ilia1 i t  is  authtirized lo hold gcolherinnl leancs; 
(3)  that the officer cxcculing this application i s  aulhortztd lo act on 
behalf of corporation or axrociation in such matters; and. ( 4 )  the 
percentage of voting stock and al l  stock owned by alicns or lor tliosc 
having addresses outside the United Statcs. If 10 perccnt or inure of  the 
stock of  any class is owncd or contrullcd by, or on hchalf of. any one 
~ttwkholdcr. a separate showing as lo his name. citizenship. and 
holdings musf be furnished. 

/rem IO - Sfurrmcnf of Qualificofionr Filed I f  qualification statement 
has been previously filed indicate and identify by serial number the 
record in which such statcii1ents were Tiled togcthrr with a statcnienl as 
to any amendments tlicrcof. 

Submit application in a scaled cnvelopc. Envelope musf be plainly 
identified that i t  i s  on application for a lcaw pursuant to 4 3  ('FR 3210. 
(Ifrmr nor IisrcJ arc rr l / t . r~~lai tu~or~v] .  

I 
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CHAPTER SEVEN 

ENV I ROMMENTAL AWD REGULATORY PROCESSES 
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NATIONAL EZWIRDNMENTAL POLICY ACI' (NEPA) 
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"he National Environmental Policy A c t  ( W A )  became l a w  on 
Januaxy 1, 1970, 

statutory leyer fo r  environmental quality i n  Federal Govenunenttt. This 
i s  because it irtlposes a broad responsibility on Federal agencies t o  take 
enyironmental values in to  account i n  t he i r  planning and becision making. 

NWA boils down t o  a body of Federal legislation requiring the in- 
clusion of  environmental -acts in to  cost/benefit analyses determining 
pmject  f eas ib i l i t i e s .  The Council'of Environmental Quality (CDQ) was 
also established bysthis legislation to  implement NEPA requirements. 
Basically, W A  requires in-depth reports to  be written describing pro- 
jects and their -act on the  environment. These reports are called 
Ehvifionmental Impact Statements (EIS) and are required of a l l  projects 
tha t  are 9mjor Federal actions significantly affecting the quali ty of 
the  h m  enyironmenttt. 

It has been stated that NEPA has become t h e  'h.ajor 

This phrase is intended to  relay: 

e overall  cumul act of the action proposed and 
further actions 

(2) The potential  tha t  the environment may be significantly 
affected even i f  the  action is localized in impact; and 

(3) Any action i n  which the  environmental impact is l ikely to  
be highly controversial. 

Responsibility fo r  EIS preparation 1s t o  the  "lead agency" of a 
1 pmjec t ;  the  agency having the  greatest 

"he EIS, if kqui red ,  can be prepared by either the  planning "lead agency" 
or a contractor, but w i l l  be prepared at the  developer's expense. 

r i t y  i n  the matter. 

INFORMATION 
For further infoxmation on MEPA requirements: 

U. S .  Environmental Protection Agency 
442 a u t h  Washington 
Boise, Idaho 83702 
(208) 384-1450 

ii - 2 5 -  
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STATE OF IDAIIO 

The Idah6 Department of Health and Welfare, Division of the  
Environment, is responsible under the  1973 Water Quality A c t  to  admin- 

ister standards f o r  water q u a l i t y  i n  wastewater treatment. 

the area of geothermal disposal. 
Department of Water Resources f o r  injection fo disposal waters in to  a 
''reinjection" w e l l .  
Water Resources does ask t he  Ehvironmental division fo r  ccmnent. 

fran the  geothermal project i n to  Idaho's waterways, a copy of the  
Water Quality Standards and Wastewater Treatment Requirements should 
be obtained f m n  the  Department of Health and Welfare. A discharge 

pelmit w i l l  be required from Health and Welfare with concurrence of 
the  Environmental Protection Agency. 

The Department works with the Department of Water Resources i n  
A pennit must be obtained fm the  

Prior to issuing such a permit, the Department of 

Should the  owner/developer anticipate the  disposal of waste water 

IMFORMATION 

Department of Health and Welfare 
Statehouse 
Boise, Idaho 83720 
(208) 384-2392 

- 26 - 
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In Idaho, a geothexmal d r i l l i ng  pennit and a water right permit 
from the  Department of Water Resources is mandatory by state law.  
uni ts  of government are not charged with any responsibility for  the dr i l l -  

ing of geothermal wells. However, individual c i t y  and county codes may 
be i n  e f fec t  o r  implemented i n  the  near future, and it would be wise to  
check with the local permitting agency, i .e.,  public works director,  c i t y  
engineer, o r  building inspector, t o  insure that an additional pennit is 
not required at the  local level. 

Idaho Sta te  l a w  does require local uni ts  of government t o  adopt 
building, plumbing and electrical codes. 

must obtain the  necessary permits from of f i c i a l s  at the  local level before 
proceeding with the construction of a geothermally heated project. 

Should the  geothermal pmjec t  require a change in land use, the 

local zoning ordinance and rules fo r  applying fo r  a land use change, 
e .g . ,  f ran agriculture to  residential ,  must be folluwed. 
agencies as w e l l  as lending inst i tut ions w i l l  require the mer ldeveloper  
t o  meet local zoning laws and permitting requirements. 

Local 

The geothermal merldeveloper  

S ta te  and Federal 

I id 
- 27 - 



CHAPTER NINE 

GEOTHERIUL EXPLORATION 



kl 

iJ 

il 

L 

EXPLORATION 

Exploring fo r  geothermal resources, both hydrothermal and hot rock 

anomalies, has b e m  extremely technical and complex. 
method,of s t u b l i n g  upon a hot spring, geyser, boiling mud pool or other 
surf- ac t iv i ty  is being replaced by more sc i en t i f i c  approaches. 
fortunately, surface manifestations do not always depict subsurface con- 
dit  ions. 

The his tor ical  

Un- 

However technical or complex the method of exploration, the impor- 

tant  phrase t o  remgnber is "geothermal exploration is essentially a matter 
of teamark". 
multitude of disciplines including geological, geotechnical and geophysical 
studies at a particular region t o  locate possible geothermal pmduction 
sites. 
and capsulate the  results as f ina l  evidence for  dr i l l ing .  

The A i m  of Ekploration 

Geothermal exploration techniques have incorporated a 

The purpose of t h i s  teammrk is t o  pool the necessary information 

The aim of t h e  geothermal explorer, of whatever discipline,  are as 
follows: 

(1) To locate a geothermal f i e ld ;  
(2) To decide whether such a f i e ld ,  i f  found, is semi-thermal or 

hyper-thexmal (mixing of cool and warm o r  hot water); 
(3) To decide whether a r-thermal f ie ld ,  if located, is steam- 

or-water m a t e d ;  
(4) To define as closely as possible the location, area, depth and 

probable range of temperatures of any located f i e ld ;  and 

(5) Frcm al l  t h i s ,  to  estimate the  order of magnitude of the heat 
or power potential of any located f i e ld ,  and the  grade of heat 
obtainable therefrom. 

- 28 - 



The i n i t i a l  stage of any exploration program is a reconnaissance of 

the  f i e l d  geology and geologic mapping. 
to  identify prospective areas i n  your concern. 
topography, meteorology, geology, hydrogeology, observations of hot 
springs, geysers and fumaroles, geochemistry and geophysical measurements 
should be carefully collected and reviewed. 
pr- bportance in determining geothermal anomalies. Fran the  data 
mentioned i n  may be possible to  select pranking  regions, or even more 
narrowly defined regions, that are l ike ly  prospects f o r  closer investi- 
gation. Geological data from surrounding %on-thermal" areas may also 
provide valuable infomation. 
thermal" areas w i l l  help you to  deduce the  t r u e  thexmal ananaly. 

volve an interpretation of the  aerial photography of t he  site i n  question. 
Photographic surveys aid i n  s t ruc tura l  analysTs and geologic mapping, and 

i n  areas of poor topographic control are essent ia l  f o r  geographic loca t ion  
during geophysical surveys. 

stege i n  your exploration program. To understand these technologies, we 

must f i r s t  look at the  function of your principal investigator,  the  geo- 

logist, 
The role of the  geologist i n  your exploration program is to  start the  

frarmmrk of a "hypothetical" model which w i l l  pinpoint your d r i l l i n g  area. 
The geologic model is only par t  of the  total picture  tha t  w i l l  aid you in 
determining t h e  best site for dr i l l ing .  (Fkmenber, the functions of the  

geologist, hydro-geologist, geophysicist, and geochemist are a l l  dependent 
on one another. 

Review all  exis t ing literature 
A l l  recorded data such as 

Structural  geology is of 

A l l  the  data fran "thermaltt and %on- 

"he second stage of your geothermal exploration program should in- 

Field work involving geologic and hydrologic surveys are the  third 

GJD)(IIxx;IST 

The geologist must re ly  heavily upon deductions t o  caqlete his/her 
par t  of t he  model. 'The geologist 's  job is to  relay t o  you suggestions of 
what zones may be permeable and contain hot f lu ids ,  and to  pinpoint prom- 
&sing. d r i l l  sites. He/she accapl i shes  t h i s  by studying surface geo- 
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logical mapping; by st g the tilt of out s ;  by examining the re- 
s u l t s  of any cored surroundings which may have been obtained by previous 
investigators or by t h e i r  own exploratory dr i l l ing ;  by observing f au l t s  
and surface thermal manifestations; and by the  presence of "cap rock'' 
formations tha t  sanetimes may serve t o  prevent the wholesale escape of 
steam in to  the  atmosphere. 
thermal zones are recharged with water and where the source of heat or- 

The geologist may also suggest where geo- 

iginates. 

HyDRo-GM>LIx;IsT 

duce the  probable zones along which water w i l l  flow underground. 
hydro-geologist should be able to  answer the following questions t o  
further your exploration program. (1) How the geothermal f lu ids  reach 
the permeable zones; (2) Mow the  geothermal f lu ids  escape t o  the  sur- 
face structures;  (3) How the  geothermal f lu ids  are contained from es- 
caping elsewhere; and (4) How the geothermal f lu ids  may be expected t o  

The hydrcFgeologist follows the path of the geologist mdel to  de- 
The 

react once d r i l l i ng  has begun. 

~ H Y S I C I S T  

The next s tep in your geothermal exploration model pertains t o  the 

function of the geophysicist. 
exploration is t o  measure as accurately as possible the physical para- 
meters of underground formations. The existence of a geothermal reservoir 
can be further explained fran the indirect  measurement of various physical 
parameters at depth. These physical parameters include temperature, elec- 
trical conductivity, density, and magnetic-susceptibility. 

h k h y  techniques are available t o  t h e  geophysicist, varying Widely i n  
r e l i a b i l i t y  and cost. 
the cheapest; and it is on these tha t  the  geophysicist should f i r s t  con- 
centrate. 

Perhaps the mst inexpensive method is tha t  of thermal techniques. 
Thermal-exploration techniques can provide the  size and potential of a 

The task of the  geophysicist in geothermal 

Fortunately, 6ome of the mst useful techniques are 

Li 
- 3 0 -  



geothermal system. By using special themmeters ,  the geophysicist can 
deduce temperature gradients and heat flow rates. Again, re lat ing to  
cost, the  geophysicist can: (1) take surface and shallow temperature 
measurements, generally at depths of 6 meters or less; (2) take geo- 

t h e m  gradient surveys at depths of 15 to  100 meters, and (3) make 
heat f law determinations, generally requiring hole depths of at least 
100 meters. 

Tenp3erature measurements of under 5 meters can be used to  detect 
hot areas, but should be taken l ight ly ,  as the  temperature may be in- 
fluenced by cross-flows of cool ground waters. 
has been developed on the reservoir, a mre conclusive answer can be 

given on the  t rue  tenperatwe. 

re s i s t i v i ty  measurements. 
i n to  the ground through suithbly spaced electrodes, and measuring the 

voltages between those electrodes. 
tend t o  produce a zone of low res i s t iv i ty ,  mainly because of the dis- 
solved salts, whereas a steam f i e l d  will tend t o  show up as a high re- 

Once a chemical analysis 

Another method available to  the  geophysicist is tha t  of electrical 
This method is achieved by injecting current 

In general, a hot water f i e ld  w i l l  

s i s t i v i t y  zone. Thus, without exploratory dr i l l ing ,  it can be deter- 
mined through an electrical r e s i s t i v i ty  method whether a geothermal re- 
source exists and i f  it is significantly large enough fo r  pract ical  ap- 
plications. 

but are worth l i s t ing :  
Other techniques available to  the  geophysicist'are mre costly, 

(1) gravity measurements 
(2) seismic measurements, ref lect ive and refractive 

. (3) micro-wave techniques 
(4) electro-magnetic techniques 
(5) radio frequency interference 
(6) ground noise measurements 
(7) micro-seismicity 
(8) audio-magneto-tellurics 
(9) aerial-scanning of infra-red radiation 
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GEEHEMIST 
The l a s t  l ink  i n  the model before exploratory d r i l l i ng  is the 

function of the  geochemist. The correlation between chemical and 
t h e m l  actions of the  Earth's crust are extrmely important i n  trac- 
ing geothermal analanies. Geochemical analysis should include: ti 

(1) fundamental water chemistry 

( 2 )  ident i f icat ion of chemical constituents re la t ive  
t o  reservoir temperatures 

d 
I U  
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L 

(3) dissolved gas content 

(4) geochemical indicators of various processes associated 
with high temperature reservoirs 

There is a direct relationship between a g e o t h e m l  water's chem- 
Geochemical analysis of i s t r y  and its original  reservoir temperature. 

surface thermal ac t iv i ty  can lead t o  the  following informtion:  

(1) temperatures 
(2) hydrostatic pressures 
(3) gas pressures 
(4) rock types 
(5) flow pressures 

Although the geochemist's job becomes highly technical,  the geo- 
t h e m l  explorer should know that s i l i c a ,  magnesium and sodium/potas- 
sium are the  three principal factors i n  determining reservoir temper- 

atures. 
the  quali ty and temperature of deep thermal f luids .  

If the  preceding exploratory techniques indicate a likelihood tha t  
the geothermal resource may indeed be present, a su i tab le  site should be 

chosen for exploratory dr i l l ing .  The object of exploratory d r i l l i n g  is 
to  seek proof of the  technical deductions raised earlier i n  your model. 

The geochemist's interpretation of the  minerals w i l l  help deduce 

- 32 - 



Exploratory d r i l l i n g  is important f o r  the following reasons: 

(1) t o  confirm and revise the  previous i n f o m t i o n  obtained 
on the  g e o t h e m l  resource; 
to  prove whether or not a site is economically and 
technically feasible for full-scale geothermal ex- 
ploi ta t ion;  
to  provide t h e  infoxmation necessary f o r  the location of 
d r i l l  sites, for the  design of production equipment, and 
for the  calculation of probable useful l i f e .  

(2) 

(3) 

It must be noted tha t  the  geothermal explorer must always weigh the  

cost of these services with the  benefits  to  be gained. Any one of the  

aforementioned techniques may lead toward d r i l l i n g  an exploratory w e l l .  
It is not necessary t o  follow step-by-step everything mentioned i n  t h i s  

Chapter. The authors merely wanted to  give you an understanding of t h e  

many facets of an exploration program. 
geophysical exploration is greater than a couple of shallow wells,  then 
d r i l l i n g  may be the  best exploration technique. Remember, t h e  f i n a l  
answer is always obtained by dr i l l ing .  

ing a technical geothermal team. 
f lu ids  must be precise and include the  t e m r k  mentioned earlier. 
t o  select individuals who have extensive technical backgrounds i n  your 
geographic area and individuals i n  whan you personally feel  confidence. 

In other words, i f  t h e  cost of 

I t  is important f o r  t h e  geothermal explorer t o  be cautious i n  select- 
Exploring and d r i l l i n g  f o r  geothermal 

Try 
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GEOTHERMAL DRILLING 
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WELL DRILLING 

The most important phase of geothermal development is w e l l  d r i l l ing .  
The d r i l l i n g  of the  first w e l l  and subsequent wells defines the resource 
limits, temperature and quality.  

ical and hydrological data w i l l  give you information based on percentage 
of probability for a successful production w e l l .  
in tegral  par t  of the  process, any geothenral project v iab i l i ty  hinges on 
the  f i n a l  step of actual  water flowing from the  production w e l l .  

equipment t o  bring i n  the  maximum producing w e l l  is critical. 
ing information is designed t o  give you not only a working knowledge of 
d r i l l i n g  regulations and procedures, but also to  a id  i n  the  selection of 

Until  the  cmpletion of one or more wells, the geophysical, -hem- 

While t h i s  data is an 

In l igh t  of t h i s ,  selection of a w e l l  driller with the expertise and 

The follow- 

Before talking to  any d r i l l e r s ,  thoroughly familiarize yourself with 
the information presented and proceed with caution when select ing a driller. 

RULE #l Not every w e l l  driller can drill a geothermal w e l l !  
Few drillers have had experience d r i l l i n g  anything but dom- 
estic and i r r iga t ion  wells. 
previous domestic or i r r iga t ion  experience. 
your friends or relatives) know a driller, do not base your 
selection only on personal relationships. 
When talking or v i s i t i ng  with a w e l l  driller, the  main area 
of concern w i l l  be the equipment t o  be used. Do not be 

swayed by the size or pr ice  of drill r i g  or appearance. 
Scme drillers have top e q u i p n t  but still have no geo- 
thermal experience; while another w e l l  driller with poor- 
looking equipment could be the  r ight  person f o r  the job. 

Do not base your select ion on 
If you (or 

RULE #2 

#3 ' I f  you use a consultant, engineer, and/or archi tect ,  

- 3 4 -  



let them select the  driller for you, =make cer ta in  
tha t  your contractual agreement with them specif ies  t he  
use of a qualified geothermal w e l l  driller. i 
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Now tha t  we have the  three basic rules on w e l l  driller selection 
outlined, t he  following discussion is on well d r i l l ing ,  drilling equip- 
ment, and d r i l l i ng  rules  and regulations. Armed with the  following in- 
formation, selection of 
should be much easier. 

a qualified w e l l  driller for a successful project L 

There are four basic types of wells: I 
Slim hole/exploratory wells. 
These are used mainly by large development companies and/or 
wildcatters i n  areas where no previous d r i l l i ng  has taken place 
and limited geological information is available. 

Observation wells. 
These wells are used only for  monitoring purposes. In a geo- 

t h e m 1  f i e l d  observation wells are often d r i l l ed  t o  see what 

impact, i f  any, one production w e l l  may have on another. 
w e l l  d r i l l ed  as an observation w e l l  may - NOT be used as a Pro- 

duction or Injection w e l l .  

A 

Injection wells. 

An injection well is used to  dispose of the geothermal waters 
after they have been used. Any well drilled especially as an 
injection well, a converted producing well, or reactivated or 
converted abandoned w e l l  used for injecting material (water, 
steam) in to  a geothermal area or adjacent area to  maintain 
pressures i n  a geothermal reservoir, pool or other source, fits 
t h i s  catago4. 
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(4) production wells. 
This includes any w e l l  tha t  is carmercially producing water, 
steam, o r  heat--or is intended fo r  comnercial production of 
a geothermal resource. 

DRILLING EQUIF" 

There are two basic types of d r i l l  rigs. The most cannon r i g  is 
a cable tool ,  and the  second i s  a r6tary r i g ,  which uses three basic 

medium to d r i l l :  mud, air, and reverse circulation. 
I 

CABLF: TOOIS 
Cable tooling uses a series of ccmponents; sockets, jars, drill 

stew which weigh f m  1,500 t o  2,500 pounds attached to  a d r i l l  b i t  
which drives t h i s  canbination, called a "drill string" down in to  the  
earth.  
left hand lay cable to  give a twist as the  too l  drops, deepening and 
keeping the well bore uniform. 
s t r ing ,  w h i c h  has standard r ight  hand threads, fran d n g  loose i n  the 

hole, 
strata being d r i l l ed  through, by means of a bailer, 
by means of a dart and pop door which closes once the cutt ings have en- 
tered the  bailer and the driller starts to  m v e  it f m  the  hole. 

Cable tool r i g s  have a limited depth. 
cable tool  rigs cannot drill deeper than 1 
parts of the country cable tool  rigs have been known t o  dr i l l  to  depths 
up to  6,000 f ee t ,  The 
capacity of different types of equipment t o  hoist  the weight of the  drill 

Most ccrrmon steel cable has a right hand lay. Cable tools  use 

"be l e f t  l a y  cable keeps the  d r i l l  

Cuttings and debris are m v e d  periodically, depending on the 
The bailer works 

e ra l ly ,  in Idaho, most 
f ee t ;  h-mr, in other 

Problem of cable d r i l l i ng  is the  mnited 

s t r ing  and cable. 

I 

FUYTARY RIGS 
, I d  

Most rotary rigs found i n  Idaho are sr 

! b 
I ,  

the  larger derrick type oil and gas r igs .  

- 3 6 -  

al l  mobile uni ts  similar to 
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pl ies ,  turn the d r i l l  stem i n  the hole with a t r i c o n e  b i t  attached to  the  

bottan-of the  stem. 
i u m  (mud, air, water) to  be forced down i t ,  and then in turn carry the 

cutt ings up and around the stem and out of the hole. 
Most rotary rigs are diesel powered to  turn the mechanical drive for  

the d r i l l  s tem,  compressors, pulley arrangements fo r  lowering and raising 
the  stem i n  the  hole, purps fo r  circulating the  d r i l l i n g  medium i n  t h e  

hole, and pmps to  circulate ,  cool-screen, settle and store the cooling 
mediums. 

The drill stem is h o l l o w  t o  allow the d r i l l i ng  med- 

\ Rotary r i g s  are divided into three basic d r i l l i ng  methods, and mst 
are easi ly  interchangeable: 

Mud Rotary: Mud d r i l l i ng  is by far  the  mst COmTyln and usua l ly  t he  

easiest d r i l l i ng  method. The mud is forced down t he  hollow d r i l l  
stem, lubricating the  tr icone b i t s ,  and then rises t o  the  surface 
carrying t h e  d r i l l i ng  cutt ings and excessive heat. 
works i n  sand, gravel and hard rock. 

with mud is tha t  i f  the  d r i l l i ng  proceeds in to  high temperature 
areas, the  mud can have a sealing e f fec t  on the  hole. 
cake, as it is comnonly called, can turn a high producing well in to  
a dry hole. This must be a consideration i n  d r i l l i ng ,  and the drill- 

er would be w i s e s t  i n  most cases t o  switch to  air or water i n  a hard 
rock producing zone or any zone with high temperatures. 
Experienced geothermdl well drillers are now dr i l l i ng  with water 
fran start t o  f inish,  with mud being used only i n  zones where there 

This method 
The one drawback t o  d r i l l i ng  

This w a l l  

is d i f f icu l ty  holding t h e  formation. 

A i r  Rotary: The air dril l ing method uses compressed air forced down 
the  hollow dr i l l  stem. 
the  surface. The drawback t o  air d r i l l i ng  is tha t  it is not effec- 
t i v e  i n  d r i l l i ng  through formations tha t  might cave i n ,  such as sand 
or gravel, and air d r i l l i ng  w i l l  not be successful w i t h  high volumes 
of water. 

The air carries heat and drill cuttings to  

For most geothermal wells mud has been used u n t i l  the  
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driller reaches the  producing mne; he w i l l  then case the hole on 
down t o  tha t  level  and then switch t o  air or water to  f in i sh  the 
well, 
Another air method is a dawn hole hamner which operates similar to  
the  standard j&amner seen at construction sites. 
mixed with foam, pcrwers the  hamner and then carries the debris from 
the hole. The foam is intmduced as a l iquid substance which foam 
when driven by the  air. 

Water Dri l l ing or Reverse Circulation Dril l ing: 
izes water as the  d r i l l i n g  medium with t h e  water forced down around 
the  drill stem, and the  debris and cutt ings flowing up the  d r i l l  

stem, (hence the  name, reverse c i rculat ion) ,  and in to  a cooling and 
s e t t l i n g  pond. 
s t a r t i ng  to  use water t o  d r i l l  the  en t i r e  w e l l .  
be limited by the  type of foxmation and the  ava i lab i l i ty  of water. 
If t h e  formations hold an 

Air, or air 

This method u t i l -  

Most experienced geothermal w e l l  drillers are now 
This, however, may 

suff ic ient  supply of water is available,  
le to  d r i l l  with water. 

WELL SIZE 

Sizing the  well or bore hole depends on a n-r of factors:  

(1) Available data f m  exis t ing wells i n  the area, i f  any. 
) Infoxmation gathered by the  geologists/ l og i s t s  . 

(3)  
(4) Depth of dr i l l ing .  

Intended end use and quantity of water needed. 

In s iz ing the  the above factors  a l l  contribute to  determining 
w e l l  size. 
w e l l  is tha t  higher temperature (160% plus) water plays havoc with pmps 

tha t  can f i t  only i n  the  snaller casing sizes, i . e . ,  eight inches and 

Another factor  that should not be overlooked i n  s iz ing the  
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gnaller. 
the  use) may not be necessary; but i f  a pump is needed, consideration to  
pumping requirements and water temperature should play an inportant role 
in select ing bore hole size. 
engineer is most critical. 
for you. 

I f  t he  area has suff ic ient  ar tes ian head, punping (depending on 

This is where the  use of a consultant and/or 
Do not leave t h i s  f o r  t he  driller to  determine 

Lr 

When d r i l l i n g  in areas with known high pressure, blowout prevention 
equipment w i l l  be necessary. 
menting of t he  casing to  prevent damage t o  the environment, groundwaters, 
geothermal resource, etc. is necessary. The surface casing should be of 
adequate s i ze ,  strength and depth to  allow anchoring of the blowout pre- 

vent ion equipnent . 

The first set is comnonly called a shaffer hydril.  
like devices can be closed quickly t o  hold the  stem i n  place. 
set is a pipe ram which has two semicircular rams tha t  f i t  snugly around 

As discussed i n  the  previous section, ce- 

Blowout prevention equipment consists of a series of hydraulic ram. 
These rubber gasket- 

The next 

L 

t 
t 

L 

I t he  d r i l l  stem. 
The next set is the  blind ram. 
through the  drill stem and seal the  w e l l  completely,and is viewed as the 
last line of resistance and muld be used only i n  the wors t  circumtances. 

A l l  these rams are hooked to  what is called an accumulator wagon, 

This allows f o r  a stronger hold on the  rubber hydril.  L 
This device is used t o  actually cut 

I 
i 

L 

which supplies the  power needed to effect ively use the  rams i n  case of an 
emergency. 1 

Blowout prevention equipment is required by Idaho l a w  for d r i l l i n g  L 
i n  high pressure areas. 

e q d p n t ,  its use, and the Idaho l a w  tha t  addresses its use. 
Your w e l l  driller should be famil iar  with t h i s  
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Well casing standards are set on a well-by-well basis by the 

Director of the Idaho Department of Water Resources. 
o r  whoever files fo r  t he  d r i l l i n g  permit w i l l  have to  work out the  de- 

tails wi th  t h i s  department. 

Your w e l l  driller 

Cementing of casing, again, is determined by the Director of the  

Department of Water Resources. 
outs and seal other water-bearing formations from the  geothermal pro- 
ducing zones. 

Cementing is performed t o  prevent blow- 

There are f ive basic types of casings: 

(1) Conductor pipe - This is the  f i r s t  and largest diameter s t r ing  
of casing t o  be installed.  This extends f r a n t h e  surface t o  a 
minimum of 40 feet o r  greater i f  necessary. 
Intermediate s t r ing  or casing is the  casing installed i n  the 

w e l l  t o  seal out the  brackish water producing zones, and to  
prevent caving below the  bottm of the conductor pipe or sur- 
face casing. 

(3)  Pmduction string is the  casing tha t  extends from the  production 
mne to the surface through which the resource is produced. 
Surface casing is the f i r s t  str ing of casing run a f t e r  the  con- 
ductor pipe to  which the blowout prevention equipment is an- 
chored for sealing out groundwater zones. 
Screening is used i n  the  production zone t o  prevent caving and 
t o  keep the  production zone open. 

(2) 

(4) 

(5) 
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ClXT OF DRILLING 

Drill ing costs vary from driller to  driller. Cht factors tha t  

contribute t o  d r i l l i ng  costs are: 

(1) Bore hole size 

(2) Type of casing 
(3) Armunt of cementing 
(4) Types of geological foxmations encountered 

(5) Set up time and avai labi l i ty  of support sys t em 
(6) Depth of w e l l  

(hard rock, gravel, clay, etc.) 
I 

(7) Type of e q u i p n t  used 
(8) Need for blowout prevention equipment 

To t r y  t o  give a cast range in t h i s  t i m e  of i n f l a t ed  prices for, 

fuel ,  casing and overall  price increases is extremely d i f f i cu l t .  Oral 
bids on w e l l  costs for a 12" 1,000 foot w e l l  ranged from $50,000 t o  
$9O,OOO, depending on the factors listed above. 
hpossible for the  driller to  accurately predict i n  advance. 
and per pound quotes, however, should be secured for differ ing f o m -  
t ions ,  casings, d r i l l i ng  mds, and cementing. 

Sane casts are t ru ly  
Per foot 

Securing the  services of an experienced reputable driller is your 
best protection against unreasonable d r i l l i ng  costs. 

I D m  STATE DRILLING REK$JIEEMENIS 

A dril l ing permit must be obtained f ran  the Idaho Department of 
Water Resources before the  d r i l l i ng  of any geothermal w e l l .  
lat ion (Idaho code 42-4006) covers a l l  private land owners and holders 
of a State  or Federal lease. 

This regu- 
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"lie Idaho Code 

Because of possible confl ic ts  between geothermal resource devel- 
opment and state water appropriations, t he  Idaho legis la ture  through the  
Idaho Geothexmal Resources A c t  of 1972 placed the  regulatory powers for 
geothermal development i n  the  Department of Water Resources. 
permits, fees ,  construction bonds, and appropriations of water fo r  geo- 

thermal d e v e l o p n t  is the  responsibil i ty of t h i s  departrent. 

Dril l ing 

Fi l ing Fees 

The cost for f i l i n g  a geothermal w e l l  permit, to  e i the r  drill or 
alter an existing w e l l  f o r  production purposes, is one hundred dollars 
($100.00). 
Water Resources. 

This fee covers paperwork and handling by the  Departmnt of 

Bonds 

i :  u 
Every permit requires a bond of an amount not less than $lO,ooO to  

ensure compliance with the  rules and regulations of g e o t h e m l  develop- 
ment as set for th  by the  department. 

r l  

ei 
INFORMATION 

Idaho Department of Water Resources 
373 West Franklin Street 
Boise, Idaho 83720 
(208) 384-2215 
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U, S. DEPAKINEN'OF ENERGY 

PEGRAM RESEARCH AND D m  ANNXJNChlENI' (PRDA) 

The purpose of the  Program Research and Development Announcement 
(PRDA) is to  provide an opportunity fo r  interested par t ies  t o  propose 
engineering and economic feas ib i l i ty  studies of direct applications of 
geothermal resources. 
ment of Energy's (DOE) national geothermal energy program plan which 

places emphasis on the near-term comnercialization by the  private sector  
of hydrothermal resources fo r  direct purposes. 

Proposals fo r  any PRDA announcement may be rmlmitted by individuals, 
corporations, canpanies, educational inst i tut ions,  non-profit and not- 
for-profit organizations, and others, individually or as proposed teams. 
Proposals fm Federal agencies and/or laboratories m e d ,  operated, or 
under the  cognizance of t h e  Federal Goverrment cannot be considered f o r  
select ion. 

PRDA sol ic i ta t ions  are part of the  U. S. Depart- 

' Backgro und 

One of t h e  major objectives i n  the DOE Geothermal Program is to  work 
with industry, state and local  governments , the  acachic cmnunity, indi- 
viduals, cunpanies and other concerned p u p s  to  p 
an econanically and environmentally acceptable ene 

de the  nation with 

or supplement present energy sources. The DOE feels that 

w i l l  permit the timely exploitation of our na- 
mal energy resources. To provide early m n -  

t i o n  of t he  PRDA program t o  stimulate rapid exploitation of liquid-dani- 
geothermal industry, DOE announced the ini.tia- 

nated hydrothermal resources. 
energy resource is considered most l ikely t o  make a significant impact i n  
the national energy problem i n  the  near-to-intermediate future. 

The DOE fee ls  tha t  t h i s  class of geothemal 
lu 

1 

4 
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Requirements 
To be considered fo r  any PRDA announcement, proposers must demon- 

strate t h e i r  t o t a l  ab i l i t y  to  ca.rry out the  project through canpletion. 
The p r o p e r s  must  be familiar with the e c o n d c s ,  energy u t i l i za t ion  

I 
L 

L 
L 

technology, and ins t i tu t iona l  requirements of t he  various representative i 
I direct applications. 

The p r o p e r  should renember that the application w i l l  receive 
closer consideration i f  the  proposal incorporates a well-rounded tech- 

n ica l  team. 
for your proposal to  be considered. 

Ehgineering and emnanic backgrounds should be highlighted 

Additional requirements are st ipulated under each par t icular  PRDA 
announcement. 
ments, proposals must be f o r  site-specific studies;  that is, analysis of 
use at a specific geothermal reservoir for a single-purpose application 
or multi-use application. On the  same note, the  proposer must either own 

the  resource area in study, o r  have the authority t o  enter or gain access 
t o  t h e  resource area fmn  the owners. 

Scope of Studies 

However, it should be noted tha t  under most PRDA announce- 

The engineering and emncmic studies of interest  vary with each PRDA 
announcement. 
the past: 

* 

* 

* 

The following are areas i n  which DOE has had interest i n  

Industrial - Process steam and moderate t o  low tenlperature 
heat fo r  indus t r i a l  plants. 

Agricultural - Space, water, and soil heating for green- 
houses; grain drying; irrigation pumping; and extraction 
of chemicals fran agricultural products (starches, acetic 
acid, acetone/butanol, ethanol, etc.). 

Spacepater Heating and Cooling - Space heating and cooling, 
water heating (especially district heating and/or cooling 
system) for ccnmercial-sized buildings or business cmplexes 
and residential  developllents. 

t 

i 
I 
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* Mineral Extraction - Process steam and moderate to,low 
temperature heat for  ore concentrating , leaching , f lotat ion 
pmcesses, etc. 

Evaluation 
A l l  proposals undergo a Preliminary Review and a Comprehensive Re- 

view as described below. The Preliminary Review is conducted f m  a 

technical and 'business standpoint to  determine whether the proposal : 

(1) contains suff ic ient  cast, technical, management, and other 
information t o  pennit a meaningful, ccmprehensive evaluation; 

has been signed by a responsible o f f i c i a l  of the proposing 
organization or a person authorized to  obligate such organ- 
ization; 

( 2 )  

(3) provides a proposed site which could be available f o r  ccm- 
mercial exploitation; 

(4) . contains a letter f m  f a c i l i t y  Owners assuring contractor 
access t o  study m a ;  

is valid fo r  at least 150 days; and (5) 

(6) , clear ly  e of the  PRDA. 

If t h e  proposal d e s  not meet these requi 
t inue evaluation and the offeror will be notif 

' w i l l  discon- 

Prodals  &id s the preliminam review then undergo a -re- 
hensive review which categorizes the proposals according t o :  

(1) type of application (single-purpose or multi-purpose appli- 

( 2 )  industry sector ( industr ia l  p 
1 

and cooling, etc. ). 

This review rates proposals according to  the  established evaluation 
criteria described below. 
ation Panel capsed of government personnel, supplemented as necessary 
with technical advisors fm MIE laboratories and/or MIE consultants. 

The review is conducted by a Government Evalu- 

Y - 45 - 



t 

Evaluation Criteria 

* Quality of t h e  technical plan, including discussion of study ob- 
ject ives ,  background, study plan f o r  producing the information 
required as the  f i n a l  product of the e f fo r t ,  statement of m r k  
and implementation plan. 

Adequacy of the proposed organizational s t ructure  and project 
management plan, including provisions fo r  financial  c o n t r o l .  

* 

* 'he capabi l i t ies ,  re la ted experience and f a c i l i t i e s  which t h e  
proposer offers  and which are considered t o  be integral factors 
fo r  achieving t h e  objectives of the proposal, including t h e  

qualifications,  capabi l i t ies  and experience of t h e  project man- 
ager and other key personnel. 

N&r and Value of Awards 

Under each PRDA announcement the  DOE reserves the  right t o  make any 
number of awards, or none at all.  
these same principles. 
$lOO,OOO to  $125,000 l i d  on proposals and awarded approximately s i x  t o  
twelve grants. 

ceive the  PHDA notices when they are released. 
w i l l  have at least one PRDA announcement per year. 
90 days for the  EOE to  review your proposal and another 60 days t o  
negotiate i f  you are selected. (These times have been known t o  be longer). 

The dollar m u n t  per proposal follows 
However, i n  past issuances, the DOE placed a 

I t  is important t o  get on the  DOE mailing list so tha t  you w i l l  re- 

Expect approximately 
You can assux? tha t  DOE 

INFEIMATION 

name on the DOE mailing list, write: 

U.S. Department of Energy 
Idaho Operations Office 
Geothermal Program o r  1333 Broadway 
550 Second Street  Oakland, California 94612 
IdahoFalls, Idaho 83401 

To receive further information on t h e  PRDA program and to get your 

U.S. Department of Energy 
San Francisco Operations Office 
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U. ARTMENT OF 

PKXBAM OppoRTuNITY WI'ICE (FON) 

The purpose of the  Program Opportunity Notice (PON) is to  provide 
an opportunity for interested parties t o  propose direct heat u t i l i za t ion  
or combined electric/direct use projects demonstrating s ingle  or multiple 
uses of geothexmal energy, The FON so l ic i ta t ion  is part  of DOE'S national Id 

J 

Li 

h 

b 

geothermal program plan which places emphasis on t h e  near-term comnercial- 
izat ion by t h e  pr ivate  sector  of hydrothermal resources f o r  nonelectric 

purposes 
Proposals for any FON announcement may be sulrnitted by individuals, 

corporations, c a p  

agencies. 
and/or laboratories owned, operated, or under the  cognizance of the  Fed- 
eral Government cannot be considered for se lec t ion .  

s, educational ins t i tu t ions ,  and state and local 
Like the  PRDA announcement, proposals fran Federal agencies 

The background and requirements of the  FON annchcemnt follows the 
same course as the PRDA. The i n i t i a l  purpose of the PON is to  follow, 
through construction, the  research and d e v e l o p n t  learned fran t h e  PRDA 
studies,  and other research being cmpleted by the  government and pri- 

vate sectors. 

Scope of Studies 

ment. However, the  following are 
terest i n  the past:  

The d m n s t r a t i o n s  of in te res t  t o  DOE with each FON announce- 
era1 areas in which DOE has had in- 

ace/water heating and cooling for 
building complexes. 

* 
* Industr ia l  processing. 

Agribusiness (agr icul tural  and aquacultural uses). 
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Evaluation 
The evaluation process of the FCW application i s  much the same as 

the P'RDA. The main criteria t h e  DOE uses i n  evaluating t h e  FON are: 

(1) Overall feas ib i l i ty  of the proposed project, including quality 
and adequacy of t h e  technical and cost data s u h i t t e d  and 
reasonable evidence of the existence of suitable geothermal 
resources and avai labi l i ty  of f a c i l i t i e s ,  site, equipment and 
other project-related needs for duration o-f f i e l d  experiment. 

(2) Suitabi l i ty  of match-up between prospective geothermal energy 
user(s) and the proposed application, including potent ia l  for 
alternative energy savings and degree of t ransferabi l i ty  of 
project redults t o  other potential  users of geothermal energy. 

(3) Evidence that the proposed application is l i k e l y  to  promote 
new or expanded use of g e o t h e m l  resources, consistent with 
overall  goals of the  DOE geothermal program, adequate economic 
analysis of the  user and application area, and the  a b i l i t y  to  
begin operations of the  proposed application at an ear ly  date. 

(4) Adequacy and quality of a Management Plan including adequacy 
of the organizational s t ructure  and provisions for technical 
and administrative controls .  

(5) Qualifications, capabilities, and relevant technical experience 
of project personnel, including proposed prime contractor, sub- 
contractor(s), and consultants, i f  any. 

Number and Value of Awards  

Under the  FON announcement the DOE reserves t h e  r ight  t o  make any 
ntnnber of awards o r  none at all.  The dollar amount per proposal follows 

the  same principles as the  PRDA. 
shared proposal under the  FON, and t h i s  cost share can be i n  actual dol lar  
contributions or "in-kind'' matches. 

Heavier emphasis is placed upon a cost- 

It  is important to  get on the  DOE mailing list so t ha t  you w i l l  re- 
ceive the  FON notices as they are released. 
t o  when FQN notices are released. Expect approximately three t o  five 
mnths  fo r  the  DOE to  review your proposal and another two to four months 
to  negotiate i f  you are selected. 

There are no guidelines as 
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INEORMATION 

name on the  DOE mailing list, write: 
To receive further information on the €ON program and t o  get your 

U.S. Department of Energy 
Idaho Operations Office 
Geothermal m-Ogram 
550 2nd Street  
Idaho Fal l s ,  Idaho 83401 

o r  

U.S. Department of Ehergy 
San Francisco Operations Office 
1333 Broadway 
Oakland, California 94612 

U. S. DEP- OF ENERGY 

GEmmmu& mAN G u m  PlaGRAbl 

The Geothermal b a n  Guaranty Program (GLGP) became effect ive on 
June 25, 1976 under T i t l e  I1 of the  Geothermal Research, Developnent 
and Dernonstration A c t  of 1974, 

The outlined objectives of t he  Gu3p as stated under t h i s  A c t  are: 

(1) To enmurage and assist the  private and public sectors to  
accelerate 
onment a l ly  
cial r i sk .  

(2) To develop 

L 
w 

w 

development of geothermal resources i n  an envir- 
acceptable m e r  by minimizing a lender 's  finan- 

normal borrower-lender relationships i n  order 
tha t  financing be made available without guarantees at sane 

future time. 

Under the  t e r n  of the  A&, loan guarantees w i l l  be granted f o r  up 

t o  75% of project costs, with the  Federal government guaranteeing up to  
100% of the  amount borrawed, and the  applicant contributing 25% equity. 
The amount t o  be guaranteed is l w t e d  to  $100 million per project and 
$200 million per borrower. 
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The l i f e  of the  program is 10 years, to  t e r n a t e  on Sept-r 3, 
1984, but al l  loans guaranteed up to  that time w i l l  be honored according 

to  the  t e rn  of the  loan agregnent. The maximum term fo r  any loan guar- 

anty is 30 years or the  expected average useful life of any major physi- 
cal asset to be financed by such loan, whichever is less. 

priorities assigned to different types of projects are as follows: 

(1) Mjects with pmnise of rapid energy production fran 
geothermal resources. 

(2) Projects designed to  damstrate or u t i l i ze  new technologies 
or produm advanced technology components. 

(3) Projects that w i l l  demonstrate or exploit the  comnercial 
potential  of new geothermal resource areas. 

(4) Lrowest pr ior i ty  is given to projects i n i t i a l l y  proposing 
geological and geophysical exploration, or the acquisition 
of lands or leases. 

In addition, p r ior i ty  within each of these categories is given f i r s t  
to pmjects f m  which t he  Federal gpvernment receives royalty payments 
and second, to  pmjec ts  undertaken by snall canpanies and private u t i l i t i e s .  

INFoElMATION 

write: 
For further infonnation abaut t he  Geothermal b a n  Guaranty Pmgram, 

U.S. Departmnt of Euergy 
Idaho (&?rations Office 
Geothermal Program 
550 2nd Street 
Idaho Falls, Idaho 83401 

or 

U.S. Department of Energy 
San Francisco Operations Office 
1333 Broadway 
Oakland, California 94612 
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ED3NCMIC D m  AWINISI'RATION 

Technical Assistance Grants 

The Economic Devel ion has technical assistance 
grants available for  p i  on projects. Those eligible 
for such monies ected employment gains to  the  curinunity 
and leadership 
ject must have the  financial resources t o  cost share twenty-five per- 

cent (25%) of the gross project costs to qualify f o r  these demnstra- 
t ion funds. 

awner/developer of the geothermal pm- 

The amount of monies varies fran $25,000 to  !$8O,ooO. 

Public Works Grants and bans 

Funds f o r  geothermal development under t h i s  Econanic Development 
program must be used fo r  public services and/or f a c i l i t i e s ,  
cant may be a public or private non-profit organization, but must have 
the approval and support of t h e  local government en t i ty  as w e l l  as re- 
gional econanic development support. The extent of funds available is 
generally s i x t y  percent (6%) of total project cost. 

The appli- 

INFORMATION , 

Economic Development Administration 
2404 Bank Drive 
Boise, Idaho 83705 
(208) 384-1521 

7 
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Congress authorized t h e  U. S. Department of Energy (DOE) in 1977 

t o  undertake a small grants program t o  support small-scale energy related 
technologies referred t o  as appropriate technologies because they are 
"appropriate" t o  local needs, skills, and available energy resources. 
Grant applications for t h i s  program are usually available i n  September 
of each year and it takes approximately f ive  to  eight months before the 

DOE releases awardwinners. Grant funds are available for:  

* Concept Development Projects fo r  the  d e v e l o p n t  of an idea, 
concept or investigative finding up t o  $lO,OOO. 

* Development Projects for  studies,  investigations, models, 

hardware d e v e l o p n t ,  experimental tests, o r  operational 
tests up to  $50,0oO. 

Demonstration Projects fo r  the tes t ing  of technology o r  system 

under actual operational conditions up t o  $50,000, 

* 

The Appropriate Technology -11 Grants Program is designed to :  

* Make more energy related technology options available in 

the United States.  

* Provide access t o  DOE fo r  individuals and groups who w u l d  

not otherwise have access. 

* Make available technology not otherwise accessible to  DOE. 

* Further national e f fo r t s  t o  promote the  use of renewable 
resources and the  conservation of non-renewable resources. 

Eligible projects can come fm: 

* Individuals 

* bcal  non-profit organizations and ins t i tu t ions  

~. 
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I * State  and local agencies 

* Indian tribes and nations 

* Srnall businesses 
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One st ipulat ion to  t h i s  grant program is tha t  no grant Acipient  

The Appropriate Technology Small Grants Program is unique i n  tha t  it 
Large corporations or 

can be awarded more than $50,000 i n  a two year consecutive period. 

is designed fo r  the  "local", mall-scale inventor. 
laboratories are not allowed t o  apply for these grants under the guide- 

l i nes  drawn up by the  DOE. Keep i n  mind tha t  projects subnitted for t h i s  

program must be: 

* small scale; 

* simple t o  i n s t a l l ,  operate and min ta in ;  

* low cost ;  

* environmentally sound; 

* 
* 

able to  u t i l i z e  resources, materials and labor s k i l l s ;  

for novel applications of exis t ing technologies, or to develop 

new concepts or technologies. 

A l l  projects  must make use of available renewable energy resources 
and/or conserve non-renewable resources. 

INFORMATION 

Technology Small G r a n t s  Program contact: 
For additional infoxmation on the Department of Energy Appropriate 

Appropriate Technology Small Grants FQmgram 
U.S.  Department of Energy, Region X 
1992 Federal Building 
915 Second Avenue 
Seattle, Washington 98174 
(206) 442-1746 

or 

Idaho State Office of Energy 
Statehouse 
Boise, Idaho 83720 
(208) 384-3800 
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PRIVATE FUNDING 

'Ib obtain non-govemnt funds for  geothermal development, the 
wner/developer can look t o  lending insti tutions,  investment companies 

and/or individual investors for  financial assistance. 
The person who'has an established business relationship with a 

lending ins t i tu t ion  and suff ic ient  collateral t o  offset  the bank's r i sk  
w i l l  obviously have l i t t le,  i f  any, problem in securing development 
funds. 

i n  a new business venture should be amre of the preparation necessary 
t o  secure venture capital .  

In Idaho, banks as w e l l  as savings and loan inst i tut ions have not 
had sufficient experience with the econanics of alternative energy u t i l -  
ization; therefore the awner/developer should be knowledgeable i n  all 
aspects of the geothermal project i n  order to  %ell'* a lending inst i tut ion.  
While geothermal energy can be a mst e c o n d c a l l y  sound investment, the  
cwner/developer should be w e l l  prepared with engineering data, marketing 
studies ( i f  appropriate), a management plan, and f i n a c i a l  information 
before approaching a loan off icer .  The mre clear, concise, and orderly 
the  information you can supply the lending ins t i tu t ion ,  the mre l ikely 
you are t o  obtain funding. 

Investment companies and private investors may also be skeptical  of 
t h i s  non-fossil fuel  energy source and therefore the  owner/developer who 
needs t o  secure front end capital fo r  the  engineering, marketing and 

managment planning should secure the services of a qualified attorney. 
Interpretation of Idaho l a w  governing corporations, partnerships and the  
raising of capi ta l  by sale of stock can be time consuming and discourag- 
ing without t he  appropriate legal assistance. 

ject is by c lear ly  s ta t ing  the econc?nic potential ,  and d m n s t r a t i n g  your 
marketing and management capabili t ies.  

However, the  person who wishes t o  u t i l i z e  geothermal development 

The key t o  se l l ing  investors, loan of f icers  and others on your pro- 
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The c e n t r a l  them of your approach should enphasize i n  most cases 
the  clear connection between using geo'themal as an energy source which 
is - not subject t o  fos s i l  fuel  inflationary trends.  

taking the necessary t ime or hiring s m n e  t o  project operating costs 
comparing fos s i l  fuel  costs at differing inf la ted prices to  geothermal, 
can and mst l ikely should, be the key se l l ing  point. 
cycle cost and effect on operating capi ta l ,  amortization, and even future 
expansion should not be overlooked. 

I f  you are intending t o  set up a greenhouse operation, for  example, 

A l s o  t h e  l i f e  
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U. S. DEPARTMENT OF ENERGY 
TECHNICAL ASSISTANCE PEEDGRAM 

One part of the  growing geothermal program of the  U. S. Department 

The -Idaho Fa l l s  Geothermal 
of Energy (DOE) i 

geothermal users as an on-call service. 
O f f i c e  has contracted t h i s  authority t o  
program office and the Earth Science Laboratory at the  University of 

he Technical Assistance program offered to  potent ia l  

Idaho, Inc. ' s  geothermal 

Utah (UURI). 
The Technical Assistance program has been available f o r  over two  

years and has a good team of experts to  help you i n  your endeavors. 
However, t he  service is provided on a first-cane, first-served basis; 
therefore it is unusual t o  find a waiting list of longer than two 
mnths.  

the  interests of pr ivate  engineering organizations and others..wrkMg 
The amount of assistance given is limited in order to  protect 

i n  the  f ie ld .  
potent ia l  user can make an evaluation as t o  haw and where to  proceed. 

The limits to the  kinds of assistance you can expect to  receive 

Generally, enough information is provided so tha t  a 

are varied. er, technologies dealing with engineering, economics, 
iques,)and geology are cer ta inly covered within the  ex- 

d WRI. 

INIBRMATION 
For fur ther  in fo  a1 Assistance Program: 

Idaho National Engineering Laboratory (INEL) 

Geothermal Program 
P. 0. Box 1625 
Idaho Fal l s ,  Idaho 83401 

O r  

University of U t a h  Research Ins t i t u t e  (UURI) 
Earth Science Laboratory 
Research Park 
420 Chipeta Way, Suite 120 
Salt Lake C i t y ,  Utah 84108 
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IDAHO STA"J3 OFFICE OF ENERGY GEDElEHfAL TEAM 

The Idaho Office of Ehergy, through a contract with the  U. S. 
Department of Energy, administers a state planning program to  promote 
the  ccrrmercialization of geothermal energy. For the  past  two years, 
t h i s  geothermal team has ulorked to  build a strong data base of geo- 
thermal infomation and supply the  c i t izens  of Idaho w i t h  a technical 
information outreach program. 

areas of geothermal developnent thoroughly and professionally. 
less to  say, t h e i r  contract with DOE s t r i c t l y  out l ines  a "scope of 
work" but t he  team is adaptable t o  carry out many demands of the  public. 

The mst important function t h i s  team accomplishes is t h e  technical 

The diverse nature of t h i s  team allows them to  investigate many 
Need- 

outreach program. Armed w i t h  a resource planner, economist, and the  capa- 
bilities of contracting qualified engineers, the  team is available upon 
call to  provide the  public with technical assistance t o  fur ther  geothermal 
developnent. 

The state outreach program is not intended t o  infringe upon the  in- 
t eg r i ty  of the  pr ivate  engineering comnunity. The outreach purpose is to  
steer comnunity leaders, businesses,'individuals, industry and govenvnent 
o f f i c i a l s  i n  the  direction of possible applications of geothermal resources. 

Should you decide to  use t h i s  valuable service,  you may expect t o  
receive these kinds of assistance: 

On-site v i s i t ( s )  by the outreach team t o  discuss your concern i n  
geothexmal developnent; 

Brief overviews of the  geologic parameters of the  resource 
i n  your area; 

Analysis of the  e c o n d c  impacts of using geothemal energy 
at  your s i t e ;  

Engineering decisions a s  t o  the  type of system you should con- 
sider ; 
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Listing of qualified te a1 expertise i n  area; 

Information best method fo r  uing your geothermal 
energy proje d 

Inst i tut ional  and planning assistance. 

INFORMATION 
For fwher information on the State  Idaho Geothermal Team: 

Idaho State  Office of Ehergy 
Geothermal Program 
Statehouse 
Boise, Idaho 83720 , 
(208) 384-3800 

The primary importance of ment program is t o  show the  

In order t o  develop a well-rounded 
cooperative e f for t  being displayed by the  S ta te  and Federal governments 
in fusing geothermal development. 
data base of information, the U. S. Department of Energy established t h i s  
program t o  (1) assist the U. S. Geological Survey i n  its ongoing geo- 

thexmal resource assessnent e f fo r t ,  and (2) t o  stimulate confirmation of 
l o w  and intermediate temperature reservoirs at sites with an apparent 
potential  fo r  direct heat application development. 

, 

The State  Coupled Geothermal Program is a continuing ef for t  m n g  

the following agencies: (1) DOE, (2) Idaho Department of Water Resou~ces, 
( 3 )  t h e  U. S. Geological Survey, (4) t h e  National Atmospheric and Oceanic 
Administration, and (5) the Earth Science Laboratory at the University of 
U t a h  Research Inst i tute .  

This Federal and Sta te  cooperative ef for t  w i l l  accmplish the  
follwing objectives: 
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ere Phase I ,  geothexmal data compilation, with emphasis on low and 

intermediate taperature sys tem,  culminating in the  publication 
of state maps and reports on the location arid possible v iab i l i ty  
of geothermal resources. 

t 
! 
I, 

Phase 11, investigation of specif ic  geothermal sites with d r i l l -  
t 

L, 
E 

ing, t o  demnstrate reservoir characterist ics.  
a 

In  Idaho, both Phase I and Phase I1 are w e l l  underway-with the devel- 
opnent of the  state resource map t o  be published i n  1979. 
Department of Water Resources has infoxmation available on w e l l  temperatures 
throughout the state and w i l l  supply you with i n f o m t i o n  upon request. 
Publications, such as Idaho Department of Water Resources Bul le t in  30, w i l l  
keep you up-to-date on matters pertaining t o  tha t  department's functions. 

The Idaho 

INFORMATION 
For further infoxmation on t h i s  program, write: 

U. S. Department of Energy-Idaho Operations Office 
Geothermal Program 
Attention: S ta te  Coupled Program 
550 2nd Street 
Idaho Fal ls ,  Idaho 83401 

or 

Idaho Department of Water llesources 
Geothermal State  Coupled Program 
373 West Franklin Street  
Boise, Idaho 83720 

- 59- 

I 
i. 

I 
I 

t 
t 
1 
1 
t 
b 
I 

i 
I 

I 

L. 
I 

t t 
i 
Lr 

i 



c 
. f  t 

In  Idaho, t h i s  U. S. Department of Energy (DOE) sponsored pro- 
gram has not received the  at tent ion it deserves. 
pose is t o  foster the  development of geothermal electrical power gen- 
eration. Several factors have hindered t h i s  program, but as the  cost 
of conventional fo s s i l  fuels  goes higher, t h i s  program may receive 
mre attention in the future. 

fort between DOE and any industrial  organization engaged i n  geothermal 
exploration. 
industry fo r  exploration, reservoir assessnent and reservoir confir- 
mation, and (2) releasing t o  the public geoscience data which w i l l  in- 
crease our understanding of the  geothermal resource. 

Under the  guidelines of the program, i f  a successful contract  was 

negotiated with the  DOE and a particular industry, the contract would 
specify:  (1) an exploration and/or reservoir confirmation program which 
industry would perfom and manage, (2) a data package which industry 
would agree t o  make public, and (3) a certain percentage of t o t a l  costs 
(generally i n  the range of 20 t o  50 percent) which DOE would contribute 

The program's pur- 

Id 

The Industry Coupled Program is intended t o  be a cooperative ef- 

The program is set up t o  address: (lf cost-sharing with 

d 
, I  

ii 

d 

jlri 
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i n  

d toward funding the  work. 

INFORMATION 
For infoxmation on the Industry Coupled Geothermal Program: 

I 

U. S. Department of Energy-Idaho Operations Office 
Geothermal Program 

Idaho Fa l l s ,  Idaho 83401 
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I 550 2nd Street  
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GEOTHERNAL LEGISLATION 
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FED= LEGISLATION 

PUBLIC LAW 91-581 

The purpose of the Federal Geothermal Steam A c t  of 1970 is to  auth- 
orize the Secretary of t he  Interior t o  make disposit ion of geothermal 
steam and associated geothermal resources. 

Geothermal steam and associated resources means: (1) a l l  products 
of geothe 
steam and other gases, hot water and hot brines result ing from water, 
g a s  or other f lu ids  a r t i f i c a l l y  introduced in to  geothermal formations; 
(3) heat or other associated energy found i n  geothermal formations; and 
(4) any by-products derived f m  them. 

embracing indigenous steam, hot water, and hot brines; (2) 

FEDERAL (2mmmAL FmFm RESEARCH, 
DEXEUIPMENI', AND D-TION ACC 

OF 1974 

PmLIC LAW 93-410 

The purpose of t h e  Federal Geothermal Energy Research, Development, 

and Demonstration A c t  of 1974 am?: (1) to further the  conduct of research, 

development and damnstrations i n  geothermal energy technologies; (2) t o  
develop a geothermal energy coordination and management project;  (3) t o  
carry out a program of demonstrations i n  technologies fo r  the  u t i l i za t ion  
of geothermal resources; (4) t o  establish a loan guaranty program fo r  the 

financing of geothermal energy development; and (5) other purposes. 

FEDERAL m 1 c  LAW 91-190 
The purpose of Federal Public Law 91-190 is t o  establish a National 

Policy for  the environment; t o  provide for  the  establishment of a council 
on environmental quali ty,  and other purposes. 
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STATE LEGISLATION 

SENATE BILL NO. 1062 

Danestic Water System (An Amendment) 

The purpose of SB 1062 is t o  explain the  t e rn  IDcmestic Water 
System" and "Danestic water" by way of example, but not 
limitation, as  a public water system providing water at any temper- 
ature fo r  space heating or cooling, culinary, sanitary,  recreational 
o r  therapeutic uses. 

HXEX BILL 468 

The purpose of HE3 468 relates to  t a x  incentives fo r  t he  instal- 
lation of insulation and alternative energy devices. 

Chapter 16 Geotherml Resources A c t  
Idaho Code 47-1601 - 47-1611 

Chapter 40 Geothermal Resources A c t  
Idaho Code 42-4001 - 42-4015 

! 
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GLDSSARYOFENERGYTERMS 

AQUIFEXI A water bearing stratm of permeable rock, sand, o r  gravel. 

AWXSIAN Ground water that  has sufficient hydrostatic head to  rise above 
its aquifier. 

AKI'ESIAN WATER Ground water t h a t  is under suff ic ient  pressure to  rise 
above the  level at which it is encountered (by a well) ,  but which 
does not necessarily rise t o  or above the  surface of the  ground. 

ARTESIAN W E U  A w e l l  tha t  penetrates an aquifier containing water wi th  
suff ic ient  pressure t o  rise above t h e  local ground level.  

AUGER A dril l ing tool  designed so tha t  during the  d r i l l i ng  operation, 
the cuttings are carried continuously to  the top of the hole by 
hel ical  grooves on a rotating d r i l l  pipe. 

BLFOLE-DIFOLE MAPPING Electrical method of geophysical exploration. 
Current flow is established i n  the  earth by using a pa i r  of sou~ce 
electrodes; the  electric f i e l d  is determined by observing the 
voltage drop between two pai rs  of electrodes oriented approxi- 
mately at right angles. 

or gas when a pressurized pocket is penetrated by a drill.  

is equal to  the  pressure of the atmosphere on the l iquid.  

prospective o i l  w e l l  or f o r  exploratory purposes. 

energy required to  heat one pound of water one degree Fahrenheit. 

A map showing the configuration of t he  surface by means of 
l ines  connecting the  points that  have the  same elevation. 

03NVEcTION A process of mass movements of portions of any f lu id  ( l iquid 
o r  gas) i n  a gravitational f i e l d  as a consequence of different 
tmperatures in the  medium and hence different densit ies.  
cess thus moves both the medium and the  heat and the  term is used 
to signify e i the r  or both. 

tool  cons is t s  of a --ray source and a detector shielded so that 
it records backscattered garrma rays frcm the foxmation. 

BIBNOW PRFVENI'ER A device used to  prevent t h e  escape of o i l ,  water, 

JBILINCr FOINT The temperature at which the  vapor pressure of a l iquid 

BOIIEIKILE: A hole d r i l l ed  in to  t h e  earth,  often t o  a great depth, as a 

l3RITISI-I THERMAL UNIT (BTU) A uni t  of energy defined as  the  amount of 

CDNIWR 

The pro- 

DENSITY LM; A w e l l  log tha t  records the  foxmation density. The logging 

Ey - 63 - 
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DRILLING MUD A suspension, generally aqueous, used i n  rotary dr i l l ing .  
It is puqed downward through d r i l l  pipe to  seal off porous zones 
and t o  counter-balance the pressure of o i l ,  gas, and water. 

DRILL PIPE Pipe to  which the bit  is attached and which is rotated by a 
,drill.  Dril l ing f lu id  circulates through the pipe. 

EFFICIENCY The efficiency of an energy conversion is the  r a t i o  between ' 

useful work or energy output to  t o t a l  work or energy output. 

EETWENT 1. Sanething tha t  flows out,  as an outflowing branch of a 
main stream or lake. 
vironment, especial ly  when serving as a pollutant. 

2. Waste material discharged in to  the  en- 

ENERGY The ab i l i t y  to  do work, expressed i n  watts, KW, EW/hr, cal/sec. 

FAULT A fracture or fracture zone along which there  has been displace- 
m n t  of the  s ides  re la t ive  to  one another, para l le l  t o  the  fracture. 

EOSSIL FUEL A deposit of organic mterial containing stored so lar  energy 
tha t  can be used as fuel.  
petrolem. 

relationships, and s t ructural  features. 

GMJIlIERMAL ENERGY The internal  energy of the earth,  available t o  man as 
heat from heated rocks or water. 

GRADIENT The rate of increase of temperature i n  the  ear th  with 

The most important are coal, natural gas, 

GrE0IM;IC MAP A map showing surface distribution of rock var ie t ies ,  age 

depth. 

HEAT EXCHANGER A device used to  t ransfer  t h e m 1  energy from a f lu id  

Often t h i s  is done by running a coil of pipe through a tank. 
flowing on one s ide  of a barrier t o  a f lu id  flowing on the other 
side.  

HEAT PUMP A device t h a t  t ransfers  heat f m n  a cooler reservoir t o  one a 
A heat pump works on t h e  same higher temperature (or  vice versa). 

principal as a refrigerator.  

KILDWATl? (KW) One thousand watts. Electric energy measurement. 

KILOWATI' HOUR (KWH) 

LIFE CYCLE (DSI'S Total cost of an item including initial purchase price 

The power expended by 1 kw in 1 hour.Equals 3,412 BTU. 

as w e l l  as costs of operation, and maintenance over its lifetime. 

L 

L 

Lr 

1 
bm 

L 

t 

1 
i 
t 
I 

MEGAWATI' (MW) One million watts, or 1,OOO kilawatts. I 
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PERMEABILITY The permeability of a rock is its capacity for t ransni t t ing 
Degree of permeability depends upon the  size and shape of a f luid.  

t he  pores, t he  size and shape of t he i r  interconnections, and the  
extent of t h e  latter. 

REINJECTION The process of pumping w a s t e  water back in to  a w e l l  or aquifier. 

FESEXVOIR A natural  underground container of l iquids,  such as o i l ,  water, 
or gases. 

RESISTIVITY The resistance t o  electrical current of a three-dimensional 
unbound medium, as opposed to resistance tha t  refers t o  electrical 
impedance of confined conductors. 

SPACE HEATING The process of supplying the  required heat fo r  t h e  physical 
canfort of human beings i n  houses, off ices ,  or enclosed industr ia l  
plants.  

SUBSIDENCE 1. A sinking of a large part of the  ea r th ' s  crust. 2. Move- 
ment in.which there  is no free side and surface material is dis- 
placed ver t ical ly  downward w i t h  l i t t le  or no horizontal ccmponent. 

features produced by u p l i f t ,  hq, or faul t ing,  together with 
the  major l ineation within such features. 

WATT Unit of electric energy q u a l  t o  3.4 Bmrlhour. 

TECIDNIC MAP A map on which axe shown axeas or lines of major s t ruc tura l  

WORK The product of the force acting upon a body and the  distance through 
which the  point of application of force moves. 

in 
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