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LEGAL, INSTITUTIONAL AND ENVIRONMENTAL ASPECTS 

t N T ~ O ~ U ~ T  I ON 

To develop d i r e c t  uses of geothermal energy, a few more factors must be considered than the 
presence o f  the resource, t h e  a b i f f t y  of the  resource t o  supply the energy needed f o r  the  
intended use, f lnanclng and marketing, Ear ly planning fo r  compiiance w i th  federal, ' s t a t e  and 
local  e n v ~ r ~ n m e n t a ~  laws, regu la t ions  and ordinances, and fo r  obtaining necessary permits Is a 
"mu s t , 

A developer who learns the r u l e s  and i s  aware o f  the steps fo r  obtaining the  required approvats 
and permits a t  the very beg~nning of a p ro jec t  w F t l  be able t o  make r e a l i s t i c  estimates for  the 
time, money and personnel necessary t o  proceed. This chapter i s  designed t o  provide the poten- 
t ia l  developer or user w i th  a general guide fo r  nego i la t lng  and ob ta in ing  the necessary 
regu I atory approva I s associ ated w i t h  geotherma I deve I apment--f rom obta i n I ng access t o  the  
resource tu exploration, development, distribution and use of the  resource. 

Fortunately, d i r e c t  uses o f  geothermal energy usual l y  have much less po ten t i a l  fo r  severe nega- 
t i v e  environmenta I Impact than e tec t r  i c  power appi i ca t ions  because direct-heat p ro jec ts  are 
smaller and do no t  need extensive transmission l ines, power-generation equipment or cool ing 
f a c i  I ities, Di rec t  uses general ly requ i re  fewer we1 Is per development, shal lower depths, lower 
temperatures, and lead t o  less surface-disturbing act1 v l t l es ,  

Relat ionships wi th ex is t ing  u t i l i t i e s  are discussed, as well as sources for pub l i c  assistance i n  
n e g o t ~ ~ i i n ~  the  way through the  appropriate regulatory framework, The basic t h r u s t  of Shfs 
chapter i s  t o  help developers negotiate the  regulatory maze without the expenditure o f  excsssive 
t ime and expense. 

The key to  operatlng successful ly w i th in  the  ~ n s t j t u t ~ u ~ a ~ ,  e n v ~ r o n ~ e n t ~ ~ ~  and regulatory frame- 
work Is t o  i den t i f y  the required permits and po ten t ia l  environmental problems as ear ly  as possi- 
b l e ,  

It i s  assumed t h a t  the developer i s  convinced of the presence o f  a geothermal resource capable 
o f  supplylng economical geothermal energy and t h a t  he has a use or market f o r  the  geothermat 
energy, such as space heating or cool ing, o r  industr iaf  process heat, 

~ ~ t e r m ~ n ~ n ~  the  nature o f  surface ownership 

Once the  spec l f fc  s l t e  or geographfc area to be developed has been located and i d e n t i f l e d  on 
appropr iate maps, the would-be developer deals next w i th  the problsm of gaining access t o  the 
land, whlch requlres a d e t ~ ~ m r n a ~ ~ o n  af ownership. This may not be as simple as it sounds, 
Although ownership of the surface and geothermal or mineral estates general l y  fs the same, I n  
some instances, the  surface ownership Is severed from the  geothermal resource, which may requ i re  
t h e  developer t o  deal w i th  the owners of both estates. i n  these si tuat ions,  the owner of the 
mlnerat estate frequently has the Implied r i g h t  t o  enter the land and t o  use as much o f  the 
surface as may be reasonably required to develop the subsurface resource; but i n  each tnstance a 
c lose examinailon of t i t l e  and a detsrmination o f  the d e t a i l s  o f  ownership w i l l  be required fo r  
each ju r f sd l c t fon ,  For the  developer who i s  experienced in  the  acqutsf t fon of petruteum and 
other- mineral Interests, there  w l  I I be much In  t h i s  process t h a t  Is fami l iar .  The problem has 
been compl lcated i n  some Jur l sd lc t tons  because the  geothermal resource has not been adequately 
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def Ined, and as a resu I t, I t s  ownership may be uncertain (see Nationa 1 Conference of State Leg- 
is la tures,  Ju ly  1978). 

I n  a l l  instances, ownership I s  a t i t l e  problem which should be handled wi th  competent legal 
assistance by persons fam i l i a r  wi th  t i t l e  company pract ices and local land records. 

Determining t h e  nature o f  subsurface ownership 

The geothermal developer of ten must obtain r i g h t s  in add i t i on  to  surface entry and use. Water 
r i g h t s  may need to be secured, and the&, too, o f ten are not p a r t  o f  the surface estate. O i  1, 
gas, geothermal resources or, i n  more general language, ttrninerals" may be severed or separated 
from the surface r ights .  Under the Stock Raising Homestead Act  of  1916, fo r  instance, approxi- 
mately 67 m l l l l o n  acres (27 m i l l i o n  hectares) o f  federal land was patented w i th  coal and other 
minerals reserved t o  the federal government. D r y  steam resources a t  The Geysers in C a l i f o r n i a  
have been found t o  be p a r t  of  t h i s  reservation, although the surface land is i n  p r i v a t e  owner- 
ship. 

The geothermal developer should i d e n t i f y  and obtain a l l  resource r i g h t s  required for  the planned 
d i r e c t  heat app 1 icat ion.  This task i s  compl lcated by t h e '  complex nature o f  geothermal 
resources. Legal ly, the resource has both water and mineral aspects, and the inclusion of  geo- 
thermdl resources in a pa r t i cu la r  resource category or reservat ion o f ten  I s  uncertaln. Def i n i -  
t l o n s  of  g ~ t h e r m a l  resources In federal and s tate s tatutes should be examined. Any spec i f i c  
s ta tu to ry  assf gnments of  geothermal resources should be evaluated. As examp les, geothermal 
resources have been c l a s s i f i e d  as mineral by Hawaii and as underground water by Wyoming. Colo- 
rado presumes t h a t  mineral reservations do not include geotherma I resources, wh 1 I e Oregon places 
a1 I geothermal resources in  the surface estate. Confusion about the  nature o f  g ~ t h e r m a l  
resources i s  evldent, and fo r  secur i ty,  the developer may wish t o  secure fi resource r i g h t s  
t h a t  might possibly form the basis of a c la im t o  geothermal resources (see Sacarto, State Pof i -  
c i e s  for  Geothermal Development, 1976, p. 43-46). 

Entry  and development r i g h t s  

P r i v a t e  lands. Access t o  p r i va te  land is usual ly gained by deal ing d i r e c t l y  wi th  the owner 
o f  the surface and. geothermal estates. I n  some instances, t i t l e  t o  the land and resources may 
be obtained by o u t r f g h t  purchase. In those instances, t he  usual caut ion should be exercfsed to 
ensure t h a t  c lear  legal t i t l e  i s  obtained. However, access t o  the resource w i l l  more of ten be 
obtained through a geothermal lease. Sometimes an opt ion t o  acquire a geothermal lease may be 
obtained, which w i l l  es tab l ish the terms o f  the lease and which w l I I  permit  explorat ion during 
the  opt ion per iod In accordance w i th  the opt ion agreement. The owner of the land may permit 
access In advance of an opt ion t o  purchase o r  lease. The developer may then conduct passlve 
exptorat lon inc lud ing geological mapping, SI i m  temperature gradient holes, or heat-f low studies 
If they are needed, o r  any other assessment a c t i v i t y  a1 lowed by the surface owner. 

Although geothermal energy has been d i r e c t l y  employed In the United States for  space heating 
where hot spr ings and shallow hot-water wel ls  occur, o ther  commercial appl icat ions have not been 
common. Consequently, standard leases fo r  d i r e c t  geothermal app I i ca t i ons  have not been devel- 
oped. From t h e  developer's po in t  of view, it would seem tha t  lease forms for  the t yp i ca l  com- 
mercial  geothermal areas (such as The Geysers and the Imperial Val ley) could be modified to fit 
the  needs of the devel.oper interested in  d i r e c t  uses. However, some considerat lon must be given 
t o  the r o y a l t y  prov is ion in  these more standard lease forms, s ince the p r l c f n g  model I s  l i k e l y  
t o  be d i f f e r e n t  from t h a t  developed f o r  the generatlon o f  e l e c t r i c  power. 

Whether access i s  obtained by purchase, lease, option, permit  or  any other arrangement, it IS 
imperative t h a t  t he  developer accurately determine ownership t o  ensure t h a t  a1 I the r e q u i s i t e  
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par t ies have jo ined i n  the transacti.on. In  some instances, a developer may f i n d  tha t  the prop- 
e r t y  in  which he i s  interested i s  already under lease fo r  ag r i cu l tu ra l ,  grazing or other pur- 
poses. I f  so, the developer should a lso obtain the r e q u i s i t e  consent from the lessee i n  posses- 
sion, t o  avoid poss ib le  charges of  trespass o r  other con f l i c t .  Substant ia l ly  the same legal and 
t i t l e  considerations are involved whether the developer i s  proceeding by way of purchase, lease, 
opt ion or other agreement, and competent t i t l e  assistance must therefore be obtained. 

State lands. Rights t o  explore and develop geothermal resources on s t a t e  lands' are gov- 
erned by s tatutes and regulat ions (see Appendix A). Geothermal explorat ion involv ing n e g l i g i b l e  
surface disturbance may or may not requi re  a permit o r  lease from the state. Check wi th  the 
s ta te  lands o f f i ce .  I n  some cases, t he  developer may be allowed to proceed a t  w f l f  or a f t e r  
n o t l f y i n g  the  s tate lands o f f  Icer. In tens ive explorat ion and development operations w i  I I ,  how- 
ever, r e q u i r e  permits and leases, 

The manner i n  whlch explorat ion permlts and development leases are Issued and the requirements 
they impose on the developer vary from s ta te  t o  s ta te  (Tables 1, 2 and 3) .  D i l i g e n t  work 
r ~ u i r e m e n t s ,  tease-conversion provisions f o r  explorat ion permits, rentals,  royal t ies,  acreage 
I imitat ions,  lease terms and renegot iat ion provis ions f o r  leases are important concerns f o r  the 
geothermal developer. 

I n  some states, a pre-lease environmental evaluation i s  required in which the  potent ia l  e f f e c t s  
o f  proposed exploration, development and productfon a c t i v i t i e s  f o r  the lease are examined f o r  
t h e i r  environmental and socioeconomic acceptabi I i ty .  Where an environmental evaluation i s  nec- 
essary, delays w i  I I occur between ff I ing f o r  and Issuance o f  a lease. The developer may be 
required t o  pay t h e  costs of the evaluation. Therefore, it i s  important fo r  the geothermal 
developer t o  f i l e  f o r  the lease as ear ly  as possible to avoid delaying considerat ion of  the 
po ten t i a l  environmental problems associated wi th  geothermal exploration, development and 
production. A l ternat ive ly ,  developers should i n s t i t u t e  e n v i r o n ~ e n t a l  basel ine  studies p r i o r  t o  
lease f i l i n g ,  t o  minimize p o s t - f i l i n g  delays. Generally, basel ine studies are financed by the 
developer. 

TABLE 1 

State geothermal explorat ion permits w i t h  conversion p r i v i l e g e s  
(from Sacarto, 1976, rev ised 1979) 

State 

A 1 aska 

C a l i f o r n i a  

Wyoming 

Manner Awarded Term Conversion P r i v i l e g e  Annual Rental 

By app I fcat ion 3 years 
Poss i b I e 2-yr extens ion 

Yes Variable; $ I /  
acre minimum 

By app I i c a t  I on 2 years Yes; %-day per iod $1 /acre 
Poss i b I e 2-yr exten s i on 

a) Pub l i c  drawing' 3 years Yes; 90-day per iod 6 1 /acre 
b) By appl l ca t l on  Possible 2-yr extension 

1 
When lands are newly of fered for  exploration, a per iod i s  set o f  a t  least  30 days and 

appl icat ions received during tha t  period are awarded permits by pub1 I C  drawing. 
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TABLE 2 

(from Sacarto, 1976, rev ised 1979) 
Leas I ng of s ta te  I ands 

Non-KGRA Lands KGRA Lands (Competit ive Leasing) 
S ta te  Newly Offered Appl icat ion Overlap Bidding Factor Desi gnat ion C r  i t e r  i a 

Alaska . . . . . . . .  . . . . . . . .  ( A )  (A 1 

Arizona By app I i ca t ion  Quai i fqications Cash bonus Geo I ogy and/or compet- 
o r  it i ve I nterest  

Cash bonus bidding 

Cal i f o r n i a  (A 1 ( A  1 Cash bonus or Geo I ogy and/or compet- 
o ther  ( H I  i t i v e  i n t e r e s t  ( H I  

Co I orado (A 1 (A 1 (A  1 (A 1 

Hawai i . . . . . . . .  . . . . . . . .  
Idaho. Pub1 i c  drawing By app I i c a t i o n  

(30-day f i I ing) 

(A 1 A I  I land awarded com- 
p e t i t i v e l y  (GI 

Producing we1 I 

Lou i s iana (B 1 (B (B 1 (B) 

Montana Competit ive Competit ive Cash bon us A l l  lands awarded corn 
p e t i t i v e l y  

New Mex i co Compet i ti ve By app I i c a t i o n  Cash bonus Determ i ned by Corn is-  
(30-day f i I ing) sloner o f  Lands 

Oregon Pub1 i c  drawing By app I i c a t l o n  Cash bonus ( D )  Geology and/or produc- 
(30-day f i I ing) ing we1 I 

Utah Cash bonus ( E )  By app I i c a t i o n  
(15-day f i I Ing) 

(E 1 (E 1 

Washington Competit ive Competit ive Cash bonus ( F )  A i l  lands awarded com- 
p e t i t i v e l y  

Wyom i ng . . . . . . . .  . . . . . . . .  (A 1 (A 1 

( A )  Specif ied by s ta te  land commissioners. 
(8)  Regulations not  f inal ized. 
(C)  Moratorium on leasing of s ta te  lands. 
(D)  I f  no bids received, D i v i s i o n  of  State Lands may r e c l a s s i f y  f o r  non-competitive leasing. 
(E)  Lands are of fered non-competitively by order o f  appl icat ion, except when they are newly 

(F) Un l ike  Montana, I f  a t r a c t  receives no bid, it i s  withdrawn. 
(GI Board of  Land and Natural Resources by a two-thirds vote may award a non-competitive lease 

( H I  S ing le biddable factor  only, plus negotiable r o y a l t y  r a t e  up to  16-2/3%. 

offered. Newly of fered lands are leased by cash bonus bidding. 

t o  occupier of mineral reserve lands. 



TABLE 3 
State geothermal lease provlslons 
(from Sacarto, 1976, revlsed 1979) 

Renegotlatlon of 
Renta I s and Roya I t I es Annual Rental Roya I t 18s State 

A I aska 
- 

A r  I zona 

Cat 1 forn la  

Co I orado 

Hawall 

I dah0 

Loulslana 

Montana 

Nevada 

Renena I 
One 5-year term I f  d r i l l l n g ;  
for  duratlon of conmerclal p r e  
ductlon, up t o  40 years 

Prlmary Term 
IO years 20-year In terva ls  beglnnlng 35 Varlable; Sl/acre mlnlmum Prlmary: 

Byproduct: years a f te r  comnerclal 'produc- 
M I  n Imum: t lon; and a t  end of  f l r s t  40- 

year I ease per lod 

10-15% 
2- 10% 

S2/acr e/year 

a t  least 12. 
a t  least 12. 
4 tlmes annu 
rental per ) 

10% 
between 2% d 
S 2/acr e/year 

10% 
5% 

10-20% 
5 1 0 %  

10% 
5% 

a t  ieast  i o  
a t  least 5 

a t  least 1C 
between 2% 
set In lea: 
~ ~ / a c r e / y e ,  

12.5% 
5.0s 

10 years 2 years i f  d r i l l l n g ;  fo r  dura- 
t l o n  of commerclal productlon 

Prlmary: 
Byproduct: 
Shut- In: 

........ Not less than $l/acre 

10 years So long as geothemal resources 
are produced or capable of 
belng produced In comnerclal 
quantl t les, up to  99 years 

IO-year Intervals, beglnnlng no f l /acre 
sooner than 20 years and no 
l a te r  than 30 years a f te r  com- 
merc 1 a 1 product 1 on 

Pr Imary: 
Byproduct: 
Minlmum: 

Mlnimm royalty: 5-year Inter- $l/acre 
vat s 

Pr Imary: 
Byproduct: 

I O  years 

10 years 

For duratlon of  comnerclal pro- 
ductlon; lacklng productlon, a t  
d lscret lon of s ta te land board 

So long as geothermal resources 
or byproducts are produced In 
commerclal quantl t les, up to 65 
years; 5 years wlth d l l l g e n t  
d r l l l i n g  wlthout productlon, or  
wlth shut-In we1 I wlthout 
market 

15-year Intervals, beglnnlng 35 State: as bld or set In  Prlmary: 
By product: I ease 

Surface occupant: as 
agreed or set by Board of 
Land and Natural 
Resources 

years a f te r  the lease date 

10 years For duration of  commercial pro- 
ductlon or d r l l l l n g  operations 
t o  a t  least 1000 feet, up t o  40 
years beyond prlmary term 

F l r s t  5 years: Sl/acre Prlmary: 
Second 5 years: SP/acre Byproduct: 
Thereafter: S3/acre 

A t  most 10 
years 

10 years 

For duration of  commerclal 
productlon or development 
operat Ions 

A t  least  Sl/acre or 1/2 Prlmary: 
cash bonus, whichever Is Byproduct: 
greater 

10-year Intervals, beglnnlng 20 A t  least Sl/acre 
years a f te r  lease date 

Primary: 
Byproduct: 
S hut-In : 
Mlnlmum: 

For duratlon of  
ductlon or d r l l  

S 1 /acre . . ...... Prlmary: 
Byproduct: 

. . . .  



TABLE 3 (continued) 
State geothermal lease provlslons . 
( f ran Sacarto, 1976, revlsed 1979) 

State 
New Mexlco 

Oregon 

Texas 

Utah 

Washlngton 

Wyoml ng 

43 
I 

IC 

Pr  lmary Term 
5 years 

IO years 

(No lease 
terms estab- 
I Ished) 

10 years 

5 years 

10 years 

Renewa I 
So long as geothermal resources 
are produced or capable of  
being produced In commerclal 
quantl t les If production Is 
malntalned. Secondary 5-year 
lease aval lable I f  production 
Is not malntalned, I f  produc- 
t lm Is lost, Comn1ss1on may 
extend lease In one-year Incre- 
ments up to three years 

10 years, I f  roya l t ies  In  any 
year of precedlng term 
equalled or exceeded annual 
rental due under lease; 

5 years, I f  no production but 
dlscovery has been made or I s 
deemed Imnlnent; 

date 
maxlmun o f  50 years fran lease 

For duratlon o f  cunmerclal pro- 
ductlon; or one-year terms, In  
absence of  productlon, upon 
payment o f  SWacre advance roy- 
a l t y  

So long as d r l l l i n g  wl th  d l l l -  
gence; or upon comnerclal dls- 
covery, up t o  20 years 

So long as geothermal resources 
produced or capable of belng 
produced In comnerclal quantl- 
t l e s  

Renegotlatlon of 
Rentals and Royalties 

10-year Intervals, beglnnlng 20 
years a f t e r  lease date 

3-year Interval s 

10-year In terva ls  

Annual Rental 
Sl/acre 
W a c r e  fo r  leases 
extended for second 5-year 
term w 1 thout product Ion 

Years 1-3: 
Year 4: 
Years 5-10: 
Years renewed : 

S l/acre 
$3/acre 
$5/acre 
$5/acre 

(No lease terms estab- 
I lshed) 

$ 1 /acre 

A t  I east $1 /acre 
A t  least $5/acre upon 
commerclal productlon 

SZ/acre 

Roya I t les 
Prlmary: 10-15% (KGRA 

Byproduct: between 2% b 
Recreatlon 

Therapeutlc: between 2% b 
Powerplant: 8% (net revel 
Mlnlmum: SUacrdyear 

lands) 

or 

Prlmary: 10% 
Byproduct: 1% demlneral 

water 
5% other 

(rentals pald each year 
deducted from roya l t les  di 

Prlmary: 
By product : 

Prlmary: 
Byproduct: 

M I n I mum : 

Pr I mary : 
By product : 

proceeds) 

10% 
10% (net proc 

10% 
a t  least 4% 

$5/acre/year 

10% 
5% 



7-9 

Federal .lands. Surface access and the r i g h t  t o  explore, develop and use geothermal 
resources on federal lands are jo ined and are controf  led by the UmS, Bureau of Land Management 
(BLM) under the provis ion of the Geothermal Steam Act o f  1970, except for  Department o f  Defense 
and Indian Lands, I n  areas designated as Known Geothermal Resources Areas (KGRA's), a l l  leases 
are by compet i t ive bidding according t o  schedules developed by the Bureau of Land Management. 
Outside a designated KGRA, potent ia l  developers may submit appl icat ions t o  the surface-land man- 
ager on a non-competitive basis. Information about procedures and forms may be obtained from 
the nearest BLM or U.S. Forest Service (USFS) o f f i ce ,  

Procedures fo r  exp l o r a t  ion and development o f  geotherma I resources on federa I lands provide fo r  
phased operations beginning w i th  a c t i v i t i e s  t h a t  do not  d is turb the surface, such as geologic 
mapping, geophysical measurement or shal low-temperature gradient holes (<lo00 f t  or  <300 m) and 
ending w i t h  f u l l  f i e l d  development and u t i l i z a t i o n .  

L imi ted operations designed t o  provide a p r e l ~ m i n a r y  evaluation o f  resource potent ia l  may be 
ca r r i ed  out  before leasing, under the supervision of  the surface management agency (BLM, USFS, 
etc,), These are done under the provis ions of a Not ice o f  I n t e n t  or  other appropriate form 
(sample form shown i n  Appendix 9). Generally, the environmental impacts of  such a prel iminary 
resource assessment a re  minimal and can be covered by a negative dec larat ion prepared by the 
issuing agency. 

Water f aws 

State water laws general l y  w i  I I govern the production and use of geothermal f lufds f o r  process 
heat, space heating and cooling, bu t  it i s  important to check w i th  the state, t o  conf i rm t h a t  
t h i s  i s  t he  case. State water-use regulat ions, e x i s t i n g  water uses and the cha rac te r i s t i cs  of 
the  groundwater-geotherma I interface are c r i t i c a l  factors  in  geothermal development. They 
determine the avai l ab i  I i t y  of groundwater fo r  geothermal development, t he  re1 i ab i  I i t y  o f  those 
geothermal groundwater suppl ies and the developer's legal author i ty  t o  t ransfer  geothermal f l u -  
i ds  t o  a pa r t l cu la r  piace of use. Geothermal f l u i d s  may grade i n t o  standard groundwater, so it 
i s  important t o  carry out geothermal operations so as not  t o  damage or degrade the area's 
groundwater resources (Sacarto, 1976, p. 46). , 

Water r i g h t s  fo r  development on s ta te  and p r i va te  lands general l y  w i  I I be governed by one o f  two 
regulatory  systems. Groundwater may be considered a pub l i c  resource or t rus t ,  I n  which case a 
r i g h t  t o  appropriate water must be obtained from the state. I n  other states, groundwater i s  
considered appurtenant t o  the  surface, and the developer's r i g h t  t o  produce water w i l l  be 
secured along w i th  surface development r ights.  The developer may encounter some const ra in ts  on 
f I u i d  production depend ing on the standards set f o r  tfreasonable use." 

Appropr ia t ive r i g h t s  f o r  water are quan t i f i ed  and have p r i o r i t y  dates, Under t h a t  system, the 
geothermal developer's f i r s t  concern i s  the avai l a b i l  i t y  o f  a water r i g h t  o f  s u f f i c i e n t  quan- 
t i t y ,  I f  a groundwater basln Is f u l l y  appropriated, t he  geothermal developer may be unable to 
produce the r e q u i s i t e  geothermal f lu ids,  This  concern Is moderated somewhat by the developer's 
a b i l i t y  t o  obtain water r i g h t s  by purchasing them o r  by providing e x i s t i n g  users w i th  repface- 
ment water supp I les, Also, i f  the geotherma I f l u lds  are determined to be separate from e x i s t  lng 
groundwater sources, 'the developer, by discover ing and producing t h i s  new supply, may in  some 
states have r i g h t s  t o  the f l u i d  as a ttdeveIopedtl water. 

R e l i a b i l i t y  a lso may be a concern under an appropr ia t ive system, s ince e a r l l e r  water r i g h t s  take 
precedence over l a te r  appropr lat ions, 

Divers ion o f  water t o  a selected place o f  use general ly i s  provided fo r  under appropr ia t ive 
r i g h t s  systems, This  i s  not the case I n  Veasonabte-uset1 or r i p a r i a n  systems, i n  which the 
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water r i g h t  i s  attached to the surface. Development requ i r i ng  t ranspor tat ion of geothermal 
f l u i d s  away from the producing property t o  some d i s tan t  load center w i  I I be constrained where 
t h e  Veasonable-use" system exists,  

For federal and Indian lands, development leases probably w i  I I encompass f l u i d  production. The 
developer o f  such lands has two concerns. In  states where water i s  deemed a publ ic  resource, 
t he  s tate may challenge the inc lus lon o f  water r i g h t s  in  federal or Indian leases. The 
developer should be sens l t i ve  t o  these conf I i c t i n g  j u r i s d j c t i o n a l  claims and should conform 
w i t h  s tate requirements, i f  possible, t o  avoid l i t i g a t i o n .  R e l i a b i l i t y  o f  the water r i g h t  a lso 
should be examined. Under a federal g ~ t h e r m a l  lease, f o r  instance, the developer i s  allowed to 
produce geothermal f l u ids ,  bu t  i s  not  guaranteed a r e l i a b l e  supply since the V u l e  of  capture1' 
applies. A competing producer may d ra in  the same geothermal system, 

DEVELOPMENT REGULATIONS 

Explorat ion and f i e l d  development 

Once land access and dev~lopment r i g h t s  t o  the geothermal resource have been secured through 
purchase or lease, the preparat ion fo r  exploration/development a c t i v i t i e s  may begin. The 
i n i t i a t i o n  of an exploration/development p r o j e c t  usual ly requires permits from various 
regulatory  bodies ( loca l ,  state, federal 1 with j u r i s d i c t i o n  over the project ,  Acquis i t ion of 
requi red permits i s  usual ly preceded by d i f f e r e n t  revels of  review depending on the scope of the 
a c t i v i t i e s  proposed. A p r o j e c t  of l im i ted  scope or one t h a t  does not requi re  surface occupancy 
can be reviewed in a r e l a t i v e l y  shor t  period of time. A p r o j e c t  t h a t  c a l l s  f o r  the d r i l l i n g  of  
many we1 Is o r  one t h a t  includes s i t i n g  of an end-use fac i  f i t y  may requi re several months to a 
year to obtain the necessary permits. Processing times a lso may vary among regulatory bodies 
due t o  complexities o f  procedure and r e s p o n s i b i l i t y  and/or s t a f f  workload. I n  some cases, it 
may be necessary t o  obtain sequential permits for large-scale projects, t o  assess the phases of 
development indiv idual  ty, 

P r i va te  and s tate lands. Permit  issuance au tho r i t y  over geothermal ~ p i o r a t i o n ~ d e v e l o p m e n t  
p ro jec ts  i s  usual l y  vested in  several regulatory bodies wi th separate or overlapping j u r i s d i c -  
t ions: 

1,  Conditional land-use permits may be required from local  regulatory bodies such as c i t y  
councils, county planning departments, or county boards w i th  locat zoning guide1 ines, and 
other appl icable laws and regulations; 

2. D r i  I I in/s permits t h a t  may speci fy  d r i  I I ing and casing requirements, spacing, bonding 
requirements, sump construct ion standards and blowout prevention ~ u ~ p m e n t  w i l l  be.required 
from the s tate agency t h a t  administers d r i l l i n g  of geothermal wells; 

3. Solid-waste discharge permits may be required from local  or  s ta te agencies. Solid-waste 
discharges include used d r i  I I ing mud as we1 I as any add i t i ves  which must be disposed of; 

4, Permits se t t i ng  l i m l t s  on a i r  emissions and water discharges may need to be obtained from 
s t a t e  or regional a i r -  and water-regulatory agencies in  order t o  assure compl iance wi th  
state, federal and local  environmental protect ion laws (Clean A i r -  Act, Safe Dr ink ing Water 
Act, etc,). Disposal of geothermal f i u i d s  may be a p a r t i c u l a r l y  d i f f i c u l t  problem because 
surface and subsurface water resources must be protected and the resource conserved. In  
the absence of  regional  or s ta te  agencies to administer the processing of  such permits, the 
U.S, Environmental Protect ion Agency may do SO. 

Some states requi re an environmental analysis of the proposed p ro jec t  and the preparation o f  an 
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environmental document such as required by the C a l i f o r n i a  Environmental Q u a l i t y  Act (CEQA) or 
s i m i l a r  environmental legislat ion. The in ten t  of such analyses and documents i s  t o  provide reg- 
u l a t o r y  bodies w i th  a deta i led descr ip t ion of the project, f u l l  d isc losure o f  a l l  p o t e n t i a l l y  
p o s i t i v e  as well  as negative impacts and a l i s t  o f  recommended m i t i g a t i o n  s t ra teg ies before a 
decision i s  made on the  issuance of  the permit. The time requi red t o  perform such analyses and 
t o  prepare and review envlronmental documents (usual l y  w i th  pub1 i c  p a r t i c i p a t i o n )  varies w i th  
t h e  scope of the pro ject ,  environmental basei ine co l  l e c t i o n  requlrements, and any legal chal- 
lenges t o  the scope and adequacy of the environmental review, I f  an envlronmental Impact repor t  
I s  required, several months to a year or  more might be needed to complete i t s  preparation and 
review. 

Federal lands. Explorat ion (except f o r  non-disturbing pre l iminary assessments), develop- 
ment and u t i  I i z a t i o n  of geothermal resources on most federal lands are car r ied  out  under lease 
according t o  the  prov is ions of  the  Geothermal Steam Act  o f  1970 and r e s u l t i n g  regulat ionsm2 
Issu ing leases and I icensing p lants  are the responsibi I I t y  o f  i h e  Bureau of  Land Management and 
i n  some cases (small research or p i l o t  plants), the U.S. Geological Survey (USGS) Operations 
on federal leased lands are supervised by the USGS Conservation. D i v i s i o n  Area Geothermal Super- 
v isor ,  w i t h i n  the framework of Geothermal Resources Operational o r d e r ~ . ~  

I n  general, once a lease i s  issued, a l l  necessary permits are issued by the USGS Area Geothermal 
Supervisor. Exceptions are the permits required fo r  emissions t o  the atmosphere, which are usu- 
a l l y  issued by the local a i r -po l lu t ion  control d i s t r i c t ,  and l i q u i d  emissions, which are issued 
by the s t a t e  water resources agency or  the Environmental Protect ion Agency, i f  a s ta te  has no 
regulatory  body f o r  water resources. The standards required on federal lands are usually the 
same as those imposed by the re levant  s ta te  and local  agencies, bu t  enforcement o f  these stand- 
ards on federal lands i s  e n t i r e l y  by federal agencies. I n  practice, federal lessees may wish t o  
comply w i t h  local o r  county permi t t ing requirements, p a r t i c u l a r l y  I f  operations are extensive or  
a f f e c t  lands other than federal lands. 

A l l  a c t i v i t i e s  on leased federal lands are carr ied ou t  under a Plan o f  Operation submitted to  
t h e  o f f i c e  o f  the Area Geothermal Supervisor. To provide for the t y p i c a l  phases of a c t i v i t y ,  
separate Plans o f  Operation fo r  explorat ion (one o r  more wells), development, u t i l i z a t i o n  (p lan t  
construction), i n j e c t i o n  o f  spent f l u i d  and production may be submitted sequent ia l ly  or i n  com- 
bination, as the developer's data and commitments require. 

On federal lands, most of the environmental documents t o  f u l f l  I i the  requirements of the 
National Environmental Pol icy  Act (NEPA) and s ta te  o r  local environmental laws during the explo- 
r a t i o n  and development phases w i  I I be prepared by the federa I government. An except ion may be 
archaeological clearances for  roads, d r i l l  s i tes  or  other areas t o  be disturbed. These are gen- 
e r a l l y  done by an approved professional archaeologist a t  the  developer's expense. The developer 
may be asked t o  provide other environmental data and may need to  rev ise  and add detai I t o  Plans 
o f  Operation in  consul ta t ion w i th  the  USGS. 

Most una1 I-scale p ro jec ts  invo lv ing on-site uses (as i s  t y p i c a l  of d i r e c t  heat appl icat ions)  can 
. be handled by a negative dec larat ion (an analysis showing t h a t  net  environmental Impacts are 

adequately o f f s e t  by the  mi t iga t ing  measures proposed), Pub1 i c  hearings and publ ic  comnent are 
usual l y  on ly  necessary f o r  more comp I icated projects. Formal Environmental Impact Statement 
( E I S )  procedures may be necessary for large-scale operations, p a r t i c u l a r l y  those involv ing o f f -  
s i t e  fac i  I i t i e s  or  t ranspor tat ion of geothermal f lu ids  of f  federal lands. 

Pub l ic  Law 91-581, 91st Congress, S.368, Dec. 24, 1970, 
2 

3U,Sm Dept. o f  I n te r lo r ,  Geological Survey, Conservation Dlv,, Geothermal Resources Opera- 
t i o n a l  Orders, Issued under the Steam Act of 1970 (Menlo Park, CA, Jan. 19761, 30 pm 
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I f  extensive f a c l  I i t i e s  are t o  be constructed (centra l ized heat exchangers, d i s t r i b u t i o n  lines, 
etc,), environmental analyses w i l l  be required. These usual ly  are prepared by the federal  per- 
m i t t i n g  agency (BLM and/or USGS) a t  I i t t l e  or no expense t o  the permittee, They may, however, 
depend heavi ly on information provided by the lessee, so t ime for  preparatlon, d iscussion arid 
review o f  the documents shou Id  be a I located by the developer, 

Production of  the resource i s  carr ied ou t  under a Plan o f  Production approved by the USGS and 
BLM o r  USFS. Before the  plan of production can be approved, federal regulat ions (30 CFR 273.34 
(k)) requ i re  the  appl i can t  t o  acquire environmental basel ine data descr ib ing ex i s t i ng  envlron- 
mental parameters (a i r ,  water, noise, c?tc.), covering a per iod o f  one year, However, the Area 
Geothermal Supervisor may waive the basel ine data requirement f o r  dlrect-use appl i ca t l ons  and 
issue a negat ive declarat ion i f  the p r o j e c t  w i l l  have minimal environmental impact, Th is  waiver 
Is done on a case-by-case basis, so t he  applicant/developer should consul t  ~ i t h  the USGS Area 
Geothermal Supervisor a t  the e a r l i e s t  poss ib le  t lme t o  determine whether a year of environmental 
baset Ine data c o l l e c t i o n  w i  I I be required, Cot l e c t f o n  of environmental basel ine information 
requires careful  plannlng and timing, and i s  done a t  the appl icant 's  expense. The in tens i t y  of 
t h e  observations required i s  scaled t o  the scope and nature of the operations; but  t o  avoid 
unnecessary delays and frustrat ions,  plans t o  f u l f i  II t h i s  requirement should be developed in 
c o n s u ~ t a t i o n  w i t h  the  USGS Area Geothermal Supervisor as soon as possible, 4 

A permit t o  construct  small-scale d i r e c t  use f a c i l i t i e s  (one producing wel l  and i t s  attachments) ' 

can be issued by the USGS Area Geothermal Supervisor, Larger f a c i l i t i e s  w i l l  be flcensed by the 
BLM, wi th  technical  advice from USGS. Many d i r e c t  users o f  geothermal energy w i  I I no t  requi re  
centra l ized f a c i l i t i e s ,  but  those who do should pian s u f f i c i e n t  lead t ime t o  obtain the  neces- 
sary permits and complete environmental documents, On federal lands, on l y  one basic permit  i s  
required fo r  fac i  I i t y  s i t l ng ,  but  any of f - lease fac i  I i t f e s  involve separate land-acquis~t ion and 
permi t t ing processes. 

D i s t r i b u t i o n  and use o f  the resource 

The previous sect ion examined the geothermal exp l o r a t  ion and development processes. One of the 
f fna I steps i n  the geotherrna I energy development process is t o  provide f o r  u t i  I i z a t i o n  of the 
resource, e i t h e r  a t  t he  welt s i t e  or of f -s i te .  

P r i v a t e  lands, To t ranspor t  t he  geothermal f l u i d  produced, the developer may face addi- 
t i o n a l  pe rm l t t i ng  requirements and problems associated w i th  zoning compliance and right-of-way 
acquis i t ion,  Two scenarios are presented here, w i th  suggestions fo r  resolv  Ing po ten t i a l  prob- 
lems. Scenario 1: A landowner owns property over ly ing a geothermal resource capable of provid- 
ing h i s  house on t h a t  property wi th  space heatlng/cool ing and/or hot-water heating, Scenario 2: 
A mun i c l p a l  i t y  or p r i v a t e  investor wishes t o  u t i  I i z e  a nearby geothermal resource fo r  a c i t y -  
w ide d i s t r  i c t  heating and coo I i ng and hot-water heat ing system. 

I n  the f i r s t  scenario, i f  the t ranspor tat ion system between the well  and the house i s  to  be 
located on the  Same parcel o f  property, legal problems w i l l  a r i se  p r imar i l y  in  the context  o f  
zoning compliance and condit ional-use permitt ing, Regulat ions and ordinances o f  local  govern- 
ments, t y p i c a l l y  c i t i e s  or  counties, w i l l  mandate permissible land uses and condi t ions under 
which an exception t o  accepted uses w i l l  be allowed. In  t h i s  way, the loca l  e n t i t y  c a r r i e s  out 
I t s  responsfbi I i t y  of protect ing the pub1 i c  from po ten t i a l  f'nuisances*@ created by ind iv idual  
c I ti zens. 

Once the geothermai system i s  enlarged t o  supply c i ty-wide needs (Scenario 21, it becomes neces- 
sary to provide an extensive pipel  ine=dis t r  i but ion system wh Ich w i  I I cross over o r  run along 

4See U,S, Dept, o f  I n te r i o r ,  The Geothermal Environmental Advisory Panel, Guide1 ines for 
Acqu 1 r i ng Env ronmenta I Base I 1 ne Data on Federa 1 Geotherma 1 Leases (Men I o Park, CAD Jan. 1977 1 , 
26 po 
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many parcels o f  property, some of which may not  be owned by the municipal i ty. Therefore, before 
const ruct ing the  p ipe l ine  d i s t r i b u t i o n  system, t h e  user must se lec t  an appropriate right-of-way. 
Selection of the right-of-way w i  I1 depend upon t h e  abi I i t y  o f  the user t o  secure the r i g h t  to  

enter  and use proper t ies which he does not own. I f  the property is p r i v a t e l y  owned, the  devel- 
oper may make an o u t r i g h t  purchase of each s t r i p  of land the p ipe l ine  w i l l  cross. However, pur- 
chasing a por t ion  of  each needed parcel is normally too c o s t l y  f o r  p r i v a t e  or publ ic  investors. 
Nevertheless, f o r  the pubI.ic user (e.g., a municipal i t y ) ,  purchase may be possible through the 
power of eminent domain. This s t a t u t o r i  l y  authorized power permits the  pub1 IC entity/user t o  
take p r i v a t e  property fo r  a publ ic  purpose or use ( i n  Scenario 2, the municipal d is t r ibut . ion 
system). Just compensation, t y p i c a l  l y  the market value of the  land f a i r l y  determined, I s  paid 
t o  the p r i v a t e  property Owner whose land i s  taken under eminent-domain authority. 

Often a more feas ib le  a l t e r n a t i v e  for both p r i v a t e  and pub l ic  users i s  t o  obtain an easement, 
t h e  l imi ted r i g h t  to= each parcel crossed, from the owner of  the surface estate. D i f f e r e n t  
terms may be used t o  express t h i s  r i g h t ,  e.g., right-of-way permit, encroachment permit or 
right-of-way easement. I f  a user wishes t o  use an already-established right-of-way, such as one 
along the  s ide of a pub1 i c  road, he must general l y  obtain a permit from the  appropriate govern- 
mental agency. This permit w i l l  not  allow the user t o  i n t e r f e r e ' w i t h  those e x i s t i n g  uses prop- 
e r l y  being exercised by others. Should the user decide t h a t  h i s  p ipe l ine  must occupy a s p e c i f i c  
area already being u t i  I ized by another, it may be possible t o  re locate the other par ty 's  system 
w i t h i n  the Same right-of-way. I n  these instances, the user w i l l  t y p i c a l l y  bear the  cost o f  
re locat ion.  F ina l  ly, where the establ ished right-of-way i s  owned by p r i v a t e  in te res t  (a good 
example being property awned by a r a i  lroad f o r  i t s  r a l  I network), the user shou I d  obtain i t s  
express permission. 

Federal lands. Rights t o  t ransmi t  power, f l u i d s  or  other materials from a federal lease 
across other federal lands are permitted or l icensed by the BLM under prov is ions of  i t s  IIOrganic 
Actt1 (Federal Land Po l icy  and Management Act 1976). On BLM lands, no addi t ional  federal approv- 
a l s  are requi red once the BLM environmental documents are completed. On USFS lands, permits are 
i ssued by the USFS a f t e r  comp I e t  ion o f  i t s  reg iona I p I ann i ng and s i  te-spec i f i c  env ironmenta I 
documents. On Department o f  Defense (DOD) lands, permits for transmission of geothermal f lu lds  
a r e  issued by the  USGS Area Geothermal Supervisor, w i th  DOD concurrence. 

Disposal of f l u i d s  

Requirements f o r  disposal o f  f l u l d s  vary widely depending on p r i o r  h is to ry  of  the area, f l u i d  
temperature and chemical composition. For examp le, i n  cases where e f f l u e n t  from an e x i s t i n g  
spr ing I s  merely d iver ted and the spring e f f l u e n t  i s  o f  high qual i ty ,  r e t u r n  t o  the  r i p a r i a n  
system may be required by water laws. I n  other cases where geothermal f l u i d s  are of poorer 
qua l i t y ,  subsurface i n j e c t i o n  may be necessary t o  avoid contamination of  surface water. 

Relat ionship w i t h  e x i s t i n g  u t i l i t y  systems 

For most d i r e c t  geothermal appl icat ions, the need o f  the user fo r  both e l e c t r i c a l  and natural- 
gas service is reduced but not completely eliminated. Residential/commercial heating or cool ing 
app l ica t ions  t y p i c a l  l y  reduce e l e c t r i c a l  consumption, whi l e  industr ial-process appl i ca t ions  o f  
geothermal energy reduce natural gas o r  fue l -o i l  demand. Therefore, some backup system or 
standby serv ice is needed. 

The user of geothermal energy should fami I i a r i z e  himself w i th  the  s tatutes and regulat ions gov- 
ern ing a p a r t i c u l a r  type of  u t i  I i t y  service. Statutes deal ing w i t h  e l e c t r i c  u t i  I i t i e s  typ ica l  l y  
requ i re  them t o  provide service, Inc lud ing standby service, t o  those customers w i t h i n  the u t i l -  
i t y ' s  serv ice area. However, the  costs and condi t ions f o r  such service may d i f f e r  among various 
classes o f  customers; Outside the u t i l i t y ' s  serv ice area, standby service f o r  a p a r t i c u l a r  user 
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may not  always be avai table, e.g., where such service would requ i re  the u t i  I i t y  t o  enlarge i t s  
generating f a c i l i t i e s .  

A d i f f e r e n t  s i t u a t i o n  p o t e n t i a l l y  e x i s t s  wi th  respect t o  natura l  gas service. Shortages of  t h i s  
Conventional fuel Supply in  recent years have frequently caused e x i s t i n g  gas supplies t o  be 
a l loca ted  among users according to  a se t  of p r i o r i t i e s  establ ished by the government. For exah- 
ple, r e s i d e n t i a l  and commercial uses are accorded h igh-pr io r i t y  status. Suppl ies in these end- 
use categories are cur ta i led  only a f t e r  those uses having lower p r i o r i t y  r i g h t s  t o  supplies are 
cur ta i led.  

I n  examining the  avai lab le options fo r  standby service, the user should determine the cost of 
such service. For e l e c t r i c a l  o r  natura l  gas standby service, the  cost or r a t e  charged to  the 
customer w i I I vary, depend i ng upon the regu la to ry  framework w i th  I n  which the u t  i I I t y  operates. 
The fo l lowing example may be useful:  one natural gas company d iv ides i t s  ra tes or charges t o  
customers i n t o  two components--a demand charge and a commodity charge. The commodity i n  the 
user's b i  I I p r  imari l y  r e f l e c t s  the  actua I amount of gas consumed. The demand charge represents 
t h e  annual cos t  of p ipe l  Ine and re la ted  fac i  I i t i e s ,  including the storage requirements f o r  
na tura l  gas held in  reserve f o r  standby needs. Whi l e  the  proposed use of  the geothermal system 
should reduce natural-gas consumption and, therefore, the  commodity charge, it may not great ly  
a f f e c t  the f i xed  demand charge. The u t i l i t y  would l i k e l y  wish t o  continue recovering these 
f I xed: costs through h i  gher rates charged t o  stand by users. 

I n summary, the  user shou Id  recognize t h a t  he w i  I I I i kely  requ i re  some standby service where 
geothermal energy i s  used d i rec t l y .  I n  the ear l y  stages of planning f o r  d i r e c t  u t i  I izat ion, the 
user should secure assurances of new or  continued standby serv ice and learn of  any d i f ferences 
i n  costs for  t h i s  service. Where the user desires natura l  gas or  e l e c t r i c a l  backup service, the 
appropriate local u t i l i t y  should be able t o  provide him w i t h  information on the above and t o  
answer any other  questions raised by the  need for supplemental energy. 

ENV I RONMENTAL ISSUES 

The development of  direct-heat app I i c a t  ions of geotherma I energy share many of  the same poten- 
t i a l  environmental problems as e l e c t r i c i t y  appl icat ions, although they are l i k e l y  t o  be f a r  less 
serious. Careful planning t o  avoid environmental problems, coupled w i th  appropriate mi t iga t ion  
measures for  the  problems which cannot be avoided, can br ing impacts t o  acceptable levels, a t  
costs  well 'below those required f o r  e l e c t r i c i t y  appl icat ions. Environmental issues t o  be con- 
sidered In p r o j e c t  planning and implementation include: 

1. Land use. Any geothermal project, by v i r t u e  of the fac t  t h a t  the  land use Is changed, may 
be in c o n f l i c t  wi th  previous uses of  the land for  recreation, agr icu l ture,  housing, etc. 
However, the  conf I l c t s  are usual l y  f a r  less serious for  direct-heat appl icat ions than fo r  
e l e c t r i c i t y  production and may be minimized by careful s i t i n g  in  non-confl ict areas. 

Fish, w i l d l i f e ,  and natura l  vegetation; endangered species o f  p lan ts  and animals. Whenever 
natura l  areas are disturbed or  changed t o  accommodate another use, natural habi ta ts  for 
w i l d l i f e  and plants are e i t h e r  destroyed or  altered. This  k ind of  Impact cannot be pre- 
vented, but  wi th  carefu l  p ro jec t  planning, d l rect -heat  f a c i l i t i e s  (wel ls ,  d i s t r i b u t i o n  sys- 
tems, access roads and end-use fac i  I i t l e s )  may be s i t e d  t o  avoid unusual or  unique habi ta ts  
and c r i t i c a l  habi ta ts  f o r  endangered species. Negative impacts to f i s h  and other aquatic 
organisms can be avoided by simply preventing geothermal discharges to  aquatic bodies or by 
maintaining those discharges below harmful levels. 

2. 

To obtain information and planning assistance regarding po ten t ia l  problems with f ish, wild- 
l i f e  and natura l  vegetation, contact  the appropriate s ta te  or  federal agency In the pro jec t  
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area, e.g., loca l  U.S. Fish and W i l d l i f e  Service o f f i c e  or equivalent s t a t e  of f ice.  

3.  

4.  

5. 

6 .  

7. 

A i r  qual i ty .  Natural geothermal f l u i d s  t y p i c a l l y  contain various noncondensable gases 
(e.g., hydrogen su l f ide)  and other  components (e.g., mercury, arsenic, boron) that .  have 
presented rather  serious environmental problems for geothermal e l e c t r i c i t y  production; how- 
ever, these problems can be v i r t u a l l y  el iminated for direct-heat appl icat ions by simply 
us ing closed-loop systems t h a t  prevent gaseous emissions. O f  course, c e r t a i n  emissions are 
inev i tab le  during we1 I d r i  I l i n g  and flow testing, but  such a c t i v i t i e s  are of short duration 
and usually do not  r e s u l t  i n  serious long-term environmental degradation. 

Water qual i t y .  One of the most serious water-qual I t y  concerns i s  t h a t  geothermal f l u i d s  
released t o  natura l  aquatlc bodies w i l l  degrade water q u a l i t y  and r e s u l t  in  negative 
impacts t o  f i s h  and other aquatic organisms. The disposal of t o x i c  f l u i d s  Is  c losely  regu- 
la ted  in  most states, w i th  no discharges permitted. Direct-heat pro jects  should be 
designed to avoid or mlnlmlze equipment fa1 l u r e  r e s u l t i n g  in accidental releases of  f l u i d s  
t o  aquatic bodies. I n  areas where the  geothermal f l u i d s  are potable or of i r r i g a t i o n  qual- 
l t y ,  It may be possible t o  obta in  permits f o r  surface discharge or cascaded uses of the 
geothermal f l u i d  (e.g., i r r i g a t i o n )  a f t e r  some of the heat 'is extracted. 

Hot springs. One of the most serious concerns associated w i t h  the withdrawal of geothermal 
f l u i d  i s  i t s  poss ib le  a f f e c t  on hot  spring a c t i v i t y .  Geologic and hydrologic data are 
o f t e n  I n s u f f i c i e n t  t o  p red ic t  po ten t ia l  impact. As a resul t ,  the  d r i l l i n g  of  geothermal 
we l ls  and the u t i l i z a t i o n  of geothermal f l u i d s  in  areas adjacent t o  hot  springs i s  usually 
cont rovers ia l  and may be proh-ibited w i t h i n  a cer ta in  radius. The C a l i f o r n i a  State Leglsla- 
t u r e  has already considered, but  not  ye t  passed, such a l e g i s l a t l v e  .proposal . 
I n  states where geothermal a c t i v i t i e s  are regulated under water-r ights laws, addi t ional  
problems may be encountered w i t h  regard t o  obta in ing r i g h t s  to the  geothermal resource (see 
elsewhere In t h i s  chapter f o r  more discussion on water r igh ts ) .  

Geology. Normal s i t e  and s o i l - s t a b l l l t y  studies should be completed p r i o r  t o  any substan- 
t i a l  explorat ion a c t i v i t y  t o  avoid or mlnlmize such geologic hazards as lands1 ides, 1.ique- 
f a c t i o n  and earthquakes. I n  par t i cu la r ,  two geological hazards are usually mentioned In  
associat ion w i th  geothermal development--subsidence and Induced seismicity. 

(a) 

( b )  

Subsldence. Subsidence may be a problem in any area i f  net  f l u i d  withdrawals exceed 
natura l  recharge or in ject ion.  The. actual incidence of subsidence depends on the 
nature of  the reservo i r  and the  surrounding geologlc formations-in fracture-permea- 
b i l i t y  reservoirs, subsidence should be negl ig lb le ,  whereas in  sedimentary reservoirs, 
subsidence could be a substant ia l  problem, I n  t h i s  l a t t e r  case, subsidence may be 
reduced through a well-planned program of in jec t ion  o f  the geothermal f lu ids .  
Moreover, such i n j e c t  ion a lso  conserves the geotherma I resource and extends the 
reservo i r 's  producing l i f e .  

Induced seismicity. Induced se ismic i ty  i s  general ly associated w i t h  deep high-pres- 
sure f l u i d  Inject ion. Since such i n j e c t i o n  I s  u n l i k e l y  t o  be associated w i t h  a c t i v i -  
t i e s  re la ted t o  the direct-heat u t i  I i z a t i o n  of geothermal resources, induced seisml- 
c i t y  i s  not  an important concern. 

Noise. Nolse is usual l y  a problem only during we1 I -d r i  I I Ing/ test ing a c t i v i t i e s  adjacent t o  
r e s i d e n t i a l  areas, recreat ional  areas and c r i t i c a l  breeding areas for cer ta in  w i l d l i f e  
(1-1/2 miles or approximately 1 km). Noise problems can be minimized by s i t i n g  geothermal 
f a c i l i t i e s  t o  avoid such areas and by applying well-known noise abatement s t ra teg ies t h a t  
can attenuate the major i ty  o f  sound w i t h i n  short distances of the source. 
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8. Socioeconomics. Even w i th  large-sca l e  .geothermal developments for  e lec t r  i c  power produc- 
t ion,  negative socioeconomic impacts have been qui te  small. Therefore, negative socio- 
economic impacts from even large-scale direct-heat appl i ca t l ons  are l i k e l y  to be smal I or 
negl Ig ib le.  

9. A r c h a ~ l o g ; c a l / c u ~ t u r a ~  resources. Archaeological resources may be disturbed during geo- 
thermal development activities. The simplest way to avoid such disturbances i s  t o  conduct 
thorough archaelogical surveys of prospect ive development areas and to locate fac i  i I t i e s  In 
non-problem areas. Hot-spring areas, especial ly,  were of ten favored Indian o r  ploneer 
s i t e s  .of occupation--another reason t o  avoid areas immediately adjacent t0 hot springs fo r  
geot herma I deve I opmen t. 

PUBLIC ASSISTANCE AND INFOR~TION 

G o v e r n m ~  t 

Sta te  and federal government agencies responsible fo r  a l t e r n a t i v e  energy promotion, development 
and regulat ion a re  good sources o f  information regardlng technical ,  legal and i n s t j t u t i o n a l  
aspects of  geothermal u t i  I i za t i on  as we1 I as sources of f i nanc ia l  support. S ta f f  are usua I l y  
anxious t o  share Information and t o  recommend procedures fo r  t h e  development of  d i rect-heat geo- 
thermal projects. F i r s t  contacts should be made w i th  the s t a t e  energy o f f i c e  ( i f  one ex is ts)  
and the U. So Department of Energy. The Department of  Energy adml n i s t e r s  geotherma I programs 
from i t s  headquarters i n  Washington, DOC. and through f i e l d  o f f i c e s  such as the San Francisco, 
Nevada, and Idaho Operations o f f  ices, and the off ices of t he  regional representatives. Most 
f edera I d i rect-heat geotherma I programs are admi n i stered from e i the r  the San Francisco or 1 dah0 
Operations offices. Federal laborator ies,  especia l ly  Lawrence Berkeley, J e t  Propulsion, Bat- 
t e l l e  and the Idaho Natfonal Engineerfng laborator ies,  can a l so  be of  use when the developer has 
questions regarding legal, i n s t i t u t i o n a l  and environmental aspects of  direct-heat u t i  I izat lon.  
Univers i t ies,  Energy Extension Service and Agr i cu f tu ra l  Extension Service o f f  ices may be help- 
fu l ,  as well as local  Chambers of Commerce and local  Economic Development Departments. The U.S. 
Economic Development Administration, Housing and Urban Development Agency, Farmers Home Adminis- 
t ra t i on ,  ~ommun~ty  Services Administrat ion and Geological Survey a1 I have programs t h a t  may be 
useful  t o  geothermal developers, from technical  assistance, grants, loans and resource assess- 
ment t o  r e f e r r a l s  fo r  permit assistance. 

Publ IC 

Two organ~zat ions are especla l ly  a c t l v e  In  pub l i c  assistance programs=~Oregon I n s t i t u t e  of Tech- 
nologyts Geo-Heat U t i l i z a t i o n  Center and the Geothermal Resources Council. The Geo-Heat U t i l l -  
za t i on  Center Is attached t o  the Oregon I n s t i t u t e  of  Technology i n  Klamath Fal ls ,  Oregon. The 
s t a f f  a t  the Geo-Heat Center have valuable "hands onf1 experience In direct-heat projects, from 
planning, pe rm i t t i ng  and construct ion t o  economics and evaluation. 

The Geothermal Resources Councll (GRC) i s  a non-prof i t  organizat ion dedlcated t o  the dissemina- 
t i o n  of  geothermal information and support of educational symposia, techn Ica l  t r a i n i n g  courses, 
sho r t  courses and an annual meeting. The GRC publishes a directory,  special repor ts  and a 
monthly bu l te t in .  S ta f f  a t  the Council headquarters in  Davis, Cal I fornfa,  are always w i l l f n g  t o  
r e f e r  telephone inqui r ies t o  the appropriate en t i t y .  Refer t o  Appendix C fo r  names, addresses 
and phone numbers of  key direct-heat contacts f o r  legal, I n s t i t u t i o n a l  and environmental mat- 
ters. 

The National Conference of State Legis la tures I n  Denver has pub1 fshed several fnformatlve docu- 
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ments including Sta te  P o l i c i e s  fo r  Geothermal Development, Issues i n  Geothermal Leg is la t ion  and 
Sta te  P o l i c i e s  f o r  Geoheating, These repor ts  provide excel lent  summaries of  issues and problems 
and make suggestions f o r  f a c i l i t a t i n g  increased levels  o f  dlrect-heat usage. 

The American Bar Associat ion's Geothermal Subcommittee (a subcommittee of the Natural Resources 
Committee) may a lso  be a useful organization t o  contact. 

F ina l l y ,  p r i v a t e  consultants can provide valuable assistance, ranging from i d e n t i f i c a t i o n  of 
I n s t i t u t i o n a l  processes and preparation o f  environmental impact repor ts  t o  engineer Ing and eco- 
nomic feasibi I i t y  studies. Consult the GRC Regis t ry  or inqu i re  w i th in  the Ifgeothermal commu- 
n i t y "  f o r  consultants recommended fo r  the p a r t i c u l a r  need a t  hand. 
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APPENDIX A 
( f tom. Sacarto, 1979 1 

Sta te  Laws and Regu I a t  i ons Regard i ng Geotherma I Resources 

ALASKA 
Statutes:  Geothermal Resources Act (1971) AK.Stat. 38.05.181 
Leasing: Div. o f  Lands - Regulations & Statutes Per ta in ing t o  Coal and Other Leasable 

D r i l  I ing: Div. o f  O i l  8 Gas - 1 1  A.A.C. 94.730... (1974) 
Minerals (1974) - 1 1  A.A.C. 84.700... 

AR I ZONA 
Statutes:  Geothermal Resources (1972); amend. HB 2257 (1977) A.R.S. 27-651... 
Leasing: Land Dept. - Geothermal Resources ( 1972) T.12C.5.A.22 (under rev is ion)  
D r i l l i n g :  O i l  8 Gas Conservation Comm. - General Rules B Regulations Governing the 

Conservation of Geothermal Resources (1972) T.27C.4.A.4 

CALI FCRN I A  
Statutes:  Leasing - Geothermal Resources Act (1967) Pub. Res. Code 6902... 

Production - Laws fo r  the Conservation of Geothermal Resources ( 1967, as amend.) 

S i ti ng - Energy Resources Development; Conservation Act ( 1974 1 Pub. Res. Code 

Leasing: State Lands Comm. - Leases 8 Prospecting Permits f o r  Geothermal Resources 

D r i l l i n g :  Div. of O i l  8 Gas -Statewide Geothermal Regulat ions (1976) C.A.C. 1900... 
S i t i n g :  

Pub’. Res. Code 3700... 

25000 0 0 0 

( 1970) C0A.C. 2250. 

Energy Comm. - Provisions Applicable t o  Geothermal Notices d Applications (1978) 
DRAFT 

COLORADO 
Statutes:  Geothermal Resources Act (1974) C.R.S. 34-70-101... 
Leasing: Board of Land Commissioner - Special Rules 8 Regulations Relat ing t o  Geothermal 

Resources Leases (1972) SLB #248-1 
D r i  I I Ing: O i  I 8 Gas Gonservation Comm. - Rules 8 Regulations f o r  the Development 8 

Production of Geothermal Resources (1976) GlOl... 

HAWAI I 
Statutes:  Government Mineral Rights (1974); amend. HB 3033 (1978) H.R.S. 182.1... 
Leasing: 

D r i l  I ing: 

Dept. o f  Land d Natural Resources - Regulat ions on Leasing 8 D r l l l l n g  Geothermal 

Reg. No. 8 
Resources (1978) Reg. No. 8 

I DAH0 
Statutes:  Leasing - Geothermal Resources Leasing Act (1975) I D  Code 47-1601... 

Production - Gedthermal Resources Act ( 1974, as amend. 1 I D  Code .42-40010. . 
Leasing: Board of Land Cornmissioner - Rules 8 Regulat ions Governing the Issuance of 

D r i l l i n g :  Water Resource Board - D r i l l i n g  f o r  Geothermal Resources (1978)  
Geothermal Resources leases (1974; under rev is ion)  
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LOU I S I ANA 
Statutes: Geothermal Energy Resources (1976) L.R.S. 30:800...; Geothermal A Geopressure 

Leasing: Mineral Board - none ( o i l  8 gas model l i k e l y )  
D r i l l i n g :  

Energy Research A Development Act  (1975) L,R.S, 30:681 

O f f i c e  o f  Conservation - Statewide Order 29-P (1978) 

MARY LAND 
Statutes: Geotherma I Resources Act (1  978) A,C,M, 8-8A-01 . . . 
Leasing: N o t  avai table 
D r i l l i n g :  Not avai lab le 

MONTANA 
Statutes: Leasing - Lease of Geothermal Resources (1974) R.C.M. 81-2601... 

S i t i n g  - Major F a c i l i t i e s  S i t i n g  Act (1975, as amend) R.C.M. 70-801.., 
F I 1 ng bottom-hol e temperatures - Act to Fac i I i t a t e  the Discovery o f  Geothermal 

Dept. of State Lands - Geothermal Rules A Regulations (1975) M.A.C. 26-2.6(2) 
Energy Sources 11975) R,C,M, 60-127, 144,148 

Leasing: - D r i l l i n g :  Dept. of Natural Resources A Conservation - Geothermal Invest igat ion Reports 
(1975) M.A.C. 36-2.8(14) 

NEVADA 
Statutes: 

Leaslng: 
D r i  I I Ing: 

Leasing - An Act Relat ing t o  State Lands (1975) N.R.S. 322.030;., 
Production - An Act Relat ing t o  Geothermal Resources (1975) N.R.S. 534A.010... 
Div. o f  Lands - pending 
Div. of  Water Resources - Regu ta t ions Per ta in ing t o  Explorat ion D r i  I I ing (1978) 

NEW MEXICO 
Statutes: Geothermal Resources Act (1967) N.M.S.A. 7-15-1... 

Leaslng: 

D r i l l i n g :  

Geothermal Resources Conservation Act (1975; Chap. 272) 
State Land Of f i ce  - Rules A Regulations Relat ing t o  Geothermal Resources Leases 

O i l  Conservation Div. - Rules A Regulations fo r  Geothermal Resources (1974) 
(1971 1 

OREGON 
Statutes: Geothermal Resources (1975) O.R.S, 522.005,,. 

Leaslng: 
D r i l l i n g :  Dept. o f  Geology A Mineral Indust r ies - Rules, Regulations A Laws Relat ing t o  

Geothermal Heating D l s t r i c t s  (1975) O.R.S. 523.010... 
Div. of  State Lands - Geothermal Lease Regulat ions (1975) 75-010.,. 

Explorat ion A Development of Geothermal Resources (1977) 632-20-005... 

TEXAS 
Statutes: Geothermal Resources Act (1975) V.A.C.S. Art .5421~ 
Leasing: Rai l road Comm./Div. o f  O i l  & Gas - none ( o i l  A gas model l i k e l y )  
D r i l l i n g :  Ral l road Com,/Div. o f  Oil A Gas - Rules Havfng General Appl icat fon t o  Oil, Gas 

School Land Board - Rules A Regulations Governing D r ~ l ~ i n g  & Producing- on 
A Geothermal Resource Operation (1976) 051.02.02.000 

Permanent Free School Lands ( 1  974; genera I 1 

UTAH 
Statutes: Water & I r r f g a t i o n  Laws (1973) U.C.A. 73-1-120 
Leasing: Dive o f  Lands - Rules A Regulations Governing Issuance of Mineral Leases (1973); 

D r l f f i n g :  Oiv. o f  Water Rights  - Rules A Regulations for Wells Used for  t he  Discovery 8 
Geotherma I Steam Lease Agreement ( 1973) 

Production of Geothermal Energy (1978) 
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WASH I NGTON 
Statutes:  Geothermal Resources Act (1974) T.79 R.C.W. 
Leasing: Dept. o f  Natural Resources - Geothermal Leasing Pol icy  (1978) DRAFT 
D r i l l i n g :  Dept. o f  Natural Resources - none 

WYOM I NG 
Statutes:  
Leasing: Board of Land Commissioner - Rules 8 Regulations Governing the Issuance of 

D r i l l i n g :  O i l  & Gas Conservation Comm, - Rules 8 Regulations (1975; general) 

Underground Water (1973) WY Stat .  41-121 

Geothermal Res0urc.e Permits & Leases (1975) 
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A pp lic ant ( s Address (include z ip  code) 

Operat or Address (include zip code) 

Contract or (s ) Address (include z ip  code) 

hereby apply for authorization to conduct exploration operations pursuant to  the provisions of 43 CFR 3209 now or hereafter in 
force across  and upon the following-described lands (give description of lands by township, attach map or maps showing lands to 
be entered or affected) 

Type of operations to be conducted (give brief description) 

Exploration operations will be conducted during the period (date) from to 

Attached ;$ Surety bond 0 Rider to Nationwide bond 3 Rider to Statewide bond 0 Bond to  be furnished 

Upon completion of exploration operations the undersigned agrees to notify the Authorized Officer that authorized exploration 
operations have been completed in conformance with the general and spec ia l  terms and stipulations of the notice. 

The undersigned hereby agrees (1) that he will not enter upon the described land until he  has been informed in  writing whether 
there are special  stipulations applicable to h is  Notice of Intent, a s  to either time or method of operation or otherwise, and, i f  
there are such stipulations, what those stipulations are, (2) that he  will comply with those special stipulations, i f  any; and (3) 
that he will not enter upon the described lands until his entry has been approved by the Authorized Officer. 

The undersigned agrees to be bound by the terms and conditions of this  notice to conduct exploration operations when approved by 
the Authorized Officer. 

The undersigned agrees that the filing of this Notice under 
the regulations (43 CFR Subpart 3209) does not vest  or confer 
any preference right to a geothermal  resources  l e a s e .  

The undersigned agrees further that a l l  exploration operations 
shall be conducted pursuant t o  the following terms and 
conditions : 

1. Exploration operations shal l  be conducted in compliance 
with a l l  Federal, State, and local laws, ordinances, or 
regulations which are applicable to  the area of operations 
including, but not limited to, those pertaining to fire, 
sanitation, conservation, water pollution, fish, and game. 
All operations hereunder shal l  be. conducted in a prudent 
manner. 

2. Due care shal l  be exercised in protecting the described 
lands from damage. All necessary precautions shall be 
taken to  avoid any damage other than normal wear and 
tear to improvements on the land including, but not 
limited to, gates, bridges, roads, culverts, cattle guards, 
fences, dams, dikes, vegetative cover, improvements, 
stock watering, and other facilities. 

3. All drill holes shall be capped when not in use and 
appropriate procedures shal l  be taken t o  protect against 

hazards in order to protect the lives, safety, or property 
of other persons or of wildlife and livestock. 

4. All vehicles shal l  be operated a t  a reasonable rate of 
speed and, in the operation of vehicles, due care shall 
be taken to  safequard livestock and wildlife in the vicin- 
ity of operations. Existing roads and trails shall be 
used wherever possible. If new roads and trails are to be 
constructed, the Authorized Officer must be consulted 
prior to  construction a s  to location and specifications. 
Reclamation and/or reseeding of new roads and trails 
shal l  be made a s  requested by the Authorized Officer. 

5 .  Upon expiration, conclusion, or abandonment of operations 
conducted pursuant to this Notice, a l l  equipment shall be 
removed from the land, and the land shal l  be restored a s  
nearly a s  practicable to i t s  original condition by such 
measures a s  the Authorized Officer may specify. All 
geophysical holes shall be safely plugged. The Au- 
thorized Officer shall be furnished a Notice of Com- 
pletion 01 Geothermal Resource Exploration Operations 
(Form 3200-3) immediately upon cessation of a l l  such 
operations and shall be further informed of the com- 
pletion of reclamation work as soon a s  possible. 

6 .  Location and depth of water sands  encountered shall be 
disclosed to the Authorized Officer. 

(Continued on reverse) Form 3200-9 (December 1973) 
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7. Operator shall contact the Authorized Officer. prior to 

8. 

9. 

10. 

11. 

12 * 

13, 

14. 

actual entry upon the land in order to be appraised of 
practices which shall  be followed or avoided in the 
conduct of exploration operations pursuant to the terms 
of this Nolice and applicable regulations. Operator will 
conduct no operations on the land unless the attached 
bond is in good standing. 

Due care shall  be exercised to avoid scarring or removal 
of ground vegetative cover. 

All operations shall  be conducted in such a manner to 
avoid (a) blockage of any drainage systems; (b) changing 
the character, or causing the pollution or siltation of 
rivers, streams, lakes,  ponds, waterholes, seeps, and 
marshes; and (c) damaging fish and wildlife resources or 
habitat. Cuts or fills causing any of the above-mentioned 
problems will be repaired immediately in accordance with 
specifications of the Authorized Officer. 

Vegetation shall  not be disturbed within 300 feet of 
waters designated by the Authorized Officer, except a t  
approved stream crossings. 

Surface damage which induces so i l  movement and/or 
water pollution sha l l  be subject to corrective action a s  
required by the Authorized Officer. 

Tra i l s  and campsites shall be  kept clean. All garbage 
and foreign debris shall  be eliminated as required by 
the  Authorized Officer. 

Operator shall protect all  survey monuments, witness 
corners, reference monuments, and bearing trees against 
destruction, obliteration, or damage. He shall, at  h i s  
expense reestablish damaged, destroyed, or obliterated 
monuments and corners, using a licensed surveyor, in 
accordance with Federal survey procedures. A record 
of the reestablishment sliall be submitted to  the Autho- 
rized Officer. 

Operator shall  make every reasonable effort t o  prevent, 
control, or suppress any fires started by the  operator, and 

22. Special Stipulations: 

to report, a s  soon a s  possible, to the Authorized Officer 
location and s i ze  of fires, and assistance needed to 
suppress such fires. Operator shall  inform the Autho- 
rized Officer a s  soon as possible of all  fires, regardless 
of location, noted, or suppressed by independent action. 

15. No work shall be done within one-half mile  of adeveloped 
recreation s i te  without specific written auth-ority from the 
Authorized Officer. Any travel within one-half mi l e  of a 
recreation site shall  be over existing roads or trails. 

16. Use of explosives within one-half mile  of designated 
waters is prohibited unless approved, in writing, by the 
Authorized Officer. 

17. If operations conducted under the provisions of this 
Notice causes any damage to the surface of the 
national resource lands, such as, but not limited to, so i l  
erosion, pollution of water, injury or destruction of l ive-  
stock or wildlife, or littering, operator shafl, within 48 
hours, file with the Authorized Officer a map showing 
exact location of such damage and a written report 
containing operator's plans for correcting or minimizing 
damage, i f  possible. 

18. Violation of, or failure t o  comply with any of these terms 
and conditions sha l l  result in immediate shutdown of 
field operations until deficiency is corrected. Failure to 
correct deficiency within the t ime period allowed by the 
Authorized Officer shall  result in forfeiture of bond. 

19. The Bureau of Land Management reserves the right to 
close any area to operators in periods of fire danger or 
when irreparable damage to natural resources is imminent. 

20. Contractor shall  b e  liable for assuring compliance with 
all terms and conditions of this Notice and allsactions 
of his designated operator, agents, and employees. 

21. Where continuation of the operation will result in irrep- 
arable damage to  the land and other natural resources 

"this Notice will be  immediately cancelled by the Autho- 
rized Officer. 

(Signature of Applicant) (Date) (Signature of Operator) (Date) 

We hereby agree to the spec ia l  stipulations added and made a part of this Notice to conduct exploration operations. 

(Signature of Holder of Notice) @ate) (Signature of Operator) (Date) 
+ .  

I hereby approve th i s  Notice to conduct exploration operations. 

(Date) - (Signature of Authorized Officer) (Tit 1 e) 
G P O  811 -a17 
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APPENDIX C 

Key direct-heat geothermal contacts f o r  legal, i n s t i t u t i o n a l  and environmental matters 

General Information 

David N. Anderson 
Executive D i rec tor  
Geothermal Resources Council 
P.O. Box 98 
Davis, CA 95616 

( 9 16 1 758-2360 

James V. Davey 
Lawrence Berkeley Laboratory 
One Cyc lo t ron  Road 
Berkeley, CA 94720 

(415) 843-2740, X-5524 

E r i c  Peterson 
U.S. .Department of Energy 
12th 8 Pennsylvania Avenues 
Washington, DC 20461 

(202) 633-8760 

Sharon Sel tars  
O f f i c e  o f  Regional Representative, Reg. I X  
U.S. Department o f  Energy 
1 1 1  Pine S t r e e t  
San Francisco, CA 941 1 1  

(415) 556-7130 

Mor r is  Ska I ka 
U.S. Department of Energy 
12th 8 Pennsy I van 1 a Avenues 
washington, DC 20461 

(202) 633-8755 

H i  la ry  Sul I Ivan 
Geothermal Energy D iv is ion  
U.S. Department of Energy 
1333 Broadway 
Oakland, CA 94612 

(415) 273-7943 

Syd W i  I la rd  
C a l l f o r n i a  Energy Commlsslon 
1 1  11  Howe Ave., MS-59 
Sacramento, CA 95825 

(916) 920-7315 

Genera I I nformat ion/ East Coast 

Wi l l iam J. Toth 
App I i ed Phys i c s  Laboratory 
Johns Hopkins Un ivers i ty  
Laurel, MD 20810 

(301 1 953-7100, X-3055 

General In format lon / lns t i tu t iona l  Aspects 

R. Gordon Bloomquist 
Department o f  Natura 1 Resources 
D iv is ion  of Geology, PL 21 
Olympia, .WA 98504 

(206) 254-1217 

Richard Gerson 
U.S. Department o f  Energy 
12th 8 Pennsylvania Avenues 
Washington, DC 20585 

(202 ) 633-8755 

Debra Ju stus 
Oregon Department of Energy 
Labor and Indust r ies Bldg., Room 1 1 1  
Salem, OR 97303 

( 503 1 378-2778 

David McClain 
Idaho O f f i c e  o f  Energy 
Statehouse 
Boise, ID 83720 

(208) 384-3800 

Tech n i ca I I n format I on 

Gene Culver, John Lund, Paul Lienau 
Geo-Heat U t i l i z a t i o n  Center 
Oregon I n s t i t u t e  o f  Technology 
Klamath Fa1 Is, OR 97601 

( 503 1 882-632 1 

Jay Kunze 
Energy Services I nc. 
350 N. 2nd E S t ree t  
Rexburg, I D  83440 

(208 1 356-920 I 

Robert Schultz, Manager 
Hydrothermal Energy Commercialization Div. 
E G 8.G Idaho, Inc. 
Idaho National Engineering Laboratory 
Idaho Fa1 Is, ID 83415 

(208 1 526-9887 


