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The Geothermal d i r e c t  use i n d u s t r y  p o t e n t i a l ,  
growth t rends ,  needs, and how they  are  be ing  met, 
a re  addressed. The h i g h  p o t e n t i a l  f o r  i n d u s t r y  
growth, coupled w i t h  a r a p i d l y  expanding use of 
geothermal energy f o r  d i r e c t  use, and concerns 
over  the  greenhouse e f f e c t  i s  t he  s e t t i n g  i n  
which a new eng ineer ing  and design guidebook i s  
be ing  issued t o  suppor t  the  growth o f  t he  
geothermal d i r e c t  use i n d u s t r y .  Recent 
i n v e s t i g a t i o n s  about t h e  c u r r e n t  . s ta tus  o f  t he  
i n d u s t r y  and the  i d e n t i f i c a t i o n  o f  t echn ica l  
needs o f  c u r r e n t  ope ra t i ng  d i s t r i c t  hea t ing  
systems p rov ide  the  bas i s  upon which t h i s  paper 
and the  guidebook i s  presented. The guidebook, 
prepared under the  auspices o f  t he  U.S. 
Department o f  Energy, a t tempts  t o  impar t  a 
comprehensive understanding o f  i n fo rma t ion  
impor tan t  t o  the  development o f  geothermal d i r e c t  
use p r o j e c t s .  The t e x t  i s  aimed toward the  
engineer o r  t echn ica l  person respons ib le  f o r  
p r o j e c t  des ign  and development. The p r a c t i c a l  
and techn ica l  na tu re  o f  t he  guidebook answers 
ques t ions  most commonly asked i n  a wide range o f  
t o p i c s  i n c l u d i n g  geology, exp lo ra t i on ,  e l l  
d r i l l i n g ,  r e s e r v o i r  eng ineer ing ,  mechan c a l  
eng ineer ing ,  c o s t  ana lys i s ,  regu la t i ons ,  and 
environmental  aspects. 

INTRODUCTION 

The use o f  low- and moderate- temperature, (10 t o  
150%) geothermal resources f o r  d i r e c t  use 
a p p l i c a t i o n s  has inc reased s i g n i f i c a n t l y  s ince  
the  l a t e  1970's. As a r e s u l t  o f  t h i s  growth, and 
recogn iz ing  t h e  need t o  document a v a i l a b l e  
s t a t e - o f - t h e - a r t  i n f o r m a t i o n  f o r  geothermal 
d i r e c t  use p r o j e c t  development, a guidebook was 
prepared and pub l i shed  i n  March, 1989 (Lienau, 
1989). The Oregon I n s t i t u t e  o f  Technology (OIT) 
and the  Idaho Na t iona l  Engineer ing Labora tory  
( INEL),  bo th  i nvo l ved  i n  d i r e c t  use research  and 
development s ince  the  mid 1970's. i n i t i a t e d  t h e  
c r e a t i o n  o f  t h e  Geothermal D i r e c t  Use Eng ineer ing  
and Design Guidebook (Guidebook). The U.S. 
Department o f  Energy prov ided funding, guidance 
and the  t e c h n i c a l  suppor t  o f  t h e  INEL t o  OIT t o  
prepare and p u b l i s h  the  Guidebook under g r a n t  
number DE-FG07-8710 12693. The INEL work was 
performed under t h e  auspices o f  t h e  U.S. 
OeDartment o f  Enerqy. DOE Cont rac t  No. 

D i r e c t  heat  use o f  geothermal energy i n  the  
Un i ted  Sta tes  i s  recognized as one o f  t he  
a l t e r n a t i v e  energy resources t h a t  has proven 
i t s e l f  t e c h n i c a l l y  and economical ly,  and i s  
commercial ly a v a i l a b l e .  Developments i n c l u d e  
space c o n d i t i o n i n g  o f  b u i l d i n g s ,  d i s t r i c t  
heat ing ,  groundwater heat  pumps, greenhouse 
heat ing ,  i n d u s t r i a l  processing, aquacu l tu re ,  and 
swimming pool  heat ing .  F o r t y - f o u r  s t a t e s  have 
exper ienced s i g n i f i c a n t  geothermal d i r e c t  use 
development i n  the  l a s t  t en  years .  The t o t a l  
i n s t a l l e d  capac i t y  i s  5.8 b i l l i o n  Btu /h  (1,700 
M W t ) ,  w i t h  an annual energy use o f  n e a r l y  
18.000 b i l l i o n  Bta /y  (4.5 m i l l i o n  b a r r e l s  o f  o i l  
energy equ iva len t ) .  These da ta  a re  based on an 
ex tens ive  s i t e  da ta  ga the r ing  e f f o r t  by the  
Geo-Heat Center i n  the  s p r i n g  o f  1988, under 
c o n t r a c t  t o  the  U.S. Department o f  Energy 
(Lienau, 1988). Based on the  1988 study, Table 1 
shows bes t  es t imates  o f  t he  years  t h a t  d i f f e r e n t  
types o f  geothermal d i r e c t  use p r o j e c t s  went on 
l i n e  f o r  t h e  1940 t o  1985 per iod ,  t h e i r  es t imated  
annual energy use, and the  a n t i c i p a t e d  1990 
quan t i  t i e s .  

These energy use values a re  g r a p h i c a l l y  d i sp layed  
i n  F igure  1, showing t h e  s i g n i f i c a n t  inc rease i n  
the  use o f  geothermal energy f o r  d i r e c t  use, 
e s p e c i a l l y  a f t e r  1970. H i s t o r i c a l l y ,  d i r e c t  uses 
o f  geothermal energy i n  the  Un i ted  Sta tes  were by 
smal l  r e s o r t s  and l i m i t e d  space and d i s t r i c t  
hea t ing  systems. The o i l  p r i c e  shocks o f  t he  
1970's r e v i v e d  i n t e r e s t  i n  the  use o f  geothermal 
resources as an a l t e r n a t i v e  energy source. 
Beginning i n  1977. t he  Un i ted  States Department 
o f  Energy i n i t i a t e d  numerous programs t h a t  caused 
s i g n i f i c a n t  growth i n  t h i s  i n d u s t r y .  These 
programs invo lved  techn ica l  ass is tance t o  
developers,  the  p repara t i on  o f  p r o j e c t  
f e a s i b i l i t y  s tud ies  f o r  p o t e n t i a l  users,  c o s t  
sha r ing  o f  demonstrat ion p r o j e c t s  (space and 
d i s t r i c t  heat ing ,  i n d u s t r i a l ,  a g r i c u l t u r a l ,  and 
aquacu l tu re) ,  resource  assessments, l oan  
guarantees, suppor t  o f  s t a t e  resource assessment 
and commerc ia l i za t ion  a c t i v i t i e s ,  and o thers .  
A lso  adding t o  the  growth were var ious  fede ra l  
and s t a t e  t a x  c r e d i t  programs (Lunis,  1988). 
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Table 1. GEOTHERMAL DIRECT USE PROJECTS ENERGY ON-LINE I N  109 BTU/Y 
AND APPROXIMATE NUMBER OF PROJECTS (each) 

Resorts Space D i s t .  Green Aqua- Indus t .  Heat T o t a l  
Year & Pools Heat ing  Heat ing  Houses c u l t u r e  Proc. Pumps EnerqyI 

1940 1019( 80) 15(100) 30( 1) -0- -0- -0- -0- 1064 

1950 1083( 85) 22(150) 30( 1) -0- -0- -0- ? 1135 

1960 1146( 90) 38(250) 68( 2) 39( 3) -0- -0- ? 1297 

1970 1400(110) 53(350) 68( 2) 85( 7) 202( 1) 408( 1) 109( 2000) 2352 

1975 1426(112) 508(600) 68( 2) 187(16) 376( 3) 1142( 2) 272( 3000) 3979 

1980 1452(114) 592(700) 183( 6) 324(28) 673( 8) 3104( 6) 545(10000) 6873 

1985 1452( 114) 677(800) 609(20) 381(33) 808( 15) 8322( 14) 1641(30000) 13890 

1990 1452( 114) 744(829) 700( 23) 852( 35) 970( 18) 8625( 16) 4357( 80000) 17700 

- 

18000 Table 2 g ives  the  d i s t r i b u t i o n  o f  use accord ing  
t o  a p p l i c a t i o n ,  which i nc ludes  t h e  l a r g e s t  s i n g l e  
a p p l i c a t i o n ,  t he  secondary o i l  recovery  

15000 - opera t i ons  i n  Montana, Nor th  Dakota, South Oakotz 
and Wyoming. 

F igu re  2 shows t he  p r o j e c t s  on l i n e ,  separa t i ng  a 
m - heat  pump i n s t a l l a t i o n s  from the  o t h e r  d i r e c t  use 

a p p l i c a t i o n s .  Most people t h i n k  o f  geothermal 9000 - 
.- - energy as a western s t a t e s  resource; however, * 6000 - - there  a re  s i g n i f i c a n t  numbers o f  p r o j e c t s  

deve lop ing  t h i s  resource  f o r  space c o n d i t i o n i n g  
and d i s t r i c t  hea t ing  where low temperature (7 t o  

3000 - -. 20°C) ground water  aqu i fe rs  e x i s t  i n  the  
c e n t r a l  and eas te rn  s t a t e s .  Ground water  and 
e a r t h  coupled ( v e r t i c a l  c o n f i g u r a t i o n )  hea t  pump 

0 systems depend upon the  average ground water  
temperature o f  t he  ground and 

aqu i fe rs  below va ry ing  depths a r e  c o n t r o l l e d  by 
FIGURE 1 t he  geothermal g r a d i e n t  and thus a r e  cons idered 

Geothermal d i r e c t  use energy o n - l i n e  from 1940 t o  geothermal-  The recen t  Phenomena of  heat  Pump 
1990 i n s t a l l a t i o n s  expects a growth r a t e  o f  about 50 

- 
,12000 - 
\ - 
0 - 

1 1 1 1 1 1 1 1 1  

The 1935 40 45 50  55 60 65 70  75 80 85 90 1995 temperature. 

Table 2 UNITED STATES GEOTHERMAL USE BY APPLICATION I N  1988 

Q u a n t i t y  Ca a c i t y  Annua Ener y 
A p p l i c a t i o n  (Each) (10 8 Btu/h 1109 Atulyr-7 

I n d u s t r i a  1 16 1,246 8,625 
Heat pumps 66,135 3,202 3,602 
Resor ts /  poo 1 s 114 234 1,452 
Aquacu l tu re  180 180 970 
Greenhouses 35 297 852 
%ace hea t inq  829 231 744 
O i  s t r i c t  hea t ing  23 283 700 

67,170 5,673 16,945 
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percent  pe r  yea r  through 1990, accord ing  t o  the  
heat  pump indus t r y .  Approximately 66,100 
groundwater heat  pump i n s t a l l a t i o n s  a re  p r e s e n t l y  
i n s t a l l e d .  

Resorts and pools 
Spoce heat in  
D i s t  r i c t  heo! i ng 
Greenhouses .+ 
Aquaculture 
Indus t r i a l  processes ,+ 

$j 

i t -  
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FIGURE 2 

Geothermal d i r e c t  use p r o j e c t s  on - l i ne  between 
1940 and 1990 

DIRECT USE POTENTIAL 

Stud ies  by the  U.S. Geo log ica l  Survey s t a t e  t h a t  
t h e  resource base f o r  geothermal energy i s  ve ry  
l a r g e  ( M u f f l e r ,  1978 and Reed, 1982). There a r e  
1,324 i d e n t i f i e d  hydrothermal and conduct ion  
dominated gepthermal systems. The es t imated 
we l lhead energy f o r  low-to-moderate-temperature 
(<90 t o  150oC) resources, assuming a recovery  
f a c t o r  o f  0.25, i s  249.5 q u a d r i l l i o n  B tu  (quads). 
(The t o t a l  annual energy consumption of t h e  
Un i ted  Sta tes  i s  -80 quads.) The es t imates  
i n c l u d e  resource  temperatures < l O ° C  above t h e  
mean annual a i r  temperature a t  t h e  surface and, 
t h e r e f o r e  exc lude an enormous amount o f  sha l low 
groundwater i n  t h e  Un i ted  States.  I n d u s t r y  
recognizes t h a t  such sha l low waters may be usefu l  
as a source o f  energy f o r  heat  pumps. 

GLOBAL WARMING MITIGATION 

Numerous b i l l s  have been and a r e  be ing  i n t roduced  
i n t o  t h e  congress because o f  concerns over  g loba l  
warming due t o  the  use o f  ch lo ro f l uo roca rbons  and 
the  genera t ion  o f  carbon d i o x i d e  and o t h e r  
gases. Emphasized w i t h i n  these b i l l s  a re  
conserva t ion  and the  use o f  renewable energies.  
Geothermal energy, because o f  i t s  env i ronmen ta l l y  
benign nature,  i s  an i d e a l  source whose use w i l l  
he lp  m i t i g a t e  t h e  causes o f  p o t e n t i a l  g loba l  
warming. As knowledge and concern inc reases  
about the  e f f e c t s  o f  g loba l  warming, t h e  need, 
and des i re ,  t o  use geothermal energy f o r  d i r e c t  
uses (and power p r o d u c t i o n )  i s  expected t o  
inc rease s i  gn i  f i c a n t l  y . 

GUIDEBOOK CONTENTS 

It i s  i n  t h i s  s e t t i n g  o f  i nc reas ing  use o f  
geothermal energy f o r  d i r e c t  a p p l i c a t i o n s ,  a 
s i g n i f i c a n t  i d e n t i f i e d  resource  base, and 
concerns about g loba l  warming, t h a t  a Geothermal 
D i r e c t  Use Eng ineer ing  and Design Guidebook i s  
issued. 

D i r e c t  U t i l i z a t i o n  o f  Geothermal Energy: A 
Technical  Handbook (Anderson, 1979) was pub l i shed  
severa l  years  ago t o  h e l p  meet t h e  i n d u s t r y ' s  
needs. Since t h a t  t ime, a g r e a t  deal  o f  
i n f o r m a t i o n  has been gained from t h e  development 
and opera t i on  o f  many p r o j e c t s .  That exper ience 
i s  i nco rpo ra ted  i n  t h e  Guidebook t o  p rov ide  
cu r ren t ,  s t a t e - o f - t h e - a r t  t e c h n i c a l  and 
i n s t i t u t i o n a l  i n fo rma t ion .  

Lessons learned f rom va r ious  heat ing ,  
agr ibus iness ,  aquacu l tu re  and i n d u s t r i a l  
p r o j e c t s ,  i n c l u d i n g  those developed as a r e s u l t  
o f  t h e  U.S. Department o f  Energy's Program 
Oppor tun i t y  Not ices,  p rov ide  t h e  background f o r  
t he  Guidebook. 

The Guidebook con ta ins  20 chapters  prepared by 
numerous c o n t r i b u t o r s  w i th  ex tens i ve  exper ience 
i n  t h e  use o f  geothermal energy f o r  d i r e c t  use 
a p p l i c a t i o n s .  Table 3 l i s t s  t h e  chapters  and 
t h e i r  I respec t i ve  authors.. Considerable suppor t  
e f f o r t s  were a l s o  needed, and the  va r ious  
c o n t r i b u t o r s  a r e  i d e n t i f i e d  i n  Table 4. 

i 
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Table 3 GUIDEBOOK CHAPTERS AND AUTHORS 

Chaoter Title Author 

1 INTRODUCTION P. J. Lienau, OIT~ 

2 DEMONSTRATION PROJECTS LESSONS LEARNED B. c. Lunis,  IN EL^ 
3 NATURE OF GEOTHERMAL RESOURCES Dr. P. M. Wright,  UUR13 

4 EXPLORATION FOR DIRECT HEAT RESOURCES Dr. P. M. Wright,  UURIl 

5 GEOTHERMAL FLUID SAMPLING TECHNIQUES C. K ind le ,  BPNL4 

6 DRILLING AND WELL CONSTRUCTION G. Culver,  OIT 

7 WELL TESTING AND RESERVOIR EVALUATION S. S t i ge r / J .  Renner, INEL, 

8 MATERIALS SELECTION GUIDELINES P. F. E l l i s ,  Radian5 

9 WELL PUMPS G. Culver/K. R a f f e r t y ,  P.E., O I T  

and G. Cu lver ,  011 

10 PIPING GEOTHERMAL FLUIDS K. R a f f e r t y ,  OIT 

11 HEAT EXCHANGERS K. R a f f e r t y ,  OIT 

12 SPACE HEATING EQUIPMENT K. R a f f e r t y ,  OIT 

13 HEAT PUMPS K. R a f f e r t y ,  OIT 

14 ABSORPTION REFRIGERATION K. R a f f e r t y ,  OIT 

15 GREENHOUSES K. R a f f e r t y ,  OIT 

' 16 AQUACULTURE K. R a f f e r t y ,  017 

17 INDUSTRIAL APPLICATIONS P. J .  Lienau, 011 

18 ENGINEERING COST ANALYSIS C. Higbee, OIT 

19 REGULATORY AND COMMERCIAL ASPECTS Dr.  R .  G. Bloomquist ,  WSEO' 

20 ENVIRONMENTAL CONSIDERATIONS 8. C. Lunis,  INEL 

1. OIT - Oregon I n s t i t u t e  o f  Technology, Geo-Heat Center,  
Klamath F a l l s ,  OR 97601 

2. INEL - Idaho Na t iona l  Eng ineer ing  Laboratory,  Idaho F a l l s ,  ID  83415 
3. UURI - U n i v e r s i t y  o f  Utah Research I n s t i t u t e ,  Ea r th  Science Labora tory ,  

S a l t  Lake City, UT 84108 
4. BPNL - B a t e l l e  P a c i f i c  Northwest Labora tor ies ,  Richland, WA 99352 
5. Radian - Radian Corporat ion,  Aus t in ,  TX 78720 
6. WSEO - Washington S t a t e  Energy O f f i c e ,  Olympia, WA 98502 
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Table 4 GUIDEBOOK CONTRIBUTORS 

ACTIVITY CONTRIBUTORS 

Program Guidance 

E d i t o r s  

L. Pratsch, DOE-Hql ,  and 
K. Tay lor ,  DOE-ID 
P. J. Lienau. OIT!. and 
B. C. Lunis,.INEL4’ 

Technical  E d i t i n g  R. Tetley/G. Johnson, INEL 
Peer Review 
Chapter 6 J. Barrow, Water Department Corp, Woodland, CA 95695 
Chapter 6 0. Bamar, Balshizer/Hubbard & ASSOC., Eugene, OR 97402 
Chapter 20 R. Breckenridge, INEL 
Chapter 13 G. B r ing le ,  VBB A l l en ,  Salem, OR 97303 
Chapter 9 8. Cherry, Layne Bowler V e r t i l i n e  Pumps, 

Chapter 15 G. Cooper, Mendocino Col lege, Lakeport ,  CA 95453 
Chapter 6 J. Evanoff ,  H a l l i b u r t o n  Services,  Rio V is ta ,  CA 94571 
Chapter 10,11,12 K. F isher ,  San Bernardino, CA 92402 
Chapter 9 J. F ros t ,  Johnston Pump Co., Azuza, CA 91702 
Chapter 5,6 

Chapter 18 J. Hawley, OIT 
Chapter 6,18 

Chapter 6 P. Jannsen, Jannsen Well D r i l l i n g ,  Aloha, OR 97006 
Chapter 11,12,13,14 E. Knipe, Brown and Caldwel l ,  Pasadena, CA 91105 
Chapter 15 W. L i ,  A g r i c u l t u r e  Research Academy, T i a n j i n ,  China 
Chapter 16 J. Lund, OIT 
Chapter 9 C. McGuire, C e n t r i l i f t - H u g h e s ,  

Chapter 6 G. Polk, N. L. Baroid,  Sandia Park, NM 87407 
Chapter 9 

Chapter 6 R. Thomas, C a l i f o r n i a  D i v i s i o n  o f  O i l  and Gas, 

Chapter 15 

Memphis TN 38108 

M. Gannet, Oregon Water Resources Dept., 

J. H u t t r e r ,  Geothermal Management Co., 

Salem, OR 97310 

Evergreen CO 80439 

Hunt ington Beach CA 92649 

M. Smith, C a l i f o r n i a  Energy Commission, 
Sacramento, CA 95814 

Sacramento, CA 95814 

T i a n j i n ,  China 
W. Wang, Geothermal Research and T r a i n i n g  Cenier,  

Computer coo rd ina t i on /  
t rans1  a t  i o n  J. Howley, OIT 

C l e r i c a l  suppor t  C. N e l l i p o w i t z  and K. Moore, OIT 

CAD operators  R. Zemeke/D. Kellum, OIT 

P r i n t i n g  Oregon S ta te  U n i v e r s i t y  Department o f  P r i n t i n g ,  
C o r v a l l i s ,  OR 97331 

1. DOE-HQ - U.S. Department o f  Energy, Geothermal Technology D i v i s i o n ,  

2. DOE- ID - U.S. Department o f  Energy, Idaho Operat ions O f f i c e ,  
Washington, D.C. 20585 

Idaho F a l l s ,  I D  83402 
3. OIT - Oregon I n s t i t u t e  o f  Technology Geo-Heat Center, 

Klamath F a l l s ,  OR 976014 
4. INEL - Idaho Na t iona l  Engineer ing Laboratory ,  Idaho F a l l s ,  I D  83415 



Lunis et al. 

The Guidebook addresses all aspects of a 
geothermal direct use project from initial 
planning to final operation. Because each 
project is unique, it should be approached in 
phases to minimize risk and costs. The first 
phase, which generally involves securing rights 
to the resource, is presented in Chapter 19. 
This chapter provides an overview of the various 
regulatory and commercial aspects that affect the 
development of geothermal direct use projects. 
Information is provided on pertinent geothermal 
definitions, ownership, leasing, agencies 
involved, injection requirements, etc. for the 
federal government and 13 western states. 

The second phase of development could involve the 
interdisciplinary activities of geology, 
geochemistry, geophysics, drilling, and reservoir 
engineering. In Chapter 3, the nature of 
geothermal resources is discussed including; 
geological processess resource classifications, 
description of low- to moderate- temperature 
geothermal resources and the potential for 
geothermal development. Chapter 4 discusses 
exploration strategies where the main objective 
is to site wells that intersect the resource. 
Geothermal fluid sampling techniques, Chapter 5, 
suggests sample treatment (stabilization) and 
field analysis techniques appropriate for 
minimizing errors that may result from changes in 
water samples between time of collection and tlme 
of analysis. Chapter 6 provides information on 
the basics of equipment and methods used for 
drilling and completion of geothermal wells. It 
provides data needed by engineers and consultants 
to assist them in specification writing, . 
selection o? contractors, drilling, and 
completion inspection. The purpose of Chapter 7, 
Well Testing and Reservoir Evaluation, i s  to 
acquaint the direct use project engineer or 
developer with interpretation of the analytical 
information provided by a hydrologist on well 
testing, reservoir assessment, and reservoir 
management. It provides guidance in a practical 
sense for setting up testing and monitoring 
programs, what to specify and how to evaluate the 
resource with regard to system design and project 
life. 

The preliminary design of a direct use project 
could take place concurrently with reservoir 
testing and evaluation. Special consideration 

should be given to design of equipment such as 
well pumps (Chapter 9), piping (Chapter l o ) ,  heat 
exchangers (Chapter 11), and space heating 
equipment (Chapter 12). Direct use systems 
requires careful corrosion engineering if the 
most cost effective material selections are to be 
made. Chapter 8 provides guidelines on material 
selection for low-temperature geothermal systems 
(50 to 105OC), as well as guidance in materials 
design of heat pump systems for very low- 
temperature geothermal resources (>50oC). 

The Guidebook should prove useful for 
understanding important factors.in the conceptual 
and final design of space heating and cooling 
systems (Chapters 12 and 141, commercial heat 
pump systems (Chapter 13) , greenhouse heating 
systems (Chapter 15), aquaculture (Chapter 16), 
and selected industrial applications (Chapter 
17). Engineering cost analysis, Chapter 18, is 
designed to provide an understanding of the 
skills necessary to complete a life cycle cost 
analysis of a proposed project. Regulatory 
statutes, commercial and environment aspects, 
Chapter 19 and 20, are important considerations 
in any direct use project. Since these aspects 
are unique in each -state, statutes and state 
agencies are identified for the developers 
convenience. 

TECHNOLOGY NEEDS 

As the geothermal direct use industry experienced 
growth over the past decade, a number of areas 
have been identified where applied research and 
development could improve the efficiency, 
performance, and operation of these systems. 
Identified areas include: the performance ' of 
materials and equipment in geothermal fluids, 
economical piping systems to replace epoxy lined 
asbestos cement pipe, open cycle heat pumps, more 
efficient utilization of fluids for greenhouses 
and aquaculture projects, marketing techniques 
for district heating systems, and in general, a 
better understanding of low-temperature 
geothermal systems and their definitive locations 
near population centers. 

Based on the evaluation of the performance of 13 
geothermal district heating systems, the Geo-Heat 
Center has identified problems which could hinder 
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geothermal d i r e c t  use development. These inc lude  
t h e  cause o f  repeated downwell p roduc t i on  pump 
f a i l u r e s ,  e v a l u a t i o n  o f  apparent hardening o f  
e lastomer sea t  sea ls  f rom r e s i l i e n t  b u t t e r f l y  
valves,  and e v a l u a t i o n  of t he  thermal and 
geof 1 u i  d c o m p a t i b i l i t y  l i m i t a t i o n s  o f  
commercial ly a v a i l a b l e  . p i p i n g  systems be ing  
cons idered as the  most c o s t  e f f e c t i v e  a l t e r n a t i v e  
t o  asbestos cement (AC). AC p ipe ,  which has been 
t h e  most popu lar  type  of  p i p i n g  f o r  geothermal 
d i s t r i c t  hea t ing  systems, i s  e i t h e r  be ing  
e l i m i n a t e d  o r  severe ly  c u r t a i l e d  by many 
manufacturers.  E f f e c t i v e  marke t ing  techniques 
need t o  be i d e n t i f i e d  t o  encourage customers t o  
p a r t i c i p a t e  i n  geothermal d i s t r i c t  hea t ing  
p r o j e c t s  . 
Open c y c l e  heat  pumps a r e  capable o f  p roduc ing  
steam, u t i l i z i n g  waste e f f l u e n t  water  a t  
temperatures t y p i c a l  o f  geothermal d i s t r i c t  
hea t ing  e f f l u e n t s .  These heat  pumps cou ld  
p rov ide  steam t o  i n d u s t r i a l  process areas o r  
b u i l d i n g s  w i t h  steam hea t ing  systems, thus 
g r e a t l y  i nc reas ing  t h e  l oad  f a c t o r  o f  t he  
d i s t r i c t  h e a t i n g  systems. Eng ineer ing  and 
economic f e a s i b i l i t y  o f  u t i l i z i n g  open c y c l e  heat  
pumps needs t o  be i nves t i ga ted .  

Aquacul ture o f  f r e s h  water  species and geothermal 
heated green houses a r e  two of t he  f a s t e s t  
growing d i r e c t  uses as shown by the  r a p i d  
inc rease i n  t h e  number o f  p r o j e c t s  o n - l i n e  and 
c u r r e n t l y  under i n v e s t i g a t i o n .  There i s  a need 
t o  determine which system designs have proven 
success fu l  and most e f f i c i e n t  i n  the  u t i l i z a t i o n  
o f  f l u i d s  i n  d i f f e r e n t  se t t i ngs ,  and why. There 
i s  a l s o  a need t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  o f  
cascading f rom geothermal power p l a n t s  e f f l u e n t s  
t h a t  cou ld  be used f o r  greenhouses, aquacu l tu re  
and i n d u s t r i a l  processes. Th is  i n f o r m a t i o n  could 
be made a v a i l a b l e  t o  p o t e n t i a l  users. 

Most geothermal d i r e c t  use p r o j e c t s  have been 
ab le  t o  surface d ischarge spent geothermal f l u i d s  
i n  t h e  past.  However, e s p e c i a l l y  i n  areas where 
m u l t i p l e  users draw f l u i d s  f rom a common 
rese rvo i r ,  t h e  drawdown o f  geothermal f l u i d s  may 
necess i ta te  va ry ing  degrees o f  r e s e r v o i r  a n a l y s i s  
and the  use o f  i n j e c t i o n  w e l l s  t o  ma in ta in  
aqu i fe r  s t a b i l i t y .  There i s  a need t o  p rov ide  
guidance t o  developers on r e s e r v o i r  eng ineer ing  
programs t h a t  can i d e n t i f y  t h e  placement o f  
i n j e c t i o n  w e l l s  and t h e  design o f  mon i to r i ng  
networks t o  determine t h e i r  d e f i n i t i v e  l o c a t i o n s  
w i t h  respec t  t o  popu la t i on  centers .  These a re  
areas where t h e  S ta te  Cooperat ive Reservo i r  
Assessment Program and t h e  U.S. Geological  Survey 
cou ld  make a s i g n i f i c a n t  c o n t r i b u t i o n .  

CONCLUSIONS 

The Un i ted  Sta tes  d i r e c t  use i n d u s t r y  i s  and w i l l  
con t inue t o  exper ience a s i g n i f i c a n t  growth r a t e  
w i t h  a q u a l i f i e d  i n f r a s t r u c t u r e  o f  developers and 
users. The purpose o f  t he  Guidebook i s  t o  
p rov ide  an i n t e g r a t e d  i n f o r m a t i o n  source t o  
a s s i s t  i n  the  success fu l  development o f  d i r e c t  
use p r o j e c t s  t h a t  i n  t u r n  w i l l  c o n t r i b u t e  t o  t h e  
m i t i g a t i o n  o f  g loba l  warming. 

Reso lu t ion  o f  t h e  concerns i d e n t i f i e d  w i l l  r e s u l t  
i n  g r e a t e r  system re1  i a b i  1 i ty, reduced 
maintenance costs,  and g r e a t e r  user  conf idence. 
Most d i r e c t  u t i l i z a t i o n  systems a r e  designed and 
i n s t a l l e d  by p r i v a t e  e n t e r p r i s e s  o r  
m u n i c i p a l i t i e s ,  which l a c k  the  monetary and 
s c i e n t i f i c  resources t o  so l ve  geothermal 
eng ineer ing  problems. The o p p o r t u n i t y  e x i s t s  f o r  
government and i n d u s t r y  t o  enhance and increase 
the  use o f  an energy form t h a t  w i l l  p rov ide  the  
bene f i t s  a v a i l a b l e  f rom geothermal systems. 
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