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1.0 P R O G W  OVERVIEW 

1.1 INTRODUCTION 

There are between 700 and 3400 guads of r ecove rab le  geothermal 
energy i n  t h e  United S t a t e s .  
ho t  dry  rock are t h e  t h r e e  p r i n c i p a l  types  of geothermal  
r e sources  ( i n  o r d e r  of t e c h n o l o g i c a l  r e a d i n e s s )  which can  
supply  l a r g e  amounts of energy for electric power p roduc t ion  
and d i r e c t  h e a t  a p p l i c a t i o n s .  

Hydrothermal,  geopres su re  and 

Hydrothermal r e sources  i n c l u d e  water and steam t rapped  in 
f r a c t u r e d  o r  porous rocks.  A hydrothermal  system is 
c l a s s i f i e d  as e i t h e r  h o t - w a t e r  o r  vapordomina ted  ( s team) ,  
accord ing  t o  t h e  p r i n c i p a l  p h y s i c a l  s tate of t h e  f l u i d .  

Geopressured r e sources  c o n s i s t  of water a t  moderately 
h igh  tempera tures  a t  p r e s s u r e s  h i g h e r  t han  normal h y d r o s t a t i c  
p re s su re .  Th i s  water c o n t a i n s  d i s s o l v e d  methane. Geo- 
pres su red  sources  i n  sedimentary format ions  a long  t h e  Texas 
and Lou i s i ana  Gulf Coast are be l i eved  t o  be quite l a r g e .  
Geopressured format ions  a lso  exist i n  sedimentary b a s i n s  
e l sewhere  i n  t h e  U.S. 

Hot dry  rock r e s o u r c e s  c o n s i s t  of r e l a t i v e l y  u n f r a c t u r e d  and 
unusua l ly  h o t  rocks  a t  a c c e s s i b l e  dep ths  that c o n t a i n  l i t t l e  
o r  no water. To extract usab le  power from ho t  dry  rock,  t h e  
rock must be f r a c t u r e d  and a conf ined  f l u i d  c i r c u l a t i o n -  
system c r e a t e d .  A h e a t  t r a n s f e r  f l u i d  is then  in t roduced ,  
c i r c u l a t e d ,  and withdrawn. 

1.2 PROGRAM GOAL 

The o v e r a l l  g o a l  of t h e  Geothermal Program is  t o  b u i l d  a 
technology base  t h a t  w i l l  be used .by  t h e  p r i v a t e  ' sector  t o  
e x p l o i t  geothermal  r e sources  which can  supply  l a r g e  amounts 
of energy f o r  electric power p roduc t ion  and d i r e c t - h e a t  
a p p l i c a t i o n s .  
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1.3 PROGRAM STRATEGY 

The p r i v a t e  s e c t o r  is  r e l u c t a n t  t o  undertake o r  suppor t  long-term 
re sea rch  and development a c t i v i t i e s  becalrse they a r e  perce ived  to 
involve  h igh  t echno log ica l  r i s k  wi th  no c l e a r  near-term f i n a n c i a l  
payoff .  The geothermal i n d u s t r i a l  e f f o r t s  r e l a t e d  t o  hydrothermal 
resources  are proceeding on a l i m i t e d ,  s i t e - s p e c i f i c  bas i s .  The 
economic p o t e n t i a l  of geopressured and hot  dry rock r e sources  
are no t  y e t  known. 

The s t r a t e g y  of t h e  Geothermal Program is t o  perform high- r i sk ,  
high-payoff r e sea rch  which w i l l  bu i ld  a technology base  t h a t  w i l l  
he used by t h e  p r i v a t e  s e c t o r  t o  e x p l o i t  t h e  ex tens ive  geothermal 
resources .  The r e s e a r c h  program i s  d i r e c t e d  toward t h e  removal 
and/or  m i t i g a t i o n  of t e c h n i c a l  b a r r i e r s  a s s o c i a t e d  wi th  wide- 
spread  use of t h e s e  resources .  Federa l  suppor t  of t h i s  R&D i s  
in tended  t o  ensure  technology t r a n s f e r  t o  a broad i n d u s t r i a l  
c ros s - sec t ion  l ead ing  t o  a domestic geothermal indus t ry .  

1.4 CURRENT STATUS OF INDUSTRY 

The U.S. has  c u r r e n t l y  1,019 MWe of e l e c t r i c i t y  on l i n e  a t  The 
Geyers, CA., t h r e e  10 MWe p i l o t  p l a n t  i n  t h e  Imper ia l  Val ley ,  CA.,and 
3 We i n  H a w a i i .  Over 600 MWe of a d d i t i o n a l  c a p a c i t y  is under 
c o n s t r u c t i o n ,  i nc lud ing  t h e  50 MWe binary  c y c l e  p l a n t  a t  Heber, CA., 
which DOE i s  cos t - shar ing  wi th  indus t ry .  Direct a p p l i c a t i o n s  of 
geothermal h e a t  f o r  space hea t ing  and i n d u s t r i a l  p rocess ing  are  
now underway a t  ove r  30 l o c a t i o n s .  A l l  of t h e s e  f a c i l i t i e s  use  
hydrothermal resources .  No commercial dsvelopment of geopressured 
and ho t  dry  rock resources  i s  underway. 

The i n d u s t r y  i n f r a s t r u c t u r e  f o r  geothermal development i s  too  small 
and too  fragmented t o  organize  and f inance  a s t r o n g  U D  response 
t o  market s i g n a l s .  Small geothermal companies are o f t e n  not  y e t  i n  
a p r o f i t a b l e  enough p o s i t i o n  t o  b e n e f i t  from t a x  i n c e n t i v e s ,  and 
l a r g e r  companies, f o r  whom geothermal ven tu res  are a s i d e l i n e ,  
o f t e n  perce ive  too  small a market t o  i n v e s t  i n  RbD f o r  geothermal 
needs. 
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1.5 CURliENT STATUS OF TECHNOLOGY 

The process  of l o c a t i n g ,  producing and u t i l i z i n g  l a r g e  volumes of 
f l u i d s  from high  temperature ,  f r a c t u r e d ,  hard  rock formations Imposes 
a number of technologica l  and economic c o n s t r a i n t s  on geothermal 
deveiopment which hold back resource  e x p l o i t a t i o n  by t h e  p r i v a t e  
s e c t o r .  Conventional o i l  and gas technology p resen t ly  employed f o r  
e x p l o r a t i c n ,  d r i l l i n g ,  r e s e r v o i r  assessment and product ion of 
geothermal f i e l d s  has proven expensive,  u n r e l i a b l e  and f r e q u e n t l y  
non-functional i n  t h e  h o t ,  chemical ly  h o s t i l e  downhole geothermal 
environment. Sur face  equipment, inc luding  power p l a n t  components, 
l a c k  t h e  e f f i c i e n c y  and r e l i a b i l i t y  of u t i l i t y  power gene ra t ion  f o r  
a l l  except  t h e  most benign hydrothermal r e s e r v o i r s .  As a r e s u l t ,  
only 20 percent  of t h e  hydrothermal r e s e r v o i r s  above 15OoC, which 
are gene ra l ly  assumed t o  be s u i t a b l e  f o r  e l e c t r i c  power product ion 
can be economically exp lo i t ed  wi th  c u r r e n t  technology. 

Technology developments supported by DOE have r e s u l t e d  i n  t h e  
fo l lowing  i t e m s  being commercially a v a i l a b l e :  

0 

0 

0 

0 

0 

Magneto te l lur ic  and pass ive  seismic exp lo ra t ion  techniques.  
Precipitatorslclarifiers and scale i n h i b i t o r s  t o  handle  
h igh  s a l i n i t y ,  c o r r o s i v e  br ines .  
Wellhead-size f l a s h ,  t o t a l  f low and b inary  power s y s t e m s .  
High temperature  e l a s t o n e r s  and polymer concre tes .  
Improved drag b i t  and r o l l e r  b i t  d r i l l s ,  us ing polycry- 
s t a l l i n e  diamonds and new seals and bear ings.  
Water and mud d r iven  t u r b o d r i l l s  f o r  d i r e c t i o n a l  d r i l l i n g .  
Cav i t a t ing  water-jet c leaning  f o r  p ipes  and hea t  exchangers. 
High-temperature e l e c t r o n i c s  and sensors  f o r  w e l l  logging. 

I n  a d d i t i o n  t o  t h e  above l i s t  of items t h a t  have reached t h e  
marketplace,  t h e  progress  i n  r e so lv ing  t h e  t e c h n i c a l  problems 
a s s o c i a t e d  wi th  geothermal development inc ludes :  

Nat iona l  maps of p o t e n t i a l  resources  have been produced, 

0 About 25% of the  resource  is considered "discovered".  

0 About 600 wells have been d r i l l e d .  D r i l l i n g  c o s t s  have 

wi th  d e t a i l e d  maps f o r  t h e  Western states. 

Improved geophysical  techniques have a s s i s t e d  g r e a t l y .  

been reduced about 25% but  remain high. Frac tured  zones 
s t i l l  ha rde r  t o  d r i l l  than  matrix-permeable rocks. 

0 Reservoi r  models f o r  p r e d i c t i n g  product ion capac i ty  and 
longev i ty  are being used wi th  l i m i t e d  success .  

0 Air  q u a l i t y  concerns are being m e t ,  a t  s i g n i f i c a n t  c o s t ,  
bu t  i n j e c t i o n  of spent  b r i n e  remains a problem. 

0 Binary systems, low-cost materials and components, and 
chemical t r ea tmen t s  are becoming a v a i l a b l e  t o  reduce 
t o t a l  c o s t s  of gene ra t ing  f a c i l i t i e s  up t o  25%, but  
f u r t h e r  reduct ions  are needed. 

0 Economic p o t e n t i a l  of geopressured are ho t  dry rock 
resources  a r e  not y e t  known. 

! 
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1.6 IJR.OGRAM OUTLINE - 
The Geothermal Prograin f o r  f i s c a l  year 1983 comprises f c u r  n a j o r  
sub-program elements:  

0 Hydrothermal I n d u s t r i a l i z a t i o n  
Geopressured Resources 

0 Geothermal Technology Development 
0 G e o t h e m l  Resources Development Fund. 

Research e f f o r t s  r e l a t e d  t o  I iydro themal  Resources addres s  high 
r i s k s  perceived by t h e  p r i v a t e  s e c t o r  i n  t h e  area of r e s e r v o i r  
c a p a c i t y  and longev i ty ;  t h e  h igh  c o s t  of e x p l o r a t i o n  and r e s e r v o i r  
develoment; commercial scale p l a n t  economics; environmental  e f f e c t s  
of product ion;  and unproven energy e x t r a c t i o n  and convers ion  tech- 
nologies .  Under t h e  Geopressure Resources sub-program elements ,  

a v a i l a b i l i t y ,  and p r o d u c i b i l i t y  of geopressured r e s e r v o i r s  f o r  
recovery of methane, hydrau l i c ,  and thermal energy. I n  a d d i t i o n ,  
t h e  t e c h n i c a l  f e a s i b i l i t y  of e x t r a c t i n g  thermal  energy from - Hot 
D r y  Rock Resources i s  being determined by c r e a t i n g  and ope ra t ing  
a m u l t i f r a c t u r e  thermal  loop  of near-commercial scale a t  Fecton 
H i l l ,  NM. 

' product ion  w e l l s  are being t e s t e d  t o  determine t h e  magnitude, 

4 
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2 a 0  PROGRAM DESCRIPTION 

2.1 PROGRAEi STRUCTURE 

The Geothermal Program is comprised of the following major sub- 
program elements and associated activities: 

0 Hydrothermal Industrialization 

- Resource Definition 
- Low-enthalpy Systems - Facilities 

0 Geopressured Resources 

- Reservoir Definition 
- Production Well Tests 

0 Geothermal Technology Development 

- Hot Dry Rock Technology 
- Hydrothermal Technology 

0 Geothermal Resources Development Fund. 

Program activity schedules for these sub-program elements are 
presented in attachments la through If. 

The major program objectives for FY 1983 are to (I) complete long- 
lead time procurements, final design and begin construction for the 
Heber 50 MWe geothermal binary cycle plant and complete all other 
FY 82 carryover hydrothermal industrialization projects related to 
resource definition; ( 2 )  complete geopressured design well production 
t e s t s  f o r  one well and continue flow tests f o r  three wells; (3) complete 
construction and begintest of the interim reservoir system under the 
Fenton Hill, Ill1 hot dry rock project; ( 4 )  continue RLD in drilling and 
well completion, energy conversion, reservoirs stimulation, geochemical 
engineering and materials,. geoscience, and environment control tech- 
nologies related to hydrothermal .resources; and ( 5 )  complete processing 
of pending geothermal loan guaranty applications. 

5 



2 . 2  PROGRAM CONTENT 

2.2 .1  Hydrothermal Industrialization 

The Hydrothermal Industrialiation sub-program is comprised of 
three major activities: Resource Definition, Low-enthalpy Systems, 
and Facilities. The objectives of this sub-program are to confirm 
the reservoir potential at selected sites; evaluate the engineering 
and economic viability of low-enthalpy (non-electric) systems; and 
deternine the technical and economic viability of generating 
electric power from moderate- t o  high-temperature (15OOC to 2 0 0 O C )  
liquid dominated hydrothermal resources. 

2.2.2 Geopressured Resources 

The Geopressured Resources sub-program is comprised of two major 
activities: Reservoir Definition (Production Well Testing) and 
environmental control. The objective of this sub-program is to 
define the extent and magnitude of the geopressured resource and 
to determine the technical feasibility and economics of extracting 
chemical, thermal and mechanical energies contained in the geo- 
pressured brines. 
abandoned conventional wells (wells-of-opportunity), drill four 
special design wells into geopressured reservoirs on the Gulf 
Coast for high-volume production, and conduct multi-month brine 
production tests to establish reservoir production characteristics. 

The technical approach has been to recomplete 

2 . 2 . 3  Geothermal Technology Development 

The Geothermal Technology Development is comprised of two major 
activities: Hot Dry Rock Technology and Hydrothermal Technolcgy. 

a. Hot Dry Rock Technology 

The objective of this activity is to determine the technical 
and economic feasibility of extracting geothermal heat from 
hot dry rock formations. Work under this activity includes 
instrument and equipment development, confirmation of resource 
potential, and conducting energy extraction experiments at 
Fenton Hill, NM. The principal effort involves a three 
phased approach; (1) drill injection and production wells, 
(2 )  complete and operate a small interim thermal loop, and 
( 3 )  complete and operate a final (large) thermal loop at the 
Fenton Hill site. 
Agreement. 
in the injection and production wells. 
multiple connections between boreholes has been hampered by 
unexpected fracture geometry in-the reservoir. 

This effort is being conducted under an IEA 
Multiple-fracture experiments have been condilcted 

Progress is establishing 

6 



2 . 2 . 3  Geothermal Technology Development (Con' t )  

b. Hydrothermal Technology 

The goa l  of t h e  Hydrothemal  Technology a c t i v i t y  is t o  expand 
t h e  economically e x p l o i t a b l e  hydrothermal resource  base 
a v a i l a b l e  f o r  development by t h e  p r i v a t e  s e c t o r  by conduct ing 
R&D d i r e c t e d  toward reducing t h e  c o s t  of exp lo ra t ion ,  r e s e r v o i r  
assessment  and f i e l d  development; c a p i t a l  c o s t s  of e lectr ic  
gene ra t ing  f a c i l i t i e s ;  and t h e  t e c h n i c a l  r i s k s  of f l u i d  
handl ing.  The c u r r e n t  R&D a c t i v i t i e s  are d i r e c t e d  toward: 

0 Reducing geothermal e x p l o r a t i o n  and hard rock d r i l l i n g  
cos t .  

0 Inc reas ing  moderate temperature  energy convers ion  
e f f i c i e n c i e s  through b inary  c y c l e  technology development. 

0 Inc reas ing  r e s e r v o i r  product ion  rates w i t h  w e l l  s t imula-  
t i o n  and downhole b r i n e  pumps. 

0 Extending-component l i f e  and r e l i a b i l i t y  through improved 
geochemical engineer ing  and materials development. 

0 Improving r e s e r v o i r  engineer ing  methods f o r  a s s e s s i n g  si te- 
s p e c i f i c  capac i ty  and longevi ty .  

0 Developing environmental  c o n t r o l  technology r equ i r ed  t o  
meet s ta te  and f e d e r a l  s t anda rds  f o r  geothermal emissions 
and waste d i sposa l .  

The Hydrothermal Technology a c t i v i t y  i s  composed of s i x  major 
s u b - a c t i v i t i e s :  D r i l l i n g  and Well Completion, Energy Conver- 
s i o n ,  Geochemical Engineer ing and Materials, Geoscience and 
Environmental Cont ro l  Technologies.  

2 . 2 . 4  Geothermal Resource Development Fund 

The o b j e c t i v e s  of t h e  Geothermal Loan Guaranty program are t o  
encourage and assist t h e  p r i v a t e  and pub l i c  s e c t o r s  t o  accelerate 
the u t i l i z a t i o n  of geothermal resources by minimizing t h e  l ende r ' s  
f i n a n c i a l  r i s k ;  t o  develop a f i n a n c i a l  service i n f r a s r u c t u r e  t o  
u l t i m a t e l y  provide f inanc ing  of geothermal p r o j e c t  wi thout  Federa l  
a s s i s t a n c e ;  and t o  promote -competi t ion and encourage new e n t r a n t s  
i n t o  t h e  marketplace.  The l o a n  guaranty program w a s  suspended a t  
t h e  end of FY 1981. However, i n  January of  1982 t h e  Sec re t a ry  of  
Energy made a commitment t o  t h e  a p p l i c a n t s  and t h e  Congress t h a t  
t h e  e leven  a p p l i c a t i o n s  pending i n  DOE a t  t h a t  t i m e  and t h e  
p o t e n t i a l  follow-ons would be processed e x p e d i t i o u s l y  i n  accordance 
wi th  t h e  procedures  p re sc r ibed  i n  t h e  c u r r e n t  r egu la t ions .  Of t h e  
e leven  a p p l i c a t i o n s  t h a t  were pending i n  January 1982, d e c i s i o n s  
have been made on seven. Three are s t i l l  i n  process  and one i s  
on hold.  Continuing e f f o r t  involves  e v a l u a t i o n  of remaining l o a n  
guaranty a p p l i c a t i o n s ;  monitor ing of 5 on-going p r o j e c t s ;  and t h e  
nego t i a ton  and execut ion  of 4 new l o a n  gua ran t i e s .  

7 



3.0 PROGRAM ACTIVITIES (FY 1983) 

Research and development activities planned for FY 1983 are outlined 
below following the program structure presented in section 2.1. 

3.1 HYDROTHERMAL INDUSTRIALIZATION (FY 83 B.A.-$56.5 Million) 

3.1.1 ACTIVITY: Resource Definition 

OBJECTIVES: 

To confirm the existence of hydrothermal reservoirs, to 
evaluate the resource potential and geographic distribution, 
and to test advanced methods of reservoir definition. 

SUB-ACTIVITIES: 

0 User-coupled Reservoir Confirmation Drilling Projects 
0 State-coupled Resource Assessment Projects 
0 Reservoir Characterization 
0 Raft River Br.ine Injection Experiment 

PLlMNED FY 83 ACTIVITIES 

A l l  FY 1982 carry-over efforts relating to resource definition 
will be completed including the characterization of the Steam- 
boat Springs and Moana reservoirs and the Raft River brine 
injection experiment. 

FUNDING (FY 8 3 ) :  $1.5 Million 

3.1.2 ACTIVITY: Low Enthalpy Systems 

OBJECTIVE: 

To evaluate the engineering and economic viability of l o w -  
enthalpy (non-electric) systems. 

SUB-ACTIVITIES: 

0 

0 Direct heat field experiments 

PLANNED FY 83 ACTIVITIES: 

A l l  seven J?Y 1982 carry-over direct-heat field experiments and 
two non-electric engineering feasibility studies will be completed. 
A hybrid plant engineering feasibility study relating to a proposed 
Honey Lake, CA project will.also be completed. 

Engineering and economic feasibility studies of non-electric 
applications 

FUNDING (FY 83): $2.5 Million 



3 . 1 . 3  ACTIVITY: Facilities 

OBJECTIVE: 

To determine the technical and economic viability of generating 
electric power from moderate- TO high-temperature (150°C to 200°C) 
liquid-dominated hydrothermal reservoirs. 

SUB-ACTIVITIES: 

Baca 50 MWe Geothermal Flash Steam Plaat 

o Heber 50 MWe Geothermal Binary Cycle Plant 
0 Heber R&D Support 

Raft River 5 MWe Binary Cycle Pilot Plant 

PLANNED N 83 ACTIVITIES: 

Final reports will be issued for the Baca 50 MWe geothermal 
flash steam plant and the Raft River 5 MWe geothermal binary 
pilot plant. 
geothermal binary cycle plant include the initiation of well 
field development; completion of final design and long lead- 
time equipment; and start of construction. RbD support for the 
Heber project will include the field test of corrosion rates 
for heat exchanger and pipe materials; fabrication of a CO 
monitoring probe; and development of a computer model for 
power cycle/heat exchanger optimization. 

The principal efforts associated with Heber 50 MWe 

b 

FUNDING (FY 8 3 ) :  $52 .5  Million for the Heber Project 

I* ..,.* .;-::, . r. 
. .  

. .  
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3 . 2  GEOPRESS'JRED RESOURCES (N 8 3  B.A. - $ 8 . 4  MILLION) 

3 . 2 . 1  ACTIVITY: Environmental Control 

OBJECTIVES : 

To determine the environmental effects producing geopressured fluids. 

SUB-ACTIVITIES: 

e Reservoir Sampling with Wells-of-Opportunity 

3 . 2 . 2  ACTIVITY: Resource Definition 

OBJECTIVES : 

To define the extent and magnitude of the geopressured resource, 
and determine the technical feasibility and economics of extracting 
chemical, thermal and mechanical energies contained in geopressured 
brines. 

SUB-ACTIVIES: 

e Design Well Production Test 

PLANNED FY 83 ACTIVITIES for 3 . 2 . 1  and 3 . 2 . 2 :  

The major effort will involve the orderly phase-out of all RCD 
activities following guidance t h a t  the resource base will now be 
developed by private industry as economic conditions dictate. One 
design wells will be shut-down, pzugged and abandoned. Production 
test of one Texas and two Louisiana wells will be continued; results 
published for two design wells production tests; and environmental 
monitoring continued for wells undergoing production tests. 

FUNDING (M 8 3 ) :  $8 .4  Million 

10 
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3.3  GEOTHERMAL TECHNOLOGY DEVELOPX3J" (FY 83 B . A .  15.0 Million) 

3.3 .1  ACTIVITY: Hot Dry Rock Technology 

OBJECTIVE : 

To determine the technical and economic feasibility of extracting 
geothernal heat from hot dry rock formations. 

SUB-ACTIVITIES: 

0 Resource Definition 
0 Instrument and Equipment Development 
0 Energy Extraction Experiments of Fenton Hill, NM 

PLANNED FY a3 ACTIVITIES: 

Multiple - fracture experiments have been conducted in the injection 
and production wells drilled at the Fenton Hill, NM site. Progress 
in establishing multiple connections between boreholes has been 
hampered by unexpected fracture geometry in the reservoir. During 
N 1983 work will include establishing multiple, low-impedence 
connections between the injection and producting wells forming the 
interim thermal loop for the small interim reservoir system and 
start of 
larger, final system. 

design and procurement of the surface hardware for the 

FUNDING (FY 83): $7.5 Million. West Germany and Japan are scheduled 
to contribute an additional $2.5 
million each tc the project. 

3 .3 .2  ACTIVITY: Hydrothermal Technology 

OBJECTIVE: 

To reduce the cost of exploration, reservoir assessment, and field 
development; the capital costs of electric generating facilities; 
and the technical risks of fluid handling. 

SUB-ACTIVITIES: 

0 

0 Energy Conversion Technology 
0 Reservoir Stimulation Technology 
0 Geochemical Engineering & Materials 
0 Geoscience Technology 
0 Environmental Control Technology 

Drilling and Well Completion Technology 

PLANNED FY 83 ACTIVITIES: 

R&D efforts will be conducted under the s ix  sub-activities as 
outlined in sections 3.3.2.1 through 3.3.2.6 

FUNDING (FY 8 3 ) :  $7.5 Million 

11 



3 . 3 . 2 . 1  SUE-ACTIVITY: - D r i l l i n g  and Well Completion Technology 

OBJECTIVES: 

To develop d r i l l i n g  and w e l l  completion technology capable  of 
reducing t h e  f i e l d  development c o s t s  by 25 pe rcen t  and t o  develop 
technology necessary  t o  achieve  a n  a d d i t i o n z l  25 pe rcen t  r educ t ion  
i n  t h e  f i e l d  development c o s t  through advanced and innova t ive  methods. 

TASKS : 

0 Rock P e n e t r a t i o n  Mechanics 
0 D r i l l i n g  F lu id  Technology 
0 Borehole Mechanics 
0 Diagnos t ics  Technology 

PLANNED FY 83 ACTIVITIES: 

Work w i l l  i nc lude  l abora to ry  percuss ion  test of r o c k j c u t t e r  
i n t e r a c t i o n s ,  study of aqueous fo-am f o r  l o s t  c i r c u l a t i o n  c o n t r o l ,  
a c o u s t i c  performance tes t  of cement bond l o g ,  and tes t  of materials 
i n  t h e  l o s t  c i r c u l a t i o n  c o n t r o l  f a c i l i t y .  

3 . 3 . 2 . 2  SUB-ACTIVITY: Energy Converion Technology 

ORJECTIVES: 

To develop energy convers ion  technology capable  of e x p l o i t i n g  
moderate tempera ture  (15OoC t o  2 O O 0 C )  r e s e r v o i r s ;  t o  reduce t h e  c o s t  
of hea t  exchangers by 20 pe rcen t  and improve t h e  e f f i c i e n c y  of 
of b inary  c y c l e  systems by 30 percen t ;  and modify and tes t  
e lec t r ic  downhole b r i n e  pumps l ead ing  t o  improved c a p a b i l i t y  t o  
ma in ta in  f l u i d  product ion  and reduce downhole f l a s h i n g  and 
s c a l i n g .  

TASKS : 

0 Binary Cycle Technology 
0 T o t a l  Flow Systems 
0 Downhole Brine Pumps 

PLANNED FY 83 ACTIVITIES: 

R&D e f f o r t s  w i l l  i nc lude  s tudy  of IC4/IC5 hydrocarbon mixture  
p r o p e r t i e s ;  f i e l d  test of t h e  h e l i c a l  screw expander ( t o t a l  
f low system) i n  New Zealand under a n  I E A  agreement;  f i e l d  
e v a l u a t i o n  of t h e  500 kWe d i r e c t  c o n t a c t  hea t  exchanger proto-  
t ype  b inary  cyc le  p l a n t ;  and i n i t i a l  test of a s u p e r - c r i t i c a l  
b o i l e r  i n  t h e  60 kWe system r e l o c a t e d  t o  t h e  Geothermal T e s t  
F a c i l i t y  a t  East Mesa, CA. 

12 
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3 . 3 . 2 . 3  SUB-ACTIVITY: Reservoir Stimulation Technology 

OBJECTIVE: 

To develop techniques for increasing well flow rates and 
extending the life of production and injection wells. 

TASKS : 

0 

0 Proppants and Frac Fluids 
0 Well Stimulation Experiments 

Evaluation of Well Stimulation Techniques 

PLANNED FY 83 ACTIVITIES: 

Primary efforts include the evaluation of the design of the 
Tailored Pulse Loading (T.P.L.) well stimulation technique, test 
of the acoustic borehole televiewer device for wellbore fracture 
mapping, and completion of the final DOE/InduStry cost-shared 
well stimulation experiment. 

3 . 3 . 2 . 4  SUB-ACTIVITY: Geochemical Engineering 6 Materials 

OBJECTIVE: 

To develop geochemical engineering techniques and materials 
capable of increasing equipment life, plant reliability, and 
reducing the c o s t  of fluid handling. 

TASKS : 

0 Fluid Characterization 
0 Geochemical Monitoring and Control 
0 Fluid Handling 
0 Materials for Borehole Components 
0 Materials for Energy Conversion Components 
0 Materials Testing and Corrosion Control 

PLANNED FY 83 ACTIVITIES: 

R&D efforts include a study of carbonate and silica high- 
temperatures/pressure reactions, evaluation of the U.S.-Mexico 
high temperature cement test data,’field test of a cathodic 
protection technique, high-temperature test of a fluorinated 
elastomer, and field test of pH and isobutane probes. 

13 



3 . 3 . 2 . 5  SUB-ACTIVITY: Geoscience Technology 

OBJECTIVES: 

To develop r e l i a b l e ,  c o s t - e f f e c t i v e  techniques  f o r  l o c a t i n g  
and i d e n t i f y i n g  geothermal r e s e r v o i r s  thereby i n c r e a s i n g  
t h e  success  r a t e s  f o r  e x p l o r a t i o n  w e l l  d r i l l i n g ;  and t o  develop 
r e s e r v o i r  engineer ing  techniques capzble  of providing a n  estimate 
of r e s e r v o i r  c a p a c i t y ,  f o r e c a s t i n g  r e s e r v o i r  d e p l e t i o n  rates, 
and e s t i m a t i n g  optimum product ion  and i n j e c t i o n  procedures  f o r  
h e a t  e x t r a c t i o n .  

TASKS : 

e Explo ra t ion  Technology 
e Reservoi r  Engineer ing 

PLANNED FY 83 ACTIVITIES: 

Primary e f f o r t s  i nc lude  c h a r a c t e r i z a t i o n  of Cascades-type 
r e s e r v o i r s  i n  C a l i f o r n i a ,  Oregon, and Washington; e v a l u a t i o n  of 
d i a g n o s t i c  seismic c h a r a c t e r i s t i c s  of hydrothermal r e s e r v o i r s ;  
development of numerical  models of r e s e r v o i r s  undergoing long- 
term product ion  and i n j e c t i o n ;  and t h e  development of improved 
tracer techniques  t o b v a l i d a t e  r e s e r v o i r  models f o r  p r e d i c t i n g  
f l u i d  migrat ion.  

3 .3 .2 .6  SUB-ACTIVITY: Environmental Control  Technology 

OBJECTIVES : 

To i d e n t i f y  p o t e n t i a l l y  damaging emiss ions ,  d i scha rges ,  and 
induced geologic  changes r e s u l t i n g  from geothermal ope ra t ions ;  
and t o  develop c o s t - e f f e c t i v e  d e t e c t i o n ,  p r e d i c t i o n ,  prevent ion ,  
c o n t r o l  and m i t i g a t i o n  techniques  f o r  environmental ly  damaging 
even t s  r e l a t e d  t o  geothermal energy development. 

TASKS : 

e Emissions C h a r a c t e r i z a t i o n  and E f f e c t s  I d e n t i f i c a t i o n  
e Monitoring Technology Development 
0 Contro l  Technology Development 

PLANNED FY 83 ACTIVITIES: 

The main e f f o r t s  w i l l  be t h e  test of t h e  electron-beam H2S 
abatement process ,  t es t  of t h e  d i r e c t  c h l o r i n a t i o n  H2S process ,  
and complet ion-of  a f i e l d  tes t  r e p o r t  on induced s e i s m i c i t y .  

14 



3 . 4  GEOTHERMAL RESOURCES DEVELOPMENT (FY 83 B.A. $0.0 Mil l ion )  

0 BJECTIVE : 

To encourage development of geothermal resources  by t h e  p r i v a t e  
and pub l i c  s e c t o r  through a geothermal loan  guaranty progran 
which minimizes t h e  l e n d e r ’ s  r i s k ,  develops a f i n a n c i a l  s e r v i c e  
i n f r a s t r u c t u r e ,  promotes competi t ion,  and encourages new e n t r a n t s  
i n t o  t h e  market place.  

ACTIVITIES: 

0 Monitoring of Five On-going P r o j e c t s  
0 Evalua t ion  of Pending Loan Guaranty Appl ica t ions  
0 Negot ia t ion  and Execut ion of New Loan Guarant ies  

PLANNED FY 83 ACTIVITIES: 

The l o a n  guaranty program w a s  suspended a t  end of FY 1982. A 
committment was made t o  process  e l even  l o a n  guaranty a p p l i c a t i n s  
pending a s  of January 1, 1982 and p o t e n t i a l  follow-on loans  f o r  
approved p r o j e c t s .  The e v a l u a t i o n  of n ine  a p p l i c a t i o n s  has 
r e s u l t e d  i n  4 approvals ,  1 d i sapprova l ,  3 withdrawals  and 
1 re tu rned  f o r  updat ing.  The f o u r  new l o a n  approvals  amount t o  
$153.4 m i l l i o n  i n  loan  a u t h o r i t y .  The p r i n c i p a l  e f f o r t  i n  FY 1983 
w i l l  be complete t h e  e v a l u a t i o n  of remaining l o a n  guaranty appl ica-  
t i o n s ,  t h e  n e g o t i a t i o n  and execut ion  of t h e  f o u r  new l o a n  guaranty 
agreements,  and t h e  monitor ing of f i v e  on-going p r o j e c t s .  

FUNDING: $ 6.9 Mi l l i on  
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4.0 MANAGEMENT PLA?? 

4.1 Assigned R e s p o n s i b i l i t i e s  

a. Headquarters :  

Thrcugh t h e  In te ragency  Geothermal Coordinat ing Council  (ZGCC) 
t h e  A s s i s t a n t  S e c r e t a r y  f o r  Conservat ion and Renewable Energy 
(ASCE) h a s  t h e  l ead  r e s p o n s i b i l i t y  f o r  cpord ina t ion  w i t h  o t h e r  
agenc ie s  i n  t h e  execut ion  of t h e  cverall  Fede ra l  Geothermal 
Energy Program. 
and ass igned  t o  t h e  O f f i c e  of Renewable Technologies  (RT). 
Through h i s  Deputy A s s i s t a n t  S e c r e t a r y  f o r  Renewable Energy 
(DASRE), t h e  ASCE develops and provides  p o l i c y  guidance t o  t h e  
Di rec to r ,  RT regard ing  implementation of DOE p o l i c y  and approves 
s p e c i f i c  program s t r a t e g i e s  and p l ans  t o  be pursued. 

The DOE Geothermal Program is under t h e  ASCE 

The D i r e c t o r ,  RT i n t e r p r e t s  ASCE p o l i c y  guidance,  recommends 
p o l i c y  r e v i s i o n s ,  develops program s t r a t e g i e s  and r e source  
requirements ,  and executes  t h e  approved s t r a t e g y .  

The D i r e c t o r ,  Geothermal and Hydropower Technologies  Div i s ion  
(GHTD), p repa res  progrEm p lans  and executes  approved p l a n s  w i t h i n  
o v e r a l l  c o s t s  and schedules  working through t h e  a p p r o p r i a t e  f i e l d  
organiza  t i o n s  f o r  implement a t  ion .  

A t  each l e v e l  (ASCE, DSRE, Of f i ce  D i r e c t o r  and Div i s ion  Di rec to r )  
program execut ion  i s  monitored and performance i s  measured 
a g a i n s t  t h e  approved p lans .  Appropr ia te  management and t e c h n i c a l  
review systems are  in  p lace .  

The D i r e c t o r ,  GHTD e x e r c i s e s  program r e s p o n s i b i l i t i e s  through 
fou r  branches.  The o r g a n i z a t i o n a l  s t r u c t u r e  i s  shown i n  
Attachment 2 .  

b. F i e l d  Of f i ces :  

The gene ra l  manageEent p o l i c y  of t h e  Office of t h e  Assistant 
S e c r e t a r y  f o r  Conservat ion and Renewable Energy (ASCE) i s  t o  
accomplish i t s  missions through a d e c e n t r a l i z e d  o r g a n i z a t i o n  
f o r  programs/project  execut ion.  
program areas w i l l  be  c a r r i e d  o u t  by f i e l d  t e c h n i c a l  o r g a n i z a t i o n s  
and a l l  def ined  p r o j e c t s  w i l l  be  managed by f i e l d  o r g a n i z a t i o n s .  

I n  gene ra l ,  t h e  f i e l d  o f f i c e s  w i l l  implement t h e  program p l a n s ,  
d i r e c t  t h e  c o n t r a c t o r s  and review t h e i r  performance, and provide  
Headquarters  w i th  recomnendations on program needs,  d i r e c t i o n  and 
c o n t r o l .  

Technica l  d i r e c t i o n  of s p e c i f i e d  



4 .1  Assigned R e s p o n s i b i l i t i e s  (Con' t )  

c .  Na t iona l  Labora to r i e s :  

DOE l a b o r a t o r i e s  are r e s p o n s i b l e  f o r  accomplishing ass igned  
R&D under v a r i o u s  program elements .  
Laboratory (LANL), Lawrence Berkeley Laboratory (LBL), 
Idaho Na t iona l  Engineer ing Laboratory (INEL), P a c i f i c  North- 
west Laboratory (PEL) and Sandia Nat iona l  Laboratory (SNL) are t h e  
major l a b o r a t o r i e s  which support  GHTD's program. 
assignment of technical areas among DOE f i e l d  o f f i c e s  and 
l a b o r a t o r i e s  i s  shown i n  Attachment 3 .  

Los Alamos Na t iona l  

The 

4 . 2  Major Milestones:  

ASCE and RT c o n t r o l l e d  mi l e s tones  s e l e c t e d  f o r  t r a c k i n g  program 
p rogres s  i n  N 1983 are presented  i n  Attachment 4 .  

4.3  Major P r o j e c t s :  

The 50 MWe Geothermal Binary Cycle P l a n t  2 t  Heber, CA. i s  
des igna ted  a key p r o j e c t  i n  t h e  GHTD's program. 
f o r  t h i s  major e f f o r t  is presented  i n  Attachment 5. 

The p r o j e c t  summary 

4 . 4  P r o j e c t  Management: 

a .  Formal p r o j e c t  reviews w i l l  be  he ld  p e r i o d i c a l l y  t o  e v a l u a t e  
p rogres s  of r e s e a r c h  and development a c t i v i t i e s  and a s s u r e  on 
a cont inuing  b a s i s  t h a t  t h e  p r o j e c t ' s  o b j e c t i v e s  and d i r e c t i o n  
a r e  compatible  wi th  t h e  o v e r a l l  program plan.  

b. A Management-by-Objectives (MBO) plan  w i l l  be e s t a b l i s h e d  and 
implemented. 

c. S t a t u s  r e p o r t s  w i l l  be  r equ i r ed  of t h e  c o n t r a c t o r s  on a r e g u l a r  
b a s i s  i n  o r d e r  t o  e v a l u a t e  monitor and c o n t r o l  costs, schedule ,  
and t e c h n i c a l  requirements  a g a i n s t  b a s e l i n e  p l ans .  



5.0 RESOURCE REQUIREMENTS 

Total Geothermal budget authority and outlays for FY 1983 and 
expenditures for prior years are shown in Attachment 6. 

Attachment 7 summarizes the FY 83 allocations of operating expenses 
to performing institutions and among R&D categories. Attachment 8 gives 
the planned cumulative buildup of obligational authority and operating 
costs for FY 1983. 
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KEY A C T I V l T Y  SCHEDULE 
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Attachment 2 

GEOTHERMAL AND HYDROPOWER 
TECHNOLOGIES DIVI s ION 

I 

N 
cn 

P.DVANCED ENERGY 
SYSTEMS 

PROGRAM 
I NTEGRAT I ON 

SMALL-SCALE 
HYDROPOWER 

0 DRILLING AND WELL 0 HOT DRY ROCK 0 ENVIRONMENTAL R&D 0 IGCC 

0 ENERGY CONVERSION 0 DIRECT USE 0 TECHNOLOGY TRANSFER 0 PLANNING 

0 GEOCHEMISTRY & 0 HEBER PROJECT PROJECTS 0 TECHNOLOGY TRANSFER 

0 GEOSCIENCE 
0 ENVIRONMENTAL CONTROL 
0 RESOURCE DEFINITION 

COMPLETION 0 GEOPRESSURED 0 ENGINEERING RED 0 LOAN GUARANTY 

0 WELL STIMULATION PROJECTS 0 f ~ O N l T O R l N G  ON-GOING 0 BUDGET 8 PROCUREMENT 

MATERIALS 0 GENERAL ADM I N I STRAT I ON 



Attachment  3 

Progrdm 
I n t e g r a t i o n  

Technology 
Development 

Branch 

OPFfMTI.QliAI PI AN : 

Advanced 
Energy Syvcems 

I GEOTHERMAL AND HYDROPOWER Tk~CIiNOLOGIES DIVISION I 

A c. U r m r h  

I , ’  I 
I I 1 O p e r a t i o n s  O p e r a t  i o n s  
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0 G e o s c i e n c e  e Energy 
Technology Convers ion  

0 Geochemical  
E n g i n e e r l u g  

0 M e t e r i a l s  
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ACTIVITY TITLE (BRC) 

ATTACHMENT 4 

MAJOR MILESTONES (FY 1983) 

G eo t herina 1 Program 

A X E  Control led (1) & RT Cont ro l led  ( 2 )  Mi les tones  

A. HYDROTHERMAL INDUSTRIALIZATION 

1. Resource D e f i n i t i o n  
(AM-1 5-1 0-0) 

2.  Low-Enthalpy Systems 
(AM-15-15-0) 

MILESTONES DATE 

Begin Evalua t ion  of Geologic & Hydro- O c t ' 8 2  
l o g i c  Characterist ics of Moana & 
Steamboat Spgs. Reservoi rs  

Begin Newberry Caldera  Reservoir  Dec '82 
C h a r a c t e r i z a t i o n  

Complete Raft  River I n j e c t i o n  
Exper h e n t  

Dec '82 

Due d a t e  f o r  Response t o  RFP cover ing  Feb'83 
S e l e c t i o n  of Indus t ry  I n j e c t i o n  S i t e  

S e l e c t  Indus t ry  Br ine  I n j e c t i o n  S i t e  Apr '83 

Complete Nego t i a t ions  f o r  Vale, OR May'83 
User-Coupled Reservoir Confirm- 
mation P r o j e c t  

Complete a l l  carry-over  FY 82 Engineering Dec'82 
and Economic F e a s i b i l i t y  S t u d i e s  

Boise P r o j e c t  Dedicat ion Feb'83 

C o m p l e t e  Seven d i r e c t  Heat F i e l d  June  83 
Experiments 

Complete Hybrid P l a n t  Engineer ing Sep t ' 83 
F e a s i b i l i t y  Study 

TYPE 

2 

2 

2 

2 

1 



A. HYDROTHERMAL INDUSTRIALIZATION 

h, 
M 

3. F a c i l i t i e s  
(AM-1 5-25-1 0) 

Nov'82 

Complete Formulation of Equipment Feb'83 

- Baca 50 MWe Geothermal Flash Complete S i t e  Res to ra t ion  
Steam P l a n t  

S a l e s  Options 

I s s u e  F i n a l  Report Mar '83 

- Raf t  River 5 MWe Geothermal I s s u e  F i n a l  Report 
P l a n t  

- Heber 50 MWe Geothermal Binary Complete F i n a l  Design 
Cycle P l a n t  

S ign  Cooperative Agreement 
Modi f i ca t ion  

Begin Cons t ruc t ion  

Mar '83 

~ 0 ~ ~ 8 2  

Dec'82 

Feb'83 

Complete Major Foundations Apr '83 

- Heber RbD Support Complete F a b r i c a t i o n  of T e s t  Coupons 
and Begin F i e l d  T e s t  of Corrosion 
Rates f o r  Heat Exchanger and 
P i p e  Materials 

Jar1'83 

Begin F a b r i c a t i o n  of C 0 2  Probe Apr '83 

Complete Computer Model Development Aug'83 
f o r  Power C y c l e f H e a t  Exchanger 
Opt imizat. i o n  

Sept '83 Complete F a b r i c a t i o n  of CO Probe 2 

2 



B. GEOPRESSURED RESOURCES - ~ . -  
(AM-05-1 0-00) 

1. Environmental ConLrol 

2.  Reservoir  D e f i n i t i o n  
(Design Well T e s t s )  

C. GEOTHERMAL TECHNOLOGY DEVELOPMENT 

1. Hot Dry Rock Technology 
(AM-1 0-1 0-00) 

2 .  Hydrothermal Technology 
(AM-10-05-00) 

Begin Cas/Fluid Sampling and Apr '83 
Analysis  Routine a t  Design Wells 

Plug and abandon t h e  Parcperdue, LA Mar '83 
Design Well 

Decision t o  Begin T e s t  of Sweet Apt- '83 
Lake, LA Design Well 

Complete repair  and begin long May'83 
term t e s t i n g  of Gladys McCall, 
LA and Sweet Lake, LA, Design 
Wells 

Complete Development of Downhole 
F lu id  Sampler 

Complete F r a c t u r e  Operat ions f o r  
Reservoir  System a t  Fenton H i l l  

Begin Design & 
F i n a l  System 

Procurement of 
Hard war e 

Dec '82 

J u l ' 8 3  

Aug'83 

- D r i l l i n g  and Well Completion Complete Laboratory Percussion Tes ts  Nov'82 
Techno logy (AM- 10-05-05) of Rock/Cutter I n t e r a c t i o n  

Complete Heat P r o p e r t i e s  Study of Jan '83 
Aqueous Foam f o r  Lost 
C i r c u l a t i o n  Control  

3 



C . GEOTHEMAL TECHNOLOGY DEVELOPMENT 

2 .  Hydrothermal Technology 
- D r i l l i n g  and Well 
_.- 

Completion (Con't) 
Complete PDC B i t  T e s t  a t  Imper i a l  

V a l l e y  S i t e  
Feb'83 

Complete Acoustic Performance T e s t s  
f o r  Cement Bond Log 

J u l y ' 2  2 

Aug '83 Complete Design of Lost C i r c u l a t i o n  
Zone Mapping Tool (LCZMT) 

I - Energy Conversion Technology Complete Tes t  of 80 H.P.  REDDA Brine 
(AM-1 0-05-1 0) Pump 

Oct'82 2 

Complete Evaluat ion of D i r e c t  Contact 
H e a t  Exchanger (DCHX) P i l o t  P l a n t  

N O V ' ~ ~  2 

Complete Skid-Mount of 60 kWe Unit  Mar '83 

May'83 
u 
0 2 Begin S u p e r - c r i t i c a l  Bo i l e r  T e s t  

w i th  60 kWe Unit  a t  Geothermal 
T e s t  F a c i l i t y ,  E a s t  Mesa, CA. 

Complete F i e l d  T e s t  of Helical Screw 
Expander i n  N e w  Zealand under 
I E A  Agreement 

J u l y ' 8 3  1 

Aug'83 

Sep t ' 83  

Begin F i e l d  T e s t  of 300 H.P. B r ine  
Pump 

Complete Study of IC4/IC5 Hydrocarbon 
Mixture P r o p e r t i e s  

4 



C .  GEOTHERMAL TECHNOLOGY DEVELOPMENT 

2. Hydrotherinol Technology (Con' t )  

- Reservoir  S t imula t ion  Technology I n i t i a t e  F i n a l  Well S t imula t ion  
(AM- 10-05- 1 5) Experiment (Acid Treatment) a t  

Indus t ry  S i t e  

Complete Tai lored  Pulse  
Loading (TPC) F e a s i b i l i t y  
Study 

- Geochemical Engineering and Begin F i e l d  T e s t  of pl-l and 
Materials Research I sobutane  Probes 
(AM- 10-05-20) 

Begin Phase I Geophysical 
I n j e c t i o n  Monitoring Tests 

- Geoscience Technology 
(AM- 10-05-25) 

Complete Evalua t ion  of US- 
Mexico High Temperature 
Cement T e s t  Data 

Complete Cathodic P r o t e c t  i o n  
F ie ld  T e s t  

Complete F lo r  i na  t ed Elastomer 
High Temperature T e s t  

Complete Carbonate & S i l i c a  
N.T./Pressure React ion Study 

Begin Development of Data Process ing  
Techniquies  f o r  Seismic R e f l e c t i o n  
Data Gathered over Reservoi rs  

Complete Analys is  of Roosevelt  Hot 
Spr ings  Tracer  Tests 

Begin Klamath - F a l l s  Reservoir  
Study 

Mar '83 

Apr '83 

O c t  ' 8 2  

N O V ' ~ ~  

J an  ' 83 

June '83 

Aug'83 

Sept '83 

O c t  ' 82  

Jan '83  

Mar '83 

2 

2 

5 



C . GEOTHERMAL TECHNOLOGY DEVELOPMENT 

2 .  Hvdrothermal Technolorrv 

Apr ' 83 

Ju ly '83  

Mar '83 

June '  83 

~ e p t ' 8 3  

O c t  '82 

Dec'82 

Jan '83 

Mar '83 

I 

- Geoscience Technology (Con' t )  Complete Annalysis of F a u l t  Control  
on Roosevelt  Hot Spr ings  Reservoir  

Complete Gas Por t ion ing  Model 
Development & Evalua t ion  

- Environment Cont ro l  Technology 
(AM- 10-05-30) 

I s s u e  Geyer s  F i e ld  Test Report 
on Induced Se i smic i ty  

Complete T e s t  of E lec t ron  Beam 
H S Abatement Process  2 

Complete F ie ld  
Ch lo r ina t ion  

T e s t  of D i rec t  
H2S Process  

D. GEOTHERMAL RESOURCES DEVELOPMENT FUND 

Complete Evaluat ion of Loan 
Guaranty f o r  Ultrasweet P r o j e c t  

1. Processing of Pending Loan 
Appl ica t ions  

Complete Evalua t ion  of Loan 
Guaranty f o r  Niland Pro j ec  t 

Report t o  Congress on S t a t u s  of 
Pending Loan Appl ica t ions  

1 

2 .  Negot ia t ion  and Execution of N e w  Execute Loan Guaranty f o r  Boise 
Pro j ec t Loan Guarant ies  

E. PROGRAM INTEGRATION 

Oct '82; 
Apr '83 

1 Prepare m a t e r i a l  f o r  Semi- 
annual  meeting of 
Interagency Geothermal 
Coordinat ing Council  (IGCC) 

2 Prepare F ina l  D r a f t  of I G C C  
Annual Report No. 7 (FY82) 

Mar '83 

6 



W u 

E. PROGRAM INTEGRATION (Con' t )  

Submit Annual Operating 
Plan for FY83 

Submit Technology Transfer 
Plan f o r  F'Y83 

I s s u e  DOE Laboratory Technology 
S t a t u s  Report 

Mar '83 

Mar '83 

Feb'83 2 

7 



ATTACHMENT 5 

KEY PROJECT SUMMARY 

Geothermal and Hydropower Technologies Division Xesponsible DOE Organization: 

Program: Geothermal 

1. Project Title: Heber 50 MWe Geothermal Binary Cycle Plant 

2. Locators: a. B&R Classification: AM-15-25-00 

b. Activity: Hydrothermal Industrialization 

c. Designation: Major Project 

3. Contract No. RA50239-80-G-2 

4. Contractor: San Diego Gas and Electric (SDG&E) 

5 .  Project Description/Objectives: 

This project consists of the design, construction, and operation of a 
plant to convert the heat content of a liquid-dominated hydrothermal geothermal 
reservoir into electric power. 
used to collect statistically reliable engineering and cost data on reservoir 
performance and on plant construction, operation and maintenance for a five 
year period to determine and demonstrate predictable technical, economic, and 
environmental performance with acceptable risk on a commercial prototype scale. 
The plant will provide systems engineering data and demonstrate the readiness 
of state of the art technology for commercial-scale production of electric 
power from a high-temperature, low-to-moderate salinity hydrothermal reservoir 
by means of a binary energy conversion system. 

The 50 megawatt electric power plant will be 

The objectives of the project are: 

a. Demonstrate that state of the art conversion system technology is 
suitable in a commercial-scale plant for electric power generation 
using a specific liquid-dominated hydrothermal reservoir. 

b. Demonstrate deliverability and longevity of the reservoir and 
environmental acceptability of power plant operations. 

c. Obtain realistic cost data from which commercial production costs 
can be predicted with confidence. 

6. Schedule of Obligations: 

The total cost through completion of the DOE-Industry cost-shared Heber project 
is estimated to be $126,291,000 ($84,181,000 for design and construction, 
$38,610,000 for facility operation and $3,500,000 for supporting R&D). Based 
on the current cost-sharing arrangement for construction and facility operation, 
the total DOE share is $64,500,000 ($42,090,000 for construction, $18,911,000 
for facility operation, and $3,500,000 for RLD support). 

34 
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7. Activity Schedule: 

The project baseline is given in Figure i. 

8. Schedule of DOE Costs: 

The schedule of DOE costs for FY-82 and out-year for the case wherein plant 
construction begins in N 1983 and facility operation begins in FY 1986 is 
as follows: 

Heber Cash Flow Requirements ( $ 1 4 )  

Fiscal Year Amount Cumulative 

FY-82 & Prior Year 6.7 6.7 
N-83 23 .O 29.7 
FY-84 20.4 50.1 

FY-86 5.1 63.7 
FY-87 0.8 64.5 

FY-85 8 .5  58 e6 

35 
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) N D J F M ~ Y J J A S  

A C l  IVlTY 

C o n t r a c t  M o d i f i c a t i o n  

Oesign 

C o n s t r u c t i o n  Procurement  

C o n s t r u c t i o n  

Check-out and S t a r t - u p  

O p e r a t i o n  

KEY MlLESTONES: - 

KEY PROJECT SUMMARY 
HEBER 50 MWe GEOTHERMAL BINARY CYCLE PLANT 

FISCAL 

Y 
‘r 

I v 12/82-Sign C o o p e r a t i v e  Agreement M o d i f i c a t i o n  
2 7 /83-Fina l  Design Review 
3 A 4/83-Begin C o n s t r u c t i o n  
4 V 7/83-Cornplete C o n s t r u c t i o n  Procurement  
5 9/84-Complete C o n s t r u c t i o n  
6 A 9/84-Begin P l a n t  Check-out 7a 12/85-Begin P l a n t  O p e r a t i o n a l  Tes t  and E v a l u a t i o n  

FY A4 m , m  
AR 

FY 85 3 J @  

7 

2 

0 Decision milestone A ASCE controlled milestone A ~r l t ica l  milestone A Begin rnllertone pComplete milestone 0 Schedule dewiatlon 0 Dectrlon point 

F i g u r e  1 - PROJECT BASELINE 
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ATTACHMENT 6 

w 

Su b-P rogram 

GEOTHERMAL PROGRAM BUDGET HISTORY 
( $  I N  MILLIONS) 

Hydrothermal I ndus t r i  a1 i z a t i o n  

Geopressure Resources 

Geothermal Technology 
Development 

o Hot D r y  Rock Technology 

o Hydrothermal Technology 
w 

Program D i  r e c t i  on 

Total  Geothermal 

Geothermal Resources 
Development Fund 

Total  

FY 1980 FY 1981 

$ 70.4 $ 57.4 

36 .O 33.3 

41 .O 49.9 

(15.0) (14.0) 

(26.0) (35.9) 

Estimated 

FY 1982 
BA FY 1983 

BO - BA - 

$ 5.0 $ 56.5 $ 37.0 

14.4 8.4 13.6 

20.4 15 .O 23.3 

(10.0) ( 7.5) (10.1) 

(10.4) ( 7.5) (13.2) 

1.3 

R&D $ 149.4 $ 142.9 $ 41.4 $ 81.2 $ 75.2 
-- 2 .o 2.3 1.6 1.3 

0.2 1.3 2.3 6.9 1.5 

$ 149.4 $ 144.2 $ 43.7 $ 88.1 $ 76.7 

*FY 1983 A v a i l a b i l i t y  Includes: 

$ 1.5M Vale (FY 82) 
26.OM Heber (FY 82) 
.4M Other 

6.1M Reprogramming from other RE Programs 
6.9M GRDF Carryover from p r i o r  years 



Attachment 7 (a) 

ALLOCATION OF FY83 FUNDS 
BY TYPE OF ORGAN I ZAT I ON* 

(8 IN MILLIONS] 

TOTAL GEOTHERMAL: $81.2 

GEOTIIFWL OPERATING EXPENSES: $32.0 

DUE L a b o r p t o r i u  14.3 (44.713 

* Excludes GRDF 

1 o+hw F+l +i 

O k  1.6 0 

Unlvmlvftlu 1.5 <4.7n 

38 



ALLOCATION OF FY83 FUNDS 
8'1' R&D PHASE" 

TOTAL GEOTHERMAL: $81.2 

GEOTHERMAL OPERATING EXPENSES: $32 .0  

Attachment 7 (b)  

I 

I 
0.4 

"Exclude.; GRDF 
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FY 1983 HYDROPOWER ANNUAL OPERATING PLAN 

1.0 PROGRAM AUTHORITIES 

The Small-scale Hydropower Development program was begun as a result of the 
President's energy message to Congress of April 20, 1977. The Corps of 
Engineers was directed to report on the potential for additional hydropower 
especially at small sites, and their resulting report indicated that the 
potential was significant but that serious constraints existed. It recom- 
mended research and demonstration to better define the engineering, economic, 
financial, environmental, social, and institutional constraints. 

Shortly thereafter, the Energy Research and Development Administration (ERDA) 
initiated work in some of these areas under the Federal Non-Nuclear Energy 
Research and Development Act of 1974 (P.L. 93-577) which authorized a "com- 
prehensive program in research, development, and demonstration," with "heavy 
emphasis ... given to those technologies which utilize renewable or essential 
inexhaustible energy sources. 'I 

Specific statutory authority f o r  a "small hydro" loan program was contained 
in the Public Utility Regulatory Policies Act of 1978 -- "PURPA" -- (P.L. 95- 
617). Title IV of PURPA authorized Loans to help pay for feasibility studies 
of small hydro projects up to a maximum of 15 megawatts (MW) at existing dams, 
as well as loans to prepare license and permit applications. Appropriations 
of $10 million per year for 1979, 1980 and 1981 were made for such loans to pro- 
vide "front end" financing to stimulate developers. 
loans for construction costs, although no funds were requested or appropriated 
for this purpose. The project capacity ceiling for the loan program was later 
increased to 30 IN by P.L. 96-294. Title I1 of PURPA also established incentives 
for small hydro and other small power producers up to 80 MW which are implement- 
ed by state public utility commissions. Under these provisions, utilities are 
required to physically interconnect with such projects and to purchase power at 
the "avoided cost" of obtaining such power by other means. Further incentives 
were authorized by the Crude Oil Windfall Profit Tax Act of 1980 (P.L. 96-223). 
It provided an additional 11 percent business energy investment tax credit and 
liberalized the use of tax-free industrial development bonds for qualifying 
hydroelectric generating facilities. 

Title IV also authorized 

42 



2.0 FEDERAL AGENCIES INVOLVED IN HYDROPOWER 

Several Federal agencies are directly involved in the development of hydropower. 
These are the Corps of Engineers (Corps), the Bureau of Reclamation (BuRec), the 
Federal Energy Regulatory Commission (FERC), the Tennessee Valley Authority (TVA-), 
the Department of Agriculture (DOA) and Department of Energy (DOE). 

The Corps and BuRec are the major Federal water resource development and 
management agencies. In conjunction with this role, they have responsibility 
for construction and operation of Federal hydropower facilities when such facili- 
ties are part of these projects. FERC is also a major hydropower agency, although 
their role is in the regulation of non-Federal development of hydropower under 
the Federal Power Act. 

TVA has comprehensive responsibilities involving the development and operation 
of hydropower facilities, as well as the marketing of power within their 
assigned region. DOA has authority to financially assist qualifying hydropower 
projects in rural areas under programs administered by the Rural Electrification 
Administration and the Farmers Home Administration. 

The most extensive DOE hydropower-related activities are exercised by the power 
marketing administrations, which market the power from Federal projects, construc- 
ted and operated by the Corps and BuRec. The Bonneville Power Administration 
(BPA) is the largest such entity. Under the Pacific Northwest Electric Power 
Planning and Conservation Act, BPA is also initiating major programs for energy 
conservation and the development of renewable energy in its region, including 
financial support to encourage small hydropower projects up to 50 MW. 

' 4 3  



3 .0  HYDROPOWER DEVELOPMENT AND POTENTIAL 

Hydropower has  been used  as a s o u r c e  of e l ec t r i ca l  energy  f o r  100 y e a r s ;  t h e  
f i r s t  U.S. p l a n t  began g e n e r a t i n g  1 2 . 5  k i l o w a t t s  (kW) i n  1882 i n  Apple ton ,  
Wisconsin. The 1980 Annual I n v e n t o r y  of Power P l a n t s ,  p u t  o u t  by t h e  Energy 
I n f o r m a t i o n  A d m i n i s t r a t i o n ,  i n d i c a t e s  t h a t  3,209 of t h e  10,922 e x i s z i n g  genera-  
t i n g  u n i t s  are hydro ,  and t h e y  have an i n s t a l l e d  c a p a c i t y  of 76,407 MW. 
Over 11 ,000  MW of t h i s  c a p a c i t y  i s  f o r  pumped s c o r a g e  g e n e r a t i o n .  I n  1977, 
hydropower p rov ided  about  1 4  p e r c e n t  of t h e  i n s t a l l e d  U.S. c a p a c i t y  and abou t  10.3 
p e r c e n t  of t h e  e l e c t r i c i t y  consumed. 

Approximately one-half  of t h e  i n s t a l l e d  c a p a c i t y  i n  t h e  U.S. h a s  been developed 
by F e d e r a l  a g e n c i e s ,  and most of t h i s  development i s  a t  t h e  l a r g e r ,  and i n  some 
c a s e s ,  w e l l  known dams. A l i t t l e  o v e r  one - fou r th  of t h e  i n s t a l l e d  c a p a c i t y  h a s  
been developed  by investor-owned u t i l i t i e s .  S l i g h t l y  less t h a n  one - fou r th  w a s  
developed by non-Federal  p u b l i c  a g e n c i e s .  Th i s  l a t t e r  group i n c l u d e s  a v e r y  
broad  c r o s s - s e c t i o n  of e n t i t i e s ,  and hydro p r o j e c t s  r a n g e  from v e r y  l a r g e  ( e . g . ,  
C a l i f o r n i a ' s  S h a s t a  Dam) t o  v e r y  s m a l l  s i tes developed  by towns, r u r a l  co-ops, 
i r r i g a t i o n  d i s t r i c t s ,  e tc .  Less t h a n  one p e r c e n t  of i n s t a l l e d  c a p a c i t y  i s  owned 
and o p e r a t e d  by i n d u s t r i e s .  

Remaining hydropower p o t e n t i a l  is  s i g n i f i c a n t ,  b u t  cannot  be  p r e c i s e l y  q u a n t i f i e d .  
This i s  due t o  t h e  l a r g e  d i f f e r e n c e  between t h e  number of  s i tes  t h e o r e t i c a l l y  
a v a i l a b l e  and t h o s e  which would be  p r a c t i c a l  t o  deve lop ,  as w e l l  as t h e  i n h e r e n t  
d i f f i c u l t y  i n  d e f i n i n g  t h i s  l a t t e r  group. Large s i t e s ,  f o r  example, are gene- 
r a l l y  t h e  most c o n t r o v e r s i a l  from t h e  s t a n d p o i n t  of competing l a n d  u s e s  and 
env i ronmen ta l  conce rns .  Also ,  many of  t h e  "bes t "  l a r g e  si tes are l o c a t e d  i n  re- 
mote areas. Smal l  s i t es  number i n  t h e  thousands ,  and because  of t h i s  l a r g e  
number, less i s  known abou t  t h e i r  i n d i v i d u a l  and c o l l e c t i v e  p h y s i c a l ,  s n v i t o n -  
men ta l  and economic s u i t a b i l i t y .  

The Corps of Eng inee r s  h a s  been conduc t ing  a n a t i o n a l  s u r v e y  of hydropower 
p o t e n t i a l .  
t h e  comprehensive r e s u l t s  of  t h e i r  n a t i o n a l  s u r v e y  w i l l  p robab ly  b e  r e l e a s e d  
d u r i n g  FY 1983. The Corps had a l s o  conducted p r e l i m i n a r y  i n v e n t o r i e s  of po ten-  
t i a l s  p r i o r  t o  t h i s  n a t i o n a l  survey, s o m e  of which w e r e  f i n a n c i a l l y  supported 
by DOE. 

Reg iona l  i n v e n t o r i e s  w e r e  r e l e a s e d  d u r i n g  N 1982 and a r e p o r t  on 

Some of  t h e  Corps p r e l i m i n a r y  estimates i d e n t i f i e d  a n  upper r a n g e  of 50,000 
s i tes  and a p o t e n t i a l  of up t o  500,000 MI?. However, t h e  p r e s e n t  s u r v e y  nar rows  
t h e  p o t e n t i a l  s i tes  t o  2,000 w i t h  a t o t a l  p o t e n t i a l  c a p a c i t y  of 46,000 MW. 
i n c l u d e s  540 undeveloped s i t e s  w i t h  a c a p a c i t y  of 26,500 MW and 1 ,4000  a t  s i tes  
(and 19 ,500  XW) a t  e x i s t i n g  dams, which are n o t  p r e s e n t l y  g e n e r a t i n g  power o r  
a t  which t h e  c a p a c i t y  cou ld  be i n c r e a s e d .  

P r e l i m i n a r y  c o n c l u s i o n s  by t h e  Corps are tba t  t h e s e  s i tes  cou ld  i n c r e a s e  t h e  
p r e s e n t l y  i n s t a l l e d  hydro c a p a c i t y  by n e a r l y  two- th i rds  and i n c r e a s e  t h e  a v e r a g e  
a n n u a l  energy  p r o d u c t i o n  by abou t  50 p e r c e n t .  The g r e a t e s t  c o n c e n t r a t i o n  of 
t h i s  p o t e n t i a l  i s  i n  t h e  P a c i f i c  Nor thwes t ,  i n c l u d i n g  Alaska ,  and t h e  remainder  
i s  d i s t r i b u t e d  throughout  t h e  coun t ry .  The Corps su rvey  is  t h e  most comprehen- 
sive s u r v e y  of hydropower p o t e n t i a l  t o  d a t e .  Although i t  may n o t  i n c l u d e  t h e  

T h i s  
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smaller sites that would be of interest, for example, to many private developers, 
it does address those with most of the potential capacity. 

Hydropower is also very significant worldwide. World Energy Conference 1980 data 
indicate that North America accounts for 129 gigawatts out of a world total of 363 
gigzwatts. The Conference estimates that North Aqerica has developed 36 percent 
of its potential, but that the world in total has only exploited 17 percent of 
potential hydropower resou,, rnes. 

3.1 REVIEW OF DOE PROGRAMS 

The DOE hydroelectric development program was begun in 1977 as part of the 
Federal effort to help increase national energy supplies, diversify energy 
sources, and lessen dependence on inported oil. Small hydro was considered a 
prime candidate for development in that it is not only domestic and renewable, 
it is widely dispersed and relatively benign in terms of its environmental im- 
pacts. A s  such, small hydro has been the principal program focus. Hydropower 
is alsoamature technology, and the many small sites, collectively, are capable 
of making a significant supply contribution in the near term. 

At that time, the small hydro industry had been in a depressed state as a result 
of decades of decline in the use ofwaterpower for electric power generation at 
small sites. Hundreds--if not thousands--of small hydroelectric plants had been 
abandoned because of their inability to conpete with low-cost oil and large cen- 
tral station thermal plants. A s  expected, however, increases in oil prices are 
helping to stimulate a rebirth of interest in the hydropower resource, and to 
reverse years of decline in our institutional and technical capability to assure 
a healthy hydropower industry. 

The largest share of hydropower developments for several decades has been under- 
taken by the Federal government through the U.S. Corps of Engineers and the 
Bureau of Reclamation. However, previous development of the best large sites 
and efforts to limit direct Federal expenditures have also reduced or eliminated 
new starts by these agencies for several years. 

The DOE program has helped stimulate a resurgence of state, local government and 
private interest in exploiting small hydropower. DOE has, for example, provided 
funds to enable the Corps, BuRec, FERC, and several states to assess the small- 
scale potential and to make this informi;tion avatlable to interested developers. 

Hydropower is the only energy source, other than nuclear, that is regulated at 
every stage of development. 
much lead time for development as nuclear projects. To be economically feasible, 
small hydro -- with significantly less potential payoff and probably less sophis- 
ticated developers -- requires some degree of predictability regarding develop- 
mental requirements and less lead time before a project can be brought on line. 

Thus, perhaps the most important activity has been our effort -- 85% cost-shared 
by public and private developers -- to test, and hopefully to demonstrate, eco- 
nomic feasibility in the context of today's energy market. We initiated a 
"demonstration" or tethnology development program and selected 20 projects that 
are presently underway. 
"proven technology" was a requirement. The projects were selected to help 
review the necessary public and private infrastructure, needed to sustain this 

Large hydro.projects can be expected to require as 

These are not typical demonstrations in that the use of 

45 



industry; to prove that small hydro can be economically feasible in a nunber of 
different areas and under differing circumstances; and to help stimulate the 
domestic hydropower equipment industry. Significantly, these projects are lead- 
ing the way in testing, identifying and, thus, helping us develop ways t o  
overcome current institutional and environmental constraints. The DOE share 
totals $27 million out of an overall estimated cost of at least $238 million. 
The 20 projects will bring 126 MW of power on line by the end of 1985. 

Smali hydro projects are capital-intensive, require a long lead time before 
revenue generation, 2nd are only beginning to emerge as economically competitive 
with conventional power production. Because the front-end financial risks have 
been substantial, and to help stimulate development interest, Congress authorized 
a loan program for small hydro projects in Title IV of the Public Utility Regula- 
tory Policies Act of 1978 (PURPA). That program authorized loans up to $50,000 
each for feasibility studies and for expenses incurred in obtaining a Federal 
Energy Regulatory Commission (FERC) license and other required permits. Further, 
loans may be cancelled if a project is found not to be feasible. Otherwise, 
repayment must be made over ten years, beginning four years after the loan is 
made. We are now monitoring a total of 160 of these loans which were approved 
before the program was terminated in 2.981. 

We believe that significant progress has also been made in the mitigation of 
restrictive Federal and state laws, procedures and environmental requirements. 
Through research contracts with the Johns Hopkins University and the Energy Law 
Institute (ELI), legal and institutional impediments have been identified and 
solutions recommended. Utilizing the findings of the studies, we have funded 
the National Conference of State Legislatures to provide technical support for 
state legislatures in implementing legislation and procedures to minimize regu- 
latory and other barriers. 
expedite the Federal permitting and licensing process. 

We have also worked closely with FERC to improve and 

In most areas of the country, low rates paid €or electricity produced by small- 
scale facilities have added to the financial risk of development. However, FERC, 
pursuant to Title I1 of PURPA, has provided what we believe will be a significant 
boost for the reestablishment of the small hydro industry by developing a sound 
procedure for states to follow in determining attractive rates. Regulations have 
been published requiring each state  p u b l i c  u t i l i t y  commission t o  e s t a b l i s h  rates 
using the avoided or marginal cost concept. The E L I ,  with funding and direction 
from DOE, has provided technical assistance to the state's PUGS in this e f f o r t .  
When such rates are in place, they should serve as an important aid in helping 
small power producers negotiate favorable power-purchase contracts with their 
local public utilities. 

In the environmental area, the ccst of fish transport facilities, for example, 
when added to the cost of retrofitting dams for power generation, cculd make 
projects economically infeasible. Meeting requested minimum streamflow require- 
ments below the projects could have a similar impact. DOE is funding research 
to provide technical and cost guidance for developers and to resolve issues betGeen 
FERC and the U.S. Fish and Wildlife Service on minimum streamflow requirements. 
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Hydropower is a mature technology, except for retrofit techniques. DOE research 
and development efforts, outside the environmental area, have been limited to a 
few conceptual designs and in some cases model and field tests, that have been 
cost-shared with industry. They have focused on cost-reduction techniques and 
retrofit technology. 

The rationale for continued DOE involvement in these cases lies in the lack of 
independent U.S. industry zctivity, sufficient to maintain and service the U.S. 
technology base. (One-third of operating electric generating units and one- 
eighth of the generating capacity in the U.S. are hydro.) 
also helped stimulate U.S. industry attention to the small hydro potential, 
which in general, requires more economic technology for development. 

DOE involvement has 

A current Electric Power Research Institute (EPRI) study identifies hydropower 
R&D needs in the following areas: (1) forced outages, (2) frequency of sched- 
uled outages, ( 3 )  reliability of new equipment, ( 4 )  environmental impact, (5) 
dam safety and monitoring, ( 6 )  small hydro development, (7) hydro output op- 
timization, and (8) operating procedures. EPRI hopes to undertake R&D in most 
or all of these areas and wants to cooperate with specific utilities, industries, 
and DOE to the extent possible. Items 4 and 6 above are the least likely to 
receive independent support from utilities and industry, and are the areas 
receiving the primary attention by DOE. 

We believe small hydropower is particularly appropriate for non-Federal 
development and that the states need to exert a leadership role if the develop- 
ment potential is to be realized. 
the program were implemented in the field by the DOE regional offices. Through 
these efforts, we have encouraged the states to simplify their procedures, iden- 
tify potential sites and, in turn, encourage deveiopers to undertake projects. 

State- and developer-related activities of 
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4 . 0  PROGRAM STATUS 

The o b j e c t i v e  of  t h i s  program a c t i v i t y  h a s  been t o  r educe  t h e  c o s t s  of 
r e t r o f i t t i n g  e x i s t i n g  dams and of deve lop ing  u l t r a  low-head s i tes .  Hydropower 
technology i s  mature  i n s o f a r  as new dam c o n s t r u c t i o n  i s  i n v o l v e d .  R e t r o f i t  
t echnology h a s  n o t  reached  a s i m i l a r  d e g r e e  of m a t u r i t y .  
c o s t  r e d u c t i c n s  are r e q u i r e d  b e f o r e  most of t h e  thousands  of u l t r a  low-head 
s i t e s  w i l l  b e  f e a s i b l e  t o  deve lop .  Concepts and t e c h n i q u e s  i n v e s t i g a t e d  i n c l u d e  
t h e  u s e  of  pumps as t u r b i n e s ,  w a t e r  and e l e c t r i c a l  c o n t r o l  sys t ems ,  new t u r b i n e s  
and new materials. 

FY 82 a c t i v i t i e s  have i n c l u d e d  t h e  i n i t i a t i o n  of two p r o j e c t s  which w i l l  r e s u l t  
i n  f i e l d  tes ts  of t h e  Schne ide r  eng ine  and t h e  mar ine  t h r u s t e r ,  t h e  comple t ion  
of t h e  Micro-Hydro Manual f o r  p r o j e c t s  w i t h  c a p a b i l i t i e s  of  less t h e n  100 Kw, 
t h e  comple t ion  of a r e p o r t  summarizing t h e  e x p e r i e n c e  o f  u s i n g  pumps as t u r b i n e s ,  
and performance t e s t i n g  of one completed technology development p r o j e c t .  

I n  FY 82, DOE funded a p r o j e c t  on p r e f a b r i c a t e d  p l a n t  sys tems which i n c l u d e s  
a s i p h o n  pens tock ,  a pump used as a t u r b i n e  and a u t o m a t i c  c o n t r o l s .  
funded f e a s i b i l i t y  y t u d i e s  and s i t e  case s t u d i e s  on t h e s e  t o p i c s  and w i l l  con- 
t i n u e  t o  a c t i v e l y  p a r t i c i p a t e  i n  t h e  p r o j e c t ,  i n c l u d i n g  a s h a r i n g  of  c o s t s .  
The p r o j e c t  i s  d i r e c t e d  a t  f i e l d  t e s t i n g  of  c o n c e p t s  and model tests a l r e a d y  
performed by DOE. 

S i m i l a r l y ,  c o n s i d e r a b l e  

I 

r 

EPRI has  

4 . 1  TECHNOLOGY DEVELOPXENT PROJECTS 

Th i s  program a c t i v i t y  i s  w e l l  underway. E i g h t  p r o j e c t s  and 4 5  MW are on l i n e ,  
and t h e  remain ing  1 2  p r o j e c t s  are under  c o n s t r u c t i o n  o r  i n  t h e  l i c e n s i c g  s t a g e .  
The t o t a l  remain ing  F e d e r a l  s h a r e  f o r  t h e  uncompleted p r o j e c t s  w a s  p rov ided  i n  
t h e  r e v i s e d  P r e s i d e n t i a l  budget f o r  N 1981. 
o u t  of a n  approximate  t o t a l  c o s t  of $238 m i l l i o n  f o r  t h e  20 p r o j e c t s .  
p r o j e c t s  are expec ted  t o  be  on l i n e  by t h e  end of  1985, p r o v i d i n g  a t o t a l  power- 
on - l ine  of 126 MW. 

The F e d e r a l  c o s t  i s  $ 2 7  m i l l i o n  
Most 

A l l  of t h e  p r o j e c t s ,  i n c l u i f i n g t h o s e  s t i l l  i n  t h e  l i c e n s i n g  s t a g e ,  are p r e s e n t l y  
s e r v i n g  as good t e s t  c a s e s  of c u r r e n t  development b a r r i e r s .  Regular  r e p o r t s  
from t h e  d e v e l o p e r s  a d d r e s s  f i n a n c i a l ,  r e g u l a t o r y  and env i ronmen ta l  b a r r i e r s ,  
as w e l l  as t e c h n i c a l  b a r r i e r s ,  and t h e  d e v e l o p e r s  are  r e q u i r e d  t o  c o n t i n u e  re- 
p o r t i n g  on t h e i r  development e x p e r i e n c e  f o r  two y e a r s  a f t e r  t h e  p r o j e c t s  go on- 
l i n e .  Performance t e s t i n g  of  d i f f e r e n t  t y p e  t u r b i n e s  a t  completed technology 
development p r o j e c t s  w i l l  be  conducted. 
be  f o c u s i n g  on m o n i t o r i n g  t h e  p r o g r e s s  of t h e s e  p r o j e c t s  and e v a l u a t i n g  t h e i r  
d a t a .  D i s semina t ion  of t h e  " l e s s o n s  learned ' '  t o  o t h e r  p o t e n t i a l  d e v e l o p e r s  and 
r e g u l a t o r y  a g e n c i e s  w i l l  be  a s s u r e d  through technology t r a n s f e r  w i t h  EPRI. One 
s t a f f  y e a r  of Idaho  N a t i o n a l  Eng inee r ing  Labora to ry  (INEL) s u p p o r t  w i l l  be 
p rov ided  f o r  t h e s e  a c t i v i t i e s .  

I n  N 1983 and remain ing  y e a r s ,  w e  w i l l  

I n  FY 83, DOE w i l l  i n i t i a t e  p r o j e c t s  l e a d i n g  t o  f i e l d  tes ts  of a v a r i a b l e  
speed  g e n e r a t o r .  
s i g n e d ,  b u i l t ,  and t e s t e d  t o  produce synchronous 60 Hz power from a t u r b i n e  

. The p r o j e c t  u s e s  a v a r i a b l e  speed  g e n e r a t o r  t h a t  w i l l  be  de- 
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o p e r a t i n g  a t  v a r i a b l e  speeds  from a v a r i a b l e  head water s u p p l y .  The c ross - f low 
t u r b i n e  f i e l d  t es t  w i l l  c o a f i r m  t h a t  c o s t - e f f e c t i v e  t u r b i n e s  can  be  produced 
from concep t s  deve loped  from ear l ier  p r o j e c t s  by u n s o p h i s t i c a t e d  machine shops  
and c o n t r a c t o r s .  

4 .3  ENVIRONMENTAL R&D 

Most of t h e  env i ronmen ta l  c o n s t r a i n t s  which were i d e n t i f i e d  a t  t h e  o u t s e t  of t h e  
small hydro program have been addres sed  and r e p o r t s  p u b l l s h e d .  FY 1982 e f f o r t s  
c o n s i s t e d  of f i e l d  t e s t i n g  of methodologies  f o r  d e f i n i n g  minimum s t r eamf low 
requ i r emen t s  f o r  f i s h  p r o d u c . t i v i t y .  

Th i s  minimum s t r eamf low i s s u e  s u r f a c e d  i n  1980 d u r i n g  t h e  d e t a i l e d  e n g i n e e r i n g  
d e s i g n  phase  of t h e  Bo l ton  F a l l s ,  Vermont, t echnology development p r o j e c t .  It 
r a p i d l y  became a f o r m i d a b l e  o b s t a c l e ,  t h r e a t e n i n g  t o  s t o p  t h i s  p r o j e c t  and s low 
o r  s t o p  t h e  r a p i d l y  growing i n t e r e s t  i n  r e d e v e l o p i n g  hundreds of e x i s t i n g  s m a l l  
dams i n  t h e  N o r t h e a s t  and pe rhaps  t h e  e n t i r e  coun t ry .  I n  t h e  Bo l ton  F a l l s  case, 
t h e  U.S. F i s h  and W i l d l i f e  Service (FWS) recommended main tenance  of  minimum 
f lows  i n  t h e  stream below t h e  dam t h a t  were several o r d e r s  of magni tude g r e a t e r  
t h a n  had been p r e v i o u s l y  thought  n e c e s s a r y  by t h e  deve lope r .  Th i s  meant s i g -  
n i f i c a n t l y  g r e a t e r  c a p i t a l  c o s t s  f o r  t h e  Bol ton  F a l l s  p r o j e c t  i n  o r d e r  t o  p r o v i d e  
f l e x i b i l i t y  t o  o p e r a t e  under a wide r  r a n g e  of f l o w s ,  as w e l l  as a r e d u c t i o n  i n  
t h e  amountof power which cou ld  be  produced. I n  o t h e r  words,  i t  t h r e a t e n e d  a 
d r a m a t i c  reversal i n  t h e  economic f e a s i b i l i t y  of t h e  p r o j e c t .  

The FWS is  r e q u i r e d  by s t a t u t e  t o  comment on a l l  such  p r o j e c t s .  The F e d e r a l  
Energy Regu la to ry  Commission (FERC) makes t h e  f i n a l  ( l i c e n s i n g )  d e c i s i o n  i n  such  
c a s e s  and w a s  d o u b t f u l  as t o  t h e  b a s i s  f o r  t h e  FWS p o s i t i o n .  It a l s o  c o n s i d e r s  
t h e  views of t h e  states and t h e  d e v e l o p e r s  i nvo lved .  However, t h a t  agency i n -  
d i c a t e d  i t  would need a s c i e n t i f i c  o r  o t h e r  sound b a s i s  f o r  s e t t i n g  f low 
requ i r emen t s  less t h a n  recommended by FWS. 

The ODE minimum f l o w  R&D e f f o r t  i s  d i r e c t e d  t o  p r o v i d e  a s c i e n t i f i c  b a s i s  f o r  
FERC l i c e n s i n g  d e c i s i o n s ,  i n c l u d i n g  c o s t - b e n e f i t  t r a d e o f f s  f o r  f low v e r s u s  f i s h  
p r o d u c t i v i t y .  FERC, FWS and o t h e r  i n t e r e s t e d  a g e n c i e s  have been invo lved  i n  de- 
v e l o p i n g  t h e  DOE r e s e a r c h  e f f o r t ,  and FERC h a s  been a c t i n g  as a t e c h n i c a l  a d v i s o r .  
Paper  s t u d i e s  w e r e  comple t ed  i n  FY 1982. DOE will c o n t i n u e  i n s t r e a m  f l o w  R&D 
i n  FY 1983, l a r g e l y  t o  ex tend  and e x t r a p o l a t e  t h e  work done i n  FY 1982 t o  o t h e r  
r e g i o n s  i n  t h e  U.S. 

M o r t a l i t y  r e s u l t i n g  from t u r b i n e  pas sage  can  b e  a major  impact t o  downstream 
m i g r a t i n g  f i s h .  L i t t l e  i s  known a b o u t  m o r t a l i t y  r e s u l t i n g  from newer t u r b i n e  
d e s i g n s  c u r r e n t l y  be ing  i n s t a l l e d  a t  hydropower s i tes .  Research  w i l l  b e  conduc- 
t e d  i n  FY 1983 t o  assess t h e s e  e f f e c t s  and deve lop  m i t i g a t i o n  methods. 

4 .4  FEASIBILITY'STUDY LOAN PROGRAM 

The l o a n  program w a s  e s t a b l i s h e d  under PURPA. The f i r s t  l o a n  w a s  awarded i n  
A p r i l  1980, and 4 1 1  a p p l i c a t i o n s  had been sc reened  and a c c e p t e d  and 160  l o a n  
agreements  made by t h e  end of FY 1981 when t h e  l o a n  program w a s  t e r m i n a t e d .  The 
160  l o a n s  i n c l u d e  139 l o a n s  f o r  f e a s i b i l i t y  s t u d i e s  and 21 l o a n s  t o  cove r  
l i c e n s i n g  c o s t s .  
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Under F W A ,  there is a formal monitoring period of up to 10 years, although 
most activity will occur during the first four years. During this tiae, appli- 
cants may request cancellation, which under PURPA must be approved by DOE, if 
the projects are shown as not feasible for any reason. Experience to date 
suggests that 30 to 40 percent will request cancellation. 

In order to minimize program expenditures, most (over 20 staff years) of the 
day-to-day administrative support provided by INEL was termizated soon after 
the awarding of laans was suspended, and only three INEL staff years have been 
maintained for the required monitoring. The Idaho Operations (ID) unit respon- 
sible for program management was also discontinued during FY 1981, and the loan 
program has been reassigned to the organizational unit which handles the tech- 
nology development and engineering development programs, described above. 
Monitoring of about 100 loans was aompleted in FY 1982. Durtng Fp 1983, all for- 
m a l  monitoring of licensingand feasibility study loans will be completed, and 
average INEL support will be reduced to one staff year. 

4.5  GENERAL AND STATE ASSISTANCE 

Most of the work in this activity involves completion of projects funded prior 
to FY 1982. Specifically, these include: (1) administering and closing out 
contracts implemented by the former DOE regional offices, largely to provide sup- 
port for state initiatives; (2)  phasing out the technical assistance to state 
public utility commissions on the implementation of PUReA incentives, provided 
by the Energy Law Institute; and (3) phasing out the technical/legal assistance 
to state legislatures, provided by the National Conferenceof State Legislatures 
(NCSL). These activities h.ave been largely completed. 

A small amount of additional funding was also used in FY 1982 to package the 
"lessons learned" from the ELI and NCSL efforts for use by other states and to 
update the previously published small hydro private financing guide. 

4.6 TECHNOLOGY TRANSFER 

All DOE projects have involved arrangements for submitting appropriate reports 
for printing. Since the decision during FY 1981 to phase out the small hydro- 
power program, additional consideration is being given to appropriate mechanisms 
for getting this information to the developers and others for which it was in- 
tended. The technology development program is a particular challenge, since the 
lessons to be learned cover many topical areas and will extend a few more years 
into the future. 

Other organizations with an active interest in hydropower are being involved in 
DOE activities, and it is expected that they will participate formally and in- 
formally in technology transfer efforts. FERC, for example, is a primary 
beneficiary from the DOE environmental R&D, and it is serving as the lead tech- 
nical advisor to DOE on the minimum flow R&D. This will also assist transfer 
efforts, although FERC does not want to compromise its regulatory role by 
"promoting" the use of such information. 

The Electric Power Research Institute is very interested in assuring that DOE 
information is made available to .their consistuency (mostly utilities). In 
FY 1982, DOE focused most of its effort on initiating and funding a joint 
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technology t r a n s f e r  p r o j e c t  w i t h  EPRI .  This  p r o j e c t  i s  now underway. DOE w i l l  
c o n t i n u e  t o  c o o p e r a t e  w i t h  EPRI i n  FY 1983, and w i l l  p r o v i d e  two s t a f f  years 
of INEL s u p p o r t  f o r  t h e s e  a c t i v i t i e s .  
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5.0 PROGRAM STRUCTURE 

The H y d r o e l e c t r i c  Resource Development Program i s  c e n t r a l l y  managed by t h e  
Small-Scale Hydropower Branch, Geothermal and  Hydropower Techno log ie s  D i v i s i o n .  
T e c h n i c a l  day-to-day program o p e r a t i o n s  f o r  t h e  d e m o n s t r a t i o n  p r o j e c t s ,  engi -  
n e e r i n g  development and l o a n  program are c a r r i e d  o u t  by t h e  Idaho O p e r a t i o n s  
O f f i c e  and t h e  Idaho N a t i o n a l  Eng inee r ing  Labora to ry  a t  Idaho F a l l s .  Environ- 
men ta l  R&D and f i e i d  t e s t i n g  is  implemented by t h e  Oak Ridge N a t i o n a l  Laboracory 
(ORNL).  The f o l l o w i n g  c h a r t  i l l u s t r a t e s  t h e  hydropower program o r g a n i z a t i o n ,  

A l l  hydro program ac t iv i t i e s  a re  c a r r i e d  o u t  under t h e  Small.-Scale Hydropower 
Development l i n e  i t e m .  

Program m i l e s t o n e s  and budget h i s t o r y  are i l l u s t r a t e d  i n  Tab les  I and 11. Key 
a c t i v i t i e s  are shown i n  Table  111. 
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TABLE I 

DOE Small Hydropower Program 

Technology Developinent 
Projecl name 

Tur,&k 
Goad Year Lake (Slapenhorst) 
Sawmill (James-New Hampshire) 
Fries Texlile (Riegel) 
Salt River 
Garvin Falls (PubSer. Co. of NH) 
Shawmul (Cenlral Maine) 
Idaho Falls 
Gonzales 
Upper Dam (Spokane) 
Upper Mechanicville (NVSE&G) 
Garland Canal (Shoshone) 
Elk Rapids (Anlrim Counly) 
Carlyle 
Cherokee Falls (Broad River) 
Jackson Bluff (Tallahassee) 
Booll Mills 
Great Falls (Cily of Palerson) 
Flal Rock (Penn. Hydro) 
Bollon Falls (Green Mounlain) 

Tolal cos1 

4,526,887 (Actual) 
1,772,301 (Aclual) 
4,600,000 (Actual) 
1,300,000 (Aclual) 
2,600,000 (Aclual) 
6.1 65,000 
5,721,350 (Actual) 

49,974,036 
1,973,000 

11,735.000 
25,640,000 
2,967.800 

679,000 
7,836.897 
7.01 7,759 

11,671,200 
27,959.000 

8,800.000 
6,234,000 
5,890,050 

)OE cost' 

71 9,000 
245,000 
,022.000 
224.824 
357,702 
924,750 
850,000 

7,300,000 
295,000 

1.760.250 
2,500,000 

445.1 70 
164.250 

1.1 75.250 
1,052.664 
1,750,680 
2,197,000 
1.320.000 

935.1 00 
1,467.51 3 

a Conslurclion begun 
A Power on-line 
A Cornplelion of O&M period and submission of final reporl 

December 8,1982 

Funding provided prior to FY83 
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TABLE I (Cont.) 

Project name . Total cost 

Pumps as Turbines Experience Profile $1 20K 
Microhydropower Handbook 5250K 
Marine Thruster S698K 
achneider Engine S568K 

Variable Speed Generator $1,50OK 
Crossflow Turbine $1,000K 

Prefabricated Plant System S4,OOOK 

DOE Small Hydropower Program 

FY83 I FY84 I FY85 I FY86 I FY07 DOE cost 

S120K A 
S250K -a 
$247K -&-&---A 
$453K - & dk- --A 
f7fjOK D--------------*------*--J, 

&--A (FY-83) S400K &-------& -------- 
& ------- * --------- (FY-83) S350K A --A 

Project name 

Minimum Streamflow Research 
Turbine Mortality Research 

Environmental Research 

I FY84 FY85 I FY86 I FY87 Total cost DOE cost FY83 

SBOOK S800K --*----- Q 
$2GOK $200K 4- - - D  _-  .-A 

Project name 

Lessons learned 

? I FY85 I FY86 I FY87 FY83 FY84 

-A TBD S5OOK &-L&--A ----- 



TABLE I1 
I 

SMALL HYDHOPOIJER UEVkLOPMENT 

TECHNOLW DEVELOVfitNT 
PKO JECTS 

6.0 9.8 8.1 3.7 0 

TECHNOLOtiY SUPPORT ANI) 1.6 3.8 4.9 0.8 0.9 2.1 
ENGR. lIEVELOt'PIEN1 

LEGAL, INSTITUTIONAL ANI) 
EkVI RONWENTAL HESEARCH 

1.2 1.5 1.2 . 0.9 0. 7 

cn m REGIONAL ACT I V 1 T I E S  0 1.8 1.9 1.3  0 

SUHTUTAL 
- 
1.6 11.0 18-0 12.0 

- 
6.8 

- 
2.8 

- LOANS 0 0 0. ti 4.0 4- 2 

PROGRAM MRECTIOIJ  O 0 0.4 0.6 0. tl 0.2 

TOTAL BA 1.6 11.0 19.0 16.0 11.8 3. 0 
- - 

FY 83 

0 

3:,2 

0,6 

0 

1,8 

082 
z,n 

- 1 / A TOTAL OF S1M OF FY 82 A N l l  PHIOH YEAH FUNDS W t R t  PHOPOSELI FUR RE-PROGRAMMING FOR HEBER. 



OSJECrmES/ACllWTES 

F. SMALL SCALE HYDROPOWER 

1.  _ P r o j e c t  M o n i t o r i n g  and  S u p p o r t  

2 .  , D e m o n s t r u t i o n  P r o j e c t s  

- B r i n g  5 A d d i t i o n a l  D e m o n s t r a t i o n  P r o j e r i s  On- 
l i n e  f o r  a New T o t a l  of 13 P r o j e c t s  (76MWe) 
(1) G o n z d l u s ,  TX 
( 2 )  Spokane, WA 
( 3 )  Upper M e c h a n l c s v i l  l e ,  N .Y . 
(4) C a r l a n d  C a n u l ,  N.Y. 
(5) E l k  Rapidu ,  MI 

3. E n v i r o n m e n t a l  R e s e a r c h  

- Field Tests and H6D f o r  Minimum S t r e a m  Flow 
Requi  rema tics 

4. E n g i n e e r i n g  Development  

- S c h n e i d a r  Engine  a n d  Mar ine  T h r u s t e r  P r o j c t . t s  

- DOE-EPRI Tkchnology l'runsfer 

5 .  Loan Program 

- M o n i t o r i n g  o f  Remaining  Loans 

TABLE I11 I 

KEY ACT I V I  T Y  SCHEDULE 

~ O U R C F S  
NEW F Y  83 BA + 

W U G A T E D  CAARYOVEI 

$2.000.000 

A 

FISCAL' 

Ens i n 

h 
I 
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