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Geothermal Exploration: Philosophy, Methods, 
Impacts, Land Positions and Problems 

H. D. Pilkington 

AMAX Exploration, Inc. 

IhTRODUCTION 

Geothermal exploration consists of measuring 
geological, geochemical and geophysical para- 
meters at the earth's surface. The measured 
parameters then must be interpreted in terms of 
our geothermal model for the Cascades to deter- 
mine where and how deep we must drill for the 
geothermal resource. The exploration manager 
will take the technical data developed for a 
given prospect and determine whether it can be a 
business within the constraints imposed by cor- 
porate policy. 

The ideal geothermal prospect developed from 
our exploration model should have most of the 
following technical features (Fig.1 Slide 1): be 
of greater than 10mi2 with a heatflow t ree 

heatflow ten times background, exhibit viable 
hydrothermal alteration, contain recent igneous 
activity ( < 1  m.y.1, yield favorable hydro- 
geochemical eothermometers, i.e., greater than 
225OC (4500F7, h ave hot springs with sili- 
ceous sinter deposits, have mercury and/or sul- 
phur mineralization and finally the presence of 
abundant faults. 

Technical 

1. 
2. >? mi2 10 x baczground HF 
3. Viable hydrothermal alteration 
4. Recent igenous activity 
5. Geothermometers forecast>2250C 

6. Siliceous sinter deposits 
7. Hg and/or S mineralization 
8. Abundant faulting 

times background or be greater than 2mi 9 with a 

>lomi2 3 x back round HF 

(450OF) 

Bus i ness 

1. 
2. Private ownership 
3. Amiable lessor 
4. Easy access 
5. Environmentally insensitive 
6. Oil is the competing fuel 

Traversed by major transmission 1 ine 

Figure 1. Characteristics of the Ideal 
Geothermal Prospect 

The ideal geothermal prospect will also have 
most o f  the following business features (Fig.1- 
Slide 2): the prospect will be traversed by a 
major transmission line, the land will be under 
private ownership, the lessor will be amiable, 
access to the prospect will be easy, the property 
will be in an environmentally insensitive area, 
and the competing fuel within the market area is 
oil. 

EXPLORATION PHILOSOPHY FOR CASCADES 

Geothermal exploration in the Cascades is 
still in the early stages with the exception of 
the space heating area at Klamath Falls, Oregon. 
A flurry of leasing took place following the 
passage of the Geothermal Steam Act and the 
designation of Known Geothermal Resource Areas 
(KGRA's) by the U.S. Geological Survey. Since 
that time, varying amounts of geothermal explora- 
tion and/or applied research has been done by 
private industry, the federal government and the 
state government. 

Geological Characteristics 

The young stratavolcanoes of the Cascades 
suggests the area must be regarded as being geo- 
thermally prospective. The geological charac- 
teristics of a geothermally prospective area are 
shown in Figure 2 (Slide 3). The first charac- 
teristic is recent volcanic activity (Slide 4) 
such as seen at Mt. St. Helens, Washington. 

1. Volcanic activity 
2. Tensional fractures 
3. High heatflow 
4. Thermal springs 
5. Seismicity (microearthquakes) 

Figure 2. Geological Characteristics 
of Geothermal Areas. 

The presence of tensional fractures (Slide 5) 
provides adequate channelways for fluid mi- 
gration. The area should exhibit high heatflow. 
Heatflow data for the Cascades is somewhat sparse 
(Fig. 3-Slide 6) but does allow one to prepare a 
contour map (Fig. 4 Slide 7) for the Pacific 
Northwest. Note that large areas fall between 
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Heat Flow (hfu) 
0.7-1.5 

% 

1.5-2.5 
* )2.5 

Figure 3. Heat f low Data Po in ts  For The 
Pac < f i c N o r t  ;i\qe s t 

the  1.5 and 2.5 HFU contours i n d i c a t i n g  more than 
average heat energy i s  s t o r e d  i n  the  e a r t h ' s  
c r u s t  i n  the  Cascades. Superimposed upon the  
broad general areas o f  h i g h  hea t f l ow  are numerous 
l o c a l  areas where t h e  h e a t f l o w  i s  greater  than 
2.5 HFU. 

Thermal sp r ings  ( S l i d e  8)  are d i r e c t  i n d i -  
c a t o r s  o f  geothermal systems because they repre-  
sent escaping f l u i d s  f rom some b u r i e d  source. 

Some idea o f  t h e  abundance of thermal spr ings 
i n  t h e  Cascades can be seen i n  F igu re  5 ( S l i d e  9 )  

CiL 

location of 
Hydrothermal 
Convection 
Systems 

Subsurface 
Temperatures 
,90° c15OoC 

Figure 5. Locat ion o f  Hydrothermal Conxectioa 
Systems Y i t h  Subsurface Temperatures >90 C A 5 0  C 
which shows t h e  l o c a t i o n  o f  spr ings w i t h  sub- 
su r face  temperatures g rea te r  than 9OoC and l e s s  
than 150OC. Note t h a t  w i t h i n  the  Cascade r e -  
g ion  t h e  d e n s i t y  of such spr ings i s  low. The 
f i n a l  c h a r a c t e r i s t i c  ( S l i d e  10) o f  geothermal 
areas i s  s e i s m i c i t y  i n  t h e  form o f  microear th-  
quakes. 

0 400 
mi let 

Geothermal Model 

I t  i s  impor tant  t o  develop a geothermal model 
e a r l y  on t o  guide your e x p l o r a t i o n  program. The 
geothermal model you b u i l d  f o r  t h e  Cascades w i l l  
fo rm t h e  b a s i s ' o f  your e x p l o r a t i o n  program. 
Young mountain b e l t s  and modern i s l a n d  areas are 
associated w i t h  seismic and vo l can ic  b e l t s  (F ig .  
6 -S l i de  11) along convergent p l a t e  boundaries 
which suggests our model w i l l  center  upon p l a t e  
t e c t o n i c  concepts. The miocene vo l can ic  a r c  

F igure 4. Heat f low Contour Map of 
The Northwest 
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Figure 6. Seismic Belt, Cascade Volcanoes 
and Juan de Fuca Ridge 

65. 

6 4  

5 5. 

5 0 .  
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P 

. 100 200 mi 
160 310 km 

Figure 7. Miocene (20-10 m.y. ago) Volcmic 
Arc - Pacific Northwest 

(Fig. 7-Slide 12) in the Pacific Northwest coin- 
cides with the Cascade Range. Most recent work- 
ers consider the andesitic volcanism o f  the 
Cascades to represent a volcanic arc above the 
subdusting Farallon-Juan de Fuca plate. 
Columbia River basalts are regarded as a back-arc 
response to the subduction. 
sion was probably triggered by an accelerated 
rate of plate convergence approximately 20 m.y. 
ago and the consequent steepening of the 
Farallon-Juan de Fuca plate. About 10 m.y. ago 
the triangular shaped Juan de Fuca plate began to 
move as a separate plate bounded by transformed 
faults. 
and the Coast Range formed in late Pleocene and 
Pleistocene time. 
represents uplifted trench fill and the Cascades 
are the associated volcanic arc. 

The 

The back-arc exten- 

The construction of the high Cascades 

The sedimentary Coast Range 

Exploration Methods 

The exploration program one develops for the 
Cascades will be governed by your geothermal 
model, staff capabilities and budget. Let us 
discuss a generalized exploration program leading 
to a wildcat test for discovery (Figure 8). 
Phase I of the program (Slide 13) includes all 
those reconnaissance activities which will lead 
you to prospects with evidence of heat and 
"plumbing" which gives favorable hydrogeo- 
chemistry. 
manifestations of heat are the volcanos and the 
limited number of thermal springs. The high 
rainfall and dense vegetative cover makes the 
preliminary reconnaissance phase very difficult 
in the Cascades. 

would then proceed into Phase II(S1ide 14) o f  
"recce" follow-up. 
follow A through C with no modification. How- 
ever, the shallow thermal gradient drilling pro- 
gram should be permitted to include holes from 

In the Cascades, the obvious 

In most areas of the western United States we 

In the Cascades we probably 

Phase I Recce 

Locate prospects with evidence of 
heat and "plumbing" with favorable 
hydrogeochemisty. 

Phase I1 Recce Follow-Up 

A. Geological Recon 
6. Verify Heat and Chemistry 
C. . Take Land Position 
D. Shallow AT Program. 

Phase I11 Targeting 

A. Detailed Geologic Mapping 
B. Seismic Monitoring. 
C. Gravity and Magnetics 
D .  Electrical Methods(MT? EM? SP?) 
E. Supplemental Shallow AT Holes 
F. Intermediate Depth AT Program 
G. Title Curative Work. 

Figure 8. Geothermal Exploration Program 
Prior to Wildcat Test 
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150111 (500ft.) to as much as 610111 (2,000ft.) 
because of the problems associated with downward 
and lateral migration of meteoric waters. 

If a prospect survives after Phase I 1  it will 
the move into the targeting stage of Phase 1 1 1  
(Slide 15). 
Cascades should give serious consideration to 
including a hydrogeologic mapping effort perhaps 
with detailed temperature surveys of the waters. 
Such information could be helpful in interpreting 
heatflow studies and might also help delineate 
the heat source. Seismic monitoring, gravity and 
magnetic studies should provide much useful data 
to substantiate or modify the basic geothermal 
model of the area. What if any electrical method 
will provide us with data to help target a pro- 
duction test? Probably a magnetotelluric survey 
carefully located with respect to structure and 
topography will give us the most information. A 
self-potential survey could be done in connection 
with a hydrogeological survey to help our under- 
standing of the near surface water movement. 
Finally, we will be ready to carry out an inter- 
mediate depth thermal gradient drilling program 
with holes permitted from 610m (2,000 ft.) to as 
much as 1,220m (4,000 ft.). 

An exploration program in the 

Land Positions and Problems 

The geothermally prospective area of the 
Cascades extends from Mount Lassen in northern 
California to Mount Garabaldi in southern British 
Columbia. As stated earlier, the ideal geother- 
mal prospect would be located on fee lands and be 
in the hands of an amiable person. 
Cascades, as elsewhere geothermal prospects are 
where you find them, not necessarily where you 
would like them to be. The odds are in favor of 
the prospect being on federal lands administered 
by the Forest Service, in total or in part. Even 
though geothermal exploration in the Cascades is 
still in the early stages, leases have been taken 
on most fee lands in those areas deemed to be 
most prospective. 

In the 

Forest Service Lands 

Lease applications were filed on large areas 
of Forest Service lands imnediately after the 
passage of the Geothermal Steam Act. Years and 
years have gone by and only a handful of leases 
have been issued to date. On the bright side, 
the Region VI  Office in Portland announced in 
October 1980 that a back log of 500 geothermal 
lease applications will be processed by the third 
quarter of 1981, thirty-six more in the first 
quarter of 1982 and twenty-one in the first 
quarter of 1983. 

The USFS completed, in 1980, the environ- 
mental assessment for the non-competitive leasing 
on 539,600 acres of land within the Fort Rock 
Ranger District of the Deschutes National Forest. 
The report showed 308,320 acres available for 
"standard" lease stipulations and 178,560 acres 
available for "staged leasing". 
plement to the environmental assessment report 

In 1981, a Sup- 

was issued which is said to pave the way for is- 
suance of geothermal leases. However, the new 
proposal is more restrictive than the 1980 ver- 
sion (Fig. 9-Slide 16). 

'80 USFS Version '81 USFS Version 

standard leasing 308,320 ac. 267,600 ac. 
staged leasing 178,560 ac. 209,490 ac. 
no leasing 52,720 ac. 62,820 ac. 

Figure 9. USFS Recommendations for 
Geothermal Leasing in Fort Rock Ranger Dist., 

Oeschutes National Forest. 

On March 30, 1981, the Gifford Pinchot Na- 
tional Forest resended their decision of May 15, 
1979 regarding geothermal leasing. The decision 
to adopt alternative No. 4 (Fig. 10-Slide 17) was 
proven to be too restrictive and was not going to 
permit adequate geothermal exploration. There- 
fore, the March 30, 1981 adopted alternative No. 
2 with minor modifications. 

Fee Lands 

Although the bulk of the lands in the 
Cascades are within the national forests, a 
surprising amount of private land is present. 
The private owners may be individuals or large 
wood and/or paper production companies. The 
railroads also hold significant tracts of land in 
the Cascades. 

Acquisition o f  a land position involving the 
fee lands can be done by leasing from the owner, 
earn acreage by drilling exploration test wells, 
or by joint exploration agreements with either 
the land owner, in case of the wood and/or paper 
pro- duct companies, or with competitors. 

Regulatory Problems 

During all phases of your exploration program 
and especially in Phase I 1  and I 1 1  you must time 
your work in order to comply with all the regu- 
lations (Figure 11-Slide 18). The federal 
acreage limitation thus far has probably not been 
a serious problem in the Cascades, and hopefully 
the legislation increasing the limitation to 
51,200 acres will pass this year. Permitting 
regulations of the federal government, and in 
some cases local government require much planning 
and an orderly 

1. Federal acreage limitation 
2. Permitting problems 
3. State regulations 
4. Local regulations 

Figure 11. Regulatory Problems Affecting 
Geothermal Exploration. 

progression of work by your permitting people to' 
insure uninterrupted exploration work. Often 
times permits are required fr m thr 
agencies for the same work. ?n geottermaf 
exploration "casual use'' of public lands has 
almost become a thing of the pdst. 

dif erent 
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Acres I 
A .  Leasing Approved: 

Acres I Acres I Acres 1 Acres I Acres % 4 

5. NSO: Except Access 
Roads and Transmission 
Lines 

6. Total Leasing Approved 
Area with SCC 
(2 + 3 + 4 + 5 )  

C. Sunmary 
7. Leasing Approved 

T i t a l  Area ( 1  + 6 )  

8. Leasing Denled 

9. Total Study Area 
( 7  + 8 )  

! I I I 1 E. ;;~:;~;i~~~roved: , 1 With No Surface Occupancy 

NO Surface Occupancy 7.457 2 17.675 6 74,175 25 86,784 29 

I I 

0 0 31,412 10 55,357 18 ' 0 0 '  

! 

I - 
I 

0 0 '  

4,027 1 5,328 2 9 , 7 1 8  13 1 42.819 14 1 107,298 36 i 234,901 78 299,008 100 I 
81 1 256,789 84 192,310 64 64,707 22 295,581 99 294.280 98 260,890 

~ _ _  , 
I I 

NSO -- Conditional I 
(Subject to Waiver) 0 0 I 71.785 24 1 146,176 49 I 0 0 1 I 0 0  

D. i o .  Percent or Leasing 
Approved Area ( 7 )  
with SO2 ( 6 )  

I 

i 
54 I 45 I 

i 
75 I 

I 
2 7 1  

i 

0 1  
~~ 

NOTES: 1. NSO : No Surface Occupancy; SOC = Surface Occupancy Constraint. 
2. Figures are digitized close estimates from the Forest's 1" I 1 mile base map. 
3. Acres and percentages are rounded to the nearest unit. 

Figure 10. Forest Service Recommendations for Leasing May 1979 
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TYPES OF GEOTHERMAL RESERVOIRS 

Elliot J. Zais, PhD, PE 

Elliot Zais 6 Associates, Inc. 
7915 NW Siskin Dr. 

Corvallis OR 97330 USA 

ABSTRACT 

Geothermal systems exist in several widely 
differing types from radiogenically heated sand- 
stones to vapor-dominated hydrothermal systems in 
fractured granites sitting above cooling magma 
chambers to geopressured reservoirs. Geochemistry 
plays a large role in distinguishing among the 
different types. Some example systems of each 
type are 1) 
2) Cerro Prieto Mexico-liquid-dominated, high 
temperature, 3) Klamath Falls OR-liquid -domin- 
ated, low to moderate temperature, 4 )  Fenton 
Hill NM-hot dry rock, 5) Texas Gulf Coast-geo- 
pressured geothermal, 6 )  Paris Basin France- 
sedimentary basin, 7) US East Coast-radiogenic. 

The Geysers CA-vapor-dominated, 

CHARACTERISTICS 

All geothermal systems which are of any 
practical use must have the following three 
things: 1) A source of heat, e.g., radioactive 
rocks, magma chamber, 2) Permeability in the rock- 
intergranular or fracture or both, and 3) A heat 
transfer medium-natural pore water or injected 
water. Beyond these three characteristics the 
types of systems vary widely. 
(1975) have classified geothermal systems as 
shown in Table I. 

White and Williams 

HYDROTHERMAL SYSTEMS 

Only hydrothermal systems have been devel- 
Hydrothermal systems oped commercially to date. 

can be split into vapor-dominated and liquid-dom- 
inated types. See Figures 1-3. Table I1 shows 
some of the characteristics and contrasts between 
the two types. Much of the information in the 
table is from White et a1 (1971). 

Vapor-Dominated Systems 

Vapor-dominated systems are quite rare, 
probably less than a tenth as common as liquid- 
dominated systems. 
because they can be used directly for electric 
power generation. Some of the vapor-dominated 
areas producing electricity are The Geysers CA, 
Larderello Italy, and Matsukawa Japan. All vapor- 
dominated reservoirs are two-phase even though 
the liquid-vapor interface at The Geysers has not 

They are also quite valuable 

yet been found. Because the density-of steam is 

so low The Geysers source rock would have to be 
impossibly thick unless a boiling interface exist- 
ed. The two-phase nature prevents the use of 
analysis techniques taken from the natural gas 
industry which has only a single phase system to 
deal with. 

Liquid-Dominated Systems 

Liquid dominated systems range in tempera- 
ture from greater than 150’C for high temperature 
systems to less than 90°C for low temperature 
systems. 
Wairakei NZ and Cerro Prieto Mexico; electricity 
is being generated in both places. 
low temperature resource in the US is at Klamath 
Falls where hot water is used to heat homes, 
pasteurize milk, and melt snow and ice off of 
highways. 

Examples of high temperature systems are 

The best known 

SEDIMENTARY BASINS 

Sedimentary basins are found in many parts 
of the world. They are basins filled with sed- 
imentary rock to depths of 10 km or more. 
permeability and depth allow the circulation of 
ground water which is heated to a useable temper- 
ature. Moderate geothermal gradients in the Paris 
Basin provide warm water which is being used to 
economically heat thousands of homes. The Madison 
group carbonate rock sequence in the Dakotas, 
Wyoming, Montana, and Canada is a similar basin 
which is being tapped for heating and agricultural 
use. 

The 

GEOPRESSURED GEOTHERMAL 

Geopressured geothermal reservoirs are found 
mainly in the US Gulf Coast. Geopressured zones 
start at about 3km and go down to perhaps 15km. 
See Figure 4 .  
pressure caused by rapid sedimentation and 
contemporaneous faulting. When these two process- 
es retard water loss from compacting sediment, the 
interstitial fluid has to support part of the over- 
burden load. This geopressures and superheats the 
formation water. See Figures 5 and 6 for plots of 
temperature and pressure vs depth. 
(1975) has described geopressured zones as “a 
natural pressure vessel from which superheated 

They are zones of anomalously high 

Paul Jones 
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ZAIS 
water of moderate salinity could be produced 
through wells, each yielding millions of gallons 
a day at pressures of several thousands pounds per 
square inch, and temperatures above 300"F, with 
considerable amounts of methane gas in solution." 

RADIOGENIC RESOURCE 

Some areas such as the eastern US have high 
geothermal gradients caused by heat generated by 
radioactive rocks. See Figure 7. If water is 
available in such areas the resource could 
reasonably be tapped for low to intermediate temp- 
erature uses. 
conducted at Virginia Polytechnic Institute and 
State University. 

HOT DRY ROCK 

Exploration and research is being 

The hot dry rock resource consists of rocks 

Exper- 
within about lOkm of the surface with little 
permeability and little circulating fluid. 
iments at Los Alamos Scientific Laboratory have 
succeeded in creating a small geothermal system 
in such a resource by 1) drilling two adjacent 
wells, 2) hydraulically fracturing the formation, 
and 3) injecting cold water into the formation 
thru one well and producing hot water from the 
other. See Figure 8 .  

MOLTEN ROCK 

Molten rock utilization is still in the 
laboratory stages and will probably remain so for 
quite a while. 

Vapor-Dominated 
Geothermal Reservoir 
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TABLE I 
Geothermal Resource Classification 

Temperatun 
Resource Typ. Chrracterlrtkr 
1 HydrothermeJumveaionbn 

resources (heat wr ied upward 
from depth by convecton of water 
or steam) 

a Vapordominated about 240% 

b Hot-water dominated 
(464°F) 

1. High temperature 150*-350'C+ 
(300 *-660 OF) 

2. Intermediate tem$rature 90'-15OeC 

3. Low temperature less than 90 'C 

(19Oo-30OoF) 

2 Hot igneous resources 
(rock intruded in molten form from 
depth) 
a. Part stin molten hgher than 

650'C 
(1200.F) 

(1 90 '- 1 200 'F) 
b Not molten-"hot dry rock 90°.650'C 

3 Conduction dominated resources 
(heat carried upward by conduction 
throwh rock) 
a. Radiogenic (heat oenerated 3Oo-15O0C 

b. Sedimentary basins (hot fluid 30'-150'C 

c. Geopressured (hot fluid under 150°-2000C 

by radioactive decay) (86 '-300 OF) 

in sedimentary rocks) 

hQh pressure) (30Oo-390'F) 

TABLE I1 

LIQUID-DOMINATED SYSTEMS VS VAPOR-DOMINATED SYSTEMS 
, "  

Host rock permeability high 1. Host rock permeability low 
Discharge high (100's to 1000's gpm) 
High chloride content (greater than 50 ppm) 
High pH 4 .  Low pH (acid) 
Low sulfate 5. High sulfate 
Natural geysers 6. No natural geysers 
Mercury deposits uncommon 7. Mercury deposits characteristic 
High potential for self sealing with silica 

2. Discharge low (c. 25 gpm) 
3 .  Low chloride content (less than 20 ppm) 

Factors Which Indicate High-Intensity Systems 

Si02 greater than 240 ppm = 180°C 
Current sinter deposits = 180°C 

Natural geysers = 15OoC-17O0C 
Na/K ratio less than 20 =17OoC 

1. --- 
2. 

3. Fumaroles 236OC-24OoC 

None but if vapor-dominated system exists, 
temp = 236OC-24OoC 

4 .  - 
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WHEN THE HOLE IS DRY - THE HDR ALTERNATIVE I N  THE CASCADES 

8. Arney, D. Brown and R. P o t t e r  

Geosciences Div is ion  
Los Alamos Nat iona l  Laboratory 
Los Alamos, New Mexico 87545 

Abst rac t  

The Hot Dry Rock (HDR)  method o f  heat ex t r ac -  
t i o n  was d e v e l o p e d  by Los Alamos i n  s i l i c i c  
plutonic-metamorphic rocks  o f  Precambrian we. 
Now t h a t  the method and mechanisms are better 
understood, we are looking  a t  o t h e r  rock t y p e s  as 
p o t e n t i a l  HDR " r e se rvo i r s " .  

High heat flow over  much o f  t h e  Northwest 
i n d i c a t e s  t h e  p o t e n t i a l  f o r  geothermal power and 
hea t  i s  g r e a t  i f  we cou ld  f i n d  ways t o  deve lop  i t .  
C u r r e n t l y  we are working  w i t h  two c o n c e p t u a l  
models f o r  HDR d e v e l o p e n t  i n  vo lcan ic  rocks .  
Experiments planned for t h i s  summer should i n d i -  
cate how t h e  rocks  behave and how t h i s  behavior  
compares to e x i s t i n g  models. 

Jn t roduc t ioq  

Geothermal heat e x i s t s  everywhere. I n  l a r g e  
p o r t i o n s  o f  the  Northwest tempera tures  o f  200°C 
(400'F) e x i s t  w i th in  3-4 km o f  t h e  surface and 
could be commercially developed f o r  electrical 
production or space  and process  h e a t .  Conven- 
t i o n a l  geothermal d e v e l o p e n t  r e q u i r e s  producib le  
n a t u r a l  ho t  water and so far t h i s  has  l imi ted  our 
u t i l i z a t i o n  o f  the  e a r t h ' s  h e a t .  

0rixina.L HDR Conceot 

The HDR concept as developed a t  Los Alamos and 
demonstrated at  Fenton H i l l ,  on the w e s t  f l a n k  of 
t h e  Valles Caldera i n  nor thwes tern  New Mexico, 
provides  a way to  e x t r a c t  heat from t h e  ea r th  
where no n a t u r a l  ho t  waters or steam can be pro- 
duced (Smith e t  al .  1976).  

The o r i g i n a l  (Phase 1) system ( F i g .  1 )  con- 
sists o f  two boreholes  d r i l l e d  i n t o  granitic rock 
t o  approximately 3 km (10,000 f t )  with a n  average  
r e s e r v o i r  tempera ture  o f  C185OC (365OF), connected 
by a syst-em o f  v e r t i c a l l y  o r i e n t e d  h y d r a u l i c a l l y  
induced f r a c t u r e s .  Water is  c i r c u l a t e d  down one 
borehole ,  heated by c o n t a c t  w i t h  t he  rock and 
rises up t h e  secopd borehole t o  t h e  surface. The 
heat is  removed from t h e  circulating water by 
means o f  an  a i r -cooled  heat exchanger (similar t o  
your automobile r a d i a t o r )  and the  cooled water is 
r e i n j e c t e d  f o r  r e c i r c u l a t i o n .  A 280-day test 
produced 3-5 M W ( t )  and r e s u l t e d  i n  a temperature 
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6, 
RESEARCH (PHASE 1) SYSTEM 

Fig. 1. Phase 1 HDR System, Fenton H i l l .  

drawdown o f  t h e  r e s e r v o i r  o f  on ly  5OC. The 
e x t r a c t e d  hot  water tempera ture  was 135OC (275°F). 
The r e l a t i v e l y  low tempera ture  o f  t h e  produced 
f l u i d  resulted from t h e  modest f low rate o f  6 9Js 
(100 g p )  and t h e  tempera ture  drawdown o f  prev ious  
tests. During this 280-day test ,  o f  the  
superhea ted  water was c i r c u l a t e d  through a b ina ry  
f l u i d  gene ra to r  t o  produce 60 KW(e)  o f  e l e c t r i c  
power. 

A second-generation (Phase 2 )  system ( F i g .  2) 
is p r e s e n t l y  be ing  d r i l l e d  t o  5 km (15,000 f t )  and 
tempera tures  o f  325OC ( 6  17'F) . Two p a r a l l e l ,  
i n c l i n e d  (35' from v e r t i c a l )  boreholes ,  s epa ra t ed  
by about  400 m,  w i l l  be connected by m u l t i p l e  
p a r a l l e l  v e r t i c a l  fractures, The system could 
produce 10 MW(e) f o r  20 y e a r s  wi th  on ly  10% 
thermal drawdown dur ing  t h a t  time. 



Arney et a l .  
ENGINEERING (PHASE 2) SYSTEM 

Fig. 2.  Phase 2 HDR System, Fenton H i l l .  

It was o r i g i n a l l y  expected t h a t  new f r a c t u r e s  
would be created by hydrau l i c  f r a c t u r i n g .  It i s  
now be l ieved  t h a t  pre-ex is t ing  f r a c t u r e s  i n  Pre- 
cambrian rocks  are opened by hydrau l i c  pressure  
and poss ib l e  cool ing  o f  t h e  rock .  

ExDandim Th e ConceDt 

Once t h e  method had been  d e m o n s t r a t e d  a t  
Fenton H i l l ,  cons ide ra t ion  was g iven  t o  o t h e r  rock 
types .  I n  1979 a s e r i e s  o f  hydro logic  t e s t s  were 
done i n  low-grade meta-volcanic rock  below 1625 m 
( 5 3 3 3  f t )  depth i n  C r i s f i e l d ,  Maryland. The 
o r i g i n a l  permeabi l i ty  was 10 microdarc ies .  The 
t e s t  c o n s i s t e d  o f  h y d r a u l i c  p r e s s u r i z a t i o n  
r e s u l t i n g  i n  m u l t i p l e  f r a c t u r e s  followed by sand 
propping o f  t h e  f r a c t u r e s .  The r e s u l t s  showed 
that f r a c t u r e s  had been opened by t h e  pumping, as  
t h e  p re s su re  r equ i r ed  t o  produce flows o f  1 . 2 5  
a/sec was less f o r  each success ive  p r e s s u r i z a t i o n  
(F ig .  3 ) .  Well l o g s  ind ica t ed  t h a t  t h e  f r a c t u r e s  
had been propagating upward (F ig .  4 )  and with time 
might break  through t o  t h e  permeable sediments 
above 1360 m (4461 f t ) .  Unfor tuna te ly ,  our  t ime 
i n  t h e  we l l  was l i m i t e d  and t h e r e  was n o t  t h e  
oppor tuni ty  t o  see i f  a s i n g l e  wel lbore  loop  could 
be e s t a b l i s h e d .  I n  a s i n g l e  wel lbore  loop  t h e  
water is  i n j e c t e d  through t h e  i n s u l a t e d  c e n t e r  o f  
a double p ipe ,  moves upward through t h e  fractures 
i n  t h e  impermeable formation u n t i l  it i n t e r s e c t s  a 
permeable zone. The o u t e r  cas ing  o f  t h e  double 
pipe i s  pe r fo ra t ed  i n  t h i s  zone and t h e  hot water 
is pumped up through the  annulus ( F i g .  5). 
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Pumping Tests Crisfield Airport 
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Fig. 3 .  Pumping tests a t  Crisf ie ld ,  Maryland. 

4 

Fig. 4.  Well and f r a c t u r e  system a t  Cr i s f i e ld ,  
Maryland. 



Fig .  5. S i n g l e  wel lbore  loop .  

We are c u r r e n t l y  planning hydro logic  tests i n  
a number o f  a d d i t i o n a l  rock  t y p e s  t o  determine 
t h e i r  r e s e r v o i r  c h a r a c t e r i s t i c s  so t h a t  s u i t a b l e  
HDR e x t r a c t i o n  techniques  can be developed for  
each. These tests w i l l  b e  done i n  d r y  h o l e s  

. loaned t o  u s  by i n d u s t r y  for  t e s t i n g  purposes .  

H k I  

I n  many p a r t s  of t h e  Cascades tempera tures  
s u i t a b l e  f o r  geothermal development e x i s t  w i t h i n  
2-4 km o f  t h e  s u r f a c e  but  hydrothermal r e s e r v o i r s  
are not  so abundant. For t h e  e x i s t i n g  h e a t  t o  be 
e x t r a c t e d ,  HDR t e c h n i q u e s  w i l l  have  t o  b e  
employed. 

Under t h e  o r i g i n a l  HDR c o n c e p t ,  we were 
l i m i t e d  t o  s i l i c i c  i n t r u s i v e  rocks  for  HDR devel-  
opment. S i n c e  most o f  t h e  Northwest l a c k s  a 
Precambrian basement, t h i s  meant i n t r u s i v e  r o c k s ,  
of ivlesozoic t o  P l i o c e n e  age, l o c a t e d  most ly  i n  t h e  
nor thern  Cascades, o r  cores of s i l i c i c  domes. 

With t h e  r e a l i z a t i o n  t h a t  we are n o t  c r e a t i n g  
new f r a c t u r e s  b u t  r a t h e r  opening o l d  ones  w i t h  
hydraul ic  p r e s s u r e ,  new r e s e r v o i r  c o n f i g u r a t i o n s  
ai e being modeled. One which appears  p o s s i b l e  i n  
l a y e r e d  v o l c a n i c  rocks  h a s  a flow p a t t e r n  similar 
t o  t h a t  shown i n  Fig.  6. where t h i c k  l aye r s  of 
co lumnar  b a s a l t s ,  f i o w  brecc ias ,  o r  f r a c t u r e d  

Arney e t  a l .  
t u f f s  are interbedded wi th  impermeable c l a y - r i c h  
sediments  sealed by hydrothermal a l t e r a t i o n .  I n  
p l a n  view t h e  f low would appear  as  i n  Fig.  7 ,  and 
h e a t  would be f l u s h e d  from t h e  rock  a s  o i l  i s  
f lushed  by water o r  steam i n  t h e  o i l f i e l d s .  T h i s  
i s  similar t o  t h e  "forced geoheat  recovery" pro- 
posed by Eiodvarsson (1976) o r  t h e  f l u s h i n n  of 
geothermal h e a t  d i scussed  by Andrews e t  a1.- ( i n  
p r e s s ) .  c-:: 

To tes t  t h e  a p p l i c a b i l i t y  of t h i s  modo1 t o  
v o l c a n i c  rocks  found i n  t h e  Northwest, two hydrol-  
o g i c  tests are planned t h i s  year  f o r  h o t  d r y  wells 
i n  Oregon. 

The first, which should t a k e  p l a c e  i n  May, i s  
a m u l t i p l e  p r e s s u r i z a t i o n  o f  t h e  Ore-Ida well i n  
Ontar io ,  Oregon. The well is 3065 m (10,054 f t )  
deep i n  i n t e r l a y e r e d  sediments ,  t u f f s  and basalts 
and has  a bottom hole  temperature  o f  182°C ( 3 6 0 % )  
(Geothermex Inc . ,  1980). The lower 588 m (1929 
f t )  o f  basal t  showed i n i t i a l  fracture permeabi l i ty  
which was plugged wi th  mud dur ing  d r i l l i n g .  The 
well produced 1-2 gpm. The t e s t  i s  planned t o  
i n d i c a t e ,  by s u c c e s s i v e  p r e s s u r i z a t i o n s ,  whether 
fractures i n  t h e  rock can b e  opened and i f  their  
a b i l i t y  t o  accept  and s t o r e  water i s  increased  
dur ing  t h e  t es t .  The t h e o r y  i s  t h a t  i f  t h e  frac- 
c a n  be made t o  accept  t h e  water, i t  could t h e n  be 
recovered from a second w e l l .  

S i m i l a r  t e s t i n g  i s  t e n t a t i v e l y  planned fo r  
OMFC7a o n  Old Maid F l a t ,  M t .  Hood, Oregon i n  
August. T h i s  w e l l  was d r i l l e d  i n  a mixed v o l c a n i c  
sequence t o  a d e p t h  o f  1838 m (6027 f t )  w i t h  a 
maximum recorded temperature of 113°C (235°F) and 
produced 114 gpm from t h e  lower 874 m (2867 f t )  
(US DOE, Nevada Operat ions Office, i n  press ) .  I n  
t h i s  well we p lan  t o  set  packers  and i so l a t e  t h e  
lower b a s a l t s  and  b a s a l t  b r e c c i a ,  which  seem 
similar t o  older more altered basalts found a t  
depth  throughout  t h e  r e g i o n ,  

F ig .  6 .  Two borehole  system i n  v o l c a n i c  rock. 
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Fig.  7 .  P lan  view o f  f low p a t t e r n s  f o r  two 
borehole  system shown i n  Fig.  6 .  

The r e s u l t s  o f  t h e  tests planned f o r  t h i s  
summer w i l l  show i f  t y p i c a l  Cascade volcanic  r o c k s  
are s u i t a b l e  f o r  p r e s e n t l y  envis ioned  HDR tech-  
n o l o g y  o r  i f  new c o n c e p t u a l  mode l s  mus t  b e  
developed t o  e x t r a c t  t h e  h e a t  from these rocks  
w i t h  manmade sys t ems .  
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Abstract 

The South Reservoir in the Meager Creek 
Geothermal Area is within crystalline basement 
rocks on the southern flank of the Pliocene to 
Recent Meager Mountain Volcanic Complex. Geol- 
ogical, geochemical and resistivity surveys were 
used to determine targets for temperature grad- 
ient diamond drilling. Temperature profiles 
indicate anomously high temperature gradients 
in drill holes M2, M3, M4, M6, M7, ME, M10, M U  
and M12. Heat flow values of 105-620 mWm-’ 
(2.5-14.8 HFU) have been calculated for drill 
holes M2, M3, M7, ME, M11 and M12; these values 
are up to seven times the regional heat flow 
for the Garibaldi Volcanic Belt. The main South 
Reservoir thermal anomaly has been defined over 
an area about 3 km by 1 km in the Meager Creek 
valley and is open to the north and southeast. 
Deep drilling and production testing to assess 
the reservoir as a potential pawer source will 
be initiated during 1981. 

Introduction 

The Meager Creek Geothermal Project area, 
160 km northwest of Vancouver, is associated with 
the Pliocene to Recent Meager Mountain Volcanic 
Complex (Figure 1). Meager Mountain is the north 
ern most volcano of the Garibaldi Volcanic Belt, 
(Souther, 1976) an extension of the High Cascade 
volcanos into Canada. This paper describes the 
South Reservoir, an area of fractured crystalline 
and metamorphic basement rocks on the southern 
flank of the Meager Volcanic Complex. 

The project is operated by B.C. Hydro and 
Power Authority, a provinical government public 
utility, for which Nevin Sadlier-Brown Goodbrand 
Ltd. has acted as exploration consultants since 
the work commenced in 1973 (Nevin and Sadlier- 
Brcwn, 1972). The Geological Survey of Canada 
and Earth Physics Branch of the Department of 
Energy, Mines and Resources (EMR) have conducted 
various independent research studies at Meager 
t h a t  generally compliment applied exploration 
by B.C. Hydro. 
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Standard exploration techniques have been 
modified to accommodate the rugged terrain, high 
precipitation and remoteness of the area. Geo- 
logical mapping, spring water geothermometry, 
isotope hydrology, radcnand soil mercury, air- 
borne infrared scanning, resistivity, self poten- 
tial, microseismicity and magneto-telluric tech- 
niques have been applied along with temperature 
gradient drilling utilizing diamond drilling 
equipment (Nevin et a1 1978). Emphasis during 
the intial exploration phase was on geological 
and geochemical studies. For detailed evaluation 
of potential target areas detailed geologic map- 
ping and structural analysis, resistivity surveys, 
and diamond drilling have provea to be the most 
useful exploration techniques. 

GeOlngY 

The volcanic complex and adjacent basement 
terrane has been mapped by Read (1979). The base- 
ment consists mainly of Mesozoic to early Tertiary 
crystalline and metamorphic rocks of the Coast 
Plutonic Complex but includes high level, quartz 
monzonite plutons as young as late Miocene. A 
post-Miocene erosion surface of high relief sep- 
arates the basement rocks from the overlying vol- 
canic complex. The volcanic edifice itself is a 
deeply dissected, glacier-covered complex of over- 
lapping andesite, dacite and rhyodacite piles that 
become prwressively younger from south to north. 

The earliest (1.0 Ma) episode of volcanism, 
which occurred on the south flank of the complex 
immediately north of current drilling in the 
South Reservoir, includes an extensive basal brec- 
cia of dominantly plutonic blocks overlain succes- 
sively by porphyritic andesite flows and breccia, 
porphyritic dacite flows and breccia, and hydro- 
thermally altered rhyodacite tuff, flows, and 
breccia (Devastator Assemblage). The intense 
brecciation and alteration indicate that the 
initial eruption was explosive and that it was 
followed by prolonged hydrothermal activity. 
Subsequent, successively younger eruptions form a 
stratavolcano of andesite, dacite and rhyodacite 
flows, breccias and subvolcanic intrusions 12 km 
across. The last volcanic eruption of 
welded block and ash flows from a vent on the 
north side of the complex, occurred approximately 
2550 years ago. Airfall tephra, the Bridge River 
ash, from 



this eruption is similar in morphology and 
extent to the May 18th St. Helen's ash. 

The South Reservoir area is underlain by 
weakly-foliated Cretaceous quartz diorite con- 
taining tabular and wedge-shaped pendants of 
banded amphibolite, migmatite, greenstone and 
quartzofeldspathic gneiss. Intrusive contacts 
are gradational. Quartz diorite and metamorphic 
rocks are affected by pervasive propylitic 
(chlorite, epidote, carbonate and albite) alter- 
ation and local silicification. 

Hypabyssal dikes of light green, dacitic, 
feldspar porphyry and milky-white aphanitic 
rhyolite co;-related with volcanics on Pylon Peak 
cut basement rocks. Most of them display a strolq 
pervasive clay-carbonate-quartz-chlorite alter- 
ation that partially obscures original textures. 

Mineral precipitates in fractures include 
silica, kaolinite and other clays, calcite, dolo- 
mite, gypsum and barite. A crude zoning of pre- 
cipitated minerals upward and outward from the 
near-surface thermal anomaly appears to exist. 
Silica precipitates occupy a central position 
surrounded by peripheral zones of clay-carbonate, 
carbonate and gypsum. 

Structural control of the reservoir config- 
uration is provided mainly by faults and fractures 
along which hydrothermal fluids are localized. 
Of particular importance are the Carbonate Fault, 
striking 160' anddipping 60° southwest near the 
western boundary of the near-surface thermal anont 
aly (Figure 3) , and the Meager Creek 
Fault striking east-west along Meager Creek and 
dipping approximately 40° north (Figure 4 ) .  The 
Meager Creek Fault is a relatively young exten- 
sional feature with about 500 m of normal dip-slip 
movement possibly related to subsidence. 
addition, young volcanic dikes, intersected in 
drill holes, are commonly emplaced along faults 
and/or zones of weakness with evidence of post- 
dike movement. Faulted and/or broken, permeable 
zones associated with hypabyssal dikes are up to 
20 m in width. 

In 

The dominant joint attitudes in the South 
Reservoir area are 130*/60° SW (parallel to fol- 
iation attitudes and the Carbonate Fault) and 
020*/vertical. Various other attitudes are impor- 
tant over smaller areas within the South Reservoir 
area. Fractures striking east-west and dipping 
40° N (parallel to the Meager Creek Fault) occur 
in exposures along Meager Creek and on the slope 
of the Meager Creek valley between No Good and 
Angel Creek and are of particular interest with 
respect to the reservoir configuration (refer to 
"Reservoir Model"). The generally regular joint 
pattern breaks down and becomes random in the 
area of the north-south trending No Good Discon- 
tinuity (Figure 3) where one set of north-south 
near vertical fractures is prevalent. 
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Geochemistry 

In early assessment work, spring water 
chemistry was used to obtain reservoir temperature 
estimates of 59 to 166OC using the silica geother 
mometer (Fournier and Rowe, 1966) and 96 to 25OOC 
using the Na-K-Ca geothermometer (Fournier and 
Truesdell, 1973). A stable isotopes study of 
oxygen isotope fractionation between SOZ in solu- 
tion and water similarly indicates a low temper- 
ature ( <15OoC) shallow origin for most of the 
waters studied (Fritz et al, 1980). A study at 
Meager by Hammerstrom and Brown (1978) determined 
that the spring waters are in equilibrium with 
near-surface rock alteration assemblages. Water 
chemistry is complicated by mixing relationships 
between reservoir fluids and volumous but variable 
surface runokf. Thermal water at the Meager Credc 
main hot springs is helieved to have migrated up 
to 5 km from the source area within crudely strat- 
ified colluvium greather than 250 m deep in the 
Meager Creek channel. Thus the calculated 
temperatures must be viewed with discretion. 

The stable isotopes study also indicates 
that the waters samples have a residence time of 
at least 25 years (Fritz et al.1980). 

The majority of springs are dilute C1 domi- 
nated waters with 200 to 2000 ppm total dissolved 
solids (TDS). Two drill holes yielded artesian 
flows which had TDS of 6000 to 10,400 ppm and hi@ 
boron contents of 22 to 28 ppm. These two samples 
were obtained from the deepest part of the system 
and are the best candidates obtained to date fora 
representative geothermal fluid. 

Pilot radon gas (Track-Etch) and mercury soil 
surveys conducted in 1978 detected local anomaliE 
but deep groundwater saturated overburden effect- 
ively suppresses response over most of the area 
and reduces the applicability of these surveys as 
a reconnaissance tool in the Meager environment. 
Mercury content was found to be dependent on soil 
type (proportional to organic content); however, 
soils are extremely variable and consistent 
sampling becomes a limited factor in survey desiw 
Radon is associated with thermal water at the 
Meager Creek main springs. 

Resistivity 

Resistivity surveys of two types, dipole- 
dipole and pole-pole, have been conducted 
(Figure 1) ( Shore, 1975, 1978). 
surveys, dipole spacings ("A") of 300 m and dipole 
separations ("NA") of N = 1 to 8 are currently 
used. Because of the rugged terrain and inability 
to lay out straight lines of suitable lengths, 
dipole-dipole work was confined mainly to the 
valleys or to slopes parallel to valleys. The 
pole-pole resistivity technique, with one each of 
the current and potential electrode pairs placed 
at electrical infinity and corresponding active 
current and potential electrodes positioned in 
the survey area, has been used to 
overcome terrain restrictions (Shore, 1978). 

For dipole-dipole 



Interpretation of resistivity data must take 
into account water-saturated conductive over- 
burden and significant topographic effects. 
coincidence of resistivity anomalies along line 
K and line D with the high temperature zone de- 
termined by drilling (Figure l and 3) is striking. 
Apparent resistivities between 14 and 50 n*m are 
measured across the thermal anomaly against a 
background of 250 to 1000 film. Absolute resis- 
tivity values of 50 Ram in the anomalous zone and 
500 Q*m background (1O:l ratio) are interpreted 
from apparent values. Pole-pole results 
confirm that the resistivity anomaly extends 
northward tcward Pylon Peak up to the point where 
deep response is masked by conductive volcanic 
units at surface. East and west of the shallow 
thermal anomaly shown in Figure 1, the subsurface 
is relatively non-conductive (> 500 0.m). 

The 

Drilling 

Fourteen diamond drill holes have been drill- 
ed in the South Reservoir area (Lewis and Souther 
1978, NSBG.1974-1981). Helicopters were utilized 
for mobilization and camp support until road 
access was established in late 1978. Holes are 
drilled with HQ and/or Ng bits for a hole diameter 
of 96 and/or 76 mm respectively and depths are 
routinely between 300 and 600 m. Blowout preven- 
tion equipment is installed whenever temperatures 
are encountered over 100°C. 

Holes are drilled primarily for temperature 
profiles. 
bottom following an 8 hour static period between 
shifts and additional temperature traverses are 
run following hole completion. The continuous 
core sample recovered in diamond drilling is 
extremely useful in determining lithological 
distribution, interpreting, alteration and mineral 
precipitate patterns, and in obtaining rock sam- 
ples for geochemical and other studies. 

Temperatures are measured daily on 

A near surface thermal anomaly has been 
detected by drilling as shown on Figure 1.The 
eastern "tail" of the anomaly is interpreted as 
an outflow plume from the main reservoir. Temper- 
ature profiles (Figure 2) indicate anomalously. 
high temperature gradients in M2, M3, M4, M6, M7, 
M8, M10, M11 acd M12. Heat flow values of 105- 
620 mWm-' (2.5-14.8 HFU) have been calculated for 
M2, M3, M7, ME, M11 and M12 (NSEG, 1981); these 
values are up to seven times the regional heat 
flow determined for the Garibaldi Volcanic Belt 
(Lewis and Jessop, 1981). Calculated heat flow 
values of 1150 and 1730 mWm-' (27.5-41.3 HFU) for 
M6 and the upper part of M7 are considered to be 
strongly influenced by convective heat transfer. 
Drill holes M5 (entirely in overburden) and M1 
have temperature inversions due to lateral hot 
fluid movement within the overburden. At M1, hot 
water is produced under artesian conditions from 
a confined aquifer between two varved clay hori- 
zons. 

The highest temperature recorded to date is 
from hole M7 (Figure 5) which was 192.7OC at a 
total depth of 367 m eiqht hours after completion 
and 202.2OC following a two-week static period. 
Minor hot water in-flows are suggested by the 
temperature profile and rock alteration at depths 
of 230 In, 295 m and 330 m corresponding to temper- 
atures of 16OoC, 175OC and 185OC respectively. 
These zones are coincident with fractured and 
broken intervals as indicated on the rock quality 
log (Figure 5). Temperatures in the bottom secthn 
of M7 are increasing at a rate of 330°C/km. 
the fall of 1980, an attempt was made to flow the 
well and although it flashed, production was not 
sustained. Efforts were further thwarted by cold' 
water in-flows below the casing in the upper part 
of the hole. 

In 

Reservoir Model 

A shallow thermal anomaly has been defined 
by drilling over an accessible area of iiout 3 km 
by 1 km in the Meager Creek valley. The west 
boundary of the thermal anomaly and possibly the 
reservoir is coincident with and influenced by the 
Carbonate Fault (Hole ME, Figure 3) and/or the No 
Good structural discontinuity (Figure 3). The 
nature of the east boundary is unknown and the 
north boundary is open into the mountain. Work is 
currently underway to assess areas southeast of 
the known shallow thermal anomaly (Figure 3),. 

The South Reservoir is believed to be rough& 
tabular and dipping into the mountain towards Pylm 
Peak with the Meager Creek Fault and parallel 
fractures acting as major controls (Figure 4). 
This general pattern nay be distorted by other 
dominant fracture directions and/or major faults. 

In conclusion, temperatures adequate for 
electric power generation from a water dominated 
reservoir are apparent, however, the degree of 
fracture permeability at depth and recharge to 
enable sustained production are yet to be deter- 
mined. At :;hallow depths penetrated so far by 
drilling, permeable zones associated with volcanic 
dikes, fractures, and faults are common. W a r m  
and hot fluid migration along discrete structural 
zones and convective heat transport on a larger 
scale have been documented by the temper.tture 
profiles and geologic logs in drill holes. Deep 
drilling and production testing to assess the 
reservoir as a potential power source ,::ill be 
initiated during 1981. 

REFERENCES 

Fournier, R.O., and Rowe, J.J., 1966, Estimation 
of Underground Temperature from the Silica 
Content of Water from Hot Springs and Wet- ~. 

Steam Wells, Am. Journal of Sci., Vol. 264, 
pp 605-697. 

Fournier, R.O., and Truesdell, 1973, An Empirical 
Na-K-Ca Geothermometer for Natural Waters, 
Geochimica et Cosmochimica Acta, Vol. 37, 
pp 1255-1275. 

-17- 



F r i t z ,  P., Clark,  I.D., F rede r i ck ,  M.A., 
Souther ,  J.G., 1980, I so tope  Hydrology and 
Geothermometry of t h e  Mount Meager Geothermal 
Area: Transac t ions ,  Vol. 4,  Geothermal 
Resources Council, Annual Meeting, 
Sept. 9-11, 1980, pp 161-164. 

Geochemistry of Thermal Waters from the 
M o u n t  Meager H o t  Spr ings  Area, B.C.: s. 
Survey of  Canada, 0;en F i l e  Report #532, 

H a m m e r s t r o m ,  L.T., and Brown, T.H., 1978, The 

34 PP. 
Lewis ,  J.F.; and Jessop ,  A.M., 1981, Heat Flow 

i n  the Gar iba ld i  Volcanic B e l t ,  a Poss ib l e  
Canadian Geothermal Energy Resource Area: 

i 

Can. J. Earth Sc i . ,  vo l .  18, pp 366-375. 
Lewis, J.F., a + d  Souther ,  J.GI 1978, Meager M t - ,  

B.C. - Poss ib l e  Geothermal Energy Resource: 
EMR, Ear th  Physics  Branch, Geothermal S e r i e s  
NO. 9 ,  O t t a w a ,  17 pp. 

Nevin, A.E., and cadlier-Brown, T.L., 19721 
E l t ? c t r f c i t y  from Geothermal Steam and Possible 
U t i l i z a t i o n  i n  B r i t i s h  Columbia; Western 
Miner, Vol. 45, NO. 4, pp 88-93. 

and Stauder ,  J.J., 1978, Meager Creek 
Geothermal System, B r i t i s h  C A u m b i a ,  P a r t  I, 
Ex:?loration and Research Program: Transact ions 
Vol. 2 ,  Geothermal Resources Counci l ,  Annual 
Meeting, J u l y  25-27, 1978. 

Nevin Sadlier-Brown Goodbrand Ltd., 1974-1981; 
Yearly R e p o r t s  on F i e l d  Work, Meager Creek 
Geothermal Area; Upper L i l l o o e t  R i \ r e r ,  
B r i t i s h  Columbia, [unpublished) t o  B.C. Hydro 
and Power Authori ty .  

Area, B r i t i s h  Columbia: G.S.C. Open F i l e  603, 
map, legend and d e s c r i p t i v e  notes.  

Shore, G. 3978, Meagrr Creek Geothermal System, 
B r i t i s h  Columbia, P a r t  111: R e s i s t i v i t y  
Methods and Resu l t s ,  W t i i e r m a l  Resources 
Counci l ,  Transac t ions ,  Vol .  2 ,  J u l y  1978, 
pp 593-596. 

Surveys and Supplementary Geophysics a t  
Meager Creek Se lec t ed  Area, Pemberton, B.C.: 
(unpublished) to Nevin Sadlier-Brown 
Goodbrand Ltd., 15 pp. 

Souther ,  J.G., 1976, Geothermal P o t e n t i a l  of 
Western Canada: Proceedings of t h e  Second 
United Nat ions Symposium on t h e  Development 
and U s e  of Geothermal Resources, San kranc ' r sw 
May 1975, pp 259-267. 

Nevin, A.E., and Crandal l ,  J-T.,  Souther ,  J.G.. 

Read, P.B., 1379, Geology, Mea~er Creek  beotilermal 

Shore, G.  1975, Report on Deep R e s i s t i v i t y  

-18- 



7 

Fig.2 

Fig.1 Loca t ion  Map and 
Summary o f  R e s i s t i v i t y  & 
Diamond D r i l l  Coverage 

Fiq.2 Temperature P r o f i l e s  - 
South Reservoi r  

Fiq.3 L o n q i t u d i n a l  Sect ion 

Fig.3 

.m__ 

Ea- - - Thr iugh South Reservoi r  

Fig.4 Cross-Section Through 
South Reservoi r  

Fig.5 Temperature P r o f i l e  and 
Graphic Log - M7-79D 

Fig.5 

-19- 



-20- 



MOUNT HOOD E X P L O R A T I O N ,  OREGON - A CASE H I S T O R Y  

R I C H A R D  G. BOWEN 
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Portland, Oregon 

ABSTRACT 

An assesment program of Mount Hood i s  g iv ing  
information u s e f u l  f o r  geothermal development i n  
t h e  area and i s  expected t o  c h a r a c t e r i z e  and a i d  
i n  e x p l o r a t i o n  of o t h e r  Cascade volcanoes.  These 
s t u d i e s  have shown t h e  presence of thermal  waters 
coming t o  t h e  s u r f a c e  around t h e  south  f l a n k  of 
t h e  mountain and subsur face  flow i n  o t h e r  areas. 
Geothermal g r a d i e n t  d r i l l i n g  show t h e  average 
hea t  f low i n  t h e  area t o  be about two times normal 
i n c r e a s i n g  toward t h e  summit. Two commercial 
e x p l o r a t i o n  programs r e s u l t i n g  i n  d r i l l i n g  are 
underway; Northwest Natura l  G a s  is explor ing  t h e  
w e s t  s i d e  f o r  d i r e c t  u t i l i z a t i o n  i n  t h e  Por t land  
area, and Wy'East i s  explor ing  near  Timberline 
Lodge on t h e  south  f l ank .  On t h e  w e s t  s i d e  
adequate  temperatures  have been found but  t h e  
w e l l s  have n o t  found enough permeabi l i ty  to  be 
u s e f u l .  A t  Timberl ine b d g e  a 4000'well appears  
t o  have s u f f i c i e n t  temperature ,  but i t  has n o t  
y e t  been t e s t e d .  Fur ther  e x p l o r a t i o n  and t e s t i n g  
w i l l  cont inue  t h i s  summer. 

INTRODUCTION 

Mount Hood g i v e s  more c lues  that geothermal 
fires b u m  wi th in  i t s  h e a r t  than do most of t h e  
o t h e r  Cascade volcanoes,  a t  least p r i o r  t o  March 
27, 1980 when Mount S a i n t  Helens, i t s  neighbor  
to t h e  n o r t h ,  took c e n t e r  s t age .  

Fumaroles, w a r m  s p r i n g s  and a record  of l a t e  
Holocene e r u p t i o n s  i n d i c a t e  t h e  presence of geo- 
therplal hea t  wi th in  t h e  Mountain. 
p r e s s i v e  of t h e s e  mani fes ta t ions  i s  t h e  &bunt Hood 
Fumaroles. These are l o c a t e d  on t h e  south  s i d e  of 
t h e  peak, j u s t  a few hundred f e e t  below t h e  sum- 
m i t .  Occasional ly ,  on a clear windless  day, t h e  
fumaroles  form a steam cloud that can be seen from 
Por t land  r i s i n g  over  t h e  top  of  t h e  Mountain. The 
fumaroles  c o n s i s t  of s e v e r a l  hundred v e n t s  a t  
temperatures  of 90 t o  95OC s c a t t e r e d  over  a few 
acres i n  t h e  Crater Rock area. The conduct ive 
hea t  l o s s  from t h e  fumarole area measured by in-  
f r a r e d  r a d i a t i o n  and r e p o r t e d  by Friedman and 
Frank, 1977, amounts t o  4 megawatts. Addi t iona l  
hea t  d i scharge  by fumarol ic  mass t r a n s f e r  of vapor 
and advec t ive  heat  l o s s  from runoff and ice m e l t  
i n c r e a s e s  t h e  t o t a l  hea t  l o s s  an unknown amount 
but  probably makes t h e  Mount Hood fumaroles 
Oregon's l a r g e s t  n a t u r a l  thermal  mani fes ta t ion .  
Other evidence of geothermal systems i s  the  two 
warm s p r i n g s  a t  lower e l e v a t i o n s  on t h e  Mountain, 
one n e a r  Government Camp and another  a t  Mount 
Hood Meadows. 

The most im- 

Ind ian  legends and more r e c e n t l y  geologic  
mapping i n d i c a t e  t h e r e  have been s e v e r a l  major 
e r u p t i o n s  on Mount Hood dur ing  t h e  l as t  few thou- 
sand y e a r s  and s i n c e  t h e  recording of h i s t o r i c a l  
events  i n  t h e  area, t h e r e  have been two minor 
e r u p t i o n s  i n  1859 and 1865. 

The f a c t  t h a t  Mount Hood is  only 50 m i l e s  
east of Oregon's major i n d u s t r i a l ,  popula t ion  and 
energy u s e  c e n t e r ,  Por t land ,  makes t h e  area an 
a t t r a c t i v e  e x p l o r a t i o n  t a r g e t .  

On t h e  o t h e r  s i d e  of t h e  coin are t h e  compli- 
ca t ions ;  i n  a normal win ter  twenty f e e t  of  snow 
covers  t h e  s l o p e s  and above t h e  t i m b e r l i n e ,  snow 
and ice storms that can cause s e v e r e  problems wi th  
any c o n s t r u c t i o n  o p e r a t i o n s  can d e v a s t a t e  t he  
Mountain from August through May. 
proximity t o  Por t land  has  a l s o  made it  a year-  
round r e c r e a t i o n  c e n t e r  and it  is t h e  most climbed 
hiked over  and s k i e d  on of any of t h e  Cascade vol- 
canoes. I n  many o t h e r  areas t h e s e  d ivergent  de- 
mands of r e c r e a t i o n  and e x p l o r a t i o n  have c r e a t e d  
a g r e a t  d e a l  of c o n f l i c t  thereby delaying any geo- 
thermal explora t ion .  On Mount Hood t h i s  c o n f l i c t  
has never  developed even though a l l  of t h e  lands 
d iscussed  h e r e  l i e  wi th in  t h e  Mount Hood Nat iona l  
Fores t .  This  l a c k  of c o n f l i c t  can be a t t r i b u t e d  
t o  a s p i r i t  of coopera t ion  and a l o t  of e f f o r t  on 
t h e  p a r t  of deve lopers ,  t h e  groups doing explora-  
t i o n  and t h e  Forest  Serv ice .  

Mount Hood's 

As a r e s u l t  of t h i s  i n t e r e s t  and cooperat ion 
t h e r e  has been f a r  more geothermal e x p l o r a t i o n  on 
Mount Hood than  anywhere else in  t h e  Cascade 
Mountains. To d a t e ,  t h e r e  has been one six-thou- 
sand and two four-thousand foo t  tests and about  
30 g r a d i e n t  ho les  d r i l l e d  ranging from 500 t o  2000 
f e e t  deep. Addi t iona l ly ,  seismic, g r a v i t y ,  mag- 
n e t i c ,  electrical, geochemical, pe t rographic ,  
thermal  imagery and s t r u c t u r a l  and s t r a t i g r a p h i c  
geologic  s t u d i e s  have been concent ra ted  on and a- 
round t h e  Mountain. 

GEOLOGY 

Mount Hood is  a composite a n d e s i t i c  strata- 
volcano r i s i n g  about  7000' above t h e  surrounding 
area. The m a i n  body of t h e  cone w a s  cons t ruc ted  
p r i o r  t o  t h e  o n s e t  of F r a s e r  G l a c i a t i o n ,  about 
20,000 y e a r s  ago (Wise, 1968). It i s  b u i l t  on 
an earlier volcanic  c e n t e r  wi th in  a t e r r a n e  of 
middle t o  e a r l y  T e r t i a r y  volcanic  and volcani -  
c l a s t i c  rocks.  
a graben which on t h e  east has a w e l l  def ined  
bounding f a u l t ,  t h e  Hood River Fau l t .  To t h e  
w e s t ,  t h e  edge of t h e  graben is n o t  as def ined ,  
but t h e r e  appears  t o  be a major d i s c o n t i n u i t y  i n  
the  subsur face  t ha t  could r e p r e s e n t  a f a u l t  o r  
monoclinal fo ld ing .  Superimposed on t h i s  graben 

The Mountain appears  t o  be wi th in  
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are sets of northwest t rending f a u l t s  and possi-  
b ly  a series of nor theas t  t rending f o l d s .  

The present  e d i f i c e  of Mount Hood has been 
l a r g e l y  formed from c e n t r a l  vent  e rupt ions ,  with 
only a few minor p a r a s i t i c  c e n t e r s  around t h e  
f lanks.  Three major post-formation e rupt ion  per- 
iods  have been descr ibed by Crandell (1980) and 
da ted  as about 12,000, 1600 and 220 years  old.  
H i s t o r i c  e rupt ions ,  probably s m a l l  p h r e a t i c  ex- 
p los ions ,  were reported in t h e  Oregonian i n  1859 
and i n  1865 by observers  in t h e  Port land area. 

GEOPHYSICAL STUDIES 

There has been a program of geophysical stud- 
ies of t h e  Mount Hood Volcano c a r r i e d  out  under 
t h e  WE assessment program. Some of t h e s e  stud- 
ies have been published: Friedman and Frank, 
1977; Goldstein and Wzley ,  1978; Riccio, 1979; 
and Couch, et  a l ,  1981. A compendium of t h e s e  
geophysical s t u d i e s  i s  scheduled t o  be published 
as an American Geophysical Union Special  i s s u e  
la ter  in 1981. 

Heat flow s t u d i e s ,  a cooperat ive p r o j e c t  be- 
tween Southern Methodist Universi ty ,  t h e  Oregon 
Department of  Geology and Mineral I n d u s t r i e s  and 
t h e  USGS, have r e s u l t e d  i n  about 30 measurements 
around t h e  lower f l a n k s  and per iphera l  t o  t h e  , cone. Conductive grad ien ts  have ranged between 
20 and 100°C/km wi th  an average of about 60OClkm 
which g i v e s  a reg iona l  heat  flow of about 105- 
110 mW/m2. Within t h e  o l d e r  rocks surrounding 
t h e  e d i f i c e  of t h e  volcano, d r i l l i n g  has been 
r e l a t i v e l y  uncomplicated wi th  a gradien t  of a- 
round 600C/km. I n  a few cases a f a u l t  zone o r  a 
subsurface flow of warm water has  produced very 
high gradien ts  l o c a l l y .  Where i n t r u s i v e  rocks o 
t h e  Laurel  H i l l - S t i l l  Creek Pluton have been in- 
t e r s e c t e d ,  a very low geothermal grad ien t  i n  t h e  
range of 2@C/km is  found. 
seems t o  be caused by t h e  f r a c t u r e d  i n t r u s i v e s  
forming a zone of down-flowing water thereby de- 
pressing t h e  subsurface temperatures within t h e  
i n t r u s i v e .  D r i l l i n g  on t h e  upper f l a n k s  of t h e  
cone has presented numerous problems because it 
is  l a r g e l y  composed of unconsolidated volcanic  
d e b r i s  from t h e  avalanches and mud flows from t h e  
c e n t r a l  vent  e rupt ions  that have charac te r ized  
t h e  bui lding of t h e  Mountain. Within t h i s  d e b r i s  
t h e r e  are l a r g e  flows of water from t h e  accumula- 
t i o n  of snows on t h e  upper p a r t  of t h e  mountain. 
Where t h e s e  rubble  zones have been successfu l ly  
pene t ra ted  and measurements made i n  t h e  underly- 
ing more consol idated rocks, t h e  geothermal gra- 
d i e n t s  have been higher  than around t h e  lower 
f l a n k s ,  o f t e n  i n  t h e  range of 70  t o  150°C/km. 

This  low gradien t  

GEOCHEMICAL STUDIES 

A cooperat ive s tudy w i t b h w r e n c e  Berkeley 
Laboratory and Oregon Department of Geology and 
Mineral I n d u s t r i e s  has been made and t h e  r e s u l t s  
presented in Wollenberg, et a1 (1979). 

As a p a r t  of t h i s  study warm and cold spr ing  
waters, water from w e l l s ,  and fumarol ic  gases  and 
rocks have been c o l l e c t e d  and analyzed. The f i r s t  
phase of t h i s  s tudy w a s  t o  o b t a i n  a sampling of 
accessable  spr ings  on and around t h e  base of t h e  
Mountain t o  i d e n t i f y  zones where thermal waters 
could be mixing with t h e  run-off. Known thermal 
waters were sampled over a two year  i n t e r v a l  t o  

see i f  t h e r e  were seasonal  v a r i a t i o n s .  A f e w  
spr ings  were sampled from t h e  o l d e r  rocks on t h e  
margins of t h e  Mountain. 

A p a t t e r n  of mixing of deeper and possibly 
thermal waters w a s  de tec ted  on t h e  south f l a n k  of 
t h e  Mountain near  Government Camp. Here, s e v e r a l  
spr ings  contained f i e l d  d e t e c t a b l e  amounts of 
ch lor ide  and had s p e c i f i c  conduct iv i t ies  above 
background. 
ger  amounts of ch lor ide  and higher s p e c i f i c  con- 
d u c t i v i t y  than those  of similar depths  a t  o t h e r  
areas. 

Wells‘ in  t h e  area a l l  contained lar- 

Swim Warm Springs near  Government Camp and 
&bunt Hood Meadows Warm Spring w e r e  the  only 
thermal waters found i n  t h e  survey. Swim Springs 
c o n s i s t s  of an area of four  o r  f i v e  acres where 
numerous seeps and s e v e r a l  spr ings  discharge wa- 
ters from 1 0  t o  26OC. Chemical geothermometers 
i n d i c a t e  r e s e r v o i r  temperatures i n  t h e  range of 
100 t o  14OoC. 
are about 90% near  sur face  runoff wi th  t h e  geo- 
thermal component 190 t o  24OoC water. 
nor  seep a t  10°C, about 6O over  ambient tempera- 
t u r e  of t h e  area, w a s  loca ted  a t  Mount Hood 
Meadows. 

Mixing models i n d i c a t e  t h e  Springs 

A very m i -  

Gasses from t h e  Mount Hood Fumaroles were 
c o l l e c t e d  and analyzed. These tests showed t h a t  
water vapor amounted t o  about 90% w h i l e  the o t h e r  
components were dominately carbon dioxide with 
lesser amounts of hydrogen s u l f i d e ,  helium, hy- 
drogen, argon, methane and ammonia. 

Wollenberg, et a1 (19791, proposed a model t o  
explain t h e  presence of thermal waters as a com- 
ponent of meteoric  water f a l l i n g  high up on t h e  
mountain moving down through t h e  high temperature 
c e n t r a l  vent  areas then d ispers ing  and mixing with 
near  sur face  runoff as it t r a v e l s  down t h e  moun- 
tain. Another p o s s i b i l i t y  proposed by Couch 
(1980), i s  that Swim Springs represents  an o u t l e t  
along a west-northwest f a u l t  zone i n  t h e  Govern- 
ment Camp area. 

/ (2760’) 

Timbedirr 

4 

/ 

-22- 

I -  



COMMERCIAL EXPLOITATION PROGRAMS 

There are three commercial e x p l o i t a t i o n  pro- 
grams underway on and i n  t h e  area of Mount Hood. 
Port land General Electric has appl ied f o r  geo- 
thermal leases on t h e  n o r t h e a s t  s i d e  of t h e  area 
and have done some prel iminary geological  and 
geophysical s tud ies .  
t a i n i n g  high temperature geothermal f l u i d s  f o r  a 
source of electric power production. The two 
o t h e r  programs are both at tempting t o  develop 
hot  w a t e r  f o r  space and i n d u s t r i a l  heat ing.  

PGE's i n t e r e s t  is i n  ob- 

Northwest Natural  Gas Company has been par- 
t i c i p a t i n g  with DOE i n  an eva lua t ion  of t h e  w e s t -  
e r n  s i d e  of t h e  Mountain t o  l o c a t e  a l a r g e  flow 
of water i n  t h e  +8OoC range that could be t rans-  
ported t o  t h e  Port land area f o r  space heat ing and 
f o r  i n d u s t r i a l  process  uses. As a p a r t  of t h i s  
program severa l  w e l l s  t o  2000' have been d r i l l e d  
wi th  one t o  4000' and another  t o  6000'. The deep 
tests, Old Maid F l a t s  1 and Old Maid F l a t s  7A, 
both loca ted  high enough temperatures t o  be of 
i n t e r e s t  but n e i t h e r  were a b l e  t o  produce suf- 
f i c i e n t  w a t e r  t o  be of value.  Another p o s s i b l e  
d r i l l  s i te  has been l o c a t e d  by t h e  heat  flow and 
linement s t u d i e s  j u s t  t o  t h e  n o r t h  of Old Maid 
F l a t s  i n  t h e  McGee Creek area. A 2000' g rad ien t  
tes t  here  has a bottom h o l e  temperature of 6OoC 
and a gradien t  of 8 3 O C / k m  near  t h e  bottom of t h e  
hole. This w e l l  w i l l  be deepened in  1981 t o  see 
i f  t h e  Columbia River Basalt, a n t i c i p a t e d  t o  be 
a t  t h e  2200' t o  2400' l e v e l ,  w i l l  provide a res- 
e r v o i r  (Hook, 1980). 

A t  Timberline Lodge, Oregon's bes t  hown and 
l a r g e s t  s k i  r e s o r t ,  Wy'East Exploration and De- 
velopment Company (Wy'East is t h e  American Indian 
name f o r  Mount Hood) has obtained a Federal  Geo- 
thermal lease and is at tempting t o  develop hot 
water t o  supplement t h e  o i l  f i r e d  heat ing system 
of t h e  severa l  bu i ld ings  of  t h e  Lodge complex. 
Three w e l l s  have been d r i l l e d  i n  t h e  Lodge area. 
W e l l  111, d r i l l e d  as a p a r t  of t h e  S t a t e  of Oregon 
funded Cascade Geothermal assessment, about a 
q u a r t e r  of a m i l e  east of t h e  Lodge, w a s  com- 
p l e t e d  to a depth of 380' (115 meters) .  This w e l l  
was isothermal  a t  2.5OC t o  100 meters where a gra- 
d i e n t  of 40 t o  50°C/km was recorded in t h e  last  
1 5  m e t e r s  of t h e  hole. After completion of d r i l l -  
ing but p r i o r  t o  s e t t i n g  observat ion p ipe  a bot- 
tom hole  temperature of l O O C  was  measured in t h i s  
w e l l .  This would i n d i c a t e  a geothermal grad ien t  
of 150"C/km f o r  t h e  lower p a r t  of t h e  hole ,  but  
t h i s  could n o t  be confirmed by later measurements 
as t h e  hole caved i n  a t  115 meters when observa- 
t i o n  p ipe  was  set. 

knother test, funded by DOE, w a s  d r i l l e d  a- 
bout a q u a r t e r  of a m i l e  below t h e  b d g e .  
plan w a s  to t ake  t h i s  test t o  2000' bu t ,  again, 
d r i l l i n g  problems forced terminat ion a t  a shal- 
lower depth, 1380', and a t w i s t  o f f  gave usable  
hole  t o  only 738' (225 M). A p a t t e r n  s i m i l a r  t o  
No. 1 w a s  measured i n  t h i s  w e l l  wi th  it being 
e s s e n t i a l l y  isothermal  a t  3OC t o  574' (175 M) 
where a t  t h e  bottom, 728', a grad ien t  of 180°C/km 
w a s  present .  

The 

A t h i r d  test w a s  d r i l l e d  about 3 1 4 t h ~  of a 
m i l e  below t h e  Lodge t o  2000' i n  1979 and deep- 
ened t o  4000' i n  1980. This w e l l  genera l ly  re- 
peated t h e  p a t t e r n  of t h e  two earlier tests: iso- 
thermal a t  3OC t o  500' (150 M).  
t h e  grad ien t  w a s  about 100°C/km decreasing t o  
about 7OOC/km a t  t h e  bottom of t h e  hole  a t  2000'. 
In  a n t i c i p a t i o n  of t h i s  grad ien t  cont inuing,  t h e  
Pucci hole  w a s  deepened t o  4000' in 1980. A sta- 
b l e  temperature log has not  been made t o  t o t a l  
depth and t h e  win ter  storms closed in on the  moun- 
t a i n  before  pumping tests could be run on t h i s  
w e l l ,  but  electric l o g s  g ive  ind ica t ions  that it 
w i l l  be a b l e  t o  produce w a t e r  i n  t h e  7O-8O0C 
range. Test ing of t h i s  w e l l  is  scheduled t o  begin 
in June, 1981. 

For t h e  next  500' 
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GEOTHERMAL POTENTIAL OF THE CASCADES 

Walter Youngquist 

Consulting Geologist, Eugene, Oregon 

ABSTRACT 

The Cascades are a Pacific Rim andes- 
itic volcanic plate junction chain exhib- 
iting recent volcanism and large volumes 
of young volcanics. Fractures are abund- 
ant. Ample water and heat are demonstr- 
ated to be present to form geothermal 
systems. Geophysical anomalies in the 
Cascades are analogous to other areas of 
known commercial geothermal resources. 
Application of reasonable exploration 
logic clearly indicates that geothermal 
resources of substantial size will even- 
tually be found in this region. A figure 
in the vicinity of 6 0 0 0  megawatts elect- 
ric equivalent is suggested as a minimum 
expected resource. 

INTRODUCTION 
There is a growing general concensus 

that the geothermal potential of large 
areas of the Cascades in Oregon, and sel- 
ected areas of that Range in Washington, 
and California is large. Muffler, et al., 
(1978, p. 3 3 )  state "Although no large 
hydrothermal convection systems have been 
identified in the Cascade Mountains, the 
abundance of young volcanic rocks and the 
isolated occurrences of hot water along 
the range suggest that a large resource 

ily because of the favorable geologic set- 
ting, we estimate the undiscovered access- 
resource base in the Cascade Mountains to 
be twenty times the identified, and recog- 
nize that it may be even greater." Black- 
well, et al., (1978, p. iii) state in re- 
gard to the Oregon Cascade Range ". . . 
based on the heat flow data along the 
northwestern boundary, the young volcan- 
ism, and the existence of many hot springs 
along the western boundary. the geothermal 
potential of this province is undoubtedly 
large." I also cite, annonymously, an 
offhand statement but significant because 
it was from 15 years of experience in geo- 
thermal exploration, during an informal 
discussion of the Cascades geothermal pot- 
ential. This source said simply "Every- 

. may exist." They add (*. a.) 'Primar- 
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where we have look d in these plate-junct- 
ion andesite volcanic areas, we find they 
are 'stuffed' with geothermal resources." 

These general statements, however, 
have no deep drilling to verify them. The 
Cascades are unknown by drilling except 
very surficially. The complexity of the 
geology, and the thick blanket of relat- 
ively porous water-laden volcanics which 
covers much of the young High Cascades, 
presumably the prime target for geother- 
mal exploration, precludes drawing very 
definite conclusions from surface studies. 
Also, what we are actually measuring in 
the Cascades by various geophysical meth- 
ods has yet to be precisely determined, 
although some interesting results and an- 
omalies have been found. 

Two approaches are used here to ob- 
tain some estimate of the geothermal pot- 
ential of the Cascades. The first is to 
inventory what is known about the region 
in regard to factors which are significant 
in the origination of geothermal resources, 
and then, by analogy with other areas, 
reach some conclusions. The second app- 
roach is to view the problem as a theoret- 
ical and statistical matter, and derive 
some conclusions based in part, at least 
on the exploration histories of other 
earth resources--tor purposes of this 
paper, petroleum and uranium are cited. 

WHAT IS KNOWN ABOUT THE CASCADES 
~- Volume and w e  of volcanics: The Cas- 

cades of Oregon and Washington are divided 
into the High, or young, Cascades, and the 
Western, or older, Cascades. The High Cas- 
cades involve the area of relatively young 
volcanics, late Pliocene, and more gener- 
ally Pleistocene and younger, which region 
in Oregon is about 50 kilometers wide, by 
some 350 kilometers long. The area of High 
or young Cascades in Washington is some- 
what ess but encompasses the regions ar- 
ound the major peaks of St. Helens, Adams, 
and Rainier in the south, and a zone imm- 
ediately adjacent to Mount Baker in the 
north. Large volumes of volcanics with 
ages as young as May 19, 1980 (Mount St. 
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Helens) are evident. Some of these are 
basaltic, others are andesitic, a few 
rhyolites are known. There are many vol- 
canics in the Cascades less than 10,000 
years old. The total volume of these 
young volcanics is very large--a larger 
volume of young volcanics than any other 
area in the 48-adjacent states. 

Structure fractures: The major 
peaks of the Cascades in Oregon are align- 
ed north-south. In Washington a cross- 
faulting alignment is somewhat more evident 
In Oregon, there are three principal fault 
trends: the major north-south trend just 
noted, a northwest-southeast trend, and 
a northeast-southwest trend. This has 
been generally known for many years, but 
has recently been nicely put in map form 
by Venkatakrishnan et al., (1980). Fract- 
ures are both abundant and large in the 
Cascades. Also, there is considerable ev- 
idence to indicate that at least a portion 
of the Oregon High Cascades, from the vic- 
inity of McKenzie Pass up to and beyond 
the Breitenbush area,is located in a grab- 
en. This is analogous to the graben str- 
uctures in which the geothermal resources 
of Dixie Valley, Nevada, the Imperial Val- 
ley of California and adjacent northern 
Mexico, the New Zealand resources, and 
the the geothermal resources of the great 
Rift Valley of Africa are located. This 
presumed graben area, of the north-central 
Cascades of Oregon also is an area where 
large quantities of volcanics have flooded 
out from what is apparently a major or sev- 
eral major rift zones. 

Water: As the water in any geothermal 
system must f o r  the most part be derived 
from surface sources, a water supply is 
important, and the Cascades surely present 
such a situation. Indeed, it is this abund- 
ant supply of groundwater which has probab- 
ly succeeded in masking from surface obser- 
vation the geothermal systems which are 
present. Annual precipitation in much of 
the High Cascades is 80 to 100 inches and 
more. Over the centuries the supply of 
water to potential geothermal-hydrologic 
systems has almost certainly been large. 

springs along the Western/High Cascade 
boundary appear to indicate that all the 
waters are more or less the same family, 
and the reservoir temperatures are moder- 
ate, and probably not of electric quality. 
However, there are, in fact (with one minor 
possible exception), no water samples known 
from hotsprings in the High Cascades proper 
as there are no hot springs in that region 
coming through the cold water-saturated 
young volcanic debris. The one possible 
exception is a very small spring, Swim 
Hot Springs, on the south flank of Mount 
Hood. Wollenberg et al., (1979) have est- 

Water analyses: Water analyses of hot 

imated that the spring water is approxim- 
ately 90 percent cold surface water. When 
the silica mixing model is calculated to a 
temperature of the unmixed hot water, the 
subsurface temperature is estimated to be 
between 192 and 24OoC, with the note that 
this is questionable because it is a low- 
flowing system. 

For all practical purposes we have 
identified no waters coming from geother- 
mal reservoirs within the High Cascades. 
It is a reasonable assumption held by many 
geologists that the waters which we have 
been able to sample in the hot springs 
along the High Cascade/Western Cascade 
boundary are related to local fault sys- 
tems and do not represent geothermal 
waters within the High Cascades. 

-- Heat and magma chambers: The Casc- 
ades of Oregon show a marked change of 
heat flow at the boundary of the Western 
with the High Cascades .(Blackwell, et al., 
1978). Along the western boundary of the 
High Cascades the average heat flow is 
2.5+ 0.2 HFU, and the average gradient is 
61 2 3oC/km, which figures are about 
twice the continental averages. It should 
be noted that these figures are only f o r  
the boundary between the Western ahd High 
Cascades. To date, no reliable heat flow 
values have been obtained from the High 
Cascades proper. Blackwell et al., (a. 
- cit., fig. 7, p -  23) further indicate that 
on the average a temperature of about 
200% is reached in the High Cascades at 
a depth of about 2.5 kilometers. This 
would be a marginal target for economic 
geothermal resources with present drill- 
ing and heat transfer technology, but it 
is important to consider that this is the 
averge depth/temperature relationship. 
It is reasonable to assume that there are 
number of places where such a temperature 
or higher could be reached at a lesser 
depth, given the varied and large area 
which is the Cascades. Furthermore, this 
is merely an estimate, without any firm 
heat flow data from the High Cascades. 
Blackwell (1978) has also published a map 
of possible contemporary magma chambers 
in western United States. He estimates. 
there are 14 in Oregon and five in Wash- 
ington. Other geophysical studies by 
Couch (1979) indicate that the Curie 
point in certain portions of the Cascades 
which have been studied to date is prob- 
ably in the vicinity of six kilometers, 
although the complexity of the geology 
makes it difficult to interpret the data. 
However, these data are in good agreement 
with data obtained by Blackwell, and also 
agree with proprietary studies which have 
been made. Again, it may be assumed that 
there are places where this quality of 
heat lies at shallower depth. Blackwell 
(1978, p. 15) has commented that "a strik- 
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ing feature of the data is the great var- 
iation of heat flow over relatively small 
distances within certain provinces. The 
scatter is greatest in the youngest geolo- 
gic provinces: the High Cascade Range, High. 
Lava Plains, Basin and Range, Owyhee Up- 
lands, and Western Snake River Basin." 
Such geothermal systems shallow enough to 
have surface expression in the high Cas- 
cades are buried beneath the thick blanket 
of porous young volcanic which is thorou- 
ghly saturated with cold meteoric waters. 
To one who has done gradient drilling in 
these higher younger portions of the Cas- 
cades, the ef:ectiveness of this wet cin- 
der, ash and a *A lava blanket in masking 
the subsurface solid bedrock is painfully 
apparent. Even Old Faithful would not make 
it through such a cover. 

Gravity studies: Studies conducted by 
Pitts and Couch (19781, Couch (19791, and 
Couch et al., (1981) of the gravity of the 
Cascades show marked gravity lows through- 
out the length of this range, such lows 
being characteristic of other areas of 
known geothermal resources (e. gt, The 
Geysers). 

Other qeophvsical studies: The 
majority of these are proprietary and can- 
not be cited in detail. However, it may 
be said in general in comparing the anom- 
alies found in the Cascades by various 
geophysical methods, with those known and 
drilled (and producing economic geothermal 
resources) in other areas of the world, 
that if we are measuring the same things 
in the Cascades by these tools as we are 
measuring in other regions, the Cascades 
have just as promising prospects, just as 
large (if not larger) anomalies, and just 
as great if not greater anomaly contrasts 
as those known from geothermal areas else- 
where. 
THEORETICAL AND STATISTICAL APPROACH 

Analoqy with other areas: There are 
a number of arguments to be made for the 
Cascade geothermal potential using this 
approach. Everywhere across the world 
where these andesitic volcanic plate jun- 
ctions have been adequately tested, econ- 
omic geothermal resoures have been found, 
or are known to exist. Around the. Pacific 
these include the Kamchatka Peninsula of 
the USSR, Japan, the Philippines, Indones- 
ia, New Zealand, Chile, Mexico, and Calif- 
ornia. Indeed, the only gap in this rsng 
of geothermal successes is the Cascade 
Range, which has yet to be explored by 
deep drilling. It seems reasonable to con- 
clude that when the Cascades are tested 
that commercial geothermal resources wil 
be found. 

Analosv of histories of 
One may also draw an analogy 

exploration: 
with the hist- 

ories of exploration for other earth re- 
sources. Petroleum is a good example. The 
procedure is to locate a basin of favor- 
able sediments, apply a general world-wide 
figure of barrels of oil found per cubic 
mile of such favorable rocks. Then the ex- 
ploration program proceeds on the firm as- 
sumption that petroleum is there: it is 
only a question of precisely where. And 
oil and gas have invariably been found in 
such a setting and with that exploration 
philosophy. The key to successful explor- 
ation in a given area may take some time 
to find as in the case of the Overthrust 
Belt in the American Rockies. but sooner 
or later petroleum is located. The same 
principle surely can be reasonably applied 
to geothermal resources in the Cascades. 

It is a geologically favorable area 
of large extent, fully comparable to other 
areas of the world where economic geother- 
mal resoures have been found. It is, how- 
ever, a more hostile and challenging ter- 
rain in terms of access for exploration 
and ease of exploration because of weather, 
vegetative cover, and topography. But the 
basics for the occurrence of substantial 
geothermal resources are surely there. 
Furthermore, worldwide, geothermal res- 
ources are now found to be more widespread 
than was first determined from surface ob- 
servations. The Desert Peak field of west- 
ern Neveda was such a "blind" geothermal 
discovery. Similarly, at one time uranium 
was regarded as a relatively rare element 
with only a limited distribution. The int- 
ense search for uranium during and after 
World War I1 brought new exploration meth- 
ods to bear (airborne scintillometer, etc.) 
and new concepts which ultimately made the 
Colorado Plateau and basins in Wyoming, 
and many other areas viable and ultimately 
productive targets of exploration. Simil- 
arly, geothermal resources, when we have 
come to understand in a given province 
(e. g., t h e  Cascades)  how they  occur ,  and 
what tools are valid for exploration there, 
will almost surely prove to be more common 
than we had originally supposed. 

Finally, with so large an area to 
potentially contain geothermal resources, 
and with very young volcanic rocks in 
such large quantities, it is only a reason- 
able statistical expectation that in an 
area of 30,000 square kilometers or more 
which is the prospective area of the Casc- 
ades of Oregon, Washington, and California, 
geothermal resources of substantial size 
and various qualities will be found. 

KINDS OF GEOTHERMAL RESOURCES EXPECTED 

It is also important to define what a 
"geothermal resource" is. Warm waters are 
already being utilized in space heating at 
Breitenbush Hot Springs and at Belknap Hot 
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Springs in the Oregon Cascades. There is 
also evidence there are hot dry rock targ- 
ets in the Cascades. The abundant silica 
in surface Cascade waters, and the large 
volumes of high temperature volcanic ash 
particles available to yield silica to 
solution throughout the geologic section 
of the Cascades suggest that silica seals 
may be present in nlaces which could Dro- 
duce areas of high iemperature dry stear: 
reservoirs. It is possible, then, that 
nearly all forms of geothermal resources 
are present in the Cascades--hot water, 
wet steam, dry steam, and hot dry rocks. 

SUMMARY AND CONCLUSIONS 

Basic favorable seoloqic settinq: The 
Cascades are a very large area of young 
volcanics. Fractures are numerous, and 
water to charge geothermal systems is 
abundant. Heat flow studies give evidence 
of ample heat in the region to supply 
qeothermal systems. Recent eruption of 
Mount St. Helens, and the relatively 
recent (1914-1916) eruption of Mount 
Lassen testify to the active nature of 
this volcanic chain, as does the presence 
of very large volumes of volcanics less 
than 10,000 years old. Gravity and other 
geophysical studies show anomalies which 
are similar to those in other known and 
producing geothermal areas. There is clear 
indication that all andesitic volcanic 
plate junctions and rifts, when adequate- 
ly tested, ultimately produce economic 
geothermal resources. In the case of the 
Pacific Rim, the Cascades are the only 
blank spot, explained simply by the fact 
that this region has not been drilled. The 
exploration surprise would be that the 
Cascades did not produce geothermal res- 
ources in quantity. All reasonable explor- 
ation logic and analogies with other hist- 
ories of earth resource explorations such 
as petroleum and uranium dictate otherwise. 
With as favorable and as large a geologic 
setting as are the Cascades for geothermal 
resources, major economic discoveries will 
eventually be made. However, the Cascades 
are a relatively more difficult terrain in 
which to explore than are many other areas, 
and the asset of young volcanics and abun- 
dant waters also becomes a liability in this 
regard, as exploration through this mask 
becomes more challenging. 

However, there is abundant actual and 
theoretical evidence that geothermal res- 
ources in quantity do exist in the Cas- 
cades. Warm to electrical quality waters 
can be expected to occur. Blackwell (1978, 
p. 25)  states “If heat flow values ty ical 
of the High Cascade Range are 100mW/m 
(2+4 HFU), and the regional gradients are 
60- lOOC/km, then the conditions should 
certainly be favorable for the existence 
of geothermal systems of temperature high 

s 
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enough for electrical power generation . . . ‘ I  

There is also evidence that hot dry rocks 
exist. A dry steam reservoir is not beyond 
the realm of possibility. 

Some fiqures. All my seasoned explor- 
ation colleagues know it is rash at this 
stage of our information to suggest a fig- 
ure for the geothermal resources of the 
Cascades which might now be developed eco- 
nomically. Yet some people might feel 
after all this discussion that at least 
some sort of estimate should be made. If 
my professional associates will be char- 
itable, let me propose some figures, and 
if they do not like such numbers, may they 
feel free to crawl out on their own limb. 

Early in the consideration of the 
Cascades as a geothermal target there was 
one among us who somehow derived the fig- 
ure of 20,000 megawatts electric equival- 
ent for the Oregon Cascade geothermal res- 
ources. His faith in this figure was re- 
affirmed to me only recently, although it 
has generally been met with disbelief, 
but without any substitute figure being 
publicly proposed. But at least give the 
gentleman credit for courage. More rec- 
ently, after certain studies had been done, 
quite a different source advised me thatto 
his surprise a figure of 10,000 megawatts 
was not unreasonable. In making my own 
estimate I have identified some 4000 km2 
(1544 square miles) chiefly in Oregon, 
which appear highly prospective. Assuming 
that only five percent of even this choice 
area proves to be productive, and applying 
the figure of 30 megawatts per square kil- 
ometer (approximately 80 megawatts/square 
mile), a 6000 megawatt potential emerges. 
This may be unjustified positive thinking, 
but historically in other exploration en- 
deavors this is the sort of thinking which 
has made the discoveries, and more often 
than not, ultimately proved actually to be 
conservative. The three figures cited are 
all from different sources, they are really 
not that far apart, and, more importantly, 
they are all large. 

There is one caveat, however. All 
assumptions must be based on the belief 
that explorationists will have access to 
these prime geothermal target areas. 
Access to such areas is largely a politic- 
al matter, so, as in the case of develop- 
ment of nearly all earth resources, geol- 
ogy is only part of the problem. Much of 
the answer to the geothermal future of 
the Cascades lies with our political 
and administative decision makers. It is 
not unduly unkind to point out again that 
in the Cascades of Oregon there are many 
geothermal lease applications which have 
now been on flle with the federal govern- 
ment for more than seven years, on which 
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the applicants have received no final dec- 
ision. With interest rates as they have 
been, this means that the cost of the 
application and the first year's rental 
required to be tendered, has already, in 
effect, doubled for the applicant. The 
rather unrealistic 20,000 acre limitation 
on geothermal leases held by any one indiv- 
idual or organization in any one state was 
set up to encourage the smaller operator. 
But the delay in lease decisions has been 
very costly for the very individual for 
whom the regulation was designed to protect 

Explorationists have been ready to 
begin their work for a long time, but they 
have been at the mercy of other forces. 
Given a reasonable political, and regul- 
atory climate for exploration, the evid- 
ence even at this early stage of our in- 
formation, appears to amply warrant the 
conclusion that the Cascades can and will 
be a major producer of economic geother- 
mal resources. 
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ABSTRACT 

UTILIZATION OF GEOTHERMAL ENERGY FOR POWER PRODUCTION 

ROBERT G. LACY 

SAN DIEGO GAS & ELECTRIC COMPANY 

This paper discusses the preparation of 
electric utility peak and energy demand fore- 
casts and the steps used to prepare supply 
forecasts to satisfy the demand forecasts. It 
discusses the selection of new power plant 
alternatives and the lack of data on binary and 
flash power plants which inhibits their 
selection. Attributes which, in the future, 
could favor geothermal power plants are 
identified. 

INTRODUCTION 

The electric utility industry is starting to 
make some preliminary, and tentative, 
commitments to geothermal power plants that 
could lead to the development of the nation's 
hydrothermal resources. Persons who are not 
familiar with the industry's financial and 
regulatory constraints and its opportunities 
are sometimes frustrated by its apparent 
unwillingness to make major commercial commit- 
ments to hydrothermal reservoir development. 
Some insights into the industry's planning 
goals and procedures may explain the situation. 

DEMAND FORECAST 

Many utilities use econometric models to 
prepare their peak and energy forecasts. A 
great many variables are considered which could 
affect the forecast. For instance: 

1. Changes in population 

2 .  Geographic shifts in population 

3 .  Real wagesfworker productivity 

4. Changes in employment 

5. Effects of weather 

6 .  Mix of electrical appliances, especially 
air conditioners 

7 .  Changes in the rate of inflation 

Figures 1 and 2 are typical forecasts. 

Figure 1 
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SUPPLY FORECAST 

Once the demand forecast is complete, the 
utility must plan to meet the demand by con- 
sidering power plant additions which best fit 
with the existing generating system. The 
selection of these new additions is also 
subject to the following criteria: 

1. Power plant additions should help reduce 
the Company's dependence on expensive 
foreign fuel oil. 

2 .  The financing of new additions must not 
qiolate existing corporate financial 
goals. 

3. Power plant additions should provide a 
more secure and wider diversity of fuels 
and technologies. 

4 .  The risks associated with both financing 
and operation of the new power plants 
should be held to a minimum. 
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Figure 3 is a flow diagram which shows the 
steps in the preparation of a supply fore- 
cast. 

Figure 3 
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The first step in the development of a supply 
forecast is the selection of generic (non- 
site-specific) alternatives which best meet the 
above stated criteria. Alternatives might 
include coal, nuclear, oil- or gas-fired steam, 
combined cycle, gas turbines, and geothermal. 
With the notable exception of The Geysers, most 
utilities are not including geothermal in their 
studies of new generation alternatives because 
there is no reliable economic and risk data 
available. To the extent utilities are 

reservoirs in their resource plans, they are 
hedging their commitment based on the perfor- 
mance of plants scheduled for operation in the 
1980 's .  

including geothermal capacity from hydrothermal ./, 

The next step in the supply forecast is usually 
the preparation of optimum mix studies which 
evaluate the cost of adding various alter-. 
natives. These studies must be performed in 
the context of generating units that already 
exist, planned retirements, and long-term 
purchases from other utilities of capacity and 
energy. The product of optimum mix studies is 
a shopping list of new generation alternatives, 
including their cost. 



Utilities are concerned about the reliability 
of the generating system to meet the forecasted 
load growth. This concern can be removed by 
providing sufficient generating capacity above 
the expected peak demands to compensate for 
power plants which may be unavailable during 
these peak periods and for uncertainty in the 
load forecast. SDG&E utilizes a 20% reserve 
margin minimum at time of the annual peak to 
provide this reliability. 

Figure 4 shows a typical optimum mix 
analysis. 

Figure 4 
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Base and alternative resource plans are then 
prepared, consistent with the results of the 
optimum mix studies and the reserve criterion. 
These plans are subjected to further economic 
and reliability review. Production cost 
studies generate annual costs for each plan and 
evaluate each plan's ability to meet customers 
needs. Loss-of-load studies are conducted to 
measure the reliability of each plan. Based on 

the outcome of the economic and reliability 
reviews, an optimum resource plan is selected. 
The optimum plan may be altered by judgement 
considerations which are difficult to quantify. 
For instance, given today's (and tomorrow's) 
institutional constraints, can the plan be 
carried out? A financial analysis is conducted 
to determine if the capital necessary to carry 
out the plan can obtained at reasonable cost 
and without violating corporate financial 
goals. 

GEOTHERMAL AS AN ALTERNATIVE 

As discussed earlier, most utilities are not 
making firm commitments to commercial 
geothermal power plants located on hydrothermal 
reservoirs. Information necessary to make 
informed commercial decisions is not available, 
therefore, early plants being proposed or 
pursued are important. When information from 
these plants is available, utilities will be 
able to evaluate, and perhaps commit to, 
geothermal power plants. A notable exception 
to this constraint is The Geysers where a long 
history of succcessful operation is available. 
PG&E and other Northern California utilitieq 
are committed to expansion at The Geysers. 

Given the lack of hard data, some predictions 
can be made of how both binary and flash power 
plants located on hydrothermal reservoirs might 
fit into a utility's resource plan. We do know 
that because of reservoir constraints, these 
plants will be base loaded with some limited 
load following capability. This means they 
will have to compete with coal, nuclear, and 
efficient oil- and gas-fired steam plants. The 
major factors that will determine their ability 
to compete are installed cost, operating cost, 
and reliability. 

1. Installed Cost. It appears now that the 
installed cost ($/kw) of flash and binary 
plants will be fairly high. The cost will 
be significantly greater than oil- and 
gas-f ired steam plants. One factor which 
penalizes both binary and flash plant 
installed costs is economy of scale. If 
the plants could be built in the 300-500 
Mw size range, rather than 50-100 Mw, the 
cost in $/kw, could be reduced consider- 
ably. 

2. 9 erating Cost. The major part of a flash 
or binary plant's operating cost is the 
cost of fuel, or heat. The heat supplier 
must make a significant investment in 
reservoir development which is recovered 
through the sale of heat to the plant. 
There is very little data available for 
hydrothermal reservoirs that the utilities 
can use to make their heat cost projec- 
tions. It does appear, however, that heat 
for both binary and flash plants should be 
considerably more expensive than nuclear 
and less expensive than oil--perhaps 
closer to coal. 
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3 .  Reliability. Because both binary and 
flash plants are capital intensive and may 
have relatively high heat costs, reli- 
ability or hours-on-the-line is essential 
to achieve low unit costs for the energy 
produced. Unfortunately, we do not know 
how reliable these plants will be. It is 
clear, however, that the geothermal 
alternatives must be reliable if they are 
to produce electric energy at competitive 
costs. 

With the unknowns mentioned above, it is 
difficult to say now where the binary and flash 
geothermal alternatives will fit into utili- 
ties' resource plans. This underscores the 
vital importance of the early projects to 
follow-on decisions. 

TIPPING THE SCALE 

When cost and reliability data are available, 
other considerations could make commitments by 
the utility industry to geothermal power plants 
very attractive. Some of these are: 

6 .  As emission regulations get more strin- 
gent, geothermal will look relatively more 
attractive. 

7 .  If we can produce electric energy from 
geothermal resources at a low enough cost, 
utilities would then be in a position to 
use it in order to displace energy being 
supplied by oil to meet existing customer 
demand. The addition of geothermal power 
plants would then not be dependent on 
demand forecasts. 

1. 

2 .  

3.  

4. 

5 .  

Geothermal power plants today enjoy 
acceptance for the most part by utility 
regulators and the public at large. As a 
result of this acceptance, we find it 
relatively easy to obtain permits for 
geothermal power plants. If history is a 
teacher, this acceptance will disappear 
with time. Industry experience with 
nuclear and P M ' s  experience at The 
Geysers are two examples. 

Because geothermal power plants are small, 
utilities can plan their additions to more 
closely match load growth than for other 
base load alternatives. This eliminates 
the problem of installing capacity earlier 
than it is needed. 

The schedules for geothermal power plants 
are fairly short (about four years, not 
counting front-end reservoir exploration 
and evaluation). This permits the utility 
to make comnitments to these plants later 
than for other alternatives. It also 
means that the utility does not tie up its 
capital over a long time period. Normally 
a utility cannot earn a return on its 
investment i n  a new power plant until the 
plant is placed in service. 

Geothermal power plants are alternatives 
which permit the utility to spread its 
risks. All other things being equal, it 
is better not to have all of a utility's 
generation resources tied up in one 
alternative. 

As the cost of other fuels go up, particu- 
larly oil, the costs of geothermal energy 
should look relatively better. 
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CONCLUSION 

Information on the cost and reliability of 
geothermal power plants on hydrothermal reser- 
voirs is needed to permit utilities to make 
informed commercial decisions. The instal- 
lation and operation of flash and binary power 
plants in the early 1980's is essential in 
order to supply this information. If geo- 
thermal power plants are demonstrated to be 
competitive, there are very persuasive factors 
which favor major commitments to this alter- 
native. 



GEOTHERMAL HEAT UTILIZATION 
IN A WOOD FIRED ELECTRIC POWER PLANT 

Kevin R. Johnson 
GeoProducts Corporation 

Oakland, California 

Throughout the Western United States there are 
a significant number of sites with low to 
moderate temperature geothermal resources. In 
many areas coincident with this geothermal 
resource are some of the nation's prime 
timberlands (Figure 1). In the production of 
electric power considerable operating savings 
can result with a combination of these two 
resources compared to a conventional wood 
fired facility. This paper examines an OngOing 
attempt to develop and utilize this resource 
combination. 

The Honey Lake Hybrid Geothermal Wood 
Residue Power project is being developed by 
the GeoProducts Corporation; the California 
Department of Water Resources; the ' United 
States Forest Service, Region 5; and the United 
States Department of Energy (San Francisco; 
Idaho Falls). A $2.8 million feasibility study 
effort begun in 1979 is nearing completion. 
Four critical areas dealing with wood residue 
availability and cost, economic and technical 
feasibility, geothermal resource definition, and 
environmental aspects of the proposed project 
are being examined in the feasibility study 
stage. 

FEASIBILITY STUDY _-_---- ---- 
In evaluating any project of this type, several 
questions must be asked. Are sufficient 
volumes of wood residue available within an 
economic haul distance of the proposed project 
site? Is the geothermal resource sufficient to 
provide the required dehydration? Are there 
any major environmental concerns that will have 
to be overcome if the project is to be 
developed? Is it economically feasible? 

A sophisticated systems analysis has been 
developed to answer these questions for the 
project. A comprehensive inventory of a 
fifteen million acre timbershed in a 100 mile 
radius of the project site was evaluated h 
detail. Operating scenarios, management 
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strategies and estimated costs and availability 
of wood fuel were determined as part of this 
study. 

This analysis, to be completed in July 1981, 
indicates that substantial forest management 
benefits can result in the collection and 
utilization of wood residue in the project area. 
This collection and utilization of residue can be 
accomplished given proper contracting 
arrangements at  approximately $2 5 /delivered ton 
(O.D. basis, 1980 dollars). The timbershed was 
stratified by decade considering the variables 
such as slope, terrain, species, annual yield, 
haul distance, cover type, fuel loading per acre, 
ownership, etc. Available yields of wood 
residue within the two and three trips/day 
isobar indicate that during the first decade 
approximately 2.5 times the required annual 
amount of wood fuel for the power plant is 
available each year in the project area. This 
general oversupply condition in the project 
study area increases in the subsequent decades. 



Geothermal resource definition has begun. 
Thermal gradient wells were drilled on the 
prospect in 1980. Two deep ( 5000') resource 
definition wells will be drilled this year under 
the Department of Energy's User Coupled 
Confirmation Drilling Program. Data from this 
effort will provide final geothermal resource 
parameters for design and construction. 

Preliminary indications suggest that the liquid 
dominated reservoir will be in the range of 
275OF. However, to allow for timing 
differences between the engineering and 
economic studies and geothermal field 
development, the viability of geothermal 
termperatures at  2300F, 275OF, 3300F are being 
examined. This analysis will allow other 
potential hybrid projects to be evaluated in a 
preliminary fashion. 

Completion of the preliminary environmental 
study has indicated that no significant 
environmental constraints exist. 

The engineering and economic analysis being 
conducted by Morrison KnudsenfiECO for 
GeoProducts Corporation has been developed to 
investigate in detail the economic and technical 
feasibility of the project. A complete system 
analysis and cycle optimization study is being 
conducted. Where the overall study will 
examine the above referenced temperatures to 
achieve various reductions in moisture content 
and thereby wood fuel, the balance of this 
paper examines the economic viability of 
achieving reductions in moisture content given a 
constant geothermal temperature. Typical 
savings and marginal cost curves will be 
displayed to indicate the general area of 
optimal dehydration. 

ECONOMIC ANALYSIS 

The assumed power generation cycle is a 
conventional wood fired boiler utilizing a 
traveling grate stoker. The analysis is based 
on the following assumptions for each 
dehydration case. 

-_-_--_ ---- -- 

Table 1 
Base 1 2 3 

MC of Wood Received 
( % I  50.8 50.8 50.8 50.8 

MC after dehydration 
($1 50.8 45.0 30.9 15.0 

Change in MC (%)  - 5 20 35 

Geothermal Temp (OF) 275 275 275 

Geothermal Vol. (gpm) 043 1686 2529 

Cost of Fuel De- 
livered(0.D. t o n )  $25 $25 $25 $25 

Plant Capacity 
Factor .85 .85 .85 .85 

Electrical Gen- 
eration (MW) 50 50 50 50 

Differential analysis will be used as the basis 
for determining the marginal costs associated 
with different levels of dehydration. The 
minimum point on the marginal cost curve will 
indicate the general area of optimum 
dehydration. This approach can also use an 
internal rate of return or net present value 
basis for determining alternatives. 

Variations in costs and savings are examined 
with respect to a base case. This focuses the 
analysis on the relevant issue of dehydration. 
No consideration has been given to the increase 
in available power generated by a system 
utilizing dehydrated wood. This would have a 
significant impact on the system's marginal costs 
(rate of return) since the savings would not be 
measured by a cost reduction but a revenue 
increase. That is, instead of comparing costs 
at a low value added stage of power 
production; costs would be compared at  the 
high value end - the sale of commercial power. 
Capital Costs 

Variations in capital costs between a wood fuel 
plant and a hybrid plant are assumed to be 
limited to the dehydration, boiler feedwater 
and geothermal equipment necessary to support 
the indicated level of dehydration. Installed 
capital costs are shown in Table 2. 

- 

Table 2 
Capital Costs ( $ 0 0 0 ' ~ )  - 

Base 1 2 3 
Change in MC 
( % )  0 5 20 35 
Dehydration 604.0 2863.20 6152.80 
Feedwater/Air 192.0 192.00 192.00 
Geothermal 1209.8 1898.96 2642.32 

The wood dehydration and feedwater/air 
preheating cost categories include all required 
pumps, piping, valving and installation net of 
investment tax credits at  20%. The 
dehydration category assumes a standard rotary 
drum dryer configuration. As the table 
indicates,: the marginal costs of the project are 
extremely sensitive to dehydration capital costs. 

The geothermal category includes wells, pumps, 
supply and injection lines, and power supply 
equipment to the well head (transmission lines 
and starters). 

Savings 

Each level of dehydration yields a 
corresponding decrease in annual wood fuel cost 
as shown in Table 3. Geothermal utilization in 
three major areas, wood fuel dehydration, 
preheating boiler feedwater and preheating the 
combusion air, contributes to an increase in 
overall boiler efficiency, thereby reducing the 
amount of fuel needed for a given heat output. 

The decreasing feedwater and air preheating 
savings indicate that as boiler efficiency is 
increased the economic value of the geothermal 
heat contribution decreases. This effect tends 
to levelize the total savings curve over all 
Cases. 
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Table 3 
Annual Savings ($OOOgs) 

case Base 1 2 3 

($1 - 5 20 35 
Change in MC 

Savings Due to: 
Dehydration - 384 801 1034 
Feedwater heating - 761 705 674 
Air heating - 267 249 239 

Operating Costs are calculated for each 
case. The effect of increasing operating 
cost or reduction in savings is shown in 
Figure 2. 

Figure 2 

ANNUAL S A Y l l l U  U WOOD P U U  

s 

- Marginal Costs 

A marginal cost curve can be calculated for 
each area of savings. For illustrative purposes 
a typical marginal cost curve is presented in 
Figure 3. The minimum point indicates a level 
of optimum dehydration. To determine the 

marginal costs associated with each level of 
dehydration, the annual wood fuel cost under 
each case is added to a capital recovery factor 
and direct operating costs. The change in 
costs between each case yields the marginal 
cost. 

CONCLUSION 

Substantial savings in the cost of power 
production can be achieved by dehydrating the 
wood fuel, and preheating the combustion air 
and boiler feedwater. As can be seen in 
Figures 2 and 3 the general area of optimal 
dehydration is approximately a 20% reduction, 
Le. wood fuel combustion at  30% MC (wet 
basis). The marginal cost and net savings 
figures are highly dependent on the capital 
costs of dehydration equipment. This indicates 
that the engineering analysis must focus closely 
on this area. 

_______  - 

Figure 3 
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UTILIZATION OF GEOTHERMAL ENRGY I N  A HYBRID WOOD WASTE/GEOTHERMAL POWER PLANT: ENGINEERING 

V.O. STAUB AM) S. F. FOGLEMAN 

MORRISON-KNUDSEN COMPANY, INC. 

INTERNATIONAL ENGINEERING COMPANY, INC. 

ABSTRACT 

The implementation o f  heat from geothermal hot 
water i n t o  a 50 MW wood-fired e l e c t r i c a l  
generating plant i s  investigated. Plant 
performance and fue l  consumption parameters are 
compared fo r  various system al ternat ives t o  
establ ish the incentives f o r  employing 
geothermal heat i n t o  the power generation 
process. Several areas fo r  geothermal heat use 
are investigated and general conclusions are 
drawn i n  regard t o  the ove ra l l  f e a s i b i l i t y  o f  
each. 

INTRODUCTION 

The increasing cost o f  basic energy such as 
petrolem, gas, and coal has l ed  t o  various 
e f f o r t s  t o  conserve a l l  energy forms including 
e l e c t r i c i t y .  Conservation through improvement 
i n  power plant e f f ic iency has become an 
important aspect o f  power plant equipment 
selection. The in tegrat ion of low temperature 
geothermal heat i n t o  a power plant e l e c t r i c a l  
generation process can cause substant ia l  
reductions i n  the p lant  f u e l  consuned. 
Basically, heat t ha t  is normally supplied from 
plant fue l  is augmented with geothermal heat t o  
cause an improvement i n  power produced i n  
re la t i on  t o  f u e l  consuned. 

The purpose o f  t h i s  paper i s  t o  invest igate the 
implementation o f  geothermal heat i n  a 50 MW 
wood-fired power plant by developing the 
re la t i ve  improvements i n  plant performance and 
fue l  saved. The emphasis o f  the paper is on the 
thermal a f fects  o f  geothermal energy u t i l i z a t i o n  
and does not address the economics or geothermal 
f i e l d  aspects. 

Integrat ion o f  geothermal heat i n t o  the power 
plant i s  analyzed f o r  the fo l lowing 
applications: 1) feedwater heating, 2) 
combustion a i r  heating, and 3) wood-drying. 
Geothermal heat used f o r  feedwater heating 
reduces the amount o f  steam that must be 
extracted from the turbine fo r  the same purpose 
thereby reducing f u e l  consumption. 

The use o f  geothermal heat f o r  heating b o i l e r  
combustion a i r  causes a i r  a t  an elevated 
temperature t o  enter the boi ler ,  which i n  tu rn  
saves fue l  normally required t o  heat the a i r .  
Geothermal heat f o r  wood-drying reduces the 
moisture content o f  the wood by evaporating and 
discharging the moisture before the wood enters 
the boi ler .  Boi ler  e f f ic iency i s  improved and 
fuel  consumption reduced. Plant performance and 
fuel  consumption are predicted f o r  each o f  the 
above alternates f o r  three var iat ions i n  
geothermal water temperature. The alternates 
are then combined fo r  each geothermal 
temperature and the associated resul ts  analyzed. 

OESIGN BASES 

The bases used fo r  the analyses discussed are 
presented i n  t h i s  section. 

The power generation cycle i s  a configuration 
consistent with conventional equipment and 
established design. A conventional wood-fired 
b o i l e r  system using a traveling-grate stoker 
discharges steam t o  the turbine f o r  the 
generation o f  e l e c t r i c i t y .  Steam expands 
through the turbine where a por t ion o f  the steam 
energy i s  absorbed t o  provide motive force t o  
spin the generator. Steam exhausts from the 
turbine t o  the condenser where cooling water 
condenses the steam t o  water before i t s  re turn 
t r i p  through the ext ract ion feedwater heaters, 
deaerator, and subsequently t o  the boi ler .  The 
turbine cycle configuration i l l u s t r a t e d  i n  
Figure 1, is essent ia l ly  the same f o r  each 
analysis. 
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Fig. 1 Turbine Cycle Configuration 

The analyses are predicated on the fol lowing 
assumptions: 

- 50 Mw o f  e l e c t r i c a l  generation 

- Wood f u e l  t o  plant i s  a t  50.8% moisture 
wi th  a heating value o f  4,502 b tu  per pound 

- Three geothermal temperatures considered 
are 225 F, 275 F, and 340 F 

- Turbine t h r o t t l e  conditions are 1450 ps ig 
a t  950 F, nonreheat 

Plant capacity factor  i s  85% - 
GEOTERMAL FEEDWATER HEATING 

Using a feedwater cycle as out l ined i n  the 
design bases, the locat ion o f  the geothermal 
feedwater heater i s  chosen. Since t h i s  analysis 
considers var iat ions i n  the geothermal water 
temperature from 225 F t o  340 F, the locat ion 
chosen fo r  the heater, regardless of geothermal 
temperature, i s  downstream o f  the condensate 
pump. This allows maximum benef i t  t o  be derived 
from the geothermal f lu ids,  since they can be 
cooled t o  a low temperature by the r e l a t i v e l y  
cool condensate. 

The optimum number o f  low-pressure heaters must 
be analyzed f o r  each geothermal temperature. 
Geothermal heaters i n  the 340 and 275 F cases 
can e f fec t i ve l y  replace the two low-pressure 
heaters as shown i n  Figure 2; however, the 225 F 
case i s  su f f i c i en t l y  low i n  temperature t o  
require the i n s t a l l a t i o n  o f  an extract ion heater 
downstream o f  the geothermal heater t o  prevent 
excessive degradation o f  cycle ef f ic iency.  

,The addi t ion o f  a geothermal heater causes 
improvements i n  cycle performance, because steam 
that  i s  normally required t o  heat the condensate 
remains i n  the turbine t o  release i t s  energy fo r  
power generation. This e f fec t  i s  re f lected i n  a 
reduced f u e l  consumption, s t i l l  able t o  produce 
the required e l e c t r i c a l  generation. 

MAIN STEAM 

EXTRACTION 

DEAERAmR 

BOILER 
FEEDWATER m HIGH PRESSURE HEATER 

FEEDWATER HEATERS 

CONDENSER 

CONDENSATE 
PUMP 

Fig. 2 Turbine Cycle Configuration With 

It i s  assumed f o r  the purposes o f  t h i s  
comparison that  the geothermal heater has a 
temperature difference between 'the ou t l e t  
feedwater and i n l e t  geothermal water o f  10 F. 
The difference between the geothermal water 
out le t  temperature and the feedwater i n l e t  
temperature (approach temperature) i s  specified 
at  35 F. To determine t h e  optimum size 
geothermal heater or  performance and ou t l e t  
temperatures f o r  f i n a l  design a detai led 
analysis o f  a l l  i n f l u e n t i a l  factors must be 
considered. The nature o f  t h i s  discussion does 
not warrant such a study, since the emphasis 
here i s  t o  establ ish adequate estimates f o r  
thermal and f u e l  advantages i n  re la t i on  t o  the 
use o f  geothermal heat. 

Relative performance comparisons o f  the 
geothermal heating cycles are depicted i n  
Table 1. Using the Morrison-Knudsen heat 
balance computer program, overa l l  turbine and 
cycle thermodynamic computations o f  cycle 
performance f o r  each al ternate were 
established. For comparative purposes a base 
case which has no geothermal heating i s  also 
developed. Wood fue l  quant i t ies are given on a 
wet basis. 

Geothermal Feedwater Heater 

TABLE 1 - PERFORMANCE GAINS FROM GEOTHERMAL 
FEEDWATER HEATING 

Geo. Temp., F No Geo. 225 275 340 
Htg. 

D i f f e r e n t i a l  Plant 
Heat Rate, Btu/KwH Base -281 -506 -936 

Geo. Flow, Gpm 0 1127 1006 986 
Geo. Heat, MM Btu/Hr 0 35.652 54.533 80.275 
% Geo. Heat 0 5.4 8.1 11.9 
Fuel Saved, Tons/Yr 0 11,619 20,922 38,702 
% Fuel Saved 0 2.2 3.9 7.3 

Table 1 shows that  plant heat ra te improves 
s ign i f i can t l y  wi th  the addi t ion o f  geothermal 
heat, pa r t i cu la r l y  as the geothermal water 
temperature increases. Corresponding savings i n  
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f u e l  consumed are equal ly s i g n i f i c a n t  w i th  up t o  
38,700 tons per year saved when 340 F water i s  
used. The percent o f  f u e l  saved over t h a t  
required when no geothermal heat i s  incorporated 
ranges from 2.2% a t  225 F t o  7.3% a t  340 F 
water. 

The amount o f  geothermal heat supplied, as noted 
i n  Table 1, increases with the a v a i l a b i l i t y  o f  
heat or  water temperature. The geothermal water 
f low r a t e  i s  approximately equal t o  tha t  
ava i lab le  from a s ing le  geothermal product ion 
wel l .  The percent o f  geothermal heat supplied 
i n  r e l a t i o n  t o  the t o t a l  supplied t o  the p lan t  
ranges from 5.4% t o  11.9%, depending on 
geothermal temperature. These percentages are 
somewhat higher than the  corresponding percent 
o f  f u e l  savings because geothermal heat i s  
r e l a t i v e l y  low-grade and cannot d i r e c t l y  o f f s e t  
the f u e l  consumed i n  the same proport ions as 
heat supplied. 

GEOTHERMAL A I R  HEATING 

The geothermal a i r  heater i s  located immediately 
downstream o f  the forced d r a f t  fan, as shown i n  
Figure 3 ,  fol lowed by the flue-gas a i r  heater. 
Hot geothermal water f lows t o  a fin-tubed, 
water- to-air  heat exchanger where heat i s  
extracted from the water t o  ra i se  the a i r  
temperature. Flue gas from the b o i l e r  f lows t o  
the economizer f o r  feedwater heat ing and then t o  
the flue-gas a i r  heater. 

A 350 F flue-gas a i r  heater exhaust temperature 
i s  selected and maintained f o r  the a l te rna tes  
examined. I t  i s  necessary tha t  t h i s  temperature 
no t  be allowed t o  increase as the i n l e t  a i r  
temperature increases due t o  geothermal 
heating. I f  flue-gases are exhausted a t  higher 
than 350 F, add i t i ona l  heat i s  l o s t  up the stack 
and no e f f e c t i v e  f u e l  savings can be rea l i zed  
from the corresponding geothermal heat. I n  t h i s  
case heat i s  supplied from the geothermal source 
but other heat i s  discharged up the stack. 

s s 0 F  'MAIN 
1450P STEAM 

FLUE GAS 

A 
l FEEDWATER 

WOOD BOILER 

FUEL FLUE 

t :f2 CEOTHERYAL 

Fig. 3 B o i l e r  Conf igurat ion With Geothermal 
A i r  Heater 
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Heat added i n  the geothermal a i r  heater causes 
the flue-gas a i r  heater t o  receive a 
corresponding higher a i r  temperature. I f  the 
a i r  temperature from the flue-gas heater i s  kept 
r e l a t i v e l y  constant heat normally picked up by 
the a i r  i s  s h i f t e d  t o  the economizer, where the 
feedwater i s  heated t o  a higher temperature 
before en ter ing  the b o i l e r .  No attempt i s  made 
t o  address the p ro ra t i on  o f  heat between the 
b o i l e r ,  economizer and flue-gas a i r  heater. 
Sui table adjustments can be implemented i n t o  the 
b o i l e r  design t o  produce the desired heat ing 
a f f e c t s  which al low geothermal a i r  heat ing t o  
occur over the range o f  temperatures without an 
increase i n  flue-gas exhaust temperature. 

Geothermal a i r  heat ing e f f e c t i v e l y  replaces the 
f u e l  t ha t  i s  required t o  heat the a i r  from 
ambient temperature t o  the  heater exhaust 
temperature. Since a reduct ion i n  f u e l  i s  
real ized, a concomitant reduct ion i n  combustion 
a i r  f low occurs; consequently, the add i t i on  o f  
heat t o  the  a i r  has a compounding performance 
improvement a f fec t .  To ta l  heat suppl ied t o  the 
p lan t  does not change with the  add i t i on  o f  a i r  
heat except f o r  the e f f e c t s  o f  a u x i l l i a r y  power; 
however, fue l  requirements are l ess  s ince some 
o f  the heat i s  supplied from the geothermal 
source. 

The geothermal a i r  heater i s  selected t o  give 
performance consistent w i t h  good e g i n e e r i n g  
pract ice.  The performance and s ize  has not been 
optimized; however, f o r  the purpose o f  t h i s  
paper a de ta i l ed  heater analysis i s  not 
warranted. The heater approach (temperature 
d i f fe rence between en ter ing  a i r  and e x i t i n g  
water) and te rmina l  d i f fe rence (temperature 
d i f fe rence between e x i t  a i r  and en ter ing  water) 
are selected as 50 F and 30 F respec t ive ly  and 
are the same f o r  each o f  the three a l te rna tes  
examined. The e f f e c t  o f  lowering the approach 
i s  t o  increase heater s i ze  and reduce geothermal 
water f low, whi le the e f f e c t  o f  lowering the 
te rmina l  d i f fe rence i s  t o  increase the heat 
supplied t o  the a i r  (s ince the a i r  temperature 
increases) w i th  a corresponding increase i n  
water f low. 

The r e l a t i v e  performance comparisons hetween the 
a l te rna tes  are depicted i n  Table 2. As compared 
t o  no use o f  geothermal heat, the f u e l  savings 
are subs tan t ia l  amounting t o  over 40,000 tons 
per year f o r  a geothermal a i r  heater supplied 
with 340 F water. The f u e l  saved, r e l a t i v e  t o  
the  f u e l  required with no geothermal a i r  
heating, i s  4.6%, 6.1%, and 7.9% f o r  the 
geothermal temperatures o f  225 F, 275 F, and 340 
F, respect ively.  The geothermal heat used i n  
comparison t o  the t o t a l  gross heat supplied t o  
the p lan t  i s  3.2%, 4.2%, and 5.5% f o r  the three 
geothermal temperatures. The geothermal f low 
required i s  about 300 gpm or approximately 
equivalent t o  one-third o f  t ha t  ava i lab le  from a 
s ing le  geothermal we l l .  
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TABLE 2 - PERFORMANCE GAINS FROM GEOTHERMAL 
COMBUSTION A I R  HEATING 

Geo. Temp.,F No Geo. 225 275 340 
Htg. 

Geo. Flow, gpm 0 333 313 298 
Geo. Heat, MM Btu/Hr 0 20.860 27.482 35.886 
% Geo. Heat 0 3.2 4.2 5.5 
Fuel Saved, Tons/Yr 0 24,695 32,728 42,705 
% Fuel Saved 0 4.6 6.1 7.9 

GEOTHERMAL WOOD DRYING 

Orying o f  wood before i t  i s  combusted i n  the 
b o i l e r  o f fe rs  several thermal performance 
benefits, including an improvement i n  b o i l e r  
ef f ic iency,  a reduction i n  combustion a i r ,  and 
more stable combustion control. Boi ler  
e f f ic iency,  the major advantage real ized from 
wood-drying, increases because less f u e l  i s  
required t o  evaporate the moisture i n  the wood 
during the combustion process. Since less wood 
i s  required t o  produce an equivalent amount o f  
net heat, less combustion a i r  i s  required, 
resul t ing i n  a reduction i n  bo i l e r  fan power. 
S t i l l  there are some o f f se t t i ng  energy penalties 
experienced including the addi t ional  power 
required f o r  geothermal water pumping and dryer 
fans. 

The dryer system employed fo r  t h i s  analysis i s  a 
rotary drum. type where feed fue l  and hot a i r  
enter one end o f  the drum, allowing a d i rec t  
contact m ix  o f  the a i r  and wood. A por t ion o f  
the water i s  evaporated and discharged from the 
dryer, leaving the wood a t  a lower moisture 
percentage. Moisture-laden a i r  ex i t i ng  from the 
dryer contains wood fines, picked up i n  the 
dryer, which are removed i n  cyclone col lectors.  
Computations fo r  t h i s  analyses are based on an 
approximate e x i t  a i r  temperature from the dryer 
o f  25 F above the dew point  temperature. 
Figure 4 shows a schematic diagram o f  the dryer 
system. 

QEOTHLRMAL 
AIR HEATER 

WOOD FUEL 
TO BOILER 

WATER 

DUST LADEN 

COARSE ' 
PARTICLE 
DROP OUT 

Fig. 4 Wood Drying System wi th  Geothermal Heat 
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Hot a i r  t o  the dryer i s  created by using 
geothermal hot water i n  a fin-tubed water-to-air 
heat exchanger t o  heat a i r  flowing through i t  t o  
an elevated temperature. The a i r  i s  heated t o  
wi th in  35 F o f  the i n l e t  hot water temperature 
and the discharge water i s  cooled t o  50 F o f  the 
i n l e t  a i r  temperature. 

For t h i s  comparison i t  i s  assumed that  the wood 
i s  dryed from the design wood moisture o f  50.8% 
down t o  35%. A moisture o f  35% i s  selected as a 
t yp i ca l  value; however, the actual moisture 
removed as a function o f  geothermal temperature 
must be determined from an optimization study 
where i n f l u e n t i a l  factors such as cap i ta l  costs, 
operation and maintenance costs, f ue l  savings, 
and technical f e a s i b i l i t y  are integrated i n t o  
the analysis, The optimization i s  beyond the 
scope o f  t h i s  paper. 

Table 3 shows a comparison o f  p lant performance 
parameters fo r  the al ternate without wood-drying 
and alternates wi th  wood-drying a t  various.water 
temperatures. Boi ler  ef f ic iency,  specified at  
69.2% a t  the design wood moisture, increases t o  
76.5% a t  35% moisture and manifests i t s e l f  as a 
reduction i n  p lant  f ue l  o f  about 50,300 tons per 
year a t  340 F i n l e t  water. The percent o f  f ue l  
saved cmpared t o  that  required with no drying 
is about 9.4% a t  340 F. The geothermal heat 
supplied as a percentage o f  the t o t a l  heat 
required by the plant i s  9.1%. The number o f  
geothermal production wel ls required varies 
between two-thirds o f  a we l l  and two wells, 
depending upon the water temperature. 

TABLE 3 - PERFORMANCE GAINS FROM GEOTHERMAL 
WOOD DRYING 

Geo. Temp., F No Geo. 225 275 340 
Htg. 

Dryer I n l e t  % M N.A. 
%M t o  Boi ler  50.8 
D i f f e r e n t i a l  Plant 

Heat Rate, Btu/Kwh Base 
Boi ler  Ef f . ,  % 69.2 
Geo. Flow, gpm 0 
Geo. Heat, MM Btu/Hr 0 
% Geo. Heat 0 
Fuel Saved, Tons/Yr 0 
% Fuel Saved 0 

50.8 50.8 50.8 
35 35 35 

-921 -1071 -1140 
76.5 76.5 76.5 
1457 834 546 

87.569 68.401 59.082 
12.7 10.3 9.1 

41,297 47,415 50,293 
7.7 8.8 9.4 

COMBINATION OF GEOTHERMAL HEAT APPLICATIONS 

Each o f  the three previous techniques o f  
employing geothermal heat i n  the power plant are 
developed separately as i f  no geothermal heat i s  
used elsewhere i n  the cycle. To combine a l l  
three i n t o  one cycle requires an i t e r a t i v e  
process i n  which a l l  techniques are balanced t o  
have the correct impact upon each other. This 
paper i s  not intended t o  delve i n t o  such a 
rigorous cycle analysis; however, a s t ra ight  
combination o f  each o f  the performance 
parameters as developed on a singular basis can 
approximate a ref ined treatment o f  the 

0 
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combination and i s  s u f f i c i e n t  t o  es tab l i sh  the 
r e l a t i v e  oerformance incent ives  f o r  a e o t h e m l  
heat u t i l i z a t i o n .  

Table 4 shows the p lan t  e f f e c t s  on performance 

., 

o f  a combined u t i l i z a t i o n  o f  geothermal 
feedwater heating, a i r  heating, and 
woo6drying. A l l  performance parameters vary 
s i g n i f i c a n t l y  with geothermal water temperature 
and the cumulative a f f e c t s  o f  geothermal 
app l i ca t ions  provide a subs tan t ia l  savings i n  
f u e l  consumption; about 24% ( a t  340 F geothermal 
water) i s  saved over tha t  required with no 
geothermal heat. The geothermal heat supplied 
as a percentage o f  gross p l a n t  heat var ies  from 
21.3% t o  26.5% a t  225 F and 340 F geothermal 
water temperature, respect ively.  

TABLE 4 - PERFORMANCE GAINS FROM GEOTHERMAL 
FEEDWATER E A T I N G ,  COMBUSTION A I R  
EATING, AND WOO0 DRYING 

Geo. Temp, F No Geo. 225 275 340 
Htg  . 

t o  B o i l e r  50.8 35 35 35 
Geo. Flow, gpm 0 2917 2153 1830 
Geo. Heat, MM Btu/Hr 0 144.081 150.416 175.243 
% Geo. Heat 0 21.3 22.6 26.5 
Fuel  Saved, Tons/Yr 0 77,806 101,066 131,700 
% Fue l  Saved 0 14.5 18.8 24.6 

-43- 

STAUWFOGLEMAN 

CONCLUSION 

Each o f  the  previously described methods o f  
i n teg ra t i ng  geothermal heat i n t o  the  p lan t  
energy requirement enhances the o v e r a l l  p lan t  
e f f i c i ency  and produces subs tan t ia l  f u e l  
savings. The higher geothermal temperatures are 
more e f f e c t i v e  a t  replacing b o i l e r  f u e l  since 
more heat can be extracted because o f  the 
greater temperature d i f fe rences  involved. I t  i s  
apparent t h a t  geothermal feedwater heating and 
combustion a i r  heat ing can provide subs tan t ia l  
savings i n  f u e l  a t  nominal c a p i t a l  out lays f o r  
i n s t a l l e d  equipment. Geothermal wood-drying, 
also favorable i n  terms o f  f u e l  savings, 
requires greater i n i t i a l  expense f o r  equipment 
and suggests the need f o r  more c a r e f u l  a t ten t i on  
during f i n a l  analysis. 
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THE HONEY LAKE HYBRID GEOTHERMAL WOOD RESIDUE POWER PROJECT 

Jim Toland 

U.S. Forest  Serv ice 
San Francisco, C a l i f o r n i a  

ABSTRACT 

Despite some op t im is t i c  repor ts  and forecasts, 
re1 i ab le  project ions show fossi 1 fuels w i  I I 
continue t o  become scarce. Strong e f f o r t s  are 
needed t o  develop a l te rna t i ve  energy sources f o r  
states such as Ca l i fo rn ia ,  which i s  a heavy 
importer of energy. The Honey Lake Hybrid Geother- 
mal Wood Residue Power Pro jec t  wi th a planned out- 
put of 50 Nd i s  undergoing f e a s i b i l i t y  studies 
funded by GeoProducts Corporation, Department o f  
Water Resources, State of Ca l i fo rn ia ,  U.S. Depart- 
ment o f  Energy and the Forest Service, USDA. The 
outlook i s  op t im is t i c .  I t  i s  r e l i a b l y  estimated 
tha t  the required volume of woody b iomss can be 
made ava i lab le  without environmental degradation. 

THE HONEY LAKE HYBRID GEOTHERMAL Woo0 RESIDUE 
POWER PROJECT U.S. FOREST SERVICE VIEWPOINT 

L i t t l e  d id  Georgius Agricola of Saxony r e a l i z e  i n  
1553, when he authored a book on substances i n  the 
ground, tha t  the term he invented ca l led  
tlpetroleumlf would become perhaps the m s t  s ign i f -  
icant word i n  any language i n  the l a t e  20th 
century. (De Re MetaII ica, t ranslated by H. 
Hoover, 1912.) 

Petroleum, then i n  l im i ted  use for heating and 
l igh t ing ,  went on t o  fuel  modern c i v i l i z a t i o n  I n  
almost every facet of l i f e .  Four hundred twenty 
years l a t e r  - (19731, the world awoke t o  the r e a l i -  
zat ion of the "petroleum cr is is. I t  

Throughout the h i s t o r y  of human c i v i  I i za t ion ,  man- 
k ind has shown a remarkable abi I i t y  t o  pa in t  i t s e l f  
i n t o  a corner. The resu l t i ng  c r i s i s ,  whether i t  be 
famine, war, economic pe r i l ,  o r  some other c i r c u m  
stance, t r a d i t i o n a l l y  brings the world t o  a cross- 
road. When i t  does this,  two options usual ly 
emerge from the  Nations of the world. 

The f i r s t  opt ion i s  a strong tendency t o  become 
n a t i o n a l i s t i c  o r  r e a l l y  i s o l a t i o n i s t i c .  I n  ancient 
times, t h i s  meant re t rea t  t o  the castle, p u l l  up 
the drawbridge and f i g h t  the enemy from the 
ramparts. A I  I act ions were governed by the law of 
survival .  I n  fact ,  i t  was d i f f i c u l t  t o  keep the 
cas t l e  populat ion organized and funct ioning fo r  the 
commn aood. The danaer of anarchy - every m n  fo r  

I 

h i  msel f was ever present. 
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The second option, more ra re l y  invoked, i s  t o  cope 
with the c r i s i s  by mot ivat ing the e n t i r e  populat ion 
t o  j o i n  forces. Conceivably, the energy c r i s i s  
could un i te  the four b i l l i o n  c i t i zens  of t h i s  
planet i n  recognizing tha t  what i s  best f o r  the 
world may a lso  be best f o r  the ind iv idua l  nations. 

This may be over ly op t im is t i c  given the current 
p o l i t i c a l  s ta te  o f  the world today. I n  any case, 
those nations who must import energy - non OPEC 
nat ions - ce r ta in l y  have a strong motivation t o  
cooperate i n  research and development o f  a l t e r -  
na t ive  energy sources. Although each country must 
organize and at tack the energy issue, there i s  
s t i  I I a strong need t o  concommitantly work wi th 
other countr ies. Here i n  the United States, the 
response t o  the energy c r i s i s  has f i n a l l y  reached 
the po in t  where one can dare t o  be op t im is t i c .  We 
are a long way from energy se l f -su f f i c iency ,  but 
there are many encouraging indicators.  

1. A concerted National energy po l i cy  i s  devel- 
oping i n  p rac t ice  - not j u s t  on paper. The 
current administrat ion may have changed p r i o r i t i e s ,  
but rmny e f f o r t s  are well underway. 

2. Energy conservation i s  f i n a l l y  understood by 
every c i t i z e n  and s t r ingent  e f f o r t s  t o  reduce con- 
sumption are becoming a way of l i f e .  Candidly, 
only a mdest  amount of t h i s  conservation e f f o r t  i s  
a t t r i b u t a b l e  t o  casual motivation; most i s  due t o  
one fac to r  - Cost! However, we w i  I I  cheer fu l l y  
accept the composite r e s u l t  which i s  a well-defined 
energy conservation e f f o r t  showing dramatic reduc- 
t i ons  i n  energy consumption. 

3. We have awakened t o  the rea l i za t i on  tha t  no 
s ing le  e n t i t y  can solve the problem - not  Govern- 
ment, not industry, not  labor, not some other 
country. Rather, we observe a concerted e f f o r t  
evolv ing t o  confront the c r i s i s  and tack le  the 
so lu t ion  wi th less shouting, h a i r  p u l l i n g  and accu- 
sat ions o f  who caused the problem. 

Rea l i s t i ca l l y ,  any cooperative progress a t  t h i s  
stage m y  be best described as embryonic, but 
encouraging, nonetheless. 

The issue, here, i s  merely t o  remind you of the 
need for continued and expanded mutual cooperation 
i n  energy development. There i s  a need t o  look 
calmly and cooperatively a t  the achievable ra ther  
than dwell upon the dimension of the catastrophy. 



The world does not lack the resources, only the 
technology t o  u t i l i z e  what already exists.  As the 
world supply o f  petroleum and natural  gas 
diminishes and the_ pr ice  escalates, we nust t u rn  t o  
other energy sources. 

The seriousness o f  the s i t ua t i on  can be graph ica l l y  
i I  lustrated by a quick look a t  the energy s i t u a t i o n  
i n  the Sta te  of Ca l i fo rn ia .  Ca l i f o rn ia  consumes 
more energy than any other State and depends upon 
f o s s i l  fuels f o r  90 per cent o f  the State's t o t a l  
energy needs. O f  t ha t  t o ta l ,  54 per cent must now 
be imported from other States and Countries. 
(Edward Tel ler ,  2/9/81, Commonwealth Club 
Speech.) The Sta te  and the Nation need t o  develop 
a l te rna t i ve  energy sources. 

The Use o f  Wood f o r  Energy. 
I n  the near term, wood combustion i s  one of the  
m r e  promising a l te rna t i ve  fuel  technologies. The 
process technology i s  known; package systems are 
avai lable; less p o l l u t i o n  i s  generated than f o r  
most other al ternat ives,  and the technology f o r  
economically harvesting the resource ex i s t s  o r  I s  
under development. Wood can be chipped, densi f ied 
i n t o  p e l l e t s  and br lquets t o  improve i t s  fuel  qual- 
i t i e s ,  d i s t i l  led i n t o  alcohol, gasi f ied,  pyrolyzed 
t o  produce o i  I and charcoal and converted t o  chemi- 
ca ls  and p las t i cs  t o  replace petroleum based 
products. 

The U.S. Forest Service has ou t l ined  a nat ional  
program fo r  achieving a goal o f  6.4 quads* o f  
energy from woody biomass by 1993. 

There are r e l a t i v e l y  large quan t i t i es  of unu t i l i zed  
wood tha t  could be used fo r  energy. This 
unut i  l.ized wood includes logging residues, 
thinnings, wood manufacturing residues, urban wood 
waste, and trees and brush tha t  cannot now be eco- 
nomical l y  manufactured i n t o  wood products. The 
Forest Service has estimated tha t  over 25 m i l l i o n  
tons of t h i s  material could be made ava i lab le  on an 
annual basis i n  Ca l i fo rn ia .  The Honey Lake Pro jec t  
has shown tha t  u t i l i t i z a t i o n  o f  biomass can be 
economic. With increasing petroleum pr ices  and 
be t te r  app l i ca t ion  of research and development 
e f fo r t s ,  we expect g rea t ly  increased use of wood 

. f o r  energy i n  the years ahead. 

World petroleum pr ices have leveled o f f  during the 
l a s t  few months and t h i s  has given r i s e  t o  a p r o l i -  
fe ra t ion  o f  op t im is t i c  forecasts. The most 
r e l i a b l e  look a t  the fu tu re  i s  given i n  the Global 
2000 Report (Entering the Twenty-First Century, A 
Report t o  the President o f  the United States, 
1980.) Very b r i e f l y ,  the pro jec t ion  f o r  energy I s  
s p i r a l i n g  costs and decreased supply. 

Achlevement of the 6.4 quads goal fo r  woody biomass 
w l l l  have a profound e f f e c t  on the economy, 
p r imar i l y  i n  ru ra l  areas. Nat iona l l y  i t  will mean 
a t  least  300,000 new jobs, $9 b i I  l i o n  annually i n  
wood industry receipts,  and an equal amount o f  
business f o r  supporting industry. The Forest Ser- 
vice expects an add i t iona l  $60 m i l l i o n  i n  

* 1 quad = 1015 Btu; t h i s  i s  roughly the equivalent 
energy content r e  I eased by burning one-ha I f m i  I I i on 
bar re ls  of o i l  per day f o r  one year. 

stumpage rece ip ts  plus a savings of $75 m i  I I  
annually i n  timber management costs. 
equivalent o f  760 m i l l i o n  bar re ls  of o i l  w i l l  
displaced annual l y  by wood energy. 
DroDortionate e f f e c t  i n  Ca l i f o rn ia  would a l so  

on 
he 
be 
he 
be 

s ign i f i can t .  ( A  National Energy Program fo r  
Forestry, USDA, Forest Service, MIS. Pub1 i ca t i on  
NO. 1394.) 

The spec i f i c  focus o f  discusslon today I s  the pro- 
posed unique e l e c t r i c  power generation f a c i l i t y  
located near Susanvllle, Lassen Co., Ca l i fo rn ia .  
You  may hear the pro jec t  referred, t o  var iously as 
the 'Wendel Project,ll the "Honey Lake Project,Il the 
5usanv i  I l e  Project," o r  sometimes j u s t  "The 
Pro jec t  . 
The preferred name i s  T h e  Honey Lake Hybrid Geo- 
thermal Wood Resldue,Power Project." The proposed 
output i s  50 MW of  e l e c t r i c i t y .  

Basical ly, low temperature geothermal f l u i d  
(estimated , t o  be i n  the range o f  275' t o  340'F) 
w i  I I be used i n  two ways: ( 1  1 t o  provide process 
heat t o  reduce the moisture content o f  the biomass 
fuel ;  and ( 2 )  t o  provide preheated b o i l e r  feedwater 
and combustion a i r .  A wood burning furnace w i l l  
then ra i se  the preheated feedwater t o  usable. steam 
temperature for  e l e c t r i c  power generation. 

Backing a ser ies o f  f e a s i b i l i t y  studies i s  a 
d i verse group I nc l  ud i ng the pro jec t  proponent, 
GeoProducts Corporation, an Oakland, Cal i f o r n i a  
Company; Department o f  Water Resources, State of 
Ca l i fo rn ia ;  U.S. Department o f  Energy and the 
Forest Service, USDA. Each member o f  t h i s  consor- 
t ium i s  involved fo r  t h e i r  own v a l i d  reasons, many 
o f  which are nu tua l l y  shared. The fac t  t ha t  they 
are involved i s  a t e s t i m n y  t o  mutual cooperatlon 
f o r  the common ob jec t ive  o f  energy production. 

I t 1s a t  the least  unusual t o  f i n d  Federal and 
Sta te  government j o i n i n g  w i th  a p r i va te  company t o  
determine the feas ib i  I i t y  o f  a business venture. 
I t  should serve as a useful precedent fo r  the 
fu tu re  as a pos i t i ve  means of addressing energy 
development o f  unique and un t r ied  systems. 

U t i l i z i n g  low temperature geothermal and wood t o  
produce steam sounds qu i te  simple. The theory 
simple, the technology i s  understood, the hardware 
i s  avai lable, but no such hybr id fac i  I I t y  actual l y  
exists. Since the pro jec t  i s  extensive, complete 
f e a s i b i l i t y  studies are obviously required. Jo in t  
pa r t i c i pa t i on  i n  funding these studies i s  log ica l  
considering the strong in te res t  o f  the involved 
agencies. The pa r t i c i pa t i on  o f  the Forest Service 
i n  t h i s  p ro jec t  stems from several strong 
in te res ts :  

1. We have a mandate t o  ass i s t  i n  improving wood ' 

u t i l i z a t i o n  i n  general and energy,production from 
fo res t  residue has special emphasis. Since we 
already have an expanding program of supplying fue l  
wood both by sale and f ree  use, we are looking 
beyond tha t  f o r  methods tha t  w i l l  u t i l i z e  much more 
volume. 

1 
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2. We are concerned w i th  the accumulation of 
timber harvesting residue, the expense o f  burning 
i t  and the added f i r e  p ro tec t ion  cost. 
H is to r i ca l l y ,  such debr is has been a net l i a b i l i t y .  

3. There are vast areas of young timber which 
are i n  need of thinning, but for which no market 
exists. Timber growth rates could be g rea t l y  
acce I erated i f such t h  i nn i ng were accomp 1 1 shed. An 
add i t iona l  long-term bonus f o r  increased biomass 
u t i l i z a t i o n  i s  expected t o  be a reduction i n  timber 
losses from fo res t  f i r e s  and i n  actual f i r e  
f i g h t i n g  expenses. I f  extensive areas were cleaned 
up and dense stands were thinned, f i r e  f i g h t i n g  
would be made easier and a t  least some holocausts 
would be averted. 

One of the primary needs i n  the f e a s i b i l i t y  study 
i s  an accurate assessment of the volumes of ava i l -  
able biomass. The market has consisted p r imar i l y  
o f  saw timber and there was no j u s t i f i c a t i o n  t o  
inventory other biomass. Our f i r e  management 
people i n  recent years d id  develop an inventory t o  
determine fue l  loading and t h i s  provides some data. 

One of the  Honey Lake Pro jec t  f e a s i b i l i t y  studies 
focused on the fuel  assessment, harvesting equip- 
ment, fue l  processing and transportat ion. The 
study area involved fo res t  land w i th in  a nominal 
radius o f  100 miles o f  the proposed p lan t  s i te.  We 
expect the inventory system developed by the con- 
su l tan t  t o  have app l ica t ion  elsewhere. Conputer 
based, the system o f f e r s  wide f l e x i b i l i t y .  

A 50 tM p lan t  even with the geothermal ass i s t  w i l l  
requ i re  an estimated 1000 tons per day o f  dry 
biomass. That means 2000 tons per day o f  green 
wood. This i s  no small quant i ty and the attendent 
l o g i s t i c s  of supply nust be ca re fu l l y  analyzed. 

Here are  the nain questions some people have raised 
about the biomass supply impacts. 

1. Environmental impacts including n u t r i e n t  
recycl ing, e f f e c t  on w l l d l i f e  and possible 
increased erosion po ten t ia l .  

P r i o r  t o  enter ing any u n i t  t o  remove u t i l i z e d  
biomass, an environmental assessment would 
determine requlremnts.  Ample residue w i l l  be l e f t  
on the harvest s i t e  t o  provide f o r  t h e  above 
concerns . 
2. Long term wood supply. 

I t  i s  t rue  tha t  a volume o f  approximately 720,000 
tons per year represents a substant ia l  
commitment. However, t h i s  i s  volume t h a t  i s  
unu t i l i zed  and l i s t e d  on the deb i t  s ide  of the land 
manager's ledger. Removal represents a gain i n  a l l  
respects without interference with other uses. 

There would be no adverse e f f e c t  on regu la r  
saw timber production. Also, the nat ional  po l i cy  
o f  the Forest Service to make fuel  w o o d  avai l ab le  
f ree t o  ind iv idua ls  and by sale t o  commercial wood 
cu t te rs  would not be effected. 

CONCLUSION 

The f i n a l  f e a s i b i l i t y  studies are  not complete, b u t  
a t  each checkpoint the s ignals have been 
pos t i ve .  When the studies are completed, i t  w i l l  
s t i  i be a decision on the pa r t  of the pro jec t  
partners whether or not t o  proceed with the 
p ro j  ec t . 
Perhaps the nain reason we are  here t o  t e l  I you 
about the Honey Lake Pro jec t  i s  t o  suggest t ha t  
conceivably, t h i s  type o f  hybr id power p lan t  could 
f i t  a number o f  locat ions where the geothermai- 
biomass resources come together. 
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GOVERNMENTAL POLICIES OF THE COUNTY OF LASSEN TOWARD THE UTILIZATION OF GEOTHERMAL RESOURCES 

MARK A. TOTTEN 

LASSEN COUNTY PLANNING DEPARTMENT 

By October 1979, t h e  City o f  S u s a n v i l l e  w i t h i n  
t h e  County o f  Lassen was w e l l  i n t o  i t s  geothermal 
program. Greenhouses had gone i n t o  product ion,  
pe rm i t s  had been issued f o r  some t ime  i n  severa l  
l o c a t i o n s  w i t h i n  t h e  County f o r  shal low t e s t  
w e l l s ,  and t h e  Board o f  Superv isors f e l t  i t  was 
t ime  f o r  t h e  adopt ion o f  an i n t e r i m  geothermal 
p o l i c y .  That p o l i c y  adopted October 2, 1979 i s  
as f o l l o w s :  

Reso lu t i on  Adopting An " I n t e r i m  Geothermal P o l i c y  
For The County O f  Lassen 

Whereas, Geothermal Energy has become a s i g n i f i -  
can t  f a c t o r  i n  t h e  f u t u r e  growth and development 
o f  Lassen County. 

Whereas, t h e  1968 Lassen County General P lan  
l acks  any d i scuss ion  o f  geothermal energy. 

Whereas, a Geothermal Element t o  t h e  General 
Plan would be necessary t o  manage and c o n t r o l  
t h e  development o f  t h e  geothermal resources 
w i t h i n  Lassen County. 

Now, Therefore, Be It Resolved t h a t  i t  s h a l l  be 
the  p o l i c y  o f  t h i s  Board o f  Supervisors t o  seek 
fund ing  f rom approp r ia te  S t a t e  and Federal 
agencies t o  prepare t h e  Geothermal Element 
and necessary environmental documents. 

Be I t  Fur the r  Resolved t h a t  u n t i l  such a t ime  a 
Geothermal Element i s  prepared and adopted t h e  
f o l l o w i n g  s h a l l  serve as an " I n t e r i m  Geothermal 
P o l i c y  f o r  Lassen County": 

1. 
i t s  geothermal resources by p r i v a t e  and p u b l i c  
concerns. 

2 .  That t h e  development o f  i t s  geothermal r e -  
sources should be f o r  t h e  purpose o f  f u r t h e r i n g  
t h e  goal o f  t he  County t o  be energy independent. 

3. That t h e  development o f  i t s  geothermal r e -  
sources should work f o r  t h e  d i v e r s i f i c a t i o n  o f  
ou r  economy and p rov ide  employment o p p o r t u n i t i e s  
f o r  our  c i t i ' zens.  

4. That t h e  development o f  i t s  geothermal r e -  
sources should be i n  con junc t i on  w i t h  o t h e r  a v a i l -  
a b l e  a1 t e r n a t i v e  energy sources whenever poss ib le .  

Lassen County encourages t h e  development o f  
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5. That t h e  development of i t s  geothermal r e -  
sources w i l l  comply w i t h  e x i s t i n g  Federal,  S t a t e  
and County laws, and t h e  C a l i f o r n i a  Environmental 
Q u a l i t y  A c t  (CEQA), u n t i l  such t ime a d e t a i l e d  
development s t r a t e g y  can be prepared as a Geo- 
thermal Element t o  ou r  General Plan. 

6. That t h e  development o f  i t s  geothermal r e -  
sources should compliment the  e f f o r t s  o f  t h e  Ci ty 
of S u s a n v i l l e  and the  S u s a n v i l l e  Geothermal Energy 
P r o j e c t  goals .  

7. That t h e  usage o f  t h e  geothermal resources be 
opt imized f o r  t he  temperatures a v a i l a b l e  w i t h o u t  t he  
d e s t r u c t i o n  o f  t h e  resource. 

1978 saw t h e  p u b l i c a t i o n  o f  a F i n a l  Environmental 
Assessment Record f o r  Geothermal Leasing i n  t h e  
Honey Lake Va l l ey ,  by the  Bureau o f  Land Manage- 
ment. Wi th  the  l e a s i n g  o f  a pa rce l  i n  t h a t  area 
and subsequent b lock  l e a s i n q  i n  t h e  immediate 
v i c i n i t y ,  GeoProducts began i n v e s t i g a t i n g  t h e  
p o s s i b i l i t y  of power product ion.  A t  f i r s t  i t  
was hoped t h a t  t he re  would be enough d i r e c t  heat  
f o r  d i r e c t  power p roduc t i on  ( t h e r e  may p o s s i b l y  
s t i l l  be) b u t  i n v e s t i g a t i o n s  t o  date have shown 
t h a t  some o t h e r  form o f  f u e l  added t o  the  geothermal 
w i l l  p robably  be necessary. Several p o s s i b i l i t i e s  
o f  h y b r i d i z a t i o n  were and a r e  considered. 
C u r r e n t l y  t he  j o i n t  proposal by the  U.S. Forest  
Service, C a l i f .  S t a t e  Department o f  Water Resources 
and GeoProducts contemplates t h e  c o n s t r u c t i o n  o f  
a convent ional  steam power p l a n t  f i r e d  by wood 
w i t h  l a r g e  q u a n t i t i e s  of geothermal heat  being 
used t o  d r y  t h e  wood products  t o  t h e  optimum 
mo is tu re  con ten t  f o r  maximum energy re lease  a t  
combustion. What does t h i s  proposal mean i n  
terms o f  t h e  Board o f  Superv isors '  adopted 
i n t e r i m  geothermal p o l i c y  and the  community 
concerns? 

Since a county  i n  C a l i f o r n i a  i s  pr imary i n  l and  
use p lann ing  and land  use r e g u l a t i o n  by l e g i s l a t i v e  
d i r e c t i o n ,  we must l ook  t o  ou r  respec t i ve  goals  
i n  ou r  approach t o  t h i s  k i n d  of f a c i l i t y .  
must f i n d  t h e  answers t o  a myr iad o f  quest ions 
about t h i s  f a c i l i t y  and i n  those and r e l a t e  
those answers as near as poss ib le  t o  the  law 
and t o  t h e  p o l i c y  s e t  f o r t h  by t h e  Supervisors. 
Some o f  these quest ions m igh t  be as f o l l o w s :  

What i s  our  r e l a t i o n s h i p  w i t h  ou r  a p p l i c a n t ?  
What have we done, the  County, t o  s t a r t  t h a t  

We 
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r e l a t i o n s h i p  o u t  on a f r i e n d l y  bas i s?  
need t o  d iscuss w i t h  t h e  a p p l i c a n t  t h e  
i n t e r f a c e  w i t h  State,  Federal,  and l o c a l  
agencies. For instance,  a r e c e n t  f i e l d  t r i p  
f o r  two deep geothermal w e l l s  was r e c e n t l y  
a t tended by mysel f ,  another  member o f  my 
s t a f f ,  a member o f  t h e  Board o f  Supervisors, 
two employees o f  t he  S t a t e  Department o f  O i l  
and Gas, one employee f rom t h e  S t a t e  Department 
o f  Water Resources, two employees o f  t h e  
Bureau o f  Land Management, one employee o f  
t h e  S t a t e  Department o f  F i s h  and Game, and 
t h e  app l i can t ,  and t h i s  was fo l l owed  up a 
week l a t e r  by a f i e l d  t o u r  o f  t h e  s i t e  by 
t h e  e n t i r e  County Planning Commission, who 
w i l l  be i s s u i n g  t h e  use pe rm i t s  on t h e  
p r o j e c t  . 
We understand t h a t  approx imate ly  1,000 tons 
o f  f u e l  per  day w i l l  be needed. Th is  t r a n s l a t e s  
i n t o  approx imate ly  40 t r u c k  and t r a i l e r  
loads o f  combustibles be ing consumed i n  
every 24 hour pe r iod ,  what about o u r  t r a n s p o r t a t i o n  
f a c i l i t i e s ?  

What e f f e c t  w i l l  t h e  combustion o f  t h i s  f u e l  
have on t h e  a i r  q u a l i t y  i n  t h e  l o c a l  basin? 
What r o l e  w i l l  ou r  l o c a l  A i r  P o l l u t i o n  
Contro l  Board p l a y  i n  s e t t i n g  t h e  standards 
f o r  emission? What about t h e  impacts o f  
c o n s t r u c t i o n  on t h e  l o c a l  communities? Th is  
p r o j e c t  i s  i n  t h e  100 m i l l i o n  d o l l a r  bracket ;  
a l a r g e  p r o j e c t  t o  us, cons ide r ing  t h e  t o t a l  
assessed v a l u a t i o n  o f  t h e  e n t i r e  County i s  
approx imate ly  106 m i l l i o n  d o l l a r s .  How 
about schools and t h e  school impact d u r i n g  
c o n s t r u c t i o n ?  What about t h e  l a b o r  f o r c e ?  
One o f  ou r  geothermal p o l i c y  goals  i s  t o  
enhance t h e  o p p o r t u n i t i e s  f o r  o u r  seasonal 
l a b o r  f o r c e .  W i l l  t h i s  tend t o  add more 
seasonal employees o r  w i l l  i t  , as we hope, 
tend t o  l e v e l  o f f  t h e  winter-summer unemployment 
c y c l e  we have known f o r  so long? 
more p l a n t s  such as t h i s ?  
t h a t  t h e  resource has p o t e n t i a l  f o r  as many 
as f o u r  o r  f i v e  more u n i t s  o f  s i m i l a r  s i ze ,  
perhaps us ing  f o s s i l  f u e l s .  How l o n g  w i l l  
t h i s  power p l a n t  be i n  ope ra t i on?  Can we 
expect i t s  30 - 35 years l i f e  t o  be extended? 
W i l l  i t  be a good neighbor t o  t h e  greenhousing 
and o t h e r  a n t i c i p a t e d  uses o f  geothermal? 

I f  man l i v e d  i n  an i d e a l  s t a t e  o f  harmony, 
t h e r e  would be no need f o r  government t o  
s e t t l e  d isputes,  and lead ing  t o  t h e  r e s o l u t i o n  
o f  t h e  quest ions j u s t  asked, t he re  w i l l  
p robably  be d i spu tes  between those people i n  
t h e  community and o u t s i d e  t h e  community w i t h  
those who w i l l  u l t i m a t e l y  have t o  make t h e  
dec i s ions  rega rd ing  t h i s  f a c i l i t y .  Since 
d i f f e r e n c e s  o f  o p i n i o n  e x i s t ,  t h e  r o l e  o f  
government i s  created.  
o b l i g a t e d  t o  admin i s te r  and f u n c t i o n  w i t h i n  
demand t h a t  a l l  p a r t i e s  cooperate and share 
i n fo rma t ion .  F a i l u r e  t o  do so w i l l  o n l y  
p ro long  t h e  agony o f  rev iew  and assure 
c e r t a i n  de fea t .  

We 

What about 
Some o f  us f e e l  

The processes we a re  
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The C a l i f o r n i a  Environmental Q u a l i t y  Ac t  se ts  f o r t h  
two bas i c  tenents :  

( 1 )  The process serves n o t  o n l y  t o  p r o t e c t  t h e  
environment b u t  a l s o  t o  demonstrate t o  t h e  p u b l i c  
t h a t  i t  i s  being protected.  

( 2 )  The process i s  t o  demonstrate t o  an 
apprehensive c i t i z e n r y  t h a t  t h e  agencies have 
i n  f a c t  analyzed and considered eco log i ca l  
imp1 i c a t i o m  o f  i t s  ac t i ons .  

These two bas i c  tenents  gu ide the  a c t i o n s  of 
l o c a l  government, as w e l l  as s t a t e  agencies 
and t h e  p r i v a t e  s e c t o r  w i t h i n  C a l i f o r n i a .  

Th i s  burden i s  on a l l  o f  us! 

How do we c h a r t  t h e  course o f  f u t u r e  a c t i o n ?  
We have 2 bas i c  choices: 

( 1 )  No ac t ion ,  o r  

( 2 )  Planned ac t i on .  

We can con t inue  t o  a l l o w  t h i n g s  t o  d r i f t  day 
t o  day, r e a c t i n g  t o  s t i m u l a n t s  upon demand, 
w i t h o u t  i n fo rma t ion ;  t h e  u l t i m a t e  chaos no one 
w i l l  b e n e f i t  from; o r  we can p l a n  our  a c t i o n s  
and analyze o u r  responses, cons ide r ing  t h e  
e c o l o g i c a l  i m p l i c a t i o n s  o f  ou r  dec is ions.  Our 
Board o f  Supervisors proposes through i t s  
i n t e r i m  Geothermal Reso lu t i on  t h a t  o u r  response 
be done through t h e  p repara t i on  o f  t h e  Geothermal 
Element t o  i t s  General Plan as s e t  f o r t h  
w i t h i n  AB2644 o f  t h e  1979 Session and implemented 
through AB1905 o f  t h e  1980 Session of t h e  
C a l i f o r n i a  L e g i s l a t u r e .  

A p a r t i a l  l i s t i n g  o f  those w i t h  whom t h e  
County and t h e  a p p l i c a n t s  (Department o f  Water 
Resources, U.S .  Fores t  Service, and GeoProducts 
w i t h  i t s  p r i v a t e  p a r t n e r s )  must be i n  con tac t  
w i t h  and respond t o  f rom t h e i r  v iewpo in t  
i n c l u d e  t h e  f o l l o w i n g :  Bureau o f  Land Management, 
U.S. Department o f  Energy, U.S.G.S., t h e  
C a l i f o r n i a  Energy Commission, C a l i f o r n i a  
Department o f  Conservation, D i v i s i o n  o f  O i l  
and Gas, C a l i f o r n i a  Department o f  Fo res t r y ,  
C a l i f o r n i a  Department o f  Transpor tat ion,  
C a l i f o r n i a  A i r  Resources Board, C a l i f o r n i a  
Department o f  F i s h  and Game, C a l i f o r n i a  Regional 
Water Q u a l i t y  Contro l  Board, C a l i f o r n i a  O f f i c e  
o f  H i s t o r i c  P rese rva t i on  (archeology), C a l i f o r n i a  
S t a t e  Lands Commission, C a l i f o r n i a  S o l i d  Waste 
Management Board, and t h e  Governor's O f f i c e  o f  
P lanning and Research through i t s  S t a t e  C lea r ing  
house. Also o f  course the  l o c a l  County agencies, 
roads, schools, f i r e  p r o t e c t i o n ,  e t c .  who 
through t h e  Board o f  Supervisors have a d i r e c t  
i n t e r e s t  i n  the  proposal. Th i s  o f  course w i l l  
i n c l u d e  o the rs  as i n t e r e s t  expands i n  t h i s  
proposal .  I have l i s t e d  these agencies t o  
show t h a t  t h e  Board o f  Supervisors w i l l  a t  one 
t ime  o r  another du r ing  the  course o f  t h i s  
p r o j e c t  r e c e i v e  from o r  send i n f o r m a t i o n  t o  
a l l  of these named groups. The most impor tan t  
group which must be considered i s  t h e  general 
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p u b l i c .  
o f  Supervisors, these people w i l l  ask 
"What i s  go ing on?" The Board w i l l  
respond through hearings, no t i ces ,  and 
personal contact .  I t  w i l l  be t h e  
r e s p o n s i b i l i t y  o f  t h e  a p p l i c a n t s  as w e l l  
t o  ma in ta in  open communication w i t h  t h e  
people and agencies enumerated i n  o rde r  
t o  assure a smooth t r a n s i t i o n  o f  t h i s  
p r o j e c t  f rom concept ion t o  r e a l i t y .  

I n  rev iew ing  t h e  Board o f  Superv isors '  
geothermal p o l i c y ,  we w i l l  f i n d  t h a t  t h e  
proposed development i s  p a r t l y  a r e s u l t  
o f  ou r  i n v i t a t i o n  t o  develop geothermal 
resources and t h a t  t h e r e  i s  a p o s s i b i l i t y  
t h a t  some o f  t h e  power generated by t h e  
f a c i l i t y  can be u t i l i z e d  l o c a l l y .  Th i s  
he1 ps ou r  community t o  become p a r t i a l  l y  
energy independent; we know t h a t  t h e  
development o f  t h e  geothermal resource 
cou ld  work f o r  t h e  d i v e r s i f i c a t i o n  o f  
o u r  economy and o f f e r  employment o p p o r t u n i t i e s  
f o r  ou r  c i t i z e n s .  We a l s o  know t h a t  t h e  
concerns p r e v i o u s l y  expressed should be 
so lved i n  t h e  con tex t  o f  Federal,  S t a t e  
and County laws and C a l i f o r n i a  Environmental 
Q u a l i t y  A c t  (CEQA) and t h a t  i n  app ly ing  
these laws we w i l l  p r o t e c t  t h e  resource 
i t s e l f .  We know t h a t  we a r e  i nvo l ved  i n  
a p ioneer ing  e f f o r t  i n  energy development. 
We know t h a t  we must proceed c a r e f u l l y ,  

Through con tac t  w i t h  ou r  Board 

b u t  we know t h a t  we must proceed. 
know t h a t  ou r  p o l i c y  i s  an i n t e r i m  
measure and must be reviewed i n  i t s  
d i r e c t i o n  as development occurs. We 
know t h a t  any change i n  t h i s  p o l i c y  w i  
be f rom t h e  pe rspec t i ve  t h a t  geotherma 
resource development i s  an e s s e n t i a l  
event  i n  ou r  County's f u t u r e .  

I n  summation, t h e  County's s o l u t i o n  t o  
t h e  management of geothermal resources 
w i t h i n  t h e  County i s  as s t a t e d  be fo re  
the  Board 's  Resolut ion:  

We 

"Now Therefore, Be I t Resolved t h a t  i t  
s h a l l  be t h e  p o l i c y  o f  t h i s  Board o f  
Superv isors t o  seek fund ing  f rom approp r ia te  
S t a t e  and Federal agencies t o  prepare 
t h e  Geothermal Element and necessary 
environmental documents. " 

-51- 



-52- 
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ABSTRACT 

Direc t  u t i l i z a t i o n  of geothermal energy has 
been used by many c o u n t r i e s  i n  t h e  p a s t  on a small 
s c a l e  f o r  ba th ing ,  cooking, and hea t ing .  Today, 
t h e r e  a r e  s t i l l  many small-scale  ind iv idua l  uses;  
however, many l a r g e - s c a l e  p r o j e c t s  have been de- 
veloped f o r  d i s t r i c t  hea t ing ,  greenhouse complexes, 
and i n d u s t r i a l  processing.  The number of la rge-  
s c a l e  p r o j e c t s  w i l l  cont inue t o  grow due t o  t h e  
e s c a l a t i o n  of f o s s i l  f u e l  c o s t s  and t h e  proven 
technology of using i n s u l a t e d  t ransmission l i n e s  
and e f f i c i e n t  h e a t  exchangers f o r  geothermal f l u i d s .  
Today, over 3,000 MW (thermal) of geothermal energy 
are used i n  d i r e c t  a p p l i c a t i o n s ,  mainly i n  Ice land ,  
N e w  Zealand, USSR, Japan, and Hungary. In a l l  
cases ,  t h e  c o s t  of geothermal u t i l i z a t i o n  is below 
t h a t  of comparable f o s s i l  f u e l  energy. 

INTRODUCTION 

Direc t  u t i l i z a t i o n  of geothermal energy f o r  
space and process  hea t ing ,  f o r  t h e  most p a r t ,  u t i -  
1izes.known technology. Bas ica l ly ,  hot  water i s  
hot  water whether from a b o i l e r  o r  from t h e  e a r t h .  
The u t i l i z a t i o n  of geothermal energy r e q u i r e s  only 
s t ra ight forward  engineer ing progress  r a t h e r  than 
revolu t ionary  advances and major s c i e n t i f i c  d i s -  
coveries .  The technology, r e l i a b i l i t y ,  economics, 
and environmental a c c e p t a b i l i t y  have been demon- 
s t r a t e d  throughout t h e  world. 

I t  must be remembered t h a t  each resource  is 
d i f f e r e n t  and t h e  systems must be designed accord- 
ing ly .  Granted, t h e r e  a r e  problems with cor ros ion  
and s c a l i n g ,  g e n e r a l l y  confined t o  t h e  h igher  tem- 
p e r a t u r e  resources ,  bu t  most of t h e s e  problems can 
be surmounted by materials s e l e c t i o n  and proper  
engineer ing designs.  For some resources ,  s tandard  
engineer ing m a t e r i a l s  can be  used i f  p a r t i c u l a r  
a t t e n t i o n  i s  given t o  t h e  exclusion and/or removal 
of atmospheric and geothermally generated gases. 
For o t h e r s ,  economical designs a r e  p o s s i b l e  which 
l i m i t  geothermal water t o  a small por t ion  of  t h e  
o v e r a l l  system by u t i l i z i n g  h ighly  e f f i c i e n t  h e a t  
exchangers and c o r r o s i o n - r e s i s t a n t  m a t e r i a l s  i n  t h e  
primary s i d e  of t h e  system. 

Direc t  u t i l i z a t i o n  of geothermal energy was - I. 

probably prac t iced  by e a r l y  man f o r  cooking and 

hea t ing .  
Chinese, Japanese, Turks, Ice landers ,  Cent ra l  
Europeans, and t h e  Maori of New Zealand f o r  bath-  
ing ,  cooking, and space hea t ing .  These uses  have 
continued t o  today where, f o r  example, over 1,500 
hot-spr ing r e s o r t s  e x i s t  i n  Japan,  v i s i t e d  by 100 
mi l l ion  gues ts  every year .  

Recorded h i s t o r y  shows uses  by Romans, 

Early i n d u s t r i a l  a p p l i c a t i o n s  inc lude  t h e  use 
by t h e  Etruscans of b o r i c  a c i d  deposi ted by t h e  
steam and hot  water  a t  Lardare l lo ,  I t a l y .  They 
used t h e  d e p o s i t s  t o  make enamels To decora te  
t h e i r  vases .  Commercial e x t r a c t i o n  of t h e  a c i d  
s t a r t e d  i n  1818, and by 1835, n i n e  f a c t o r i e s  had 
been constructed i n  t h e  region.  Municipal d i s -  
t r i c t  hea t ing  was f irst  undertaken i n  Reykjavik, 
Iceland,  i n  1928. 

Today, over 3,000 megawatts thermal (MWt) a r e  
u t i l i z e d  i n  t h e  world f o r  space hea t ing  and cool- 
- ing (space condi t ion ing) ,  a g r i c u i t u r e  and aquacul- 
t u r e  product ion,  and f o r  i n d u s t r i a l  p rocesses .  Of 
t h i s  f i g u r e ,  over 1,300 M W t  are used f o r  space 
heat ing and cool ing;  approximately 1,400 M W t  f o r  
a g r i c u l t u r e ,  aquacul ture ,  and animal husbandry; 
and over 200 M W t  f o r  i n d u s t r i a l  processes .  
ing and ba lne logica l  uses  a r e  not  included i n  
t h e s e  f i g u r e s .  

Bath- 

Typica l ly ,  t h e  a g r i c u l t u r e - r e l a t e d  uses  u t i -  
l i z e  t h e  lowest temperatures ,  w i t h  va lues  from 80°- 
180'F (27°-820C) being t y p i c a l .  
has  wide a p p l i c a t i o n s  here .  
of chemicals and d isso lved  gases ,  such a s  boron, 
a r s e n i c ,  and hydrogen s u l f i d e ,  a r e  a major problem 
for t h i s  use.  
of gases  may be necessary i n  some cases  t o  so lve  
t h i s  problem. 
r e l a t e d  energy u t i l i z a t i o n  is  i n  t h e  Soviet  Union 
where over 1,000 M W t  a r e  reported being used. 

Space hea t ing  genera l ly  u t i l i z e s  temperatures 
i n  t h e  range of 150°-212'F (66°-1000C), with 100°F 
(38OC) being used i n  some marginal cases  and hea t  
pumps extending t h i s  range down t o  5S°F (13OC). 
The leading u s e r  of geothermal energy f o r  space 
hea t ing  i s  Iceland,  where over 50 percent  of t h e  
country is provided with geothermal h e a t .  The 
only known cool ing is  i n  Rotorua, New Zealand, a t  
t h e  I n t e r n a t i o n a l  Hotel and on t h e  Oregon I n s t i -  
t u t e  of Technology campus; however, many o ther  
a p p l i c a t i o n s  a r e  p r e s e n t l y  being considered.  

Use of wastewater 
The amount and types 

Heat exchangers and proper  vent ing  

A major por t ion  of t h e  a g r i c u l t u r e -  
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I n d u s t r i a l  processing t y p i c a l l y  r e q u i r e s  t h e  
h i g h e s t  temperatures ,  using both steam and super- 
heated water. Temperatures up t o  300'F (150°C) 
are normally des i red ;  however, lower temperatures 
can be  used i n  some cases ,  e s p e c i a l l y  f o r  drying 
of var ious  a g r i c u l t u r a l  products .  
a r e  r e l a t i v e l y  few examples of i n d u s t r i a l  process- 
ing use of geothermal energy, they represent  a 
wide range of a p p l i c a t i o n s ,  from drying of wool, 
f i s h ,  e a r t h ,  and lumber t o  pulp and paper process-  
ing and chemical e x t r a c t i o n .  The two l a r g e s t  i n -  
d u s t r i a l  uses  a r e  t h e  diatomaceous e a r t h  drying 
p l a n t  i n  Iceland and t h e  paper and wood processing 
p l a n t  i n  N e w  Zealand. 

Though t h e r e  

EXAMPLES OF CURRENT UTILIZATION 

T r a d i t i o n a l l y ,  d i r e c t  use  of geothermal energy 
has been on a small  s c a l e  by ind iv idua ls .  Surface 
hot  s p r i n g s  were u t i l i z e d  and shallow wells could 
be  j u s t i f i e d  with on-the-spot use  or  s h o r t  t r a n s -  
mission d i s t a n c e s  i n  uninsula ted  p ipes  or  channels. 
However, a t  today 's  p r i c e s  f o r  development and 
hardware, t h e  c o s t  savings of  t h e s e  ind iv idua l  uses  
are o f t e n  marginal .  
product ion and can thus  j u s t i f y  deeper wells, 
longer t ransmission d i s t a n c e s ,  more s o p h i s t i c a t e d  
u t i l i z a t i o n ,  and lower temperatures .  

Large-scale use r e q u i r e s  more 

Most of present-day developments involve 
l a r g e - s c a l e  p r o j e c t s ,  such as d i s t r i c t  hea t ing  
( Ice land) ,  greenhouse complexes (Hungary), o r  major 
i n d u s t r i a l  u s e  (New Zealand). Heat exchangers are 
a l s o  becoming more e f f i c i e n t  and b e t t e r  adapted t o  
geothermal use,  allowing t h e  u s e  of lower-tempera- 
t u r e  waters and highly s a l i n e  f l u i d s .  Heat pumps 
a r e  extending geothermal development i n t o  t r a d i -  
t i o n a l l y  nongeothermal c o u n t r i e s ,  such a s  France, 
Aus t r ia ,  and Denmark, a s  w e l l  as t h e  e a s t e r n  U . S .  

Space Conditioning. The most famous space- 
hea t ing  p r o j e c t  i n  t h e  world is t h e  Reykjavik mu- 
n i c i p a l  hea t ing  p r o j e c t ,  se rv ing  about 97 percent  
of  t h e  113,000 people  i n  t h e  c a p i t a l  c i t y  of Ice-  
land. A t  r e s e n t ,  a t o t a l  of 1 .0  x 1O1O ga l lons  
(3.8 x l 0 l g  l i t e r s )  of geothermal f l u i d  are used 
annual ly  t o  supply 16,000 homes with space hea t ing .  
One f i e l d  s u p p l i e s  water through two 14-inch and 
one 28,-inch (35-and 70-cm) diameter  p i p e l i n e s  over 
a 12-mile (19-km) d is tance .  Insu la ted  s t o r a g e  
tanks (6.9 x 106 ga l lons ;  2.6 x lo7  l i t e r s )  are 
used t o  meet peak flows and provide an emergency 
supply i n  t h e  event of breakdown i n  t h e  system. 
A f o s s i l - f u e l - f i r e d  peaking s t a t i o n  i s  used t o  
boost  t h e  176'F water t o  230'F (80'-110'C) during 
15 t o  20 of t h e  c o l d e s t  days of t h e  year .  The c i t y  
is served by n ine  pumping s t a t i o n s ,  d i s t r i b u t i n g  
f l u i d  through 200 miles (320 km) of p i p e l i n e s .  The 
e n t i r e  system provides  1,840 GWh p e r  year  o r  420 MWt 
(including t h e  peaking s t a t i o n ;  Lienau/Zoega, 1974). 

An e x y p l e  of ind iv idua l  home space hea t ing  i s  
i n  Klamath F a l l s ,  Oregon, where over 400 wells a r e  
used f o r  space hea t ing ,  using waters from 100"- 
230'F (38°-1100C), The p r i n c i p a l  hea t -ex t rac t ion  
system is t h e  closed-loop downhole h e a t  exchanger 
u t i l i z i n g  c i t y  water i n  t h e  loop (Lund, 1975). 
Larger examples of space hea t ing  i n  Klamath Falls 
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inc lude  t h e  Oregon I n s t i t u t e  of Technology campus, 
where t h r e e  wells up t o  1,800 f t  (550 m) deep pro- 
duce up t o  450 gpm (28 L/s) of 192°F (89°C) water 
and h e a t  approximately 500,000 f t2 (46,000 m2) of 
f l o o r  space. The geothermal water is pumped from 
t h e  w e l l  us ing deep-well t u r b i n e  pumps, and i n  
most cases ,  is  used d i r e c t l y  i n  t h e  hea t ing  system 
f o r  each bui ld ing .  
t h e  campus system i s  approximately $30,000, a sav- 
ings  of  almost $250,000 p e r  year  when compared 
with t h e  c o s t  of hea t ing  with conventional f u e l .  
Other no tab le  uses  i n  t h e  community inc lude  t h e  
311-bed Merle West Medical Center h o s p i t a l  and 
nursing home, where t h e  present  worth of a 20-year 
savings due t o  a geothermal r e t r o f i t t e d  hea t ing  
system is  over one m i l l i o n  d o l l a r s ,  and Maywood 
I n d u s t r i e s ,  where 118°F (48'C) water is used f o r  
hea t ing  a l a r g e  manufacturing bui ld ing  (Geo-Heat 
U t i l i z a t i o n  Center B u l l e t i n ,  Lienau. 1977; Higbee, 
1978). 

The annual opera t ing  c o s t  of 

Several  l a rge-sca le  d i s t r i c t  hea t ing  p r o j e c t s  
a r e  p r e s e n t l y  e i t h e r  under design or  cons t ruc t ion  
i n  Klamath F a l l s  and Lakeview, Oregon; Susanvi l le ,  
C a l i f o r n i a ;  and Boise, Idaho. These each involve 
t h e  optimal use  of  s e v e r a l  wells along with major 
supply and d i s t r i b u t i o n  p i p e l i n e .  Both t h e  Klamath 
Falls and Boise p r o j e c t s  w i l l  i n i t i a l l y  supply gov- 
ernment bui ld ings  i n  t h e  downtown area .  

Agr icu l ture  and Aquaculture. In  Hungary, 
greenhouse hea t ing  i s  second only t o  t h e  USSR, 
with over 13 m i l l i o n  f t 2  (1.2 m i l l i o n  m2) being 
geothermally heated.  Many of t h e s e  greenhouses 
a r e  b u i l t  on r o l l e r s ,  so they can be pul led  from 
t h e i r  loca t ion  by t r a c t o r s ,  t h e  ground c u l t i v a t e d  
with l a r g e  equipment, and then t h e  greenhouse re- 
turned t o  i t s  l o c a t i o n .  In  a d d i t i o n ,  t o  minimize 
c o s t ,  much of t h e  bui ld ing  s t r u c t u r e  p ipe  support-  
ing system a l s o  a c t s  as t h e  supply and r a d i a t i o n  
system f o r  t h e  geothermal f l u i d .  About 60 wel l s  
are used f o r  animal husbandry p r o j e c t s ,  mainly f o r  
hea t ing  and cleaning of animal s h e l t e r s .  P r i o r i t y  
is given t o  a g r i c u l t u r a l  use  of geothermal energy 
i n  Hungary, as t h i s  increases  t h e  volume and v a r i -  
e t y  of product ion.  Some experimental work i s  be- 
ing performed with g r a i n ,  hay, tobacco, and papr i -  
ka drying.  I n  t h e s e  cases, hot  water s u p p l i e s  
hea t  t o  forced-a i r  h e a t  exchangers and 120'-140'F 
(49"-6OoC) a i r  is blown over t h e  product t o  be 
d r i e d  (Lienau/Boldizar, 1974). 

In  Japan, greenhouses cover about 157,000 f t 2  
(14,600 m2), where a v a r i e t y  of vege tab les  and 
f lowers  are grown. Many l a r g e  greenhouses are 
operated as t r o y i c a l  gardens f o r  s igh tsee ing  pur- 
poses.' 
thermal energy has been a very successfu l  en ter -  
p r i s e .  Here, under- the-f loor  hea t ing  i s  u t i l i z e d  
i n  sheds where 40,000 chickens are r a i s e d  annually. 
Another successfu l  business  i s  breeding and r a i s i n g  
carp  and eels. Eels a r e  t h e  most p r o f i t a b l e  and 
are r a i s e d  i n  10-in. diameter  by 20-f t  long (25-cm 
by 6-m) earthenware pipes .  Water i n  t h e  p ipes  is  
held a t  73'F (23'C) by mixing hot  spr ing  water with 
r i v e r  water. 
5-1/4 oz (100-150 g ) ,  with a t o t a l  annual produc- 
t i o n  of 8,400 l b s  (3,800 kg) .  A l l i g a t o r s  and 

Raising p o u l t r y  through t h e  use  of  geo- 

The a d u l t  e e l s  weigh from 3-1/2 t o  
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crocodi les  are a l s o  r a i s e d  i n  geothermal water .  
These r e p t i l e s  a r e  being bred purely f o r  s igh tsee-  
ing  purposes. 
o f f e r i n g  t r o p i c a l  f l o r a ,  a l l i g a t o r  farms a r e  o f f e r -  
ing increas ingly  l a r g e  inducements t o  t h e  l o c a l  
growth of t h e  t o u r i s t  i n d u s t r y  (Japan Geothermal 
Energy Assoc., 1974). 

In combination with greenhouses 

Exce l len t  examples of greenhouse opera t ion  
e x i s t  i n  t h e  U.S., t h e  l a r g e s t  being t h e  Honey Lake 
Hydroponic Farms complex near  Susanvi l le ,  C a l i f o r -  
n i a .  Cucumbers and tomatoes are grown i n  a hydro- 
ponic system. Heat i s  provided t o  t h e  greenhouses 
by geothermal f l u i d .  A t  p r e s e n t ,  30 greenhouses 
have been cons t ruc ted ,  with expansion planned t o  
over 200 u n i t s .  Channel c a t f i s h  a r e  r a i s e d  by Fish 
Breeders of Idaho near  Buhl, using geothermal water. 
Using 6,000 gpm (380 L/s) of  90°F (32°C) water, 
approximately 500,000 l b s  (230,000 kg) of f i s h  are 
r a i s e d  annual ly  (GRC Specia l  Report No. 5, Ray, 
1979). Prawns (Machrobrachium r o s e n b e r g i i ) ,  t r o u t ,  
and g o l d f i s h  are being r a i s e d  on t h e  Oregon I n s t i -  
t u t e  of Technology campus. 

I n d u s t r i a l  Processes .  An example of i n d u s t r i -  
a l  processing i s  t h e  use  of geothermal steam f o r  
t h e  Tasman Pulp and Paper Company i n  New Zealand. 
Here, 100-125 MW (180 t o n s j h r  steam) of thermal 
energy a r e  used f o r  t h e  lumber drying,  black l iquor  
evaporat ion,  and pulp and paper drying.  The t o t a l  
investment c o s t  f o r  geothermal is  $6.8 m i l l i o n ,  t h e  
major i ty  of which i s  f o r  well development. 
amounts t o  approximately $70 per  kWt and w i l l  re- 
duce t h e  p r i c e  of energy t o  70 percent  t h a t  of  con- 
vent iona l  f u e l s  f o r  an annual savings of $1.3 m i l -  
l i o n .  The annual maintenance c o s t s  are two percent  
of t h e  c a p i t a l  c o s t  (Lienau/Wilson, 1974). 

This  

In  nor thern  Ice land ,  a diatomaceous s l u r r y  is 
dredged from Lake Myratn. This  s l u r r y  i s  t r a n s -  
ported through a p i p e l i n e  and held i n  s t o r a g e  ponds. 
The 80 percent  moisture  i s  then removed i n  l a r g e  
rotary-drum d r i e r s  using high-temperature geother-  
mal steam. The p l a n t  produces 27,000 tons  (24,494 
t )  of d ia tomi te  f i l t e r a i d s  per  year ,  most of which 
are used i n  beer processing i n  Germany (Lienau/ 
Lindal, 1974). 

Two indus t r ia l -process ing  uses  of geothermal 
energy are of  n o t e  i n  t h e  U.S.: 
i n  Klamath Fal ls ,  where low-temperature f l u i d  i s  
used f o r  p a s t e u r i z i n g  m i l k ;  and Geothermal Food 
Processors  a t  Brady Hot Springs,  Nevada, where high- 
temperature  f l u i d  is used for  dehydration of onions 
and o t h e r  vege tab les  (GRC Specia l  Report No. 5 ,  
Belcas t ro ,  1979; GRC B u l l e t i n ,  Vol. 7, No. 5 ,  Nov./ 
Dec. 1978). 

Medo-Bel Creamery 

BENEFITS OF DIRECT APPLICATIONS 

The main advantages of d i r e c t  u t i l i z a t i o n  of 
geothermal energy are: 

1. 

2 .  The use of low-temperature resources ,  

No conversion t o  another  form of energy. 

which a r e  numerous and r e a d i l y  a v a i l a b l e .  

3. The use  of many of f - the-she l f  items f o r  
e x p l o i t a t i o n  (pumps, c o n t r o l s ,  p ipe ,  e t c . ) .  

4. Short  development time as compared t o  
e l e c t r i c a l  energy development. 

5 .  Lower-temperature resources  r e q u i r e  less 
expensive wel l  development (and shal lower,  
i n  some c a s e s ) ,  can be d r i l l e d  with con- 
vent iona l  d r i l l i n g  equipment i n  many 
cases ,  and t h e  water  can be t ranspor ted  
20-40 miles (32-64 km). 

A l l  of  t h e s e  advantages g ive  a favorable  economic 
s i t u a t i o n  when compared t o  conventional f u e l .  A t  
present-day p r i c e s ,  t h e  geothermal a p p l i c a t i o n  
w i l l  c o s t  about t h e  same o r  less than t h e  cor res -  
ponding annual f o s s i l  f u e l  c o s t .  Due t o  t h e  ex- 
pected e s c a l a t i o n  of f o s s i l  f u e l  p r i c e s ,  t h e  c o s t s  
of t h e  geothermal system w i l l  become more favora-  
b l e  with time. Most geothermal d i r e c t - u s e  systems 
w i l l  pay f o r  themselves i n  f i v e  t o  ten  years  from 
savings i n  conventional f u e l .  

The economics a r e  g r e a t l y  enhanced where cas- 
cading (mult i -s tage use) is considered.  The 
Japanese opt imize cascading where geothermal f l u i d s  
a r e  f i rs t  used f o r  e l e c t r i c a l  power product ion,  
then space hea t ing ,  cooking, and bathing (Otake). 
Here, an at tempt  i s  made t o  *'squeeze" t h e  " l a s t  
drop of energy" from t h e  f l u i d .  
cascading could consider  space hea t ing ,  a g r i c u l t u r e ,  
bathing (swimming pools ) ,  and snow melt ing.  Low- 
and intermediate- temperature  geothermal resources  
can a l s o  be used t o  meet t h e  base  load of an energy 
demand. Heat pumps and f o s s i l  f u e l  can then be 
used t o  meet t h e  peak demands, thus  conserving t h e  
resource  and minimizing c a p i t a l  investments (Ryback, 
1979). 

Lower-temperature 

POTENTIAL OF THE PACIFIC NORTHWEST 

During 1979-1980 an assessment of t h e  geother-  
mal p o t e n t i a l  i n  t h e  BPA marketing a r e a  was pre-  
pared (Lund, e t  a l ,  1980). This  assessment includ-  
ed both e l e c t r i c  and n o n e l e c t r i c  p o t e n t i a l  and 
probable  use  i n  t h e  t h r e e  states of Oregon, Wash- 
ington and Idaho, and por t ions  of surrounding 
states. S ince  Oregon and Washington inc lude  t h e  
Cascade Range, a summary of t h e  r e s u l t s  f o r  t h e s e  
two s ta tes  are of i n t e r e s t .  

According t o  USGS C i r c u l a r  790 f o r  resource  
p o t e n t i a l s  above 194°F (90°C) and from es t imates  
by t h e  au thor  f o r  resources  below 194°F (90nC), 
t h e  fol lowing was determined: 

Thermal P o t e n t i a l  (Wellhead) 
( W t )  

Oregon Washington 

>302"F (>15OoC) 21,952 332 
302"-194"F f15Oo-9O0C) 14.312 285 

68; 107 12,194 
Tota l  104,371 12,811 
- -  ~ 1 9 4 ° F  (<90°C) 

= 3 . 1 2 ~ 1 0 ~ 5  0 . 3 8 ~ 1 0 ~ ~  
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Considering only t h a t  por t ion  of t h e  resource  
p o t e n t i a l  t h a t  has  a s i g n i f i c a n t  d i r e c t - u s e  load 
wi th in  25 miles, t h e  conversion p o t e n t i a l  (benefi 
c i a 1  hea t )  i s  then reduced t o :  

Oregon: 682 x 10l2  Btu/yr 
Washington: 84 x 10l2  Btu/yr 

Number of 1980 
S t a t e  Resource S i t e s *  Populat ion 

Oregon 10 122,000 

Washington - 7 266,000 

Tota l  17 388,000 

The t o t a l  populat ion,  and d i r e c t - u s e  load t h a t  
could be served by geothermal energy ( r e s i d e n t i a l ,  
commercial and i n d u s t r i a l )  and t h e  est imated devel-  
opment schedule  t o  t h e  year  2000 is  as fol lows.  

Thus by t h e  year  2000, t h e  Northwest could be  
using t h e  equiva len t  of over 1.3 m i l l i o n  b a r r e l s  
of o i l  annual ly  i n  geothermal energy. 

Geothermal Development Schedule 1980 
Direct-Use Load x 10l2  Btu/yr 

x 10l2  Btu/yr -* 1985 1990 1995 2000 

0.26 0.54 1 . 1 2  2.08 3.41 5.64 

0.01 0.38 0.87 1.72 2.72 

12.28 0.27 0.92 1.99 3.80 6.13 

- ---- 6.64 

*Since many i n d i v i d u a l  resources  had t h e  p o t e n t i a l  of serving overlapping a r e a s ,  those  serv ing  
t h e  same genera l  populat ion were grouped toge ther  f o r  eva lua t ion  purposes. 

**Reference: Geothermal Progress  Monitor, USDOE (DOG/RA-0051/4), 1980. 
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GEOTHERMAL POLICY OF THE STATE OF CALIFORNIA 

SUSAN BROWN 

CALIFORNIA ENERGY COMMISSION 

ABSTRACT 

The C a l i f o r n i a  Energy Commission i s  t h e  S ta te  
agency r e s p o n s i b l e  f o r  f o r m u l a t i n g  energy  
p o l i c y  i n  C a l i f o r n i a .  Since i t s  c r e a t i o n  i n  
1975, t h e  Commission has s e t  f o r t h  i n  i t s  
B i e n n i a l  R e p o r t  t o  t h e  Governor  and t h e  
L e g i s l a t u r e  t h o s e  p o l i c i e s ,  g o a l s ,  a n d  
p r i o r i t i e s  which govern t h e  S t a t e ' s  f u t u r e  
energy and e l e c t r i c i t y  needs. Th is  paper w i l l  
address geothermal energy p o l i c y  o f  t h e  S ta te  
o f  C a l i f o r n i a  i n  t h e  con tex t  o f  these o v e r a l l  
s t a t e  energy p o l i c y  goals. The paper w i l l  
a l s o  desc r ibe  t h e  c u r r e n t  s t a t u s  o f  a geo- 
thermal development i n  C a l i f o r n i a  and s t a t e  
programs and p o l i c i e s  t o  encourage maximum 
development o f  t h i s  indigenous, a1 t e r n a t i v e  
energy resource. 

OVERVIEW OF THE STATE ENERGY POLICY 

I n  i t s  1979 B i e n n i a l  Report, t he  Commission 
demonstrated t h a t  C a l i f o r n i a  cannot meet i t s  
f u t u r e  ene rgy  and e l e c t r i c a l  needs i f  t h e  
S ta te  r e l i e s  o n l y  on convent ional  sources i n  
the  short-term, b u t  s t resses energy conser- 
v a t i o n  and renewable resources, such as s o l a r  
and geothermal energy, biomass and wind, as 
sources favored f o r  t h e  f u t u r e .  I n  a d d i t i o n ,  
t h e  Commission s e t  f o r t h  as a goal f o r  t h e  
e l e c t r i c a l  u t i l i t y  sec to r  displacement f f  50 
p e r c e n t  o f  o i l  and gas use by  1992. To 
achieve.  t h i s  goal , energy conserva t i on  and t h e  
acce le ra ted  development o f  a1 t e r n a t i v e  energy 
sources l i k e  geothermal energy must be g iven 
h i g h  p r i o r i t y  by t h e  p u b l i c  and p r i v a t e  
sectors .  

The C a l i f o r n i a  Energy Commission has been a 
s t rong  suppor ter  o f  energy conservat ion and 
renewable resources s ince the e a r l y  1970s. 
The Commission, t h e r e f o r e ,  endorses  t h e  

f o l l o w i n g  s t a t e  energy p o l i c y  o b j e c t i v e s  as a 
p r a c t i c a l  ene rgy  s t r a t e g y  f o r  p r o v i d i n g  
a f f o r d a b l e  and r e l i a b l e  energy suppl ies,  w h i l e  
reducing the n a t i o n ' s  dependence on impor ted 
f o r e i g n  o i l :  

1. 

2. 

3 .  

4. 

5. 

P r o m o t e  e n e r g y  c o n s e r v a t i o n  a s  t h e  
f a s t e s t  and most economical way t o  meet 
o u r  energy needs. 

Decrease gaso l i ne  use and reduce o i l  and 
gas i n  e x i s t i n g  power p l a n t s  by up t o  50 
power p l a n t s  by up t o  50 p e r c e n t  by  
1990. 

Support a s y n t h e t i c  f u e l s  program t h a t  
focuses on C a l i f o r n i a  markets and meets 
C a l i f o r n i a ' s  e n v i r o n m e n t a l  q u a l i t y  
standards. 

Maximize t h e  use o f  geothermal energy, 
cogeneration, biomass, s o l a r  energy and 
wind t u r b i n e s  t o  generate e l e c t r i c i t y .  

Meet t h e  remain ing e l e c t r i c a l  need w i t h  
d i r e c t  c o a l - f i r e d  power p lan ts ,  l i m i t i n g  
t h e i r  t o t a l  s ta tewide capac i t y  t o  5,004 
megawat ts  f o r  a i r  q u a l i t y  reasons .  

A c h i e v i n g  t h e  o b j e c t i v e  o f  maximum use o f  
a1 t e r n a t i v e  e l e c t r i c a l  g e n e r a t i o n  sou rces  
l i k e  geotFerma1 energy  w i l l  depend on t h e  
u t i l i t i e s  w i l l i n g n e s s  t o  i n v e s t  i n  t h e s e  
sources. I n  C a l i f o r n i a ,  u t i l i t y  commitments 
t o  developing renewable energy sources have 
doubled d u r i n g  the  l a s t  two years. Yet, t h i s  
commitment i s  s t i l l  r e l a t i v e l y  s m a l l  and 
u t i  1 i ty resource p l  ans f o r  1981-1992 remain 
domina ted  by n u c l e a r  p r o j e c t s  u n d e r  con-  
s t r u c t i o n  and planned a d d i t i o n a l  c o a l - f i r e d  
p lan ts .  F u r t h e r  s t a t e  and fede ra l  a c t i o n  i s  
needed t o  lessen t h e  f i n a n c i a l  r i s k  and t o  
r e d u c e  t h e  r e g u l a t o r y  b a r r i e r s  t o  u t i 1  i t 3  
investments i n  a1 t e r n a t i v e  energy sources. 

e=., pp. 7-8. 

' C a l i f o r n i a  Energy Commission, 1979 B i e n n i a l  
R e p o r t ,  Sacramento, CA,  March 1980, p. 1. 
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STATUS OF GEOTHERMAL E N E R G Y  D E V E L O P M E N T  IN 
CALIFORNIA 

Geothermal energy continues t o  be one of the 
cheapest sources of e l ec t r i ca l  power. W i t h  
908 megawatts of capacity on-line, The Geysers 
dry steam f i e ld  i n  northern California i s  the 
1 a rges t  geothermal energy devel opment i n the 
world. In addition, over 455 megawatts i n  new 
power plants are under construction and about 
240 additional megawatts a r e  currently under 
r e g u l a t o r y  r ev iew.  T h e  G e y s e r s  K n o w n  
Geothermal Resource Area ( K G R A )  a1 one---a 
resource  u n i q u e  i n  t h e  nation---has t h e  
potential t o  provide up t o  2,700 megawatts of 
e l e c t r i c a l  gene ra t ing  capac i ty  dur ing  t h e  
1990s and beyond. 

Large geothermal resource  a r e a s  a r e  a l s o  
l o c a t e d  elsewhere i n  t h e  S t a t e .  The U.S. 
Geological Survey has ident i f ied  15 hydro- 
thermal (hot  water) reservoirs w i t h  estimated 
temperatures of 150' centigrade. These KGRAs 
a r e  shown i n  Figure 1. Those resources w i t h  
temperatures above 150°C may be su i tab le  fo r  
e l ec t r i ca l  power generation, while those under 
150°C w i l l  be u s e f u l  f o r  d i r e c t  u s e  
a p p l i c a t i o n s .  I f  conver ted  t o  e l e c t r i c a l  
e n e r g y  , t h e  r e c o v e r a b l e  h e a t  from t h e  
moderate-to-high temperature resources could 
provide the eqluivalent of 11,300 MWe of power 
fo r  30 years. 

In the Imperial Valley, where an extremely 
1 a rge  geothermal r e s e r v o i r  e x i s t s ,  demon- 
s t r a t ion  and p i l o t  projects a r e  underway t o  
u t i l i z e  t h e  f l a s h  and b inary  c y c l e  tech- 
nologies t o  convert the moderate temperature 
and h ighly  s a l i n e  r e sources  t o  e l e c t r i c a l  
power. The success of these demonstration 
pro jec ts ,  once expanded to commercial-scale 
in s t a l l a t ions ,  could lead t o  the generation of 
additional 1,000's of megawatts by the  end of 
the  century. 

Although C a l i f o r n i a  l eads  the na t ion  i n  
geothermal e l e c t r i c a l  c a p a c i t y ,  the S t a t e  
is lagging behind other s t a t e s  in realizing 
the p o t e n t i a l  f o r  geothermal d i r e c t  use 
a p p l i c a t i o n s .  P resen t  d i r e c t  use of geo- 
thermal heat amounts to about 0.5 megatherms 
per year and includes only small-scale green- 
house heating and space heating applications. 

F igure  2 i l l u s t r a t e s  t h e  expected r a t e  of  
geothermal e l ec t r i ca l  power developtent and 
d i r e c t  use a p p l i c a t i o n s  based on c u r r e n t  
trends" under a business-as-usual case , versus 
the "maximum reasonable" potential which could 
be expected w i t h  the resolution of the key 
c o n s t r a i n t s  t o  geothermal development. 

4CEC s t a f f  r e p o r t ,  Nont rad i t iona l  Ener 
Issues and Actions, Decem + er 

5E. , pp. 23-24. 
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FIGURE 2 

CALIFORNIA ENERGY COMMISSION STAFF 
STATEWIDE GEOTHERMAL ENERGY PROJECTIONS 

Current Trends* 
1 9 8 5 1 9 9 2 2 0 0 0  - 

Geotherma 1 
Elec t r ic  
(Megawatts 

Direct Use 
(Megawatts 

1,758 2,300 3,000 

9 13 3j: 

Maximum Reasonable** 
2000 - - - 1985 1992 

Geothermal 
Elec t r ic  
(Megawatts) 2,108 3,650 5,100 

Direct Use 
(Megawatts 1 20 110 220 

STATE POLICIES A N D  PROGRAMS TO ENCOURAGE 
L t N t R G Y  Dt V t L O P k N T  

Many of the cons t ra in ts  t o  fu l l  u t i l i za t ion  of 
California '  s geothermal energy potential a re  
t h e  same c o n s t r a i n t s  faced  by a l t e r n a t i v e  
energy resources and technologies i n  general. 
S t i l l  others,  such a s  the need f o r  advanced 
hydrogen su l f ide  abatement technologies, a r e  
t h o s e  p a r t i c u l a r  t o  geo the rma l  e n e r g y  
devel opment . 
In California,  recently enacted s t a t e  programs 
provide financial  assistance fo r  research and 
deve lopmen t  f o r  a1 t e r n a t i v e  e l e c t r i c a l  
generation technologies. These programs are  
intended t o  subsidize the risk associated w i t h  
emerging new technologies, such a s  geothermal 
f lash  and binary cycle technologies, solar 
photovoltaic and wind e l e c t r i c  technologies--a 
major cons t ra in t  t o  t h e i r  development. These 
legislatively-created s t a t e  programs include: 

o The C a l i f o r n i a  A l t e r n a t i v e  Energy F i n -  
a n c i n g  A u t h o r i t y  issues  u p  t o  $200 
m i l l i o n  i n  bonds t o  a s s i s t  s o l a r ,  
biomass, wind, geothermal , small hydro- 
e l e c t r i c  , and o t h e r  p r o j e c t s  "which 
reduc:l t h e  use of f o s s i l  and nuc lear  
fue ls .  ( A B  2324, Hayes) 

o The C a l i f o r n i a  P o l l u t i o n  Control F i n -  
ancing Authority issues tax exempt bonds 
t o  finance the in s t a l l a t ion  of "renewable 
energy resource  devices ."  ( A B  2646, 
Bates) 

*Based on u t i l i t y  plans, technology s t a tus ,  
and p o l i c i e s  and programs i n  p lace  a s  of 
October 1980. 

**If C E C  s t a f f  po l icy  and program recom- 
mendations a r e  implemented. December 
1980. 
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T a x  I n c e n t i v e s  f o r  A l t e r n a t i v e  Energy  
Technologies 

Accelerated d e p r e c i a t i o n  f o r  cogenerat ion 
and a1 t e r n a t i v e  energy equipment. (AB 
1404, Hayes; AB 2893, C l i n e )  

The Energy and Resources Fund 

$120 m i l l i o n  i n  d i r e c t  f i n a n c i n g  o f  
spec ia l  a1 t e r n a t i v e  energy and resource 
p r o j e c t s  a n d  p r o g r a m s ,  f i n a n c e d  b y  
increased revenues f rom o i l  p roduc t i on  on 
s t a t e  lands r e s u l t i n g  from fede ra l  o i l  
p r i c e  decontro l  . (AB 2973 Vasconcellos) 

Add i t i ona l  s t a t e  funds a r e  being requested t o  
s u p p o r t  a1 t e r n a t i v e  energy p r o j e c t s  and 
programs,  such as t h e  Heber b i n a r y  c y c l e  
geothermal h o t  water  demonstrat ion p r o j e c t ,  
and t o  p rov ide  f o r g i v e a b l e  loans and d i r e c t  
f i n a n c i n g  f o r  f e a s i b i l i t y  s tud ies,  r e s e r v o i r  
con f i rma t ion ,  engineer ing design s tud ies,  and 
demonstrat ion p ro jec ts .  

The Energy Commission, i n  i t s  1981 B i e n n i a l  
Re o r t ,  has  a l s o  recommended a number o f  

encourage u t i l i t y  investment i n  a l t e r n a t i v e  
e l e c t r i c  g e n e r a t i o n  t e c h n o l o g i e s .  These 
a c t i o n s  i nc lude :  

o P rov id ing  p r e f e r e n t i a l  r a t e  t reatment  f o r  
a1 t e r n a t i v e  energy  development  b y  t h e  
C a l i f o r n i a  P u b l i c  U t l i  t i e s  Commission. 

o O f f e r i n g  favo rab le  r e g u l a t o r y  t rea tmen t  
f o r  p r e f e r r e d ,  a1 t e r n a t i v e  e l e c t r i c  
generat ion f a c i l i t i e s ,  such as geothermal 
power p l a n t s  and co8enerat ion f a c i  1 i t i e s  
under 300 megawatts. 

As e a r l y  as March 1978, t h e  Commission adopted 
a g e o t h e r m a l  r e g u l a t o r y  p o l i c y  w h i c h  
e s t a b l  i shed an o p t i o n a l  , expedi ted power p l a n t  
p e r m i t t i n g  process f o r  geothermal power p l a n t s  
s i z e d  o v e r  50 megawat ts .  S i n c e  1978, t h e  
Commission has approved 576 megawatts i n  new 
geothermal power p l a n t  development under the 
expedi ted rev iew process. These recommended 
p o l i c i e s  a r e  j u s t  some o f  t h e  a c t i o n s  needed 
t o  remove t e c h n i c a l  and r e g u l a t o r y  b a r r i e r s  t o  
a l t e r n a t i v e  energy sources. 

Furthermore, c u r r e n t  s t a t e  and fede ra l  pro- 
grams a r e  h e l p i n g  t o  develop geothermal d i r e c t  
use p r o j e c t s  as an a t t r a c t i v e  a1 t e r n a t i v e  t o  
n a t u r a l  gas and e l e c t r i c i t y .  Both t h e  s t a t e  
and fede ra l  government a r e  under tak ing severa l  
f e a s i b i l i t y  s t u d i e s  and market surveys f o r  
geothermal d i r e c t  uses i n  C a l i f o r n i a .  The 
U . S .  Depar tmen t  o f  Energy i s  f u n d i n g  1 4  
t e c h n i c a l  and economic f e a s i b i l i t y  p r o j e c t s  
f o r  such uses as food processing, chemical 

-3- o t  e r  l e g i s l a t i v e  and  p o l i c y  a c t i o n s  t o  

processing, f e r t i l i z e r  product ion,  and d i s -  
t r i c t  heat ing.  
funded several geothermal d i r e c t  use p r o j e c t s .  
S p e c i f i c  examples i n c l u d e  t h e  e n g i n e e r i n g  
f e a s i b i l i t y  o f  u s i n g  geo the rma l  ene rgy  a t  
Mammoth Lakes V i l l a g e  f o r  d i s t r i c t  space and 
water  hea t ing  and t h e  f e a s i b i l i t y  o f  us ing  
geothermal f o r  i n d u s t r i a l  process and space 
h e a t i n g  a t  Rohr I n d u s t r i e s  i n  San Diego,  
C a l i f o r n i a .  

The Energy Commission has a l so7  

The Commission, working j o i n t l y  w i t h  o the r  
s t a t e  agenc ies ,  i s  a l s o  i n v e s t i g a t i n g  t h e  
p o t e n t i a l  f o r  u s i n g  geo the rma l  ene rgy  f o r  
hea t ing  and c o o l i n g  s t a t e  f a c i l i t i e s .  One 
such f a c i l i t y ,  which t h e  Commission i s  funding 
d u r i n g  t h e  c u r r e n t  f i s c a l  year ,  i s  t he  r e t r o -  
f i t  o f  t h e  C a l i f o r n i a  S t a t e  C o r r e c t i o n a l  
Center a t  S u s a n v i l l e  w i t h  a geothermal hea t ing  
system. 

F i n a l  l y  , d u r i n g  the  coming f i  scal year ,  t h e  
Commission w i l l  cont inue t o  suppor t  a v a r i e t y  
o f  geo the rma l  ene rgy  p r o j e c t s  w i t h  s t a t e  
c o n t r a c t  and g r a n t  funds. Wi th t h e  passage 
o f  Assembly B i l l  1905 (Bosco ) ,  t h e  Energy 
Commission w i l l  p rov ide  f i n a n c i a l  ass is tance 
t o  l o c a l  governments i n  p l a n n i n g  f o r  and 
devel op ing t h e i r  geothermal resources. Thi s 
l e g i s l a t i o n ,  which became law i n  May 1980, 
a1 lows the  Commission t o  d isburse revenues 
from fede ra l  geothermal leases t o  count ies,  
c i t i e s ,  and spec ia l  d i s t r i c t s  w i t h  known o r  
p o t e n t i a l  g e o t h e r m a l  r e s o u r c e s .  I t  i s  
expected t h a t  t h i s  new g r a n t  program a t  t he  
s t a t e  l e v e l  w i l l  f u r t h e r  acce le ra te  env i ron-  
m e n t a l  l y  a c c e p t a b l e  g e o t h e r m a l  e n e r g y  
development . 
CONCLUSION 

I n  summary, C a l i f o r n i a ' s  energy p o l i c y  p laces 
t o p  p r i o r i t y  on increased use o f  conservat ion 
and renewab le  r e s o u r c e s ,  l i k e  geo the rma l  
energy, i n  meeting t h e  s t a t e ' s  f u t u r e  energy 
needs. The goal o f  C a l i f o r n i a  s t a t e  energy 
p o l i c y  i s  t o  d i r e c t  p u b l i c  and investments 
i n t o  t h o s e  e n e r g y  r e s o u r c e s  t h a t  m i n i m i z e  
l o n g - t e r m  c o s t s  a n d  a d v e r s e  s o c i a l  a n d  
environmental impacts. 

Geothermal energy development w i  11 cont inue t o  
p l a y  an impor tan t  r o l e  i n  meeting C a l i f o r n i a ' s  
e l e c t r i c a l  e n e r g y  n e e d s .  I t  i s  a l s o  
a n t i c i p a t e d  t h a t  r a p i d l y - r i s i n g  energy cos ts  
and newly-enacted s t a t e  f i n a n c i a l  i n c e n t i v e s  
and ass is tance programs w i  11 f u r t h e r  expand 
and encourage d i r e c t  ( n o n - e l e c t r i c )  uses o f  
geothermal energy as w e l l .  

6Energy Tomorrow, pp. 211-214. 'Energy Tomorrow, pp. 327-328. 
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GEOTHERMAL POLICY IN OREGON 

Pa t r ic ia  Amedeo 

Office of the Governor 

In Oregon, we a r e  j u s t  beginning to r ea l i ze  
our energy por ten t ia l s  -- natural gas,  coal and 
geothermal included. Oregon i s  basically un-  
explored and we a r e  now working on developing 
our energy f ron t i e r s .  

Many of these energy poten t ia l s  a r e  just 
coming to  l i gh t .  
discoveries of comnercial natural gas and coal 
which g i v e  us cause to be enthusiastic i n  these 
areas.  The potential  f o r  geothermal develop- 
ment is  a l so  excit ing.  
opportunity to  welcome you and inv i t e  your 
par t ic ipa t ion  in the development of t h i s  
important resource. 

fo r  and ex t rac t  energy from the ear th .  
o i l  and natural gas a re  not the only energy 
treasures beneath our f ee t .  There i s  
geothermal energy. 

I t  i s  Oregon's policy to encourage the 
development of geothermal energy resources. 
The Legislative Assembly has declared by 
s t a t u t e  tha t ,  "the people of the s t a t e  o f  
Oregon have a d i r e c t  and primary in t e re s t  i n  
the development o f  geothermal resources 
s i tua ted  i n  t h i s  State." 

pices o f  l eg is la t ion  which have frequently 
served a s  models fo r  other s t a t e s ,  such as :  

- the separation o f  high and low 

There have been recent 

I want t o  take this 

Oregon has a message f o r  those who search 
Coal, 

T h i s  policy is  manifested i n  several 

temperature geothermal resources f o r  regula- 
tory purposes; 

form geothermal d i s t r i c t  heating systems; 

garding disposal of geothermal f lu ids ;  and 

- authorization fo r  municipali t ies t o  

- policy direction and regulations re- 

- tax c red i t s  f o r  end-use applications.  

T h i s  policy i s  a l so  duly re f lec ted  i n  
the ac t ive  geothermal programs of the S t a t e ' s  
Department of Geology and Mineral Industries,  
Department of Energy, and Department o f  Water 
Resources. The cooperative s p i r i t  between 

s t a t e  programs, federal geothermal a c t i v i t i e s  and 
private development in t e re s t  i s  indicated by the 
case of the Borax Lake chub in the Alvord Valley. 
By working together, the various groups were able 
to  reach an agreement tha t  will  allow both geo- 
thermal exploration and protection of an en- 
dangered species. 

There i s  enough geothermal energy in Oregon 
t o  displace seven million barrels of home heating 
fuel annually o r  - p u t  another way - Oregon's 
geothermal potential i s  equivalent t o  the output 
of three large coal-fired generating plants.  
Development of geothermal and other renewable 
energy resources will  l i ke ly  cos t  as much as 
conventional energy b u t ,  i n  addition t o  being 
"home-grown'' and  sustainable,  energy from 
geothermal, given resource confirmation, could 
be brought on-line f a r  sooner than a new coal 
p lan t ,  f o r  example. 

A t  
t o  

In January of t h i s  year,  Oregon's Governor 
iyeh submitted a $144 million energy program 

tap not only the S t a t e ' s  geothermal poten t ia l ,  
b u t  a l so  energy tha t  can be acquired from con- 
servation, so la r ,  wind ,  hydro, biomass and 
alcohol fue l s .  I t  i s  an action plan by which 
Oregon can achieve a higher level of energy 
se l f - re l iance .  As a net importer of energy 
w i t h  l i t t l e  o r  no control over the cost  and 
supply r e l i a b i l i t y  of our imports -- and as 
one o f  the nation's fastest-growing s t a t e s  -- 
Oregon's key t o  a secure energy fu ture  i s  i n  
reducing our energy dependence and vulnerabili ty.  

the  Oregon Legislature. That program will 

Although geothermal energy's "discovery" in 
the  1970s has s t i r r e d  new in t e re s t  and excite- 
ment throughout the Sta te ,  the resource has 
been a mainstay i n  some par t s  of Oregon since 
the t u r n  of the century. 

Klamath Fa l l s ,  fo r  example, has both the 
l a rges t  concentration of d i r ec t  geothermal 
applications i n  t he  United S ta tes .  More than 
500 r e l a t ive ly  shallow wells supply hot water 
t o  heat 600 s t ruc tures  including homes, busi- 
nesses and almost a l l  public schools. The 
Oregon I n s t i t u t e  o f  Technology, a S ta te  college,  
which i s  the home of the nationally recognized 
GeoHeat Center, uses geothermal to  space heat 
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more than 556,000 square f e e t  and a lso  t o  cool 
the  new student union bu i ld ing .  
t h i s  l oca l  resource a t  the col lege saves tax- 
payers approximately $486,000 per year. 
Natural hot water i s  a l so  used i n  Klamath F a l l s  
t o  pasteurize mi lk,  t o  me l t  snow and i c e  from 
pavements, t o  cure concete, heat swimming pools 
and greenhouses and even t o  nur tu re  gian prawns 
i n  an aquaculture p ro jec t .  Peak use o f  natural  
ho t  water i n  the community displaces 60 mega- 
watts o f  e l e c t r i c i t y .  

and counties have s i g n i f i c a n t  geothermal 
po ten t ia l  t h a t  can be developed now. Explora- 
t i o n  i s  underway i n  several areas, inc lud ing  
the Cascades, Lakeview, Harney Basin, Vale and 
i n  other areas from the western Cascades east- 
ward t o  the Idaho border. 

We know geothermal i s  there -- and we are  
going a f t e r  it. 

I n  1979, a t  the Governor's request, the 
Oregon Leg is la tu re  created the  Sta te 's  f i r s t  
A1 ternate Energy Development Comnission. 
Commission's mandate was t o  design a compre- 
hensive p lan  f o r  the  development o f  Oregon's 
renewable energy resources. Spec i f i ca l l y ,  
the Comnission was d i rec ted  t o  develop c r e d i t -  
able estimates of the energy t h a t  can be 
acquired from conservation and renewables -- 
how much t h a t  energy w i l l  cost  -- how develop- 
ment w i l l  be ftnanced -- when the energy w i l l  
be ava i lab le  -- and what Oregon must do " t o  
get from here t o  there.'' 
work was supported by resource-specif ic 
task forces. 

September, 1980 and i t s  87 ac t i on  recommen- 
dations are  the foundation f o r  Governor A t iyeh 's  
1981-83 Special Energy Program. 

resource po ten t i a l  and est imat ing what i t  w i l l  
cos t  t o  b r ing  t h a t  energy on- l ine,  the A l te rna te  
Energy Development Comnission targeted three 
major cons t ra in ts  t o  geothermal development i n  
Oregon. 

leasing process f o r  exp lo ra t ion  and development 
on fede ra l l y  owned land was singled ou t  as a 
prime i n h i b i t o r  t o  harnessing geothermal. 

More than h a l f  o f  Oregon's land area i s  
owned and managed by the federal  government. 
Most o f  the Sta te 's  geothermal resources, 
p a r t i c u l a r l y  i n  the case o f  the Cascade 
resources, are w i t h i n  those federal  land 
holdings. Systematic explorat ion and develop- 
ment has been curbed because, i n  some instances, 
federal  management agencies have chosen t o  lease 
on ly  selected port ions o f  a geo log ica l l y  
promising area, i f  a lease was given a t  a l l .  

The use o f  

A considerable number o f  Oregon c i t i e s  

The 

The Commission's 

The Conmission completed i t s  work i n  

Aside from quant i f y ing  Oregon's geothermal 

Not surpr is ing ly ,  a cumbersome and le tha rg i c  

Pr iva te  companies are re luc tan t  t o  r i s k  
making investments unless they control  cont ig-  
uous parcels. A discoverer who does no t  con t ro l  
a coherent lease block faces the unat t rac t i ve  
prospect o f  competit ive and more cos t l y  leasing 
f o r  adjacent federal  land. For t h i s  reason, 
the ma jo r i t y  o f  resource assessment work t h a t  
has been done i n  the Cascades has been p u b l i c l y  
funded and conducted by federal  and s ta te  
agencies and un ive rs i t i es .  

Governor At iyeh and the Oregon Department 
o f  Energy's geothermal program, w i th  support 
from the Oregon Congressional Delegation, have 
been seeking ways t o  resolve the leasing b a r r i e r  
f o r  several years. For example, i n  l a t e  1980 
Governor At iyeh requested assistance from the 
Interagency Geothermal Coordinating Council i n  
reviewing the adequacy o f  federal  geothermal 
act ions i n  Oregon t o  emphasize h i s  support 
fo r  an expedited leasing process o f  federal  
lands. 

I hope t h a t  i t  i s  no t  premature t o  say t h a t  
apparently the federal  leas ing  s i t ua t i on  i s  
improving. An important example was the re -  
versal o f  a U. s. Forest Service leasing 
decis ion on the G i f f o r d  Pinchot Nat ional  Forest 
i n  Washington state, which Dr. Bloomquist w i l l  
discuss i n  the next presentation. During 1980, 
Oregon rea l i zed  a 73% increase i n  leased 
federal  acreage, most o f  which was non-competi- 
t i v e  land. 

This sounds l i k e  a dramatic increase. But, 
i t  must be noted t h a t  many o f  these lease app l i -  
cat ions have been pending f o r  f i v e  o r  s i x  years 
and t h a t  most o f  these leases were f o r  ELM land. 

Leasing o f  Forest Service land i s  s t i l l  a 
c r i t i c a l  issue -- one which the State w i l l  
continue t o  work t o  inf luence. 

exp lo ra t ion  when lands are made ava i lab le  f o r  
leasing. 
Breitenbush area, where Sunedco secured leases 
by competit ive bids and i s  planning t o  d r i l l  
a deep t e s t  we l l  t h i s  summer. 

A second cons t ra in t  t o  geothermal develop- 
ment i s  the lack o f  de ta i l ed  knowledge about 
the resource i t s e l f .  We do know a good deal -- 
but no t  enough -- about the po ten t i a l  fo r  
d i r e c t  use app l ica t ions  f o r  low-to-moderate 
temperature resources. 

Further; Oregon's po ten t i a l  f o r  geothermal 
e l e c t r i c a l  production i s  ne i the r  documented nor 
w e l l  understood. The U. S. Geological Survey 
estimates the t o t a l  e l e c t r i c a l  po ten t ia l  i n  
known resource areas i s  about 1640 megawatts 
f a r  30 years. And, whi le i t  i s  probable t h a t  
e l e c t r i c  power generation w i l J  eventual ly be 
rea l i zed  from geothermal , comprehensive resource 
assessment must be done t o  conf i rm t h a t  hope. 

We expect t o  see a major increase i n  p r i va te  

This has been the case f o r  the 
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Amedeo 

The t h i r d  major cons t ra in t  t o  development 
o f  geothermal i s  the i n i t i a l  cost. While energy 
companies are w i l l i n g  t o  comnit r i s k  cap i ta l  t o  
exp lo ra t ion  and development, a l l  po ten t i a l  
users - indus t r i a l ,  commercial and res iden t ia l  - 
face high i n i t i a l  cost. 

i n  place t o  ease the cost o f  resource develop- 
ment. 
inc lud ing  geothermal, can c la im a 35% corporate 
tax c r e d i t  f o r  the cos t  o f  necessary equipment. 
I n  1980, Oregon voters approved 300 m i l l i o n  
do l l a rs  i n  bonds t o  f inance low-interest ,  long- 
term loans f o r  l oca l  energy pro jec ts  which use 
renewable energy. 
t o t a l l i n g  20 t o  40 m i l l i o n  do l l a rs  f o r  these 
p ro jec ts  i n  1981. 

income tax c r e d i t  ( i n  add i t i on  t o  a federal  
tax c r e d i t )  o f  up t o  $1,000 f o r  a geothermal 
system, inc lud ing  the hook-up costs t o  a 
geothermal heating d i s t r i c t .  Homeowners can 
a lso  f inance reneable resource systems w i t h  
62, percent, State-subsidized loans and veterans 
can borrow up t o  $3,000 a t  less  than 7 percent 
( i n  add i t i on  t o  a State Veterans Home Loan) t o  
cover the cos t  o f  a renewable resource system. 

The energy package t h a t  the Governor has 
submitted t o  the Leg is la tu re  focuses sharply 
on the need f o r  renewable assessments t h a t  
would provide r isk-reducing informat ion about 
the locat ion,  quant i t y  and q u a l i t y  o f  geo- 
thermal resources. 

Oregon has a t t r a c t i v e  incent ive  programs 

Indus t r ies  which use renewable resources, 

We expect t o  make loans 

Homeowners can claim a personal s ta te  

The Governor's recomnended budget supports 

The ma jo r i t y  o f  the funds - 1.4 

the need f o r  resource assessment w i th  a 1.6 
m i l l i o n  d o l l a r  fund f o r  resource d e f i n i t i o n  
studies. 
m i l l i o n  - i s  earmarked f o r  geothermal assess- 
ment which would be conducted by the Department 
o f  Geology and Mineral Industr ies.  

geothermal assessment w i l l  be used fo r  explora- 
t i o n  and d r i l l i n g  i n  areas t h a t  can produce the 
greatest  bene f i t  t o  the State. Recognizing the 
high cost o f  resource explorat ion, the 1.4 
m i l l i o n  i s  a modest gesture when viewed i n  terms 
o f  the enormous amount o f  work needed t o  
character ize Oregon's resources. However, the 
1.4 m i l l i o n  comprises p r a c t i c a l l y  the e n t i r e  
budget f o r  renewable resource assessment and 
should be viewed as a comnitment by the s ta te  
o f  Oregon t o  assume some o f  the r i s k  of 
exp lo ra t ion  and support for  development 

Governor includes $250,000 t o  l oca l  governments 
f o r  d i s t r i c t  heating systems. 

ment, the Special Energy Program recomnends two 
leve ls  o f  reservo i r  management. Proposed 

I f  approved by the Legis lature,  funds f o r  

Another recomnendation supported by the  

Recognizing the need f o r  resource manage- 

and Mineral Indus t r ies  the au tho r i t y  f o r  manage- 
ment and procedures f o r  u t i l i z i n g  reservo i rs  
w i t h  temperatures greater than 250 degrees 
Fahrenheit. 
proposed t o  al low the Department o f  Water 
Resources t o  develop management plans f o r  low- 
to-moderate termperature reservoirs.  

The program a lso  c a l l s  f o r  new incent ives 
f o r  u t i l i t y  involvement i n  a l l  types o f  renewable 
resource development. One l e g i s l a t i v e  recom- 
mendation would a l low the  cost of construct ion 
f o r  renewable resource pro jec ts  t o  f low i m -  
mediately i n t o  the u t i l i t y  r a t e  base. We bel ieve 
approval o f  t h i s  measure would be important i f  
u t i l i t i e s  are t o  undertake the high r i s k s  
involved i n  e a r l y  geothermal development. Another 
recomnendation would delay the assessment o f  
ad valorem property taxes on u t i l i t y  energy 
pro jec ts  u n t i l  the p ro jec t  begins t o  produce 
power. 

Force, the Comnission, and the Governor's Special 
Program w i l l  provide an improved i n s t i t u t i o n a l  
c l imate  t o  nur tu re  development o f  Oregon's 
geothermal resources. The recomnendations have 
attempted t o  r e c t i f y  misplaced incent ives t h a t  
focus on post-development by p u t t i n g  the State 
and loca l  governments i n  a more support ive r o l e  
f o r  resource development. Financing f o r  high 
front-end p ro jec t  costs should also be more 
r e a d i l y  avai lable,  and the Sta te 's  regu la to ry  
r o l e  i s  more c l e a r l y  defined. 

Enactment o f  the Special Energy Program w i l l  
provide an increased leve l  o f  s t imu la t ion  f o r  
geothermal development. The e n t i r e  planning 
process has underscored the s i g n i f i c a n t  l eve l  
o f  comnitment t h a t  the State has t o  geothermal 
energy. With the Special Energy Program, the 
Governor has demonstrated h i s  support and the 
c r i t i c a l  importan'ce o f  po l  i c y  and budgetary 
decisions which w i l l  a f f e c t  Oregon's renewable 
resource development. 

undertaking a r e t i o n a l  energy planning approach 
and the  l eve l  o f  energy planning i n  Oregon has 
been g rea t l y  increased, the fu tu re  outlook f o r  
geothermal development i n  Oregon i s  very 
encouraging . 

A budget recommendation has been 

Overal l ,  the e f f o r t s  o f  the Geothermal Task 

A t  a t ime when the Northwest states w i l l  be 

l e g i s l a t i o n  gives t o  the-Department o f  Geology 
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GEOTHERMAL ENERGY POLICY I N  WASHINGTON 
-- AN OVERVIEW -- 

By R. Gordon Bloomquist 

Washington S ta te  Energy O f f i c e  

ABSTRACT 

The s t a t e  o f  Washington i s  a c t i v e l y  engaged 
i n  e s t a b l i s h i n g  the  i n s t i t u t i o n a l  framework w i t h i n  
which t h e  geothermal i n d u s t r y  can success fu l l y  
deve 1 op . 

i s  work ing d i l i g e n t l y  t o  ensure access t o  both 
Federal and s t a t e  lands f o r  geothermal e x p l o r a t i o n  
and development. The S t a t e  Department o f  Na tu ra l  
Resources i s  p r e s e n t l y  cons ide r ing  what cou ld  we1 
become t h e  most i n n o v a t i v e  r o y a l t y  schedule y e t  
adopted i n  the  Un i ted  States. 

a c t i v e  r o l e .  L e g i s l a t i o n  has been passed which 
prov ides u t i l i t i e s  w i t h  a g r e a t e r  r a t e  o f  r e t u r n  
f o r  geothermal p r o j e c t s .  Proper ty  t a x  exemptions 
f o r  renewable resources have been enacted; and, 
l e g i s l a t i o n  f a v o r i n g  d i s t r i c t  hea t ing  and a s t a t e  
l o a n  program a re  being considered. 

The s ta te ,  however, can o n l y  encourage devel -  
opment--the u l t i m a t e  r e s p o n s i b i l i t y  f o r  development 
l i e s  w i t h  i ndus t r y .  

The In teragency Geothermal Development Counci l  

The L e g i s l a t u r e  a l s o  cont inues t o  p l a y  an 

I n t r o d u c t i o n  

The s t a t e  o f  Washington took an e a r l y  l ead  i n  
developing i n t e r e s t  i n  geothermal energy and a 
conference h e l d  i n  Olympia i n  the  e a r l y  1970's 
served t o  ca ta l yze  the  fo rma t ion  o f  t he  Geothermal 
Resource Counci l .  However, i n t e r e s t  waned e a r l y ,  
t h e  GRC es tab l i shed  i t s e l f  i n  C a l i f o r n i a  and we i n  
Washington S t a t e  o f t e n  f e l t  neglected by the  
geothermal i ndus t r y .  The ques t i on  o f  how t o  
a t t r a c t  a t t e n t i o n  t o  the  geothermal p o t e n t i a l  o f  
o u r  s t a t e  was o f t e n  debated i n  p u b l i c  as w e l l  as 
i n  p r i v a t e .  Our resource p o t e n t i a l  seemed t o  p a l e  
i n  t h e  l i g h t  o f  t h a t  o f  our  neighbors. Resource 
assessment and development by t h e  p r i v a t e  s e c t o r  
was a l l  b u t  non-ex is tent  due t o  t h e  l a c k  o f  
i n f o r m a t i o n  concerning the  resource p o t e n t i a l ,  t h e  
l a c k  o f  f i n a n c i a l  i ncen t i ves ,  and what o f t e n  
appeared t o  be insurmountable i n s t i t u t i o n a l  
b a r r i e r s .  

The s i t u a t i o n  has improved. The exp los i ve  
e r u p t i o n  o f  Mount S a i n t  Helens focused renewed 
a t t e n t i o n  upon the  s t a t e .  Federal,  s ta te ,  and 
l o c a l  government has become more aware o f  t he  

geothermal p o t e n t i a l  i n  the  s ta te ,  and more 
impor tan t l y ,  government has begun t o  respond t o  
t h e  needs o f  t he  geothermal i ndus t r y .  

The Washington S t a t e  L e g i s l a t u r e  has made i t  
a s t a t e  p o l i c y  t o  encourage development o f  t he  
s t a t e ' s  geothermal resources and, i n  o rde r  t o  
ensure t h a t  t h i s  p o l i c y  i s  c a r r i e d  out ,  t h e  s t a t e  
has es tab l i shed  a S t a t e  In teragency Geothermal 
Development Counci l  (IGDC) and a Technical Advisory 
Committee (TAC). 
t h e  concurrence o f  t h e  Governor i n  1979. Flember- 
s h i p  cons is t s  o f  rep resen ta t i ves  o f  both the  
execu t i ve  and l e g i s l a t i v e  branches. The TAC 
b r i n g s  t o  t h e  Counci l  t h e  e x p e r t i s e  o f  both p u b l i c  
and p r i v a t e  developers. The r o l e  o f  t he  Counci l  
i s  t o  ensure t h a t  geothermal resources i n  Washing- 
t o n  S t a t e  a re  developable by t h e  p r i v a t e  sec to r .  
I n  o rde r  t o  do so, we must f i r s t  p rov ide  the  
i n s t i t u t i o n a l  framework w i t h i n  which the  geothermal 
i n d u s t r y  can success fu l l y  develop. 

The Counci l  was es tab l i shed  w i t h  

Federal Leasing 

A t  t h e  Federal l e v e l  t h i s  means guaranteeinp 
access t o  h igh  p o t e n t i a l  areas. The m a j o r i t y  o f  
t h e  s t a t e ' s  h i g h  temperature resources a re  expected 
t o  be d iscovered i n  the  Cascades, and s ince  1974, 
t h e  l a c k  o f  access t o  t h i s  area has been quoted 
innumerable t imes as the  g r e a t e s t  s i n g l e  obs tac le  
t o  geothermal development i n  the  s t a t e .  

I n  January, 1978, t h e  f i r s t  d r a f t  Environmen- 
t a l  Impact Statement (EIS) t o  address l e a s i n g  o f  
Na t iona l  Fo res t  lands was released. The statement 
was o v e r l y  r e s t r i c t i v e  i n  terms o f  t he  acreage t o  
be made a v a i l a b l e  f o r  such leas ing  and was opposed 
by t h e  Washington S t a t e  Energy O f f i c e  and t h e  
Department o f  Na tu ra l  Resources--unfortunately 
w i t h o u t  r e s u l t s .  
i n  1980 and lease o f f e r i n g s  f i r s t  made, ou r  g rea t -  
e s t  concerns were rea l i zed - -ou t  o f  t h e  300,000+ 
acres i n  t h e  s tudy area, o n l y  5,000+ acres were 
a c t u a l l y  leased. The remainder o f  t he  lease 
a p p l i c a t i o n s  were re jec ted ,  withdrawn o r  appeals 
were f i l e d .  The g r a n t i n g  of leases t h a t  had been 
awai ted f o r  6-1/2 years was n o t  t o  occur. Through 
t h e  combined e f f o r t s  o f  t he  IGDC, t he  Washington 
S t a t e  Energy Of f ice,  and ou r  congressional delega- 
t i o n ,  e s p e c i a l l y  Representat ive Foley and Senators 
Jackson and Magnuson, the Bureau o f  Land Management 
agreed t o  r e i n s t a t e  a l l  o f  t he  withdrawn and 
r e j e c t e d  lease a p p l i c a t i o n s  and the  Un i ted  States 

When t h e  E I S  was f i n a l l y  accepted 
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BLOOYQUIST 

I t  i s  presently being considered by the 
Jepartment of Natural Resources t h a t  rules and 
regulations be promulgated i n  such a way tha t :  
1. The s t a t e  receives a f a i r  return; 
2. 
ra tes  lower than competing conventional energy 
sources; 
3. 
a r e  encouraged; and, 
4. 

The lessee can purchase geothermal energy a t  

Cascading, o r  multiple use, and reinjection 

Eff ic ien t  use of the resource is  encouraged. 

Some of the more in te res t ing  aspects of the 
proposed s t a t e  leasing rules and regulations 
involve the establishment of roya l t ies  fo r  both 
e l e c t r i c  and d i r ec t  use projects.  

In the case of e l ec t r i ca l  generation, the 
royalty would be 10 percent of the net sa l e  value 
of the e l ec t r i c i ty .  
r e in j ec t s  the spent geothermal f lu ids  in to  the 
reservoir or  cascades the use of the geothermal 
energy the royalty would drop t o  9 percent. I f  
the lessee both cascades and r e in j ec t s ,  the 
royalty r a t e  would drop t o  8 percent. 

The proposed method f o r  calculating the 
royalty f o r  d i r ec t  use projects is probably of 
grea te r  significance i n  t h a t  Washington is  the 
f i r s t  s t a t e ,  t o  my knowledge, t o  acknowledge the 
ineq'uality tha t  existing Federal and s t a t e  royal- 
t i e s  impose upon d i r ec t  use geothermal projects.  

The amount of the royalty to  be paid through 
a d i r ec t  use of geothermal energy with the proposed 
rules and regulations would be calculated using 
AT (change in temperature), flow ra t e ,  and a 
f ac to r  t ha t  r e f l ec t s  the capital  investment. 
Table 1 i l l u s t r a t e s  the relationship between AT, 
production r a t e ,  and percent royalty. The tab le  
a l so  c lear ly  indicates t ha t  by encouraging more 
e f f i c i e n t  use of the resource, the s t a t e  a l so  
benefits  through a substantial  increase in revenue, 
a1 though the percentage royalty charged is  decreas- 
ed, benefiting the developer. 

However, i f  the lessee 

TABLE 1 

Royalty Rates and Hourly Royalties 
f o r  Direct Uses of Geothermal Energy 

1 
5 

10 
20 

A T ,  30 
"F 40 

50 
60 
70 
80 
90 

100 

Production Rate (gpm) 
100 

$0.0139/hr $0.0279/hr $0.1394/hr 
$0.0524/hr $0.0105/hr $0.5241/hr 
$0.0899/hr $O.l798/hr $0.8991/hr 
$O.l500/hr $0.300O/hr $l.5000/hr 
$0.1988/hr $0.3976/hr $1.9881/hr 
$0.2403/hr $0.4807/hr $2.4033/hr 
$0.2764/hr $0.5528/hr $2.7641/hr 
$0.3082/hr $0.6163/hr $3.0816/hr 
$0.3363/hr $0.6726/hr $3.3632/hr 
$0.3614/hr $0.7228/hr $3.6138/hr 
$0.3837/hr $0.7675/hr $3.8374/hr 
$0.4037/hr $0.8074/hr $4.0373/hr 

500 - 50gpm - 
( r )  

18.593% 
13.976% 
11.988% 
10.000% 
8.836% 
8.011% 
7.371% 
6.848% 
6.406% 
6.023% 
5.685% 
5.383% 
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Forest Service agreed t o  reevaluate i t s  leasing 
policy. The  l a t e s t  news tha t  I hdve i s  t ha t  !X 
percent of the study area tha t  the EIS covered 
will  be offered f o r  lease. A t  present, the Forest 
Service i s  reviewing what we believe to  be redun- 
dant s t ipu la t ions  t o  the original lease offering 
and I am confident t h a t ,  when the leases a re  again 
offered, the s t ipu la t ions  will r e f l ec t  a much more 
r e a l i s t i c  a t t i t ude  on the par t  of the Forest 
Service. I fee l  t h a t  the above case c lear ly  
i l l u s t r a t e s  t ha t  the s t a t e  of Washington is t o t a l l y  
committed t o  ensuring tha t  leasing policy ade- 
quately r e f l e c t  the needs of the geothermal 
industry while giving ample protection t o  the 
environment. T h i s  i s  a l so  an indication tha t  the 
Bureau of Land Management and the United States 
Forest Service a re  gaining a be t t e r  understanding 
of geothermal energy and the potential  environ- 
mental impacts of exploration and development. 

O u r  e f f o r t s  i n  resolving questions regarding 
Federal leasing a re  continuing. The IGDC, s t a t e  
government, and several members of our congres- 
sional delegation have wholeheartedly supported 
measures t o  streamline the leasing provisions of 
the Geothermal Steam Act of 1970. 

Most recently, Senator Jackson introduced 
Senate Bi l l  669 en t i t l ed  t h e  "Geothermal Steam Act 
Amendments of 1981" t o  f u l f i l l  the following 
purpose: 

1. Effect a major overhaul of Federal geothermal 
leasing procedures t o  support a s ign i f i can t  
acceleration in the development of geothermal 
resources on Federal 1 ands ; 

2. Modify the Geothermal Steam Act of 1970 to  
f a c i l i t a t e  and require d i l i gen t  exploration and 
development of geothermal resource leaseholds; 

3. Assure competition i n  the geothermal 
industry; and, 

4. Protect nationally s ign i f icant  thermal 
features i n  national parks or  monuments. 

We will  give careful consideration t o  this 
proposed leg is la t ion  as well as others t ha t  a r e  
expected t o  be introduced t o  streamline leasing, 
and we will  support those provisions tha t  we feel 
wi l l  best serve the in t e re s t s  of geothermal 
exploration and development. 

S t a t e  Leasing 

s t a t e  lands as a t t r ac t ive  as possible to  the 
geothermal industry while a t  the same time f u l f i l l -  
i n g  i t s  commitment t o  provide revenue t o  the 
General School Construction Fund. 

In 1979 the s t a t e  leg is la ture  paved the way 
f o r  adopting rules and regulations fo r  the leasing 
o f  s t a t e  lands by establishing ownership rights.  

The s t a t e  i s  s t r iv ing  t o  make the leasing o f  



The royalty r a t e  i s  calculated u s i n g  the 
following formula: 

I Royalty ($/hour) = 

(~T)(500)(gpm)($3.00)(royalty r a t e )  

1 x 106 

The value of d i r ec t  use geothermal energy has 
a r b i t r a r i l y  been s e t  a t  $3.00 per million BTU f o r  
the above example. 

A more detailed account of t ha t  which is  
being proposed i n  Washington is  described by 
Charles V. Higbee of the Oregon I n s t i t u t e  of 
Technology i n  the GRC Transactions V.4, Sept. 
1980, p. 719-722. 

I t  i s  a l so  be ing  proposed i n  Washington tha t  
roya l t ies  i n  do l l a r s ,pe r  million BTU should be 
adjusted annually t o  r e f l e c t  in f la t ion  o r  defla- 
t ion  on the basis of annual changes in the overall 
Consumer Price Index (U.S. Department of Commerce) 
and not on the escalating cos t  of conventional 
fue l .  

Hopefully, the  adoption of such a royalty 
schedule in Washington will  serve to  encourage 
other s t a t e s  and the Federal government t o  reeval- 
uate the royalty being charged on d i r ec t  use 
projects in l i g h t  of what we have learned about 
the  economics of d i r ec t  use projects over the past 
several years. 

Financial Incentives 

The s t a t e  of Washington has taken the lead i n  
encouraging u t i l i t i e s  t o  use geothermal energy f o r  
e l e c t r i c  generation and d i r ec t  u t i l i za t ion .  The 
1980 l eg i s l  a ture  enacted leg is l  a t i  on t h a t  a1 lows 
regulated u t i l i t i e s  a grea te r  return on investment 
on projects t ha t  produce o r  generate energy from 
geothermal and other renewable resources. T h i s  
return i s  established by adding an increment of 
two percent t o  the r a t e  of return on comnon equity 
permitted on the company's other investments. The 
l eg i s lp t ion  a l so  provides a financial  incentive 
f o r  non-regulated u t i l i t i e s .  The non-regulated 
u t i l i t i e s  presently pay a tax of 3.6 percent of 
gross sales.  
amendments t o  Chapter 82.16 RCW, there sha l l  be 
deducted from the gross income an amount equal to  
the  cos t  of production a t  the plant f o r  consumption 
w i t h i n  the s t a t e  of energy generated o r  produced 
from geothermal energy o r  other renewables. 
Deductions under this leg is la t ion  sha l l  be allowed 
f o r  a period not t o  exceed t h i r t y  years a f t e r  the 
project i s  placed i n  operation. 

In computing tax under the adopted 

The Interagency Geothermal Development Council 
i s  considering recommending leg is la t ion  to  permit 
the  UTC t o  allow u t i l i t i e s  substantial  research 
and development expense components f o r  geothermal 
resource projects. 
es tab l i sh  an equity positon in geothermal reser- 
voirs and t h u s  be t t e r  control t h e i r  fuel costs.  

T h i s  should allow u t i l i t i e s  t o  

The s t a t e ,  unfortunately, has been unable t o  
provide a grea t  many additional f inancial  incen- 
t ives .  The s t a t e  does not have a s t a t e  income tax 
and, therefore,  cannot provide tax c red i t s  fo r  
geothermal development such as does the Federal 
government o r  the s t a t e  of Oregon. 
a consti tutional prohibition t o  lending the s t a t e ' s  
c r ed i t ,  so i t  has been impossible t o  i n i t i a t e  a 
program of low interest loans o r  guaranteed loans. 
The question of amending the s t a t e  consti tution to  
allow f o r  such loans i s ,  however, presently 
before the s t a t e  l eg i s l a tu re  (April 20, 1981). 

Legislation tha t  would provide tax r e l i e f  
through a reduction in the Business and Operating 
Tax i s  expected to  be introduced in to  the next 
session of the leg is la ture .  

able i s  a property tax exemption, passed by the 
1980 leg is la ture ,  f o r  unconventional heating, 
cooling, domestic water heating, o r  e l ec t r i ca l  
systems tha t  u t i l i z e  renewable energy resources, 
including heat pumps. 

The  s t a t e  has come a long way i n  the past two 
t o  three years in establishing a climate condusive 
t o  geothermal exploration and development. 
job,  however, i s  f a r  from completed, and we must 
continue t o  s t r i v e  t o  meet the needs of the geo- 
thermal industry. 

The Interagency Geothermal Development Council 
and the Washington S ta t e  Energy Office will  con- 
t inue  t o  coordinate these a c t i v i t i e s ,  b u t  we need 
the help of the industry we are  s t r iv ing  to  a s s i s t .  
We need t o  be k e p t  informed of the fac tors  t ha t  
remain as obstacles t o  development. And w e  need 
you, the representatives of u t i  1 i t i e s ,  energy 
companies, and private developers, t o  express your 
opinion i n  regard t o  proposed leg is la t ion  and 
administrative changes, not only t o  our o f f i ce  or  
t o  the Council, b u t  t o  the l eg i s l a tu re  and through 
pub1 i c  hearings. 

We strongly believe tha t  the resource poten- 
t i a l  i s  s ign i f icant ,  and tha t  development can 
contribute t o  solving the nation's energy problems; 
however, we recognize t h a t  i t  i s  ultimately the 
respons ib i l i ty  of industry, not government, t o  
develop geothermal energy. 

There is  i ~ s o  

Presently, the only form of tax r e l i e f  avail-  

The 
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THE PACIFIC NORTHWEST ENERGY CONSERVATION 
AND POWER PLANNING ACT 

Jack G. Hornor 

Division of Power Resources 
Bonneville Power Administration 

Portland, Oregon 97208 

ABSTRACT 

The Pacific Northwest Electric Power Planning 
and Conservation Act gives Bonneville Power 
Administration new autnority wnich may, under 
certain circumstances, facilitate the 
development of geotnermal energy. This 
authority includes the pUrChdSe of output or 
capability of new energy projects affecting the 
Pacific Northwest's electrical supply, the 
funding of investigations of proposed projects, 
and the study of renewable resources outside the 
Pacific Northwest which might be used for the 
region's benefit. 

Introduction 

On December 5, 1980, President Carter signed 
into law the Pacific Northwest Electric Power 
Planning and Conservation Act. This Act nas 
major significance for power planning and 
development in the region. Among other tnings, 
it gives Bonneville Power Administration a role 
we've never had before in the acquisition of 
power from new renewable resource projects. 
This presentation will cover what Bonneville 
will be able to do as a result of the Act with 
regard to renewable resources, particularly 
g eotne rmal energy. 

As Section 2 of the Act states, the Act is 
designed to accomplish the following, among 
other tnings: (1) encouragement of conservation 
and efficient uses of electricity and the 
development of renewable resources in the 
Pacific Northwest; (2) assurance of an adequate, 
efficient, economic, and reliable power supply 
in the region: ( 3 )  provision for full public 
participation in regional energy planning and 
related environmental protection; and 
(4) protection, mitigation, and enhancement of 
fish and wildlife of the Columbia River and its 
t r i bUtarieS. 
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This presentation will address Bonneville's 
authority to meet the first objective, 
particularly as it affects geothermal 
development. Ultimately the Planning Council 
appointed by the Governors of the States in the 
region will prepare a regional conservation and 
electric power plan which will guide 
Bonneville's activities regarding renewable 
resources. Meanwhile, Bonneville has the 
authority to carry out those activities 
independently in accordance with the criteria 
which the Act requires the Council to follow in 
degeloping its plan. 

Provisions of the Act 

Tne development of renewable resources has been 
addrossed primarily 111 Section 6 Df tne Act. 
Section 6(a) and (b) enable the Administrator of 
Bonneville to acquire conservation and renewable 
resource projects without seeking Congressional 
approval, provided tney are "nonmajor." As the 
Act defines that term, the projects must have a 
planned generation or displacement capability of 
no more than 50 average megawatts. For projects 
larger than that, hearings and Congressional 
approval are required. 

Tne term "acquire" is also defined in the Act. 
It means only that Bonneville may purchase a 
project's output or capability. It does not 
permit Bonneville to construct or own electrical 
generating projects. 

Under Section 6 ,  Bonneville may acquire 
commercial renewable projects on either a short- 
or long-term basis. There are several 
conditions wnich must be met, however. First, 
the electricity displaced or generated by a 
given project must be necessary for Bonneville 
to meet its contract obligations to its 
customers. In the case of direct-use geothermal 
projects, Bonneville can acquire projects only 
to tne extent to which they displace existing 
electrical consumption. 

Second, the order in which resources may be 
acquired as set out in Section 4(e)(1) must be 
followed. Tne priority required by the Act is 
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as follows: first, conservation; second, 
renewables; third, waste heat and efficient uses 
of fossil fuels; and last, other resources. An 
end-use or electrical geothermal project would 
have second priority and could be acquired, 
therefore, only if on a planning basis 
conservation were insufficient to meet the 
region's needs. 

Third, new resources must be consistent with the 
considerations in Section 4(e)(2) which requires 
that environmental quality; compatibility with 
tne existing power system; and fish and wildlife 
protection, mitigation, and enhancement be 
considered. 

And finally, new resources must be 
cost-effective. As defined in the Act, a 
cost-effective resource must be reliable and 
available when it is needed and it must cost no 
more than the least-cost alternative. 

Section 6 further extends the Administrator's 
authority to acquire resources to nonmajor 
researp h, development, and demonstration 
projects. Under Section 6(a) (1) , demonstration 
projects installed by a residential or small 
commercial consumers using renewable resources 
and consistent with Section 4(e) (1) and 4(e) (2) 
may be acquired. Again, the extent tqwhich 
Bonneville can acquire direct-use projects 
depends on the extent to which those projects 
displace existing electrical loads. 

Under Section 6(d), research and development 
projects may also be acquired, provided such 
acquisitions are included in the annual budget 
Bonneville submits to Congress. Eligible 
projects must use a technology having the . 
potential for being cost-effective in the 
region. As witn commercial projects, 
Bonneville's authority to acquire these projects 
does not allow us to construct or own the 
projects . 
There is a way in which Bonneville can acquire 
new renewable resources indirectly, that is, 
through the provisions for billing credits in 
Section 6 ( h ) .  Projects undertaken by 
Bonneville's customers, oy entities acting on 
behalf of those customers, or by political 
subdivisions served by those customers would be 
eligiDle for billing credits. The amount of the 
credit must be included in the annual budget 
submitted to Congress and would be based on the 
extent to which a customer's net requirement for 
electric power or reserves from Bonneville were 
reduced. Tne Act requires that the granting of 
billing credits must not be inconsistent with 
the criteria of Section 4(e) (1) and the 
environmental considerations in Section 4(e)(2). 

In the case of both billing credits and 
acquisition of resources, the Administrator must 
exercise effective oversight over all aspects of 
construction and operation, according to 
Section 6(i). 

In addition to allowing Bonneville to acquire 
new resources either directly or through billing 
credits, the Act also permits Bonneville to 
provide funding for the investigation and 
initial development of commercial nonmajor 
renewable resource projects. The pertinent 
section of the Act is Section 6(f). 

Bonneville is now worKing out the details of a 
program to solicit proposals from utilities 
which are considering such projects. 
fund or reimburse preliminary site analyses, 
feasibility investigations, and preconstruction 
studies. 

There are two conditions which must be met in 
order for Bonneville to fund studies of proposed 
commercial projects. First, the Administrator 
must determine that his failure to provide 
financial assistance would result in an 
inequitable hardship to the consumers of a 
project's sponsor. And second, the sponsor must 
give Bonneville the first option to acquire the 
resource. 

We plan to 

Finally, in Section 6(1) the Act directs the 
Administrator to investigate opportunities to 
add resources or reduce power costs for the 
region through accelerated or cooperative 
development of renewable resource projects 
outside tne region. Such projects would be 
Owned, sponsored, or otherwise developed by 
nonregional agencies or authorities. 
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USDA-FOREST SERVICE LANDS: GEOTHERMAL SITUATION 

James F. Torrence 
Deputy Regional Fores te r  of Resources 

USDA-Forest Service,  Region 6 
Port land,  Oregon 

There are 19 Nat ional  F o r e s t s  i n  the  P a c i f i c  North- 
w e s t  Region containing 24.5 m i l l i o n  acres. The 
major i ty  of these  F o r e s t s  l i e  along the Cascade 
Range where t h e  p o t e n t i a l  f o r  geothermal a c t i v i t y  
seems highes ts .  
f o r  geothermal leases has  evolved from site- 
s p e c i f i c ,  worst case assessments t o  broad assess- 
mental of resource  p r o t e c t i o n  and economic t radeoffs .  
Foresb Service recommendations on many of t h e  563 
lease' a p p l i c a t i o n s  received have been made. The 
Congress and t h e  Courts have been a c t i v e  i n  t h e  
energy f i e l d s .  The Fores t  Service i s  working t o  
a s s u r e  t h a t  i ts d i r e c t i o n  provides  p r o t e c t i o n  of 
s u r f a c e  resources ,  while  promptly responding f o r  
lease a p p l i c a t i o n s  and opera t ions  on those leases. 

Since 1974 a c t i o n  on a p p l i c a t i o n s  

The P a c i f i c  Northwest Region of t h e  Fores t  Service 
ia  l a r g e l y  wi th in  t h e  S t a t e a  of Oregon and 
Washington. There are 19 National  Fores t s  ( see  
a t tached  map) i n  t h e  Region containing n e a r l y  
24.5 m i l l i o n  acres. 

Increasing a t t e n t i o n  is  being focused on the 
geothermal p o t e n t i a l  of t h e  Nat ional  Fores t s .  The 
majori ty  of t h e  Region's Nat ional  F o r e s t s  are 
loca ted  along t h e  Cascade Range where t h e  p o t e n t i a l  
f o r  geothermal a c t i v i t y  seems highest .  A l l  of t h e  
lease a p p l i c a t i o n s  received is the  Region (515) are 
loca ted  on seven F o r e s t s  along o r  near  t h e  Cascades. 

The Cascades are r i c h  i n  o ther  n a t u r a l  resources  
inc luding  spec tacular  scenery and undeveloped areas. 
The major i ty  of the l e g i s l a t e d  Wilderness areas i n  
Oregon and Washington l i e  on o r  near  the Cascade 
Range. 

EVOLUTION OF PROCEDURES TO RESPOND TO LEASE 
APPLICATIONS 

The newness of geothermal l e a s i n g  a c t i v i t y  t o  t h e  
Fores t  Service,  t h e  s e n s i t i v i t y  of the areas 
involved, and the  s t a g e  of the  F o r e s t  planning 
process  have combined t o  delay Fores t  Service 
recommendations on t h e  leases. From 1974 t o  1981 
Forest  Service a c t i o n  on lease a p p l i c a t i o n s  
evolved genera l ly  as follows: 

1. National  Fores t  Plans 

The Fores t  Service a t  one t i m e  considered 
wai t ing  and addressing energy l e a s i n g  i n  t h e  
Fores t  p lans  under prepara t ion ,  as d i r e c t e d  i n  t h e  
Fores t  and Rangeland Renewable Resource Planning 
Act of  1974 (as amended). However, t h i s  approach 
postponed l e a s i n g  dec is ions  u n t i l  the  p lans  w e r e  
completed and approved some years  ahead. This 
de lay  was  n o t  acceptable  t o  t h e  Chief of t h e  
Fores t  Service and i n  October 1979 h e  d i r e c t e d  
t h a t  energy l e a s i n g  be considered separa te ly .  

2 .  Environmental Impact Statements 

Geothermal lease a p p l i c a t i o n s  w e r e  f i r s t  
addressed i n  late 1974 on t h e  W i l l a m e t t e  Nat ional  
Forest  through the  Nat ional  Environmental Pol icy 
Act (NEPA) process, which r e s u l t e d  i n  an  
environmental impact s ta tement  due t o  t h e  
controversy t h a t  ensued. 
impact statement w a s  approved i n  June 1978. 
environmental impact s ta tement  w a s  a l s o  prepared 
on an area between Mount St .  Helens and Mount 
Adams. Work on t h i s  s ta tement  began i n  1974 and 
the  amended dec is ion  w a s  i s sued  March 30, 1981. 
The s ta tements  w e r e  genera l ly  t i e d  t o  smaller 
s p e c i f i c  areas of land and addressed s i g n i f i c a n t  
development (and the  impacts) of geothermal energy 
t h a t  might be found. 

The f i n a l  environmental 
An 

3. Environmental Analysis  

A t  t h i s  po in t  i t  was recognized t h a t  
issuance of a lease does not ,  of i t s e l f ,  cause 
environmental impact. Thus two types of analyses  
have evolved over t h e  p a s t  few years:  

A. M t .  Hood and Deschutes Environmental 

, 

Assessments - These assessments w e r e  s t a r t e d  i n  
1975 and completed i n  e a r l y  1981. 
i t  w a s  decided t h a t  s e n s i t i v e  areas should be 
leased wi th  a two s t a g e  (or condi t iona l  development) 
lease. The two s tage  lease al lows exploratory 
w e l l s  t o  be d r i l l e d  i n  the  f i r s t  s tage .  Production 
o r  f u l l  scale development would depend on the  
discovery of an e x p l o i t a b l e  resource and t h e  
completion of a (second s tage)  s i t e - s p e c i f i c  
ana lys i s .  We recognize, of course, t h a t  the  
lease carries a bas ic  r i g h t  t o  reasonable  

I n  these  cases 
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development, and t h a t  our  d i s c r e t i o n  a t  t h e  second 
s t a g e  i s  l imi ted  t o  cons idera t ion  of s p e c i f i c  means 
and sites of operat ion t o  minimize c o n f l i c t s .  

B. Fremont Environmental Assessment - I n  
t h i s  case the  assessment covers t h e  whole National 
Forest  and the  condi t iona l  development n o t i c e  has  
been s u b s t i t u t e d  f o r  the  condi t iona l  development 
s t i p u l a t i o n .  With t h i s  n o t i c e  t h e  Fores t  Service 
expla ins  the  type and degree of c o n t r o l  a v a i l a b l e  
t o  the  Government on f u t u r e  operat ions.  
has  the  r i g h t  t o  develop o r  produce an economic 
resource subjec t  t o  reafionable m i t i g a t i v e  measures 
j u s t  as with t h e  s t i p u l a t i o n s .  The Fremont Assess- 
ment began as a two s t a g e  l e a s i n g  s i t u a t i o n  i n  1975, 
evolved i n t o  an assessment of t h e  e n t i r e  Fores t  i n  
1978, and i s  e s s e n t i a l l y  completed a t  t h i s  t i m e .  

During t h i s  same period of t i m e  t h e  Administration 
and Congress took an increas ingly  a c t i v e  r o l e  t o  
s t reaml ine  geothermal l e a s i n g  procedures. President  
Carter's message t o  Congress i n  Apr i l  1977, t h e  
Energy Secur i ty  A c t  of 1980, and Pres ident  Reagan's 
Economic Recovery message t o  Congress are examples 
of t h e  Nat ional  d i r e c t i o n .  

The lessee 

PRESENT SITUATION 

Over t h e  years  the Fores t  Service has moved f r o m  
focusing on s i t e - s p e c i f i c ,  worst  case assessments 
t o  broad programatic assessments of resource 
p r o t e c t i o n  and economic t r a d e o f f s .  Also, general  
lease s t i p u l a t i o n s  which guide pos t  lease s i te-  
s p e c i f i c  a c t i v i t i e s  are u t i l i z e d .  F l e x i b i l i t y  i s  
b u i l t  in .  A s  of Apr i l  20, recommendations on 149 
leases have been made. T h i s  leaves  366 leases i n  
varying s tages  of completion. 
on the  g r e a t  major i ty  of these  a p p l i c a t i o n s  w i l l  b e  
made by the  end of 1981. 

The Forest  Service pol icy  on mineral l e a s i n g  
recongizes  t h a t  most Nat ional  Forest  System lands  
are s u b j e c t  t o  one o r  more of the  var ious  mineral 
l e a s i n g  l a w s  which au thor ize  and r e g u l a t e  the  
explora t ion  and development of Federally-owned 
l e a s a b l e  minerals  ( inc luding  geothermal). Unless 
s p e c i f i c a l l y  precluded by Congress o r  formal 
withdrawals, these  Federally-owned minerals  are 
genera l ly  a v a i l a b l e  f o r  development. 

The Secre ta ry  of the  I n t e r i o r  is  respons ib le  f o r  
issuance of prospect ing permits ,  c o a l  explora t ion  
l i c e n s e s ,  and mineral  leases on Federally-owned 
lands ,  including National Fores t  Sys t e m  lands. 
However, as a sur face  management agency, the  Forest  
Service has  the  r e s p o n s i b i l i t y  and o b l i g a t i o n  t o  
ensure t h a t  mineral  a c t i v i t i e s  on Nat ional  Forest  
System lands  are conducted so as t o  minimize 
c o n f l i c t s  with o t h e r  uses  and damage t o  sur face  
resources ,  and t h a t  damaged areas are r e h a b i l i t a t e d  
a f t e r  mineral  operat ions.  I n  accordance with t h i s  
po l icy  t h e  Fores t  Service Washington Off ice  i s  
preparing Forest  Service Manual changes and l e a s i n g  
s tandards,  cr i ter ia ,  and guide l ines  f o r  publ ica t ion  
i n  the  near  fu ture .  

Our recommendations 
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The Chief of t h e  Fores t  Service i s  i n  the  process  
of de lega t ing  t o  the  Regional Fores te r  t h e  
a u t h o r i t y  t o  respond t o  lease applc ia t ions  on 
Wilderness and o ther  s p e c i a l  areas. Spec i f ic  
d i r e c t i o n  on how t o  respond t o  lease appl ica t ions  
i n  these  areas is  being wr i t ten .  This d i r e c t i o n ,  
together  with delegated r e s p o n s i b i l i t y  f o r  such 
areas w i l l  enable  the  Forest  Service t o  respond t o  
a p p l i c a t i o n s  i n  a timely and uniform manner. 

From t i m e  t o  t i m e ,  cour t  dec is ions  are made t h a t  
have an e f f e c t  on geothermal leasing.  The October 
1980 dec is ion  i n  t h e  case of Mountain S t a t e s  Legal 
Foundation vs. Andrus, e t  al .  (Wyoming - o i l  and 
gas)  i n d i c a t e s  the  following (which are considered 
appl icable  t o  geothermal s i t u a t i o n s ) :  

1. F a i l u r e  t o  d i l i g e n t l y  process  lease 
a p p l i c a t i o n s  f o r  Nat ional  Fores t  System lands  may 
be i n t e r p r e t e d  as a de f a c t o  withdrawal, cont ra ry  
t o  withdrawal procedures descr ibed i n  Sect ion 204 
of the  Federal  Land Pol icy and Management A c t .  

2. Nat ional  Fores t  System lands  have been 
declared by Congress t o  be a v a i l a b l e  f o r  mineral  
a c t i v i t i e s  un less  s p e c i f i c a l l y  withdrawn. The 
burden of proof i s  on t h e  agencies  t o  j u s t i f y  
withdrawals, d e n i a l  of leases, and disapproval  of 
normal opera t ions  on leases. 

3. Withdrawal reques ts  must include infor -  
mation on t h e  p o t e n t i a l  and va lue  of mineral  
resources  i n  the  area f o r  comparison with t h e  
values  of o t h e r  resources  t o  be pro tec ted  by 
withdrawal. 

4 .  Wilderness preserva t ion  i s  n o t  grounds f o r  
withholding a c t i o n  o r  approval of leases under t h e  
Geothermal Steam Act unless  Congress has  spec i f -  
i c a l l y  withdrawn t h e  area, o r  d i r e c t e d  Wilderness 
preservat ion.  

Our f u t u r e  p o l i c i e s  and procedures w i l l  r e f l e c t  
t h e  above concepts. 

FUTURE 

Fores t  land management p lans  w i l l  consider  geo- 
thermal as an important resource ( i n  areas where 
geothermal p o t e n t i a l  i s  high) and w i l l  be  t h e  key 
instrument f o r  f u t u r e  l e a s i n g  decis ions.  

We w i l l  s t rengthen  our e f f o r t s  t o  respond t o  lease 
a p p l i c a t i o n s  i n  a t imely manner and t o  keep 
cur ren t .  

Based on t h e  recent  delegat ion,  the  Region w i l l  
address  t h e  quest ion of l e a s i n g  i n  Wildernesses, 
and o ther  s p e c i a l  areas, which were previously t h e  
r e s p o n s i b i l i t y  of the  Chief. 

You may rest assured t h a t  t h e  Forest  Service 
in tends  t o  continue an a c t i v e  and p o s i t i v e  r o l e  i n  
the geothermal area. This  w i l l  be  r e f l e c t e d  i n  
our Nat ional ,  Regional, and Forest  programs. 

e 

I 
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CURRENT AND PENDING FEDERAL LEGISLATION AFFECTING GEOTHERMAL ENERGY DEVELOPMENT 

Randal l  C .  Stephens 

Department of Energy 

ABS TRACT 

A number of l a w s  w e r e  passed i n  t h e  l as t  
t e n  y e a r s  t o  govern l e a s i n g ,  p e r m i t t i n g ,  taxa-  
t i o n ,  u t i l i t y  r e g u l a t i o n ,  and o t h e r  a s p e c t s  of  
geothermal energy. These l a w s  have removed 
u n c e r t a i n t i e s  and e s t a b l i s h e d  a p r e d i c t a b l e  and 
f a v o r a b l e  f i n a n c i a l  c l i m a t e  f o r  geothermal 
r e s o u r c e  development. A number of  s i g n i f i c a n t  
improvements t o  t h i s  body o f  l e g i s l a t i o n  are 
l i k e l y  t o  be  enacted t h i s  yea r .  The new l e g i s -  
l a t i o n  w i l l  be  d i r e c t e d  towards removing unnec- 
e s s a r y  r e g u l a t o r y  d e l a y s  and r e s t r i c t i o n s .  
Amendments t o  t h e  Geothermal Steam Act,  t h e  
Energy Tax Act of 1978, and t h e  Clean A i r  Act 
a r e  a l r e a d y  being developed, and have e x c e l l e n t  
p r o s p e c t s  f o r  e a r l y  enactment.  

INTRODUCTION 

The pe r iod  from 1970 t o  1980 s a w  t h e  enac t -  
ment by t h e  U.S. Congress of n i n e  (Ref.  1-9) l a w s  
w i t h  s i g n i f i c a n t  impacts  on t h e  development of 
geothermal energy,  beginning w i t h  t h e  Geothermal 
Steam Act i n  1970 and ending w i t h  T i t l e  V I  of  
t h e  Energy S e c u r i t y  A c t  i n  1980. These l a w s ,  
a long  w i t h  abou t  a dozen l a w s  concerning 
environmenf81 r e g u l a t f o n  and Fede ra l  l and  
management, e s t a b l i s h  t h e  c u r r e n t  f e d e r a l  frame- 
work of r e g u l a t i o n ,  t a x a t i o n ,  ownership,  l e a s i n g ,  
and government programs r e l a t i n g  t o  geothermal 
energy development i n  t h e  U.S. A number of 
s i g n i f i c a n t  changes t o  t h e s e  l a w s  are expected 
i n  t h e  p r e s e n t  Congress i n  a n  a t t empt  t o  reduce 
r e g u l a t o r y  burdens and improve t h e  f i n a n c i a l  
a s p e c t s  of geothermal p r o j e c t s .  The Reagan Ad- 
m i n i s t r a t i o n  is proposing a major r e d u c t i o n  i n  
d i r e c t  government involvement through Department 
of Energy programs, and a s imultaneous and 
dramatic  r e d u c t i o n  i n  r e g u l a t o r y  d e l a y s  and bar- 
riers to a l l o w  commercial p r o j e c t s  t o  proceed a t  
a r easonab le  pace. 

FEDERAL LAND MANAGEMENT 

The Geothermal Steam Act of  1970 p rov ides  
t h e  b a s i c  a u t h o r i t y  f o r  geothermal  l e a s i n g  and 
p e r m i t t i n g  on Fede ra l  l a n d s .  The implementation 
of t h i s  a u t h o r i t y  has  up t o  now been a source  of 
s u b s t a n t i a l  d e l a y  and i r r i t a t i o n  t o  geothermal 
deve lope r s .  Requirements under  NEPA, t h e  Fede ra l  
Land P o l i c y  and Management A c t ,  t h e  F o r e s t  
Management Act,  and t h e  Wilderness  Act have been 
r e s p o n s i b l e  f o r  much of t h e  d e l a y .  

I n  1979 and 1980 t h e  Congress considered 
l e g i s l a t i o n  t o  overhaul  t h e  Geothermal Steam A- t .  
The House and Se  t e  as sed  s e p a r a t e  b i l l s  t h a t  
w e r e  v e r y  s i m i l a r  bu t  t h e y  w e r e  unab le  t o  r e s o l v e  
t h e  f i n a l  d i f f e r e n c e s  a t  t h e  end of t h e  s e s s i o n .  
The I n t e r i o r  Department i s  developing a b i l l  t h - i  
i s  based on t h o s e  b i l l s ,  t o  be  submit ted t o  
Congress t h i s  yea r ;  and w e  expect  e a r l y  passage.  
Senator  Jackson has a l r e a d y  in t roduced  a geotner-  
mal l e a s i n g  b i l l  (S669). The l e g i s l a t i o n  w i l l  
probably i n c l u d e  a n  i n c r e a s e  i n  t h e  f e d e r a l  
ac reage  limits, a narrower d e f i n i t i o n  of  KGRA's 
( l i m i t e d  t o  e l e c t r i c  power p r o s p e c t s ) ,  "grand- 
f a t h e r "  r i g h t s  f o r  a p p l i c a n t s  f o r  noncompeti t ive 
leases t o  p r o t e c t  them a g a i n s t  KGRA d e s i g n a t i o n s  
af ter  a p p l i c a t i o n s  are f i l e d ,  a u t h o r i t y  f o r  f r e e  
u s e  pe rmi t s  f o r  s m a l l  s c a l e  n o n e l e c t r i c  u s e s ,  
reduced r o y a l t i e s  f o r  n o n e l e c t r i c  a p p l i c a t i o n s ,  
and o t h e r  improvements t o  t h e  Act .  

PB 

Addi t iona l  l e g i s l a t i v e  p roposa l s  are being 
considered which w i l l  al low some e x p l o r a t i o n  and 
p o s s i b l e  la ter  development i n  Wilderness  Study 
and even Wilderness  Areas. Sena to r  Hayakawa has  
introduced S5842, r e l a t i n g  t o  F o r e s t  S e r v i c e  
l ands ,  and t h e  I n t e r i o r  Department i s  reviewing 
p roposa l s  f o r  BLM l ands .  P r o v i s i o n s  which would 
l i m i t  t h e  e s t ab l i shmen t  of new Wilderness  Areas 
are being cons ide red  as w e l l .  These p roposa l s  
are p a r t i c u l a r l y  important  f o r  geothermal energy 
because so l i t t l e  is known about  t h e  l o c a t i o n s  
of promising r e sources  a t  p r e s e n t .  

The I n t e r i o r  Department and t h e  Fores t  
S e r v i c e  are, f o r t u n a t e l y ,  n o t  wa i t ing  f o r  
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Stepheas 

l e g i s l a t i o n  t o  begin s t reamlining l e a s i n g  and per- 
mi t t ing .  
agencies  t o  e l imina te  backlogs, s l a s h  processing 
times, and e l imina te  unnecessary paperwork. 
Numerous regula tory  and a d m i n i s t r a t i v e  changes 
w i l l  soon be proposed. 
i n s t r u c t e d  t o  e l imina te  a l l  backlogs and o f f e r  
a l l  KGRA acreage f o r  l e a s i n g  by October of t h i s  
year ,  and t o  r o u t i n e l y  process  lease a p p l i c a t i o n s  
i n  90 days from now on. This  is a dramatic change 
from t h e  two-to-five year--or--longer--processing 
times w e  have seen i n  t h e  pas t .  A proqedure f o r  
l i c e n s i n g  nonelec t r ic  f a c i l i t i e s  w i l l  be es tab-  
l i s h e d  and reduced r e n t a l s  and bonds w i l l  be set 
f o r  small pro jec ts .  
t ed  f o r  lease t e r m s  which w i l l  reduce t h e  u s e  of 
r e s t r i c t i v e  condi t ions.  These improvements are 
being developed and implemented on a c r a s h  b a s i s .  

A major e f f o r t  is underway by both 

F ie ld  o f f i c e s  w i l l  be  

Standards are being promulga- 

DO1 and USFS w i l l  t ake  whatever s t e p s  are 
necessary t o  a s s u r e  f u l l  compliance by f i e l d  
o f f i c e s  with t h e s e  streamlined procedures. I 
th ink  w e  can rest assured that Federal  l e a s i n g  
and permi t t ing  processes  are wi th in  a few months 
going t o  cease being a b a r r i e r  t o  geothermal 
energy development. 

TAX POLICY 

The Energy Tax A c t  of 1978 and t h e  Windfall 
P r o f i t s  Tax A c t  of 1980 es tab l i shed  an a t t r a c t i v e  
set of t a x  incent ives  f o r  geothermal energy 
explora t ion  and development. These incent ives  
include i n t a n g i b l e  d r i l l i n g  c o s t  deduct ions,  
deple t ion  allowance, a 40% t a x  c r e d i t  f o r  resi- 
d e n t i a l  a p p l i c a t i o n s ,  and a 15% t a x  c r e d i t  f o r  
business  a p p l i c a t i o n s .  The scope of t h e  t a x  
c r e d i t s  has been narrowed s u b s t f y t i a l l y  by a 
provis ion i n  t h e  Energy Tax A c t  precluding t h e  
a p p l i c a t i o n  of t h e  business  c r e d i t  t o  publ ic  
u t i l i t y  property,  by a pfgvis ion i n  t h e  IRS 
implementing r e g u l a t i o n s  which d e f i n e s  geothermal 
d e p o s i t s  as on18 those  resources  wi th  tempeft tures  
i n  excess of 50 C ,  and by another  provis ion  which 
disal lows t h e  c r e d i t  f o r  systems which employ 
peaking o r  topping systems o r  which u s e  geothermal 
as a preheat .  IRS does a l low t h e  c r e d i t  f o r  
geothermal systems which have backup b o i l e r s ,  but 
t h e  c o s t s  of t h e  backup systems are not  e l i g i b l e .  

These l i m i t a t i o n s  may be sof tened o r  elimina- 
ted  by regula tory  and l e g i s l a t i v e  a c t i o n .  The 
rate exemptions a v a i l a b l e  under t h e  Publ ic  U t i l i t y  
Regulatory P o l i c i e s  A c t  (PURPA) of 1978, which 
w i l l  be discussed la ter ,  would apparent ly  permit 
t h e  t a x  c r e d i t  f o r  qua l i fy ing  s m a l l  power produc- 
t i o n  f a c i l i t i e s  f o r  e l e c t r i c i t y .  A t  least one 
Congressman intends t o  introduce l e g i s l a t i o n  t o  
over ru le  t h e  IRS temperature l i m i t a t i o n  and t h e  
l i m i t a t i o n  on hydrid systems. 

PUBLIC UTILITY REGULATION 

PURPA, f3 amended last year  by t h e  Energy 
Secur i ty  A c t ,  provides t h a t  FERC may exempt 
geothermal s m a l l  power production f a c i l i t i e s  up t o  
80 MWe i n  s i z e  from rate regula t ion  and from t h e  
Publ ic  U t i l i t y  Holding Company A c t .  
a l lows FERC t o  order  wheeling and interconnect ion 
by publ ic  u t i l i t i e s  f o r  such p l a n t s .  
Secur i ty  A c t  amendments allowed FERC t o  extend 
t h e  regula tory  exemptions t o  geothermal p l a n t s  
owned by u t i l i t i e s  as w e l l  as o ther  p a r t i e s .  

It a l s o  

The Energy 

The rate exemptions a l low sales of geother- 
m a l  power a t  t h e  “avoided c o s t ”  rate, which 
s u b s t a n t i a l l y  improves p r o j e c t  economics over 
ra te-regulated sales f o r  some p r o j e c t s .  
c a t i o n  of a pro jec t  f o r  t h e  ra te  exemption w i l l  
a l s o  q u a l i f y  t h e  p r o j e c t  f o r  t h e  business  t a x  
c r e d i t .  The Holding Company A c t  exemptions allow 
f l e x i b l e  pro jec t  f inancing f o r  geothermal p l a n t s .  

Qual i f i -  

FERC has issued r e g u l a t  ionsltmplement ing 
t h e s e  provis ions ,  but  has  backed of f  from proposed 
provis ions  which would a u t h o r i z e  rate exemptions 
f o r  utility-owned p l a n t s  because of ob jec t ions  
from publ ic  u t i l i t y  commissions i n  Cal i forn ia ,  
H a w a i i  and New Mexico. They are reconsider ing 
t h a t  proposal. 

I n  t h e  meantime, t h e  e n t i r e  ra te-s tandards 
approach of t h e  Publ ic  U t i l i t y  Regulatory P o l i c i e s  
Act has been ru led  unconst i tuf#onal  by a Federal 
District  Court i n  Miss i ss ippi .  
t h e  dec is ion  t o  t h e  U.S. Supreme Court, and a 
dec is ion  is expected about  next  spr ing .  I f  t h e  
dec is ion  holds ,  t h e  ra te  exemptions w i l l  be  l e f t  
up t o  s ta te  PUC’s t o  implement o r  not  as they 
p r e f e r  . 
THE CLEAN AIR ACT 

FERC has appeale.? 

The Reagan Admintstration i s  reviewing 
proposed modif icat ions t o  t h e  Clean A i r  A c t  t o  
reduce t h e  projected c o s t s  t o  soc ie ty  of c leaning 
up our  a i r .  The A c t  must be reviewed by Congress 
t h i s  year .  Among t h e  proposals  under considera- 
t i o n  is e l imina t ing  o r  reducing t h e  scope of t h e  
Prevention of S i g n i f i c a n t  Deter iora t ion  require-  
ments f o r  areas which have emissions below t h e  
at ta inment  l e v e l s ,  a t  least f o r  a l l  but Class I 
areas. 
Best Avai lable  Control Technology (BACT) f o r  H2S 
emissions f o r  geothermal power p l a n t s .  
agencies  would still  be f r e e  t o  set emission 
s tandards,  but t h e  delays,  c o s t s ,  and uncertain-  
t i es  assoc ia ted  wi th  BACT designat ion would not  
be required by Federal  l a w .  

This would e l imina te  requirements f o r  

State 
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THE ENERGY SECURITY ACT 

T i t l e  V I  of last y e a r ' s  Energy Secur i ty  Act 
included au thor iza t ions  f o r  s e v e r a l  loan programs 
f o r  geothermal pro j ect s , required cons idera t  ion 
of t h e  use  of geothermal energy i n  new f e d e r a l  
bu i  ings o r  f a c i l i t i e s  i n  areas designated by 
DOE, and required DOE t o  r e p o r t  t o  Congress on 
t h e  need f o r  and f e a s i b i l i t y  of a govef9ment 
geothermal r e s e r v o i r  insurance program. The 
Reagan Administration i s  not  proposing t o  imple- 
ment t h e  loan programs f o r  r e s e r v o i r  confirmation 
and f o r  nonelec t r ic  f e a s i b i l i t y  s t u d i e s  and pro- 
j e c t  cons t ruc t ion .  However, t h e  o ther  two provi- 
s ions  w i l l  be complied with.  

14 

DOE w i l l  be working with o t h e r  f e d e r a l  
agencies  over t h e  next  few months t o  i d e n t i f y  new 
o r  e x i s t i n g  f e d e r a l  f a c i l i t i e s  which could use  
geothermal energy and t o  e s t a b l i s h  procedures 
f o r  those agencies  t o  cont inue t o  seek and evalu- 
a te  oppor tuni t ies  f o r  geothermal use. Thus any 
f e d e r a l  f a c i l i t y  should be considered a ready 
market f o r  geothermal resource  use  by p o t e n t i a l  
developers. 

The Department has underway a study of t h e  
geothermal r e s e r v o i r  insurance i s s u e  and w i l l  
r epor t  t o  Congress t h i s  summer. I f  t h e  conclu- 
s ions  warrant it, a recommendation f o r  l e g i s l a t i v e  
au thor iza t ion  of such a program may be made. 
E f f o r t s  by p r i v a t e  insurance companies t o  es tab-  
l i s h  commercial r e s e r v o i r  insurance programs have 
so f a r  f a i l e d  t o  r e s u l t  i n  any a c t u a l  p o l i c i e s  
being issued.  The proposed terminat ion of DOE'S 
geothermal loan guaranty program may help create 
a market f o r  such insurance as a means f o r  
providing assurance t o  f i n a n c i a l  i n s t i t u t i o n s  
a g a i n s t  r e s e r v o i r  r i s k s .  

CONCLUSION 

The next two years  w i l l  see a f l u r r y  of 
l e g i s l a t i v e  and regula tory  a c t i v i t y  t o  tune up, 
improve and implement t h e  l e g i s l a t i v e  enactments 
of t h e  1970's. The emphasis w i l l  be on stream- 
l m n g  and reducing regula tory  and f i n a n c i a l  
burdens t o  a l low the  p r i v a t e  s e c t o r  to proceed on 
its own with those  p r o j e c t s  t h a t  make economic 
sense. The Cascades area has been a major 
resource  area where Federal  government i n a c t i o n  
has prevented explora t ion  and development. 
t h e  impediments removed, t h e  promising resource  
p o t e n t i a l  here  should see rap id  development. 

With 
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