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Department of Energy 
S l̂n Francisco Op>erations Office 
1333 Broadway 
Oakland, Califomia 94612 

December 20, 1984 

Marshall Reed, Program Manager 
Geothermal and Hydropower Technologies Division • 
DOE Headquarters, CE-324 
1,000 Independence Ave. SW 
Washington, DC 20585 

Subject: Cascades Geothermal Exploration 

Dear Marshal 1, 

As we discussed today, I believe there are .several Cascades geothermal 
exploration actions that need to get underway in FY''85 i,n order to locate 
geothermal anomalies -for conf irmation-by drilling. 

First, we need to start work on the conceptual geologic model of the High 
Cascades, including their relation to the major geothermal anomalies (like 
Newberry caldera) to the east, and the line.of~-.hot springs to the west. 
This conceptual model must be based on an integrated analysis of the many 
discipline results that are available. 

Second, we need to review and modify our Exploration Architecture, 
developed for the Basin and Range, in order to lead geothermal exploration 
in the High Cascades. 

Third, we need to complete detailed analysis of available data (esp. 
geophysical surveys) and identify critical gaps. This effort will also 
build in—house Cascades geophysical expertise for subsequent drill 
targeting. 

I suggest that Mike Wright of UURI be requested to lead these tasks for 
DOE, working closely with the USGS and Ncr-T Goldstein cf LBL. Funds from 
the $1-4 M allocated for Cascades temperature gradient drilling and 
associated invesi 5-f- ̂  gat ions appear proper for these related purposes. 

Sincerely, 

o l l o y , Fh .D 
age r 

i R e s e r v o i r D e f i n i t i o n 

c c : U S G S / M u f f l e r , Sammel 
/62 i t t« tT /L ippmann, G o l d s t e i n 

I D / P r e s t w i c h 

JOGAMI /Pr i ^s t ^ 
0'PP7/ii/M//^//;-7P7ez^aP 
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rA3CaDES_GE0IHERnaL_EXPLgRATigN_PR0GRAM 

^ yiGS_Meeti_ng 

On September 2S, DOE-SAN/Marty tiolloy and SPA/John Geyer met with the 
USGS'5 Chief of geothermal geology, Dr. Patrick Muffler and his Cascades 
consultant, Ed Sammel at USGS Menlo Park. Our purpose was to review the 
basic issues and status of the proposed Bonneville Power/DOE Geothermal 
R?<D/USGS interagency program for determination of the Cascades geothermal 
energy potential. 

Pat Muffler observed that the Cascades is "a hell of a tough nut to crack; 
the nature of the beast is not very geologically tractable." After the 
learning experiences at Yellowstone and Long Valley, we have a better idea 
where to start looking. By analogy with other geothermal reservoirs in the 
circum-Pacific "Ring of Fire", there is clearly something there. . We ought 
to be looking for lOO's of MW systems, rather that 2,000 MW "elephants" 
equivalent to The Geysers. These Cascade geothermal systems include 
Lassen, which is o-ff—limits to commercial development. At this point, the 
goal is to try to describe what the Cascades consists of, in terms the 
total volcanic chain, regions, broad aspects, reservoir work, etc. The 
guts of the problem is hydrological, due to masking by the "rain curtain". 
The cru>; of the solution is deep hydrology, in terms of unraveling the path 
of cold groundwaters down to the heat source, and then up to storage in 
possible geothermal reservoirs. Fifty drillholes in the right places can 
""oduce the answer, but we have to drill. USGS/Muffler is convinced that 

aire never going to get there without drillhole data. But the Survey is 
t in the business of exploratory drilling; the USGS is a research, not a 

development agency. Drilling is the business of DOE and industry. The 
USGS provides a stable group of scientists to interpret the data. 
Such a program fits with both USGS and DOE goals. A considerable part of 
the Survey's geothermal research program is devoted to multidisciplinary 
studies of the Cascades, on a regional and subregional scale, to improve 
the geothermal resource assessment in USGS Circular 790. In a few years 
this wcr-k will result in an update of these geothermal MW estimates (not 
t h e evaluation of indiv-'idual reservoi ,"=> . Bonneville's assignment from the 
Council prcividss thie focus which has beers lacking. BPA is the constituency 
for which USGS scientists and DOE contractors Are working. "You are the 
gc.--i iia in the FJcrthwest." We clearly have to focus our efforts. or we 
i;cL;.i.d go on for yfpars without fir.ding out what is t h B r s . The merit of an 
agree.Tient between the Federal agencies would be just that, to encourage us 
\:'.::, focus our efforts tu accompiish what i = possiols. A specific thrust 
f'-cn BPA might be useful as a goad. The Survey is p r e p a r e d t o do what it 
can, and has one of the best sets of hydro! ogi sts. In fact, thi-s is 
something that we must do. 

A realistic geological model is needed as the context within which to read 
the geophysical exploration data. Resistivity and AMT surveys may be 
useful, but the present methods of analysis a r e only remotely based on the 
actual geologic structure and stratigraphy. The geochemists and 
hydroiogists will be key. At Lassen, for example, USGS/Mike Sorey has 

eloped a geologic model by reasoning from the few bits of information 
ilable from the hydrology and gas chemistry of a single well; an equally 

difficult path lies ahead in the Cascades. We must first learn and 
calibrate our tools at type localities, and then apply them throughout the 
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High Cascades. 

egon is geographical 1y central to Cascades exploration. Knowledge gained 
lere can be extrapolated into southern Washington and northern California. 

The Three Sisters is a young, igneous center. A geologic cross-section 
through Bel knap—Poley Hot Springs KGRA to the west, the Sisters, and 
Newberry Caldera to the southeast, would allow us to infer the heat source, 
and whether the high peaks heat source and the western hot springs a r e 
connected. We couid then try to extrapolate this geologic model north: to 
the Breitenbush Hot Springs-Mt. Jefferson-Warm Springs Indian Reservation 
axis, the Mt. Hood axis in northern Oregon, and the Mt. St. Helens-Mt. 
Adams axis in southern Washington; and south into northern California, to 
the Mt. Shasta-Medicine Lake/Glass Mt. axis, and the Lassen axis at the 
southern end of the Cascades. B. C. Hydro's results from Meager Creek in 
British Columbia, can clearly be e;: trapol ated south into central 
Washington, to understand the geologic model for the north end of the 
Cascades, including Mt. Baker and Mt. Rainier. The GS would be delighted 
to have the opportunity to work with our neighbors to the north. 

Private industry is a major .player - with extensive data at Medicine 
Lake/Glass Mountain and Newberry Caldera. 

Our goal is a set of conceptual geologic models that s i re testable by 
drilling. We need to focus our efforts at two levels: the Cascades as a 
whole; Bind, the sites of specific geothermal reservoirs. The program 
needs to deal with specific areas, as well as tie the whole system together 
••ith regional geologic mapping, gravity, aeromagenti cs, MT and deep seismic 

"veys. The program should start with a geophysical conference which is 
.cussed on the axis of the best cross—section. There has been a lot of 

geophysical effort, but very little data has been synthesized. Geophysics 
has not been pushed to the limit — as the primary guide for targeting the 
drilling at depth. We need to mount a major geophysical effort - on the 
assumption that it will be followed by drilling. There is serious question 
whether geophysical surveys s r s effective in the Cascades, or can even be 
c u r r i e d through the rough terrain. On the question of.effectiveness. 
USGS/Sammel has proposed the more promising techniques be tested and 
calibrated at l-nown cecthermaj. sites in the Cascades, and then ^xtended 
Wl cf'. care ir.tc the hlq^1 (Tsuiurtt ai ns. O-i the question of terrain coverage;^ it 
ne.y be nec6rs=ar\' tc support the geophysical surveys with helicopters, 
rioweve." , the gEcphysi cal ge-ar must still be powerful enough for deep 
pK,:;-5i:i- .-aLicn (€ s-.er ;:̂1 i:;Ti. : , i.nd ;:ct l;.ir-:ied i.'.D siiaiicw penet rat i OT'I because 
cf r;slic;opter capab i 1 11 v . 

Jhe 40—iiiile wide belt' fron; Saierr; to Bend, Oregon is crucial to 
urider standi ng the nature of the Cascades geothermal resource. If 
geothermai energy is not there, it will not be anywhere except at C r a t e r 
Lake and Lassen. Access cn the ground is available through Santiam Pass, 
and exploration is possible iiT ternis of private land, environmental and 
political concerns. A concerted effort on this belt, targeted at magma 
centers and associated hydrothermal systems, should be the primary 
approach. We know the deep picture at a broad, general scale from crustal 
seismics, but we haven't focussed on the detailed scale in the upper crust, 

?re commercial geothermal reservoirs might be found. 

A structural geologist/hydrologist is needed to take the leadership, bring 
together the proper scientific disciplines, deal with a wide set of data. 



and pull it all together into a single conceptual model. It will take the 
actions of scmebcdy who is knowledgeable in the region- Hopefully, we will 
Y able to invite other knowledgeable experts to join in, and have the 
jDortunitv of looking at their data. 



Department of Energy 
San Francisco Operations Office 

1333 Broadway 
Oakland, California 94612 

MEETING REPORT 
BPA-DOE-USGS-USFS CASCADES GEOTHERMAL EVALUATION 

MARCH 27, 1985 PORTLAND, OR 

SUMMARY 

A working meeting was held at Bonneville Power Administration (BPA) in 
Portland, Oregon on March 27, 1985. The purpose was to review the draft 
memorandum for interagency cooperation in evaluation of the geothermal 
energy potential of the Cascades Range. The Federal representatives 
discussed arrangements for continued cooperation of agency activities 
relating to Cascades geothermal evaluation. The draft memorandum was 
accepted with comments. The revised memorandum will be circulated for 
signature at the appropriate levels in each Federal agency. 

PARIiCiPANIS 

Representing the responsible Federal agencies were: 
/ 

BPA: Walter E. Myers, Director, Division of Resource Engineering 
Douglas B. Seely, Chief, Generation Engineering Branch 
John D. Geyer, Energy Resource Specialist 
Thomas White, Generation Engineering Branch. 

USGS: Dr. Patrick Muffler, Chief, Branch of Igneous and Geothermal 
Processes. 

USFS: Jerry Patchen, Group Leader, Division of Lands and Minerals, 
Region 6. 

DOE-SAN: Terry A. Vaeth, Director, Fossil, Geothermal and Solar Energy 
Division 

Dr. Martin W. Molloy, Program Manager, Geothermal Reservoir 
Technology 

BPA_OBJECIiVES 

Walt Myers opened the meeting by stating Bonneviile^s need to have some 
direction in looking into the geothermal resource for power development in 
the Northwest Region. He noted BPA's present vulnerability in accepting 
the claims of geothermal resource developers. Bonneville recognizes the 
mandates of other Federal agencies for the geothermal resource evaluation 
and technology development stages, that preceed conversion of steam to 
electricity and distribution of geothermal power. Bonneville welcomes 
the opportunity to join with those responsible Federal agencies, which are 
looking for the Cascades geothermal resource. 



The quantity and location of the geothermal resource in the Cascades is 
not currently known. As a consequence, Bonneville is unable to determine 
whether Cascades geothermal energy fits into the Northwest's long—term 
regional power mix. Therefore, BPA is interested in building up expertise 
in this area. 

Bonneville's first objective is a valid assessment of the Cascades 
geothermal resource: what is where? what magnitude? and what quality? 
At the present time, there are different opinions; the answer is hidden 
from our sight. 

Bonneville's second objective is to determine how much energy is 
recoverable, and at what cost, in order to input the geothermal energy 
forecast into the Northwest power planning mix. 

These objectives a r e consistent with Bonneville's "optioning" approach; 
that is, banking the resource after all the planning and steps preceeding 
development a r e accomplished. The Northwest Power Planning Council 
stated that the Cascades have substantial geothermal potential. 
Therefore, Bonneville forsees quantifying large known reservoir(s) so that 
when the power need develops, lOO—200 megawatts can be developed rapidly. 

BPA load forecasts tell the load/resource balance; the load forecasts 
show power surplus in the Northwest for about 12 years. Bonneville's 
responsibility is to look at all energy resources, based on cost and 
availability. The trouble with geothermal energy is that we don't know 
how much there is, where it is, or how to integrate it into the power 
network. There a r e also serious exclusions, such as wilderness areas, 
with respect to the specific location of the geothermal resource. 

ySFSOBJECTiVE 

Jerry Patchen stated that the Forest Service needs similar geothermal 
resource expertise and key, known technology, in order to carry out 
Federal land management responsibilities. The USFS' objective is to 
provide developers with the opportunity to produce the resource? that is 
the limit of Forest Service responsibility and authority. 

Jerry noted that valid Federal assessment of Cascades geothermal potential 
is the paramount initial objective. Without a decent handle on the 
resource potential, decisions on valid use of the land a r e made, like 
creation of wilderness areas, which can lock in land use for decades. 
Making land management decisons without resource information is like 
hunting elephants with flashlights. The Forest Service's basic mission 
stops at providing developers with the opportunity to proceed. At that 
point, it becomes power generation. 
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CASCApES_GEDlHERMAL_BACKGROyNp 

Pat Muffler noted that it has taken 20 years after substantial drilling 
began in the 1960's to develop that major geothermal resource in 
California's Imperial Valley. 

Science (the USGS) has the initial responsibility for the assessment that 
leads to the nation's identified geothermal resource. Then DOE develops 
the technology for how to explore for and develop the geothermal energy. 
Once the geothermal resource is found and know to be attractive, then BPA 
must get involved in evaluation of the power potential. The USFS, which 
is responsible for Federal lands management in the Cascades, will be 
involved all the way through the geothermal resource evaluation. 

Unlike similar volcanic chains in Indonesia (Japan, Philippines and 
Central America). the Cascades are very ambiguous. The basic problem is 
that we do not have surface expressions of the existence of geothermal 
energy at depth, like hot springs. Italy has carried out a systemmatic 
program of geothermal exploration, moving south from the major dry steam 
field at Larderello. Japan is conducting a classic program of systemmatic 
regional geothermal exploration. It is important that the US Government 
not be stampeded into an unplanned program. 

CASCApES_GEgiHERMAL_RESOyRCE_ESIT MATES 

Pat Muffler pointed out that the inventory of known Cascades geothermal 
resources in USGS Circular 790 is quite small. Yet, every other volcanic 
area in the world has significant geothermal potential. From models of 
other volcanic provinces, the USGS believes there should be substantial 
geothermal potential in the Cascades. The resulting USGS estimate for the 
large undiscovered Cascades geothermal resource represents a best guess. 
There is a big difference between what is known, and what is inferred frora 
geologic and tectonic considerations. 

It is to BPA's credit that they have to study this discrepancy, and to be 
hard—nosed in settling it. Even at the low end of geothermal energy 
estimates, there is significant Forest Service involvement. 

ySGS_OBJECliyE 

Evaluating the discrepancy between the known and estimated geothermal 
resource figures is the scientific and technical challenge for the 
Government. It is also the industrial and commercial challenge to 
industry. 

What kind of science do you develop to look for geothermal resources? How 
much effort is required to find the resource, and how is it related to 
development activities? 

- 3 -



The Cascades a r e a very big target! there are lots of actors involved. 
We have focussed on an obvious volcano (Mt. Hood in 1978-81) without -first 
having the necessary geologic framework. As a result of premature focus 
on Mt. Hood, there has been a relative lack of consideration of the rest 
of the Cascades. As a consequence, the USGS has learned to have extreme 
skepticism of published Cascades geothermal resource estimates. 

DISCUSSION 

Walt Myers observed that the Northwest Power Planning Council's direction 
to Bonneville is to do something on geothermal energy. However, 
Bonneville is not going to do exploration or drilling. 

Muffler cautioned that the Government has to be very careful with respect 
to "exploration" that it is not in competition with the oil and mining 
industry. However, in view of the legislative mandates, the Government 
cannot just sit back and wait for industry to do something. 

Terry Vaeth observed that the deep research drilling program is fractured 
in the geothermal community and in Government. Various Congressional 
initiatives have put DOE into research drilling. We need to start 
focussing Federal geothermal research drilling efforts. There a r e now 7 
different programs, including Geopressure, Magma, and the Salton Sea 
Scientific Dri11ing'Program. We a r e making a little progress in a lot of 
areas; we need to make a lot of progress in a few areas. 

Muffler and Vaeth noted that there is substantial support for deep (lO'OOO 
ft) continental scientific drilling, as there has been for ocean-going 
scientific drilling programs like JOIDES, Glomar Challenger, etc. This 
strong support extends up to the President's Scientific Advisor, Dr. 
Keyworth. There has been lots of draft legislation for exploring the 
earth's crust directly by deep drilling. A university consortium has 
proposed to contract for the deep continental drilling; the Federal 
agencies would not be as involved. The deep sea drilling program run by 
Scripps Institute of Oceanography is their model. 

However, a scientific deep drilling program does not appear to meet 
Federal geothermai resource and power planning objectives in the Cascades. 

Perhaps deep drilling for scientific research and power planning purposes 
could be tied together. A possible way to focus programs and get costly 
research drilling done is to tie Cascades resource evaluation to something 
like Deep Continental Scientific Drilling. Otherwise, the necessary deep 
drilling won't happen to the extent that is necessary to define the 
geothermal resource-
Muffler agreed that deep Cascades drilling won't just happen to the extent 
that is necessary in order to define the resource; we a r e talking about 
deep drilling bucks. The current USGS' budget proposal (FY'86) represents 
a cut 26/1. Yet each year. Congress has restored such cuts. This yo—yo 
approach does not allow for continuity in planning over the 10-20 year 
context required for Cascades geothermal resource evaluation. 
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We need to put together a program that will bridge the gap between science 
and industry goals in the Cascades, and achieve the mutual objectives of 
each. Both a r e interested in drilling deep thermal gradient holes to get 
beneath the hydrologic mask; this drilling program is coming out of 
DOE-Idaho Operations Office. The ultimate goals of the scientific 
drilling program will not meet our specific economic and power planning 
objectives. rrhe scientists a r e interested in the roots of the Cascades 
andesitic volcanoes, and the tectonics of the oceanic plate descending 
beneath the Cascades Range-) 

What is needed is a science—industry interface, and a flagship program to 
which to tie the geothermal power search, which results in a statement and 
rationale for funding. We need a good understanding of the various roles 
of the agencies in this group, of the scientific community, and of the 
typical roles of industry. In order to ask people to coordinate their 
efforts, you must have a leader (not a single agency, but the Federal 
agency group). 

FEpERAL_CASCApES_gBJECliyES_.ANp_SIRATEGY 

What the Survey, DOE and Bonneville need are hard data to underpin various 
geophysical surveys and geological models for regional geothermal resource 
assessment. ; 

What makes the Cascades particularly difficult is that the volcanic rocks 
a r e like a sponge. Rain water sinks into surface volcanic rocks to depths 
where cold near—surface waters mask the regional thermal gradient. 
Significant, deep temperature gradient and stratigraphic drilling is 
needed for regional Cascades geothermal resource assessment. The major 
problem in evaluating the Cascades' geothermal energy potential is the 
difficulty of funding a program of extensive deep drilling, in addition to 
the problem of locating the drill sites. Deep exploratory wells a r e the 
critical path toward the collective Federal objective in the Cascades -
they require big bucks? 

3,000 - 6,000 ft. deep thermal gradient test holes a r e needed just to get 
past the surface hydrologic mask, and to provide calibration for 
interpretation of seismic and other geophysical surveys. 10,000 ft. wells 
a r e not unreasonable depths for future completion of commercial geothermal 
production wells. 

A series of about a half dozen 10,OOO ft. holes are needed across the axis 
of the Cascades a t an a p p r o p r i a t e t r a n s e c t location, like Santiam Pass i n 
Central Oregon. From the resulting information, the USGS could develop an 
accurate geologic cross—section for the Cascades at the location of the 
transect. If the Geological Survey knows what the cross—section of the 
Cascades looks like at one transect location, then they have a hope of 
forcing that understanding north and south along the axis of the Range, to 
the rest of the Cascades. 

5 -



The USGS "discovery" in the middle of Newberry Caldera may be a place to 
start gaining insight into the geothermal resource, and identifying the 
potential for common efforts. All sorts of forces a r e marshalled against 
commercial development at Newberry, so governmental efforts should be 
limited to scientific and technological understanding of the geothermal 
resource, as a conceptual model for extrapolation elsewhere in the 
Cascades. 

Jerry Patchen emphasized that it is imperative to make every "lie}'" count, 
when such big bucks a r e required. 

CASCApES_ GEO THERMAL ._EyALyAIigN_PL AN 

The first step is for this group to come up with a comprehensive strategy; 
(DOE has had only one Presidential geothermal program request in the last 
four years). The second step is a Cascades Planning Document. If it is 
available by September 19S5, the Cascades Plan can be reflected in the 
language proposed for FY'86 authorination and appropriation bills to the 
Interior Energy Committee. If steps 1 and 2 can be accomplished, DOE-SAN 
will c a r r y the plan forward for budget approval. 

A Cascades Geothermal Evaluation Plan should be drafted which contains the 
roles of the agencies in this group, their areas of expertise, and the 
areas /requiring industry competition. There is a lot of opportunity to 
accomplish objectives of various interested groups. A Program Outline 
should be available in September 1985 as input to FY'86 Congressional 
appropriations decisions. The common thread is that something is produced 
at the end of the evaluation effort, and that is power. That central 
theme will provide adequate continuity for long-term planning. Potential 
lease rentals, revenues and royalties will capture the interest of 0MB 
(and governmental bodies in the region). Congressional figures, like Sen. 
Hatfield of Oregon, a r e very supportive. 

CASCApES_SIEERiNG_GRgyP 

John Geyer suggested that this group should function as a Steering Group 
to provide an ongoing opportunity for these knowledgeable Federal managers 
to compare Cascade goals, agency roles, program needs, and to come to the 
consensus required -for coordinated commitments and actions. 

As Forest Service representative, Jerry Patchen welcomed the cooperative 
efforts of the other agencies, since they will increase USFS's 
understanding and ability to act effectively with respect to the Cascades 
geothermal resource. 

As USGS representative, Pat Muffler strongly supported the concept of a 
Cascade agreement which would permit the programs of each agency to fit 
together in this part of the country. Such Federal cooperation is very 
appropriate. 

6 -



The first issue is where does the group want to get to next. litis can be 
addressed by forming a 
meetings to scope issues, 
concert with the efforts 

Steering Group of the four agencies, with regular 
to define, and to guide the Cascades program, in 

of industry. 

USGS CASCADES GEOTHERMAL WORKSHOP 

Muffler stressed that his May 22-23 USGS Cascades Geothermal Workshop in 
Menlo Park is not a program planning meeting? it is not explicitly for 
agency program managers. The USGS Workshop will bring together earth 
science investigators whom the Survey has supported through external 
(e.g., university) and internal (USGS scientist) funding, 
to learn who has done what, where; to get in hand and 
USGS program. Pat expects the USGS coordination and 
galvanise future geothermal efforts in the Cascades 
universitv and industry. 

The purpose i s 
to sort out the 
leadership to 

of government. 

The LiSGS Cascades Workshop is open; everyone is welcome. They should 
start building communications and working relations with the scientific 
experts. Muffler expects the scientific approach of the USGS Workshop to 
focus on conceptual models of the Cascades; these models can also be used 
by industry to define drilling targets in the Cascades, 

^ - ' l l l P 7 

DISTRIBUTION: Parti cipants 
DOE-HQ-GHTD/Toms 
DOE-ID/Prestwich 
Sandia/Kelsey 
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Depa.rtment of Energ>' 
San Francisco Operations Office 
} 333 Broa& -̂ay 
Oa.kland, Califomia 94612 

D e c e m b e r 2 0 , 1 T B 4 

M a r s h a l l R e e d , P r o g r a m Mar iager 
S e o t h e r m a l a n d H y d r o p o w e r T e c h n o l o g i e s D i v i s i o n 
DOE H e a d q u a r t e r s , C E - 3 2 4 
1 , 0 0 0 I n d e p e n d e n c e Ave . SW 
W a s h i n g t o n . DC 2 0 5 S 5 

S u b j e c t : C a s c a d e s G e o t h e r m a l E x p l o r a t i o n 

Dear K a r s h a l 1 , 

As we d i s c u s s e d t o d a y , I b e l i e v e t h e r e a r e . s e v e r a l C a s c a d e s g e o t h e r r r i a l 
e x p l o r a t i o n g a c t i o n s t h a t n e e d t o g e t u n d e r w a y i n F Y ' S S i n o r d e r t o l o c a t e 
g e o t h e r m a l a n o m a l i e s f o r c o n f i r m a t i on. by d r i l l i n g . 

F i r s t , >̂ e n e e d t o s t a r t svork on t h e c o n c e p t u a l g e o l o g i c m o d e l of t h e High 
C a s c a d e s , i n c l u d i n g t h e i r r e l a t i o n t o t h e m a j o r g e o t h e r r r i a l a n o m a l i e s ( l i k e 
N e w b e r r y c a l d e r a ) t o t h e e a s t , a n d t h e l i n e of h o t s p r i n g s t o t h e w e s t . 
T h i s c o n c e p t u a l (T>odel m u s t b e b a s e d on an i n t e g r a t e d a n a l y s i s cf t h e rr.any 
d i s c i p l i n e r e s u l t s t h a t a r e a v a i l a b l e . 

S e c o n d , we n e e d t o r e v i e w a n d m o d i f y o u r E x p l o r a t i o n A r c h i t e c t u r e , 
d e v e l o p e d f o r t h e E a s i n and R a n g e , i n o r d e r t o l e a d g e o t h e r m a l e x p l o r a t i o n 
i n t h e H igh C a s c a d e s . 

T h i r d , we n e e d t c c o m p l e t e d e t a i l e d a . n a l y s i s o-f a v a i l a b l e d a t a Cesp. 
g e o p h y s i c a l s u r v e y s ) a n d i d e n t i - f y c r i t i c a l g a p s . T h i s e - f f o r t w i l l a l s c 
b u i l d i n - h o u s e C a s c a d e s g e o p h y s i c a l e ; : p e r t i 5 = f o r 
t a r g a t i n g . 

subsequent !^r-^ 1 1 

s u g g e s t t h a t M i ^ s W r i g r o f L'URI b e r e q u e s t e d t c l e a d t . h e s e t a s i . s 

UUb. w a r k i n ; 
t h e ' S l , i M ' 
£̂  s s o c - ir t s* c' ^ r'--.- s^s -

USGS a n d hicr T. G o l d s t e i n c f L B L . F u n d s -Frcrr: 
C a s c a d e s t e m p e r s t u . ' ^ s g r a d i e n t d r i i i i . ~ g a n d 
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2.0 INTRODUCTION 

U. S. Geological Survey Circular 790 (Muffler et al., 1978) states that 

the identified accessible hydrothermal resource base in the Cascades province 

is estimated to be 57 quads, whereas the undiscovered, accessible base is 

crudely estimated to be twenty times this amount, of 1140 quads. Estimates 

such as these are recognized as being quite rough at the present time because 

of lack of hard data. There are few discovered resources. However, the 

geologic setting of the Cascades province lends credence to the idea of a 

large resource base, and it is on this promise that industry has proceeded 

with limited exploration. 

Industry progress, however, has not been rapid, and it appears that 

industry will continue to be reluctant to spend much money on Cascades 

exploration unless clear-cut ideas can be developed of the discovery potential 

and of cost-effective exploration methods. Beyond that, proof of economic 

viability will require thorough exploration and testing of any resource 

discovered. It is clear that stimulation of development in the Cascades is 

needed and that the promise of pay back of federal research funds is 

substantial. 



3.0 BACKGROUND 

The abundance of young volcanic rocks and the isolated occurrences of 

thermal springs along the Cascades range suggest that a large geothermal 

resource base may exist. It is probable that Cascade Mountains overlie a 

subduction zone, and magma generated at depth rises into the crust transport

ing large amounts of heat into the upper crust under the range. In spite of 

these favorable geologic capabilities, few hydrothermal resources have been 

discovered as compared to the widespread occurrence of heat sources. Precipi

tation is high over much of the area, and the resulting abundance of shallow 

cold water is likely to be masking underlying convection systems. 

Geothermal systems in the Cascades have remained elusive exploration 

targets, with confirmed high-temperature resources present only at Meager 

Creek in British Columbia, Newberry Caldera in Oregon, and Lassen Peak in 

California. Numerous reasons have been proposed for the apparent lack of 

geothermal systems in this province rich in volcanic heat sources, including 

the proposition that geothermal systems are not present. If they are present, 

it is clear that exploration will be both expensive and risky. The risk and 

expense can each be mitigated somewhat through the development of application 

of valid exploration strategies. Each strategy must be developed and applied 

with cost in mind, progressing from less expensive methods early in the 

program to more expensive methods utilized to site expensive production-scale 

wells. In this way, the financial risk can be limited. 

Although few high-temperature geothermal systems are known in the Cas

cades Province, producing geothermal systems occur in similar geologic set

tings in other parts of the world. These include the Neovolcanic Belt of 

Mexico, the volcanic belt of Central and South America, and the island arc 



environments of New Zealand, Japan, Indonesia, and the Philippines. Data are 

available for most of these environments that can be used in establishing 

conceptual models for geothermal systems in andesitic volcanic environments in 

general. In addition, abundant data are available for fossil hydrothermal 

systems in these environments, that is, hydrothermal ore deposits in sub

volcanic settings. These data can provide valuable information on the charac

ter of fracturing, faulting and hydrothermal processes in such environments 

with important bearing on subsurface processes occurring today in active 

hydrothermal systems. 

During the past five years, the U. S. Geological Survey, working partly 

under funding provided by DOE-DGHT, has been conducting fundamental earth 

science studies in the Cascades region aimed at obtaining a better understand

ing of the geothermal resources. Most of this work has been regional in 

nature. It has consisted of collection and interpretation of a large variety 

of data including geologic mapping, aeromagnetic surveys, gravity surveys, 

active and passive seismic surveys and geochemical studies. These data have 

been evaluated largely in terms of developing a regional geologic picture and 

have been applied specifically in only a few areas. The results of this work, 

as well as the basic data and to a certain extent the USGS personnel working 

on the project, will be available to researchers on the present program and 

will provide substantial assistance. 

In an effort to stimulate geothermal development in the Cascades region 

of the United States, the U.S. Department of Energy is sponsoring the Cascades 

Thermal Gradient Drilling Program. Geothermal development in the Cascades has 

been limited by the paucity of surface thermal expressions, perhaps resulting 

from extensive cold water flushing of near-surface aquifers. The objective of 



DOE'S program is to sample thermal zones beneath the influence of the near-

surface cold aquifers. Proposals have been solicited by the Idaho Operations 

Office for the drilling of intermediate-depth thermal gradient holes with DOE 

sharing as much as 50 percent of the cost. For their contribution, DOE 

requires that certain samples and data be collected, including but not limited 

to, the following: geophysical well logs, cuttings and core samples, and 

fluid samples. The data would be released to the public to further stimulate 

exploration interest. In addition, it is expected that State Geothermal Re

source Assessment Teams would conduct field studies in the areas of drilling, 

and that this work would contribute valuable site-specific information to the 

project through topical reports. 

The Cascades Thermal Gradient Drilling Program is expected to contribute 

materially to knowledge of heat flow and other aspects of potential Cascades 

geothermal environments. Data generated from this program will require 

integration into available data bases, and interpretation and publication in 

order to maximize their utility to industry and stimulate geothermal devel

opment. The program of work proposed below is designed to maximize results 

from the impending Cascades Thermal Gradient Drilling Program. 

We have previously proposed an exploration strategy for the Basin and 

Range Province (Ward, Ross and Nielson, 1981) which utilized our experience 

with DOE's Industry Coupled Drilling Program. That strategy began with a 

conceptual model of the resource and then applied specific exploration methods 

to both locate the resource and update the conceptual model . These methods 

were applied with cost in mind, progressing from the less expensive methods 

early in the program to more expensive methods utilized to site expensive 

production-scale wells. In this way, the financial risk is decreased since 



the prospect can be dropped at any time prior to the application of a more 

expensive method. 

We propose to apply existing data bases, the new data to be generated 

under DOE's Cascades Thermal Gradient Drilling Program, and our experience 

with geothermal exploration programs and techniques to formulate an 

exploration strategy for the Cascades Province. 



4.0 DEFINITION OF PROBLEMS 

Although from a scientific viewpoint there are numerous interesting 

questions to be answered in the Cascades, from a practical exploration 

viewpoint, as industry sees its problems, they can be summarized in such 

pragmatic questions as stated below. 

1. What is the potential for occurrence of undiscovered, economic 

hydrothermal resources in the Cascades? 

2. Where, specifically, are hydrothermal systems most likely to be found 

with respect to visible geologic features and other geoscientific data 

that can be obtained on the surface? 

3. Which of the available exploration techniques can be fruitfully 

applied to discovery and assessment of hydrothermal resources, and how 

can exploration techniques be improved? 

4. How can cost and risk be minimized during hydrothermal development, 

i.e. what are the most cost effective exploration and resource 

assessment strategies? 

Potential for Occurrence 

At the present state of knowledge, we know that there are substantial 

sources of heat in the crust in the Cascades because of the long volcanic 

history of the region, a history which continues to the present day. We 

suspect that the Cascades may be underlain at depth by intrusions of 1/4 to 10 

sq mi or more that have been emplaced at different times during the past 10 

million years. We do not know the range in depths of magma chambers large 

enough to be interesting as resource/geothermal heat. By analogy with eroded 

areas, where we can now see the roots of former volcanos, we suspect that the 

intrusions have a tendency to cluster due to repeated injection of magma along 



certain lines of preferred upward mobility or due to more vigorous generation 

of magma beneath certain areas. Also by analogy with eroded areas, we know 

that active hydrothermal convection systems will exist in association with 

only some intrusions and then only on certain parts of these intrusions. How, 

then, do we ascertain the frequency of occurrence of hydrothermal systems 

presently hidden? 

Location of Hydrothermal Systems 

Clearly, at our current stage of development, we should confine our 

exploration to the youngest volcanic features--the active and recently active 

volcanic areas. Beyond that, little is known. Where, specifically, relative 

to a surface volcanic feature will a hydrothermal system most likely be. The 

Three Sisters field in central Oregon, for example, comprises perhaps 150 sq 

mi, whereas a viable geothermal system might occupy 2 sq mi. Drill testing of 

each square mile is a possible exploration method, but is not financially 

feasible. How does one pick the best 2 sq mi to drill test? We cannot answer 

this question—and we do not even know how deep we must drill. 

Application and Improvement of Exploration Techniques 

Many potential exploration techniques exist, but the applicability of few 

is known. In addition, there are practical problems due to topography and 

limited access in applying some techniques. Is a helicopter supported resis

tivity survey cost effective? Can the seismic method be used effectively? Do 

hydrothermal systems at depth relate to geologic structures that can be mapped 

on the surface? 

There are two needs in order to evaluate and improve exploration techni

ques. They are: (1) areas where techniques can be tested and funds to test 

them, and (2) conceptual geologic models from which the expected responses of 



a hydrothermal system can be predicted. Appropriate areas for technique test

ing exist, but to date little testing has been done. No reliable conceptual 

resource models exist. 

Minimizing Cost and Risk 

Cost and risk can be minimized if exploration strategies can be devised 

that minimize the amount of exploration work needed to site successful drill 

holes while at the same time maximizing odds of success. To devise such 

exploration strategies, we need solid conceptual resource models and a variety 

of exploration tools that work. 

Key Problems 

A number of key problems can be listed whose answers would assist very 

substantially in furthering geothermal development in the Cascades. 

Geological Problems. 

1. Do sizable heat sources (magma bodies) exist in the shallow crust (< 

10 km) in the Cascades, where and at what depth? 

2. How do surface volcanic manifestations relate to shallow crustal 

intrusions? 

3. Is surface geologic mapping of lithology and structure pertinent to 

locating hydrothermal resources in the Cascades? 

Geochemical Problems. 

1. Is the geochemistry of thermal and non-thermal springs pertinent to 

locating hydrothermal resources in the Cascades? 

2. Is knowledge of hydrothermal alteration on the surface and in shallow 

thermal gradient drill holes pertinent to locating hydrothermal 

resources in the Cascades. 



Geophysical Problems. 

1. Would a Cascades-type hydrothermal system be expected to yield an 

anomaly detectable at the surface on a magnetic, galvanic resistivity, 

MT or AMT, CSEM, seismic or other geophysical survey? 

2. As a rule, how deep is the so-called "rain curtain", beneath which one 

must presumably drill to get valid heat flow/thermal gradient data? 

3. Can geophysics be of assistance in mapping surface and/or subsurface 

geology? 

Hydrological Problems. 

1. How can the "rain curtain" effect be evaluated for specific areas? 

2. What are the expected fluid flow patterns for hydrothermal systems in 

the Cascades? 



5.0 PROJECT OBJECTIVES AND STRATEGIES 

The objectives of the proposed research are as follows: 

1. Establish valid conceptual geologic models of Cascades hydrothermal 

resources; 

2. Improve and test exploration methods and techniques, and, 

3. Establish valid exploration strategies that minimize risk and cost in 

developing Cascades hydrothermal resources. 

A number of strategies are appropriate to reaching these objectives. 

Among these are: 

1. Direct the research work at the key geoscience problems that currently 

inhibit resource discovery and development in the Cascades; 

2. Make maximum use of available data, both from the Cascades and from 

other geologically analogous areas; 

3. Cooperate to the maximum extent with industry and other organizations 

seeking geothermal resources in the Cascades; 

4. Make optimum use of talents at UURI and recognize and cooperate with 

programs conducted by other groups. 

Statement of Work 

Task 1 - Planning Assistance. UURI will provide DOE and other designated 

entities, such as BPA, with assistance as requested in planning research 

activities, exploration programs and technology transfer. 

Task 2 - Literature Review. The available literature for the Cascades 

province and for geothermal systems in similar settings, including 

hydrothermal ore deposits, will be reviewed. This review will concentrate on 

1) the establishment of conceptual models of geothermal resources in this 

environment, and 2) the.application and success of various exploration methods 



in defining or locating these systems. 

Task 3 - Data Compilation and Reduction. Numerous geophysical surveys 

have been completed in the Cascades. In particular, aeromsignetic and some 

electrical resistivity data is available. This data will be acquired and 

analyzed to provide a determination of their potential effectiveness in the 

exploration for geothermal systems in the Cascades. 

Task 4 - Integration and Interpretation of Data. The available 

information will be analyzed to form a conceptual model or series of 

conceptual models of Cascades-type geothermal systems. 

Task 5 - Testing of Techniques and Models. We anticipate that there will 

be a need to acquire additional field geologic, geochemical! and/or geophysical 

data for the purpose of testing either specific exploration techniques or 

specific ideas developed from conceptual models. Several test areas are 

readily available--among them are Newberry Caldera, LassenjPeak, Meager Creek, 
I 

Mt. Baker, Glacier Peak and Mt. Rainier. Geothermal occurrences are known at 

each of these areas and each could become a focus for testing of ideas that 

would be applied to covered areas in the Cascades. 

Task 6 - Aquifer Characterization. One of the key objectives of DOE's 

program is the evaluation of the effects of stacked aquifers and cold water 

flow that has been postulated in these aquifers, on surface geothermal 

manifestations. We propose to evaluate the extent of cold water overflow in 

each DOE-sponsored drill hole and in other available holes: We will obtain 

several temperature profiles in each hole until an equilibrium profile is 

obtained. 

Another component will be to add chemical tracers to the drilling fluid in 

DOE-sponsored holes. These tracers will allow the determination of the amount 

of drill fluid contamination of water samples collected for? chemical analyses 



and the calculation of chemical geothermometers. We propose to investigate 

hydrothermal alteration in drill chip and core samples to determine the 

maximum temperatures experienced by the rocks and compare those with the 

present temperatures measured in the holes. 

Task 7 - Cascades Exploration Strategies. Using all of the information 

developed from the program, we will formulate optimum exploration strategies 

for the Cascades region. We will examine the contribution of each of the 

commonly used exploration and reservoir assessment techniques to siting 

discovery and step-out wells, and will evaluate cost effectiveness of each 

method. The results will be one or more suggested strategies, i.e. 

combinations of existing exploration techniques that appear to be the most 

effective in discovery and assessment of geothermal resources in the Cascades 

region. 

Task 8 - Case Studies. To be of maximum use to geothermal developers in 

the Cascades, the data acquired through this program will be compiled into a 

case study of the entire program. This case study will include a review of 

existing literature, a discussion of the siting criteria used for the thermal 

gradient holes, and the results of topical reports, open-file data, and other 

geoscientific work done on each hole, both by us and by others. 

Task 9 - Technology Transfer. It will be important to communicate results 

of the above work to industry, and a series of workshops and conferences will 

be conducted. Transactions of these meetings will be published to help 

document results. In addition, the results of these efforts will be presented 

at professional meetings and reports will be submitted for publication in 

professional journals. 
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TO: 

A p r i l 17 , 19B4 

U.S. DEPARTMENT OF ENERGY 

memorandum 
FGS/Dr, Martin W. Molloy, Manager /, 

Geothermai Reservoir Definition Program / 

Cascades Cost Shared Drilling Program / 
March 21, 1984 Meeting at Portland OF; 

FGS/Anthony Adduci 
USGS/Edward Sammel 

§^c]<grcund 

The meeting with DOE-HQ/Ron Toms was organized by C. Gerard Davidson, and 
attended by representatives of the 
development of geothermal resources in 
ID/Clay Michols and me to attend; 
responsible for drilling contracting, 
reservoir definition activities. 

principal institutions interested in 
the Cascade Range. Ron requested 
Idaho Operations Office will be 

SAN will be responsible for any 

"Jebby" Davidson-s letters (attached) state that he has "been working on 
the proposed ewploration praqram -far the Csiscadss i n Washington and Oregon 
that we discussed at some length during, the Geothermal Resources Council 
meeting here i n Portland". He was Asst. Secretary of Minerals and Energy 
in Interior under Truman, and Solicitor for Bonneville Power Administration 
(BPA). He claims to be able to influence government actions through 
Senator Hatfield of Oregon, Chairman of the Senate Appropriations 
Committee, and Secretary Hodei- former Administrator of BPA. As an 
example. if DOE's procurement regulations cause difficulties and delays, 
"we can get them changed". 

Davidson picked up Ron and me at the airport, and drove us to his home in 
Portland. There we met his wife Sylvia, who is cn a HHS—HQ advisory 
committee on medical costs. From there we went to Trader Vic's for an 
excellent dinner, and on to our hotel. 

BPA_Meeting 

On the morning of the 21st, Ron and I met first with BPA. Doug Seeiey, 
chief of Bonneville's Generation Engineering Section, hosted the day's 
meetings. He was joined by Steve Monfort, chief of the Office of Power 
Planning, Mike Berger, chief of the Assessment Section, John Geyer, and 
others. Doug and Steve briefed us on Bonneville's origin from Corps o-f 
Engineers and Bureau of Reclamation hydroelectric projects? Bonneville's 
r e s p o n s i b i l i t i e s f o r power marketing - as opposed to construction and 
operation of powerplants; BPA's supply and demand forecasts; and the 
outlook for geothermai power in BPA's planning. Bonneville's forecasts 
include WPPSS 2 output, and show oversupply into the i990's. WPPSS 1 and 3 
a rs e>;pected to come on line when needed, with small hydro.and cogensraticn 
from pulp and paper mills making up the rest. EPA's internal, 'high growth. 
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a r e expected to come on line when needed, with small hydro and cogeneration 
from pulp and paper mills making up the rest. BPA's internal, high growth. 
Federal loads scenario shows the earliest that geothermal power might enter 
the northwest power mix is 1989, in competition with new coal—fired 
powerplants-

Under the Regional Power Planning Act of 1981, the four states of Idaho, 
Montana, Oregon and Washington a.re conducting energy research, development 
and demonstration, including hardware engineering. As part of BPA's 
activities in support of the Regional Council's 2 year Action Plan, Doug 
Seeiey is conducting studies on geothermal power generation. He expects to 
fund feasibility studies on a 10 MW binary powerplant, and to purchase the 
power output from such a plant located at a geothermal field with a 100 MW 
potential. BPA's Conservation Department is responsible for geothermal 
direct heat and is interested in municipal heating and other hot water 
applications, which utilities can use to displace electric power 
consumption. However, Bonneville is *25 B behind in repaying their hydro 
debt, and their cash flow — from power sales - is tight. Doug concluded 
that: no Cascades geothermal resource has been confirmed; eventual power 
generation is very long term — an estimated 7 years after leasing; and, the 
geothermal program needs some seed money. 

Objective 

USGS/Pat Muffler had previously summarized the objectives of a Cascades 
drilling program as: 

— a significant number of stratigraphic test wells; 
— which yield an evaluation of the Cascades geothermal resource, 

despite the hydrologic problems — the 'rain curtain' which has 
masked subsurface temperatures on prior 2,000' holes; and, 

— which result in significant drillhole data in the public domain. 

The objective in Davidson's letters is cost-sharing of Cascades geothermal 
exploration wells in Washington and Oregon; (Mt. Shasta and Lassen a r e 
Cascades volcanoes in Northern California, but were not mentioned). 
Davidson's interest seems limited to temperature test (gradient) holes, but 
this is not specified. 

Ron Toms stated that DOE is interested in trying to characterize the 
geothermal potential of the Cascades. The US Geological Survey is 
responsible for, and currently working on, the inventory of Cascades 
geothermal resources. We are beginning to understand the Cascades; 
industry is the driving force; we need to define the Cascades' geothermal 
energy potential; and, add to the Nation's energy resources. 

Davidson's associate, John Hook, former District Geologist for Reynolds 
Metals, recommended that we should be looking for "elephants", the size of 
The Geysers (2,000 MW+). These would be high temperature geothermai 
fields, each with the potential of thousands of megawatts, which would 
profoundly change the power generation picture of the Pacific Northwest-

— 2 — 



Hook estimates that Cascades geothermal resources are in the 2,000 - 20,000 
MW range (attached). 

Additional thoughts on geothermal exploration of the High Cascades are 
contained in Tsvi Meidav's letter, which was distributed at the meeting 
(attached). 

Walt Youngquist, a former Exxon geologist, concluded that we need a good 
discovery in the Cascades; a viable geothermal resource which moves the 
whole development process along. Management must be convinced; funding 
to put up a plant must be raised, e.g., in New York. In order to benefit 
the Cascades Region, geographically representative sites must be chosen for 
the temperature holes. 

Attendees 

Attendees represented a consortium with geothermal land positions iri the 
Cascades. (BLM says that Davidson and Hook have filed extensive geothermal 
lease applications in the Oregon Cascades). The remaining attendees 
represented interested utility, state and federal agencies, as follows: 

Amax Exploration (eastern OR) 
California Energy Corp. (Crater Lake OR) 
Chevron (Clackamas area., south Mt. Hood OR) 
Eugene Water Sc Electric Board 
Munson Geothermal 
Reynolds Metals (south Mt. St. Helens DR, Sea-Tac leases) 
Seattle City Light (Mt. Baker WA) 
Trans—Pacific Seothermal (Blue Lake & Clackamas area, Mt. Hood OR) 
Union Oil (various Cascade locations) 
United States Forest Service, and 
Washington State Energy Board 

Ron's FY 19S5 budget contains *1.4 M for Cascades research. (According to 
Geothermal Reegrt, March 15, 1983, there is $700 K in DOE's budget for 
caldera reservoir investigations to evaluate Cascades geothermal prospects, 
and *897 K for measurement of Cascades reservoir characteristics under 
impermeable basalt flows). His budget has been approved by DGE, 0MB, and 
both Houses; appropriation by Congress is the -f inail step. Ron expects to 
allocate about *1 M for cost—shared drilling with the remaining $400 K for 
supporting research, such as data analysis and reservoir modeling. 
(Coring, logging and well testing costs a re presumably included in the 
drilling budget.) 

• ^ 



Davidson summarized the point of the meeting as the determination of what 
the problems are to the government providing 507. funding for drilling on 
privately owned geothermal leases in the Cascades. He defined the proposal 
as a number of 3,000-4,000 ft. holes, costing $250,000-300,000 each, where 
the participating company has exclusive geothermal lease rights, and can 
come up with $150,000 for cost—shared drilling. 

Ron noted that the White House is urging joint activities with industry. 
However, he is concerned that DOE's budget not respond to an industry 
lobby, and that other interested parties are not excluded. The 
Administration stresses increased competition in government procurements. 

DOE is responsible for understanding the economic potential of US 
geothermal resouces, and taking them to the point of commercial 
development. We do not understand the Cascades potential enough to go 
ahead with commercial development. DOE needs to know if there is enough 
evidence, such as geology and geophysics, of geothermal potential at the 
proposed site(s). Ron would prefer to get the best 5 — 8 sites which a r e 
meaningful in terms of providing information to ad-vance -far industry's 
strategy of future energy development. There will probably have to be a 
public announcement in Commerce Business Daily. A likely model is the 
Request For Proposals (RFP) which led to the DOE-Industry Coupled 
Geothermal Dri11i ng Program-

ID/Clay Nichols reviewed potential contracting methods: 

— In order to justify sole source procurement, the proposing group 
would have to represent everybody with a geothermal lease position 
in the Cascades. 

— Contracts for joint ventures must by issued by DOE-HQ Produrement 
in Washington, DC. 

— Interested leaseholders could respond to an RFP from Idaho 
Operations Office for cost-shared drilling. 

Data can be held proprietary for a reasonable period (e.g., 6 mos.). The 
RFP contracting process normally requires at least 6 months. If the RFP is 
issued promptly after the beginning of the Fiscal Year on Oct. 1, companies 
could be under contract by Spring. Because of deep mud after snowmelt, 
drilling season in the Cascades really begins in mid—June and lasts to 
first snowfall (Sept. - Oct.). 

There was extensive discussion involving USFS/Jerry Pachen on leasing 
status of federal lands, and the many environmental concerns, such as 
wilderness areas, endangered species, and environmental impact reports. 

- 4 -
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In response to Davidson's going around the table, the following attendees 
indicated potential interest by their institutions in a cost—shared 
geothermal temperature drilling program with DOE: 

1. Amax Exploration (in kind contibution - drilling rig) 
2- California Energy Corp. 
3. Chevron 
4. Eugene Water & Electric Board 
5. Munson Geothermal 
6. Reynolds Metals, and 
7. Trans—Pacific Geothermal (Tsvi Meidav) 

Seattle City Light is prohibited from proposing, but may respond favorably 
if invited by another participant. Union's representatives will discuss 
the proposal with Dick Dondanville, who is in charge of geothermal 
exploration. 

Davidson will spend the first week of April in Washington DC, finding out if 
an unsolicited proposal approach by the group of attendees is possible. 

Att.: Davidson letters to BPA/T(h)oms 12/8/84, and Chevron/Loose 12/S/S4 
Hook presentation to DOE - BPA 3/21/84 
Trans-Pacific Geothermal/Meidav letter to DOE/Toms 3/16/84 

ect HQ/Toms, Wallace 
ID/Nichols, Prestwich 
BPA/Seeley, Geyer 
USGS/Muffler 
LBL/Goldstein, Lippmann 
UURI/Wright 
FG3/Crawford 
MR/Wright 

'-̂  
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December 8, 1983 

Mr. Ron S. H. Thoms, Assoc. Director 
Division of Geothermal Energy 
Resources Application Division 
Room 7104 Federal Building 
1200 Pennsylvania Avenue 
Washington, D.C. 20461 

Dear Ron: 

I have been working on the proposed exploration program for the 
Cascades in Washington and Oregon that we discussed at some length 
during the Geothermal Resources Council meeting here in Portland. 

While at a meeting of the Pacific Northwest Section of the Council 
in Seattle on Tuesday, I made it a point to discuss the proposed 
program with representatives of Seattle City Light, and they were • 
extremely interested and gave me the impression that they would be. 
happy to participate in such a program with DOE paying half the cost 
of such a well. As you know, Tsvi Meidav of Trans-Pacific Geo
thermal has said that he would participate, and I have discussed 
it briefly by phone with Ollie Loose of Chevron who asked me to 
write him a letter on the subject that he could kick upstairs. 
A copy is enclosed for your information. John Hook and I are going 
to talk to Reynolds Metals, Califomia Energy and others. Tsvi 
agreed to talk to Union. I will, of course, keep you advised of 
developments, but if you have any suggestions, please let me know. 

T. L. Sadlier Brown, who represents City Light and also British 
Columbia Hydro, was at the meeting Tuesday in Seattle. He is 
recommending that Seattle City Light participate in such a program. 
It wa»^»bvious in the discussion with him that British Columbia 
Hydro ^ould jump at a chance to get half of a deep well paid for 
in the Seager Creek area. As you know, this is the one place, other 
than Newberry Crater, in the Cascades that has produced steam. I 
told him that I would mention this to you, but I felt sure DOE 
would not wish to participate in financing any exploration outside 
of the United States. (Maybe you have some deal with the State De
partment that I'don't know anything about, but I thought I would 
mention this for what it is worth.) iiirr* 

Sincerely, v RC3NALD S. H. l O ^ S 

UC131983 

C. Gira 
Enclosure 
cc: John Hook 

i*^"^^ 
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December 3, 1983 

Mr. Ollie Loose 
District Land Supervisor 
Chevron Resources Co. 
P. 0. Box 7147 
San Francisco, CA 94120-7147 

Dear Ollie: 

This is in further reference to our telephone conversation relating to a proposed 
geothermal exploration program of the Washington and Oregon Cascades. 

While at the Geothermal Resources Council recent meeting In Portland, Ron Th'oms 
of the U. S. Department of Energy, talked to Tsvi Meidav of Trans-Pacific Geo
thermal, Inc. and me about his desire to see a geochermal exploration program 
in the Oregon and Washingcon Cascades. He says that DOE has money for this 
purpose and felt that his Agency would probably be able co match contributions 
by private industry if a proper program could be developed. One of the problems 
that he raised was the difficulty of the government providing funds which would 
tend to prove the existence of geothermal resources.on a particular company's 
holding. He understands, however, thac as a practical matter, non-competitive 
geothermal lease applications have been filed on practically all of the prime 
areas of the Cascades where geologists feel the most likely geothermal poten
tial exists, and nothing can be done about this. Obviously, if these areas on 
which filings exist are the best prospects, they would be the best areas in which 
to conduct an exploration program. 

In Che discussion thac ensued, it developed that if we can get 6 to 10 differ
ent companies or individuals whose geochermal lease applications cover the Wash
ington and Oregon Cascades and who are willing to pay half of the cost of a well 
on one of ics leases, this problem could possibly be solved. Thus the govern
ment would not be financing Just one entity but several, with the result being 
a brood exploration program of the Cascades under government sponsorship. For 
example, a program such as the following may be possible and meet the problem 
since geochermal exploration wells would be drilled in the Cascades from Northern 
Washington to Southern Oregon. The following is purely an example of what I 
have dreamed up, and I have not discussed it with the companies I have taken the -y; 
liberty co name, with Che exception of chose mentioned later. I envisage some
thing as follows: 

.) Seattle City Light might be interested in putting up one-half of the 
cost of a ZtOQO or 3,000 foot well on some of its lease applications or'leases 
on He. Baker in Washington. 
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2) Reynolds Metals might be interested in placing a <»ell on lease appli
cations or leases in the Trout Creek area south of Mt. St. Helens in Washington 
which Sea-Tac Geothermal controls. 

3) Any one of several companies with whom we have talked might be willing 
to pay one-half the cost of such a well in the Red Hill-McGee Creek-Clear Branch 
area on the north side of Mt. Hood. 

4) Chevron might be interested in paying one-half of the cost of a well 
on one of its leases in the Clackamas area of Mt. Hood National Forest. 

5) Trans-Paclflc Geothermal might be interested in such a program in the 
Blue Lake area of Oregon. (Since Chevron and Trans-Pacific have leases or lease 
applications in both this area'and the Clackamas area, you two might decide 
which area each of you would like to tackle, or possibly do a joint venture for 
two wells.) w , 

6)' California Energy might be interested in such a program on its lease 
applications In the vicinity of Crater Lake. 

7) Union Oil has a number of land positions throughout the Cascades and 
might well be interested In paying half the cost to see the results or informa
tion derived from a well put down on one of its areas. 

There are other companies that have holdings in the Cascades which may wish to 
participate in such a program. But if a sufficient number will participate, 
it would accomplish Ron Thoms' objective of getting six or more exploratory 
wells drilled In the (Cascades from Northem Washington to Southern Oregon. 
Since some of the companies may already have their budgets fixed for 1984, I 
feel we should consider this aa a two-year program for 1984 and 1985. BuC, 
of course. It will be preferable if we can get some of the wells drilled during 
the 1984 season. 

We are thinking in terms of each well being approximately 3,000 feet, and it is 
my understanding the cose would be about $250,000 per well. Thus if Chevron 
and any of the other companies are interested in drilling such a well on one of 
its leases, it would agree co commie up co $125,000 for chls purpose, to be 
matched by DOE for a similar amount. Obviously there are a great many details 
which would have Co be worked ouc, buc ac this point I am trying to ascertain 
which companies may be interested In pursuing such a program. 

As I told you over the phone, Tsvi Meidav of Trans-Pacific Geothermal says 
that his company is interested in having a well drilled in one of his areas of 
interest, and will participate in the program. Tuesday at the meeting of the 
Pacific Northwesc Seccion of the Geothermal Council in Seattle, I discussed 
this program with representatives of Seattle City Light. Recognizing chat certain 
problems have to be worked out, they felt that City Light would like to partici
pate in the program and have a well drilled on its Mt. Baker applications or 
leases with City Light paying only one-half of the cost. 
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Obviously I am not suggesting a commitment at this time. I am merely crying 
to ascertain whether such a program Is interesting to you and you wish to 
explore it further. Please let me have Chevron's reaction. 

Should you wish co discuss it furcher, please give me a ring. 

Sincerely, 

C. Girir 

cc: John W. Hook 

53 



GEOTIIEUMAL P R O S P E C T S OE THE CASCADE RANGE 

PioseiUat ion by John W. Hook to DOE - BPA, Por t l and , OR, 3-21-84 

BEFORE STARTING THE SLIDE PRESENTATION. I WOULD 

LIKE TO MAKE A BRIEF STATEMENT O F MY VIEWS ON THE GEOTHERMAL 

PROSPECTS O F THE CASCADE RANGE. 

WITH THE 1980 ERUPTIONS O F MOUNT SAINT HELENS, 

THE GEOTHERMAL INDUSTRY STARTED BELIEVING WHAT SOME O F 

US GEOLOGIC T Y P E S HAVE BEEN PREACHING FOR YEARS: WE SHOULD 

HE CHASING VOLCANOS AND LEAVE THE IIOT SPRINGS FOR THE SKINNY 

DIPPERS. OVER 1.5 MILLION ACRES O F GEOTHERMAL LEASE A P P L I 

CATIONS HAVE BEEN FILED ALONG THIS 800 MILE CHAIN O F VOLCANOS. 

TIIE GEOTHERMAL RESOURCES O F THE CASCADES ARE 

UNTESTED AND THUS UNKNOWN. OPINIONS O F WHAT THEY MIGHT BE 

VARY FROM ZERO TO HUNDREDS O F THOUSANDS OF MEGAWATTS. 

THE ZERO CAME IN THE BATTELLE REPORT TO THE 

NORTHWEST POWER PLANNING COUNCIL (June, 1932): "WE ARE NOT 

INCLUDING THE CASCADE RANGE IN OUR ANALYSIS BECAUSE IT IS A 

GEOLOGIC PROVINCE RATHER THAN A SPECIFIC SITE". THIS BIT O F 

REASONING CAME IN A R E P O R T WHICH ALSO QUOTED THE USGS 

CIRCULAR 793 THAT THE IDENTIFIED PLUS THE UNDISCOVERED 

ACCESSIBLE RESOURCE BASE IN THE CASCADES IS ESTIMATED TO BE 

1, 197 QUADS, NEARLY 15 TIMES THE CURRENT U. S. ENERGY 

CONSUMPTION. TIIE REPORT ALSO MENTIONED DOGAMl'S LARGER 

l-STIMATES, HUT STILL CRUNCHED A ZERO INTO TIIE COMPUTER. 

- 2 -

RECENT REPORTS BY THE OREGON AND WASHINGTON "' 

( GEOLOGIC DEPARTMENTS HAVE BEEN VERY OPTOMISTIC ABOUT THE 

CASCADES (DOGAMI Specia l P a p e r 15 and DNR Open fHc 83-7) . FOR THE; 

OREGON CASCADES ALONE. DOGAMI ESTIMATES A WORSE CASE O F 

2 , 4 8 5 TO AS MUCH AS 401.760MWe FOR 30 YEARS. MY OWN ESTIMATES 

ARE IN THE 20. 000 TO 200, 000 MWe RANGE. I F SUCH RESOURCES 

EXIST, BOTH GOVERNMENT AND INDUSTRY NEED TO KNOW I T . 

AS DISTRICT GEOLOGIST FOR REYNOLDS, I WROTE A 

R E P O R T IN 1971 RECOMMENDING EXPLORING THE CASCADES FOR 

GEOTHERMAL ENERGY. I AM STILL MAKING THE SAME RECOMMEN

DATIONS. WE NEED T O BE LOOKING FOR HIGH TEMPERATURE 

GEOTHERMAL FIELDS WIIICH HAVE THE P O T E N T I A L FOR THOUSANDS 

O F MEGAWATTS. WE SHOULD HUNT FOR E L E P H A N T S . HOT GNATS. 

DOZENS O F GEOTHERMAL FIELDS THE SIZE O F THE GEYSERS COULD , 

AND POSSIBLY DO, EXIST IN THE CASCADE VOLCANIC PROVINCE. 

FINDING RESOURCES O F THIS SIZE AND QUALITY IS NOT AN UNREALISTIC 

E X P E C T A T I O N . 

THE POINT I WISH T O MAKE IS THAT IF WE DRILL HOLES 

IN THE CASCADES. WE MAY FIND A RESOURCE WHICH IS BIG ENOUGH, 

CHEAP ENOUGH, AND CLEAN ENOUGH TO PROFOUNDLY CHANGE THE 

E L E C T R I C POWER GENERATION P I C T U R E IN THE NORTHWEST. GIVEN 

TIIE LEAD TIME NEEDED TO IDENTIFY AND D E V E L O P SUCH RESOURCES, 

WE NEED T O iiE MOVING AHEAD WITH THE EXPLORATIONS. 

Ci 



TRANS-PACIFIC GEOTHERMAL, INC. 
1419 Broadway, Suite#415, Oakland, CA 94612 

(415)763-7812 

March 16, 1984 

Mr. Ronald Toms 
Department of Energy 
Washington, DC 

Dear Ron: 

Due to a schedule conflict, I regret that I am unable to personally attend the 
panel meeting of geothermal exploration research of the High Cascades, which 
will be held Tuesday, March 21, 1984. I wish to share some thoughts on this 
subject with you. 

It is clearly evide^nt that^ the;;̂  

logical Survey offers llttre comfort 
to industry, because It is in a national park of restricted access. Secondly, 

perception of business risk by industry, since it ^ j ^ p p that even if a 
commercial-grade geothermal discovery was to be m a B e o y the geotherma 
Industry, " 

^*W!^i>*S<vSSSs Since the ^ ^ ^ P f f f f f f l P f i i f f 
small geothermal power pl 

g a d l s c o v e r y wel t"~"a'n 
to three years nowadays, there 

• II. i..-f^"?i!ir''^ -

e completion of a 

•̂ aê x 

The absence to date of any industry success in locating a commercial grade 
geothermal discovery In the Hfch Cascades may be partially attributable to an 

• ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ W ^ ^ S ^ ^ f ^ ^ ^ ^ ^ l ^ ' P ^ ^ m ^ f ^ ^ T m W ^ ^ ^ ^ ^ ^ ^ ^ This deeo 
circulation would '|re| SEegrthat are 
characteristics of geothermal systems. Normally, temperature gradient holes 
to a depth ranging from 500 to 2000 feet In depth are sufficient to map 
prom i slng targets for full-depth, product Ion-dlameter expIoral^on_welIs. 7 ^ ^ 

g|a The U.S.G.S. hole In Newberry Caldera clearly demonstrates the 
ty. of the above ^ ^ ^ ^ ^ ^ ^ p ^ } ^ 7 P _ ^ m ^ ^ ^ ^ m ^ M ^ 7 ^ ^ ^ ^ ^3 
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Such holes cost between 
expenditure in the ranee of about one- th i rd of a m 
requ i red . Independent geothermal companies w i l l consider 
expenditure per hole fa r too high at t h i s t ime, when both the 
and the e l e c t r i c a l 
f ac t t ha t many of 

i^s^Hre-^Htgtrxascarc] 
a t present. Hence, 

I I ion doI la rs per hole 
such an amount 

exp lora t ion r l 

an 
Is 
of 
sk 

power market risk are so high. This Is true despite the 
us believe that the High Cascades possess a hIgh potentia I 

for some major geothermal reservoir discoveries in years to come. *^ nothing 
Is done to mitigate the high risk perception by Industry, geothermai 
exploration of the High Cascades will continue for a number of years at the 
same snail's pace as currently practiced by Industry. 

The current low pace of geothermal exploration will not accelerate, unless 
stimulated by external factors which must include both exploration risk 
reduction as well as encouragement of small geothermal power demonstration 
projects. Recent history of major nuclear power development in the Northwest 
demonstrates the fallibility of projections regarding demand and nuclear power 
costs. As a consequence, current projections of future capacity needs may 
prove to be an overcompensation of last decade's bullish projections, this 
time In underestimatlnc the future. 

and If demand for electricity will outstrip the currently held gloomy growth 

Three forms of exploration support are viewed as reasonable: 

1. Mgtch'nfl-fgnd SUPPgrt. 

/c>f> 

In which 
they wish to drill deep t^mpeFatuFe gradient wells and the proportion of_ 
the cost thereof that they are prepared to contribute.^ '̂̂ '~'- ''**'*̂ *̂ ''' 

_ 1 i i — i i i i H i n i i i ^ i m i i • I I ^ ^ !• • •>lMr"" lillIIII11'I" * * " ' ) ' III I i ' " 

Qni/ ihir iei .̂  

2 . Non-recourse loan. Industrial companies will be provided forgivable loans ^^w«h^ 
for the program. The loan will bear Interest and will be payable in part ''̂ *̂ ''*' 
If and when the company receiving It decides tb drill a deep exploration J^?^^ _ 
well In the same area. 

3. Federal program. ^ ^ B ^ ^ ^ m ^ ^ ^ m ^ ^ ^ ^ ^ j 
funded by the government. '̂  •-• -••*-"'»̂ ™««™'*-«™̂ .»'i™f̂ ^ 

to__be fu l Iy / 

T / ' 

yv^Trnt/n^k.^ /SH6&' 

TRANS-PACIFIC GEOTHERMAL, INC. 
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The drilling of 9 to 12 deep temperature gradient holes In the High Cascades 
In the course of the next year t i p ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ m ^ ^ ^ 4 ^ 0 r 

'Wi!!lt^0p.8^:^WM-W^!^^^&f'^^)^% Parallel activities by governmental bodies may 
rerate induŝ r̂ ŷ s Interest In spending the large sums of money 

required for a^^8^tgggpB^^gigSiB^tM!pNg|'^H:^ff^^ 

Sincerely yours. 

Tsvi Meidav 
President 

TW/lkp 

' ^ 

TRANS-PACIFIC GEOTHERMAL, INC. 
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Department of Energy 
San Francisco Opserations Office 
1333 Broadway 
Oakland, Califomia 94612 

December 20, 1984 

Marshall Reed, Program Manager 
Geothermal and Hydropower Technologies Division -
DOE Headquarters, CE-324 
1,000 Independence Ave. SW 
Washington, DC 20585 

Subject: Cascades Seothermal Exploration 

Dear Marshal1, 

As we discussed today, I believe there are several Cascades geothermal 
exploration actions that need to get underway in FY'85 in order to locate 
geothermal anomalies -for confirmation-by drilling. 

First, we need to start work on the conceptual geologic model of the High 
Cascades, including their relation to the major geothermal anomalies Clike 
Newberry caldera) to the east, and the line of hot springs to the west. 
This conceptual model must be based on an integrated analysis of the many 
discipline results that are available. 

Second, we need to review and 
developed for the Basin and Range, 
in the High Cascades. 

modify our E.̂ pl oration Architecture, 
in order to lead geothermal exploration 

Third, we need to 
geophysical surveys) 
build in-house Cascades geophysical expertise 
targeting. 

complete detailed analysis 
and identify critical gap 

of available data Cesp. 
3. This effort will also 
for subsequent drill 

I suggest that Mike Wright of UURI be requested to lead these tasks 
DOE, working closely with t.he USGS and Norm Goidstei.n cf LEL- Funds 
the S1.4 M allocated far Cascades temperature gradient drilling 
associated investigations appear proper for these related purposes. 

SincBrely. 

oy, P.h.D 

for 
from 
and 

cc: USGS/Muffler, Sammel 
UURI/Lippmann, Goldstein 
ID/Prestwich'«f 
BPA/Geyer 
DOGAMI/Priest 

ager 
Reservoir Definition 
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- I n t e r a g e n c y c c o r d i n a t i o n &n<A I s a d s r s h i p 
•̂  I n t e r f a c e t^ i th NW PetMsr P lanninsg C o u n c i l and r ^ g i p n a l i n s t i t u t i o n s 
- R e s u l t s of sSOO K' 4 — s t e t ^ g e a t h s r a a l s t u d y r e « C a s c a d e s 
"- C a s c a d e s p r c ^ r ^ m m i l e B t o n e s j schjsduJ© &nd s y s t a s i s a n a l y s i s 
- Cascads>a ^nv i rc -nmsn ta l s n d i n s t i t u t i o n a l i - s su^s 
•" P h a s i n g w i t h p i l s t / p04« ia r p l s n t s evs l epmsnfe , t r ans iE i s s i c sn n s t w o r k s , 

and l o n g - r a n g © pc^j^r p l a n n i n g . 

- Suj??fl5ary of Casc&d^s gecth©r<fi«l kncswlsdg^ 
I d s n t i f I c a t i o n of c r i t i c a l qap& i n C a s c a d e s g e s t h e r r a a l d a t $ 

» P r o p o s e d n^y,t s t e p s f o r C a s c a d e s g e o t h e r m a l rs jsoixrce a s s ^ s s m s n t 
.- - P ropossd . erKp l o r s t l on p r i o r i t i e s J i n c l udi ng a r e a / s i i e s c r s e n i n g .-

- C o n c e p t u a l Z '̂&e:&d@^ geothSTimal g e o l o g i c t todel <s> ., 
- Link t o o n g o i n g USBS C a s c a d e s r e s e a r c h &nd r e s u l t s . 

Ui«§sa§ct2?ent_g£„Eoecs2-.z_igefcbes:f3#I„6liS«£iiS9t§ffi_lwith„uiMi_aQ^_k§L ' -'• ' 

C a ^ c ^ d e s . ®Kp4€3rati on • s t r a t e g y 
- E H p l o r a t i o n . and d r i l l i n g t s s h n D l a g y d^vs lop 'mant ,̂e ' ^ • : ' '-\ 
- E x p l o r a t i o n s u r v e y and d r i l l i n g ccsntr-act mansgement V •' , ' ' j ' ' ' 
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- Deolc jg ica l s n g i n s e r i n g and a c c s s s t o p r i o r i t y s i t s s 
- P e r f f i i t t i n g of e x p l c r s t i o n s u r v e y s and d r i l l i n g on USFS l a n d s 
•- E.A's and E I R ' s f o r p r i o r i t y USFS d r i l l i n g s i t e s , 

SyCS au ^ef „lsBSd-C-SQSSlffisnt 

S®aths r®«l l e a s i n g ori- f e d e r a l l a n d s . 
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- Development of l o w - ^ s o d e r a t e t e n i p « r a t u r e . p r o j e c t s <d i r©c t u s e and 

b i n a r v © l e c t r i e ) . . 



.'/' 

this is an interagency response, Isd by BPA^ tci an initiative sf the-
Mprthw0-at Pofê r̂ P l a n n i n g Council. 

On ths basis of hearings and staff analysis^ the 
Council "has csneiiided that a large geothermal potantial SMists in the 
region for teoth electric generation &.nd direct applications that dscreas© 
ths ns©d. -for el^ctricity''. 

Ths "Cascades GsQthsrmal Energy Potential" prcsgrsm. la prepased • ss on® of 
three responses to the Council's - f i n d i n q . The oth^r t*s«5 gsotherroal 
responses aret 

1. Diract utiJisatian of known iQw-maderste geatheprnal rsBource fer. 
space heating, industrial proceasing, ®tc, Thes© "conaerVatican" 
approachssj like the f̂ orth Bannevills dirsct us© study, havs higher 
priority than slsctric po^sr gansra.tisn5, &nd are s x p s c t s i i tc be . 
implimenfcsd in the nesi—tsrm.. 

• 2. 10 t ^ binary powerplant at a 100 HW re^ourc^a in respDnss to & 
gpscific csrdsr from the Council to SPA. This powsrplant i-s /expected •• 
ta be an int®rm&dii9te-t^rn? project st known a h©t spring in the four 
Stat© re-gi on J not in th© High Cascades. 

Th@ss three efforts are csmplimentary, &nd tims phased. EMploration of the. 
; Cascades i s e a p s c t ^ d to take » t least 5 years of jtiajor ©ffart fsr iQcatiom 
of _..a fflajor gesthermal ressrvsir^ comparable to th© S©yssrs 2,OOOM^> if. one, 
, ©Hi.sto. Oevalopmental drillings reservair confirmations ŝ nd -powerplfent . 
con^trwctian is sji-pected to taks S-tO years after th® discovery is.fflade. -
, Jn th^ interim, d i r e c t use snd fei.nary poiserplant projscts a r ^ sxpected . to 
come ;:on'~iin= at known law-to-modsrate gee-thermal sites outside the High 
iCciScadssa 

The sgenc3.es involved are the ssm© as thoss which participstsd in'̂  
-gsQthe-rfflai exploration and d r i l l i n g in the late i*570'ss the resource: "and\ 
snergy agencies at both federal &nd mtst@ I©v©I= The role of industry has 
yet .to bs dsfinedl . th© abjectivs is to create a franrt©4Mork of mutual 
.casperatiofif, so that existing information can b©' shared, ths most, ©f feet is'©:: 
••^Kploration techniques and strategy emplcyedj and duplicatien avoided.' The-
intent is to achieve increasing industry participation and cost sharing^ so 
:that, as a ffla.jor reservoir is ironfirfl̂ dj government v#ithdr#ws a.nd industry 
tak^s over without loss of in-formetion o r momentum. At that paint, 
governtnsnt could contribut© substetntisl ly by &cc.ml&ratir%q leasing, . 
snvircnmental J 3.nd periRitting rŝ vi®4*̂ s, 

Th® initial step? the p r im&ry .'responsibility of th© US Seoiogic^i Survey^ 
i^ to sumi-naris^ SKlsting geothermsl kno*^l©dgK of the Casc^dss, and to ppint 
th® -way. for an affscttve sxplsratien praqr&m^ Assistance o-f geologic 
SNperts from the states, industry and DOE ^re crucial to.th© success of t h s 
•USSS effort. . The rssult • should bs an s.gr^&d strategy for gsothsrmsl 
i&KploratiDn of th© High Casesdes, with si ts. priori ties &nd conceptual 
geologic madel (s> to guide geophysical surveys, ssmplingj, and sKploratcry 

http://sgenc3.es
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d r i l l i n g . .-14 • % - . r • " • ' 

De-f i c l enc ie s in knowledge and ©<Mploratery tschni cfuse Sir^ ©Kp®ct©d to bi I 
uncovered, which m i l rim_quir^ spec i f i c t a ^ k s , . t e s t s j and analyses ti . 
bridge- In p a r t i c u l a r , the s^ver© topography? '*rsin cur ta in" masking^ ans 
unknown signature- of High Cascades r@s©rvoirs are &npBc.t&d t o rsquir* , 
devsiopment «nd t e s t i n g of geophysical survey t©chni c|u©s a t know? ' 
geothermal s i t e s in comparable s e t t i n g s . Dsvelopn^snt of SKploratiof 
technology i s p a r t i c u l a r l y well su i t ed t o DOE's RIfD mandate, «nd • th« 
geothermal "EKploration Arcb i t sc tu re" developed by th© Universi ty of Uts-r ; 
Ressareh I n s t i t u t e for DQ£« 

Oregon t^jjll play a cen t ra l ro lS j s ince t h e S t a t e leads in High Cascades 
acrjsags., . svadlabie inf ormatiOHip and enp^rtis© <DOSAHI) p . Wssbington'anc .' 
Cal i fornia a r e welcome- to j o in fro^n t h s beginning, as inter&st and supporl 
permit. 

The'f inal question ia "l^iy t h s Cascades?", Simply put , the majority of thf" 
world '^ high-t©mpsratur« <©leetric qua l i ty ) ge^othsrsnasl reservoirHs ars 
aasac ia t sd with ac t i ve volcanism ( I t a l y , Mew Zealand^ leeiand^ M^HICDS-
Japan, Ph i l i pp ines , Indonesia*. @tc.>. Most af the major geothsrm^l f i e l d s , 
-including-The Ssyss-rs CA, and Cerro P r i e t o MeKico, a r s located in t h s "Ring 
of Fir^" tha t surrounds th@ P®ci>fic Basin. The Cascades remsin on® af ths 
areas of very high geothermal potsr j t ia l which has seen r s i a t i v®2 y 1 i^ttl.s-
systemmatic explora t ion by th® US geothermai . indust ry . Ther© '..afs 
reiafcively f^w ^surfaca fmatures, swch as hat sp r ings , s«rt̂ ,ich mark underlying-^ 
gsotbermsl a c t i v i t y . Cascades eKpioratiort i s p r i n c i p a l l y conc^rnsd Miith^ 
the discovery, of "blind" 3y»t©?ns. I t i s thus -vmry riskVj, dsspit© the 
po ten t i a l for discovery of Seys^rs-s ized resources , or "e lephants" . 


