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Department of Energy

San Francisco Operations Ofﬁce
1333 Broadway

Oakland Califomia 94612

December 20, 1984

Marshall Reed, Program Manager

Geothermal and Hydropower Technologies Divisicn
DQE Headquarters, CE-324

1,000 Independence Ave. SW

Washzngton, bE 20585

Subject: Cascades Geathermal Exploration
Dear Marshall,

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

First, we need to start work on the conceptual geclogic model of the High
Cascades, including their relation to the major geothermal anomalies (like
Newberry caldera) to the east, and the line.- ot 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 Eéview and madify 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 Castades geophysical expertise for  subsequent drill
 targeting. ' ' : : - : s -

I suggest that Mike Wright of UURI be requested to lead these tasks +or
DOE, werking closely with the USGS and Norm CGoldstein of LEBL. Funds from
the $1.4 M allccated for Cascades temperature gradient drilling and

assecciated investigations appear proper far thece reliated purposes.

Sincerely,

ccs USGS/Huf*ler, Sammel
LS HHRT /i ppmann, Galdstein
ID/Presthch
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On September 28, DOE-SAN/Marty Molloy. and BPA/John Geyer met with the

USGS's Chief of geothermal geolegy, Dr. Fatrick Muffler and his Cascades
consultant, Ed Sammel at USGS Menlc Park. Our purpose was to review the
basic issues and status of the preoposed Bonneville Power /DOE Geothermal
R%¥D/USGS interagency program for determination of the Cascades geothermal

energy potential.

FPat ﬁufflerlobserved that the Cascades is "a hell of a tough nut to cracks
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—Facific "Ring of Fire", there is clearly something there. . We ought
to be looking for 100°s of MW systems, rather that 2,000 HMW "elephants®
equivalent to The Geysers. These Cascade geothermal systems include

LLassen, which is off-limits to commercial development. At this point, the
goal is to try to describe what the Cascades consists of, in terms the
total wveolcanic chain, regions, broad aspects, reservoir work, etc. The
guts of the problem is hydrological, due to masking by the "rain curtain®
The crux of the soluticn is deep hydrology, in terms of unraveling the path
of cold groundwaters down to the heat scurce, and then up. to storage 1in
possible geothermal reservaoirs. Fifty drillholes in the right places can
~~oduce the answer, but we have to drill. USGS/Muffler iz convinced that
are never going to .get there without drillhole data. But the Survey is
.t in the business of exploratory drillingi the USGS is a research, not a
development agency. Drilling is the business of DOE and industry. The
USGES 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

ztudies of the CTascades, on a regional and subregional scale, to impraove
the geothermal resource assessment in USGS Circular 750. In a few years
this waork will result in an update of these geocthermal MW estimates {(not

the evaluation of individual reservoirs). Bonneville’s assignment from the
Council grovides the focus which has been lacking. EFfR 1= the caonstituency
far which JEGE scientists and DUOE contractors are working. "You are the
geriila in the Northwest.” We ciearly have to focus our efforts. or we
could  go on for years wibthout finding out what is there. The merit of an
agrzerent bestween the Federal agencies would be just that, to encourage wus
o foows oue a2fforts to accomplish what iz gossisls. A specific thrust
t-ocm BPA might be uee%ui as 2 goad. The Survev is p*epar=d to do what it
can, and has on2 of the best sets of hydrol cgists. In fact, this is

something that we must do.

A realistic geclaogical maodel is neseded as the context within which to read

the -geopinysical exploration data. - Resistivity and AMT survevys may be
useful, but the present methods of analvsis are only remotely based on the
actual deologic structure and stratigraphy. Tne geochemists and

" hydroliogists will be - key. At Lassen, for example, USGS/iMike 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
usfficult path lies ahead in the Cascades. We must first 1learn and
calibrate our tools at type localities, and then apply them throughout the
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Highn Cascades.

‘egon 1s gecgraphically central to Cascades exploration. Knowledge gained

1iere can be extrapolated into southern Washington and northefrn California.
The Three Sisters i1s a voung, igneous center. A geologic cross-section
through EBEeliknap-Feoley Hot Springs FGRA to the west, the Sisters, and
Mewberr Caldera to the =southeast., would allow us to infer the heat source,
and whether the high peaks heat source and the western hot springs are
connected. We could then tryv to extrapolate this geologic model nortn: to
the Breitenbush Hot Springs—Ft. Jefferson-darm Springs Indian FReservation
anris, the Mt. Hood axis in northern Oregon., and the Mt. 5t. Helens—Mt.
Adame ax1s in southern Washingtoni and south into nerthern California, to
the Mt. Shasta—-Medicine Lake/Glass Mt. anis, and the Lassen axis at the
southern end of the Cascades. BH. C. Hydro’ s results from Meager Creek 1in
British Columbis, can clearly be. extrapnlated south into central
Washington, te understand the geclogic model for the north end of the
Cascades, including MMt. Baker and Mt. Rainrier, The G5 would be delighted
te have the opportunity te work with our neighbors to the north.
Frivate industry 1s a major .player - with extensive data at Medicine

=

Lake/Glass Mountain and Newherry Caldera.

Gur goal is a set of conceptual geclogic models that are testable by
driiling. We need to focus our efforts at two levels: the Cascades as a
whole; and., the sites of specific gecthermal reservoirs. The program
needs to deal with specific areas, as well as tie the whole system together
+ith regional geologic mapping. gravity, aeromagentics, MT and deep seismic

“veys. . The program should start with a gecophysical conference which is

.cussed on the axis of the best cross-section. There has been a 1lot of
geophyvsical effort. but very little data has been svnthesized. Geophvsics
has not been pushed to the limit — as the primary guide for targeting the
drilling at depth. We need to mount a major geophvsical effort - on the
assumption that it will be follow=d by drllllng. There is serious que=t10n
whether gecophveical surveve are effective in the LCsscades, or can even hbe

through the +ough terrain. On the gqus=stion of. effectiveness.
/Sammel nhas proposed the more promising technigues be tested and
st ed at Enown gecthermal sites in the Cascades. and then ?xc=nded
re ints the high g tains. fin the guestion of terrailn coverage, i1t
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necessary toc support the geophysical survevs with helicopters.
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der=standing the nature ocf the CLascades geothermal resocurce. If
:thermal energy is net there, it will not be anvwhere except at Crater
e and Lassen. fAccess on the ground is available through Santiam Pass,
exploration is pussible in terms of private land. environmental and
iltical concerns. A concerted effort on this beit, targeted at magma
and sssociated: hydrothermal syestems, should be the primary
oach. We know the deep picture at a brcad, general cscale from crustal
ismics, but we haven ™t focussed con the detailed scale in the upper crust,

re commercial gecthermal reservoirs might be found.
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A étructural geclogist/hydrologist is needed to take the leadership, bring

together the proper scientific disciplines, deal with a wide set of data,



and pull! 1t =il together inte a single conceptual madel.
actions of scmebcody who is knowledgeable in the region.

It will take the
Hopefully. we will

w able to invite other knowledgeable experts to join in, and have the

Jportunity of looking at their data.
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1333 Broadway
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MEETING REFORT
BPA-DOE-USGS-USFS CASCADES GEOTHERMAL EVALUATION
MARCH 27, 1985 PORTLAND, OR

SUMMARY
A working meeting was held at Bonneville Fower ARAdministration (BPA) in
Partland, Oregon on March 27, 1985%. The purpose was to review the draft
memor andum 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 gecthermal evaluation. The draftt memorandum was
accepted with comments. The revised memorandum wiil be circulated for
sigrature at the appropriate levels in each Federal agency.

PARTICIPANTS

Represeniing the responsible Federal agencies were:
/
BFA: Walter E. Myers, Director, Division of Resource Erngineering
Douglas B. Seely, Chief, Generation Engineering Branch
John D. Gevyer, Energy Resource Specialist
Thomas White, Generation Engineering Branch.

UsGs: Dr. Pétr;ck Muffler, Chief, Branch of Igneous and Geothermal
Processes. ’

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

DUE-SAN: Terry A. Vaeth, Director, Fossil, Geothermal and Solar Energy
Division .
Dr. Martin W. Molloy, Program Manager, Geothermal Reservair
Technalogy '

BFA _OBJECTIVES

Walt Hyers opened the meeting by stating Bonneviile’s need to have sone
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 gecthermal power. Bonneville welcomes
the opportunity to join with those responsible Federal agencies; which are
looking for the Cascades geothermal resource.



The guantity and location of the geothermal resource in the Cascades 1is
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 i1s 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 1s hidden
from our sight.

Bonneville s second objective 1s 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 are consistent with Bonnevilles "optioning" approachs:;
that 1is, banking the resource after all the planning and steps preceeding
development are accomplished. The MNorthwest Power Planning Council
stated that the Cascades have substantial geothermal potential.

Theretore, Bonneville forsees quantifying large known reservoir{s) so that
when the power need develops, 100-200 megawatts can be developed rapidly.

BFPA load ftorecasts tell the load/resource balance:i the 1load 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 1intoc the power
network. There are also serious exclusions, such as wilderness areas.

with respect to the specific location of the geothermal resource.
USFS_OBJECTIVE

Jerry Patchen stated that the Forest GService 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 resocurce; that is
the limit ot Forest Service responsibility and authority.

Jerry noted that valid Federal assessment of Cascades geothermal potential
is the paramount i1nitial objective. Without a decent handle on the
resource potential, decisions on valid use of the land are 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.



Pat Muffler noted that i1t has taken 20 years after substantial drilling
began in the 1960°s to develop that major geocthermal resource in
Califarnia 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 1s found and know to be attractive, then BFA
must get involved in evaluation of the power potential. The USFS5, which
is responsible for Federal lands management in the Cascades, will be
involved ail the way through the geothermal resource evaluation.

Unlike similar wvolcanic chains in Indonesia (Japan, Fhilippines 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, liize hot springs. Italy has carried ouvt a systemmatic
program of geothermal exploration, moving south from the major drvy steam
field at Larderello. Japan is conducting a classic program of systemmatic
regional gecthermal exploration. It is important that the US Government
not be stampeded into an unplanned program.

IMATES

CASCADES_GEOTHERMAL RESOURCE_EST

- Pat tuffler pointed ocut that the inventory of known Cascades geothermal
resources in USGS Circular 790 is quite small. Yet, - every other volcanic
area i1in the world has significant geothermal potential. From models ot
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 from
geoclogic and tectonic considerations.

It is to BPA"s credit that they have to study this discrepancy, and to be
hard—-nosed in settling 1it. Even at the low end of geothermal energy
estimates, there is significant Forest Service involvement.

US6S_OBJECTIVE

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 +t+ind the resocurce, and how 1is it related to
development activities?
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The Cascades are a very big target: there are lots of actors i1nvolved.
We have focussed on an obvious volcano (Mt. Hood in 1978-B1) without first
having the necessary geologic framework. As a result of premature focus
on Mt. Hood. there has been a relative laclk aof consideration of the rest
of the Cascades. As a consequence, the USGS has learned to have extreme
skepticism of published Cascades geothermal resource estimates.

DISCUSS1oN

Walt Myers observed that the Northwest Power Planning Council’s direction
to Bonneville 1is to do something on gecthermal 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 il 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 cbserved 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 are now 7
different programs, including Beopressure, Magma. and the Salton Sea
Scientific Drilling/Program. We are making a little progress in a lot of
areass we need to make a 1ot of progress in a few areas. '

Mutfler and Vaeth noted that there i1s substantial support for deep (107000
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 FPresident’s Scientific Advisor, Dr.
Keyworth. There has been lots of dratt legislation for exploring the
earth’s crust directly by deep drilling. A university consortium has
proposed to contract for the deep continental drillings: 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 geothermal resource and power planning objectives in the Cascades.

FPerhaps 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 1is 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 rescurce; we are talking about
deep drilling bucks. The current USG5’ budget proposal (FY*86) represents
a cut 226%. Yet each year, Congress has restored such cuts. This yo—yo
approach does not allow for continuity in planning over the 10-20 vyear
context required +or Cascades geothermal resource evaluation.



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 are interested in drilling deep thermal gradient holes to get
beneath the hydrologic masks this drilling program is caming out of
DOE~-Idaho Operations Office. The uwltimate goals of the scientific
drilling program will not meet pur specific economic and power planning
objectives. {The scientists are i1nterested 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, vou must have a leader {(not a single agency, but the Federal
agency group).

FEDERAL _CASCADES OBJECTIVES AND STRATEGY
What the Survey. DUOE and BHBonneville need are hard data to underpin wvarious
geophysical surveys and gecliogical models for regional geothermal rescurce
assessment. i

What makes the Cascades particularly difficult is that the volcanic rocks
are like a sponge. KRain 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 1is the
difficulty of funding a program of extensive deep drilling, in addition to
the problem of locating the drill sites. Deep exploratory wells are 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 are needed just to get
past the <surface hvdrologic mask, and to provide calibration for
interpretation of seismic and other geophysical surveys. 10,000 ft. wells
are not unreasonable depths for future completion of commercial geothermal
production wells.

A series of about a half dozen 10,000 ft. holes are needed across the axis
af the Cascades at an appropriate transect location, like Santiam Fass in
Central Oregon. From the resulting information, the USGS could develop an
accurate geologic cross-—section for the Cascades at the location of the
transect. I+ the BGeological Survey knows what the cross—section of the
Cascades looks 1l1like 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.



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 are marshalled against
commercial development at Newberry, so governmental efforts should bhe
limited to scientific and technological understanding of the geothermal
resource, as a conceptual model {for extrapolation elsewhere 1in the
Cascades.

Jerry Fatchen emphasized that it is 1mperative to make every "lick" count,
when such big bucks are reqguired.

BEQTHERMAL _EVALUATION_FLAN

CASCADES

The first step is for this group to come up with a comprehensive strategys
(DOE has had only one Presidential geothermal program request in the last
four vyears). The second step 15 a Cascades FPlanning Document. it it is
available by September 1985, the Cascades FPlan can be reflected in the
language proposed for FY'846 authorization and appropriation bills to the
Interior Energy Committee. i1+ steps 1 and 2 can be accomplished, DOE-SAN
will carry the pian forward for budget approval.

fi Cascades Geothermal Evaluation Plan should be drafted which contains the
roles of the agencies in this group, their areas ot expertise, and the
areas jrequiring industry competition. There is a lot of opportunity to
accomplish objectives of various interested groups. A FProgram Outline
should be available in GSeptember 1985 as input to FY 86 Congressional
apptropriations 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. Fotential
lease rentals, revenues and rovalties will capture the interest of OME
{and governmental bodies i1in the region). Congressional figures, like Sen.
Hatfield of Oregon, are very supportive.

CASCADES STEERING_GROUP
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 reqguired 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 USG5 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.



The +irst issue is where does the group want to get to next. This can be
addressed by forming a Steering Group of the four agencies, with regular

meetings to scope issues, to define, and to guide the Cascades program, in
concert with the efforts of industry.

UsSGS CASCADES GEOTHERMAL WORKSHOF

Muftler stressed that his HMay 22-23 USES Cascades Geothermal Workshop in
Menlo Fark 15 nat a program planning meetingsi it 1s not explicitly +for
agency pragram managers. The USES Workshop will bring together earth
science investigators whom the Survey has supported through external
{e.g., univeresity) and internal (USGS scientist) funding. The purpose 1is
to learn who has done what, wherei to get in hand and to sort out the
USGS program. Pat expects the USBS coordination and leadership to
galvanize future geothermal eftforts in the <Cascades of government,
university and industry.

The USG5 Cascades Workshop is opens everyone is welcome. They =hould
start building communications and working'relations with the scientific
experts. HMuffler eupects the scientific approach of the USGS Workshop to
tocus on conceptual models of the Cascadess these models can also be used
by i1ndustry to define drilling targets in the Cascades.

DISTRIBUTION: Farticipants
DOE-HE-GHTD/Toms, Reed
DOE-iD/Prestwich
Sandia/kKelsey




Departrnent of Energy

San Francisco Operations Office
1333 Broadway

Ceakiand, California 84612

Marshall Reed, Frogram Mansger
Seothermal and Hydropower Technologies Divisicon

DOE Headguarters, CE-324
1,000 Ingdependence Ave. EW
Wzshington, DC 203585

Subject: Cascades Beothermal Exploration
Dear Marshall,

As we discussed todey, I believe there are .sEVeral Cascsdes gecthermal
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 geoleogic sodel of the High
Cascades, including their reliation to the major gecthermal anomalies (like
Mewberry caldera) to the east, zand 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 nesd to review and modify our Exploration Architecture,
developed for the Basin and Farmge, in order to lead geotharmal exploration
in the High Cascades

Third, we need toc complete detziled arzlysis of =2vailszble data lesp.
eophvesical SLUrvEYS) ang igdentity gcritical ncarce. Thie effort will aisc
g o h 7 h = r
buiid in-houee Cascades cgecphvsical expertise  <Jor subzseguent gr:il
= r g

targeting.

I suggest thst Mike MWright of
DOE, working cicosely wiih
the 21,2 M szllcrated for
zssociateld invesiigations ao

cc: USGS/Muifler, Sammel
Aot /Lippmann, DBoldstein
ID/Frestwich

r?”ﬂﬁﬁxzf_,
DOGAMI/Pri
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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 1is
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 1n this province rich in volcanic heat sources, including
the proposition that geothermal systems are not present. If they are present,
it is clear that exp]oration will be both expensive and risky. The risk and
expense can each be mitigated somewhat through the deve]opment 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 geotherma1'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. Geo]ogica] 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 Qnderstand—
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 bé 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 1imited by the paucity of surface-therma1 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, incliuding but not Timited
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 §spects 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 1mpending Cascades Thermal Gradient Drilling Program.

We havé 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 étrategy 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,
1.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 voicanos, we suspect that the

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



certéin 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 thé 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 1likely 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 eXp]oration 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 expToration 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 Tittle 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/therma1 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 va]idvexp1oration 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 deve]bpment in the Cascades;

2. Make maximum use of évai]able 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 Titerature 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
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in defining or locating these systems.

|

Task 3 - Data Compilation and Reduction. Numerous geoqhysica] surveys

have been completed in the Cascades. In particular, aeromé
electrical resistivity data is available. This data will b
analyzed to provide a determination of their potential effe
exploration for geothermal systems in the Cascades.

Task 4 - Integration and Interpretation of Data. The a

information will be analyzed to form a conceptual model or

conceptual models of Cascades-type geothermal systems.

Task 5 - Testing of Techniques and Models. We anticipa

be a need to acquire additional field geologic, geochemical

data for the purpose of testing either specific exploration
specific ideas developed from conceptual models. Several q
readily ava11ab1e--among them are Newberry Caldera, Lassen
Mt. Baker, Glacier Peak and Mt., Rainier. Geothermal occurr
each of these areas and each could become a focus for testi
would be applied to covered areas in the Cascades.

Task 6 - Aquifer Characterization. One of the key obje

program is the evaluation of the effects of stacked aquifer
flow that has been postulated in these aquifers, on surfacé
manifestations. We propose to evaluate the extent of cold
each DOE-sponsored drill hole and in other available ho]esk
several temperature profiles in each hole until an equilibr
obtained.

Another component will be to add chemical tracers to th

DOE-sponsored holes. These tracers will allow the determin

of drill fluid contamination of water samples collected for
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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
preseﬁt 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 1iteratur¢, 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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Cascades Cost Shared Drilling Program : //;
o March 21. 1984 Meeting at Portland OR
FB5/Anthony Adduci
USG5 /Edward Sammel
Background

The meeting with DCE-HR/Ron Tems was corgarized by €. Gerard Davidson, and
attended by representatives of the principal institutions interested in
development of gecothermal resources in the Cascade Range. Ron reqguested
ID/Clay Michols and me™ to attend: Idaho Operations Office will be
responsible for drilling contracting, SAN will be responsibie for anv
reservoir definition activities.

"Jdebby” Davidsan’s letters (attached) state that he has *been working on
the proposed exploration program for the Cascades in Washington and Oregon
that we discussed at some length cduring the Geothermal Resources Courncil
meeting here in Portland”. He was Asst. Secretary of Minerals and Energy
in Interior under Truman., and Solicitor +or Baonneville Power Administration
{iBFA). He claims to be able to influence government actions throuach
Senator Hatfield of ODOregon, Chairman of the Senate Appropriations
Committee, and Secretary Hodel, former Administrator of BPA. As an
example, if DDE" s procursment regulations cause difficulties and delavs,
"we can get them changed”. ' '

Davidson picked up Ron and me at the airport., and drove us t6 his home in
Fortland. There we met his wife Svlvia, who is cn 3 HHS-HE2 advisary
committee on medical costs. From there we went to TJTrader Vic®s for  an
excellent dinner, and on to our hotel.

BFA _Meeting

On the morning of the Zist, Ron and I met first with BFA. Doug Seel=vy,
chiet of Bonneville™s Generaticn Engineering Section. hosted the dav’s
meetings. He was joined by Steve Monfort, chief of the Office of Power
FPlanning, Mike Berger, chief of the #Assessment Sectien. Jchn Gever, and
cthers. Doug and Steve briefed us on Benneville™s origin from Corps of
Engineers and Bureau of Reclamation hvdroelectric projectss: Bonneville’s

responsibilities for power marketing - as opposed to construction andwq
operation of powerplants: BPA°s supply and demand forecasts: and the ~
ocutlopk for genthermal power in BPAs planning. Benneville’s forecasts

include WFRFPSS 2 cutput., and show oversupply into the 1990G7°s. WPPSE 1 and 3
are expected toc come on line when needed. with small hydro_and cogensraticn
from pulp and paper mills making up the rest. BPFA&'s internal, *high growth.



are 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 1is 1988, in competition with new cpal—fired
powerplants.

Under the Regional Power Planning Act of 1981, the four states of Idaho,
Montana, Oregon and Washington are 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
Seeley 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 1is responsible for geothermal
direct heat and is interested in municipal heating and other haot 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 confirmedi: eventual power
generation is very long term — an estimated 7 years after leasingi: and, the
geothermal program needs saome seed money.

USGS/Pat Muffler had previously summarized the objectives of a Cascades‘

drilling program asa.

- a significant number of stratigraphic test wellss _

- which yield an evaluation of the Cascades gecthermal resource,
despite the hydrologic probleéms — 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 are
Cascades volcances 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 charactarize the’

geothermal potential pf the Cascades. The US Geolggical Survey is
responsible for, and currently working on, the inventory of Cascades
gecthermal resources. We are beginning to understand the Cascades;

industry is the driving force: we need to define the Cascades’ geothermal
energy potentiali and, add toc the Nation’s energy resocurces.

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

'~
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Hock estimates that Cascades geothermal rescurces 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 1letter, 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 convinceds: 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 in the
Cascades. (BLM says that Davidson and Hook have filed extensive geothermal
lease applications in the 0Oregon Cascades). The remaining attendees
represented interested utility, state and federal agencies, as focllows:

Amax Exploration (eastern OR)

California Energy Corp. {(Crater Lake OR)

Chevron (Clackamas area, south Mt. Hood OR)

"Eugene Water % Electric Board

Munson Geothermal o

Reynolds Metals (south Mt. St. Helens UOR, Sea—Tac leases)
Seattle City Light (Mt. Baker WA)

Trans—Pacific Geothermal (Blue Lake % Clackamas area, Mt. Hood 0OR)
Union 0il {(various Cascade locations)

United States Forest Service, and

Washington State Energy Board

Budget’

Ron"s FY 1985 budget contains $1.4 M for Cascades research. (According to
Geothermal Report, March 15, 1983, there is %700 K in DUE’s budget for
caldera reservoir investigations to evaluate Cascades geocthermal prospects,
and $8%97 K for measurement of Cascades reservgir characteristics under
impermeable basalt flows). His budget has been approved by DOE, OMB, and
bath Houses: apprapriation by Congress is the final 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, 1logging and well testing costs are presumably included in the
dr-illing budget.) : ‘

N



Praogram_Qutline

Davidson summarized the point of the meeting as the determination of what
the problems are to the government providing 304 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 1is 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 enogugh to go
ahead with commercial development. DOE needs to know if there is enough
evidence, such as geology and geophvsics, of geothermal potential at the
proposed site(s). Ron would prefer to get the best S ~ 8 sites which are
meaningful in terms of providing information to advance for industry’s
strategy of future energy development. There will praobably have to be a
public announcement in Commerce Business Dailvy. A likely model is the
Regquest For Proposals (RFP) which 1led +to  the DOE-Industry Coupled
Geogthermal Drilling 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.

-~ Lontracts for joint ventures must by issued by DUOE-HE Produrement
in Washington, DC.

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

Data can be held proprietary for a reasonable period (e.g., & mos.). The
RFP contracting process normally requires at least & 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 invelving USFS/Jerry Pachen on leasing
status of federal lands, and the many environmental concerns, such as
wilderness areas, endangered species, and environmental impact reports.

V]



In response to Davidson’s going around the table, the following attendees
indicat=ed 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 '

S. Munson Geothermal

6. Revnolds Metals, and

7. Trans—-Pacific Geothermal (Tsvi Meidav)

Seattle City Light is prohibited from proposing, but may respond faveorably
if invited by another participant. Union’s representatives will discuss
the proposal with Dick Dondanville, who 1is in charge of geothermal
exploration. ‘
Davidson will spend the first week of Aprilin Washington DC, finding out i+
an unsolicited proposal approach by the group of attendees is passible.

Att.: Dévidson letters to BPA/T{h)loms 12/8/84, and Chevron/Loose 12/8/84
Hook presentation to DOE - BPA 3/21/84
Trans—Pacific Geothermal /Meidav letter to DOE/Toms 3/16/83%

cc: HE/Toms, Wallace

‘ ID/Nichols, Prestwich
BPA/Seeley, Geyer
uses/Muffler ' ,
LBL/Goldstein, Lippmann
UURI/Wright
FG3/Crawford
MR/Wright

v
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Deé;mber 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.

s v
While at a meeting of the Pacific Northwest Section of the Couneil
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. Johm Hook and I are going
to talk to Reynolds Metals, California 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 was;pbvious in the discussion with him that British Columbia
Hydro would jump at a chance to get half of a deep well paid for
in the Meager 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. :

' ) neuefVED

Sincergly, - RONALD S. H. TOMS
LEC131383
' C. GiragdDa N:' )

Enclosure .
cc: John Hook

Teavwrd Madidav
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December 8, 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 meecing in Portland, Ron Thoms
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 geothermal exploration program

in the Oregon and Washington Cascades. He says that DOE has money for this
purpose and felt that his Agency would probably be able to 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, that 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 the discussion that ensued, it developed that if we can get 6 to 10 differ-
ent companies or individuals whose geothermal 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 its 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 geothermal exploration wells would be drilled in che 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
liberty to name, with the exception of those mentioned later. I envisage some~
thing as follows:

{3 Seattle City Light might be 1nterested Ain putting up onerhalf of che
cost of a 2,000 or 3,000 foot well on some of its lease applications or leases
on Mt. Baker in Washington.

S



Mr. Ollie Loose
Dec. 8, 1983
Page 2

-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-Pacific 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.) v : .

*

A

6) California Energy might be interested in such a ﬁrogram on its leasé
applications in the vicinity of Crater Lake.

7). Union Oil has a number of land positions thfoughou: 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 Northern Washington to Southern QOregon.
Since some of the companies may already have their budgets fixed for 1984, I
feel we should consider this as a two-year program for 1984 and 1985. But,

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 cost 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 to commit up to $125,000 for this purpose, to be
matched by DOE for a similar amount. Obviously there are a great many details
which would have to be worked out, but at 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 Northwest Section of the Geothermal .Council in Seattle, I discussed

this program with representatives of Seattle City Light. Recognizing that 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 cosct.

]



Mr. Ollie Loose
Dec. 8, 1983
Page 3

Obviously I am not suggesting a commitment at this time. T am merely trying
to ascertain whether such a program is interesting to you and you wish to
explore it further. Please lec me have Chevron's reaction.

Should you wish to discuss it further, please give me a ring.

Sinéerely,'

C. Gir idson

cc: John W. Hook



GEOTIIERMAIL PROSPECTS OF THE CASCADE.RANGE

Presentation by John W, Hook to DOE - BPA, Portland, OR, 3-21-84

BEFORE STARTING THE SLIDE PRESENTATION, 1 WOULD
LIKE TO MAKE A BRIEF STATEMENT OF MY VIEWS ON THE GEQTHERMAL
PROSPECTS OF THE CASCADE RANGE,

W.lTl,l THE 1930 ERUPTIONS OF MOUNT SAINT HléLENS,
THE GEOTHERMAL INDUSTRY STARTED BELIEVING WHAT SOME or
Us GEOLOGIC TYPES ﬁAVE BEEN PREACHING FOR YEARS: WE SHOULD
BE CHASING VOLCANOS AND LEAVE THE HOT SPRINGS FOR THE SKINNY
DIPPERS, OVER 1.5 MILLION ACRES OF GEOTHERMAL LEASE APPLI-
CATIONS HAVE BEEN FILED ALONG THIS 800 MILE CHAIN OF VOLCANOS,

THE GEOTHERMAL RESOURCES OF THE CASCADES ARE
UNTESTED AND THUS UNKNOWN. OPINIONS OF WHAT THEY MiGHT BE
VARY FROM ZERO TO IIIjNDREDS OF THOUSANDS OF MEGAWATTS, |

THE ZERO CAME IN THE BATTELLE REPORT TO TﬁE
NORTHWEST POWER PLANNING COUNCIL (June, 1832): "WE ARE NOT
INCLUDING THE CASCADE RANGE IN OUR ANALYSIS BECAUSE IT IS A
GEOLOGIC PROVINCE RATHER THAN A SPECIFIC SITE"., THIS BIT OF
REASONING CAME IN A REPORT WHICH ALSO QUOTED THE USGS
CIRCULAR 790 THA'T THE IDENTIFIED PLUS THE UNDISCOVERED
ACCESSIBLE RESOURCE BASE IN THE CASCADES IS ESTIMATED TO BE
1, 197 QUADS, Nl’-_‘:/;l'{LY 15 TIMES THE CURRENT U. 5. ENERGY
CONSUMPTION, THE REPORT ALSO MENTIONED leGAMl'S LARGER

ESTIMATES, BUT STILL CRUNCIHED A ZERO INTO TIHIE COMPUTER.,

-

RECENT REPORTS BY THE OREGON AND WASIIINGTON
{ GEOLOGIC DEPARTMENTS HAVE BEEN VERY OPTOMISTIC ABOUT TIE
| CASCADES (DOGAMI Special Paper 15 and DNR Qpen file 83-7). FOR THE
| OREGON CASCADLES ALONE, DOGAMI ESTIMATES A WORSE CASE OF

2,485 TO AS MUCH AS 401, 760MWe FOR 30 YEARS, MY OWN ESTIMATES

" ARE IN THE 20, 000 TO 200, 000 MWe RANGE, - IF SUCH RESOURCES

EXIST, BOTH GOVERNMENT AND INDUSTRY NEED TO KNOW IT,

AS DISTRICT GEOLOGIST FOR REYNOLDS, I WROTE A »
REPORT IN 1971 RECOMMENDING EXPLORING THE CASCADES FQR
GEOTHERMAL ENEﬁGY., I AM STILL MAKING THE SAME RECOMMEN-
DATIONS, WE NEED TO BE LOOKING FOR HIGH TEMPERATURE
GEOTI‘IERMAL FIELDS WHICH HAVE THE POTENTIAL FOR THOUSANDS
OF MEGAWATTS, WE SHOULD HUNT IFOR ELEPHANTS, NOT GNATS,

DOZENS OF GEOTHERMAL FIELDS THE SIZE OF THE GEYSERS COULD,

AND POSSIBLY DO, EXIST IN THE CASCADE VOLCANIC PROVINCE,
FINDING RESOURCES OF THIS SIZE AND QUALITY IS NOT AN UNREALISTIC
EXPECTATION.,

THE POINT I WISH TO 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
ELECTRIC POWER GENERATION PICTURE IN THE NORTHWEST., GIVEN
THE LEAD TIME NEEDED TO IDENTIFY AND DEVELOP SUCH RESOURCES,

WE NEED TO sSE MOVING AHEAD WITH THE EXPLORATIONS,
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March 16, 1984

Mr. Ronald Toms
Department of Energy
Washington, DC

Dear Ron:

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

Y eofogica urvéy”o*?ers ' s “Zomfort
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expend;fure in the rance of abouf one-fhird of é million dollars per hole is
required. Independent geofhermal companies will consider such an amount of

expenditure per hole far too high at this time, when both the exploration risk
and the efectrical power market risk are so high, This is true despite the
fact that many of us bellieve that the High Cascades possess a high potential
for some major geothermal reservcir discoveries in years to come. &f nothing
Is done to mitigate the high risk perception by industry, geothermal
exploration of the High Cascades will continue for a number. of years at the
same snall's pace as currently pracflceJ by industry.

The current low pace of geothermal exploration will not accelerate, unless
stimulated by external factors which must include both exploraticn risk
reduction as well as encouragement of small geothermal power demonstration
projects. Recent history of major nuclear power development in the Northwest
demonstrates the fallibillty 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 underestimatinc the future. :
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The dritling of 9 to 12 deep femperafure gradlen+ holesrnn the High Cascades
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Department of Energy

San Francisco Operations Office
1333 Broadway

Oakland, California 94612

December 20, 1784

Marshall Reed, Program Manager

Geothermal and Hydropower Technologies Division
DOE Headquarters, CE-324

1,000 Independence Ave. SW

Washington, DC 20583

-

Subject: Cascades Geothermal Exploration

Dear Marshall,

As we discussed today, I believe there are several Cascades geothermal
exploration actions that need to get underway in FY’835 in order to locate
geothermal anomalies for confirmation_by drilling.

First, we need to start work on the conceptual geoclogic model aof 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 nesd to review and‘ modify our Exploration Architecture,
developed for the Basin and Range, in order to lead gecthermal exploration

in the High Cascades.

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

targeting.

I suggest that Mike Wright of UURI be requested to lead these tasks for
LOE,  werking closely with the USG5 and MNorm Goldstein of LEL. Funds from
the $1.4 M allgcated Ffor Cascades temperature gradient drilling and
asscciated investigations appear proper for these related purposes.

. Sinceresly,

MafFftin W. Hoclloyv, Fh.D
Program Magager
Geoth i1 Reservoir Definitioaon

cc? USGS/Muffler, Sammel
S T UURIZLippmann, Goldstein
ID/Prestwich¥" T
BPA/Geyer
:DOGAMI/Priest




W ETw b T A AR AN T

Sen Frandlsco Operstions Office
1333 Broadway
Qakland, Califonia 84612

e LURI-ESL) e ey -
(Boy) 524~ 320

FROM: ,@&g “gi?‘ﬂ// /gf/%{?}f ﬁé@gﬁ@y’ . _ /” o
: 7 = R G -
@‘ff;} g?ﬁ e '??%fﬁ” : // ‘ // :
/w’“"" e *\\ :
oy
3 mces e covem) e A

Au«m;
.
TN

3M 9600

TRANSMIT ¥TS 538-4417 " erificaties FTS $36.7954

XEROX 200
TRARSMIT FTS 538-6207 ¢ vemiffcacion FTS 536.7956

COMEROIAL TELBFHONE # 415 273.X0K%

THIS MESSAGE CONTAINS ONLY UNCLASSIFIED DMPORMATECT

L, Tgmacate |
ﬁﬁéﬁs # ‘ 7, v . ' R / A P ~=— .
‘ !5 v WHsRonss 7o ;ﬁgg/ ﬁ%&?? fgwﬁ%%ﬁ%gﬁ{ 7 d3 Fw wé §
epunss mast) Wiram Posoc & RBpeasT (R U Hurrnm®, pvo 2) dyrrom o
GRETII T (/5T OF ASSLonsid LTIES), Uiew Revou wity Coyen mony

ey LS ppy - EfCLERR MY For our MTE(@ BFA 4, i
W Auricee sy - Scesessis fox o arE 600 ife- gpon)

il



A o B Draft i o
: : ' DOE~-SAN/Malley
$-25-84 |

: ")4’51!! M

CASCADES  PROSRA&aNM RESFPONMSIBILITIES
~ - Basis for Letier of Agresment -

Il REIN AR ey T e

Cascades_Interagency Tssk Force

—— A R S R L L M e et iz Lt Tl Sl A~

interagency coordination and leadsr-ship

Interface with MW Power Planning (ouncil and regionel institutions
Results of $500 K d-staie gestherasal study re. Cascades

Cazcades program milestones, schedule and systems analyveis

Cazmcades environmental and institutional issues '

Fhasing with gpilet/power plant development, transmiszsion nstworks,
ang iong~raﬁge powsr slanning.

Summary of aastsﬁss gecthermal knoawledgs

Identification of critical gaps in Cascades geothsrmal dats
Fropossd next stepsz for Castades geothermal resource assessment
Propaossed exploration priorities, including areasaite szr&anzng
Conceptual Cascades geothermal gaoiogzc model (1)

ik &t pnooing USEE Cascades research and resulis.
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- Us_ Dsgartmert of _Energy_—-_Beothermal FED _Program (with UURI and LBL)

H8_E

—

arzst_Ssrvice

Caﬁaades‘ekpia#atian‘3tr&tsgy - i
Exploration and drilling technology develogment FEEREN
Exploration survey and drilling contract management T L
Orill targeting nmadel (8) for primary sites L
Interfecy with geothermal industry. - : - T

Gaﬁiegic&l enginsering and accass Lo priority sitss
Fermitting of exploration surveys and drilling on USFS lands -
EA&™s and EIR’% for priority USFS drilling sites.

"Suraau of Land ﬁanggemnnt
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Geothereal Industry (Expleration. DPrilling, Service, Utility.. etc.)

Copparation rith and review of Interagency baEngES Pragram

Continued Csscade exploration and drilling

Commercial testing of known gestherasl reserveirs (low-god. temp.) .

Development of low-moderate tEmgératu?e projects fdzre:g use and
binary glectric). .
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CascADES FRbeRAENRAT IONASLE

Tris is anm interagency response, lad by BP&, to - an initistive of the

‘hprihwest Powsr Planring Counecil.

an the basis  of hearings and staff  analysis, the
Council  Yhas concluged dhat & large geothsrsal potantial suists in the

. ragion for hoth electric generation and direact applications that decre&%@"
., the need for slectricity’. o

?he "Zascades Beothermal Energy Potential" program is ?rapoaed .88 ons ef
three eesponses tg the Council’s Finding. The other twe gescthesrmal.

responses arel

1. Dirsget wutilization. of known low-motderate geathsraal rasgource for.
apace hesting, industriel processing, etoc. @ Thess “conservation’
appraoaches, like the North Bomneville direct use ﬁtady. ‘have higher
priority than slectris power germsration, and are expected to bhe
implimemted in the near—tarm.

2. 10 MK Binary powerplant at a 100 HK rescurce, in responss te a

' gpecific ardar from the Coumcil to BPA. This pﬂwérplent is sxpected -
to be an 1ntarmsd1ate~ta*m praoject at known a hot apring in the faur
state region, not in thé High CLescades.

Thess three efforts are complimentary, and time phased. B plﬂratzcn of the

.- Cascades is sxpected to tahke at least S vears of major effart for 1&:at:anx=
T of_.a major gesthermal resgrvoir,; comparable to the Beysers 2, 000MKR, if one.t

exists.  Devalopmantal driizing@ reservair csonfirmation, _ahﬂ powerplant o
cepnstruction is  expected to taks §-10 vesrs after ithe discovery is made. o
In the interim, direct use and binary powarplant prajescts sre esxpecied  to-

come [on=ling at known low-to-asoderate gepthermal sites cutside the High
';gaazadsgﬂ ) : .

‘The agenﬁies involved are the same as those which particigated in'
-gaathermal axploration and drilling in the late 157¢%s:  the rescurce and > -

energy agencies at both federal and state level. The role of industry has
vet to bz dsfined:. the objective ig to creste 8 framework of mutual

“cooperation, so that mristing information cen he shared, the most sffectives’

pxploration techniques and strategy smploved, and duplication avoided. s The:=

intent i3 to achieve increasing industry participation and cost sharing, so.

thaty, a&s a major reserveir is confirmed, government withdraws and industry -

taksas aver without logs of information oF sonentum. At that point,

.government could . contribute substantisiiy By accelerating lessing, ..

srvirenmnental ,; and permitting revisws.

Th@ initial step, the primary responsibility of the US SGeslogical Survey,

is tp summarize sxisting geothermal knowledge of ths LDascsdes, and to point
the way for an sffective enploratisn program. Assistance of geolegic

asuperts from the states, industry and DOE are crucial to.the zsuctess of the
USGES effort.. The result  should be an  agreed strategy for gecthersal
sxploration of the High Cascades, with site pricrities and conceptual
genlogic madel (8) to guide geophysical surveys, sampling, and explaratery
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Deticiencies in knowlisdge and exploratory techniguess are  expscted to b
uneovered, which will reguire saspecitic tasks, tests, and analyses &
bridge. In partizular, ths severe topography, "rain curtain® masking,  anmt
unknown - sigmature of High Cascadez resserveirs ars pupacted te raguirt
develiopment and t{esting of geophysical survey tachniogues at know

.. geocthermal sites in comparskble settings. Development of exploratior

- technology is particularly well suited o ‘DOE’s RUED mandate, and - the

geothermal "Exploration Architecture” developed by the University of Utar .

Researeh Institute for DOE.

- Qregon will play a central rele, since the State leads in High Cascadse: |
. acresges, available inforesation, and expertise (DOSANMI).  Washington ant

. California are welcome to join from the beginning, as intersst and suppori .
permit. - 2

T The fimal question is "Mhy the Cascades?’. Simply put, the majority of the
. world’s high—~tempesrature (slectric ouality) gecthermal reservpirs are:«
.. asspoiated with asctive volcanism  (italy, MNew Zesland, Iceland, Mewico, -
S Jdapan, Philippines, Indonesia, etc.). Most of the major gecothermal fislds,
Hdncluding- The Devsers CA, and Terro Pristo Mexico, eare located in the "Ring
of Firs" that surrsunds the Pacific Bazsin. The Cascades remain one of ths
areas &f very high gesthermal potential which has seen relatively little

zystemmatic exploration by the US gesothermal industry. Thers srs
relatively fgw surface features, such as hot springs, whith mark underlying |

C s - R R . . . . |
geothermal activity. Cascades sxplaration (s principally concernsd with-

the discavery. of “blind" aystems. It is thus very risky, despite the
potential for discavery of Gevsers—sized rescurces, or "slephants”.

)



