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1.0 EXECUTIVE SUMMARY

The purpose of the Cascades Reéearch Program:is,to conduct research
on the geothermal resources of the Cascades Vo]caﬁic Region in California,
Oregon and Washington. The objectives of the program are to (a) characterize
the Cascades geothermal resource potential, (b) stimulate development of
the region by making data pub1ic1y available, and (c) increase knowledge
of both appliicable exp]oration'tnchniques and the'depth required to penetrate
the overlying cold ground- -water system that masks and- suppressns surface
evidence of the underlying hydrotherma] system

The program's implementation strategy comprises-four principal
activities: thermal gradient drilling, data acquisition, data integration
and interpretation, and technology transfer. DOE will cost-share surface
exploration and drilling of deep thermal gradient hbiés and the extraction
from these holes ofAfundamenta1 subsurface information to identify and
characterize the hydrothemal syétem of the Cascades region. After the
drilling is comp]eted; DOE will have up fo one year to perform R&D activities
at each of the drill hole Tocations. Data obtained both during drilling |
and in the one year period following drilling will be'integrated and
evaluated into case studies and a final report. Additional technology trans-
fer will result from:publication of the transactions from workshops and
conferences and from reports that will be subm1tted for pub11cat1on in pro-
fessional journals. '

The program will be completed in FY-1987, and the estimated cost by
year is: FY-1985--$1,535K; FY-1986--$500K, and FY-1987--$350K.




- 2.0 INTROBUCTION

-

The nation's hydrothermal resources represent a vast energy asset that
is free of foreign control or interference. These resources should be devel-
oped as rapidly and efficiently as possible. If all the hydrotherma]
resources identified in the United States Geological Survey's Circular 790

in the Cascade Mountains of Célifornia, Oregon and Washington were utilized
(see Figure 1) the total energy available at the wellhead from resources
above 90°C would be greater than 50unads, which.is eguivalent to 9 billion
barrels of oil. And, the same source estimates fhat the undiscovered
accessible resource base in the Cascade Mountains could be twenty times as
great as the identified resources. Even though these are hypothetical
numbers, the promise:of a very large energy resource certainly exist;.

However, high temperature geothermal systems in the Cascades have re-
mained elusive exp]ofation targets, with confifmed resource temperatures
present only at Meager Creek in British Columbia, Newberry Caldera in Oregon,
and Lassen Peak in California. The most widely accepted premise used for
the apparent lack of geothermal systems in this province rich in volcanic
 heat sources is that the resource is masked by the cold ground water system.

If geothermal systems are present, it is clear that exploration will be both
expensive and risky. Both the risk and expense can be mitigated somewhat
through the development and application of valid exploration strategies.
“Each strategy must be developed and applied with cost in mind, progressing
from less expensive methods early in the pkogram to more expensive methods
>ut11ized to'sife expensive production-scale wells. In this way, the
financial risk can be limited. ’ - ‘

Although few high-temperature geothermal systems are known in the
Cascadés,Province, producing geothermal systems occur in similar settings
in other parts of the world. These include the Neovolcanic Belt df Mexico,
_the volcanic belt of Central America, and the island arc environments of
Néw Zealand, Japan, Indonesia, and the Ph§1ippines. Data are avai]ab]é for .
most of these environmentévand can be used in establishing conceptual models
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Figure 1. Cascades Geothermal Arfea.




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 set-
tings. This Tliterature can provide valuable information on the character
of fratturing and faulting in these environments and the ability of these
channels to cafry hydrothermal soiutions.

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 under-
standing 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 eva]uatéd Targely in terms of developing a regional geologic
picture and have been applied specifically in only a few areas. The results
of this work, aé‘we11 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.

The Cascades Research 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 development.




3.0 PROGRAM DESCRIPTION

The Cascades Research Program consists of DOE cost-shared surface
exploration and drilling of deep thermal gradient holes and the extraction
from these holes of fundamental subsurface information to identify and
characterize the hydrothermal system. It is also planned that the program
will increase knowledge of both unidue exploration techniques and the depth
required to penetrate beneath the extensive regional cold ground-water system
that suppresses surface evidence of underlying hydrothermal systems (i.e.,
the "rain curtain").

" This program plan defines a program designed to support industry efforts
in the identification, evaluation, extraction and utilization of geothermal
resources in the Cascades as an alternative ehergy source. The plan, with
its major program elements and work subsets, is shown diagrammatically in
Figure 2. A discussion of these major‘e1emen£s follows. A cost and schedule
summary is presented in Section 5.0.

3.1 Thermal Gradient Drilling

DOE issued a "Solicitation for Cooperative Agreement Proposals (SCAP)
Number DEQSCO7-851012555" for the drilling of deep thermal gradient holes
in the Cascades region of Washington, Oregon, and California late in FY-1984.
To qualify for -consideration, the proposer had to méet the following

criterija:

1)  The proposed site must be located within the Cascades volcanic region
of the United States as delineated by Figure 1.

2) The>propo§a1 must include a cost-share plan in which DOE's share-shall .
| not exceed 50 percent. ‘

3) The proposer must agree to éomp]ete'the hole and allow DOE access to
the hole for data acquisition. '
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-4)  Each proposer must provide, as part of its proposal, documentation in
the form of a lease, agreement, or ownership providing it an existing
right of access for geothermal exploration to the proposed drill site.

The proposer is required to submit both a technical proposal -and a
business proposal. Some of the requirements that must be included in the
technical proposal include a geological description -of the resource, drilling
plans, a data collection plan, h01e-comp1etion and maintenance plans, and
abandonment plans. He is also required to address_insfitutiona] considera-.

"tions such as environmental issues. Some of the requirements that must be-
included in the business proposal are a financial plan, cost-share plan,
cost/budget summary and organizational information. A1l of the data and
information obtained during and after drilling will be available to the
public. '

As stated in the SCAP, the proposer must agree that the hole will be
completed and maintained by the proposer such that DOE will have access to
the'ho1e_for a specified period of time. - During that period, DOE will per-
form at its own expense further data gathering and tests for equilibrated
thermal gradients and resource parameters. A selected proposer may indepen-
dently acquire additional data from the hole during the DOE access period
on a non-interference basis. ' '

UURI wi]]-provide DOE with p]ahning assistance for the drill site:
selection and technical assistance for the drilling operatfons as required. -
EG&G will make certain that ehvironmenta] concerns are accounteq'for in the
drilling program. o ' ' ’

' 3.2 Data Acquisition
Activities incTuded in the R&D effort include data collection and

analysis,llitho1og1cf1ogging,Aaquifer characterization, heat flow studies,
and any other work as. determined by the advisory group.




UURT will estab\ish sampling procedures for 11thoiog1cvsamp1es acquired
in the dr1111ng operat1on and will arch1ve splits of the drill chips and
fluid samples in the Geotherma1 Samp]e Library. This data w1J1 be released
‘to_tne public by open-f111ng as instructed by DOE. Also, UURI will produce
*1ith01ogic lTogs of the cuttings and core and will interpret the logs in
relation to.the local surface geology. '

UURI will also have the lead role in aquifer characterization and
supp1emehtaT data collection.  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 postu]étédﬂin these aquifers on surface geothermal manifesta-.
~tions. They will evaluate the extent of cold water overflow in each drill
hole and will obtaih several temperature profiles. in each hole until an
equilibrium profile is obtained. Another component will be to add chemical
tracers to the dri11ing‘¥1uid., These tracers will allow the determination
of the amount of dri11>f1uﬁd contamination of -water samples collected for
,themica] ana1ysis and the cé]cu1ation,of chemical gecthermometers. Hydro-
thermal alteration in drill chﬁp and-core samples will be invesfigated to
determine the max imum temperatures experienced by the rocks and these will
~ be compared withrthe'pkesent températuré‘measured in the holes. Other data
that may be required'will be determined by DOE's advisory group,

.ADavid.B1a;kwé11}of Southern Methodist University'has been'measuring
and 1ntérpretin§'heét flow values in»the'Cascades region for many years and
- is the récognized expert on this ‘topic. It s planned that he be funded
to measure precise temperature gradient and thermal conductivity on the DOE
holes and core samples for the purpose.of heat f1dw determination and to
interpret the results. '

3.3 Data Integration and Interpretation

Integration evaluation and 1ntefpretatioﬁ‘of the new data obtained

.,from dr1111ng and research activities will be the responsibility of the state

. resource assessment. teams’ n Wash1ngton, Oregon and Ca11forn1a UURI USGS,
and others as appropr1ate o




The new'datalcojlected will need to be integrated into the regional
and site specific data bases collected by the USGS and the state resource
teqms.z Thén.a consolidated interpretation will be needed in order to develop
conceptual Qeoidgit models of Cascades-type hydrothermal resources. The
- scientists working on this project will meet in one or more internal work-
shops to insure that the best consolidated interpretation of the data is
made. '

3.4 Technology Transfer

It will be,impprtént to cbmmunicate results of the above work to
indus@ry, and‘a series of workshops' and conferences will be conducted.
Transactions of these meetings will be published to help document results,
and the findings will be presented at professiona1-meétings and reports will
be submitted for publication in professional journals. |

Also, topical reports generated by research tasks and case studies will
be pkepafed to cover the work at each of the drill sites, and a final report
will be written that includes.a review of existihg'1iterature, a discussion
of the siting criteria used for the thermal gradient holes, and the results
of topical reports, open-fi]e data, and other geoscientific work done.




4.0 IMPLEMENTATION PLAN

The fo]Wowing section describes the approach DOE has adopted to execute
the technical program. ‘

4.1 Management Organiiation
The Geothermal and Hydropower Technologies Division (DGHT) has overall

management responsibility for the Cascades Research_Program.' The Idaho
Operations_Office of the U.S. Department of Energy (IDO) has been assigned

by DGHT the program management support and coordinationvrespbnsibi11ties.

ID0 will assign the technical performance of specific program tasks to DOE
national laboratories, USGS, universities, states and others as appropriate
who possess the proper expertise to properly perform the work required by

the program. The relationship among the participating'organizatjons is shown
in Figure 3. ' ' ’ ‘

4.2 Responsibilities

1. Division of GeOtherma] Hydropower Technology (DGHT):

Estab11sh overall program ‘policy, obJect1ves, and direction
Approve program plans and periodic updates
Provide program guidance and financial resources to field offices

-0 0O o o

Evaluate program effectiveness and redirect activities as needed
2. " Idaho Operat%ons 0ffice (100)

0 - Provide program management, coordwnat1on, and 1mp1ementat1on as
V de]egated by DGHT
-0 Devc1op and coord1naté planning for'the program '
0 Prov1de direction and coordinate performance of program elements
performed by national 1aborat0r1es and university- and 1ndustry-
contracted participants

10 -
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o Perform necessary procurement actions

o Provide perijodic reporting on program progress, expenditures, and
plans to DGHT .

o Conduct periodic appraisals of program effectiveness and obtain DGHT
'approva1 for program,changes'that affect scope,'cost, and schedule

7

University of Utah Research Institute (UURI)

Planning Assistance .
Technical Assistance for Drilling
Data Collection and Dissemenation
Lithologic Logging |

Aquifer Characterization
Supplemental Data Collection
Case Studies

Exploration Strategies
Technology Transfer

o 0o o © 0 0o o o o o

Final Report -

EG&G Idagofjlnc.

o Environmental EVa]uatiphs
Southern‘Methodist University

o Heat Flow Studies

Otherg

o State Resource Assessment Teams =
o DOGAMI ' |

0 LBL'

o UURI
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4.3 Quality Progrém Plan

The SCAP for Cascades Thermal Gradient Drilling was reviewed by the
DOE quality assurance staff,.and it is recommended that the resulting
contract include the quality requirements outlined in ANSI Standard
71.8-1971, "“Specification of Genera]vRequirements for a Quality Program".
Particular sections of the SCAP to which the Quality Requirements apply
were itemized and will be included in the finalized document.

13




5.0 COST AND SCHEDULE SUMMARY

.The Program Plan Schedule is shown on Figure 4. In FY-1985, partici-
pants for the Cascades thermal gradient drilling will be chosen, procurement
. activities completed, and df1111ng activities will be completed. Monitoring
methods and procedures which assure compliance with environmental concerns
will be instituted, studies will be conducted, and UURI will do research
which may be required in support of thermal gradient hole selection. Guide-
lines for the DOE research effort will be determined by an advisory committee
comprised of USGS, state geologists, program researchers and industry partic-
ipants.

In FY-1986, heat flow studies and other research will be performed
on the thernal gradient holes with the ultimate goal being the characteriza-
~ tion of the Cascades geothermal resource. Participants in the effort will
be UU?I, EG&G Idaho, Oregon Division of Geology and Mineral Industries,
Southern Methodist University, Washington Department of Natural Resources,
and California Division of Mines and Geo]ng. Data analysis will be started
and technology transfer ‘activities begun as applicable. '

In FY-T987, the research started in FY-1986 will be concluded. The -
data obtained will be integrated into topical reports and case studies will
be prepared to cover the work at each of the drill sites. A final project
report will include a review of existing 11terature, 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.. Norksﬁops will be conducted and transactions of these meetings will
be publishéd to help document the resu1té of the research effort.

The estimated total program costs for the above work are as follows:
'FY-1985--$1,515,000; FY-1986--$500,000; FY-1987--$350,000.

14
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Ref: DOE ORDER 5700.7 ' ' o page __ 4 of b
Contractor Name Field Work Package Field Task Package Task Sequence Revision Number Date Prepared
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b.

Field Task Package Title
CASCADES RESEARCH PROGRAM

19.

Detail Attachments (commuatuon sheet): List in alphabetical order per squares filled in on Page 1.

PUBLICATIONS

1. "Cascades Thermal Gradient Drilling", solicitation for Cooperative Agreement
Proposals (SCAP) Number DE-SC07-85ID12555.

PURPOSE

The purpose of the program is to conduct research on the geothermal resources of
the Cascades Volcanic Region in California, Oregon and Wash1ngton The objectives
of the program are to (a) stimulate deve]opment of the region by making data
publicly available which will characterize the geothermal resource and, (b) in-
crease knowledge of both applicable exploration techniques and the depth required
to penetrate the overlying cold ground-water system that masks and suppresses
surface evidence of the underlying hydrothermal system.

BACKGROUND

The Cascades Volcanic Region has long been suspected to contain considerable geo-
thermal potential, as evidenced by recent volcanism and other thermal expressions.
However, there are few known surface manifestations of geothermal energy in spite
of the obvious occurrence of heat sources. One possible explanation is that the =
downward percolation of the extensive regional cold ground-water system forms a

so called "rain curtain" that suppresses surface evidence of underlying hydrothermal
systems. This hypothesis will be tested by drilling below the rain curtain depth,
and the data obtained will be used to define the geothermal potential of the
Cascades Volcanic Region.

APPROACH

The program will consist of DOE cost shared surface exploration and drilling of
deep thermal gradient holes and the extraction from these holes of fundamental
subsurface information to identify and characterize the hydrotherma] system of the
Cascades region. It is also planned that the program will increase knowledge of
both unique exploration techniques and the depth required to penetrate beneath

the rain curtain. DOE will cost share up to 50% of the allowable cost of drilling
and associated data collection, but the proposer must agree that the hole will be
completed and maintained by the proposer .such that DOE will have access to the
hole for a specified period of time. During that period, DOE will perform, at its
own expense, further data gathering and tests for equilibrated thermal gradients
and resource parameters. .Hole plugging and related abandonment costs may be con-
sidered as a cost shared project cost if incurred immediately after DOE's access
period.
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f. TECHNICAL PROGRESS/JUSTIFICATION

FY-1985

Participants for the Cascades thermal gradient drilling will be chosen, procure-
.ment activities completed, and drilling activities will be completed. Monitoring
methods and procedures which assure compliance with environmental concerns will be
instituted. R&D studies will be conducted, and UURI will do research which may

be required in support of thermal gradient hole selection. Guidelines for the DOE
research effort will be determined by an advisory committee comprised of USGS, state
geologists, program researchers and industry participants.

FY-1986

Heat flow studies and other research will be performed on the thermal gradient
holes with the ultimate goal being the characterization of the Cascades geothermal
resource. Participants in the effort will be UURI, EG&G Idaho, Oregon Division of
Geology and Mineral Industries, Southern Methodist University, Washington Depart-
ment of Natural Resources, and California Division of Mines and Geology. Data
analysis will be started and technology transfer activities begun as applicable.

FY-1987

The research started in FY-1986 will be concluded. The data obtained will be
integrated 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. Workshops will be conducted and
transactions of these meet1ngs will be published to help document the results of
the research effort.

g. FUTURE ACCOMPLISHMENTS

The program will be concluded in FY-1987.

h. RELATIONSHIPS TO OTHER PROGRAMS

1. State-Coupled Resource Assessment Teams - Providing information on viable
resource areas to the private sector on a state level.

2. Reservoir Defination Program - Program run by SAN to better understand geo-
" thermal reservoirs.
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i. ENVIRONMENTAL ASSESSMENT

Each participant is required to prepare and submit an Environmental Evaluation (EE)
The EE is prepared in accordance with guide]ines provided

by DOE and must.be approved by DOE prior to the conduct of groun

activity such as site preparation or thermal gradient drilling. It s not

anticipated that an Environmental Assessment (EA) will be required for this field

disruptive
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