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Department of Geology and Mineral Industries 
ADMINISTRATIVE OFFICE 
1069 STATE OFFICE BLDG., PORTLAND, OREGON 97201 PHONE (503) 229-5580 

July 10, 1979 

Mr. Jack C. Ctunmlngs, Director 
Contracts Division 
U.S. Department of Energy 
Richland Operations Office 
P.O. Box 550 
Richland, Washington 99352 

Dear Mr. Cvnnmings: 

Please find enclosed ten (lO) copies of our final report 
of the Statewide Low Temperature Geothermal Resource Evaluation 
with enclosures covering the period July 1. 1977, to June 15, 
1979, for contract number (BG-77-C-06-1040) AC06-77-ET-28369. 

Because of an unforeseen delay in the printing of GMS-ll, 
the map Is not currently available but will be sent to you 
shortly under sepeurate cover. 

Sincerely yoxirs, 

John D. Beaulieu 
Deputy State G-eologist 
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INTRODUCTION 

During Phase I of the Western States Cooperative Direct-Use Geothermal 

Program (Contract No. EG-77-C-06-1040) available data on low temperature 

(20 C - 90 C) geothennal resources were collected in Oregon. Based on review 

of these data, nine low-temperature resource areas were identified (Fig. 1). 

During the Mt. Hood Geothermal Resource Assessment project (1978), Contract 

No. AC06-77-ET-28369, three other low-temperature resource areas were identi­

fied: Parkdale, northeasterly of Mt. Hood, Powell Buttes, northeast of Bend, 

and the Corbett-Camp Collins area, 9.6 km (6.0 mi) east of Portland (Fig. 1). 

Phase II of the direct-heat geothermal program primarily entailed the 

selection of specific sites, based on Phase I data, within the nine resource 

areas for detailed evaluation. Geological-geophysical investigations of the 

specific sites were conducted in order to select drill test locations. Sites 

were drilled on a priority basis for reservoir confirmation and assessment. 

Results, including maps and reports, were published by DOGAMI on an open-file 

basis and made available to the geothermal community, governmental agencies, 

and the public. Development of direct-use geothermal resources will have 

a significant near-term impact by fulfilling, in part, the energy require­

ments of Oregon and the United States. 

This proposal describes the studies necessary to continue and complete 

most aspects of the Phase II program, and to consolidate and synthesize 

available data with the view of developing a coherent interim statement of. 

the geothermal potential of the State of Oregon. Summary costs by task are 

provided in the Budget Section of this proposal. 

Not contemplated in this proposal is intermediate to deep geothermal 

drilling for final confirmation and assessment of promising geothennal 



V. 
Figure 1: Map showing location of study area. 



targets such as the Lakeview area. As these areas are identified, they will 

continue to be brought to the attention of DOE. 

The thrust of the current proposal is to emphasize low cost data and 

sample collection statewide and to formulate an up-to-date revised geothermal 

assessment for the State of Oregon which includes a measure of the resource 

constrained by geologic parameters and a set of conceptual geothermal models 

to priority systems in the state. Phase III, this study, draws upon the 

regional data developed in previous studies, integrates the earlier Coopera­

tive and Western Cascades efforts into one coherent study, and focuses 

attention on discrete resource areas in Oregon. 
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ORGANIZATION AND MANAGEMENT PLAN 

The Department of Geology and Mineral Industries (DOGAMI) is responsible 

under Oregon State Law for the conduct of geologic research and the regulation 

for the exploration and development of minerals and mineral fuels including 

geothermal energy. DOGAMI and its predecessor organization have been in 

existence since 1913. The agency has a staff of 15 geologists and engineers; 

a chemical, assay and spectrographic laboratory; library; cartographic facili­

ties; and an editorial and accounting staff. These facilities are available 

to the project described in this proposal at no additional cost. 

DOGAMI has been engaged in continuing geothermal research, involving a 

variety of geological, geochemical and geophysical studies, for the past 

thirteen years. The results of these efforts are included in the publication 

series of the Department. 

The principal investigator is Dr. George Priest, Geothermal Specialist, 

DOGAMI. His resume is attached. 

Dr. Priest is currently the Program Manager for DOGAMI of the Low-

Temperature Geothermal Resource Assessment, Phase II, 1979-80, Contract 

No. DE-FC-07-79ET27220 and the Geothermal Resource Assessment of the Western 

and Central Cascades, including Mt. Hood, Contract No. DF-FC-07-79ID12044. 

DOGAMI, as project manager for work iniyO^gon funded by the U.S. Depart­

ment of Energy (DOE), will: (1) coordinate various State and Federal agencies 

and other organizations which may participate in this project; (2) act as 

liaison and coordinator between the project and other ongoing Federal and 

State supported geothermal projects; (3) coordinate site-specific geological-

geophysical studies; and (4) prepare and compile final maps and reports for 



the project. Geophysical studies, if required, will be administered by 

DOGAMI. Consulting geophysicists and geologists will be utilized, wherever 

necessary to complement the assessment portion of this proposal. 

DOGAMI will administer all phases of the Low-Temperature Resource 

Assessment described for which funding is herein to be made available. DOGAMI 

will conduct the necessary geologic studies; air-photo and imagery interpre­

tation; temperature-gradient studies; and geochemical sampling and evaluation. 

DOGAMI would also manage the accounting functions inherent to this proposal. 

An organization chart of DOGAMI personnel that will be utilized in the 

Phase III (1980-81) study is shown in Figure 2. 
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ORGANIZATION CHART 

SUPPORT SERVICES -

SECRETARY CARTOGRAPHY 

STATE GEOLOGIST 

DEPUTY STATE 
GEOLOGIST 

PROGRAM MANAGER 
GEOLOGIST IV 

FIELD EFFORT 

EDITOR GEOLOGIST III 

LABORATORY 

GEOLOGIST III 

GEOLOGIST II GEOLOGIST II 

Figure 2 



ASSESSMENT PLAN 

Task 11 - Geologic Map Refinement 

Tasks 1-10 have been undertaken under previous phases of this study 

program. 

Geologic maps, at an appropriate scale, will be refined for the Northern 

Harney Basin, Parkdale, Western Snake River Plain, and. If time permits, the 

Lakeview area (Fig. 1). The maps will depict all known major structures or 

trends as well as surface geothermal manifestations. Cross-sections based 

on available geologic data will be drawn through the resource areas. 

Besides black and white, color and color IR photos, air-photo studies 

will involve the interpretation of SLAR, LANDSAT (ERTS), and NASA U-2 as 

available. Ground-truth verification will resolve ambiguous interpretations 

and will complement the conceptual synthesis work defined In Task 15. Geo­

physical profiles perpendicular to structure may be used to better define 

faulting beneath alluvium in basins. If detailed geological work and existing 

geophysical data are not definitive. 

Task 12 - Statewide Reconnaissance 

Effort to acquire additional Information on the location, temperature, 

water samples, flow data, and chemistry of thermal springs and wells of the 

State of Oregon will be enhanced in this study and will include emphasis on 

the south-central Cascades, Basin and Range province, structural basins of 

.6' 
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the Columbia Plateau and the Portland-Clackamas River area. These data will 

be included in existing DOGAMI and GEOTHERM data base files and updates of 

the geothermal map base of Oregon. 

Task 13 - Assessment of the Corbett-Camp Collins Area 

Initial assessment of the Corbett-Camp Collins area near Portland will 

be pursued by detailed temperature gradient measurement and water analysis 

of all existing springs and wells and drilling of shallow (152 m) temperature 

gradient wells. In addition, reconnaissance geologic mapping and lineament 

analysis will be completed. All data will be included in existing DOGAMI and 

GEOTHERM data base files and updates of the geothermal map base of Oregon. 

Task 14 - Summary Assessment of Geothermal Resources 

Geothermal models will be developed from the data, and specific develop-

^ ment steps will be recommended for each study area. The product of this 

v ^ task will be detailed assessment reports incorporating all relevant data for 

priority areas that have high potential. A general summary report covering 

all areas studied will also be completed. These reports will guide statewide 

resource assessment and will provide a basis for evaluating or planning 

exploration ventures by either government or the private sector. 

Task 15 - Publication 

The deliverables of this effort include the following: 

Task 11 - Various in-house geologic map revisions 

Task 12 - Spring and well data in GEOTHERM 

V 



Task 13 - Assessment of the Corbett-Camp Collins area 

Task 14 - Summary Assessment reports 

Publications contemplated in this investigation include: 

Report of geothermal gradient data 

Special Papers on high priority resource areas 

Special Paper summarizing the geothermal resource potential 

of all of the study areas 

Geologic maps of priority areas 

/ 
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RELATED STUDIES 

A statewide inventory of low-temperature geothennal resources (Phase I) 

(i.e., geothermal waters with a reservoir temperature of 90°C or less) was 

begun on July 1, 1977. The Inventory, as originally planned, consisted of 

two parts - the first was a compilation of chemical data on Oregon's thermal 

springs and wells, and the second part was an inventory of low-temperature 

reservoirs utilizing a combination of geochemistry, heat flow data, temperature-

gradient data, and geological-geophysical information. 

Geochemical data obtained from the Phase I study were sent to USGS for 

their inclusion in the GEOTHERM data base. The collection of low-temperature 

data during Phase II (1979-80) was likewise stibmitted to USGS. 

DOGAMI, under Contract No. DE-FC07-79ID12044, drilled temperature-

gradient holes in the Central Cascades area. This work was completed in 

late 1980. Data that may relate to an understanding of the geothermal regime 

in the Willamette Pass and Belknap-Foley resource areas was incorporated In 

the final report(s) of these two areas. Similarly, data generated under 

Contract No. AC06-77-ET-28369 for the geothermal assessment of Mt. Hood was 

utilized in the evaluation of the Parkdale area. 

Because of its long-term involvement in the study of Oregon's geothennal 

resources, DOGAMI holds a considerable quantity of unpublished data which 

will be available for this project and will be included in the report. 
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RESUME 

GEORGE R. PRIEST 

Home Address 

10710 S.W. Ponderosa Place 
Tigard, Oregon 97223 
(503) 620-6438 

Business Address 

Oregon Department of Geology and Mineral Industries 
1069 State Office Building 
Portland, Oregon 97201 
(503) 229-5580 

Personal Infonnation 

Birth date: 7-14-49 
Height: 5' 9"; weight: 150 lbs. 
Spouse: Barbara J. Priest 

Education 

B.S., Geology, Oregon State University, Corvallis, Oregon, 6-6-71 
M.S., Geology, University of Nevada, Reno, Nevada, 8-15-74 
Ph.D., Geology, Oregon State University, Corvallis, Oregon, 8-15-79 

Industrial Experience 

Geologist 4, Geothermal Specialist, Oregon Department of Geology and Mineral 
Industries, 11-1-80 to present (Dr. Donald A. Hull, supervisor). 

Geologist 3, Oregon Department of Geology and Mineral Industries, 1069 State 
Office Building, Portland, Oregon 97201, 9-3-79 to 10-31-80 (Dr. Joseph Riccio, 
supervisor). 

Geothermal Exploration Geologist, Chevron Resources Company, P.O. Box 3722, 
San Francisco, California 94119, 6-20-79 to 9-15-79 (Jim Salveson, supervisor). 

Consulting Geologist, to^Hanna Mining Company, Coastal Mining Division, 
388 W. 2550 S., Salt Lake City. Utah 84115, 3-20-78 to 3-23-78; 3-27-78 (Wade 
Hodges, supervisor). 

Geochemist, Lawrence Livermore Laboratory, P.O. Box 808, Livermore, California 
94550, 7-5-77 to 9-7-77 (Dr. Kevin K. Knauss and Dr. Terry L. Steinborn, super­
visors). 

Exploration Geologist, Cyprus Mines Corporation, S. 400 Jefferson Street, Suite 
161; Spokane, Washington 99204, 7-25-74 to 9-15-75 (Dr. E.A. Schmidt, supervisor), 

Consulting Geologist; to Mr. Bruce Miller, consulting exploration geologist. 
Geology Department, University of Nevada, Reno, Nevada 89502, 7-1-74 to 7-6-74. 

Consulting Geologist, Project Manager, for^Dr. D.B. Slemmons, Geology Department, 
University of Nevada, Reno, Nevada 89502, 11-73 to 3-74. 



George R. Priest 

Engineering Geologist, Woodward-Clyde and Associates, Berkeley, California; 
5 days 1-74 (Alfred Ringa, supervisor). 

Exploration Geologist, Phelps Dodge Corporation, Reno, Nevada 89502, 6-15-72 
to 9-15-72 (Robert Ludden, supervisor). 

Academic Experience 

Assistant Professor, Portland State University, Department of Earth Sciences, 
Portland, Oregon 97207, 9-15-78 to 6-15-79 (Dr. Marvin H. Beeson, Department 
Chairman). 

Teaching Assistant, five years. Including the following subjects: 

Physical geology (2.0 academic years) 
Historical geology (0.5 academic years) 
Structural geology (0.5 academic years) 
Photogrammetry (0.5 academic years) 
Mineralogy (3.0 academic years) 

Description of Industrial Work 

Geologist 4 - Oregon Department of Geology and Mineral Industries: Super­
visor for geothermal division; responsible for formulating and carrying out 
geothermal research and resource evaluation studies. 

Geologist 3 - Oregon Department of Geology and Mineral Industries: Managed 
the Western Cascades geothermal drilling program for the State of Oregon. Super­
vised two employees and a drill crew in a Department of Energy geothermal research 
program. Did detailed mapping and sampling throughout the Western Cascades and 
originated and wrote grant proposals for further research In the Western Cascades. 

Geothermal exploration - Chevron Resources Company; Completed a detailed 
geologic map of approximately 60 square miles of the Beowawe KGRA. In mapping 
this complex area, intersecting Basin and Range faults in Paleozoic and Tertiary 
rocks were dealt with. All structural and stratigraphic data were utilized to 
develop a model for the geothermal system in order to site deep drill holes. 
A geologic field assistant was supervised and trained during the investigation. 

Consulting Geologist - Hanna Mining Company: Assisted the Hanna Mining 
Company in their efforts to explore two major epithermal, bonanza gold districts 
in central Nevada. Instructed a number of their western region geologists in 
the interpretation of complex volcanic textures and field relationships in these 
two heavily altered areas. After completion of the field project, a brief report 
on the potential use of trace and major-element modelling In exploration for 
hydrothermal ore deposits was submitted. 

Geochemist - Lawrence Livermore Laboratory: Performed basic research on 
the origin of uranium ore deposits by a complex dissolution, alpha-spectrometric 
method which allowed determination of uranium and thorium-series-isotope activi­
ties. The aim of the project was to determine whether soluble uranium ions were 
moving out of uraniferous gragitlc rocks of NE Washington by testing for secular 
equilibrium between parent " ° U and daughter ""Th. This work was performed 
under the guidance of Dr. Kevin K. Knauss. A publication on these data should 
be forthcoming in the near future. 



George R. Priest 

While assisting Dr. Terry L. Steinborn, was introduced to the latest 
experimental stream-sampling techniques for uranium exploration. Became fam­
iliar with both water and sediment techniques of sampling and analysis. 

Exploration Geologist - Cyprus Mines Corporation: Responsible for managing 
several mineral exploration drilling and mapping projects in varied geologic 
terranes in Nevada, California, Washington, and Montana. While working with 
Cyprus Mines Corporation, hundreds of feet of diamond drill core and rotary 
drill chips were logged, and claim and magnetometric surveys conducted. Dealt 
with various Federal regulatory agencies and supervised reclamation of numerous 
drill sites. 

runn 
Mr. 
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Consulting Geologist to Mr. Bruce Miller: Assistance was requested in 
ning a resistivity survey over a small hydrothermal zinc prospect owned by 
Miller. Became familiar with this unusual type of ore deposit and the 
istlvity technique in the course of this work. 

Consulting Geologist to Dr. D.B. Slemmons: Worked for five months on a pro­
ject to evaluate regional targets for siting of nuclear reactors in northwestern 
Nevada. This study was contracted to Dr. Slemmons by Sierra Pacific Power. 

Forty thousand square miles of NW Nevada were evaluated for presence of 
active and potentially active faults, utilizing high aerial and ERTS photog­
raphy, as well as helicopter reconnaissance. Produced about 60% of the raw data 
for the hazard maps and supervised seven other part-time air-photo analysts who 
generated the balance of the Information. Responsible for all phases of the 
study, including quality control, and assisted Dr. Slemmons in compilation of 
the final report. 

Engineering Geologist - Woodward-Clyde and Associates; During employment 
with Dr. Slemmons (above) a Teave of absence was granted to assist Woodward-
Clyde and Associates in meeting an urgent deadline. Compiled a large body of 
published geological maps located along a major Canadian-United States natural 
gas pipeline route. Responsible for translating the geologic information from 
these maps into nontechnical and engineering terminology for planning purposes. 

Exploration Geologist - Phelps Dodge Corporation: During a Sumner's work 
with Cyprus Mines Corporation, was initially i^esponsible for helping to super­
vise drilling and claim-surveying operations on a large mesothermal "porphyry" 
copper prospect in central Nevada. In the course of logging hundreds of feet 
of diamond drill core across the contact of the quartz monzonite source, became 
Intimately familiar with contrasting regional metamorphic and metasomatic 
alteration assemblages associated with these important copper ore bodies. 

In the latter part of the summer, was involved in regional reconnaissance 
of several Important bonanza gold districts in central Nevada. Utilizing both 
four-wheel drive vehicles and helicopters; assisted In compilation of alteration-
mineralization maps of the Rawhide, Round Mountain and Manhattan gold districts. 
Also conducted similar evaluations of adjacent scheellte and molybdenum deposits 
in the Rawhide district. 



George R. Priest. 

Description of Academic Work 

Experienced as a teaching assistant for many freshman-level physical and 
historical geology laboratories as well as junior-level structural geology 
and photogrammetry laboratory classes. Principal laboratory teaching, however, 
has been in the fields of crystallography, mineralogy and lithology. These 
courses were principal responsibilities as a doctoral candidate for three 
years at Oregon State University. 

During the last term at Oregon State University a survey course in basic 
geology was taught to 150 non-geology majors. As an assistant professor at 
Portland State University during the 1978-1979 academic year had responsibility 
for teaching courses in mineralogy-crystallography, general geology, economic 
geology, igneous and metamorphic petrology, lithology, as well as graduate-
level volcanology and Igneous petrology. 

Instructional Goals 

An integrated approach to instruction is believed in. Every course should 
provide both practical application and theoretical justification of the lecture 
subjects. 

In pursuit of this method, an effort has been made consistently to provide 
quantitative evaluation of all lecture topics where such data are available 
and within comprehension. Practical applications of theoretical concepts 
from a background in mineral exploration and volcanologic research are also 
used. 

In addition, an attempt Is made to teach basic geologic skills in every course, 
if at all possible. The ability to recognize rocks and minerals in hand 
specimens and interpretation of geologic features in the field are considered 
to be of paramount Importance to every earth science student. 

Goals in university teaching will be to teach both undergraduate and graduate-
level courses in Igneous petrology, especially volcanic petrology. Qualified 
to teach economic geology at both the undergraduate and graduate level and 
will be willing also to teach undergraduate mineralogy, crystallography, and 
igneous and metamorphic petrology-petrography. 

Research Interests. 

Wish to use fundamental geochemical principles to solve problems in planetary 
science. Interest Is mainly In the application of trace element geochemistry 
to problems in high-temperature geochemistry and volcanic stratigrapl^y. 

An Integrated, field-laboratory approach should be used in the solution of 
earth science problems. In pursuit of this ideal an endeavor has been made to 
cast all geochemical work in a framework of sound field geologic knowledge. 



George R. Priest 

Industrial Interests 

Interest l ies mainly in geothermal and uranium exploration research; also very 
interested in practical exploration for geothermal energy, part icularly in 
young volcanic terranes. Other f ields of considered employmnnt are environ­
mental geology and mineral exploration. 

Geophysics 

Resistivity and magnetometric surveys of base metal exploration targets have 
been run and evaluated. Also interpreted magnetic and gravity anomaly maps 
in terms of structural geology. 

Mineral and Rock Identi f icat ion 

Able to identify a large variety of minerals u t i l i z ing ore microscopy, petrog­
raphy. X-ray d i f f rac t ion , and hand sample analysis. Three years of mineral­
ogical laboratory teaching have greatly Improved ab i l i t y to identify minerals 
and rocks in hand specimens. 

Mapping Experience 

Able to map in the f ie ld and on a i r photos in a l l types of geologic terrane. 
Both detai led, large scale (1:1,200) and broad, small scale (1:62,500) geologic 
maps in volcanic, intrusive, metamorphic, and sedimentary terranes have been 
completed. 

Active faul t maps u t i l i z ing the fau l t evaluation system of Woodward-Clyde and 
Associates have also been produced and evaluated. During graduate-level 
course work in engineering geology, land-use-planning maps were produced 
which evaluated a large f i e ld area for slope s tab i l i t y ; foundation and waste 
disposal characteristics of s o i l ; absolute slope; sources of aggregate; active 
fau l ts ; water ava i lab i l i ty ; and flooding potent ial . 

Geochemical Analysis 

Three s l ight ly di f ferent X-ray fluorescence techniques for major and trace 
element analysis of whole rocks have been used. A variety of trace and major 
elements by both radiochemical and instrimiental neutron activation have also 
been dPtermined. During work at the Lawrence Livermore laboratory wc-t chemical 
separation techniques have been used to separate U and Th isotopes to determine 
absolute isotopic concentration and act iv i ty via alpha-spectroscopy. 
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THESIS RESEARCH 

Thesis t i t l e : Geology and geochemistry of the L i t t l e Walker volcanic center, 
east-central Cali fornia. 

Description of the Problem and the Attack: 

The L i t t l e Walker volcanic center is a major l a t i t i c ash-flow center located in 
east-central Sierra Nevada, Cal i fornia, about 17 km WNW of Bridgeport, Cali fornia. 
I t was the source of the voluminous welded and non-welded quartz- lat i te tuf fs of 
the Eureka Valley Tuff about 9.5 m.y. ago. These ash flows cover about 4,000 
square kilometers of the Sierras and probably had a total volume of at least 60 
cubic kilometers before erosion. 

I t was the aim of the thesis study to accurately locate the margins of a large 
caldera inferred to be present at the center, and evaluate the economic potential 
of mineralized areas. To accomplish these two objectives, the writer has mapped 
about 304 square kilometers of the L i t t l e Walker center in varying degrees of 
detai l and geochemically analyzed numerous lavas which were erupted before, duringi, 
and after the major ash-flow eruptions. Chemical analyses were obtained by X-ray 
fluorescence and neutron activation methods. 

Using phenocryst mineralogy and major element data for whole rock specimens, 
numerous least-squares mixing models have been tested, using remote-batch com­
puter methods. Viable fractionation models obtained from the mixing calculations 
have then been tested with the trace element data using surface equilibrium 
Rayleigh fractionation models. 

To obtain information about the source rock which may have been par t ia l ly melted 
to produce the parental magmas of the center, numerous fractional fusion and batch 
melting calculations have been obtained for various potential source mineralogies, 
using geochemically reasonable eutectic and cotectic melting proportions. Such 
calculations are chiefly constrained by the trace element data and can be used 
to infer the probable trace element composition and mineralogy of the source rock, 
as well as the degree of part ial melting which may have produced the parental 
magmas. 

Geochemical traverse sampling and mapping of widespread epithermal alterat ion of 
the western half of the center provided the means of evaluating i t s gold-silver 
potent ial . Assistance in evaluation of the gold-silver mineralization was pro­
vided by support from the Freepcrt Mining Company, Reno, Nevada. A subsidiary 
study of uranium resources focused attention on the v iab i l i t y of the uraniferous 
volcanic rocks as primary and secondary sources of uranium. Trace element data 
from the volcanic units and from stream samples provided the basis for this part 
of the study. 

Thesis Advisors: * Head Advisor ** Informal Advisor 

*Dr. Edward M. Taylor, Department of Geology, Oregon State Univ., Corval l is, OR 
Dr. William H. Taubeneck, 
Dr. E. Julius Dasch, " » m 
Dr. Keith F. Oles, 
Dr. Roman A. Schmitt, Department of Nuclear Chemistry, Oregon State University, 

Corval l is, OR 97331 
**Dr. Donald C. Noble, Department of Geology and Geologic Engineering, Michigan 

Technological University, Houghton, MI 49931 
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Publications 

Priest, G.R., 1978, Phenocryst-groundmass distribution coefficients for some 
intermediate lavas of the Little Walker volcanic center. Mono County, 
California. In manuscript, 11 p. 

_, 1978, Trace and major element evidence for the origin of quartz 
latite and aluminous low-Mg latite; Oregon Acad. Sci. Proc. v. 14, 
p. 154-155. 

_, Latites, quartz latites: jji Fairbridge, R. and Green, J., eds.. 
Volcanoes and volcanology: Dowden, Hutchinson and Ross, Inc., publishers, 
in press, 5 p. 

_, Noble, D.C, Bownan, H.R., Geochemistry of a potass ic volcanic 
center. Little Walker center. Mono County, California: in manuscript, 
10 p. 

, Noble, D.C, and Dickinson, W.R., Geologic evolution of the 
Little Walker volcanic center. Mono County, California: in manuscript, 
20 p. + map at 1:24,000. 

, Noble, D.C, Bowman, H.R., Hebert, A.J., and Wollenberg, H.A., 
1975, Eruptive and geochemical evolution of the Little Walker volcanic 
center; California Division of Mines and Geology, California Geology, 
V. 28, no. 5, p. 106. 

, Bowman, H.R., Hebert, A.J., Silberman, M.L., Street Jr., K., 
and Noble, D.C, 1974, Eruptive history and geochemistry of the Little 
Walker volcanic center, east-central California. A progress report: 
Geol. Soc. America Abs. with Programs, v. 6, p. 237. 

, Riccio, J., Woller, N., Gest, D., and Pitts, S., 1980, Heat flow 
along the High Cascade-Western Cascade transition zone, Oregon: Oregon 
Acad. Sci. Proc, v. 16, in press. 

Personal References 

Dr.E. M. Taylor, Geology Department, Oregon State University, Corvallis, 
Oregon 97331. 

Dr. W. H. Taubeneck, Geology Department, Oregon State University, Corvallis, 
Oregon 97331. 

Dr. K. F. Oles, Geology Department, Oregon State University, Corvallis, Oregon 
97331. 

Dr. D. B. Slenmons, Geology Department, Mackay School of Mines, University of 
Nevada, Reno, Nevada 89502. 

Dr. D. C Noble, Department of Geology and Geological Engineering, Michigan 
Technological University, Houghton, Michigan 49931. 
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Bodvarsson, G., 1966, Energy and power of geothermal resources: Oregon 
Department of Geology and Mineral Industries, Ore Bin, v. 28, no. 7, 
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Groh, E.A., 1966, Geothennal energy potential in Oregon: Oregon Department 
of Geology and Mineral Industries, Ore Bin, v. 28, no. 7, p. 125-135. 

1967 

Peterson, N.V,, and Groh, E.A., 1967, Geothermal potential of the Klamath 
Falls area, Oregon, a preliminary study: Oregon Department of Geology 
and Mineral Industries, Ore Bin, v. 29, no. 11, p. 209-231. 
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Godwin, L.H., and Peterson, N.V., 1969, Geothermal energy, JH Mineral resources 
of Oregon: Oregon Department of Geology and Mineral Industries Bulletin 
64, p. 299-304. 

1970 

Bowen, R.G., and Peterson, N.V., 1970, Thermal springs and wells in Oregon: 
Oregon Department of Geology and Mineral Industries Miscellaneous Paper 
14 (listed on back of location map, scale 1:1,000,000). 

1971 
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ABSTRACT 

Numerous low-temperature hydrothermal systems are available for exploita­

tion throughout the Cascades and eastern Oregon. All of these areas have 

heat flow significantly higher than crustal averages and many thermal aquifers. 

In northeastern Oregon low temperature geothermal resources are controlled by 

regional stratigraphic aquifers of the Columbia River Basalt Group at shallow 

depths and possibly by faults at greater depths. In southeastern Oregon most 

hydrothermal systems are of higher temperature than those of northeastern 

Oregon and are controlled by high-angle fault zones and layered volcanic 

aquifers. The Cascades have wery high heat flow but few large population 

centers. Direct use potential in the Cascades is therefore limited, except 

possibly in the cities of Oakridge and Ashland, where load may be great enough 

to stimulate development. Absence of large population centers also inhibits 

initial low temperature geothermal development in eastern Oregon. It may be 

that uses for the abundant low temperature geothermal resources of the state 

will have to be found which do not require large nearby population centers. 

One promising use is generation of electricity from freon-based biphase 

electrical generators. These generators will be installed on wells at Vale 

and Lakeview in the summer of 1982 to evaluate their potential use on geothermal 

waters with temperatures as low as 80° C (176° F). 

It is clear also that the low temperature geothermal resources identified 

here and others like them elsewhere in the state must be viewed in a broader 

context which considers the very favorable geologic setting for geothermal 

potential in general. Thus, low temperature resources identified today really 

constitute part of a data base which may lead to the discovery of a larger 

temperature resource base tomorrow, technology and economics permitting. 



INTRODUCTION 

This report is the summary and conclusions of an investigation of 

low-temperature (20 to 90° C) geothermal resources begun May 23, 1979 by the 

Oregon Department of Geology and Mineral Industries (DOGAMI) with support 

from the United States Department of Energy (USDOE) under Cooperative Agreement 

No. DE-FC07-79ET27220. The report summarizes low-temperature resource assess­

ment data generated for the following project areas (Figure 1): 

1. Corbett-Moffett 8. Northern Harney Basin 

2. Parkdale 9. Southern Harney Basin 

3. Milton-Freewater 10. Western Snake River Plain 

4. La Grande (Craig Mountain- 11. Lakeview 
Cove area) 

12. Alvord Desert 

13. McDermitt 
5. Belknap-Foley Hot Springs 

6. Willamette Pass 

7. Powell Buttes 

Raw data and preliminary conclusions for these areas are included in the following 

published DOGAMI reports and maps and will not be included here: 

1. Heat flow of Oregon: Special Paper 4, 1978, includes 1 map. 

2. Geothermal gradient data for Oregon: Open-File Report 0-78-4, 1978. 

3. Chemical analyses of thermal springs and wells in Oregon: Open-File 

Report 0-79-3, 1979. 

4. Geology of the La Grande area, Oregon: Special Paper 6, 1980, 

includes 1 map. 

5. Preliminary geology and geothermal resource potential of the Belknap-

Foley area: Open-File Report 0-80-2, 1980, includes 1 map. 



Figure 1. Location of project areas. 



6. Preliminary geology and geothermal resource potential of the 

Willamette Pass area: Open-File Report 0-80-3, 1980, includes 1 map. 

7. Preliminary geology and geothermal resource potential of the Craig 

Mountain Cove area: Open-File Report 0-80-4, includes 1 map. 

8. Preliminary geology and geothermal resource potential of the western 

Snake River Plain: Open-File Report 0-80-5, 1980, includes 4 maps. 

9. Preliminary geology and geothermal resource potential of the northern 

Harney Basin: Open-File Report 0-80-6, 1980, includes 4 maps. 

10. Preliminary geology and geothermal resource potential of the southern 

Harney Basin: Open-File Report 0-80-7, 1980, includes 8 maps. 

11. Preliminary geology and geothermal resource potential of the Powell 

Buttes area: Open-File Report 0-80-8, 1980, includes 1 map. 

12. Preliminary geology and geothermal resource potential of the Lakeview 

area: Open-File Report 0-80-9, includes 2 maps. 

13. Preliminary geology and geothermal resource potential of the Alvord 

Desert area: Open-File Report 0-80-10, 1980, includes 2 maps, 

14. Progress report on activities of the low-temperature resource-

assessment program 1979-80: Open File Report 0-80-14. 

15. Geothennal gradient data for Oregon for 1978: Open-File Report 

0-81-3A. 

16. Geothermal gradient data for Oregon for 1979: Open-File Report 

0-81-3B. 

17. Geothermal gradient data for Oregon for 1980: Open-File Report 

0-81-3C. 

18. Map showing geology and geothermal resources of the southern half 

of the Burns 15' Quadrangle: GMS 20, in press. 

19. Map showing geology and geothermal resources of the Vale East 7 1/2' 

Quadrangle, Oregon: GMS 21, in press. 



20. Geothermal gradient data for Oregon for 1981: Open-File Report 

0-82-4. 

The Department is continuing its resource assessment efforts in other 

areas throughout Oregon with concentration on the Cascades. Resource assess­

ment data will soon be available in open file for the low-temperature resources 

of Ashland, Oregon when a 1982 drilling program is completed under contract 

DE-FC07-79ID12044. Preliminary conclusions concerning the Klamath Falls and 

Bend areas will also be available in an upcoming special paper on the geology 

and geothermal resources of the Oregon Cascades (DOGAMI Special Paper 15). 

A preliminary summary of this paper will be included in the conference proceedings 

volume for the 1982 USDOE-sponsored conference at Salt Lake City, Utah. A 

similar paper, aimed primarily at a summary of the data gathered at Powell 

Buttes, was presented in the 1981 USDOE conference at Glenwood Springs, 

Colorado (see DOE/ID/120-79-39, ESL-59, published by the Earth Science 

Laboratory, University of Utah Research Institute, Salt Lake City, Utah). 



CORBETT-MOFFETT 

The Corbett-Moffett area extends from Cascade Locks in the Columbia Gorge 

to the lower Sandy River-Troutdale area (Figure 1). Hot springs at Carson 

(49°C) and North Bonneville (36°C) on the Washington side, a warm well at 

the new site of North Bonneville (37°C) and three slightly warm springs in 

the Troutdale area are the main surface manifestations of the geothermal 

resources. These springs are in a northeast-southwest line in a distinct 

lineament on high altitude SLAR and ERTS imagery. The cause of this lineation 

and spring alignment has, as yet, not been determined. 

Cascade Locks (population 835) is the largest city within the Columbia 

Gorge. Several smaller communities lie between Cascade Locks and Troutdale. 

Lumber mills at Bridal Veil and Cascade Locks and tourism are the economic 

bases for the population. There is also a sizable number of local residents 

who work at Bonneville Dam. 

At the western end of the Corbett-Moffett area the population is considerably 

larger. Troutdale (population 5,940) and Gresham (population 33,250) are the 

centers of lush farming and light industrial areas. Near Troutdale, a warm 

artesian well at Camp Collins (23°C}, a slightly anomalous spring at Corbett 

Quarry (18°C), and a warm spring across the Columbia River at Camas suggest 

that a possible resource may lie at depth. 

DOGAMI undertook study of the Corbett-Moffett area under the current 

USDOE low-temperature grant. The aims of the study were: 1) to investigate 

the possibility of geothermal resources occurring on the south side of the 

Columbia Gorge; 2) to investigate the low-temperature manifestations at Camp 

Collins and Corbett Quarry; and 3) to see if the main source of geothermal waters 

was: a) a deep-seated northeasterly geologic structure; b) several northwesterly 
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or northerly cross-cutting geologic structures (such as the Lacamas Fault in 

the Camas area) which could cause localization of geothermal waters; or 

c) the deep incission of the Columbia River interacting with the regional 

heat flow to yield higher than ambient temperature. 

DOGAMI began a vigorous spring sampling and water well "scrounge" program 

to identify promising sites for drilling of geothermal heat flow test holes. 

Although many springs were tested, only in the immediate area of Camp Collins 

were new thermal waters discovered. None of the thermal found in the Camp 

Collins area exceeded the Camp Collins well in temperature or ion/mineral 

content. 

Six holes were drilled by DOGAMI in the Corbett-Moffett area in 1981. 

Locations and results are as follows: 

1) Dry Creek Falls - This hole was located at the foot of the cliffs 

south of Cascade Locks. Although the site was over 1 mile from 

Cascade Locks, the site was the nearest available with the possibility 

of yielding good results. The gradient was 35.4° C. The gradient 

at this site was below the expected regional gradient. This may be 

due to a downflow groundwater system at the site, 

2) Tanner Creek - This site is across the Columbia River from thermal 

anomalies at Moffett Hot Springs and North Bonneville. Hammond 

(1980) mapped a northwesterly fault crossing the Columbia Gorge in 

this area. The gradient was 77° C/km. The results at this site were 

slightly higher than the expected regional gradient. 

The Tanner Creek site is located close to the Bonneville Dam 

complex, with its fish hatchery, maintenance shops, administration 

buildings, and tourist facilities. However, unless still warmer 

waters are encountered (by either deeper drilling or striking a 
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stlll higher heat flow anomaly in the same vicinity), it is not 

likely that low temperature utilization will be feasible in this area. 

3) Corbett Quarry - located at the site of a slightly warm spring. 

The gradient was 29.3° C/km down to 110 m, where it became isothermal. 

The gradient is isothermal at approximately the same temperature as 

the nearby spring and is probably the product of upflow from the 

same source which feeds the spring. 

4) Howard Canyon - This site was chosen to hit the Columbia River Basalt 

in an area where it may have fracture permeability. It is on the 

hinge of a monoclinal fold of the perm.eable basalts, on the projected 

strike of the Lacamas Fault. The gradient was 40.5° C/km. The 

results were consistent with heat flow modeling of the northern 

Oregon Cascades of Blackwell and others (1978). The gradient indicates 

that the site is outside of the High Cascades heat flow anomaly. 

5) Sandy River - This site is also in the trend of the Lacamas Fault 

which has been mapped in southern Washington. It is also across 

the Sandy River from Camp Collins. The gradient was 42° C/km which 

is again consistent with regional background values outside the 

High Cascade heat flow anomaly. 

6) Camp Collins - This hole was expected to determine the nature of 

the resource at nearby Camp Collins. Unfortunately, the hole had 

to be terminated before reaching its scheduled depth because of 

drilling problems and budget limitations. However, the gradient 

was 124° C/km to a depth of 74 m. Deeper drilling needs to be done 

to evaluate this extremely anomalous result. 



•11. 

The Camp Collins site remains attractive for investigation 

although no evidence of a large-scale shallow hydrothermal system 

was revealed which might be utilized by the nearby population center 

of Gresham. While it does not seem likely that other than ye ry low-

temperature resources occur in this area, based on the low gradients 

in adjacent wells, the very high local temperature gradient suggests 

that deeper drilling might have a chance of encountering higher 

temperature water than currently utilized at Camp Collins. 

Thermal aquifers may occur in Columbia River Basalt Group (CRBG) 

rocks at unknown depths (perhaps 1000 m?) beneath the Gresham area, 

although drilling for such aquifers in the Mt. Hood area has not 

been successful. If water is present in CRBG at 1 km in the Gresham 

area, it will be at about 50° C, assuming the heating of the Camp 

Collins water occurs at depth within the area. Perhaps more likely 

is the possibility that thermal waters migrated laterally within an 

aquifer of the CRBG from the Cascade thermal anomaly to the east, 

and rose to shallow levels in the lower Sandy River area via local 

fracture zones associated with folding of the CRBG. This is 

supported by the general vertical impermeability of the volcanic pile 

in the Mt. Hood area, the hydrostatic head of wells penetrating the 

CRBG in the Camp Collins area, and the absence of young local 

Quaternary volcanic centers. Engineering studies should be pursued 

to evaluate whether further exploration for a low-temperature resource 

is justified. The study should take into account the probable low-

temperature of the resource, high risk of finding inadequate fluid, 

and high costs of drilling deep wells, as well as the high potential 

load available. 
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Based on the results of the studies undertaken for this report, the 

best model explaining the occurrence of thermal phenomena in the Corbett-

Moffett area would be the localization of low-temperature geothermal waters 

by the intersection of the Columbia Gorge with cross-cutting northwesterly 

and northerly geologic structures. Future recognition of additional geologic 

structures in the Columbia Gorge would merit further geothermal investigation. 
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PARKDALE 

The Parkdale area is located at the south end of Hood River Valley 

(Figure 1). The area is noted for its lush farmland and orchards. Local 

population centers include Parkdale, Dee and Odell, 

Interest in low-temperature geothermal energy in the Parkdale area is 

based on the existence of a warm well, a young lava flow whose estimated age 

is 500 years, and youthful faults to promote convective circulation that may 

allow thermal water from the Mt. Hood heat flow anomaly to rise to shallow 

depths. 

Heat flow data from the area is sparse. There is an abundance of spring 

water and runoff available to meet most of the needs of the population and 

agribusiness. Those not so fortunate have found ground water at shallow 

depths in the valley fill of river sediments. Consequently there are few 

water wells drilled in the valley, and those present do not penetrate the 

sediments to any substantial depth. 

The abundant rainfall and the permeability of the river deposits create 

a masking effect in which shallow cold ground water tends to conceal regional 

gradients in wells that do not penetrate through the shallow aquifers. 

The warm well that provides the Dee Fish Hatchery with 24° C has been 

temperature logged by DOGAMI. The temperature log shows two shallow aquifers; 

one at 60 to 110 m yields water of 24.2° C, and one at 110 to 175 m yields 

22° C water. Geothermetric calculations using data from geochemical analysis 

suggest reservoir temperatures of approximately 125° C 

DOGAMI undertook an assessment of the low-temperature geothermal resources 

of the Parkdale area for this report. The investigation was a three-pronged 

study involving geochemical water sampling, regional "scrounging" for available 

open wells for temperature gradient logging, and geologic mapping. 
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Nineteen springs were sampled in 1981. Some of the springs were located 

on maps and used for local water supplies. Others were located during the 

course of the geologic mapping project and were possibly related to structural 

geologic features. However, none of the sampled springs showed any geothermal 

component, and measured temperatures were invariable low. The lone exception 

was the resampled well at Dee's fish hatchery, already mentioned. 

The effort to locate additional wells available for temperature logging 

was only moderately successful. DOGAMI's files now include a total of 15 

wells in the area with temperature logs. Many of these are isothermal or have 

negative gradients, indicating that these wells did not penetrate through the 

cold water "blanket" generated by recharge from Mount Hood. Two of the 15 

wells were drilled by DOGAMI in previous years for heat flow determination 

and encountered the same problem. The few good quality gradients that exist 

for the area are in the range of 25° C - 55° C/km, with a high heat flow 
2 

maximum of 87 mW/m . However, the gradient of this well (yielding a heat flow 

2 
of 87 mW/m ), was not clear and the calculated heat flow is regarded as a 

maximum value. 

Geologic mapping was intended to identify faulting and determine the 

age of the episodes. The Parkdale scarp, the fault that terminates the east 

side of the valley, was studied by Department staff. The major movement on 

the fault occurred between 2.66+2.0 m.y. and 2.08+0.24 m.y.B.P., with a 

displacement of greater than 2,000 feet. Last movement of the fault postdates 

2.08+0.24 m.y., making this fault one of the youngest known faults in the Oregon 

Cascade Range. 

Although available regional gradient and spring sampling data do not 

indicate geothermal resources in the Parkdale area more promising than for 

the region in general, the identification of young faulting and the proximity 
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to Mt. Hood suggests that further work should be done in the area. Available 

gradient data is not sufficient to analyze the potential adequately. Lack of 

a large urban population in the area probably precludes development of a 

district heating system, should adequate geothermal resources be found. 

Other, smaller-scale uses, such as the aquaculture system, already being 

utilized at the Dee Fish Hatchery, and food processing, might be possible on 

a much larger scale than currently in utilization. 
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MILTON-FREEWATER 

The Milton-Freewater area, as defined for purposes of this report, is 

composed of that part of the Walla Walla Basin which lies in Oregon (Figure 1). 

The Walla Walla Basin is a triangular shaped area which lies astride the Oregon-

Washington border approximately 30 miles (48 km) northeast of Pendleton, Oregon. 

The only significant population centers in Oregon are Milton-Freewater 

(pop. 5,110) and the small unincorporated town of Umapine. Agriculture is the 

main source of income for the region. 

The Walla Walla Basin is a structural depression located in the Columbia 

Plateau physiographic province of eastern Oregon and Washington, which is 

composed mostly of flood basalts of the Miocene Columbia River Group. That 

part of the plateau located in Oregon is known as the Deschutes-Umatilla Plateau. 

The basin is bordered on all sides by anticlines. To the east is the northeast 

trending Blue Mountains Anticline, to the south the west-northwest trending 

Horse Heaven Anticline, to the west the north-south trending Divide Anticline, 

and to the north in Washington is a low east-west trending arch. 

As has been previously mentioned, the Columbia Plateau is underlain by 

a thick sequence of Miocene tholeiitic flood basalts, the Columbia River Group. 

In the Walla Walla Basin, the basalts are exposed only in the bottoms of 

streams flowing into the basin, and on the flanks of the anticlines bordering 

the basin. Within the basin the basalts are covered by a series of unconsoli­

dated Pleistocene and Holocene deposits which are as much as 650 feet (198 m) 

in thickness. The deposits include gravels, clays, loess, silts, siltstones, 

glacio-fluviatile deposits, and alluvium. 

There are no surface thermal phenomena in the Walla Walla Basin. Early 

interest in the area was generated by rumors of warm irrigation wells, some 

of which were artesian at temperatures in excess of 38° C, though most fall 
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into the range 15-27° C. The warmest wells all turned out to be located in 

the center of the basin near the town of Touchet, in Washington. 

The Department of Geology and Mineral Industries (DOGAMI) effort in the 

region has been quite limited. To this date temperature gradients have been 

measured in only seven open water wells in Oregon, though a larger data set 

exists for the Washington side of the Walla Walla Basin. No well sampling 

program has been instigated, but limited geochemical data is available from 

groundwater studies which have included the Walla Walla Basin. Silica geo­

thermometers indicate minimum reservoir temperatures in the range 100°-120° C 

for some of the warmer wells in the area. 

Based on the limited temperature gradient data available, it appears that 

_2 
the heat flow averages about 55 mWm in the Walla Walla Basin. Typical 

gradients are 35° Ckm" in the basalts and 50° Ckm" in the lower thermal 

conductivity sediments overlying the basalts. 

According to ground water studies, there are major sets of aquifers in 

the area. The first is associated with older Pleistocene gravels. The water 

from wells drilled into these aquifers is typically cold and unconfined. The 

second is associated with flow contacts in the Columbia River Basalt. Waters 

from these aquifers are typically warm and artesian, and the wells commonly 

produce several thousand gallons per minute of water. 

It is clear that there is a low-temperature resource in the Walla Walla 

Basin with abundant fluid and temperatures adequate for space heating and 

other lower temperature direct-use applications (most probably agricultural 

applications). The high temperatures, in most cases, result from a combination 

_2 
of the somewhat high regional heat flow (55 mWm ) and the insulating cap of 

low thermal conductivity unconsolidated sediments. Where temperatures in 

excess of 38° C occur, as in the Touchet area of Washington, it is probable 
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that the fluids are derived from convection systems associated with mapped 

normal faults. 

It appears, given the nature of the Columbia River Basalts in the Oregon 

portion of the Columbia Plateau, that adequate quantities of warm fluids can 

be obtained at any specific site. The temperature obtained in a specific 

well will depend primarily upon the depth drilled. Therefore, future efforts 

should be directed primarily toward site specific engineering studies, to 

determine if the resource is adequate to supply the expected load. In certain 

areas detailed geologic mapping and geophysical studies may be useful for 

locating faults. Convective systems associated with the faults could provide 

higher temperatures than would normally be expected at a given depth. 
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LA GRANDE 

The La Grande area is located within the Blue Mountains physiographic 

province of northeastern Oregon (Figure 1). It is bordered by the Blue 

Mountains on the north and west, and by the Wallowa Mountains on the east. 

The three main population centers of La Grande (pop. 11,140), Union (pop. 2,160) 

and Cove (pop. 500), all lie within the Grande Ronde Valley. 

The Grande Ronde Valley is a structural depression which is bordered on 

all sides by normal faults with displacements of several thousand feet. The 

floor of the valley is composed of unconsolidated Plio-Pleistocene lacustrine 

and fluvial sediments, landslide deposits, and alluvial fans. The bedrock 

making up the valley margins is composed exclusively of rocks of the Miocene 

Columbia River Basalt Group. 

Hot springs are common throughout the study area, particularly along the 

southern and eastern margin of the Grande Ronde Valley. The hottest spring is 

the Hot Lake Resort Spring, 11.7 km southeast of La Grande, with a surface 

temperature of 85°C. Most of the other springs possess surface temperatures 

in the range 20-30°C. All of the springs are fluid-dominated deep circulation 

systems which are associated with the normal faults at the margins of the 

Grande Ronde Valley. 

The Department of Geology and Mineral Industries (DOGAMI) commenced its 

geothermal effort in the Grande Ronde Valley in the summer of 1977 with the 

measurement of temperature gradients in existing water wells. In the spring 

of 1980 a spring sampling program was completed, and in the winter of 1979/1980 

three heat flow holes were drilled in the city of La Grande. Originally 4 

holes with a 152 meter (500 ft) nominal depth were scheduled, but extreme 

drilling problems resulted in the completion of only three holes, the deepest 

of which was completed to 120 m. 

During the DOGAMI sampling program, twenty-five thermal springs and wells 
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were sampled and analyzed. These, when combined with previously published data, 

resulted in a total of seventy-five analyses available for evaluation. It is 

felt that the chalcedony and 4/3B Na:K:Ca geothermometers probably give the 

best estimates of minimum reservoir temperature. For most of the springs and 

wells, these estimates fell in the range 100-125°C. The highest calculated 

temperatures were for those springs associated with the basin-bounding normal 

faults. The highest estimated minimum reservoir temperature for the Hot Lake 

Resort Well was 100°C. 

Heat flow data for the Grande Ronde Basin is sparse, and the quality of 

most of the data that has been obtained is not good. Because most of the holes 

were measured in the unconsolidated sediments of the La Grande Basin, where 

the effects of refraction, sedimentation, and groundwater circulation tend to 

depress temperatures, the measured temperature gradients were often anomalously 

low or even isothermal. Of the three holes drilled by DOGAMI in the city of 

La Grande, one was totally useless for heat flow determinations (due to a 

negative temperature gradient) and there were significant problems in inter­

pretation associated with the other two. These two holes resulted in heat flow 

-2 -2 
values of 42 mWm and 84 mWm . Based on the total data set, the best estimate 

_2 
for heat flow in the Grande Ronde Valley is 60-80 mWm , and the best gradient 

is 50+20°Ckm~^ 

One of the DOGAMI holes, drilled adjacent to the city hospital, encountered 

15-21°C water flowing at 114 1pm; a temperature and flow rate adequate for 

space heating applications using a heat pump. 

It appears that the areas with the highest potential for the direct use 

of low temperature geothermal fluids are those adjacent to thermal convection 

systems associated with valley bounding normal faults. Of the many warm springs 

in the Grande Ronde Valley, those associated with the Craig Mountain fault and 
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its extensions along the southern margin of the valley appear to be the most 

promising. Normal faults are also present in La Grande, and the warm water 

encountered in one of the DOGAMI drill holes is evidence that thermal convection 

anomalies m ay be associated with these faults. At the present time the City of 

La Grande is drilling a 1700-ft hole near one of the DOGAMI drill sites. 

Although it is being drilled primarily as a city water supply, DOGAMI will be 

allowed to temperature log the hole. If the temperatures are adequate, serious 

consideration will be given to forming a geothermal heating district to supply 

the many public loads in the area (three schools, city and county offices, and 

the Eastern State College Campus). 

There is also considerable low temperature geothermal potential toward the 

center of the Grande Ronde Valley, where deep irrigation wells (900-1700 ft) 

commonly encounter large (often artesian) flow rates of several hundred to 

several thousand gallons per minute of water in the temperature range 19-32°C. 

The aquifers in these wells are the flow contacts between basalts of the Columbia 

River Group, and the heat is provided by the regional geothermal gradient. 

Although the temperatures in the wells are not particularly high, the large 

volumes of water available should make them an attractive economic target. 
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BELKNAP-FOLEY 

The Belknap-Foley area is located at the eastern margin of the central 

Western Cascade Range of Oregon, approximately 80 km (50 mi) east of Eugene 

(Figure 1). McKenzie Bridge, Rainbow, and Blue River are the only towns 

in the study area. They are very small unincorporated communities. Because 

few people live in the area, there is little likelihood that a large-scale 

heating district could be economically installed. For this reason, no drilling 

was done for this study, although five temperature-gradient wells were drilled 

to about 150 m by the Department for regional heat flow measurement in the 

Cascades project (Cooperative Agreement DE-FC07-79ID12044). All hot springs 

were sampled and a geologic map was prepared in conjunction with both the 

Cascades and low-temperature projects. In addition, temperature gradients in 

five existing wells were measured, and a geologic map at a scale of 1:62,500 

was prepared. 

The geology of the area is dominated by its location at the boundary 

between the Western Cascades and the High Cascades. Rocks at the east margin 

of the area are chiefly Pliocene and younger basaltic lavas of the High 

Cascades, but most of the area is composed of Oligocene to Miocene lavas and 

tuffs characteristic of the Western Cascade physiographic province. 

Although there is minor folding in rocks older than about 9 m.y.B.P., 

the major structures in the area are a series of north-south trending normal 

faults. These faults are concentrated at the High Cascade-Western-Cascade 

physiographic boundary at Horse Creek and the upper McKenzie River and in the 

South Fork of the McKenzie River at Cougar Reservoir. Rocks older than about 

4 m.y. are consistently offset downward toward the east in both areas. Offset 

at Cougar Reservoir is at least 300 m and cumulative offset across Horse Creek 

is about 620 m. 

The Horse Creek fault zone does not cut intracanyon lavas of the High 
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Cascades dated at 2.05 to 3.4 m.y.B.P. The Cougar Reservoir fault zone cuts 

rocks dated at 13.2 m.y. but does not cut Pleistocene gravels. 

Hot springs and areas of anomalously high heat flow are associated with 

the north-south trending faults. The hottest springs are Belknap (86.7 to 

71.0°C), Bigelow (61.0°C), and Foley (80.6°C) which are along the Horse Creek 

fault zone. Terwilliger Hot Springs (also called Cougar Reservoir and Rider 

Hot Springs) is adjacent to the Cougar Reservoir fault zone and has a temp­

erature of between 42 and 44°C. Drilling near Terwilliger Hot Springs has 

shown that hydrothermal water also occurs at 150 m depth about 1/2 km east 

of the springs in an 01igocene(?) lava. 

The most reliable geothermometric calculations for the Horse Creek fault 

zone group indicate reservoir temperatures in the 100 to 143°C range. Similar 

calculations for Terwilliger Hot Springs indicate reservoir temperatures of 

95 to 103°C. 

Of the five wells drilled in the Belknap-Foley area, three were located 

along the Horse Creek fault zone and two were adjacent to the Cougar Reservoir 

fault zone. Where heat flow was not obviously disturbed by nearby thermal 

springs, regional heat flow conforms to the pattern demonstrated by Blackwell 

and others (1978), Heat flow increases abruptly from values of about 70 
2 

to 83 mW/m (terrain-corrected gradients of 53°C/km to 52°C/km) in the Cougar 

2 
Reservoir area to about 111 to 114 mW/m (terrain-corrected gradients of 

71 to 74°C/km) in the Horse Creek area. The area thus lies on the transition 

2 
zone between low heat flow (55 mW/m or below) characteristic of the Western 

2 
Cascades-Willamette Valley provinces and very high heat flow (over 100 mW/m ) 

characteristic of the High Cascades province. These regional gradients and 

heat flow values indicate that hot springs in the area probably ascend from 

depths of about 1.2 to 2.0 km in the Horse Creek area and about 1.6 to 1.8 km 
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in the Cougar Reservoir area. 

The best target for furhter exploration is the Horse Creek fault zone. 

Drilling should be aimed at intercepting either the shallow aquifers near the 

hot springs or possible aquifers within the fault zone at depths appropriate 

for the temperatures desired. At depths of about 3 km, temperatures of about 

200°C can be expected. Should fluid also be present, perhaps in fractured 

rocks near the fault zone, then electrical generation by direct-flash tech­

nology might be possible. Electrical generation from the hot spring waters 

is probably possible utilizing Rankine-cycle technology. For example, 40 

kilowatts of electricity will be generated at Lakeview in the summer of 1982, 

using freon as a working fluid, from 80°C (176°F) water. This use, and small-

scale local space heating uses near the hot springs are probably the most 

cost-effective means of exploiting the low-temperature resources of the area. 

Lack of a large population or industrial base precludes large-scale district 

heating systems unless it is possible to pipe thermal waters to the population 

centers of Springfield and Eugene. An engineering study is recommended to 

evaluate all of these possibilities. 
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WILLAMETTE PASS 

The Willamette Pass area is located in the central Western Cascade 

Range of Oregon approximately 80 km (50 mi) southeast of Eugene, Oregon, 

up the Willamette River drainage (Figure 1). The only town in the area is 

the city of Oakridge (population of 4,300). 

Because it is a significant population center a substantial effort was 

directed at defining geothermal resources near Oakridge. Toward that goal, 

a 122 m city water well was deepened to 344 m, and a 150 m temperature gradient 

well was drilled at a fault intersection 4 km southeast of Oakridge. A 

geologic map at a scale of 1:62,500 and complete sampling and temperature 

measurement in all available springs and wells was also completed. Eighteen 

water samples were analyzed and seventeen temperature gradients were measured 

and recalculated to heat flow. Seven of the gradients were measured in holes 

drilled for the Cascades project. 

Rocks in the area are chiefly 01igocene(?) to late Miocene lavas and 

tuffs with minor Pleistocene or late Pliocene intracanyon basalt flows. The 

Pleistocene to late Pliocene basalts come from vents in the High Cascades to 

the east. The lack of youthful faulting makes the location of significant fractured 

rocks, which could hold thermal water, very difficult. Early Miocene tholeiitic 

{yery iron-rich) lavas which have been mapped immediately outside of the map 

area near Lookout Point, may, however, be permeable. These rocks, together 

with buried intrusive rocks may provide the best aquifers for geothermal fluids 

in the area. Unfortunately, owing to the complexity of the geology of the area 

and the short time available for mapping, the depth to these potential reservoir 

rocks cannot be predicted with certainty throughout much of the area. It is 

highly probable, however, that neither of these rock types occur beneath Oakridge. 

Oakridge is located in a valley cut into rocks which appear to lie stratigraph-
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ically below the tholeiitic sequence. There is also no evidence of a major 

volcanic or plutonic center in or adjacent to the city. Lack of significant 

permeability at Oakridge is underscored by the insignificant fluid found in 

the 344 m city well. It is however, possible that permeability may exist in 

areas east of Oakridge since, as discussed below, hydrothermal fluids are 

obviously able to circulate enough to form warm springs in three areas 

within 6 to 15 km east of town. These warm springs are all in or adjacent 

to major faults and lineations. It is thus entirely possible that similar 

hydrothermal systems occur in or adjacent to unexplored faults between Oakridge 

and the hot spring belt. One temperature gradient well in such a fault zone 

at Hills Creek dam, however, did not reveal any anomalous gradients or heat 

flow indicative of circulating hydrothermal fluids. 

Three warm spring areas occur east of Oakridge, Water is 62 to 73°C 

at McCredie Hot Springs, 40 to 4 r c at Wall Creek Hot Springs and 30 to 44°C 

at Kitson Hot Springs. Most reliable geothermometric calculations for the 

three springs indicate possible reservoir temperatures of 112-126°C, 118-125°C, 

and 97-110°C, respectively. 

Temperature gradient and heat flow measurements in the area show that 

2 
the hot springs are in the transition zone between high (over lOOmW/m ) heat 

2 
flow characteristic of the High Cascades and low (55mW/m and less) heat 

flow characteristic of the Western Cascades and Willamette Valley. Heat 

2 

flow in the hot springs belt is roughly 69 to 101 mW/m , with a terrain-

corrected gradient of about 60°C/km. Heat flow east of the hot springs 

2 
belt high as 115 mW/m with terrain-corrected gradients as high as 67°C/km. 

2 
West of the hot springs belt at Oakridge the heat flow is about 66 to 74mW/m 

and the terrain-corrected gradient is between 36 to 40°C/km. Oakridge is 

thus on the westernmost edge of the heat flow anomaly generated by the High 
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Cascades. The gradients at Oakridge are, however, about half as high as 

gradients within the main High Cascades anomaly. The transition is Mery sharp, 

occurring over a distance of about 20 km. This is an additional reason to 

focus exploration as far east of Oakridge as is economically feasible. 

In order to attain the reservoir temperatures calculated for the warm 

springs, waters would have to reach depths of about 1.0 to 1.5 km in the hot 

springs belt. In order to encounter similar temperatures (97-125°C) under 

Oakridge, meteoric water would have to circulate to depths of about 2.3 to 3.0 km. 

If potential circulation occurs only to 1.0 to 1.5 m at Oakridge, then water 

with temperatures of between about 48 and 57°C should be expected at depth. 

If rapid circulation of water occurs laterally from the High Cascades heat flow 

anomaly, then higher temperature water might be found near the city. No 

evidence of rapid lateral circulation has, as yet, been found. 

Further exploration for low-temperature at Oakridge is warranted if 

potential uses can justify the capital outlay. There is a high probability 

that potential resources will be located at least a few km east of the city. 

Feasibility studies should be conducted which evaluate the viability of piping 

thermal water to Oakridge for various end uses. Known thermal spring areas 

have temperatures adequate for many uses, although the high content of 

dissolved salts in the water at Kitson Hot Springs may preclude many uses. 

Similarly high salt content was noted in the small amount of water found in 

the 344 m well drilled at Oakridge. 
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POWELL BUTTES 

Powell Buttes is a large elliptically shaped topographic high located in 

the High Lava Plains physiographic province of east central Oregon, approximately 

18 km southeast of Redmond and 29 km northeast of Bend, Oregon (Figure 1). 

Powell Buttes is a volcanic vent complex composed of rhyolitic, rhyodacitic, 

and dacitic plugs, domes, flows, and tuffs of the Oligocene John Day Formation. 

Although colluvium mantles the flanks of the buttes, drill holes indicate that 

volcaniclastic sediments, ash-flow tuffs, and basalt flows of the late Miocene 

to Pliocene Deschutes Formation unconformably overlie the John Day Formation 

over large portions of the flanks. Powell Buttes lies at the western end of 

the Brothers Fault Zone, a major structural feature which is considered by some 

writers to mark the northern terminus of the Basin and Range physiographic 

province in the western United States. 

Although several springs are present on Powell Buttes, the warmest of these 

is only 18°C. The lack of naturally occurring surface thermal phenomena makes 

the area a true "blind" geothermal anomaly. Several warm domestic water wells 

are present on the north, northwest, and western sides of the buttes. The 

highest water temperature measured in a domestic well was 33°C, in a well 

located on the west flank of the buttes in the zone of highest heat flow. 

The Oregon Department of Geology and Mineral Industries (DOGAMI) first 

became interested in the Powell Buttes area during the sunmer of 1978, when 

temperatures measured in three open holes resulted in gradients in excess of 

100°C km" and bottom hole temperatures as high as 37°C. Several more holes 

logged during the summer of 1979 confirmed the presence of a thermal anomaly 

along the north and west flanks of the buttes. In 1980 DOGAMI completed an 

extensive water sampling program and made an intensive effort to locate and 

log every open well in the vicinity of Powell Buttes. In the fall of 1980 

DOGAMI drilled 9 heat flow holes, mostly along the west flank of the buttes. 
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The drilling program culminated in February 1981 with the completion of a 460-

meter borehole centered in the zone of highest heat flow. In addition to the 

above efforts, complete Bouguer and residual gravity and aeromagnetic maps of 

the Powell Buttes area were completed for DOGAMI by the Oregon State University 

Geophysics Group. 

A total of twenty-five wells and springs were sampled and analyzed during 

the course of the project. The waters are unusual when compared to waters from 

other geothermal areas in that they are relatively "clean". Total dissolved 

solids are low; and Cl, which is usually present in abundance in thermal 

waters, is nearly nonexistent. Also somewhat unusual is the presence of high 

amounts of trace metals such as Cu, Ba, Zn, and Sr. Minimum reservoir temper­

atures, calculated using Si geothermometers, are in all cases less than 100°C. 

Several conclusions can be derived from the chemical analyses of the 

waters at Powell Buttes, First, the waters sampled were probably never much 

warmer than the temperature recorded during sampling. Second, because of the 

Mery low concentrations of constituents normally associated with thermal 

waters, the waters at Powell Buttes have not been deeply circulated. It is 

more likely that they have been heated conductively by a source that lies at 

greater depths. 

Third, the waters sampled are most probably meteoric waters which have 

infiltrated through the buttes, the local recharge area. The high trace metal 

concentrations were probably acquired from zones of hydrothermal alteration as 

the fluids migrated down the hydrologic dip to where they were intercepted by 

domestic water wells. 

The geophysical anomalies associated with Powell Buttes are somewhat 

difficult to interpret. There are large positive Bouguer and residual gravity 

anomalies centered over the buttes paralleling its northeast trend. Neither 

block faulting nor the presence of an intrusive beneath the buttes seem 
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sufficient in themselves to provide the mass excess required to explain the 

large magnitude of the anomaly. It is likely that both mechanisms are in 

operation. 

The most surprising aspect of the aeromagnetic study at Powell Buttes is 

the lack of an anomaly associated with the buttes, implying that either the 

buttes are underlain by nonsusceptible rocks, or that the rocks are very hot. 

Again it is probable that both mechanisms are in operation, particularly given 

the silicic nature of the volcanism that has occurred at Powell Buttes and the 

high heat flow measured on its flanks. 

Since 1978, temperature gradients have been measured in 43 drill holes in 

the vicinity of Powell Buttes, and heat flow values have been determined for 

32 of the sites. The data delineates a closed elliptical anomaly paralleling 

the west side of the butte. The zone of highest heat flow lies directly 

downslope from a large rhyolitic exogenous dome. 

Although the early data collected at Powell Buttes indicated that tempera­

ture gradients in excess of 160°C km" and heat flow values in excess of 
_2 

376 mWm were present in the high heat flow zone, later data from deeper 

holes (particularly the 460-meter hole drilled by DOGAMI) indicate that the 

_2 
average heat flow in the vicinity of Powell Buttes is 125-167 mWm and the 

average temperature gradient is about 80°C km" . 

There are two possible explanations for the ye ry high temperature gradients 

measured at shallow depths on the west side of the butte: (1) the high gradients 

are the result of a combination of heat flow refraction and very low thermal 

conductivities in the unconsolidated colluvium mantling the flanks of the buttes, 

and (2) there is a slow flow of warm water in a shallow aquifer beneath the 

zone of highest heat flow. In this second case fractures in the rhyolitic dome 

just east of the high heat flow zone could be acting as a conduit for thermal 

fluids. 
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There are problems with both hypotheses. Heat flow in the Powell Buttes 

area is conductive. There is no evidence of large-scale convective fluid 

movement in any of the holes in the data set, and only rarely is there any 

evidence of intraborehole fluid movement. In the 9 heat flow holes drilled 

by DOGAMI, no aquifer of the type described was encountered, and the geochemistry 

of the various water samples indicates that the waters have not been deeply 

circulated. Finally, groundwater supply in the Powell Buttes area is a serious 

problem. Wells are often totally dry, and those that do produce do so at 

rates of only 5-10 gpm. Producing wells seem to be situated along fairly 

narrow fracture zones, arguing against the presence of large stratigraphic 

aquifers. The hypothesis is still viable, however, as the flow rates in the 

aquifer could be extremely low and still produce the anomaly. 

The temperature-depth profile at Powell Buttes has been successfully 

reproduced by computer using a finite difference thermal conductivity model. 

The problem with this model is that to account for the high temperature 

gradients, extremely low thermal conductivities are required for the surface 

layers. The conductivities are lower than can be produced with water-rock 

combinations alone, requiring that the pore space in the rock be only about 

70% saturated; the remaining space filled with air. While certainly possible, 

given the arid nature of the region, the phenomenon has not been identified 

in other holes in east central Oregon. 

Whatever mechanism is operative, it is obvious that temperatures adequate 

for many direct use applications can be found at relatively shallow depths in 

the Powell Buttes area. The temperature at 460 meters in the DOGAMI deep test 

(PB-1) was 56°C. Projections of the temperature gradient indicate that 80°C 

would be encountered at about .8 km, and 150°C at 1.7 km. 
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The problem is the availability of adequate fluids. Although the 

temperature-depth curve for PB-1 did show one small aquifer at 425 m, signifi­

cant amounts of fluids were not encountered in the hole. In general, the 

John Day Formation and the underlying Clarno Formation are composed of 

large amounts of tuffaceous rocks, which are relatively impermeable. 

It is clear that efforts to produce a viable low temperature resource 

in the Powell Buttes area must center around the location of adequate fluids. 

Detailed geologic mapping and geophysics, to locate fracture permeability, 

and the deepening of PB-1 to locate stratigraphic aquifers (probably associated 

with lava flows) are the most obvious steps to take in this direction. At 

this point in time, the PB-1 drill site has been turned over to Francana 

Corporation, which plans to deepen the hole sometime in the near future. 

Although private industry will probably continue to explore for high temper­

ature geothermal resources, the position of Powell Buttes within piping 

distance of three important towns. Bend (16 km), Prineville (8 km), and Redmond 

(8 km), make it a viable exploration target for direct use resources. Future 

exploration should be aimed at deeper drilling not only at Powell Buttes but 

also on youthful faults known to exist in the vicinity of Bend and Redmond 

(e.g. see Peterson and others, 1976). Additional temperature measurement and 

possible drilling should be accomplished at Prineville as well. Engineering 

studies should be pursued to define the amount of exploration expenditure 

which can be justified by expected loads and end uses. 



-33-

NORTHERN HARNEY BASIN 

The study area is located at the northern end of a large, circular 

topographic depression in the central portion of eastern Oregon known as the 

Harney Basin (Figure 1). The major population center is the city of Burns 

(a population of 3,525) and the nearby community of Hines (population of 

1,575). Fifteen springs and wells were sampled, four temperature logged to 

a depth of 800 m, and geologic maps at both the 1:62,500 and 1:24,000 scale 

were produced for the area. A soil mercury survey and ground magnetometer 

survey were also completed. All of the raw data, except the mercury and 

magnetometer surveys, was published in various open file reports and in one 

high quality colored 1:24,000 scale geologic map of the Burns area. 

The northern Harney basin was a major silicic volcanic center during the 

late Miocene and probably during the middle Miocene as well. Major cauldron 

subsidence blocks formed during eruption of voluminous soda rhyolite ash-flow 

sheets which covered hundreds of square miles of eastern Oregon. Interfinger-

ing with the ash flows are smaller amounts of soda rhyolite lava and basaltic 

lava. Volcanism since about 3.0 m.y.B.P, has been dominated by eruption of small 

volumes of alkaline high-alumina tholeiite. Holocene eruptions of alkali 

basalt at Diamond Craters near the southern margin of the study area was the 

last volcanic activity. 

Faulting in the area follows three general trends. The first is the 

trend of the Brothers fault zone (N25°W to N55°W), which is exhibited most 

strongly immediately west of Burns. These are dip-slip faults which cut 2.3 

to 2.9 m,y.B,P, basaltic andesites near Burns Butte. The second trend is 

that of north-south to north-northwest dip-slip faults of the Basin and 

Range which cut all bedrock units except the Holocene basalts. Dip-slip 
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faults at a N40°W to N50°W in the east-central part of the area are tran­

sitional between the Brothers and Basin and Range trends. 

Many of the faults have evidence of some relation to strike-slip motion. 

This is particularly true of faults of the Brothers fault zone which, according 

to Lawrence (1976) may be related to right lateral wrenching at depth. A 

large north-south trending fault in the Soldier Creek area at the northern 

margin of the basin also has evidence of lateral movement. The Soldier Creek 

fault is notable for its large opalized breccia zones, and because the hottest 

geothermal well in the area (the O.J, Thomas well) occurs 3 km east of the 

presumed extension of this fault at the northern margin of the basin. Brown 

and others (1980a) conclude that the 0,J. Thomas water emanates from this fault. 

The Soldier Creek zone loses its aeromagnetic and gravity signature at about 

the latitude of Hines where a west-northwest trending structure appears in 

geophysical maps. 

Folding of bedrock units is generally in the form of broad, shallowly 

dipping anticlines and synclines plunging toward the center of the basin. 

Exceptions are sharply folded rocks adjacent to major fault zones. 

The Harney Basin appears to be the result of downwarping over a broad 

area. Some parts of the basin may be bounded by caldera faults, but much of 

the northern half of the area appears to be a broad zone of subsidence requiring 

very little deformation at the basin boundaries. D, D. Blackwell (personal 

communication) has speculated that much of this broad subsidence may be due 

to cooling and contraction following late Miocene silicic volcanism. 

Most warm springs in the Burns area are in the 22 to 28.5°C range with 

calculated minimum reservoir temperatures of between 70°C and 11°C. Thermal 

water near the Soldier Creek fault zone possesses both higher surface temperatures 

(71°C) and higher calculated minimum reservoir temperatures (99-139°C). 
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The best example of thermal water from the Soldier Creek system is the 

0. J. Thomas well, which is 15.3 km east-northeast of Burns. This well yielded 

11,400 liters per minute (about 3,000 gpm) of 72°C water in a pump test (this 

was the capacity of the pump). The Harney Development well, an old oil well 

south of the 0. J. Thomas well (14.5 km southeast of Burns), flows about 

380 liters per minute (100 gpm) of 46°C to 50°C thermal water, similar in 

composition to the water of the 0. J. Thomas water (e.g. high total dissolved 

solids and boron). No pump test data is available for the Harney Development 

well to establish its ultimate potential flow. 

Four shallow (140 m to 187 m) temperature gradient wells and one deep oil 

well (the Poteet well 2 km east of Burns) provided the most definitive data 

about temperatures and aquifers in the area. The Poteet well was temperature 

logged to 800 m and revealed that the background gradient at Burns is about 

2 
60° C/km with an estimated heat flow of about 92 mW/m . The well also showed 

disturbances in the conductive gradient indicative of definite thermal aquifers 

at 210-230 m (32°C) and 550-600 m (48°C) and a possible small aquifer at 

about 750 m (55°C). A 187-m well at the Hines Lumber Mill encountered a 

3,800 liter per minute (1,000 gpm), 27°C aquifer at 15 to 50 m. A 164-m well 

drilled on the Hotchkiss Ranch, about 2.4 km (1.5 m) southwest of Hines was 

targeted on a soil mercury anomaly and encountered a 4- to 8-liter per minute 

(1pm) aquifer at 126 m, a 20-lpm aquifer at 140 m, and~20-lpm aquifer at 

160 to 164 m. All of these aquifers were between 34 and 35°C and were located 

in ash flow tuff, loose volcanic sands, or basaltic interflow areas. Discharge 

rates are estimated from water blown from the well during air drilling. 

Comparing the data from the above holes, it is apparent that abundant 

thermal water in the temperature range of 27°C to 35°C occurs at depths of 

15 m to 230 m between Hines and Burns. This is also the temperature of most 
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of the thermal springs in the area which no doubt issue from these same 

aquifers. Data from the Poteet well suggests that the background temperature 

gradient is high enough to produce this 27 to 35°C water from conductive 

heating at between 140 and 340 m. Water encountered in the Hines area is 

thus ascending from at least these depths and then flowing laterally in the 

layered volcanic rocks. A mapped fault at the Hotchkiss site was encountered 

in the drill hole and may have provided a conduit for rise of warm water there. 

Because the Hotchkiss site is 114 m higher in elevation than the Hines area, 

some water around Hines could be explained by lateral flow of water from the 

Hotchkiss area. The high flow rate at the Hines Lumber Mill site, however, 

suggests that water must be coming from other areas as well, perhaps other 

faults. Additional drilling will be necessary to determine the circulation 

pattern of these shallow aquifers at Hines. Drilling should be focused on 

mapped faults and probable extensions of mapped faults under the valley 

sediments. 

The city of Burns probably has thermal aquifers at 32°C at about 210 to 

230 m and at 48°C at about 550 to 600 m, based on data from the Poteet well. 

There is definitely abundant (380 1pm) 14°C water at Burns High School at 

a depth of 37 m, and an 18°C aquifer of unknown volume occurs at about 140 m 

at the same site. The Poteet well should be cleaned out and temperature 

logged below 800 m, in order to discover if other higher temperature thermal 

aquifers are present at depth beneath Burns. The well has a drilled depth of 

1975 m. Temperatures of 100°C at about 1.5 km (5,000 ft) and 200°C at about 

3.2 km (10,400 ft) would be expected beneath Burns, based on the Poteet data. 

There is no guarantee of fluids at these depths, however. 

One way of mitigating the high cost of drilling deep at Burns for hot 

water would be to take advantage of possible areas of upwelling thermal water. 

Fault zones are often sites of upwelling. The probable southerly extension 
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of the Soldier Creek fault between 10.5 and 14.5 km (6 to 9 mi) east of Burns 

apparently contains large quantities of thermal water, based on data from the 

0. J. Thomas well (at least 11,400 1pm, of 72°C water). Water found in 

this well would have to ascend from at least a depth of 1 km (3,280 ft), based 

on the 60° C/km Poteet gradient. If the 0. J. Thomas water is from a conductively 

heated source at the geochemically calculated reservoir temperature (99 to 135°C), 

the water would have to ascend from depths of about 1.5 km to 2.0 km. This is 

a clear indication that a major hydrothermal circulation system must be 

operating east of Burns. Drilling between the 0. J. Thomas well and Burns 

should be pursued to determine the lateral extent of the circulation system 

toward Burns. 

Another particularly interesting site for drilling is the area approxi­

mately due east of Hines and due south of Soldier Creek, where geophysical 

anomalies indicate a possible intersection of the Soldier Creek structure with 

a west-northwest trending structure. Possible high fracture permeability in 

this area might allow convection of large quantities of thermal water to 

shallow depths. 

Engineering studies should be pursued which evaluate the feasibility of 

drilling beneath Burns for the thermal aquifers noted in the Poteet well. 

Additional studies should focus on the maximum distances that resources 

associated with the Soldier Creek hydrothermal system could be piped. The 

shallow thermal aquifer at Hines should be evaluated for heat pump and 

cogeneration applications. 
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SOUTHERN HARNEY BASIN 

The Harney Basin is a roughly circular basin with interior drainage to 

Malheur, Harney and Mud Lakes. The basin covers approximately 8,100 square 

miles. The small unincorporated farming communities of Crane, Princeton, and 

Diamond are the only population centers. 

DOGAMI's study of the south Harney Basin (Figure 1) involved extensive 

spring sampling, gradient data accrual through the location and logging of all 

available open water wells, a literature search, reconnaissance mapping of 

eight 15' quadrangles, and the drilling of a 135 m heat flow hole at Crane 

School. 

Thermal spring and well water geochemistry generally indicates reservoir 

temperatures of 100°C to 140°C by the quartz geothermometer and 100°C to 

170°C by the Na-K-Ca geothermometer. Numerous thermal springs occur in the 

area, 22 of which were sampled for this study. The highest spring temperatures, 

located near Crane, were 80°C. On the basis of the chemistry, the springs can 

be split into two groups. The first group is centered near Crane, the second 

near Harney Lake. Chemical differences probably stem from the nature of 

the rocks these fluids are associated with at depth and subsurface residence 

time. 

The basin was formed by regional collapse due to the eruption of 

voluminous ash-flow sheets from within the area. Harney Lake was one of the 

eruptive centers, active about 9 m.y.B.P. The last silicic volcanism occurred 

approximately 8 m.y.B.P., but a Holocene basaltic center. Diamond Crater, was 

active as recently as 15,000+2,000 years ago (Norm Peterson, 1980, personal 

communication, cited in Brown and others, 1980b). 

The area is also in the Brothers Fault Zone, which represents the northern 

termination of the Basin and Range physiographic province. Basin and Range 
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faulting occurred predominantly in the middle and late Miocene and represents 

east-west extension on numerous north-south trending faults. The Brothers 

Fault Zone trends northwesterly through the area. Fault activity associated 

with the Brothers Fault trend is younger than that of the Basin and Range 

trend in the area. The fabric of the area is predominantly northwesterly. 

Northwest trending faults cut the 15,000+2,000 year-old basalts of Diamond 

Crater (Brown and others, 1980b). 

The background gradient for the south Harney Basin is 60-80°C/km, the 

2 
background heat flow is 60-80 mW/m . These values are based on previous 

DOGAMI and USGS heat flow studies (Hull and others, 1977, DOGAMI 0-77-3; 

Sass and others, 1976) and new data from open water wells. 

The deepest well logged for temperature in the area is the Poteet oil 

well, in the northern Harney Basin. The well is 800 m deep with a gradient 

2 
of 59.8°C/km and a heat flow of 92 mW/m . The heat flow value is consistent 

with the modeling of Blackwell and others (1978) and corroborates predictions 

of anomalous heat flow and geothermal potential along the Brothers Fault Zone. 

This high-quality heat flow and gradient may be more representative of the 
2 

regional background heat flow than the 60-80 mW/m value, since the lower 

values are based on shallower measurements. Only deeper drilling will test 

this hypothesis adequately. 

The background heat flow predicts that spring waters probably ascend from 

a minimum depth of one km. This indicates that hydrothermal circulation may 

reach at least this depth in other parts of the basin as well. 

DOGAMI identified a potential geothermal resource at Crane. A heat flow 

hole was drilled by DOGAMI in 1981 at Crane School. The gradient was 96°C/km 

and the bottom hole temperature was 24.5°C at 135 m. The heat flow for the 
2 

hole is approximately 148 mWm . Additional drilling would be needed for 
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utilization because no large water-bearing aquifer was encountered in the hole. 

This gradient and heat flow are obviously very anomalous with respect to both 

of the above regional background estimates. It is probably necessary for 

background heat flow to be redistributed by convection to produce heat flow 

this high. Either magmatic or hydrothermal convection would suffice. It is 

likely that hydrothermal convection is responsible for this anomaly, since 

Crane is not a young volcanic center. Should this hypothesis prove correct, 

there could be a major hydrothermal circulation system beneath Crane. 

Additional shallow drilling around the Crane area should be done to determine 

the width of the anomaly, in order to determine its extent and to do half 

width calculations which can predict the depth of the anomalous heat source. 

Deeper drilling should then be done if the predicted drilling depths can be 

economically justified. Alternatively, deeperdrilling could be pursued 

immediately to determine if the anomaly is caused by a relatively shallow 

aquifer of warm water. 

Anomalous geothermal areas, other than hot spring locations, were found 

near Coyote Buttes and west of Diamond Valley, where gradients of 130-160°C/km 

and 88°C/km, respectively, and heat flow of 125-155 and 146 mW/m, respectively, 

were found. However, population densities in these areas are too low to 

justify exploitation unless industrial interests decide to Icoate at these 

sites. In terms of risk, the existing hot springs are a better choice, since 

hydrothermal water is readily accessible if hot spring temperatures are adequate. 

DOGAMI recommends site-specific resource evaluation of several locales 

within the basin. Low temperature utilization would possibly be feasible 

for the population center of Crane and for possible light industrial/agricultural 

purposes elsewhere in the basin. Methods that should be used are detailed 
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geologic mapping at large scales; detailed sampling and analysis of thermal 

springs and wells to determine fluid flow direction, provenance and reservoir 

conditions; and a drilling program to outline thermal anomalies and test 

geothermal aquifers. Several intermediate-depth wells (600 m) will be required 

to give stratigraphic control, identify aquifers at depth and enable informative 

pump test data to be acquired. These steps should only be taken after engi­

neering feasibility studies have shown that development of potential resources 

is economically justified. 
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WESTERN SNAKE RIVER PLAIN 

The Western Snake River Plain, as defined in this report. Includes 

approximately 1100 square miles of eastern Oregon located in the extreme 

northeastern corner of Malheur County, adjacent to the state of Idaho (Figure 1). 

Major population centers Include Ontario (and Payette, immediately across the 

Snake River in Idaho) in the extreme east-central portion of the area; Vale, 

in the west-central part of the a r e a ; and Nyssa, in the southern part of the 

area. 

The Snake River Plain is a broad structural downwarp which extends 

across southern Idaho and at its western terminus into east-central Oregon. 

In Oregon the downwarp is filled with a series of Pliocene-Pleistocene lacustrine 

and fluvial sediments (often tuffaceous) which are intercalated with a few 

thin olivine basalt flows. These sediments, which are over 914m (3000 ft) 

thick throughout most of the study area, are underlain by a thick sequence of 

Miocene flood basalts (the Owyhee Basalt) which are considered to be time-strati-

graphic equivalents with the Columbia River Group in the Columbia Plateau and 

the Steens Mountain Basalt in south-central Oregon. 

Hot springs are common throughout the study area, with the highest temperatures 

being reported for Vale Hot Springs (90°C), Neal Hot Springs (88°C), Deer Butte 

Hot Springs (79°C), Baschon Well (69°C), and Snively Hot Springs (57°C). Nearly 

all of the springs are associated with normal faulting, and they appear to 

result from typical deep circulation systems. 

The Oregon Department of Geology and Mineral Industries (DOGAMI) has 

gathered a considerable amount of data in the Western Snake River Plain over 

the last several years. The measurement of temperature gradients in open water 

wells has been an ongoing process since the early 1970's. In the summers of 

1972 and 1973 a series of (2-3 meter) wells was drilled to investigate the 

possibilities of identifying geothermal anomalies by using temperature 
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measurements from ye r y shallow holes, and in 1975 DOGAMI drilled 5 deeper holes 

(62-152 m) to investigate geothermal anomalies in Cow Hollow, Willow Creek, 

and South Fork Jacobsen Gulch. For the present study, no new heat flow holes 

were drilled in the Western Snake River Plain. Instead, the emphasis was 

placed on spring sampling and the measurement of temperature gradients in 

open water wells. In addition, a detailed geologic map of the Vale East 7 1/2' 

quadrangle was produced. The map will be published in the summer of 1982. 

A large geochemical data base, which includes all of the major hot springs 

in the area, now exists for the Western Snake River Plain. Geochemically the 

waters are typical of eastern Oregon Basin and Range fluid-dominated deep 

circulation systems. Calculated minimum reservoir temperatures cover a wide 

range, with several of the springs having at least one method of calculation 

resulting in a minimum temperature of greater than lbO*C. Tne most promising of 

of these are Vale Hot Springs (160°C), Neal Hot Springs (180°), Bully Creek 

Warm Spring (188°C), Harper Warm Spring (208°C), and BLM Vine Hill well (162°C). 

As a result of DOGAMI efforts since the early 1970's, a considerable body 

of heat flow data now exists for the Western Snake River Plain. By 1980, 

temperature gradients had been measured in 45 holes. Additional holes, mostly 

in the vicinity of Vale Hot Springs, have been added since that time. These 

serve to give a fairly accurate picture of heat flow within the province. The 
_2 

average heat flow is approximately 119 mWm and the average temperature 

gradient is 97.5° Ckm" . The heat flow is nearly twice the worldwide average, 

and the temperature gradient is greater than twice the worldwide average. This 

is due to the insulating effect of the low thermal conductivity tuffaceous 

sedimentary rocks which crop out throughout the study area. 
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As is the case throughout much of eastern Oregon, local convective thermal 

anomalies are superimposed on an overall high regional heat flow. In these 

systems, meteoric waters penetrate to great depths and are heated by the regional 

geothermal gradient. When the heated waters encounter significant fracture 

permeability in the normal faults which cut the area, they rise rapidly with 

little cooling to the surface, where they emerge as hot springs. 

Because of the combination of the above factors, the Western Snake River 

Plain has a great deal of low temperature geothermal potential. There are 

significant population centers, an overall high population density, and a 

large agricultural industry to provide loads. Because of the high regional 

temperature gradient (60 Ckm" is the minimum gradient encountered in the 

region), it can be expected that moderate temperature resources (80°C-130°C) 

will be encountered in the depth range 1-1.5 km. In areas where convective 

anomalies are present, moderate temperatures exist at depths of only a few hundred 

meters. Temperatures suitable for heat pump applications may be found at depths 

of a few tens of meters throughout the study area. 

At the present time, several large-scale direct-use projects are in the 

operation; including greenhouses, mushroom nurseries, and an alcohol plant. 

The one potential problem with the development of low to moderate temperature 

geothermal resources in the Western Snake River Plain may be the lack of adequate 

fluids at depth beneath large portions of the study area. The tuffaceous sedimentary 

rocks which cover the area tend to be relatively impermeable. The Ore-Ida Food 

Comapny drilled a deep exploration hole to greater than 3000 meters in the city 

of Ontario; and although temperatures in excess of 175 C were encountered at 

the bottom of the hole, there was no fluid production below 2000 meters. It 

appears that future exploration will be more concerned with locating aquifers 

rather than locating temperatures. The Ore-Ida well might, in fact have been 

successful had more attention been paid to permeability during site selection. 
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Vale Hot Springs is probably the best site in the area for direct-use. 

In a crude pump test, conducted in cooperation with the landowner, R. Butler, 

a shallow (30 m) well near the old swimming pool at the springs produced about 

1,500 1pm (400 gpm) of 110°C (230°F) water for about ten hours. Additional 

drilling and pump testing around Vale Hot Springs should be done to estimate the 

ultimate volume and temperature of the waters. This resource could probably 

produce enough water to significantly offset space heating loads at the city 

of Vale which is within 1/4 km of the springs. 

There has also been considerable high-temperature resource exploration 

in the area. To this point in time, private industry has concentrated its 

energies primarily in three areas: Bully Creek, Willow Creek, and the Cow 

Hollow Geothermal Anomaly. This last anomaly is a fault-controlled system 

extending southeastward from Vale Hot Springs, which was discovered during 

one of the early phases of the Oregon geothermal programs. At this time, 

there are plans to install a small biphase electrical generation system on a 

well in the Cow Hollow anomaly near Vale Hot Springs by the summer of 1982. 
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LAKEVIEW 

The Lakeview area is located in the Basin and Range physiographic province 

of south-central Oregon (Figure 1). A typical Basin and Range graben-horst 

pair, the Goose Lake Valley on the west and the )iiarner Mountains on the east, 

make up the area. Lakeview (pop. 2,770), the only town in the region, is 

located in the center of the area at the foot of the Warner Range. 

The geology is typical of most of the rest of the Basin and Range 

province in Oregon. The Goose Lake Valley is composed of unconsolidated 

Pleistocene to Holocene lacustrine and fluvial sedimentary deposits which 

are as much as 1,524 m (5,000 ft) thick in the center of the basin. The 

Warner Range, in the vicinity of Lakeview, is composed of volcanic and volcanic­

lastic rocks which range in age from 01igocene(?) to Pleistocene(?) rhyodacitic 

exogenous domes and flows and mafic vent complexes. 

The dominant structure in the area is the essentially north-south normal 

fault that separates Goose Lake Valley from the Warner Mountains. It is 

vertical or steeply westward dipping and, where exposed in the vicinity of 

Lakeview, is characterized by a breccia zone as much as 50 feet in width. 

The earliest fault movement probably occurred in the early Pliocene, and 

most of the movement on the fault took place before glaciation affected the 

higher peaks in the Warner Range, although Pleistocene terrace material is 

faulted north of Lakeview. 

Surface or near surface thermal phenomena are associated with this normal 

fault in three separate parts of the study area. The hottest is the Leach 

Hot Well area just north of Lakeview, where a bottom hole temperature of 

112.7°C was measured in a 120-m hole. At Barry Ranch Warm Spring in the 

central part of the study area, a temperature of 75.7°C was measured in a 

73-m hole, and at the Rockford Ranch, in the southern part of the study area. 
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a temperature of 69.9°C was measured in a 415-m hole. 

The Oregon Department of Geology and Mineral Industries' (DOGAMI) effort 

in the Lakeview area consisted of a limited spring sampling program, the 

measurement of temperature gradients in existing, open drill holes, and a 

nine-hole drilling program. In addition, a complete Bouguer anomaly map was 

completed for DOGAMI by the Oregon State University Geophysics Group, 

Twenty thermal springs were sampled, and these, when combined with 

existing published analyses, resulted in a total of 27 analyses available 

for the calculation of minimum reservoir temperatures. In general, the 

calculated minimum reservoir temperatures fall in the 100-150°C range. 

Of the nine holes drilled by DOGAMI in the Lakeview area, three were 

located in Hammersly Canyon adjacent to the Leach Hot Well thermal area, 

three were located in Bui lard Canyon, immediately west of the town of 

Lakeview, one was near the Precision Pine Company just north of the town, 

one was in the town itself, and one was near Barry Ranch Hot Springs. 

In addition to the nine holes drilled by DOGAMI specifically for heat 

flow purposes, temperature gradients were measured in 31 open water wells. 

The heat flow pattern which emerges is typical of the Basin and Range Province 

throughout the western United States, The high regional heat flow (approximately 
2 

100 mW/m ) is modified by thermal refraction, erosion, sedimentation, and 

hydrologic effects. These factors interact in a complex manner, with the 

overall result being that higher heat flow values are typically measured in 

the range blocks immediately adjacent to the bounding normal faults than are 

measured in the adjacent valleys. Superimposed on the high regional heat 

flow are local, higher temperature anomalies which result from the circulation 

of thermal fluids up permeable zones in the normal faults. Frequently the 

higher temperature anomalies are localized by the intersection of cross faults 

with the range bounding normal faults. 
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The holes in the Leach Hot well area demonstrated that the actual upflow of 

geothermal fluids occurs within the range block, and that heat flow is at 

least three times the regional value for a distance of 1 1/2 km into the 

range. One of the holes encountered 99°C water at a depth of 45 m. A 

later hole drilled to 208 m by Northwest Geothermal Corporation adjacent 

to this hole found no increase in temperature at the deeper depth. 

In the town of Lakeview itself, temperature gradients and heat flow 

values are lower, only about 50% greater than regional values. 

It appears that the heat requirements of the town of Lakeview may possibly 

be satisfied with water from geothermal systems located within 8 km of the 

town. The Northwest Geothermal Corporation (a subsidiary of Northwest 

Natural Gas Company) was given a 30-year franchise by the city to build and 

operate a district geothermal heating system. The company has been waiting 

for some large year-round industrial loads or a construction subsidy before 

beginning construction. 

In addition to low temperature uses, there are temperatures in the Lake-

view area adequate for the generation of electricity using biphase technology. 

A 40-kw Ranking Cycle generator utilizing 80°C fluid has recently commenced 

operation on the Rockford Ranch, 
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ALVORD VALLEY 

The Alvord Valley lies in the Basin and Range physiographic province of 

southeastern Oregon and northeastern Nevada (Figure 1). It is a north- to 

northeast-trending graben valley that is flanked on the west by the Steens 

Mountains in Oregon and the Pueblo Mountains in Nevada, and on the southeast 

by the Trout Creek Mountains. The valley is approximately 113 kilometers 

long and has a maximum width of about 16 kilometers near the Alvord Desert. 

The rocks of the Steens Mountains are composed of a series of volcanic 

flows and volcaniclastic rocks which range in age from lower Miocene to early(?) 

Pliocene. The Alvord Valley is composed of a series of Pliocene-Pleistocene 

to Holocene unconsolidated lacustrine and fluvial deposits. 

Structurally the area is dominated by the large north- to northeast-

trending vertical to steeply eastward dipping normal fault which separates the 

Steens Mountains from Alvord Valley. Displacements on the fault are estimated 

to be as much as 1000 feet, most of which occurred before the onset of glaciation. 

The slight uplift of some Quaternary alluvial fans is an indication faulting is 

an ongoing process. 

Surface thermal phenomena are associated with the range-bounding normal 

fault at Mickey Hot Springs, in the northern part of the area, at Alvord hot 

spring west of the Alvord Desert in the central part of the area, at Borax 

Lake Hot Springs in the south central portion of the area, and at Pedro Springs 

in the southern part of the area just west of Fields, Oregon. 

The Department of Geology and Mineral Industries (DOGAMI) effort in 

Alvord Valley was confined to limited spring sampling and the measurement of 

temperature gradients in existing wells. In all, six springs were sampled and 

their waters analyzed. When combined with previously published data, a total of 

twenty-seven analyses was available for evaluation. Calculated minimum reservoir 

temperatures covered a wide range, with the maximums being a 330°C estimate 
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for Mickey Hot Springs and a 252°C estimate for Alvord Hot Springs. 

Due to the sparsely settled nature of the study area, there are few open 

holes available for the measurement of temperature gradients. The heat flow, 

however, appears to be typical of other parts of the Basin and Range Province 

in the western United States, where local convective thermal anomalies are 

_2 
superimposed on high regional heat flow values of approximately 100 mWm . 

The convective anomalies result from the rapid ascent of thermal waters in zones 

of fracture permeability in the range bounding normal faults. The fracture 

permeability often results from the intersection of cross faults with the 

range-bounding normal faults. This appears to be the situation in the Alvord 

Valley, where previously published geophysical data indicate the presence of 

faults beneath Mickey Hot Springs, Alvord Hot Springs, and Borax Lake Hot 

Springs. 

Given the sparsely settled nature of the Alvord Valley (less than 1 person 

per square mile), the potential for the use of low temperature geothermal fluids 

is not significant. Although the required temperatures and fluid flow rates 

are present for direct use applications, the population densities required to 

attract industrial users or establish heating districts are not. 

This is not the case with respect to electrical generation potential. 

The high minimum estimated reservoir temperatures at Mickey Hot Springs and 

Alvord Lake Hot Springs have attracted considerable industry interest over the 

last few years, and exploration by the private sector is still pressing forward 

at the present time. 
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McDERMITT 

The McDermitt area is located in the extreme southeast corner of Oregon 

(Figure 1). The town of McDermitt just across the state line in Nevada is the 

only population center in the area. 

The McDermitt caldera was a major Miocene eruptive center. Five large 

overlapping collapse structures with resurgent domes and ring dikes have been 

identified by workers in the area. Two of the calderas partially extend into 

Oregon's extreme southeast corner. Volcanism centered in the area was Mery 

silicic. Rhyolites, alkali rhyolites, trachyandesites, quartz latites, dacites 

and ash-flow sheets of these compositions were all erupted in the area. Volcanic 

activity occurred between 15 and 18 m.y.B.P. 

Thermal springs with recorded temperatures of 53.5°C, 52°C, 32°C, 25°C, 

and 35°C and an artesian well flowing at 46 C are associated with the caldera 

structures within Oregon. Geochemical analysis of the springs indicates reservoir 

temperatures of approximately 100-130 C. 

Mineral deposits of mecury, uranium, and lithium are found at the caldera 

margins. None of the Oregon deposits are currently being worked, but others 

in Nevada associated with the same McDermitt caldera structures are the largest 

mecury deposits in the United States and are currently in production. Chemical 

analyses of rocks of the area indicate rhyolitic and alkali rhyolitic magmas 

enriched in mecury, uranium and lithium were probably the source for subsequent 

mineralization by epithermal hydrothermal fluids. The highest uranium concen­

trations are located in rhyolitic ring dikes and domes although there are also 

anomalous concentrations of uranium associated with mercury deposits. 

Local heat flow is greater than lOOmW/m (Blackwell and others, 1978). 

The thermal anomaly and springs of the McDermitt area may be generated by a 
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combination of the locally high radioactivity with the very low conductivity 

of the silicic pyroclastic rocks. Thermal springs may occur where faulting 

o r fracturing has provided channel ways for heated waters to rise to the s u r f a c e . 

Low temperature geothermal utilization in the McDermitt area has low 

potential due to the very low population density of the area. Distances 

between residences preclude formation of a heating district, and light industry 

is not likely to locate in an area so remote with relatively little transportation 

access and through-traffic. Potential utilization of thermal waters in the 

McDermitt area seems to be restricted to individual ranch resources and needs, 

unless high-temperature fluids, adequate for electrical generation,can be found. 

The high heat flow and faulted nature of the rocks in the area are favorable 

for such resources. 
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INTRODUCTION 

A statewide inventory of low temperature geothermal resources - geo­

thermal waters with a temperature of 90 C or less - was begun on July 1, 

1977, by the Department of Geology and Mineral Industries(DOGAMI). The 

inventory consisted of two phases - the first was a compilation of chemical 

data on thermal springs and wells in Oregon, and the second phase was an 

identification of low temperature reservoirs utilizing a combination of 

geochemistry, heat flow, geological, and geophysical data. Phase la was 

funded by the Department of Energy (formerly ERDA) under Contract No. 

EG-77-C-06-1040 and completed on September 30, 1977. Phase lb was begun 

on October 1, 1977, under this contract, as extended, with additional 

funding provided for the period October 1 - December 31, 1977. An appli­

cation for an extension and additional funding of this project was sulmltted 

to ERDA (DOE) on September 14, 1977, funded on December 28, 1977, and later 

extended to December 31, 1978. A no-cost extension to the contract was 

issued by DOE on January 1, 1979, with the original completion date as 

specified in Article II of the contract changed to June 15, 1979. Further, 

the contract number was changed from BG-77-C-06-1040 to AC06-77-ET-28369 as 

of the above date. 

Dr. Donald A. Hull, Oregon State Geologist, was the principal Investi­

gator for DOGAMI. The field studies administered by DOGAMI have been 

managed by its staff personnel and/or consultants. The final report was 

edited by Dr. Joseph F. Riccio. 
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WORK ELEMENTS 

According to Appendix A of Contract No. E6-77-C-06-1040, DOGAMI was 

to conduct a preliminary statewide evaluation of low temperature geotheraal 

resources. This study would also include interaction with the U.S. Geo­

logical Survey's (USGS) expansion of its GEOTHERM data base. 

Phase la 

Under this portion of the contract, forty-eight (48) chemical analyses 

of thermal waters from springs or wells in Oregon based on both field 

sampling and literature research by DOGAMI were submitted tO the USGS for 

inclusion in their GEOTHERM data base. These data are Included in Open 

File Report 0-79-3, Chemical Analyses of Thermal Springs and Wells in 

Oregon, authored jointly by USGS and DOGAMI. A copy of the publication is 

enclosed. 

The locations of these thermal springs and wells as well as others 

previously identified by DOGAMI are shown on Geological Map Series (GMS)-IO, 

which is an update of previously published Miscellaneous Paper 14 (l970). 

GMS-IO is submitted as part of DOGAMI's contractual obligation to DOE. 

Phase lb 

Thirty (30) potential geothermal-field areas were identified under 

this part of the study and pertinent data thereon were also submitted to 

the USGS for their inclusion in the GEOTHERM data base. Of the above 

nianber, nine (9) definite resource areas favorable for the discovery and 
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development of low temperature (<90 c) geothermal resources totally within 

Oregon and three (3) other areas that are partially in Oregon-Idaho, 

Oregon-Nevada, and Oregon-Washington are detailed in USGS Circular 790, 

Assessment of Geothermal Resourcea of the United States - 1978. These 

areas are: Belknap-Foley Hot Springs, Willamette PGUSS, Craig Mountain - Cove 

(La Grande), Glass Buttes, Northern Harney Basin, Southern Harney Basin, 

Alvord Desert, Lakeview, Klamath Falls, Westem Snake River Basin, McDermitt, 

and Walla Walla. Data on these areas presented on Table 12 of Circular 790 

are based on infonnation provided to USGS by DOGAMI. 

DOGAMI publication GMS-11, Preliminary Geothermal Resource Map of 

Oregon, scale of 1:500,000, relates the above resource areas to pertinent 

Pleistocene-Holocene geology, geologic structure, heat flow, and to thennal 

springs and wells. GMS-11 is included as a part of this repozi;. 

Special Report 4, Heat Flow of Oregon, contains extensive newly acquired 

heat flow and geothermal gradient data for the State of Oregon. These data 

are presented on a contour map of heat flow (20 m W/m Interval) at a scale 

of 1:1,000,000. Also presented in the text are maps of heat flow and 

temperature at a depth of 1 km for 1 x 1 Intervals. Histograms and aver­

ages of geothermal gradient and heat flow for the various physiographic 

provinces within the State are also included. This publication is part 

of the final report for the Statewide Low Temperature Geothezval Resource 

Evaluation. 
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CONCLUSION 

The factual data and conclusions, recommendations, or comments 

presented in the foregoing publications constitute the formal results of 

the geothermal studies carried out by DOGAMI under DOE Contract No. 

AC06-77-ET-28369 for the Statewide Low Temperature Resource Evaluation. 
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AND GEOPHYSICS 

COLLEGE OF MINES AND 
MINERAL INDUSTRIES 
717 MINERAL SCIENCE BLDG. 
SALT LAKE CITY, UTAH 84112 

December 2, 1980 

MEMO 

To: B, Blackett 

From: Stan Evans 

Enclosed is a table of analyses recently completed for 
the Oregon state coupled team. Please feel free to make a 
copy for your files and then forward the results on to 
George Priest, 

-̂.̂ ^̂ î u--
Stan 



Sample No, 

Cougar Dam 

RI-112 

RI-85 

Foley Ridge 

Tmw-Top 

Tpb 

STACK 

Unit 

East -
-

-

-

-

-

-

Material Dated 

Plagioclase 

Plagioclase 

Plagioclase 

Whole Rock 

Whole Rock 

Whole Rock 

Whole Rock 

Weight (qms). 

6.01058 

6,33873 

2,91937 

2.53109 

3,01778 

3.01174 

3,00758 

%K 

0.237 

0.208 

0,349 

0,548 

1.121 

0.365 

0.540 

Moles/gm 
Ar^,o^(X10H) 

0,674 

0,417 

0.844 

0,195 

1,739 

0.533 

2,090 

atm 

86.9 

64,7 

74.5 

94,6 

38.9 

61,1 

64.7 

Age (M.Y.) 

16.3+1.8 

11.5t0.5 * 

13.9+0,8 * 

2.05t0,52 

8.93I0.34 * 

8,39+0.36 

22.2tl.O 

* Provisionary dates - done on new extraction line, subject to later revision. 

Constants Used: 
10, x„ = 4.962 X 10 / y r 

X = 0.581 X 10 e 
•10 7yr. 

K^°/K^Q^ = 1.167 X 10"^ Mole/Mole 
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UNK/ERSITY 
OF UTAH 

DEPARTMENT Of StOlOGY 
AND GEOPHYSICS 

COLLEGE Of MINES AND 
MINERAL INDUSTWS 
717 MINERAL SCIENCE BLDG. 
SALT LAKE CITY. UTAH M112 

January 28, 1980 

TO: Duncan Foley 

FROM: Stan Evans 

Dear Duncan: 

Here is the data for the Oregon rocks from the western Cascades sent by 
Craig White. In addition to the eight samples dated two others were not 
dated. CT-57 contains too much glass and carbonate to be dated accurately. 
CT-28 was datable but there was insufficient sample to separate the hornblende. 
If Craig would like the amphibole dated have him send more sample. 

Sincerely. 

-^2AA^^ .̂̂  lArruyU.^ 



Sample No. Unit Material Dated Weight (gms.) %K Moles/gm n KAr 40 
atm Age(M.Y.) 

CT-17 

CT-22 

CT-32 

CT-41 

CT-51 

CT-52 

CT-59 

CT-68 

Whole rock 7.31954 

4.68341 

6.59840 

5.09256 

8.01601 

8.10805 

5.42872 

8,02548 

0,44 

0,64 

1.00 

2.17 

0.63 

0.86 

1.25 

0.78 

0.473 

0.210 

0.196 

1.547 

0.130 

0.259 

2.568 

0.672 

71 6.24 - 0.33 

90 1.90 - 0.26 

80 1.13 - 0.08 

59 4.10-0.17 

90 1.20 - 0.17 

82 1.74 - 0,14 

34 11,8 - 0.4 

58 4.99 - 0.20 

Constants Used: 

>„ = 4.962X10"^^/yr 
B 

10. A^ = 0.581X10 7 y r . 

K^O/K.̂ ^^ - 1.167X10'^Mole/Mole 

[AT 
Ar 

40 
(«» ) = 0.0525 
^A,.38'spike 

^Ar 36 
(g?3F)spike - 0-0306 
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Sample No, 

CT-17 

CT-22 

CT-32 

CT-41 

CT-51 

CT-52 

CT-59 

CT-68 

Unit 

-

-

/* -
r 

-

-

-

-

_ 

Material Dated 

Whole Rock 

/ 

Weight (gms,) 

7,31954 

4,68341 

6.59840 

5.09256 

8,01601 

8,10805 

5,42872 

8.02548 

%K 

0,44 

0,64 

1,00 

2,17 

0,63 

0,86 

1.25 

0,78 

Moles/gm,, 
Ar40(xio'') 

Rad 

0.458 

0,217 

0,185 

1.524 

0.111 

0.239 

2.566 

0.639 /'! 

«^:t™ 

71 

90 

80 

59 

90 

82 

34 

58 

Age(h 

6.05 

1.97 

1.07 

4.04 

1.02 

1.62 

11.8 

4.74 

I.Y.) 

- 0.31 

- 0.27 

- 0.08 

- 0,17 

- 0.14 

- 0.14 

to.4 

i 0.19 

/3//4/?^ 

t m - Hm MM^^ ime ken 

fimehliiĵ ^ 

Constants Used: 

X„ = 4.96X10"^°/yr. 
p 

X = 0.581X10~^°/yr. e 

K^O/K,̂ Q^ = 1.167X10'^Mole/Mole 

/ O M ( l ^ 



ID F-134 (Rev. 10-79) Rat. ID 1325.1 

Department' of Energy 
Idaho Operations Office 

550 Second Street 
Idaho Falls, Idaho 83401 

Subject: 

TRANSMITTAL OF TECHNICAL PROGRESS REPORT #3 
COOPERATIVE AGREEMENT NO. DE-FC07-79ET27220 

To: Distribution From: L. L. Mink, OGE 
DOE-ID . 

Date: 
NOV 1 9 1978 

Enclosed for your information and re ten t ion 's one copy of th^ Technical 
Progress Report for Cooperative Agreement No. DE-FC07-79ET27220 with 
the Oregon Department of Geology and Mineral Industries. I f you have 
any questions or comments regarding this report, please contact this 
o f f i ce . 

1 Enclosure 

Distribution 
G. Brophy, DOE-HQ 
E. Hyster, DOE-ID 
D. Foley, UUR 
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Department of Geology and Mineral Industries 
ADMINISTRATIVE OFFICE 
1069 STATE OFFICE BLDG., PORTLAND, OREGON 97201 PHONE (503) 229-5580 

October 25, 1979 

> ^ 

Mr. Leland L. Mink 
Energy and Technology Divis ion 
Idaho Operations Of f i ce , DOE 
550 Second Street 
Idaho Fa l l s , Idaho 83401 

Dear Mt^^-W^k: 

»!S* 
• ^ 

ci> ^ 
^ ^ 

«*»^v - ^ ^ 

Subject: Cooperative Agreement No. DE-FC07-79ET27220; Project Status 
Report No, 3 

1 . Data compilation 1s underway for the low-temperature geothermal 
resource areas i den t i f i ed in Phase 1 ; Belknap-Foley, Willamette 
Pass, Craig Mountain-Cove, Glass Buttes, Lakeview, Northern and 
Southern Harney Basins, and Alvord, Compilation has not begun 
th i s date on Western Snake River P la in . 

2. Geologic mapping is underway and in various stages of completion 
for Lakeview, Craig Mountain-Cove, Balknap-Foley, Northern and 
Southern Harney Basins, and Willamette Pass, Craig Mountain-Cove, 
mapped under contract to DOGAMI by Geoscience Research Consultants, 
has been completed. The geologic report is being w r i t t en . The 
other areas are being mapped by DOGAMI personnel. 

3. Temperature-gradient logging of " f ree" holes is current ly underway 
at Lakeview and La Grande. 

4. Fluid samples from avai lable springs and wells have been col lected 
for chemical analyses in the Lakeview and Alvord areas. 

5. Chemical analyses of water samples submitted to the State DEQ lab­
oratory obtained from Belknap-Foley, Lakeview and Willamette Pass 
have been completed. Evaluation o f data is cur rent ly underway. 

Sincerely, 

DAHrU 
cc J.F. Riccio 

Donald A, Hull 
State Geologist 



ID F-134 (Re». 10-79) Ref. ID 1325.1 

Department of Energy 
Idaho Operations Office 

550 Second Street 
Idaho Falls, Idaho 83401 

Subject: 

TRANSMITTAL OF TECHNICAL PROGRESS REPORT #3 
COOPERATIVE AGREEMENT NO. DE-FC07-79ID12044 

To: Dis t r ibu t ion From: L. L. Mink, OGE 
DOE-ID 

Date: 
NOV 1 9 1979 

Enclosed for your infonnat ion and retent ion is one copy of the Technical 
Progress Report for Cooperative Agreement No. DE-FC07-79ID12044 wi th 
the Oregon Department o f Geology and Mineral Industr ies. I f you have 
any questions or comments regarding th i s repor t , please contact th is 
o f f i c e . 

1 Enclosure 

D is t r ibu t ion 
G. Brophy, DOE 
E. Hyster, DOE 
D. Foley, UUR 

•HQ 
•ID 
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Department of Geology and Mineral Industries 
ADMINISTRATIVE OFFICE 
1069 STATE OFFICE BLDG., PORTLAND, OREGON 97201 PHONE (503) 229-5580 

October 25, 1979 

Mr. Leland L. Mink 
Energy and Technology Division 
Idaho Operations Office, DOE 
550 Second Street 
Idaho Falls, Idaho 83401 ' 

Dear Mr. m nk: 

Subject: Cooperative Agreement No. DE-FC07-79ID12044; Technical 
Progress Report No, 3 

1 . D r i l l i n g of temperature-gradient holes has been underway since 
the l a t t e r part of September. Three holes have been completed; 
another should be completed th i s week. D r i l l i n g has not been 
without problems because upper portions of the holes encounter 
e i ther High Cascade lavas, t i l l or al luvium. These holes are 
a l l in the northern port ion of the Willamette National Forest. 

2. Geologic studies by subcontractors to DOGAMI are cont inuing. 
Current ly, f i e l d work is hampered by an early snowfal l . 

3. Temperature-gradient p r o f i l i n g from " f ree" holes is cont inuing, 
especial ly those holes current ly being d r i l l e d by EWEB. 

Sincerely, 

Donald A, Hull 
State Geologist 

DAH:lk 
cc J , F. Riccio 



Department of Energy 
Idaho Operations Office 

550 Second Street 
Idaho Falls, Idaho 83401 

TO: DISTRIBUTION 

FROM: M. A. WIDMAYER nn"]CLa^^ju.^ 
Geologic Program Manager I jj 

SUBJECT: OREGON RESOURCE ASSESSMENT PROGRAM 

Enclosed for review and comment is a proposal for continued funding of the 
Oregon State Resource Assessment Program. 

Please provide all comments regarding the technical scope of the work to this 
office by March 24, 1980. 

1 Enclosure 

Dis t r i bu t i on : G. Brophy, DOE-HQ 
D, Foley, UURI 
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INTRODUCTION 

During Phase I of the Western States Cooperative Direct-Heat Geothermal 

Program (Contract No. EG-77-C-06-1040) avai lable data on low temperature 

(^20 C^T^90 C) geothermal resources were col lected in Oregon, Based on 

review of these data, nine low-temperature resource areas were i d e n t i f i e d . 

During the Mt. Hood geothermal Resource Assessment project (1978), Contract No. 

AC06-77-ET-28359, two other low-temperature resource areas were i d e n t i f i e d : 

Parkdale, northeasterly of Mt. Hood, and Powell Buttes, northeast of Bend. 

Phase I I of the d i rect -heat geothermal program pr imar i ly enta i ls the 

select ion of speci f ic s i t e s , based on Phase I data, for detai led evaluat ion. . 

Geological-geophysical invest igat ions of the speci f ic s i tes are to be con­

ducted in order to select d r i l l test locat ions. Sites selected w i l l be d r i l l e d 

on a p r i o r i t y basis for reservoir confirmation and assessment. Results, 

including maps and repor ts , w i l l be published^by DOGAMI and made avai lable 

to the geothermal community, governmental agencies, and the publ ic . Develop­

ment of d i rec t heat geothermal resources should have a s ign i f i can t near-term 

impact by f u l f i l l i n g , in par t , the energy requirements of Oregon and the 

United States. 

During the 1979-80 port ion of the Phase I I project (Contract No. DE-FC07 

79ET-27220), geological-geophysical invest igat ions have been carr ied out for 

cer ta in low-temperature areas as shown on Figure 1 in compliance with the 

aforementioned contract . 

I t is hereby requested that the Glass Buttes area be dropped from further 

consideration because of ex is t ing industry involvement and that Parkdale and 

Powell Buttes be assimilated into the project for 1980-81. Other modif ications 
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will be treated below in the assessment plan portion of this proposal. 

This proposal describes the studies necessary to continue and complete 

most aspects of the Phase II program, the selection of specific sites for 

deep test drilling and requests funds in the amount of $400,000 to continue 

these studies during the year of 1980-81, Summary costs by task.are provided 

in the Budget Section of this proposal, 

Not contemplated in this proposal is intermediate to deep geothermal 

drilling for final confirmation and assessment of promising geothermal 

targets such as the Lakeview area. As these areas are identified, they will 

continue to be brought to the attention of DOE, Future assessments should 

include scientific supervision by DOGAMI, 
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ORGANIZATION AND MANAGEMENT PLAN 

The Department of Geology and Mineral Industries (DOGAMI)' is responsible 

under Oregon State Law for the conduct of geologic research and the regulation 

for the exploration and development of minerals and mineral fuels including 

geothermal energy. DOGAMI and its predecessor organization have been in 

existence since 1913. The agency has a staff of 15 geologists and engineers; 

a chemical, assay and spectrographic laboratory; library; cartographic facili­

ties; and an editorial and accounting staff. These facilities will be 

available to the project described in this proposal at no additional cost, 

DOGAMI has been engaged in continuing geothermal research, involving a 

variety of geological, geochemical and geophysical studies, for the past 

eleven years. The results of these efforts are included in the geothermal 

publications list included below. 

The principal investigator is Dr. Joseph F. Riccio, Geothermal Specialist, 

DOGAMI. 

Dr. Riccio, as Geothermal Development Manager for the Public Service 

Department, City of Burbank, California, was resonsible for the city's pro­

gram of geothermal development leading to electric power production. He 

recently completed geological studies associated with the exploratory drilling 

for a geothermal deep test at the Long Valley KGRA, California, He has also 

contributed research and authorship to an ERDA grant. Contract No. E (0-4-1311) 

entitled "Site-Specific Analysis of Hybrid Geothermal/Fossil Power Plant's" 

which deals with the evaluation of hybrid power plants that combine geothermal 

energy with that of coal. While as a consultant to the State of California 

Energy Commission (ERCDC) he was involved with state-sponsored development 



of electric power plants utilizing geothermal energy for the geothermal fields 

in Imperial Valley, California. 

He has completed the work on Phase I of the Oregon Low Temperature Geo­

thermal Resource Assessment and the Geothermal Resource Assessment of the 

Mt. Hood Volcano, Oregon (Contract No. EG-77-C-06-1040); especially heat flow 

studies and evaluation of the exploratory holes drilled by Northwest Natural 

Gas Company at Old Maid Flat and Timberline. 

Dr. Riccio is currently the Program Manager for DOGAMI of the Low Tempera­

ture Geothermal Resource Assessment, Phase II, 1979-80, Contract No, DE-FC-07-

79ET27220 and the Geothermal Resource Assessment of the Western and Central 

Cascades, Contract No, DF-FC-07-79ID12044, 

DOGAMI, as project manager for work in Oregon funded by the U,S. Depart­

ment of Energy (DOE), will: (1) coordinate various State and Federal agencies 

and other organizations which may participate in this project; (2) act as 

liaison and coordinator between the project and other ongoing Federal and 

State supported geothermal projects; (3) coordinate site-specific geological-

geophysical studies; (4) subcontract temperature-gradient drilling; (5) prepare 

and compile final maps and reports for the project. Geophysical studies, if 

required, will be administered by DOGAMI, Consulting geophysicists and geolo­

gists will be utilized, wherever necessary, to complement the assessment 

portion of this proposal. 

It is anticipated that cost of site deep-test drilling, if done, is to be 

borne by DOE, and funds for this drilling are not provided herein. Portions 

of the site deep-test drilling may be managed either by DOE or DOGAMI. DOGAMI 

would oversee the downhole geologic logging and geologic studies associated 

with the site deep-test drilling. 



6 -

DOGAMI w i l l administer a l l phases of the low-temperature resource 

assessment described for which funding is herein to be made ava i lab le . DOGAMI 

w i l l conduct the necessary geologic studies; air-photo and imagery in terpre­

t a t i o n ; temperature-gradient studies including shallow d r i l l i n g ( to 500 f t ) ; 

and geochemical t es t i ng . DOGAMI would also manage the accounting functions 

inherent to th is proposal , 

An organization chart of DOGAMI personnel that w i l l be u t i l i z e d in the 

Phase I I (1980-81) study is shown in Figure 2. 



ORGANIZATION CHART 

CARTOGRAPHY 
PUBLICATION 

SECRETARIAL 
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PROGRAM MANAGER 
GEOLOGIST IV 

GEOLOGIST III 
(STEP 1) 

GEOLOGIST I 
(STEP 1 ) 

SUPPORT SERVICES 

GEOLOGIST II 
(STEP 1) 

GEOLOGIST I 
(STEP 1 ) 

LABORATORY 

Figure 2 
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ASSESSMENT PLAN 

Data Compilation 

Geological, geophysical, geochemical, and heat flow data for the low 

temperature resource areas iden t i f i ed in Phase I (Belknap-Foley, Willamette 

Pass, Craig Mountain-Cove, Western Snake River P la in , Northern and Southern 

Harney Basins, Alvord and Lakeview) (Figure 3) are in various stages of 

completion and no addit ional funding is requested for these areas except as 

noted below. Funding for data compilation is required for Parkdale and 

Powell Buttes as well as for Walla Walla and McDermitt, the l a t t e r two being 

part of the or ig ina l Phase I i d e n t i f i c a t i o n . Data compilation w i l l be an (• 

ongoing process throughout the assessment period. 

Geologic Mapping 

I n i t i a l assessment of the addit ional four resource areas w i l l cons is t , 

in par t , of geologic mapping and air-photo and imagery in te rp re ta t ion . 

A geologic map, at an appropriate scale, extending into adjacent areas, 

based on ei ther f i e l d mapping or l i t e r a t u r e research- f ie ld reconnaissance, 

and air-photo i n te rp re ta t i on , w i l l be produced for each of the resource areas. 

The map also w i l l depict a l l known major structures or trends as well as 

surface geothermal manifestat ions. Cross-sections based on avai lable geologic 

data w i l l be drawn through the resource areas. 

Besides black and whi te, color and color IR photos, air-photo studies 

w i l l involve the in terpre ta t ion of SLAR, LANDSAT (ERTS), NASA U-2 and Apollo 

imagery, as ava i lab le . Data obtained w i l l be u t i l i z e d to produce a lineament 



Figure 3. Index map of low tenperature areas 
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map for each of the four resource areas. Ground-truth v e r i f i c a t i o n may be 

needed to resolve ambiguous in te rpre ta t ion and may be accomplished during 

f i e l d mapping. I t is contemplated that some of th is work may be done by 

consultants to DOGAMI. 

Temperature-Gradient Study 

Temperature-gradient d r i l l i n g has been completed at Lakeview and La Grande, 

two of the resource areas previously i d e n t i f i e d . Under th i s present proposal, 

funding is requested for temperature-gradient d r i l l i n g at Belknap-Foley, 

Wil lamette Pass, and Parkdale. D r i l l i n g of heat-flow holes is not contemplated 

for the remainder of the resource areas because of e i ther pr ior industry 

involvement, remoteness of resource area to avai lable markets, a v a i l a b i l i t y of 

d r i l l i n g s i t e s , or the large size of the resource area. Any d r i l l i n g funds 

remaining af ter d r i l l i n g of the above three resource areas w i l l be u t i l i zed 

in the d r i l l i n g of hole(s) in the Harney Basin. 
m 

Because the three resource areas represent varied geologic condi t ions, 

holes to be d r i l l e d w i l l encounter materials that may vary from v a l l e y - f i l l 

sediments to volcanics of diverse types. Each area should exhib i t d i s t i n c t 

d r i l l i n g character is t ics with d i f f e r i n g attendant problems. Part of the 

compilation process w i l l be to better def ine the d r i l l a b i l i t y w i th in the 

respective resource areas so that loss of future d r i l l i ng -comple t ion time can 

be kept to an absolute minimum. 

I t is proposed that a minimum of four (4) up to 500-foot (152 m) deep, 

temperature-gradient holes be d r i l l e d in each of the three aforementioned 

areas. However, s i t e condit ions may d i c ta te that a lesser or greater number 

of such holes be d r i l l e d . I t is contemplated that the holes should not be 
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any deeper than that expressed above, but there may be a poss i b i l i t y that 

gradient holes up to 1,000 feet may be a necessity. 

Whatever "scrounge or f ree" holes may be located wi th in the resource 

areas; i . e . , water we l l s , o i l - t e s t we l l s , mineral exploratory holes, e t c . , 

temperature gradients w i l l be measured for these holes. These data w i l l 

complement that obtained from the proposed temperature-gradient holes. 

D r i l l i n g projects in young volcanic environments throughout the world 

encounter repeated cost ly and time consuming d i f f i c u l t i e s . Therefore, i t is 

f e l t that an exchange of ideas wi th others is important for the successful 

completion of the test holes. Funds are included herein for t ravel by the 

pr incipal invest igator or his designee to Washington, D . C , to confer wi th 

DOE d r i l l i n g spec ia l i s t s . 

Geochemistry 

During the Phase I and I I (1979-80) i nves t iga t ion , avai lable thermal 

springs and wells were sampled, water analyzed, and geothermometry computed. 

This process w i l l continue for the resource areas for addit ional wells and 

springs that may not have been included in the previous work by v i r tue of 

the i r a v a i l a b i l i t y . I f thermal f l u i ds are encountered in the temperature-

gradient holes, samples of these f l u i ds w i l l be chemically analyzed and the 

data submitted to the U.S. Geological Survey (USGS), Menlo Park, Ca l i fo rn ia , 

for the i r inclusion in the GEOTHERM data base. 

Si te Selection 

Ihe f i na l select ion of deep test d r i l l s i tes w i l l be decided af ter a 

thorough review wi th appropriate USGS and DOE personnel of a l l geological , 

geochemical, and geophysical data col lected for the resource areas. 
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Selection of precise drill sites must take into account whether surface 

and subsurface occupancy rights are available for lands under Federal, State, 

and local government ownership or control. It is not anticipated that drill 

sites will be located on private lands unless special arrangements can be 

made with the fee holders and/or lessors. 

Deep Test Drilling 

Deep test drilling should commence sometime after the second half of i ^/,(' 

1981 and therefore is not a part of the present proposal. It is possible V^ 

that the selection process, based on the ongoing assessment, may eliminate / 

identified resource areas from consideration. On the other hand, all of the 

areas could be drilled. Drill ing of one hole per area, for example, if 

successful, would tend to identify a specific reservoir. However, reservoir 

evaluation leading to exploitation can only proceed when confirmation wells 

are dril1ed. 

Funding for the actual deep test drilling, drilling and geological super­

vision, geophysical logging, and flow testing is not contemplated as part of 

this proposal and cannot be accurately forecast at the present time. It will 

be the subject of continuing discussions between DOE and DOGAMI. 

Publication 

It is envisioned that the final report would consist of the assessment 

portions (i.s., geologic and lineament maps, geophysical maps, data on heat 

flow and geochemistry, and associated text) as well as recommendations for 

each of the resource areas either as one compendium or as individual treatises. 

This decision will be predicated on the quantity of the data collected and the 

needs of the geothermal community. 
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RELATED STUDIES 

A statewide inventory of low-temperature geothermal resources (Phase I ) ; 

i . e . , geothermal waters wi th a reservoir temperature of 90°C or less , was 

begun on July 1 , 1977. The inventory, as o r i g i n a l l y planned, consisted of 

two parts - the f i r s t was a compilation of chemical data on Oregon's thermal 

springs and we l l s , and the second part was an inventory of low-temperature 

reservoirs u t i l i z i n g a combination of geochemistry, heat flow data, temperature-

gradient data, and geological-geophysical information. 

Geochemical data obtained from the Phase I study have been sent to USGS 

for the i r inc lusion in the GEOTHERM data base. The co l lec t ion of low-

temperature data during the Phase I I (1979-80) study w i l l be l ikewise sub­

mitted to USGS. 

DOGAMI, under Contract No. DE-FC07-79ID12044, is current ly d r i l l i n g 

temperature-gradient holes in the Central Cascades area. This work should be 

completed in l a te 1980. Data that may re la te t o an understanding of the 

geothermal regime in the Willamette Pass and Belknap-Foley resource areas w i l l 

be incorporated in the f i na l repor t (s) of these two areas. S imi lar ly data 

generated under Contract No. AC06-77-ET-28369 for the geothermal assessment 

of Mt. Hood w i l l be u t i l i z e d in the evaluation of the Parkdale area. 

Because of i t s long-term involvunent in the study of Oregon's geothermal 

resources, DOGAMI holds a considerable quanti ty of unpublished data which w i l l 

be avai lable for th i s pro ject . 
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PATENT INFORMATION 

There is no proprietary information included in this proposal and the 

information to be collected during the proposed study will not be confi­

dential . 

APPLICATIONS TO OTHER SPONSORS 

This proposal has not been submitted to other potential sponsors and 

we do not plan to submit it to others in the future. 
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RESUME 

Joseph P. Riccio 

Summary: Technical, administrative and management experience in 
petroleum geology, engineering geology, hydrogeology, 
environmental geology, and geothermics. 

Education: University of Southern California BA 1950 Geology 
University of Southern California IAS 1951 Geology 
University of Southern California Ph.D. 1965 Geology 

Experience: 

5/78 to Present Oregon Department of Geology and Mineral Industries, 
Portland, Oregon? Geothermal Specialist. Responsible 
for the completion of the low-temperature resource 
assessment in Oregon (DOE Contract No. EG-77-C-06-1040) 
and the geothermal resource assessment of Mt. Hood 
Volcano, Oregon (DOE Contract No. EG-77-C-06-1040). 

8/77 to 5/78 Consultant in California in geothermics to the State of 
California Energy Resources Conservation and Development 
Commission and to private geotheraial development firms. 

4/76 to 8/77 Geothermal Development Manager, Public Service Department, 
Burbank, California. Responsible for the city's program 
of geothermal development leading to electric power pro­
duction. Research and author contribution to ERDA grant 
(Contract No. E(0-4-1311) entitled "Site-Specific Analysis 
of Hybrid Geothermal/Possil Power Plants." 

4/74 to 4/76 Consulting Engineering Geologist (California); Consultant 
to civil engineering firms, architects, land developers, 
and attorneys in engineering geology. 

10/70 to 4/74 Consulting Engineering Geologist (Alabama),' Consultant to 
the State of Alabama (Geological Sxirvey) in engineering/ 
environmental geology and hydrogeology. Staff engineering 
geologist, and regional geologist. Mobile District, 
Alabama Geological Survey. 



- 16 

Typical responsibilities: Hydrogeologic studies pertaining 
to sanitary landfill sites and land-dispodal sewage 
systems; deep-well disposal studies; engineering geology, 
and hydrogeology for several counties in South Alabama. 
Project Director of an environmental geology study for the 
U.S. Corps of Engineers entitled "Environmental Impact 
of the Proposed Tennessee-Tombigbee Waterway in Alabama." 
Project leader of an engineering/environmental geologic 
study for a proposed super-port and associated land-based 
support facilities on the Alabama Gulf Coast. Dam site 
geology, exploration, and reservoir studies for a proposed 
nuclear generating plant for the Alabama Company. 

7/55 to 7/70 Pacific Soils Engineering, Inc., California, President 
and Chief Engineering Geologist. Director and Supervisor 
of 55 employees enf iged in consulting engineering geology, 
foundation engineering, and soil engineering. 

11/53 to 6/55 Senior Engineering Geologist (California), employed by a 
private consulting foundation engineering firm. Respons­
ible for the firm's geological studies pertaining to 
urban, commercial, and industrial land developments. 

5/52 to 7/55 Petroletim Geologist/Engineer for an independent oil pro­
ducer in California. Responsible for drilling, work-over, 
casing, and logging programs and completion procedures 
for developmental wells. 

2/51 to 2/53 Subsurface geologist for International Petroleum, Ltd. 
(Colombia). Duties similar to that above plus well-site 
geology. 
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Publications 

Lower Cambrian Fauna of the Marble Mountains, California: The Compass, 
vol . 26, no. 4, 1949. 

Triloculinella, a New Genus of Foraminifera: Cont. Cushman Foundation Foram. 
Research, vol. I, parts 3 and 4, 1950. 

The Lower Cambrian Olenellidae of the Southern Marble Mountains, California: 
Bull. Sou. Calif. Acad, of Sci., vol. 51, part 2, 1952. 

Porosity and Permeability of some Unconsolidated Sediments: The Compass, 
vol. 39, no. 2, 1 952. 

A Geological and Geographical Appraisal of Alluvial Fans: The Compass, 
vol. 39, no. 2, 1962. 

Origin of Adobe Clays in the Southwestern Portion of the Los Angeles Basin: 
in Essays in Marine Geology: Univ. Sou. Calif. Press, 1963. 

Environmental Geology and Hydrology, Madison County, Alabama: Geol, Survey 
of Alabama, Atlas Series no. 1, 1971 (co-author). 

Hydrogeology of Sanitary Landfill Sites in Alabama: Geol. Survey of Alabama 
Circular 71, 1972 (senior author). 

Petrology and Identification of the Citronelle Formation in Alabama: Bull. 
Geol. Soc, America, vol. 4, no. 2, 1972, abstract (co-author). 

Neogene Sediments of Mobile County, Alabama: vn Recent Sedimentation along 
the Alabama Coast: Ala. Geol, Society, Tenth Annual Field Trip,1972 (senior 
author). 

History of Water Supply of the Mobile Area, Alabama: Geol. Survey of Alabama, 
Circular 92, 1973 (senior author). 

Development of a Hydrological Concept for the Greater Mobile Metropolitan-
Urban Environment: Geol. Survey of Alabama Bull. 106, 1973 (senior author). 

Igneous Rocks in Mobile River: Geotimes, vol. 18, no. 12, 1973 (senior 
author). 

Use of Satellite Imagery in the Interpretation of Physiographic and Structural 
Features in South Alabama: Am. Assoc. Petroleum Geologists Bull., vol. 58, 
no. 3, 1974 (co-author). 

Infrared Color Photography of the Fort Mims Site, Alabama: Jour. Ala. 
Archaeology, vol. 20, no. 2, 1974 (senior author). 

Faulted Upper Pleistocene Marine Terrace, Palos Verdes Hills, California: Am, 
Assoc. Petroleum Geologists Bull., vol. 61, no, 11, 1977 (senior author). 
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Site Specific Analysis of Hybrid Geothermal/Fossil Power Plants: ERDA Pub­
l i c a t i o n , Contract No. E(0-4-1311), City of Burbank, 1977 (co-author). 

Low- to Intermediate-Temperature Thermal Springs and Wells in Oregon: Oregon 
Department of Geology and Mineral Industr ies Geologic Map Series No, 10, 
1978 ( jun ior author). 

Preliminary Geothermal Resource Map of Oregon: Oregon Dept, of Geology and 
Mineral Industries Geologic Map Series No, 11 , 1978. 

Geothermal Exploration in Oregon in V978: Oregon Dept. o f Geology and Mineral 
Indust r ies , Oregon Geology, v o l . 4 1 , no. 3, 1979 (senior author) . 

Geothermal Resource Assessment of Mount Hood: U.S. Dept. Energy Contract 
No. AC06-77-ET-28369, Oregon Dept, of Geology and Mineral Indust r ies, 1979 
(ed i to r and co-author). 
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DOGAMI GEOTHERMAL ENERGY PUBLICATIONS 

1966 

Bodvarsson, G., 19*̂ .6̂  Energy and power of geothermal resources: Oregon Depart­
ment of Gc'ology and Mineral Industries, Ore Bin, v. 28, no. T, p. 117-12'^. 

Groh, E.A., I966, Geothermal energy potential in Oregon: Oregon Department 
of Geology and Mineral Industries, Ore Bin, v, 28, no, 7; P- 125-135-

1261 

Peterson, N.V., and Groh, E,A., I967, Geothermal p o t e n t i a l of the Klamath F a l l s 
a r ea , Oregon, a p re l imina ry s tudy : Oregon Department of Geology and L̂Ln-
e r a l I n d u s t r i e s , Ore Bin, v . 29, no. 11 , p . 209-231. 

1970 

Bov/en, R.G,, and Peterson, N,V., 1970, Thermal springs and wells in Oregon: 
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Bowen, R.G., 1972, ficothc-riaal gradient studies in Oregon: Oregon Department 
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Bodvarsson, G,, Vjlh, T e l l u r i c cu r ren t e x p l o r a t i o n for geothermal anomalies in 
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no. h, p . 93-107-

Walker, G,W., 197'*-; Some impl i ca t ions of l a t e Cenozoic volcanism t o geothermal 
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ment of G<:ology and I-tineral I n d u s t r i e s , Ore Bin, v . 36, no. 7; P- 109-119-

1215 

Bowen, R.G,, 1975, Ihe Cow Hollow geothermal anomaly: Oregon Department of 
Geology and Mineral Industries, Ore Bin, v, 37, no, 7j P- 109-121, 

Bowen, R,G,, 1975, Geothermal gradient data: Oregon Department of Geology and 
liineral Industries Open-File Report 0-75-3, H ^ P-

Bowen, R.G., Blackwell, D,D., and Hull, D,A., 1975, Geothei-mal studies and 
exploration in Oregon: Oregon Department of Geology and Mineral Indus­
tries Open-File Report 0-75-7, 66 p. 
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1975 Cont'd. 

Hull, D.A., 1975, Geothermal gradient data, Vale area, Malheur County, 
Oregon: Oregon Department of Geology and Mineral Industries Open-
File Report 0-75-4, I8 p. 

12I§ 

Bowen, R.G., Blackwell, D.D., Hull, D.A., and Peterson, N.V., 1976, Progress 
report on heat-flow study of the Brothers fault zone, central Oregon: 
Oregon Depsirtment of Geology and Mineral Industries, Ore Bin, v. 38^ no. 
3, p. 39-45. 

Hull, D.A., 1976, Electrical resistivity survey and evaluation of the Glass Buttes 
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PROJECT BUDGET SUMMARY 

DOE DOGAMI 

Personnel ( inc luding OPE) 

Geologist IV 12 mo. (3 0.5 FTE $ 20,450 
Geologist I I I 12 mo. (a 1.0 FTE $ 27,265 
Geologist I I I 3 mo. (3 1.0 FTE 8,730 
Geologist I I 12 mo. (3 1.0 FTE 23,855 
Geologist I 24 mo. (? 1.0 FTE 37,490 
Cartographer I I 6 mo. (? 1.0 FTE 10,225 
Editor 3 mo. ? 1.0 FTE 6,390 

Travel 

500 days (? $30/day 15,000 

Transportation - 40,000 0 7(t /mi . , and 10,000 
5 pickups (a $132/mo. 

Services and Supplies 

Direct mate r ia l , maps, sample bags, 10,000 

th in sect ions, photos 

D r i l l i n g (Temperature-gradient) 170,000 

Water chemistry 805 

Pr int ing 23,000 

TOTAL DIRECT COSTS $342,760 $20,450 

INDIRECT COSTS 57,240 

TOTAL $400,000 $20,450 

PROJECT TOTAL $420,450 



BUDGET MATRIX - DOE FUNDING 

Task Task Task Task Task 
1 2 3 4 5 

Data Geological Temperature 
Compilation Mapping Gradient Geochemistry Publ icat ion Total 

Geologist I I I ^^7,255 $27,265 

Geologist I I I 8,730 8,730 

Geologist I I $ 23,855 23,855 

Geologist I $ 9,373 9,373 9,372 $ 9,372 37,490 

Cartographer I I $10,225 10,225 

Editor 6,390 5,390 

Travel 10,000 15,000 25,000 

Direct Material 1,000 1,000 4,000 3,000 1,000 10,000 

D r i l l i n g 170,000 170,000 

Water Chemistry 805 805 

Pr int ing 23,000 23,000 

Ind i rect Costs 1 ,733 9,413 37.111 2,201 6,782 57.240 

TOTAL $12,106 $65,781 $259,338 $15,378 $47,397 $400,000 
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GEOLOGY AIJD MEIJERAL IlIDUSTRIES 

0VERH3/U) 

PERSONNEL 

Z652O Di rec to r 60,360 
Z3064 Deputy : : i r ec to r 53t424 
Z0010 Admin is t ra t ive A s s i s . 28,272 
ZOO5I Bvisiness Manager 59,616 
COl01 Accounting Clerk 19,568 
C3OO6 STD £C:iTFC-'iT2CH I'ii. (6Ojo) 7,747 

210,924 
OPE 20.55J 42,817 

Tota l Personnel 251,391 

SERVICE AND SUPPLIES (PROGK.4;-: ' 53) 

(1) Ins t s . t e and :.eg. Trsve i 16,809 
(2) O u t - o f - s t a t e Travel 5,565 
v5) Office Expenses 

a) Phone (6 of 17 phones) 
(excludinc: pro j . ; 4,200 

b) ihu-ctle ; ;c i l , 5,-"! 6 
c ) Centra l ^ tore3 1,944 
d) Copier >',956 

(4) F i s c a l Control 12,664 
(a) Attorney Ge.nercl 1,506 
(9) Insurance "1,961 

(11) Housing end Grour.ds 
(67C :c 6i :: l.;) 9,970 

Total Services cr.d supp l i e s 61,272 

Tota l Overhead 312,603 

Tota l Budget, Ilinus Overhead 1,867,625 

Overhead :'.z.te 16.7% 
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GEOLOGY AND MINERAL INDUSTRIES 

OPE 

Indirect Overhead OPE 
sick leave 
vacation 
other 

Direct Overhead OPE 
PICA 
F2RS 
Other 

Health Ins , 
Life Ins . 
Dental Ins , 
SAIF 
ERB 
Misc 

m 

6,1 
16,2 
U.7 

TOTAL 

1S% 

21% 

hz% 



THE 
UNIVERSITY 
OF UTAH 

DEPARTMENT OF GEOLOGY 
A N D GEOPHYSICS 

COLLEGE OF MINES A N D 
MINERAL INDUSTRIES 
717 MINERAL SCIENCE BLDG. 
SALT LAKE CITY, UTAH 84112 

August 28, 1980 

MEMORANDUM 

To: Bob Blackett 

From: Stan Evans 

Here are three dates that were done for Craig White of the Oregon 
team. Please forward them on to him. 

Sincerely, 

SE/li 

enclosure 



Sample No. Unit Material Dated Weight (gms). %K 

Moles/gm -40 Ar^,o^(X10ii) %Ar;^^ 
Age (M.Y.) 

CT-8 

CT-62 

CT-64 

Whole Rock 

Whole Rock 

Whole Rock 

2.08904 

2.81221 

3.00691 

1.291 

1.063 

0.897 

5.756 

0.293 

1.533 

22.3 25.5±0.8 

89.4 1.59±0.21 

66.3 9.83±0.46 

Constants Used: 
10, A„ = 4.962 X 10 / y r . 

p 

A = 0.581 X 10"-̂ °/yr. 

K̂ O/K, 
Tot. 

1.167 X 10"^ Mole/Mole 



UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 
420 CHIPETA WAY, SUITE 120 
SALT LAKE CITY, UTAH B4108 

TELEPHONE 801-581-5283 

August 28, 1980 

Mr. Dave Brown 
Oregon Dept. of Geology 
and Mineral Industries 

1069 State Office Building 
Portland, Oregon 97201 

Dear Dave, 

Enclosed is a tabulation of data pertaining to K-Ar age dates of 
certain rock samples from your geothermal program. Stan Evans has 
indicated that one of the dates is a provisional date, as shown, arrived 
at from newly installed equipment. Although he intends to perform 10 to 
20 more extractions on the sample, any error should be only +̂1 or 2%. 

If you have any questions, please call. 

Sincerely, 

^ ^ ^ 

Robert E. Blackett 
Geologist 

REB:ls 

Enclosure 



* 

Moles/gm .« 
Ar'*̂  (XlO^i) %Ar 

Sample No, Unit Material Dated Weight (gms), %K ^ ^̂"̂  Age (M,Y,) 

SH-4 Jackass Plagioclase 5,01785 0,43 1.247 32.2 16.7-0.6 
Butte 

SH-12 ? Whole Rock 3.53915 0.265 0.134 89.5 2.91 - 0.38 

* Provisionary date - extraction done on newly calibrated line. 

Constants Used: 
A^ = 4.962 X 10"-^°/yr. 

A^ = 0.581 X 10"-^°/yr. 

r V K ^ Q ^ = 1.167 X 10 ̂  Mole/Mole 



Department of Geology and Mineral Industries 
ADMINISTRATIVE OFFICE 
1069 STATE OFFICE BLDG.. PORTLAND, OREGON 97201 PHONE (503) 229-5580 

May 21, 1980 

Duncan Foley 
Earth Science Lab 
University of Utah 
Research Institute 
420 Chipeta Way, Suite 120 
Salt Lake City, Utah 84108 

^ Dear Duncan: 

V̂ '̂.̂ ^̂ Enc , V^' D̂ ^̂  tiiclosed are three samples of Miocene Western Cascade rocks. These were 
\ ) ^ I collected in the Cougar Reservoir area near McKenzie Bridge, Oregon. K-Ar 
W ' data on these sairples should help to define the age of the tc^ and bottom 

/V) 
x̂ T of^the "Sardine Series" in this area and the age of a major N-S fault v*iich 

appears to be associated with the hot springs systems. 

Thin sections and xeroxed copies of petrographic descriptions are enclosed. 
Sairple numbers and locations are as follows: 

Sample # 

Cougar Dam East 
RI - « 112-
R I - 8 5 

Rcx:k Type 

basaltic andesite 
basaltic andesite 
hornblende-bear ing 
dacite ash flow 

LocaticMi 

7' 43"< N 44° 7' 43", W 122° 14' 18" 
N 44° 6' 30", W 122° 16' 58" 
N 44° 7' 40", W 122° 16' 15" 

If you have any questions about these sarrples, please do not hesitate to 
call iryself or Joe Riccio. 

Sincerely, 

George R. Priest 

End. 

GRP/bh 

•4 



Department of Geology and Mineral Industries 
ADMINISTRATIVE OFFICE 
1069 STATE OFFICE BLDG.. PORTLAND, OREGON 97201 PHONE (503) 229-5580 

May 21, 1980 

Duncan Foley 
Earth Science Lab 
University of Utah 
Research Institute 
420 Chipeta Way, Suite 120 
Salt Lake City, Utah 84108 

Dear Duncan: 

Enclosed are three samples of Miocene Western Cascade rocks. These were 
collected in the Cougar Reservoir area near McKenzie Bridge, Oregon. K-Ar 
data QXi these saitples should help to define the age of the tc^ and bottom 
of the "Sardine Series" in this area and the age of a major N-S fault v*iich 
appears to be associated with the hot springs ̂ sterns. 

Thin sections and xeroxed copies of petrographic descriptiais are enclosed. 
Sample numbers and locations are as follows: 

Sample # Rock Type Location 

Cougar Dam East basaltic andesite N 44° 7' 43", W 122° 14' 18" 
<a 4 ^ feasaitic-aHdesifee N 44° G' 30", W 122° iC 50" 
R I - 8 5 hornblende-bear ir^ N 44° 7' 40", W 122° 16' 15" 

If you have any questions atout these sanples, please do not hesitate to 
call m/self or Jce Riccio. 

Sincerely, 

George R. Priest 

End. 

GRP/bh 



THE 
UNK/ERSITY 
OF UTAH 

DEPARTMENT OF GEOLOGY 
AND GEOPHYSICS 

COLLEGE OF MINES AND 
MINERAL INDUSTRIES 
717 MINERAL SCIENCE BLDG. 
SALT LAKE CITY. UTAH M112 

June 3, 1980 

MEMO 

To: Duncan Foley 

From: Stan Evans 

Dear Duncan: 

Here are six dates for the Oregon people. Samples OM-5, 49, 520 and 
BF-5 were submitted by Dave Brown, samples Bui lard 1 and 2 were submitted 
by Joe Riccio. I am now indicating more significant figures for %K and 
argon numbers. This is done only to allow the dates given to be calculated 
from the K and argon numbers in the table. Really all I am showing is 
the number of significant figures I'm carrying thru my age calculations. 

Sincerely, 

" ^ ^ ^ Elrzz^^Jior 

Stan Evans 

J cm 



Moles/gm /,n 

Sample 

OM-5 

OM-49 

OM-520 

BF-5 

Bullard 

Bullard 

No. 

-1 

-2 

Unit 

• -

Basalt 

-

Basalt 

-

-

Material Dated 

Plagioclase 

Whole Rock 

Plagioclase 

Whole Rock 

Whole Rock 

Plagioclase 

Weight (gms). 

5,03912 

3.07859 

5,00452 

3,05013 

0,74802 

4.27471 

%K 

0.340 

0,755 

0,511 

0.755 

3; 362 

0,515 

Kau 

1,2644 

2.2824 

1,6673 

1.2232 

14.448 

2,4485 

du i i 

65,6 

53,1 

66,7 

66.4 

28,5 

36.9 

Aqe (M.Y.) 

21.3 t 1.0 

17.3 t 0.7 

18.7 t 0.9 

9,31 t 0.44 

24.6 + 0.8 

27.2 + 0.9 

Constants Used: 

A„ = 4.962 X 10'^°/yr. 
p 

A = 0.581 X 10"-^°/yr. 

K^°/KyQ^ = 1.167 X 10" 
Mole/Mole 



UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 
420 CHIPETA WAY, SUITE 120 
SALT LAKE CITY, UTAH 84108 

TELEPHONE 801-581-5283 

June 9, 1980 

Mr. Dave Brown 
Oregon Dept. of Geology and 
Mineral Industries 
1069 State Office Bldg. 
Portland, OR 97201 

Dear Dave; 

Please find enclosed, a copy of a memo and attached information 
pertaining to rock samples that were submitted by yourself and Mr. Joe 
Riccio for age dating. 

Should you have any questions concerning these data, please call. 

Sincerely, 

Robert E. Blackett 
Geologist 

REB/hb 

enclosures 



THE 
UNK/ERSITY 
OF UTAH 

DEPARTMENT OF GEOLOGY 
AND GEOPHYSICS 

CXILLEGE OF MINES AND 
MINERAL INCXJSTRIES 
717 MINERAL SCIENCE BLDG. 
SALT LAKE CITY, LfTAH M112 

June 3, 1980 

MEMO 

To: Duncan Foley 

From: Stan Evans 

Dear Duncan: 

Here are six dates for the Oregon people. Samples OM-5, 49, 520 and 
BF-5 were submitted by Dave .Brown, samples Bullard 1 and 2 were submitted 
by Joe Riccio. I am now indicating more significant figures for %K and 
argon numbers. This is done only to allow the dates given to be calculated 
from the K and argon numbers in the table. Really all I am showing is 
the number of significant figures I'm carrying thru my age calculations. 

Sincerely, 

Stan Evans 

J cm 



Moles/gm 40 

Sample 

OM-5 

OM-49 

OM-520 

BF-5 

Bullard 

Bullard 

No, 

-1 

-2 

Unit 

• -

Basalt 

-

Basalt 

-

-

Material Dated 

Plagioclase 

Whole Rock 

Plagioclase 

Whole Rock 

Whole Rock 

Plagioclase 

Weight (gms). 

5,03912 

3.07859 

5,00452 

3,05013 

0.74802 

4.27471 

%K 

0.340 

0,755 

0.511 

0.755 

3;"362 

0,515 

t\ClU 

1,2644 

2,2824 

1,6673 

1,2232 

14,448 

2,4485 

•Ar^,o,(X10ii) %Arg^^ 
Age (M.Y.) 

65.6 21.3 1 1.0 

53,1 17.3 1 0.7 

66.7 18.7 t 0.9 

66.4 9,31 t 0.44 

28.5 24.6 1 0.8 

36.9 27.2 + 0.9 

Constants Used: 

A„ = 4.962 X 10'-^°/yr. 
p 

A^ = 0.581 X 10"-^°/yr. 

K^°/K^^^ = 1.167 X 10"^ Mole/Mole 



Department of Geology and Mineral Industries 
ADMINISTRATIVE OFFICE 
1069 STATE OFFICE BLDG., PORTLAND, OREGON 97201 PHONE (503) 229-5580 

June 26, 1980 

Dr. Duncan Foley 
Earth Science Laboratory 
University of Utah Research Institute 
420 Chipeta Way, Suite 120 
Salt Lake City, Utah 94108 

Dear Duncan: 

Enclosed are four samples from the Alvord Desert that I would like dated. 
Sampling data are as follows: 

AD-3 m h NW% sec. 18, T. 34 S., R. 34 E. 

AD-4 SW% SW% sec. 7, T. 37 S., R. 34 E. 

AD-5 NW% Wk sec. 29, T. 36 S., R. 33 E. 

AD-5 NW% NW% sec. 20, T. 37 S., R. 34 E. 

Thin sections for this material will be forwarded in the immediate future. 

If you have any questions concerning these samples please call me. How 
are our other age dates coming along? 

Sincerely, 

h 
Joseph F. Riccio 
Geothermal Programs Manager 

JFR:lk 
End. 



n 

Department of Geology and Mineral Industries 
ADMINISTRATIVE OFFICE 
1069 STATE OFFICE BLDG., PORTLAND. OREGON 97201 PHONE (503) 229-5580 

May 21, 1980 

N-

' # 

Duncan Foley 
Earth Science Lab 
University of Utah 
Research Institute 
420 Chipeta Way, Suite 120 
Salt Lake City, Utah 84108 

^ Dear Duncan: 

\'3 {̂ŷ  Enclosed are three sanples of Miocene Western Cascade rocks. These were 
, -̂ 0̂- / collected in the Cougar Reservoir area near McKenzie Bridge, Oregon. K-Ar 
Vv' ' data oa these saitples should help to define the age of the tcp and bottom 

^7 of^the "Sardine Series" in this area and the age of a major N-S fault v*iich 
. ̂ v ^ appears to be associated with the hot springs systems. 

Thin secticxis and xeroxed copies of petrographic descriptiois are enclosed. 
Sanple numbers and locations are as follows: 

Sample # 

cougar Dam East 
RI - « 112. 
R I - 8 5 

Reck Type 
basaltic andesite 
basaltic andesite 
hornblende-bear ing 
dacite ash flow 

Locaticxi 

N 44° 7' 43", W 122° 14' 18" 
N 44° 6' 30", W 122° 16" 58" 
N 44° 7' 40", W 122° 16' 15" 

If you have any questions about these sanples, please do not hesitate to 
call myself or Joe Riccio. 

Sincerely, 

George R. Priest 

End. 

GRP/bh 
.-..H.*3 
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Department of Geology and Mineral Industries 
ADMINISTRATIVE OFFICE 
1069 STATE OFFICE BLDG., PORTLAND, OREGON 97201 PHONE (503) 229-5580 

May 21, 1980 

Duncan Foley 
Earth Science Lab 
University of Utah 
Research Institute 
420 Chipeta Way, Suite 120 
Salt Lake City, Utah 84108 

Dear Duncan: 

Enclosed are three sanples of Miocene Western Cascade rocks. These were 
collected in the Cougar Reservoir area near M:;Kenzie Bridge, Oregon. K-Ar 
data on these sanples should help to define the age of the top and bottom 
of the "Sardine Series" in this area and the age of a major N-S fault v*iich 
appears to be associated with the hot springs systems. 

Thin secticHis and xeroxed copies of petrographic descripticais are enclosed. 
Sanple numbers and locations are as follows: 

Sanple # Rock Type Location 

Cougar Dam East basaltic andesite N 44° 7' 43", W 122° 14* 18 
«i 49- feasalti€-ande&ifce N 44° G' 30", W 122° iC 50" 
R I - 8 5 hornblende-bearing N 44° 7' 40", W 122° 16' 15" 

If you have any questions about these sanples, please do not hesitate to 
call nyself or Joe Riccio. 

II 

Sincerely, 

George R. Priest 

Encl. 

GRP/bh 



?3<3c Coc^t!) c r . 
March 3 1 , 1980 /NIC M.^^/Mv/ae, of^ 97/4>€ 

Dear Duncan, 

Here are three more samples for K/Ar dating. They are all from the 

Cascades and have possible age ranges as followsi 

CT-8 
CT-62 
CT-6^ 

Basaltic flow 
Basaltic flow 
Dioritic dike 

20 to 30 m.y. 
2 to 7 m.y. 
5 t6 15 m.y. 

Sample CT-8 is from the same vinit a s a previous sample I sent you that 

Stan Evans rejected because of h l ^ glass and carbonate content. I think 

this one is better, but, because it Is the oldest unit in the area, it is 

difficult to get clean samples. I would like him to try to get what he can 

out of this rock as I have no other dates for this unit. 

Thanks very much. 

V Best wishes, 



fdoi/ 

UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 
420 CHIPETA WAY, SUITE 120 
SALT LAKE CITY, UTAH 84108 

TELEPHONE 801-581-5283 

September 4, 1980 

Mr. Craig White 
2306 Cowls CT. 
McMinnville, Oregon 97128 

Dear Mr. White, 

Enclosed is a list of age dates for rock samples submitted to us on 
March 31, 1980. 

If you should have any questions concerning these data, please call. 

Sincerely, 

Robert E. Blackett 
Geologist 

RB/cw 
ends 



Sample No. 

CT-8 

CT-62 

CT-64 

Unit 

_ 

-

m. 

Material Dated 

Whole Rock 

Whole Rock 

Whole Rock 

Weight (qms). 

2.08904 

2.81221 

3.00691 

%K 

1.291 

1.063 

0.897 

Moles/gm 
Ar^,o^(X10ii) 

5.756 

0.293 

1.533 

22.3 

89.4 

66.3 

Aqe (M.Y.) 

25.5±0.8 

1.59±0.21 

9.83±0.46 

Constants Used; 

x„ = 4.962 X 10 '^^/yr . 

x^ = 0.581 X lO'^^^/yr. 

K^°/K^^^ = 1.167 X 10"* Mole/Mole 



Moles/gm 

Sample No. 

Cougar Dam East 

RI-n2 

RI-85 

Foley Ridge 

Tmw-Top 

Tpb 

STACK 

Unit 

-

-

-

-

-

-

-

Material Dated 

Plagioclase 

Plagioclase 

Plagioclase 

Whole Rock 

Whole Rock 

Whole Rock 

Whole Rock 

Weight (qms). 

6.01058 

6.33873 

2.91937 

2.53109 

3.01778 

3.01174 

3,00758 

%K 

0.237 

0.208 

0,349 

0.548 
1.121 

0,365 

0,540 

Ar^,o^(X10ii) 

0,674 

0,417 

0.844 

0.195 

1.739 

0.533 

2,090 

« :̂L 
86.9 

64.7 

74,5 

94.6 

38,9 

61,1 

64.7 

Aqe (M.Y.) 

16.3+1.8 

11.5+0.5 * 

13.9+0.8 * 

2.05t0.52 

8.93t0.34 * 

8.39±0.36 

22.2tl.O 

* Provisionary dates - done on new extraction line, subject to later revision. 

•10 
Constants Used: 

X„ = 4.962 X 10 
p 

X = 0.581 X 10"-^°/yr. 
E 

/yr . 

K^O/K. Tot. 
1.167 X 10"^ Mole/Mole 



UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 
420 CHIPETA WAY, SUITE 120 
SALT LAKE CITY, UTAH 84108 

TELEPHONE 801-581-5283 

December 3, 1980 

Mr. George Priest 
Department of Geology and 
Mineral Industries 

1069 State Office Building 
Portland, Oregon 97201 

Dear Mr. Priest: 

Enclosed is a table of analyses recently completed for certain rock 
samples from the Oregon State Coupled Program. The analyses and age determi' 
nations were done by Stan Evans at the Department of Geology and Geophysics, 
University of Utah. 

If you have any questions, please call. 

Sincerely, 

'te. 
Robert E. Blackett 
Geologist 

REB:gm 

enclosure 



Sample No. 

Cougar Dam East 

RI-n2 

RI-85 

Foley Ridge 

Tmw-Top 

Tpb 

STACK 

Unit 

-

-

-

-

-

-

-

Material Dated 

Plagioclase 

Plagioclase 

Plagioclase 

Whole Rock 

Whole Rock 

Whole Rock 

Whole Rock 

Weight (qms). 

6.01058 

6,33873 

2.91937 

2.53109 

3,01778 • 

3,01174 

3,00758 

^K 

0,237 

0,208 

0,349 

0,548 

1,121 

0,365 

0.540 

Moles/gm 
Ar^^o^(XlOii) 

0,674 

0,417 

0,844 

0,195 

1,739 

0,533 

2,090 

atm 

86.9 

64.7 

74,5 

94,6 

38,9 

61,1 

64.7 

Aqe (M.Y.) 

16.3+1.8 

n,5t0.5 * 
13.9+0.8 * 

2.05t0,52 

8.93t0.34 * 

8,39±0.36 

22.2tl.O 

* Provisionary dates - done on new extraction line, subject to later revision. 

Constants Used: 

x„ = 4.952 X 10"-^°/yr. 

x^ = 0.581 X 10"-^°/yr. 

K^°/K^Q^ = 1.167 X 10"^ Mole/Mole 



RESEARCH PROPOSAL 
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.INTRODUCTION 

During Phase I of the Western States Cooperative Diirect'USc GeOthej'n't.̂ l 

Program (Contract No. E6-77-C-06-1Q40) avdiUble data on ]Qm temperature 

( 2 0 \ - 90 '̂c) geothermal resources were collected in Oregon. Bussed on review 

of these data, nine low-tenperature resource areas were identif ied (Fiy. 1). 

During the Mt. Hoo«i Geothermal Resource AssessiJ^nt project (1978), Conir§ct 

No. AC0b-77-ET-28369, three Other iow-teiRP^rdturc resource areas were idenU' 

f ied: P.=irkdale, northeasterly cf Ht. tood, Powell Buttes, norlhcdSt of Bend, 

and the Corbett-C^mp Collins area, 9.6 km (6,0 mi| east of Portland ( f i g . 1), 

Phase I I of the direct-heat tjeothemial program primarily entailed the 

selection of specific s i tes, based on Phase I data, within the nine resource 

areas for detailed evaluation, SeoJogiCdl'geophysicSl investigations of the 

Specific sites were conducted in ot'tler to select d r i l l test locations. Sites 

were dr i l led on a pr ior i ty basts for reservoir conflffaation and assessment. 

Results, includinq maps ^n6 repcsrts, were published by DC^Hi on art open-file 

basis and made available to the geothennal conimiftity, goverrenental ayencles, 

dr>d the public, [levelofssent of direct-use gedthemal resources wi l l have 

i i ign i f icant near-ters"! Iffipact by f u l f i l l i n g , in part, the energy require­

ments of Oregon and the United States. 

This proposal describes the studies necessary to continue and cc^iplete 

most aspects of the Phase l i program, and to consolidate and synthesize 

available data with the view of developiny a coherent interim stateiBent of, 
1 

the qeothertf^l potential of the State of Oregon. SiBTir.ary c<[ists by task are 

provided In the Budget SectlOR of this proposal. 

Not contemplated in this proposal Is inierstedlate to dfeep geothemal 

d r i l l i ng for f inal confmiatlon and assessBent of prtxnisin^ geot-hermal 
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targets such as the Lakeview area. As these areas are identified, they will 

continue to be brouyht to the attention of OOE, 

The thruit of the current proposal is to emphasize lOw cost data and 

sample collection statewide and to forniulate an up-to-date revised geothermal 

assessment for tfie State of Oregon which Includes a mcasMre of the resource 

constrained by yeoiogic paranieters and a set of conceptual geothenral models 

to priority systems in the state. Phase III, this studyj, drawi upon the 

regional data develD|:>ed in previous studies* integrates the earlier Coopera­

tive and Hestefi"! Cascades efforts into one cohererd study, and focuses 

attention on discrete resource areas in Oregon. 
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ASSESSMENT PlAH 

Task 11 ' Geologic Hap Ref inejrtent 

lasks 1-10 have been undertaken under previous phases of this study 

program. 

Geoloi}1c r»aps, at an appropriate scale, w i l l be refined for the Northern 

Harney Basin, Parkdak, Western Snake Riv^r Plain, and, i f lime pennits, thfe 

lakeview area (Fig. 1). The maps w i l l depict a l l known major structures or 

trends as well as surface 9eotherwl laanifcstatlons. Cr^ss-sections t>ased 

on available geol09k data w i l l be drawn through the resource areas. 

Besides black and white, color and color jR photos, air-photo studies 

w i l l Involve the interpretation of SLAR, LANDSAT (tftTS), and KASA U-2 as 

available. Ground-truth ver i f icat ion w i l l resolve afnbl̂ uous interpretations 

and w in t«nplBt«nt the conceptual synthesis work definfd in Task 15. Geo­

physical profi les perpendicular to structure may be used to better define 

faulting beneath alluvium in basins. I f detailed geological work and existing 

geophysical data are not def in i t ive . 

Task 12 - Statewide Reconnansance 

I Effort to acquire additional information on the location, temperature, 

I water samples, f l w data, and chemistry of thermal springs and i ^ l H of the 

j State of Oregon w i l l be enhanced in this study «nd w i l l include emphasis on 
I- " 

f the south-central Cascades, iiasin and Range province, structural t>as1ns of 



the Coliwibia Plateau and the Portland-Clack^^s ftiver area. These data w i l l 

be included in existing IXXiAMl find GEOTHEf̂  data base f i les an|d updates of 

the geotherfRal map base cf Oregon. 

Task 13 - Assessngnt of the Corbett-Camp Collins Area 

In i t i a l assessment of the Corbett-Camp Collins area near Portland w i l l 

be pursued by detailed tenperature gradient measurement and water analysis 

of a l l existing springs and w l U and d r i l l i n g of shallow (1$2 m) t«n|.terature 

gradient wells. In addit ion, reconnaissance geologic Bopping and lineament 

analysis w i l l be completed. Al l data w i l l be included in esHtlng WGAMl and 

GtOTH£Pi4 data base f i les and updates of the geothenaal map base of Ort-gon, 

Task 14 ' Summary Assessment of Seothertaal Resources 

Geotheraal models w i l l be developed from the data, and specific develop-

Hient steps w i l l be recooraended for each study area. The product of this 

task w i l l be detailed assessraent reports inco^'poratlng a l l relevant data for 

pr ior i ty areas that have high potential. A 9enera1 su^Rary report covering 

a l l areas studied w i l l also be completed. These reports w i l l guide statewide 

resource assessment and w i l l provide a basis for evaluating or planninc 

exploration ventures by either govertsi^nt or the pr ivat t sector. 

Task 15 ' Publication 

The deliverables of this ef for t include the following: 

Task 11 - Various in-house geologic map revislor^s 

Task 12 - Spring and well data in GEOTHERM 
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Task 13 - Assessment of the Corbett-Camp Collins area 

Task 14 - S ,̂»indry Assessment reports 

Publications cont^iplated In this investigation include: 

Report of geothennal gradient data 

Special Papers on high pr io r i ty resource ar^as 

Special Paper surmarizing the geothennal resource potential 

of a l l of the study areas 

Geologic niaps of pr ior i ty areas 



BUEH5ET SUW^RV 

Personnel 

Seologlst 111 ($3207 
Geologist H i ($3207 
Geologist il ($2775 
Geologist 11 ($2775 
Cartographer ($2281 
Chemist ($2910 
Editor ($2775 

Subtotal 

j{ 10 X 1,0 FTE X 1.08) 
X 10 X 1.0 FTE X 1.08) 
X 10 X 1,0 FTE X 1.08) 
X 10 X 1,0 FTE X 1.08) 
X 10 X 0.5 F i t X 1-08) 
X 1.0 X 1,0 HE X 1.08) 
X 10 X 0.5 FTE X 1.08) 

$34,63^ 
34,63A 
29. %e 
29»96b 
12,31? 

3,143 

J3jm 
$159,648 

I 

I 

Services and Supplies 

Travel 

4M days i 39.45/ddy per diem 
40,000 m ^ I2e/»1 
400 days § 9.60/day for vehicle 
Idaho Falls or Salt lake 9w1 return 

(4 t r ips) 

K-Ar dates, thin sections, cheaical analyses 

Direct supplies (fsaps, negatives, photos, 
reagents, etc.) 

Printing 

SubtoUl 

Subcontracts 

Geophysical pircflles 

Dr i l l ing 

Subtotal 

Subtotal 

In i i rect costs § 16.7* 

5,780 

3, to 
?.300 

2 0 , ^ 

$ 67,422 

TOTAL 

lOjOOO 

30[ooo 

$ 40,000 

$257,070 

42,930 

$500,IX» 
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Personnel 

Cdi t o r 

BUDGET m.W.lK - DOI fUNO IMG 

^ u 11 -;,«:k 1? Task 13 Tftsk 14 Task 15 

J L ! i r S5Ŝ  '.^^ ^ '^- -̂̂  
Geologist 311 3173^.' ^ $17,317 ^7.317 
Geologist i l l - . „ a Q68 -

Gravity prof i les 10-000 

D r i l l i n g 

Subtotal S60J07 

S 3«. 
34, 
29, 
29, 
12 

3 
14 

.634 

.634 

.968 
,968 
,317 
, U 3 
.984 

, , .790 n.79(l 2,0W ' .000 ; ^^.MO 

Age date* - ^ - ^'^^^^ - " - - ' " - - - ^ '̂̂ »0 '^••^*^ 
SupplIes 
Print ing 
tSpp^ter-''" i;^o :̂̂ *̂  ' ^ : 2o;?S 2O:DOO 

Sjibcontracts. _ ^^^^^^^ 

JO', 000 
_^"> " 3p»c??o. " :.„..„.r:.. •J,.,-,.:....;... 

762.7'1 (SO.'s'l"; SK.63^ S«.301 ir=7.C,70 

• n d j r e c t ^ o s t , ^ - " B ' ° - ^ ^ ^ ! : ! ; » ^^55' ? - m ^S'SSO 

,,o.,.s in.ve, «8.7« « , 3 « . . . . « ' *^«'-'»<' 
TOTAL 
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S.M.U. 

Int r t iduct jc^ 

This budget I ndu i ^s time for technicians during data-genera 
as wel l as tir ie fo r Dave Blackwell and his assistants to t r a i n ou*-
the use of n&ti equipnent th is sutmer. In add i t i on , t i n * is included 
BUcfcWfH to «Tite hedt-f low reports for s w c i f i c s i tes and region 

t ion at S.MAl., 
perSOftJiel in 

for Dave 

Budyt 

Personnel; 

WOR̂  A! 5,H,U. 
Dave EldCkwell (0.1 F.T.E. fo r 9 55Ci|, - - -
.John Steel (0.45 F.T.E. for 10 m ) 
gob Spafford (0.3?5 F.T.E, for 12 mo) . , , 
Secretary (0.375 F.T.E. f o r 12 mo). . , , -
lat>C!ratory Technician (0.5 F.T.E, for 9 mo) 

,410 
JS? 
,425 
468 
SOO 

FIELD mm. IN OREOOH 
Dave Blackwell (1-0 F.T.E. fo r 1 m ) . 
John Steel (1,0 F.T.E. fo r 1 no). . . 
F ie ld Assistant (1.0 F . l . t , fOf 2 BID) 

SUBTOTAL I S T 5 ^ 
Benefits (lOX) 2,855 

,666 
,892 
,900 

SUBTOTAL 
Benefits (10%) 

TOlAL SALARIES & BENEF 

Travel h Per Oiem. . . . . . . 
Supplies (SO". on-cdiT^^uS, ^)% off'Cae^us) 
Confputer t i ne . , . , -
Overhead <• on^cairliuS s^rk (40S), . . 
Overhead - off-canpus work (23.4 ' ) . . , -

i i n 

,046 

ts 

• 11^350 
. _4TM 

. mm 

TOTAL $85,83? 
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Department of Geology and Mineral Industries 
A D M I N I S T R A T I V E O F F I C E 
1005 STATE OFFICE BLDG., PORTLAND, OREGON 97201 PHONE (503) 229-5580 

May 25, 1982 

Susan Prestwitch 
U.S. Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Falls, Idaho 83401 

Dear Susan: 

Enclosed is a grant proposal for publ icat ion of several unpublished 
data sets developed under U.S.D.O.E. cooperative agreements over the las t 
few years. Most of th i s data has been made avai lable only in open-f i les 
of the raw data sets without any adequate in te rp re ta t ion . This grant 
would aljow h igh-qual i ty in te rpre t ive reports to be published. 

I t is pa r t i cu la r l y crucia l that funds be made ava i lab le for data 
generated during the 1982 f i e l d season. I f no time and funds are made 
ava i lab le , even preparation of crude open- f i le reports w i l l not be possible, 
since the current Cooperative Agreement No. DE-FC07-79ID12044 ends September 
30, 1982 and no provision is made for publ icat ion of these reports in the 
f i na l task descr ipt ion (Task 11, Amendment No. A007). 

-{l^\ Sincerely, 

OV-\C. 

Y o o r YeaeVvov^ ^ 

^. &mb 
George R. Pr iest 
Geothermal Specia l is t 

^>coviv.AeA Vo cLONje'c VJOV^V s V o o V W a v j C -

VeSNA C>o\>\\.s\n<s.A a s Oci'f V O ^ eK.vsVvvACi 

cov /v \va ieVs y ' ^ x - s c>'cofOsa\ < 3 S < \ . M Q 
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SUMMARY PUBLICATION OF GEOTHERMAL RESEARCH IN OREGON 

ABSTRACT 

In order to realize the full benefit of geothennal research 

conducted with the support of U. S. Department of Energy over the 

last several years, the Department has resolved to publish final 

summary reports on the highest quality vinpublished data sets in 

Oregon. The end result will be special papers on the regional 

heat flow of Oregon, the geothermal resovirces of Ashland, Oregon, 

the geothermal resources of Eastern Oregon, and the geology and 

geothermal resources of the Eugene-Denio lineament in the Cascades 

of Oregon. The estimated total cost for the project is 1167,254.44. 

Thirteen months will be required for completion, beginning 

October 1, 1982 and ending October 31, 1983. 



INTRODUCTION 

The Oregon Department of Geology and Mineral Industries (DOGAMI) 

has, for the last 15 years, conducted extensive geologic and geophysical 

research aimed at defining the geothermal resources of Oregon. For the 

last five years this research was part of a United States Department of 

Energy (USDOE) program of geothermal resource assessment. 

The USDOE program consisted of two cooperative agreements entitled 

"Geothermal Resource Assessment of the Westem and Central Cascades" 

(No. DE-PCO7-79IDI2044) and "Low Temperature Geothennal Resource Assess­

ment - Phase II" (No. DE-FC07-79PT27220). 

The USDOE program originally required publications which would have 

summarized the five-year effort. Owing to various factors, no funding 

for these summary publications became available. The result is a large 

body of data on both low and possible high-temperatiire geothermal resources 

which has never been summarized in high-quality, interpretive publications. 

Specific high-quality data sets for which no funds are available for 

published summary reports include: 

1. The Ashland (Figure l) geothermal drilling project (in progress). 

2. Geologic mapping and geothermal gradient drilling in the Eugene-
Denio lineament (Figure l) in the Cascades (to be completed 
during the summer of 1982). 

3. Drilling and geologic mapping of low-temperature geothermal 
resource areas (Figure l) of Eastern Oregon (completed). 

4. Regional heat flow in Oregon from data sets developed since 
1978 (publication date of the last heat flow summery). 

This proposal would allow preparation of suimnary reports covering 

these data sets. 
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Figure 1. Location map showing major study areas with data se t s in need of f i n a l publ icat ion. 
Shaded boxes are areas of deta i led geologic mapping wtoich wi l l be summarized in the 
Eugene-Denio study. ' 



SUMMARY PUBLICATION 

Objective 

The objective of this project will be to aake available to the public 

the Department's final conclusions regarding the quality and best methods 

of exploitation of recently investigated geothermal resouj-ce areas. The 

ultimate result will be an increase in both the amount and success of 

geotheraal exploration and development in Oregon, 

Work Plan 

Existing geologic mapping and temperature gradient information will be 

used to develop geothermal system models for the following areas (see 

Figure I for locations): 

1. Ashland 

2. The Eugene-Denio lineament in the Cascades. 

3. Eastern Oregon geothermal resource areas with emphasis on 

Powell Buttes, Bums, La Grande, Vale, and Lakeview. 

Data from these areas and new temperature gradient data from ongoing 

statewide scrounge will be summarized in an updated special paper on 

regional heat flow in Oregon. Heat flow analysis will be conducted by 

Dr. David D. Blackwell of Southern Methodist University, The special 

heat flow paper will analyze the best exploration techniques and ultimate 

geotheraal resource potential for each major heat flow province within 

the state. 



Deliverables 

1. A DOGAMI Special Paper on the low-temperature geothermal resources 
of Ashland, 

2. A DOGAMI Special Paper on the Eugene-Denio lineament in the Cascades, 
Two geologic maps will be included: one of the Willamette Pass 
area and one of the Walker Rim. 

3. A DOGAMI Special Paper on the geothermal resources of Eastern 
Oregon with chapters on Powell Buttes, Bums, La Grande, Vale, 
and Lakeview. 

4. A DOGAMI Special Paper on the heat flow of Oregon. 

Schedule 

October 1, 1982 through December 31, 1982: final compilation of 
geologic mapping and heat flow analysis of temperature data. 

January 1, 1983 through March 31, 1983: report writing and 
preliminary typing and drafting. 

April 1983: peer review of manuscripts and maps. 

May 1983: final revisions of manuscripts and maps. 

June 1, 1983 through October 31, 1983: final editing, drafting 
and printing of the special papers. 



PATENT INFORMATION 

There is no proprietary infonnation included in this proposal and the 

information to be collected during the proposed study will not be confidential. 

APPLICATIONS TO OTHER SPONSORS 

This proposal has not been submitted to other potential sponsors and 

we do not plan to subfrfit it to others in the future. . 



RESUME 

GEORGE R. PRIEST 

Home Address 

10710 S.W. Ponderosa Place 
Tigard, Oregon 97223 
(503) 620-6438 

Business Address 

Oregon Department of Geology and Mineral Industries 
1069 State Office Building 
Portland, Oregon 97201 
(503) 229-5580 

Personal Information 

Birth date: 7-14-49 
Height: 5" 9"; weight: 150 lbs. 
Spouse: Barbara J. Priest 

Education 

B.S., Geology, Oregon State University, Corvallis, Oregon, 6-6-71 
M.S., Geology, University of Nevada, Reno, Nevada, 8-15-74 
Ph.D., Geology, Oregon State University, Corvallis, Oregon, 8-15-79 

Industrial Experience 

Geologist 4, Geothermal Specialist, Oregon Department of Geology and Mineral 
Industries, 11-1-80 to present (Dr. Donald A. Hull, supervisor). 

Geologist 3, Oregon Department of Geology and Mineral Industries, 1069 State 
Office Building, Portland, Oregon 97201, 9-3-79 to 10-31-80 (Dr. Joseph Riccio, 
supervisor). 

Geothennal Exploration Geologist, Chevron Resources Company, P.O. Box 3722, 
San Francisco, California 94119, 6-20-79 to 9-15-79 (Jim Salveson, supervisor). 

Consulting Geologist, tô  Hanna Mining Company, Coastal Mining Division, 
388 W. 2550 S., Salt Lake City, Utah 84115, 3-20-78 to 3-23-78; 3-27-78 (Wade 
Hodges, supervisor). 

Geochemist, Lawrence Livermore Laboratory, P.O. Box 808, Livermore, California 
94550, 7-5-77 to 9-7-77 (Dr. Kevin K. Knauss and Dr. Terry L. Steinborn, super­
visors). 

Exploration Geologist, Cyprus Mines Corporation, S. 400 Jefferson Street, Suite 
161; Spokane, Washington 99204, 7-25-74 to 9-15-75 (Dr. E.A. Schmidt, supervisor), 

Consulting Geologist; t£ Mr. Bruce Miller, consulting exploration geologist. 
Geology Department, University of Nevada, Reno, Nevada 89502, 7-1-74 to 7-6-74. 

Consulting Geologist, Project Manager, for Dr. D.B. Slemmons, Geology Department, 
University of Nevada, Reno, Nevada 89502, 11-73 to 3-74. 



George R. Priest 

Engineering Geologist, Woodward-Clyde and Associates, Berkeley, California; 
5 days 1-74 (Alfred Ringa, supervisor). 

Exploration Geologist, Phelps Dodge Corporation, Reno, Nevada 89502, 6-15-72 
to 9-15-72 (Robert Ludden, supervisor). 

Academic Experience 

Assistant Professor, Portland State University, Department of Earth Sciences, 
Portland, Oregon 97207, 9-15-78 to 6-15-79 (Dr. Marvin H. Beeson, Department 
Chairman). 

Teaching Assistant, five years, including the following subjects: 

Physical geology (2.0 academic years) 
Historical geology (0.5 academic years) 
Structural geology (0.5 academic years) 
Photogrammetry (0.5 academic years) 
Mineralogy (3.0 academic years) 

Description of Industrial Work 

Geologist 4 - Oregon Department of Geology and Mineral Industries: Super­
visor for geothermal division; responsible for formulating and carrying out 
geothermal research and resource evaluation studies. 

Geologist 3 - Oregon Department of Geology and Mineral Industries: Managed 
the Western Cascades geothermal drilling program for the State of Oregon. Super­
vised two employees and a drill crew in a Department of Energy geothermal research 
program. Did detailed mapping and sampling throughout the Western Cascades and 
originated and wrote grant proposals for further research in the Western Cascades. 

Geothermal exploration - Chevron Resources Company: Completed a detailed 
geologic map of approximately 60 square miles of the Beowawe KGRA. In mapping 
this complex area, intersecting Basin and Range faults in Paleozoic and Tertiary 
rocks were dealt with. All structural and stratigraphic data were utilized to 
develop a model for the geothermal system in order to site deep drill holes. 
A geologic field assistant was supervised and trained during the investigation. 

Consulting Geologist - Hanna Mining Company: Assisted the Hanna Mining 
Company in their efforts to explore two major epithermal, bonanza gold districts 
in central Nevada. Instructed a number of their western region geologists in 
the interpretation of complex volcanic textures and field relationships in these 
two heavily altered areas. After completion of the field project, a brief report 
on the potential use of trace and major-element modelling in exploration for 
hydrothermal ore deposits was submitted. 

Geochemist - Lawrence Livermore Laboratory: Performed basic research on 
the origin of uranium ore deposits by a complex dissolution, alpha-spectrometric 
method which allowed determination of uranium and thorium-series-isotope activi­
ties. The aim of the project was to determine whether soluble uranium ions were 
moving out of uraniferous granitic rocks of NE Washington by testing for secular 
equilibrium between parent "°U and daughter "^Th.'* This work was performed 
under the guidance of Dr. Kevin K. Knauss. A publication on these data should 
be forthcoming in the near future. 
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While assisting Dr. Terry L. Steinborn, was introduced to the latest 
experimental stream-sampling techniques for uranium exploration. Became fam­
iliar with both water and sediment techniques of sampling and analysis. 

Exploration Geologist - Cyprus Mines Corporation: Responsible for managing 
several mineral exploration drilling and mapping projects in varied geologic 
terranes in Nevada, California, Washington, and Montana. While working with 
Cyprus Mines Corporation, hundreds of feet of diamond drill core and rotary 
drill chips were logged, and claim and magnetometric surveys conducted. Dealt 
with various Federal regulatory agencies and supervised reclaimation of numerous 
drill sites. 

Consulting Geologist to Mr. Bruce Miller: Assistance was requested in 
running a resistivity survey over a small hydrothermal zinc prospect owned by 
Mr. Miller. Became familiar with this unusual type of ore deposit and the 
resistivity technique in the course of this work. 

Consulting Geologist to Dr. D.B. Slemmons: Worked for five months on a pro­
ject to evaluate regional targets for siting of nuclear reactors in northwestern 
Nevada. This study was contracted to Dr. Slemmons by Sierra Pacific Power. 

Forty thousand square miles of NW Nevada were evaluated for presence of 
active and potentially active faults, utilizing high aerial and ERTS photog­
raphy, as well as helicopter reconnaissance. Produced about 60% of the raw data 
for the hazard maps and supervised seven other part-time air-photo analysts who 
generated the balance of the information. Responsible for all phases of the 
study, including quality control, and assisted Dr. Slemmons in compilation of 
the final report. 

Engineering Geologist - Woodward-Clyde and Associates: During employment 
with Dr. Slemmons (above) a T'eave of absence was granted to assist Woodward-
Clyde and Associates in meeting an urgent deadline. Compiled a large body of 
published geological maps located along a major Canadian-United States natural 
gas pipeline route. Responsible for translating the geologic information from 
these maps into nontechnical and engineering terminology for planning purposes. 

Exploration Geologist - Phelps Dodge Corporation: During a summer's work 
with Cyprus Mines Corporation, was initially responsible for helping to super­
vise drilling and claim-surveying operations on a large mesothermal "porphyry" 
copper prospect in central Nevada. In the course of logging hundreds of feet 
of diamond drill core across the contact of the quartz monzonite source, became 
intimately familiar with contrasting regional metamorphic and metasomatic 
alteration assemblages associated with these important copper ore bodies. 

In the latter part of the summer, was involved in regional reconnaissance 
of several important bonanza gold districts in central Nevada. Utilizing both 
four-wheel drive vehicles and helicopters; assisted In compilation of alteration-
mineralization maps of the Rawhide, Round Mountain and Manhattan gold districts. 
A?so conducted similar evaluations of adjacent scheellte and molybdenum deposits 
in the Rawhide district. 
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Description of Academic Work 

Experienced as a teaching assistant for many freshman-level physical and 
historical geology laboratories as well as junior-level structural geology 
and photogrammetry laboratory classes. Principal laboratory teaching, however, 
has been in the fields of crystallography, mineralogy and lithology. These 
courses were principal responsibilities as a doctoral candidate for three 
years at Oregon State University. 

During the last term at Oregon State University a survey course in basic 
geology was taught to 150 non-geology majors. As an assistant professor at 
Portland State University during the 1978-1979 academic year had responsibility 
for teaching courses in mineralogy-crystallography, general geology, economic 
geology, igneous and metamorphic petrology, lithology, as well as graduate-
level volcanology and igneous petrology. 

Instructional Goals ' 

An integrated approach to instruction is believed in. Every course should 
provide both practical application and theoretical justification of the lecture 
subjects. 

In pursuit of this method, an effort has been made consistently to provide 
quantitative evaluation of all lecture topics where such dat& are available 
and within comprehension. Practical applications of theoretical concepts 
from a background in mineral exploration and volcanologic research are also 
used. 

In addition, an attempt is made to teach basic geologic skills in every course, 
if at all possible. The ability to recognize rocks and minerals in hand 
specimens and interpretation of geologic features in the field are considered 
to be of paramount importance to every earth science student. 

Goals in university teaching will be to teach both undergraduate and graduate-
level courses in igneous petrology, especially volcanic petrology. Qualified 
to teach economic geology at both the undergraduate and graduate level and 
will be willing also to teach undergraduate mineralogy, crystallography, and 
igneous and metamorphic petrology-petrography. 

Research Interests 

Wish to use fundamental geochemical principles to solve problems in planetary 
science. Interest is mainly in the application of trace element geochemistry 
to problems in high-temperature geochemistry and volcanic stratigraphy. 

An integrated, field-laboratory approach should be used in the solution of 
earth science problems. In pursuit of this ideal an endeavor has been made to 
cast all geochemical work in a framework of sound field geologic knowledge. 
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Industrial Interests 

Interest l ies mainly in geothermal and uranium exploration research; also very 
interested in practical exploration for geothermal energy, particularly in 
young volcanic terranes. Other f ields of considered employnrtnnt are environ­
mental geology and mineral exploration. 

Geophysics 

Resistivity and magnetometric surveys of base metal exploration targets have 
been run and evaluated. Also interpreted magnetic and gravity anomaly maps 
in terms of structural geology. 

Mineral and Rock Identi f icat ion 

Able to identify a large variety of minerals u t i l i z ing ore microscopy, petrog­
raphy. X-ray d i f f rac t ion , and hand sample analysis. Three years of mineral­
ogical laboratory teaching have greatly improved ab i l i t y to identify minerals 
and rocks in hand specimens. 

Mapping Experience 

Able to map in the f ie ld and on air photos in a l l types of geologic terrane. 
Both detai led, large scale (1:1,200) and broad, small scale (1'-62,500) geologic 
maps in volcanic, intrusive, metamorphic, and sedimentary terranes have been 
completed. 

Active faul t maps u t i l i z ing the fau l t evaluation system of Woodward-Clyde and 
Associates have also been produced and evaluated. During graduate-level 
course work in engineering geology, land-use-planning maps were produced 
which evaluated a large f ie ld area for slope s tab i l i t y ; foundation and waste 
disposal characteristics of s o i l ; absolute slope; sources of aggregate; active 
fau l ts ; water ava i lab i l i ty ; and flooding potent ial . 

Geochemical Analysis 

Three s l ight ly di f ferent X-ray fluorescence techniques for major and trace 
element analysis of whole rocks have been used. A variety of trace and major 
elements by both radiochemical and instriBnental neutron activation have also 
been dptermined. During work at the Lawrence Livermore laboratory wet chemical 
separation techniques have been used to separate U and Th isotopes to determine 
absolute isotopic concentration and act iv i ty via alpha-spectroscopy. 
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THESIS RESEARCH 

Thesis t i t l e : Geology and geochemistry of the L i t t l e Walker volcanic center, 
east-central Ca l i fo rn ia . 

Descript on of the Problem and the Attack: 

The L i t t l e Walker volcanic center is a major l a t i t i c ash-flow center located in 
east-central Sierra Nevada, Ca l i f o rn ia , about 17 km WNW of pr idgeport , Ca l i f o rn ia . 
I t was the source of the voluminous welded and non-welded qua r t z - l a t i t e tu f f s o f 
the Eureka Valley Tuff about 9.5 m.y. ago. These ash flows cover about 4,000 
square kilometers of the Sierras and probably had a to ta l volume of at least 60 
cubic kilometers before erosion. 

I t was the aim of the thesis study to accurately locate the margins of a large 
caldera in ferred to be present at the center, and evaluate the economic potent ia l 
of mineralized areas. To accomplish these two ob jec t ives , the wr i te r has mapped 
about 304 square kilometers of the L i t t l e Walker center in varying degrees of 
deta i l and geochemically analyzed numerous lavas which were erupted before, dur ing, 
and a f te r the major ash-flow eruptions. Chemical analyses were obtained by X-ray 
fluorescence and neutron ac t iva t ion methods. 

Using phenocryst mineralogy and major element data for whole rock specimens, 
numerous least-squares mixing models have been tes ted, using remote-batch com­
puter methods. Viable f rac t iona t ion models obtained from the mixing calculat ions 
have then been tested with the trace element data using surface equi l ibr ium 
Rayleigh f rac t iona t ion models. 

To obtain information about the source rock which may have been p a r t i a l l y melted 
to produce the parental magmas of the center, numerous f rac t iona l fusion and batch 
melt ing calculat ions have been obtained for various potent ia l source mineralogies, 
using geochemically reasonable eutect ic and cotect ic mel t ing proport ions. Such 
calculat ions are ch ie f l y constrained by the trace element data and can be used 
to i n fe r the probable trace element composition and mineralogy of the source rock, 
as well as the degree of pa r t i a l melt ing which may have produced the parental 
magmas. 

Geochemical traverse sampling and mapping of widespread epithermal a l te ra t ion of 
the western ha l f of the center provided the means of evaluating i t s go ld-s i lver 
po ten t i a l . Assistance in evaluation of the go ld -s i l ve r mineral izat ion was pro­
vided by support from the Freepcrt Mining Company, Reno, Nevada. A subsidiary 
study of uranium resources focused a t ten t ion on the v i a b i l i t y of the uraniferous 
volcanic rocks as primary and secondary sources of uranium. Trace element data 
from the volcanic units and from stream samples provided the basis for th is par t 
of the study. 

Thesis Advisors: * Head Advisor * * Informal Advisor 

*Dr. Edward M. Taylor, Department of Geology, Oregon State Univ . , Corva l l i s , OR 
Dr. Wil l iam H. Taubeneck, " " » 
Dr. E. Jul ius Dasch, " " " 
Dr. Keith F. Oles, " " 
Dr. Roman A. Schmitt, Department of Nuclear Chemistry, Oregon State Univers i ty , 

Co rva l l i s , OR 97331 
**Dr. Donald C. Noble, Department of Geology and Geologic Engineering, Michigan 

Technological Un ivers i ty , Houghton, MI 49931 
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Pr ies t , G.R., 1978, Phenocryst-groundmass d i s t r i b u t i o n coef f ic ients for some 
intermediate lavas of the L i t t l e Walker volcanic center. Mono County, 
Ca l i f o rn ia . In manuscript, 11 p. 

, 1978, Trace and major element evidence for the o r ig in of quartz 
l a t i t e and aluminous low-Mg l a t i t e : Oregon Acad. Sc i . Proc. v. 14, 
p. 154-155. 

, L a t i t e s , quartz l a t i t e s : i n Fai rbr idge, R. and Green, J . , eds. . 
Volcanoes and volcanology: Dowden, Hutchinson and Ross, I nc . , publ ishers, 
in press, 5 p. 

, Noble, D . C , Bowman, H.R., Geochemistry of a potass ic volcanic 
center. L i t t l e Walker center. Mono County, Ca l i f o rn ia : i n manuscript, 
10 p. 

, Noble, D . C , and Dickinson, W.R., Geologic evolut ion of the 
L i t t l e Walker volcanic center. Mono County, Ca l i f o rn ia : i n manuscript, 
20 p. + map at 1:24,000. 

, Noble, D . C , Bowman, H.R., Hebert, A . J . , and Wollenberg, H.A., 
1975, Eruptive and geochemical evolut ion of the L i t t l e Walker volcanic 
center: Ca l i fo rn ia Div is ion of Mines and Geology, Cal i forn ia Geology, 
V. 28, no. 5, p. 106. 

, Bowman, H.R., Hebert, A . J . , Silberman, M.L., Street J r . , K., 
and Noble, D . C , 1974, Eruptive h is tory and geochemistry of the L i t t l e 
Walker volcanic center, east-central Ca l i f o rn ia . A progress report : 
Geol. Soc. America Abs. wi th Programs, v. 6 , p. 237. 

_, R icc io , J . , Wol ler, N. , Gest, D., and P i t t s , S . , 1980, Heat f low 
along the High Cascade-Western Cascade t r ans i t i on zone, Oregon: Oregon 
Acad. Sc i . P r o c , v. 16, i n press. 
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Oregon 97331. 

Dr. W. H. Taubeneck, Geology Department, Oregon State Univers i ty , Corva l l i s , 
Oregon 97331. 

Dr. K. F. Oles, Geology Department, Oregon State Un ivers i t y , Corva l l i s , Oregon 
97331. 

Dr. D. B. Slenmons, Geology Department, Mackay School of Mines, University of 
Nevada, Reno, Nevada 89502. 

Dr. D. C Noble, Department of Geology and Geological Engineering, Michigan 
Technological Un ivers i ty , Houghton, Michigan 49931. 
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1966 

Bodvarsson, G., 1966, Energy and power of geothermal resources: Oregon 
Department of Geology and Mineral Industries, Ore Bin, v. 28, no. 7, 
p. 117-124. 

Groh, E.A., 1956, Geothermal energy potential in Oregon: Oregon Department 
of Geology and Mineral Industries, Ore Bin, v. 28, no. 7, p. 125-135. 

1967 

Peterson, N.V., and Groh, E.A., 1967, Geothermal potential of the Klamath 
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and Mineral Industries, Ore Bin, v. 29, no. 11, p. 209-231. 

1969 

Godwin, L.H., and Peterson, N.V., 1969, Geothermal energy, JH Mineral resources 
of Oregon: Oregon Department of Geology and Mineral Industries Bulletin 
64, p. 299-304. 

1970 

Bowen, R.G., and Peterson, N.V., 1970, Thermal springs and wells in Oregon: 
Oregon Department of Geology and Mineral Industries Miscellaneous Paper 
14 (listed on back of location map, scale 1:1,000,000). 

1971 
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1972 

Bowen, R.G., 1972, Geothermal activity in 1971: Oregon Department of Geology 
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.Bowen, R.G., 1972, Geothermal gradient studies in Oreogon: Oregon Department 
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1973 

Bowen, R.G., 1973, Geothermal activity in 1972: Oregon Department of Geology 
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Bowen, R.G., and Blackwell, D.D., 1973, Progress report on geothermal measure­
ments in Oregon: Oregon Department of Geology and Mineral Industries, 
Ore Bin, v. 35, no. 1, p. 6-7. 

1974 

Bodvarsson, G., 1974, Telluric current exploration for geothermal anomalies in 
Oregon: Oregon Department of Geology and Mineral Industries, Ore Bin, 
V. 36, no. 4, p. 93-107. 
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Bowen, R.G., 1974, Geothermal activity in 1973: Oregon Department of Geology 
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Bowen, R.G., 1975, Geothermal activity in 1974: Oregon Department of Geology 
and Mineral Industries, Ore Bin, v. 37, no.l, p. 9-10. 

Bowen, R.G., 1975, Geothermal gradient data: Oregon Department of Geology and 
Mineral Industries Open-File Report 0-75-3, 114 p. 
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ploration in Oregon: Oregon Department of Geology and Mineral Industries 
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Bowen, R.G., Blackwell, D.D., Hull, D.A., and Peterson, N.V., 1976, Progress 
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Oregon Department of Geology and Mineral Industries, Ore Bin, v. 38, no. 3, 
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Hull, D.A., 1976, Electrical resistivity survey and evaluation of the Glass 
Buttes geothermal anomaly: Oregon Department of Geology and Mineral 
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Hull, D.A., Bowen, R.6., Blackwell, D.D., and Peterson, N.V., 1976, Geothermal 
gradient data. Brothers fault zone, central Oregon: Oregon Department of 
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Hull, D.A., and Newton, V . C , 1976, Geothermal activity in 1975: Oregon Depart­
ment of Geoloqy and Mineral Industries, Ore Bin, v. 38, no. 1, p. 10-17. 
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Bowen, R.G., Blackwell, D.D., and Hull, D.A., 1977, Geothermal exploration 
studies in Oregon: Oregon Department of Geology and Mineral Industries 
Miscellaneous Paper 19, 50 p. 

Hull, D.A., Bowen, R.G., Blackwell, D.D., and Peterson, N.V., 1977, Preliminary 
heat-flow map and evaluation of Oregon's geothermal energy potential: 
Oregon Department of Geology and Mineral Industries, Ore Bin, v. 39, no. 7, 
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Hull, D.A., Blackwell, D.D., Bowen, R.G., and Peterson, N.V., 1977, Heat-flow 
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Hull, D.A., Blackwell. D.D., Bowen, R.G., Peterson, N.V., and Black, G.L., 1977, 
Geothermal gradient data: Oregon Department of Geology and Mineral Indus­
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related to geothermal power generation in Oregon: Oregon Department of 
Geology and Mineral Industries, Ore Bin, v. 39, no. 5, p. 73-91. 

1978 

Blackwell, D.D., Hull, D.A., Bowen, R.G., and Steele, J.L., 1978, Heat flow of 
Oregon: Oregon Department of Geology and Mineral Industries Special Paper 4, 
42 p. 

Bowen, R.G., Peterson, N.V., and Riccio, J.F., 1978, Low- to intermediate-temperature 
thermal springs and wells in Oregon: Oregon Department of Geology and Mineral 
Industries Geological Map Series GMS-10 (listed on back of location map, 
scale 1:1,000,000). 

Couch, R.W;, Gemperle, M. and Connard, G., 1978, Total field aeromagnetic anomaly 
map. Cascade Mountain Range, central Oregon: Oregon Department of Geology 
and Mineral Industries Geological Map Series GMS-9, scale 1:125,000. 

Hull, D.A., Blackwell, D.D., and Black, G.L., 1978, Geothermal gradient data: 
Oregon Department of Geology and Mineral Industries Open-File Report 
0-78-4, 187 p. 

Newton, V . C , and Hull, D.A., 1978, Geothermal Energy in 1977: Oregon Department 
of Geology and Mineral Industries, Ore Bin, v. 40, no, 1, p. 8-16. 

Oregon Department of Geology and Mineral Industries, 1978, Geophysical logs. Old 
Maid Flat #1, Clackamas County, Oregon: Oregon Department of Geology and 
Mineral Industries Open-File Report 0-78-6, 2 p., 7 logs. 

Pitts, G.S., and Couch, R.W., 1978, Complete Bouguer gravity anomaly map. Cascade 
Mountain Range, central Oregon: Oregon Department of Geology and Mineral 
Industries Geological Map Series GMS-8, scale 1:125,000. 



1979 

Riccio, J.F., ed., 1979, Geothermal resource assessment of Mount Hood: Oregon 
Department of Geology and Mineral Industries Open-File Report 0-79-8, 
273 p., 5 maps. 

Riccio, J.F., 1979, Preliminary geothennal resource map of Oregon: Oregon 
Department of Geology and Mineral Industries Geological Map Series 
GMS-11, scale 1:500,000. 

Riccio, J.F., and Newton, V . C , 1979, Geothermal exploration in Oregon in 1978: 
Oregon Department of Geology and Mineral Industries, Oregon Geology, v. 41, 
no. 3, p. 39-46. 
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studies of rocks, water, and gases at Mt. Hood, Oregon: Oregon Department 
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1980 
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1980, Preliminary geology and geothermal resource potential of the southern 
Harney Basin, Oregon: Oregon Department of Geology and Mineral Industries 
Open-File Report 0-80-7. 
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tries Open-File Report 0-80-5. 
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of Geology and Mineral Industries Open-File Report 0-80-2. 

Brown, D.E., McLean, G.D., Woller, N.M., and Black, G.L., under the direction 
of Riccio, J.F., 1980, Preliminary geology and geothermal resource potential 
of the Willamette Pass area, Oregon: Oregon Department of Geology and Mineral 
Industries Open-File Report 0-80-3. 
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Geoscience Research Consultants, 1980, Geologic linears of the northern part of 
the Cascade Range, Oregon: Oregon Department of Geology and Mineral Indus­
tries Special Paper 12, 25 p. 

MacLeod, T., and Hill, J. (Logging Geologists, R.F. Smith Corporation), 1980, 
Engineering and air and mud drilling data of DOGAMI geothermal exploratory 
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Open-File Report 0-80-11, 16 p. 
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investigator), 1980, Progress report on activities of the low-temperature 
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tries Open-File Report 0-80-9. 

White, C 1980, Geology and geochemistry of Mt. Hood volcano: Oregon Department 
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White, C , 1980, Geology of the Breitenbush Hot Springs quadrangle, Oregon: 
Oregon Department of Geology and Mineral Industries Special Paper 9, 26 p. 
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BUDGET SUMMARY 

OREGON DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES 

Personnel 

Geologist III ($2,400/mo, x 12 x 2) $ 57,600,00 
+O.P,E, (Salary x 1,45) $ 83,520.00 

Services and Supplies 

Travel 

Air fare to and from Southern Methodist University, 
Dallas, Texas (l trip at $600/fare for D, D. Blackwell 
and one geologist III) $ 1,200 

Air fare to Idaho Falls for contract consultations 
(2 trips at $250/fare for the supervisor and 
DOGAMI budget officer) 1,000 

2 man-months at $40 per diem x 20 days/mo, 1,600 

Direct supplies (computer output devices; map bases) 7,000 

Computer software and processing time 3,000 

Printing, editing and drafting 

Ashland Special Paper 5,000 
Eastern Oregon Special Paper 10,000 
Eugene-Denio Special Paper 12,000 
Heat Plow 4,000 

Subtotal % 44,600.00 

Subcontract 

David D. Blackwell (camera-ready heat flow paper and 
heat flow einalysis for other special papers) , % 15,000,00 

Subtotal 143.320,00 

Indirect Costs 016,7^ 23,934,44 

TOTAL > 167,254.44 
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vacation 
other 

Direct Overhead OPE 30% 

FICA 
PERS 
Other 

Health Ins. 
Life Ins. 
Dental Ins. 
SAIF 
ERB 
Misc. 

6.65% 
17.20% 
6.15% 

TOTAL 45% 



CXMIIIT C 

STATE OF OREGON 
DCPART>CNT OF GCOLOCY AND MINERAL INDUSTRIES 

GENERAL ANO AWINISTRATIVE EXPENSE 

PERSONNEL 

Z6320 Director $ 60.360 
Z3064 Deputy Director 53.424 
ZOOIO Actalnlstratlve Assistant 28.272 
Z0051 Business Manager 39.816 
COlOl Accounttns Clerk 19.368 
C3006 Student Sclent-Tech. Trtln 7.747 

$ 208.987 
OPE 42.424 

Total Personnel $ 251,411 

SERVICES AND SUPPLIES CPROGRAM 1 88) 

(1) In-$t*te and reg. trtvel 16,809 
(2j Out-of-state t r tve l 3,363 
(3) Office expenses 

• } Phone (6 of 17 phones, exc l .pro j . ) . 4.200 
b) Shuttle M i l 5,016 
c) Centril Storts 1,944 
4) Copier 3.936 

(4) Fiscal control 12.664 
(8) Attorney General 1.388 
(9) Insurance 1.961 

(11) Housing and grounds (670 x 62 x 24). . . , 9.970 

Total Services and Supplies 61.251 

Total oterhiiad 312,662 

ToUl budget, alnus overhead S 1.867,625 

OvtrtMad rate 16.71 

Ottljr 1» l l t l 
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ABSTRACT | 
I 

Numerous low-temperature hydrothermal systems are available for exploita-

tion throughout the Cascades and eastern Oregon. All of these al̂ eas have 

heat flow significantly higher than crustal averages and many thermal aquifers. 

In northeastern Oregon low temperature geothermal resources are icontrolled by 

regional stratigraphic aquifers of the Columbia River Basalt Grc|up at shallow 

depths and possibly by faults at greater depths. In southeastern Oregon most 

hydrothermal systems are of higher temperature than those of noj'theastern 
) 

Oregon and are controlled by high-angle fault zones and layered volcanic 

aquifers. The Cascades have ve ry high heat flow but few large ^jopulation 

centers. Direct use potential in the Cascades is therefore limjited, except 

possibly in the cities of Oakridge and Ashland, where load may|be great enough 

to stimulate development. Absence of large population centers also inhibits 

initial low temperature geothermal development in eastern Oregon. It may be 

that uses for the abundant low temperature geothermal resource^ of the state 

will have to be found which do not require large nearby population centers. 
I 

One promising use is generation of electricity from freon-basejd biphase 

electrical generators. These generators will be installed on wells at Vale 

and Lakeview in the summer of 1982 to evaluate their potential use on geothermal 

waters with temperatures as low as 80° C (176° F). 

It is clear also that the low temperature geothermal res(|)urces identified 

here and others like them elsewhere in the state must be viewed in a broader 

context which considers the ve ry favorable geologic setting f^r geothermal 

potential in general. Thus, low temperature resources identified today really 

constitute part of a data base which may lead to the discovery of a larger 

temperature resource base tomorrow, technology and economics 'permitting. 



INTRODUCTION 

This report is the summary and conclusions of an investigation of 

low-temperature (20 to 90° C) geothermal resources begun May 23, 1979 by the 

Oregon Department of Geology and Mineral Industries (DOGAMI) with support 

from the United States Department of Energy (USDOE) under Cooperative Agreement 

No. DE-FC07-79ET27220. The report summarizes low-temperature resource assess­

ment data generated for the following project areas (Figure 1): 

1. Corbett-Moffett 8. Northern Harney Basin 

2. Parkdale 9. Southern Harney Basin 

3. Milton-Freewater 10. Western Snake River Plain 

4. La Grande (Craig Mountain- 11. Lakeview 
Cove area) 

12. Alvord Desert 

13. McDermitt 
5. Belknap-Foley Hot Springs 

6. Willamette Pass 

7. Powell Buttes 

Raw data and preliminary conclusions for these areas are included in the following 

published DOGAMI reports and maps and will not be included here: 

1. Heat flow of Oregon: Special Paper 4, 1978, includes 1 map. 

2. Geothermal gradient data for Oregon: Open-File Report 0-78-4, 1978. 

3. Chemical analyses of thermal springs and wells in Oregon: Open-File 

Report 0-79-3, 1979. 

4. Geology of the La Grande area, Oregon: Special Paper 6, 1980, 

includes 1 map. 

5. Preliminary geology and geothermal resource potential of the Belknap-

Foley area: Open-File Report 0-80-2, 1980, includes 1 map. 



Figure 1, Location of project areas. 



6. Preliminary geology and geothermal resource potential of the 

Willamette Pass area: Open-File Report 0-80-3, 1980, includes 1 map. 

7. Preliminary geology and geothermal resource potential of the Craig 

Mountain Cove area: Open-File Report 0-80-4, includes 1 map. 

8. Preliminary geology and geothermal resource potential of the western 

Snake River Plain: Open-File Report 0-80-5, 1980, includes 4 maps. 

9. Preliminary geology and geothermal resource potential of the northern 

Harney Basin: Open-File Report 0-80-6, 1980, includes 4 maps. 

10. Preliminary geology and geothermal resource potential of the southern 

Harney Basin: Open-File Report 0-80-7, 1980, includes 8 maps. 

11. Preliminary geology and geothermal resource potential of the Powell 

Buttes area: Open-File Report 0-80-8, 1980, includes 1 map. 

12. Preliminary geology and geothermal resource potential of the Lakeview 

area: Open-File Report 0-80-9, includes 2 maps. 

13. Preliminary geology and geothermal resource potential of the Alvord 

Desert area: Open-File Report 0-80-10, 1980, includes 2 maps. 

14. Progress report on activities of the low-temperature resource-

assessment program 1979-80: Open File Report 0-80-14. 

15. Geothermal gradient data for Oregon for 1978: Open-File Report 

0-81-3A. 

16. Geothermal gradient data for Oregon for 1979: Open-File Report 

0-81-3B. 

17. Geothermal gradient data for Oregon for 1980: Open-File Report 

0-81-3C. 

18. Map showing geology and geothermal resources of the southern half 

of the Burns 15' Quadrangle: GMS 20, in press. 

19. Map showing geology and geothermal resources of the Vale East 7 1/2' 

Quadrangle, Oregon: GMS 21, in press. 
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20. Geothermal gradient data for Oregon for 1981: Open-File Report 

0-82-4. 

The Department is continuing its resource assessment efforts in other 

areas throughout Oregon with concentration on the Cascades. Resource assess­

ment data will soon be available in open file for the low-temperature resources 

of Ashland, Oregon when a 1982 drilling program is completed un(}ler contract 

DE-FC07-79ID12044. Preliminary conclusions concerning the Klamath Falls and 
I 

Bend areas will also be available in an upcoming special paper bn the geology 

and geothermal resources of the Oregon Cascades (DOGAMI Special Paper 15). 

A preliminary summary of this paper will be included in the conference proceedings 

volume for the 1982 USDOE-sponsored conference at Salt Lake City, Utah. A 

similar paper, aimed primarily at a summary of the data gathered at Powell 

Buttes, was presented in the 1981 USDOE conference at Glenwood Springs, 

Colorado (see DOE/ID/120-79-39, ESL-59, published by the Earth Science 

Laboratory, University of Utah Research Institute, Salt Lake C-jty, Utah). 



CORBETT-MOFFETT 

The Corbett-Moffett area extends from Cascade Locks in the Columbia Gorge 

to the lower Sandy River-Troutdale area (Figure 1). Hot springs at Carson 

(49°C) and North Bonneville (36°C) on the Washington side, a warm well at 

the new site of North Bonneville (37°C) and three slightly warm springs in 

the Troutdale area are the main surface manifestations of the geothermal 

resources. These springs are in a northeast-southwest line in a distinct 

lineament on high altitude SLAR and ERTS imagery. The cause of this lineation 

and spring alignment has, as yet, not been determined. 

Cascade Locks (population 835) is the largest city within the Columbia 

Gorge. Several smaller communities lie between Cascade Locks and Troutdale. 

Lumber mills at Bridal Veil and Cascade Locks and tourism are the economic 

bases for the population. There is also a sizable number of local residents 

who work at Bonneville Dam. 

At the western end of the Corbett-Moffett area the population is considerably 

larger. Troutdale (population 5,940) and Gresham (population 33,250) are the 

centers of lush fanning and light industrial areas. Near Troutdale, a warm 

artesian well at Camp Collins (23°C), a slightly anomalous spring at Corbett 

Quarry (18°C), and a warm spring across the Columbia River at Camas suggest 

that a possible resource may lie at depth. 

DOGAMI undertook study of the Corbett-Moffett area under the current 

USDOE low-temperature grant. The aims of the study were: 1) to investigate 

the possibility of geothermal resources occurring on the south side of the 

Columbia Gorge; 2) to investigate the low-temperature manifestations at Camp 

Collins and Corbett Quarry; and 3) to see if the main source of geothermal waters 

was: a) a deep-seated northeasterly geologic structure; b) several northwesterly 
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or northerly cross-cutting geologic structures (such as the Lacamas Fault in 

the Camas area) which could cause localization of geothermal watfers; or 

c) the deep incission of the Columbia River interacting with the regional 

heat flow to yield higher than ambient temperature. 

DOGAMI began a vigorous spring sampling and water well "scrjounge" program 

to identify promising sites for drilling of geothermal heat flow test holes. 
j 

Although many springs were tested, only in the immediate area of̂  Camp Collins 

were new thermal waters discovered. None of the thermal found in the Camp 

Collins area exceeded the Camp Collins well in temperature or idn/mineral 

content. 

Six holes were drilled by DOGAMI in the Corbett-Moffett area in 1981. 

Locations and results are as follows: 

1) Dry Creek Falls - This hole was located at the foot of the cliffs 

south of Cascade Locks. Although the site was over 1 jnile from 
j 

Cascade Locks, the site was the nearest available with the possibility 

of yielding good results. The gradient was 35.4° C. The gradient 

at this site was below the expected regional gradient. This may be 

due to a downflow groundwater system at the site. 

2) Tanner Creek - This site is across the Columbia River from thermal 

anomalies at Moffett Hot Springs and North Bonnevillej Hammond 

(1980) mapped a northwesterly fault crossing the Colutiibia Gorge in 

this area. The gradient was 77° C/km. The results ai this site were 

slightly higher than the expected regional gradient. 

The Tanner Creek site is located close to the Bojineville Dam 

complex, with its fish hatchery, maintenance shops, administration 

buildings, and tourist facilities. However, unless sjtill warmer 

waters are encountered (by either deeper drilling or striking a 
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still higher heat flow anomaly in the same vicinity), it is not 

likely that low temperature utilization will be feasible in this area. 

3) Corbett Quarry - located at the site of a slightly warm spring. 

The gradient was 29.3° C/km down to 110 m, where it became isothermal. 

The gradient is isothermal at approximately the same temperature as 

the nearby spring and is probably the product of upflow from the 

same source which feeds the spring. 

4) Howard Canyon - This site was chosen to hit the Columbia River Basalt 

in an area where it may have fracture permeability. It is on the 

hinge of a monoclinal fold of the permeable basalts, on the projected 

strike of the Lacamas Fault. The gradient was 40.5° C/km. The 

results were consistent with heat flow modeling of the northern 

Oregon Cascades of Blackwell and others (1978). The gradient indicates 

that the site is outside of the High Cascades heat flow anomaly. 

5) Sandy River - This site is also in the trend of the Lacamas Fault 

which has been mapped in southern Washington. It is also across 

the Sandy River from Camp Collins. The gradient was 42° C/km which 

is again consistent with regional background values outside the 

High Cascade heat flow anomaly. 

6) Camp Collins - This hole was expected to determine the nature of 

the resource at nearby Camp Collins. Unfortunately, the hole had 

to be terminated before reaching its scheduled depth because of 

drilling problems and budget limitations. However, the gradient 

was 124° C/km to a depth of 74 m. Deeper drilling needs to be done 

to evaluate this extremely anomalous result. 
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The Camp Collins site remains attractive for investigation 

although no evidence of a large-scale shallow hydrother­mal system 

was revealed which might be utilized by the nearby popijlation center 

of Gresham. While it does not seem likely that other than very low-

temperature resources occur in this area, based on the low gradients 

in adjacent wells, the v e r y high local temperature gradient suggests 

that deeper drilling might have a chance of encounterijig higher 

temperature water than currently utilized at Camp Coll [ins. 

Thermal aquifers may occur in Columbia River Basalt Group (CRBG) 

rocks at unknown depths (perhaps 1000 m?) beneath the Gresham area, 

although drilling for such aquifers in the Mt. Hood area has not 

been successful. If water is present in CRBG at 1 km in the Gresham 

area, it will be at about 50° C, assuming the heating of the Camp 

Collins water occurs at depth within the area. Perhafis more likely 

is the possibility that thermal waters migrated latercjlly within an 

aquifer of the CRBG from the Cascade thermal anomaly to the east, 

and rose to shallow levels in the lower Sandy River area via local 

fracture zones associated with folding of the CRBG. This is 

supported by the general vertical impermeability of tjie volcanic pile 

in the Mt. Hood area, the hydrostatic head of wells penetrating the 
i 

CRBG in the Camp Collins area, and the absence of young local 

Quaternary volcanic centers. Engineering studies should be pursued 

to evaluate whether further exploration for a low-temperature resource 

is justified. The study should take into account the probable low-

temperature of the resource, high risk of finding inadequate fluid, 
I 

and high costs of drilling deep wells, as well as the high potential 

load available. 
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Based on the results of the studies undertaken for this report, the 

best model explaining the occurrence of thermal phenomena in the Corbett-

Moffett area would be the localization of low-temperature geothermal waters 

by the intersection of the Columbia Gorge with cross-cutting northwesterly 

and northerly geologic structures. Future recognition of additional geologic 

structures in the Columbia Gorge would merit further geothermal investigation. 
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PARKDALE ' 

The Parkdale area is located at the south end of Hood River Valley 

(Figure 1). The area is noted for its lush farmland and orchard^. Local 

population centers include Parkdale, Dee and Odell. 

Interest in low-temperature geothermal energy in the Parkdale area is 

based on the existence of a warm well, a young lava flow whose Estimated age 

is 500 years, and youthful faults to promote convective circulation that may 

allow thermal water from the Mt. Hood heat flow anomaly to rise to shallow 
i 

depths. 

Heat flow data from the area is sparse. There is an abundance of spring 

water and runoff available to meet most of the needs of the population and 

agribusiness. Those not so fortunate have found ground water at shallow 

depths in the valley fill of river sediments. Consequently theĵ e are few 

water wells drilled in the valley, and those present do not penptrate the 

sediments to any substantial depth. 

The abundant rainfall and the permeability of the river deposits create 

a masking effect in which shallow cold ground water tends to ccjnceal regional 

gradients in wells that do not penetrate through the shallow aquifers. 

The warm well that provides the Dee Fish Hatchery with 241 C has been 

temperature logged by DOGAMI. The temperature log shows two sifiallow aquifers; 

one at 60 to 110 m yields water of 24.2° C, and one at 110 to 175 m yields 
I 

22° C water. Geothermetric calculations using data from geochemical analysis 

suggest reservoir temperatures of approximately 125° C. 

DOGAMI undertook an assessment of the low-temperature geothermal resources 

of the Parkdale area for this report. The investigation was a three-pronged 
j 

study involving geochemical water sampling, regional "scrounging" for available 
j 

open wells for temperature gradient logging, and geologic mappjing. 
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Nineteen springs were sampled in 1981. Some of the springs were located 

on maps and used for local water supplies. Others were located during the 

course of the geologic mapping project and were possibly related to structural 

geologic features. However, none of the sampled springs showed any geothermal 

component, and measured temperatures were invariable low. The lone exception 

was the resampled well at Dee's fish hatchery, already mentioned. 

The effort to locate additional wells available for temperature logging 

was only moderately successful. DOGAMI's files now include a total of 15 

wells in the area with temperature logs. Many of these are isothermal or have 

negative gradients, indicating that these wells did not penetrate through the 

cold water "blanket" generated by recharge from Mount Hood. Two of the 15 

wells were drilled by DOGAMI in previous years for heat flow determination 

and encountered the same problem. The few good quality gradients that exist 

for the area are in the range of 25° C - 55° C/km, with a high heat flow 

maximum of 87 mW/m . However, the gradient of this well (yielding a heat flow 

2 
of 87 mW/m ) , was not clear and the calculated heat flow is regarded as a 

maximum value. 

Geologic mapping was intended to identify faulting and determine the 

age of the episodes. The Parkdale scarp, the fault that terminates the east 

side of the valley, was studied by Department staff. The major movement on 

the fault occurred between 2.66+2.0 m.y. and 2.08+0.24 m.y.B.P., with a 

displacement of greater than 2,000 feet. Last movement of the fault postdates 

2.08+0.24 m.y., making this fault one of the youngest known faults in the Oregon 

Cascade Range. 

Although available regional gradient and spring sampling data do not 

indicate geothermal resources in the Parkdale area more promising than for 

the region in general, the identification of young faulting and the proximity 
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to Mt. Hood suggests that further work should be done in the ar^a. Available 

gradient data is not sufficient to analyze the potential adequatlely. Lack of 

a large urban population in the area probably precludes developniient of a 

district heating system, should adequate geothermal resources be found. 

Other, smaller-scale uses, such as the aquaculture system, already being 

utilized at the Dee Fish Hatchery, and food processing, might be possible on 

a much larger scale than currently in utilization. 
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MILTON-FREEWATER 

The Milton-Freewater area, as defined for purposes of this report, is 

composed of that part of the Walla Walla Basin which lies in Oregon (Figure 1). 

The Walla Walla Basin is a triangular shaped area which lies astride the Oregon-

Washington border approximately 30 miles (48 km) northeast of Pendleton, Oregon. 

The only significant population centers in Oregon are Milton-Freewater 

(pop. 5,110) and the small unincorporated town of Umapine. Agriculture is the 

main source of income for the region. 

The Walla Walla Basin is a structural depression located in the Columbia 

Plateau physiographic province of eastern Oregon and Washington, which is 

composed mostly of flood basalts of the Miocene Columbia River Group. That 

part of the plateau located in Oregon is known as the Deschutes-Umatilla Plateau. 

The basin is bordered on all sides by anticlines. To the east is the northeast 

trending Blue Mountains Anticline, to the south the west-northwest trending 

Horse Heaven Anticline, to the west the north-south trending Divide Anticline, 

and to the north in Washington is a low east-west trending arch. 

As has been previously mentioned, the Columbia Plateau is underlain by 

a thick sequence of Miocene tholeiitic flood basalts, the Columbia River Group. 

In the Walla Walla Basin, the basalts are exposed only in the bottoms of 

streams flowing into the basin, and on the flanks of the anticlines bordering 

the basin. Within the basin the basalts are covered by a series of unconsoli­

dated Pleistocene and Holocene deposits which are as much as 650 feet (198 m) 

in thickness. The deposits include gravels, clays, loess, silts, siltstones, 

glacio-fluviatile deposits, and alluvium. 

There are no surface thermal phenomena in the Walla Walla Basin. Early 

interest in the area was generated by rumors of warm irrigation wells, some 

of which were artesian at temperatures in excess of 38° C, though most fall 
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into the range 15-27° C. The warmest wells all turned out to be located in 

the center of the basin near the town of Touchet, in Washington. 

The Department of Geology and Mineral Industries (DOGAMI) dffort in the 

region has been quite limited. To this date temperature gradients have been 

measured in only seven open water wells in Oregon, though a larder data set 

exists for the Washington side of the Walla Walla Basin. No well sampling 

program has been instigated, but limited geochemical data is available from 

groundwater studies which have included the Walla Walla Basin. Silica geo­

thermometers indicate minimum reservoir temperatures in the range 100°-120° C 

for some of the warmer wells in the area. 

Based on the limited temperature gradient data available, lit appears that 

-2 

the heat flow averages about 55 mWm in the Walla Walla Basin. Typical 

gradients are 35° Ckm" in the basalts and 50° Ckm" in the lowpr thermal 

conductivity sediments overlying the basalts. 

According to ground water studies, there are major sets of aquifers in 

the area. The first is associated with older Pleistocene gravels. The water 

from wells drilled into these aquifers is typically cold and uriconfined. The 

second is associated with flow contacts in the Columbia River Basalt. Waters 

from these aquifers are typically warm and artesian, and the wdlls commonly 

produce several thousand gallons per minute of water. 

It is clear that there is a low-temperature resource in the Walla Walla 

Basin with abundant fluid and temperatures adequate for space heating and 

other lower temperature direct-use applications (most probably agricultural 

applications). The high temperatures, in most cases, result from a combination 
-2 I 

of the somewhat high regional heat flow (55 mWm ) and the insijjlating cap of 

low thermal conductivity unconsolidated sediments. Where temperatures in 

excess of 38° C occur, as in the Touchet area of Washington, i^ is probable 
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that the fluids are derived from convection systems associated with mapped 

normal faults. 

It appears, given the nature of the Columbia River Basalts in the Oregon 

portion of the Columbia Plateau, that adequate quantities of warm fluids can 

be obtained at any specific site. The temperature obtained in a specific 

well will depend primarily upon the depth drilled. Therefore, future efforts 

should be directed primarily toward site specific engineering studies, to 

determine if the resource is adequate to supply the expected load. In certain 

areas detailed geologic mapping and geophysical studies may be useful for 

locating faults. Convective systems associated with the faults could provide 

higher temperatures than would normally be expected at a given depth. 
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LA GRANDE 
I 

The La Grande area is located within the Blue Mountains ph^jsiographic 

province of northeastern Oregon (Figure 1). It is bordered by tjhe Blue 

Mountains on the north and west, and by the Wallowa Mountains orj the east. 

The three main population centers of La Grande (pop. 11,140), Urpion (pop. 2,160) 

and Cove (pop. 500), all lie within the Grande Ronde Valley. 

The Grande Ronde Valley is a structural depression which is bordered on 

all sides by normal faults with displacements of several thousajid feet. The 

floor of the valley is composed of unconsolidated Plio-Pleistoc^ne lacustrine 

and fluvial sediments, landslide deposits, and alluvial fans. jThe bedrock 

making up the valley margins is composed exclusively of rocks of the Miocene 

Columbia River Basalt Group. 

Hot springs are common throughout the study area, particularly along the 

southern and eastern margin of the Grande Ronde Valley. The hdttest spring is 

the Hot Lake Resort Spring, 11.7 km southeast of La Grande, wiljh a surface 

temperature of 85°C. Most of the other springs possess surface temperatures 

in the range 20-30°C. All of the springs are fluid-dominated deep circulation 

systems which are associated with the normal faults at the margins of the 

Grande Ronde Valley. 

The Department of Geology and Mineral Industries (DOGAMI) commenced its 

geothermal effort in the Grande Ronde Valley in the summer of *i977 with the 

measurement of temperature gradients in existing water wells. In the spring 

of 1980 a spring sampling program was completed, and in the wifiter of 1979/1980 

three heat flow holes were drilled in the city of La Grande. Originally 4 

holes with a 152 meter (500 ft) nominal depth were scheduled, ibut extreme 

drilling problems resulted in the completion of only three holes, the deepest 

of which was completed to 120 m. 

During the DOGAMI sampling program, twenty-five thermal springs and wells 
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were sampled and analyzed. These, when combined with previously published data, 

resulted in a total of seventy-five analyses available for evaluation. It is 

felt that the chalcedony and 4/3B Na:K:Ca geothermometers probably give the 

best estimates of minimum reservoir temperature. For most of the springs and 

wells, these estimates fell in the range 100-125°C. The highest calculated 

temperatures were for those springs associated with the basin-bounding normal 

faults. The highest estimated minimum reservoir temperature for the Hot Lake 

Resort Well was 100°C. 

Heat flow data for the Grande Ronde Basin is sparse, and the quality of 

most of the data that has been obtained is not good. Because most of the holes 

were measured in the unconsolidated sediments of the La Grande Basin, where 

the effects of refraction, sedimentation, and groundwater circulation tend to 

depress temperatures, the measured temperature gradients were often anomalously 

low or even isothermal. Of the three holes drilled by DOGAMI in the city of 

La Grande, one was totally useless for heat flow determinations (due to a 

negative temperature gradient) and there were significant problems in inter­

pretation associated with the other two. These two holes resulted in heat flow 

-2 -2 
values of 42 mWm and 84 mWm . Based on the total data set, the best estimate 

_2 
for heat flow in the Grande Ronde Valley is 60-80 mWm , and the best gradient 

is 50+20°Ckm"^ 

One of the DOGAMI holes, drilled adjacent to the city hospital, encountered 

15-21°C water flowing at 114 1pm; a temperature and flow rate adequate for 

space heating applications using a heat pump. 

It appears that the areas with the highest potential for the direct use 

of low temperature geothermal fluids are those adjacent to thermal convection 

systems associated with valley bounding normal faults. Of the many warm springs 

in the Grande Ronde Valley, those associated with the Craig Mountain fault and 
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its extensions along the southern margin of the valley appear tĉ  be the most 

promising. Normal faults are also present in La Grande, and thq warm water 

encountered in one of the DOGAMI drill holes is evidence that tfjermal convection 

anomalies may be associated with these faults. At the present l̂ ime the City of 

La Grande is drilling a 1700-ft hole near one of the DOGAMI dri'jl sites. 

Although it is being drilled primarily as a city water supply, DOGAMI will be 

allowed to temperature log the hole. If the temperatures are adequate, serious 

consideration will be given to forming a geothermal heating district to supply 

the many public loads in the area (three schools, city and coun|;y offices, and 

the Eastern State College Campus). 

There is also considerable low temperature geothermal potejitial toward the 

center of the Grande Ronde Valley, where deep irrigation wells (900-1700 ft) 

commonly encounter large (often artesian) flow rates of several hundred to 

several thousand gallons per minute of water in the temperature range 19-32°C. 

The aquifers in these wells are the flow contacts between basalts of the Columbia 

River Group, and the heat is provided by the regional geothermal gradient. 

Although the temperatures in the wells are not particularly hi^h, the large 

volumes of water available should make them an attractive economic target. 
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BELKNAP-FOLEY 

The Belknap-Foley area is located at the eastern margin of the central 

Western Cascade Range of Oregon, approximately 80 km (50 mi) east of Eugene 

(Figure 1). McKenzie Bridge, Rainbow, and Blue River are the only towns 

in the study area. They are very small unincorporated communities. Because 

few people live in the area, there is little likelihood that a large-scale 

heating district could be economically installed. For this reason, no drilling 

was done for this study, although five temperature-gradient wells were drilled 

to about 150 m by the Department for regional heat flow measurement in the 

Cascades project (Cooperative Agreement DE-FC07-79ID12044). All hot springs 

were sampled and a geologic map was prepared in conjunction with both the 

Cascades and low-temperature projects. In addition, temperature gradients in 

five existing wells were measured, and a geologic map at a scale of 1:62,500 

was prepared. 

The geology of the area is dominated by its location at the boundary 

between the Western Cascades and the High Cascades. Rocks at the east margin 

of the area are chiefly Pliocene and younger basaltic lavas of the High 

Cascades, but most of the area is composed of Oligocene to Miocene lavas and 

tuffs characteristic of the Western Cascade physiographic province. 

Although there is minor folding in rocks older than about 9 m.y.B.P., 

the major structures in the area are a series of north-south trending normal 

faults. These faults are concentrated at the High Cascade-Western-Cascade 

physiographic boundary at Horse Creek and the upper McKenzie River and in the 

South Fork of the McKenzie River at Cougar Reservoir. Rocks older than about 

4 m.y. are consistently offset downward toward the east in both areas. Offset 

at Cougar Reservoir is at least 300 m and cumulative offset across Horse Creek 

is about 620 m. 

The Horse Creek fault zone does not cut intracanyon lavas of the High 
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Cascades dated at 2.05 to 3.4 m.y.B.P. The Cougar Reservoir fauflt zone cuts 

rocks dated at 13.2 m.y. but does not cut Pleistocene gravels. 
I 

Hot springs and areas of anomalously high heat flow are assbciated with 

the north-south trending faults. The hottest springs are Belkndp (86.7 to 

71.0°C), Bigelow (61.0°C), and Foley (80.6°C) which are along the Horse Creek 

fault zone. Terwilliger Hot Springs (also called Cougar Reservbir and Rider 

Hot Springs) is adjacent to the Cougar Reservoir fault zone and has a temp­

erature of between 42 and 44°C. Drilling near Terwilliger Hot ^prings has 

shown that hydrothermal water also occurs at 150 m depth about 1/2 km east 

of the springs in an 01igocene(?) lava. 

The most reliable geothermometric calculations for the Horke Creek fault 

zone group indicate reservoir temperatures in the 100 to 143°C |^ange. Similar 

calculations for Terwilliger Hot Springs indicate reservoir temperatures of 

95 to 103°C. 

Of the five wells drilled in the Belknap-Foley area, thre^ were located 

along the Horse Creek fault zone and two were adjacent to the qougar Reservoir 

fault zone. Where heat flow was not obviously disturbed by necirby thermal 
I 

springs, regional heat flow conforms to the pattern demonstrated by Blackwell 

and others (1978). Heat flow increases abruptly from values of about 70 

to 83 mW/m (terrain-corrected gradients of 53°C/km to 52°C/km) in the Cougar 

2 Reservoir area to about 111 to 114 mW/m (terrain-corrected gradients of 
• 

71 to 74°C/km) in the Horse Creek area. The area thus lies on the transition 

2 
zone between low heat flow (55 mW/m or below) characteristic pf the Western 

2 
Cascades-Willamette Valley provinces and ve ry high heat flow (pver 100 mW/m ) 

characteristic of the High Cascades province. These regional gradients and 
I 

heat flow values indicate that hot springs in the area probably ascend from 

depths of about 1.2 to 2.0 km in the Horse Creek area and aboiit 1.6 to 1.8 km 
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in the Cougar Reservoir area. 

The best target for furhter exploration is the Horse Creek fault zone. 

Drilling should be aimed at intercepting either the shallow aquifers near the 

hot springs or possible aquifers within the fault zone at depths appropriate 

for the temperatures desired. At depths of about 3 km, temperatures of about 

200°C can be expected. Should fluid also be present, perhaps in fractured 

rocks near the fault zone, then electrical generation by direct-flash tech­

nology might be possible. Electrical generation from the hot spring waters 

is probably possible utilizing Rankine-cycle technology. For example, 40 

kilowatts of electricity will be generated at Lakeview in the summer of 1982, 

using freon as a working fluid, from 80°C (176°F) water. This use, and small-

scale local space heating uses near the hot springs are probably the most 

cost-effective means of exploiting the low-temperature resources of the area. 

Lack of a large population or industrial base precludes large-scale district 

heating systems unless it is possible to pipe thermal waters to the population 

centers of Springfield and Eugene. An engineering study is recommended to 

evaluate all of these possibilities. 
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WILLAMETTE PASS 

The Willamette Pass area is located in the central Western pascade 

Range of Oregon approximately 80 km (50 mi) southeast of Eugene,' Oregon, 
! 

up the Willamette River drainage (Figure 1). The only town in the area is 

the city of Oakridge (population of 4,300). 

Because it is a significant population center a substantia] effort was 

directed at defining geothermal resources near Oakridge. Toward that goal, 

a 122 m city water well was deepened to 344 m, and a 150 m temperature gradient 

well was drilled at a fault intersection 4 km southeast of Oakridge. A 

geologic map at a scale of 1:62,500 and complete sampling and temperature 

measurement in all available springs and wells was also completed. Eighteen 

water samples were analyzed and seventeen temperature gradients were measured 

and recalculated to heat flow. Seven of the gradients were measured in holes 

drilled for the Cascades project. 

Rocks in the area are chiefly 01igocene(?) to late Miocen^ lavas and 

tuffs with minor Pleistocene or late Pliocene intracanyon basalt flows. The 

Pleistocene to late Pliocene basalts come from vents in the High Cascades to 

the east. The lack of youthful faulting makes the location of significant fractured 

rocks, which could hold thermal water, ve ry difficult. Early l̂ liocene tholeiitic 

{ ve ry iron-rich) lavas which have been mapped immediately outside of the map 

area near Lookout Point, may, however, be permeable. These ropks, together 

with buried intrusive rocks may provide the best aquifers for geothermal fluids 

in the area. Unfortunately, owing to the complexity of the geology of the area 

and the short time available for mapping, the depth to these fiotential reservoir 

rocks cannot be predicted with certainty throughout much of the area. It is 

highly probable, however, that neither of these rock types ocbur beneath Oakridge. 

Oakridge is located in a valley cut into rocks which appear to lie stratigraph-
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ically below the tholeiitic sequence. There is also no evidence of a major 

volcanic or plutonic center in or adjacent to the city. Lack of significant 

permeability at Oakridge is underscored by the insignificant fluid found in 

the 344 m city well. It is however, possible that permeability may exist in 

areas east of Oakridge since, as discussed below, hydrothermal fluids are 

obviously able to circulate enough to form warm springs in three areas 

within 6 to 15 km east of town. These warm springs are all in or adjacent 

to major faults and lineations. It is thus entirely possible that similar 

hydrothermal systems occur in or adjacent to unexplored faults between Oakridge 

and the hot spring belt. One temperature gradient well in such a fault zone 

at Hills Creek dam, however, did not reveal any anomalous gradients or heat 

flow indicative of circulating hydrothermal fluids. 

Three warm spring areas occur east of Oakridge. Water is 62 to 73°C 

at McCredie Hot Springs, 40 to 4 r c at Wall Creek Hot Springs and 30 to 44°C 

at Kitson Hot Springs. Most reliable geothermometric calculations for the 

three springs indicate possible reservoir temperatures of 112-126°C, 118-125°C, 

and 97-110°C, respectively. 

Temperature gradient and heat flow measurements in the area show that 

2 
the hot springs are in the transition zone between high (over lOOmW/m ) heat 

2 
flow characteristic of the High Cascades and low (55mW/m and less) heat 

flow characteristic of the Western Cascades and Willamette Valley. Heat 

2 

flow in the hot springs belt is roughly 69 to 101 mW/m , with a terrain-

corrected gradient of about 60°C/km. Heat flow east of the hot springs 

2 
belt high as 115 mW/m with terrain-corrected gradients as high as 67°C/km. 

2 
West of the hot springs belt at Oakridge the heat flow is about 66 to 74mW/m 

and the terrain-corrected gradient is between 36 to 40°C/km, Oakridge is 

thus on the westernmost edge of the heat flow anomaly generated by the High 
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high as 

is very sharp, 

reason to 

sible. 

Cascades. The gradients at Oakridge are, however, about half as 

gradients within the main High Cascades anomaly. The transition 

occurring over a distance of about 20 km. This is an additional 

focus exploration as far east of Oakridge as is economically fea* 

In order to attain the reservoir temperatures calculated for the warm 

springs, waters would have to reach depths of about 1.0 to 1.5 km in the hot 

springs belt. In order to encounter similar temperatures (97-125°C) under 

Oakridge, meteoric water would have to circulate to depths of about 2.3 to 3.0 km. 

If potential circulation occurs only to 1.0 to 1.5 m at Oakridge, then water 

with temperatures of between about 48 and 57°C should be expected at depth. 

If rapid circulation of water occurs laterally from the High Casicades heat flow 

anomaly, then higher temperature water might be found near the (fity. No 

evidence of rapid lateral circulation has, as yet, been found. 

Further exploration for low-temperature at Oakridge is warranted if 

potential uses can justify the capital outlay. There is a high probability 

that potential resources will be located at least a few km east of the city. 

Feasibility studies should be conducted which evaluate the viability of piping 

thermal water to Oakridge for various end uses. Known thermal spring areas 

have temperatures adequate for many uses, although the high content of 

dissolved salts in the water at Kitson Hot Springs may preclude 

Similarly high salt content was noted in the small amount of wa 

the 344 m well drilled at Oakridge. 

many uses, 

ter found in 
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POWELL BUTTES 

Powell Buttes is a large elliptically shaped topographic high located in 

the High Lava Plains physiographic province of east central Oregon, approximately 

18 km southeast of Redmond and 29 km northeast of Bend, Oregon (Figure 1). 

Powell Buttes is a volcanic vent complex composed of rhyolitic, rhyodacitic, 

and dacitic plugs, domes, flows, and tuffs of the Oligocene John Day Formation. 

Although colluvium mantles the flanks of the buttes, drill holes indicate that 

volcaniclastic sediments, ash-flow tuffs, and basalt flows of the late Miocene 

to Pliocene Deschutes Formation unconformably overlie the John Day Formation 

over large portions of the flanks. Powell Buttes lies at the western end of 

the Brothers Fault Zone, a major structural feature which is considered by some 

writers to mark the northern terminus of the Basin and Range physiographic 

province in the western United States. 

Although several springs a re present on Powell Buttes, the warmest of these 

is only 18°C. The lack of naturally occurring surface thermal phenomena makes 

the area a true "blind" geothermal anomaly. Several warm domestic water wells 

are present on the north, northwest, and western sides of the buttes. The 

highest water temperature measured in a domestic well was 33°C, in a well 

located on the west flank of the buttes in the zone of highest heat flow. 

The Oregon Department of Geology and Mineral Industries (DOGAMI) first 

became interested in the Powell Buttes area during the summer of 1978, when 

temperatures measured in three open holes resulted in gradients in excess of 

100°C km" and bottom hole temperatures as high as 37°C. Several more holes 

logged during the summer of 1979 confirmed the presence of a thermal anomaly 

along the north and west flanks of the buttes. In 1980 DOGAMI completed an 

extensive water sampling program and made an intensive effort to locate and 

log every open well in the vicinity of Powell Buttes. In the fall of 1980 

DOGAMI drilled 9 heat flow holes, mostly along the west flank of the buttes. 
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The drilling program culminated in February 1981 with the completion of a 460 

meter borehole centered in the zone of highest heat flow. In addition to the 

above efforts, complete Bouguer and residual gravity and aeromagnetic maps of 

the Powell Buttes area were completed for DOGAMI by the Oregon ^tate University 

Geophysics Group. 

A total of twenty-five wells and springs were sampled and 

the course of the project. The waters are unusual when compared 

other geothermal areas in that they are relatively "clean". Totjal dissolved 

solids are low; and Cl, which is usually present in abundance iii thermal 

waters, is nearly nonexistent. Also somewhat unusual is the presence of high 

amounts of trace metals such as Cu, Ba, Zn, and Sr. Minimum reservoir temper­

atures, calculated using Si geothermometers, are in all cases less than 100°C. 

Several conclusions can be derived from the chemical analyst 

waters at Powell Buttes. First, the waters sampled were probabl; 

warmer than the temperature recorded during sampling. Second, because of the 

very low concentrations of constituents normally associated with 

analyzed during 

to waters from 

es of the 

y never much 

thermal 

which have 

gh trace metal 

alteration as 

waters, the waters at Powell Buttes have not been deeply circulated. It is 

more likely that they have been heated conductively by a source that lies at 

greater depths. 

Third, the waters sampled are most probably meteoric waters 

infiltrated through the buttes, the local recharge area. The hi 

concentrations were probably acquired from zones of hydrothermal 

the fluids migrated down the hydrologic dip to where they were i^itercepted by 

domestic water wells. 

The geophysical anomalies associated with Powell Buttes are 

difficult to interpret. There are large positive Bouguer and re^dual gravity 

anomalies centered over the buttes paralleling its northeast trend. Neither 

block faulting nor the presence of an intrusive beneath the buttes seem 

somewhat 
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sufficient in themselves to provide the mass excess required to explain the 

large magnitude of the anomaly. It is likely that both mechanisms are in 

operation. 

The most surprising aspect of the aeromagnetic study at Powell Buttes is 

the lack of an anomaly associated with the buttes, implying that either the 

buttes are underlain by nonsusceptible rocks, or that the rocks are very hot. 

Again it is probable that both mechanisms are in operation, particularly given 

the silicic nature of the volcanism that has occurred at Powell Buttes and the 

high heat flow measured on its flanks. 

Since 1978, temperature gradients have been measured in 43 drill holes in 

the vicinity of Powell Buttes, and heat flow values have been determined for 

32 of the sites. The data delineates a closed elliptical anomaly paralleling 

the west side of the butte. The zone of highest heat flow lies directly 

downslope from a large rhyolitic exogenous dome. 

Although the early data collected at Powell Buttes indicated that tempera­

ture gradients in excess of 160°C km" and heat flow values in excess of 
_2 

376 mWm were present in the high heat flow zone, later data from deeper 

holes (particularly the 460-meter hole drilled by DOGAMI) indicate that the 
_2 

average heat flow in the vicinity of Powell Buttes is 125-167 mWm and the 

average temperature gradient is about 80°C km . 

There are two possible explanations for the very high temperature gradients 

measured at shallow depths on the west side of the butte: (1) the high gradients 

are the result of a combination of heat flow refraction and very low thermal 

conductivities in the unconsolidated colluvium mantling the flanks of the buttes, 

and (2) there is a slow flow of warm water in a shallow aquifer beneath the 

zone of highest heat flow. In this second case fractures in the rhyolitic dome 

just east of the high heat flow zone could be acting as a conduit for thermal 

fluids. 
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There are problems with both hypotheses. Heat flow in the Powell Buttes 

area is conductive. There is no evidence of large-scale convective fluid 

movement in any of the holes in the data set, and only rarely is there any 

evidence of intraborehole fluid movement. In the 9 heat flow holes drilled 

by DOGAMI, no aquifer of the type described was encountered, and the geochemistry 

of the various water samples indicates that the waters have not been deeply 

circulated. Finally, groundwater supply in the Powell Buttes area is a serious 

problem. Wells are often totally dry, and those that do produce do so at 

rates of only 5-10 gpm. Producing wells seem to be situated along fairly 

narrow fracture zones, arguing against the presence of large stratigraphic 

aquifers. The hypothesis is still viable, however, as the flow rates in the 

aquifer could be extremely low and still produce the anomaly. 

The temperature-depth profile at Powell Buttes has been successfully 

reproduced by computer using a finite difference thermal conductivity model. 

The problem with this model is that to account for the high temf^erature 

gradients, extremely low thermal conductivities are required for] the surface 

layers. The conductivities are lower than can be produced with water-rock 

combinations alone, requiring that the pore space in the rock b^ only about 

70% saturated; the remaining space filled with air. While certe^inly possible, 

given the arid nature of the region, the phenomenon has not been identified 

in other holes in east central Oregon. 

Whatever mechanism is operative, it is obvious that temperatures adequate 

for many direct use applications can be found at relatively shallow depths in 

the Powell Buttes area. The temperature at 460 meters in the DCfGAMI deep test 

(PB-1) was 56°C. Projections of the temperature gradient indicate that 80°C 

would be encountered at about .8 km, and 150°C at 1.7 km. 
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The problem is the availability of adequate fluids. Although the 

temperature-depth curve for PB-1 did show one small aquifer at 425 m, signifi­

cant amounts of fluids were not encountered in the hole. In general, the 

John Day Formation and the underlying Clarno Formation are composed of 

large amounts of tuffaceous rocks, which are relatively impermeable. 

It is clear that efforts to produce a viable low temperature resource 

in the Powell Buttes area must center around the location of adequate fluids. 

Detailed geologic mapping and geophysics, to locate fracture permeability, 

and the deepening of PB-1 to locate stratigraphic aquifers (probably associated 

with lava flows) are the most obvious steps to take in this direction. At 

this point in time, the PB-1 drill site has been turned over to Francana 

Corporation, which plans to deepen the hole sometime in the near future. 

Although private industry will probably continue to explore for high temper­

ature geothermal resources, the position of Powell Buttes within piping 

distance of three important towns. Bend (16 km), Prineville (8 km), and Redmond 

(8 km), make it a viable exploration target for direct use resources. Future 

exploration should be aimed at deeper drilling not only at Powell Buttes but 

also on youthful faults known to exist in the vicinity of Bend and Redmond 

(e.g. see Peterson and others, 1976). Additional temperature measurement and 

possible drilling should be accomplished at Prineville as well. Engineering 

studies should be pursued to define the amount of exploration expenditure 

which can be justified by expected loads and end uses. 
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NORTHERN HARNEY BASIN 

The study area is located at the northern end of a large, circular 

topographic depression in the central portion of eastern Oregon known as the 

Harney Basin (Figure 1). The major population center is the cit}y of Burns 

(a population of 3,525) and the nearby community of Hines (population of 

1,575), Fifteen springs and wells were sampled, four temperaturj-e logged to 

a depth of 800 m, and geologic maps at both the 1:62,500 and 1:24,000 scale 

were produced for the area. A soil mercury survey and ground magnetometer 

survey were also completed. All of the raw data, except the mercury and 

magnetometer surveys, was published in various open file report^ and in one 

high quality colored 1:24,000 scale geologic map of the Burns alrea. 

The northern Harney basin was a major silicic volcanic cenjter during the 

late Miocene and probably during the middle Miocene as well. M&jor cauldron 

subsidence blocks formed during eruption of voluminous soda rhyplite ash-flow 

sheets which covered hundreds of square miles of eastern Oregoh. Interfinger-

ing with the ash flows are smaller amounts of soda rhyolite lava and basaltic 

lava. Volcanism since about 3.0 m.y.B.P. has been dominated by* eruption of small 

volumes of alkaline high-alumina tholeiite. Holocene eruptions of alkali 

basalt at Diamond Craters near the southern margin of the studj^ area was the 

last volcanic activity. 

Faulting in the area follows three general trends. The first is the 

trend of the Brothers fault zone (N25°W to N55°W), which is exhibited most 

strongly immediately west of Burns. These are dip-slip faults which cut 2.3 

to 2.9 m.y.B.P. basaltic andesites near Burns Butte. The second trend is 

that of north-south to north-northwest dip-slip faults of the ^asin and 

Range which cut all bedrock units except the Holocene basalts. Dip-slip 
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faults at a N40°W to N50°W in the east-central part of the area are tran­

sitional between the Brothers and Basin and Range trends. 

Many of the faults have evidence of some relation to strike-slip motion. 

This is particularly true of faults of the Brothers fault zone which, according 

to Lawrence (1976) may be related to right lateral wrenching at depth, A 

large north-south trending fault in the Soldier Creek area at the northern 

margin of the basin also has evidence of lateral movement. The Soldier Creek 

fault is notable for its large opalized breccia zones, and because the hottest 

geothermal well in the area (the O.J. Thomas well) occurs 3 km east of the 

presumed extension of this fault at the northern margin of the basin. Brown 

and others (1980a) conclude that the O.J. Thomas water emanates from this fault. 

The Soldier Creek zone loses its aeromagnetic and gravity signature at about 

the latitude of Hines where a west-northwest trending structure appears in 

geophysical maps. 

Folding of bedrock units is generally in the form of broad, shallowly 

dipping anticlines and synclines plunging toward the center of the basin. 

Exceptions are sharply folded rocks adjacent to major fault zones. 

The Harney Basin appears to be the result of downwarping over a broad 

area. Some parts of the basin may be bounded by caldera faults, but much of 

the northern half of the area appears to be a broad zone of subsidence requiring 

very little deformation at the basin boundaries. D. D. Blackwell (personal 

communication) has speculated that much of this broad subsidence may be due 

to cooling and contraction following late Miocene silicic volcanism. 

Most warm springs in the Burns area are in the 22 to 28.5°C range with 

calculated minimum reservoir temperatures of between 70°C and 11°C. Thermal 

water near the Soldier Creek fault zone possesses both higher surface temperatures 

(71°C) and higher calculated minimum reservoir temperatures (99-139°C). 
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The best example of thermal water from the Soldier Creek system is the 

0. J. Thomas well, which is 15.3 km east-northeast of Burns. This well yielded 

11,400 liters, per minute (about 3,000 gpm) of 72°C water in a pump test (this 

was the capacity of the pump). The Harney Development well, an old oil well 

south of the 0. J. Thomas well (14.5 km southeast of Burns), flo^s about 

380 liters per minute (100 gpm) of 46°C to 50°C thermal water, Similar in 

composition to the water of the 0. J. Thomas water (e.g. high total dissolved 

solids and boron). No pump test data is available for the Harney Development 

well to establish its ultimate potential flow. | 

Four shallow (140 m to 187 m) temperature gradient wells arid one deep oil 

well (the Poteet well 2 km east of Burns) provided the most definitive data 

about temperatures and aquifers in the area. The Poteet well wds temperature 

logged to 800 m and revealed that the background gradient at Burpns is about 
2 

60° C/km with an estimated heat flow of about 92 mW/m . The we]l also showed 

disturbances in the conductive gradient indicative of definite ihermal aquifers 

at 210-230 m (32°C) and 550-600 m (48°C) and a possible small aquifer at 

about 750 m (55°C). A 187-m well at the Hines Lumber Mill encountered a 

3,800 liter per minute (1,000 gpm), 27°C aquifer at 15 to 50 m. A 164-m well 

drilled on the Hotchkiss Ranch, about 2.4 km (1.5 m) southwest bf Hines was 

targeted on a soil mercury anomaly and encountered a 4- to 8-liter per minute 

(1pm) aquifer at 126 m, a 20-lpm aquifer at 140 m, and~20-lpm aquifer at 

160 to 164 m. All of these aquifers were between 34 and 35°C and were located 

in ash flow tuff, loose volcanic sands, or basaltic interflow areas. Discharge 

rates are estimated from water blown from the well during air drilling. 

Comparing the data from the above holes, it is apparent that abundant 

thermal water in the temperature range of 27°C to 35°C occurs at depths of 

15 m to 230 m between Hines and Burns. This is also the temperjature of most 
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of the thermal springs in the area which no doubt issue from these same 

aquifers. Data from the Poteet well suggests that the background temperature 

gradient is high enough to produce this 27 to 35°C water from conductive 

heating at between 140 and 340 m. Water encountered in the Hines area is 

thus ascending from at least these depths and then flowing laterally in the 

layered volcanic rocks. A mapped fault at the Hotchkiss site was encountered 

in the drill hole and may have provided a conduit for rise of warm water there. 

Because the Hotchkiss site is 114 m higher in elevation than the Hines area, 

some water around Hines could be explained by lateral flow of water from the 

Hotchkiss area. The high flow rate at the Hines Lumber Mill site, however, 

suggests that water must be coming from other areas as well, perhaps other 

faults. Additional drilling will be necessary to determine the circulation 

pattern of these shallow aquifers at Hines. Drilling should be focused on 

mapped faults and probable extensions of mapped faults under the valley 

sediments. 

The city of Burns probably has thermal aquifers at 32°C at about 210 to 

230 m and at 48°C at about 550 to 600 m, based on data from the Poteet well. 

There is definitely abundant (380 1pm) 14°C water at Burns High School at 

a depth of 37 m, and an 18°C aquifer of unknown volume occurs at about 140 m 

at the same site. The Poteet well should be cleaned out and temperature 

logged below 800 m, in order to discover if other higher temperature thermal 

aquifers are present at depth beneath Burns. The well has a drilled depth of 

1975 m. Temperatures of 100°C at about 1.5 km (5,Q00 ft) and 200°C at about 

3.2 km (10,400 ft) would be expected beneath Burns, based on the Poteet data. 

There is no guarantee of fluids at these depths, however. 

One way of mitigating the high cost of drilling deep at Burns for hot 

water would be to take advantage of possible areas of upwelling thermal water. 

Fault zones are often sites of upwelling. The probable southerly extension 
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of the Soldier Creek fault between 10.5 and 14.5 km (6 to 9 mi) east of Burns 

apparently contains large quantities of thermal water, based on data from the 

0. J. Thomas well (at least 11,400 1pm, of 72°C water). Water found in 

this well would have to ascend from at least a depth of 1 km (3,280 ft), based 

on the 60° C/km Poteet gradient. If the 0. J. Thomas water is from a conductively 

heated source at the geochemically calculated reservoir temperature (99 to 135°C), 

the water would have to ascend from depths of about 1.5 km to 2.0 km. This is 

a clear indication that a major hydrothermal circulation system must be 

operating east of Burns. Drilling between the 0. J. Thomas well and Burns 

should be pursued to determine the lateral extent of the circulation system 

toward Burns. 

Another particularly interesting site for drilling is the area approxi­

mately due east of Hines and due south of Soldier Creek, where geophysical 

anomalies indicate a possible intersection of the Soldier Creek structure with 

a west-northwest trending structure. Possible high fracture perneability in 

this area might allow convection of large quantities of thermal water to 

shallow depths. 

Engineering studies should be pursued which evaluate the feasibility of 

drilling beneath Burns for the thermal aquifers noted in the Poteet well. 

Additional studies should focus on the maximum distances that resources 

associated with the Soldier Creek hydrothermal system could be piped. The 

shallow thermal aquifer at Hines should be evaluated for heat pufiip and 

cogeneration applications. 
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SOUTHERN HARNEY BASIN 

The Harney Basin is a roughly circular basin with interior drainage to 

Malheur, Harney and Mud Lakes. The basin covers approximately 8,100 square 

miles. The small unincorporated farming communities of Crane, Princeton, and 

Diamond are the only population centers. 

DOGAMI's study of the south Harney Basin (Figure 1) involved extensive 

spring sampling, gradient data accrual through the location and logging of all 

available open water wells, a literature search, reconnaissance mapping of 

eight 15' quadrangles, and the drilling of a 135 m heat flow hole at Crane 

School. 

Thermal spring and well water geochemistry generally indicates reservoir 

temperatures of 100°C to 140°C by the quartz geothermometer and 100°C to 

170°C by the Na-K-Ca geothermometer. Numerous thermal springs occur in the 

area, 22 of which were sampled for this study. The highest spring temperatures, 

located near Crane, were 80°C. On the basis of the chemistry, the springs can 

be split into two groups. The first group is centered near Crane, the second 

near Harney Lake. Chemical differences probably stem from the nature of 

the rocks these fluids are associated with at depth and subsurface residence 

time. 

The basin was formed by regional collapse due to the eruption of 

voluminous ash-flow sheets from within the area. Harney Lake was one of the 

eruptive centers, active about 9 m.y.B.P. The last silicic volcanism occurred 

approximately 8 m.y.B.P., but a Holocene basaltic center. Diamond Crater, was 

active as recently as 15,000+2,000 years ago (Norm Peterson, 1980, personal 

communication, cited in Brown and others, 1980b). 

The area is also in the Brothers Fault Zone, which represents the northern 

termination of the Basin and Range physiographic province. Basin and Range 
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faulting occurred predominantly in the middle and late Miocene and represents 
I 

east-west extension on numerous north-south trending faults. The Brothers 

Fault Zone trends northwesterly through the area. Fault activity associated 

with the Brothers Fault trend is younger than that of the Basin and Range 

trend in the area. The fabric of the area is predominantly northwesterly. 

Northwest trending faults cut the 15,000+2,000 year-old basalts of Diamond 
j 

Crater (Brown and others, 1980b). 

The background gradient for the south Harney Basin is 60-8([)°C/km, the 

2 
background heat flow is 60-80 mW/m . These values are based onjprevious 

DOGAMI and USGS heat flow studies (Hull and others, 1977, DOGAMJ 0-77-3; 
I 

Sass and others, 1976) and new data from open water wells. 

The deepest well logged for temperature in the area is the Poteet oil 

well, in the northern Harney Basin. The well is 800 m deep with a gradient 

of 59.8°C/km and a heat flow of 92 mW/m . The heat flow value is consistent 

with the modeling of Blackwell and others (1978) and corroborates predictions 
• 

of anomalous heat flow and geothermal potential along the Brothers Fault Zone. 

This high-quality heat flow and gradient may be more representative of the 
2 

regional background heat flow than the 60-80 mW/m value, since the lower 

values are based on shallower measurements. Only deeper drilling will test 

this hypothesis adequately. 

The background heat flow predicts that spring waters probably ascend from 

a minimum depth of one km. This indicates that hydrothermal circulation may 

reach at least this depth in other parts of the basin as well. 

DOGAMI identified a potential geothermal resource at Crane. A heat flow 

hole was drilled by DOGAMI in 1981 at Crane School. The gradient was 96°C/km 

and the bottom hole temperature was 24.5°C at 135 m. The heat flow for the 

2 
hole is approximately 148 mWm . Additional drilling would be needed for 
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utilization because no large water-bearing aquifer was encountered in the hole. 

This gradient and heat flow are obviously very anomalous with respect to both 

of the above regional background estimates. It is probably necessary for 

background heat flow to be redistributed by convection to produce heat flow 

this high. Either magmatic or hydrothermal convection would suffice. It is 

likely that hydrothermal convection is responsible for this anomaly, since 

Crane is not a young volcanic center. Should this hypothesis prove correct, 

there could be a major hydrothermal circulation system beneath Crane. 

Additional shallow drilling around the Crane area should be done to determine 

the width of the anomaly, in order to determine its extent and to do half 

width calculations which can predict the depth of the anomalous heat source. 

Deeper drilling should then be done if the predicted drilling depths can be 

economically justified. Alternatively, deeperdrilling could be pursued 

inmediately to determine if the anomaly is caused by a relatively shallow 

aquifer of warm water. 

Anomalous geothermal areas, other than hot spring locations, were found 

near Coyote Buttes and west of Diamond Valley, where gradients of 130-160°C/km 

and 88°C/km, respectively, and heat flow of 125-155 and 146 mW/m, respectively, 

were found. However, population densities in these areas are too low to 

justify exploitation unless industrial interests decide to Icoate at these 

sites. In terms of risk, the existing hot springs are a better choice, since 

hydrothermal water is readily accessible if hot spring temperatures are adequate. 

DOGAMI recommends site-specific resource evaluation of several locales 

within the basin. Low temperature utilization would possibly be feasible 

for the population center of Crane and for possible light industrial/agricultural 

purposes elsewhere in the basin. Methods that should be used are detailed 
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geologic mapping at large scales; detailed sampling and analysis of thermal 

springs and wells to determine fluid flow direction, provenance and reservoir 

conditions; and a drilling program to outline thermal anomalies and test 

geothermal aquifers. Several intermediate-depth wells (600 m) Will be required 

to give stratigraphic control, identify aquifers at depth and enable informative 

pump test data to be acquired. These steps should only be taken after engi­

neering feasibility studies have shown that development of potential resources 

is economically justified. 
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WESTERN SNAKE RIVER PLAIN 

The Western Snake River Plain, as defined in this report, includes 

approximately 1100 square miles of eastern Oregon located in the extreme 

northeastern corner of Malheur County, adjacent to the state of Idaho (Figure 1). 

Major population centers include Ontario (and Payette, immediately across the 

Snake River in Idaho) in the extreme east-central portion of the area; Vale, 

in the west-central part of the area; and Nyssa, in the southern part of the 

area. 

The Snake River Plain is a broad structural downwarp which extends 

across southern Idaho and at its western terminus into east-central Oregon. 

In Oregon the downwarp is filled with a series of Pliocene-Pleistocene lacustrine 

and fluvial sediments (often tuffaceous) which are intercalated with a few 

thin olivine basalt flows. These sediments, which are over 914m (3000 ft) 

thick throughout most of the study area, are underlain by a thick sequence of 

Miocene flood basalts (the Owyhee Basalt) which are considered to be time-strati-

graphic equivalents with the Columbia River Group in the Columbia Plateau and 

the Steens Mountain Basalt in south-central Oregon. 

Hot springs are common throughout the study area, with the highest temperatures 

being reported for Vale Hot Springs (90°C), Neal Hot Springs (88°C), Deer Butte 

Hot Springs (79°C). Baschon Well (69°C), and Snively Hot Springs (57°C). Nearly 

all of the springs a re associated with normal faulting, and they appear to 

result f r m typical deep circulation systems. 

The Oregon Department of Geology and Mineral Industries (DOGAMI) has 

gathered a considerable amount of data in the Western Snake River Plain over 

the last several years. The measurement of temperature gradients in open water 

wells has been an ongoing process since the early 1970's. In the summers of 

1972 and 1973 a series of (2-3 meter) wells was drilled to investigate the 

possibilities of identifying geothermal anomalies by using temperature 
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measurements from ve ry shallow holes, and in 1975 DOGAMI dri 11 ed 5 deeper holes 

(62-152 m) to investigate geothermal anomalies in Cow Hollow, Willow Creek, 

and South Fork Jacobsen Gulch. For the present study, no new h^at flow holes 

were drilled in the Western Snake River Plain. Instead, the em[|hasis was 

placed on spring sampling and the measurement of temperature gradients in 

open water wells. In addition, a detailed geologic map of the Vale East 7 1/2' 

quadrangle was produced. The map will be published in the summer of 1982. 

A large geochemical data base, which includes all of the major hot springs 

in the area, now exists for the Western Snake River Plain. Geochemically the 

waters are typical of eastern Oregon Basin and Range fluid-domiriated deep 

circulation systems. Calculated minimum reservoir temperatures cover a wide 

range, with several of the springs having at least one method of calculation 

resulting in a minimum temperature of greater than lbO*C. The most promising of 

of these are Vale Hot Springs (160°C), Neal Hot Springs (180°), Bully Creek 

Warm Spring (188°C), Harper Warm Spring (208°C), and BLM Vine Hill well (162°C). 

As a result of DOGAMI efforts since the early 1970's, a considerable body 

of heat flow data now exists for the Western Snake River Plain. By 1980, 

temperature gradients had been measured in 45 holes. Additional holes, mostly 

in the vicinity of Vale Hot Springs, have been added since that time. These 

serve to give a fairly accurate picture of heat flow within the province. The 

-2 
average heat flow is approximately 119 mWm and the average temperature 

gradient is 97.5° Ckm" . The heat flow is nearly twice the worldwide average, 

and the temperature gradient is greater than twice the worldwide average. This 

is due to the insulating effect of the low thermal conductivity tuffaceous 

sedimentary rocks which crop out throughout the study area. 
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As is the case throughout much of eastern Oregon, local convective thermal 

anomalies are superimposed on an overall high regional heat flow. In these 

systems, meteoric waters penetrate to great depths and are heated by the regional 

geothermal gradient. When the heated waters encounter significant fracture 

permeability in the normal faults which cut the area, they rise rapidly with 

little cooling to the surface, where they emerge as hot springs. 

Because of the combination of the above factors, the Western Snake River 

Plain has a great deal of low temperature geothermal potential. There are 

significant population centers, an overall high population density, and a 

large agricultural industry to provide loads. Because of the high regional 

temperature gradient (60°Ckm" is the minimum gradient encountered in the 

region), it can be expected that moderate temperature resources (80°C-130°C) 

will be encountered in the depth range 1-1.5 km. In areas where convective 

anomalies are present, moderate temperatures exist at depths of only a few hundred 

meters. Temperatures suitable for heat pump applications may be found at depths 

of a few tens of meters throughout the study area. 

At the present time, several large-scale direct-use projects are in the 

operation; including greenhouses, mushroom nurseries, and an alcohol plant. 

The one potential problem with the development of low to moderate temperature 

geothermal resources in the Western Snake River Plain may be the lack of adequate 

fluids at depth beneath large portions of the study area. The tuffaceous sedimentary 

rocks which cover the area tend to be relatively impermeable. The Ore-Ida Food 

Comapny drilled a deep exploration hole to greater than 3000 meters in the city 

of Ontario; and although temperatures in excess of 175°C were encountered at 

the bottom of the hole, there was no fluid production below 2000 meters. It 

appears that future exploration will be more concerned with locating aquifers 

rather than locating temperatures. The Ore-Ida well might, in fact have been 

successful had more attention been paid to permeability during site selection. 
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Vale Hot Springs is probably the best site in the area for 

In a crude pump test, conducted in cooperation with the landownej" 

a shallow (30 m) well near the old swimming pool at the springs 

1,500 1pm (400 gpm) of 110°C (230°F) water for about ten hours, 

drilling and pump testing around Vale Hot Springs should be done 

ultimate volume and temperature of the waters. This resource coti 

produce enough water to significantly offset space heating loads 

of Vale which is within 1/4 km of the springs. 

There has also been considerable high-temperature resource 

in the area. To this point in time, private industry has 

energies primarily in three areas: Bully Creek, Willow Creek, 

Hollow Geothermal Anomaly. This last anomaly is a fault-control 

extending southeastward from Vale Hot Springs, which was discovered 

one of the early phases of the Oregon geothermal programs. At th 

there are plans to install a small biphase electrical generation 

well in the Cow Hollow anomaly near Vale Hot Springs by the summer 

direct-use. 
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LAKEVIEW 

The Lakeview area is located in the Basin and Range physiographic province 

of south-central Oregon (Figure 1). A typical Basin and Range graben-horst 

pair, the Goose Lake Valley on the west and the Warner Mountains on the east, 

make up the area. Lakeview (pop. 2,770), the only town in the region, is 

located in the center of the area at the foot of the Warner Range. 

The geology is typical of most of the rest of the Basin and Range 

province in Oregon. The Goose Lake Valley is composed of unconsolidated 

Pleistocene to Holocene lacustrine and fluvial sedimentary deposits which 

are as much as 1,524 m (5,000 ft) thick in the center of the basin. The 

Warner Range, in the vicinity of Lakeview, is composed of volcanic and volcanic­

lastic rocks which range in age from 01igocene(?) to Pleistocene(?) rhyodacitic 

exogenous domes and flows and mafic vent complexes. 

The dominant structure in the area is the essentially north-south normal 

fault that separates Goose Lake Valley from the Warner Mountains. It is 

vertical or steeply westward dipping and, where exposed in the vicinity of 

Lakeview, is characterized by a breccia zone as much as 50 feet in width. 

The earliest fault movement probably occurred in the early Pliocene, and 

most of the movement on the fault took place before glaciation affected the 

higher peaks in the Warner Range, although Pleistocene terrace material is 

faulted north of Lakeview. 

Surface or near surface thermal phenomena are associated with this normal 

fault in three separate parts of the study area. The hottest is the Leach 

Hot Well area just north of Lakeview, where a bottom hole temperature of 

112.7°C was measured in a 120-m hole. At Barry Ranch Warm Spring in the 

central part of the study area, a temperature of 75.7°C was measured in a 

73-m hole, and at the Rockford Ranch, in the southern part of the study area. 
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a temperature of 69.9°C was measured in a 415-m hole. 

The Oregon Department of Geology and Mineral Industries' (DOGAMI) effort 

in the Lakeview area consisted of a limited spring sampling program, the 

measurement of temperature gradients in existing, open drill holes, and a 

nine-hole drilling program. In addition, a complete Bouguer antjmaly map was 

completed for DOGAMI by the Oregon State University Geophysics Group. 

Twenty thermal springs were sampled, and these, when combined with 

existing published analyses, resulted in a total of 27 analyses available 

for the calculation of minimum reservoir temperatures. In general, the 

calculated minimum reservoir temperatures fall in the 100-150°C range. 

Of the nine holes drilled by DOGAMI in the Lakeview area, three were 
i 

located in Hammersly Canyon adjacent to the Leach Hot Well thertnal area, 

three were located in Bullard Canyon, immediately west of the town of 

Lakeview, one was near the Precision Pine Company just north of the town, 

one was in the town itself, and one was near Barry Ranch Hot Sf^rings. 

In addition to the nine holes drilled by DOGAMI specifically for heat 

flow purposes, temperature gradients were measured in 31 open iĵ ater wells. 

The heat flow pattern which emerges is typical of the Basin an^ Range Province 

throughout the western United States. The high regional heat flow (approximately 

100 mW/m ) is modified by thermal refraction, erosion, sedimentation, and 

hydrologic effects. These factors interact in a complex manner, with the 

overall result being that higher heat flow values are typically measured in 

the range blocks immediately adjacent to the bounding normal fjaults than are 

measured in the adjacent valleys. Superimposed on the high regional heat 

flow are local, higher temperature anomalies which result fronji the circulation 

of thermal fluids up permeable zones in the normal faults. Frequently the 

higher temperature anomalies are localized by the intersectioii of cross faults 

with the range bounding normal faults. 
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The holes in the Leach Hot well area demonstrated that the actual upflow of 

geothermal fluids occurs within the range block, and that heat flow is at 

least three times the regional value for a distance of 1 1/2 km into the 

range. One of the holes encountered 99°C water at a depth of 45 m. A 

later hole drilled to 208 m by Northwest Geothermal Corporation adjacent 

to this hole found no increase in temperature at the deeper depth. 

In the town of Lakeview itself, temperature gradients and heat flow 

values are lower, only about 50% greater than regional values. 

It appears that the heat requirements of the town of Lakeview may possibly 

be satisfied with water from geothermal systems located within 8 km of the 

town. The Northwest Geothermal Corporation (a subsidiary of Northwest 

Natural Gas Company) was given a 30-year franchise by the city to build and 

operate a district geothermal heating system. The company has been waiting 

for some large year-round industrial loads or a construction subsidy before 

beginning construction. 

In addition to low temperature uses, there are temperatures in the Lake-

view area adequate for the generation of electricity using biphase technology. 

A 40-kw Ranking Cycle generator utilizing 80°C fluid has recently commenced 

operation on the Rockford Ranch. 
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ALVORD VALLEY 

The Alvord Valley lies in the Basin and Range physiographic province of 

southeastern Oregon and northeastern Nevada (Figure 1). It is a north- to 

northeast-trending graben valley that is flanked on the west by the Steens 

Mountains in Oregon and the Pueblo Mountains in Nevada, and on the southeast 

by the Trout Creek Mountains. The valley is approximately 113 kilometers 

long and has a maximum width of about 16 kilometers near the Alvbrd Desert. 

The rocks of the Steens Mountains are composed of a series of volcanic 

flows and volcaniclastic rocks which range in age from lower Miocene to early(?) 

Pliocene. The Alvord Valley is composed of a series of Pliocene-Pleistocene 

to Holocene unconsolidated lacustrine and fluvial deposits. 

Structurally the area is dominated by the large north- to northeast-

trending vertical to steeply eastward dipping normal fault which separates the 

Steens Mountains from Alvord Valley. Displacements on the fault are estimated 

to be as much as 1000 feet, most of which occurred before the or^set of glaciation. 

The slight uplift of some Quaternary alluvial fans is an indication faulting is 

an ongoing process. 

Surface thermal phenomena are associated with the range-bounding normal 

fault at Mickey Hot Springs, in the northern part of the area, k t Alvord hot 

spring west of the Alvord Desert in the central part of the area, at Borax 

Lake Hot Springs in the south central portion of the area, and ^t Pedro Springs 

in the southern part of the area just west of Fields, Oregon. 

The Department of Geology and Mineral Industries (DOGAMI) effort in 

Alvord Valley was confined to limited spring sampling and the measurement of 

temperature gradients in existing wells. In all, six springs vJere sampled and 

their waters analyzed. When combined with previously published data, a total of 

twenty-seven analyses was available for evaluation. Calculated minimum reservoir 

temperatures covered a wide range, with the maximums being a 330°C estimate 
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for Mickey Hot Springs and a 252°C estimate for Alvord Hot Springs. 

Due to the sparsely settled nature of the study area, there are few open 

holes available for the measurement of temperature gradients. The heat flow, 

however, appears to be typical of other parts of the Basin and Range Province 

in the western United States, where local convective thermal anomalies are 

-2 
superimposed on high regional heat flow values of approximately 100 mWm . 

The convective anomalies result from the rapid ascent of thermal waters in zones 

of fracture permeability in the range bounding normal faults. The f r a c t u r e 

permeability often results from the intersection of cross faults with the 

range-bounding normal faults. This appears to be the situation in the Alvord 

Valley, where previously published geophysical data indicate the presence of 

faults beneath Mickey Hot Springs, Alvord Hot Springs, and Borax Lake Hot 

Springs. 

Given the sparsely settled nature of the Alvord Valley (less than 1 person 

per square mile), the potential for the use of low temperature geothermal fluids 

is not significant. Although the required temperatures and fluid flow rates 

are present for direct use applications, the population densities required to 

attract industrial users or establish heating districts are not. 

This is not the case with respect to electrical generation potential. 

The high minimum estimated reservoir temperatures at Mickey Hot Springs and 

Alvord Lake Hot Springs have attracted considerable industry interest over the 

last few years, and exploration by the private sector is still pressing forward 

at the present time. 
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MCDERMITT 

The McDermitt area is located in the extreme southeast corner of Oregon 

(Figure 1). The town of McDermitt just across the state line in 

only population center in the area. 

The McDermitt caldera was a major Miocene eruptive center, 

overlapping collapse structures with resurgent domes and ring dikes have been 

identified by workers in the area. Two of the calderas partially extend into 

Oregon's extreme southeast corner. Volcanism centered in the area was ve ry 

silicic. Rhyolites, alkali rhyolites, trachyandesites, quartz latites, dacites 

and ash-flow sheets of these compositions were all erupted in th^ area. Volcanic 

activity occurred between 15 and 18 m.y.B.P. 

Thermal springs with recorded temperatures of 53.5 C, 52 C, 

Nevada is the 

Five large 

32°C, 25°C, 

and 35°C and an artesian well flowing at 46°C are associated with the caldera 

structures within Oregon. Geochemical analysis of the springs indicates reservoir 

temperatures of approximately 100-130°C. 

Mineral deposits of mecury, uranium, and lithium are found ^t the caldera 

margins. None of the Oregon deposits are currently being worked, but others 

in Nevada associated with the same McDermitt caldera structures iire the largest 

mecury deposits in the United States and are currently in production. Chemical 

analyses of rocks of the area indicate rhyolitic and alkali rhyolitic magmas 

enriched in mecury, uranium and lithium were probably the source 

mineralization by epithermal hydrothermal fluids. The highest uranium concen­

trations are located in rhyolitic ring dikes and domes although there are also 

anomalous concentrations of uranium associated with mercury deposits. 

Local heat flow is greater than lOOmW/nf (Blackwell and others, 1978). 

The thermal anomaly and springs of the McDermitt area may be generated by a 

for subsequent 
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combination of the locally high radioactivity with the very low conductivity 

of the silicic pyroclastic rocks. Thermal springs may occur where faulting 

or fracturing has provided channelways for heated waters to rise to the surface. 

Low temperature geothermal utilization in the McDermitt area has low 

potential due to the very low population density of the area. Distances 

between residences preclude formation of a heating district, and light industry 

is not likely to locate in an area so remote with relatively little transportation 

access and through-traffic. Potential utilization of thermal waters in the 

McDermitt area seems to be restricted to individual ranch resources and needs, 

unless high-temperature fluids, adequate for electrical generation.can be found. 

The high heat flow and faulted nature of the rocks in the area are favorable 

for such resources. 
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, published 



-4-

INTRODUCTION 

This report is the summary and conclusions of an investigation of 

low-temperature (20 to 90° C) geothermal resources begun May ^3, 1979 by the 

Oregon Department of Geology and Mineral Industries (DOGAMI) )yith support 

from the United States Department of Energy (USDOE) under Cooperative Agreement 

No. DE-FC07-79ET27220. The report summarizes low-temperature 

ment data generated for the following project areas (Figure 1): 

resource assess-

1. Corbett-Moffett 

2. Parkdale 

3. Milton-Freewater 

4. La Grande (Craig Mountain-
Cove area) 

8. Northern Harifiey Basin 

9. Southern Harney Basin 

10. Western Snake River Plain 

11. Lakeview 
i 

12. Alvord Desert 

13. McDermitt 
5, Belknap-Foley Hot Springs 

6, Willamette Pass 

7, Powell Buttes 

Raw data and preliminary conclusions for these areas are included in the following 

published DOGAMI reports and maps and will not be included hei'e: 
j 

1. Heat flow of Oregon: Special Paper 4, 1978, includes 1 map. 

2. Geothennal gradient data for Oregon: Open-File Repoi 

3. Chemical analyses of thermal springs and wells in Oregon: Open-File 

Report 0-79-3, 1979. I 

4. Geology of the La Grande area, Oregon: Special Papet 6, 1980, 

includes 1 map. 

t 0-78-4, 1978. 

5. Preliminary geology and geothermal resource potentia 

Foley area: Open-File Report 0-80-2, 1980, includes 

of the Belknap-

1 map. 
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6. Preliminary geology and geothermal resource potential of the 

Willamette Pass area: Open-File Report 0-80-3, 1980, includes 1 map. 

7. Preliminary geology and geothermal resource potential of the Craig 

Mountain Cove area: Open-File Report 0-80-4, includes 1 map. 

8. Preliminary geology and geothermal resource potential of the western 

Snake River Plain: Open-File Report 0-80-5, 1980, includes 4 maps. 

9. Preliminary geology and geothermal resource potential of the northern 

Harney Basin: Open-File Report 0-80-6, 1980, includes 4 maps. 

10. Preliminary geology and geothermal resource potential of the southern 

Harney Basin: Open-File Report 0-80-7, 1980, includes 8 maps. 

11. Preliminary geology and geothermal resource potential of the Powell 

Buttes area: Open-File Report 0-80-8, 1980, includes 1 map. 

12. Preliminary geology and geothermal resource potential of the Lakeview 

area: Open-File Report 0-80-9, includes 2 maps. 

13. Preliminary geology and geothermal resource potential of the Alvord 

Desert area: Open-File Report 0-80-10, 1980, includes 2 maps. 

14. Progress report on activities of the low-temperature resource-

assessment program 1979-80: Open File Report 0-80-14. 

15. Geothemial gradient data for Oregon for 1978: Open-File Report 

0-81-3A. 

16. Geothermal gradient data for Oregon for 1979: Open-File Report 

0-81-3B. 

17. Geothermal gradient data for Oregon for 1980: Open-File Report 

0-81-3C. 

18. Map showing geology and geothennal resources of the sputhern half 

of the Burns 15' Quadrangle: GMS 20, in press. 

19. Map showing geology and geothennal resources of the Vale East 7 1/2' 

Quadrangle, Oregon: GMS 21, in press. 



-7-

20. Geothennal grad ient data for Oregon f o r 1981: Open-File Report 

0-82-4. 
• 

The Department is continuing its resource assessment efforts in other 

areas throughout Oregon with concentration on the Cascades. Resource assess­

ment data will soon be available in open file for the low-temperature resources 

of Ashland, Oregon when a 1982 drilling program is completed 

DE-FC07-79ID12044. Preliminary conclusions concerning the Kl 

under contract 

amath Falls and 

Bend areas will also be available in an upcoming special paper on the geology 

and geothermal resources of the Oregon Cascades (DOGAMI Speci al Paper 15). 

A preliminary summary of this paper will be included in the cbnference proceedings 

volume for the 1982 USDOE-sponsored conference at Salt Lake City, Utah. A 

similar paper, aimed primarily at a summary of the data gathered at Powell 

Buttes, was presented in the 1981 USDOE conference at Glenwood Springs, 

Colorado (see DOE/ID/120-79-39, ESL-59, published by the Earth Science 

Laboratory, University of Utah Research Institute, Salt Lake City, Utah). 

1 
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Cooperative Agreement No. DE-FC07-79ET27220 

COOPERATIVE AGREEMENT 

THIS AGREEMENT, entered into the 22nd day of 
1979 (effective as of the23rd day of May 1979), by aî d between the 
UN-ITED STATES OF AMERICA (hereinafter called the "Government"), acting 
through the DEPARTMENT OF ENERGY (hereinafter called "DOE") with its 
Idaho Operations Office located at 550 Second Street in Idaho Falls, Idaho 
83401, and the STATE OF OREGON, DEPARTMENT OF GEOLOGY Â D̂ MINERAL INDUSTRIES 
(hereinafter called the "Participant") located at Portland, Oregon; 

June 

WITNESSETH THAT: 

WHEREAS, the Government is interested in an inventory and assessment 
of geothermal resources in Oregon and funded Phase I ofl the project under 
separata contract; and 

WHEREAS, the Participant has submitted an unsolicited proposal and 
proposed to undertake Phase II of the Low Temperature Geothermal Resource 
Assessment and DOE desires to provide certain financial assistance for the 
accomplishment of such a program; and 

WHEREAS, this Agreement is authorized by the Depart 
Organization Act (Public Law 95-91), Sections 7(a)(2) and 
Law 93-577, and Sections 103(5)/and 107(a) of Public L aw 

NOW, THEREFORE, DOE and the Participant agree as follows 

ARTICLE I - STATEMENT OF JOINT OBJECTIVE 

ment of Energy 
8 of Public 

93-438; 

The direct application of geothennal energy at various sites located 
within Oregon can be a significant factor in the Government's efforts to 
achieve energy independence. The research provided for 
is important to both the Government and the Participant 
potential of geothermal energy utilization and for fostering its use in 
Oregon. 

in this Agreement 
for estimating the 

ARTICLE II - DESCRIPTION OF RESPONSIBILITIES 

The P a r t i c i p a n t i s r e spons ib l e to assure tha t the tesearch is accomp­
l i shed in a manner c o n s i s t e n t with the p rov i s ions of t h i s Agreement. The 
P a r t i c i p a n t ' s proposal i d e n t i f i e d as "Low Temperature Geothermal Resource 
Assessment, Phase I I , " as i t may have been amended, i s aiade a par t of t h i s 
Agreement by t h i s r e f e r e n c e ; however, if t he re is any c o n f l i c t between the 
content of the proposal and the content of t h i s Agreement, the content of 
t h i s Agreement governs. The following s p e c i f i c t asks provided for in the 
proposal are to be accomplished: 

050479 



Cooperative Agreement No. 

ARTICLE II - DESCRIPTION OF RESPONSIBILITIES (Cont'd) 

DE-FC07-79ET27220 

Task 1 - Data Compilation 

t<> 

Available published geo log ica l , geophysical , 
flow data for the low temperature resource areas 
(Belknap-Foley, Wil l iamet te Pass , Craig Mountain-
River P l a in , Glass Bu t t e s , Northern and Southern 
and Lakeview (Fig . 2) w i l l be compiled as a bas i s 
which add i t iona l s tud ie s may be needed to comple 
s i t e s e l e c t i o n . 

Task 2 - Geologic Mapping 

I n i t i t a l assessment of the nine resource areas wi 
of geologic mapping and a i r -pho to and imagery int 

geochemica 1, and heat 
ident i f ied in Phase I 

Cove, Westem Snake 
ijlamey Basins , Alvord 

for determining 
the process for 

11 c o n s i s t , in p a r t , 
l i rp re ta t ion . 

A geologic map, a t an appropr ia te s c a l e , extending in to adjacent 
a reas , based on f i e l d mapping and a i r -pho to i n t e r p r e t a t i o n , wi l l be 
produced for each resource a rea . The map wi l l aliio depict a l l known 
major s t r u c t u r e or t rends as well as surface geothermal mani fes ta t ions . 
Cross -sec t ions based on ava i l ab l e geologic data wi l l be drawn through 
the resource areas so tha t a three-dimensional p resen ta t ion can be 
made. 

Besides black and whi te , color and color infrared 
s tud i e s w i l l involve the i n t e r p r e t a t i o n of SLAR, 
U-2 and Apollo imagery, as a v a i l a b l e . Data obta 
to produce a lineament map for each of the resour 

Task 3 - Temperature Gradient Study 

. (IR) photos, a i r -pho to 
LANDSAT (ERTS), NATA 

ined w i l l be u t i l i z e d 
oe a reas . 

I t is cu r ren t ly an t i c ipa t ed tha t a minimum of foui}' 
m) deep, heat flow holes be d r i l l e d in each resour 
s i t e condi t ions may d i c t a t e tha t a l e s s e r or great; 
holes be d r i l l e d . I t is contemplated tha t the h 
be any deeper than tha t expressed above, but ther^ 
tha t in termediate depth*gradient h o l e s , up to 2, 
n e c e s s i t y . 

eat 

000 

A s u i t e of logs w i l l be taken in each heat flow h 
t u r e , r e s i s t i v i t y , s e l f - p o t e n t i a l , and na tu ra l gantma 
"scrounge" ho les may be located wi th in the resour< 
w e l l s , o i l - t e s t w e l l s , mineral exploratory h o l e s , 
g rad ien t s wi l l be measured for these h o l e s . These 
tha t obtained from the heat flow h o l e s . 

(4) 500-foot (156 
ce a rea . However, 
er number of such 

holes should not 
may be a p o s s i b i l i t y 

f ee t , may be a 

l e including tempera-
Whatever 

e a reas ; i . e . , water 
e t c . , temperature 

data w i l l complement 
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Cooperat ive Agreement No.i DE-FC07-79ET27220 

ARTICLE I I - DESCRIPTION OF RESPONSIBILITIES (Cont 'd) 

Two s i t e s w i l l be i n v e s t i g a t e d during the i n i t i a l ; term of the 
Agreement These include the La Grande and Lakeview a r e a s . A t h i r d 
s i t e , the Ontar io a r e a , w i l l be s tud ie s for poss ib le inc lus ion in to 
t h i s t a sk . • 

Task 4 - Geochemistry 

During the Phase I i n v e s t i g a t i o n , a v a i l a b l e thermkl spr ings and wel ls 
in Oregon were sampled, water analyses determined, and geothermometry 
computed. This process w i l l cont inue for the resource areas for 
a d d i t i o n a l we l l s and spr ings tha t may not have be^n included in the 
previous study by v i r t u e of t h e i r a v a i l a b i l i t y , t f thermal or s a l i n e 
f lu ids a re encountered in the hea t flow h o l e s , safttples of these f lu ids 
obtained by e i t h e r w i r e - l i n e sampling gear or d r i l l stem t e s t i n g w i l l 
undergo chemical analyses and geothermometric eva lua t ion . These da ta 
a l so w i l l be submitted to the USGS, Menlo Park, C ^ i f o r n i a , for t h e i r 
i nc lus ion in the GEOTHERM da ta base . 

The P a r t i c i p a n t i s a l so r e spons ib l e for c o s t - s h a r i n g to the ex tent 
provided for in A r t i c l e I I I , "F inanc ia l Support of the Project." 

ARTICLE III - FINANCIAL SUPPORT OF THE PROJECT 

A- The t o t a l es t imated cost of performing the wotk under t h i s Agree­
ment is Two Hundred Fi ty-Seven Thousand Two Hundred Twenty-Six Dol lars 
($257,226.00) inc luding One Hundred T h i r t y - S i x Thousand Dol lars ($136,000.00) 
author ized by p r e - c o n t r a c t cost l e t t e r . The Part ic ipar^t s h a l l be reimbursed 
by DOE for not more than 90% of the cos t s of the p ro jec t determined to be 
a l lowable in accordance with A r t i c l e A.-1 of the General. Provis ions e n t i t l e d 
"Allowable C o s t s . " The remaining 10% or more of the cds ts of the p ro jec t 
so determined s h a l l c o n s t i t u t e the P a r t i c i p a n t ' s share{for which i t w i l l 
not be reimbursed by DOE. The t o t a l cos t to DOE is herleby e s t a b l i s h e d as 
Two Hundred Thirty-One Thousand Four Hundred Ninety-0n4 Dol lars ($231,491.00) , 
and t h i s amount i s a l so the maximum amount of the p ro j ec t which is subjec t 
to reimbursement by DOE unless such maximum cost i s changed in wr i t i ng by 
the Cont rac t ing Of f i ce r . 

B. In regard to any increase or decrease in the t o t a l es t imated 
cost of t h i s Agreement, as a r e s u l t of any change in tl^e o r i g i n a l Statement 
of Work, as may be agreed upon by the p a r t i e s during the term of t h i s 
Agreement, the appropr i a t e shar ing of the funding, if sny, of such increase 
or decrease s h a l l be shared at the r a t i o of 90% DOE, lQ% P a r t i c i p a n t , 
as agreed upOn above. 

C. The amount of funds ob l iga ted under t h i s Agreement by DOE for 
i s Two Hundred Thi r ty -
00) . Funding for 

the period from May 23, 1979 through December 31, 1980 
One Thousand Four Hundred Ninety-One Dollars ($231,491 
continuation of the project in future years will be provided when and if 
available. 
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Cooperat ive Agreement No.: DE-FC07-79ET27220 

ARTICLE IV - METHOD AND BASIS QF PAYMENT 

A. Once each month the P a r t i c i p a n t s h a l l submit [an invoice to DOE 
supported by a d e t a i l e d statement of cur ren t cos t s incUrred for performance 
of work under t h i s Agreement and claimed to c o n s t i t u t e ! al lowable c o s t s . 
Allowable cos t s w i l l be determined in accordance with A-rticle A-I of 
Appendix A. If any of the cos t s included in the monthly invoice are 
determined to be unal lowable , the invoice w i l l be ad jus ted . DOE w i l l pay 
invoices promptly. 

B. Final payti«nt w i l l not be made u n t i l the Finajl Report i s received 
and accepted by the Cont rac t ing Of f i ce r . In no event j? i l l the f ina l 5% of 
the amount of ob l iga ted funds be paid to the Pa r t i c ipa j i t u n t i l DGE has 
rece ived the F ina l Report and the F ina l Cost Report deiBcribed in A r t i c l e 
VILA, of t h i s Agreement. 

ARTICLE V - TERM OF AGREEMENT 

The work under the Low Temperature Geothermal Resource Assessment, 
The Participant has 
three vears. The 

Phase II project is anticipated to take several years. 
submitted a proposal for funding for each of the first 
initial term of this Agreement is the first year from May 23, 1979 through 
May 22, 1980, for Tasks 1, 3 and 4 and through December 31, 1980 for Task 
2. The term of this Agreement may be extended as mutually agreed upon by 
DOE and the Participant. 

ARTICLE VI - PROJECT MANAGEMENT 

A. In add i t i on to DOE personne l , the P a r t i c i p a n t 
non-DOE personnel who are under con t r ac t with DOE, and 
to time by the Cont rac t ing Off ice r , to a s s i s t the DOE 
performance of h i s d u t i e s and to have necessary access 
and major s u b c o n t r a c t o r s ' records p e r t a i n i n g to the pr 
ence, i f any, with subcont rac tors s h a l l be routed throu 

agrees to permit 
i d e n t i f i e d from time 
e p r e s e n t a t i v e in 
to the P a r t i c i p a n t ' s 
i jec t . DOE correspond-
,gh the P a r t i c i p a n t . 

B. (1) DOE'S Program Off icer on t h i s p ro jec t an^ the person 
who s h a l l be the P a r t i c i p a n t ' s contact for a l l mat^ters 
p e r t a i n i n g to t h i s Agreement s h a l l be the followidg-named 
person or such o ther pe r son(s ) as may be designate|d by the 
Cont rac t ing Of f i ce r : 

Leland L. Mink i 
Energy and Technology Divisjion 
Idaho Operat ions Off ice , DQE 
550 Second S t r e e t 
Idaho F a l l s , Idaho 83401 
Telephone 208-526-0638 
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C o o p e r a t i v e Agreement No. DE-FC07-79ET27220 

ARTICLE VI - PROJECT MANAGEMENT ( C o n t ' d ) I 

(2) The P a r t i c i p a n t ' s P r o j e c t D i r e c t o r for t h e work under 
t h i s Agreement w i l l be t h e f o l l o w i n g p e r s o n or su^h o t h e r 
p e r s o n ( s ) a s may be m u t u a l l y a c c e p t a b l e t o t h e p a p t i e s : 

Donald A. Hu l l 
P r i n c i p a l I n v e s t i g a t o r \ 
S t a t e of Oregon 
Department of Geology and M i n e r a l I n d u s t r i e s 
1069 S t a t e O f f i c e B u i l d i n g 
P o r t l a n d , Oregon 97201 
Telephone 503-229-5580 

C. The te rm "DOE" means t h e Uni ted S t a t e s Departinent of Energy 

D. The te rm " C o n t r a c t i n g O f f i c e r " means t h e pe r spn e x e c u t i n g t h i s 
Agreement on b e h a l f of DOE, and i n c l u d e s h i s s u c c e s s o r s or any du ly 
a u t h o r i z e d r e p r e s e n t a t i v e of such p e r s o n . 

• 

ARTICLE VII - PROJECT INFORMATION 

A. A l l P r o j e c t I n f o r m a t i o n R e p o r t s , as r e q u i r e d by DOE Uniform 
C o n t r a c t o r R e p o r t i n g System, Volume 1, d a t e d September 
on t h e a t t a c h e d DOE Form CR-537, s h a l l be s u b m i t t e d t o 
O f f i c e r in a c c o r d a n c e wi th t h e s p e c i a l i n s t r u c t i o n s . 

1978, and as i n d i c a t e d 
t h e DOE Program 

B. The F i n a l T e c h n i c a l Report s h a l l be due a t t h ^ end of DOE's suppor t 
f o r t h e p r o i e c t . DOE w i l l a d v i s e t h e P a r t i c i p a n t one jiundred e i g h t y (180) 
days i n advance of t e r m i n a t i o n of suppor t for t h e p r o j e c t and the F i n a l 
T e c h n i c a l Repor t s h a l l be due as no ted in t h e s p e c i a l i n s t r u c t i o n s . 

C. Q u a r t e r l y p r o g r e s s mee t ings w i l l be h e l d which the P a r t i c i p a n t i s 
r e q u i r e d t o a t t e n d . DOE w i l l fund t r a v e l expenses for one member of t h e 
P a r t i c i p a n t ' s team. 

ARTICLE VIII - CHANGES AND MODIFICATIONS 

Any changes or modifications to this Agreement or 
to be performed shall be made by mutual written agreeme 
A change may be initiated by either party to this Agreement 
ing Officer shall have the authority to determine what 

ARTICLE IX - TERMINATION 

A. I t i s t h e e x p r e s s i n t e n t of DOE and t h e P a r t i 
r e s p e c t i v e c o s t p a r t i c i p a t i o n fo r t h e work s e t f o r t h 

in t h e scope of work 
nt of t he p a r t i e s . 

The C o n t r a c t -
c o n s t i t u t e s a change . 

c i p a n t t o fund t h e i r 
in t h i s Agreement . 
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C o o p e r a t i v e Agreement No, DE-FC07-79ET27220 

ARTICLE IX - TERMINATION ( C o n t ' d ) 

B. N o t w i t h s t a n d i n g t h e f o r e g o i n g , i t i s u n d e r s t o 
P a r t i c i p a n t may a t any t ime .upon g i v i n g s i x t y (60) day 
n o t i c e t o t he o t h e r p a r t y t e r m i n a t e t h i s Agreement for 
fo r any r e a s o n . 

od t h a t DOE o r t h e 
s p r i o r w r i t t e n 

i t s convenience 

C. In t h e even t of t e r m i n a t i o n , i t i s e x p e c t e d 
c o o p e r a t e wi th each o t h e r t o r e a s o n a b l y phase out t h e 
and c o s t commitments , i n c l u d i n g c o s t l i a b i l i t i e s t o th 
however , t h a t t he t o t a l amount o b l i g a t e d by t h e Gove 
Agreement s h a l l not be exceeded . Moreover , upon any 
P a r t i c i p a n t a g r e e s to p r o m p t l y , upon DOE's r e q u e s t , t 
i n f o r m a t i o n r e s u l t i n g from t h e work performed t o t h e 
n o t i c e . 

t h a t the p a r t i e s w i l l 
P a r t i c i p a n t ' s c o s t s 
i r d p a r t i e s ; p r o v i d e d , 

rnment under t h i s 
such t e r m i n a t i o n t h e 
r a n s f e r t o DOE a l l 
d^ te of t h e t e r m i n a t i o n 

agre D. In t h e even t of t e r m i n a t i o n , t h e Government 
P a r t i c i p a n t a l l a l l o w a b l e c o s t s i n c u r r e d p r i o r t o r e c e 
n a t i o n n o t i c e , and t h e P a r t i c i p a n t a f t e r r e c e i p t of th^ 
n o t i c e s h a l l : 

e s t o pay the 
i p t of t he t e r m i -

t e r m i n a t i o n 

(1) P l a c e no f u r t h e r o r d e r s or s u b c o n t r a c t s for m a t e r i a l s , 
s e r v i c e s , o r f a c i l i t i e s i n t ended to be invo iced t\3 t h e 
Government fo r i t s c o n t r i b u t i o n . i -

(2) Cance l a l l o r d e r s and s u b c o n t r a c t s t o t h ^ e x t e n t t h a t 
they r e l a t e t o t h e per formance of work t e r m i n a t e d 
N o t i c e of T e r m i n a t i o n and i n t ended to be i n v o i c e d 
Government fo r i t s c o n t r i b u t i o n . 

by the 
to the 

(3) Notwithstanding subparagraphs 0.(1) and (2) above, 
the Participant has the right to proceed with sucli orders and 
subcontracts should it decide, tp.continue performance of the 
work at its expense only. 

E. After a termination, the Participant shall submit to the Contract­
ing Officer its termination claim. Such claim shall be submitted promptly 
but in no event later than one (1) year from the effective date of termina­
tion unless onS"or-more-extensions in writing are granted by the Contracting 
Officer. Upon failure of the Participlint to'submit itb; termination claim 
within the time allowed, the Contracting Officer may determine, oh the 
basis of information available to him, the amount, if kny, due to the 
Participant by reason of the termination and-shall thereupon pay to the 
Participant the amount so determined. - . 

F. Costs claimed, agreed to, or determined pursuant to this article 
must constitute allowable costs as defined in Article A-1 of the Appendix A 
of this Agreement. 

G. Any termination notice rendered by either DOE or the Participant 
shall be sent by registered mail with return receipt requested. 
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Cooperative Agreement No. DE-FC07-79ET27220 

ARTICLE X - LIABILITY AND INDEMNIFICATION 

The Government w i l l not be l i a b l 
to any person, or loss of l i f e or pe 
sus t a ined and a r i s i n g from the work 
P a r t i c i p a n t agrees to indemnify and 
and a l l c la ims , demands, damages, ac 
Government a r i s i n g as the r e s u l t of 
or l o s s , except for any such damages 
ac t of the Government or i t s employe 
d u t i e s . 

ARTICLE XI - USE OF INFORMATION 

All da ta and information genera ted , der ived or ob 
a c t i v i t i e s provided for h e r e i n , and t h i s Agreement, wi 
informat ion . 

ARTICLE XII - DATE OF INCURRENCE OF COSTS 

e for payment of damages for i n j u r i e s 
r sonal p rope r ty , or loss suffered or 
performed under t h i s Agreement. The 
save the Government harmless from any 
t i o n s , c o s t s , or cliarges against the 
the above-mentioned i n j u r i e s , damages, 

or claims a r i s i n g out of the neg l igen t 
es in the course o:: t h e i r o f f i c i a l 

ained from the 
11 be publ ic 

The P a r t i c i p a n t s h a l l be e n t i t l e d to reimbursement for cos t s incurred 
in an amount not to exceed One Hundred Th i r t y -S ix Thousand Dollars 
($136,000.00) on or a f t e r May 23, 1979, which, i f incurred a f t e r t h i s 
Agreement had been entered i n t o , would have been reimbifirsable under the 
p rov i s ions of t h i s Agreement. 

ARTICLE XIII - ADDITIONAL AGREEMENT PROVISIONS 

Appendix A, attached hereto and made a part hereof, sets forth additional 
general provisions of this Agreement. 

050479 -7-
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Paragraph A: 

Paragraph C: 

The t o t a l estimated cost of performing the wo 
i s increased by $6,752 to a new t o t a l of $263 
to DOE i s increased by $6,752 to a new to t a l < 

tk under the Agreement 
978. The t o t a l cost 
f $238,243. 

The amount of funds obligated under th i s Agreement i s hereby 
increased by $6,752 to a new to t a l of $238,243, 

These addi t ional funds of $6,752 are for the procurement of suppoi-
ident i f ied in Items 1 through 4 in the P a r t i c i p a n t ' s proposal dat^d 
which i s hereby incorporated by reference. All such equipment i s 
be Government property. These funds are not to be intermingled wj. 
funds and must be reported and b i l l ed separa te ly . 

t ing equipment as 
April 3, 1979, 

hereby defined to 
th exis t ing operating 

Ar t ic le A-XXI - GOVERNMENT PROPERTY i s hereby added as follows: 
Continued, 
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Cooperative Agreement 

Modification No. AOOl (Cont'd) 
Supplemental Agreement to 

No. DE-FC07-79ET27220 

ARTICLE A-XXI - GOVERNMENT PROPERTY 

A. The Government shall deliver to the Participant, for use in 

delay, if any, occasioned the Participant and shall equitably adjust the 
estimated cost, or delivery or performance dates, or bqt 
contractual provisions affected by any such delay. In 
Government-furnished property is received by the Partidi 
not suitable for the intended use, the Participant shall 
thereof, notify the Contracting Officer of such fact and, as directed by 
the Contracting Officer, either (i) return such property, or (ii) effect 
repairs or modifications. Upon completion of (i) or (ii 
Contracting Officer upon timely written request of the 
equitably adjust the estimated cost, or delivery or peri 
both, and any other contractual provision affected by the return, disposition, 
repair or modification. The foregoing provisions for adjustment are 
exclusive and the Government shall not be liable for sui 
contract by reason of any delay in delivery of Governmer 
or delivery of such property in a condition not suitable 
use . 

the p roper ty desc r ibed 
e t h e r with such 
ues t and as may 

connect ion with and under the terms of t h i s Agreement, 
as Government-furnished p rope r ty in t h i s Agreement, toe 
r e l a t e d data and informat ion as the P a r t i c i p a n t may req 
reasonably be r equ i r ed for the intended use of such proper ty ( h e r e i n a f t e r 
r e f e r r e d to as "Government-furnished p r o p e r t y " ) . The d e l i v e r y or performance 
da te s for the s u p p l i e s or s e r v i c e s to be furnished by che P a r t i c i p a n t under 
t h i s Agreement are based upon the e x p e c t a t i o n tha t Gove 
p r o p e r t y s u i t a b l e for use w i l l be d e l i v e r e d to the Part 
s t a t e d in the Schedule of t h i s Agreement or , if not so 
time to enable the P a r t i c i p a n t to meet such d e l i v e r y ofl 
In the event t h a t Government-furnished p roper ty is not 
P a r t i c i p a n t by such time or t imes , the Con t r ac t i ng Offi 
t imely w r i t t e n reques t made by the P a r t i c i p a n t , make a 

rnment- furnished 
i c i p a n t at the times 
s t a t e d , in s u f f i c i e n t 

performance d a t e s , 
d e l i v e r e d to the 
cer s h a l l , upon 
de te rmina t ion of the 

t h , and any o the r 
the event t ha t the 
ipant in a cond i t i on 
1, upon r e c e i p t 

i) above, the 
Participant shall 
formance dates, or 

i t for breach of 
n t - f u r n i s h e d p roper ty 
e for i t s intended 

B. (1) By n o t i c e in w r i t i n g , t h e C o n t r a c t i n g Offjicer may ( i ) 
dec rease the p rope r ty furnished or to be furnishedj by the 
Government under t h i s Agreement, or ( i i ) s u b s t i t u t e o_her 
Government-owned p rope r ty for p roper ty to be furnished by the 
Government, or to be acqui red by the P a r t i c i p a n t f 
Government, under t h i s Agreement. The P a r t i c i p a n t 
take such a c t i o n as the Con t r ac t i ng Of f ice r may d i 
r e spec t to the removal sh ipp ing , and d i s p o s a l of p 
covered by such n o t i c e . 

or the 
shall promptly 
rect with 
roperty 

(2) In the event of any decrease in or substitution of 
property pursuant to subparagraph (1) above, or any withdrawal 
of authority to use property provided under any other Agreement 
or lease, which property the Government had agreed in the 
Schedule to make available for the performance of this Agreement, 
the Contracting Officer, upon the written request t>f the 

-2-



Modification No. AOOl (Cont'd) 
Supplemental Agreement to 

Cooperative AgreementjNo. DE-FC07-79ET27220 

ARTICLE A-XXI - GOVERNMENT PROPERTY (Cont 'd ) 

P a r t i c i p a n t (or if the s u b s t i t u t i o n of p roper ty ckuses a 
dec rease in the cos t of performance, on h i s own i p i t i a t i v e ) , 
s h a l l e q u i t a b l y ad jus t such c o n t r a c t u a l p rov i s ions as may be 
a f fec ted by the decr 'ease, s u b s t i t u t i o n or wi thdrawal , in 
accordance with the procedures provided for in the "Changes" 
a r t i c l e of t h i s Agreement. ! 

C. (1) T i t l e to a l l p roper ty furnished by the Gdverhment 
s h a l l remain in the Government. ! 

(2) Notwi ths tanding subparagraph (1) above, t i t l e to 
equipment purchased with funds a v a i l a b l e for research having an 
a c q u i s i t i o n cos t of l e s s than 31,000 s h a l l vest iiji the P a r t i c i p a n t 
upon a c q u i s i t i o n or as soon t h e r e a f t e r as f e a s i b l y provided 
t h a t the P a r t i c i p a n t s h a l l have ob ta ined approval of the 
Con t rac t ing Off ice r p r i o r to a c q u i s i t i o n of such P rope r ty . 

(3) T i t l e to equipment having an a c q u i s i t i o n 
or more, purchased with funds a v a i l a b l e for the c(j)n 
r e s e a r c h , s h a l l ves t as se t fo r th in the Agreement 

(4) I f t i t l e to equipment is ves ted pursuanC 
above, the P a r t i c i p a n t agrees t ha t no charge w i l l 
the Government for any d e p r e c i a t i o n , amorcizacion 
charge wich r e spec t to such equipment under any exi 
fu tu re Government c o n t r a c t or subcon t rac t thereun 

cost of $1,000 
duct of 

Co (2) or (3) 
be made Co 

or use 
sc ing or 

e r . 

(5) The P a r t i c i p a n t s h a l l fu rn ish the Contrat t t ing Off ice r 
a l i s t of a l l equipment acquired under subparagrapih (2) above 
w i t h i n ten (10) days fol lowing the end of the calemdar qua r t e r 
dur ing which such equipment was r e c e i v e d . 

(6) Al l Government-furnished p r o p e r t y , togeth 
p rope r ty acqui red by the P a r t i c i p a n t , t i t l e to wh 
the Government under t h i s a r t i c l e i s h e r e i n a f t e r 
r e f e r r e d to as "Government p r o p e r t y . " 

er with a l l 
ich v e s t s in 
o l l e c t ive ly 

(7) T i t l e to Government p rope r ty s h a l l not be| a f fec ted by 
the i n c o r p o r a t i o n or a t tachment the reof to any prc|perty not 
owned by the Goverrmient, nor s h a l l such GovernmenC p r o p e r t y , or 
any p a r t the reof , be or become a f i x t u r e or lose i t s i d e n t i t y as 
p e r s o n a l i t y by reason of a f f i x a t i o n to any r e a l t y . 

(8) T i t l e to a l l p roper ty purchased by the P a r t i c i p a n t , 
for the cos t of which the P a r t i c i p a n t is to be reijmbursed as a 
d i r e c t item of cos t under t h i s Agreement and which under the 
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ion No. AOOl (Cont 'd) 
emental Agreement to 

No, DE-FC07-79ET27220 

ARTICLE A-XXI - GOVERNMENT PROPERTY (Cont 'd) 

p r o v i s i o n s of t h i s Agreement is to ves t in Che GoVernmenC, s h a l l 
pass to and ves t in the Government upon d e l i v e r y pf such 
p rope r ty by the vendor . T i t l e to o the r p r o p e r t y , the cost of 
which is Co.be reimbursed Co the P a r t i c i p a n t under t h i s Agreement 
and which under the p r o v i s i o n s of t h i s Agreement i s to ves t in 
the Government, s h a l l pass to and ves t in the Government upon 
( i ) i s suance for use of such p roper ty in the performance of 
t h i s c o n t r a c t , or ( i i ) commencement of p r o c e s s i n g i o r use of 
such p roper ty in the performance of t h i s Agre erne ntf, or ( i i i ) 
reimbursement of the cos t the reof by the Government, whichever 
f i r s t o c c u r s . 

D. The P a r t i c i p a n t s h a l l be d i r e c t l y r e spons ib l e I for and accountable 
for a l l Government p roper ty provided under t h i s Agreement. The P a r t i c i p a n t 
s h a l l e s t a b l i s h and main ta in a system to c o n t r o l , proteic t , p r e s e r v e , and 
ma in ta in a l l Government p r o p e r t y . This system s h a l l , upon reques t by the 
Con t r ac t i ng Of f i ce r , be submit ted for review and, if s a t i s f a c C o r y , approved 
in wr i c ing by che C o n t r a c t i n g O f f i c e r , The Pa r t i c ipan t : s h a l l main ta in and 
make a v a i l a b l e such records as are r equ i r ed by the approved system and must 
account for a l l Government p roper ty u n t i l r e l i e v e d of r e s p o n s i b i l i t y 
t h e r e f o r in accordance with Che wr i c t en insCrucCions oi: Che ConCracCing 
O f f i c e r . To the ex ten t d i r e c t e d by the C o n t r a c t i n g O f f i c e r , the P a r t i c i p a n t 
s h a l l i d e n t i f y Government p rope r ty by marking, t agg ing , or s eg rega t i ng in 
such manner as to c l e a r l y i n d i c t e i t s ownership by the GovernmenC. 

E. The GovernmenC properCy s h a l l , un less oCherwisie provided h e r e i n or 
approved by Che ConCracCing Of f i ce r , be used only for the performance of 
Chis Agreement. 

F. The P a r t i c i p a n t s h a l l main ta in and administer ,! in accordance with 
sound i n d u s t r i a l p r a c t i c e , a program for the u t i l i z a t i d n , maintenance, 
r e p a i r , p r o t e c t i o n and p r e s e r v a t i o n of Government proper ty so as to 
a s su re i t s f u l l a v a i l a b i l i t y and use fu lness for the peijformance of t h i s 
Agreement. The P a r t i c i p a n t s h a l l take a l l r ea sonab le qteps to comply with 
a l l a p p r o p r i a t e d i r e c t i o n s or i n s t r u c t i o n s which the Con t rac t ing Off ice r 
may p r e s c r i b e as reasonably necessary for the p r o t e c t i o n of Government 
p r o p e r t y . 

G. (1) The P a r t i c i p a n t s h a l l not be l i a b l e for any l o s s of 
or damage to the Government p r o p e r t y , or for expenses i n c i d e n t a l 
to such lo s s or damage, except t h a t the P a r t i c i p a p t s h a l l be 
r e s p o n s i b l e for any such l o s s or damage ( i n c l u d i n g expenses 
i n c i d e n t a l t h e r e t o ) : 

- 4 -
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ARTICLE A-XXI - GOVERNMENT PROPERTY (Cont'd) 

( i ) Which resu l t s from wil l fu l misconduct or 
lack of good fai th on the part of any of the ParcicipanC's 
d i rec tors or o f f ice rs , or on the part of any of h is 
managers, superintendents, or other equivalent representa­
t i ve s , who has supervision or d i rec t ion of a l l or 
subs tan t ia l ly a l l of the P a r t i c i p a n t ' s business, or 
a l l or subs tan t ia l ly a l l of the P a r t i c i p a n t ' s operations 
at any one plant , laboratory, or separate location in 
which this Agreement is being performed; 

( i i ) Which r e su l t s from a fa i lure on che |part of 
the Par t i c ipan t , due to che wil l ful misconduct or lack 
of good faich on Che pare of any of his directjors, 
o f f icers , or other representat ives mentioned in ( i ) 
above, (A) to maintain and administer, in accojrdance 
with sound business p rac t i ce , the program for [u t i l iza t ion, 
maintenance, repa i r , protect ion and preservation of 
Government property as required by F. above, or Cake 
a l l reasonable sCeps Co comply wiCh any appropriaCe 
wricten d i rec t ions of che Contracting Officer under F. 
above, or (B) to es tab l i sh , maintain and administer, 
in accordance with D. above, a system for control of 
Government property; 

( i i i ) For which the Par t ic ipant is otherwise 
responsible under the express terms of Che arc 
arc i d e s designated in the schedule; 

icle or 

(iv) Which results from a risk expressly required 
to be insured under some other provisions of this 
Agreement, but only to the extent of the insurance so 
required to be procured and maintained, or to phe 
extent of insurance actually procured and maintained, 
whichever is greater; or 

i n (v) Which resu l t s from a risk which is 
covered by insurance or for which the Par t ic ipant 
otherwise reimbursed, but only to the extent o 
insurance or reimbursement. 

fact 
is 

such 

Any failure of the Participant to act as provided ;Ln subparagraph (ii) 
above, shall be conclusively presumed to be a failure resulting from 
willful misconduct, or lack of good faith on the part ol: such directors, 
officers, or other representatives mentioned in subparagraph (i) above, if 
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Modif ica t ion No. AOOl (Cont 'd) 
Supplemental Agreement to 

Cooperat ive Agreement!No. DE-FC07-79ET27220 

ARTICLE A-XXI - GOVERNMENT PROPERTY (Cont 'd ) 

the Participant is notified by the Contracting Officer :by registered or 
certified mail, addressed to one of such directors, officers, or other 
representatives, of the Gbvernment's disapproval, withdrawal of approval, 
or nonacceptance of the Participant's program or systent. In such event, it 
shall be presumed that any loss of or damage to Government property resulted 
from such failure. The Participant shall be liable for such loss or damage 
unless he can establish by clear and convincing evidence that such loss or 
damage did not result from his failure to maintain an approved program for 
system or occurred during such time as an approved program or system for 
control of Government property was maintained. 

If more than one of the above exceptions shall be kpplicable in any 
case, the Participant's liability under any one exception shall not be 
limited by any other exception. 

(2) The Participant shall not be reimbursed for, and shall 
not include as an item of overhead, the cost of insurance, or any 
provision for a reserve, covering the risk of loss of or damage 
to the Government property, except to the extent that the Govern­
ment may have required the Participant to carry sudh insurance 
under any other provision of this Agreement. 

(3) Upon the happening of loss or destruction of or damage 
to the Government property, the Participant shall notify the 
Contracting Officer thereof, and shall communicate With the loss 
and salvage organization, if any, now or hereafter designated by 
the Contracting Officer, and with the assistance of the loss and 
salvage organization so designated (unless the Contracting 
Officer has designated that no such organization be employed), 
shall take all reasonable steps to protect the Gove|:nriient property 
from further damage, separate the damaged and undamaged Government 
property, put all the Government property in the best possible 
order, and furnish to the Contracting Officer a statement of: 

(i) The lost, destroyed, and damaged Goveij'nment 
property; 

(ii) The time and origin of the loss, destruction, 
or damage; 

(iii) All known interests in commingled property 
of which the Government property is a part; and 

-6-



Modif ica t ion No. AOOl (Cont 'd ) 
Supplemental Agreement to 

Cooperat ive Agreement| No. DE-FC07-79ET27220 

ARTICLE A-XXI - GOVERNMENT PROPERTY (Cont 'd ) 

( i v ) The i n su rance , i f any, cover ing any pa r t of 
or i n t e r e s t in such commingled p r o p e r t y . The, P a r t i c i p a n t 
s h a l l make r e p a i r s and r enova t ions of the damaged 
Government p roper ty or take such o the r ac t ion as the 
Con t rac t ing Off ice r d i r e c t s . 

(4) In the event the P a r t i c i p a n t is indemnif ied, re imbursed, 
or o therwise compensated for any lo s s or d e s t r u c t i o n of or damage 
to the Government p r o p e r t y , i t s h a l l use the proceeds to r e p a i r , 
renovate or r e p l a c e the Government p rope r ty involved, or s h a l l 
c r e d i t such proceeds a g a i n s t the cos t of the work covered by the 
Agreement, or s h a l l o therwise re imburse the Goverrhment, as d i r e c t e d 
by the Con t rac t ing O f f i c e r . The P a r t i c i p a n t s h a l l do nothing Co 
p re jud i ce che Government's r i g h t to recover aga ins t t h i r d p a r t i e s 
for anv such l o s s , d e s t r u c t i o n , or damage, and upon the reques t 
of the Con t r ac t ing O f f i c e r ' s expense, furn ish to the Government 
a l l r ea sonab le a s s i s t a n c e and coopera t ion ( i n c l u d i n g a s s i s t a n c e 
in the p rosecu t ion of s u i t and the execut ion of ins t ruments of 
assignment in favor of the Government) in o b t a i n i n g recovery . 

H. The Government, and any persons des igna ted by i t , s h a l l at a l l 
r easonab le t imes have access to the premises wherein any of the Government 
p rope r ty is l o c a t e d , for the purpose of i n s p e c t i n g the Government p r o p e r t y . 

I . Upon completion or e x p i r a t i o n of t h i s Agreement, o r at such 
e a r l i e r da tes as may be f ixed by the Con t r ac t ing Of f i ce r , the GovernmenC 
r e s e r v e s the r i g h t to inspec t and to accept or r e j e c t any Government 
p roper ty which has not been consumed in the performance of t h i s Agreement, 
or which has not been disposed of as provided for e lsewhere in t h i s a r t i c l e , 
or for which the P a r t i c i p a n t has not o therwise been r e l i e v e d of r e s p o n s i b i l i t y . 
The P a r t i c i p a n t s h a l l make d i s p o s i t i o n of r e j e c t e d items as the Con t rac t ing 
Of f i ce r may d i r e c t . 

The proceeds of any such d i s p o s i t i o n s h a l l be appl ied in r educ t ion of 
any payments to be made by the Government to the P a r t i c i p a n t under t h i s 
Agreement, or s h a l l o therwise be c r e d i t e d to the cost of the work covered 
by t h i s Agreement, o r s h a l l be pa id in such o the r manne^r as the C o n t r a c t i n g 
Of f i ce r may d i r e c t . Pending f i n a l d i s p o s i t i o n of such p r o p e r t y , the 
P a r t i c i p a n t agrees to take such a c t i o n as may be neces sa ry , or as the 
C o n t r a c t i n g Of f i ce r may d i r e c t , for the p r o t e c t i o n and presei rvat ion the reof . 

J . Al l communications issued pursuant to t h i s a r t i c l e s h a l l be in 
w r i t i n g . " 
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each area, i n te rp re ta t ions 
t ions f o r addi t ional asses 
included in the second ann 

Geological , geophysical, geochemical, 
temperature resource asses:;ment w i l l be 
Walla Walla, and McDermitt areas, 

the area geothermal potent i . i l w i l l 
e geoscience information co l lec ted, 
uding tabu la t ion of data avAi lable 

of geothermal p o t e n t i a l , and recommenda-
sment e f f o r t s in each area w i l l be 
ual f i n a l repor t . 
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Modification 
Contract No. 

No. AOOS (Cont'd) 
DE-FC07-79ET27220 

Page 2 of 4 

Task 6 - Geologic Mapping. A geologic map, at an apijiropriate 
scale, extending into adjacent areas, w i l l be produced for each of 
the resource areas described in Task 5. The map w i l l depict 
l i thology, topography, a l l known or inferred structujfes, and the 
location and ident i f icat ion of a l l thermal springs, deothermal 
deposits, and thennal w^lls of the area. Cross-sectjon based on 
available geologic and structural data w i l l be drawn|through the 
resource areas. 

A lineament map w i l l be constructed (at the same scale as the 
geologic map) for each area based on air-photo and L/jiNDSAT imagery 
interpretations. Ground-truth ver i f icat ion of the lineaments w i l l 
be performed. Copies of each map for each s i t e , with accompanying 
description and interpretation of resul ts, w i l l be included in the 
second annual f ina l report. 

Task 7 - Temperature Gradient Study, 
done in the following areas: Belknap 
Parkdale and the Harvey Basin. Dr i l l 
approximately 2,000 feet total d r i l l i 
and depth of holes in any area w i l l b 
principal investigator. Any d r i l l i n g 
the Belknap-Foley and Willamette Pass 
ut i l ized in the d r i l l i n g of holes in 
Basin areas. DOE review and approval 
accordance with Ar t ic le A- I I must be 

ng w i l l be Gradient d r i l l i i 
- Foley, Willamette Pass, 

ing wil 1 be limijted to 
ng in each area.! Actual number 

ion of the 
after d r i l l i n g 

wi l l be 

area.j 
e at the descret-
funds remaining 
resource areas 
the Parkdale and/or Harvey 
of drilling subcontracts in 

obtained prior tb award. 

In addition to the above-mentioned d r i l l i n g program, scrounge, or 
free holes, located within these resource, areas (watejr wells, o i l 
test wel ls, mineral exploratory holes) w i l l be measured for temperature 
gradients and water samples. 

Task 8 - Geochaiiiistry. A program of additional thermal spring and 
well water sampling w i l l be conducted this year for resource areas 
that have not been included in previous years studiesi Water 
samples w i l l be analyzed, geothermometry w i l l be computed, and 
these data w i l l be submitted to the USGS GEOTHERM dat i base. These 
data w i l l also be included in the comprehensive deterijiination for 
each resource area in the second annual f ina l report . ' 

Task 9 - State-wide Reconnaissance. Additional efforif w i l l be made 
to acquire information ( locat ion, temperature measuren^ent, water 
sample, flow data, etc.) on thermal springs and wells ithroughout 
the State of Oregon. These data w i l l be included in ^xisting 
DOGAMI and GEOTHERM data base f i l e s and updates of th^ geothermal 
map series of Oregon. 
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Modif icat ion f<o. AOOS (Cont'd) 
Contract No. t)E-FC07-79ET27220 

Page 3 of 4 

Task 10 - Reports and Publications. Reports will be Submitted in 
accordance with Article VII - PROJECT INFORMATION and the revised 
DOE Form CR-537 attached to this Modification No. AOOS. The annual 
final report will be comprehensive of each resource aifea studied, 
tasks performed, and recommendations for each area. 

• 
Individual treatises on various resource areas will b^ published 
Numbers of copies and general publication format will 
a draft final copy of each treatise will be forwarded 
and approval prior to publication. 

be discussed and 
to DOE for review 

Article III 
follows: 

FINANCIAL SUPPORT OF THE PROJECT is revised to read as 

"A. The t o ta l estimated cost of performing the wdrk under t h i s 
Agreement is Six Hundred Ninety-Seven Thousand Eight Hundred Forty-
Three Dollars ($697,843.00) inc luding One Hundred Th i r ty -S ix Thousand 
Dol lars ($135,000.00) authorized by pre-contract cost l e t t e r . The 
Par t ic ipant shal l be reimbursed by DOE fo r not more than 92.9% of the 
costs of the pro ject determined to be allowable in accordance with 
A r t i c l e A- I of the General Provisions e n t i t l e d "Allowable Costs." 
The remaining 7.1% or more of the costs of the project 
shal l cons t i t u te the Par t i c ipan t ' s share for which i t 

so determined 
wi 11 not be 

reimbursed by DOE. The t o ta l cost to DOE i s hereby established as 
Six Hundred Forty-Eight Thousand Two Hundred Forty-Thr 
($648,243.00), and this amount is also the maximum amount of the 
project which is subject to reimbursement by DOE unles 
cost is changed in writing by the Contracting Officer. 

ee Dol lars 

s such maximum 

B. In regard to any increase or decrease in the t o t a l estimated 
cost of t h i s Agreement, as a resu l t of any change in tpe Statement 
of Work, as may be agreed upon by the par t ies during t 
t h i s Agreement, the appropriate sharing of the funding 
such increase or decrease shal l be shared at the r a t i o 
10% Par t i c ipan t . 

ne term of 
i f any, of 

of 90% DOE, 

C. The amount of funds obl igated under t h i s Agreement by DOE 
is Six Hundred Forty-Eight Thousand Two Hundred Forty- fhree Dollars 
($648,243.00). Funding fo r cont inuat ion of the projec): in fu ture 
years w i l l be provided when and i f ava i lab le . " 

DOE Share Oregon Share Estimated Cost 

Basic Contract 
Increase per Mod AOOl 
Increase per Mod A002 
Increase per Mod AOOS 

Total 

$231,491 
6,752 

10,000 
400,000 

$648,243 

$ 25,735 

23,865 

$ 49,600 

$257,226 
6,752 

10,000 
423,865 

: $697.843 
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Modi f icat ion No. A003 (Cont'd) 
Contract No. pE-FC07-79ET27220 

Page 4 of 4 

3. Article V - TERM OF AGREEMENT is revised to read as follows: 

"The work under the Low Temperature Geothermal Resource 
Assessment, Phase II project is anticipated to take several years. 
The Participant has submitted a proposal for funding for each of 
the first three years. , The term of this Agreement is from May 23, 
1979 through September 22, 1980 for Tasks 1, 3, and 4, from May 23, 
1979 through December 31, 1980 for Task 2 and from May 22, 1980 
through May 21, 1981 for Tasks 5, 6, 7, 8, 9, and 10." 

4. Article VI - PROJECT MANAGEMENT is revised to change the 'Participant's 
Project Director to: 

Joseph F. Riccio 
Principal Investigator 
State of Oregon 
Department of Geology and Mineral Industries 
1069 State Office Building 
Portland, Oregon 97201 

5. Article VII - PROJECT INFORMATION is revised to read as fbllows: 

"A. All Project Information Reports, as required by DOE 
Uniform Contractor Reporting System, Volume 1, dated September 1978 
and as shown on the revised DOE Form CR-537, attached to this 
Modification No. AOOS, shall be submitted to the DOE Program 
Officer in accordance with the special instructions. 

B. The Final Technical Report for the first ye&r's effort 
shall be submitted on or about September 22, 1980 in accordance 
with the special instructions. The Final Technical Rpport for the 
second year's effort shall be submitted on or about May 21, 1980, -̂  
or upon contract renewal, in accordance with the special instructions. 

C. Quarterly progress meetings will be held which the 
Participant is required to attend. DOE will fund travel expenses 
for one member of the Participant's team." 

052080 
5H-A24 



g ^ U.S. DEPARTMENT OF ENERGY ^ ^ 

IB»0RT1NG REQUIREMENTS C H E C I S J 
o o e Form CR-537 

(l-7») 

»0RT1NG REQUIREMENTS CHECf 
(See Instructions on Reverse) 

ST 
FORM APFHC 
OMB NO. 38R-C) 

1. IDENTIFICATION 

State o f Oreqon 

2. OBLIGATION INSTRUMEIJJT: 

DE-FC07-79ET27220 
3. REPORTING REQUIREMENTS 

A. PROJECT MANAGEMENT 

1. n Management Plan 

2, D Milestone Schedule & Status Report 

3. D Cost Plan 

4. D Manpower Plan 

5. i2 Contract Management Summary Report 

6. '2 Projea Status Report 

7. D Cost Management Report 

8. O Manpower Management Report 

°. 0 Conference Record 

10, D Hot Line Repoa 

Frequency 

1 

M 

M 

FREQUENCY COOES: A - As Required 
C - Contract Change 
F - Final (End of Contract) 
M - Monthly 
0 — One Time (Soon After Contract 

4. SPECIAL INSTRUCTIONS 

A . 5 . and A . 6 . - C o p i e s a r e due w i c h i n f i f t 

B . 2 . - C o p i e s a r e due w i t h i n f i f t e e n d a y s 

B . 3 . - S u b m i t 2 c o p i e s i n d r a f t f o r t y - f i v E 
t e r m . A f t e r DOE a p p r o v a l i s r e c e i ^ 
" R e p o r t D i s t r i b u t i o n L i s t . " 

B . 4 . - S u b m i t 2 c o p i e s i n d r a f t f o r t y - f i v ? 

B. TECHNICAL I N F O R M A J T I O N REPORTING 

1. 0 Notice of Energy Rp&O Project (SSIE) 

2. H Technical Progress fReport 

3. H Topical Report 

4. 13 Final Technical Report 

C. PMS/MINI-PMS 

1. Cost Performance Repijrt 

D Format 1 WBS 

D Format 2 Functional. 

D Format 3 Baseline 
n Format 5 Problen-

2. D Cost/Schedule Stati 

Analysis 

s Report 

3, D Management Contrcl System 
Description 

^- n Summary System Dsscription 

5. D WBS Dictionary 
Q - Quarterly 

Frequen 

M 

Y 

Y 

S — Semi-Annually 
• X - Mandatory fcr Delivery with Proposals/Bid 

Y - Yearly or Up 
Award) 

: een d a y s a f t e r end o f 

jn Contract Renewal 

t h e c a l e n d a r m o n t h . 

a f t e r end o f t h e c a l e n d a r m o n t h . 

i days p r i o r t o c o m p l e t i o n o f t h e y e a r l y 
r e d , s u b m i t c o p i e s as r e q u i r e d on a t t a c h e d 

J days p r i o r to annual submission 
d a t e . A f t e r DOE a p p r o v a l i s r e c e i v e d , s u b m i t e l e v e n c o p i e s i n c l u d i n g one 

c a m e r a - r e a d y c o p y . 

5. ATTACHED HEREWITH: 

G Reqon Distribution List 

3 WBS'Reoorting Category 

1—; 
1— 

n 
• 

6. PREPARED BY (Signature anc date) 7. REVIEWED BY (Signature ajid date) 
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i^'W\'v^4^ dud iU-Ĉ TAaKNAmdadvovu. Jko-r VSJUL.^ . 
aJ^slCl.. Ql TuoAxL oi^e ouodAaloL \(\ >iu>a 
wiv^xcahoYL -ftr ^ ^ ptLhUca^on o f 
\̂ (̂ \\) \ (kaSl W^a^ vSi<̂  o'f s o m e cf i € u ^ 

P.£smc^ C L ^ K^d^Wt. o t copo^ a^vd 



S ^ ^ Qfjr rexji^iuj" 

I I 

- 1 5 ^ 

. 1 * * 



iTANOARD f O R M 30 , JULY 1966 
GEMiRAL SERVICES AOMiNISTRAflON 
fED. PKOC. REG. { i \ c m 1-14.101 

AMENDMENT OF SOUCITATION/MODIFICAHON OF CONTRACT 
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1 
I . AMENDMENT .MODIFICATION N O . 

A004 
2 et««-rivE OATt 3. REQUlSmON/PURCMASE REQUEST NO. 

07-81ET27220.501 
U . PROJEa NO. ( I f applicable) 

i ISSUEO JY CODE 

U. S. Department of Energy 
Idaho Operations Of f ice 
550 Second Street 
Idaho F a l l s , Idaho 83401 

4. ADMINISTERED »Y ( I f other than black i ) CODE 

CONTRACTOR 
'JAMS A N D ADDRESS 

CODE FACILITY CODE 

I Street, city, 
county, t ta te . 
j n d Z I P 
C.^de I 

' State of Oregon , 
Department of Geology and Mineral 

Industr ies 
1069 State Of f i ce Bui ld ing 

I Por t land, Oregon 97201 

n 

J 

n AMENDMENT OF 
SOI IC ITATION N O . 

.(See block 9) 

MODIFICATION pF DE-FC07-79ET27220 
[ j ^ CONTRACT/ORDER NO. 

DATED . 6-22-79 . (See block l l ) 

THIS UOCJC A P n i E S ONLY TO AMENDMENTS OF SOLICITATIONS 

j j Th* abov« n u m b * f * d to l ic i to t ion i t omandad as M t forth in block \ 2. The hour and d o t * ip«ci f i«d for rscaipt of O I H r t j | i i axtwndad, | ] i t not • x t s n d a d . 

O ^ r o f i muft ocknow lvd f } * rvcsipt at this am«ndm*nT pr ior M t h * hour o n d d o t * sp«cif i«d in t h * to l ic i to t ion, or cu am«nd«d, fty o n * o f f h * Following mvthods: 

ra l 'By l i gn i ng a n d r v t u m i n g . ^ o p i « t of t h i i omondmont ; (b) By odtnowla idging r*caipt o f t h u o m o n d m o n t on • o c h copy of i h * o f f * r l u b n p i t t t d ; or {e| fty i « p o r a t * l« t t * r or t « r«g ram 

wh.ch inc ludos a r * f * r * n c * to f h * l o l i c i t o t i on and amondmon t numb* r« . F A I L U M O f YOUR A C K N O W I C D G E M E K T TO BE RECEIVED AT THE ISSUING OFFICE PRIOR TO THE HOUR A N D 

DATE SREClFtCD M A Y RESULT I N REJECTION O f YOUR OFFER. If, by v.rtuo of t h i i o m * o d m * n t you d*« i r * to c h o n g * on oftor o l rw idy tubmi l j tod, luch c h a n g * may b * m o d * by t * l * g r o m 

j f l«r t* r , p rov idod tuch t o U g r o m or l *«* r malt*% r* f«r«nc« to t h * i o i i c i t o t i on a n d th i * om*ndm* r t t , and i i r *e* iw*d p f io r fo f h * open ing hour ar»d d o t * t p * « i f i « d . 

10. ACCOUNTING ANO A P R R O P R I A T I O N DATA ( I f r t g u t r e t i ) 

89X0224.91 
ID-14-91; 250 

AMI 5100000 
$274,492.00 

I I . THIS BIOCK APPLIES ONLY TO MOOIHCATIONS O f CONTRAQS/ORDERS 

[a | j I TSij C h a n g * C r d * r n i t i u * d pursuant to _ _ _ _ _ _ _ _ „ _ _ » ^ ^ _ _ _ _ „ 

Th« Chongos M t forth in b ledt I 2 o r * m o d * to t h * o b o v * numborod cont rac t /ordor . 

<b) [ Tho a b o v * n u m b « r * d c a n t r a c t / o r d * r is medi fWd to r* f t *ct t h * admin i strati v« chongos (such as chongas in pay ing of f tcv, app rop r i a t i on d a t a , etc.) Mt for th in block 12 . 

IC, fX] T.,.suppi.™n îA,,̂ ^ ™di„,opu,.o<.„,,oaaittortryal A r t l c l e VI I - Chapqes and Modif icat ions 
!t modi f i«s tho o b o v * n u m b « r * d contract as i * t for th in block 12 . 

1 2. DESCRIPTION OF AMENDMENT/MODIFICATION 

1. A r t i c l e I I - DESCRIPTION OF RESPONSIBILITIES is revised to add the fo l l ow ing ; 

"The Par t i c i pan t , as pro ject manager fo 
Department of Energy (DOE), w i l l : (1) 
agencies and other organizations which 
act as l i a i son and coordinator between 
and State supported geothermal projects 
UURI, NOAA, OIT, and commercialization 
geological-geophysical s tud ies ; and (4) 
reports fo r the p ro jec t . Geophysical s 
by the Pa r t i c i pan t , Consult ing geophys 
wherever necessary to complement the as 

r work in Oregon funded by the U. S. 
coordinate various State and Federal 
may pa r t i c ipa te in th i s p ro jec t ; (2) 
the pro ject and other ongoing Federal 

inc luding but not l im i ted to USGS, 
p ro jec ts ; (3) coordinate s i t e - s p e c i f i c 
prepare and compile f i n a l maps and 

tud ies , i f required w i l l be administered 
i c i s t s and geologists w i l l be u t i l i z e d , 
sessment por t ion of t h i s proposal. 

-CONTINUED-

i t c a o * a t p f ov i dvd h«f««n, al l t» rmt and condi t ions o* th« decumvnt laiaraneoO m Weelt 8 . a t h«r«lofor« chonqvd , rairtam un<han9«d ond m full fore* o n d • i*»ct. 

13. 

C T o ' V i c N ^ w " s ° : » C l J M € N T ^ " ^ " ^ " l * ^ " g ] CONTRAOOR/OFFEROR IS REQUIRED TO SIGN THIS DOCJMENT AND RETURN COPIES TO ISSUING OFFICE 

<AMf OF_COtJ IHACT0«/OFFERO« 

[SignonK* a l p « n o n owtboriz«d to t tgn l 

i r . UNTTED STATES OF AjwERICA 

\\^ ^ 'id'Nj-^A:. 
iS ignotur* of Controcting Of f i c * ' t 

13. NAME ANO TntE OF SIGNER ( T y p t o r p r m t ) 

Donald A. H u l l , State Geologist 

14. DATE SIGNED 

6-2-81 

18. NAM£ OF CONTRACTING OFFICER i Type o r firint) 

Wil l iam C. Drake 
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Modification No. A004 
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Specific tasks to be conducted under this Modification are: 

Task 11 - Geologic Reconnaissance 

The Participant will refine geological maps, at an appropriate scale, 
for the Northern Harney Basin, Parkdale, Western Snake River Plain, and, if 
time permits, the Lakeview area (reference Figure 1 in proposal dated 
February 6, 1981). The maps will depict all known major structures or 
trends as well as surface geothermal manifestations. Cross^sections based 
on available geologic data will be drawn through the resourde areas. 

Besides black and white, color and color IR photos, air-photo studies 
will involve the interpretation of SLAR, LANDS'\T (ERTS), and NASA U-2 as 
available. Ground-truth verification will resolve ambiguous interpretations 
and will complement the conceptual synthesis work defined in Task 15. 
Appropriate geophysical profiles perpendicular to known or inferred 
structures may be used to better define faulting and subsurface structures 
beneath alluvium in basis, if detailed geological work and existing 
geophysical data are not definitive. 

Task 12 - Statewide Reconnaissance 

The Participant will acquire additional information on the location, 
temperature, water samples, flow data, and chemistry of thermal springs and 
wells of the State of Oregon and will include emphasis on the south-Central 
Cascades, Basin and Range province, structural basins of the Columbia 
Plateau and the Portland-Clackamas River area. These data will be included 
in existing DOGAMI and GEOTHERM data base files and updates of the 
geothermal map base of Oregon. 

Task 13 - Assessment of the Corbett-Camp Collins Area 

The Participant will perform an initial assessment of the Corbett-Camp 
Collins area near Portland by detailed temperature gradient measurement and 
water analysis of all existing springs and wells and by drilling shallow 
(152 m) temperature gradient wells. Drilling will not be performed until a 
drilling plan has been submitted by the Participant and approved by DOE. 
The Participant will complete reconnaissance geologic mapping and lineament 
analysis. Geophysical studies, as appropriate and to the extent made 
possible by funding, should be conducted in this study area. All data will 
be included in existing DOGAMI and GEOTHERM data base files and updates of 
the geothermal map base of Oregon. 

Task 14 - Summary Assessment of Geothermal Resources 

The Participant will develop goethermal models from the (jlata, and will 
recommend specific development steps for the Nothern Harney Basin, Parkdale, 
Western Snake River Plain, and, if appropriate, the Lakeview study areas. 
The products of this task will be detailed assessment reports incorporating 
all relevant data for these areas that have high potential. 

H3-0578H 
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The Participant will also complete a general summary report covering 
all other areas studied. This summary report will include integrations of 
data sets and discussions of at least the Corbett-Camp Collins, Parkdale, 
Walla-Walla, Southern Harney Basin and McDermitt study areas. These reports 
will guide statewide resounce assessment and will provide a basis for 
evaluating or planning exploration ventures by either govel"nment or the • 
private sector. 

Task 15 - State Geothermal Map 

The Participant will review data submitted to NOAA for inclusion on an 
updated edition of the map depicting geothermal resources pf Oregon, which 
was produced previously in this program. Detailed editorial and content 
reviews of at least two proof maps will be performed, with timely 
communication of comments to NOAA. 

Task 16 - Deliverables 

The Participant will deliver the following in addition to the periodic 
reports required by Article VII - PROJECT INFORMATION and the OOE 
Form CR-537 attached to Modification No. A003:. 

(a) Geologic map revisions and reports integrating new and compiled 
geological, geochemical, and geophysical data sets, and development of 
geothermal resource target models for the Northern Harney Bcisin, Parkdale, 
Western Snake River Plain areas, and if time and funding permit, the 
Lakeview area; 

(b) A summary report detailing the results of the statewide 
reconnaissance program, which may, if appropriate, be part of (c) below; 

(c) For those areas studied that have not been included in (a) or (b) 
above, or in previous reports developed under this Agreement, a summary of 
geological, geochemical, and geophysical data sets and developed geothermal 
resource target models as specified under Task 14." 

2. Article III - FINANCIAL SUPPORT OF THE PROJECT is revised to 
read as follows: 

"A. The total estimated cost of performing the work under 
this Agreement is One Million and Two Thousand Eight Hundred and 
Thirty-Four Dollars ($1,002,834.00) including One Hundred 
Thirty-Six Thousand Dollars ($136,000.00) authorized by 
pre-contract cost letter. The Participant shall be reimbursed by 
OOE for not more than 92% of the costs of the projeht determined 
to be allowable in accordance with Article A-I of the General 
Provisions entitled "Allowable Costs." The remaining 8% or mor^ 
of the costs of the project so 
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determined shall const i tute the Par t ic ipant 's sharei for which i t 
w i l l not be reimbursed by DGE. The to ta l cost to DOE i s hereby 
established as Nine Hundred Twenty-Two Thousand Sevfen Hundred 
Thir ty-Five Dollars ($922,735.00), and t h i s amount i s also the 
maximum amount of the project which i s subject to reimbursement by 
DOE unless such maxi/num cost i s changed in wr i t ing by the 
Contracting Of f icer . 

B. In regard to any increase or decrease ir) the to ta l 
estimated cost of t h i s Agreement, as a resul t of any change i n the 
Statement of Work, as may be agreed upon by the part ies during the 
term of th i s Agreement, the appropriate sharing of the funding, i f 
any, of such increase or decrease shall be shared at the ra t io of 
90« DOE, 10% Part ic ipant . 

C. The amount of funds obligated under th is i Agreement by 
DOE i s Nine Hundred Twenty-Two Thousand Seven Hundred Thir ty-Five 
Dollars ($922,735.00). Funding for continuation of the project i n 
future years w i l l be provided when and i f avai lable. 

D. No d r i l l i n g costs w i l l be ij icurred by th? Part icipant 
or paid by DOE under t h i s Modif icat ion No. A004 un t i l the 
Part ic ipant has a DOE-approved d r i l l i n g plan. 

The estimated cost and share to ta l s are summarized as 
fol lows: 

DOE Oregon Est imated 
Share Share Cost 

Basic Agreement $231,491 $25,735 $ 257,226 
I n c . Per Mod. AOOl 6,752 - 6,752 
Inc . Per Mod. A002 10,000 • - 10,000 
I n c . Per Mod. A003 400,000 23,865 423,865 
Inc . Per Mod. A004 274,492 30,499 304,991 

To ta l $922,735 $80,099 $1,00?,834 
Percentage Share 92% 8.% 

3. A r t i c l e V - TERM OF AGREEMENT i s revised to add the 
fo l lowing: 

"The term fo r Tasks 11, 12, 13, 14 and 15 i s May 22, 1981 
through May 21. 1982." 

4 . A r t i c l e VI I - PROJECT INFORMATION, Paragraph B., i s revised 
to add the fo l lowing: 

"The Final Technical Report and any other deliverables for 
the th i rd year 's e f f o r t shall be submitted on or about 
May 21, 1982, or upon contract renewal, i n accordance with 
the special Ins t ruc t ions. " 
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5. Article XIV - DATE OF INCURRENCE OF COSTS 16 read as follows: 

"The Participant shall be entitled to reimbursement for 
costs incurred in an amount not to exceed $10,000 on or 
after May 18«, 1981, which, if incurred after this 
modification had been entered into, would hqve been 
reimbursable under the provisions of this modification" 



D O E S 4600.1 
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Under ttte authority of Public i.j«v 

U.S. DEPARTMENT OF ENERGY ^ \ c 3 D . S 

N O T I C E O F F I N A N C I A L A S S I S T A N C E A W A R D — i 

(See Ins t ruc t ions o n Reverse) 

95-91, 93-410. 93-438, 93-473, 93-577 ' and 
subject to legislation, regulations and policies applicable to Iclta lagislativa lirogram title): 

National Geothermal Resource Assessment Program 
1. PROJECT TITLE 

Low Temperature Geothermal Resource 
Assessment - Phase II 

3. RECIPIENT IName, address, zip coda, area code and talephona no.) 

State of Oregon, Dept. of Geology & Mineral 
Industries, 1069 State Office Building 

Portland. Orponn 97201 
8. RECIPIENT PROJECT DIRECTOR (Name and telaphona No.) 

G.R. Priest 

9. RECIPIENT BUSINESS OFFICER (Nama and telaphona No.) 

J.D. Beaulieu 

11. DOE PROJECT OFFICER INama. address, zip code, telaphona No.l 

S.M. Prestwich 
DOE-Idaho Operacions Office (208)526-1147 
550 Second S t . , Idaho Falls, ID 83401 

INSTRUMENT TYPE 

n GRANT i23 COOPERATIVE AGREEMENT 

4. INSTRUMENT NO. 

DE-FC07-79ET27220 

!£ 

6. BUDGET PERIOD 

FROM: 5 /23 /79 THBU=5/21/8^ 

S. AMENDMENT NO. 

A0C5 

10. TYPE OF AWARD 

NEW 

3 REVISION 

7. PROJECT PERIOD 

™M= 5/23/79 THRU: 5/21/82 

C CONTINUATION 

I 

n SUPPLEMENT 

RENEWAL 

SUPI 

12. ADMINISTERED FOR OOE 3'J' INama, address, zip coda, telaphona Na.) 

E.M. Hyster, Contra'cts Management Division 
DOE - Idaho Operations Office 
550 Second Street i 
Idaho Falls, Idaho ! 83401 
(208) 526-1229 | 

n . RECIPIENT TYPE 
d$ STATE GOVT 

d LOCAL GOVT 

i_i INDIAN TRIBAL GOVT 

G INSTITUTION OF 
HIGHER EDUCATION 

U .HOSPITAL 

• OTHER NONPROFnr 
ORGANIZATION 

n FOR PROFIT 
ORGANIZATION 

D c !up Gsp 

• INDIVIDUAL 

G OTHER iSpacifY) 

14. ACCOUNTING AND APPROPRIATIONS DATA 

a. Acpropriation Symbol l b . B & R Number 

89X0224.91 | AM1510 
c. FT/AFP/OC 

16. BUDGET AND FUNOING INFORMATION 

a. CURRENT BUDGET PERIOD INFORMATION 

111 DOE Funds Obligated This Action 

(2) DOE Funds Authorized for Carry Over 

131 OOE Fundi Previously Obligated in this Budget Period 

{41 OOE Share of Total Approved Budget 

15) Recipient Share of Total Approved Budget 

iS) Total Approved Budget 

It 70,000.00) 

s922,735.U0 
$852,735.00 
s 80,099.00 
$932,834.00 

d. CFA Number 

15. EMPLOYER I.D. NUMBER/SSN 

~ 
b. CUMULATIVE DOE OBLIGATlloNS 

(1) This Budget Period 
IToial of lines a.( l ) and3.131] 

12) Prior Budget Periods 

(3) Project Period to Date 
(Total o f lines b. I t ) and b. 12)f 

s 852,735.00 

s -0-

, 852.735.00 

17. TOTAL ESTIMATED COST OF PROJECT S 9 3 2 , 8 3 4 . 0 0 

(This IS the current estimated cost of the project It is not a promise to award nor an authorization to expend funds (n this amount.) 

13. AWARD/AGREEMENT TERMS ANO CONDITIONS 

This award/agreement consists of this form plus the following: 

3. Special terms and conditions lif grant) or schedule, general provisions, special provisions (if cooperative agreeme^it) 

b. Applicable program regulations (specifyl Na t i n i i f l l Geothprmal Rp^niirf^p A.';';p<;<;niPnt. Prfnyramroara/ _nj.3 

:. OOE Assistance Regulations. 10 CFR Part-600, as amended. Subparts A and G S (Grants) or d C (Cooperative Agreements). 

d. Application/proposal dated 1 2 / 2 / 8 1 r j g j submitted Q(with changes ^s negotiated 

—————— j 

This modification reduces the tota l estiiiiated cost and DOE f inancial support and 
deobligates $70,000.00 of DOE funds with no change in the part ic ipant 's share 
or description of responsibi l i t ies under the agreement. 

20. 5VI06NCS OF RECIPIENT ACCEPTANCE 

^/s 
(Signature a I Authorized Recipient Official) 

Donald A. Hull 
(Datel 

(Namel 

State Geologist 
(Title) 

2 1 . AWARDED BY 

/ t«- .. I ^ ' . . . (Signature! 

W i l l j am 'C . Drake 

(Data) 

(Nama) 

Contract ing O f f i ce r 
^r;f/«> 
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1 . Ar t ic le I I I - FINANCIAL SUPPORT OF THE PROJECT is revised 
fol 1 ows 

"A. The tota l estimated cost of perfonning the work 

to read as 

under th is 
Agreement is Nine Hundred Thirty-Two Thousand Eight Hundred and 
Thirty-Four Dollars ($932,834.00) including One Hundred 
Thirty-Six Thousand Dollars ($136,000.00) authoh'zed by 
pre-contract cost l e t t e r . The Participant shall be reimbursed 
by DOE for not more than 91.4« of the costs of the project 
determined to be allowable in accordance with Aj-ticle A-I of 
the General Provisions ent i t led "Allowable Costs." The 
remaining 8.6% or mors of the costs of the project so 
determined shall constitute the Part ic ipant 's stiare for which 
i t w i l l not be reimbursed by DOE. The total cost to DOE is 
hereby established as Eight Hundred Fifty-Two Thousand Seven 
Hundred Thirty-Five Dollars ($852,735.00), and this amount is 
also the maximum amount of the project which is subject to 
reimbursement by DOE unless such maximum cost i ^ changed in 
wr i t ing by the Contracting Off icer. 

The amount of funds obligated under th is Agreement by DOE is 
Eight Hundred Fifty-Two Thousand Seven Hundred Thirty-Five 
Dollars ($852,735.00). 

The estimated cost and share to ta ls are summarised as fol lows: 

Basic Agreement 
Inc. Per Mod. 
Inc. Per Mod. 
Inc. Per Mod. 
Inc. Pe r Mod. 
Dec. Per Mod. 

Total 

AOOl 
A0Q2 
AQ03 
A004 
A005 

Percentage Share 

DOE 
Share 

$231,491 
6,752 

10,000 
400,000 
274,492 
(70.000) 

91.4% 

Oregon 
Share 

$25,735 

23,865 
30,499 

$80"099 
8.6%" 

Estimated 
Cost 

$257,225 
5,752 

' 10,000 
423,855 
304,991 
(70,000) 

W32.834 

H3-1931H 
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INTRODUCTION 

This report is the summary and conclusions of an investigation of 

low-temperature (20 to 90° C) geothermal resources begun May 23, 1979 by the 

Oregon Department of Geology and Mineral Industries (DOGAMI) with support 

from the United States Department of Energy (USDOE) under Cooperative Agreement 

No.vDE-FC07-79ET27220^ The report summarizes low-temperature resource assess­

ment data generated for the following project areas (Figure 1): 

1. Corbett-Moffett 8. Northern Harney Basin 

2. Parkdale 9. Southern Harney Basin 

3. Milton-Freewater 10. Western Snake River Plain 

4. La Grande (Craig Mountain- 11. Lakeview 
Cove area) 

12. Alvord Desert 

13. McDermitt 
5. Belknap-Foley Hot Springs 

6. Willamette Pass 

7. Powell Buttes 

Raw data and preliminary conclusions for these areas are included in the following 

published DOGAMI reports and maps and will not be included here: 

1. Heat flow of Oregon: Special Paper 4, 1978, includes 1 map. 

2. Geothermal gradient data for Oregon: Open-File Report 0-78-4, 1978. 

3. Chemical analyses of thermal springs and wells in Oregon: Open-File 

Report 0-79-3, 1979. 

4. Geology of the La Grande area, Oregon: Special Paper 6, 1980, 

includes 1 map. 

5. Preliminary geology and geothermal resource potential of the Belknap-

Foley area: Open-File Report 0-80-2, 1980, includes 1 map. 
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6. Preliminary geology and geothermal resource potential of the 

Willamette Pass area: Open-File Report 0-80-3, 1980, includes 1 map. 

7. Preliminary geology and geothermal resource potential of the Craig 

Mountain Cove area: Open-File Report 0-80-4, includes 1 map. 

8. Preliminary geology and geothermal resource potential of the western 

Snake River Plain: Open-File Report 0-80-5, 1980, includes 4 maps. 

9. Preliminary geology and geothermal resource potential of the northern 

Harney Basin: Open-File Report 0-80-6, 1980, includes 4 maps. 

10. Preliminary geology and geothermal resource potential of the southern 

Harney Basin: Open-File Report 0-80-7, 1980, includes 8 maps. 

11. Preliminary geology and geothermal resource potential of the Powell 

Buttes area: Open-File Report 0-80-8, 1980, includes 1 map. 

12. Preliminary geology and geothermal resource potential of the Lakeview 

area: Open-File Report 0-80-9, includes 2 maps. 

13. Preliminary geology and geothermal resource potential of the Alvord 

Desert area: Open-File Report 0-80-10, 1980, includes 2 maps. 

14. Progress report on activities of the low-temperature resource-

assessment program 1979-80: Open File Report 0-80-14. 

15. Geothermal gradient data for Oregon for 1978: Open-File Report 

0-81-3A. 

16. Geothermal gradient data for Oregon for 1979: Open-File Report 

0-81-3B. 

17. Geothermal gradient data for Oregon for 1980: Open-File Report 

0-81-3C. 

18. Map showing geology and geothermal resources of the southern half 

of the Burns 15' Quadrangle: GMS 20, in press. 

19. Map showing geology and geothermal resources of the Vale East 7 1/2' 

Quadrangle, Oregon: GMS 21, in press. 
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20. Geothermal gradient data for Oregon for 1981: Open-File Report 

0-82-4. 

The Department is continuing its resource assessment efforts in other 

areas throughout Oregon with concentration on the Cascades. Resource assess­

ment data will soon be available in open file for the low-temperature resources 

of Ashland, Oregon when a 1982 drilling program is completed under contract 

DE-FC07-79ID12044. Preliminary conclusions concerning the Klamath Falls and 

Bend areas will also be available in an upcoming special paper on the geology 

and geothermal resources of the Oregon Cascades (DOGAMI Special Paper 15). 

A preliminary summary of this paper will be included in the cbnference proceedings 

volume for the 1982 USDOE-sponsored conference at Salt Lake City, Utah. A 

similar paper, aimed primarily at a summary of the data gathered at Powell 

Buttes, was presented in the 1981 USDOE conference at Glenwood Springs, 

Colorado (see DOE/ID/120-79-39, ESL-59, published by the Earth Science 

Laboratory, University of Utah Research Institute, Salt Lake City, Utah). 
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Stata of Oregon 
Department of Geology and Mineral Industries 
1069 State Office Building 
Portland, Oregon 97201 

Attention: Donald A« Hull 

Subject: COOPERATIVE AGREEt-ffiJ.T NO. DE-FC07-79ID12044 

Gentlemen: 

We are enclosing three copies of the above-subject Cooperative Agree­
ment which have been signed on behalf of DOE. If satisfactory to you, 
please have the three copies signed by an authorized official, and 
then return two fully executed copies to this office. The third 
fully executed copy la for your retention. 

All consultant agreements and subcontracts in excess cf $10,003 must 
be submitted to this office for review and approval prior to execution, 

Please complete two copies of the attached Form DOE 538 and return 
to this office for submission to the Oak Ridge Technical Infonaation 
Center. Reports should be numbered la accordance with the attached 
instructions. 

J. P. Anderson, Chief of the Contract Administration aranch, and his 
designee, T. A. Hart, will administer this Cooperative Agreeaent, and 
all questions should be directed to Ms. Hart on telephone 208-526-1912. 

Very truly yours, 

Ortginoi signed by 
R. E. Simonds 

R. E. Siaajnds, Direc tor 
Contracts Manageraent Divis ion at 

Enclosures: 
As s t a t e d 

CNB 
KRHastings:mh 
L rson 
7, 

bcc w/encl: 
L. L. Mink i "^^ 
J. P. Anderson 
Mary Parks 

CAB M 
JP.-̂ nderson CEWilliams 

CM 
RESimonds 
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Pt. 9 W n PI 35-Sn. and ft 9M1 

1 Paniciiiam Nam* am) Mdra t i 

State of Oregon 
Department of Geology and Mineral 

Industries 
. 1069 State Office Building 

Portland, Oregon 97201 

1 a. AgrMflMM No. 

DE-FC07-79ID12044 

t.D. MoOiticatton No. 

2. AftMiMnt Panad 

Prom: May 23, 1979 ro: July 30, 1980 

4. PanWifaM Tygt 

a Edueattoaal a NonfrolH 

IS Sttia or Locat GovtrmiMnt Q Prettt 

& Praiaaritit 

Geothermal Resource Assessment of the 
Westem and Central Cascades, Oregon 

1 Proiacl wm a* CaiMuctad Par 

Saa ArWa _ _ I I _ ^ 

7. Tacnmcal flaoom Ara Raqutrad 

S H Articla ^ ^ ^ 

a Priflctpal Invaattgatorlsl or Prgfrani Oiraeioria) Nana and Addrasa 

Donald A. Hull 
State of Oregon, Department of 
Geology and Mineral Industries 

1069 State Office Building 
Portland, Oregon 97201 Telephone; 

9. OOE Prggran Otficar (Nana and Aooraaal 

Leland L. Mink, Energy & Technology 
Division, DOE-ID 

550 Second Street 
Idaho Falls, Idaho 83401 
Tataqnona NO. 2 O 8 - 5 2 6 - 0 6 3 8 

ia Atnunang and Aoprosnatlon Oau 

89X0210.91 
503-229-5580 

IZ SuSmit VoucAar]. if any. to Afraamanti Ofttcar Unlasa 
OBiaroiaaSoaeiftadintmasioeii Direc tor , Contracts 
Management Division, DOE-ID, 550 Second 
S t r e e t , Idaho F a l l s , Idaho 83401 

11. Malhod ot Paymant 

a % At Award. 

0 Lanar ot Cridii 

a Otner (spactlyl S H Anida 

^ Whan Raouaaiad. n Upon Racaipt at Final Raport 

a ileinioursafflant 

IV 

13. Funding Sdurcea 

Soufca 

DOE 

PaniciBant; 

Total Funding: 

14. Ramarlis: 

Amount 

662,447.00 

30.472.00 

692.919.00 

Precontract Costs 

Post-Award Costs 

$200,000.00 

462.447.00 

$662,447.00 

;S Amount QUiqaKd 3v *Kis Action- S 
662,447.00 

16. OOE Isumg Oltice iNania and Addrasai 

Idaho Operations Office 
550 Second Street 
Idaho Falls, Idaho 83401 

\7 OOE Csooaraiive Agrtemants Otticcr 19. Participant Accapunca 

iSignatura) (Oaiai 8y 
Signature ol Auttionzad Otiicial 

.Name itypedl 

ritta _ _ _ _ 

Tatesnone Mo. 

Mama llypadi 

Tina _ ^ _ _ 
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Coopera t ive Agreement No. DE-FC07-79ID12044 

COOPERATIVE AGREEMENT 

THIS AGREEMENT, e n t e r e d i n t o the day of 
1979 ( e f f e c t i v e as of t he 23rd day of May 1979) , by and between the 
UNITED STATES OF AMERICA ( h e r e i n a f t e r c a l l e d Che "Government") , a c t i n g 
through the DEPARTMENT OF ENERGY ( h e r e i n a f t e r c a l l e d "DOE") wi th i t s 
Idaho O p e r a t i o n s Of f i ce l o c a t e d a t 550 Second S t r e e t in Idaho F a l l s , Idaho 
83401, and the STATE OF OREGON, DEPARTMENT OF GEOLOGY AND MINERAL INDUSTRIES 
( h e r e i n a f t e r c a l l e d the " P a r t i c i p a n t " ) ' l o c a t e d a t P o r t l a n d , Oregon; 

tflTNESSETH THAT: 

WHEREAS, t he Government i s i n t e r e s t e d in a geothermal r e s o u r c e a s s e s s ­
ment of che Cascades in Oregon; and 

WHEREAS, t he P a r t i c i p a n t has submi t t ed an u n s o l i c i t e d p roposa l and 
proposed t o unde r t ake such an assessment and DOE d e s i r e s to p rov ide 
c e r t a i n f i n a n c i a l a s s i s t a n c e for the accomplishment of such a program; and 

WHEREAS, t h i s Agreement i s a u t h o r i z e d by the Department of Energy 
O r g a n i z a t i o n Act ( P u b l i c Law 9 5 - 9 1 ) , Sec t i ons 7 ( a ) ( 2 ) and 8 of P u b l i c 
Law 93-577 , and S e c t i o n s 103(5) and 107(a) of P u b l i c Law 93-438; 

NOW, THEREFORE, DOE and the P a r t i c i p a n t ag ree as f o l l o w s : 

ARTICLE I - STATEMENT OF JOINT OBJECTIVE 

The d i r e c t a p p l i c a c i o n of geothermal energy a t v a r i o u s s i t e s l o c a t e d 
w i t h i n Oregon can be a s i g n i f i c a n t f a c t o r in t h e Government 's e f f o r t s to 
achiev'e energy independence . The r e s e a r c h prov ided for in t h i s Agreement 
i s impor tan t to both the Government and the P a r t i c i p a n t for e s t i m a t i n g the 
p o t e n t i a l of zeo thermal energy u t i l i z a t i o n and for f o s t e r i n g i t s use in 
Oregon. 

ARTICLE I I - DESCRIPTION OF RESPONSIBILITIES 

The P a r t i c i p a n t i s r e s p o n s i b l e to a s s u r e t h a t che r e s e a r c h is accomp­
l i s h e d in a manner c o n s i s t e n t with che p r o v i s i o n s of t h i s Agreement. The 
P a r t i c i p a n t ' s p roposa l i d e n t i f i e d as "Geothermal Resource Assessment of che 
Western and C e n t r a l Cascades , Oregon ," as i t may have been amended, i s made 
a p a r t of t h i s Agreement by t h i s r e f e r e n c e ; however, i f t h e r e i s any 
c o n f l i c t between the c o n t e n t of t h e p roposa l and the con t en t of Chis 
Agreement, the c o n t e n t of Chis Agreement governs . The fo l lowing s p e c i f i c 
t a s k s p rov ided for in the p roposa l a r e to be accompl ished: 

050479 



Cooperative Agreement No. DE-FC07-79ID12044 

.ARTICLE II - DESCRIPTION OF RESPONSIBILITIES (Cont'd) 

Task 1 - Geology and Lineament Study 

This is a one year effort entirely funded in the first year for 
$116,115.00. The work scope will be composed of: 

a. Two areas in the Cascades have been identified for sCudy during 
1979. Geologic mapping, fault analysis and geothermal resource 
evaluation will be conducted at both sites. The two sites will be 
the upper Clackamas River Valley, and the upper portions of the 
Molalla and Little North Sanciam Rivers. In addition Co geologic 
mapping, funding is approved for radiomeCric age dating of rocks 
from the„study area, kge dating techniques will include K/Ar and 
Ar /Ar methods as outlined in the proposal. Craig M. 
White of the Department of Geology of University of Oregon will 
conduct this work. 

b. The lineament study will include examination various low angle 
and high space photographic surveys of the central western Cascades 
of Oregon in order to identify and verify major structures such as 
faults and lineaments. The product will be a series of lineament 
maps of 36 x 96 mile project area approximately bordered by 
120'45' and 122''30'W. Longitude and 43°30' and 45'N. Latitude. 
Staff members of DOGAMI will conduct this work. 

c. As stated in attachment 3 of the proposal, five items of work will 
be conducted and will include: 

1) A comparative mapping study of mines, tectonic structures, 
breccias and hydrothermal alteration versus plutonic and 
volcanic rock distribution. 

2) K-Ar age determination of plutonic and hydrothermal minerals. 

3) Study and sythesis of Che petrochemistry of the pluConic 
and volcanic host rocks. 

4) Study of the distributions and variations of: 

(a) alteration and metallic minerals of 
hydrothermal origin, 

(b) trace elements in stream sediments and 
plutonic and volcanic host rocks. 

DOGAMI staff members will conduct this work. 

052379 -2-



Cooperative Agreement No. DE-FC07-79ID12044 

ARTICLE I I - DESCRIPTION OF RESPONSIBILITIES (Cont'd) 

Task 2 - Tectonic Framework Study 

A one year tec tonics study has been proposed for a t o t a l funding of 
334,167.00 and w i l l include a de ta i led study of the nature and extent 
of t e r t i a r y ro t a t ion and deformation of rocks in the westem Cascades. 
In addi t ion the study wi l l focus on the probable location of cont inental 
and oceanic p l a t e boundaries in the area of the Coast Range and the 
western Cascades. Sampling of basal t flows at s i t e s (as outlined in 
che proposal) in the western Cascades wi l l be accomplished and the 
samples wi l l be sent to Stanford Universi ty for cryogenic magnetometer 
ana lys i s . Dr. Alan Cox of the Department of Geophysics at Stanford 
Universi ty wi l l conduct th i s e f fo r t . The end product of th i s effort 
wi l l be a report descr ib ing , in de t a i l the tec tonic framework of the 
western Cascades region. 

Task 3 - Thermal Gradient Dr i l l i ng Study 

A three year thermal gradient study has been proposed for a t o t a l 
funding of $729,680.00. The f i r s t year ef for t $228,626, has been 
approved several holes wi l l be d r i l l e d over an eight week period 
beginning approximately August 1, 1979. A s u i t e of geophysical logs 
wi l l be taken in each heat flow hole including temperature, r e s i s t i v i t y , 
s e l f - p o t e n t i a l , and na tura l gamma. In addi t ion to the d r i l l i n g 
program, any previously ex i s t ing wells (water wel l s , o i l - t e s t wel l s , 
mineral exploratory holes , e t c . ) wi l l be t es ted for temperature 
g rad ien t s . The end product of th i s effor t wi l l be a report and heat 
flow i n t e r p r e t a t i o n maps of the western and cen t ra l Cascades Region in 
Oregon. Staff members of DOGAMI wi l l supervise Che d r i l l i n g subcontracts 
and wi l l be responsible for the geophysical measurements, i n t e r p r e t a t i o n s , 
repor t , and maps. 

Task 4 - Geochemistry 

A three year proposed effort for a t o t a l of 553,128. The f i r s t year 
phase of work has been aporoved for 320,557. The work wil l include 
samoling of thermal springs and wells in the study area for water 
analysis and geothermometry s tud i e s . The data wi l l be submitted to 
the ilSGS, Menlo Park, Cal i fornia , for inclusion in che GEOTHERM daCa 
base f i l e . The scaff members of DOGAMI wi l l conduce chis work. 

Task 5 - Publicat ions 

No effort during f i r s t year. 
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ARTICLE I I - DESCRIPTION OF RESPONSIBILITIES (Con t ' d ) 

Task 6 - A Grav i ty Survey in t he Nor thern Oregon Cascades 

This is a proposed t h r e e yea r e f f o r t ; t he f i r s t year workscope has 
been approved for $65 ,000 . The work to be conducted w i l l inc lude a 
g r a v i t y survey in che a r e a between 44 ' ' 15 ' and 4 5 ' 4 5 ' N . L a t i t u d e and 
121°00' and 1 2 2 ' 3 0 ' W. L o n g i t u d e . The product of t h i s s tudy w i l l be a 
s e r i e s of Bouguer anomaly maps a t a 1:125,000 s c a l e , and a r e p o r t 
d e s c r i b i n g the s tudy and c o n c l u s i o n s . Dr. Richard W. Couch, A s s o c i a t e 
P r o f e s s o r in Geophys ics , Oregon S t a t e U n i v e r s i t y , w i l l conduct t h i s 
s t u d y . Equipment purchased under t h i s t a s k w i l l i nc lude a p l o t t e r 
i n t e r f a c e sys tem, as o u c l i n e d in t he p r o p o s a l . 

Task 7 - Aeromagnetic and Grav i ty Measurements , Southern Cascades 

This is a proposed 4 yea r e f f o r t , the f i r s t year work scope has been 
approved fo r $197,982. The work w i l l i n c l u d e an aeromagnet ic survey 
and a g r a v i t y survey in the r e g i o n between 4 2 ' and 43°N L a t i t u d e and 
1 2 1 ' and 122 '30 'W. L o n g i t u d e . The s t u d i e s w i l l de te rmine the r e l a t i v e l y 
l a r g e s c a l e l i t h o l o g i c d i s t u r b a n c e s and near s u r f a c e s t r u c t u r e s in the 
s o u t h e r n Cascades . The p r o d u c t s of t h i s s tudy w i l l be a map of t he 
s t r u c t u r a l f i n d i n g s and a r e p o r t d e s c r i b i n g the s tudy and c o n c l u s i o n s . 
Dr. Richard W. Couch, A s s o c i a t e P r o f e s s o r of Geophys ics , School of 
Oceanography, Oregon S t a t e U n i v e r s i t y , w i l l conduct t h i s work. 

The P a r t i c i p a n t i s a l s o r e s p o n s i b l e for c o s t - s h a r i n g t o the ex ten t 
p rov ided for in A r t i c l e I I I , " F i n a n c i a l Support of the P r o j e c t . " 

ARTICLE I I I - FINANCIAL SUPPORT OF THE PROJECT 

A. The t o t a l e s t i m a t e d cos t of performing the work under Chis Agree­
ment i s Six Hundred Ninety-Two Thousand Nine Hundred Nine teen D o l l a r s 
( $ 6 9 2 , 9 1 9 . 0 0 ) . The P a r t i c i p a n t s h a l l be re imbursed by DOE for not more 
than 95% of the c o s t s of the p r o j e c t de te rmined to be a l l o w a b l e in accordance 
wi th A r t i c l e A-I of the Genera l P r o v i s i o n s e n t i t l e d "Allowable C o s t s . " The 
remaining 5% or more of Che c o s t s of the p r o j e c t so de termined s h a l l 
const iCuCe che P a r c i c i p a n C ' s sha re for which ic w i l l noC be re imbursed by 
DOE. The Cotal c o s t to DOE i s hereby e s t a b l i s h e d as S ix Hundred Sixty-Two 
Thousand Four Hundred For ty -Seven D o l l a r s ( 3 6 6 2 , 4 4 7 . 0 0 ) , and t h i s amount is 
a l s o che maximum amounC of Che p ro jecc which i s subjecC Co reimbursement by 
DOE u n l e s s such maximum cos t i s changed in w r i t i n g by the C o n t r a c t i n g 
O f f i c e r . 

B. In regard to any i n c r e a s e or d e c r e a s e in Che CoCal e s t ima ted 
c o s t of t h i s AgreemenC, as a r e s u l t of any change in Che o r i g i n a l Scatement 
of Work, as may be agreed upon by the p a r t i e s du r ing the term of ch i s 
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CooperaCive Agreement No. DE-FC07-79ID12044 

ARTICLE I I I - FINANCIAL SUPPORT OF THE PROJECT (Cont ' d ) 

Agreement, the a p p r o p r i a t e s h a r i n g of the funding, i f any, of such i n c r e a s e 
or d e c r e a s e s h a l l be shared at Che raCio of 95% DOE, 5% P a r c i c i p a n C , 
as agreed upon above. 

C. The amount of funds o b l i g a t e d under t h i s Agreement by DOE for 
Che pe r iod from May 23 , 1979 through Ju ly 30, 1980 i s Six Hundred Sixty-Two 
Thousand Four Hundred For ty -Seven D o l l a r s ( 3 6 6 2 , 4 4 7 . 0 0 ) . Funding for 
c o n t i n u a t i o n of the p r o j e c t in f u t u r e yea r s w i l l be provided when and if 
a v a i l a b l e . 

ARTICLE IV - METHOD AND BASIS OF PAYMENT 

A. Once each month the P a r t i c i p a n t s h a l l submit an i nvo ice to DOE 
suppor ted by a d e t a i l e d s t a t e m e n t of c u r r e n t c o s t s i ncu r r ed for performance 
of work under t h i s Agreement and c la imed to c o n s t i t u t e a l l owab le c o s t s . 
Al lowable c o s t s w i l l be determined in accordance wi th A r t i c l e A-I of 
Appendix A. If any of che cosCs inc luded in t h e monthly i nvo ice a r e 
de termined to be u n a l l o w a b l e , the invo ice w i l l be a p p r o p r i a t e l y r educed . 
DOE w i l l pay i n v o i c e s p rompt ly . 

B. F i n a l payment w i l l not be made u n t i l t he F i n a l Report i s r e c e i v e d 
and accepted by the C o n t r a c t i n g O f f i c e r . In no event w i l l t he f i n a l 5% of 
t he amount of o b l i g a t e d funds be pa id to t h e P a r t i c i p a n t u n t i l DOE has 
r e c e i v e d the F i n a l Report and the F i n a l Cost Report d e s c r i b e d in A r t i c l e 
V I L A , of t h i s Agreement. 

ARTICLE V - TERM OF AGREEMENT 

The work under t he Geothermal Resource Assessment of t he Wes tem and 
C e n t r a l Cascades , Oregon p r o j e c t i s a n t i c i p a t e d t o take s e v e r a l y e a r s . The 
P a r t i c i p a n t has submi t t ed a p roposa l for funding for each of the f i r s t four 
y e a r s . The i n i t i a l term of Chis AgreemenC is Che f i r sC year from May 23 , 
1979 chrough Ju ly 30, 1980. Ic i s cur renCly anCicipaCed t h a t the subsequent 
y e a r s w i l l be f i n a n c i a l l y suppor t ed by DOE and, t h e r e f o r e , Che Cerm of Chis 
Agreement may be extended as mutua l ly agreed upon by DOE and che P a r t i c i p a n t . 

•AilTICLE VI - PROJECT MANAGEMENT 

A. In a d d i t i o n to DOE p e r s o n n e l , the P a r t i c i p a n t agrees to permic 
non-DOE p e r s o n n e l who are under conCracC wiih DOE, and i d e n c i f i e d from cime 
CO cime by che C o n t r a c t i n g O f f i c e r , to a s s i s t the DOE r e p r e s e n t a t i v e in 
performance of h i s d u t i e s and to have neces sa ry access to the P a r t i c i p a n t ' s 
and major s u b c o n t r a c t o r s ' r e c o r d s p e r t a i n i n g to the p r o j e c t . DOE c o r r e s p o n d ­
e n c e , i f any, wi th s u b c o n t r a c t o r s s h a l l be rou ted through the P a r t i c i p a n t . 
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ARTICLE VI - PROJECT MANAGEMENT ( C o n t ' d ) 

B. (1) DOE's Program O f f i c e r on t h i s p r o j e c t and the person 
who s h a l l be the P a r t i c i p a n t ' s c o n t a c t for a l l m a t t e r s 
p e r t a i n i n g to t h i s Agreement s h a l l be t he fol lowing-named 
pe rson or such o t h e r p e r s o n ( s ) as may be d e s i g n a t e d by the 
C o n t r a c t i n g O f f i c e r : 

Leland L. Mink 
Energy and Technology D i v i s i o n 
Idaho O p e r a t i o n s O f f i c e , DOE 
550 Second S t r e e t 
Idaho F a l l s , Idaho 83401 
Telephone 208-526-0638 

(2) The P a r t i c i p a n t ' s P r o j e c t D i r e c t o r for t he work under 
t h i s Agreement w i l l be t he fo l lowing person or such o t h e r 
p e r s o n ( s ) as may be mutua l ly a c c e p t a b l e to the p a r t i e s : 

Donald A. Hull 
P r i n c i p a l I n v e s t i g a t o r 
S t a t e of Oregon 
Department of Geology and Minera l I n d u s t r i e s 
1069 S tace Of f i ce B u i l d i n g 
P o r t l a n d , Oregon 97201 
Telephone 503-229-5580 

C. The term "DOE" means the Uni ted S t a t e s Department of Energy. 

D. The term " C o n t r a c t i n g O f f i c e r " means Che person execu t ing t h i s 
Agreement on beha l f of DOE, and i nc ludes h i s s u c c e s s o r s or any duly 
a u t h o r i z e d r e p r e s e n t a t i v e of such p e r s o n . 

ARTICLE VII - PROJECT INFORMATION 

A. All P r o j e c t I n f o r m a t i o n R e p o r t s , as r e q u i r e d by DOE Uniform 
C o n t r a c t o r Repor t ing System, Volume 1, da ted September, and as i n d i c a t e d on 
Che accached DOE Form CR-537, s h a l l be submiCCed to the DOE Program O f f i c e r 
in accordance with the s p e c i a l i n s t r u c t i o n s . 

8 . The F i n a l Techn ica l Report s h a l l be due at the end of DOE's suppor t 
for the p r o j e c t . OOE w i l l adv i se t he P a r t i c i p a n t one hundred e i g h t y (180) 
davs in advance of t e r m i n a t i o n of suppor t for che p ro j ecc and Che F i n a l 
T e c h n i c a l ReporC s h a l l be due as noCed in t he s p e c i a l i n s t r u c t i o n s . 

C. O u ^ r t e r l y p r o g r e s s meet ings w i l l be he ld which the P a r t i c i p a n t is 
r e q u i r e d to a t t e n d . DOE w i l l fund t r a v e l expenses for one member of the 
P a r t i c i p a n t ' s team. 
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ARTICLE VII I - CHANGES AND MODIFICATIONS 

Any changes or m o d i f i c a t i o n s to t h i s Agreement or in the scope of work 
CO be performed s h a l l be made by mutual wricCen agreement of che p a r t i e s . 
A change may be i n i t i a t e d by e i t h e r p a r t y to t h i s Agreement. The C o n t r a c t ­
ing O f f i c e r s h a l l have the a u t h o r i t y to de te rmine what c o n s t i t u t e s a change. 

ARTICLE IX - TERMINATION 

A. I t i s t h e express i n t e n t of DOE and the P a r t i c i p a n t to fund t h e i r 
r e s p e c t i v e c o s t p a r t i c i p a t i o n for t h e p r o j e c t . 

B. No twi th s t and ing the f o r e g o i n g , i t is unders tood t h a t DOE or Che 
P a r C i c i p a n t may at any time upon g iv ing s i x t y (60) days p r i o r w r i t t e n 
n o t i c e to the o t h e r p a r t y t e r m i n a t e t h i s Agreement for i t s convenience 
for any r e a s o n . 

C. In the event of t e r m i n a t i o n , i t i s expec ted t h a t t he p a r t i e s w i l l 
c o o p e r a t e with each o t h e r to r ea sonab ly phase out the P a r t i c i p a n t ' s c o s t s 
and cos t coimnitments, i n c l u d i n g cos t l i a b i l i t i e s to t h i r d p a r t i e s ; p rov ided , 
however, t h a t the t o t a l amount o b l i g a t e d by the Government under t h i s 
Agreement s h a l l not be exceeded. Moreover, upon any such t e r m i n a t i o n the 
P a r t i c i p a n t ag rees to p rompt ly , upon DOE's r e q u e s t , t r a n s f e r t o DOE a l l 
i n fo rma t ion r e s u l t i n g from the work performed to t he da te of the t e r m i n a t i o n 
n o t i c e . 

D. In t he event of t e r m i n a t i o n , the Government ag rees to pay the 
P a r t i c i p a n t a l l a l l o w a b l e c o s t s i n c u r r e d p r i o r to r e c e i p t of the t e r m i ­
n a t i o n n o t i c e , and t h e P a r t i c i p a n t a f t e r r e c e i p t of t he t e r m i n a t i o n 
n o t i c e s h a l l : 

(1) P l ace no f u r t h e r o r d e r s or s u b c o n t r a c t s for m a t e r i a l s , 
s e r v i c e s , or f a c i l i t i e s in tended to be invo iced to the 
Government for i t s c o n t r i b u t i o n . 

(2) Cancel a l l o r d e r s and subcontrac t .? to che e x t e n t chac 
chey re l ace Co Che performance of work t e rmina t ed by the 
Not ice of Te rmina t ion and in tended to be invoiced to the 
Government for i t s c o n t r i b u t i o n . 

(3) N o t w i t h s t a n d i n g subparagraphs D . ( l ) and (2) above, 
the P a r t i c i p a n t has the r i g h t to proceed with such o rde r s and 
s u b c o n t r a c t s should i t dec ide to c o n t i n u e performance of che 
work aC i c s expense on ly . 
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ARTICLE IX - TERMINATION (Cont'd) 

E. After a termination, che Participant shall submit to the Contract­
ing Officer its termination claim. Such claim shall be submitted promptly 
but in no event later than one (1) year from the effective date of termina­
tion unless one or more extensions in writing are granted by the Contracting 
Officer. Upon failure of the Participant to submit its termination claim 
within the time allowed, the Contracting Officer may determine, on the 
basis of information available to him, the amount, if any, due to the 
Participant by reason of the termination and shall thereupon pay to the 
Participant the amount so determined. 

F. Costs claimed, agreed to, or determined pursuant to this article 
must constitute allowable costs as defined in Article A-1 of the Appendix A 
of this Agreement. 

G. Any termination notice rendered by either DOE or the Participant 
shall be sent by registered mail with return receipt requested. 

ARTICLE X - LIABILITY AND INDEMNIFICATION 

The Government will not be liable for payment of damages for Injuries 
to any person, or loss of life or personal property, or loss suffered or 
sustained and arising from the work performed under this Agreement. The 
Participant agrees to indemnify and save the Government harmless from any 
and all claims, demands, damages, actions, costs, or charges against the 
Government arising as the result of the above-mentioned injuries, damages, 
or loss, except for any such damages or claims arising out of the negligent 
act of the Government or its employees in the course of their official 
duties. 

ARTICLE XI - USE OF INFORMATION 

All data and information generated, derived or obtained from che 
activities provided for herein, and this Agreement, will be public 
information. 

ARTICLE XII - DATE OF INCURRENCE OF COSTS 

The Participant shall be entitled to reimbursement for costs incurred 
in an amount not to exceed Two Hundred Thousand Dollars ($200,000.00) on or 
after May 23, 1979, which, if incurred after this Agreement had been 
entered into, would have been reimbursable under the provisions of this 
Agreement. 

ARTICLE XIII - ADDITIONAL AGREEMENT PROVISIONS 

Appendix A, attached hereto and made a part hereof, sets forth additional 
general provisions of this Agreement. 
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U. S. DEPARTMENT OF ENERGY 

REPORTING R E Q U I R E M E N T S C H E C K L I S T 

(See Instructions on Reverse) FORM APFROVSO 
OMB NO. 3aR.ai30 

1. IDENTIFICATION 2. OBLIGATION INSTRUMENT: 
DE-FC07-79ID12044 

3. REPORTING REQUIREMENTS 

A. PROJECT MANAGEMENT 

1. O Manageinent Ptan 

2. a Milestone Schedule & Status Report 

a a Cost Plan 

4. D Manpower Plan 

5. S Contraa Management Summary Report 

6. B Project Status Report 

7. Q Cost Management Report 

8. O Manpower Management Report 

9. 2 Conference Record 

10. S Hot Line Report 

Frequencv 

M 

M 

A 
A 

a. TECHNICAL INFORMATION REPORTING 

1. SI Notice of Energy RO&O Project (SSIE) 

2. B Technical Progress Report 

3. 6 Topical Report 

4. u Final Technical Report 

C. PMS/MINI-PMS 

1. Cost Performance Report 

a Format 1 WBS 

D Format 2 Functional 

D Format 3 Baseline 

n Format 5 Problem Analysis 

2. a Cost/Schedule Status Report 

3. Q Management Control System 

Description 

*• n Summary System Description 

5- Q WBS Dictionary 
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FREQUENCY COOES: A - As Required 
C — Contract Change 
F - Final (End of Contraa) 
M - Monthly 
0 — One Time (Soon After Contract Award) 

Q - Quarterly 
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Y — Yearly or Upon Contract Renewal 

4. SPECIAL INSTRUCTIONS 
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below: 
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8.3 - Six copies are due not less than forty-five days prior to completion of the 
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8.4 - Submit in draft fo r ty - f i ve days prior to completion date of Cooperative Agreement. 
After th i r t y days for DOE review, submit eleven copies including one camera-ready 
copy. 

5. ATTACHED HEREWITH: 

C Reoort Distribution List 

D WBS/Reporting Category 
D 
O 

6. PREPARED 8Y (Signature and date); 7. REVIEWED BY (Signature and date): 



S I A N D A R 6 f O » M 30 , JUIY 1966 

CENE«Al . SEOVICCS ADMINIST«AT10N 
f f D m O C . K tO. (41 CHI l 1 - 1 4 . 1 0 1 

AMBMDMENT OF SOLICITATION/MODIFICATION OF CONTRACT 
^Aoe 

1 
I A M E N O M a ^ T / W O O i r i C A T K X N O . 

A O O l 
2. t f H C n v * DAT« 

1/1/80 
3. tiouismoH/rueotAtf icoucsT NO. 

07-801012044,501 
4. t t O J K t NO. ( I f app l i cab i t ) 

5 ISSUED »r CODE 

U.S. Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Falls, Idaho 83401 

4. A1>M»«STIIE0 tY ( I f o lht r than block i ) CODE 

7. CONT«ACTO« 

NAME AMO ADDRESS 
CODE P A O U T Y CODE 

r State of Oregon 
Department of Geology and 

(Street, city, , _ , 

cou ..statt. Mineral Industries 
Z'def^ 1069 State Office Bldg. 

Portland, Oregon 97201 
Attn: Donald F. Hull L̂  

n 

J 

AMENDMENT Of 
I 1 SOUCITATION N O . . 

OATH). - ( S t t block 9 ) 

MODirioTioN or F r n 7 - 7 9 I D 1 2044 
• CONTRACT/OKDEX u n f - ^ U / / ^ ^ l U l Z U . ^ H 

DATED 7-24-79 . ( S e e block 11) 

THIS BLOCIC APPIIES ONLY TO AMENDMENTS O f SOLICITATIONS 

i j Ttia obov* numtMr«d lo l ic i to t ion i i am«ndod a , lot fortt i in block 12 . n»« hour ond doto ipoci f lod fo r rocoipt of Of fo r t [ _ j i i axtondod, [ ] It not oxtonciod. 

O f f v ro r t mutt oeknowlodgo rocoipt of th i t omondmont pr ior to tho hour and doto tpoci f iod In ttw to l i c i to t ion , or o t omondod, by ono o f tho fo l lowing mott iodt i 

(o) fty l i g n i n g and rohjrn ing cop io t of th i i omondmont ; {b) By ocknowlodg ing rocoipt o f t h i t a m o n d m o n t on ooch copy o f tho offor l u b m i l l o d t or (c | fty l o p o r o t o lot tor or l o l o g r o m 

«h ch i r t c ludo i o r . l . r . n c . lo I h . l o l i c i t o t i on ond o m . n d m . n t n u m b . r i . fAILURE OF YOUR A C K O W I E O G M E N T TO aE KECEIVED AT THE ISSUING OFFICE PRIOR TO THE HOUR ANO 

OATE SPECIFIED MAY RESULT I N REJECTION OF YOUR OFFER. If, by v i r luo of th i t omondmont you do t i ro to chango on oftor o l roady l ubm i l t od , luch chongo may bo modo by I t l o g r o m 

Of I . n . r , prov idod luch l o l . q r o m or le f t . r moko t r . f . r . n c . lo t h . lo l i c i to t ion ond th i i omondrnMit , and i t rocoivod pr ior lo Iho opon ing hour and doto i poc i f i od . 

10 ACCOUNTING ANO APPSOfRIATlON DATA ( I f r e q u i r e d ) 

I I THIS tUX3C APPtlES O N I Y TO MODinCAT IONS O f CONTHACTS/ORDEK 

fo) n^ i l C h o n g . O r d . r i t i t t u o d pur tuont to _ _ _ _ _ _ . . . ^ ^ ^ _ ^ _ 

Tho Chongo, tot forth in block 12 aro modo to tho obovo numborod oo f« roc t /oHor . 

fb j r n Tho o b o v . n u m b « r . d con t roc t /o rdo r i t mod inod to rofloct tho odmin i t t ro t i v * changot (twch a t changot in p a y i n g of f ico, approp r ia t i on do to , . t c ) Mt forth in block 12 . 

(c) \ ^ Thit S u o p l . m . n l o l A g r . o m . n t i t . n t o r « f into pu r iuon t to author i ty o f P l l h 1 1 T — T i r l T J 9 5 — 9 1 — S u d — O t h o r — a p p l l C O b I c — I Q W O 

It m o d i f i . t t h . obovo numborod contract a t tot for th in b lock 1 2 . 

12 DESCXIPTION O f AMENDMENT/MODIFICATION 
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Task 8 - Supervision of Drilling at Mt. Hood 
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Modification No. AOOl (continued) 
Supplemental Agreement to 
Cooperative Agreement No. DE-FC07-79ID12044 

e. Provide analyses of core, cuttings and fluid samples. 

f. Provide interpretation of geophysical logs. 

g. Provide and print a final geologic report of scientific data 
and interpretation from the hole or holes. 

2. Notwithstanding the provisions of Paragraph B of Article III, Financial Support 
of the Project, Paragraphs A and C of Article III are hereby revised to provide 
as follows: 

Paragraph A: The total estimated cost of performing work under the Agree­
ment is increased by $123,842 to a new total of $816,761. 
The total cost to DOE is increased by $123,842 to a new total of 
$786,289. 

Paragraph C: The amount of funds obligated under this agreement are hereby 
increased by $123,842 from $662,447 to $786,289. 

3. A new sentence is hereby added to Article V, Term of Agreement, to read as 
follows: 

The period of performance for work under Modification No. AOOl shall begin 
January 2, 1980 and be completed December 31, 1980. 
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i . lUuco i r CODE t r ( I f ttktr ikmm block SI CODE 

U. S. Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Fa l l s . Idaho 83401 

7. CONTRAaOR 
N A M ( AND AOORESS 

COOE FACILTTY CODE 

r 
(S i ren , city, 
county, statt. 
joW ZIP 
Coda I 

L 

state of Oregon 
Department of Geology and 

Mineral Industries 
1069 State Off ice Building 
Portland, Oregon 97201 

n 

J 

A M « N O M ( N r t y t 
L J SOUCITATION MO. 

. ^ 5 r r block 9 ) 

^'^'^afo.^n No.D£z£ai2=iaini2Mi 

7-24-79 . (See block I t ) 

i h i s i l O C j t A P n l t S ONIY TO A M « N 0 M £ N T 5 O f S O U C T T A H O N S 

r ~ l nto otO'io nuoiborod lo lKi tanon i t omondod o> .at tont i in block 12. T)>o hour and Ooto wooAod lor rKo ip l ot Offort { ^ j i . n o n d o d , [_J <• r>or a>ln<0.d. 

O t ^ r o r t mut* oc lmowt .og . rocotpr a l tt i i t omondmonr pnor to t h . hour and doto ipoot lod in t t t . Mt id tanon, or ot o n i . n d . d , Vy M I . ot r t i* folloorvnq mortiodti 

( o l l r " W t ^ g and I --11 -irr-T- ot * i t omondtMnri |b l I r oduiaolodging rKo io l o ( I t i i t omondmont on . o c h COOT O ( * . . * . r i u b m i t t . d i or |c | I r i r oo ro to l . f t m or l . l .g ran< 

. h . c n i oduOM o r . twonco lo rho lot ict tonan ond omondmont mimi lort . fAl lURC O f TOUR A C X N O W U O O t M C N T TO 18 ( E C f l V t D AT THC ISSUINO O f f I C t PRIOR TO THf HOUR ANO 

OATt S P t O n E O MAT ICSUIT I N (EJECTION O t YOUR O f f f R . If, b» »irtvo ot i h i i ooMndmonr yoo d o u r , l o chongo on offor a l r«Mtr lubmi l tod, loch chongo mor bo i rodo b r lo l .o rom 

or l . r t . r , providod luch t . l . g r o m or tonor mo iM. rotorwico lo rK. le l io tonon ond thit omondmonr. and i t foc . ivod prior lo I h . oooninq hour and doto lOociHod. 

I a . ACCOUNTING ANO A i > r * O n t U n Q N O A T A ( i f r e q u i r e d ) 

11, mis IIOCX A«uES ONir ro MOomcAnoNS ot CONTRACTS/ORDERS 

[ol [ J Htit Chongo Ordor i t i i t uod puriuont fo . . M ^ . . . . . . _ . . . ^ _ ^ _ _ 

^ T>\o Qiongot lor twd i in block 12 oro mado to ttio obava numaorod csmroct/oidor. 

| b | I j Tho abovo numborod cororoct/ordor i i modiAod to r . f l . 0 itio o d m i n m i u l M . c t i o n ^ l (md i o . chongo. in poyinq offieo. oporoar ionon doto, r tc.] lot Iorth m block I 1 . 

(cl { ^ Thii Soop l im.n lo l Ag rMmoM it .n forod into pwnwont to oult ionty o t r l J D l I C I n W J H — W l P T . f ^ l . 

It mod iB . t tho obovo numtMrod contract at lot Iorth in block I 2. 

12. DESCRIPTION Of AMENOMENT/MODlf lCAr iON 

1. Revise Task 5 - Publications of A r t i c l e I I - DESCRIPTION OF RESPONSIBILITIES 
to read as fol lows: 

"Publish the f ina l repor t (s) , geophysical, geologic and 
accompanying tex ts , and data." 

ineament maps. 

2. Revise Ar t i c le I I I - FINANCIAL SUPPORT OF THE PROJECT to read as fonows: 

"A. The tota l estimated cost of performing the work under this Agreement 
is Eight Hundred Forty-Five Thousand Nine Hundred Ninety-Four 
Dollars ($845,994.00). The Participant shall be reimbursed by DOE 
for not more than 96.4% of the costs of the project determined to be 
allowable in accordance with A r t i c l e A-I of the General Provisions 
ent i t led "Allowable Costs." The remaining 3.6% or more of the costs 

continued 

Exc.or ot p rov id .d K . r vn , ail i . rmt and condihont o l ' h . documonf r . r . r w i c . d in block 3. a t hMwmroro chong.d. lamatet uncnongod and in full fore, ond trloct. 

13. 

i ! 
C 0 N T » A C T 0 « / O f f t R O « IS NOT 56OUIRE0 
r o SIGN m iS DOCUMENT 

1 i. N A M T ^ CONfihlCTOR/OfFSRP« ~~1 J _ / '~^ 

W \ CONTRACTOR/OffEROR IS REQUIRED TO SIGN Vt i i i DOCUMENT ANO « E T U « N _ i COf l tS TQ SSUING O f f K S 

4 -

iSigrtohfT. ot porton ou l t t on i .d ro ugn l 

\ 7 UNITEB'STAfSS Of AMERICA 

15. N A M £ A W O r n u O f SION€« ( T j p t o r p r m t l 

Donald A. H u l l , State Geologist 

l i . DATE SIGNED 

9-19-80 

i a . NAAHE Of C O I ^ R A C T I N G OfflCER ' T y p e or p n n t t 

Preston B. Brimhall 

19 OATt SIGNED 

^ - f ^ - i r o 

30-101 » U.S.aPO;197»0-281-187/5001 



of the project so determined shall consitute the Part ic ipant 's share 
for which i t w i l l not be reimbursed by DOE. The total cost to OOE 
is hereby established as Eight Hundred Fifteen Thousand Five Hundred 
Twenty-Two Dollars ($815,522.00), and this amount is also the 
maximum amount of the project which is subject to reimbursement by 
DOE unless such maximum cost is changed in wri t ing b̂  the Contracting 
Off icer . 

The tota l amount of the funds obligated under this agreement 
by DOE is Eight Hundred Fifteen Thousand Five Hundred Twenty-Two 
Dollars ($815,522.00)." 

A summary of the estimated cost and share totals is shown below: 

Basic Conti 
Mod. AOOl 
Ntad. M002 
Mod. A003 

Total 

Percentage 

-act 

Share 

DOE Share 

$662,447 
123,842 

29,233 
$815,522 

96.4% 

Oregon Share 

$30,472 

$30,472 

3.6% 

Estimated 
Cost 

$692,919 
123,842 

29,233 
$845,994 

The completion date for the performance of Task No. 5 is January 31, 
1981. 



{•"sfXwSA'tF'TORM 30, JULY 1966 
1 GENERA!. SEHy.CES A D M I N I S T R A T I O N 

f f O . ' ' " O C REG. i ^ l CfR) 1 - 1 6 . 1 0 1 
AMENiPleNT OF S O L I C I T A T I O N / M O D I F I C A M N OF CONTRACT 

Of 

] 
1. A M E N D M E N T / M O O I f l C A f l O N N O . 

A004 
2. EffECnVE DAIt 3. REOOISirON/fORCHASE RKXJEST NO. 

07-811012044.501 
M . PROJECT NO. ( I f applicable) 

5 . ISSUED »Y CODE 6. AOMINISTERED »Y ( I f other than block } ) CODE 

U. S. Department of Energy 
Idaho Operations Off ice 
550 Second Street 
Idaho Fa l l s , Idaho 83401 

7. CONTRACTOR 
N A M c A N D ADDRESS 

CODE FACILITY CODE 

r n 
(Stretl, city, 
county, slate, 
and ZIP 
Code) 

State of Oregon • 
Department of Geology and Mineral Industr ies 
1069 State Of f ice Bui ld ing 
Port land, Oregon 97201 

[J\TTN: Donald A. Hull J 

AMENDMENT Of 
I I SOUCITATION NO. 

DAIED. -(See block 9) 

0 ĉ NrÂ cT/oRDTR NO. DE-FC07-791 DI 2044 

7-24-79 DATED . . (See block 11 j 

9 . THIS BIOCIC APPIIES O N I Y TO A M E N D M E N T S O f SOLICITATIONS 

I j TTio obovo numborod l o l i c i t o t i on i t omondod o t lot for th in block 12 . Tho hour a n d doto tpoc i f iod for receipt of Of?ort i j i t on toodod, { i i not e x t e n d e d . 

O f ^ r o r s mut t o e k n o w l o d g o receipt of th i t a m e n d m e n t pr io r to t h . hour o n d d o l e tpoc i f iod in tho lo l i c i t o t i on , or o t amended , by one of I h . fo l low ing methodt : 

(a)"5y l imning a n d re tu rn ing cop io t of I h i t omondmon t ; (b) By ocknow lodg ing receipt o f t h i i a m e n d m e n t on eoch c o p y o f I h . o f? . r l u b m t t t or (c) By i i p a r o t e U t t e r or t e l e g r o m 

wh .ch . tvc ludet a t e l e tenco l o * . t o l i c i l a l i o n a n d o m o n d m e o l n u m b o n . FAILURE O f YOUR A C K N O W L E D G E M E N T TO BE RECEIVED AT THE I S S U I N G O f f l C E PRIOR TO THE H O U R A N D 

D A T E SPECIFIED M A Y RESULT I N REJECTION O f YOUR OFFER. If, by v i r tuo o t th i t omondmont you desi re t o change on of fer o l reody l u b m i t t o d . l u c h c h o n g . moy be m.ldo by te leg ram 

or let ter, p r o v i d e d l uch te l eg ram or loiter m o k o t re ference to the l o l i c i t o t i o n a n d t h i i amendmen t , a n d i t rece ived p r io r lo the o p e n i n g hour a n d dote i p e c i f i e d . 

10 A C C O U N T I N G A N D APPROPRIATiON DATA ( i f r e q u i r e d ) 

1 . THIS ~ O C X APPLIES ONLY TO MODIFICATIONS OF CONTRACTS/ORDERS 

[ a ] I j Thi t C h a n g . Order i t i i i u e d pu r tuon t to 

Tho Changot lo t forth in b iod t 12 o re modo to the above numbered comrac t / o rde r . 

( b i j j Tho above numbered c o n t r o c t / o r d o r i t mod i f i ed to reflect the admin is t ra t ive changot ( tuch o t c h o n g o i in p a y i n g o f f i ce , a p p r o p r i a t i o n d a t a , etc. ; set for th in block 1 2 . 

(c) | _ A I Th i i Supp lemen ta l Agreement is en te red into pursuant to au tho r i t y o f l U O I 1 C L a W 3 3 - S < l P T . . r i \ . 

It m o d i f i . l the above numbered contract os set for th i n b lock 1 2 . 

I 2 . DESCRIPTION OF A M E N D M E N T / M O D l f l C A T I O N 

,^. A r t i c l e I I - DESCRIPTION QF RESPONSIBILITIES i s revised to add the 
fo l lowing Tasks 9 and 10: 

Task 9 - Reconnaissance of Southern Cascades 

A reconnaissance of geothermal resources in the Southern Cascades w i l l be 
conducted by thu Par t i c ipan t . The e f f o r t w i l l include tes t ing thermal 
gradients in ex is t ing wel ls and geochemical sampling of thermal spr ings. 
In add i t i on , an in-house compilat ion of avai lab le geologic data w i l l be 
accomplished to evaluate geologic controls of potent ia l geothermal 
resources. The end product w i l l be an addi t ion to ex is t ing temperature 
gradient and spring analysis data fo r the Oregon Cascades avai lable in 
DOGAMI repor ts . 

Conti nued. . . 

E x c . p l a t p rov ided here in , a l l terms and cond i t i on t o f Ihe document re ferenced in block 8, a t heretofore changed , remain unchonged and in fu l l force and effect. 

13. 

D ^o'tlGS^^WIS^DOCUMENT ^ ^ ^ "QUIRED r ^ CONTRACTOR/OffEROR IS REQUIRED TO SIGN THIS DOCUMENT AND RETURN . _ L _ COPIES TO ISSUING OFflCE 

U N A M ; 

BY 

TRACTOR/Of fEROR 

^ 
(Sigttature o f po r t on ou tho r t i ed to t i gn ) 

17. UNITED STATES O f /kME/iICA 

B Y . 

TED STATES O f /AMERICA 

;S igno iu ie o i Contract ing Off icer) 

15 . NAME A N O TITIE OF SIGNER ( T y p t o r p r i n t ) 

Donald A. Hull 
State Geologist 

) 6 . DATE SIGNED 

1-19-81 

1 8 . N A M E OF CONTRACTING OFFICER ( T y p e o r p r i n t ) 

Nel l W. Fraser 

I » DATE SIGNED 

/Am 
:!0-ioi 

http://Exc.pl
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' â  

Task 10 - Residual Gravity Maps of the Oregon Cascades 

Reduce existing gravity data on the Oregon Cascades to a residual 
gravity. The product of this study will be a series of residual 
gravity maps at a 1:250,000 scale and a report describing the study 
and conclusions. Dr. Richard W. Couch, Associate Professor in 
Geophysics, Oregon State University, will conduct this study 

2. Article III - FINANCIAL REPORT OF THE PROJECT is revised to read as 
follows: 

"A. The total estimated cost of performing the work under this 
Agreement is Eight Hundred Seventy-Five Thousand Nine Hundred Ninety-Four 
Dollars ($875,994.00). The Participant shall be reimbursed by DOE 
for not more than 96.5% of the costs of the project determined to be 
allowable in accordance with Article A-I of the General Provisions 
entitled "Allowable Costs." The remaining 3.5% or more of the costs 
of the project so determined shall constitute the Participant's share 
for which it will not be reimbursed by DOE. The total cost to DOE is 
hereby established as Eight Hundred Forty-Five Thousand Five Hundred 
Twenty-Two Dollars ($845,522.00), and this amount is also the maximum 
amount of the project which is subject to reimbursement by DOE unless 
such maximum cost is changed in writing by the Contracting Officer." 

B. The total amount of funds obligated under this Agreement 
by DOE is Eight Hundred Forty-Five Thousand Five Hundred Twenty-Two 
Dollars ($845,522.00). 

A summary of the estimated cost and share totals is shown below: 

Basic Contract 
Mod. AOOl 
Mod. M002 
Mod. A003 
Mod. A004 

DOE Share 

$662,447 
123,842 

— 

29,233 
30,000 

Oregon Share 

$30,472 
— 
— 
— 
— 

Estimated 
Cost 

$692,919 
123,842 

— 

29,233 
30,000 

Total $845,522 $30,472 $875,994 

Percentage Share 96.5% 3.5% 

3. Article V - TERM OF AGREEMENT is revised to extend the term of the 
Agreement from January 31, 1981 to October 31, 1981. 

4. Article VI - PROJECT MANAGEMENT Paragraph B.(2) is revised to name 
tho following as the Participant's Project Director: 

George R. Priest 

121980 
7H-B21 



U.S. DEPARTMENT OF ENERGY 
IDAHO OPERATIONS OFFICE 

COOPERATIVE AGREEMENT 

ID FOflM-lBZ 
(Rev 05.^)) 

Rel CMO PURSUANT TO AUTHORITY OF PL 93-410, PL 93-438 
PL 93-473, PL 93-577, and PL 95-91 

3. Participant NarTie and Address 

State of Oregon 
Department of Geology and Mineral Industr 
1059 State Office Building 
Portland, Oregon 97201 

l.a. Agreement No. 

DE-FC07-79ID12044 

l.b. Modification No. 

M005 

2. Agreement Period 

From: 5 - 2 3 - 7 9 To: 1 - 3 1 - 8 2 

4. Participant Type 
ies 

a Educational 
,)(J State or Local Government 

Nonprodt 
Profit 

5. Project Title 

Geothermal Resource Assessment of the 
Western and Central Cascades, Oregon 

6. Project Will be Conducled per 

See Article i i . 

7. Tectinical Reports Are Required 

V I I 
See Article 

Principal Investlgator(s) or Program Direclor(s) Name and 
Address 

George R. Priest 
(Address same as Block No. 3) 

9. DOE Program Officer (Name and Address) 

L. L. Mink, Chief, Geothermal Energy Branch 
Energy and Technology Division 
Idaho Operations Of f ice, 550 Second Street 

Telephone No.208-526-0638 Idaho Fa l ls , Idaho 834 
10. Accounting and Appropriation Data 

N'/A 

12. Submit Vouchers to 
Director, Contracts Management Division 
Idaho Operations Office, 550 Second Str. 

,, Idaho falls, Idaho 03401 

13. Funding Sources 

Source 

11. Method ol Payment 

• % At Award, 
D Letter of Credit 

O Reimbursement 
GJ Other (specify) See Article 

'/o When Requested. 5% Upon 
Receipt of Final Report 

IV 

Amount 
DOE: 

Participant: 

Total Funding: 

845.522.00 

30,472.00 
875,994.00 

15. Amount Obligated By This Action: $ 
• 0 -

16. DOE Issuing Olfice (Name and Address) 

Idaho Operations Office 
550 Second Street 
Idaho Falls, Idaho 83401 

14. Remarks: 

As requested by Participant's letter 
dated September 1, 1981, the term of the 
Agreement is Jiareby extended to 
January 31,Cl|8T5?ith no change in the 
financial sup^^ort of the project. 

-s\^oo\k \>>eL «/2.i(S2. 

cie, 

17. DOE Contracting Officer 

-^l^y^SiQ,W\ C - Q / A . l<r̂ -< r̂>-< \̂ 
18. Participant Acceptance 

By 
Signature of Contracting Officer 

William C. Drake 

(Date) Signature of Authorized Official (Date) 

Name (typed) 

Telephone No. 2 0 8 - 5 2 6 - 0 7 7 5 

Name (typed) 

Title 

(Replaces ID F.|B2 (11.79) 



D O E F 4 6 0 0 . 1 
( 7 - 8 1 ) 

Under the authority of Public Law 

U.S. DEPARTIVIENT OF ENERGY 

NOTICE OF FINANCIAL ASSISTANCE AWARD 
riTv (See instructions on fJeverse) ĵrjs 

93-410,'^i?j-438, 93-473, 93-577. 95-91 '̂ •̂ '•. 
subject to legislation, regulations and policies applicable to (cite legislative program title): 

Geothermal Resource Assessment Program 

/?fS2 

1. PROJECT TITLE 

Geothermal Resource Assessment of the Western 
and Central Cascades, Oregon 

3. RECIPIENT (Name, address, zip code, area code and telephone no.) 
State of Oregon, Dept. of Geology & Mineral 

Industries, 1069 State Office Building 
Portland. Oregon 97201 

8. RECIPIENT PROJECT DIRECTOR (f\lame and telephone No.) 

George R. Pr ies t 

9, RECIPIENT BUSINESS OFFICER (Name and telephone No.) 

John D. Beaulieu 

11. DOE PROJECT OFFICER (Name, address, zip code, telephone No.) 

S.M.Prestwich, Energy & Technology Division 
U.S. Department of Energy, 550 Second Street 
Idaho Falls, ID 83401 (208) 526-1147 

2. INSTRUMENT TYPE 

D GRANT O COOPERAT 

4. INSTRUMENT NO. 

DE-FC07-79ID12044 
6. BUDGET PERIOD 

FROM: 5 - 2 3 - 7 9 THRU:2-28-82 

7. PROJECT 

FROM.6-23-79 THRU: 2-28-8r 
10. TYPE OF AWARD 

D NEW 
i 

D REVISION 

te CONTINUATION 

D SUPPtEMENT 

D RENEWAL 

12. AOMINISTERED FOR DOE BY (Name, address, zip code, telephone No.) 
E. M. jHyster 
U. S. iDepartment of Energy 
R&D Contracts Branch. Contracts Mgmt. Div. 
550 Second St., Idaho Falls, ID 83401 
(208) 526-1229 

13. RECIPIENT TYPE 
fe STATE GOV'T 

D LOCAL GOV'T 

n INDIAN TRIBAL GOV'T D HOSPITAL 

D INSTITUTION OF 
HIGHER EDUCATION 

D OTHER NONPROFIT 
ORGANIZATION 

O FOR PROFIT 
ORGANIZATION 

Do D P DSP 

n INDIVIDUAL 

D OTHER (Specify) 

14, ACCOUNTING AND APPROPRIATIONS DATA 

a. Appropriation Symbol 

N/A 
b. B & R Number c. FT/AFP/OC 

16. BUDGET AND FUNDING INFORMATION 

a. CURRENT BUDGET PERIOD INFORMATION 

(1) DOE Funds Obligated This Action 

(2) DOE Funds Authorized for Carry Over 

(3) DOE Funds Previously Obligated in this Budget Period 

(4) DOE Share of Total Approved Budget 

(5) Recipient Share of Total Approved Budget 

16) Total Approved Budget 

$ 
$ 
.$ 
$ 
$. 
$ 

-0-
- u -

845,522.00 
845,522.00 
30,472.00 

875.994.00 

d. CFA Number 

IS. EMPLOYER I.D. NUMBER/SSN 

i 

b. CUMULATIVE DOE OBLIGATIONS 

(1) This Budget Period 
[Totaiof linesa.(1) anda.(3)] 

(2) Prior Budget Periods 

(3) Project Period to Date 
[Total of lines b. ( I )andb. (2)1 

t 845,522.00 

5 -0-

, 845,522.00 

17. TOTAL ESTIMATED COST OF PROJECT H/b,994.00 
(This is the current estimated cost of the project. It is not e promise to avvard nor an euthorizetion to expend funds in this emount.i 

18. AWARD/AGREEMENT TERMS AND CONDITIONS 

This award/agreement consists of this form plus the following: 

a. Special terms and conditions (if grant) or schedule, general provisions, special provisions (If cooperative agreement) 

^ . ,. ̂, , . ,, ...National Geothennal Resource Assessment Program /„„,., N/A 
b. Applicable program regulations (specify) _. ^ luatei £ 
c DOE Assistance Regulations, 10 CFR Part-600, as amended, Subparts A and D B iGrantsl, . or Q,C,(Coop«ati>« Agreements). 

1-15-79, 2-5-79 2-12-80 & l l 1-5-80 Vfork covered by this invoice was per-
d. Application/proposal dated ! \ ' T3 as submitted f(J^>f#6 <^(3fl?!f?cfS«Jfff^'«^ t h e bes t o f m y i/oropo 

uved For $_ 19. REMARKS knowledge. 
This ModifAff>td;)@c/%y. M006 provides Tor an e^ctension from 1-31-82 to 2-28-82 w i th no change 
in the f i nanc ia l '=VTr???P7^^.'"'^ pinf^^r;f- Approved By: . — 

•^mitocis MunagSment Division Technical Monitor 

-Data 

^uihoriiitTRebipient Official) 

D. Beaulieu 
'(Date) 

(Namel 
Deputy State Geologist 

(Title) 

4A3oSa.-,^c.rLS J - ^ 1 ^ ^ 
(Signature) (Data) 

Wil l iam C. Drake 
(Name) 

Cnntrar t ing Of f iner 
^77f/»; 



o c e f 1600.1 
(7-31) 

Under the authority of Public Law 

U.S. DEPARTMENT OF ENERGY 

N O T I C E O F F I N A N C I A L ASSISTANCE A W A R D 

(See Ins t ruc t ions a n Inverse) 

93-410. 93-438, 93-473. 93-577. 95-91 

r/\%-̂ ^ 

and 
subject to legislation, regulations and policies applicable to (cite legislative program tit le): 

National Geothennal Resource Assessment Program 
.PROJECT TITLE 

Geothermal Resource Assessment of the 
Western and Central Cascades, Oregon 

3. RECIPIENT (Name, address, zip code, area coda and telephone na.) 

State of Oregon, Department of Geology 
& Mineral Industries, 1069 State Office 
Building, Portland. Oregon 97201 

3. RECIPIENT PROJECT DIRECTOR (Name and telephone No.) 

• G.R. Pr ies t 
9. RECIPIENT BUSINESS OFFICER (Name and telephone No.) 

J.O. Beaulieu 

11. DOE PROJECT OFFICER (Name, address, zip coda, telephone No.) 

S.M. Prestwich, Energy h Technology Division 
DOE-Idaho Operacions Office, (208) 526-1147 
550 Second St., Idaho Falls, ID 83401 

2. INSTRUMENT TYPE 

G GRANT S COOPERATIVE AGREEMENT 

4, INSTRUMENT NO. 

DE-FCG7-79ID12044 
5. AMENDMENT NO. 

A007 
6. aUDGET PERIOD 7. PROJECT PERIOD 

FROM: 5-23-79THRU: 9-30-82 FROM: 5-23-79 THRU:9-30-82 
10. TYPE OF AWARD 

n NEW 

G REVISION 

• CONTINUATION 

G SUPPLEMENT 

21 RENEWAL 

12. AOMINISTERED FOR DOE BY (Name, address, zip coda, telephone No.) 

E.M. Hyster, Contracts Management Division 
DOE-Idaho Operations Office 
550 Second Street 
Idaho Falls, ID 83401, (208) 526-1229 

13. RECIPIENT TYPE 
3 STATE GOV'T D INDIAN TRIBAL GOV'T G HOSPITAL 

G LOCAL GOV'T INSTITUTION OF 
HIGHER EDUCATION 

G OTHER NONPROFIT 
ORGANIZATION 

: FOR PROFIT 
ORGANIZATION 

Gc ISP 

i l , INDIVIDUAL 

C OTHER (Specifyl 

14. ACCOUNTING AND APPROPRIATIONS DATA 

a. Appropriation Syrnbol I b. 3 & R Numper 

39X0224.91 AM1510 
c. FT;AFP/OC d. CFA Number 

15. EMPLOYER 1.0. NUMBER/SSN 

1*5. BUDGET AND FUNDING INFORMATION 

a. CURRENT BUDGET PERIOD INFORMATION 

(11 OOE Funds Obligated This Action 

!2) OOE Funds Authorized for Carry Over 

i3) OOE Funds Previously Obligated in this Budget Period 

!4I OOE Share of Total Approved Budget 

is) Recipient Share of Total Approved Budget 

6) Total Approved Budget 

$. 
S . 

s. 
s. 
s. 
s. 

120.000 
- 0 -

845,522 
965 .,522 

32,235 
997,307 

_00 

00 
.00 
00 
00 

b. CUMULATIVE DOE OBLIGATIONS 

(1) This Budget Period 
[ Total o f lines a. 11) and a. 131 ] 

(2) Prior Budget Periods 

(3) Project Period to Date 
(Total of lines b. I t ) and b. I2 l f 

.« 965.522 

- 0 -

s 965,522 

nn 

.00 

17. TOTAL ESTIMATED COST OF PROJECT 9$7.307.00 
(This Is the current estimated cost of tha project. It is not a promise to attrard nor an auttmrization to expend funds in this amount.) 

13. AWARD/AGREEMENT TERMS AND CONDITIONS 

This award/agreement consists of this form plus tha follovying: 

a. Special terms and conditions lif grant) or schedule, general provisions, special provisions (if cooperath/a agreementi 

&. Aopii..hi..p,~3,.,̂ ,.w..,i;.rinn./,p̂ ,yyy N a t ' l G e o t h e r m a l R e s o u r c e A s s e s s m e n t P r o g r a m iDatai. 

c. DOE Assistance Regulations, 10 CFR Part-600, as amended, Subpans A and G B (Grants) or e i C (Cooperative Agreements). 

d. Application/proposal dated 1 2 / 2 / 3 1 r i as submined SI with changes as negotiated 

19. REMARKS 

This Amendment No. A007 provides for an addition to the scope and the financial 
support of the Agreement. 

20. EVIDENCE OF RECIPIENT ACCEPTANCE 

/Signature or Authorized Recipient Qfficiall 

Donald A. Hull 

3 ^ / i > * 
lOatel 

iName) 

State Geologis t 
ITitle) 

21. AWARDED BY 

(Signature) ' ' ( D a t a ) (Signature) 

William C. Drake 
(Name) 

Contracting Officer 
(Title) 



Amendment tio. A007 
DE-FC07-79ID12044 

1 . Ar t ic le I I - DESCRIPTION OF RESPONSIBILITIES is revised to add Task 11: 

Task 11 - Phase I I Assessment of the Ashland, Oregon Area 

The Participant w i l l d r i l l su f f ic ient shallow temperature gradient 
holes to outl ine anomalous thennal areas in the Ashland, Oregon area 
and w i l l conduct geochemical sampling of aquifers encountered and 
detailed geologic mapping. The Participant w i l l produce temperature 
gradient and spring analysis data additional to that available on 
the area and an outcrop map of the Ashland, Oregon area at a scale 
of 1:24,000. 

2. Ar t ic le I I I - FINANCIAL SUPPORT OF THE PROJECT is revised to read as 
fol 1 ows: 

"A. The tota l estimated cost of performing the ivork under th is 
Agreement is Nine Hundred Ninety-Seven Thousand Eight Hundred 
Seven Dollars ($997,807.00). The Participant shall be 
reimbursed by DOE for not more than 95.8% fo the costs of the 
project determined to be allowable in accordance with 
Ar t ic le A-I of the General Provisions ent i t led "Allowable 
Costs." The remaining of 3.2% or more of the costs of the 
project so determined shall constitute the Part ic ipant 's share 
for which i t w i l l not be reimbursed by DOE. The tota l cost to 
OOE is hereby established as Nine Hundred Sixty-Five Thousand 
Five Hundred Twenty-Two Dollars ($965,522.00), and th is amount 
is also the maximum amount of the project which is subject to 
reimbursement by DOE unless such maximum cost is changed in 
wr i t ing by the Contracting Off icer." 

B. The amount of funds obligated under th is Agreement by DOE is 
Nine Hundred Sixty-Five Tnousand Five Hundred Twenty-Tv/o 
Dollars ($965,522.00). 

A summary of the estimated cost and share totals is shown below: 

Basic Contr 
Mod. AOOl 
Mod. A002 
.Mod. A003 
Mod. A004 
Mod. AQQ5 
Mod. A005 
Mod. A007 

Total 
Percentage 

•act 

Share 

DOE 
Share 

$522,447 
123,842 

-
29,233 
30,000 

-
-

120,000 
$565,522 

96.3% 

Oregon 
Share 

$30,472 
-
-
-
-
-
-

1,813 
$32,285 

3.2%" 

Estimated 
Cost 

$592,919 
123,842 

-
29,233 
30,000 

-
-

121,313 
$597,307 

H3-1947H 
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Amendment No. A007 
DE-FC07-79ID12044 

Ar t ic le Y - TERM QF AGREEMENT is revised to extend the term of the 
Agreement from February 28, 1982 to September 30, 1982. 



D^artment of Geology and Mineral Industries 
ADMINISTRATIVE OFFICE 

7f, ,*^ I N<J(» STATE OFFCS BtCKS,. POeTlANO. OREGON S7^t PVUm^ (K»} 2^^580 L ^ 
Dsc^Jber 2. 1981 

Or. IfUnd I . Mink 
Energy anci Ttchnicil Division 
Idaho Operiitlons Office 
S50 - I M St r t t t 
Idsho Fal ls. Idato 83401 

Cfear Rsjr, 

A t t a c h is the detslled Nid^ft for the d r i l l i ng projtct In Ashlind, Ore§on, 
A copy of the project description ffOii my let ter of Ck;toSser 20» 1S61 Is also 
enclosed. This can 1^ Task 11 of Contriet 0E-FCO7IDI2044, exctpt as m%£A 
below. 

Don rtill hss susiested that the Lew-T^persturt (DE-FC07-75£T27220) tnd th€ 
Cascades (DE-FCO7-79ID12044) contracts U tmk\TM for ths fo l lw ing reascns; 

1. The Ashland project (Ttsk \ \ ) t m only bt acccxitpllshtd by ysifif 
U^ ' f funds froR both the 27220 tnd 12044 b^jdgets. 

2. S^nuse of 1. iliHjve, both contracts 27220 an<l 12vM4 w i l l have tei 
be t1?se-ext€fKle4 through st lesst Cktober 31, 1582 in order to 
acccRipllsh the AshUmi project. 

3. 

4. 

Handling the program ufider & slns'^e contract w i l l consideribl^ 
sirsplify iccounting m i reporting. 

Thtre is alreidv a considerable overlap in assigned tasks for 27220 
m i 12054 (e.g. , note Tisk 12 of 27220 snd the Wlllaf^tte Pass 8nd 
Sel knap-Foley study sreas of Figure 1 in tht low-teBMrature reseatch 
proposal 4«tt4 February 6, 1981). 

Because »^ cannot ccscisit to $10,1^ of cost share, ^ I n g to recent 
I s g l s l i t l v t faudgft cuts, i n«« contract could fat written such that 
$10»C^ of the total funding could cover a reduced Oregon share.., 
This mney coyld saostly cor^ froR savings accrued In highly cost-
effect ive' d r i l l i ng program rtcently coffipleted In t^Jth 27220 and 
12044. I f a s i fs l l t r savings occurs In the Ashland d r i l l i ng project, 
then the $10,000 could easily be covered by ixsnies i£s1§Re«S to 
d r i l l i n g . 



Or. leUnd I. PAnk 
Ptfe 2 

6. k m i contract coyld incorponte gtals of botfi t?« li»i-T^>erit;jre 
ind Ciscfdts p r ^ r a ^ . tlws illowlRf a sore broirfly based package 
for eventual transferrtl to amsther isercy, when U.S.D.O.E. is dls-
banded. 

If you Should Imk favorably on these syggtstlons, the mn contract" i«>u1d 
have to beccsi» active m or l^fore Jaroiary 31, IBS. On this date, tM 
Cascades contract (12044) ends and current Cascade ^b1 ications Iseing fuf̂ ed 
for iHlitiftg %m priRtinf at that tiiie wyld r^¥f t^ be sl^lved pendinf a m^ 
contrtct. 

«1th cespletion of tfm Ashlsw^ project, all raajor jKjpylatlon centers having 
evidence of 1o«-tef^tratyre resQyrces In Oregon id 11 have been bftjyght through 
Seethermal exploration Phase II fsee attached explanatioft sf exploration 
phases). This is a considerable icccxsplisteent for the state-csupled progrii!, 
considering that only one area in the state {Klamath Falls) was at this phase 
prior to beslnninf the progrsfs. toptfully, the state-coupled geothenaal assess-
trcnt project can continue with the goal cf exploring new areas in the Basin and 
Ran̂ e and southern Cascades of Oregon, where possible hlgh-t^perature resources 
say occur. 

Sincerely, 

Geofif R. Priest 
Sfeotherodl Speciillst 

GRPilk 
Encl. 

Approved by * . M » t e > ^ . r ^ l L - i l l • I-—I'1IWHII1I. M8WIJ ' J - • • ! ' • • • • " • "— II I n "i 

Donald K. Hull 
State Seologlst 



Byf̂ ET S M m i 

Perscmnel 

fieoloQist II {1,982.C» %fm. l B m. % Z) 

^b to ta l 
4 O.P.E. (Sybtotal X 1.45; set at tacNi^t for 

explanatic^ of O.P.E.) 

Services and Sui^lles 

Travel 
3.G BiO. X 20 days/io. X 40.CKI $ per d i ^ X 2 2,400 

Aftalytical exposes (geoch^lstry, etc.) 2,CK)0 

Direct supplies (wps, reag^ts, sa^ le sacks) 1,000 

Prifiting (Open-File rtfxjrts of raw data) IjCKKI 

Subtotal $ 6,4(K).0O 

Subcontracts 

Drilling 

&ibtotgl 

Indirect Costs (0.167 X Subtotal) 

TOTAL 

$ 38.SOO.0O 

$ 44.400.D0 

S 7.4i4.BC 

$ 51,814.BO 

• Cl^rgtd against residual funds of contracts DE-FC07-7S ET 27220 and 
DE-FC07-79 10 12044. 

M S mm^ammsmsmi m 

http://38.SOO.0O


D^artment of Oology and Mineral Industries 
ADMINISTRATIVE OFFICE 
1005 STATE C^FKX BLDG-, PORTL^IO. OREGON 97201 PHOI« (5CS3) S»-«80 

October 20. 1961 

LeUnd I . Hink 
Energy ami Technology Division 
Idaho ^ r a t i o n s Off ice. DOE 
550 Second Street 
Idaho Falls. Idaho 83401 

D«r fr. Mink: 

Pursuent to our phone conversation of October 20, 1981, I viould l ike 
to request that Co-operative Agreesent 0E-FC07-79 10 12044 be tlae-extended 
to October 31, 1982 to allow ci^pletion of one additional task. The 
additlOMl task w i l l be a Phase I I geothemal assessaent of the Ashland, 
Oregon area. Tr« task w i l l require d r i l l l r ^ of several shallow teiftperaturc^ 
gradier.t wells and detailed geologic aepping of the iaroediate project area. 
Preliffiinary work cn the task wi l l begin this winter and d r i l l i ng should 
be completed during the 1^2 f ie ld season. Ubor cost for the task can-
be largely covered froe residual funds in our existing U.S.D.O.E. contracts, 
but an additional SSO.CKKS wi l l be needed to cover d r i l l i ng expenses. There 
w i l l be no Oregon cost share on this task, owing te recent budget cuts. 

A fcnnal description of the task Is attacNd. 

Sincerely, 

Seorge R. Priest 
Seotherral Specialist 

Approved by Don Hull 
State geologist 

Attachment 

saas 



Task 11 > ytase I I Assessment of the AthUnd, Or t^ t Area 

Dr i l l sufficient shallow t«^»riture gradient telts ts outllnt anoailCHis 
thennl areas in the Ashland, Oreg^ arei. The effort «111 also Include 
geocheiRlcil saapling of t t^ l fers encountered tnd detailed seologic n ^ l n g 
of local areas at i scale of 1:24,000. The end product wi l l be tddltlfen 
to existing tenperiture g^'t^^vt end spring enalysis tfiti m i an outcrop 
nap of the Ashland, Oregon irea t t t ict le of 1:24,000. 



SEOTHEmAl tlPLORATIQ** PHASES 

PHASE 1 - RESIOMl RECONNAISSANCE 

1 . 
2 . 

4, 
5. 

Llt tratare search 
Temperature gradient ^asurerBsftt in existing wells — wide spacing 
Spring and well sampling of groundwater — wide spacing , 
Srt>ad reconnaissance geologic siapping and lintasent analysis 
Regional geophysicil studies - wide spacing 

a I Hi l t How 
b) Aerosagnetics 
c) Sravfty 
d) Other setteds as appropriate |e.g. seisffiic setteds) 

PHASE 11 INITIAL OIPICT EXPIOMTION OF I5t«TIFIi RESOURCE MEAS 

1 . Tciperaturi gradient ^asuri^ent in a l l available »m11s 
2. Spring and wt l l s i tpl ing of w i t t r in a l l available wells and sjs-ings 
3. Cteteiled geologic sapping 
4. Shallow d r i l l i n g of SOO' tP**peratyre gradient »«lls to define heat 

flow ancTtalies - wide spcing 
5» Detailed geophysics! exploration - close spacing 

i ) Heat Flow 
b) Electrical ssethods (especially res is t iv i ty) 
c) Other ff̂ ethods i f appropriate (e.g. gravity) 

6. CHialltative and quantitiwe hydrologic analysis 
7, Shallow d r i l l i ng of SOO' t^iperature gradient wells on a close seeing 

to refine ani^salies encountered In In i t ia l d r i l l i ng 

PHASE i n . DIRECT EXPLORATION OF THERMAL m m A l l t S 

1 . Ir,tert!ied1ste depth d r i l l i ng of 2000' we1U to define shallow thertsal 
inosalles at depth. 

2. Geophysical ExploratIcn 

a) Deep-penetration electrical "ethods calibrated to electrical 
aeasure-ents of rocks and a^;u1fers idtRtl f lsd In d r i l l i ng 

b) Other settods, &$. ipproprigte 

3. Ouantiiitive hydrologic riodeling of the geothersal systen 

PHASE IV - DIRECT TESTING OF SEOTHERKAl RESOURCES AT DEPTH 

2. 

3. 

Deep ar i l l i ng cf 3000' to 6000' wslU to test geotheraal aquifers 
for production tesperatures and flow rates 
Reservoir testing - engineering evaluation of ^gnitude of the 
rtservoir, including puf-p tests 
Qyantitatlve restrvoir tstireaticn 
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î ^̂ ^ *--t̂ ^ v - » ^ - T ^ 

' — - «/ 



p 

U ) , . ^ TO ^ ^ ^ r < c fL^^j^ , ^ .^^^ X J L i f 

H ^ ^ r y Bas,-^ - Lj ^ y ^ o ' ^ J ^ ^ 

Bd.cL r o f d ^ t H QbiTTSs TV ^ ^ , • ) / 2 ( M > ' k J j L / f y ^ r ^ 

• » c d d J ro ^ u J u ^ ^ ^ >?««w^.^ / - . r * . . / ^ / ( : ^ ^ W j 



GEOTHERMAL BIBLIOGRAPHY 

Oregon Department of Geology and Mineral Industries 

Blackwell, D.D., Black, G.L., and Priest, G.R., 1981, Geothermal gradient data: 
Oregon Department of Geology and Mineral Industries Open-File Reports 
0-81-3A, 63 p; 0-81-SB, 98 p; 0-81-3C, 374 p. 

Blackwell, D.D., Hull, D.A., Bowen, R.G., and Steele, J.L., 1978, Heat flow of 
Oregon: Oregon Department of Geology and Mineral Industries Special 
Paper 4, 42 p. 

Bodvarsson, G., 1966, Energy and power of geothermal resources: Oregon Depart­
ment of Geology and Mineral Industries, Ore Bin, v. 28, no. 7, p. 117-124. 

-1974, Telluric current exploration for geothermal anomalies in Oregon: 
Oregon Department of Geology and Mineral Industries, Ore Bin, v. 36, 
no. 4, p. 93-107. 

Bowen, R.G., 1971, Geothermal activity in 1970: Oregon Department of Geology 
and Mineral Industries, Ore Bin, v. 33, no. 1, p. 16-18. 

-1972, Geothermal activity in 1971: Oregon Department of Geology and Min­
eral Industries, Ore Bin, v. 34, no. 1, p. 12-15. 

-1972, Geothermal gradient studies in Oregon: Oregon Department of Geology 
and Mineral Industries, Ore Bin, v. 34, no. 4, p. 68-71. 

-1973, Geothermal activity in 1972: Oregon Department of Geology and Min­
eral Industries, Ore Bin, v. 35, no. 1, p. 4-5. 

-1974, Geothermal activity in 1973: Oregon Department of Geology and Min­
eral Industries, Ore Bin, v. 36, no. 1, p. 9-11. 

-1975, Geothermal activity in 1974: Oregon Department of Geology and Min­
eral Industries, Ore Bin, v. 37, no. 1, p. 9-10. 

-1975, Geothermal gradient data: Oregon Department of Geology and Mineral 
Industries Open-File Report 0-75-3, 114 p. 
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