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DOE- USGS BLM- USFS STATE OF WASHINGTON AGREEMENT

'vh-washington Geotherma1 Reservowr Assessment Cooperat1ve Project:t

The purpose of this document 1s to deve1op a bas1s of understand1nq
' between the principal part1c1pants in a proposed proaect to assess and
“jconf1rm potential geothermal reservoirs w1th1n.the_$tate of Nash1ngton.

’The principa]iparticipants are expected to be the Divfsion of Géothermé] v
- Energy -of the U.S. Department of,EnergyE(DOE DGE); the Geotherma] Research<“
o Program of the u.s. Geological Survey‘(USGS), the U.S. Forest Serv1ce i_ji‘ ‘
- (USFS); the U.S. Bureau of Land Management (BLM); and the Geology and "‘

“Earth Resources Division of the Washington Department of Natural Resources. = = = .

E;In recogn1t1on of . the economies to be ga1ned and the benef1ts of mu]t1—'
»d1sc1p]1nary, integrated technical projects applied to_reservo1r assess- I
menttandvconfirmatjon efforts, the parties will plan and'eXeodte'a coordi- : L
nated project enployingrthe'technica] and financial resouroes-avai]able.‘

It is the intention of the parties 1nvo1ved in the prinCip]es‘of agreement
to implement the project through DOE contracts with:-the Wash1ngton Depart-
ment of Natura] Resources and letters of agreement among the USGS, USFS, -
BLM, and DOE. - Detailed planning will be accomplished by a Working: Adv1sory
grggp composed in part of representat1ves of the five part1es

‘The objective of the proposed program is to assess and characteriZe

the geothermal resources in the State of Washington -- Tow- temperature
reservoirs suitable for direct heat app11cat1ons and certainly’ h1gher—.'
| :temperature resources, if found to be present. It. 1s expected at this
“time, that any reservo1rs of exp101tab1e size w111 be of Tow- temperature }k'f
character. ' R R
' ~The State of Nash1ngton conta1ns f1ve ]arge andes1t1c strato vo]canoes
- of the Cascade Range, three of which have hot spr1nqs assoc1ated with
them. . A1l of these volcanoes are within 50 to 100 m11esAof the major.' _
popd]ation centers of western Washington, thus any geothermal,resourcef‘-
‘ 'would.be extreme]y valuable. This proposed project.then isfin:accord
with the general goals of the DOE-DGE program to assess the:potentia] of
geothermal systems that are not béing exp]ored by industny 'This project
will lay the foundation for more intense evaluation of the Cascade strato-

vo]canoes, and hence is logically supportive of the Mt. Hood Oregon



© studies. "If the assessment of Mt. Hood is positive,_thenithe Washington - -
‘volcanoes w111 become of even greater interest. If the initia] Mt. 'Hood't
-assessment 1s not positive or is term1nated due to environmental or insti- . 5
_tut1ona] barriers, then further development of the know]edge of the therma]

"'4-reg1me of the Cascade system of volcanoes will be needed.

"The project w111 be funded by DOE through its Direct Heat App11cat1ons e

- ReServo1r Conf1rmat1on Program ‘The Program Manager for this. project - w111

prov1de technical management of the program for DOE and the Nash1ngton ,
J_Geo]ogy and Earth Resources D1v1s1on, ma1nta1n liaison w1th the USGS and -
) the USFS, BLM, and be responsible to the work1ng Adv1sory Group ) : Y
' Although the main emphasis of the project is resource . assessment an v‘dd'x
‘ parties w111-support'a substantial effort devoted to_dea11ng w1th_eny1ron—l-3; e
mental, Tegal_and institutional requirements, and barriers'tofdeVeTopment SE D
of the resource. . Each of the vo]canoes s 1n an env1ronmenta11y sens1t1ve3‘
area and every effort will be made to protect them from abuse. e B
. The project 1n FY78 will focus on providing a review of ex1st1ng data.
on the geophysics, geo]ogy, hydro]ogy, chemistry and structure of the
Wash1ngton Cascades. This review would indicate the need for, add1t1ona1
reconnaissance in ]ate FY78 and FY79. Detailed 1nvest1gat1ons would beg1n
as soon as the most appropr1ate site and methods had been chosen; poss1b1y ff
as early as the end of FY78. Although the prime interest is to be d1rectedﬁ
toward the strato-volcanoes, deep well data from the basalt flows of W
eastern wash1ngton w111 be exam1ned for the poss1b]1ty of b11nd geotherma]{
areas. ‘ A A . ' _
The Division of Geo]ogy and Earth Resources'of.the Washington Denartment .

-, of Natural Resources ‘will be responsible for geology, geochemistry, heat

- flow, geohydro]ogy, and geo]og1c input to geophys1ca] 1nvest1gat1ons and w111
" provide research library facilities and pub11cat1on fac111t1es, ‘as we]] as
coord1nat1ng the surface activities with the appropr1ate Federa] and State
agencies. . ‘ , ‘ . .
The U.S. Forest Service and U.S. Bureau of Land Management act1v1ty w111
1n1t1a11y be as an aid in the coord1nat1on of surface act1v1t1es, env1ronmenta]
issues and use regu]at]ons on land managed by the USFS and BLM.
V The USGS Geothermal Research Group at this time will act in an adv1sory
capac1ty and aid in obta1n1ng existing basic data.

Level of participation is dependent upon funding of the program by DOE
and details of each participants ob11gat1ons w1]1 be included in the actual -
- funding contracts ’ '
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Tetee Wight

STATEOF  WASHINGTON STATE ENERGY OFFICE

WASHINGTON 400 E Union-1st floor, Olympia, Washington 98504 (206) 753-0700
Dixy Lee Ray ’
Governor

“June 25, 1980

SUBJECT: Budgetary Cuts ~'Hydrotherﬁal Resources Program

As was indicated to you in a telephone conversation with our office, we
are extremely concerned about the budgetary cuts which have been proposed
in the House of Representatives Science and Technology Subcommittee and
Appropriations Committee regarding the FY 1981 hydrothermal resource
program. The hydrothermal program 'is a major and vital part of the .
overall U.S. Department of Energy geothermal program.

DOE has indiciated to our office that if the proposed cuts are accepted,
it would have the following impact on programs.: ‘

1 no new direct heat projects would be funded;
2) the state planning projects would be eliminated;
3) market assessment would  be cut by 80 percent;

" 4)  work on institutional barriers would be cut by two-thirds;
5) no new feasibility studies would be undertaken; and, ‘

6) resource definition would be cut by approximately 50 percent.

Hydrothermal resources, unlike hot dry rocks and geopressured resources,
show great near term potential in Washington State, and we urge that
csufficient funding be made available go as to ensure the timely develop-
ment of the state's hydrothermal resources. o ‘ ‘

The state of Washington only recently became{engagegfin a well coordinated’
effort to assess the geothermal potential of the stae and to initiate
commercialization of those resources. '

The assessment program, which is in its second year, is funded by DOE at
the $300,000 level and -is coordinated by the Department of Natural
Resources, Division of Geology and Earth Resources. Commercialization
activities are coordinated by the Washington State Energy Office (WSEO)
which received a grant from DOE in the amount of $110,000. In order to
ensure coordination of . the two programs, as well as the activities of
other agencies and organizations, the Washington State Interagency
Development Council was established in 1978.

Ty
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Representative Mike McCormack
- June 25, 1980
Page 2

The resource assessment program has succeeded in identifying several
areas with high geothermal potential (Figure 1). The continuation of
the assessment program is essential in order that the state be able to
establish the quantity and quality of geothermal resources available for
- development.

Presently, commerc1allzat10n activities are progressing in Yaklma,
Ephrata, and North Bonneville. »

The c1ty of North Bonnev1lle will be receiving $10,000 from WSEOQ and the
city has applied to DOE for an additional $90,000. The funding, if
approved, will be used in further resource characterizations with the
goal of establishing a geothermal district heating system for the city.

In Yakima, Saint Elizabeth Hospltal has.applied for and recelved $541 000
from WSEO for energy conservatlon. The sum has been matched by the
hospital. .Plans are now underway to drill one or possibly two wells in
hopes of obtaining geothermal fluids which will, in conjunction with a
heat recovery system, cut the hospital's consumption of conventional
energy by a minimum of two-thirds. Similar programs are belpg con31dered
by Davis High School and by Yaklma County.

The city of Ephrata, which has a domestic water supply with a temperature
of ca 80°F, will submit together with Grant County, a preapplication in
the amount of $468,000 under HUD's Innovative Community Energy Conserva-
tion Grant Program by June 23, 1980. The goal of the Ephrata program is
to provide a nationally innovative approach to meeting community heating .
needs by demonstrating the feasibility of municipal district space

. heating, using an eylstlng municipal water system which carries water
warm enough o - 90 °F) for heat pump applications.’

These programs are designed to help establlsh geothermal as a technically
and economically viable add1t10nal energy resource in the state of
Washington. \
A centinuation of the DOE hydrothermal resource assessment and commer-
cialization programs at existing budgetary levels is vital if we are to
carry on these progfams and meet the state's goal of providing a minimum
of four percent of the total energy needs of the state with energy
derlved from geothermal resources by the year 2000.

Slne/yely,- '
éﬁﬁ&%@%ch\;
Jack 0. Wood i
Director %7/ /
R. Gordon Bloomqu1st Ph.D.
Chairman, Interagency Geothermal

. ‘ Development Council
RGB/JOW/jc :
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Figure 1

Geothermal Resources of Washington
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'ASHINGTON STATE ENERGY OFFICE
0 E. Union-1st Floor '
Lnpia, WA 98504

Senator Warren G, Magnuson
Attention: Mr. Ed Sheets

127 Russell Senate Office Building
Washington, D.C. 20510

Senator Henry M, Jackson
-Attention: Mr. Joel Merkel

137 Russell Senate Office Bu11d1ng
Washington, D.C. 20510

Representative Norman D, Bicks
Attention:  Ms, Creigh Agnew

. 1508 Longworth House 0ffice Building
Washington, D.C., 20515 ’ :

Representat1ve Mike McCormack
Attention: Mr. Jack Bagley :
2352 Rayburn House Office Building
Washington, D.C. 20515



'PROPOSED WASHINGTON STATE GEOTHERMAL RESOURCE
ASSESSMENT PROGRAM FOR CALENDAR 1980
byA |
J. Eric Schustég and Michael A. Korosec
Washington State Department of Natural Resources
Division of Geology and Earth Résources
Olympia, WA 98504

December, 1979

INTRODUCT ION

| The Washingtoﬁ Division of Geology and Earth Resources (DGER) has conduct-
ed:Zeothermal aséessment program under contract to the U.S. Department of Energy
for the past year. Activities conducted under that contract have included the
dfilling of héag—flow holes in the southwestern Cascades; measurement of tem~
perature gradients in existing wells in southwestern Washington; acquisition of .
temperature gradient data‘sétsifiom Southern Methodist University, the U;S.
.Geological Survey, aﬁd Washingtoh‘State‘University;"gravit& méasurementsvin the
south Cascades and at Camas'by the University éf Puge£ Sound; géologiévmapping
in the White Pass area by the University of Washingfon;<sampling; analysis, and
descriptioﬂ of #hermal and>mineral.springs; a resistivity survey at Camas; com—~

pilation of data for public and scientific geothermal resource maps and a

geothermal bibliography; and coordination with other geothermal investigators in

M_ o

the Pacifié"NBfthwest.r
: APf&posed-agti&ities;fAr calendar 1980 inélude‘hegt;flow‘drillipg in the
south Cascadeé, measuremeﬁt of ;empe;étqre‘gfaAiengs‘in éxiétiﬁg wells in the
southeas£ Cascades and southwes£ Columbia Bésin, support of a thermal-gradient-
.hydrologic thesis ﬁroject by ﬁgshington State Uﬂiversity.in the Columbié Basin,
support of a geological thesis project on Mgunt Baker or Mognt Adams by the

University Washington, continuation -of gravity studies in the central and north

1177



Cascades, continuedAsampling; gnalysis, and description of thermal and ﬁineral
springs, and produétion of a carefuliy docgmented and fieid—checked l;neament—
fault map for.a portion of.thé Cascades. |

Overall objectives are l.) té assessggeofhermal resources in Waéhington by
a) conducting régidnal exploration activities in order to identify geothérmal

target areas, b) reporting the results . of these explorationlactivities in a

" series of open~file and published maps and reports, c) performing confirmatory

surveys in the target areas as necessary in order Fo reach a level of knowledge
of thevres;urce sufficient to draw the private sectof‘in to cﬁmplete thg
assessment and development, and 2.) to involve local university and consulting
personnel in the assessment effort whenever practical in order to develop a
"resérvoir"” of local geothermal experiencé and expertise.

PROPOSED ACTIVITIES

Heat—-Flow Drilling——We proposgd to drill eight heat—flow holes in the south
Cascades during tgebsummer months of 1980. Iﬁese holes will .be six‘inchesiin
maximum diameteraandHSQO feet i; depth.

Three holes will_be located between White Pass and -the city bf‘Yakima for
the purpose of extending the Cowlitz Valley heat—flow traverse_of.1979 to the
east, and providing a préliminary test of heat flow in the vicinity of the young
dacitic and basaltic volcanic area to the northeast bf White Pass.

Two holes will be drilléd ﬁo the nor;h—noptheast and east of Mp#nt Saint
Helens for.the.purpose of'gompleting_aNpLQlléiggry;temperature—gradient and

. . o o R ——
heat-flow asséssment of the volcano.’ The three holes drilled during 1979 are

. located -around the southwest one—half of the mountain and one of these holes

appears to be adversely affeéted by local hydroiogy.

;7 L



One hole will be located in the Cowlitz Valley between Randle and Morton
for the purpose of more clearly defining the location and nature of the'tran—

sition between "Puget Lowland” type gradieﬁts which are typiéally less than

'30°C/km and "High Cascade” type gradients @Z:Bagich are typically 50°C/km or

higher. Two holes will be drilled in as yet unspecified locations, possibly on
the Wind Rivér near St. Martins Hot Spring and in the North Bonneville area.

We are proposing to spend $96,000 to drill eight 500 foot holes during

. 1980. This 1is a proposed cost of $24 per foot. During 1979 we drilled a total

o ' ‘ N -8 . ’
of 5,259 feet of hole at a cost of $94,697.79, or $15.01 per foot. Due to dif-
ficult drillihg-conditionsienéodﬁtéred during the 1979 drilling. project,
including heavy artesian water flo&s and numerous caving zones, more time and

money were required to complete the drilling. than was originally<anticipated..

Because the contractor worked under a footage contract, extra costs are only

partially reflected in the payment ($94,697.79) made to the drilling aompany.
The company reports that their-cosﬁs were approximately $145,000, or about
$27.50 per foot. Considering that 1;).a larger dril;ing rig witﬁvmore capabili-
ties will be specified for tﬁa_i980 driliing;-ZL) the hales>will sé‘more widely
spaced, 3.) actual{caata for thaT1979 dfiliing-were about $27.50 per foot, and .
4,) inflation, we feel that an estimated 1980 drilling cost of-$24 per foot is
guite consefvatiye.and may even require that we omit. one or two low prio;ityA
drill holes; |

Drilling will take placé during the summer months of 1980. Reduction of

the data will be accompllshed by D. D. Blackwell of Southern Methodist
University. We are assuming that Dr. Blackwell will have support from ahe U.S.
Department of Energy in the form of a separate contract which will includa the
reduction and processing-of the Washington State temperature—gradient and heat-_
flow data. If not, we will have.to provide such support through the Washington

State resource assessment contracte.
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Drilling Supervision——A larger sum ($12,200) is allocated for this task

than in 1979 becauée.our 1979 experience shows that drilling programs encounter
unexpected diffi;ulties and ofteﬁ extend well'beyond tﬁeir_expected cgmplétion
datés; The drilling sﬁéervisor will be an outside consultant who is familiar
with'drilling practices. "He will be expected to direct the day-to—day drilling
operations, monitor drilling costs, select alternate drilling sites when
necessary, éollect and catalog drill cuttings saﬁples, compile a history for each
hole, descriﬁe the lithology of each hole, and>measure.tempefatﬁre gradients in
holes drilled. o o

In the event .that -all goes well andldrilling supervision does .not require
thé full $12,200, we plén to use the excéss funds to support additional measure-
ments of temperature gradients. in existing wells.

. Temperature Measurements In Existing Wells——A larger sum is allocated for

gradient scrounging ($18,460) than in 1979 for several reasons: 1l.) The area

of interest during 1980, naéély the southeéstefn Cascades, Yakima Valley, and-
southwestern Columbia Basin is larger in area tﬁaé thé 1979.area of interest
(southwest Cascades), .2.) .the éreauhas a large number of welis that are used

for irrigation and some of the wells have reported:temperatures that are high
endugﬂtﬁ 30° C) to be of pogsible interest for heat-pump and direct-use applica-'
tions; 3.) wé hopeAfoiput a person in the fieid early enough 1n'the'spring of
.1980 so that we can bénefit from measured gradientéhfor the siting of holes to

be drilled in the White Pass — Yakima aréa, and 4.) the thesis project we

intend to support at Washington State University will involve stddy of
temperature gradient data in the Columbia Basin,and we want to be in a pdsition
to supply additional gradient data to that investigation if}neqessary.

Temperature measurements'in existing wells will be made between April and

<
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September, 1980. Resulting data will be interpreted by Dr. D. D. Blackwell and
the Washington State University graduate student.

Thesis Support——A significant nnmber of relatively shallow warm water wells

are scattered throughout portions of the Columbia Basin-in eastorn Washington.
Under the guidance of Professor J. Crosby, a hydrologist at Washington State
University, a graduate student will study existing well logs (including tem-—
perature logs) and aquifer flow data to identify thermal .“\_//,; 7 ?
anomalies.» Through additional well logging and temperature gradient deter-
minations, models will be constructed on the basis of stratigraphy and hydrology
which will lead to a botter understanding of these(anomalies.'

The project will conitinue fhrough two academic years and one summer
field seoson (three montns). The budget for the first year will cover
the first academic year and the first summer of field work. A progress report
will be prepared for the end of calendar 1980. At the end of the two—year pro-
ject, a final project report will be prepared, complete with maps and models,
which will lead to the final thesis feport. The 1980 progress report and I981
final report w}ll be incorporated intoAthe Division»of Geology and Earth '
Resources year=-end reports to the.Department of Energy, and will be availaole

through the division as open—-file reports.

Site Specific Geology——Under the guidance of Professor J. Vance,
University of Washington, a detailed geologic investigation of a specific area

within the Cascade Range will be initiated by a University of Washington grad-—

- ‘ -
uate student as a}thg}s project. The study will center on one of the strato-
“volcanoes (moét likely Mount Adams or Mount Baker); and will contribute to the

understanding of this feature as .a potential geothermal system.
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The 1980 budget includes expenées for the first academic year and a three
month summer field season. The project 1s expected to take an additipnﬁl academ-
ic year td cbmpiete. Detailed geologic mapping; rock analysis, énd‘age dating
will léad to a 1980 progress report and a final repor£ at the end of 1981, both
of which will be included in the Division of Geology and Earth Resources year-
end reports to.thé Department of Energy and open—filed by thé ;ivision. The
reports will include maps and models which will examine the stratigraphy, struc-
turé, and vdlcanic history‘of the feature, using é geothermal framéwork when
applicable; ' S - - ,_‘VA‘ "
| If Mt. Adams 1;’£heafinal iarget selected, -this work will tie in directly
with projects by the ﬂ. S.‘Geélogicai Survey (D;-Swéhson and W. Hiidreth), and
work being carried out by Dr. P.‘Hammond throughout the South Cascades. We

expect the graduate student to work closely with these investigators.

Budget and Schedule—-1It may not be realistic‘to plan for graduate students
t6 be at Qork on thé above projects before the fall of 1980. 1If that is the
case the -planned levei éf_support ($15,000 per year-at éaéh university) will
not be réquired during calenaéf 1986. Proviéién’&ill'then need to ge madé to

~either extend the 1980 contract at'no additio;al éost or write the 1930 céntract
initially with only 8 total ménths of graduate student support included,‘instead
of 24 months. |

Gravity Measurements——During 1979 Drs. Z. F. Danes and Al Eggers made grav-

— ity measurements at 743 stations in the south Cascades (from the Columbia River

-foﬁ the soﬁtﬂ:to the latitude oflghe,Co&litz valle& on the north; and‘f;om 121° W,
on the eéét to 122°36f oﬁ the.Qést);< Except for a few inaccessible areas which
will be covered ﬁe*t spring, regionél gravity coverage of the south Cascédeslhaé
been'finished. Detérmination of spot elevations from aerial photographs by the

U.S. Geological Survey remains to be done for a number of gravity stations

. (23



before the data reduction and constructidn of a gravity map can be finished. A
gravity map té be open;filed is expéctgd by June 1, 1980.

During tﬁe 1980 and 1981 field seasons, the central and north Cagcades will
lbe covered on the same basis as the south é}scadés (at least oné gravity station
per five square miles). The 1980-1981 study area is much larger than the 1979

study area, but it will be cévered as a unit rather than part by part so that
the investigatots have the freedom.tomﬁprk_thewarea as weather conditions. in
the high tountry.permit.

We expect field work to begin‘in the spring and extend throuéh the summer
months. Data reduction will extend through the 1980~ 1981 winter,'with a progress’
report on central and north Cascades gravity’to be included in the 1980 year-
end report to U.S. Departmént of Energy. A final map and report on north and
central Cascades gravity will be forthcoming by June 1, 1982. The 1980 budget
for gravity investigations is the saﬁe as for 1979 (s30,000).

Contracted Geophysical Advice

From time to time it has been netessary for members of the Washington
State geothermal assesémgnt-team‘to review proposals:or-oyersee ﬁrojeéts
involving.geophyéics. We'héve.iittlé or.to'difficulty-ih-gauging the_ovétall
application of geophysital techniques to géothermal exploration, but because we
have no geophysicist on out st;fg it 1s difficult for us to judge the detailed
. merits of geophysical propésals of.choose the best approach to be tsed for'a

given geophysical method and a given field area. Assistance is currently

available from Universit§ of Utah Research Institqte and 1o¢al university per-—
sonnel. .Hqﬁévég we wouid like'tt-have.tﬁnds‘identified whicﬁ‘cguld bé used to
pay,'at miniﬁtm, the expenses of university personnél or the-féerf.a.consulting
firm for short-term assistance on geéphysical questions. The $5,000 identified
in the 1980 budget is not currently earmarked for any spetific individual group,

or project.
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Geochemistry—Thermal and mineral springs will continue to be sampled and

analyzed during the l980_f1eld season. The emphasis will be on those springs
occurring in the southeast Cascades and along the.Colqmbia_and Wwind Rivers.
The known épringé include Klickitat Soda Springs, Klickitat Mineral Springs;
Blockhouse Mineral Springs, McCormick Meadow Soda Springs, Soda Springs Creek
Soda Springs, Fish Hatchery Warm Springs, Simco Warm and Soda Springs, Ahtanum
Warm and Soda Springs in the southeast Cascades, and Rock Creek Hot Springs,
St. Martins Hot Springs, Bass Lake Hot Spring, Shiperds Hot Springs, Little Wind
River Thermal Seebs,'Government Miﬁerai Springs, and Liftle Soda Springs along
fhe Columbia‘énd Wind Rivers., In additién,-a'few springs in the central Cascades
A(including Money Creek Soda Sprinés, Skykomish Creek Soda Springs, Scenic.—'
Madison Hot Springs, Goldmeyer Hot Springs, Mt. Hyak Warm Springs, Bumping River
Soda Springs, Indian Soda Springs, Flaming Geyser Soda Springs and Black |
Diamond Mineral Springs) and éthers in the southwest Cascades (including Green
River Warm Soda Springs, Vance Mineral Springs, and Packwood Hot Springs) will
be examined. The numbef'of‘waﬁer samples these and related springs represent
will ”'n?ost likely nuxﬁbe;‘ ;'ln'__'t}.xev hu;ldfeds. :
If the opportunity.iénds itself, a few warm water wells in eastern
Washington will be analyzed. This would be approached as a pilot sﬁudy
designed ﬁo identify and characterize anomalies witﬁin the Columbia Basin.
| In all cases; analyses carried out in the field will include coﬁductiyity,

pH, C17, F~, SOz, Alk, and Si0s. The primary tools for checking waters wifhin

areas of thermal and mineral springs will be conductivity, chloride, and
fluoride. Those waters which prove to be anomalous will be analyéed in the

laboratory for Na, K, Ca, Mg, SiO,, Li, B, Fe, Hg, As, C17, Br™, F~, and I".



With the acquisition of a field;porﬁable mercury spectrophotometer with
gold foil colieétor (included in fhe 1980 budget requeét under Capital
’Equipméht),,the élvisiqn.will start the initial phases of a soil mércury survey.
The first year ;Iil involve the collection of baseline data throughout thé
Cascades, including samples from around the thermal and mimeral spfings visitéd
during the field season.’ Thié will lead to\?etailed site—specific studies of
lgeothermal anomalies in the following years.

Soil mercury surveys\have proven useful, convenient, and economical as a
geothermal exploratiﬁn'tool, .The merifs are well documeﬁted by ﬁétiick and
Buseck, - 1978 (Geofhermél Energy Magaziﬁe v; 6,'n6. 9);.Qapuano and Baﬁford 1978
(U.U.R.1I., ESL-13), and Klusman and’iandress, 1978 (Journal of Geochemistry |
Exploration v. 9, no. 1). |

‘Geochemical information accumulated during 1580 will be éresented in the
year—end‘report tg the Department of Energy, publiSheq as a D;vision:éeology and
Earth Resources bpeﬁ—Filé Report, and will be made available to.GﬁOTHERM. The
data will be ‘used to ﬁpdate the Staté Geothermal Reéources Map and will lead to
a finai éfate—wi&eJreporf to béiéomﬁleied'iﬁ'1982-or~1983-and published by the

D .
division as a bulletin.

Fault - Lineament Map~-During 1980 we propose to construct a well-

documented lineament map of a portion of the south Cascades and‘southwest

Columbia Basin. Study area boundaries have not yet been established. The study

will proceed as follows: 1.) compile a fault map using all avéilable geologic

ﬁags, 2.) consﬁruct'a'detailed iineémeptl@ap using ERTS and.SLAR imagery, aerial
pbotograph§, and puBliéhed linéamént.maﬁg,.B.) éompare Lhe two maps and identify
those iineamenpslwhose'exi§£ehpé is confirmed by geologic mapping, 4.) field
che;kvas maﬁy of ‘the remaining lineaments as possible and identify those

lineaments whose existence is confirmed, 5.) identify those lineamenfs whose
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existeﬁce is suggested by other means, principally geophysics, 6.) ideﬁtify
those lineameﬁts that afé not‘attfibutable to the undeflying geologic structure
(roads, power lines,-etc;),'and 7.) draw a final lineament map sho&ing>the |
lineaments identified ;s belonging in one of the above categories plus; of
course, those that cannot be documented. The overall objective wil; be to
determine if individual structures or structural patterns can be related to
known geothermal manifestations (thermal and mineral springs, vélcanoes and
young lavé fields). We envision fhat thé radon emanometer will be useful in
proving the ;#isteﬁce of’faults thét cannot be documented from outcrops or
"nearby;geology. |

One additional investigatﬁr (Gleﬁnda‘McLucas) has been added to the
Washington geothermal resource assessment program-team within the last month to
assist with data compilation for the Washington public geothe;mal resources mape.
We‘propose that fhis investigator will be given responsibility for the lineament
map projecte. |
fRAVEL

| The'$8,000.proposed tfavel-buéget wili be used as follows: $5,000 for in-state

travel, mos;l& to_sﬁpport the géochémical and fault-lineament mapping projects;
$3,000 for out-of-state travel to reSourcé assessment team meetings, USDOE )
offices in Idaho Fallé, and one méjor technical meéting, such ‘as the Geothermal
Resoufces Council annual meeting for each of ;he Washinnton team members.

CAPITAL EQUIPMENT

Downhole température measuring equipment © $4,000
Radon eménometér ' : ‘ : 4,000
" Mercury detector | . 4,000

Most of the captial equipment needs.of the geochemical water analysis lab have

been fulfilled by ‘purchases accrued during the first year of the project,
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1979. The only a&ditional eqﬁipment which would prove useful to the lab is a
carbon rod furnace tb supplement ﬁheiatdmic absorption spectrophotometer.
Because there is no immediate need for this 1nstfumen;;'1ts purchase.has been
postponed Qnt11.1981.

The work pfdposed for 1980 will require the purchase of thfee pleces of
field equipment, each costing about $4,000. ”

As part of the temperature—gradient and heat-flow project, a set-of downhole
temperatupe—measuring gear will be purchased. . The equipment will be»used for
measurement ofjgradients in heat-flow holés drilled by DGER,_as well as measurement
of gradients.in existing wells. The Giscé—Keck~temperature measurement gear purchased
during i979 has been disappointing beéause i.) the cable reei has no slip rings
(the cable must be unreeled on the ground before lowering it in the drill hole),
2.) the cable is too bulky and heavy and the reel design 1is not such as to allow the
cable to be reeled up out of the hole directly onto the reel (it must be pulled
up hand over hand aﬁd coiled on the ground), and 3.) the digital display reads
only to 0.1° C of f, s0 we are not able to éstiﬁate loé'gradients with the pre-
cision Qe would liked - if we cannot ‘obtain a‘setlof'teméeratufe.gear thét.mgets
our requireﬁents we will not purchasé-an addit1onal set .at all. We will instead
rely on ﬁr. D. D. Blackwell to loanv;s Géhe required gear.

A Radon emanometer will be purchased for field checking structures defined
through phe lineament and fault mapping portion of the assessment éffort. It.

will also be used by the'geochemist to survey areas around some of the

thermal and mineral springs to be inQestigated.
Tﬁe meréury detector will be a field porfablé Hg;speétrophbtométer with

gold foil ;ollector'fo; the Aetection of trace amounts of'mercuryiin soils; air,

and waterf It’'s primaf} use will be soil surveying arouna thermal features by

the geochemiste.



OPERATING EXPENSES

To keep the water analysis lab operating, support must continue for goods and
servicég sucﬁ as réplacement'of expended equipment, gas cylinder service,
and deionized water cylinder exchange. The most significaﬁt lab -costs will
include the purchase of 6 additional single and multi-element hollow cathode tubes

. ) each
for the atomic absorption spectrophotometer, at a cost of $200 to $250 eesh.

Lab operating expenses are estimated at $3,000.

As-ﬁért of the fault and 11neaﬁent maéping, air photos and satellite imagery
(SLAR, ERTS, etc.) will need to be puréhased.' The exact costs are undetgr—
minable at this time butlage esfimated at. about $2,000.

DELIVERABLES
1. Quarterly progress and fiscal reports to DOE. ~
2. Year end report to DOE.

Report will include a summary of all activities involving geothermal assess-
ment, with individuél reports on thermal spring surveys‘with anélyticai chem—.
istry, the fault and lineament mapping project, temperture gradient measure-—
ments, heét—f;ow.stﬁdies‘(including finalized data from i97§ work), progress
report on Columbia Basin geohydrology project from Washiégton State Univgrsity
lgnd prégress report on site specific geological investigations from the
University of Washington.

3. The above information will be available to the public through the Division

as open—file reports.

4. New information will be used to update the state geothermal resource maps
(as prepared by NOAA). o

5. Well and spring information will be passed on to the U. S. Geological

Survey's GEOTHERM file.
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PROPOSED BUDGET: USDOE WASHINGTON STATE GEOTHERMAL RESOURCE ASSESSMENT PROGRAM
CALENDAR YEAR 1980 -

Heat Flow Drilling: ‘ C
8-500 ft. holes @ $12,000 each o $ 96,000

Drilling Supervision
52 days @ $200/day + $1300 living expense
+ $500 mileage ' 12,200

Temperature Gradient Scrounging:
130 days @ $100/day + 33, 250 living expenses
+ 62,210 mileage

Thesls Support: '
a) Mt. Baker or Mt. Adams geology, .
U. of W., under Dr. J. Vance - : 15,000
b) Columbia Basin geothermal resource
assessment.using.water=well gradient

- data, WSU, under Dr. J. Crosby_ , ~ 15;000
Central & North Cascades Regional Gravity: ) |
"Z.F. Danes and Al Eggers, U.P.S. . 30,000
Conti’acted Geophysical Advice‘A 5,000
Salaries:

Korosec - 4/1/ 6/30/80 @ l914/mo.
10/1-12/31/80 @ 2029/mo.
(1/1-3/31/80 under old contract, . '
and 7/1-9/30/80 State supported) = -~ - : 11,829

McLucas . — 4/1-9/30/80 @ 1822/mo.
10/1-12/31/80 @ 1931/mo.

(1/1-3/31/80 under old contract) . ’ ) 16,725
Benefits:
19.5% of salaries ’ . .
Korosec, 19.5%Z of $11,829 2,307
McLucas, 19.5% of $16,725 3,262
Travel: ' : : - 3 8,000
Capital Equipment . . . e S o .
a) Downhold temperature gear L L © 4,000
b) Radon emanometer = - = : - , 4,000
¢) Mercury detector - ' : . 4,000
Lab Operating Expenses, Lineament Mapping Imagery: 5,000
SUBTOTAL ' ' $250,783
Overhead (17.85% on noncapital items)' 42,623
TOTAL - ' $293,406

o
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