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UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 
420 CHIPETA WAY, SUITE 120 
SALT LAKE CITY, UTAH 84108 

TELEPHONE 801-581-5283 

MEMORANDUM 

May 19, 1981 

TO: State Coupled Program Core Group 

FROM: Duncan Foley 1>.F./b^ d ^ C P 

SUBJECT: Washington Resource Assessment Team program review, 14 May, 1981, 
Idaho Falls, Idaho 

Attendees: J. Eric Schuster, State of Washington Department of 
Natural Resources (WDNR); M.A. Widmayer, Mike Tucker, DOE/ID; 
Carl Ruscetta, Duncan Foley, ESLD/UURI 

General and Business 

1. The Washington team has requested and been granted a no cost time 
extension until the end of July to finish this year's work. 

2. Departure of one employee means that a Geologist II position is 
open to work on the program. 

3. The geochemistry lab is back on line after a move last year. So 
far, about 15 samples have been processed under the current contract. 

4. Washington has supplied ESLD with required write-up and bibliography 
after the Glenwood Springs meeting. 

5. Copies of the f i r s t year's f ina l report are being made up now. 

6. WDNR apparently w i l l get a $140,000 appropriation to continue 
geothermal resource assessment ac t iv i t ies beyond federal funding. 

Technical 

Two main discussions took place: the first on progress under the 
present contract, and the second on plans for next year. 
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On present tasks: 

1. Drilling - Eight sites have been selected for thermal gradient 
holes, and bids have been received from drillers. Two holes will 
be at the Wind River area (including one near the USFS Nursery), 
three holes will continue the White Pass traverse of the Cascades, 
one will be located North of Mt. Rainier (in conjunction with Denison 
Mines), and one each on the Snoqualamie and Stevens Pass roads. 
Washington has requested bids for the services of a drilling consul
tant. The Environmental Assessment has been delivered to DOE, and 
processing for drilling permits is well along. 

2. Thermal Gradients - Thermal gradients for 800-900 wells in the 
Yakima Valley, Columbia Basing and Southern Cascades areas have 
been investigated. The highest temperatures generally found in the 
Yakima-Columbia area are 40^0, typically from depths less than 
2000 feet. The Washington team doesn't feel that there are any 
local sources of heat, but rather that regional phenomena are 
responsible for the heat concentrations. Dave Blackwell has not 
yet finished his analysis of the data from the last year. 

3. Geologic mapping - Two projects from U. Washington and Portland 
State are moving along. K-Ar dating by U of Utah for this program 
has been only partially successful, due to young age and contami
nation of some samples. These two mapping projects will be 
integrated by WDNR staff, and the results included in this year's 
final report. 

4. Gravity - The program is continuing, with about 2600 stations 
collected so far, and reduction by the USGS is well along. An 
open-file progress report will be available by the end of the month. 

5. Geochemistry - This program was strongly impacted by Mount St. 
Helens' work, which took an estimated 40% of Mike Korosec's time 
(see the attached newspaper article). Only 15 samples have been 
run so far, but more will be finished before the end of the contract. 
The lab analyses check well with the USGS lab, but the cross 
analyses have not been re-run since the lab was moved. Mercury 
surveys are presently being designed; none have been run. 

6. Lineaments - The map of the southern Cascades should be available 
soon. 

7. User map (with NOAA) - WDNR is in the process of reviewing comments 
made by ESL, DOE, and Dave Blackwell, and will communicate with 
NOAA soon. They will be adding squibs to further explain the 
outlines of the gray areas. It may be appropriate to develop a new 
color for the unique data set of mineral springs. 
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On the proposal: 

Overall, DOE requested a more specific set of deliverables with each 
task. Integration of all data collected so far, and interpretation of 
all the results of the program through the upcoming year should be 
provided in a comprehensive final report. It was felt by DOE and ESLD 
personnel that completion of packages in present areas of study should be 
emphasized, rather than starting new areas. This conforms with final year 
approaches in other states. 

1. Geochemistry - The proposed mercury work needs to be clarified, 
so no confusion remains over which surveys are being done by 
which year's funding. The geochemistry of springs studies will 
continue, hopefully at a much accelerated pace. 

2. Gravity - The program will be finished this year. It was 
originally proposed as a three year program, and this will be 
the third year. 

3. Yakima - Hydrology emphasis will be stepped up, and conflicts 
with the state commercialization team will be eliminated from 
the proposal. 

4. Wind River - The area proposed for mapping includes only one of 
the four known thermal springs in the area, and does not include 
the areas with highest user interest. If the mapping can not be 
redirected to include the thermally favorable areas, these monies 
will be directed toward some other task. 

5. Mount St. Helens - The task to better define seismic velocity 
model, identify magma chamber, and look for a structural signature 
for the thermal gradient transition zone was not felt by DOE to 
be an appropriate emphasis for the State Coupled Program, when 
incomplete data packages in other, more directly geothermal aspects 
of the program still exists. It was also felt that USGS, NSF, 
and U of Washington seismic studies would probably approach these 
questions. These dollars will therefore be applied to a different 
task. 

Action Items 

1. WDNR will have a revised proposal to DOE by the end of the month. 
They would like comments from DOE on possible directions for using 
the monies originally slated for tasks 4 and 5 above. 

2. ESL will get from WDNR all the publications they have done so far, 
and will receive new materials as they are prepared. 

3. Map production in coordination with NOAA needs to be emphasized. 

4. ESL will coordinate further on the problems of K-Ar dating. 

5. DOE will send WDNR a copy of Dave Blackwell's proposal. 



Reality^s Relative 
When Atop 
Dome of Lava 

By Kathy McCarthy , 
Associated Press Writer " 

MOUNT ST. HELENS' CRATER RAMP, Wash. — 
Guided by a random wind gust^ warm white breath 
from fumeroles on Mount St. Helens' north ramp 
suddenly shifts direction, hiding a nearby geolo^st in -
an outdoor steam bath. , ; , , : ; 

Reality is relative here on the threshold of lhe 
•giant amphitheater blown out, of the volcano's 
summit on May 18.1980. ,, . . 

Warm May Sim- . .' ' ^ "; 
H i ^ iii a'^piercirig'bii]«'sW^';J^^ May'siih 

shines on the iriountain's snown^overed slopes as it 
did the day ^most 1,300 feet <rf the mountain 
exploded, • :-::;/-<̂  •v;-... • -̂ yiS; ••--̂ r-̂ : - .̂'.'- • ">•••,• 

But when'steam from the giant lava dome on the 
crater floor risiiis above the B,400-fobt crater rim,, 
fashioning itself into thunderhead shapes, the cloud 
can block the sun in an instatit, leaving the northern 
slope of the mountain in chlU high Cascades shadow.^ 

The ragtag bands of fumeroles, or steam vaits,' J 
scattered oh the ramp floor grumble constantly witii -
a sound like river rapids, their steam occasionally' 
obscuring the whole crater like a fog machine' bn a 
1930s Hollywoocl^set-;. . 

More omiî pius than the shifting st^am is the 
intermittettf^^ artiQety-fike crack':crack-crack of 
rbckfalls avalanching 'dpwh -ihe crater's ,̂000-fodit 
western waH./v;_ '-•^•\<-'.. :-."5s,; ^^: '̂ "V,'...; :>; 

; ^ ^ Respect for VplcanoT^;_,. > - ' 'T./ 
The miie-and-a-quarter by two-and-a-quarter-

mile amphitheater, and neighboring acreage offer a, 
wealth of scientific riches, which scientists greet with 
enthusiasm tftmpered with respect for the volcano's 
p o w e r . : . .• ^-••: :__ \-^ • ' ^ . l '.:-..•'.''' '^'-, , ,̂ ̂  '-'' 

The laylTBome, formed 'from "successive ^^donjî  
building eruptions'* which squeezed fresh )ava up 
through the crater floor, now stan4s 375 feet h i ^ . 
ranges 1,200 feet east to westanid extends almost a_. 
half-mile north to south, the U.S. Geological &u*vey 
says.. -,,.-.• i ' . . . :c. i'-.̂ .W: . aO':,:•..0,̂ , . .,-. .'• 
., -Helicopters flying past the dome to pick up USGS 

scientiists on the crater floor look like toys.^ 
' The dome's eastern flank steams innocuously on 

this day, but a cottage-sized chunk that has dropped 
off the dome to nestle at its base gives an idea of its 
ppwet. •- •, ' ; ';-v. ^;•/ 

"A pocket eruption fro^n the dome is truly the 
major danger in the crater now," says Mike Korosec. 
a state Department of Natural Resources eeoloest 
gathering mineral samples from the relative safety 
of the .ramp. _. , . . , , . ; , - . , - . • 

i^. /AdmitOidyScientists • : • ; ; / , 
TTî  Forest Service has said only USGS scientists 

will be permitted to land ih the crater itself. 
"In a pocket eruption, rocks would fly out of the 

dome;-^^rocks of all sizes — and a great ball of steam 
and a^h would rise from the pocket," he said. 

Rocidalls -can be avoided and seismic warning 
signalb are .giving scientists better clues to both 
explo^ve and non-explosive eruptions, he says, but a 
pocket eruption can come without warning. 
' Josh Ix)gan knows. Another state, geologist 
studying ivroclastic flows — superheated gases and 
debris — in the upper reaches of the North Toutle 
River valley, Logan was in the crater during one 
recent pocket eruption. ' ' ' 

"The dome just sort <rf lobbied out'several large 
:• See Page A-7. Column 1 

• 

Heality^s Relative 
When Atop 
Ootne of Lava 
aContinued From Page A-5 
ihunks of rock," he says. "There was » popping! 
^ound and a lot of du^t." 
; "Logan,, 100 yards from the dome then, says tie^s 
"hazy on other details;""! was running in the opposite 
lilirection." -; ; X, . < . • . 
i ; GathersDaU f ? ^ - ' 

' * Armed with a temperature probe and plastic 
' Specimen tubes, Korosec busily chops, scoops and 

measures as he gathers data for tiis hisfjjrv nf 
Sublimates — mineral deposits — occumng around 
yumeroie "vents. '. ~ 
I He thinks the steam of'' rooUess'' fumeroles on the 
•iorth ramp is caused by groundwater contacting hot 
Material — such as hot deposits created by earlier 
•eruptions —: and flashing to. steam,- ^sometimes 
^cracking rocks in its haste to escape. 
» As Korosec widens the throat of one fumerole with 
Jhis pick, the little -vent spite back loose volcanic ash 
tlike a disturbed pceanclam.j^l|: ^ - ' 
*. Temperatures of these^ ramp lield, fumeroles 
&-ange from 86 to 94.7 degrees Celsius — near boiling 
Jat this 6,000-foot elevation, Korosec says. But.that's 
• The USGS has recorded Jemperatoes as high as 
^90 degrees Xelsius — tnore than 1,600 degrees 
'Fahrenheit —three feet beneath the ground near the 
5dome. - . : / ;• ;!%.., ' y r - , ' .. '*-,.• 
J, . Craeks'aearly Visible/̂ ^̂  ^.; ^ 
• Extremely hot steam vents from the'dome and 
Jfrom radial cracks in the crater floor — cracks 
•clearly visible.fronv a heUcopter'as spidery lines 
Sextending from t h e . c ^ e ^ the back crater wall. ~. 
S The temj^er^re^^ind.gas aifalyses seem to 
Jndicate those fumeroles are fueled by the direct 

^_.»degassing!<)f mag^ru^r tiie molten material within 
'^jithe.volcario, Korosw^ys. /^ ' \ v :i .; 

« If he finds that mineral and elenient deposits 
Jdiffer from the Wghrtemperature \ tp the'" low-
«temperature fumeroles, the knowledge could provide 
Ja tool for studying ^cient fumeroles and a key for 
jgeothennal exploragonj Itortisec says. :v̂̂ ^̂  
j . '.'Most Cascade volcanos have fumeroles, "and it's, 
iilikely they change prior to eruptions; so differences 
•here also could helgjpredict, future eruptions," he' 
•said. . -' • ' -•^,. "- "Vi . 1 .. "-';•.-. 



MEMORANDUM 

z . shov^y w W«/( 
I . fu(h hi miUt^^ 4 J l (̂gAo/d/ 

1> l o an5<2fOi;p (included TJC IOA! ) 

TN.K 

TO: State Coupled Program Core Group -~.̂  

FROM: Duncan FOley 4^£>\-^^e. ^..^d •<<s.Tovfvn 

RE: Washington Resource Assessment Team proa,«,P.cr.?::r--)^^'f^'^^^^ ' ^*' 

Attendees: J, Eric Schuster, State Of Washington; M.A. Widmayer, Mike 

Tuchker, DOE/ID; Carl Ruscetta, Duncan Fj/ley, ESLD/UURI 

General and Business 

1. The Washington teamii has requested and been granted a no cost time 

extension until the end of July to finish this flBi year's work. 

2. Departure of one employee iM» means that a Geologist II position 

is open to work on the program. 

3. The geochemistry lab is back on line after a*««iii««imove last year. 

So far, about 15 samples have been (processed under the current contract. 

4. Washington has supplied ESLD with required write-up and bibliography 

after the Glenjwood •Pte Springs meeting. 

5. Copies of the first year's report are being made up now. . 

b. Vim, (Kf^OifM^ uhll a/f A *iAo.i)OA ofiiBpriAW io m\\n\)e m k U t ^ 
tvsso^MwV <u1\vvh<^ \>«|onA Meuil W i n * . 

Technical ^ Q 

Two main discussions took place; the f i r s t on MMHHNMiriliHMMM^ progress 

under the present contract, and the second on plans for next year. 

On present l i tasks: 

1. Dr i l l i ng - Eight sites have been selected for thermal gradient holes, 

and bids have i m been received from f d r i l l e r s . Two holes w i l l be at 
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the ^̂ /nd River area (including one near the USFS Nursery), three 

holes will continue the White Pass traverse of the Cascades, one 

will be located North of Mt. Rainier (in conjunction with i H B i Denison 

Mines), and one each on the Snoqualamie and Stevens Pass roads. 

Washington has requested bids for the services of a drilling consultant. 

The Environmental Assessment has been delivered to DOE, and processing 

for drilling permits is well along. 

2. Thermal Gradients - Thermal !••§ gradients for 800-900 wells in the 

Yakima Valley, Columbia Basing and Southern Cascades areas have been 

lid investigated. The highest fHIP temperatures generally found in the 

Yakima-Columbia area are 40 C, ftMMMPP^ from depths less than 2000 

feet. The Washington team doesn't feel that there are any local 

sources of heat, rather that regional phenomena • are responsible 

for the heat concentrations. Dave Blackwell has not finished his 

analysis of the data from the last year»^pl^ 

3. Geologic mapping - Two projects from U. Washington and Portland 

State are moving along. ^ m H B B B l l̂ -Ar dating by U of Utah 

for this program has been only partially successful, due to 

young age and ^B^Bi contaminaation of some samples. These two 

mapping projects will be integrated by WDNR staff, andyjresults included 

in this year's final report. 

4. 1 The fMHitiv program is continuing, with about 2600 stations collected 

\* JT 

so far, and reduction by the USGSj^well along. An open-file prografess 

report will be availabe available bylfhe end of the month. 

5. Geochemistry - This program was strongly impacted by Mount St. 

Helens work, which took an estimated 40% of M M P M n a ^ Mike KorosecV'bmf 

(see the attached newspaper article). Only S P 15 samples have been 

run so far, but more will be finished before the end of the contract. 

The latf analyses check well with the USGS lab, but the cross 
analyses have not been re-run sinogthelab l i M h a v moved. 

h^Kuri) dweqs are prftiiMili] bem^ ^ tqno l i ' jWMive w k W n run. 
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6. Lineaments - The map ofthe of the southern Cascades should be 

available soon. 

7. User map (with NOAA) - WDNR is in the p«t|^ process of reviewing 

comnents made by ESLj««4 DOE, and Dave Blackwell, and will 

communicate with NOAA soon. The will be adding squibs to further 

explain the 4«*i****©i^ of the gray areas. It may be appropriate 

to develop a new color 9 for the unique* data iset of mineral springs. 

On the proposal: 

Overall, DOE requested a more specific set of deliveralbes with each 

task. Integration of all data collected so far, and interpretation of 

all the results of the program through the upcoming year|| should be provided 

in a m m p i comprehensive final report. It was felt by DOJf and ESLD personnel 

that d i i i H ^ completion of packages in present gr areas of study should be 

emphasized, 4 rather than starting new areas. This conforms with final year 

approaches in other states. 

1. Geochemistry - C The |0Hf proposed mercury work needs to be t ^ 

clarified, so no w m t t m confusiongr over which surveys are being 

done by which years funding,MMiai. The geochemistry of springs 

studies will continue, hopefully at a much accelleratred pace. 

2./ The 4fMMMi^ program will be finished this year. It was originally 

proposed as a liBI three year program, and this will be the thrid 

year. 

3. Yakima ̂ Hydrology emphasis will be stepped up, and conflicts 

with the state comnercialization team will be eliminated from the 

proposal. 

4. Winfd River - The area proposed for mapping M H included only one 

of the four knownv̂ îB̂ «J8rk'Ŝ }̂ î5̂ ĝ  thermal springs in the area. 



and 4 M I not include the areas with highest user interest. If the 

mapping can not be redirected to include the thermally favorable areas, 

these monies will be directed towrpd some other task. 

5. Mount St. Helens - The task to better define seismic velocity model, 

identify magma chamber, and look for a structurtal signature for 3 

the thermal gradient transition zone was not ̂  felt by DOE to be 1̂  

an appropriate emphasis for the state coupled Program, when inc|mplete 

data packages in other, more directly geothermal aspects of the ^s 

program still exist. These dfol lars "will therefore be applied to ^ 

a different task. 

Action Items 

1. WDNR wiill have a revised proposal to DOE by the gi end of the month. 

They would like# comments fcw'm DOE on possible directions for using 

the monies originally slated for tasks 4 and 5 above. 

2. ESL will 4 get from DNf^all the publications they have done so far. 

and will receive newii||i||||material$witeiiMiad»a as they are 

prepared. 

3. Map production in coordination with NOAA needs to be emphasized 

4. ESL will coordinate further on the problems of K-Ar dating. 

5. DOE will send WDNR a copy of Dave M l Blackwell's proposal. 
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SUMMARY 

Work proposed herein runs from August 1, 1981 to July 31, 1982, with a total 

U.S. Department of Energy cost of $203,636 and a State of Washington contribution 

of $13,000. 

Management of this work will be carried out by Washington Division of Geology 

and Earth Resources personnel including one assistant state geologist, two geologists, 

and one secretary. The geologists will also pursue technical objectives. Several 

subcontracts are proposed as follows: 

1. Southern Methodist University; Dr. David D. Blackwell, principal investi

gator; temperature gradient - heat flow subcontract; $93,746. This subcontract 

will allow for collection of new subsurface temperature data in the Columbia Basin 

of southeastern Washington, processing of these data and existing data, and pre

sentation of the results in a series of maps and tables with explanatory text. 

This work will be funded directly by USDOE, Idaho Falls, under a separate proposal, 

so further detail and budget a re omitted from this proposal. 

2. Danes Research Associates; Dr. Z. F. Danes, principal investigator; 

Cascade Range-regional gravity subcontract; $25,700. The objective is to complete 

the Cascade Range regional gravity map with an average gravity station density of 

one station per five square miles. This is the third year of a three year program. 

3. Washington State University; Professor James Crosby, principal investi

gator; John Biggane, investigator; Yakima Area Geothermal Investigations; $11,481. 

The objective is to collect both new and existing data on subsurface temperatures, 

hydrology, and geology of the Yakima area, and interpret these data sets to form 

a practical and technical guide to geothermal exploration and development. This 

is the second year of a two year program. 



4. Portland State University; Dulcy A. Berri, principal investigator; 

Wind River Geology; ca. $20,000. The objective is to map the geology of the middle^ 

and lower portions of the Wind River Valley, a tributary of the Columbia River in^> 

southern Washington, and interpret the geologic environment responsible for the 

occurrence of several hot springs in the area. Resulting maps and report are to 

directly benefit potential geothermal energy users in the area. This project will 

require about 11 months. 

5. Geohydrologist; investigator(s) to be selected; Low Temperature Geothermal 

Resources of the Moses Lake-Ritzville-Connell Area, Columbia Basin, Washington; 

ca. $30,000. The objective is to interpret approximately 150 suites of well logs 

to obtain information on the temperature, depth, size, quality, and production 

potential of low temperature geothermal aquifers. Duration of about one year. 

In addition, the geothermal staff of the Division of Geology and Earth 

Resources proposes to pursue sampling and analysis of thermal springs, "closeout" 

collection., organization, and dissemination of several statewide geothermal-related 

geologic, geochemical, and geophysical data sets. Costs are as follows: Division 

of Geology and Earth Resources, $88,884; administrative overhead, $27,571 (charged 

at the rate of 15.66 percent of total costs). 



WASHINGTON DIVISION OF GEOLOGY AND EARTH RESOURCES ACTIVITIES 

Justification 

During the past year and one-half a considerable amount of data has been 

accumulated regarding the occurrence of geothermal energy in the State of Washington. 

These data have been gathered from many sources, including our own in-house 

investigations, and they were compiled, in part, for the purpose of generating a 

"public" geothermal resources map for publication by the National Oceanic and 

Atmospheric Administration (NOAA). Types of data gathered include down-hole temper

ature data, geothermal lease applications in the Cascade Range (gathered by Wash-

ington State Energy Office), thermal and mineral spring data, gravity data, geologic 

data, distribution of young volcanic rocks, heat-flow data, faults and lineaments, 

seismic data, and aeromagnetic data. Although most of these data sets are still 

preliminary and incomplete, we have found that they, taken together, greatly expand 

our understanding of geothermal energy in this state. 

Because the USDOE - sponsored resource assessment program is apparently in its 

final year, we propose to spend as much time as possible assembrltng, augmenting, 

and interpreting the above data sets and preparing them for rapid and convenient 

use by public and private geothermal investigators, explorationists, and developers. 

Plan and Schedule 

Work toward the objectives listed below will continue throughout the contract 

period, with preparation of data for distribution and/or open filing at intervals. 

The objectives for the three geothermal employees of the Division of Geology 

and Earth Resources are as follows: 

Geologist III: 

A. Spring sampling 

1. Sample and analyze additional known thermal springs. 

2. Search for rumored thermal springs. 

3. Monitor springs in the Mount St. Helens area. 

4. Interpret and report on geology, geochemistry, and recommendations 

for further work and/or development of the springs. 

3 



B. Obtain and report on soil mercury determinations near selected 

thermal springs and near Mount St. Helens. 

C. Assist with subcontract administration and directing the activities 

of the geothermal staff. 

Geologist II: 

A. Augment, interpret, and prepare for distribution data sets pertinent 

to assessment and exploration for geothermal energy in Washington. 

These data sets may include some or all of the following: geology, 

gravity, faults and lineaments, rock and water geochemistry, 

temperature gradients and heat flow, geothermal leasing, seismicity, 

and aeromagnetics. Assist in preparation of a state "scientific" 

geothennal map(s) if one is to be published by NOAA, transmit 

appropriate data to GEOTHERM, and prepare material for public 

dissemination. 

B. Assist with field monitoring of subcontracts. 

C. Temperature-gradient logging, mercury field measurements, assisting 

Geologist III in field, and other duties as required. 

Clerk Typist II: 

A. Assist geologists with the assembly, cataloging, and preparation 

for publication or other dissemination of geothermal data and reports. 

B. Assist with correspondence and contract-related accounting and 

reporting. 

Products 

Year end report detailing all findings during the contract period; open-file 

and/or published reports as appropriate; and material for a state "scientific" 

geothermal resource map if one is to be published by NOAA, 

Budget 

Salaries: 8/1/81 to 7/31/82 

Geologist I I I ; @ $2029/mo. 

Geologist I I ; @ $1839/mo. 

Clerk-Typist I I ; @ $834/mo. 

Benefits: 20 percent of salaries 

$24,348 

$22,068 

$10,008 

$56,424 

$11,285 



Travel: 
Per Diem: 125 days @ $35/day $ 4,375 
Mileage: 8,000 mi. @ .20/mi. $ 1,600 
Air Travel: to USDOE project mtgs. $ 1,200 

$ 7,175 

Equipment, Supplies, and Services: 

Laboratory supplies $ 4,000 

Reproduction and publication $10,000 

$14,000 

Overhead: 

15.66 percent on Division of Geology 

and Earth Resources act ivi t ies and 

subcontracts administered by DGER $27,920 

TOTAL $116,804.00 



TEMPERATURE GRADIENT - HEAT FLOW SUBCONTRACT 

Temperature gradient and heat flow work, largely in the Columbia Basin, will 

be undertaken by Dr. D.D. Blackwell and his students and employees. Although this 

work is an indispensable part of the Washington State geothermal assessment 

program for 1981-82, it Is being funded directly by the U.S. Department of Energy, 

Division of Geothermal Energy, and it will not be discussed further in this proposal 



CASCADE RANGE REGIONAL GRAVITY SUBCONTRACT 

Justification 

Regional gravity surveying under subcontract has been underway in the Cascade 

Range since 1979. The project has been headed by Dr. Z.F. Danes, University of 

Puget Sound, Tacoma, Washington. The study area Is shown on Figure 1. Work to 

date has been concentrated in the southern and central Cascades and in the area 

around Mount Baker in the northern Cascades. 

Status of gravity mapping is shown on Figure 1. Previous data and newly 

measured stations bring the total for the study area (about 14,070 square miles) 

to some 2620 gravity stations, or an average distribution of one station per 5.4 

square miles. The distribution is not even throughout the Cascade Range, however; 

in the part of the study area south of 47°30' the station density is one per 3.8 

square miles, with much heavier concentrations at Camas, North Bonneville, and 

Mount St. Helens. North of 47°30' the station density is only one per 15.1 

square miles. 

Almost all of the gravity data gathered so far, including pre-existing data, 

has been reduced by the U.S. Geological Survey in Denver, through the use of their 

computer facilities. It is expected that preliminary gravity maps at a scale of 

1:250,000 will be placed on open file by the Division of Geology and Earth 

Resources by May 31, 1981. These maps will be improved and updated, especially, 

in the northern Cascades, following the 1981 field season. At the conclusion of 

the three-year gravity program we expect to publish a 1:250,000 scale gravity 

map of the bulk of the study area. 

The UPS gravity work has already greatly expanded available coverage for the 

central and southern Cascades. By the end of the third year regional coverage 

will be available for most of the study area in sufficient detail to allow geothermal 

explorationists to integrate the gravity data into the evaluation of Cascade Range 

geothermal target areas, thus allowing for structural interpretations and tests of 

geothermal hyoathes^s not possible previously. 
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Figure 1. — Washington Cascades Gravity Survey as of March 1981 
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Plan and Schedule 

Sufficient funds are available from the existing USDOE - State of Washington 

contract to support the gravity subcontract until July 31, 1981. Work under the 

subcontract resulting from this proposal will begin on August 1, 1981, and continue 

to May 31, 1982. 

The objectives are as follows: 

1. Obtain regional gravity coverage (one station per five square miles) in 

the areawest of Glacier Peak in the White Chuck Mtn., Pugh Mtn., Bedal, 

Sloan Peak, Prairie Mtn., and Huckleberry Mtn. 7h* quadrangles where 

known elevations and road access permit. Gravity in this area will help 

to provide a "tie" between Mount Baker and Glacier Peak and provide the 

first significant data in an area where geothermal lease applications 

have been made by private industry. i 

2. Obtain regional gravity coverage for the approximately 10 by 8 mile area 

centered on Mount Baker, to the extent that access, known elevations, and 

ordinary prudence will allow. 

3. Collect and Incorporate all pre-existing gravity data available for the 

part of the study area north of 47°30'. 

4. Obtain regional gravity coverage for the area southeast of Mount Rainier 

in the northern part of the Hamilton Buttes 7%' quadrangle, southeastern 

part of the Packwood 15' quadrangle. White Pass 15' quadrangle, Rimrock 

Lake 7^' quadrangle, and Tieton Basin 7^' quadrangle to the extent that 

known elevations and road access will allow. This work will provide better 

gravity data for an area of considerable Quaternary volcanic activity. 

5. Obtain regional gravity coverage for the western h of the Golden Lakes 7H* 

quadrangle, western h of the Mount Wow 7^' quadrangle, and eastern H of the 

Kapowsin 15' quadrangle, all located to the west of Mount Rainier. Coverage 

here should be to the extent practical with regard to road access, known 



elevations, and landowner's permission. The transition between Puget 

Lowland type temperature gradients and Cascade type gradients is suspected 

to pass through this area, and gravity data may help to determine whether 

or not the transition in gradients is accompanied or caused by a transition 

in subsurface lithology and/or structure. 

6. Obtain regional gravity coverage for the southeastern portion of the Wind 

River 15' quadrangle. Work here should largely complete regional coverage 

for two adjacent areas of potential geothermal significance, Wind River and 

Indian Heaven. 

7. Remeasure gravity at a sufficient number of stations in the Mount St. Helens 

area to determine whether the 1980-81 eruptions and/or resulting geographic 

changes have caused significant changes in gravity. If so produce a map 

at 1:62,500 scale which details the changes. New stations should be 

established to add detail to gravity anomalies which were previously defined 

by only one or two stations. 

This objective must be considered tentative. Several factors must be 

favorable in order to carry out the work including: 

A) Mount St. Helens must be in a "quiet" state, 

B) Permits to work in the area must be obtainable, 

C) Access to previously occupied gravity stations must be possible, and 

D) The stations to be re-occupied must be recoverable with a reasonable 

assurance that their elevations have not changed significantly. 

8. Obtain better-than-regional gravity coverage in the area of objective 

, number 3 (Mount Baker). This objective is also tentative because of access 

problems and lack of known elevations. 

Every effort should be made during the course of gravity surveying to insure 

that elevation errors are held to less than +_ 10 feet Cthat reported gravtty values 

are accurate to within about j^ 0.6 milligals). 
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Objectives 1-6 should be completed in the order listed. The contractor is 

expected, within limitations imposed by lack of known elevations, road access, 

or landowner's permission, to allocate the time and finances available under this 

subcontract in such a way that good progress can be made toward completing each 

of objectives 1-6. 

Objectives 7 and 8 are to be started only after objectives 1-6 have been 

completed to the extent that they can be completed without resorting to extensive 

backpacking or use of trail bikes for access to unroaded areas. 

Note that these objectives specifically exclude gathering new gravity data 

in the northeastern part of the study area (In the area north of 47°30' and east 

of 121°15' as well as north of 48°22.5' and east of 121°37.5') because access to 

these areas is very difficult, the areas are of less geothermal Importance (Glacier 

Peak is part of the excluded area, but it Is a wilderness area and cannot be 

developed), and gravity data simply cannot be gathered there in an effective manner 

in the time and with the resources remaining. However, if all eight of the 

objectives listed above can be completed, any excess time and funds may be used 

by the contractor for gathering additional gravity data in these areas. 

Products 

Products to be delivered by May 31, 1982, are: 

1) A complete Bouguer gravity anomaly map for the study area at a scale of 

1:250,000. This map shall show locations of gravity stations and the contoured 

gravity values. It will include complete legend and explanation. 

2) A text which describes the methods used to carry out the gravity survey, 

methods by which existing data have been incorporated, and major conclusions 

regarding geologic structure and geothermal resource potential in the study area. 

3) A tabular listing of gravity stations showing station number, location, 

"raw" and reduced gravity values. 
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Budget 

Salaries 

Principal Investigator: 

1.75 mo. 0 $2000/mo. $ 3,500 

Field Assistants: 

2 @ 7 mo. each, $5/hr., 170 hr./mo. $11,900 

Key Punch Operator: 

2 wk. at 40 hr./week and $5/hr. $ 400 

$15,800 

Travel 

Vehicle mileage and maintenance $ 4,300 

Per Diem: 200 days @ $20/day $ 4,000 

$ 8,300 

Other 

Office and Lab. supplies $ 500 

Reproduction $ 500 

Gravity meter calibration 

and repair $ 

TOTAL 

600 

$ 1,600 

$25,700 
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SUBCONTRACT FOR GEOTHERMAL INVESTIGATIONS IN THE YAKIMA AREA 

Justification 

This work has been underway since August 1, 1980. The investigation is being 

carried out by John Biggane of the Washington State University Department of Civil 

and Environmental Engineering, Geological Engineering Section, under the direction 

of Professor James W. Crosby. The initial subcontract (under USDOE contract 

DE-AC07-79ET27014, Modification No. A003) runs until May 31, 1981. 

The objectives of the current subcontract are: 

1. To measure temperature gradients in existing wells in the Yakima County 

region, and in cooperation with Dr. D.D. Blackwell, determine heat flow 

in as many wells as possible. 

2. To delineate areas that possess a potential for geothermal development (define 

areas where warm and/or hot water and/or sources of heat exist in the 

subsurface). 

3. To relate occurrences or potential occurrences of geothermal energy to the 

geology and hydrology of the study area. 

5. To submit a report detailing work activities, pertinent data, and information 

relevant to the above objectives. This report shall contain appropriate 

geologic, temperature-gradient, heat-flow, and hydrologic maps and/or 

cross sections. 

The initial study area was all of Yakima County — an area of 5,059 square miles. 

As the work progressed, the study area was to be reduced to the areas with the 

greatest potential for the occurrence of geothermal resources. The initial budget 

totalled $15,000. 
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The report from the initial subcontract will include the following: 

I. Geologic Data and Stratigraphic Interpretations 

A. A review of the pertinent geological literature 

1. the occurrence and description of the geologic units. 

2. the previous geophysical surveys and their interpretations. 

B. Stratigraphic interpretations obtained from the WSU geophysical well logs. 

1. the correlation of geologic units, primarily along the trends of the 

Irrigated valleys. 

2. the relationships that exist between the stratigraphy and ground 

water hydrology and temperature. 

II. Geothermal Information 

A. Compilation of the available temperature-depth data. 

1. well locations, gradients, chemical data, pumping test temperatures, 

aquifer transmissivity and storage coefficient. 

2. a review of the previous geothermal research for Yakima County and 

the Columbia Plateau, 

B. Spatial distribution of the geothennal gradients 

1. the variation in the gradients as predicted by the bottom hole tempera

ture regression analysis. 

2. a comparison of theioethods available for th.e interpretation of water 

well geothermal gradients. 

III. Assessment of the Geothermal Resources of the Yakima Area 

A, The areal relationship between aquifer temperatures and aquifer depths. 

This report will go a long way toward integrating many sources of data that bear 

on the development and use of low temperature geothermal resources in the Yakima 

County area. Continuation of this subcontract from June 1, 1981 through January 31, 

1982 will allow for the development of firmer and more detailed interpretations 

regarding the resources and their potential uses, and it will allow the time 

necessary to produce a final report suitable for journal publication. 
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Objectives 

June 1 , 1981 - January 31, 1982 — This subcontracted task w i l l conclude on 

January 31, 1982 and w i l l complete the following objectives: 

I . To refine the"preliminary conclusions of the study by: 

A. Additional strat igraphic correlation through the use of geophysical and 

d r i l l e r ' s logs. 

B. Additional stratigraphic Interpretation by means of structural contour 

maps and fence diagrams. 

C. The investigation in greater detail of the spatial relationship that 

exists between the aquifer depth and i t s temperature and stratigraphy. 

I I . Delineating regions according to their geothermal potent ial . 

Schedule 

Investigations will be continued between June 1, 1981 and January 31, 1982. 

Products 

A report detailing work activities, including all pertinent data and infor

mation relevant to the above objectives, shall be due on January 31, 1982. This 

report shall also incorporate the findings from the .August 1, 1980 to May 31, 1981 

contract period. The report shall contain appropriate geologic, temperature-gradient, 

heat-flow, and hydrologic maps and/or cross-sections. The report shall be delivered 

in a format suitable for publication, and it shall be subject to review by the 

Division of Geology and Earth Resources prior to final acceptance. 
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Budget 

Salaries: 

Research Assistant (8/1/81-1/31/81) 

0.5 FTE 

Secretarial 

Benefits: 

8 percent of Research Asst. salary 

23 percent of secretarial salary 

Goods and Services 

Travel 

Overhead: 45% of total modified direct cos ts 

$ 3,890 

$ 

583 

$ 4,473 

311 

134 

$ 445 

$ 1,875 

$ 1,125 

$ 3,563 

TOTAL $11,481 
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WIND RIVER GEOLOGIC SUBCONTRACT 

Justification 

The middle to lower reaches of the Wind River, a tributary of the Columbia 

River located in the southern Cascades of Washington, constitute one of the most 

promising areas in the state for development of low temperature geothermal resources. 

The area is overlain by young volcanic rocks; major thermal and mineral springs 

occur within and near the area; the course of the Wind River is apparently 

controlled by a fault which Is on strike with a recently recognized seismic zone 

that passes through Mount St. Helens; and there are at least two potential users 

of low temperature geothermal resources in the Valley, a large U.S. Forest Service 

nursery and the schools of the town of Carson. These potential users have expressed 

interest in developing geothermal resources, and they are being assisted by the 

Division of Geology and Earth Resources, the Washington State Energy Office, and 

the Oregon Institute of Technology. 

The area proposed for study extends through an approximately three by ten 

mile area along the-middle and lower parts of the Wind River. It includes 

St. Martins (Carson) Hot Springs and Shiperd's Hot Springs in the lower part of 

the valley, near the Columbia River. The Wind River Valley is filled with Quaternary 

lava flows which originated just north of the study area (Trout Creek Hill and 

other volcanoes), and the river waters have constructed a steep-walled gorge 

which cuts through the valley-filling flows and into underlying Tertiary intrusive, 

volcanic, and volcaniclastic rocks. The hot springs occur within this incised 

gorge. There are no identified aquifers in the Tertiary rocks. The hot springs 

are believed to be controlled by fracture- and fault-related permeability. 

The geology.of the area has been mapped on a regional reconnaissance by several 

geologists, but no significant mapping at a scale of 1:24,000 has been done. No 

geologic mapping at any scale has been done with the objectives of structural 
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interpretation and explanation of the existence of the hot springs and assessment 

of the geothermal development potential in the valley. 

Objectives 

1. Map the Incised valley of the Wind River from its mouth to the vicinity 

of Bunker Hill - Warren Gap at a scale of 1:24,000. The Tertiary rocks 

cropping out in the bottom of the gorge are to be characterized 

lithologically (mapped as lithologic units). Particular attention is 

to be given to the mapping of fault and fracture systems and alteration 

zones. A careful search will be made for new (undiscovered) thermal or 

mineral springs. 

The upper walls of the gorge consist of Quaternary valley-filling 

lava flows and associated sediments C?). These units are to be examined 

for possible thermal aquifers, for any structures that may cut or 

deform them, and for their influence on the hydrologic pattern of the area. 

2. Map the valley sides above the level of the valley-filling flows. Here 

outcrops are expected to be less numerous than within the gorge, and mapping 

will necessarily be less detailed. This portion of the mapping will still 

emphasize collection of structural data as well as lithologic characterization 

. of geologic units. 

A^r 3. Assist Division of Geology and Earth Resources staff in the collection of 

N w \5i^^ ̂  soil samples for mercury analysis as needed, and assist with the 

\ v ^ C\r interpretation of these data. 

\^W^ 4. Perform reconnaissance geologic mapping in the lower Little Wind River area 

and at any other location in the study area where cross faults or fractures 

might occur that would be expected to influence the hydrology of the area 

and. In turn, the existence and nature of thermal waters. 
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^ 5. The geologic mapping may be supported by commercially available geochemical 

s \ \ ^ ' analyses of rocks, as appropriate, and by water analyses through the 

facilities of the Division of Geology and Earth Resources. Two temperature 

gradient-heat flow holes will be drilled in the Wind River Valley this 

summer. Results will be available to aid in the geologic Interpretation. 

The overall objective of these studies will be to identify the geologic 

environment responsible for the existence of hot springs in the Wind River Valley, 

to determine if that environment exists anywhere else in the area (find geothermal 

targets), and to report these findings in a manner that will constructively 

influence the exploration and development of low temperature geothermal resources 

in the Wind River Valley. 

Personnel and Schedule 

Current plans call for the geologic work to be executed by a well-qualified 

graduate student under the guidance of Dr. Paul Hammond, Portland State University, 

and the geothermal staff of the Division of Geology and Earth Resources. The 

graduate student may be assisted by other graduate- or undergraduate-level personnel 

as appropriate. We have discussed this project with seven students from Portland 

State University and Oregon State University, and in our opinion Ms. Dulcy A. Berri 

(resume and other information attached) is the best qualified candidate to perform 

this work. 

Field work will probably require about three person-months beginning In 

August, 1981. Data reduction, analytical work, and report writing will be done in 

the fall and winter, with geologic maps, cross sections, and Interpretive text 

prepared for delivery by sometime in the spring of 1982. 
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Budget 

Since the details of this subcontract are still being developed, no budget 

can be presented at this time. A budget will be prepared for USDOE consideration 

as soon as possible. We anticipate a total subcontract cost of approximately $20,000. 

1 
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A 

Date of birth; 

Education: 

1973-74 

1976-79 

1978 

1979-present 

Dulcy A. Berri 
5180 NW Neakahnie, No. 28 
Portland, Oregon 97229 

Phone: Home (503) 645-0543 
Message (503) 229-3022 

September 14, 1955 

Iowa State University 
Ames, Iowa 
Botany 

University of Oregon 
Eugene, Oregon 
B.S. in geology, June, 1979 

Miami University 
Oxford, Ohio 
Summer field methods course in vicinity 
of the Wind River Range, Wyoming 

Portland State University 
Portland, Oregon 
M.S. in geology, June, 1981 

Master's Thesis: involving Glass Buttes, a silicic dome and vent 
complex in central Oregon composed of layered 

rhyolite, andesite and basalt flows, ash-flow tuffs, vitrophyre 
and obsidian flows. Hydrothermally altered zones show extensive 
silicification of ash-flow tuffs, resulting in masses of cinnabar-
bearing opalite; other mineralization includes finely disseminated 
pyrite with minor pyrrhotite. Broad zones of possible argillic 
alteration extend frominineralized veins into country rock. 
Alteration control is structural; cinnabar-rich fluids may have 
circulated through primarily north-south and east-west trending 
fractures associated with the regional fault system. A blanketing 
opalite mass may have further restricted fluids. Research included 
field mapping, petrography, atomic absorption and neutron activation 
analyses and X-ray diffraction studies. 

Coursework in geology; 

Field Geophysics; field use of gravimeter, magnetometer, seismic 
refraction and resistivity instruments to determine subsurface 
geology in Coast Range basalts of Oregon. 

Exploration Geochemistry: designed geochemical survey of. a possible 
porphyry copper deposit in SW Washington; conducted soil survey, 
reconnaissance geologic mapping, atomic absorption analyses and 
interpretation in final report. 

Volcanic Stratigraphy: classified stratigraphic units, eruptive 
mechanisms, deposition; field study of volcanic sediments in 
central Oregon, 
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Dulcy A. Berri 

Advanced Metamorphic Petrology: study of thermodynamics of 
metamorphic reactions, constructing petrogenetic grids, mineral 
parageneses, metamorphosed siliceous limestones, pelites, iron 
formations and exhalites. 

Advanced Igneous Petrology: comprehensive study of the genesis 
of ophiolite, basalt, andesite and silicic plutonism in diff
erent tectonic settings; geochemical interpretation. 

Geologic Interpretation: topographic map and air photo analysis, 
construction of planimetric map from air photos. 

Also: Economic Geology, Structural Geology, Geophysics, Geo
chemistry, Igneous, Metamorphic and Sedimentary Petrography and 
Petrology (3 terms), Paleontology, Tectonics and Sedimentation, 
Geomorphology, Introductory Computer Programming. 

Organizations; 

Work Experience; 

References: 

Northwest Mining Association 
Geothermal Resources Council 
Geological Society of America, Cordilleran Section 

Retail and office work, details provided upon request. 

Dr. Michael L. Cummings 
Department of Earth Sciences 
Portland State University 
P.O. Box 751 
Portland, Oregon 97207 
(503) 229-3022 

Dr. Robert 0. Van Atta 
Department of Earth Sciences 
Portland State University 
P.O. Box 751 
Portland, Oregon 97207 
(503) 229-3022 

Mr. Larry Wilkinson 
Foundation Sciences, Inc. 
1630 SW Morrison Street 
Portland, Oregon 97205 
(503) 224-4435 
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Mr, Eric Schuster, Assistant Manager 
Division of Geology and Earth Resources 
Department of Natural Resources 
Olympia, Washington 98504 

June 16, 1981 

Dear Mr, Schuster: 

It was a pleasure meeting you and Mike Korosec in Portland last 
Friday. Thank you again for your time spent discussing the 
Wind River project. 

As I expressed to you at the time, I'm very excited about 
becoming involved in the Wind River study. I see it as a very 
challenging and rewarding opportunity, as well as a chance to 
further geothermal exploration in the Northwest. By August 
I will have completed my thesis work, which involved a structural 
study similar to that required at Wind River, and so I'll have 
a good idea of necessary field and office time, techniques, and 
materials, as well as have developed interpretive ability. 

I'm interested in the position of Principal Investigator. I 
feel I could organize the work required within available time 
and funds, and also coordinate the work of assistants. Due to 
the many qualified persons interested in this project, I can 
understand your needing time to select personnel. I eim, however, 
holding off a less rewarding offer in light of possibly becoming 
involved in the Wind River study, so I would very much appreciate 
notice of your decision when it is made. 

Sincerely, 

Dulcy Berri 

Earth Sciences Department 
Portland State University 
P. O. Box 751 
Portland, Oregon 97207 
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LOW TEMPERATURE GEOTHERMAL RESOURCES 

OF THE MOSES LAKE-RITZVILLE-CONNELL AREA 

Justification 

The Moses Lake-Ritzville-Connell area is a triangular area located near the 

center of the Columbia Basin in southeastern Washington. It is one of several 

areas in southeastern Washington where many temperature records from water wells 

show that low temperature geothermal resource potential exists within 2,000-3,000 

feet of the surface or less. 

The Moses Lake-Ritzville-Connell area is intensively cultivated and presents 

considerable opportunity for the rise of geothermal energy as a source of space 

heat as well as process heat for agriculture-related industries. Although other 

areas in or near the Columbia Basin, such as the Walla Walla and Ellensburg areas, 

may present opportunities for the rise of low temperature geothermal resources 

which are as good or nearly as good as the Moses Lake-Ritzville-Connell area, 

the latter area is the one for which the best subsurface data exist. These data 

consist of suites of continuous geophysical logs, including temperature logs, for 

about 150 wells. The logs have been obtained by personnel of the Washington State 

University Geological Engineering Section over the past several years. 

Objectives 

We propose to employ the services of a geohydrological consultant, or a graduate 

student and/or staff hydrologist of the Washington State University Geological 

Engineering Section to study, interpret, and report findings regarding the 

occurrence of low temperature geothermal energy in the Moses Lake-Ritzville-Connell 

area. The proposed study would be very similar to the one presently being done in 

the Yakima Valley area by John Biggane (see earlier section of this proposal). 
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The objective will be to Interpret the geologic and hydrologic literature 

and the suites of well logs for the following: 

1. Stratigraphic correlation 

2. Structural Interpretation 

3. Identification of thermal aquifers and 

their characteristics, such as 

a. transmissivity 

b. storage coefficient 

c. temperature 

d. depth 

e. water quality 

f. source of heat 

4. Temperature gradients and heat flow (If practical) 

5. Identification and characterization of the geographic areas 

with the best potential for low temperature geothermal 

resource development. 

The resulting report will be designed to be of direct use to potential 

geothermal developers and users, while at the same time incorporating all of the 

scientific data and interpretations that would be of use to other highly trained 

Investigators. 

Because this study will have to be completed in slightly less than one year, 

it will not be possible to incorporate much, if any, field investigation. The 

personnel who will perform the work have yet to be identified. This matter and 

the details of the investigation will be under discussion with Professor James 

Crosby, and other possible subcontractors, with the aim of drafting a more detailed 

joint proposal for USDOE consideration as soon as possible. 

25 



Budget 

The budget for this subcontract has yet to be formulated, but we anticipate 

that the work can be done for $30,000 or less. 
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STATUS OF GEOTHERMAL ASSESSMENT IN WASHINGTON 

The Washington State Geothermal Resource Assessment team has been operating 

under U.S. Department of Energy sponsorship for nearly three years. In that time 

considerable progress has been made toward Identifying and understanding the 

state's geothermal resources. This progress is summarized in the following figures 

and table. Figures 2 and 4 and Table 1 were compiled jointly by the Washington 

State Resource Assessment and Commercialization Teams (Washington State Division 

of Geology and Earth Resources and Washington State Energy Office, respectively), 

while Figure 3, Geothermal Leases in Washington, was prepared entirely by the 

Commercialization Team. 
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Figure 2. —̂  POTENTIAL GEOTHERMAL RESOURCE 
AREAS IN WASHINGTON 
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Figure 3. — GEOTHERMAL LEASES IN WASHINGTON 
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Table 1. — Status of Geothermal Energy Assessment in Washington, March 1981. 
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OVERALL PROPOSED BUDGET 

Subcontracts: 

Cascade Range regional gravity by Danes Research Assoc. $ 25,700 

Geothermal investigations in the Yakima area by 

Washington State University 11,481 

Wind River geologic investigations 20,000 

Geothermal investigations in the Moses Lake-Ritzville-Connell 
area by Washington State University 30,000 

Division of Geology and Earth Resources: 

Salaries, benefits, travel, equipment, suoplies, and 
services 88,884 

Overhead - 15.66 percent on Division of Geology and 
Earth Resources administered activities 27,571 

USDOE CONTRIBUTION $203,636 

STATE OF WASHINGTON CONTRIBUTION 13,000 

TOTAL $216,636 

32 
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HEAT FLOW AND GEOTHERMAL EVALUATION OF OREGON AND WASHINGTON 

ABSTRACT 

This proposal is for the third year of a program of cooperative 

heat flow studies and geothermal evaluation of Oregon and Washington. 

Personnel of the Geothermal Laboratoar^ at SMU, as outlined in the 

accompanying budget, will perform field and laboratory tasks dealing 

with geothermal measurements and evaluation in cooperation with the 

low-temperature assessment studies of the Oregon Department of Geology 

and Mineral Industries and the Washington Department of Natural Resources, 

Division of Geology. The specific SMU tasks include the following. 

Based on extensive geothermal experience in the Pacific Northwest, 

consultation on the nature of the field program of the two states and 

interpretation of final results will be a major task. In addition, 

three people will be supplied and supervised for field operations in 

the state of Washington during the summer of 1981. One person will 

operate a motorized logging system and the other two will operate hand-

powered equipment (9 man-months total). Most of the field program in 

Oregon will be carried out by personnel of the Department of Geology and 

Mineral Industries. Approximately 1 1/2 man-months of SMU effort will 

be involved in the field aspects of the Oregon program. 

Five sets of portable temperature logging equipment for support of 

the field temperature-gradient heat-flow study aspects of the state programs 

will be supplied and maintained by SMU. Two motorized logging systems, one 

capable of measuring temperatures to 110°C at 1050 m and the other capable 



of measuring temperatures to ISCC at 3000 m will also be supplied and 

maintained. Gamma-ray, SP, and resistivity logs will be recorded in 

wells for which such information would be useful in interpretation or 

evaluation. Thermal conductivity measurements will be made on cuttings 

and core samples collected from the wells in which temperature logs have 

been made and from surrounding outcrops, etc. The samples will be 

collected by SMU, WDNR and DOGAMI personnel. The thermal conductivity 

apparatus is operated and maintained by SMU. As needed, heat, production 

studies involving measurement of the uranium, thorium and potassium 

content of rocks will be carried out on samples collected by field 

personnel. This equipment is maintained and operated by SMU. The results 

of current and past temperature-dept±i logging, geothermal gradient 

calculations, etc., will be maintained on computerized data files at SMU. 

Computer-processed temperature-depth data in the form of listings and 

plots will be supplied, based on data collected by the field parties, for 

inclusion in open-file reports following completion of the field season. 

Summary reports and maps will be supplied using the data base available. 

Included will be tabulated lists of all geothermal data in each state; 

maps at a scale of 1:1,000,000 detailing heat flow measurements in the 

states of Oregon and Washington, with accompanying reports; and a contour map 

of temperatures and/or depth of certain temperatures in the Columbia Basin. 

Reports on local geothermal systems and detailed studies will be prepared 

at the request of the states, on a manpower-available basis. 



INTRODUCTION 

During the past two years there has been a continued program of 

investigation of low-temperature geothermal resources in the Pacific 

Northwest, sponsored by DOE and carried out by state organizations. One 

of the major techniques used in this resource evaluation-investigation 

program is the collection of geo1±ermal gradient-heat flow data. The 

object of work during this contract period is to provide a third year 

of logistical, technical, analytical and report preparation support 

relating to geothermal gradient-heat flow data for the low-temperature 

geothermal programs in the states of Oregon and Washington. During the 

period of this contract (June 1, 1981 through May 31, 1982), the work 

effort in Oregon and Washington will be focused on specific areas and 

problems of completion of the statewide studies. The overall objective 

of the project will be to bring to completion several parts of the study 

which have been in progress for some time. 

PROPOSED WORK 

Oregon 

The program of the Oregon Department of Geology and Mineral Industries 

(DOE contract) for the 1981-82 season includes a minimum amount of drilling, 

an extensive collection of free hole (scrounge) data, and consolidation and 

interpretation of existing information. Services to be provided by SMU 

include supply and maintenance of two sets of portable temperature logging 

gear. In addition, the state owns a third set, so that the three field 



parties will be active during the sxommer collecting drill hole data. A 

truck with a motorized winch capable of measuring temperatures to a depth 

of 3000 m and a truck capable of measuring temperatures to 1000 m as well 

as gamma-ray, SP and resistivity logs in wells, will be supplied and 

maintained for joint use by the states of Oregon and Washington. Each 

truck will be available approximately 50% of the time in each state during 

the field season. Personnel from the state of Oregon will collect the 

field data, which will be sent to SMU to be collated and combined with an 

extensive computer file of existing data from the state of Oregon (the 

file already totals over 500 holes). With the several parties in the 

field it is estimated that between 100 and 200 new holes will be logged 

during the 1981 field season. 

Copies of computer-processed temperature-depth information and plots 

for each hole will be siobmitted to the state of Oregon for open-file in 

the fall of 1981, for ready access by the geothermal community. Thermal 

conductivity measurements will be made on samples collected by the field 

parties in order to calculate heat flow values for holes, where possible, 

and to obtain better information on thermal properties of geothermal areas. 

Radioactivity measurement on well and surface samples, as well as terrain 

corrections, will be made as needed. 

Reports will be prepared and personnel from the geotiiermal laboratory 

will consult with personnel from the state of Oregon in the interpretation 

and reporting of the geothermal results. Special areas of study are listed 

in the DOGAMI contract. Specific publications to be submitted by May 31, 

1982, include: a report of geothermal gradient data, geothermal gradient 

and heat flow summary for special papers on high-priority resource areas; 



a geothermal gradient and heat flow summary for a special paper summari

zing the geothermal resoiarce potential of all of the study areas; and a 

new edition of the statewide 1:1,000,000 heat flow map. 

Washington 

Under contract to DOE, the Washington Department of Natural Resources 

(WDNR) plans to drill approximately 10 holes specifically for geothermal 

graident-heat flow determinations in the southeastern Washington Cascade 

Range. SMU will log temperatures, gamma-ray, SP and resistivity in these 

holes as they are drilled. In addition, SMU will supply 9 man-months of 

field effort in support of the state of Washington program; 6 man-months 

of'field effort will be involved with geothermal gradient scrounge studies, 

and 3 man-months will be involved in operating one of the mobilized logging 

systems. Two sets of portable temperature-depth equipment will be supplied 

for the field studies. The areas to be emphasized are the eastern border 

of the Cascade Range, the Columbia Plateau, and the boundary between the 

Columbia Plateau and Okanogan Highlands. These areas afford a combination 

of population centers and geothermal potential such that they are the areas 

most likely to be utilized for low-temperature geothermal applications in 

the state of Washington. In the field effort, approximately 100 to 150 

holes will be logged, in addition to the holes which are to be drilled. 

All of the off-campus budget is devoted to the field effort in the state 

of Washington, with the exception of one budget month of the principal 

investigator's time and 1/2 month of the research associate's time. 

Upon return to Dallas, the temperature-depth data will be computer 

processed and returned to the state for open-file in the early fall, as 



is the case in Oregon. Products to be delivered by May 31, 1982, include 

the following: 

1. Depth-to-isotherm maps 

a) sketch map of entire state at 1:2,000,000 
b) Columbia Basin at 1:500,000 
c) more detailed maps in anomalous areas, such as Moses Lake, 

Walla Walla, or Yakima, at scales of 1:250,000 or 1:100,000 
as data quantity and quality permit. 

[NOTE: These maps might be formulated as depth-to-isotherm 
maps (probably depth to 20"C and/or 30°C) and/or 
temperature-at-fixed-depth maps (such as temperature 
at a depth of 1 km).] 

2. Mean surface temperature maps for the areas listed under la, 
lb and Ic, where data quantity and quality permit. 

3. Heat flow and gradient maps for the entire state at 1:1,000,000. 

4. Tabulated and graphical temperature-depth data for all wells in 
the state from which these data are available. 

5. Tabulated gradients, thermal conductivities and heat flow 
(corrected and uncorrected) for all wells in the state from 
which these data are available. 

6. An explanatory and interpretative text. 

BUDGET NOTES 

The on-campus budget breakdown is 50-50 between the states of Oregon 

and Washington, so the supplies, publication, computer and on-campus travel 

line-items, as well as the on-campus direct costs, are evenly divided. The 

maintenance and repair of the field equipment (truck and portable logging 

gear) will occupy approximately 50% of a technician's time for 12 months 

(25% for the state of Oregon and 25% for the state of Washington). The 

laboratory aspects relating to the state of Oregon studies will occupy 

approximately 45% of the time of the research associate and 15% of the time 

of the principal investigator; 50% of the time of the laboratory assistants, 



30% of the secretary's time for report preparation, and approximately 

$200 of undergraduate assistants' time. The technician will spend 10% 

of time on maintenance of the laboratory equipment. Similar on-campus 

effort will be directed to the state of Washington program-

Half-time for the two logging trucks will be spent in the state of 

Washington to obtain information in deeper holes; also, resistivity, SP 

and gamma-ray information on selected holes of special interest. 

All of the off-campus budget is devoted to the field effort of the 

state of Washington with the exception of one month of the principal 

investigator's time and 1/2 month of the research associate's time. The 

breakdown of the budget items devoted to support of the Oregon program 

comes to a total of $70,000; that devoted to support of the Washington 

program comes to a total of $93,653. The field aspect represents the 

only difference in the level of budgeted effort between the states of 

Oregon and Washington. 



OFF CAMl'US BUDGET 

Sal' ries TQTAL DOE SMU 

Principal Investigator, David Blackwell 
100?. of 2 months @ $A,666/month 
Research Associate, John Steele 
100% of 3 months (3 $19'46/month 
Field Assistants 
100% of 6 months (? $1000/month 
WIi\L SALARIES 

9,332 

5,838 

6_iOOO 
21,170 

9,332 

5,838 

6_̂ 000 
21,170 

Employee Benefits 

Blackwell @ 13% of salary 
Research Associate (§ 15.1% 
Field Assist.ints !? .8% of salary 
TOTAL BENEFITS 

Supplies 

Travel , 

1,214 
882 
48 

2,144 

2,000 

1,214 
882 
48 

2,144 

2,000 

11 man-mpnths (? $35/day 
60,000 miles @ 22.5c/raile 

TOTM. DIRECT COSTS 

INDiiiEcr costs -23.4% of MTDC 

TOTAL OFF CAMPUS PROJECT COSTS 

11,.550 
13,500 

50,364 

11,786 

62,150 

11,550 
13,500 

50,364 

11.786 

62,150 

Saliiries 

ON CAMPUS BUDGET 

Principa] Investigator, David Blackwell 
30% of AY 1981/82 @ $44,520/AY 
Research Associa^e, John Steele 
90% of 9 months @ $23,353/CY 
Technician 
70% of 12 months @ $1650/month 
Lab Assistant 
100% of 9 months (5 $1000/month 
Secretary 
60% of 12 months (§ $800/month 
Undergraduate Assistant 
400 hours @ $4/hour 
TOTAL SALARIES 

13,356 

15,764 

13,"860 

9,000 

5,760 

1,600 

4,452 

15,7o4 

13,860 

9,000 

5,760 

1,600 

8,904 

59,340 50,436 8,904 

jiumm HI— 



Employee Benefits 

Blackwell @ 13% 
'Research Assoc & Technician (§ 15.1% 
Secretary (? 9.2% 
Others @ .8% 
TOTAL BENEFITS 

Supplies 

Publication 

Computer - 800 hours Q $12.50/hour 

Travel 

2 professional meetings (? $750/mtg 
2 contractor's meetings @ $700/mtg 

TOTAL DIRECT.COSTS 

INDIRECT COSTS -40% of MTDC 

TOTAL ON CAMPUS PROJECT COSTS 

Total 

1,736 
4,̂ 474 

530 
84 

6,824 

2,000 

1,500 

10,000 

1,500 
1,400 

82,564 

33,026 

/ 115,590 

BUDGET SUMMARY 

Salaries 
Employee Benefits 
Supplies 
Travel 
Computer 
Publication 

TOTAL DIRECT COSTS 

INDIRECT COSTS 

TOTAL PROJECT COSTS 

DOE 

578 
4,474 

530 
84 

5,666 

2,000 

1,500 

10,000 

1,500 
1,400 

72,502 

29,001 

101,503 

SMU 

1,158 

1,158 

10,062 

4,025 

14,087 

80,510 
8,968 
4,000 
27,950 
10,000 
1,500 

132,928 

44,'812 

177,355 

71,606 
7,810 
4,000 
27,950 
10,000 
1,500 

122,866 

40,787 

163,653 

8,904 

1,158 

10,062 

4,025 

14,087 
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GENnAi snviCES ADMINISTRATION 
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AMENDMENT OF SOLlCITATION/MOOiFICATlON OF CONTRAa 
OP 

1 
1. AM£N0MENT/MOOiriCArK3N NO. 

A003 
2. 5WKTIVJ DATE 

7/1/80 
3. KEQUISITION/nWOIASE KOUCST NO. 

07-80ET27014.504 
4. P«OJHCr NO. ( I fapp l icab i t ) 

CODE I (SSUCD tY CODE 

U.S. Department of Energy 
Idaho Operations Office 
550 Second Stree t 
Idaho Falls, Idaho 83401 

4. AOMIMSTBm IY ( I f odbtr than block ) ) 

7. CONTRACTO* 
NAME ANO AOORESS 

CODE FACIUTY CODE 

r 
(S i r t t l . city, 
connty, stmtt. 
and ZIP 
Codt) 

L 

State of Washington 
Depart3aent of Natural Resources 
Olympia, Washington 98504 

Attn: J . Eric Schxister 

n 

J 

_ _ AMCNOMCNT Ot 
\ \ SOUCITATION NO. . 

DATED. . (Sit block 9) 

a ?SS?;S /̂'Sio« NO. DE-AC07-79ET27Q14 

DATED 5 / 8 / 7 9 (Stt block 11) 

THIS u c a ( AmiES ONIY TO AMCNOMCNTS o t SOUOTATIONS 

1 1 Iho dbotm nonibotod miicitotion i i j i i iwd id m ml fortti in Modi 12. Th* Hour dnd do** ipaciliad for raaipt of OIHn Q i< •xMndad, Q i> not «Mndod. 

OHoroit mutt oeknomiodgo rocatpt of thn amondmont pfior to tho hoor ond dolo apociWod in ffw MlkMofion, or as omondod, br ono of ffw foJIewtn^ moHtods: 

Co|-8y »«i<«9 and i ing mnioi of * i » wnondrnowfi (b| »y ocknowlold«in« )ocoi«t of rtiij omondmont on ooch eepy of Hio oftor lubffliltodi or (c) l y loparafo loitor or lologrom 
•luch indudot o roforonco i« Hio lolieilation and amondmont mimbori. PAKUK Ot YOUR ACXNOWUOOfAMINr TO M RECBVEO AT THC ISSUING OmCZ PRIOR TO THC HOUR ANO 
DATE SMOPIEO MAY RCSUIT IN REJECTION OE YOO* O^PER. H, by »i»t»o of HHt omondmont yoo doiiro lo chongo on olhr olroady Mibmiltod, luch chongo moy bo modo by tologram 
or loitor, prgvidod wch tologram or lottor molcoc roforonco to tho lolicilatian and Hin amondmont, and it rocoi<rod prior to Hio oponing iwur and dato ipocifiod. 

lO. ACCOUNTING ANO APPROfRIATION OATA ( t f r tqu i r td ) 

n . TMS MOCK A m i e s ONLY TO MOOMCATIONS OE CONTRACn/ORDERS 

(a| [ ^ This Chango Ordor i l iuuod pursuant to . « ^ . » . . , « , . . . ^ . i ^ _ _ ^ . . « ^ . ^ » 

Tho Changos mt forth in blodk t J oro modo la tho obouo mimbirid conliact/ordor. 

tb) ^ J Tho obvo numborod contract^ordor is madifWd to roRoct tho administrativo chongos (ludi as chongos in poying oAco, oppropriation data, otc.) lot ferHi in block 1 2. 

' ici ( x l ^ n Supplmnonl^l Agroomont is ontorod into pursuant to oMhoritr of m U t u a l a g r e e m e n t O f t h e P a r t l e S . 

It modifios tho obovo numborod controct as lot forth in block I 2. 

12. OCSCRIPnON Ot AAtCNOMENT/MOOIPICATION 

1. Article I. Scope of Work, of the "SCHEDULE" is revised to include the following 
tasks which s h a l l be perfoinned under t h i s Modification No. A003 in continuat ion 
of the Washington State Coop Program: 

Task 1. Heat Flow Drilling - Eight heat flow holes to a maximum depth of 
500 fee t w i l l be d r i l l e d in the Southern Cascades: Two holes w i l l 
be drilled east of Mt. Saint Helens, one hole will be drilled in 
the Cowlitz Valley in the Puget Lowland, one hole will be drilled 
near St. Martins Hot Springs, and one hole will be located in the 
North Bonneville area. The locations for the other three holes 
will be determined later. Changes in drilling location and/or 
number of holes must be approved by DOE prior to change. Drilling 
will be accomplished by a subcontract, which will have DOE 
approval prior to issuance by the State of Washington. 

—continued 

Excopt OS providod horoin, oil torms and conditions of ttio documont roforoncod in block C, os hoiotofem changed, lomam undwngod and in ^11 forco and tifoct. 

13. 
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17. UNITEO STATES Of AMERICA 

•Y 
(Signotur. of Contracting OAcorl 

IS. NAME ANO TTTIE Of SIGNER (Typ t t r p r i n i ) i h . DATE SIGNED 18. NAME o r CONTRACTING OfflCER (Typ t or pr tn l ) 

Nell W. Fraser, Director 
Contracts Management Division 

19. DATE SIGNED 

30-101 « U.S.SPO:197»0.2B1-187f SOOT 
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Page 2 of 4 

Task 2. Temperature Measurements - Temperature measurements and thermal 
gradients will be obtained for all available existing wells in the 
Southeastern Cascades, Yakima Valley, and southwestern Columbia Basin. 
A preliminary map and interpretation of these data to include geo-
hydrologic, and existing data on file with this program, will be 
produced. 

Task 3. Geologic Mapping - Detailed geologic mapping, of lithology and structures, 
rock analysis, and age dating will be conducted on one of the strato-
volcanoes (i.e., Mt. Adams or Mt. Baker). The study area to be studied 
will be approved by DOE prior to beginning work. Preliminary maps and 
interpretations of geothermal potential of the study area will be 
produced. 

Task 4. Gravity Survey - A subcontract will be issued to perform gravity 
surveys (one station per five square miles density) in the central and 
Northern Cascades. Data reduction and preliminary interpretations will 
be produced. A gravity map of the Cascades of Washington will be 
prepared by 1982. This subcontract must be approved by OOE prior to 
issuance. 

Task 5. Geophysical Interpretations - A task within this program is to assist 
in the evaluation of data as it relates to geothermal development in 
the State of Washington. It is understood that $5,000 will be available 
under this modification to purchase consultant time, as required, to 
aid in the interpretation of geothermal information associated with 
this program. 

Task 6. Geochemistry - Water samples will be collected from thermal springs 
and wells along the Columbia and Wind Rivers, in the southeast Cascades, 
and in eastern Washington. Geochemical analyses will be performed on 
the samples as outlined in the participant's proposal, herein incorporated 
as part of this modification. Soil mercury and radon studies will be 
conducted in these areas to help delineate faults associated with 
geothennal fluids. Preliminary maps and results of these surveys will 
be presented in the yearend report. 

Task 7. Fault - Lineament Map - Construct a well documented lineament map of 
south Cascades and southwest Columbia Basin areas. Field verification 
of lineaments and faults will be accomplished. 

Task 8. USGS GEOTHERM file - All pertinent information on geothermal resources 
will be transmitted to the USGS GOETHERM File for encorporation. 

Task 9. Reports - The Contractor shall furnish reports for work under this 
modification in accordance with attached OOE Form CF-537. 

052880 
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2. Article II - PERIOD OF PERFORMANCE of the "SCHEDULE" is revised to read as 
fol 1ows: 

The period of performance for work under this modification shall . 
begin on July 1, 1980 and be completed on May 31, 1981. The period of 
performance may be extended for additional periods by written agreement 
of the parties. 

3. Paragraphs (a), (c) and (d) of Article III - ESTIMATED COST AND COST SHARING 
of the "SCHEDULE" are revised to read as follows: 

(a) The total estimated cost of the work under this contract is 
increased from $309,878 to $615,962 for work under the original 
contract and this Modification No. A003. Of this estimated cost, 
the amount that OOE will fund is increased from $296,894 to $591,111 
for work under this Modification No. A003. 

(c) The amount of costs that the Contractor shall fund out of its own 
resources is increased from $12,984 to $25,851 for work under the 
this Modification No. A003. In the event that the actual cost of 
the work under the original contract and this Modification No. A003 
exceeds the amount of $616,962 it is understood and agreed that the 
Contractor shall be under no further obligation to thereafter share 
costs of contract performance hereunder, and in no event shall the 
Contractor be obligated to contribute an amount from its own resources 
in excess of $25,851 for work under the original contract and this 
Modification No. A003. 

(d) The total amount presently obligated under this contract is increased 
from $296,894 to $591,111. Of these funds $549,510 is available for 
operating expenses and $41,501 for the purchase of capitol equipment. 
Amounts obligated under the contract by both parties is summarized 
as follows: 

DOE SOW 
Share Share 

Original contract $296,894 $12,984 
Increase Mod A003 294,217 12,867 

Totals $591,111 $25,§51 

4. Paragraph (e) is added to Article IV - TECHNICAL DIRECTION AND SURVEILLANCE, 
of the "SCHEDULE" to read as follows: 

(e) The "Technical Manager" for DOE is as follows: 

M. A. Widmayer 
Resource Definition Branch 
USDOE - Idaho Operations Office 
550 Second Street 
Idaho Falls, ID 83401 
Telephone (208) 526-1466 
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The Principal Investigator for the Contractor under this contract is; 

J. Eric Schuster 
Assistant Manager 
Division of Geology and Earth Resources 
Department of Natural Resources 
State of Washington 
Olympia, WA 98504 
Telephone (206) 754-1616 
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REPORTING REQUIREMENTS CHECKLIST 
(See Instructions on Reverse) FOBM APPBOVSC 

OMB NO. 3aR-019( 

1. IDENTIFICATION Geothermal Resource 
Assessment i n Washington 

2. OBLIGATION INSTRUMENT: M o d i f i c a t i o n No. AOOS 
to C o n t r a c t No. DE-AC07-79ET27014 

3. REPORTING REQUIREMENTS 

A. PROJECT MANAGEMENT 

1. D iVIanagefTiem Plan 

2. Q Milestone Schedule & Status Report 

3. n Cost Plan 

4. n Manpower Plan 

5. '2 Contract Management Summary Report 

6. 3 Project Status Report 

7. 3 Cost Management Report 

8. G Manpower Management Report 

9. D Conference Record 

10. a Hot Line Repoa 

Frequencv 

M 

M 

M 

B. TECHNICAL INFORMATION REPORTING 

1. a Notice of Energv RD&D Project (SSIE) 

2. S) Technical Progress Report 

3. SI Topical Report 

4. S Final Technical Report 

C. PMS/MINI-PMS 

1. Cost Performance Report 

a Format 1 W8S 

Q Format 2 Functional 

Q Format 3 Baseline 

O Format 5 Problem Analysis 

2. O Cost/Schedule Status Report 

3. Q Management Control System 
Description 

4- Q Summary System Description 

5- G WBS Dictionary 

Frequency 

M 

Y 

Y 

FREQUENCY CODES: A — As Required 
C - Contract Change 
F - Final (End of Contract) 
M — Monthly 
0 - One Time (Soon After Contract Award) 

Q — Quarterly 
S — Semi-Annually 
X — Mandatory for Delivery with Proposals/Bid 
Y — Yearly or Upon Contract Renewal 

4. SPECIAL INSTRUCTIONS 

A.5., A.6,, and A.7. - Copies are due within fiftaeti days after end of che calendar 

month. 

B.2. - Copies are due within fifteen days after end of che calendar month. 

3.3. - Submic 2 copies in draft forty-five days prior co completion of che yearly 

term. After DOE approval is received, submit copies as required on accached 
"Reporc Discribution List." 

B.4. - Submit 2 copies in drafc forty-five days prior to completion dace of concracc 
cerm. Afcer DOE approval is received, submic eleven copies including one 
camera-ready copy. 

I 5. ATTACHEO HEREVVITM; 

i Z Seoort Distribution L.st 
! ~ WBS, Reporting Category 

5. PREPARED SY iSianature ana date; 7. REVIEWED 3>1 iSigraturs ana aate! 



REPORTING REQUIREMENTS CHECKLIST 

PUflPOSE 

A ctwcklist to id tm i fv m d oomniunGatt iddi i ianal 
noon inq raquiranwms WI^KA a n not o i h t r m K « t 
fort l i in t M Gant r i l Purpoft dauas of DOE omtract i 
and a v n n w n t f . It w i l l b* indudad a* pan o l t lw con
tract ar agrmnmit . TMt hxn i wi l l b* eomplctid for 
a«di orooond contract or agrttnMnt and cm b« 
modifiad u raquirad in SMCial Inn ruo ion* to adapt 
it to a ipadf ic situation. 

INSTRUCTIONS 

tram 1 — Entar cht titIa aa ind ieswl in tha Pracura-
mant flaquan, Intaraeancy Agtaanwnt. or initiating 
maflMrandum. 

I t t rn 3 — Entar cha idantification numter of tha Pro 
curamam Raquast or Intaragancv Agraatnam, tha 
data of tha mamorandum, and contract numpar 
aftar a«Mrd. 

/tarn 3 - Chadc ipaoat to i nd i cn t plam and rapont 
raquirad. For aach raportinq raquiramant chadiad, 
indieata fraquaney of ddivary in column oromdcd 
using ona of <na fraquaney codai i t t n m . 

3.A. I Managamont Plur - Tha comracior's plan to 
managa tha t f fo r t daaoibad in tfM it jtaii iai ic of 
work or similar documam. It wi l l contain man-
agamant mathodologiaa, control rystams. and 
procaduras ha wi l l uia. indudai milascona* and 
othar planning sdwdulat, organiational idanti
fication and daacriptions. and ipacial and crit i
cal plani, such at tatt plant, plant for handling 
of Govammant pwnad proparty. Work braak-
down struciurat, kay panonnal idantification, 
and mathodt for monitoring progren toward 
objactivas may ba raquirad. 

3.A.2Mf 'a i fgn* Schadu^a t n d Status Report - Tha 
contractor's milestona sehadula for all work 
braakdown struetura i tamt, Una itamt, or da-
livarablat spadfiad in tha contract. Updacad 
pariodieally (usually manthlyl w i th stattjs, 
prograts toward comolation. and pareant coiW 
plation of aach lina itam and of tha total con
tract. 

1A .3 Coa Plan - A batalina plan for incurring cons 
on a contract or agraamant to maasura prograts 
in terms of cost; updata and foracatt contract 
fund requremants: plan funding changas; and 
davalop fund raquiramantt and budgat Mti-
matcs. 

lA.4<Manpow«r Plan — A basaiina plan to alkuata 
manoowar to each reporting category ideotified 
in the contract or agreament. 

3.A.SConrrJcr Vk/iagamanr Suirtmary Report — A 
»ngie-paga graphic pretantation of integrated 
cost, major milastonat, and manoower for rapid 
visual analysis and trend forecasting. 

XA.SProi icr Status Rtoort - A panodic report to 
communicate co OOE management an assess
ment o l contract status, to explain variances 
snd proeiems. and to discuss anv other areas of 
concern or acnievements. 

3.A.7 03sr Mantgtmonr Raoorr - A periodic report 
3f tne status of costs comoared to the Cost 
?lan. Oata is used to: reoon actual and oro-
jected accrued 'SSts: evaluate performanca 
igainst plan: idant iN accual and potential grab-
'em areas; construct cost exoahence for projects 
and budgeting efforts; and, to verify tha reason-
aolenets of contractors' invoicas. 

3.A.3 Manooww Manaqtmom Ifooarr — A periodic 
-eoort of ttw status of iccuat and projected 
menoower exoenqiture against the Manoower 
^ a n . Data is jsed to evaluate oerformance 
against plan; iaentifv aauai and potential croo-
iem areas; j nd TO construct rnanoower expert• 
snce for projections and olanrtng effons. 

3.A.3Cjrt>'«r»oc» Record - Documentation of tne 
contractor's understanding of significant deo-
iions, direction or redirection or reduired je
ttons .-esulTinn from any meeting with 0 0 £ 
representatives. 

1 A . ! 0 .lyor U n * Roeorr - A .Tarooooy reoort ov 
tne iascest means available. jTWX, <tci docu
menting critical grooiems. emergency situa
tions, iitel important technical breaktnrougns. 

3.8.1 NotKa of Enargy R&O Proitet - A formatted, 
two-piga report to provida information on un-
dassifiad OOE R&O'^rbiacts for dissamina-
tiPn to tf<a sdentific, technical, and indunrial 
communities and tp the public. Also providet 
information to tha Smithsonian Sdentific In
formation Excfiange. 

3.B.2 TichnicMl Ptugrtia Rtoort — A formal, struc
tured- technical report, submined pariodicilly 
to communicate project resuKj for dissemina
tion to Govarnmant agandes, tha sdentific, 
technical and industrial communities and the 
pubiK. 

3.3.3 rooieal Report - A spedal technical reoort 
prepared when a project has reached a point at 
which a major miietton* or a significant phase 
hat been completed, when unexpected results 
have been achieved, when it is logical to sum
marize results achieved, or when a new sdenti
fic or technological finding is deemed to war
rant prompt publication. 

3.B.4 ft'naf Taehnical Roport - Technical Progress 
Repon reporting final results of OOE supponed 
RO&O and sdentific projects. 

3.C PMS/Mini-PMS 

11 Case Porformanea Report (PMS Application I 

Format 1 - Reports current oeriod and cumu
lative budget, accual costs and earned value data 
by work breakdovm structure elements, identi
fies cost and schedule variances ind orovides 
contractor's estimate to complete comparisons 
to budgets. 

Format 2 - Repprts current period and cumu
lative budget, aaual cpsu, and earned value 
data by contractor hjnctional elements. 

Format 3 — Provides oeriodic updating tP the 
•ttablished oerfprmanca measurement baseline. 
Incprporates authprizad cpntract cnanges and 
internal re-planning into the performance 
measurement baseline. 

Format S — Providet a narrative analysis of con
t raa variances. 

2) Cost/Schetlul* Rtper t (Mini-PMS Applicaa'on)-
Peritxlic, usually monihly, report of cumulative 
budget, actual costs and earned value by sum
mary work breakdown structure etements. Iden
tifies cost and schedule variances and provides 
contractor's nt imate to complete comparisons 
to budgets. 

3) Systarrt Oaaaiption iPMS Aooiicationi - Con
tractor's description of the management conxroi 
svstem to be used in aerforming contract work. 
Must address ail elements of the PMScriteria. 

41 Summary Syvtom Ooacriotion (Mini-PMS Aooii
cationi — Contractor's summarized descriotion 
of tne manageme.1t control svstem to be used 
in performing contract -jvork. 

S) WBS Qierianarv - Lists and defines work 
breakdown structure. For more detailed instruc
tions TOO PMS Manual. 

FrKiuartcv Codas - Eacn code -aust have an dent;-
^ed rime oeriod (i.s., As Sequired - 5 davs after 
went occurrence!. These time oertods are suggested 
in tne solicitation and negotiated ac contract award. 

ttam 4 - Identify any soecial reooTt>ng reouirements 
not indicated in Item 3 and/or aualifiers ;o diose 
selected. (Use additional sheets as -lecessaiv.i 

.'tem 5 - Check aoorooriaie blocks. 

Raaarr Oisxrioution List - A comorehensive 
informative iistinq of -eoorts ov -recuencv of 
submission, acoresses ana numoer of copies ;̂ or 
?ach addressee. 

Rooorvnq Catagories ''evei cr ieo i i> - An 
identification ov ASS •«•«! o* :35K iiements :or 
wnicn -etxjrting -/vill oe reouired bv OCE. 

Item S — Signature of oerson or oersons or*oarinq ;•-. 
asecxiist ano ;r.e cate oretarsd. Preparation s ov oer 
ion or parsons resoonsibie ^cr preoaration or .^rocurd-
•nent Request or Statement of .Vcr<, 

/rem 7 - Signature of the oerson reviewing the cnecn-
list and date -eviewed. 
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REPORT DISTRIBUTION UST 

Contract No. 
DE-AC07-79ET27014 

Modification No. A003 

Addressees Number of Report Copies 

M. A. Widmayer, Program Manager 
Resource Definition Branch 
U.S.D.O.E, 
Idaho Operacions Office 
550 Second Street 
Idaho Falls, ID 83401 

Bob Gray 
U.S.D.O.E. 
Division of Geothennal 

Energy MS 3344 
Federal Building 
12th and Penn., N.W. 
Washington, D.C. 20461 

Duncan Foley 
UURI 
420 Chipeta Way 
Suice 120 
Sale Lake CiCy, UT 84108 

£. G. Jones, Director 
Financial Managemenc Division 
U.S.D.O.E. 
Idaho Operacions Office 
550 Second Scresc 
Idaho F a i l s , ID 83401 

1 

12 

1 1 
! ! ! I ! 

i ! 

i I 

I 1 

: 1 

ic:a> iPs:r'jc::ons 



UNIFORM DOE CONTRACTOR SC1ENT1RC, TECHNICAL AND 

ENGINEERING REPORT NUMBERING SYSTEM 

Effective with the imqiementation of the Procurement/Contract numbering system as shown in the 
example below, the following guidelines are established for identifying scientific and technical 
reports (progress, interim, final topical, etc.) conference papers, proceedings, theses, and 
translations. 

1. All DOE contractors now applying uniquely identifying codes and systems approved by TIC 
are to continue using such codes and systems. 

2. DOE Reld Office codes such as ALO, IDO, COO, HCP, NVO, ORO, RLO, SAN, and SRO; and 
program codes such as FE, DSE, etc., are no longer approved for use by contractors. 

3. Contractors having no approved unique codes are to number information products as shown 
below. All contractors in this category should create unique report numbers by (a) identifying 
the report with a DOE code, (b) selecting the final seven characters from the applicable 
contract number (two alphabetic and five numerals), and (c) adding suffix numbers 
sequentially for each report generated under the contract. For new contracts, the seouential 
number should begin with 1. For existing contracts the established sequence should 
continue. Slash marks and hyphens should be applied as shown in the examples. 

Examples: Report numbers generated from contract number OE-AC03-79ET01834.M001; 

OOE/ET/01834.1; 00E'ET/01334-2; OOEyET/01834.3; etc. 

Note: It is essential that both the final five-digit numeral and tne two preceeding alphabetical 
characters be extracted from the contract number as snown. The modification 'number, 
if any, normally shown as MOOl, etc., following the basic five-digit number is NOT used 
in the report number. 

4. Reports issued in more than one binding, or reissued as revisions or iater editions, are to be 
identified by adding :Me following aditional suffixes to >.̂ e basic numoer: Rev. - Revision: Vol. 
-Volume; Pt. • part: Add. - Addenda; Sd. • Ecltion. etc. 

Examples; DCE/ET-OI834-1 Rev, 
OQ&ET.'01834-1 Rev. 2 

0O&-ET-01834--! Pt. 1 
DO&'ETiCI834-1 Pt. 2 

!t is intended t^at reoort numbers be structured axaciiy as 3oec:fied m t̂̂ e examoies Tscfar as. 
cossible. if mooificaticn -o ;nis casic fcrmat ;s 3sser>ti3i. .t .s 'o be apccved tri'Ougri norma! 
cnanneis oefcre oeing used. 
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R E C E I V E D 
State of VaahingtoQ MAY 3 0 196D 
Departaent of Hatural Sesources 
Olynpla, Waahingtoo 98504 ^fCfMEBMA ENERGY 

BRANCH 
ATTESTICEi: Eric Schuster 

SUBJECT: }«}DIFICATIONS KOS. M002 A3D A003 TO 
COSTSACT NO. DE-AC07-79ET27014 

GentleiBen: 

Enclosed are four copies of Modification No. ̂ f002 to the subject con
tract «hich extends the cooplation period from June 1, 1960, through 
June 30, 1980. This tiae cxtenslmi allows enough tiae to execute 
Modification No. A003. If the oodlflcatlon is acceptable to you, 
please have three copies signed by an authorized official and return 
then to this office. 

I aa also enclosing a draft copy of Modification Ho. A003 with a per
formance period froa July 1, 1980, through May 31, 1981. Please 
review the aodifleatlon and let lae know whether it Is acceptable. 

In addition to the above two requests, please fill out and return the 
attached "Certificate of Current Cost or Pricing Data" as soon as 
possible. ~ 

If you have questions, please contact J. 0. Lee of ay staff. 

Very truly yours. 

/s/ J.P. Anderson 

J. P. Andenon 
Contracting Officer 
Chief, Contract Operations Branch 
Contracts Hanageoent Division 

Enclosures 
bcc: M. A. Widmayer, w/o encl. 

COB , "COB 
JOLee:oh JPAnderson 
5/29/80 
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AMeNDMENT/MOOIfICATION NO. 

MOO 2 

J. EffECTTVt OATE 3. «EQU!SITIOH/FUtOlA£E REQUEST NO. 

^F CONTRACT 
' N . PHOjea NO. (ifapplicabit) 

PAGE 

1 
Of 
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.5SUE0 iY CODE 6. AOMINISTEMD tY ( I f i.iher than block ! ) '.ODE 

U.S. Department of Energy 
Idaho Operat ions Office 
550 Second S t r e e t . 
Idaho F a l l s , Idaho 83401 

fiU ra-a..ib 
coNrnACTOii 
.NAME ANO AOORESS 

CODE FACILITY CODE 

r 
trttt. city, 
inty. itatt, 
d ZIP 
dt) 

L 

S t a t e of Washington 
Department of Na tu ra l Resources 
Olympia, Washington 98504 

At tn : J . Er ic Schuster 

~] 

J 

AMENOMENT Ot 
I I SOUCrTATION N O . . 

DATED. . (S t t block 9) 

E ?SS?;!̂ v°oRD« NO. DE-AC07-79ET27Q14 

DATED 5 / 8 / 7 9 fSt t block 11) 

THIS SlOCK APfUeS ONIY TO AMENDMENTS <St SOUCITATIONS 

\ ~ \ Ih * abow numtond wlKHatiM i , • n w d w l « tmt forth in W«di 12. Tlw Sour ond do<» ip«if l«d lo» rauipt ol OIHf, | _ J i, .iiMndad, F ^ it not tnondcd. 
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ACCOUNTING Ah.0 APfROPRIATION DATA ( I f r t q u i r t d ) 

THIS tlOCK Am.lES ONIY TO MOOinCATIONS Of CONTRACTS/ORDERS 

\a: I j Thit Chango Ordor it ittuod purtuont to « . » ^ » ^ . ^ _ _ * M . M _ ^ _ « 

Tho Changot lat forth in Mock 12 oro modo to tho aba*o numborod contract/ordor. 
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mutual agreement of the p a r t i e s . 

OESCRIPTION Ot A M E N O M E N I / M O O I P I C A T I O N 

The per iod of performance under A r t i c l e I I , Period of Performance, of the 

"SCHEDULE" i s extended from June 1, 1980, to June 30, 1980. 

to* <3a providtd K«r*tA. all te rm on4 eoftditient of th* documtm r«f«f«ne*d m block 3, a> hio*afaio choff^od, fvmoin unchanqod ond >n Full fores ond e'fvct. 

n ?o 's^C^^^S*s°0OcS^^ ^ ^ ^ « Q U I « 0 ^ CONTRAaOR/OfrtROR IS REOUtRCD TO SIGN THIS OOCUMENT ANO RETURN_1_.CC?1FS TO ISSUING OFflCE 

iiod to ugnl 

17 U f ^ ! 

3 
D STATES Q{,>ME»ICA 

^ o l v r o of Controcting O f i c r ) 
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l- ,-rii..i,l.' \ ' , . P l p T - < f / V n / K l"»^/ t \ i - )c ct.-ii.Cf'j 

!"'• i ••^t.i ,) r i - f ^Kc lc r - t,' 

16. DATE SIGNED OF C O N T H A C T I N G O W I C E H I Typ t or p r i n t ) 

J . P. Anderson, Chief 
Contracc Operat ions Branch 

19. DATE SIGNED 

'/^y^ 
.101 
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P£SCi*IPTION O f AMENOMtNT/MOOI f ICAT ION 

As reques ted in your l e t t e r dated October 23 , 1979, the completion da te 
of the sub jec t c o n t r a c t , as s e t fo r th in A r t i c l e I I - Period of Performance. 
i s hereby extended from October 3 1 , 1979, through June 1, 1980. 
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11 njtMl Op-CENTRACrOR/OPPEROR 

»»v. S i l ^ 
(Signoluro m i i t r i o o outtwtrtxod to d g n l 

IJ NAAiE ANO TTfU OP SKSNCR ( T y p t or p r i n t ) 

Paul E. Krauss 
Deputy Superv isor , Governmental 

16 . OATE SIGNCO 

11-13-79 

(Signoluro of Controcting Officor) 

IRC^IUMC OP CONTRACTING OPPICE I (Typt t r prini) 

J . P. Anderson, Chief 
Contract Adminis t ra t ion Branch 
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Department of Energy 
Idaho Operations Office 

550 Second Street 
Idaho Falls, Idaho 33401 

RfCEfVED 

SEP 111979 

ENERGY & T£Ci-i,vJL0O-' 

stpi® 

W.'si.id 

state of Washington 
Department of Natural Resources 
Olympia, Washington 98504 

Attention: J.Eric Scfiuster 

Subject: CONTRACT NO. DE-AC07-79ET27014 

Gentlemen: 

You are authorized to make the budget changes that were proposed in 
your letter dated June 11, 1979 to L. L. Mink. It is understood 
that the changes will not increase the total cost of the contract. 

As you are aware, the subject contract has now been transferred to 
Idaho Operations for administering. If you have any questions, please 
contact J. 0. Lee of my staff at telephone 208-526-1838. 

^ery truly yours, 

Ottffiitat V^tit^a by 

J. P. Anderson, Chief 
Contract Administration Branch 
Contracts Management Division 

bcc: Mo A, Widmayer 

CAB 
JOLee:ahb 
9/10/79 

CAB 
JPAnderson 
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» i « ^ l s , ISO 
Sdutscsr, UA 

HoM^zcp 
/ ' 

11//ITi 

7/ /79 II 



C i t ' J l K ' i • i t l i>"C:5 »0r/ i iNibi i lAl lOr. 
f tO ••I'KOC k l C U l C f K i I 16 101 

I »OnriUCT l l ' r i n . h i t l . IdiMt. I NO. 

._ilE=AC 03rl9EIZ7.ai4 
5. ISSUED BY COUli 

AWARD/CONTR":T F i U r H . Z j / ^ 

DEPARTMENT OF ENERGY 
SAN FRANCISCO OPERATIONS OFFICE 
1 3 3 3 BROADWAY 
OAKLAND, CA 94612 

a CONTRACTOR ( U n i i j J 

3. S6QUISiriON/?UllCMASE REQUIST/PROjeCl NO. 

_Q3_-79ET.27014 
4. AOMINISTEBEO JT " ^ . 

( 1 / ot i t tr l l , . , „ l.-l,„J: f j ' , 

i . CERTIFIED FOR N A T I O N A I DEFENSE UNDER 603 
REG 2 AND/OR OMS REG 1 
RAfNU 

-, < oD.i- ACN 

EXECUTED c o p y ^"- / 

l - . ^ d l . l l Y ( 0 1 
NAME ANO AOORESS 

nzzz 

(Street , t i ly . 
t aunly . Slate, 
a n d / . I P tot te) 

L 

Washington S t a t e 
Depar tment of N a t u r a l R e s o u r c e s 
Olympia, WA 98504 
ATTN: E r i c S c h u s t e r ' 

_J 
11. SHIP TO/MARK FOR a j ; » i M I 

7 OEIIVERT 

Foe otst 
[ A j N A I I O N 

oiMER r w 

I I beluu) 

9. DISCOUNT FOR PROMM RATMENI 

10 SUBMIT INVOICES (-1 coptel u n l e t , o l h e r u . 
Ip i i i / l ed l TO AOORESS SHOWN IN HOCK 1 2 

12. PAYMENT Wi l l BE MADE BY 

FINANCE DIVISION 
DOE/SAN 
1 3 3 3 BROADWAY 
OAKLAND, CA 94612 

i O D E ] 

AOVERTISED. m NEGOTlATEO, PURSUANT TO; )== , „ . 
S * • u s e . 3J2 ( C H I Q ; 

U . ACCOUNTING ANO ARPRORRIATION OATA 

B&R NO. AE-1001020 & 35-AE-lO 
ALLOTMENT NO. SF-90-91 and SF-91-40 

11 
ITEM N O . 

I « . 
SUPPtlES/SERVICES 

SEE ATTACHED SCHEDULE 

DUNS C o n t r a c t o r E s t a b l i s h m e n t N o . : 079-248-936 
P r i n c i p a l P l a c e of P e r f o r m a n c e : Olympia, 
Wash ing ton 

THIS CONTRACT SUPERSEDES IN ITS ENTIRETY 
LETTER CONTRACT DE-AC03-79ET27014 DATED 
FEBRUARY 9, 1979 

17 
QUANTITY 

DOE Shark - $ 
C o n t r a c t 3 r Share - $ 

19 
UNIT PRICE 

l O l A l AMOUNT Of CONTRACT $ 3 0 9 , 8 7 8 

: o 
AMOUNT 

96,894 
12 ,984 

72 

co.s ' iK. icnsa ufi-rn-j<urkrr(:().\rlTirn':rn{.(}(^ .ii'ri.iCAtu 
K I C O N l i A C I O a S N«COTtAlE0 ACHl iMtNl ( i u u t r u k l i t r it n . f u i t t U iv »/.<// 

tttt% dtt^u/m-fit , 4 H J i r i u i f i . ._ . ^ — . 4«/'/ri tu n \ m n ^ " / / •> ' ) Cantmctot <j<)f*«> 
le fu imth und J«)iw«( aJt ii«mt ot p«fiu/m ail iti« i s r v t o t »«r lui ih of ulhvrwtt* 
idvniifitO ub«v« and on any (OfHinuahon i>t««ft to ' t)i« conttdvraMon tiotvd h«r«tn. 
lt*« rigKU uHcl QLIi«j\ilton% df ih« [>ufttsi tu .rhit iontiuir tHwl> 0« kwbt< ct tu at*d yo«-
«tn«J bf lft« fwllowintj Ju^untcfMt \u\ >tf*t UMUIU/^.uf i l ia i l ( t ) the iwl>t>tul(un. it anji. 
0*idt() »M<h iJ(0»4ttwM>, (•pfi>««tiluMen«. t cdift^ ul iunt, u>id t^rCitivuttOAl, Ut UIS 
ui««»«h«U Of i«**to«^u<ul«>i bf iclcr«n(r Kv(«i(i ( \tt.i*htHo n l \ . m / n i i t / / M ' I / « I ) 

21 MAMt Ul CONUACTOR L ^ P ^ - 0 1 " N / ^ T i A i C / ^ t . / < ' S 5 O « K J C £ / 

tSi^fltflufO ol pofwA uwlhtMijotJ lu t>gn| 

p n a t I t * KAMI »U| , 1,1,, ^„ VU.UIH ( / 1/ 

/9P^. 25, rrr-/ 

26. I ] AWARD ( Cf/»tr.4*.ltir^t» nv l r t . f n i r r J tn tti;ti t hn dtHUtntHt. ) Tsyr otf«r 

on SolKiiQlien Nufnto«f . . . „ _ ... mclydinq lt.« 
odd.hont or chang«« mada br rOu which addii<ani or (t^onqvt or* i t i (oMh tn l^lt 
obo**. It ^«(rbr oct«p««d oi IQ 'K« •!•««% I<tl«d abu*f and an any csnimwufion thadt 
Thit a^ufd cw'<«tJ'̂ n'«J'<'« '^« ^unt(ti«l •fiK.K iwntni t df i t ' t l^klu*>nij do> un>«n(t \ , i \ 
ths Ga*«tiiiytfTW * luitvti-ii.wi* >intj youi otta*, utid (I' l »••% uMuid' Ci,«<>i«u«.l Ni* 
fwnlisf cor^ut lsul do^w'i>«iil i( n« i r t ta ( f 

V 7 UN lU l y SJXff S y^» AMt RICA/ , / 

Bt ^K?^. 
(Siunoluio ol 

.'U rtAMt Ol (.OiJli"><'l if i(; t j i i n t i i I l i p , ,,, p.,,,11 

R o b e r t H. Ragan 

VV IIAII S»-« l l l 



SCHEDULE 
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ARTICLE I SCOPE OF WORK 

(a) The Contractor shall conduct a program titled, "Geothermal -
Assessment and Reservoir Definition in Washington," to 
accomplish the work set forth in: 

Exhibit I - Statement of Work 
Exhibit II - Reporting Requirements 

Work completed, including the submittal of the reports required 
by Exhibit II in an acceptable manner, are used to measure 
progress under the contract and as a basis for the approval of 
payments. Failure to comply with the reporting requirements of 
Exhibit II may result in a delay in the payment of invoices until 
corrective action is taken. 

(b) All work under this contract shall be performed under the general 
guidance and direction of the Technical Manager whose responsibil
ities are defined in ARTICLE IV. Such guidance and direction 
shall not, however, effect any change in the specification require
ments or cost structure of this contract, increase its estimated 
cost, or extend the period of performance. Such changes shall be 
only by action of the Contracting Officer. 

ARTICLE II PERIOD OF PERFORMANCE 

The period of performance under this contract shall commence on 
November 1, 1978 and expire on October 31, 1979. The period of 
performance may be extended for additional periods by the written 
agreement of the parties. 

ARTICLE III ESTIMATED COST AND COST SHARING 

(a) The total estimated cost of the work under this contract 
is $309,878. Of this estimated cost, the Government will fund 
a maximum amount of $296,894. 

(b) The Contractor and the Government have agreed to share the cost 
of all work performed in accordance with the provisions of this 
Contract tn a ratio of 95.810 percent by the Government and 4.190 
percent by the Contractor of all operating-funded costs determined 
to he allowable in accordance with the Clause of the General 
Provisions entitled "Allowable Cbsfand Payment." The Contractor 
will not share in the cost of the capital'equipment. The 
Contractor shall be paid no fee for the work performed under this 
contract. 
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(c) The Contractor shall fund out of its own resources an estimated 
amount of $12,984 for its share of costs identified in paragraph -(b) 
above. In the event that the actual cost of the work exceeds the 
amount of $309,878, it is agreed that the Contractor shall be under 
no further obligation to thereafter share costs of contract per
formance hereunder for its own account, and in no event shall 
Contractor be obligated to contribute an amount hereunder for 
its own account in excess of a total of $12,984. 

(d) The total amount presently obligated by the Government under 
this contract is $296,894. Of these funds $248,235 are available 
for operating expenses and $48,659 for the purchase of capital 
equipment. 

ARTICLE IV TECIffllCAL DIRECTION AND SURVEILLANCE 

(a) The work to be performed by the contractor under this contract 
is subject to the surveillance and written technical direction 
of a "Technical Manager" who shall be specifically appointed by 
the Contracting Officer in writing. Technical direction is 
defined as a directive to the contractor within the requirements 
of the Article hereof entitled "Scope of Work," which approves 
approaches, solutions, designs, or refinements; defines or 
otherwise completes the general description of work; and other
wise furnishes technical guidance to the contractor. The Technical 
Manager shall monitor the contractor's performance with respect 
to compliance with the requirements of the Scope of Work, 
schedule and cost. Technical direction includes the process 
of conducting inquiries or transmitting infonaation or advice 
by the Technical Manager, regarding matters within the require
ments of the Scope of Work. Technical direction and management 
surveillance shall not impose tasks or requirements upon the 
contractor additional to or different from the general tasks 
and requirements stated in the Article of this contract entitled 
"Scope of Work." The technical direction to be valid: 

(1) Must be issued in writing consistent with the general 
scope of the work set forth in this contract; 

(2) Shall not commit the Government to any adjustment of the 
estimated cost and fees or other contract provisions. 
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(b) In the event any Government technical direction is interpreted 
by the contractor to fall within the Clause of the General 
Provisions hereof, entitled "Changes" the contractor shall not 
implement such direction, but shall notify the Contracting 
Officer in writing of such interpretation within ten (10) days 
after the contractor's receipt of such direction. Such notice 
shall (i) include the reasons upon which the contractor bases 
its belief that the technical direction falls within the purview 
of the "Changes" clause; and (ii) include the contractor's best 
estimate as to revision in estimated cost, fee, performance time, 
delivery schedules and any other contractual provisions that 
would result from implementing the technical direction. 

(1) If, after reviewing the information presented pursuant to 
paragraph (b) above, the Contracting Officer is of the opinion 
that such direction is within the purview of the "Changes" 
clause and he considers such change desirable, he will issue 
unilateral direction to proceed pursuant to the authority 
granted him under the clause. If he determines that such 
direction is technical direction authorized by this article, 
he will direct the contractor to proceed with the implementa
tion of such technical direction. 

(2) In the event the Contracting Officer determines that 
it is necessary to avoid a delay in performance of the 
contract he may, in writing, direct the contractor to 
proceed with the implementation of the technical direc
tion pending receipt of the information to be submitted 
under paragraph (b) above. Should the Contracting 
Officer later determine that a direction under the 
"Changes" clause is appropriate, the written decision 
issued hereunder shall constitute the required direction. 

(c) Failure of the Contractor and the Contracting Officer to agree 
on whether Government Direction is technical direction or a 
change within the purview of the "Changes" clause shall be a 
dispute concerning a question of fact within the meaning of the 
Clause of the General Provisions entitled "Disputes." 

(d) The only persons authorized to give technical direction to the 
Contractor under this contract are the Contracting Officer and 
any "Technical Manager" who may be appointed by him as contem
plated by paragraph (a) above. Any action taken by the 
Contractor in response to any direction given by any person 
other than the Contracting Officer or Technical Manager whom 
he may appoint shall be at the contractor's own risk. 
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ARTICLE V ORDER OF PRECEDENCE 

In the event of inconsistency in this contract, the inconsistency 
shall be resolved by giving precedence in the following order: (A) 
Schedule, (B) Statement of Work, (C) General Provisions, (D) any 
other provisions of this contract, whether incorporated by refer
ence or otherwise; and (E) the Contractor's technical proposal if 
incorporated in this contract by reference or otherwise. 

ARTICLE VI GENERAL PROVISIONS 

The Contractor shall comply with clauses which are set forth in 
General Provisions "DOE/SAN Cost-Type Contracts with Commercial 
Organizations dated March 1978" consisting of 45 pages which are 
a part of this contract. In accordance with the clause entitled 
"Subcontracts", any consent by the Contracting Officer to the 
placement of subcontracts shall not be construed to constitute 
approval of the subcontractor or any subcontract terms or condi
tions, determination of the allowability of any cost, revision 
of this contract or any of the respective obligations of the 
parties thereunder, or creation of any subcontractor privity 
of contract with the Government. 

ARTICLE VII ALTERATIONS AND ADDITIONS 

(a) Clause 2 "Limitation of Cost" is deleted in its entirety and the 
following new clause entitled, "Limitation of Cost (Cost-Sharing)" 
is added as follows: 

"CLAUSE 2 LIMITATION OF COST (COST-SHARING) 

(a) It is estimated that the cost of the Government 
for the performance of this contract will not 
exceed the estimated cost to the Govenanent set 
forth in the Schedule, and the Contractor agrees to use 
his best efforts to perform the work specified in the 
Schedule and all obligations under this contract within 
such estimated cost to the Government plus the share of the 
cost of performance agreed to be borne by the Contractor, 
as set forth in the Schedule. If, at any tine, the 
Contractor has reason to believe that the costs which 
he expects to be incurred in the performance of this 
contract in the next succeeding 60 days, when added to 
all costs previously incurred, will exceed 75 percent 
of the estimated total cost to the Government and to the 
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Contractor then, set forth in the Schedule, or if, at any 
time, the Contractor has reason to believe that the total 
cost for the performance of the contract (exclusive of 
any fee) will be greater or substantially less than the 
then estimated total cost thereof, the Contractor shall 
notify the Contracting Officer in writing to that effect, 
giving his revised estimate of such total cost for the 
performance of this contract. 

(b) Except as required by other provisions of this contract, 
specifically citing and stated to be an exception from 
this clause, the Government shall not be obligated to reimburse 
the Contractor for costs incurred in excess of the estimated 
cost to the Government set forth in the Schedule, and the 
Contractor shall not be obligated to continue performance 
under the contract (including actions under the Termination 
clause) or otherwise to incur costs in excess of the 
estimated total cost set forth in the Schedule, unless and 
until the Contracting Officer shall have notified the 
Contractor in writing that such estimated total cost has 
been increased and shall have specified in such notice 
a revised estimated total cost which shall thereupon 
constitute the estimated total cost of performance of this 
contract. The increase in such estimated total cost 
shall be allocated in accordance with the formula set forth 
in the Schedule governing such increases. No notice, 
communication, or representation in any other form or 
from any person other than the Contracting Officer shall 
affect the estimated cost to the Government of this contract. 
In the absence of the specified notice, the Government shall 
not be obligated to reimburse the Contractor for any 
costs in excess of the estimated cost to the Government 
set forth in the Schedule, whether those excess costs 
were incurred during the course of the contract or as a 
result of termination. When and to the extent that the 
estimated total cost set forth in the Schedule has 
been increased, any costs incurred by the Contractor 
in excess of the estimated total cost prior to such 
increase shall be allowable to the same extent and 
in the same percentage as if such costs had been 
incurred after the increase; unless the Contracting 
Officer issues a termination or other notice and 
directs that the increase is solely for the purpose of 
covering termination or other specified expenses. 
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(c) Change orders issued pursuant to the Changes clause 
of this Contract shall not be considered an authori
zation to the Contractor to exceed the estimated 
cost to the Government set forth in the Schedule 
in the absence of a statement in the change order, 
or other contract modification, increasing the esti
mated cost. 

(d) In the event this contract is terminated or the 
estimated cost not increased, the Government and 
the Contractor shall negotiate an equitable dis
tribution of all property produced or purchased 
under the contract based upon the share of costs 
incurred by each." 

(b) Clause 3, "Allowable Cost, Fixed-Fee and Payment" is 
retitled "Allowable Cost and Payment" and the following 
changes thereto are made: 

(1) Insert the following sentence in lieu of the second 
sentence of paragraph (c) of the clause: 

"After payment of an amount equal to 80 percent of 
(the Government's share of) the total estimated cost 
of performance of this contract set forth in the 
Schedule, the Contracting Officer may withhold further 
payment on account of allowable cost until a reserve 
shall have been set aside in an amount xrtiich he con
siders necessary to protect the interests of the 
Government, but such reserve shall not exceed 5 
percent of the Government's share of such total 
estimated cost or $50,000 whichever is less." 

(2) In paragraph (e) delete the words "and any part of 
the fixed fee." 

C3) In paragraph Ca)CD Ci), delete Subpart 1-15.2 of the Federal 
Procurement Regulations C41 CFR 1-15.2), as supplemented or 
modified by DOEPR 9-15.2 C41 CFR 9-15.2), and replace with 
"Subpart 1-15.7 C41 CFR 1-15.7), as in effect on the date 
of this contract; and 
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(c) Clause 22, "Utilization of Labor Surplus Area Concerns" and 
Clause 49, "Labor Surplus Area Subcontracting Program" are 
deleted in their entirety and replaced with the following: 

"CLAUSE 22 UTILIZATION OF LABOR SURPLUS AREA CONCERNS 

(The following clause is applicable if this contract exceeds 
$10,000.) 

(a) It is the policy of the Government to award contracts to 
labor surplus area concerns that agree to perform substan
tially in labor surplus areas, where this can be done con
sistent with the efficient performance of the contract and 
at prices no higher than are obtainable elsewhere. The 
Contractor agrees to use his best efforts to place his 
subcontracts in accordance with this policy. 

(b) In complying with paragraph (a) of this clause and with 
paragraph (b) of the clause of this contract entitled 
"Utilization of Small Business Concerns," the Contractor 
in placing his subcontracts shall observe the following 
order of preference: (1) Small business concerns that 
are labor surplus area concerns, (2) other small business 
concerns, and (3) other labor surplus area concerns. 

(c) (1) The term "labor surplus area" means a geographical 
area identified by the Department of Labor as an area 
of concentrated unemployment or underemployment or 
an area of labor surplus. 

(2) The term "labor surplus area concern" means a concern 
that together with its first-tier subcontractors will 
perform substantially in labor surplus areas. 

(3) The term "perform substantially in a labor surplus 
area" means that the costs incurred on account of 
manufacturing, production, or appropriate services 
in labor surplus areas exceed 50 percent of the con
tract price. 
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CLAUSE 49 LABOR SURPLUS AREA SUBCONTRACTING PROGRAM 
(applicable if this contract exceeds $500,000) 

(a) The Contractbr agrees to establish and conduct a program 
which will encourage labor surplus area concerns to com
pete for subcontracts within their capabilities. In this 
connection, the Contractor shall — 

(1) Designate a liaison officer who will (i) maintain 
liaison with duly authorized representatives of the 
Government on labor surplus area matters, (ii) super
vise compliance with the Utilization of Concerns in 
Labor Surplus Areas clause, and (iii) administer the 
Contractor's "Labor Surplus Area Subcontracting 
Program"; 

(2) Provide adequate and timely consideration of the poten
tialities of labor surplus area concerns in all "make-
or-buy" decisions; 

(3) Assure that labor surplus area concerns will have an 
equitable opportunity to compete for subcontracts, 
particularly by arranging solicitations, time for the 
preparation of bids, quantities, specifications, and 
delivery schedules so as to facilitate the participa
tion of labor surplus area concerns; 

(4) Maintain records showing the procedures which have 
been adopted to comply with the policies set forth 
in this clause and report subcontract awards (see 41 
CFR 1-16.804-5 regarding use of Optional Form 61). 
Records maintained pursuant to this clause will be 
kept available for review by the Government until 
the expiration of 1 year after the award of this con
tract, or for such longer period as may be required 
by any other clause of this contracts or by applicable 
law or regulations; and 

(5) Include the Utilization of Labor Surplus Area Concerns 
clause in subcontracts which offer substantial labor 
surplus area subcontracting opportunities. 



SCHEDULE 

CONTRACT NO. DE-AC03-79ET27014 
Page 9 of 9 Pages 

(b) (1) The term "labor surplus area" means a geographical 
area identified by the Department of Labor as an area 
of concentrated unemployment or underemployment or an 
area of labor surplus. 

(2) The term "concern located in a labor surplus area" 
means a labor surplus area concern. 

(3) The term "labor surplus area concern" means a concern 
that, together with its first-tier subcontractors, will 
perform substantially in labor surplus areas. 

(4) The term "perform substantially in labor surplus areas" 
means that the costs incurred on account of manufactur
ing, production, or appropriate services in labor 
surplus areas exceed 50 percent of the contract price. 

(c) The Contractor further agrees to insert, in any subcontract 
hereunder which may exceed $500,000 and which contains the 
Utilization of Labor Surplus Area Concerns clause, provi
sions which shall conform substantially to the language of 
this clause, including this paragraph (c), and to notify the 
Contracting Officer of the names of such subcontractors." 

(d) Clause 46 "Cost Accounting Standards" and Clause 47 "Administra
tion of Cost Accounting Standards" are deleted in their entirety. 

(e) Paragraphs (g) and (h) of Clause 37, "Rights In Technical Data," 
are not applicable unless the Contractor is withholding proprie
tary data under paragraph Ce) of that clause. 

(f) Clause 55, "Date of Incurrence of Costs" is hereby added: 

"CLAUSE 55 DATE OF INCURRENCE OF COSTS 

The Contractor shall be entitled to reimbursement for costs incurred 
in an amount not to exceed $100,000 on or after November 1, 1978 
which, if incurred after this contract had been entered into, would 
have been reimbursable under the provisions of this contract." 



STATEMENT OF WORK 

1. General Scope (Objective) 

The State of Washington wi l l invest igate geothermal reservoirs 
in the S ta te , as a.continuation of the Washington State Coop 
Project . The objective of th is invest igat ion i s to characterize 
the geothermal reservoirs in the State of Washington. This 
information i s necessary to develop specif ic geothermal reser
voirs for d i rect use of the heat energy. 

The Washington Division of Geology and Earth Resources has 
been involved in the assessment of the s t a t e ' s geothermal r e 
sources since 19 71 when the F i r s t Northwest Conference on Geo
thermal Power was held in Olympia. From the beginning the goal 
has been to assess the geothermal potent ia l of the State of 
Washington. Progress toward achieving this goal has been made 
by engaging in projects tha t : 1) provide baseline geologic, 
geophysical, and geochemical data that can be u t i l i zed by 
industry to cut exploration lead time and speed i t s assessment of 
Washington's geothermal resources; and 2) assess the geothermal 
potent ia l of specif ic geographic areas where the possible occur
rence of geothermal energy i s recognized but where industry 
e i ther shows no strong i n t e r e s t or i s prevented from conducting 
exploration by legal and i n s t i t u t i o n a l b a r r i e r s . The geothermal 
resource assessment resu l t s of the contract wi l l supply informa
tion to the U.S Geological Survey for i t s continuing national 
assessment. The reservoir definit ion resu l t s wi l l provide the 
State and DOE planning groups with the resource information 
necessary for future geothermal development in Washington. 

2. Specific Contractor Tasks 

A. Establish a Geothermal Data Bank. 

Acquire, evaluate, and compile a l l geologic, hydrologic, 
geophysical, and geochemical information that pertains 
to the assessment of Washington's geothermal resources. 
The resul t ing data bank wi l l be maintained as par t of 
the Division l ibrary and, as such, i t wi l l be available 
for reference by anyone in teres ted in Washington's geo
thermal resources. Evaluate the appl icabi l i ty of ex i s t 
ing data to geothermal resource assessment, and transmit 
these evaluations on to users in the form of annotated 
bibl iographies . Incorporate data compilations whenever 
possible in order to avoid unnecessary duplication of 
e f for t . 

B. Provide Technical Advice to the State Interagency 
Geothermal Council. 

An Interagency Geothermal Council has been formed for the 



purposes of encouraging the timely assessment and 
development of Washington's geothermal resources. 
Provide technical assistance to the Council regard
ing the assessment of geothermal resources. 

Conduct Geothermal Resource Assessment Projects . 

Conduct and manage assessment-oriented f ield operations 
as soon as projects are selected and subcontracted. 
The select ion of projects to be subcontracted wi l l be 
done with the advice and cooperation of USGS, USDOE, 

— and universi ty personnel. Projects to be subcontracted 
wi l l include heat flow, temperature gradient, and 
possibly magnetotelluric and t e l l u r i c , r e s i s t i v i t y , and 
gravity s tudies . When analyt ical f a c i l i t i e s or outside 
geochemical analyses are avai lable , begin a comprehen
sive thermal and mineral spring inventory, sampling, 
and source-temperature estimating project . I t i s e s t i 
mated that 3 to 4 years wi l l be required to complete the 
i n i t i a l inventory, with resul ts reported each year to 
provide information to users in a timely manner. Following 
the i n i t i a l inventory, a follow-up project wi l l involve 
resampling important springs at different times of the 
year in an effor t to evaluate mixing effects of spring 
waters with near-surface and ground waters to try and 
determine i f there i s a s ignif icant "masking effect" 
caused by high prec ip i ta t ion . 

D. Planning 

The fu l l assessment of Washington's geothennal resources 
wi l l be a multi-year project involving federal , s t a t e , 
corporate, univers i ty , and probably local agencies. The 
Division of Geology and Earth Resources wi l l develop plans 
that w i l l draw together and wisely apply the talents of 
a l l individuals and agencies that are involved in geo
thermal resource assessment in Washington. These planning 
and assessment a c t i v i t i e s w i l l be carried out in ful l 
cooperation with the USGS, USDOE, and the university 
invest igators and the State Interagency Geothermal Council. 

3. Deliverable Items 

By the end of FY 79, the Division of Geology and Earth 
Resources w i l l prepare and open-file the following reports : 

A. A progress report on the inventory of thermal and 
mineral springs in Washington. After the f i r s t year ' s 
inves t iga t ions , 25 to 33 percent of the s t a t e ' s thermal 
and mineral springs i s expected to have been sampled. 

B. Selected annotated bibliography of geological, geo
physical , hydrological, and geochemical reports that 
pertain to the assessment of geothermal resources in 



Washington. 

F ive-year p lan for the assessment of geothermal 
resources i n Washington. This plan w i l l inc lude 
d e t a i l e d reviews of fu ture requirements for geologic 
mapping, l ineament mapping, geochemistry, c o l l e c t i o n 
of hydro log ic d a t a , and geophysics i nc lud ing bu t no t 
l i m i t e d to hea t - f low measurements, magne to t e l l u r i c 
and t e l l u r i c measurements, and r e s i s t i v i t y measurements. 

Schedule 

Implementation of proposal 

Advise In te ragency Geothermal 
Covincil 

Thermal and mine'^al sp r ing 
inven tory 

Open-f i le progress r e p o r t 
on s p r i n g inventory 

Compilation and p u b l i c a t i o n 
of Bibl iography 

Formulation of mixing models 
and geothermometers for 
Cascade Springs 

Compile data bank 

Formulate assessment plans 

Conduct or manage stab con
t r a c t e d i n v e s t i g a t i o n s 

1978 1979 
O N D J F M A M J J A S O 

> 

^ 

r> 
- > 
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OMB NO. 3SR-C 

1. IDENTIFICATION 03-79 -ET-27014 .000 
Geo, A s s e s s . & R e s e r v o i r Def. i n Washington.! 

2. OBLIGATION INSTRUMENT: 

AE-1001020 35-AE-lO 89X0201.91 

3. REPORTING REQUIREMENTS 

A. PROJECT MANAGEMENT 

1. ifj Management Plan 

2. XJ Milestone Schedule & Status Report 

3. S Cost Plan 

4. • Manpower Plan 

5. 2 Contract Management Summary Report 

6. x ! Project Status Report 

7. S Cost Management Report S h o r t F o r m 

8. ^ Manpower Management Report 

9. £ Conference Record 

10. S Hot Line Report 

Frequency 
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OQ 
OY 
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M 

M 

A 
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B. TECHNICAL INFORMATION REPORTING 

1. g Notice of Energy RD&D Project (SSIE) 

2. ? ] Technical Progress Report 

3. S Topical Report 

4. 2 Final Technical Report 

C. PMS/MINI-PMS 

1. Cost Performance Report 

D Format 1 WBS 

D Format 2 Functional 

D Format 3 Baseline 

Q Format 5 Problem Analysis 

2. n Cost/Schedule Status Report 

3. n Management Control System 
Description 

4- n Summary System Description 

5. n WBS Dictionary 

Frequen 

0 

Q 
A 
F 
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C - Contract Change 
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D 

D 
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Hooert H. " ioaihiro, l?gO, 3A;4 

SEî UESX FOR. LI,I1L& C0UI2AI1: aXA'IL OF WASiiliiGTOl,-, PS a3-71*-&I-2 7014.UO>J 

As you are awaro, thaxa i s aa i anad in te neeU for con t rac t coverage 
of tha £iaa&cial a s s i s t a a c a for State-Coop Ceotliermal Eadoorce 
Aasessaaett of Waaiiaington Sca te . For tha raasoca belotr, I urge 
yoti t o preparo a l^i t ter eoa t r ae t for an appros isa t t t ly 1^-day 
period e f f e c t i v e i^iovesber 1, 197S. The a a t i a a t e d cos t s (B/0) for 
caia period ara •»6S,0Q0, coos la t ing of $30K s a l a r i e s .ia.d bea<^fits, 
and $35K equlptaeat. Tota l f i nanc i a l a s s iv t ancs for tlie con t rac t 
year i ^ $3i/0,'J00, i a c l u d i c s $250iv o p e r a t i s g aad '̂SOiC equips&cat. 

A l e t t e r con t r ac t i s raqoeaoed by tba Waahingtou Di^parts&at of 
Natura l Kaaoureas for t^o reaaons: 

1} to pay aalari tsa of S t a t e pera<Mn»l, inc lud ing a r̂ co*> 
e n a a i s t , «ao say i>« uuique to t i i i s 3X̂E p ro jec t oau 
not naedad alaewbare i n t^^ Cepar t sen t . Wasai-tgtcn 
Uas a t a t a d t h a t i f f edera l funcb are not ava i l ab le 
by J a a . 15, these persoonel t&u»t be l a i d off . Sucb 
a layoff vould be aa «xtzecie blow to t . i is re&oarce 
ass«ssE>ent p r o j e c t , aad t o future </oriclng r o l a t i o a -
s^ipa tfiti) tlta S t a t e . 

2) l o order long l e a d - t i a e equipaent , including au 
atotaic ai^aor^tlod s^ect ropi to toaeter (447.S<»), 
raqui rad for a n a l y s i s of t i ie raa l sp r i eg waters 
to eat ia ia ta source ceieperature, c r i t i c a l irJFonsa-
t i o n for p^rforaaaca o i t a i a p r o j e c t . 

I fu l ly eadors« the S t a t e ' s re^iue^at and the ns&d for atî  t^mdta t .^ 
l e t t e r c o n t r a c t . I itave beea assured by Harsual l Aeed tiiat no 
b a r r i e r s to auccassful a e g c t i a t i o n are forscea by iX)£/ii i . 

cc; H. Eecd, UQl./4i.̂  

b r . 2"Urtla W. Hoiloy 
l e c b n i c a i Houitor 
Gaotharaai iinstrgy Div i s io j 

GEO 

Hoiloy: cp 

1/ /79 
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Department of Energy 
Richland Operations Office 
P. O. Box 550 
Richland, Washington 99352 

NOV 1 J977 

on 

X 

Director 
Battel le Memorial Ins t i tu te 
Pacif ic Northwest Laboratory 
Richland, Washington 

Dear S i r : 

CONTRACT EY-76-C-06-1830 PROGRAM AUTHORIZATION 
ENERGY 

. Vs. 
11/9/77 x c ; NE C a r t e r 

AJ H a v e r f i e l d - = ^ - « ^ 
RP Marsha l l 

DIVISION OF GEOTHERf-IAL 

Pending receipt of an approved financial plan change, you are authorized 
FY 1978 operating funds of $875,000 and capital equipment funds of 
$165,000 for the programs described in the enclosed memorandums to 
A. G. Fremlring from James C. Bresee, dated October 14, 1977. 

These funds w i l l be included in your next obligation le t te r and financial 
plan under the referenced budget categories. 

Very t ru ly yours. 

O 
//Oack C. Cummings, Director" 
^ Contracts Division 

CDrSSS 

Enclosures: 
2 memos Bresee/Fremling dtd 

10/14/77 

RfciCElVED 

NOV 10 1977 

A I. HftVEhFiaO 

R E C E I V E D 

liOV 3 -1977 

T. V;. AMBROSE 

RECEIVED 

NOV 0 4.1977 

0. F.. OLESEN 
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v:f\zr,u'(iic:;r..L.7tt''.b • 

OCT 14 1977 

A. G. Fremling 

Mchland 

, l lc j i32cr 

Operations Office 

V - 6 

OFe>/R(c 

'iT 1978f Cx'^TAL T-CVlTj^n?! y'PB.OOTJ'li LETIIR ICLvISm 1 

v ^ n i f l r Northwest LABOItATOKY/FIELD OI-riCE . 

The next finsncial plan v;ill contain a total of $ 165,000 in B/A 

and $165,000 in D/0 foz Pacific Northwest Laboratory .̂ 

The table attached- to this letter (Attachncnt I) sui-Giarizes this pending 

change. You ara authorized to proceed irith ths Geothemal prograa, at 
Pacific Northwest Laboratory' ' vithin the IT 1978 budget 

authority and cost ceiling alloc.-:tions indicated in the "revised letter" 

column of the attached table. P3.ease provide progx-jca guidance to the 

contractor in accordance V7ith t: = details in Attachment 2 to this letter. 

Q J U ^ Qj^^^J^ 
, ^ ^ Jaines C. z.rcsee. Director 
X Division of Geothemal Energy 

Enclosure: 
As stated 

cc: Cnicf, Budget Office 



v.'rf.— ^ er - A.tachncut I to /.E Operating E>,=«.= Pro£r.-.-, . l e t t e r .un . 

• . (Dollars in Thousands) 

« "̂̂  ^evLed 
Previous i-.eviseu 
Le t t e r Change r ^ ^ ^ f r , 

B M % B/A B/0 BM • B/0 
BLR Clas r i f i ca t ions 

35 AZ 01 Engineering Research and Development $ 165 $ 165. 



Attachment II to AE Capital Equipment Pj+ogrcn'Letter Kufeber ^ 

(Dollars in Thousands) 

T a H f i r yrn-rM7w».qt [^Laboratory 

-. I "• -

B&H ! . FY 1978 
Classification Prograa Guidance . B/A B/0 

• 

AE 01 Engineering Research and Developaent 

$ 65 $ 65 

Replacement autoclaves and airjciliary equipnent 

• ' • $ 100. . § 100 

Analytical equipment and downhole probe 
instrumentation. 



iv/,i»iirjuTow, u.c. 2i : r . 

OCT l i 1377 

A. G. Erenling .Manager . 

Richland Operations Office 

E Y 1978 OFEPJITIKG EXPE:?:SES PR0GK/«I^ LETTER KC-IBER 
Pr.Mf-f>. >?n7̂ ^̂ T7•»•:!T̂  L A B O H A T O R Y / F I E L D OrEICE . 

The next financial plan will contain a total of $• 875,000 in E / A 

and $ 875,000' _ in B/O for Pacific Northwest Laboratory ,̂ 

The table attached to this letter (Attachaent I) sunsarizes this pending ^ 

change. You are authorized to procea.d with the G e o t h e m a l prograa at \-
i 

Pacific Northwest. Laboratory vithin the Ft 1978 budgat t 
" • • - — • ^ - « . I I I . I I ^ m i — m m l o t m m t m , , m ^ ^ n ^ ^ m n , m n I I ^ 

I. 
authority and cost ceiling allocations indicated in the "revised letter" » 

1* 
colu=2i of the attached table. Please provide prograa guidance to the t 

___ i» 

contractor in accordance vith the details in Attachrsent 2 to this letter. ^ 

. i 
Reportxng requixements are identified in Attachment 3 to this letter. f 

i f James C. Bresee, Director 
Division of Geothernal Energy 

Enclosure: 
liS stated 

cc: Chief, Budget Office 

• fc «: 
' M 

James C. Sresee, Director t 

U 



Attachment I to AE Operating Expenses Program L e t t e r llunber 

(Dollars i n Thousands) 

(A) (B) (C) 
Previous Re v i s e d 

L e t t e r Change L e t t e r 
B/A B/O B/A B/O B/A " B/O 

LtR C l a s s i f i c a t i o n s 

AE 01 Engineering Research and Development 
AE 01 02 01 Geochemical Engineering . $ 625- $ " 625 

AE 02 Resource Exp lo ra t ion and Assessment 
/lE 02 02 .Reservoi r Assessment 100 100 ' 

AE 06 Environmental Contro l and I n s t i t u t i o n a l Studies 
AE 06 02 Economic, P o l i c y , and Planning Analysis 150 150 

Total- AE $ 875 . $ 875 



Attachr.ent IX to AE Operating Expen.'ses Progran Letter MuiTibsr 1 

(Dollars in Thousands) 

Pacific Northwest Laboratory 

B&R - , ^ 1978 
Classification Program Guidance B/A . B/£ 

• ." - . » 

AE 01 02 01 Geochemical Engineering .. „ ,̂. 37? .--.̂ ...-- -

Investigate Geothennal Corrosion - Studv 
rrnraic Kanager of Factors Limiting the Use of Iron Base 

Alloys vs. Alternate Materials in Mildly 
~ >-eeber . • Acidic Geotheraal T̂ aters and Steam 

The objective of this initiative is to determine why 
geothermal brines are so corrosive to economical iron-base 
alloys. The major goal of this activity is to identify .... 
corrosion factors which influence the selection of materials 
for geothermal plants. Another goal is the establishment 
of a .relationship between a set of brine composition and 
temperature ranges and the associated corrosion rates for carbon 

' stSiels. This information is to be utilized for selecting 
iron alloys or alternate metals for geothermal systems and 
for identifying protective measures. 

Develop Standard Methods and Manual for nn * 9nn 
• Sampling and Analysis of Geothermal Fluids * 2°° * ^"" 

•• and Gases 

-:-eber The objective of this initiative is to develop standard methods^ 
and publish a manual for sampling and analyses of geothemal 
fluids and gases in order to assure accuracy, reliability, and inter-
comparability of reported results. The major goal is to assist the 
developing geotheraal industry in meeting its analytical needs by-
reducing the analytical methods research required by individual , 
organizations. 

Development of Probes for Down Hole and In-Line 
Chemical Analysis of High Pressure, High Tenperature 
Geotheraal Fluids 

The main objective of this initiative is to develop electrical 
and electrochemical probes that can measure the chemical environ
ment of geothermal water and steam under the- high ter.perature 
conditions in a geothermal well, and associated piping. A major 
goal is to design probes for measuring ph, oxidation-reduction 
potential, conductivity, corrosivity, and come specific ion 
concentrations so that the data obtained nay be used for controlling 



A.ttachment I I con t 'd 

- 2 -

B&R FY 1978 
Classification Program Guidance B/A B/O 

" AE'Ol 02 01 cont'd 

corrosion, scaling and pollution in both newly explored, 
and established geothermal fluids as well as the assoc
iated generating equipment. A PJT will be issued for a 
ph glass probe. 

AE 02 02 Reservoir Assessment $ 100 $ 100 

Vashington State 

Tosram Manager PNL will assist in the cooperative low temeprature survey 
Nichols with the State of Washington. Participation will include 

the reconnaisance assessment of the states'geothermal 
potential from existing information and the planning of 
joint state - PNL-USGS future field programs. 

AE 06 02 Economic Policy and Planning Analysis $ . 150 $ 150 

PNL's main effort for FY 1978 is to develop short run 
and long rim supply schedules for geothermal energy. For 

- Mansour the short run supply schedules , some of the exiscing supply 
curves will be re-examined in light of newly available 
information and updated accordingly. For the long-run 
supply schedules, PNL will have to examine all DGE programs 

y and assess their ir̂ jacts on the cost of geothermal energy 
prior to developing the Schedules. 
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^. IDENTIFICATION 
N a t i o n a l L a b o r a t o r y G e o t h e r n a l P r o j e c t s 
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Lab C o n t r a c t No. 

3. REPORTING REQUIREMENTS 

A. PROJECT MANAGEMENT 

a. El Management Plan o r LPAD 

b. S Milestone Plan and Management Report 

c. j p Cost Plan 

d . X J Manpower Plan 

e. X l Contract Management Summary Report 

f . 2D Major Milestone Status Plot 

g. XJ Technical Status Report 
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Regional Gravity Survey of the Washington Cascadesf-A Progress Report 

Z.F. Danes 

University of Puget Sound 

A regional gravity survey of the Washington Cascade Mountain 

range has been undertaken in order to delineate reĝ ional geological 

structures of possible relevance to the geothennal resources of the 

area. While gravity data alone cannot reveal geothermal systems, 

the technique, when coupled with bedrock geology and water geo

chemistry, can reveal target areas which can be explored with other 

more site specific and expensive iKKkacbpoxz method^. 

A regional gravity survey of the xsjk southern Cascades has 

been completed (Danes, 1981). Work in 1981-82 has concentrated 

on extending gravity coverage north of about 46^30'. Figure 1 

shows field coverage to date (March, 1982), Coverage obtained 

in 1981-82 is indicated by blacked-out areas, and c ^ be detailed 

as follows: 

New regional stations± inside survey area 430 
New regional stations outside sxirvey area 8 
New detailed stations inside survey area 137 
New detailed stations outside survey area 273 

NEW STATIONS TOTAL 888 

Note; New stations outside the survey area were obtained from 
students or others. 

A total of 6882 gravity stations in Washington S|tate are ' I 
now contained withihn our data base, of which t. 3403 are in the 

Cascades survey area specified on the coverage map. 

Stations in map districts south of 47° latitude kre curre|Ltly ̂ . 

being processed for terrain corrections «f The, n&ap tprruin 
Sw.pp(i£^ CAM *4̂ *-«- tl'.^.6»S, . 

cxiiiBClluu iu ilum!. bj! haud UJIJUI^ l!fcLmmm"H "D" iLUuap ag o gadittih 



of stations 

an files will 

For each station, the effect of terrain is computecL for blocks 

4 degress latitude by 4 degrees longitude. CanadiEin digitized 

terrain files are required for complete evaluation 

north of 47° latitude. It is hoped that the Canadj.i 

be available before May 1982.. 

At this time 1424 stations have been terrain cc^rreoted and 

about half that niunber have been plotted an contouied. Providing 

no unforseen difficulties are encountered, all stallions north of 
• 

47° N. will have been corrected, posted and contouiied (at a scale 

of 1:62500) by June 30, 1982. 

< > 
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,.1ARY 

V/ork proposed heroin ruhs^rum August 1, 1981 t o July 3 

U.S. DepartiTicrit of Energy cost of $299,954 and a S ta te of Wa 

of $13,000. 

Mahageuient of t h i s work wi l l be ca r r i ed out by Vlashingtii 

a ' | d E f r t h Resources personnel including one a s s i s t a n t s t a t e qc 

and one sec re ta ry . The geolcgis ts wi l l a l so pursue technica 

subcont rac ts are proposed as follows: 

, 1982, u i th a t o t a l 

hington contr i ' utif^i 

n Division of Geology 5 

o log i s t , tvo ijeo.1''j.istSi 

object ives . Several 

1. Southern Methodist University; Dr. David D. Blackwell, pr incipal i n v e s t i 

g a t o r ; temperature gradient—heat flow subcontract ; $93,746. 

w i l l allow for co l l e c t i on of new subsurface temperature data 

southeastern V/ashington, processing of these data and ex is t ing da ta , and pre 

sen ta t i on of the r e s u l t s in a se r i e s of mops and t a b l e s with 

This work wi l l be fund;id d i rec t ly by USDOE, Idaho F a l l s . 

explanatory t e x t . 

pal 2 . Danes Research Associates; Dr. Z. F. Danes, p r inc i 

C'iscade Rang^-regional gravi ty Subcontract; $25,700. The obj 

the Cascade Pange regional gravity map with an average grav 

one s t a t i o n psr f ive square miliss. This i s the t h i r d year of 

i ty 

invost igator ; 

ect ive i s to eompTote 

stati(3n density of 

a three year prograin. 

3 . V/ashington Sta te University; Professor James Crosby, 
« . 

. jatorj Jolvj Biggpne, inves t iga tor j Yakima Area Geothermal Invjes 

The crfijective i s t o c o l l e c t both new and ex i s t ing data on subpurface 

hydrology* and geology of the Yakima a rea , and i n t e r p r e t thesfe 
a p r a c t i c a l anjl t echnica l guide t o geothermal explorat ion and 
i s the .̂.el̂  iid year of a two year program. 

4 . Portland Sta te University; Dr. Panl.E. Hammond, prir 

Wind River Geology; $22,003. The objective i s t o c o l l e c t and 

d a t n , j-jge d a t e s , und rock geochcifiistry as they per ta in t o the 

of the Wind Ri./er a r ea , as well as contr ibut ing further infer 

t ine-composit ion model for South CuscaJe volcctnisnt being forn 

This i s a projec t of one year durat ion. 

'»"-—- " '•-»'flfeVr-tl-'r' 

This subcontract 

in the C jluinbia :lasin 

pr inc ipa l i nves t i -

t i ga t i ons ; $11,481. 

ce temperatures, 

data s e t s to ; form tl 
. " • • • • , ' - H • . . : 

development. T h i s i ^ : ^ 

11: ipa l inves t iga tor ; 

in te rpre t geologic,; ' 

geothennal po ten t ia l 

nation to\Jard a npace-

Idtcd by Dr. llainiViond.̂  

iS't*--
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In a d d i t i o n , the geothernial s t a f f of the D iv is ion of Ceol 

Resources proposes t o pursue' iaopxing and .'.inQlysiis of therma 

sp r ings , "c loseout" c o l l e c t i o n , organ izat ion, tirid disQeihinat 

statewide geothermal-re latet j geologic', geocheiplcal, and geo 

setsy and cooperat ive execut ion of a Mount S t . Helens shot-1 

w i t h the Un ivers i t y of V/ashinigton. Costs are as f o l l ows : 

and E a i ^ f lesources, $88,884} Mount S t . Helens seismic inve 

admir i l f ^ ra t ive overhead (charged at the rate of 15.66 percent 

except f o r the $93,746 Southern Metl 'odist Un ivers i ty subcontijac 

ogy .-jnd Earth 

and mineral 

on of several " -

physical data 

h(»le seismic program 

Div is ion of Geology 

est | igat ions, $30,220; 

of t o t a l costs 

t ) , $27,920. 

1? ?*-

<f w 



^ •??^^?f^-^"T:>.":;. i-r--•:; 

WASiiiNCiON DivisioMOF (;i uiiiG'i /\:vD i::A«iit !;i:sou!<crs , it: r IV i u t s 

P r i o r i t y - 1 

Jus t i f JQgt l on 

( ^ i n g the pas t year and «jne-half a cGnsidterable amount 

accumulated regarding the octSutrer^e of geothermal energy in 

Th0§e data have been gathered from many sources , including oiJr own in-house 

i nves t i ga t ions , and they wore compiled, in p a r t , for the purpose of (joneratiiig a 

"publ ic" gedthermal resources ir^p for publ icat ion by the Nati 

Atmospheric Aditiinlstration (NOAA). Types of data gathered include down-hole tempet^-

a tu re da ta , geothermal lease appl icat ions in the Cascade Range (gathered by I7ash-

ington Sta te Energy Off ice) , , thern«i and mineral spr ing d a t a , 

d a t a , d i s t r i t w t i o n of ytxjng volciffliic rocks, lieat-flow da ta , f a u l t s and l ineaments, ; 

seismic da ta , and aeromagnetic da ta . Although meet of these data s e t s ard s t i l l 

prel iminary and incoinplete, we f̂ ave found | h a t they, taken to 

our understanding of genthermail energy in t h i s s t a t e . 

Because the USDOE - sponsored resource assessment prograliB i s a jparent ly in i t s 

f i n a l year, we propose t o spend as much time as possible assenbl ing, Gugnent-ing, 

and in te rp re t ing the above data se t s and preparing them for-. 'apid and convenient 

use by public and pr iva te geothermal i nves t i ga to r s , e x p l o r a t l a n i s t s , and devolopera. 

of data has been 4: * 

the s t a t e of V/astj i%|^, 

jc ther , ••reatl;, expvindl" 

Plan and Schedule 

A'/ork toward the objectives l i s t e d beiMf wi l l continue th](:oughout 

per iod, with prepara t ion of data for d i s t r ibut i o n ^ n d / o r open 

The object ives for the three geothermal employees of the. 

and Forth Po:joucceG are as follows: 

>le» 

Geologist I I I : 

A. Spring sampling 

1. Sample and analyze addi t ional knoon thernial 

2 . Search for rufrtorRd tht^r:;inl s p r i n g s . ^ - , 

3 . Monitor springs in the Mount S t . Helens are?i 
• t • . 

4 . Samjjle and analyze addi t ional known mineral 

5 . Search for rumored mineral spr ings. j H^T**** 

6 . In t e rp re t and repor t on geology, gcochemisttjy 

for further work and/or rievelof)ment of the 

^oi> 
^ ^ ^ . J e ^ { 

. I ..^'i-L-afefeiA'/A..-.. J(»^^(i, 

the c e n t r i s t 

f i l i n g a t 'ntei 

Division of Gteillogy 

spr iiii|s. 

spylngs. 

,, a id recoi 

springs 



D. Obtain and repoH on s o i l inernury iJetermlnati 

thermal springs^and n«iar Mount Sfe, Heloftg; *** 

C. Ass i s t with.subccxitract ndminlstration and dir 

of the geothej mal s t a f f . 

cc 

near selected , \ 

t ing the activilJtJt: " 

Clerk Typist I I : 

A. Ass i s t geologis ts with the asseirtoly, ca ta loging, 

for publ icat ion or other dissemin|ition of geot! irmal data and report a 

Geologist I I : 

A. Augment, i n t e r p r e t , and prepare TOT d i s t r i b u t i o h data se t s per t inent • 

t o assessment and explorat ion for geothermal energy in V/ashington. 

These data ^ t s may include sotne isr a l l of the 

g r a v i t y , f au l t s and lineaments, roCk and water geochemistry> temper

a tu re gradients and heat flow, geothermal l eas ing , iseismicity, ar«} 

aeromagnetics. Assis t in preparation of a s t a t o " s c i e n t i f i c " 

geothermal map(s) i f one i s to be published by HOAA, transmit 

appropria te data t o GEOTHERM, and prepare mater: a l for public 

disseminat ion. 

B. Ass i s t with f ie ld monitoring of subcontracts . 

C. Tenporature-gradient logging, mercury f i e ld mea^nroinents, a s s i s t ing 

Geologist I I I in f i e l d , and other du t i e s as r e q i i r e d . 

and preppratinn 

B. Ass i s t with correspondence and con t rac t - r e l a t ed 

r epo r t i ng . 

accounting and 

Products 

Yoî r "ond repor t de ta i l ing a l l f indings during the contract period; opert-file v 

and/or published r epor t s as appropriate ; and mater ia l for a sjtate " s c i e n t i f i c " 

geothermal resource map if one i s t o be published by NOAA. 

B;).'iet 

S a l a r i e s : 8/1/81 to 7/31/82 

Geologist I I I ; ® $2029/mo. 

Geologist I I ; @ $1839/mo. 

Clerk-Typist I I ; ^ $834/mo. 

Benef i t s : 20 percent of s a l a r i e s 

• " ' ' 

$24,348 

$22,QS8 

$10,008 

$56 

^ $11, 

• . . . • ' - • ' . ' ._ 

• ,.' - V 

• ' • J 

,424 

285 

1 

1 

• " * * 
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Mileage. «'^ ^ ^ ^ O K Project «fc9t 
to Travel: " " 

i4»Q and Ser^icesv S 
^ ^ ^ ^ ^ - ^ ^ Supplies, ana 

i^e^oduct ionandpublxca t , 

$4,375 

$1,600 

$_lj200 

$ 4,000 

llOjOOO 

$ il75 

$i4,ooo 
• IS,: ; ' ' • * « * • -

Overt^e^^ Division of Geology 
15.66 percent on ^ ^ ^ ^ ^ ^ d 
,nd Earth Resources a ^ x ^ ^ 
3ubcc.tracta admxnxstered y 

$271920 

L i « ^ J W i \ w<^wvv»wu»A <aiaV«»*vA«ei p « » » » < ^ « i , K ' . 

IIOTAL $ U 6 > 8 0 M ; Q , \ \ 

> :«*<,̂  '̂ 
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priority - 1 
itmammm • W i i * J 

;3yiittfxcaticin 

TFMPFRATUffc (^ lENT -HEAT FLOW gggJJTRACT^f ^ 

' -t j i^jw'p.n^ift.y ^ * y ^ / 

'*.' 
^^v. 

A y^Mil 

teA years >.>T0Sipe]:at^ gradient datS) t^mtiei^tdd 0lfi»t a jer iod of al 

seveiQ9l,drg^zat,ions, are ay^Masle for seyejrdX hundred wellif ut-M^ Cc '̂ 

Sasii^, aa |-gpl^ultural area c ^ r i f i g m m i^t^ ^ , 0 0 0 square iniles in st 
easteifuWa^iington. Density of^^^enipcratui^^t^iradient data poi i ts i s betti 

than foa*^mj| other area of ther s t e t e , but im d ^ l l no better dhan one mik^!^^^^^ 

wellt on tt)ii ^aviBtage, per twenty-five square m l e ^ . 

The ^li^^tblir ddsin i s now Imo^ to contain widespread low-̂  Eefflf^ratui^l 

1{)0^) gtra^Mrmal resources a t f , ^ l low depth ( l ^ s than 2,008-3,000 feefekf 
anoii»l^Ul8 wees are not well-defined as yet , nor are the l i m i » of the tŜ i 

re0ilN9ft iffftere iwidmalies might Jbe foiflid well known. Becauq ê thire ere msatf 

potential users of low tei^siNe^lture geothermal resources in th$ tkiXuinbia'̂ iS^r-^ ^ 

th i s Jj» the part of Oi^ state where geotfiermal r e s o u d ^ csn be p u i ' w i 

imlAi&dtt. because knantl^^^ dt the resource i s s t i l l inadnquate to a^lm'-ij..'^ 

fel^iMi^lyBd. development or Jnodlsling, and because we are faced n^ttl^.a pt^gi^^ifjij '̂ ^̂  

of. al assessment programs after FY 8 1 , we^plan to place 
•u ^ € N | leiKilectioif aid interptetafMon of downhole teSiperature datjMln;^the 

'Be^in« ^W'it̂ huxit further fun^ind beyond FY 8 1 , whatever proaemia m oiake t 

îaipBsmptcit of low temperature^vpsources in th i s area will proltably have 

aer'^e^dafinitiVe data base Cm ̂ 'munber of years. We want tii jnake sut̂ ) 

'^tliia'lMil^ onee 4^ aa good sa we can make i t in the year or so ^that i s li 

the Assessmeitt program. 

Plan' and Schedule 

The work wi l l be subcontracted to the Geophysics Laboratory at Sout 
Met^iodist University (D.O. Blackwell). The work will consiaj: of well 
by tHrt?i|i»ĵ tJ?ree f "eld workers between June 1 and October 3 1 , j $81; witH' 
inter(i»r^a|Jian, maintenance, fipnageinentt and c le r ica l su^or t fas needec 
June i , i m i and May 31 , 1982. ' ' , 

Eighty to ninety percent of the field work will be in thd Colurribia-
md shcRjld resul t in the temperature logging of about 130 wells. The 
% i l l be t o : .,:,,...••-

car'nEi/npfii 

l*4#Pl;ij 

. • > * • & , 

I--. m 
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X, Determine the baindac^s^pf^Jhe Colul^|||^teM.^ gi'omaloua 

in the northwest (Wenat<^e-^tocV-'W^ats^\i!a^m^erea) and loctheast 

R^ardan-Cavenport area) f^ym-fif ^ ^ ^ ' 

to p>(lik» the resource wlt^ ^ | « l ^ ^ ^ l y Ŝ̂ ĵ tjser well spacin) in the W^la-ffal^. 
K i " 

^Nkteea Lake areas, as iisll^^iES Iri o t ^ r ar^ae that wil L be selected 

"'^w^'^^ifirw^ 

area, espfec*^y ^^^ 

agpredses. 

\ ' 

Pr««?t^^ to be deliyere#$y the 8u6eoi^i%f dt by May 31^ 1 » i n a | i i d ^ y ' ^ ^ * ^ 

fojyiowi^, . -^ 

1. D(?pt'h t o ^otherm maps , * 

A. ^aileetf;̂  m^ of entire s t l ^ a t l:2|0QO,OQ0 

B. vColorliî la Basin at li5WI,9ej|^ 

, C. imsre %$|tailed maps in cHillB îQiis areas, such as Mpees 

ol Yakima, at scales of1:^lD,00Q at 1:100,000 ns daiat 

permit. 

\ V 
NOTE: < iiplese r;«p8 might be foc^wslated as depth^to-isotherm m£ps ipcdb 

'*;tto 20°C and/or 30*^5 a n d ^ temperature'^a^fixed-deptt -^^Hsui «^, 
temperature at a depth'or 1 kilometer). 

I , J . 

2* Jlajp^ sur%ice temperature I M ^ for the areas IJbated under ]1 a, b ; 
''mriiy.m.i^ 

ir*-t» m d f l ^ ityfentity and qu^ljtty permit. i - .̂ , ._ , 

3* 1teJiA«tflow and gradient map© jfcw the entire ^ t e at 1:1,thi^f^, :^ . j ' " ' t i 

, 4«,^^^buiated and graphical t^i^ratur^-depth^tfiata for a l l weiJs iiv>'>tti#%« 
, from which these data eite availiable. "'* 

. 5 . Tabulated gradients , thermat conduct ivi t i e s , and heat fldws (corrected^j 
uncorrected) for a l l wella in the state fr^"Which these lata are 

6. An explanatory and interpretive text . '̂ ,-

Budget ^ - ' ? -

Salar ies: 

Scrounger - SI-MJ logging truck operator 
3 mo. @ $1500/mo. $ 4,500 

Scrounger - pOTtable ),oyging unit operator's) 
6 mo. a $1000/mo. • ' ' \ . % 6,000 

jLab Asst. " thermal conductivity mea8iuDe« 
y ments, e t c , , % t p a ^ 9 mo. « $lWQ/miad* •< $ 4,500 

K i r 

%. I 

ii^.m)l\:''i'i^.i. 2t^iS^^L^.:e>SM.^j..t,ji ^ M E ^ - . • - ' f t M i m M h u • [ fiiiiiiiri 

-^ tr 

^ Ji i ^ 

^&, If 

w 



^ 

,> - i l l 
A^istant - GrijCe*^ 

pre tat ion, ^ t ^ 

Maintenarwe am^,-•^ 
. gear, 35S t iwa ,^^ 

Cler ical , ^ c r e t a ^ i 
^ a$76B/ii|0.* ..-^ ' 

Hi logging 

12/mo* 

y€^ 
' • f l , 0 .0 . B l a c l a B e i r i ' | ^ ^ B l | f t 4 < ^ ^ ' \ 

^f* I ' ' ' ' 

i. 

fjier 

it9t 13S of s a l a r J ^ 

' 5$ 4o,owr « i . '%^ 

^P l t ^u r , 4.80 i j ( i ^ P | % 3© dayf • ^ ^ r 

l laetiniit PI a t feen^«iy^ . , l aps^as-^i -
. ptitit te»»> me^ti i i ivMit natiia^al- ^Jl 

'« 1»ofa®8ional mel 

, . | Jo i^ te i ' t ' ' ; 400 h o y « ^ l | , 5 0 / h r * ^ ' 

^ ' P ^ i « 4 ^ (report )"^^>^at ion» 

SuMli«#%»d materiali* 

?*'#i 

; f ' ' ^ 

-r " 

' '". - 1 [ M ' ^ e n t qo^amt^;tfcrlcfd '*, abovi)': ..'J.^' $ 9,79B,> ;̂ 
- ^ ^-#23^1 ^ ' rcent "on a l l feifl items, " T ' ^ . ' ll'»27» '̂  

•̂ ! 
^ 1 • 

.1 
TOTAL 

litems on which SJ^ chargesl-oCMErattppa overhead at'4& percent. 

n -
4J- i 

4 ' * 

S,7,J 

- "^1 

' ^ 

|93,i 

• '-"̂1- irfiii>iiM^ifiiiiiiiiiiift 
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CASCADE RANGE REGIONAL GRAVITY SUBCONIRACT 

Priority - 1 

Justification 

»A ^ o ^ H ^ * 

Regional g rav i ty surveying under subcontract has been underway in the Cascade 

•Range since 1979. The project has been headed by Dr. Z.F. Danes, University of 

Puget Sojnd, Tacoma, V/ashingtbn. The study area i s shown on Figure 1. Work to 

date has been concentrated in the southern and cen t r a l Cascades and in the area 

around Mount Baker in the northern Cascades. 

Status of g rav i ty mapping i s shown on Figure 1. Previous data and newly 

measured s t a t i o n s bring the t o t a l for the study area (about 14,070 square tft^lef) 

t o some 2620 g rav i ty staticMis, or an average d i s t r i bu t i on of one s t a t i o n p^r 5.4 

square miles . The d i s t r i b u t i o n i s not even throughojt the Ciiscade range, however; 

in the par t of the study area south of 47°30' the s t a t i on densi ty i s one'lNsr 3»8 

square xniles, with much heavier concentrat ions a t Camas, Ncnrlh B^EyievUle^ anW 

Mount S t . Helens. North of 47 30* the s t a t i o n density i s onjy orins per 15.4 

square miles . ^ 

Almost a l l of the gravi ty data gathered so f a r , includirg pre-exiatingiilart:ai>\ . 

has been reduced by the U.S. Geological Survey in Denver, thibugh the use dF t h e i r 
'• , • • • • % . • • ' . ' • - - ^ 

computer f a c i l i t i e s . I t i s expected tha t preliminary grav i t ) maps a t a sca le o f t . 
: . . • = • • ' • • • • , • • - . : • ' • • • - . . ^ ' . - • • • ' . > c 

1:250,000 w i l l be placed on open f i l e by the Division of Geology and Eartl^ ' ' ' " 
Resources by May 3 1 , 1981. These maps wi l l be i ^ r o v e d and updated, especia|ly5f*^ 

in the northern Cascades, following the 1981 f i e l d season. At;the<^concl%»ipn^jaC; 

the three-year g rav i ty program we expect t o publish a 1:250,OCX) scale grayity-^ |^:^ 

map for the bulk of the study a r ea . i ?^^ • *'^ •' ^ 

The UPS g rav i ty work has already g rea t ly expanded avai lab le coverage for 

cen t ra l and southern Cascades., By the end of the th i rd year 

wi l l be ava i lab le for raoet Wt the study area in suf f ic ien t de 
regional coverag«} ̂  

a i l t o allow i |^oy)e)^l ; 

exp lora t ion i s t s t o i n t eg ra t e the gravi ty data in to the .evaluat ion of Caacade ^ai^jge 

geoLherraal t a r g e t a r e a s , thus allowing for s t r u c t u r a l i n t e rp r j t a t i r a i s and tel i ts of ^ 

geothermal hypotheses not possible previously^ < , ; 4^ V̂  

Plan and Schedule 

Suff icient funds are avai lable from the ex i s t ing USDOE - S t a t e of 

contract t o support the gravi ty subcontract u n t i l July 3 1 , 19111, provided t h a t % 

' t ' ^ t 

' .» ' . . ' « 

: : ^ % 
' i - x 

.t.'>'i.jai;jfeti^-aait:^Liiaa£^..u 
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square miles) in 

, Pugh Mtn., Bedal, 

no-cost time extension and permission to bliift budgeted fuiidsj are granted by 

USDOE. If so, work under the contract resulting from this proposal will begin 

cn August 1, 1981, and continue to May 31, 1982. 

The objectives are as follows: 

1. Obtain regional gravity coverage (one station per five 

the area west of Glacier Peak in the V/hite Chuck Mtn. 

Sloan Peak, Prairie Mtn., and Huckleberry Mtn. 7%' qjadrangles where 

known elevations and road access permit. Gravity in ;his area will help 

to provide a "tie" between Majnt Baker and Glacier Peuk and provide the 

first significant data in an area where geothermal lease applications 

have been made by private industry. 

2. Obtain regional gravity coverage for the approximatel;!' 10 by 8 mile area 

centered on Mount Baker, to the extent: that access, known elevations, aid 

ordinary prudence will allow. 

3. Collect and incorporate all pre-existing gravity data 
,0 

available for the 

part of the study area north of 47 30*. 

4. Obtain regional gravity coverage for the area southeaalt of Mount Rai iter 

in the northern part of the Hamilton Buttes 7%' quadrangle, southesitem 

part of the Packwood 15' quadrangle, V/hite Pass 15' quadrangle, Rimrock 

Lake 7%' quadrangle, and Tietcn Basin 7%' quadrangle to the extent that 

known elevations and road access will allow. This wor< will provide belter^ 

gravity data for an area of considerable Quaternary volcanic activity. 

5. Obtain regional gravity coverage for the western % of the Golden Lakes 

7%' quadrangle, western % Of the Mount V/ow 7%' quadranjle, mtd .;astem h 

of the Kapowsin 15' quadrangle, all located to the wes: of Mount Rainier. 

Coverage here should be to the extent practical with risgard to road/accessy 

known elevations,,and landowner's permission. The transition betwei^ Puget 

Lowland type temperature gradients and Cascade type gradients is suspected 

to pass through this area, and gravity data may help tu determine whether 

or not the transiticn in gradients is accompanied or csiused by a tr^sition 

in subsur/ace lithology and/or structure. ; 

6. Obtain regional gravity coverage for the southeastern porticn of the Wind 

River 15* quadrangle. l7ork here should largely complete regional coverage ' 

for two adjacent areas of potential geothermal signific 

Indian Heaven. 

•7. Remeasure gravity at a sufficient number of stations in 

area to determine whether the 1980-81 eruptions and/or 

changes have caused significant changes in gravity. I 

f ->•' 

ance, V/ind River and 

the Mount St. Helens 

cesultihg geographic 

so produce a map 

^S»t:i^.^^••i^..,. 
11 
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at 1:62,500 scale which detai ls the chfinges. New stat ions should be established 

to add deta i l to gravity ir^Sjalies wh,ich were previously defined by only one 

or two s ta t ions . 

This objective must be considered tentat ive . Severjal factors must be 

favorable in order to carry out the work including: 

A) Mount S t . Helens must:be in a ?«|L|i%t'' s t a t e , 

B) Permits to work in^the area moat be obtainable, 

C) /Access to previajflyfoccupii^ gravity stat ions mjjst be possible, and 

D) The s ta t ions to tK» r%i3i$cupied ip ĵst be recoverab 

assurance that thfir elevations have not changed 

8) Obtain better-than-regional gravity coverage in the a ^ a of cb^ t i lve 

number 3' (Mount Baker). This objective i s also tentative.bccauise'tjf 8Ccê B»>̂ ' 

problems and lack of know elevations. 

jte wil^ a reasonable 

ai^ificanilily. 

* . 

/ I 

surveying fco-llsur** A-
^\ 

Every effort should be majde during the cmirse of gravity 

that elevation er rors are helt|. tl» iess than i 10 feet (that reported gravity *'alu&8\ *j 

are accurate to within abcut ± 0-# mil l igals) . ^ ' ' 

Objectives 1 ^ should be coR|>leted in the oŜ der l i s ted . The contractor 
• ' .' •» 

expected, within l imitations imposed by lack of known elevatlcr^, road aceesd, 
• • • . ^ - . - • . / « 

or landowner's permission, to allodate the time aid finances available uraiar, 

subcmtract in Such a way that good progress can be made towaid ccMtiplet 

of objectives 1-6. 

Ob^ctivea 7 and 8 are to be started only after objectives 1-^ have been. 

e<»»piet^ to the extent that tli«&y cm be completed without resorting tc ^ t# t3J 
y -' • .- • _̂  .i .t»s,'-^' 

ba$|^«:king or use of t r a i l bikes-for access to unroaded areas. ' ,i ^' ' ^ 
' Note that these objectives ^)ecifically exclude gathering newf^ravi 

in t t e hortheastern part of the'study area (in the area north of 47**30 
of M ° 1 5 ' as well as north of 48°22.5' and east of 121°37.5') 

these areas is very d i f f icul t , the areas are of less geothermal inqsortancd', 
(Glacier Peak i s part of the ^eluded area, but i t i s a wilder less area 
be develofwd), and gravity data simply cannot be gathered tbers ih an 
matfmer in the time and with''the resources remaining. However, 

- - - . * . . . - • • : . • - - - . ' ' " • • ' . ' ^ 

t t e # j ec t ives l i s t ed above can te cdnpleted, any excess time j»nd..funds ^y.i lp 

used by t t e contractor fov gathering additional gravity data in t tese areaSk 

because aci 

12 '-
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Pr I Kl'tnts 

Products to be delivered by May 31, 1982, are: 

1) A complete Bouguer gravity anomaly map for the study 

1:250,f'OO. This map shall show locations pf gravity stations 

gravity values. It will include complete legend and explana 

2) A text which describaa tte methods used to carry out 

Biethods by which existing data have been incorporated, and n^jor 

regarding geologic structure and gepttermal resource potentill 

3) A tabular listing of gravity stati(*is showing station 

"raw" and reduced gravity values. 

Budget 

Salaries 

Principal Investigatat: 

1.75 mo. @ $2000/mo. 

Field Assistants: 

2 @ 7 mo, each, $5/hr., 170 hr./mo. 

Key Punch Operator* 

2 wk. at 40 hr^/week and $5/hr. 

Travel , 

Vehicle mileage and maintenance 

Per Diem: 200 days 9 $20/day 

Other 

Office and Lab. supplies 

Reproduction 

Gravity meter calibration 

and repair 

TOTAL 

s^dM^ .•";'..;i:.v:>^i.*3p;s5ii'^ia^;W 
13, 

>̂  "••-'-"'^•"''''-%iri-%''#-Miiitr-?- -fr. 

I 
area at a scale of r 

and the coĵ toured 

Ion. 

tte gravity survey, 

concluaiens 

in the study area. 
- - • . • ' . Vt- " • ' 

number, location. 

$ 3,K)0 

$11,900 

$ AOO 

l lS^OO' 

k^ 

$ t,3dB^\^^ . 

500 f> " ^ / ' 
500-] IlsJ^V-fV '̂ '#,-.: 

1 ' o 

600 

$1,680 * -

$25.fwi;t>'^\ 
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SUBCONTRACT FOR GEOTHERmt INVtSIIGAriONS IN THE YAK 

1r\>ve m^\.<^*Vc/ vv̂ ecV u,'i\\i SWa.V ^vv?,^«0^^ 
C^«*^\e3i^^^ «|<t> \Ae** o9 "oovftwwfcvjî  \h«ed^ . 

Prjjority - 2 

J u s t i f i c a t i o n 

This work has been underway since August 1^ 1980. The inves t iga t ion i a bsiifii^ 

ca r r i ed out by John Biggane of tne Washington S ta te University D e p a r t m e n t ^ C iv i l 

and EfTvironroeifital Engineering, peolpgical Engineering Section, under t t e dl|rectia^^ 

of Profesapr James W. Crosby. | t e i n i t i a l sutjcontract (under USDOE cont rac t 

DE-AC07-79ET27014, Modification No* A003) runs u n t i l May 3 1 , 1981. 

MA AREA 
f ' 

' ' iS 

The object ives of the current subcontract a r e : 

1. Yakima Coun^ ^ # i | p To measure tenf>erature g r a d l ^ t s in ex i s t i ng wells in t t e 

add in tioc^ration with Dr. O.'^'O. Blsckwall', determine teajt flow in a t 

wells as poss ib le . 

2 . To de l inea te areas tha t possess a po ten t i a l fc^ geot tern»l 

3. 

4 . 

5 . 

a r e ^ wtere warm and/or hot «a te r ahd/tHC sources of teat eiciat to ttfe ^ft>«dfefi 

• . - - • • • • . . . ' • / * , ' " -

To r e l a t e occurrences or p o t e n t i a l occurrences of geotterinfal energy t o the 

g|eology afuJ hydrology of the study area . 

To explore t t e po t en t i a l u$es , economics, and problems assjociated w i ^ the'i^iii 

i of geottermal energy in t t e Yaklira region. 

To submit a repor t d e t a i l i n g work a c t i v i t i e s , per t inent da 

relevant t o t t e abta/e ob jec t ives . This report ,phall contain approprii^l^* 
- . , : . ' '•- ' i ' l . • • • . ' " ;~ i- ' ' * J ^ 

temperature-gradient , heat-flow* and hydrologic maps and/o? cross sec t 

The i n i t i a l study area was a l l of Yakima County — an area of !>,059 square miles 

As the work progressed, the study area was t o be reduced t o th^ areas with t t e 

g rea tes t po t en t i a l for the occurrence of geothermal resources , 

t o t a l l e d $15,000. 

The repor t from the i n i t i a l subcontract wi l l . inc lude the 

I . Geologic Data and S t ra t ig raph ic In te rp re ta t ions 

A. A review .of t t e pertirtbnfe geological l i t ^ a t u r e 

1. t t e occurrence and descr ip t ion of the geologic un i 

* ^ . < 

ctevelopm^it Xdaf 

a , ahd inf 
?•% 

-<"» ••^ •*« * i ! 

The initial bodg^ 

allowing :'̂  

2. the previous geophysical surveys and t t e i r i n t e rp r e t a t i ons . *L '̂̂  
• . • * • ' • • . . . . . • • " . . * i-

. 14 
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B. S t ra t ig raph ic i n t e r p r e t a t i d n s obtaited from the WSU gjophysical well logs 

1. the c o r r e l a t i o n of geologic u n i t s , pr imar i ly a lonj the t rends of t t e 

i r r i g a t e d v a l l e y s . 

2. t t e r e l a t i c n s h i p s t h a t ex i s t between the s t ra t ig raphy and ground 

water hydrology and temperature. 

I I . Geothermal Information 

A. Compilation of t t e ava i l ab le temperature-depth da ta . 

1. t t e l o c a t i o n s , g r a d i e n t s , chemical da ta , pumping i|:est temperatures, 

2 . a review of t t e previous geottermal research for Ifakima County and the 

Columbia P la teau . 

B. Spat ia l d i s t r i b u t i o n of t t e geottermal gradients 

1. the v a r i a t i o n in t t e gradients as predicted by the[ bottom hole tempera** 

tur^ regress ion analys is 

2 . a comparison of t t e methods available for t t e int jerpretat ioi of water 

well geothermal g rad i en t s . 

I I I . Assessment of the GeotterAial Resources of the Yakima Area 

A. The a rea l r e l a t i o n s h i p between aquifer temperatures anjd aquifer depths . 

If, '01 

^ ^ ' 1 ^ B. Tte p o t e n t i a l uses of t t e low temperature ground water 

This repor t w i l l go a long way tcnvard in tegrat ing many sources 

on t t e development and use of low temperature geottermal resources in the Yakima 

County area . Continuation of t h i s subcontract from June 1, 1931 through January 5 1 , 

1982 w i l l allow for the deve^i^ment of firmer and more de ta i l ed in te rp re ta t iona 

regarding the resources and t t e i r po tent ia l u ses , and i t w i l l • allow the time 

necessary t o produce a f i n a l repor t su i tab le for journal publi i :a t ion. 

Objectives 

June 1, 1981 - January 3 1 , 1982 — This subcontracted tas^c wi l l conclude oh 

January 31 , 1982 and w i l l complete the following objec t ives : 

I . To ref ine the prel iminary conclusions of the study by: 

A. Additional s t r a t i g r a p h i c cor re la t ion through the use o^ geophysical and 

d r i l l e r ' s logs . 

B. Additional s t r a t i g r a p h i c in te rpre ta t ion by means of s t i u c t u r a l cont^6ur 

maps and fence diagrams. 

in the Yakiimi a rea . 

of data tha t bear 

-. v.... . -; 15. 

^ • l 

-, r f 
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C. The inves t iga t ion in greater d e t a i l of t t e s p a t i a l re 

e x i s t s between t t e aquifer depth and i t s tenperature 

To explore t t e economic f e a s i b i l i t y of u t i l i z i n g t t e low 

water of the Yakima area by 

A. Delineating regions »:cordihg t o t t e i r geottermal potjential 

: J i t T ' B . Identifying poss ib le appl ica t ions artd preliminary cost es t imates . 

Schedule 

Investigations will be continued between June 1, 1981 and January 31, 1982. 

Products 

A repor t de t a i l i ng work a c t i v i t i e s , including a l l per t insnt data and in fo r 

mation re levant t o the above d s j ec t i ve s , s h a l l be due on January 31 , 1982. Thia '^"^ 

rep.ort s h a l l a l so incorporate t t e f indings from t t e August 1, 1980 to May 3 1 , 1981 

c o n t r a c t period. The repor t s t e l l contain appr t^ r ia te geologic, temperatureH|radie|it^ 

hea t - f low, and hydrologic maps and/or co r s s - sec t ions . The repor t sha l l te de l ivered 

' ̂ . !^ ' l '*F'^f!r^^P^ 

lationship that . i J|.w 

and stratigraphy. 

tenperature grmind 

'^^«I 

in a format su i t ab le for publicaticwi, and i t s h a l l be subject 

Division of Geology and Earth Resources pr ior t o f i na l acceptunce. •^vA^pffi 

Budget '•^•^'^e « o v « \y»W^VUSA :>i,^>e<\ ^v%Nv»\(tf| W ^ i ^ ; « V ^ l t f ^ : # t « j « * ^ a fm&f^* ^ 

t o review by t t e . 

•Salaries: 

Research Assis tant (8/1/81-1/31/82) 

0.5 FTE J $ 3 , 8 9 0 ; 

V.'••\ Secretarial ^̂ .»'î i_583 
• • " • • • ' • . ' : . , " - • • • ^ • 

Benef i t s : 

8 percent of Research Asst . sa la ry . $ 311 

23 percent of s e c r e t a r i a l sa la ry ; 134 

Goods and Services : 4 i 4" 

Travel - / ^ ' . •,;•' 

Overtead: 4555 of t o t a l modified d i r e c t cos t s 

$ 

$ 

$ 

J-

*v 

4,473 

445 

1 % 

I ? , tep-

1,875 

1,125 

,563 

TOTAL $11,481 

_ aAisS^aiSKf^~,jb.,: 
:....:• '^-.'16..: ... 

•-.;.-i.'--Jt*-:. '-̂  ^ ^ ; " ^ \ : i ^ - y s ^ ^ ^ , i * ^ i i i i i i j ^ ^ 
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Priority - 3 

J^tificatiOTi 

WIND RIWE« GEOLOGIC SUBCONTRACT 

The prci>osed study area Sfieiuctes one of the youngest volcanic zones in t t e 

stata'i^^llNN^Igton. Major ttermal and mineral springs l i e within or adjacent 

to the study m:ea. The area i s traversed by a recently recognized seismic zone 

which p i i ^ i through Mount St . telens to the northwest. Tte urea l i e s along' t te 

\irestern b^(iN» jDf t t e Cascade Itaige hot spring zone, and the^i; are potential ugsera 

of low tenperature geottermal eriergy in t t e area, #amely a la^l^ evergreen 

nursery o^rltefiid by t t e U.S. Ferest Service and ttto schools î i t t e town of Carson, 

Ttese jp»#en1^«li^ers have expressed interest in developing l(iw-temperature geo^ 

tSt' 

mm. 
thecfitt 
a^dMl̂ e^Qr̂  | > ^ ^ t u t e of Technology. 

and ttey a^ ' l i i ing assisted by t t e Washingl on State Energy Off iceS 

ai|i§ologic viewpoint! t t e area has good potential fcr t t e occurrence 
of ecNnmeircial getiliierinal eter0|r» but i t lacks coi^etensive geologic, geq[̂ iy3ii;̂ sî  
and^bck^^et^mical evaluation* Data collect«H4 during thia proposed sttJcly Will 
te integ|a^ted in to , and fori* an iilnportant partjof, Paul Hajnmoiijd's space-tiine-
cognpositlbn model for young south Cascades volcanism. 

Ob.1#ctive8 and Sctedule 

m Tte atudy area i s about 100 square miles in s ize , and i s Located in t t e > a u t h 

Cascactes of Washington, abpdb 10 miles north of t t e Skamania Cxinty town of 

SbBvensQM* Tte study area i s ^i the nor t t e astern part of t t e .ookout Mi 
15' quadrangle and northwestern part of the Wind River 15* quaJrangle. -t^Bj^Sf %''̂ . „.JM,-

features included in , t te area are Government Mineral Springs, jTrout Creek n * " ^ ' ''*^^ 
volcano (basal t ) . Bare Mountain (basalt and andesite c r a t e r ) , Uest CTater |l 

lava flows and andesite dome). Soda Peak (basalt-iari«^siteo,volci mic reenter )|Van0 H 
a northwest-trending fault ;^Qte along t t e Wind Riveri wĥ iijh maV te extefwî  
of the northwest-trending active fewlt zone which passes thrqMi|hMoMnt (St. f t e ^ i a . ^ ^ ' 

Geologic mapping will be carried out by a graduate studeni: a t Portland 
Univeraity, Portland, Ore^3n,uncter t t e directicrt of Dr* Paul L. ;̂ aiiMnond 
t i ca l work will be done by comHiei^ial or university age dating and geochemie 
establishments. .y^- "^"-.ryt-." '':'••''•:• ' - y i . :^<%t 

- ' J 

U»M^ZL 
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Objectives are as follows: 
- • " • • 'sf ' 

Detailed mapping (l:2ii,000.scale) of extent, compoaitionL and age of Hi|^i«* ' S^ ' 

Cascade Group volcanic rocks (younger than about 5 millixi years in thia%r«tea 

and possibly younger tharf 1 million years). ' ^"'*i,>"i 

Recamaiaaance mapping ( l t i ^ 5 0 0 scale) of tedrock of Wea(tern Cascades Gi'Qiwf^ 

moatiy ffliilkapecra^ Forma|,iaft •— i t s stratigraphy, s tructure, and locfltitoo ' 

and?cp9|)oatition of intrui^loha and alteraliiai zones, principally for evittence*''^ 

of tb^tonic control of yi l t^ volcanic centera and possibje delineation of a 

deep nofth-northwest-trendipg seismic zone \riiich has teen interpreted by 

the Univeraity of Waahinipoh^cphysics Group to run frCMi Port Angeles, 

WaahiD^tah, beneath Mdimtl5t. itelens, to Mount Hood, Ore^ion. 

1 ^ 1 ; analytipal 

ia t o te delivered 

Field imgicî  f i l l te aceomplisted during t t e summer and f a l l of 

and l ^ s i l ^ f ^ y work during wjiiter 1^1-82; and a f inal report 

by Jtflitf 30^: 1982. 

Products 

1. flecor)haissance geologic map (1:62,500 scale) of the study 

seictions. . . . 7. 

2. Detailed geologic map(a) and cross sections (1:24,000 sce^e) laf spee||)ip .î rfiaa, 

r ;with ge<^herroal signifiearK:e. 

area with 3-4'cros3^" 

r x j •* 

3 . , Ifaritten report summarizing-tte principal.cteracteristics.jand ages of rfl^k 

' describing a l te ra t ion zcnea and atrvK:turea, and incorporating t tese '*̂ *̂ *-

t t e south Cascades spacs'-tiiite-campoaition ffiooel for young 

Budget 

Salaries: 
1 graduate student research asst. 

10 weeks 9 40 hr/wk 9 $7/hr 

1 field a s s t . ,10 weeks 9 40 hr/wk 
e $6/hr n -*r'\ 

Dr. Hammond (PI ) , H mo."^ $2,000/mo. 

Benefits: 10.6S of salaries 

$ 2,800 

. 2,400' 

1.000 
' f ' . 

vplcanisn;^^'^' 

i \ 

« 4 " 'iti 

i • • i r ' t '<i-£j ' ' -r V^t 

$ 6,200 4 ^ 1 : ^ f̂ -̂ K̂  \ 

V f 

^^ic^ > 

657 

' ' ^ W i it I " 
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Travel: 

Per Diem - 2 persons 0̂  50 days each V̂ ,. 

and $25/day $ 2,500 

PI @ 10 days and $25/day 250 

Mileage - 10 weeks 9 300 »i./week 
and 17^/mi. 510 
PI @ 600 mi. and 17^/mi. 102 

Analytical: 

Thin s e c t i o n s , 40 9 $5/each 
( to be done by OGER) 

14 C age analyses , 3 9 $300/each 

Fiss ion- t rack age analyses 
5 @ $350 each 

K-Ar age analyses > 5 9 $4{X)/each 

Paleomagnetic determinations 
20 9 $10/each 

Vftiole rock major element analyses 
15 @ $5/each 
(sample preparat ion t o te done as 
a s t a t e cont r ibut ion of $750) 

Trace element analyses 
15 9 $50/each 

- 0 -

900 

1,750 

2,000 

200 

75 

750 

Otter; 
. Maps and a e r i a l photos 

Coiwiiun i c a t ion 

Report prepara t ion . ŝ  

SUBTOTAL 

Overhead: PSU o v e r t e a d 9 33.4S of a l l c o s t s 

TOTAL 

19 

$ 3,362 

100 

100 

400 

* ' • 

• ' / [ : ' • ' - • • 

$ 600 

$16,494 

' 5 ,509 

p 

f 

, ^ r ,_ . 

< ^- ' 

. •>• '^iitA.-^fit'VSkisiS-;.- :'^sii»t:^. -•̂ -i. .r ^^•.fe^^ii*^-.-//:;-jfe' 

$ 5,675 

$22,003 

i 

r 

^ . _ ^ T _ 1 Sfci.-^?.-! ,„r*' 
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PriOTity - 4 

In t roduct ion 

MOUNT ST. H E L E N H E I S H I C IWESTIGATIONS 

4^?^$l .IVi 0 £ ^ V IsA^g*! vXW'̂ J J <!̂ vy»e u^ w}\tvi 5«e 

Tte laoBt pronising geiRheilnl targeta in t t e Cascade 

s tratovo^anoea. Tte f ive atii^Ofvolcanoea in Waahington are 

fumaroles near t t e i r auaniita, and t t e re are hot aprings on 

three of t t e volcanoes. Geotigic atudiea have demonstrated 

volcaiiic deposits producwl by each of t teae volcanic ayatems 

of h i s to r i c eruptions on thr^e of t t e f^aks 

Homver» t t e most imxresaive demonstration i^ t t e &nevg^ 

volcanib systens i s t t e 1980 series of eruptions of Moi^t St 

emsrgy x s l ^»ed by th ia aeriea of eruptiona hm been eatimat^d 

% perc«rtt of which was releaaed in t t e cataclyanic eruption 

equivalent e l e c t r i c a l energy i s sbout 63,000 megawatt yeara, 

of power gSnevstion at Tte Geysers. 

Tr«M»idoiis energy sources f»rabably racist teneath Caacacta 

durirq periods tetween eriqitiortSf but exp i ra t ion tes teen 

a rajitor of f ac to r s : 

Rlfige are t t e young 

reported to aupport 

near t t e flanka of ' 

te extreme yoiAh of ; 

ar^ t tere are records 

potential of these 

Helena. Tte t s t a l 

at 2.0 X 1 0 ^ etgb, 

of May 18. Ihs 

or roughly IQD years 

stratovolcanoea, even 

hampered and alowed by 

i 

I 

1. Several of t t e stratsvoleanoea are incbided within Vildemeas Areaa or 

National Parka. This precludea or aeverely liinita possibi l i t ies for 

exploration and development of geot^rmal reaot^ces on and near these 

" . ' 'vo lcanoes. , t ' ' / " ' " 'T. ' ' 

2. Moat of t t e stratovolcanoea are h i ^ l y regarded for t t e i r acenic and 
recreat ional valuea. Tteae values conflict or seen to conflict with tte 
precept ion of geottermal development aa an induatrial activity. 4> 

3 . Geottermal »(ploratiQn ami development on e atratovc^cano preaanta a 
numter of d i f f icul t i sgia t ica l problema. :.v ^ ;̂  

4 . Moat Cascade stratovolcanoea lack robuat aurface manlfeatationa of geo

ttermal aystema. Some inveatigatora telieve t h i s i s 

, 1 '^.A, 

di lut ion by a "cold water blanket" which reaultS f rd i t t e teavy p««c^ltat£sn 

received by many parts of t t e Cascade Range. Aa a roault , Specif^ic 

ta rgets are lacking. *̂  

LiigsJg^ili&iifigiaiBaii^aSy&i.-,,. 
::,.: :;;;•••.:: 2 0 , . ; 

f^V 

due to cooling and 

.i-t 

"^'H^ n_̂  

> 

' ^ •'f 

•i 
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are encouraging, t t e r e 

5 . Secondary minerals r e su l t i ng from hydrottermal a l t e r a t i o n apparently sea l 

many of the older f au l t and f rac ture zones. Even wien moderately deep 

d r i l l holes penetrate these zones and tempteratures 

nay be no s ign i f i cah t water flow from t t e ho le . 

6 . Ttere has been very l i t t l e geottermal leas ing of fedeta l lands in t t e 

Cascades. 

Progress toward explorat ion and development of geottermjil resources near 

Cascade s t ra tovolcanoes can te made if some of these problemis can be avoided. 

Explcnration for geottermal resources near s t ra tovolcanoes must obviously take place 

in close enough proximity t o t t e volcano to take advantage of t t e teat source tha t 

t t e volcano r e p r e s e n t s . At the same t ime, in order t o proceed and be c o s t - e f f e c t i v e , 

exploration must take place outside of National Parks and Wilderness Areaa, outside 

of t t e areas where scenic and rec rea t iona l values are sq higti , and away from t t e 

l o g i s t i c a l problems presented by t t e peaks t temselves . Furthermore, exploration 

probably should not depend heavily on surface manifestat ions as a means for locat ing 

t a r g e t s . Active f a u l t s should te sought wtere hydrothermal a l t e r a t i on has not had 

time t o p r e c i p i t a t e secondary minerals t o sea l the system. 

Recent experience at Mount S t . Helens suggests t ha t i t may be possible t o 

develop an explora t ion philosophy which incorporates many of 

F i r s t , i t i s necessary t o review what was known about geotherjnal energy in t t e 

Mount S t . telens area pr ior t o 1980, and what has been learneq as a r e s u l t of t t e 

1980 e rup t ions . 

Mount S t . Helens Prior t o 1980 

Prior t o 1980 the geologic record of Mount S t . Helens indicated a h is tory of 

eruptions s t r e t c h i n g back nearly 36,000 years . His to r ic records confirmed 

eruptions between 1832 and 1857. Mount S t . Helens was believed t o be t t e Caacade 

volcano most l i k e l y t o erupt and the most l i ke ly t o erupt explosively. ' ' 

• - i - . 

A seismic network had been cperated in western Washington 

of Washington for nearly a decade. P lo ts of about 20 earthc^ake epicenters J'̂  

recorded in t t e Mount S t . Helens area pr ior to 1980 suggested t t e presence O^ a 

s t ruc ture ( f a u l t or fau l t zone?) trending t o the north-northwest from t t e mountain. 

L i t t l e was known about the nature of t h i s s t ruc tu re or i t s re la t ionsh ip t o 

volcanism a t Mount S t . Helens. 

by t te Univcgrpity 

C^^^^^t'iSiii^-..-.... - ••• ^*ii. i^Miiais*fe:rTife-;Ja 
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One mineral apring waa known tb exist along t t e t re i^ 

shallow heat-flow hole dr i l led along th is trend at a distahce 

volcano showed no anomaloui temperatures; sriall fumaroles 

CHC near the NNW trending structure. Young volcanic features 

to t t e SSE of Mount S t . Helehs, includin(3i|gble Mountain, 

and Trout Creek Mill volcagto, but only Mii:ble Mountain i s 
from t t e stratovolcano. 

.» 

Mount St . telensj 1980 

During t t e 1980 eruptions, t t e relat ive seismic quiescence change<| 

Seismie evidence for a major active fault trendvig NI^-SSE through Mount S t . Haltfii, 

and s lesser faul t t r e n d s ^ NE-SW and inte«S»:ting t t e nejcr trend bene i^ thf 

volc»io, has become very convincing. Thousa^s of earthquakes» up to a R^hter 

me^ttude of S .5 , have occurred. A significant numter of tbese eartt^iualess Nwe 

occurred along t t e NNW-S^ trending fa j l t a i distances up to 5B km from Uie v^carto 

and at depths as shallow as 5 km or l ess . 

Tte 1^0 volcanism has not generated new hot springs or ptter surface 

mahifestations except for thc»e related to t t e central vent and t t e hot pyrocliN^ie 

deposita f i l l i n g t t e valley to t t e north. NeiUier have chaiges teen observed in 

t t e cold springs surroundir^ t t e base of t t e mountain, nor In t t e temperatures,df 

two remaining teat-flow holes near t t e mouintaih (a third hole, mentioned « M ^ w ^ 

<te^reyed by the May 18 Toutle River ctebris.flow). Tte "coiLd water blanliait^ mmr 

t t e Moupt St . Helens area ^ p e a r s , t t en , to have t t e s far riimained unaffd||^d!l>y 

t t e eruptiona, except for t t e area tear i t e ( ^ t r a l - ven t . 

of th is sttiiliture; one 

of 8 km f ra» i ^ 

^ear t t e suimiit f e l l an 

were known to occur 

Soda Peaks, West Crater, 

ocated 15 km oft' leas J ^ 

1! 

Eiiplaratlon Philostyhy 

Tte 1980 seismicity atful t t e "interpretations which are 
of t t e recent s tudies of Mount St. Helens may te t t e key to 
for geothermal exploration around Mcwnt St. telens, and pertjaps otter CS^Cada 
stratovolcanoes as well. 

Tte seismic ac t iv i ty can be interpreted as follows: 

t eginning t o p m ^ w r t ^ f j 
developing £ ^ s a ^ ? •: 

1. An act ive faul t zone which i s intimately related to 

extends through Mount St. Helens. 

2. The fact that t t e fault zone i s active means that 

i t are good, allowing for fluid movement. 

3. Hypocenter teptte are , at least in part, within 

4 . Fluids migrating a]^ng t t e fault zone may be hot wa 
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5. The fault zone extends teyond Mount St. Helens far enbugh so tAst 
exploration may te able to avoid t t e i^rioua logisfical and efiv< 
problems aaaoclated with t t e mountain. 

In the case c^ NouHt St. Helens, geottermal »cplaratiar] 
concentrate on t t e development of a tetter sei^iic velocity 
allow more preciae calculation of eari^i(p|fee 

Should first 
Model* This « l l l 

h 

.M 
more pcfcise definition of t t e fidthr ll»nd» dip and nechanM ŝ cf t t e IMW-I^ 
trehdiiili fault zone. This w i ^ n ^ i r s i i ^ »»iSffiic M^SI^. Am̂  
addiiiioR|i2 i%^t ive of 8hat4«D|« v c ^ iviild te t o test for p a pre8enci^^ilte#s« 
sij»,jSn^ cfefi^ of a magma (iNainber berMiitib Mswit St , Helms. 

^ifiBie «ork fflpight te supplenente^ by 1 ^ ^ geolog^, geaci 
gmofi^imd^ woii: ^act^d toward 4feternihii^ tte^ of the ^aull ZOQIF 

t m i ^ f l i M B a r s , indeed, ^iresent* F W t ^ study will te rSguira^ to ^I^mt0ttd 
vhii^ additional studies would be most appPlfiriate. 

îQltce t te fault zone he» te«>n itofii|sd as well as practical by aurfsee 4S 
t t e zofie ̂ wuld te explored by d a ^ drilling* 

ftropeaed Seisatic Irwfestiqation 
> 

upon n^^jpsl ^ & 

4^1 

University of Washington seiMic immstimitions arolmd ffbuht St. ikmlmaMX ^ ] 
continue during 1961-^2, with Wfspm^ frtmpm National Scienes foundatm'i i l^ i-"' *'̂ '̂-
t t e U.S. Geolagical Survey. A pfiae ici>jective te t t e refimtiBrit o f . 1 ^ / 
iwlocity model for t t e area." 4a mny as 100 saisiKMeters will jNi 4«»Bd. I l i ^ ' 
t t e i r present funding t t e (IniiMp^sity of Meishiligton will te 
esrthquakea »id distant guarry blaats as aeismic sources. Velaci|:y modii 
te much more successful i f a few shot-hole aouross can te espjoyed. ThUi |iiiild,^i 

• . , . , - • • . • ' ^ ' . . ' ' . . • • " . • ' " ^ . * 

also allow for investigation of a magma chamter beneath t te mountain 
Tterefore, t t e Oivision of Geology and Earth Reaources pccp^eea to : 

1. Subcontract t t e drilling of three shot-holes to deptm af 180 fast 
10>30 km of Mount St. Helens. i / . 

2. Obtain explosives and t te services of an iscplosii^a eKiwrt for thrss 2Ŝ XI 
pound shots. . * -̂̂  -

3 . Provide 10 hours of telicopter time to allow Univeraity erf" Vashing^sii - y * -
personnel to place, move, and service seismometers. .1 

4. Coordinate tte acquisition of tte shot-hole seismic d4ta with tte |Al^i«a|i^|r -

of Washington. 

23 
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The University of Waahington will te responsible for all data reccvding, data 

ha>dling, and interpretation* Field activitiea will take piLece in SepteSter 

or Octoter, 1981. The Division and tte University will coq>erate to obtain all 

heceaaary permits and permiaaions. 

Products 

to. kf ter t Crosaon, Univeis|iir of Washington, will prepfare a report by 

July 1, 19B2, to include t t e following: 

All pertinent data and i4r)tei!|>retatiiorw relat ion to 

Mount St. telens area; trmid, w^Uiih, d ip , mnd nature of t t e NMW-̂ C t̂ bnM^sam, 

Betiaaiicity ^ t t e 

psasing through tte volcano; ai3», shape, and depth o f 

details on tte ref ined velocity-structural model. 

Budget 

Drilling - 3 holea, 180 feet deep 9 $33/f t . , includirg 

mobilization arnJ demobilization 

Exploaivea - 6,000 l b . cf high pressure Tovex or equiva].eyit, 

with a l l necessary tetonating materials, 

9 $1.15/lb. 

"Powder man" - 3 daya 9 $50a/d|ay 

telicopter time - 10 houra#$40d/hr . 

• ' •' • • .J tOTAL' 

ithembrnt ind 

$17,8^.00 

$ «tf00.00 

> 

$ l ,$«l .# 

$30,220ilQr 

ky 

' 

5 

' . ^ 
# 

-'1 
J ^ ^ -

i f t 
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STATUS OF GEOTHERMAL ASSESSMENT IN WASHINGTON 

Tte Washington Sta te ISapttermal Resource AaaeasmKit team haa bem% 

operat ing under U.S. Department of Energy aponaori^ip for nenrly three 

y e i r a . In t t e t time conaidarikxis progress Ms ' be^t made toward i den t i - i 

fying and underatanding the s t s t e ' a <|eotter«al reaourcea. Thia p ro^ i t s s 

i s eumnarized in t t e follosing figures and t ab le . Figurea 2 and 4 anl^pble 

1 wsre coSpiled joint ly by t t e UiiMiihgton State Resource ABaaaamnt aepil f̂  
. - • • , • ' . ' ' • . 4 ' • ' 

CoMpercialization Teama (Waahlngt^;Stafts, Oiviaion of Geology and Ea r f^ ; | i 

Resoun^esB and Weshington State Enargy Of f i d s , respectively ^ - ^ « t i ^ R |g | a^ | i , 

footternai Leases in Washington, ^ma prepared ent irely by f:te CikMexi^lilll^ 

Team. 

4 -"J 

•« "S' ^ ' ' ^ 
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Figure 2. - POTENTIAL GEOTHERMAL RESOURCE 
A R E A S M WASHINGTON 
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Figure 3. — GEOTHERMAL LEASES IN WASHINGTON 



Figure 4, WASHINGTON GEOTHERMAL RESOURCE 
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OVERALL PROPiSEO BUDGET 

Suteont rac t s : 

Heat flow and temperature gradient inves t iga t ions by 
Souttern Methodist Univers^y 

Cascade Range regional g rav i ty by Danes Research Aaaoc. 

Geottermal Inveat iga t iona i n t ^ Yakima area by 
Washington S ta te Univera!^y 

Wind River geologic inveat iga t ions by Portland 
S ta te Universi ty 

Division of Geology aid Esrth (tesources: 

S a l a r i e s , b e n e f i t s , t r a v e l , equipment, supp l i e s , and 
serv ices 

Mount St* telens seismic inves t iga t ions , in cooper-
a t ioh with Univers i ty of W^ehlngton 

Overtead - 15.66 percent on Division of Geology and 
Earth Resources «Jministered a c t i v i t i e s (excludes t t e 
Souttern Methodist University su teon t rac t ) 

$ 93,746 

25,700 

1 1 ^ 8 1 

22,003 

88,884 

30,220 

27,920 

USDOE CONTRIBUTION $299,954 

STATE OF WASHINGTON CONTRIBUTION 13,000 

$312,954 

.ji.>.';..'-,--,ifca^ -'̂ A- -''ii^6w.a^ifei^L:.^^.:..>^-ipy;J^-:: .̂ :̂V ' 
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HEAT FLOW AND GEOTHERMAL EVALUATION OF OREGON AND VJASHINGTON 

ABSTRACT 

This proposal is for the third year of a program of cooperative 

heat flow studies and geothermal evaluation of Oregon and Washington. 

Personnel of the Geothermal Laboratory at SMU, as outlined in the 

accompanying budget, will perform field and laboratory tasks dealing 

with geothermal measurements and evaluation in cooperation with the 

low-temperature assessment studies of the Oregon Department of Geology 

and Mineral Industries and the Washington Department of Natural Resources, 

Division of Geology. The specific SMU tasks include the following. 

Based on extensive geothermal experience in the Pacific Northwest, 

consultation on the nature of the field program of the two states and 

interpretation of final results will be a major task. In addition, 

three people will be supplied and supervised for field operations in 

the state of Washington during the s\ammer of 1981. One person will 

operate a motorized logging system and the other two will operate hand-

powered equipment (9 man-months total). Most of the field program in 

Oregon will be carried out by personnel of the Department of Geology and 

Mineral Industries. Approximately 1 1/2 man-months of SMU effort will 

be involved in the field aspects of the Oregon program. 

Five sets of portable temperature logging equipment for support of 

the field temperature-gradient heat-flow study aspects of the state programs 

will be supplied and maintained by SMU. Two motorized logging systems, one 

capable of measuring temperatures to 110°C at 1050 m and th^ other capable 



of measuring temperatures to 150°C at 3000 m will also be supplied and 
i 

maintained. Gamma-ray, SP, and resistivity logs will be recorded in 

wells for which such information would be useful in interpretation or 

evaluation. Thermal conductivity measurements will be made on cuttings 

and core samples collected from the wells in which temperature logs have 

been made and from surrounding outcrops, etc.i The samples will be 

collected by SMU, WDNR and DOGAMI personnel. The thermal conductivity 

apparatus is operated and maintained by SMU. As needed, heat production 

studies involving measurement of the uranium, thorium and potassium 

content of rocks will be carried out on samples collected by field 

personnel. This equipment is maintained and operated by SMU. The results 

of current and past temperature-depth logging, geothermal gradient 

calculations, etc., will be maintained on computerized data files at SMU. 

Computer-processed temperature-depth data in the form of listings and 

plots will be supplied, based on data collected by the field parties, for 

inclusion in open-file reports following completion of the field season. 

\ i . Summary reports and maps will be supplied using the data ba$e available. 1-j-lii?'''**/„/?! 

Included will be tabulated lists of all geothe2n:nal data in each state; y 

maps at a scale of 1:1,000,000 detailing heat flow measurements in the 

states of Oregon and Washington, with accompanying reports; and a contour map 

of temperatures and/or depth of certain temperatures in the Columbia Basin. 

Reports on local geothermal systems and detailed studies will be prepared 

at the request of the states, on a manpower-available basis. 



INTRODUCTION 

During the past two years there has been a continued program of 

investigation of low-temperature geothermal resources in the Pacific 

Northwest, sponsored by DOE and carried out by state organizations. One 

of the major techniques used in this resource evaluation-investigation 

program is the collection of geothermal gradient-heat flow data. The 

object of work during this contract period is to provide a third year 

of logistical, technical, analytical and report preparation support 

relating to geothermal gradient-heat flow data for the low-temperature 

geothermal programs in the states of Oregon and Washington. During the 

period of this contract (June 1, 1981 through May 31, 1982), the work 

effort in Oregon and Washington will be focused on specific areas and 

problems of completion of the statewide studies. The overall objective 

of the project will be to bring to completion several parts of the study 

which have been in progress for some time. 

PROPOSED WORK 

Oregon 

The program of the Oregon Department of Geology and Mineral Industries 

(DOE contract) for the 1981-82 season includes a minimum amount of drilling, 

an extensive collection of free hole (scrounge) data, and consolidation and 

interpretation of existing information. Services to be provided by SMU 

include supply and maintenance of two sets of portable temperature logging 

gear. In addition, the state owns a third set, so that the three field 



parties will be active during the summer collecting drill hple data. A 

truck with a motorized winch capable of measuring temperatures to a depth 

of 3000 m and a truck capable of measuring temperatures to 1000 m as well 

as gamma-ray, SP and resistivity logs in wells, will be supplied and 

maintained for joint use by the states of Oregon and Washington. Each 

truck will be available approximately 50% of the time in each state during 

the field season. Personnel from the state of Oregon will collect the 

field data, which will be sent to SMU to be collated and combined with an 

extensive computer file of existing data from the state of Oregon (the 

file already totals over 500 holes). With the several parties in the 

field it is estimated that between 100 and 200 new holes will be logged 

during the 1981 field season. 

Copies of computer-processed temperature-depth information and plots 

for each hole will be submitted to the state of Oregon for open-file in 

the fall of 1981, for ready access by the geothermal community. Thermal 

conductivity measurements will be made on samples collected by the field 

parties in order to calculate heat flow values for holes, where possible, 

and to obtain better information on thermal properties of geothermal areas. 

Radioactivity measurement on well and surface samples, as well as terrain 

corrections, will be made as needed. 

Reports will be prepared and personnel from the geothermal laboratory 

will consult with personnel from the state of Oregon in the interpretation 

and reporting of the geothermal results. Special areas of study are listed 

in the DOGAMI contract. Specific publications to be submitted by May 31, 

1982, include: a report of geothermal gradient data, geothermal gradient 

and heat flow summary for special papers on high-priority resource areas; 



a geothermal gradient and heat flow summary for a special paper summari

zing the geothermal resource potential of all of the study areas; and a | 
(jpoO -̂

new edition of the statewide 1:1,000,000 heat flow map. 

Washington 

Under contract to DOE, the Washington Department of Natural Resources 

(WDNR) plans to drill approximately 10 holes specifically for geothermal 

graident-heat flow determinations in the southeastern Washington Cascade 

Range. SMU will log temperatures, gamma-ray, SP and resistivity in these 

holes as they are drilled. In addition, SMU will supply 9 man-months of 

field effort in support of the state of Washington program; 6 man-months 

of'field effort will be involved with geothermal gradient scrounge studies, 

and 3 man-months will be involved in operating one of the mobilized logging 

systems. Two sets of portable temperature-depth equipment will be supplied 

for the field studies. The areas to be emphasized are the eastern border 

of the Cascade Range, the Columbia Plateau, and the boundary between the 

Columbia Plateau and Okanogan Highlands. These areas afford a combination 

of population centers and geothermal potential such that they are the areas 

most likely to be utilized for low-temperature geothermal applications in 

the state of Washington. In the field effort, approximately 100 to 150 

holes will be logged, in addition to the holes which are to be drilled. 

All of the off-campus budget is devoted to the field effort in the state 

of Washington, with the exception of one budget month of the principal 

investigator's time and 1/2 month of the research associate's time. 

Upon return to Dallas, the temperature-depth data will be computer 

processed and returned to the state for open-file in the early fall, as 



is the case in Oregon. Products to be delivered by May 31,j 1982, include 

the following: 
• 

1. Depth-to-isotherm maps 
a) sketch map of entire state at 1:2,000,000 
b) Columbia Basin at 1:500,000 
c) more detailed maps in anomalous areas, such as Moses Lake, 

Walla Walla, or Yakima, at scales of 1:250,000 or 1:100,000 
as data quantity and quality permit. 

[NOTE: These maps might be formulated as depth-to-isotherm 
maps (probably depth to 20°C and/or 30°C) and/or 
temperature-at-fixed-depth maps (such as temperature 
at a depth of 1 km).] 

2. Mean surface temperature maps for the areas listed under la, 
lb and Ic, where data quantity and quality permit. 

3. Heat flow and gradient maps for the entire state at 1:1,000,000. 

4. Tabulated and graphical temperature-depth data for all wells in 
the state from which these data are available. 

5. Tabulated gradients, thermal conductivities and heat flow 
(corrected and uncorrected) for all wells in the state from 
which these data are available. 

6. An explanatory and interpretative text. 

BUDGET NOTES 

The on-campus budget breakdown is 50-50 between the states of Oregon 

and Washington, so the supplies, publication, computer and on-campus travel 

line-items, as well as the on-campus direct costs, are evenly divided. The 

maintenance and repair of the field equipment (truck and portable logging 

gear) will occupy approximately 50% of a technician's time for 12 months 

(25% for the state of Oregon and 25% for the state of Washington). The 

laboratory aspects relating to the state of Oregon studies will occupy 

approximately 45% of the time of the research associate and 15% of the time 

of the principal investigator; 50% of the time of the laboratory assistants. 



30% of the secretary's time for report preparation, and approximately 

$200 of undergraduate assistants' time. The technician will spend 10% 

of time on maintenance of the laboratory equipment. Similar on-campus 

effort will be directed to the state of Washington program. 

Half-time for the two logging trucks will be spent in the state of 

Washington to obtain information in deeper holes; also, resistivity, SP 

and gamma-ray information on selected holes of special interest. 

All of the off-campus budget is devoted to the field effort of the 

state of Washington with the exception of one month of the principal 

investigator's time and 1/2 month of the research associate's time. The 

breakdown of the budget items devoted to support of the Oregon program 

comes to a total of $70,000; that devoted to support of the Washington 

program comes to a total of $93,653. The field aspect repre$ents the 

only difference in the level of budgeted effort between the states of 

Oregon and Washington. 



OFF CAMl'US BUDGET 

Sal • ries TOTAL DOE SMU 

Principal Investigator, David Blackwell 
100% of 2 months (? $/s666/month 
Research Associate, John Steele 
100% of 3 months @ $1946/month 
Field Assistants 
100% of 6 months @ $1000/month 
TOTiVL SALARIES 

Employee Benefits 

Blackwell (? 13% of salary 
Research Associate @ 15.1% 
Field Assi'?t.ints ^ .8% of salary 
TOTAL BENEFITS 

Supplies 

Travel ; 

9,332 

5,838 

6^000 
21,170 

1,21A 
882 
48 

2,144 

2,000 

9,332 

5,838 

6,000 
21,170 

1,214 
882 
48 

2,144 

2,000 

11 man-months @ $35/day 
60,000 miles @ 22.5c/nile 

TOTM. DIRECT COSIS 

INDuiECi' COSTS -23.4% of MTDC 

TOTAL OFF CAMPUS PROJECT COSTS 

11,350 
13,500 

50,364 

11,786 

62,150 

11,550 
13.500 

50,364 

11,786 

62,150 

Salaries 

ON CAMPUS BUDGET 

Principa] Investigator, David Blackwell 
30% of AY 1981/82 @ $44,520/AY 
Research Associate, John Steele 
90% of 9 months @ $23,353/CY 
Technician 
.70% of 12 months @ $1650/month 
Lab Assistant 
100% of 9 months (§ $1000/month 
Secretary 
60% of 12 months Q $800/month 
Undergraduate Assistant 
400 hours (? $4/hour 
TOTAL SALARIES 

13,356 

15,764 

13,'860 

9,000 

5,760 

1,600 

4,452 

15,764 

13,860 

9,000 

5,760 

1,600 

8,904 

59,340 50,436 8,904 



Total DOE 

Employee Benefits 

Blackwell Q 13% 
•Research Assoc & Technician @ 15.1% 
Secretary @ 9.2% 
Others (3 .8% 
TOTAL BENEFITS 

Supplies 

Publication 

Computer - 800 hours @ $12.50/hour 

Travel 

2 professional meetings @ $750/mtg 
2 contractor's meetings @ $700/mtg 

TOTAL DIRECT.COSTS 

INDIRECT (ioSTS -40% of MTDC 

TOTAL ON CAMPUS PROJECT COSTS 

1,736 
4,474 
530 
84 

6,824 

2,000 

1,500 

10,000 

578 
4,474 
530 
84 

5,666 

2,000 

1,500 

10,000 

1,500 
1,400 

82,564 

33,026 

/ 115,590 

Salaries 
Employee Benefits 
Supplies 
Travel 
Computer 
Publication 

TOTAL DIRECT COSTS 

INDIRECT COSTS 

TOTAL PROJECT COSTS 

BUDGET SUMMARY 

1,500 
1,400 

72,502 

29,001 

101,503 

SMU 

1,158 

1,158 

10,062 

4,025 

14,087 

80,510 
8,968 
4,000 
27,950 
10,000 
1,500 

132,928 

44,'812 

177,355 

71,606 
7,810 
4,000 
27,950 
10,000 
1,500 

122,866 

40,787 

163,653 

8,904 
1,158 

10,062 

4,025 

14,087 



(a) The total estimated cost of the work under this contract 
is $309,878. Of this estimated cost, the Government will fund 
a maximum amount of $296,894. 

(b) The Contractor and the Government have agreed to share the cost 
of all work performed in accordance with the proyisions of this 
Contract in a ratio of 95.810 percent by the Government and 4.190 
percent by the Contractor of all operating-funded costs determined 
to be allowable in accordance with the Clause of the General 
Provisions entitled "Allowable Cbsfand Payment." The Contractor 
will not share in the cost of the capital equipment. The 
Contractor shall be paid no fee for the work performed under this 
contract. 
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UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 
420 CHIPETA WAY, SUITE 120 
SALT LAKE CITY, UTAH 84108 

TELEPHONE 801-581-5283 

MEMORANDUM 

February 23, 1981 

TO: Maggie A. Widmayer 

FROM: Duncan Foley 

SUBJECT: Washington geothermal map 

Table 1, attached to this memo, is a summary of the status of 
thermal and mineral springs depicted on the Washington map. there 
are 61 springs shown on Table 1. Of these, the symbols for 19 indi
cate that temperature, flow, and tds data are knovm. 40 springs have 
temperature data (21 of which are not measured, but are only reported 
as "less than" or "greater than"). Two springs have intermediate data 
sets. 

It is my feeling that the map, in its present state, is an inade
quate representation of the geothermal potential of Washington. I' 
suggest that rather than proceed with immediate publication, we delay 
publication until those sites listed in the Washington proposal have been 
analyzed for water chemistry and until all the sites have measured tempera
tures. This delay will probably be until the end of June, when their 
current funding expires. 

I /K4<C^^^ 

DF:jr 

attachment 
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U N I T E D S T A T E S D E P A R T M E N T O F C O M M E R C E 
N a t i o n a l O c e a n i c a n d A t m o s p l i e r i c A d m i n i s t r a t i o n 
ENVIRONMENTAL DATA AND INFORMATION SERVICE 
National G(^r)f)hysical and Solar-Terrestrlall Data Center 
Boulder. Colorado 80303 

2/17/81 

Duncan Foley 
UURI/ERL 
A20 Chipeta Way 
Salt Lake City, UT 84108 

Dear Duncan, 

Please check the Washington proof for errors, changes, or whatever and make 

appropriate notes on the mylar overlay. I outlined the light gray areas on 

the overlay so that you could find the boundaries more easily. 

After you have looked the proof over,please send it to Idaho Falls for their 

comments. At this point there are only minor changes to be made. Therefore, 

as soon as we get the proof back, we should be ready to go to (iPO for a printing 

contract within two to three weeks. The faster we get the probf back, the 

sooner we will have a printed map. 

Thanks. 

Si^^rely, 

Ron Smith 

Data Mapping Group 

^ t . ^ m L ^ 
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Washington Geothermal flap 
Spring Symbol Status 
Proof Map 

_ Readi ng _N-S, W-E, in g roups where appropri ate 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

IB 

19 

;H) 

71 

Z2 

7 1 

^SPRING NAME 

Dorr* Fytflefel§ f i§ la 
jSherman Crater Fumeroles 

paker HS 

Sulphur Cy-eek HS 

|Suiattle jR. Mm. Spep 
I 

Gamma HS 

iKennedy HS 

jPiedmont Sulfur Sp 

iSol Due HS 

Olympic HS 

jGarland Min. Sp. 

L i t t l e Wenatchee 

Skykomish So'Jn Sp. 

(Money Creek Soda 5 

Scenic HS 

27 

7n 

,11 

iledicine Sp. 

Soda Sp. 

P-

Ravenna Park Sulfur Sp. 
I 

Bremerton Sulf. Sp,. 

Goldmeyer HS 

Diamond Mineral Spi. 

Flaming Geyser Sp. 

Lester Hs, 

Medicine Creek Mineral Sp. 

Newskah Mineral Sp. 

Alpha Mineral Sp. 
I 

Bumping River Soda Sp. 

Mt. Rainier Fumeroles 

St. Andrews Soda Sp. 
I ! 

Indian Mineral Sp.j 

Longmire llineral Sp. 

Ohanapecc|sh HS 

UNDONE 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 
I 

i / 

PARTIAL 

/ 

DONE 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

D. Foley 
20 Feb 81 

LISTED DBC~̂ '--̂ '̂ ^ 
'79(FY 80f COMMENTS 
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/ 

ok 

/ 

/ 

/ 

/ 

/ 

no measured T 

no T 

no T 

no T 

no T 

no T 

no T 

no T 

no T 

no T 

ho T 
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Sprinc... JJame_ 
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8 
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10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

7 7 

7 3 

':^ 

2'". 

7li 

27 

7!) 

7'1 

( 1 

.11 

Sunmiit Creek Soda 

Packwood HS 

Little Rattlesnake Soda Sp 

Goose Egg Soda Springs 
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23 Feb., 19811 

MEMORANDUM 

TO: M.A. Widmayer 

FROM: D. Foley 

RE: Washington geothermal map. 

Table 1, attached to this memo, is a summary of the status of 

thermal and mineral springs depicted on the Washington map. ^Jn8u€»latiftt4 

«WU«'ttlrMe^ there are 61 springs shown. Of these, the symbols for 19 

indicate that temperature, flow, and tds data are known. 40 springs 

have temperature data ( 2 lQ j^o f which are not measured, but are only 

reported as "less than*or "greater than"), two springs have intermediate 

data sets. 

I t is i g my feeling that the map, in i t s present M» state, 

in is an inadaquate representatin # of the geothermal ifHitifHttki 

potential of Washington, ^p*9 I suggest that 4MMlr rather than proceed 

with immediate publication, we delay publication unt i l those sites 

l is ted in the Washington proposal have been analyzed for water chemistry 

and unt i l a l l the sites have measured temperatures. This delay w i l l 

|MI9 probably be unt i l the end of June, when # their currerit o imAAt 

expires. 
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LStry—Thermal and mineral springs will continue tti be sampled and 

analyzed during the 1980 field season. T M emphasis will be ori those springs 

occurring in the southeast Cascades and along the Columbia and iWind Rivers. 

The known springs include IClicklL«ir^^ Springs, -lyrfeklLtiL' MlMeidl Spilngs, 

^̂ "loekhouse Mineral 
ttNt'e. Sprinfis^l^l^lceomgtck-feaaew Soda -Spxlngs} Sodd Springe Creak -

y - — ' c 'b t je~ ^ - ^ I.—-

tntH—Sp*4ftgs,vFish Hatchery Warm Spr ings^ Simeo Warm and Soda SpringO', Ahtanum 

Waiiu and r>6da Spri-Hgs In tha oouthcagt-CaBcades, and-Rock Crock Ho-t S p r i n g s , 

Bass Lake Hot Spr ing , Khiperds Hot Sprlingg, -tdbtfele-Wind 
S t . Mart ins Hot Springo-y 

S O L S 

Rlvor Thermal Soopo, Government Mineral Gpr lngs , nnri T i l t r l r finilifi fSpr1n£n a long 

t h e Columbia and Wind R i v e r s . In a d d i t i o n , a few s p r i n g s in t h e c e n t r a l Cascades 
M ^ 

( Inc lud ing Money Creek Soda Spr ingo , Skykumj-sh-Creek Soda S p r i n g s , Cs^enic -

Madison Hot Springs^-Goldmoyor Hot S p r i n g s , Mt. Hyak Warm S p r i n g s , -fittffiping—RJLsifij: 

Suda Spi.lagb, Ind ian -Soda S p r i n g s , Flaming Ceyacf Deda Spring-s and Black 

Diamond Mineral S p r i n g e ) and o t h e r s in the southwest Cascades (including—Gfeen 

,Mive>r Wnrm tjnrla .tjpi-ij».g«^ ~Vaac& MlueEaJr-Springs, and Paokvi'ood Hot ftr̂  r) w i l l 

be examined. The number of water samples these and related springs represent 

will "Bost likely number in the hundreds. 

If the opportunity lends itself, a few warm water wells in eastern 

Washington will be analyzed. This would be approached as a pilot study 

designed to identify and characterize anomalies within the Columbia Basin. 

In all cases, analyses carried out in the field will include conductivity, 

pH, Cl~, F~, SO4, Alk, and Si02. The primary tools for checkinjg waters within 

areas of thermal and mineral springs will be conductivity, chloride, and 

fluoride. Those waters which prove to be anomalous will be analyzed in the 

laboratory for Na, K, Ca, Mg, Si02, Li, B, Fe, Hg, As, Cl~, Br~, F~, and I~. 
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ASSESSMENT PROGRAM FOR CALENDAR 1980 ^ " ^ ^ ^ \ ^ 

PROPOSED WASHINGTON STATE GEOTHERMAL RESOURCE: 

">' ' . a p t pW 

*̂̂ if 
J. Eric Schuster and Michael A. Korosec 

Washington State Department of Natural Resources 

Division of Geology and Earth Resources 

Olympia, WA 98504 

December, 1979 

INTRODUCTION 

The Washington Division of Geology and Earth Resources (DGER) has conduct-

ed geothermal assessment program under contract to the U.S. Department of Energy 

for the past year. Activities conducted under that contract have included the 

drilling of heat-flow holes in the southwestern Cascades; measurement of tem

perature gradients in existing wells in southwestern Washington; acquisition of 

temperature gradient data sets from Southern Methodist University, the U.S. 

Geological Survey, and Washington State University; gravity measurements in the 

south Cascades and at Camas by the University of Puget Sound; geologic mapping 

in the White Pass area by the University of Washington; sampling, analysis, and 

description of thermal 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 

the Pacific Northwest. 

Proposed activities for calendar 1980 include heat-flow drilling in the 

south Cascades, measurement of temperature gradients In existing wells in the 

southeast Cascades and southwest Columbia Basin, support of a thermal-gradient-

hydrologlc thesis project by Washington State University in the Columbia Basin, 

support of a geological thesis project on Mount Baker or Mount Adams by the 

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

r 
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Cascades, continued sampling, analysis, and description of thermal and mineral 

springs, and production of a carefully documented and field-chepked llneament-
• 

fault map for a portion of the Cascades. 

Overall objectives are 1.) to assess geothermal resources in Washington by 

a) conducting regional exploration activities in order to identify geothermal 

target areas, b) reporting the results of these exploration activities in a 

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

surveys in the target areas as necessary In order to reach a level of knowledge 

of the resource sufficient to draw the private sector in to complete the 

assessment and development, and 2.) to involve local university and consulting 

personnel in the assessment effort whenever practical in order to develop a 

"reservoir" of local geothermal experience and expertise. 

PROPOSED ACTIVITIES 

Heat-Flow Drilling—We proposed to drill eight heat-flow holes in the south 

Cascades during the summer months of 1980. These holes will be six inches in 

maximum diameter and 500 feet in depth. 

Three holes will be located between White Pass and the city of Yakima for 

the purpose of extending the Cowlitz Valley heat-flow traverse of 1979 to the 

east, and providing a preliminary test of heat flow in the vicinity of the young 

dacitic and basaltic volcanic area to the northeast of White Pass. 

Two holes will be drilled to the north-northeast and east of Mount Saint 

Helens for the purpose of completing a preliminary temperature-gradient and 

heat-flow assessment 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 affected by local hydrology. 
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One hole will be located in the Cowlitz Valley between Rankle and Morton 

for the purpose of more clearly defining the location and nature of the tran

sition between "Puget Lowland" type gradients which are typically less than 

30°C/km and "High Cascade" type gradients (wicljwhich are typically SCC/km or 

higher. Two holes will be drilled in as yet unspecified locations, possibly on 

the Wind River 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 is a proposed cost of $24 per foot. During 1979 we drilled a total 

8 

of 5,259 feet of hole at a cost of $94,697.79, or $1^.01 per foot. Due to dif

ficult drilling conditions encountered during the 1979 drilling project, 

including heavy artesian water flows 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 company. 

The company reports that their costs were approximately $145,000, or about 

$27,50 per foot. Considering that 1.) a larger drilling rig with more capabili

ties will be specified for the 1980 drilling, 2.) the holes will be more widely 

spaced, 3.) actual costs for the 1979 drilling were about $27.50 per foot, and 

4.) inflation, we feel that an estimated 1980 drilling cost of $24 per foot is 

quite conservative and may even require that we omit one or tWo low priority 

drill holes. 

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

the data will be accomplished by D. D. Blackwell of Southern Methodist 

University. We are assuming that Dr. Blackwell will have support from the U.S. \ ^ i 

Department of Energy in the form of a separate contract which will include the AVJ^ \. 

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 

r 

Sta te resource assessment contract . 
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Drilling Supervision—^A larger sum ($12,200) is allocated for this task 

than in 1979 because our 1979 experience shows that drilling programs encounter 

unexpected difficulties and often extend well beyond their expected completion 

dates. The drilling supervisor 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, collect and catalog drill cuttings samples, compile a history for each 

hole, describe the lithology of each hole, and measure temperature gradients in 

holes drilled. 

In the event that all goes well and drilling supervision does not require 

the full $12,200, we plan to use the excess 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: 1.) The area 

of Interest during 1980, namely the southeastern Cascades, Yakima Valley, and 

southwestern Columbia Basin is larger in area than the 1979 area of Interest 

(southwest Cascades), 2.) the area has a large number of wells that are used 

for irrigation and some of the wells have reported temperatures that are high 

enough/+ 30" C) to be of possible Interest for heat-pump and direct-use appllca-

tions, 3.) we hope to put a person in the field early enough in the spring of 

1980 so that we can benefit from measured gradients for the siting of holes to 
! 

be drilled in the White Pass - Yakima area, and 4.) the thesis project we 

Intend to support at Washington State University will involve study of 

temperature gradient data in the Columbia Basin, and we want to be in a position 

to supply additional gradient data to that investigation if necessary. 

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. 
I 

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

are scattered throughout portions of the Columbia Basin in eastern 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 ^ » ? f 

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 better understanding of these anomalies. 

The project will conitlnue through two academic years and one summer 

field season (three months). 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 report. The 1980 progress report and 1981"^ 

final report will be incorporated into the Division of Geology and Earth 
0)' 

Resources year-end reports to the Department of Energy, and will be available , |i, 

0 

through the _dlvlsion 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 thels project. The study will center on one of the strato

volcanoes (most likely Mount Adams or Mount Baker), and will contribute to the 

understanding of this feature as a potential geothermal system. 

'̂y 
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The 1980 budget Includes expenses for the first academic year and a three 

month summer field season. The project Is expected to take ar̂  additional academ

ic year to complete. Detailed geologic mapping, rock analysis, and age dating 

will lead to a 1980 progress report and a final report at the end of 1981, both \, n\ ' 

of which will be Included in the Division of Geology and Earth Resources year- \JfN \ 

end reports to the Department of Energy and open-filed by the division. The . \ V 

reports will include maps and models which will examine the stratigraphy, struc- V 

ture, and volcanic history of the feature, using a geothermal framework when 

applicable. 

If Mt. Adams is the final target selected, this work will tie in directly 

with projects by the U. S. Geological Survey (D. Swanson and W. Hildreth), 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—It may not be realistic to plan for graduate students 

to be at work on the above projects before the fall of 1980. If that is the 

case the planned level of support ($15,000 per year at each university) will 

not be required during calendar 1980. Provision will then need to be made to 

either extend the 1980 contract at no additional cost or write the ISOO contract 

initially with only 8 total months 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 Caiscades (from the Columbia River 

on the south to the latitude of the Cowlitz valley on the north, and from 121" W. 

on the east to 122"*30' on the west). Except for a few Inaccessible areas which 

will be covered next spring, regional gravity coverage of the south Cascades has 

been finished. Determination of spot elevations from aerial photographs by the 

U.S. Geological Survey remains to be done for a number of gravity stations 
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before the data reduction and construction of a gravity map can be finished. A 

gravity map to be open-filed is expected by June 1, 1980. 

During the 1980 and 1981 field seasons^ the central and n(i>rth Cascades will 

c. 
be covered on the same basis as the south cascades (at least one gravity station 

per five square miles). The 1980-1981 study area is much larger than the 1979 

study area, but it will be covered as a unit rather than part by part so that 

the investigators have the freedom to work the area as weather conditions in 

the high country permit. 

We expect field work to begin in the spring and extend through 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. Department of Energy. A final map and report on north and 

central Cascades gravity will be forthcoming by June 1, 1982. The 1980 budget 

A-for gravity investigations is the same as for 1979 ($30,000). \ A ^ ^ 

VxvV 
Contracted Geophysical Advice 

From time to time it has been necessary for members of the Washington ^ j ^ 

State geothermal assessment team to review proposals or-oversee projects XWrk 

involving geophysics. We have little or no difficulty in gauging the overall \V̂ \5̂  

application of geophysical techniques to geothermal exploration, but because we 

have no geophysicist on our staf:^ it is difficult for us to judge the detailed 

merits of geophysical proposals or choose the best approach tp be used for a 

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

available from University of Utah Research Institute and local university per

sonnel. Howevei^ we would like to have funds Identified which could be used to 

pay, at minimum, the expenses of university personnel or the fee of a consulting 

firm for short-term assistance on geophysical questions. The $5,000 identified 

in the 1980 budget is not currently earmarked for any specific individual group, 

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

analyzed during the 1980 field season. The emphasis will be on those springs 

occurring in the southeast Cascades and along the Columbia and Wind Rivers. 

The known springs 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 Seeps, Government Mineral Springs, and Little Soda Springs along 

the Columbia and Wind Rivers. In addition, a few springs in the central Cascades 

(Including Money Creek Soda Springs, Skykomlsh 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 others in the southwest Cascades (including Green 

River Warm Soda Springs, Vance Mineral Springs, and Packwood Hot Springs) will 

be examined. The number of water samples these and related springs represent 

will "sost likely number in the hundreds. 

If the opportunity lends itself, a few warm water wells in eastern 

Washington will be analyzed. This would be approached as a pilot study 

designed to identify and characterize anomalies within the Columbia Basin. 

In all cases, analyses carried out in the field will include conductivity, 

pH, Cl~, F~, SO4, Alk, and Si02. The primary tools for checking waters within 

areas of thermal and mineral springs will be conductivity, chloride, and 

fluoride. Those waters which prove to be anomalous will be analyzed in the 

laboratory for Na, K, Ca, Mg, SIO2, Ll, B, Fe, Hg, As, Cl~, Br~, F~, and I~. 
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With the acquisition of a field-portable mercury spectrophotometer with A'^ 

gold foil collector (included in the 1980 budget request under Capital 

O 

Equipment), the division will start the Initial phases of a soil mercury survey. 

The first year will Involve the collection of baseline data throughout the 

Cascades, including samples from around the thermal and mineral springs visited 

during the field season. This will lead to detailed site-specific studies of 

geothermal anomalies in the following years. 

Soil mercury surveys have proven useful, convenient, and economical as a 

geothermal exploration tool. The merits are well documented by Matlick and 

Buseck, 1978 (Geothermal Energy Magazine v. 6, no. 9), Capuano and Bamford 1978 

(U.U.R.I., ESL-13), and Klusman and Landress, 1978 (Journal of Geochemistry 

Exploration v. 9, no. 1). 

# 

Geochemical information accumulated during 1980 will be presented in the 

year-end report to the Department of Energy, published as a Division Geology and 
A f Earth Resources Open-File Report, and will be made available to GEOTHERM. The ,A ., 

# )th' 
data will be used to update the State Geothermal Resources Map and will lead to \iui 

a final state-wide report to be completed in 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 available geologic 

maps, 2.) construct a detailed lineament map using ERTS and SLAR Imagery, aerial 

photographs, and published lineament maps, 3.) compare the two maps and identify 

those lineaments whose existence is confirmed by geologic mapping, 4.) field 

check as many of the remaining lineaments as possible and identify those 

lineaments whose existence is confirmed, 5.) identify those lineaments whose 

/^<L 



existence is suggested by other means, principally geophysics, 6.) identify 

those lineaments that are not attributable to the underlying geologic structure 

(roads, power lines, etc.), and 7.) draw a final lineament map showing the 

lineaments identified as belonging in one of the above categories plus, of 

course, those that cannot be documented. The overall objective will be to 

determine if individual structures or structural patterns can be related to 

known geothermal manifestations (thermal and mineral springs, volcanoes and 

young lava fields). We envision that the radon emanometer will be useful In 

proving the existence of faults that cannot be documented from outcrops or 

nearby geology. \ V 

One additional investigator (Glennda McLucas) has been added to the '"̂  

Washington geotheriaal resource assessment program team within the last month to 

assist with data compilation for the Washington public geothermal resources map. 

We propose that this investigator will be given responsibility for the lineament 

map project. 

TRAVEL 

The $8,000 proposed travel budget will be used as follows: $5,000 for in-state 

travel, mostly to support the geochemical and fault-lineament mapping projects; 

$3,000 for out-of-state travel to resource assessment team meetings, USDOE 

offices in Idaho Falls, and one major technical meeting, such as the Geothermal 

Resources Council annual meeting for each of the Washinnton team members. 

CAPITAL EQUIPMENT 

Downhole temperature measuring equipment $4,000 

Radon emanometer 4,000 

Mercury detector 4,000 

Most of the captlal equipment needs of the geochemical water analysis lab have 

been fulfilled by purchases accrued during the first year of the project, 

n 



1979. The only additional equipment which would prove useful to the lab is a 

carbon rod furnace to supplement the atomic absorption spectrophotometer. 

Because there is no Immediate need for this instrument, its purchase has been 

postponed until 1981. 

The work proposed for 1980 will require the purchase of three pieces of 

field equipment, each costing about $4,000. 

As part of the temperature-gradient and heat-flow project, a set of downhole 

temperature-measuring gear will be purchased. The equipment will be used for 

measurement of gradients in heat-flow holes drilled by DGER, as well as measurement 

of gradients in existing wells. The Glsco-Keck temperature measurement gear purchased 

during 1979 has been disappointing because 1.) the cable reel 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 Is hot such as t o allow the 

cable to be reeled up out of the hole directly onto the reel (it must be pulled 

up hand over hand and colled on the ground), and 3.) the digital display reads 

only to 0.1° C of F, so we are not able to estimate low gradients with the pre

cision we would like; If we cannot obtain a set of temperature gear that meets 

our requirements we will not purchase an additional set at all. We will Instead 

rely on Dr. D. D. Blackwell to loan us @the required gear. 

A Radon emanometer will be purchased for field checking structures defined 

through the lineament and fault mapping portion of the assessment effort. It 

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

thermal and mineral springs to be investigated. 

The mercury detector will be a field portable Hg-spectrophotometer with 

gold foil collector for the detection of trace amounts of mercury in soils, air, 

and water. It's primary use will be soil surveying around thermal features by 

the geochemist. 

( ^ 



OPERATING EXPENSES 

To keep the water analysis lab operating, support must continue for goods and 

services such as replacement of expended equipment, gas cylinder service, 

and delonized water cylinder exchange. The most significant lab costs will 

Include the purchase of 6 additional single and multi-element hollow cathode tubes 

for the atomic absorption spectrophotometer, at a cost of $200 to $250 cash-. 

Lab operating expenses are estimated at $3,000. 

As part of the fault and lineament mapping, air photos and satellite imagery 

(SLAR, ERTS, etc.) will need to be purchased. The exact costs are undeter

minable at this time but are estimated at about $2,000. 

DELIVERABLES 

1. Quarterly progress and fiscal reports to DOE. 

2. Year end report to DOE. 

Report will include a suimnary of all activities involving geothermal assess

ment, with Individual reports on thermal spring surveys with analytical chem

istry, the fault and lineament mapping project, temperture gradient measure

ments, heat-flow studies (including finalized data from 1979 work), progress 

report on Columbia Basin geohydrology project from Washington State University 

and progress 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). 

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

Survey's GEOTHERM file. 

/ ^ ^ > 



PROPOSED BUDGET: USDOE WASHINGTON STATE GEOTHERMAL RESOURCE ASSESSMENT PROGRAM 

CALENDAR YEAR 1980 

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

Drilling Supervision: 
52 days @ $200/day + $1300 living expense 
+ $500 mileage 

Temperature Gradient Scrounging: 
130 days @ $100/day + 5'3,250 living expenses 

+ $2,210 mileage * 

Thesis Support: 
a) Mt. Baker or Mt. Adams geology, 

U. of W., under Dr. J. Vance 
b) Columbia Basin geothermal resource 

assessment using waters-well gradient 
data, WSU, under Dr. J. Crosby 

Central & North Cascades Regional Gravity: 
Z.F. Danes and Al Eggers, U.P.S. 

Contracted Geophysical Advice Claries 

Salaries: 
Korosec - 4/1/-6/30/80 @ 1914/mo. 

10/1-12/31/80 @ 2029/mo. 
(1/1-3/31/80 under old contract, 
and 7/1-9/30/80 State supported) 

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

(1/1-3/31/80 under old contract) 

Benefits: 
19.5% of salaries 
Korosec, 19.5% of $11,829 
McLucas, 19.5% of $16,725 

Travel: 

Capital Equipment: 
a) Downhold temperature gear 
b) Radon emanometer 

c) Mercury detector 

Lab Operating Expenses, Lineament Mapping Imagery: 

SUBTOTAL 

Overhead (17.85% on noncapital items) 
TOTAL 

$ 96,000 

12,200 

15,000 

15,000 

30,000 

5,000 

11,829 

16,725 

2,307 
3,262 

8,000 

4,000 
4,000 
4,000 

5.000 

$250,783 

42.623 

$293.406 
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AMAD 
I INN i 

RAMADA INN 
2301 N.W. 12THST. 
1-80 MUNICIPAL AIRPORT EXIT 
LINCOLN, NEBR. 68521 
(402) 475-5911 

}^^j|\ \^u^H Up 

ri\\s- \ \ m \ clo*ô  ^v^ " 
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TO: State Coupled Program Core Group 

PROM: Dunoan Foley 

SUBJECT: Meeting with Washington Resouirae Assessment Team 

Date of Trip: 7 April, I98O 

Plaoffl: offlcea o£ Washington Gfeology and Earth Resovuroes Divisionj 
Department of Natural Resources, Olympia, Wa. 

Purpose: Disotission of program diijea State Coupled and User Coupled. 
Program Interfaoea .. . 

Attendees^ Ted Livingston, Eric Schuster, Mike Korosec, Washington 
DNR *" 
Gordon Bloomg.uist, WA. Planning and Commercialization team 
Duncan Foley, ESL/UURI 

General and Buainestt 
1. Thie Washington team. has. been keeping track of voloania 

activity at Mt. St, Hele«ffi. They p]^n on resampling 
springs when the snow melts, and will also remeasure their 
thermal gradient holes. 

2. Foley presented the discussion of the interface between 
the State Coupled Program and the User Co pled Confirmation 
Drilling Program. 

Technical 
1* The Washington team is aware of plans by Shell Oil. to 

drill to 15-20,000 ft depths west of Yakima this summer, 
and they are interested in obtaining thermal data fromi this 
hole. Shell seems willing to share the hole, especiallyif 
it tumes up dry. The Washington team predicts a regional 
gradient in excess of 30 C / ^ at the site. 

2. Data sent to NOAA for inclusion o& the publia map. include: 
a. thezmal springs and fumeroles, with supporting chemical 

data. 

b. Wall% separated into two catagoriesj anomalous, where 
the temperattire is about above 22 C, thej depth ± ^ 
£reate^|than I40 m, and the gradient is ^bove 30 O/knif 
aSSSr Trells with an anomalous temperat\ire that do not 
meet the other criteria, 

o. Cultural corrections • to the base map. 



Qoiaternary 
d. Areas of. volcanic ven ts and flows^ 

r 

e. Faults. I 

f. Lease Status 

g. Squiba 
Action Items 

1. ESL will report to Washington on loggers capable of 
20,000 ft depth. 

2. ESL will provide analytic proceedure data for rock analyses* 

jf. WDNR is interested in an evalviation of Band 8 Landsat images. 



Mount St. Helens is the youngest and historically most active of the Cascade 

stratovolcanoes. At the time of this writing (March, 1980) Mount St. Helens 

had displayed a week-long series of earthquakes which were followed by eruptive 

activity of ash and steam. The area surrounding Mount St. Helens has been 

designated a Known Geothermal Resource Area by the U.S. Geological Survey on 

the basis of geology and competitive lease interest. Preliminary geological 

and geophysical studies including heat flow drilling have not yet established 

the geothermal potential of the area, and assessment activities are expected 

to continue over the next several years. 



Geothermal gradients calculated from numerous wells locate^ throughout the 

Columbia Basin indicate that extensive areas of southeastern Washington may 

be underlain by low temperature geothermal resources. These resources, 

either used directly or in conjunction with heat recovery systems, may be 

useful for space heating, industrial processing, and for many agricultural 

and aquacultural applications. As assessment of these potential resources is 

being conducted by the Washington Division of Geology and Earth Resources, 

with support from the U.S. Department of Energy. 



The Cascade Mountains contain many youthful andesitic stratovolcanoes, smaller 

volcanoes, cinder cones, basaltic lava fields, and numerous thermal and mineral 

springs. In the future, this geologic province may provide large quantities 

of geothermal fluids to help meet the energy needs of the area. Present studies 

by the U.S. Geological Survey and the Washington Division of Geology and Earth 

Resources are aimed at assessing the geothermal potential of the area. 

.-jpeiKlt r—^tp:'. • 



Mount Adams is the second largest Quaternary stratovolcano in Washington, but 

no eruptive activity has been reported during historic times. The geothermal 

potential of the area is poorly defined, due in part to land status situations 

which restrict accessibility for assessment activities. Mount Adams is divided 

into the Mount Adams Wilderness Area, where development is prohibited, and 

the Yakima Indian Reservation, where development is restricted to projects 

initiated or approved by the Yakima Nation. 



Kennedy Hot Springs, which has been designated as a Known Geothermal Resource 

Area by the U.S. Geological Survey, is closed to development because of its 

location within the Glacier Peak Wilderness Area. . 



The City of Ephrata is presently designing heat recovery systems which w i l l 

u t i l i ze 30°C water from c i ty wells to heat several public buildings. Pre

liminary engineering and economic studies indicate that energy use from 

present sources could be reduced by two-thirds, cutting energy costs by 

more than 50 percent. 



Olympic and Sol Due Hot Springs, once developed into extensive spas in the 

early 1900's, are now part of the Olympic National Park. The facilities at 

Olympic Hot Springs have been removed and the springs have returned to a natural 

state. The facilities at Sol Due are now operated by the Park Service. Because 

both spring systems are in a national park, they are withdrawn from exploration 

for geothermal energy by the private sector. The Park Service is reviewing plans 

to upgrade the facilities at Sol Due which would include a more extensive use 

of the geothermal resource. 



The Puget Lowland is a region of below average heat flow and geothermal 

2 

gradient. Heat flow values range from 20 to 40 milli watts/m . The geo

thermal gradient of the region ranges between 10°C/km and 30°C/km. Gradients 

increase to the east in the Cascades, and to the west as the East Pacific 

Rise is approached. 



Thermal activity at Mount Baker increased dramatically in 1975. The venting 

of large amounts of steam from fumaroles in the summit craiter is estimated 

to have an energy equivalent as high as 30 megawatts, about 15 times the 

pre-1975 level. The last eruptive activity occurred in 1870, when great 

volumes of smoke issued from the summit crater. The area surrounding Mount 

Baker may have the potential for providing cities to the west with high tem

perature geothermal energy. 



Several warm water i r r igat ion wells have been dr i l l ed in and around the 

City of Yakima. A preliminary economic and engineering study, funded by 

the U.S. Department of Energy, is presently cssesslng the potential for the 

economic u t i l i za t ion of this water for space heating and possibly industrial 

application. 



The town of North Bonneville, located in an area of thermal springs, is 

investigating (with assistance from the U.S. Department of Energy and the 

Washington Interagency Geothermal Development Council) the potential for the 

development of a geothermal heating district. 



The Indian Heaven Known Geothermal Resource Area was established by the U.S. 

Geological Survey on the basis of competitive lease interest. Heat flow 

drilling by the Washington Division of Geology and Earth Resources in 1975 

failed to establish the existence of a large scale heat source within the 

area. 



Mount Rainier, the largest and most famous of the Cascade stratovolcanoes, had 

its last reported eruption in 1870. Thermal springs are present at Longmire 

and Ohanapeeosh, and steam eaves are found near the summit.I Because it is 

a national park. Mount Rainier is withdrawn from exploration for and development 

of geothermal resources. Areas surrounding the park, however, have received 

considerable attention by exploration companies. 
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10-26-79 

Proposed Budget: USDOE Washington State Geothermal Resource Assessment 
Program, Calendar 1980 

Heat Flou/ Drilling: 
8 500 ft. holes @ $12,000 each $ 96,000 

Drilling Supervision: 
52 days © $200/day + $1300 liv
ing expense -+- $500 mileage 12,200 

Temperature Gradient Scrounging: 
130 days d! $100/day + $3,250 
living expenses + $2,210 mileage 18,460 

Thesis Support: 
a) Mt. Baker or Mt. Adams geology, 

U of Wa., Kevin Kennedy 15,000 
b) Columbia Basin geothermal re

source assessment using water-
well gradient data, WSU, under 
Dr. Crosby 15,000 

Central & North Cascades Regional 
'Gravity: 

Z. F. Danes 30,000 
Contracted Geophysical Advice 5,000 
Salaries: 

Korosec - 4/1-6/30/80 ® 1914/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°i of s a l a r i e s -
Korosec, 19.5?o of $11,829 2,307 
McLucas, 19.5?o of $16,725 3,262 

T r a v e l : 8,000 

Capital Equipment: 
a) Downhole temperature gear 4,000 
b) Radon Emanometer 4,000 

Lab. Operating Expenses, Rent, Goods, 

Services, Lineament Mapping Imagery: 10,000 

SUBTOTAL $251,783 

Overhead (11.85% on non-capital items) 43,515 

TOTAL $295,298 



Progress Report, 
Washington State Geothermal Resource 

Assessment Program 

Oct. 29, 1979 

Temperature Gradients and Heat Flow 

A. Early in the summer Michael Jackson, an employee of Dr. D. D. 

Blackwell, digitized temperature logs from some 215 water wells. 

These wells were logged by the USGS Water Resources office in 

Tacoma. Most of the measured wells are located in the Columbia 

Basin. A preliminary examination of these temperature logs in

dicates that about 70 of the logs are usable. Qf these there 

^ are a few with gradients above 100°C/km. Most gradients are in 

the 30 to 50°C/km range. Dr. Blackwell has these data and will 

further analyze them. 

B. We have examined the temperature gradient data in GEOTHERM and 

find that the gradients were calculated on the basis of bottom-

hole temperatures and mean annual surface temperatures. In our 

opinion the GEOTHERM data are worthless. We will soon be pre

pared to replace the GEOTHERM data with measured gradients, there

by eliminating most of the uncertainty that diminishes the use

fulness and accuracy of the present GEOTHERM gradients. 

C. We have examined a portion of the USGS WATSTORE data as well, and 

find that water temperatures and well depths are often reported. 

However, gradients calculated from such data are subject to the same 

problems as the current GEOTHERM data, or worse, so we will not 

attempt to report gradients from the WATSTORE data. 

We will, however, use the water temperature and chemical data 

from WATSTORE in an attempt to identify anomalous areas in which 

we could do gradient measurements and water sampling. 



D. Dr. J. W. Crosby, Washington State University, has been meas

uring temperature gradients in the Columbia Basin for several 

years. We are making arrangements with Dr. Crosby to have his 

400-500 gradients reproduced and sent to us. 

E. During the summer, Marshall Huntting and Michael Jackson meas

ured gradients in 89 existing wells in the southwestern Cas

cades and adjoining Puget Lowland. About 52 of these gradients 

appear to be useful. 

F. We are sending all of the above temperature data to Dr. Blackwell 

as we accumulate them. We anticipate that he will be conducting 

further analyses on the gradients with the aim of producing a 

set of gradient, heat-flow, and mean surface temperature maps 

that are much more detailed than any done previously. A pre

liminary set of such maps, based on data now in hand, is being 

prepared by Dr. Blackwell for use in compiling a "public" geo

thermal resources map for NOAA. 

DRILLING 

Seven heat-flow holes have now been completed by our contractor, Soil 

Sampling Service. Holes that reached the 500-foot target depth are White 

Pass (sec. 2, T. 13 N., R. 11 E.), Packwood (sec. 16, T. 13 N., R. 9 E.), 

and Davis Mountain (sec. 3, T. 12 N., R. B E.). Completed holes that failed 

to reach 500 feet are Longmire (325 ft., sec. 6, T. 14 N., R. 8 E.), Ohan

apeeosh (375 ft., sec. 8, T. 14 N., R. 10 E.), Randle (421 ft., sec. 16, 

T. 12 N., R. 7 E.), and Mount St. Helens No. 1 (404 ft., sec. IB, T. 9 N., 

R. 5 E.). 

Gradients are as follows: 

Longmire - 64°C/km, 265' to 325', disturbed. 

Ohanapeeosh - 45°C/km, 200' to 365', not entirely equilibrated 

White Pass - 51 C/km, 70' to 480', two linear segments with similar 

gradients; 51°C/km is an average. 



Packwood - 48°C/km, 110' to 335*, nearly the same gradient from 350' 

495'. Reasonably linear. 

Davis Mountain - Isothermal; we appear to have drilled the hole in 

a "thermally decoupled" block. 

Randle - 42°C/km, 35' to 415", not entirely equilibrated. 

St. Helens No. 1 - 19°C/km, 90' to 404', gradient still disturbed from 

cementing and drilling but is undoubtedly "real". 

Drilling is still in progress at St. Helens Nos. 2 & 3, and the two holes 

at Camas are yet to be drilled. A hole between Morton and Randle is still 

needed to complete the Cowlitz Valley profile and more closely define the na

ture of the transition between the low gradients to the west and the "High Cas-

^ cades gradients" (l]50°C/km) to the east. However, because of extensive time 

overruns in the drilling, we don't plan to drill this hole until next year. 

WATER GEOCHEMISTRY 

Our geochemistry lab is almost fully functional now, and Mike Korosec has 

sampled and analyzed 37 waters from 20 different spring systems. No previous 

analyses have been published for 8 of these spring systems. Elements, chemical 

species, and properties being measured include conductivity, pH, temperature, 

chloride, alkalinity, sulfate, silica, sodium, potassium, calcium, magnesium, 

lithium, flouride, bromide, and iodide. 

Since the lab. has become fully operational only recently we expect to be 

able to turn out a considerably larger number of analyses next year. 

GEOLOGIC MAPPING 

Geoff. Clayton, U of WA graduate student, is on a subcontract to map the 

geology in the Tumac Mountain-White Pass area to the south and east of Rainier 

National Park. He has fcompleted- all of the field mapping except for a few 

"fringe areas" and is now engaged in lab. studies including petrography, age 

dating, and rock geochemistry. 



CAMAS 

A D.C» resistivity survey was completed by Dr. Bob McEuen and SAI, Inc. 

Results show a low resistivity area (10-15 ohm-meters) at the northwest end of 

Lacamas Lake and another fairly low resistivity area (ca. 50 ohm-meters) at the 

southeast end of the lake. Other resistivities are il50 ohm-meters. 

A moderately detailed gravity map for the Camas area has been completed 

by Dr. Z. F. Danes. An interpretation of the regional aeromagnetics has been 

made by Dave Williams and a couple of low-temperature non-mineral springs have 

been sampled by SAI, Inc., and analyzed by Crown Zellerbach. 

Two drill sites have been selected to test the two resistivity anomalies. 

REGIONAL GRAVITY 

» Dr. Z. F. Danes has measured gravity at 743 stations ih the south Cas

cades and has tied into previous gravity surveys. The study area is new ade

quately covered except for a few inaccessible areas. These will be covered 

next year with the aid of a USGS helicopter (courtesy of Dave Williams). Com

putations will continue through the winter with the expectation that a south 

Cascades gravity map and report will be ready by June 1, 1980. Dr. Danes has 

also produced relatively detailed gravity maps for the Camas and North Bonne

ville areas, the former under his subcontract from the Department of Natural 

Resources and the latter through an arrangement with the City of North Bonneville, 

"PUBLIC" GEOTHERMAL RESOURCES MAP 

Planning and data acquisition for a public geothermal resources map of 

Viashington has been progressing in cooperation with Duncan Foley of UURI 

(University of Utah Research Institute), Rod Smith of NOAA (National Oceanic 

and Atmospheric Administration), and Gordon Bloomquist and Stuart Simpson of 

OIT (Oregon Institute of Technology). We intend to have "Camera ready" materials 

ready for printing by NOAA by the end of calendar 1979. 

SOL DUC HOT SPRINGS 

We have kept in contact with the National Park Service through Gordon 

Bloomquist and have collected water samples, and run preliminary magnetic 



and shallow resistivity soundings at Sol Due Hot Springs. The magnetic and 

resistivity surveys have yet to be interpreted. 

GEOTHERMAL BIBLIOGRAPHY 

The bibliography contains approximately 100 citations of publications 

pertinent to the State of Washington. It will soon be open-filed and will 

continue to be updated. 

COORDINATION WITH OTHER GROUPS 

We are keeping abreast of the geothermal-related activities of the USGS, 

State Energy Office, Oregon Institute of Technology, Seattle City Light, Crown 

Zellerbach, Burlington Northern, and City of North Bonneville. We will con

tinue to cooperate with such organizations and provide basic data to them 

whenever possible. 
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FIGURE 2 . — Selected springs in Washington, (See table 1 for analytical data and predicted source 



TABLE 1 .—Est inioted soLirce temperatures for spring wate y/gshington. (For spring locat ions see f igure 2 . ) 
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September 17, 1979 

Dr. Howard Ross, 
Senior Geophysicist 
Earth Science Laboratory 
University of Utah - Research Institute 
Research Park 
391A Chipeta Way 
Salt Lake City, Utah 84108 

Dear Howard: 

Enclosed are two pseudo sections from the work completed for the State 
of Washington. 

The dipole length used along profile AA' was 500 meters; that used along 
BB', 250 meters. As you recall, UURI agreed to invert these data using 
a two-dimensional modeling. When an approximate inversion has been 
completed, please send a copy to my attention at the address on this 
letterhead so that it can be included and properly acknowledged in our 
final report. 

Thank you again for your co-operation, and I look forward to seeing you 
at the GRC meeting in Reno. 

Respectfully, 

^.tT-6-<yyJ«^ » y . ^ € c A £ y ^ 

Robert B. McEuen 
Consu l tan t t o SAI 

/ jmh 

Enc. 
cc : J . E r i c Schuster 

Science Appl icat ions, Inc. 1200 Prospect st., PO. BOX 2351, La joiia, CA 92038, (714) 454-3811 

Other SAI Offices: Albuquerque, Ann Arbor, Arlington, Atlanta, Boston,Chicago, Huntsville, los Angeles, McLean, Palo Alto, San Diego, Sunnyvale, and Tucson. 
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UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 
420 CHIPETA WAY, SUITE 120 
SALT LAKE CITY, UTAH 84108 

TELEPHONE 801-581-5283 

August 25, 1980 

Mr. Eric Schuster 
Washington Division of Geology 
Olympia, Washington 98504 

Dear Eric, 

As per our previous telephone conversations, and also correspondence 
dated August 4, 1980 (attached), I would like to take this time to remind 
you of the upcoming meeting of State Coupled Program participants at the 
GRC annual meeting in Salt Lake City on September 9. It is highly recom
mended that all members of Resource Assessment teams attend this meeting 
as several key topics pertinent to program direction and goals will be 
discussed. 

Sincerely, 

W(4i^ 
uncan Foley 

Project Manager/Geologist 

DF/cw 



August 4, 1980 

MEMORANDUM 

TO: State Coupled Program Resource Assessment Teams 

FROM: Duncan Foley 

SUBJECT: GRC meeting in Salt Lake City 

The Geothermal Resources Council annual meeting is being held in 

Salt Lake City on September 9, 10, and 11. .As at last years meeting in 

Reno, there will be a brief gathering of the State Coupled Program 

participants in Salt Lake. This year the meeting v/ill be held at 11 AM 

on Tuesday, September 9, in Room 250 of the Hotel Utah. 

Please mark this time down, as the meeting will not appear on the 

calendar of events for the resources council. 

See you next month. 

m n 
Juncan Foley 

DF:snn 
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May 17, 1979 
\^-:-^ 
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Duncan Foley 
UURI 
Earth Science Laboratory 
420 Chipeta Way, Suite 120 
Salt Lake City, Utah 84108 

Dear Duncan: 

In regard to your letter concerning the effects of the National Energy 
Act of 1978. Eric asked me to respond in his behalf and I buried your 
letter. 

As of this date we have not seen that the Act has had any affect in 
stimulating exploration fot"geothermal cesources in Washington. On 
the other hand I do not feel that the lack of effect is relatable to 
firobiems with or omigsions from the Act but merely the result of the 
lack of•basic resource definition. Once we are to the point where 
drilling would be desirable, I feel that the Act will encourage dril
ling. 

At present I feel that passage of many of the provisions of the Geo
thermal Energy Omnibus Bill would have, a much greater impact upon geo
thermal exploration in Washington. 

Sincerely, 

BERT L. COLE 
Commissioner of Public Lands 

R.-Gordan Bloomquist 
Division of Geology and 

Earth Resources 

RGB:ks 
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MONTHLY REPORT FOR MARCH, 1979, ON 
GEOTHERMAL ASSESSMENT AND RESOURCE 

DEFINITION IN WASHINGTON 

Washington State Department of Natural Resources 
Division of Geology and Earth Resources 

Olympia, WA 98504 

J. Eric Schuster 
Project Manager 

I den t i f i ca t i on DE-AC03-79ET27014 

Contract Negotiation Progress 

The full contract (No. DE-AC03-79ET27014) for $309,878 was received from 
the San Francisco operations office on April 18, 1979. About ten working days 
will elapse before we can legally expend funds under the contract, during which 
time we must obtain state legislative budget committee approval of the contract 
and enter the contract into the Department of Natural Resource's fiscal accounting 
and budgetary systems. If all goes well, we should have personal services con
tracts in force for gravity surveys, drilling supervision, and temperature log
ging in existing wells by May 4, 1979. 

Planning 

A planning meeting was held in Olympia on March 14, 1979. It was attended 
by Marty Molloy and Roy Mink of USDOE, Frank Danes and Al Eggers of University 
of Puget Sound, Gordon Bloomquist of Oregon Institute of Technology, and Mike 
Korosec, Ted Livingston, and Eric Schuster of Department of Natural Resources. 
DNR plans for geothermal assessment were presented and discussed. Major planning 
accomplishments are: 

1. Cost to drill each 500 foot heat-flow hole was estimated at $11,000. 
Order of priority and planned order of drilling is: a) first hole at 
Camas, b) first hole at Mount St. Helens, c) second hole at Mount 
St. Helens, d) Longmire, e) Ohanapeeosh, f) Packwood, g) Randle, 
h) Morton, i) Glenoma, j) second hole at Camas. 

2. All unsupported costs were discussed and agreement reached as to the 
anticipated expenditure levels for subcontracts during FY79. They are 
as follows: a) heat flow drilling, $110,000, b) consultant to supervise 
drilling (Marshall Huntting), $5,400, c) heat flow calculations and 
conductivity measurements (D. D. Blackwell), $5,000, d) regional gravity 
in south Cascades from Columbia River north to 46 30' N. and from 121 
W. to 122 30' W. by Frank Danes and Al Eggers of University of Puget 
Sound, $30,500, e) gradient measurements in existing wells (Marshall 
Huntting) $4,600, f) petrology, rock geochemistry, and age dating at 
Camas, $5,000, g) geologic studies in Tumac Mountain area by Geoff 
Clayton, University of Washington, $5,000, h) out-of-state travel, 
$3,000, and i) modification of existing space for water geochemistry 
laboratory, $2,000. Total subcontracts and other negotiated costs 



$170,500. This total is $1,000 higher than the total agreed upon at 
the March 14 meeting because of the addition of $5,000 support for 
Geoff Clayton's work which was requested by Marshall Reed in late 
March ($4,000 for unspecified consulting work which was in the March 14 
estimate will be applied to Clayton). 

3. Dr. Molloy requested more detailed and longer range management plans, 
schedules, and list of deliverables. To date, I have generated the 
attached flowsheet, about which you should feel free to make comments 
or suggestions for improvement. A chart showing schedule details for 
each subcontract and project and the products to be generated from each, 
is on the drawing board and should be ready for distribution with the 
April monthly report. 

4. Dr. Molloy reported that USDOE San Francisco Operations Office plans 
to transfer administration of this contract to Roy Mink at the Idaho 
USDOE office as soon as the initial contract set-up has been com
pleted. We favor this change and look forward to working closely with 
Roy. 

Gravity Studies 

Drs. Frank Danes and Al Eggers plan to run both a regional gravity survey 
with station density of one per five square miles in the south Cascades (study 
area noted above) and a detailed survey of the Camas area with a station density 
of approximately two per square mile (stations will be placed wherever spot 
elevations are known). The boundaries of the Camas gravity survey will be the 
Columbia River on the south, 45 40' on the north, 122 20' on the east, and 122 
30' on the west. Dick Couch will be contacted regarding gravity data to the 
south in Oregon with a view toward obtaining gravity data that would help to 
determine whether the Lacamas Fault extends into Oregon or whether major structures 
exist along the Columbia River. The Camas gravity map will be ready by November 1, 
1979. 

The south Cascade regional gravity map(s) and report will be ready by 
June 1, 1980. The central and northern Cascades areas will be surveyed as a unit. 
Danes and Eggers feel that this is more practical than surveying the northern and 
central Cascades as two or three separate map areas because of the short field 
season and difficult access in much of the area. 

Lab. Construction and Equipment 

Modification of existing space for conversion to a water chemistry lab is 
progressing well. All structural modifications have been completed and painting 
and cabinet installation is under way. 

Bids have been received on an AA unit and negotiations are under way with 
the state purchasing division to determine which instrument will be purchased 
(bids were received for a Perkin-Elmer model 560 and a Varian model 575). 

^tmrnmg^jfm •- ^.-r'T:^.-.- "., VS.*-i:^-»..i .'.-A. 



Heat-Flow Site Selection 

Mike Korosec and Gordon Bloomquist have visited the prospective drill sites 
at Morton and Randle. The Morton site looks good, but additional scouting must 
be done in the Randle area. Visits to the other sites will be made before final 
site selection. 

Sol Due Hot Springs 

Korosec, Bloomquist, Schuster, and Dave McClain (State of Idaho) visited 
Sol Due Hot Springs on April 11 and 12. Preliminary magnetic and resistivity 
sounding surveys were run; a survey of thermal seeps (temperature and conductivity 
were measured at each) was made, and additional water samples from the main 
springs were collected. The magnetic and resistivity results have not yet been 
rigorously interpreted, but will hopefully be reported as part of the next 
monthly report. 

Other 

The geothermal assessment plans for FY79 were presented to the State Inter
agency Geothermal Development Council on April 2. As a result the other state 
agencies with interest in geothermal are now aware of our plans. 

A geothermal bill (SB 2191) granting ownership of geothermal resources, from 
which it is technologically practical to generate electricity, to the owner of 
the surface estate has passed both House and Senate and was signed into law by 
the Governor on April 13. 

Geoff Clayton, University of Washington, has been contacted about support 
for geological studies in the Tumac Mounatin area southeast of Mount Rainier. 
Generalized objectives for Clayton's work have been discussed with Charlie Bacon, 
USGS. I expect to complete negotiations with Geoff within the next 30 days, in 
order to enable him to go to work at the beginning of the field season. 

The Camas investigations were discussed with R. G. Bowen on March 19, at 
which time I invited Dick to participate as fully as possible, as a represen
tative of Crown Zellerbach and Science Applications, Inc., in the siting of the 
Camas heat-flow holes, and the design of geologic, geochemical, and geophysical 
surveys in the area. Dick reiterated Crown Z's strong interest in getting the 
geothermal resource evaluation done, and said he would arrange for access to 
Crown Z land when studies get under way. 

During a preliminary discussion with Roland Petit of Los Alamos, I learned 
that Chandler Swanberg at New Mexico State University has written computer programs 
for sorting and processing WATSTORE data so as to make it yield temperature 
gradients. Petit is to check with Swanberg about the possibility of applying 
these methods to Washington's 40,000 WATSTORE entries. I am enthusiastic about 
the possibility because of the value of such data for geothermal assessment and 
the production of "public" and "scientific" geothermal resource maps. Especially 
since a preliminary examination of some of the WATSTORE and GEOTHERM data indicates 
that there are at least 240 wells in the Columbia Basin with gradients that exceed 
39° C/km. Some "believable" gradients exceed 100 C/km. 

\.P.I 
d 4/^^/7 
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Washington State Geothermal Assessment C O -rv 

Planning Meeting Y ^ ^ \^^ 
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Time: 10:30 a.m. to 4:30 p.m., March 14, 1979. ŷ̂ *̂ '!̂ {> 

Room 2F22, State Department of Transportation Buildinf; Ol^pia, WA. Place: 

10:30 a.m. Background and Introductions, Eric Schuster 

10:45 a.m. Preparation of Water Analysis Lab. and the Water Sampling and 
the Water Sampling and Analysis Program - Mike Korosec 

11:10 a.m. Heat-Flow Drilling and Gradient Measurements in Existing 
Wells - Eric Schuster and Mike Korosec 

11:40 a.m. Sol Due Hot Springs Resistivity and Seismic Plans - Eric Schuster 

11:45 a.m. Geologic and Age Dating Studies in the Camas Area - Eric Schuster 

Noon -- Catered Lunch 

12:30 p.m. Regional and Mount Saint Helens Gravity Studies - Frank Danes 
and Al Eggers 

1:00 p.m. The Oregon Institute of Technology Program in Washington 
--Gordon Bloomquist 

1:20 p.m. Discussion 

3:00 p.m. Finalization of Scheduling, Management, and Fiscal Plans. 

4:30 p.m. Adjournment 

Distribution - Ted Livingston, Eric Schuster, Mike Korosec, Gordon Bloomquist (DGER) 
Dr. Z.F. Danes and Dr. Al Eggers, UPS, Dr. Martin W. Molloy and 
Dr. Roy Mink, USDOE 
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Monthly Report for February, 1979, on 
Geothermal Assessment and Resource 

Definition in Washington 

Washington State Department of Natural Resources 
Division of Geology and Earth Resources 

Olympia, WA 98504 

J. Erie Schuster, 
Project Manager 

Identification 0.3-79-ET-27014.000 

Introduction 

This is the first monthly report to USDOE on.the state-coupled geothermal 

assessment and resource definition project in the State of Washington. It is 

intended to serve most of the purposes of the management plan, milestone schedule, 

status report, cost plan, contract management summary report, project status 

report, cost management report, and technical progress report which are to be 

submitted to USDOE from time to time. Since the project is still in its initial 

stages and many of the planned activities have not begun as yet, many of the 

requirements of the above-mentioned reports will not be met by this report. 

Suggestions for improvements in our reporting will be gratefully welcomed. 

Contract Negotiation Progress 

We are currently operating under a letter contract for $65,000, with which 

we are to purchase water chemistry analytical equipment (primarily an atomic 

absorption soectrophotometer) and pay the salary and expenses.of our geochemist, 

Mike Korosec. This contract was received February 2, 1977, signed and returned 

to USDOE on February 9, 1979. We are currently awaiting (by state law) approval 

to spend the money from the State Legislature Budget Committee. Approval is 

expected by mid-March, at which time we will order the analytical equipment. 

We anticipate that one month will be required for the state purchasing agency to 

award bids for the analytical equipment, and up to 90 days delivery. Therefore, 

mid-July is the earliest we can expect to have a functional geochemical lab. 

Meanwhile, negotiation on the remainder of the contract is still in progress. 

Further data on objectives and estimated costs for subcontractors will follow this 

report, and a meeting with Marty Molloy and Roy Mink on March 14 will be aimed at 

finalizing overall objectives, objectives for subcontractors, and methods for 

reporting the results of the geothermal assessment work. 



A letter has been sent to Gerald Brophy, Marshall Reed, and Marty Molloy 

requesting additional funds for purchase of a set of temperature gradient 

measurement gear. 

Our Dunn and Bradstreet number, requested by USDOE, is 079248936. 

Progress on Program Objectives 

Bibliography - Bibliographic data have been accumulated during the past 

several months by Mike Korosec and Gordon Bloomquist (Oregon Institute of 

Technology). The bibliography contains just over one hundred references to poten

tial geothermal areas in Washington, concentrating on geological, geophysical, 

and geochemical aspects. The bibliography will soon be available as an open-file 

report, and it will continue to be revised throughout the contract period. 

Field Projects - Preparatory work continues on the field projects to be 

carried out this summer. Sixty target areas (thermal and mineral springs, warm 

water wells, "snow-free" areas, zones of hydrothermal alteration, and areas of 

Pleistocene and Recent volcanism) which warrant further investigation have been 

identified. In the coming months field visitations will confirm these occurrences, 

and the bulk of the springs will be sampled for chemical analysis. In fact, 

several of the better-known springs have already been sampled and either analyzed 

for us by Battelle Northwest or await analysis at our laboratory. Acquisition 

of analytical equipment, salaries, and travel associated with the geochemical 

studies will cost about $65,000 during FY 79. 

Preliminary sites for heat-flow drill holes have been selected. Geological 

data are being assembled for these sites, and the necessary permit applications 

are being completed for submission to the U.S. Forest Service. The preliminary 

sites are: 

1. near Ohanapeeosh Hot Spring, just outside of Rainier National Park, 

2. near the town of Packwood near Packwood Hot Spring, 

3. near Longmire Hot Spring, just outside of Rainier National Park 

(both Ohanapeeosh and Longmire Springs are within the park), 

4. south of the town of Randle near Vance mineral spring, 

5. east of the town of Glenoma, 

6. north of the town of Morton, 

-2-



7. 3 to 4 miles west of the summit of Mount Saint Helens, 

8. 3 to 4 miles ENE of the summit of Mount Saint Helens, 

9. & 10. near the town of Camas (2 holes). 

These heat-flow holes are to be 500 feet deep, air-rotary drilled, and left 

with one inch iron pipe to full depth, with the pipe surrounded by mud or cuttings 

(or cement if necessary) to restrict water flow. Cuttings will be collected at 

frequent intervals. We are interested in arranging for the holes to be geophysi-

cally logged (E-log, etc.), but do not have funds in the budget to cover this 

type of logging. Any suggestions for how this might be done will be appreciated. 

We anticipate spending about $102,000 on drilling and drilling-related activities 

during FY 79. 

Gravity studies will be subcontracted to University of Puget Sound. The 

regional (1 station per 5 square miles) coverage will be well coordinated with 

Dick Couch's proposed work to the south in Oregon. The regional study area extends 

from 1210 to 122° 30' W. and from the Columbia River north to 46° 30' N. In addi

tion detailed gravity will probably be run on Mount Saint Helens. Some considera

tion is being given to running detailed gravity in the Camas area. We expect 

gravity studies to cost about $25,000 during FY 79. 

In addition about $10,000 will be expended by petrologic studies and age 

dating of volcanic rocks and gradient measurements in existing wells in the Camas 

area. A $5,000 expenditure is anticipated for gradient measurements in existing 

wells in the Cowlitz River Valley, area, Lewis County, in preparation for drilling 

the heat-flow holes between Ohanapeeosh and Morton. About $5,000 is planned to 

support Dr. David Blackwell's conductivity measurement and heat-flow calculation 

activities in the event that he is not successful in obtaining other USDOE funds 

for this purpose. 

Information on scheduling of these activities and on plans for reporting re

sults of the investigations will be forthcoming following a March 14 meeting with 

'^'vs. Molloy and Mink, and after we know the date when the full grant or contract 

will be issued. 

cc: Marshall Reed, USDOE-DGE 
David Williams, U.S. Geological Survey 
James Swanson/Charles Bacon, U.S. Geological Survey 

^Clay Nichols, USDOE-IDO 
Martin Molloy, USDOE-DGE-SAN 
Ed McGavock, USGS, Water Resources 

^ 
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June 11, 1979 

Dr. Roy Mink 
USDOE/Idaho 
550 Second St. 
Idaho Falls, ID 

Dear Roy; 

% % ^ ' ^ 
o B^ 

83401 

I am in Eastern Washington in the field, so Mike will sign off on this 
letter for me. As we discussed earlier, we would like to make some adjust
ments to our budget, most especially to allow us to pay for the D.C. resis
tivity work at Camas which was not foreseen when the original budget was 
finalized. The total funding level is the same as before. 

The current and proposed budgets are presented on the attached sheet, 
and some explanation follows here. 

1. We propose to cut the time of employment for this contract period 
to two months for the geophysicist and the secretary. The project is runnirjg 
well so far without them, and we don't feelwewill really require either 
until about September 1, 1979. At that time, however, we will certainly 
need to have both on board. 

2. The decrease in the "Benefits" figure is directly the result of 
not hiring the geophysicist and secretary as early as we originally intended 

3. The $2,032 addition to "Equipment" will allow Mike to purchase a 
used "top of the line" Mettler top-loading balance with a 1,200 gram capa
city, and a used flow-through sampler for the colorimeter. We feel both 
are needed in the lab, and we can get both at good prices. 

4. We are purchasing more small lab items in getting the lab set up 
than we earlier anticipated, thus this figure is $3,000 higher, to see us 
through until October 31, 1979. 

5. The "drilling contract" figure has been reduced slightly to provide 
funds for some of the items we wish to increase. I have done this because 
our low base bid is a little over $67,000 to drill the ten holes planned, 
and even with Murphy's law operating at 100 percent we should have adequate 
drilling funds to drill the ten holes and probably a couple of additional 
holes. 

AH EQUAL OPPORTUNITY EMPLOYER 
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6. Bob McEuen's bid for Camas D.C. resistivity is the only one I have received 
so far. It is $18,530, if we supply three field assistants and a four-wheel-drive 
vehicle. Therefore, I have figured $20,000 as a reasonable provisional figure. 

In addition, we hope to hire a field-assistant-type person to digitize some 
or all of the USGS Water Resources Division's water well gradients. These are at 
their Tacoma office. I don't know the magnitude of the job yet, but would like 
approval to spend up to $2,000 on it. These funds might come out of "Travel" or 
"Contracts, drilling". If you need this nailed down better, let me know. 

I would appreciate your early reply on these items, Roy, for we must "strike 
while the iron is hot" on some of them. I hope you will be able to come over for 
a day or two about a month from now, so we can show you all of the field projects 
when they are (hopefully) in full swing. 

Sincerely, 
'-7 -

r y 

J. Eric Schuster, Assistant Supervisor 
Division of Geology and Earth Resources 

Dear Roy; 

In addition to Eric's information and requests report above, I thought I would 
tag on a progress report. The most important event to report is the low bid re
ceived for drilling the heat flow holes. We are in the process of signing off the 
contract and clearing up the paperwork on site permits. Four or five additional 
sites have been chosen for possible drilling, but are quite tentative at this stage. 
They include one at White Pass (an eastern extension of the Cascade heat flow 
traverse); a site near Alta Vista, southeast of Mossey Rock (a western extension of 
the traverse); a third hole on Mt. St. Helens (south side); and possible locations 
on Rock Creek or the Wind River, east of Camas, up from the Columbia River. I will 
discuss these possibilities with Eric when he returns, and we will approach the 
drillers with the proposals. 

Frank Danes reports that gravity work at Camas was completed last month and 
preliminary reductions and results should be available by the first week in July. 
This past week, Frank has been skiing around Mt. St. Helens completing that portion 
of the gravity survey, and will spend the next few weeks on areas which may later 
be closed due to fire hazards. 

Marshall Huntting reports only fair success at scrounging temperature gra
dients from Cowlitz River Valley wells. Most wells are either actively being 
pumped, are old and collapsed, or have been capped shut. Marshall soon will be 
scrounging wells in the Camas Area. 



Item 

Salaries: 
Geol. II (Mike) 
Geol. IV (Geophys.) 
Clerk-Typist III 

Benefits: 

Travel: 

Equipment: 

Rent, Goods and 
Services: 

Contracts: 
Drilling 
Tumac Mtn. geol. 
Gradients and drilling 

supervision 
Heat flow Calc, 

D. Blackwell 
So. Cascade Gravity 
Camas resistivity 

Overhead: 

Current Budget 

$ 23,831 
11,955 
4,393 

8,697 

8,500 

50,589 

4,000 

110,000 
5,000 
10,000 

5,000 

30,500 
5,000 

19,429 

Proposed Budget 

$ 23,831 
3,188 
1,352 

5,957 

8,500 

52,621 

7,000 

104,516 
5,000 
10,000 

5,000 

30,500 
20,000 

19,429 

Proposed • 

same 
$ 8,767 
3,041 

2,740 

same 

2,032 

3,000 

5,484 
same 
same 

same 

same 
15,000 

same 

"s: 

smaller 
smaller 

smaller 

bigger 

bigger 

smaller 

bigger 

Totals $296,894 $296,894 same 
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Dave Blackwell's field assistant has made initial contact with us. His name 
is Michael Jackson, and, according to Dave, will be available for geophysical well 
log reductions (USGS files), heat flow scrounging (assistant to Marshall Huntting), 
and well drilling supervision. We will know more after his visit late this week. 

I have contacted the USGS in Tacoma and have learned that there are four 
boxes of well logs available to us for interpretation. 

Marty Molloy called on Monday, June 11th, needing to know (j^ $25,000) how much 
of the contract will not be spent by September 30th. I told him that the only left
overs would be moneys needed by us in October for salaries and outstanding unpaid 
bills. I will make a rough calculation and send it on to him. I am not sure of 
what value the figures will be, due to the nature of this sort of project. 

In summary, we are both ahead and behind schedule, but delays have worked out 
for the best, so far. 

Sincerely, 

BERT L. COLE 
Commissioner of Public Lands 

•Tc. / r^ •<"-• ^t Cr X<-,< 

Mike Korosec, Geologist 

Division of Geology and Earth Resources 

MK:pa 

attachment 



ID F.134 (Rev. 10-79) fief. ID 1325.1 

Department of Energy 
Idaho Operations Office 

550 Second Street 
Idaho Falls, idaho 83401 

Subject: 

TRANSMITTAL OF WASHINGTON STATE PROGRESS REPORT 

To: Dis t r ibu t ion From: L, L. Mink, OGE 
DOE-ID 

Date: NOV IP tg79 

Enclosed fo r your information and r e t e n t i o n ' s a copy of the Washington 
State Geothermal Resource Assessment Program Progress Report f o r October. 
I f you have any questions or comments regarding th i s repor t , please contact 
th i s o f f i c e . 

1 Enclosure 

D is t r ibu t ion 
G. P. Brophy, DOE-HQ 
D. Foley, UURI 



Progress Report, 
Washington State Geothermal Resource 

Assessment Program 

Oct. 29, 1979 

Temperature Gradients and Heat Flow 

A. Early in the summer Michael Jackson, an employee of Dr. D. D. 

Blackwell, digitized temperature logs frOm some 215 u/ater wells. 

These wells were legged by the USGS Water Resources office in 

Tacoma. Most of the measured wells are located in the Columbia 

Basin. A preliminary examination of these temperature logs in

dicates that about 70 of the logs are usable. Of these there 

are a few with gradients above 100°C/km. Most gradients are in 

the 30 to 50°C/km range. Dr. Blackwell has these data and will 

further analyze them. 

B. Ue have examined the temperature gradient data in GEOTHERM and 

find that the gradients were calculated on the basis of bottom-

hole temperatures and mean annual surface temperatures. In our 

opinion the GEOTHERM data are worthless. We will soon be pre

pared to replace the GEOTHERM data with measured gradients, there

by eliminating most of the uncertainty that diminishes the use

fulness and accuracy of the present GEOTHERM gradients. 

C. We have examined a portion of the USGS WATSTORE data as well, and 

find that water temperatures and well depths are often reported. 

However, gradients calculated from such data are subject to the same 

problems as the current GEOTHERM data, or worse, so we will not 

attempt to report gradients from the WATSTORE data. 

VJe will, however, use the water temperature and chemical data 

from VJATSTORE in an attempt to identify anomalous areas in which 

we could do gradient measurements and water sampling. 



D. Dr. J. W. Crosby, Washington State University, has been meas

uring temperature gradients in the Columbia Basin for several 

years. We are making arrangements with Dr. Crosby to have his 

400-500 gradients reproduced and sent to us. 

E. During the summer, Marshall Huntting and Michael Jackson meas

ured gradients in 89 existing wells in the southwestern Cas

cades and adjoining Puget Lowland. About 52 of these gradients 

appear to be useful. 

F. We are sending all of the above temperature data to Dr. Blackwell 

as we accumulate them. We anticipate that he will be conducting 

further analyses on the gradients with the aim of producing a 

set of gradient, heat-flow, and mean surface temperature maps 

that are much more detailed than any done previously. A pre

liminary set of such maps, based on data now in hand, is being 

prepared by Dr. Blackwell for use in compiling a "public" geo

thermal resources map for NOAA. 

DRILLING 

Seven heat-flow holes have now been completed by our contractor. Soil 

Sampling Service. Holes that reached the 500-foot target depth are White 

Pass (sec. 2, T. 13 N., R. 11 E.), Packwood (sec. 16, T. 13 N., R. 9 E.), 

and Davis Mountain (sec. 3, T. 12 N., R. 8 E.). Completed holes that failed 

to reach 500 feet are Longmire (325 ft., sec. 6, T. 14 N., R. 8 E.), Ohan

apeeosh (375 ft., sec. 8, T. 14 N., R. 10 E.), Randle (421 ft., sec. 16, 

T. 12 N., R. 7 E.), and Mount St. Helens No. 1 (404 ft., sec. 18, T. 9 N., 

R. 5 E.). 

Gradients are as follows: 

Longmire - 64°C/km, 265' to 325', disturbed. 

Ohanapeeosh - 45'-'C/km, 200' to 365', not entirely equilibrated 

Vihite Pass - 51°C/km, 70' to 480', two linear segments with similar 

gradients; 51°C/km is an average. 



Packwood - 48°C/km, 110' to 335', nearly the same gradient from 350' 

495'. Reasonably linear. 

Davis Mountain - Isothermal; we appear to have drilled the hole in 

a "thermally decoupled" block. 

Randle - 42°C/km, 35' to 415', not entirely equilibrated. 

St. Helens No. 1 - 19°C/km, 90' to 404', gradient still disturbed from 

cementing and drilling but is undoubtedly "real". 

Drilling is still in progress at St. Helens Nos. 2 & 3, and the two holes 

at Camas are yet to be drilled. A hole between Morton and Randle is still 

needed to complete the Cowlitz Valley profile and more closely define the na

ture of the transition between the low gradients to the west and the "High Cas

cades gradients" (i50°C/km) to the east. However, because of extensive time 

overruns in the drilling, we don't plan to drill this hole until next year. 

WATER GEOCHEMISTRY 

Our geochemistry lab is almost fully functional now, and Mike Korosec has 

sampled and analyzed 37 waters from 20 different spring systems. No previous 

analyses have been published for 8 of these spring systems. Elements, chemical 

species, and properties being measured include conductivity, pH, temperature, 

chloride, alkalinity, sulfate, silica, sodium, potassium, calcium, magnesium, 

lithium, flouride, bromide, and iodide. 

Since the lab. has become fully operational only recently we expect to be 

able to turn out a considerably larger number of analyses next year. 

GEOLOGIC MAPPING 

Geoff. Clayton, U of WA graduate student, is on a subcontract to map the 

geology in the Tumac Mountain-White Pass area to the south and east of Rainier 

National Park. He has rcompleted' all of the field mapping except for a few 

"fringe areas" and is now engaged in lab. studies including petrography, age 

dating, and rock geochemistry. 



CAMAS 

A D.C. resistivity survey was completed by Dr. Bob McEuen and SAI, Inc. 

Results show a low resistivity area (10-15 ohm-meters) at the northwest end of 

Lacamas Lake and another fairly low resistivity area (ca. 50 ohm-meters) at the 

southeast end of the lake. Other resistivities are 1150 ohm-meters. 

A moderately detailed gravity map for the Camas area has been completed 

by Dr. Z. F. Danes. An interpretation of the regional aeromagnetics has been 

made by Dave Williams and a couple of lov.'-temperature non-mineral springs have 

been sampled by SAI, Inc., and analyzed by Crown Zellerbach. 

Two drill sites have been selected to test the two resistivity anomalies. 

REGIONAL GRAVITY 

Dr. Z. F. Danes has measured gravity at 743 stations ih the south Cas

cades and has tied into previous gravity surveys. The study area is new ade

quately covered except for a few inaccessible areas. These will be covered 

next year with the aid of a USGS helicopter (courtesy of Dave Williams). Com

putations will continue through the winter with the expectation that a south 

Cascades gravity map and report will be ready by June 1, 1980. Dr. Danes has 

also produced relatively detailed gravity maps for the Camas and North Bonne

ville areas, the former under his subcontract from the Department of Natural 

Resources and the latter through an arrangement with the City of North Bonnevillfi 

"PUBLIC" GEOTHERMAL RESOURCES MAP 

Planning and data acquisition for a public geothermal resources map of 

Washington has been progressing in cooperation with Duncan Foley of UURI 

(University of Utah Research Institute), Rod Smith of NOAA (National Oceanic 

and Atmospheric Administration), and Gordon Bloomquist and Stuart Simpson of 

OIT (Oregon Institute of Technology). We intend to have "Camera ready" materials 

ready for printing by NOAA by the end of calendar 1979. 

SOL DUC HOT SPRINGS 

We have kept in contact with the National Park Service through Gordon 

Bloomquist and have collected water samples, and run preliminary magnetic 



and shallow resistivity soundings at Sol Due Hot Springs. The magnetic and 

resistivity surveys have yet to be interpreted. 

GEOTHERMAL BIBLIOGRAPHY 

The bibliography contains approximately 100 citations of publications 

pertinent to the State of Washington. It will soon be open-filed and will 

continue to be updated. 

COORDINATION WITH OTHER GROUPS 

We are keeping abreast of the geothermal-related activities of the USGS, 

State Energy Office, Oregon Institute of Technology, Seattle City Light, Crown 

Zellerbach, Burlington Northern, and City of North Bonneville. We will con

tinue to cooperate with such organizations and provide basic data to them 

whenever possible. 

\ \ 
• i 
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CALLED TO SEE YOU 

WANTS TO SEE YOU 

PLEASE CALL y^ 

WILL CALL AGAIN 

URGENT a ^ 

RETURNED YOUR CALL 

Message 
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UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 
420 CHIPETA WAY, SUITE 120 
SALT LAKE CITY, UTAH 84108 

TELEPHONE 801-581-5283 

^5 Feb., 1980 

MEHOEASSUH 

TOt Stiaart Simpson 

FRCMt Dunoan Foley 

B£t Exploration outlines, etc. 

I have searohed our files, and an afraid that the best I 
can do is provide artwork for the enclosed xerox sheets. If 
you would, like to use one of these, or have them slightly adapted 
for yovir needs, we oould easily provide you with such* 

Another source that you might check is the new hook, about 
to be printed, from GRC and OIT on geothermal utilization. I 
have not yet seen the final copy of the exploration chapter, but 
it may be helpful. 

There is apparently one professor here who has a particularily 
complete slide collection^ I will have him give you a call. 

Keep me posted on what you need. 
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volcanoes, geophysical exploration 
methods for geothermal systems, and 
specific examples of drilling for geo
thermal resources in the Cascades. 
The multidisciplinary scope of the 
conference and the representation of 
research groups from government, 

-academia, and the private sector 
created an extremely productive at
mosphere of codperation and enthu
siasm for continued multidisciplinary 
coordinated studies in the Cascades. 

The final afternoon of the confer
ence was devoted to 5 workshops on 
the status, coordination, and future 
direction of different aspects of Cas
cade geoscience with stress on im
proving the understanding of geolog
ic processes and the geothermal re
source potential of the range. The 
results of the workshops reflected the 
major points of the earlier presenta
tions, as well as considerable ex
change of ideas and data that took 
place during breaks and in workshops 
themselves. 

Knowledge of the regional stress 
field and of tectonic processes oper
ating in the Cascade region through 
time is critical to an understanding of 
Cascade volcanic and hydrothermal 
systems. Installation of additional 
seismic stations, especially in Ore
gon, will lead to improved location of 
earthquake hypocenters and regional 
compilation of epicenters and focal 
mechanisms. Delineation of faults, 
mapping of dikes and volcanic vent 
locations, and paleomagnetic studies 
are improving models of the relations 
of volcanism to plate interactions, ro
tations and translations of crustal 
blocks, and the locations of pre
existing structures. The tectonic envi
ronments of neighboring regions 
(e.g., the |uan de Fuca Plate, the Co
lumbia Plateau) can be used to shed 
light on the tectonics of the Cascade 
Range—information that is directly 
applicable to prediction of fracture 
patterns that may control the move
ment of geothermal fluids. 

Much is being learned of the nature 
of the crust beneath the Cascades 
from seismic-refraction, teleseismic, 
aeromagnetic, gravity, magnetotellur
ic, and geomagnetic-induction sur
veys. Deep seismic-reflection lines, 
such as those being undertaken by 
cocoRP, and additional seismic-re
fraction profiling using blasts at quar
ries and construction sites could fur
ther improve the picture of deep 
crustal structure beneath the range. 
The nature of the High Cascade-
Western Cascade boundary in Ore
gon and of the transition in composi
tion of the exposed crust along the 
axis of the range in southern Wash
ington are among pressing problems 
that might be attacked with those 
techniques. 

Mount St Helens is merely tiie most active volcano of ttie Cascade Range. 

The convective transfer of heat to 
the upper crust through volcanism 
probably provides an increment of 
thermal energy above the regional 
conductive component and sustains 
Cascade geothermal systems. Further 
detailed volcanologic and petrologic 
studies are needed, both on the scale 
of long-term geologic evolution and 
on the scale ofindividual eruption se
quences. Such research should be 
complemented by isotopic and petro
chemical studies of mid-Tertiary 
plutons and their wall rocks. The 

techniques of tephrochronology, pa
leomagnetic stratigraphy and geochro
nology need to be more extensively 
applied to mapping and stratigraphic 
studies, with emphasis on coordinating 
them with petrochemical and isotopic 
research. Further development of new 
geochronologic techniques, such as 
thermoluminescence and U-Th dis
equilibrium dating, would be ex
tremely useful. It is clear that the Cas
cade volcanic chain must be treated 
in segments, rather than as a whole, 
and that we need to learn much more 
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volcanoes, geophysical exploration 
methods for geothermal systems, and 
specific examples of drilling for geo-

I thermal resources in the Cascades. 
The multidisciplinary scope of the 
conference and the representation of 
research groups from government, 
academia; and ,the . private sector 
created an extremely' productive at
mosphere of cooperation and enthu
siasm for continued multidisciplinary 
coordinated studies in the Cascades. 

The final afternoon of the confer
ence was devoted to 5 workshops on 
the status, coordination, and future 
direction of different aspects of Cas
cade geoscience with stress on im
proving the understanding of geolog
ic processes and the geothermal re
source i ^ ten t ia i of the, range. Tl^e 
results of the workshops reflected the 
major points of the earlier presenta
tions, as well as considerable ex
change of ideas and data that took 
place during breaks and in workshops 
themselves. 

Knowledge of the regional stress 
field and of tectonic processes oper
ating in the Cascade region through 
time is critical to an understanding of 
Cascade volcanic and hydrothermal 
systems. Installation of additional 
seismic stations, especially in Ore
gon, will lead to improved location of 
earthquake hypocenters and regional 
compilation of epicenters and focal 
mechanisms. Delineation of faults, 
mapping of dikes and volcanic vent 
locations, and paleomagnetic studies 
are improving models of the relations 
of volcanism to plate interactions, ro
tations and translations of crustal 
blocks, and the locations of pre
existing structures. The tectonic envi
ronments of neighboring regions 
(e.g., the Juan de Fuca Plate, the Co
lumbia Plateau) can be used to shed 
light on the tectonics of the Cascade 
Range—information that is directly 
applicable to prediction of fracture 
patterns that may control the move
ment of geothermal fluids. 

Much is being learned of the nature 
of the crust beneath the Cascades 
from seismic-refraction, teleseismic, 
aeromagnetic, gravity, magnetotellur
ic, and geomagnetic-induction sur
veys. Deep seismic-reflection lines, 
such as those being undertaken by 
COCORP, and additional seismic-re
fraction profiling using blasts at quar
ries and construction sites could fur
ther improve the picture of deep 
crustal structure beneath the range. 
The nature of the High Cascade— 
Western Cascade boundary in Ore
gon and of the transition in composi
tion of the exposed crust along the 
axis of the range in southern Wash
ington are among pressing problems 
that might be attacked with those 
techniques. 

• Mount Garibaldi 

• Mount Baker 

A Glacier Peak 
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• Mount Rainier 

Mount St Helens 

A A Mount Adams 

• Mount Hood 
Portland 

• Mount Jefferson 

• Three Sisters 

• Newberry Volcano 

• Crater Lake 
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Mount St Helens is merely tfie most active volcano of the Cascade Range. 

The convective transfer of heat to 
the upper crust through volcanism 
probably provides an increment of 
thermal energy above the regional 
conductive component and sustains 
Cascade geothermal systems. Further 
detailed volcanologic and petrologic 
studies are needed, both ot\ the scale 
of long-term geologic evolution and 
on the scale of individual eruption se
quences. Such research should be 
complemented by isotopic and petro
chemical studies of mid-Tertiary 
plutons and their wall rocks. The 

techniques of tephrochronology, pa
leomagnetic stratigraphy and geochro
nology need to be more extensively 
applied to mapping and stratigraphic 
studies, with enn^asis on coOrranating 
them with petrochemical and isotopic 
research. Further development of new 
geochronologic techniques, such as 
thermoluminescence and U-Th dis
equilibrium dating, would be ex
tremely useful. It is clear that the Cas
cade volcanic chain must be treated 
in segments, rather than as a whole, 
and that we need to learn much more 
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volcanoes, geophysical exploration 
methods for geothermal systems, and 
specific examples of drilling for geo
thermal resources in the Cascades. 
The multidisciplinary scope of the 
conference and the representation of 
research groups from government, 
academia, and the private sector 
created an extremely productive at
mosphere of cooperation and enthu
siasm for continued multidisciplinary 
coordinated studies in the Cascades. 

The final afternoon of the confer
ence was devoted to 5 workshops on 
the status, coordination, and future 
direction of different aspects of Cas
cade geoscience with stress on im
proving the understanding of geolog
ic processes and the geothermal re
source potential of the range. The 
results of the workshops reflected the 
major points of the earlier presenta
tions, as well as considerable ex
change of ideas and data that took 
place during breaks and in workshops 
themselves. 

Knowledge of the regional stress 
field and of tectonic processes oper
ating in the Cascade region through 
time is critical to an understanding of 
Cascade volcanic and hydrothermal 
systems. Installation of additional 
seismic stations, especially in Ore
gon, will lead to improved location of 
earthquake hypocenters and regional 
compilation of epicenters and focal 
mechanisms. Delineation of faults, 
mapping of dikes and volcanic vent 
locations, and paleomagnetic studies 
are improving models of the relations 
of volcanism to plate interactions, ro
tations and translations of crustal 
blocks, and the locations of pre
existing structures. The tectonic envi
ronments of neighboring regions 
(e.g., the Juan de Fuca Plate, the Co
lumbia Plateau) can be used to shed 
light oi% the tectonics of the Cascade 
Range—information that is directly 
applicable to prediction of fracture 
patterns that may control the move
ment of geothermal fluids. 

Much is being learned of the nature 
of the crust beneath the Cascades 
from seismic-refraction, teleseismic, 
aeromagnetic, gravity, magnetotellur
ic, and geomagnetic-induction sur
veys. Deep seismic-reflection lines, 
such as those being undertaken by 
COCORP, and additional seismic-re
fraction profiling using blasts at quar
ries and construction sites could fur
ther improve the picture of deep 
crustal structure beneath the range. 
The nature of the High Cascade— 
Western Cascade boundary in Ore
gon and of the transition in composi
tion of the exposed crust along the 
axis of the range in southern Wash
ington are among pressing problems 
that might be attacked with those 
techniques. 

A Mount Garibaldi 

Mount St Helens is merely the most active volcano of the Cascade Range. 

The convective transfer of heat to 
the upper crust through volcanism 
probably provides an increment of 
thermal energy above the regional 
conductive component and sustains 
Cascade geothermal systems. Further 
detailed volcanologic and petrologic 
studies are needed, both on the scale 
of long-term geologic evolution and 
on the scale of individual eruption se
quences. Such research should be 
complemented by isotopic and petro
chemical studies of mid-Tertiary 
plutons and their wall rocks. The 

techniques of tephrochronology, pa
leomagnetic stratigraphy and geochro
nology need to be more extensively 
applied to mapping and stratigraphic 
studies, with emphasis on coordinating 
them with petrochemical and isotopic 
research. Further development of new 
geochronologic techniques, such as 
thermoluminescence and U-Th dis
equilibrium dating, would be ex-, 
tremely useful. It is clear that the Cas
cade volcanic chain must be treated 
in segments, rather than as a whole, 
and that we need to learn much more 
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in Menlo Park 

goals are set 
for research 
in Cascades 

Even as Mount St Helens began to 
awaken last February, a 3-day 

conference on the tectonics, volca
nology, and geothermal potential of 
the Cascade Range was held at the 
U.S. Geological Survey in Menlo 
Park, Calif. The conference, spon
sored by the Survey's Geothermal Re
search Program, drew about 150 par
ticipants from government agencies, 
universities, industry, consulting 
firms, the Geological Survey of Cana
da, and the Pacific Geoscience 
Centre; they presented results of a 
wide range of research projects rang
ing from the Garibaldi belt of south
ern British Columbia to the Lassen re
gion of northern California. 

Topics included regional geologic, 
tectonic, geophysical, and geochemi
cal studies, crustal structure, volcanic 
petrology, volcanic hazards, hydro-
thermal systems and attendant altera
tion, hydrologic setting of Cascade 



volcanoes, geophysical explorat ion 
methods for geothermal systems, and 
specific examples of dr i l l ing for geo
thermal resources in the Cascades. 
The mult idiscipl inary scope of the 
conference and the representat ion of 
research groups f rom government , 
academia, and the private sector 
created an extremely product ive at
mosphere of cooperat ion and enthu
siasm for cont inued mult idiscipl inary 
coordinated studies in the Cascades. 

The final af ternoon of the confer
ence was devoted to 5 workshops on 
the status, coord inat ion, and future 
direct ion of different aspects of Cas
cade geoscience wi th stress on im
proving the understanding of geolog
ic processes and the geothermal re
source potential of the range. The 
results of the workshops reflected the 
major points of the earlier presenta
t ions, as wel l as considerable ex
change of ideas and data that took 
place dur ing breaks and in workshops 
themselves. 

Knowledge of the regional stress 
f ield and of tectonic processes oper
ating in the Cascade region through 
t ime Is critical to an understanding of 
Cascade volcanic and hydrothermal 
systems. Installation of addit ional 
seismic stations, especially in Ore
gon , wi l l lead to improved location of 
earthquake hypocenters and regional 
compi lat ion of epicenters and focal 
mechanisms. Del ineation of faults, 
mapping of dikes and volcanic vent 
locations, and paleomagnetic studies 
are improv ing models of the relations 
of volcanism to plate interactions, ro
tations and translations of crustal 
blocks, and the locations of pre
existing structures. The tectonic envi
ronments of neighbor ing regions 
(e.g., the Juan de Fuca Plate, the Co
lumbia Plateau) can be used to shed 
l ight on the tectonics of the Cascade 
Range—information that is directly 
applicable to predict ion of fracture 
patterns that may contro l the move
ment of geothermal f luids. 

Much is being learned of the nature 
of the crust beneath the Cascades 
f rom seismic-refraction, teleseismic, 
aeromagnetic, gravity, magnetotel lur
ic, and geomagnetic- induct ion sur
veys. Deep seismic-reflection l ines, 
such as those being undertaken by 
COCORP, and addit ional seismic-re
fract ion prof i l ing using blasts at quar
ries and construct ion sites cou ld fur
ther improve the picture of deep 
crustal structure beneath the range. 
The nature of the High Cascade— 
Western Cascade boundary in Ore
gon and of the transit ion In composi
t ion of the exposed crust along the 
axis of the range in southern Wash
ington are among pressing problems 
that might be attacked wi th those 
techniques. 

A Mount Garibaldi 
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Mount St Helens is merely the most active volcano of the Cascade Range. 

The convective transfer of heat to 
the upper crust through volcanism 
probably provides an increment of 
thermal energy above the regional 
conduct ive component and sustains 
Cascade geothermal systems. Further 
detailed volcanologic and petrologic 
studies are needed, both on the scale 
of long-term geologic evolut ion and 
on the scale of Individual erupt ion se
quences. Such research should be 
complemented by isotopic and petro
chemical studies of mid-Tertiary 
plutons and their wall rocks. The 

techniques of tephrochronology, pa
leomagnetic stratigraphy and geochro
nology need to be more extensively 
appl ied to mapping and stratigraphic 
studies, with emphasis on coordinating 
them wi th petrochemical and Isotopic 
research. Further development of new 
geochronologic techniques, such as 
thermoluminescence and U-Th dis
equi l ibr ium dating, wou ld be ex
tremely useful. It is clear that the Cas
cade volcanic chain must be treated 
in segments, rather than as a who le , 
and that we need to learn much more 
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about volcanism away from the major 
andesitic stratocones. The goal should 
be to determine timeAfolume/com-
position relations of the different 
regions of volcanism in the Cascade 
province. 

The current eruption of Mount St 
Helens underscores the urgency of 
establishing a coordinated program 
to assess volcanic hazards, monitor 
Cascade volcanoes that may be dan
gerous, acquire baseline data, and 
learn to predict eruptions. Is is also 
recommended that the research com
munity cooperate to improve its pre
paredness to maximize the scientific 
benefit from studies of any future vol
canic eruption. 

Geologic mapping is fundamental 
to evaluating the geothermal poten
tial of the Cascade region. Compila
tion of existing maps has been under
taken; new mapping, both regional 
and detailed, is urgently needed. The 
U.S. Geological Survey is compiling a 
geological map of the range at a scale 
of 1:500,0(X) that can be used to target 
areas for further study and to serve as 
a base for data from regional gravity, 
aeromagnetic, and other geophysical 
surveys. We also need compilation of 
existing geochemical data and period
ic release of new data. It was sug
gested that a digitized data bank be 
set up to include sites of dated and 
chemically analyzed samples and 
measurements of geophysical proper
ties such as heat flow, gravity, and 
magnetotellurics. 

The hydrologic setting of hydro-
thermal systems in the Cascades is 
just beginning to be evaluated. There 
may be 2 broad classes of hydro-
thermal systems: those directly asso
ciated with volcanic edifices, and 
those associated with fracture sys
tems and faults, particularly in the 
Western Cascades. The configura
tion, circulation patterns, and sources 
of heat for Cascade hydrothermal sys
tems are virtually unknown, partly 
due to the near-surface hydrologic re
gime characterized by flow of cool 
meteoric water in fractures or zones 
of high permeability enclosed in rela
tively impermeable rocks. Analyses of 
spring and surface waters for chloride 
content and stable-isotope ratios may 
detect an imprint of a hidden hydro-
thermal system within a given drain
age basin. A knowledge of the struc
tural geologic setting is necessary to 
understand the hydrothermal 'plumb
ing systems'. Examining fossil hydro-
thermal systems exposed in the West
ern Cascades and in some eroded 
High Cascade stratovolcanoes will 
help model modern hydrodynamics. 
Refining and testing models will re
quire confirmatory drilling of a few 
deep (greater than 2 km) holes into 

and perhaps through Cascade hydro-
thermal systems. 

Before any drilling is undertaken in 
a particular area, detailed geological 
and geophysical studies should be 
made in order to site holes appropri
ately. Geophysical-exploration tools 
that have been effective include resis
tivity, magnetotelluric, and aeromag
netic surveys. Shallow drilling for 
thermal-gradient studies is hampered 
by near-surface hydrology, as men
tioned earlier. Many holes result in 
'stair-step' or even reversed thermal 
gradients. Shallow heat-flow holes 
are best sited in impermeable rocks in 
valley floors. Considerably more care
fully sited drilling will be needed In 
order to document regional variations 
in heat flow and to define anomalous 
areas. Preliminary data suggest a 
steep positive gradient in regional 
heat flow from west to east in the vi
cinity of the Western Cascade—High 
Cascade transition in Oregon and a 
region of high heat flow over a prob
able graben structure within the High 
Cascades. Regions of low near-sur
face heat flow, which may be areally 
extensive (e.g., the Medicine Lake 
highland), generally seem to corre
spond to topographically high re
charge areas. 

The consensus was that a few deep 
drill holes are needed soon, at an 
early stage of research and explora
tion, so that the relative merits of the 
various geochemical- and geophysi
cal-exploration tools can be evaluated 
and calibrated at specific sites in the 
Cascade environment where thermal 
anomalies are well documented. 
Such drilling could possibly be done 
under the auspices of the Continental 
Scientific Drilling Program, now 
being formulated by the National Re
search Council, or by cooperative in
dustry/government projects such as 
those presently conducted by the De
partment of Energy. Existing data 
from exploration geophysical sur
veys, geochemistry of waters, and 
logging of shallow drill holes suggest 
that viable geothermal resources exist 
within the Cascade Range. It appears 
that these resources can be defined 
and, where appropriate, developed 
with minimal impact on the environ
ment. 

The response from the research 
and exploration communities to the 
conference and the results of the 
workshops underscore the benefits 
of such meetings in providing a con^ 
tinuing forum for discussion and 
coordination of efforts during the ac
tive phases of multidisciplinary re
search. 
Charles R. Bacon 
U.S. Geological Survey, 345 Mid
dlefield Road, Menlo Park, Calif., 
94025 
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U.S. Geological Survey geothermal 
research program in the Cascade Range 

INTRODUCTION 

This list summarizes U.S. Geological Survey 
(USGS) activities that are already in progress or are 
about to begin in the Cascade Range of Oregon, 
Washington, and California. The list is divided in
to two parts: (1) projects associated with the 
geothermal research program, and (2) activities 
outside the geothermal research program. Work in 
progress by non-USGS groups under contracts, ex
tramural grants, or Department of Energy funding 
is not included. 

The Cascade Range comprises one of the ma
jor belts of active volcanoes of the world. Being 
located near several population centers, the 
Cascade volcanic chain would seem to be an attrac
tive prospect for the development of geothermal 
energy. However, the geothermal potential of the 
Cascades cannot be accurately assessed until the 
geological history of the region, its structure, 
hydrology, and volcanic and hydrothermal pro
cesses are more thoroughly understood. 

In combination with other research groups, 
the U.S. Geological Survey Geothermal Research 
Program has undertaken a number of long-term 
geologic, geophysical, geochemical, and 
hydrologic studies of the Cascade Range on both 
regional and local bases. A geologic map of the 
Cascade Range will be compiled and supplemented 
with detailed mapping in specific areas. 
Aeromagnetic, gravity, and heat flow maps are be
ing prepared to complement the geologic maps. 
Additional geophysical investigations include both 
active and passive seismic, electrical, and remote 
sensing techniques. Petrologic and geochrono-
logical data are being acquired in conjunction with 
geologic mapping. Studies of the geochemistry of 
hydrothermal alteration and geothermal fluids 
have also been initiated. Reports and maps will be 
published by the USGS and in scientific journals as 
individual projects are completed. 

A significant portion of the work included in 
the USGS program is being done by universities, 
state agencies, and private institutions under con
tracts and extramural grants. Throughout these in
vestigations, a conscientious effort is being made 
to coordinate activities with others working in the 
Cascade Range under funding from different 
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sources (for example, the Department of Energy). 
The Geothermal Research Program Coordinator 
has designated Charles R. Bacon, Menlo Park, 
California, as geologist responsible for coordina
tion of USGS geothermal investigations in the 
Cascades. 

Letters after researchers' names indicate 
USGS offices in the following cities: D = Denver, 
Colorado; MP = Menlo Park, California; 
R = Reston, Virginia; S = Seattle (LIA), 
Washington; and SLC = Sah Lake City, Utah. 

USGS PROJECTS IN THE CASCADE RANGE 
ASSOCIATED WITH THE GEOTHERMAL 
RESEARCH PROGRAM 

Geophysical studies 

« t ^ < 

1 ; M ^ 

ind fi^y^-

Geothermal geophysics—D. R. Mabey (SLC): MI " ĵ jĵ ' 
Evaluation of KGRA's in Cascades using geophysical|\iS[.*^ 
data including aeromagnetic, gravity, SP, MT, AMT, 
EM, and active seismic techniques. 

Teleseismic and microearthquake geothermal u.'uo^ 
studies—H. M. Iyer (MP): Delineation of magma ilt****^' , 
systems and the deep structure under the Cascades, par- Qt Y|L ^ 
ticularly in Oregon, through microearthquake surveys S/**^ 
and teleseismic P-wave studies. 

Geothermal/Tectonic seismic studies—C. ^•/LU{\i'^ 
Weaver (MP): Detailed seismicity studies to understand^ ' 
the tectonic environment of the Cascades in relation to 
possible geothermal systems, particularly in central and 
southern Washington. 

Active seismic exploration of geothermal .ny^iji \ \ 
sources—D. P. Hill (MP): Detailed determination of fOl*'̂ .*, 
the velocity structure of the crust and upper mantle 
beneath the Cascades. Use of this information in inter
preting the pressure-temperature conditions in the crust 
in conjunction with laboratory measures of physical i^\\iW 

properties. A o O ' ^ V l f i»*^' 
Geothermal processes, heat flow—A. H. Lacnen-<,0 ' ' ' , 

bruch (MP): Measurement and theoretical studies 
heat flow in the Cascades of northern California and 
southern Oregon. 

Geoelectric studies—W. D. Stanley (D): Use o { ( ^ 
deep electrical sounding techniques to investigate crustal 
structure beneath the Cascades. 

Geophysical characterization of young silicic 
volcanic fields—D. W. Williams (D): Characterization 

CoriNa Ti*. Ult beH«M 
^ CttAv^ 

u^ u t i^U. 

ftMOlMf-
3i«f.,!?3S 



otvM 

to^\ 

of volcanic geothermal areas using gravity, 
aeromagnetic, and other geophysical data. 

iiUft^ Engineering geophysics—H. D. Ackermann (D): 
^ Determination of the relationships between the rock 

V l̂ w> properties in areas of geothermal interest and their 
" seismic-wave transmission properties from seismic 

measurements in the field. 
Geothermal regional studies—R. Simpson (D): The 

^ . ^ use of deep-sounding magnetotelluric measurements to 
»»" p r o v i d e i n f o r m a t i o n on b r o a d c rus t a l -man t l e s t ruc tu re 

. a n d o n a reas of geo the rma l interest . 
OltilDm^ 6M Electr ical t echn iques appl ied t o sha l low- to 

^ ^ ^ ^ I j j n e d i u m - d e p t h exp lo ra t ion for g e o t h e r m a l resources— 
t ) . B . H o o v e r (D) : Deve lopmen t a n d app l ica t ion of 

• ^ f ^ j V ^ i ^ A M T , S P , a n d tel luric t echn iques for exp lora t ion a n d 
* ^ . j . r ^ i i " ^ c h a r a c t e r i z a t i o n of geo the rma l systems t o a dep th of 

M I U J ^ ^ L ^ ! ^ " ^ 1 km. 
^ "" Trans ien t geomagnetic and telluric investiga-

^ ' ^ ifj j- t i o n s — J . N . Towle (D): Use of a geomagnetic-telluric 
^ ^ t ) ^ * " a r r a y t o study the conductivity of the crust and upper 

m a n t l e under the Cascades. 
Hea t f low, Cra ter L a k e — D . L. Williams (D): 

Measurement of heat flow in bo t tom sediments and 
p h o t o g r a p h i c coverage of selected sites on the bo t tom of 
C r a t e r Lake , Oregon. 

Seismic s t rat igraphy and geologic history of the 
f loor of Cra te r L a k e — C . H . Nelson ( M P ) : Detailed 
seismic reflection profiling of the floor of Crater Lake 
t o s tudy sedimentat ion processes and relations between 
submerged volcanic features. 

te^fttll''fi"i»iiu t - ' " ^ " "*"* analysis—D. Knepper (D): Prepara t ion 
"tl -C^j MM«IJ o f m a p s of l ineaments in the Cascade Range from 
lwM«»lrt.ft?. { ANDfsAT imagery. 

Geologic studies 

piMi'bî Ul 

G e o l o g y of N e w b e r r y a n d T h r e e S i s te r s 
Volcanoes—N. S. MacLeod ( M P ) : Geologic mapping 
a n d related studies of Newberry and Three Sisters 
volcanoes . Geologic m a p of the west half of the Cres-
cent 2 ° Quadrang le , Oregon . 

[aiiiMi flUWluU^i Hydro the rma l al terat ion in the Cascades—M. H . 
fitlbki)^ Beeson ( M P ) : Detailed field mapping and laboratory 

petrological and mineralogical studies of selected areas 
of hydro thermal al terat ion associated with active and 
fossil geothermal systems of Western and High 
Cascades . 

Geology of young volcanic rocks and thermal areas 
in a n d a round Lassen Volcanic National P a r k — L . J . P . 
Muffler ( M P ) : A geologic study of the volcanic rocks 
a n d hydrothermal ly altered areas in the region of Lassen 
Peak to provide the geologic framework for under
s tand ing the geothermal resources of the southernmost 
Cascades . 

Regional volcanology—R. L. Smith (R): Classifica
t i on , character izat ion, and geothermal evaluat ion of 

104 

UCIM4 

volcanic systems in the Cascades. 
Volcanology and petrology of Mt. Shasta—R. ^•^^!l^*^i 

Christiansen (MP): A study of the volcanic evolution of jJJJJjĵ ^ 
Mt. Shasta and the Cascade Range in its vicinity. U w . 

Medicine Lake Volcano—J. M. Donnelly (MP): 
Geology of Medicine Lake Highland with emphasis on 
its volcanic evolution in time, space, and composition. 

Volcanic evolution of the Crater Lake region—C. Qj^J^J . 
R. Bacon (MP): Geology and petrology of Mt. Mazamaj^Mj^.^J^, ^ 
and vicinity, with emphasis on processes leading to the %m. C\M ik 
development of shallow silicic magma reservoirs. K̂Vŷ jlfcy*' 

Mt. St. Helens—W. Hildreth (MP): Geochemistry i ^ ^ 
and petrology of Mt. St. Helens, in collaboration ^ ' th yjjl Ŷ AA, L. 
the USGS volcano hazards studies and other non ' ^ ^ 
Survey researchers. 

Regional petrologic reconnaissance of the 
Cascades—W 
isotopic reconnaissance of the many lesser vents 

Hildreth (MP): Geochemical and^0^^^jJi 
of the many lesser vents bet-Juij^t-V" 

ween the major stratocones to develop a better 
understanding of the characteristic scales and 
longevities of the Cascade volcanic foci. 

Geologic map of the Cascades—R. G. Luedke (R): \)i\Ln 
Compilation of a geologic map of the Cascade Range in \'-iOCl̂  ^' 
California, Oregon, and Washington to be used in con-5^^^^ 
junction with regional geophysical maps for evaluation 
of the geothermal resource potential and tectonic regime 
of the modern Cascade Range. 

Fluid geochemistry and hydrology 

Rock-water interactions—R. O. Fournier (MP): 
Development of geochemical techniques for estimating 
conditions deep in hydrothermal systems from 
chemistry of geothermal fluids. 

Geochemical indicators—A. H. Truesdell (MP): 
Application of chemical and isotopic methods to the 
study of geothermal systems to determine subsurface 
temperatures, flow directions, origins, and ages of 
geothermal waters. 

Chemistry of thermal waters—R. H. Mariner 
(MP): Collection and analysis of liquid and gas samples 
from thermal springs and wells of the Western and High 
Cascades for chemical and isotopic data used to 
estimate reservoir temperatures, outline areas for fur
ther geothermal exploration, identify potential pollu
tion problems, and estimate recharge-discharge rela
tions. 

Geothermal hydrologic reconnaissance of the 
southern Cascades—E. A. Sammel (MP): Description 
and evaluation of the hydrology of several geothermal 
areas in the southern Cascades, including the Klamath 
Falls, Newberry, Medicine Lake, Shasta, and Lassen 
areas. 

Hydrologic studies at Mt. Hood—J. H. Robison 
(MP): Hydrologic reconnaissance of Mt. Hood with 
emphasis on the warm springs and drill holes on the 
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North and Middle Sister, part of ttie Three Sisters 
Wilderness Area now being studied by the USGS as part 
of its geothermal research program. (Oregon State 
Highway Division photo) 

south flank. 

Geochronology . 

Potassium-argon dating—M. A. Lanphere (MP): 
Determination of age and evolution rate of volcanic 
centers in the Cascades using K-Ar radiometric dating. 

Thermoluminescence dating—R. J. May (MP): 
Development of the thermoluminescence (TL) dating 
technique for volcanic rocks in the age range of 10' to 
10' years. 

Carbon-14 dating—S. W. Robinson (MP): Use of 
radiocarbon dating to provide chronology of episodes 
of late Pleistocene volcanism and lacustrine episodes in 
areas of geothermal potential. 

Paleomagnetic studies—C. S. Gromme (MP): 
Dating young volcanic rocks using the paleomagnetic 
record of Holocene secular variation and the applica
tion of other paleomagnetic and rock-magnetic techni
ques to the study of volcanic geothermal systems. 

USGS ACTIVITIES OUTSIDE THE 
GEOTHERMAL RESEARCH PROGRAM 

Geophysical studies 

Pacific states geophysical studies—A. Griscom 
(MP): Synthesis and interpretation of gravity and 
aeromagnetic data over northern California to gain a 
better understanding of the regional tectonism and 
structure. 

California gravity—H. W. Oliver (MP): Prepara-
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tion of interpretive text to go with preliminary Bouguer 
gravity map of California (1:750,000). 

Geomagnetic polarity time-scale and paleosecular 
variation—E. A. Mankinen (MP): Paleomagnetic data 
from volcanic areas in California, Nevada, Arizona, 
and New Mexico will be used to determine paleosecular 
variation in the western United States during the last 
five to six million years. 

Geophysical studies in Medford 2° Quadrangle 
(CUSMAP)—R. J. Blakely (MP): Gravity and 
aeromagnetic studies in the Medford 2° Quadrangle. 

Thermal infrared studies of Cascade volcanoes—J. 
D. Friedman (D): Repetitive thermal infrared surveys of 
Cascade volcanoes for the purpose of delineating and 
monitoring areas of anomalously high surface 
temperature. 

Remote sensing geothermal—K. Watson (D): 
Preparations of master image set for Mt. Hood and 
Newberry Crater areas from repetitive thermal infrared 
and multispectral data and ground meteorological 
measurements. 

Geologic studies 

Volcanic hazards overview—D. R. Mullineaux (D): 
Preparation of overview maps of volcanic hazards for 
Oregon (1:1,000,000) and western U.S. (1:2,500,000). 

Volcanic hazards—D. R. Crandell (D): Rocks and 
unconsolidated deposits of volcanic origin and of late 
Quaternary age are being studied at volcanoes in 

Newberry Volcano, near Bend, Oregon. Note Big 
Obsidian Flow in center of photo. The USGS is studying 
Newberry Volcano and surrounding volcanic features 
with its geothermal research program. (Oregon State 
Highway Division photo) 



Washington, Oregon, and California for the purpose of 
evaluating potential hazards from future eruptions. In
cludes recent eruptive histories of Glacier Peak (J. E. 
Beget, Univ. Washington), Mt. St. Helens (R. P. 
Hoblitt [D]), Mt. Hood (Crandell), Mt. Shasta (C. D. 
Miller [D]), and studies of Holocene pyroclastic flows 
(Crandell). 

Tephra hazards, Cascade Range volcanoes—D. R. 
Mullineaux (D): Study of large single shower beds of 
tephra, mainly from Mt. St. Helens and Mt. Mazama, 
to evaluate potential tephra hazards downwind from 
Cascade Range volcanoes. 

Tephrochronology of the western region—A. M. 
Sarna-Wojcicki (MP): Isotopic age determination, and 
correlation of late Cenozoic ashes and tuffs by means of 
instrumental neutron activation. X-ray fluorescence, 
and electron probe analyses of volcanic glass, and by 
petrography and paleomagnetism. Includes studies of 
tephra units and source areas in the south, central, and 
north Cascade Ranges. 

Sacramento Valley — Northern Sierran 
Foothills—E. J. Helley (MP): Preparation of geologic 
maps of Quaternary alluvial deposits and late Cenozoic 
volcanic rocks of the Sacramento Valley and Northern 
Sierran Foothills, with special emphasis on the age of 
associated faulting. 

Medford-Coos Bay Quadrangles (CUSMAP)—J. 
G. Smith (MP): Preparation of a multidisciplinary land-
resource analysis folio of Medford 2° Quadrangle, with 
primary emphasis on the evaluation of potential mineral 
resources and their relation to regional structure, tec-
tonostratigraphic units, and plate tectonic models. 

Geochemical exploration of Medford 2° Quad
rangle (CUSMAP)—D. J. Grimes (D): Collection and 
analysis of stream sediment samples for 32 elements; 
preparation of preliminary maps and identification of 
target areas for detailed studies. 

Mineral resources of Spirit Lake Quadrangle—R. 
P. Ashley (MP): Preparation of a geologic map and 
reports on geology and mineral resources of Spirit Lake 
15' Quadrangle, Washington. 

Wenatchee 2° Quadrangle—R. W. Tabor (MP): 
Preparation of geologic maps of four 1:100,000 quads 
making up Wenatchee 2° Quadrangle, Washington, 
with emphasis on tectonics. 

Port Townsend 1:100,000 Quadrangle, Washing-
Ion—J. T. Whetten (S) and H. D. Gower (MP): 
Preparation of geologic map with emphasis on tec
tonics. 

Geologic map of Columbia Plateau; Columbia 
River Basalt—D. A. Swanson (MP); Genesis of 
basalt—T. L. Wright (R): Continuing studies of Colum
bia River Basalt in southeastern Washington and nor
theastern Oregon. 

Seismo-tectonic analysis of Puget Sound pro
vince—H. D. Gower (MP): Investigation of suspected 
Quaternary and bedrock faults by marine seismic profil
ing; aeromagnetic, gravity, and geologic investigation; 
geologic reconnaissance of arcuate topographic feature 
east of Seattle in Western Cascade Range. 

Tectonic analysis—K. F. Fox, Jr. (MP): Compila
tion of tectonic map of Washington (1:500,000). 

Mt. Baker monitoring—D. Frank (S): Photo
graphic surveys of fumarolic emission and associated 
snowmelt patterns, and chemical analysis of stream 
draining Sherman Crater for the purpose of monitoring 
activity of Mt. Baker. 

Wilderness studies 

Caribou-Thousand Lakes—A. Till (University of 
Washington) 

Baker Cypress-Lava Rock—J. A. Peterson (MP) 
Sky Lakes—J. G. Smith (MP) 
Salmo Priest—F. K. Miller (MP) 
Three Sisters—N. S. MacLeod and G. W. Walker 

(MP) 
Mt. Washington—N. S. MacLeod (MP) 
Mt. Hood-Zigzag—T. E. C. Keith (MP) 
Goat Rocks—D. A. Swanson (MP) 
Glacier Peak—J. G. Evans and R. W. Tabor 

(MP) D 
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UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 
420 CHIPETA WAY, SUITE 120 
SALT LAKE CITY, UTAH 84108 

TELEPHONE 801-581-5283 

April 22, 1980 

MEMORANDUM 

TO: State Coupled Program Core Group 

FROM: Duncan Foley 

SUBJECT: Meeting with Washington Resource Assessment Team 

DATE OF TRIP: 7 April, 1980 

PLACE: Offices of Washington Geology and Earth Resources Division; 
Department of Natural Resources, Olympia, WA 

PURPOSE: Discussion of State Coupled and User Coupled 
Program Interfaces 

ATTENDEES: Ted Livingston, Eric Schuster, Mike Korosec, Glennda McLucas, 
Washington DNR 
Gordon Bloomquist, WA Planning and Commercialization team 
Duncan Foley, ESL/UURI 

General and Business 

1. The Washington team has been keeping track of volcanic activity at 
Mt. St. Helens. They plan on resampling springs when the snow melts, 
and will also remeasure thermal gradient holes. 

2. Foley presented the discussion of the interface between the State 
Coupled Program and the User Coupled Confirmation Drilling Program. 

Technical 

1. The Washington team is aware of plans by Shell Oil to drill to 
15,000-20,000 ft. depths west of Yakima this summer, and they are 
interested in obtaining thermal data from this hole. Shell seems 
willing to share the hole, especially if it turns up dry. The 
Washington team predicts a regional gradient in excess of 500C/km at 
the site. 



2. Data sent to NOAA for inclusion of the public map include: 
a. Thermal springs and fumaroles, with supporting chemical data, 
b. Wells, separated into two categories: the first is anomalous 

sites, where the water temperature is above 22oC, the depth is 
greater than 140m, and the gradient is above 50oc/km, and the 
second is wells with an anomalous temperature that do not meet 
the other criteria. 

c. Cultural corrections to the base map. 
d. Areas of Quaternary volcanic vents and flows. 
e. Faults 
f. Lease Status 
g. Squibs 

Action Items 

1. ESL will report to Washington on loggers capable of 20,000 ft. depth. 

2. ESL will provide analytic procedure data for rock analyses. 

3. WDNR is interested in an evaluation of Band 8 Landsat images. 

Duncan Folev <y' 

DF/hb 



THE 
UNIVERSITY 
OF UTAH 

DEPARTMENT OF GEOLOGY 
AND GEOPHYSICS 

COLLEGE OF MINES AND 
MINERAL INDUSTRIES 
7)7 MINERAL SCIENCE BLDG, 
SALT LAKE CITY. UTAH 84112 

MEMO 

August 21, 1980 

TO: Duncan Foley 

FROM: Stan Evans 

Enclosed are all the dates for Geoff Clayton on his samples from 
Washington. I called him and gave the numbers to him over the phone 
but I am routing the enclosed info through you for your records. 

-'^^ti/*^^ 
Stan 

y y fŷ "̂̂ ' y^iupi* 



Sample No. Unit Material Dated Weight (gms) %K 

0.57 

1.52 

6.71 

0.78 

1.31 

0.93 

0.57 

Moles/gm 
Ar^,0^(X10n) 

0.174 

0.280 

3.989 

0.208 

0.179 

0.105 

0.378 

K l 
93.1 

92.0 

73.7 

88.0 

91.8 

88.9 

82.7 

Aqe (M.Y.) 

1.75 ± 0.35 

1.06 ± 0.18 

3.42 ± 0.19 

1.53 ± 0.18 

0.79 ± 0.13 

0.65 ± 0.08 

3.80 ± 0.31 

PL-2,3 Whole Rock 5'>f.00113 

*PL-4,5 Whole Rock 2.52630 

*McN-q Biotite 0.81368 

HN-Sp-1 Whole Rock 5.01978 

*RM-5 Whole Rock 2.51230 

SFCCF Whole Rock 4.82114 

DH-2 Whole Rock 5.13920 

•Provisionary dates. Extractions done on newly calibrated line. 

Constants Used: 

X„ = 4.962 X 10"-̂ °/yr. 
p 

X^ = 0.581 X 10"-̂ °/yr. 

K̂ /̂K-j.̂ ^ = 1.167 X 10"^ Mole/Mole 



UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 
420 CHIPETA WAY, SUITE 120 
SALT LAKE CITY, UTAH 8410B 

TELEPHONE 801-581-5283 

August 28 , 1980 

Mr. Geoff Clayton 
1719 N.E. 50th Street 
Seattle, Washington 98105 

Dear Geoff, 

Enclosed is a copy of a memo from Stan Evans at the University of 
Utah concerning age dates of certain rock samples that were submitted 
from you. 

If you have any questions, please call. 

Sincerely, 

Robert E. Blackett 
Geologist 

REB:ls 

Enclosure 
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UNK/ERSITY 
O F UTAH 

DCPARTMENT OF GEOIOOY 
AND GEOPHYSICS 

COLLEGE OF MINES AND 
MINERAL INDUSTRIES 
717 MINERAi. SCIENCE BLDG. 
SALT LAKE CITY. UTAH M112 

MEMO 

August 21, 1980 

TO: Duncan Foley 

FROM: Stan Evans 

Enclosed are all the dates for Geoff Clayton on his samples from 
Washington. I called him and gave the numbers to him over the phone 
but I am routing the enclosed info through you for your records. 

.4^^Gt/K^ 
Stan 



Sample No. Unit Material Dated Weight (gms) %K 

Moles/gm -40 •Ar^,o^(X10H) ^Ar;,^ 
Age (M.Y.) 

PL-2,3 

*PL-4,5 

*McN-q 

HN-Sp-1 

*RM-5 

SFCCF 

DH-2 

Whole Rock 

Whole Rock 

Biot i te 

Whole Rock 

Whole Rock 

Whole Rock 

Whole Rock 

5'>f.00113 

2.52630 

0.81368 

5.01978 

2.51230 

4.82114 

5.13920 

0.57 

1.52 

6.71 

0.78 

1.31 

0.93 

0.57 

0.174 

0.280 

3.989 

0.208 

0.179 

0.105 

0.378 

93.1 

92.0 

73.7 

88.0 

91.8 

88.9 

82.7 

1.75 ± 0.35 

1.06 ± 0.18 

3.42 ± 0.19 

1.53 ± 0.18 

0.79 ± 0.13 

0.65 ± 0.08 

3.80 ± 0.31 

•Provisionary dates. Extractions done on newly calibrated line. 

Constants Used; 

X„ = 4.962 X 10"^°/yr. 
. p 

X^ = 0.581 X 10'^°/yr. 

^ ^ ^ / ^ j Q t '̂  ̂ -̂ ^̂  ̂  ^ ° ' ^ 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 

August 28, 1980 

Mr. Geoff Clayton 
1719 N.E. 50th Street 
Seattle, Washington 98105 

Dear Geoff, 

Enclosed is a copy of a memo from Stan Evans at the University of 
Utah concerning age dates of certain rock samples that were submitted 
from you. 

If you have any questions, please call. 

Sincerely, 

Robert E. Blackett 
Geologist 

REBrls 

Enclosure 
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UN^/ERSITY 
OF UTAH 

DEPARTMENT OF GEOLOGY 
AND GEOPHYSICS 

COLLEGE OF MINES AND 
MINERAL INDUSTRIES 
717 MINERAI SCIENCE BLDG. 
SALT LAKE OTY. UTAH B4112 

MEMO 

August 21, 1980 

TO: Duncan Foley 

FROM: Stan Evans 

Enclosed are all the dates for Geoff Clayton on his samples from 
Washington. I called him and gave the numbers to him over the phone 
but I am routing the enclosed info through you for your records. 

-^^^Ct/*!^ 
Stan 



Sample No. Unit Mater ia l Dated 

PL-2.3 

*PL-4,5 

*McN-q 

HN-Sp-1 

*RM-5 

SFCCF 

DH-2 

Whole Rock 

Whole Rock 

Biot i te 

Whole Rock 

Whole Rock 

Whole Rock 

Whole Rock 

Weiqht (gms). 

5'>f.00113 

2.52630 

0.81368 

5.01978 

2.51230 

4,82114 

5.13920 

%K 

0.57 

1.52 

6.71 

0.78 

1.31 

0.93 

0.57 

Moles/gm 
Ar^RO^(Xlon) 

0.174 

0.280 

3.989 

0.208 

0.179 

0.105 

0.378 

"^1 
93.1 

92.0 

73.7 

" 88.0 

91.8 

88.9 

82.7 

Aqe (M.Y.) 

1.75 ± 0.35 

1.06 ± 0.18 

3.42 ± 0.19 

1.53 ± 0.18 

0.79 ± 0.13 

0.65 ± 0.08 

3.80 ± 0.31 

•Provisionary dates. Extractions done on newly calibrated line. 

Constants Used: 
•10 X„ = 4.962 X 10"^7yr. 

X = 0.581 X 10"^°/yr. 

K^°/K.PQ^ = 1.167 X 10'^ Mole/Mole 



TECHNICAL PROGRESS REPORT FOR AUGUST 1980 

.y \ 

Contract DE-AC07-79ET27014, Modification A003 ŷ iv̂ ? 
,IA 

by 

J. Eric Schuster 

and 

Michael A. Korosec 

September 15, 1980 

, > ^ ^ ' 
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HEAT FLOW DRILLING 

Drilling sites are as specified in the Technical Progress Report for July 

1980. Preliminary drilling specifications have been written and submitted to 

the Department of Natural Resources' Engineering Services Section for preparation 

of the bid advertisement document. The preliminary drilling specifications have 

been sent to USDOE/ID for review. The bid advertisement document will be sent 

for review as soon as i i has been prepared. 

Negotiations have been concluded with Richard C. Kent, Consulting Geologist, 

19443 Wilderness Drive, West Linn, Oregon 97068, to serve as a drilling super

visor. A contract for Mr. Kent will be prepared shortly and sent to USDOE/ID 

for review and approval. 

TEMPERATURE MEASUREMENTS 

John Biggane, Washington State University, has continued to work with 

available temperature-depth data from Yakima County. Using data out of about 

200 wells, he has culled out the obviously poor quality data and performed a 

regression analysis on the remaining data. Results so far are quite preliminary, 

but do show an apparent variability in gradient versus geographic location. 

Biggane's report for August is attached. 

Arrangements have been made to hire a geologist to measure temperature 

gradients in existing wells in eastern Washington. The contract is awaiting 

review and approval by USDOE/ID. 

GEOLOGIC MAPPING 

Subcontracts have been finalized with Geoff Clayton, University of ^ /A 

Washington, and Paul Hammond, Portland State University, for geologic mapping, ^ t^ 

rock geochemistry, age dating, and formulation of preliminary space-time- j(-^,\L^ <^v^ 

^ t ^ ^ - /.> 
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composition models for volcanism in the central and southern Cascades, respec- y , ^ ^ 

tively. These subcontracts are awaiting USDOE/ID approval. 

GRAVITY SURVEY 

The Cascades gravity survey has made further progress during August, with 

the measurement of 294 gravity stations in the central Cascades and in the Mount 

Baker area. Dr. Danes' report for the month is attached. 

GEOPHYSICAL INTERPRETATIONS ^ 
li 

There have, as yet, been no activities under this task. 

GEOCHEMISTRY 

VO^ 

During the month of August, waters were collected from Sol Due, Scenic, 

A \ 
and Goldmeyer Hot Springs and from a cold mineralized well near Goldmeyer Hot 

Springs. 

\^ At Sol Due Hot Springs, waters were collected during a pump test of a hot 

J* water well drilled last year near the hot springs. Four sets of samples were 

\ ^ taken for the Division by R. Gordon Bloomquist at different stages of the pump 

test. In all cases, the temperatures were a few degrees less than the main hot 

springs, which flow at 48° to 52° C. 

Bob Mariner, of the U.S. Geological Survey (Water Division out of Menlo 

Park), joined Mike Korosec of the Division during a sampling trip to Goldmeyer 

Hot Springs. This enabled the two to compare sampling technique and discuss 

analytical procedures used back in the lab. While the USGS was most interested 
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in only the hottest of the springs (about 51° C), Korosec collected from all 

four main springs in the area and noted a few minor springs in the vicinity. 

About 2 miles west of the Goldmeyer Hot Springs, along a logging road, cold 

mineralized waters flow artesian from an old exploration drill hole. A sample 

was collected from this "well" for comparative purposes. 

MOUNT ST. HELENS 

During the month of August, we kept in contact with other investigators 

who are studying thermal features around the volcano. Thus far, no "thermal 

leaks" have been detected beyond the flanks of the volcano, as detected by thermal 

IR surveys (Charles Rosenfeld, Oregon State University). Fumaroles generated by 

buried hot debris in the North Fork of the Toutle River valley continue to steam 

away, especially in the areas covered by the most recent pyroclastic flows. 

Plans are in the making for working more closely with other investigators, such 

as C. Rosenfeld and USGS geologists to develop thermal and hydrologic models 

for Mount St. Helens which will serve to better understand thermal-hydrologic 

systems on other Cascade Stratovolcanoes. 

FAULT-LINEAMENT MAP 

During August progress was made in detailed fault compilation (was 80% 

complete, now about 90%), ERTS lineament compilation from black and white 

images (was 20%, now about 50%), and U-2 infrared lineament compilation (was 

30%, now 40%). As during July, no field checks have been possible (see July 

report for explanation). 

USGS GEOTHERMAL FILE 

To be done during winter months. 



^ WASHINGTON STATE UNIVERSITY 
PULLMAN. WASHINGTON 99164 

DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING 
Geological Engineering 
(509) 335-8546 

September 9, 1980 

Dr. J. Eric Schuster 
Assistant Manager 
Division of Geology and Earth Resources 
Department of Natural Resources 
Public Lands Building 
Olympia, WA 98504 

Dear Dr. Schuster: 

Enclosed is the Geothermal Thesis Project Monthly Report for August, 
1980. 

Fiscal status of the project is as follows: 

Actual and Estimated Expenditures $ 1,898 
Balance Remaining 13,102 

Sincerely, 

John Biggane 
Research Assistant 

JB:dw 
Enc. 

^̂ ^ i ' mo »v70U 



Geothermal Thesis Project in the Yakima Area 

Monthly Letter Report - August, 1980 

Temperature data have been compiled for 200 wells that are located in 

or near Yakima County, Washington. Of these wells, 132 are less than 1000 

feet (305 m) deep, 61 are between 1000 feet (305 m) to 2000 feet (610 m) 

deep, and the remaining 7 wells have depths greater than 2000 feet (610 m). 

Unfortunately, all of the wells greater than 2000 feet (610 m) deep are 

located outside of Yakima County. 

Thermal gradients (based on bottom hole and static level temperatures), 

land surface temperature (determined by projecting the thermal gradient to 

the surface), and the depth of the 20 C isotherm (found through examination 

of the temperature-d§pth logs) have been determined for these wells. Thermal 

gradients and projected land surface temperatures, determined in such a 

manner, often have no significance due to flow within the well. 

More meaningful results have been obtained through a linear regression 

analysis (least squares method) of bottom hole temperatures. Preliminary 

results of this work are provided in Table 1. Thermal gradients range from 

27.2°C/km to 69.1°C/km. Land surface temperatures range from 5.85°C to 14.6°C. 

Depth of the 20°C isotherm ranges from 480-feet (146 m) to 902 feet (275 m). 

Analysis of the wells greater than 2000 feet (610 m) deep results in a thermal 

gradient of 29.2"c/kiu with the 100°C isotherm at a depth of 8337 feet (2541 m). 

The linear regression results wiTl be updated as additional data are 

collected. The incorporation of elevation, topography, and aquifer character

istics into the regression analysis should increase the reliability of these 

correlations. 



Table 1. Results of Regression Analysis 

Township 

7 

9,10 

10 

10,11 

1.1 

11 

• 11,12 

12 

12 

12 

12 

12 

12,13 

12 

13 

13 

13 

14 

14 

14 

15 

16,17 

Deep wells 

Range 

19-26 

23,25 

16-18 

20 

19,20 

21 

22 

16 

17 

18 

19 

20 

21 

22-24 

18 

19 

20 

16 

17 

18,19 

17-19 

16-21 

Number 
of Wells 

10 

5 

8 

'^ 5 

6 

11 

5 

4 

4 

7 

3 

8 

. 6 

6 

3 

8 

7 

5 

9 

4 

6 

6 

6 

Thermal 
Gradient 
(oc/km) • 

30.5 

39.0 

27.2 

30.5 

39.1 

43.1 

46.6 

50.0 

35.7 

44.6 , 

39.4 

38.3 

34.8 

53.8 

40.6 

41.6 

39.9 

35.2 

27.2 . 

55.5 

52.9 

69.1 

29.2 

Land 
Surface 
Temp. (Oc) 

11.6 

11.7 

14.6 

13.5 

12.3 

12.5 

10.9 

12.5 

" 12.8 

11.9 

14.0 

14.4 

13.6 

8.6 

13.95 

12.15 

14.1 

10.4 

12.5 

10.8 

9.15 

5.85 

25.7 

Depth 
to 2G0C 
Isotherm 
(meters) 

274 

213 

200 

213 

197 

175 

196 

149 

201 

180 

152 

146 

183 

212 

149 

188 

147 

273 

275 

166 

205 

205 

y'Z-k 

.62 

.98 

.91 

.79 

.72 

.94 

.85 

.88 

.93 

.81 

.998 

.88 

.76 

.87 

.94 

.82 

.93 

.91 

.51 

.92 

.92 

.93 

.99 

r^, the coefficient of determination, is a measure of the quality of fit achieved 
by the regression. Values of r^ close to 1.0 indicate a better fit than values 
close to zero. 



Work to be cotuiucted during September will includG the collection of 

additional temperature data, the collection of water samples, and the 

examination of the nuclear and lithologic logs for the purpose of strati

graphic correlation. 



VniverstiijofEMetSound TACOMA. WASHINGTON 98416 

September 5, 1980 

Mr. Eric Schuster 
Division of Geology and 

Earth Resources 
Department of Natural Resources 
Olympia, WA 98504 

Dear Eric: 

Progress Report for August 1980 - Gravity Survey of the Cascade Mtns. 
Project #DE-AC07-79ET27014 
Modification #A003 

During the month of August 1980, 294 gravity readings were taken in the area 
of the present project. Of those, 104 readings were repeats, base ties and 
new subbases. The rest (190) are new stations. 

About one-third of the work was done in the area between North Bend and 
Snoqualmie Pass; the remainder was spent in the area around Mt. Baker. That 
area has now been adequately covered, with the exception of two "holes", one 
around Mt. Baker proper, the other around Mt. Shuksan. If weather conditions 
and the surface of the glaciers permit, we may fill in those regions this 
year. Otherwise, we plan on doing it next spring. 

The production was lower this month for two reasons: many of the stations 
could only be reached on foot, often after several hours or days of walking; 
also, one instrument only was used in the present project, while the other 
one was on a stand-by for a detailed work in the Mt. Margaret Wilderness 
Area. The latter job has not yet been initiated due to bad weather, low 
ceiling for the helicopter, and other commitments on the part of the pilot. 

We also re-submitted some gravity stations to the USGS for reduction--trying 
to find the error in last month's reductions; however, to date, we have not 
received the answer. 

At present we are in the process of obtaining the necessary terrain information 
fixm the USGS, and in the future, we hope to run the terrain corrections on 
the UPS Computer. 

Attached is a Xerox copy of the Ledger. It is not quite up-to-date: approxi
mately $600 will be processed in the next few weeks. At jthafr̂ time we shall 
send you an updated copy. 

Sincerely yours. 

ZFD:ha Z. V. Danes 
Professor of P 

Enclosure 
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Geothermal Test Drilling, Central and Southern ^ 

Cascade Mountains, Washington 

DESCf^IPTION or WORK 

This project consists of drilling 10 holes, each to a depth of 500 feet. Mini

mum hole diameter must be sufficieil to allovi/ installation of a 2" inside diameter 

black iron pipe in the hole. 

The purposes of the" test holes are: 

1. To measure temperature gradients. 

2. To obtain cuttings samples of the rock units penetrated for 
laboratory studies. 

3. To run electrical and other logs in the holes. 

4. To obtain samples for geochemical testing of any unusual 
waters encountered. 

The drill holes must be left in a permanently sealed condition such that ver

tical flow of water in the well bore is presented. 

DRILLING SCHEDULE 

The contractor shall be expected to start work within a reasonable period of 

time following receipt of the owner's notice to proceed, and to continue with the 

work to completion with as few interruptions as possible. 

In the event that winter weather conditions make drilling impractical, the 

owner and contractor will, 1) abandon the effort to drill at higher elevation 

sites in favor of continued drilling at lower elevation sites, or 2) discontinue 

all drilling until weather conditions improve in the spring of 1981. These de

cisions are to be arrived at by negotiation and mutual agreement, but the final 

decision is the owner's, with due regard to health and safety of the contractor's 

employees and the practicality of drilling under anticipated conditions. 

Except for owner-approved suspensions of drilling activity, the contractor is 

expected to finish all work within 70 working days (figuring one shift per day 



^ 

Of 

and 5 days per week except for legal holidays). 

PENALTY 

The contractor vdll pay a $150 penalty for each working day beyond 70 that 

the job is not completed. 

BONUS 

The owner will pay a bonus of $150 per day for each working day under 70 

if the job is finished in less than 70 working days. 

PROCEDURES 

Drilling 

Drill to solid bedrock and install welded steel casing 5 feet into bedi-ock. 

Cement the 5 foot interval between the casing and bedrock. Holes will generally 

U\P • be sited where depth to bedrock is 50 feet or less, but the contractor will be 

prepared to install casing to a depth of 100 feet if necessary. 

After installation of welded steel casing the contractor will continue dril

ling until a 500 foot depth is reached. Water production is to be expected. Holes 

drilled in the Cascades in the past were 4% inches in diameter, and some uf them 

produced up to 60 gpm of artesian flow when drilling had stopped, and up to 100-

200 gpm while drilling with air. We prefer that the contractor continue to drill 

through water zones rather than stopping to cement them. This is because stopping 

to cement each of several aquifers in a drill hole takes too much time. In the 

event that water production from the hole causes the air hammer to "drown out" the 

contractor will be required to have the necessary equipment on hand to continue 

drilling T.D. using air and a tricone or other type of rotary bit. 

Equipment Required 

1. Farling 1500 or equivalent drill rig. 

2. Minimum of 750 cfm ® 250 psi compressor. 

3. Casing driving capability. 

U. Up to 100 feet of casing per hole. 

5. On site capability to drill to 500 feet using an air hammer and rotary 



bit with air if the hole cannot be finished with the air hammer because 

of water problems. 

6. Capability to cement the "joint" between casing and bedrock. 

Finishing the Hole 

Install 2 inch black iron pipe in the hole to T.D. The bottom of the 2 inch 

pipe will be equipped with a check value or a cap, depending on the mudding or ce

menting procedure to be used. Deburr inside joints of the 2" pipe to allow free 

passage of logging tools. Mud or grout the hole using one of the following pro

cedures (this decision will be made by the owner's representative): 

1) In a hole with insignificant water-producing zones the annulus may be 

filled, from the bottom up, with heavy drilling mud and a ten-foot ce

ment plug installed at the surface. 

2) In a hole with significant water zones but little or no artesian flow 

the hole will be sealed with grout using one or two methods: a) install 

a check valve at the bottom of the 2" pipe and pump cement through the 

2" pipe until cement returns to the stirface in the annulus, then wash 

the cement out of the 2" pipe using 1" flush-coupled steel tubing in

serted into the 2" pipe, or b) perforate the bottom several feet of the 

1: flush-coupled steel tubing ( to prevent plugging), strap it loosely 

to the 2" pipe and install both to T.D. In this case, the 2" pipe would 

have a pipe cap on the bottom and it would be filled with water and capped 

as soon as installation is complete. Pump cement through the 1" pipe 

until cement returns to the surface in the annulus, and retrieve the 1" 

pipe. 

3) In a hole with significant artesian flow use method 2a or 2b after pack

ing off the artesian flow to prevent washing of the grout after it has been 

emplaced. 

After cementing or mudding, the hole is to be finished by cutting 

off the welded steel casing slightly below ground level and cutting the 

2" pipe at ground level and installing a threaded steel cap. The 2" pipe 



is to be left unobstructed to allow free passage of logging tools and 

filled with water. 

Equipment Required for Each Hole 

1) 500 feet of flush-coupled 1" steel tubing with a perforated bottom sec

tion several feet long. 

2) .500 feet of 2" black iron pipe with caps and/or check valve as required. 

3) Mud/cement pump capable of delivering 300 p.s.i. pressure. 

4) High-pressure couplings to connect the mud/cement pump with either the 

1" pipe or the 2" pipe. 

5) Cement. If the hole size is 6" it may take 750 gallons or more of slurry 

to fill the annulus. Preferred mix is 1 sack plus 6^ gallons of water 

plus no more than 3 lbs. of calcium chloride to make 10.1 gallons of 

slurry. 

6) Drilling mud. 

7) Packing materials to seal the annulus at the surface, if necessary. 

8) Cement mixer and holding tank, 

9) Water truck. 

LOCATION OF DRILL SITES 

The ten drill sites will be located as follows, and they will be drilled in 

order listed if possible: 

1. Near the town of Scenic on the Stevens Pass Highway. 

2. Near Snoqualmie Pass. 

3. On the west fork of the White River just north of 'he northern boundary 

of Mount Rainier National Park. 

4-6. Three holes between White Pass and the town of Naches. 

7-10. Four holes in the Wind River valley between the town of Carson and 

Government Mineral Springs. 
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SITE INFORMATION 

All drill sites will be located on or near existing roads, such that access 

by a truck-mounted drilling rig and service vehicles should be practical. 

GEOLOGY 

Wherever possible drill sites will be located where overburden is 50 feet 

thick or thinner, but the contractor will be prepared to case through up to 100 

feet of overburden if necessary. 

Artesian flow and other water-production problems, as outlined under Procedures, 

can be expected in, on t'He average, about 50 percent of the holes. 

Bedrock formations are expected to be relatively competent Tertiary basalts, 

andesites, volcano-sedimentary, and/or sedimentary rocks. 

STANDBY 

Stan - This should be the same as it was for Project No. - DNR-79-20, except 

we need to add inclement weather as a cause for delay that we will not pay for 

(prolonged inclement weather would lead to a move to lower elevation or cessation of 

drilling until spring). Lost time due to fire closures and bad weather would not 

count as worked days for purposes of charging penalties for not finishing the work 

in 70 days. Equipment maintenance, breakdowns, etc., would count as worked days 

for penalty purposes. 

DRILLER'S LOG 

(Stan - same as for DNR-79-20) 

WATER 

(Stan - same as for DNR-79-20) 

CUTTINGS SAMPLES 

(Stan - same as for DNR-79-20, except 1) only one sample for each sampling 

interval is required, and it need only be about fe cu^sNin size, 2) we have no 

need of the date and time on the sample label.) 



BIDDING 

Base Bid should be Calculated on: 

1. Mob. & Demob. - lump sum. 

2. Drilling with air hamnrcr - 5,000 lin. ft @ $ ,yiin. ft. and 

$ total. 

3. Surface casing - 300 lin. ft. (i $ /lin. ft. and %_̂  total. 

4. 2" black iron pipe - 5,000 lin. ft. @ $ lin. ft. and $ 

total. 

5. Standby - 20 houiS @ $___ /hour. 

Additional Work 

1. Air-rotary drilling @ $ /foot. 

2. Installation of surface casing @ $ /hour. 

3. Installation of 2" iron pipe (i $ /hour. 

4.— Mudding or cementing ® $ /hour. 

5. Portland Cement ® $ /scak 

Driller Must Specify 

1. Size of drilled hole. 

2. Size of welded steel casing. 

3. Make, model, and depth capability of rig. 

4. Make and capacity of air compressor (cfm at what p.s.i.). 

5. Make, type, and pressure capability of mud/cement pump. 

1/ Includes cost of water truck. 
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Technical Progress Report for July, 1980 

Contract DE-AC07-79ET27014, Modification A003 

Heat-Flow Drilling 

Events of the past several months have caused some of the sites for heat-flow 

holes to be moved. The contract calls for the drilling of two holes east of Mount 

St, Helens, but the series of 1980 eruptions has made that impossible. Instead we 

plan to drill these two holes in the central Cascades near the Stevens and Snoqual-

mie Pass Highways, in areas where there are no existing wells. Instead of drilling 

one hole in the Cowlitz River valley as called for in the contract, we intend to 

drill at an alternate site on the West Fork of the White River about one mile north 

of the center of the northern boundary of Mount Rainier National Park. 

Three holes will be drilled between White Pass and the town of Naches (near 

Yakima) in order to complete, the cross-Cascades gradient and heat-flow profile 

that was begun in the Cowlitz Valley during 1979, 

Of the eight holes planned, the last two will be located in the Wind River 

valley, one near St. Martin's Hot Spring, as earlier planned, and the second farther 

upstream near Government Mineral Spring. We do not plan to drill near the town of 

North Bonneville because the town has secured other USDOE/State Energy Office fund

ing to carry out that work. 

Because of the extra work load imposed by the continuing eruptions of Mount St. 

Helens and by the fact that contractual authority to proceed with subcontracts was 

not established until about July 1, 1980, the 1980 drilling contract is not yet 

in place. The drilling contract should be let within two months. We don't anti

cipate that the delay will cause serious difficulties because most of the drill 

sites that are subject to severe winter weather are located adjacent to all-weather 

highways. 

Temperature Measurements 

Temperative gradients in the Yakima area were measured by Sherry Kelly, 



^n employee of D. D. Blackwell at Southern Methodist University during July 1980. 

She measured temperatures in approximately 50 water wells. These data are in the 

possession of Blackwell, we have a copy, and John Biggane, research assistant at 

Washington State University, has a copy. Biggane is working on a thesis designed 

to evaluate the low-temperature geothermal resources of the Yakima County area 

and is doing so under a subcontract as part of the USDOE-sponsored Washington 

State Resource Assessment program. Biggane has a set of D. D. Blackwell's tem

perature-logging gear and he will be logging as many wells as possible in Yakima 

County, 

We plan to hire at least one person to log temperatures in existing wells 

in the southeastern Cascades and southwestern Columbia Basin, but this subcontract 

is not yet in place. We anticipate having someone working at this task by mid-

September, 1980, and we may stop the work during the most severe winter months 

and resume logging again next spring. 

Geologic Mapping 

The contract calls for geologic mapping and related studies in the area of one 

of the stratovolcanoes (ie. Mount Adams or Mount Baker). We have attempted, with

out success, to set up such a study through the Department of Geological Sciences 

at the University of Washington. We have, however, received requests for support 

from Geoff Clayton at the University of Washington and Dr. Paul E. Hammond at 

Portland State University. Geoff Clayton worked for us during 1979 in the White 

Pass-Tumac Mountain area, turning out a high-quality geologic map and geochemical 

analyses of the rocks. Age dates will follow, pending completion of laboratory 

analyses by University of Utah Research Institute. Dr. Hammond has worked in co

operation with the Division of Geology and Earth Resources for several years on 

his geologic mapping projects in the south Cascades. Both investigators have our 

fullest conficence. 

Geoff Clayton proposes to extend his geologic mapping and rock sampling 

northward into the Bumping Lake area, with emphasis on Pliocene and Quaternary 



TToxcanj-u lucKa. raux nammunu neeua minor rinanciax assistance ror tne analysis or 

rock samples collected in the south Cascades during earlier field work. 

If we support their work the results will be 1) a quality geologic map of 

the Bumping Lake area in northwestern Yakima County; 2) a computer file contain

ing rock-geochemical data from the south Cascades (including data from Hammond, 

Hopson, and others); 3) and the development of a good time-space model for Quater

nary magma generation. We will be sending proposed subcontracts to USDOE for re

view as soon as they can be prepared. 

Gravity Survey 

A subcontract for gravity investigations by Drs. Z. F. Danes and A. A, Eggers 

was signed during July, 1980. During July two field teams were operating in the 

Bumping Lake, Enumclaw, Greenwater, Lester, Easton, Bandera, and Snoqualmie 15' 

USGS Qaudrangles, and in the Orting, Wilkeson, Buckley, Black Diamond, Cumberland, 

and Eagle Gorge 7%' USGS Quadrangles, all in the central Cascades. 403 gravity 

readings were taken; of those, about 50 are base readings, ties, and calibrations; 

the rest are new data. 

The Black Diamond and Cumberland Quadrangles are finished and Report Sheets 

have been sent to the Denver office of the U.S. Geological Survey for reductions. 

Work on the other map districts continued with the expectation that operations 

would move into the Mount Baker area during August. 

Geophysical Interpretations 

It has not yet been necessary to engage in any activities under this task. 

Geochemistry 

Several trips were made into the area around Mount St. Helens in an effort to 

examine temperature and/or flow changes at known cold springs, and to check for new 

thermal and mineral springs which might have been created by the eruptions. Most 

of the springs which we had examined during 1979 were destroyed by the May 18 

eruption. Kalama Spring, on the southwest flank of the volcano, had not changed; 

it was still flowing at its normal high rate and very cold temperature. No new 

thermal springs were found, but numerous fumeroles were examined in the area of 

pyroclastic and debris flows in the valley of the North Fork of the Toutle River 



to the north of the volcano. 

A search was made for Green River Soda Spring (within the devastated zone to 

the northwest of the volcano), but it could not be found because of difficult ac

cess due to fallen timber and ash cover. 

Fault-Lineament Map 

The area of study extends from 121°30'W (the crest of the Cascades) west to 

123°W., and from the Columbia River north to 47° N. (about the latitude of Olympia). 

To the east of this area it has been determined that a considerable amount of linea

ment mapping has already been done by Batelie Northwest. For the above study area, 

lineairents are being compiled from a variety of sources, and faults are being com

piled from the literature. The various subtasks and percentages of compilation 

(in parentheses) are as follows: detailed fault compilation (80?o)» SLAR lineament 

compilation (100?o)> ERTS lineament compilation from enhanced color images (100?o), 

ERTS lineament compilation from black and white images (20?a), U-2 infrared linea

ment compilation (30?i)» and topographic map lineament compilation (70?0. All 

1:100,000 base maps have been obtained from the USGS, all bibliographic material 

has been compiled, and all lineament studies done previously are on hand for com

parison purposes. 

The eruptions of Mount St. Helens have resulted in the closure of most of the 

Gifford Pinchot National Forest and large areas of private land which have been in

cluded in the "red zone" around the mountain. Furthermore, field trips with geolo

gists familiar with the geology of the study area have had to be cancelled due both 

to land access restrictions and to those investigators beginning new investigations 

connected with the eruptions. These circumstances have made it impossible to field 

check the lineament-fault map as planned. Field checks will be made when it once 

again becomes possible. 

USGS Geothermal File 

This task will be started during the winter months. At this time, we anticipate 

the need to hire a temporary geologic aide this winter to help carry out this task. 



Technical Progress Report Distribution List 

No, of Copies To 

2 M. A. Widmayer, Program Manager 
U.S.D.O.E./ IDAHO 
550 Second Street 
Idaho Falls, ID 83401 

2 Bob Gray 
USDOE, Division of Geothermal Energy 

' M.S. 3344, Federal Bldg, 
12th and Penn., N.W, 
Washington, D. C. 20461 

1 Duncan Foley 
UURI 
420 Chipeta Way, Suite 120 
Salt Lake City, UT 84108 



l ^ ' y y ^ A , -3 .-^;r-- :^ , ' -S^ ^-)jyy^-yy^Jp ^o> .̂  

K \ \ ( ^ - •'• "^^ ' - ' 7 ' : - ^.OD, 

0.!!., -p.. \ - - i . - .v- , V , r-

. c f . ..„, - ^ ^ 

" N , 
' • 

:i'̂ -
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DOE Form AD-10 A 
(12-7 7) 

DATE. A p r i l 1 0 , 1979 

U.S. DEPARTMENT OF ENERGY 

memorandum 
REPLY TO 
ATTN OF: 

SUBJECT: Mee t ing - A p r i l 2 3 , 1979 

TO; Roy Mink, IDO 
Mike Wright, UURl/ESC 
Marshall Reed, DOE/HQ 
Ed Tonns, Crown Zellerbach 
Eric Schuster, WGS 
Duncan Foley, UURI/ESL 

A reminder that we have agreed to assemble to review the plans of 
the Washington Geological Survey for a geological study of the 
Camas area under the State Coupled Program of DOE. The meeting is 
scheduled for April 23, at 1:00 p.m. in Room 2F22 in the Highway 
Building, Department of Highways, located about one block from 
14th and Jefferson, which is the location of Eric's office. 

Gerald P./Brophy 
l^ogram Manager 
Division 'of Geothermal Energy 



May 14, 1979 

MEMORANDUM 

TO: P. M. Wright and H. P. Ross 

FROM: D. Foley 

SUBJECT: Crown Zellerbach Paper Co., Camus, WA, User assistance request 

On 23 April, 1979, a meeting was held in the offices of the Washington 
Division of Geology and Earth Resources, in Olympia, WA, to discuss the 
Crown Z. project. Sixteen people attended (see attached list). 

Crown Z. is presently spending $20 million a year on fossil fuels at 
their facility in Camus; they are interested in replacing as much of this as 
possible with alternative resources. They already use wood chips to provide 
about half of their energy. 

Camus, WA, is across the Columbia River from Portland, OR. No thermal 
waters are known on the site, although in Oregon there are one hot spring and 
one hot well in the vicinity. 

The target concept is to intercept the Lacamus fault at depth. This 
fault is a northwest striking fault, with unknown displacement. The vertical 
component of movement may be small; Dick Bowen suggested that most of the 
northwest trending faults in this area are strike-slip faults. 

The major problem in encountering deep circulation along the fault is to 
identify the direction of dip. Although regional gradient would be the source 
of heat, it is not known whether the water will be coming from circulation 
down along the fault itself, or if a significant component of lateral movement 
in deeply buried basalts might be occurring. 

Crown Z. owns property on both sides of the fault, so drilling sites 
exist for whichever direction the fault is found to dip. 

After much discussion, the exploration program that has been settled on 
for the first year's efforts is: 

gravity - regional studies are being done by Danes; he will also look 
in detail at the area along the fault, to see if any displacements 
are detectable 



Water geochemistry - the Washington state team will be analyzing wells in 
the area and doing thermometry calculations 

gradient scrounging - The Washington team will also look in the area 
any wells in which they can get gradients 

for 

resistivity - three short traverses will be made across the trace of the 
fault. ESL aid will be needed in design of the survey and in the 
interpretation of the results. About six line miles are probably 
involved 

heat flow drilling - two 2000 foot holes are planned in the area; it is 
hoped that preliminary studies will establish the warm side of the 
fault, and that these holes can be used to help identify especially 
warm areas 

geology - the area is predominantly basalts, and geologic conditions are 
poorly known. Although not part of the formal program in confirming 
dip of the fault or selecting drill sites, trace element and age 
dating studies of the rocks will help establish local stratigraphy. 
The Boring basalt has classically been considered to be about 1 my 
old; new data suggests that less than 40k years is more likely. ESL 
will support these studies. 

Crown Z. will probably support part or all of the resistivity program, as 
this will avoid bidding delays in the Washington state government. 

ESL support is especially needed in design of the resistivity program, 
and interpretation of the data. If there are any costs to Washington 
involved, these should be identified. If this can be covered by the user 
assistance program, we should let them know. 

m ^ 
can Foley 

DF/smk 



Name A f f i l i a t i o n 

Duncan Foley 

Gerry Brophy 

Joe Upton 

Eric Schuster 

Marshall Reed 

Jim Jacobson 

David L. Williams 

Z. F. Danes 

Robert B. McEuen 

Larry Gratt 

Dick Bowen 

Mike Korosec 

Roy Mink 

R. Gordon Bloomquist 

Ted Livingstone 

Ed Tonns 

ESL/UURI 

DOE/HQ 

Battelle (PNL) 

Wash. DNR, Geology & Earth Resources 

DOE 

Battel!e-PNL 

USGS 

Univ. of Puget Sound 

Consultant to SAI 

Science Applications, Inc. 

Consultant for SAI 

Washington Assessment Team 

DOE/ID 

OIT (Washington O.R.) 

Director of Washington Division of Geology 
and Earth Resources 

Crown Zellerbach 

April 23, 1979 
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4 May, 1979 

To: P.M. Wright 
H.P. Ross 

From: D. Foley 

Re: Crown Zellerbach Paper Co., Camus, WA., User assistance request 

On 23 April, 1979> a meeting was held in the offices of the 

Washington Division of Geology and Earth Resources, in Olymipa, Wa., to 

discuss the Gro-wn Z. project. 16 people attended (see attg,ched list), 

Cro-Hn Z. is presently spending S20 million a year on fossil 

fuels at their facility in Camus; they are interested in replacing as 

much of this as possible with alternative resources. They already use 

wood chips to provide about half of their energy. 

Camus, Wa., is across the Columbia river from i|||MK Portland, Or.| 

ss>^ No therlial waters are known on the site, although in Oregon 

thera *»• one hot spring and one hot well in the vieinity. 

The target concept is to intercept the Lacamus fault at depth. 

This faxilt is a northwest striking faxilt, with unknown displacement. 

The vertical component of movement may be small; Dick Bowen suggested 

that most of the northwest trending faults in this area are strike-slip 

faults, J Crown Z. oiras property on both sides of the fault, so drilling 

sites exist for whichever direction the fault is found to dip. 

The major problem in encountering deep circulation along the 

fault is to identify the direction of dip..»»loafe the. f;jrilt> Although 

regional gradient would be the source of heat, it is not known whether 

the water will be coming from circulation down along the fault itself, 

or if a significant component of lateral movement in deeply buried basalts 

might be occuring. 



After much discussion, the ezploijation program that has been 

settled on for the first years effoOTs is: 

gravity - regional studies are being done oy Danes; he will also 
look in detail at the area along the fault, to see if any 
displacements are detectable 

water geochemistry- the Washington ^tate team will be analyzing 
wells in the area^ and doing thermometry calciilations 

gradient scro\mging - ̂ he Washington team will also look ini 
the area for any wells '̂ Sarl* they can get gradients lift 

resistivity - three short traverses will be made across the trace 
of the fc-ult. W ^ s aid will be ^Teded in design of the 
survey^and TP̂ T IMII .in'"-noQ interpretation of the results. 
About six line miles are probably involved 

heat flow drilling - two 2000 foot holes are planned in the area; 
it is hoped that preliminary studies will establish the vrarm 
side of the fault, and that these holes can be used to help 
peg especially warm areas 

geology - the area is predominantly basalts, and geologic conditions 
are poorly known. Although not part of the formal program 
in confirming dip of the fault or selecting drill sites, trace 
element and age dating studies of the rocks will help establish 
local stratigraphy. The 3oring basalt has classically been 
considered to be about 1 my old; new data suggests that less 

W^/^'^Al^ than 40k years is more likely, ESL will support these studies. 

Crown Z. will probably support part or all of the resistivity 
W ^ I 

program, as this will avoid bidding delays in the Washington p t a t e 

government, 

ESL support is especially needed in design of the resistivity 

progam, and is handling of the resistivity data. If there are any 

costs to Washington involved, these should be ident if led,-6i©«*i-. If this 

can be covered by the user assistance progrcun, we should let them know 

soon. 

Duncan 
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Abstracts of papers to be presented 
at the 1970 meeting of the 
Northwest Scientific Association 

(Following are abstracts of papers re
ceived by presstime to be presented at 
the 43rd Annual Meeting of the North
west Scientific Association to be held 
at Oregon State University, Corvallis, 
Oregon, on March 27 and 28. 

Clastic Dikes of tiie Touchet Beds, 
Southeastern Washington 

John A. Alwin 
and 
V). Frank Scott 
Washington State University 
Pullman, Washington 

The Touchet Beds are cyclic lacustrine sand; 
and silts of Pleistocene age in southeastern 
Washington. 

Numerous clastic dikes characteristically 
cross-cut these beds. They penetrate down
ward from a few inches to mote than a 
hundred feet. The strike of the dikes seems 
to be random; dip is nearly vertical. Dike-
lets vary in width from less than an inch 
to several inches, but are usually compoundei 
to form vertically stratified dikes up to 60 
inches wide. Common features include clay 
wall-linings with chevron marks, cross-
stratification, graded beds, and oriented grai: __ 

Primary structures indicate a downward fji 
infilling of the dikes by sand and silt. fS 
Analogy with modern frozen ground suggests 
that the dikes represent fillings of perma
frost-related crevices. 

Seasonal Variation in Physical and 
Chemical Properties of Two Central 
Washington Soils 

T. D. Anderson 
Pacific Northwest Forest and Range 
Experiment Station 
Wenatchee, Washington 

Soils derived from two widely distributed 
parent materials in central Washington were 
examined periodically during 1968-69 for 
physical and chemical properties. Basalt soils 
showed significant seasonal variation in Na 

[•ii 

content, cation exchange capacity, and o P 
In sandstone soils, Ca, Mn, Na, N, K anJ ' 
organic content varied significantly among 
sampling dates. Although cenain physical 
properties showed definite trends, none w 
statistically significant. - - v a, -

These results indicate that, where samnf - ' P ^ ^ ^ 
dates vary, seasonal variation in certain .^ . ' .^ 'S^ 
chemical properties of these soils may be « '¥^ 
confounding faaor in evaluating researdi *̂ * 
fi nditigSnfit-rfO'T^'^titl^^ritsetipai 

Paleogeography of the Prune Hill 
Area, Camas, Washington, and Its 
Relation to the Geologic History 
of the Portland Area 

Gennara Aviolo 
and 
Don W. Baggs 
Portland State University 
Portland, Oregon 

The area west of Camas near Prune Hill 
is underlain by a sequence of rocks ranging 
in age from Eocene to Holocene. The Eocene 
Skamania volcanics are the oldest known 
rocks in the Portland area and are well 
represented near Camas. Apparently the 
Camas area was a highland during Eocene 
time. Eruptions of the Skamania volcanics 
lasted through the Oligocene, and the area 
remained a highland until the Pliocene. In 
Pliocene time, the area underwent a slight 
downwarping. Later in Pliocene time, fluvial 
deposits of the Troutdale Formation were 
deposited in the Camas area. During the later 
stages of Troutdale deposition, an andesitic 
volcano erupted to the west of Camas. In 
the Camas area, the typical gravels of fhe 
Troutdale Formation grade upward into a 
silty phase, which may be contemporaneous 
with the Portland Hills Silt of the Portland 
area. Following slight ujjlift during Pleisto
cene time, the Camas area was scoured by 
floods of the Columbia River, which undercut 

south side of Prune Hill creating a^ 

Fuel Accretion and Distribution in the 
Larch-Fir Forest Type 

William R. Beaufait 
Forest Service, Region 5 
U.S. Department of Agriculture 
Missoula, Montana 

Plant wastes create most of the fuel which 
sustains forest fires. Theiefore, organic 

58 Northwest Science, Vol. 44, No. 1, 1970 
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UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 
420 CHIPETA WAY, SUITE 120 
SALT LAKE CITY, UTAH 84108 

TELEPHONE 801-581-5283 

November 14, 1979 

Mr. Fred Rigby 
Science Applications, Inc. 
P.O. Box 2351 
La Jo l l a , CA 92038 

Dear Mr. Rigby: 

Enclosed is a rough draft memorandum by C. E. Mackelprang which presents 
the modeled resistivity distribution and corresponding computed resistivity 
values for lines A-A' and B-B' from Camas, Washington. Dr. William Sill of 
the University of Utah Department of Geology and Geophysics also contributed 
to these model solutions. 

Please note the very different models for Line B-B'. Our field and 
modeling experience suggests that either the high (94.2, 76.6, 104.3 ohm-m) or 
low (5.5, 37.1 ohm-m) data values at n=4,5 on this line are in error. This 
problem and the many missing data values on the profile make any inversion of 
the data quite ambiguous so we have not attempted a closer match to the 
observed data. 

I regret that travel commitments and other factors have delayed our 
response to your interpretation request. In Duncan Foley's absence I am 
forwarding this memorandum in a draft form to avoid further delay. 

Sincerely, 

Howard P. Ross 
Senior Geophysicist 

HPR/hb 

cc: D. Foley 

Enclosure 



November 14, 1979 

MEMORANDUM 

TO: Duncan Foley and Howard Ross 

FROM: C. E. Mackelprang 

SUBJECT: Camas area, Washington - Two-dimensional Res is t i v i t y Modeling of 
Dipole-Dipole Lines A-A' & B-B' 

Two-dimensional models f o r Camas, Washington l i nes A-A' and B-B' are 
at tached. 

Line A-A' 
Line A-A' was pa r t i t i oned in to three segments fo r modeling purposes. A 

good f i t between observed and computed data values was obtained w i th models 
having reasonable con t inu i t y between segments. Because geologic information 
i s sparse, the model resu l t s should only be considered as one r e s i s t i v i t y 
d i s t r i b u t i o n which would give r i se to the actual f i e l d data, and as a f i r s t 
approximation to the geologic s t ruc tu re . 

In general, the model of l i n e A-A' shows a moderately r es i s t i ve surface 
layer having a r e s i s t i v i t y of about 50 ohm-meters and a thickness of 
approximately 250 meters extending from s ta t ions 0.0 to 3.5. Iso lated pods of 
s l i g h t l y more r e s i s t i v e (75 ohm-meters) mater ia l were necessary to enhance the 
mode l / f ie ld data comparison. At depth beneath t h i s same s ta t ion in te rva l l i e s 
a th i ck conductive media which i s represented on the model by 10-15 ohm-meters 
apparent r e s i s t i v i t i e s . 

The surface mater ial appears much less uniform between stat ions 3.5 and 
8.0 w i th apparent r e s i s t i v i t i e s varying between 30 and 150 ohm-meters. I t was 
necessary to s i g n i f i c a n t l y thicken t h i s mater ia l between stat ions 3.5 and 7.0. 
A more conductive media (15 ohm-meters) l i e s a t greater depth. 

F i n a l l y , from s ta t i on 8.0 to the end of the l i n e the observed data can be 
modeled s a t i s f a c t o r i l y by assuming 50 to 75 ohm-meters material a t the surface 
increasing to about 200 ohm-meters w i th depth. No conductive media are 
present over t h i s s ta t i on i n t e r v a l . 

Line B-B' 
It appears that several errors may be present in the observed field data 

for n=4,5 between station 0.0 and 1.0. It is not possible to obtain a single 
model showning good comparison with all the field data. Adjustments in one 
area tended to distort values in another. 

As a result, two models are shown having equal plausibility which 



partially match the field data. Major differences in these models are: a 
very conductive media (1 ohm-meter) extending to great depth beneath and 
adjacent to ve ry resistive (1000 ohm-meters) material vs. a conductive media 
(10 ohm-meter) of finite thickness sandwiched between 200 ohm-meter material. 

Discussion 
Results of the modeling for line A-A' suggest a surface layer of fairly 

moderate apparent resistivity extending over the entire line. This layer 
increases in thickness in the central portion of the line. A conductive media 
is present at a fairly shallow depth on the northwest end of the line but 
deepens to the southeast and is absent at the southeast end of the line. 

Model results of line B-B' are questionable but tend to suggest a 
layering of resistive - conductive - resistive medias of unknown configuration 
and thicknesses on the southwest half of the line. To the northeast the 
models are less complex showing a trend into fairly conductive ground. 

The attached models are two-dimensional (i.e. infinite strike length). 
If the survey lines have been run at some angle other than normal to the 
geologic structure then the model interpretation will not approximate the true 
resistivity distribution. The presence of three dimensional resistivity 
distributions would also detract from the applicability of the model 
solutions. We understand that line A-A' runs subparallel to a major geologic 
structure and topographic features. This may reduce the applicability of the 
resistivity model submitted here. 

"MackeTpn 
Geophysicist 

CEM/hb 
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Department of Natural Resources 
OLYMPIA, WASHINGTON 

98504 
BRIAN J. BOYLE 

Commissioner of Public Lands 

July 8. 1982 

Ms. Susan Prestwich 
Geothermal Energy Branch 
USDOE/ID 
550 Second Street 
Idaho Falls. ID 83401 

RE: Contract DE-AC07-79ET27014, Modification A006 

Dear Susan: 

This letter contains proposed contract modifications in line with our 
discussions in Salt Lake City and subsequent telephone conversations. 
Enclosed for your reference you will find a copy of ny earlier letter 
modification proposal dated Feb. 19, 1982, a ledger sheet which shows 
expenditures to April 30, 1982 and details the dollar changes we are 
proposing, and a copy of the "deliverables" section of contract modi
fication AOOS. 

Proposed program changes are described below, in terms of the "deliver
ables" section of contract modification A006: 

C l . — Cascade Range Regional Gravity Subcontract. 

Dr. Danes is currently working toward completing the regional gravity 
map for the Cascade Range and it appears that the completion date of 
April 1, 1983, will be met without much difficulty. Bill Phillips of 
our staff is closely monitoring the gravity work. However, we have not 
entered into any contract for detailed gravity work with Danes because 
we need the regional gravity map before the sites for detailed gravity 
investigations can be intelligently chosen. April 1, 1983, is not a 
realistic date for completion of detailed gravity and we have some doubt 
that a finished map or maps could be finished by September 30, 1983. 
We propose that $10,000 continue to be allotted for detailed gravity 
investigations in prospectively important geothermal areas, that we 
contract for such detailed gravity investigations as can be performed 
during the Summer of 1983, and that the results be presented as supple
mental detailed gravity maps with lists of principal facts by Sept. 30, 
1983. The work that can be performed may or may not cost $10,000, but 
will certainly not exceed that amount. 

investigator on this project nas aroppea out ur nib yrauum,^ prwginm. 
Professor Crosby will replace him with Scott Widness. He expects no 
net loss of productivity and asks for no change in schedule, budget, 
or deliverables. See attached letter from Prof. Crosby dated June 1, 
1982. 

C.5. — Geologic assessment of low-temperature geothermal resources 
in the Walla Walla area, Columbia Basin. All information in 
February 9, 1982 letter still applies. 

C,6. — Heat flow and temperature gradient investigations in the 
Columbia Basin. 

Information in February 9, 1982 letter still applies, with the following 
changes: Keith Stoffel will still be assigned to the project for five months, 
but his salary will be paid from state geothermal funds rather than federal, 
and he will work to interpret suites of well logs regarding the depth, 
structure, stratigraphy, temperature, and other characteristics of low-
temperature geothermal aquifers exclusively. Consequently, he will not 
be able to spend time at Washington State University processing suites of 
logs. Instead, we propose to allot $9,350 of state and federal funds 
(see line 19 on enclosed ledger sheet) for staff and computer time at WSU 
for well log processing and preparation of reproducible copies of well log 
suites. 

C.7. — Heat flow and temperature gradient investigations at 
Mount Baker. 

Proposed action as described in Feb. 9, 1982 letter still applies, with 
the following change: We propose to add $5,956 to the drilling budget 
(proposed total for drilling becomes $32,956, see lines 23 and 29 of enclosed 
ledger sheet) and drill a third 500-foot gradient hole at either Carson on 
the Wind River, Skamania County, or near Green River Soda Spring on the 
trend of the seismically-identified fracture zone that extends to the NNW 
from Mount St. Helens. This third gradient hole will only be drilled if 
bids come in low enough to drill all three holes for $32,956 or less. 
If this is not the case, then only the two Mount Baker holes will be drilled 
on a proposed budget of $27,000, and the excess $5,956 will be allocated 
toward funding publications. 



C.8. — K-Ar dating, etc., by Paul Hammond. 
No change from February 9, 1982 letter. 

Finally, we propose to allocate $10,000 toward publication costs. 
We will be preparing for publication virtually all of the information 
and interpretations generated by the state-coupled geothermal program 
in Washington. These reports will be published as part of our regular 
series of geologic maps, reports of investigations, information circulars, 
and bulletins. Thus far, the information has been presented only as open 
file reports, which receive very little editing, drafting, and limited 
distribution. 

I hope this adequately explains our proposed activities for the final 
year of the geothermal contract. I will look forward to your reply. 

Sincerely, 

, % y c y c . C y J ( c L u ^ ( l S ^ 

Eric Schuster 
Assistant State Geologist 
Division of Geology 

& Earth Resources 

JES:la 

cc: Kent Hastings, Contracts Mgmt. Div. 
USDOE/ID, 550 Second St. 
Idaho Falls, Idaho 83401 

Enclosures 

Duncan Foley, UURI/ESL 
420 Chipeta Way 
Salt Lake City, UT 84108 

kiV 1 



Department of Natural Resources 
OLYMPIA. WASHINGTON 

98504 

BRIAN J. BOYLE 

February 9, 1982 

Ms. Susan Prestwich 
Geothennal Energy Branch 
USDOE/ID 
550 Second Street 
Idaho Falls, ID 83401 

RE: Contract Modification 

Dear Ms. Prestwich: 

We propose several changes to Contract No. DE-AC07-79ET27014, fl944|!fc«tffH| A006. 
These changes should enable us to carry out the remaining m rk : ' i t ^ j ^B4 li^iiOrf 
efficiently, and deal with some problems which have arisen, f|M^ii^|ii|fi^^ 
economic reality — our state is in poor financial condltlcM aild i i d w i ^ ^ 
affected our ability to meet the original proposed state matching €»iî irllMitl0li. 

Enclosed please find a ledger sheet which details the dollar changps lit are prO" 
posing. The footnotes explain the program changes. Below I wlli'detill the 
program changes proposed for the federally-funded portion of our progii*ili, this 
time in terms of the description of deliverables in section"C* of the contract ' 
(copy enclosed). 

C l . - No change in Cascade regional gravity subcontract. 

C.2. - Yakima area investigations by John Biggane, WSU. We had earlier 
extended John's contract to February 28 , 1982, with no cost Increase. 
We propose to increase his funding by $1,421 and ext«id the time to. 
March 31, 1982. This is to allow John to include repro#ell»lei»p1es 
of 49 suites of logs from Yakima area wells In his final t1̂ pi(̂ « ie 
feel that this is important so that future Investigators m i exploira-
tionists will have access to the original logs. 

C.3. - Wind River geology; Dulcy Berri, PSU. Decrease funding hy $735.. We 
were able to contract for the work at less than the estimated $20,000. 

C.4. - Low-temperature geothermal resources of the Moses Lake-Ritzville-
Connell area, Columbia Basin. Increase funding by $4,(M)8 and extend 
time period to September 30, 1983. The original budfet was not 
adequate to fund computer time, travel, or other miscellaneous ex
penses. 

C.5. - Geologic assessment of low-temperature geothermal resources In the 
Walla Walla area, Columbia Basin. We propose to eliminate this pro
ject for the following reasons: 



Susan Prestwich 
February 9, 1982 
Page 2 

1. A detailed study of the Walla Walla area would have left us at 
the end of the contract period with three areas in the Columbia 
Basin (Yakima, Moses Lake-Ritzville-Connell, and Walla Walla 
areas) that were reasonably well understood, but large areas in 
the rest of the Columbia Basin without any significant interpre
tation of low-temperature geothermal aquifers and their structure, 
stratigraphy, and characteristics. We believe such a situation 
would leave us in a weaker overall position with respect to 
offering assistance to explorationists and developers than we 
would be in if we work with the best subsurface data from the 
entire Columbia Basin and try to form an overall assessment for 
the larger geographic area, even though the coverage would 
necessarily be less detailed. 

2. The best wells from the Walla Walla area will be included in 
proposed well-log interpretation work (see 0.6. below). 

3. The Walla Walla study was proposed at a time when we believed 
or at least hoped that USDOE funding would continue and enable 
us to obtain interpretive coverage of the entire Columbia Basin 
through a series of detailed reports on smaller areas within 
the Basin. That approach is no longer possible. 

C.6. - Heat-flow and temperature gradient investigation in the Columbia Basin 
We propose to eliminate this project. It was proposed at a time when 
we believed that the log suites for 400 wells had been reduced to well 
organized computer storage at WSU and we would have to pay only for 
the cost of having them computer plotted in reproducible form. We 
later learned that the logs actually exist in the form of field-
generated punched paper tapes and a considerable amount of human labor 
and computer time is necessary in order to reduce them to a "plotter 
ready" status. 

Nevertheless, the WSU log suites are the only set of data in existence 
which will allow interpretive work regarding the depth, structure, 
stratigraphy, temperature, and other characteristics of Columbia Basin 
low-tempera ture geothermal aquifers. We would, therefore, like to 
work with the data set to the greatest extent possible with the time 
and funds remaining. 

To accomplish this, we propose to assign a geologist, Keith Stoffel, 
from our Cheney office, who is familiar with Columbia Basin strati
graphy to the project. He will "work up" about 60 of the best suites 
of logs from areas in the Columbia Basin outside of the Yakima and 
Moses Lake-Ritzville-Connell areas. To the extent possible, he will 
work toward the same objectives as the Yakima and Moses Lake-Ritzvi11( 
Connell investigators (John Biggane and Al Amos, respectively), and 
he will work cooperatively with Biggane and Amos using the existing 
facilities at WSU. 



Susan Prestwich 
February 9, 1982 
Page 3 

The reasons for using one of our own staff for this work are as 
follows: 

1. Keith's experience with Columbia Basin stratigraphy should allow 
him to progress more rapidly than an inexperienced graduate 
student could; 

2. working with log suites from the whole Columbia Basin does not 
lend itself to a readily definable masters level thesis project;) 

3. Professor Crosby at WSU has expressed his agreement with this 
course of action, and 

• 
4. the travel expenses associated with working in Pullman (Cheney s 

about 80 miles away) are probably more than offset by not havin i 
to pay the 45 percent WSU administrative overhead. 

The changes indicated by footnote J/ on the attached ledger sheet a^e 
' those associated with this proposed change. 

C.7. - Heat-flow and temperature gradient investigation at Mount Baker. Vie 
propose to add $5,000 to the budget for this project. The originalny 
proposed budget of $22,000 would not have been adequate to fund the 
proposed two drill holes. 

C.8. - K-Ar dating of Quaternary rock previously collected from the Cascade 
area. These data were originally to have been supplied by the 1ab( ra 
tory at University of Utah Research Institute, but were included a: 
a budget item in the second year of contract modification A006 when 
we found that most of the rocks that Dr. Hammond wished to have da 
were too young to be dated in the UURI lab. 

:ed 

We now propose to move the budget for age dating forward into the 
current contract year, and to add $1,000 to it to allow Dr. Hammonld 
to pay for student workers who will assist him in reducing data on 
the area and volume of Quaternary volcanic units, and the geochemistr 
and age of these units. 

I hope that the above explanations are clear; if not please call me at (206) 4J9-f 

The subcontract modifications and new subcontracts necessary to effect the charges 
proposed above will be submitted to your office for approval as soon as possib e. 

May I look forward to your early response, so that I can put the modifications inl 
action quickly? | 

Sincerely, 

MJ Eric Schuster 
Assistant State Geologist 
Division of Geology and Earth Resources 
Enclosures 
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Modification No. A006 (Cont'd) 
Contract No. DE-AC07-79ET27014 
Page 2 of 3 

c. Provide subcontract administration and f i e l d monitoring for 
the subcontracts described in Washington State Department of 
Natural Resources Proposal dated April 24, 1981, revised 
June 20, 1981, and July 9, 1981. as follows: 

1 . Cascade Range Regional Gravity Subcontract with Danes 
Research Associates; $35,700; last year of four-year 
program; f ina l ize , compile, and complete report for 
public dissemination by April 1 , 1983. 

2. Yakima Area Geothennal Investigations Subcontract with 
Washington State University; $11,481; two-year program, 
second year; a f inal report for the second-year ef for t 
containing appropriate geology, temperature gradient, 
heat-flow, hydrologic maps and cross sections and a l l 
other pertinent data and information is due January 31, 
1982. 

3. Wind River Geology Subcontract with Portland State 
University; $20,000; eleven month e f f o r t ; a f inal report 
containing data reduction and analytical work, geologic 
maps, cross sections and interpretive text i s due 
July 31, 1982. 

4. Low temperature Geothennal Resources of the Moses 
Lake-Ritzville-Connel Area, Columbia Basin, Washington; 
$30,000; procure a subcontract for twelve month e f fo r t ; 
f inal report containing stratigraphic correlat ion, 
structural interpretation, thermal aquifers and their 
characteristics, temperature gradients, and heat flow 
and ident i f icat ion, and characterization of potential 
low-temperature geothennal resources is due July 31, 
1982. 

5. Geologic-hydrologic assessment of low temperature 
geothennal resources in the Walla Walla area, Columbia 
River, Washington; $25,000; procure a subcontract for 
twelve month e f fo r t , f inal report containing 
stratigraphic correlat ion, structural interpretation 
thennal aquifers and their characteristics, thermal 
gradients, and heat flow and indent i f icat ion, and 
characterization of potential low-temperature geothemal 
resources is due April 1 , 1983. 

6. Heat-flow and temperature gradient investigation at 
Columbia Basin; $6,000; procure a subcontract to acquire 
computer-plotted copies of suites of well logs (400 + 
wel ls) . Include results in data set report due 
August 1 , 1983. 



) 

Modification No. AOOS (Cont'd) 
Contract No. DE-AC07-79ET27014 
Page 3 of 3 

7. Heat-flow and temperature gradient investigation at 
Mount Baker; $22,000; procure a subcontract to d r i l l two 
500 foot heat flow holes in the area of Mount Baker. 
Include results in data set report due August 1 , 1983. 

8. K-Ar Dating of Quarternary rock previously collected 
from the Cascade area; $5,000; data gathered shall be 
used for space-time-composition model for South Cascade 
Range. Report to include age data and analysis due 
August 1 , 1983. 

Incorporate available data from the DOE-ID funded temperature 
gradient-heat flow subcontract with Southern Methodist 
University, Or. David Blackwell, Principal Investigator, into 
appropriate f inal reports. 
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ARTICLE I SCOPE OF WORK 

(a) The Contractor shall conduct a program titled, "Geothernal 
Assessment and Reservoir Definition in Washington," to 
accomplish the work set forth in: 

Exhibit I - Statement of Work 
Exhibit II - Reporting Requirements 

Work completed, including the submittal of the reports required 
by Exhibit II in an acceptable manner, are used to measure 
progress under the contract and as a basis for the approval of 
pajments. Failure to comply with the reporting requirements of 
Exhibit II may result in a delay in the payment of invoices until 
corrective action is taken. 

(b) All work under this contract shall be performed under the general 
guidance and direction of the Technical Manager whose responsibil
ities are defined in ARTICLE IV. Such guidance and direction 
shall not, however, effect any change in the specification require
ments or cost structure of this contract, increase its estimated 
cost, or extend the period of performance. Such changes shall be 
only by action of the Contracting Officer. 

ARTICLE II PERIOD OF PERFORMANCE 

The period of performance under this contract shall commence on 
November 1, 1978 and expire on October 31, 1979. The period of 
performance may be extended for additional periods by the written 
agreement of the parties. 

ARTICLE III ESTIMATED COST AND COST SHARING 

(a) The total estimated cost of the work under this contract 
is $309,878. Of this estimated cost, the Government will fund 
a maximum amount of $296,894. 

(b) The Contractor and the Government have agreed to share the cost 
of all work performed in accordance with the provisions of this 
Contract in a ratio of 95.810 percent by the Government and 4.190 
percent by the Contractor of all operating-funded costs determined 
to be allowable in accordance with the Clause of the General 
Provisions entitled "Allowable Cost and Payment." The Contractor 
will not share in the cost of the capital equipment. The 
Contractor shall be paid no fee for the work performed under this 
contract. 
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(c) The Contractor shall fund out of its own resources an estimated 
amount of $12,984 for its share of costs identified in paragraph (b) 
above. In the event that the actual cost of the work exceeds the 
amount of $309,878, it is agreed that the Contractor shall be under 
no further obligation to thereafter share costs of contract per
formance hereunder for its own account, and in no event shall 
Contractor be obligated to contribute an amount hereunder for 
its own account in excess of a total of $12,984. 

(d) The total amount presently obligated by the Government under 
this contract is $296,894. Of these funds $248,235 are available 
for operating expenses and $48,659 for the purchase of capital 
equipment. 5".̂, 6"?-/ 

ARTICLE IV TECHNICAL DIRECTION AND SURVEILLAiJCE 

(a) The work to be performed by the contractor under this contract 
is subject to the surveillance and written technical direction 
of a "Technical Manager" who shall be specifically appointed by 
the Contracting Officer in writing. Technical direction is 
defined as a directive to the contractor within the requirements 
of the Article hereof entitled "Scope of Work," which approves 
approaches, solutions, designs, or refinements; defines or 
otherwise completes the general description of work; and other
wise furnishes technical guidance to the contractor. The Technical 
Manager shall monitor the contractor's performance with respect 
to compliance with the requirements of the Scope of Work, 
schedule and cost. Technical direction includes the process 
of conducting inquiries or transmitting information or advice 
by the Technical Manager, regarding matters within the require
ments of the Scope of Work. Technical direction and management 
surveillance shall not impose tasks or requirements upon the 
contractor additional to or different from the general tasks 
and requirements stated in the Article of this contract entitled 
"Scope of Work." The technical direction to be valid: 

(1) Must be issued in writing consistent wich the general 
scope of the work set forth in this contract; 

(2) Shall not commit the Government to any adjustment of the 
estimated cost and fees or other contract provisions. 
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(b) In the event any Government technical direction is interpreted 
by the contractor to fall within the Clause of the General 
Provisions hereof, entitled "Changes" the contractor shall not 
implement such direction, but shall notify the Contracting 
Officer in writing of such interpretation within ten (10) days 
after the contractor's receipt of such direction. Such notice 
shall (i) include the reasons upon which the contractor bases 
its belief that the technical direction falls within the purview 
of the "Changes" clause; and (ii) include the contractor's best 
estimate as to revision in estimated cost, fee, performance time, 
delivery schedules and any other contractual provisions that 
would result from implementing the technical direction. 

(1) If, after reviewing the information presented pursuant to 
paragraph (b) above, the Contracting Officer is of the opinion 
that such direction is within the purview of the "Changes" 
clause and he considers such change desirable, he will issue 
unilateral direction to proceed pursuant to the authority 
granted him under the clause. If he determines that such 
direction is technical direction authorized by this article, 
he will direct the contractor to proceed with the implementa
tion of such technical direction. 

(2) In the event the Contracting Officer determines that 
it is necessary to avoid a delay in performance of the 
contract he may, in writing, direct the contractor to 
proceed with the implementation of the technical direc
tion pending receipt of the information to be submitted 
under paragraph (b) above. Should the Contracting 
Officer later determine that a direction under the 
"Changes" clause is appropriate, the written decision 
issued hereunder shall constitute the required direction. 

(c) Failure of the Contractor and the Contracting Officer to agree 
on whether Government Direction is technical direction or a 
change within the purview of the "Changes" clause shall be a 
dispute concerning a question of fact within the meaning of the 
Clause of the General Provisions entitled "Disputes." 

(d) The only persons authorized to give technical direction to the 
Contractor under this contract are the Contracting Officer and 
any "Technical Manager" who may be appointed by him as contem
plated by paragraph (a) above. Any action taken by the 
Contractor in response to any direction given by any porson 
other than the Contracting Officer or Technical Manager whom 
he may appoint shall be at the contractor's own risk. 
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ARTICLE V ORDER QF PRECEDENCE 

In the event of inconsistency in this contract, the inconsistency 
shall be resolved by giving precedence in the following order: (A) 
Schedule, (B) Statement of Work, (C) General Provisions, (D) any 
other provisions of this contract, whether incorporated by refer
ence or otherwise; and (E) the Contractor's technical proposal if 
incorporated in this contract by reference or otherwise. 

ARTICLE VI GENERAL PROVISIONS 

The Contractor shall comply with clauses which are set forth in 
General Provisions "DOE/SAN Cost-Type Contracts with Commercial 
Organizations dated March 1978" consisting of 45 pages which are 
a part of this contract. In accordance with the clause entitled 
"Subcontracts", any consent by the Contracting Officer to the 
placement of subcontracts shall not be construed to constitute 
approval of the subcontractor or any subcontract terms or condi
tions, determination of the allowability of any cost, revision 
of this contract or any of the respective obligations of the 
parties thereunder, or creation of any subcontractor privity 
of contract with the Government. 

ARTICLE VII ALTERATIONS AND ADDITIONS 

(a) Clause 2 "Limitation of Cost" is deleted in its entirety and the 
following new clause entitled, "Limitation of Cost (Cost-Sharing)" 
is added as follows: 

"CLAUSE 2 LIMITATION OF COST (COST-SHARING) 

(a) It is estimated that the cost of the Government 
for the performance of this contract will not 
exceed the estimated cost to the Goverrjnent set 
forth in the Schedule, and the Contractor agrees to use 
his best efforts to perform the work specified in the 
Schedule and all obligations under this contract within 
such estimated cost to the Government plus the share of the 
cost of performance agreed to be borne by the Contractor, 
as set forth in the Schedule. If, at any time, the 
Contractor has reason to believe that the costs which 
he expects to be incurred in the performance of this 
contract in the next succeeding 60 days, when added to 
all costs previously incurred, will exceed 75 percent 
of the estimated total cost to the Government and to the 
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Contractor then set forth in the Schedule, or if, at any 
time, the Contractor has reason to believe that the total 
cost for the performance of the contract (exclusive of 
any fee) will be greater or substantially less than the 
then estimated total cost thereof, the Contractor shall 
notify the Contracting Officer in wricing to that effect, 
giving his revised estimate of such total cost for the 
performance of this contract. 

(b) Except as required by other provisions of this contract, 
specifically citing and stated to be an exception from 
this clause, the Government shall not be obligated to reimburse 
the Contractor for costs incurred in excess of the estimated 
cost to the Government set forth in the Schedule, and the 
Contractor shall not be obligated to continue performance 
under the contract (including actions under the Termination 
clause) or otherwise to incur costs in excess of the 
estimated total cost set forth in the Schedule, unless and 
until the Contracting Officer shall have notified the 
Contractor in writing that such estimated total cost has 
been increased and shall have specified in such notice 
a revised estimated total cost which shall thereupon 
constitute the estimated total cost of performance of this 
contract. The increase in such estimated total cost 
shall be allocated in accordance with the formula set forth 
in the Schedule governing such increases. No notice, 
communication, or representation in any other form or 
from any person other than the Contracting Officer shall 
affect the estimated cost to the Government of this contracc. 
In the absence of the specified notice, the Government shall 
not be obligated to reimburse the Contractor for any 
costs in excess of the estimated cost to the Government 
set forth in the Schedule, whether those excess costs 
were incurred during the course of the contract or as a 
result of termination. When and to the extent that the 
estimated total cost set forth in the Schedule has 
been increased, any costs incurred by the Contractor 
in excess of the estimated total cost prior Co such 
increase shall be allowable co che same exCenc and 
in the same percentage as if such costs had been 
incurred after the increase; unless the Contracting 
Officer issues a termination or other notice and 
directs that the increase is solely for che purpose of 
covering termination or other specified expenses. 
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(c) Change orders issued pursuant to the Changes clause 
of this Contract shall not be considered an authori
zation to the Contractor to exceed the estimated 
cost to the Government set forth in the Schedule 
in che absence of a statement in the change order, 
or other contract modification, increasing the esti
mated cost. 

(d) In the event this contract is terminated or the 
estimated cost not increased, the Government and 
the Contractor shall negotiate an equitable dis
tribution of all property produced or purchased 
under the contract based upon the share of costs 
incurred by each." 

(b) Clause 3, "Allowable Cost, Fixed-Fee and Payment" is 
retitled "Allowable Cost and Payment" and the following 
changes thereto are made: 

(1) Insert the following sentence in lieu of the second 
sentence of paragraph (c) of the clause: 

"After payment of an amount equal to 80 percent of 
(the Government's share of) the total estimated cost 
of performance of this contract set forth in the 
Schedule, the Contracting Officer may withhold further 
payment on account of allowable cost until a reserve 
shall have been set aside in an amount which he con
siders necessary to protect the interests of the 
Government, but such reserve shall not exceed 5 
percent of the Government's share of such total 
estimated cost or $50,000 whichever is less." 

(2) In paragraph (e) delete the words "and any part of 
the fixed fee." 

(3) In paragraph (a) (1) (i) , delete Svibpart 1-15.2 of the Federal 
Procurement Regulations (41 CFR 1-15.2), as supplemented or 
modified by DOEPR 9-15.2 (41 CFR 9-15.2), and replace with 
"Subpart 1-15.7 (41 CFR 1-15.7), as in effect on the date 
of this contract; and 
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(c) Clause 22, "Utilization of Labor Surplus Area Concerns" and 
Clause 49, "Labor Surplus Area Subcontracting Program" are 
deleted in their entirety and replaced with the following: 

"CLAUSE 22 UTILIZATION OF LABOR SURPLUS AREA CONCERNS 

(The following clause is applicable if this contract exceeds 
$10,000.) 

(a) It is the policy of the Government to award contracts to 
labor surplus area concerns that agree to perform substan
tially in labor surplus areas, where this can be done con
sistent with the efficient performance of the contract and 
at prices no higher than are obtainable elsewhere. The 
Contractor agrees to use his best efforts to place his 
subcontracts in accordance with this policy. 

(b) In complying with paragraph (a) of this clause and with 
paragraph (b) of the clause of this contract entitled 
"Utilization of Small Business Concerns," the Contractor 
in placing his subcontracts shall observe the following 
order of preference: (1) Small business concerns that 
are labor surplus area concerns, (2) other small business 
concerns, and (3) other labor surplus area concerns. 

(c) (1) The term "labor surplus area" means a geographical 
area identified by the Department of Labor as an area 
of concentrated unemployment or underemployment or 
an area of labor surplus . 

(2) The term "labor surplus area concern" means a concern 
that together wich its first-tier subcontractors will 
perform substantially in labor surplus areas. 

(3) The term "perform substantially in a labor surplus 
area" means that the costs incurred on account of 
manufacturing, production, or appropriate services 
in labor surplus areas exceed 50 percent of the con
tract price. 
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CLAUSE 49 LABOR SURPLUS AREA SUBCONTRACTING PROGRAM 
(applicable if this contracc exceeds $500,000) 

(a) The ContracCor agrees Co esCablish and conduce a program 
which will encourage labor surplus area concerns to com
pete for subcontracts within their capabilities. In this 
connection, the Contractor shall — 

(1) Designate a liaison officer who will (i) maintain 
liaison with duly authorized representatives of the 
Government on labor surplus area matters, (ii) super
vise compliance with the Utilization of Concerns in 
Labor Surplus Areas clause, and (iii) administer the 
Contractor's "Labor Surplus Area Subcontracting 
Program"; 

(2) Provide adequate and timely consideration of the poten
tialities of labor surplus area concerns in all "make-
or-buy" decisions; 

(3) Assure that labor surplus area concerns will have an 
equitable opportunity to compete for subcontracts, 
particularly by arranging solicitations, time for the 
preparation of bids, quantities, specifications, and 
delivery schedules so as to facilitate the participa
tion of labor surplus area concerns; 

(4) Maintain records showing the procedures which have 
been adopted to comply with the policies set forth 
in this clause and report subcontract awards (see 41 
CFR 1-16.804-5 regarding use of Optional Form 61). 
Records maintained pursuant to this clause will be 
kept available for review by the Government until 
the expiration of 1 year after the award of this con
tract, or for such longer period as may be required 
by any other clause of chis contracts or by applicable 
law or regulations; and 

(5) Include the Utilization of Labor Surplus Area Concerns 
clause in subcontracts which offer substantial labor 
surplus area subcontracting opportunities. 
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(b) (1) The term "labor surplus area" means a geographical 
area identified by the Department of Labor as an area 
of concentrated unemployment or underemployment or an 
area of labor surplus. 

(2) The term "concern located in a labor surplus area" 
means a labor surplus area concern. 

(3) The term "labor surplus area concern" means a concern 
that, together with its first-tier subcontractors, will 
perform substantially in labor surplus areas. 

(4) The term "perform substantially in labor surplus areas" 
means that the costs incurred on account of manufactur
ing, production, or appropriate services in labor 
surplus areas exceed 50 percent of the contract price. 

(c) The Contractor further agrees to insert, in any subcontract 
hereunder which may exceed $500,000 and which contains the 
Utilization of Labor Surplus Area Concerns clause, provi
sions which shall conform substantially to the language of 
this clause, including this paragraph (c), and to notify the 
Contracting Officer of the names of such subcontractors." 

(d) Clause 46 "Cost Accounting Standards" and Clause 47 "Administra
tion of Cost Accounting Standards" are deleted in their entirety. 

(e) Paragraphs (g) and (h) of Clause 37, "Rights In Technical Data," 
are not applicable unless the Contractor is withholding proprie
tary data under paragraph (e) of that clause. 

(f) Clause 55, "Date of Incurrence of Costs" is hereby added: 

"CLAUSE 55 DATE OF INCURRENCE OF COSTS 

The Contractor shall be entitled to reimbursement for costs incurred 
in an amount not to exceed $100,000 on or after November 1, 1978 
which, if incurred after this contract had been entered into, would 
have been reimbursable under the provisions of this contract." 



STATEMENT OF WORK 

1. General Scope (Objective) 

Tlie State of Washington wil l investigate geothermal reservoirs 
in the State , as a.continuation of the Washington State Coop 
Project. The objective of this investigation i s to characterize 
the geothermal reservoirs in the State of Washington. This 
information is necessary to develop specific geochermal reser
voirs for direct use of the heat energy. 

The Washington Division of Geology and Earth Resources has 
been involved in the assessment of the s t a t e ' s geothennal re
sources since 19 71 when the Fi rs t Northwest Conference on Geo
thermal Power was held in Olympia. From the beginning the goal 
has been to assess the geothermal potential of the State of 
Washington. Progress toward achieving this goal has been made 
by engaging in projects that : 1) provide baseline geologic, 
geophysical, and geochemical data that can be u t i l ized by 
industry to cut exploration lead time and speed i t s assessment of 
Washington's geothermal resources; and 2) assess the geothermal 
potential of specific geographic areas where the possible occur
rence of geothermal energy is recognized but where industry 
ei ther shows no strong in te res t or is prevented from conducting 
exploration by legal and ins t i tu t iona l ba r r i e r s . The geothermal 
resource assessment resul ts of the contract wi l l supply informa
tion to the U.S Geological Survey for i t s continuing national 
assessment. The reservoir definition resul ts wi l l provide the 
State and DOE planning groups with the resource information 
necessary for future geothermal development in Washington. 

2. Specific Contractor Tasks 

A. Establish a Geothermal Data Bank. 

B. 

Acquire, evaluate, and compile a l l geologic, hydrologic, 
geophysical, and geochemical information that pertains 
to the assessment of Washington's geothermal resources. 
The result ing data bank wi l l be maintained as part of 

• the Division l ibrary and, as such, i t will be available 
for reference by anyone interested in Washington's geo
thermal resources. Evaluate the appl icabi l i ty of ex is t 
ing data to geothermal resource assessment, and transmit 
these evaluations on to users in the form of annotated 
bibliographies. Incorporate data compilations whenever 
possible in order to avoid unnecessary duplication of 
ef for t . 
Provide Technical Advice to the State Interagency 
Geothermal Council. 

An Interagency Geothermal Council has been formed for the 
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purposes of encouraging the timely assessment and 
development of Washington's geothennal r esources . 
Provide t echn ica l a s s i s t ance to the Council regard
ing the assessment of geothermal r e sources . 

C. Conduct Geothermal Resource Assessment P r o j e c t s . 

Conduct and manage assessmonc-orienced f i e l d operat ions 
as soon as p ro j ec t s are s e l ec t ed and subcontracted. 
The s e l e c t i o n of p ro j ec t s to be subcontracted w i l l be 
done with the advice and cooperat ion of USGS, USDOE, 
and un ive r s i t y personnel . P ro jec t s to be subcontracted 
w i l l include heat flow, temperature g rad i en t , and 
poss ib ly magne to te l lu r ic and t e l l u r i c , r e s i s t i v i t y , and 
g rav i ty s t u d i e s . When a n a l y t i c a l f a c i l i t i e s or outs ide 
geochemical analyses are a v a i l a b l e , begin a comprehen
s ive thermal and mineral spr ing inventory , sampling, 
and source- temperature es t imat ing p r o j e c t . I t i s e s t i 
mated tha t 3 to 4 years w i l l be requi red to complete the 
i n i t i a l inventory , with r e s u l t s repor ted each year to 
provide information to users in a timely manner. Following 
the i n i t i a l inventory , a follow-up p ro jec t w i l l involve 
resampling important spr ings a t d i f f e r en t times of the 
year in an e f f o r t to evalua te mixing e f f ec t s of spr ing 
waters with near - sur face and ground waters to t ry and 
determine i f there i s a s i g n i f i c a n t "masking e f fec t " 
caused by high p r e c i p i t a t i o n . 

D. Planning 

The f u l l assessment of Washington's geothennal resources 
w i l l be a mul t i -year p ro jec t involving f e d e r a l , s t a t e , 
co rpora te , u n i v e r s i t y , and probably l o c a l agencies . The 
Divis ion of Geology and Earth Resources w i l l develop plans 
tha t w i l l draw together and wisely apply the t a l e n t s of 
a l l i nd iv idua l s and agencies t h a t - a r e involved in geo
thermal resource assessment in Washington. These planning 
and assessment a c t i v i t i e s w i l l be ca r r i ed out in f u l l 
cooperation with the USGS, USDOE, and the un ive r s i ty 
i n v e s t i g a t o r s and the Sta te Interagency Geothermal Council. 

3 . Del iverable Items 

By the end of FY 79, the Division of Geology and Earth 
Resources w i l l prepare and open-f i le the following r e p o r t s : 

A. A progress r epo r t on the inventory of thermal and 
mineral spr ings i n Washington. After the f i r s t y e a r ' s 
i n v e s t i g a t i o n s , 25 to 33 percent of tlie s t a t e ' s thermal 
and mineral spr ings i s expected to have been sampled. 

Selected annotated b ib l iography of geo log ica l , geo
phys i ca l , hyd ro log i ca l , and geochemical repor t s tha t 
pe r t a in to the assessment of geothermal resources in 
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Washington. 

Five-year plan for the assessment of geothermal 
resources in Washington. This plan w i l l include 
d e t a i l e d reviews of future requirements for geologic 
mapping, lineament mapping, geochemistry, co l l ec t ion 
of hydrologic da ta , and geophysics inc luding but not 
l imiced to heat-f low measurements, magneto te l lu r ic 
and t e l l u r i c measurements, and r e s i s t i v i t y measurements, 

Schedule 

Implementation of proposal 

Advise Interagency Geothermal 
Council 

Thermal and mineral sp r ing 
inventory 

Open-fi le progress r epor t 
on spr ing inventory 

Compilation and pub l i ca t ion 
of Bibliography 

Formulation of mixing models 
and geothermometers for 
Cascade Springs 

Compile data bank 

Formulate assessment plans 

Conduct or manage subcon
t r ac t ed invesc iga t ions 

1978 
O N D J F 

19 79 
M A M J J A S O 

• ^ 

^ 

> 

> 
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Task 2. Temperature Measurements - Temperature measurements and thermal 
gradients will be obtained for all available existing wells in the 
Southeastern Cascades, Yakima Valley, and southwestern Columbia Basin. 
A preliminary map and interpretation of these data to include geo-
hydrologic, and existing data on file with this program, will be 
produced. 

Task 3. Geologic Mapping - Detailed geologic mapping, of lithology and structures, 
rock analysis, and age dating will be conducted on one of the strato
volcanoes (i.e., Mt. Adams or Mt. Baker). The study area to be studied 
will be approved by DOE prior to beginning work. Preliminary maps and 
interpretations of geothermal potential of the study area will be 
produced. 

Task 4. Gravity Survey - A subcontract will be issued to perform gravity 
surveys (one station per five square miles density) in the central and 
Northern Cascades. Data reduction and preliminary interpretations will 
be produced. A gravity map of the Cascades of Washington will be 
prepared by 1982. This subcontract must be approved by DOE prior to 
issuance. 

Task 5. Geophysical Interpretations - A task within this program is to assist 
in the evaluation of data as it relates to geothermal development in 
the State of Washington. It is understood that $5,000 will be available 
under this modification to purchase consultant time, as required, to 
aid in the interpretation of geothennal information associated with 
this program. 

Task 6. Geochemistry - Water samples will be collected from thermal springs 
and wells along the Columbia and Wind Rivers, in the southeast Cascades, 
and in eastern Washington. Geochemical analyses will be performed on 
the samples as outlined in the participant's proposal, herein incorporated 
as part of this modification. Soil mercury and radon studies will be 
conducted in these areas to help delineate faults associated with 
geothermal fluids. Preliminary maps and results of these surveys will 
be presented in the yearend report. 

Task 7. Fault - Lineament Map - Construct a well documented lineament map of 
south Cascades and southwest Columbia Basin areas. Field verification 
of lineaments and faults will be accomplished. 

Task 8. USGS GEOTHERM file - All pertinent information on geothennal resources 
will be transmitted to the USGS GOETHERM File for encorporation. 

Task 9. Reports - The Contractor shall furnish reports for work under this 
modification in accordance with attached DOE Form CF-537. 

052880 
10L-A21 
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2. Article II - PERIOD OF PERFORMANCE of the "SCHEDULE" is revised to read as 
fol1ows: 

The period of performance for work under this modification shall 
begin on July 1, 1980 and be completed on May 31, 1981. The period of 
performance may be extended for additional periods by written agreement 
of the parties. 

3. Paragraphs (a), (c) and (d) of Article III - ESTIMATED COST AND COST SHARING 
of the "SCHEDULE" are revised to read as follows: 

(a) The total estimated cost of the work under this contract is 
increased from $309,878 to $616,962 for work under the original 
contract and this Modification No. A003. Of this estimated cost, 
the amount that DOE will fund is increased from $296,894 to $591,111 
for work under this Modification No. A003. 

(c) The amount of costs that the Contractor shall fund out of its own 
resources is increased from $12,984 to $25,851 for work under the 
this Modification No. A003. In the event that the actual cost of 
the work under the original contract and this Modification No. AOOS 
exceeds the amount of $616,962 it is understood and agreed that the 
Contractor shall be under no further obligation to thereafter share 
costs of contract performance hereunder, and in no event shall the 
Contractor be obligated to contribute an amount from its own resources 
in excess of $25,851 for work under the original contract and this 
Modification No. A003. 

(d) The total amount presently obligated under this contract is increased 
from $296,894 to $591,111. Of these funds $549,510 is available for 
operating expenses and $41,601 for the purchase of capitol equipment. 
Amounts obligated under the contract by both parties is summarized 
as follows: 

DOE SOW 
Share Share 

Original contract $296,894 $12,984 
Increase Mod A003 294,217 12.867 

Totals $591,111 $25,851 

4. Paragraph (e) is added to Article IV - TECHNICAL DIRECTION AND SURVEILLANCE, 
of the "SCHEDULE" to read as follows: 

(e) The "Technical Manager" for DOE is as follows: 

M. A. Widmayer 
Resource Definition Branch 
USDOE - Idaho Operations Office 
550 Second Street 
Idaho Falls, ID 83401 
Telephone (208) 526-1466 
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The Principal Investigator for the Contractor under this contract is; 

J. Eric Schuster 
Assistant Manager 
Division of Geology and Earth Resources 
Department of Natural Resources 
State of Washington 
Olympia, WA 98504 
Telephone (206) 754-1615 

15? i ^^ 
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Modif ication No. AOOS 
Contract NOe DE-AC07-79ET27014 

STATEMENT OF WORK 

The Contractor w i l l perform fol lowing tasks to complete the work on the 
geothermal resource assessment of the State of Washington. 

Task 1 . Complete data compilation for publ icat ion by NOAA of a State 
Geothermal Resources Map and publish a State Geothennal Resource 
Map. 

Task 2. Data Gathering 

a. Sample and analyze addit ional thennal springs and wel ls ; 
ver i fy rumored thennal springs and wel ls ; in terpret and 
report fo r dissemination geology, geochemistry, and 
recommendations for fur ther work and/or development of 
springs and thennal wel ls . Conduct temperature gradient 
logging of wells and springs. Submit a f i na l report on 
thermal springs and wells incorporating geology and 
geochemistry. 

be Obtain and report fo r dissemination soi l mercury 
determinations near selected thermal springs. Submit a f i na l 
report on f ind ings. 

Task 3. Data Compilation and Dissemination 

a. Augument, In terpret and publish fo r dissemination data sets 
pert inent to geothermal assessment and explorat ion. Data 
sets w i l l Include but not be l im i ted to the fo l lowing: 
geology, geophysics (grav i ty , seismic and areomagnetics) 
f a u l t s , and linements, rock and water geochemistry, 
temperature gradients and heat f low, and geothennal leasing. 

be Prepare and publish for dissemination a Final Report on 
Geothermal Potential of Washington which w i l l summarize a l l 
present and previous a c t i v i t i e s under th i s contract . 

Task 4. Project Management 

a. Provide overal l project management and complete and report on 
tasks In a t imely manner. 

b. Provide a l l management reports, open f i l e and published 
reports, and f ina l reports as defined by the attached DOE 
Form CR-537 Reporting Requirements Checkl ist. 

H2-0932H 
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c. Provide subcontract administration and f i e l d monitoring for 
the subcontracts described In Washington State Department of 
Natural Resources Proposal dated Apri l 24, 1981, revised 
June 20, 1981, as fo l lows: 

1 . Cascade Range Regional Gravity Subcontract with Danes 
Research Associates; $25,700; l as t year of three-year 
program; f i n a l i z e , compile, and complete report fo r 
public dissemination by May 31 , 1982. 

2. Yakima Area Geothermal Investigations Subcontract with 
Washington State Universi ty; $11,481; two-year program, 
second year; a f i na l report fo r the second-year e f f o r t 
containing appropriate geology, temperature gradient, 
heat-f low, hydrologic maps and cross sections and a l l 
other pert inent data and information i s due January 31 , 
1982. 

3. Wind River Geology Subcontract with Portland State 
Universi ty; $20,000; eleven month e f f o r t ; a f i na l report 
containing data reduction and analyt ical work, geologic 
maps, cross sections and in terpret ive tex t i s due 
July 3 1 , 1982. 

4. Low temperature Geothermal Resources of the Moses 
Lake-Rltzville-Connel Area, Columbia Basin, Washington; 
$30,000; procure a subcontract fo r twelve month e f f o r t ; 
f i na l report containing strat igraphic cor re la t ion , 
st ructural in te rpre ta t ion , thennal aquifers and the i r 
character is t ics , temperature gradients, and.heat flow 
and i den t i f i ca t i on , and characterizat ion of potential 
low-temperature geothennal resources is due July 31 , 
1982. 

d. Incorporate avai lable data from the DOE-ID funded temperature 
gradient-heat flow subcontract wi th Southern Methodist 
Univers i ty , Dr. David Blackwell, Principal Invest igator, in to 
appropriate f ina l reports. 
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Modif icat ion No. AOOS (Cont'd) 
Contract No. DE-AC07-79ET27014 

SUMMARY OF DELIVERABLES 

Due 

1 . Final Report Yakima Area Geothennal Investigations 1/31/82 

2. Final Report Cascade Range Regional Gravity 5/31/82 

3. Data Sets 7/1/82 

4. Final Report Thermal Springs and Wells Sampling 7/1/82 
Based on Geology and Geochemistry 

5. Final Report Soil Mercury Determinations near 7/1/82 
Selected Thennal Springs 

6. Final Report Wind River Geology 7/1/82 

7. Final Report Low Temperature Geothermal Resources 7/1/82 
of Moses Lake-Ritzvil le-Connell Area, Columbia 
Basin, Washington 

8. Final Report on Geothennal Potential of Washington 6/15/82 (draf t ) 
7/31/82 ( f i na l ) 
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3. REPORTING REQUIREMENTS 

A. PROJECT MANAGEMENT 

1. D Management Plan 

2. D Milestone Schedule & Status Report 

3. D Cost Plan 
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Frequency 

M 
M 
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F - Final (End of Contract) 
M — Monthly 
0 - One Time (Soon After Contract Award) 

Q - Quarterly 
S — Semi-Annually 
X — Mandatory for Delivery with Proposals/Bid 
Y — Yearly or Upon Contract Renewal 

4. SPECIAL INSTRUCTIONS 

A.5., A.6. - Copies are due within fifteen days after end of the calendar month. 

B.3. 

b.4. 

Submit in draft after completion of work as indicated in Statement of Work. 
After DOE approval is received, submit copies as required on attached 
"Report Distribution List." 

Submit 2 copies in draft forty-five days prior to completion date of contract 
term. After DOE approval is received, submit in final including one 
camera-ready copy. 

5. ATTACHED HEREWITH: 

^ Report Distribution List 
a WBS/Reporting Category 

n 
n 

6. PREPARED BY (Signature and date): 7. REVIEWED BY (Signature and date): 



REPORTING REQUIREMENTS CHECKLIST 

PURPOSE 

A checklist to jdentify and conwnimicat* additional 
reporting requirements which ara not otherwise set 
for th in the General Purpose clauses of OOE oontracts 
and agreenwms. It wi l l be included as part of the oon
tract or agreement. This form wi l l be completed for 
each proposed contract or agreemertt and am be 
modified as required in Special Instructions to adapt 
it to a specific situation. 

INSTRUCTIONS 

I t t tn 1 — Enter the t i t le as indicated in the Procure
ment Request, Interagency Agreement, or initiating 
memorandum. 

Item 2 - Enter the ident i f io t ion number of the Pro
curement Request or Interagency Agreement, the 
date of the memorandum, and contract number 
after award. 

/ twn 3 - Check spaces to indicate plant and reports 
required. For eadi reporting requirement checked, 
indicate frequency of delivery in column provided 
using one of lhe frequency codas shown. 

3.A.1 Uanagtmettt Ptan — The contractor's plan to 
manage the effort described in the statement o f 
work or similar document. It w i l l contain man
agement methodologies, control systems, and 
procedures he wi l l use. includes milestones and 
other planning schedules, organizatnnal identi
fication and descriptkms, and special and crit i
cal plans, such as test plans, plans for handling 
of Government owned property. Work break
down structures, key personnel identification, 
and methods for monitoring progress toward 
objectives may be required. 

3.A..2 Milestone Schetlule end Status Report - The 
contractor's milestone sch<tdule for all work 
breakdown structure items, line items, or de
liverables spedfied in the oontract. Updated 
periodically (usually monthly) w i th status, 
progress toward completton, and percent com
pletion of each line itam and of the total con
tract. 

3.A.3 Cost Plen — A baseline plan for incurring costs 
on a comract or agreement t o measure progress 
in terms of cost; update and forecast oontract 
fund requirements; plan funding changes; and 
develop fund requirements and budget esti
mates. 

3.A.4 Manpower Plan — A baseline plan to allocate 
manpower to each reporting category identified 
in the contract or agreement. 

3.A.5Conaracr Manegemtnt Suinmery Report - A 
single-page graphic presentation of integrated 
cost, major milestones, and manpower for rapid 
visual analysis and trend forecasting. 

2.A..SProject Scans Report — A periodic report to 
communicate to DOE management an assess
ment of contract status, to explain variances 
and problems, and to discuss any other areas of 
concern or achievements. 

3.A.7 Cost Management Report — A periodic report 
of the status of costs compared to the Cost 
Plan. Oata is used to : report actual and pro
jected accrued costs; evaluate performance 
against plan; identify actual and potential prob
lem areas; construct cost experience for projects 
and budgeting efforts: and, to verify the reason
ableness of contractors' invoices. 

2.fit.iManpotitier Management Report — A periodic 
report of the status of actual and projected 
manpower expenditure against the Manpower 
Plan. Oata is used to evaluate performance 
against plan; identify actual and potential prob
lem areas; and to construct manpower experi
ence for projections and planning efforts. 

3.A.9 ConArwioe Re ix rd — OocumentatkHi of the 
contractor's understanding of significant deci
sions, direction or redirection or required ac
tions resulting f rom any nweting wi th DOE 
representatives. 

3.A.10 Hot Line Report - A hardcopy report by 
the fastest means available, (TWX, etc) docu
menting cr i t ic i t problems, emergency situa
tions, and important tedmiGil breakthroughs. 

3.B.1 /Vor«» o f Energy R&O Project - A formatted, 
two-page report to provide information on un
classified DOE RgiD proiects for dissemina
tion to the scientific, technical, and industrial 
communities and to the public. Also provides 
information to the Smithsonian Scientific In
formation Exchange. 

3.B.2 Technical Process Report — A formal, struc
tured technical report, submitted periodically 
to communicate project results for dissemina
tion to Government agencies, the scientific, 
technical and industrial communities and the 
public. 

3.B.3 Topical Report - A special technical report 
prepared when a project has reached a point at 
which a major milestone or a significant phase 
has been completed, when unexpected results 
have been achieved, when it is logical to sum
marize results achieved, or when a new scienti
f ic or technological finding is deemed to war
rant prompt publication. 

3.B.4 Finel Technical Report - Technical Progress 
Report reporting final resultsof DOE supported 
RD&D and scientific projects. 

3.C PMS/Mlni-PMS 

I I Cost Performance Report (PMS Application) 

Format 1 - Reports current period and cumu
lative budget, actual costs and earned value data 
by work breakdown structure elemems. Identi
fies oost and schedule variances and provides 
contractor's estimate to complete comparisons 
to budgets. 

Format 2 — Reports current period and cumu
lative budget, actual costs, and earned value 
data by contractor functional elements. 

Format 3 — Provides periodic updating to the 
established performance measurement baseline. 
Incorporates authorized contract changes and 
internal re-planning into the performance 
measurement baseline. 

Format 5 — Provides a narrative analysis of oon
tract variances. 

2) Cost/Schedule Report IMlni-PMS Appl icat ion)-
Periodic, usually monthly, report of cumulative 
budget, actual costs and earned value hy sum
mary work breakdown structure elements. Iden
tifies cost and xhedule variances and provides 
contractor's estimate to complete comparisons 
to budgets. 

3) System Description (PMS ApplicationI - Con
tractor's description of the management control 
system to be used in performi(\g contract work. 
Must address all elements of the PMScriteria. 

4) Summary System Description (Mini-PMS Appl i
cation) — Contractor's summarized description 
of the management control system to be used 
in performing contract work. 

5) WBS Dictionary - Lists and defines work 
breakdown structure. For more detailed instruc
tions see PMS Manual. 

Frequency Codes — Each code must have an identi
fied time period (i.e.. As Required — 5 days after 
event occurrence). These time periods are suggested 
in the solicitation and negotiated at contract award. 

Item 4 — Identify any special reporting requirements 
not indicated in Item 3 and/or qualifiers to those 
selected. (Use additional sheets as necessary.) 

Item 5 — (^eck appropriate blocks. 

Re/iort Distribution List - A comprehensive 
informative listing of reports by frequency of 
submission, addresses and number of copies for 
each addressee. 

Reftorting Categories (level of detail) — An 
identification by WBS level of task elements for 
which reporting wi l l be required by DOE. 

Item 6 — Signature of person or persons preparing the 
checklist and the date prepared. Preparation is by per
son or persons responsible fo r preparation of Procure
ment Request or Statement of Work. 

Item 7 — Signature of the person reviewing the check
list and data reviewed. 

• U.S. MVERWKNT PRINTING OFFICE: 1978- 281-130/ 514 
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U.S. DEPARTMENT OF ENERGY 
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REPORT DISTRIBUTION LIST 

Contract No. 
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Modif icat ion No. 

Addressees Number of Report Copies 

U. S. Department of Energy 
Idaho Operations Office 
550 Second Street 
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Attn: Susan Prestwich, Program Mgr. 
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Attn: Nell W. Fraser, Director 
Contracts Management Division 

Attn: E. G. Jones, Director 
Financial Management Division 

Bob Gray 
U. S. Department of Energy, DGE 
MS 3344, Federal Building 
12th and Penn. N.W. 
Washington, DC 20461 

Duncan Foley 
UURI 
420 Chipeta Way, Suite 120 
Salt Lake City, UT 84108 
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Special Instructions 



UNIFORM DOE CONTRACTOR SCIENTIFIC, TECHNICAL AND 

ENGINEERING REPORT NUMBERING SYSTEM 

Effective with tfie implementation of the Procurement/Contract numbering system as shown in the 
example below, the following guidelines are establisheij for identifying scientific and technical 
reports (progress, interim, final topical, etc.) conference papers, proceedings, theses, and 
translations. 

1. All DOE contractors now applying uniquely identifying codes and systems approved by TIC 
are to continue using such codes and systems. 

2. DOE Field Office codes such as ALO, IDO, COO, HCP, NVO, ORO, RLO, SAN, and SRO; and 
program codes such as FE, DSE, etc., are no longer approved for use by contractors. 

3. Contractors having no approved unique codes are to number information products as shown 
below. All contractors in this category should create unique report numbers by (a) identifying 
the report with a DOE code, (b) selecting the final seven characters from the applicable 
contract number (two alphabetic and five numerals), and (c) adding suffix numbers 
sequentially for each report generated under the contract. For new contracts, the sequential 
number should begin with 1. For existing contracts the established sequence should 
continue. Slash marks and hyphens should be applied as shown in the examples. 

Examples: Report numbers generated from contract number DE-AC03-79ET01834.M001: 

DOE/ET/01834-1; DOE/ET/01834-2; DOE/ET/01834-3; etc. 

Note: It is essential that both the final five-digit numeral and the two preceeding alphabetical 
characters be extracted from the contract number as shown. The modification number, 
if any, normally shown as MOOl, etc., following the basic five-digit number is NOT used 
in the report number. 

4. Reports issued in more than one binding, or reissued as revisions or later editions, are to be 
identified by adding the following aditional suffixes to the basic number: Rev. - Revision; Vol. 
-Volume; Pt. - part: Add. - Addenda; Ed. - Edition, etc. 

Examples: DOE/ET-01834-1 Rev. 
DOE/ET/01834-1 Rev. 2 

DOE/ET-01834-1 Pt. 1 
DOE/ET/01834-1 Pt. 2 

It is intended that report numbers be structured exactly as specified in the examples insofar as 
possible. If modification to this basic format is essential, it is to be approved through normal 
channels before being used. 



SUBCONTRACT FOR GEOTHERMAL INVESTIGATIONS IN THE 

YAKIMA AREA, WASHINGTON 

to 

John Biggane, Investigator 
Geological Engineering Section 

Department of Civil and Environmental Engineering 
Washington State University 
Pullman, Washington 99164 

From 

Washington State Department of Natural Resources 
Division of Geology and Earth Resources 

Olympia, Washington 98504 

Under contract no. DE-AC07-79ET27014 from U.S. Department of Energy 
for Assessment of Geothermal Resources in Washington. 

July 28, 1981 
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Introduction 

Work funded by this subcontract will complete the evaluation of low-temper

ature geothermal resources in the Yakima area which was begun by Mr. Biggane 

on August 1, 1980. During the first year of his investigations, Mr. Biggane 

has assembled all available data from water wells in Yakima County, collected . 

additional subsurface temperature data, subjected the data to statistical 

analysis, and submitted a preliminary report entitled "The low temperature 

geothermal resource of the Yakima region, A preliminary report" (Washington 

State University College of Engineering Research Report 81/15-27). 

Objectives 

Objectives for the remaining six months of Mr. Biggane's investigations 

are as follows: 

I. Refine and extend the preliminary conclusions of the study by performing: 

A. Additional subsurface stratigraphic correlation through the use of 

geophysical and driller's logs. 

B. Additional stratigraphic interpretation by means of structural 

contour maps and fence diagrams. 

C. More detailed investigations of the spatial relationships that exist 

between aquifer depths, temperatures, and stratigraphy. 

II. Identify, assess, and delineate regions according to their geothermal 

potential. 

Schedule 

Investigations under this contract will begin on August 1, 1981, and end on 

January 31, 1982. 



Products 

A report detailing the findings of the investigator, and all pertinent 

data and information relevant to the above objectives shall be due on January 31, 

1982. In addition, this report shall incorporate all of the data and findings 

from the August 1, 1980 to July 31, 1981 contract period. The report shall 

contain appropriate geologic, temperature gradient, heat-flow, and hydrologic 

maps, cross-sections, and/or diagrams. The report shall be delivered in a format 

suitable for publication, and it shall be subject to review by the Division of 

Geology and Earth Resources prior to final acceptance. 

Monthly Report 

The contractor shall submit a monthly letter report describing progress to 

date and fiscal status. 

Payment 

Payment for budgeted expenses incurred up to date of billing will be made at 

any time upon receipt and approval of an itemized billing from Washington State 

University on a State of Washington Invoice Voucher (Form A-19). Total payment . 

for the contract period shall not exceed $11,481. 

Expense items for which rates are not stated in the attached budget, such 

as per diem and transportation, shall be paid at the rates officially established 

by Washington State University. 

Expenditures under any budget heading (Salaries, Benefits, Goods and 

Services, Travel, or Indirect Costs) may exceed the budgeted amount by up to 

twenty percent without amending this contract, so long as such budget changes 

do not result in a total expenditure which exceeds the contract budget ($11,481). 
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In the event that the U.S. Department of Energy terminates its contract 

with the Washington Department of Natural Resources for any reason, this sub

contract will also terminate. If termination should occur, as much advance 

notice as possible will be given, payment will be made for costs incurred up to 

the date of termination, and all findings, reports, maps, diagrams, or other 

information obtained up to the date of termination will be delivered to the 

Division of Geology and Earth Resources. 

Legal Compliance 

Washington State University agrees to abide by all applicable state and 

federal laws in the execution of this subcontract. These include the appropriate 

legal provisions for subcontractors which are included or referenced in U.S. 

Department of Energy Contract No. DE-AC07-79ET27014 (copy attached). 

Budget 

Salaries 

Research Assistant, 1/2 time, 
8/1/81-1/31/82 

Secretarial 

$3,890 

583 

$ 4,473 

Benefi ts 

8 percent of Research Asst. salary 311 
23 percent of secretarial salary 134 

445 

Goods and Services 1,875 

Travel 1,125 

Indirect Costs @ 45 percent of total 
modified direct costs 3,563 

$11,481 



-4-

Siqnatures 

Thomas A. Faecke 
Controller 
Washington State University 
Pullman, WA 99164 

signature date 

Vaughn E. Livingston, Jr. 
State Geologist 
Department of Natural Resources 
Division of Geology and Earth Resources 
Olympia, WA 98504 

^-^-r/ 
date 
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Contract No. 0E-AC07-79ET27014 
Modification No. A006 
-Page 2 of 2 

4. Paragraphs (a), (c) and (d) of Article III - Estimated Cost and Cost 
Sharing are revised to read as follows: 

(a) The total estimated cost of the work under this contract is 
increased by $390,278 from $616,962 to $1,007,240 for work under 
the original contract. Modification No. A003, and this Modifica
tion No. A006. Of this estimated cost, the amount that DOE will 
fund is increased by $203,637 from $591,111 to $794,798 for work 
under this Modification No. A006. 

(c) The amount of costs that the Contractor shall fund out of its own 
resources is increased by $186,641 from $25,851 to $212,492 for 
work under the this Modification No. A006. p n the event that the 
actual cost of the work under the original contract and this 
Modification No. A006 exceeds the amount of $1,007,240 it is 
understood and agreed that the Contractor shall be under no 
further obligation to thereafter share costs of contract performance 
hereunder, and in no event shall the Contractor be obligated to con
tribute an amount from its own resources in excess of $212,492 for 
work under the original contract. Modification No. A003, and 
Modification No. A006. 

(d) The total amount presently obligated under this contract is indreased 
by $203,637 from $591,111 to $794,798. Amounts obligated under the* 
contract by both parties are summarized as follows: 

DOE Washington 
, Share Share 

Original contract $296,894 $ 12,984 
Increase Mod. A003 294,217 12,867 
Increase Mod. A006 203,637 186,641 

Totals $794,748 $212,492 

5. Paragraph (e) of A r t i c l e IV - Technical Direct ion and Surveil lance is 
modified to read as fo l lows: 

(e) The "Technical Manager" fo r DOE is as fo l lows: 

S. M. Prestwich 
Energy & Technology Division 
U. S. Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Falls, Idaho 83401 
Telephone (208) 526-1147 



Modification No. A006 
Contract No. DE-AC07-79ET27014 

STATEMENT OF WORK 

The Contractor w i l l perform fol lowing tasks to complete the v^ork on the 
geothennal resource assessment of the State of Washington. 

Task 1 . Complete data compilation for publication by NOAA of a State 
Geothermal Resources Map and publish a State Geothermal Resource Map. 

Task 2. Data Gathering 

a. Sample and analyze addit ional thermal springs and wel ls ; ver i fy 
rumored thermal springs and wel ls ; in terpret and report for 
dissemination geology, geochemistry, and recommendations for 
fur ther work and/or development of springs and thennal wel ls . 
Conduct temperature gradient logging of wells and springs. 
Submit a f ina l report on thermal springs and wells 
incorporating geology and geochemistry. 

b. Obtain and report for dissemination soi l mercury determinations 
near selected thermal springs. Submit a f ina l report on 
f indings. 

Task 3. Oata Compilation and Dissemination 

a. Augiment, in terpret and publish for dissemination data sets 
pert inent to geothennal assessment and^exploration. Data sets 
w i l l include but not be l imi ted to the fo l lowing: geology, 
geophysics (grav i ty , seismic and areomagnetics) f au l t s , and 
linements, rock and water geochemistry, temperature gradients 
and heat f low, and geothermal leasing. 

b. Prepare and publish for dissemination a Final Report on 
Geothermal Potential of Washington which w i l l summarize a l l 
present and previous ac t i v i t i es under th is contract. 

Task 4. Project Management 

a. Provide overall project management and complete and report on 
tasks in a timely manner. 

b. Provide a l l management reports, open f i l e and published 
reports, and f ina l reports as defined by the attached DOE 
Form CR-537 Reporting Requirements Checklist. 

'' !• 
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Modification No. A006 (Cont'd) 
Contract Mo. DE-AC07-79ET27014 
Page 2 of 3 

Provide subcontract administration and f i e l d monitoring for 
the subcontracts described in Washington State Department of 
Natural Resources Proposal dated Apri l 24, 1981, revised 
June 20, 1981, and July 9, 1981, as fol lows: 

1 . Cascade Range Regional Gravity Subcontract with Danes 
Research Associates; $35,700; l as t year of four-year 
program; f i n a l i z e , compile, and complete report for 
public dissemination by Apri l 1 , 1983. 

2. Yakima Area Geothermal Investigations Subcontract with 
Washington State University; $11,481; two-year program, 
second year; a f ina l report for the second-year e f f o r t 
containing appropriate geology, temperature gradient, 
heat-f low, hydrologic maps and cross sections and a l l 
other pert inent data and information is due January 31, 
1982. 

3. Wind River Geology Subcontract with Portland State 
Universi ty; $20,000; eleven month e f f o r t ; a f ina l report 
containing data reduction and analyt ical work, geologic 
maps, cross sections and in terpret ive text is due 
July 31 , 1982. 

4. Low temperature Geothermal Resources of the Moses 
Lake-Ritzville-Connel Area, Colurttb'ta 3asin, Washington; 
.$30,000; procure a subcontract for twelve month e f f o r t ; 
f ina l report containing strat igraphic cor re la t ion, 
structural in terpreta t ion, thermal aquifers and the i r 
character is t ics, temperature gradients, and heat flow 
and i den t i f i ca t i on , and characterization of potential 
low-temperature geothermal resources is due July 31, 
1982. 

5. Geologic-hydrologic assessment of low temperature 
geothermal resources in the Walla Walla area, Columbia 
River, Washington; $25,000; procure a subcontract for 
twelve month e f f o r t , f ina l report containing 
strat igraphic cor re la t ion, structural in terpretat ion 
thermal aquifers and the i r character is t ics, thermal 
gradients, and heat flow and inden t i f i ca t ion , and 
characterization of potential 1ow-temperature geothermal 
resources is due Apri l 1 , 1983. 

6. Heat-flow and temperature gradient invest igat ion at 
Columbia Basin; $6,000; procure a subcontract to acquire 
computer-plotted copies of suites of well logs (400 + 
we l l s ) . Include results in data set report due 
August 1 , 1983. 

' » 1-
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, Page 3 of 3 

7. Heat-flow and temperature gradient invest igat ion at 
Mount Baker; $22,000; procure a subcontract to d r i l l two 
500 foot heat flow holes in the area of Mount Baker. 
Include results in data set report due August 1 , 1983. 

8. K-Ar Dating of Quarternary rock previously col lected 
from the Cascade area; $5,000; data gathered shall be 
used for space-time-composition model for South Cascade 
Range. Report to include age data and analysis due 
August 1 , 1983. 

d. Incorporate available data from the DOE-ID funded temperature 
gradient-heat flow subcontract with Southern Methodist 
Univers i ly , Or. David Blackwell, Principal Investigator, into 
appropriate f ina l reports. 

I t h 

• ;> ,+ ' . , 



Modification No. A006 (Cont'd) 

Contract No. DE-AC07-79ET27014 

SUMMARY OF DELIVERABLES 

Due 

1 . Final Report Cascade Range Regional Gravity 8/1/83 

2. Final Report Yakima Area Geothermal Investigations 1/31/82 

3. Final Report Wind River Geology 7/31/82 
4. Final Report Low Temperature Geothermal Resources 7/31/82 

of Moses Lake-Ritzvil le-Connell Area, Columbia 
Basin, Washington 

5. Final Report Low Temperature Geothermal Resources 8/1/83 
Walla Walla Area. 

0. K-Ar Dating Summary Report 8/1/83 

7. Final Report Thermal Springs and Wells Sampling 7/1/82 
Based on Geology and Geochemistry 

8. Final Report Soil Mercury Determinations near . 7/1/82 
Selected Thennal Springs 

9. Oata Sets ''''•^- 8/1/83 

10. Final Report on Geothermal Potential of '.liashington 3/15/83 (draf t ) 
9/30/83 ( f i na l ) 



DOE f o r m CR.537 
(1-7S) 

U. S. DEPARTMENT OF ENERGY 

REPORTING REQUIREMENTS CHECKLIST 

(See Instructions on Reverse) FORM A P P n O V E O 
O M a NO. 38f<-0190 

1. IDENTIFICATION Qeothermal Resource 
Assessment in Washington 

2. OBLIGATION INSTRUMENT: Modi f icat ion No. 
to Contract No. DE-AC07-79ET27014 

A006 

3. REPORTING REQUIREMENTS 

V. PROJECT MANAGEMENT 

1. • Management Plan 

2. • Milestone Schedule & Sutus Report 

3. D Cost Plan 

4. G Manpower Plan 

5. 03 Contract Management Summary Report 

6. 13 Project Stttus Report 

7. 0 Cost Management Report 

8. O Manpower Management Report 

9. D Conference Record 

10. D Hot Line Report 

Frequency 

M 
M 

S. TECHNICAL INFORMATION REPORTING 

1. • Notice of Energy RD&D Project (SSIE) 

2. O Technical Progress Report 

3. fiJ Topical Report 

4. 03 Final Technical Report 

C. PMS/MINI-PMS 

1. Cost Performance Report 

Q Format 1 WBS 

Q Format 2 Functional 

Q Format 3 -' Baseline 

D Format 5 Problem Analysis 

2. a Cost/Schedule Status Report 

3. • Management Control System 

Description 

*• cn Summary System Description 

5- D WBS Dictionary 

Frequency 

A 
Y 

'. \-

FREQUENCY CODES: A — As Required 
C — Contract Change 
F — Final (End of Contract) 
M — Monthly 
0 — One Time (Soon After Contract Award) 

Q — Quarterly 
S — Semi-Annually 
X - Mandatory for Delivery with Proposals/Bid 
Y — Yearly or Upon Contract Renewal 

4. SPECIAL INSTRUCTIONS 
'S*-\*, 

A.5., A.5. - Copies are due within fifteen days after end of the calendar month 

B.S. 

B.4. 

Submit in draft after completion of work as indicated in Statement of Work. 
After OOE approval is received, submit copies as required on attached 
"Report Distr ibution L is t . " 

Submit 2 copies in draft fo r ty - f ive days prior to completion data of contract 
term. After DOE approval is received, submit in f inal including one 
camera-ready copy. 

5. ATTACHED HEREWITH: 

53 Report Distribution List 
a WBS/Reporting Category 

a 
• 

5. PREPARED BY (Signature and date): 

_ 

7. REVIEWED SY (Signature and date): 



us* witn OOE C!^-53n 

U.S. DEPARTMENT OF ENERGY 
IDAHO OPERATIONS OFFICE 

REPORT DISTRIBUTION LIST 

Addressees Numter of Reoort Copies 

U. S. Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Falls, Idaho 83401 

Attn: Susan Prestwich, Program Mgr. 
Energy & Technology Division 

Attn: Ne11 W. Fraser, Director 
Contracts Management Division 

Attn: E. G. Jones, Director 
Financial Management Division 

Bob Gray 
U. S. Department of Energy, DGE 
MS 3344, Federal Building 
12th and Penn. N.W. 
Washington, DC 20461 

Duncan Foley 
UURI 
420 Chipeta Way, Suite 120 
Salt Lake City, UT 84108 

12 
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Special Instructions 
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2/9/82 

EXPLANATION OF FOOTNOTES FROM LEDGER SHEET 

^ W e propose to abandon the earlier plan to interpret WSU well-log suites for the Walla Walla area, and instead 
interpret the best quality log suites that remain for the entire Columbia Basin except for the Yakima and 
Moses Lake-Ritzville-Connell areas where the low temperature resources are being evaluated by John Biggane 
and Al Amos at WSU. By adopting this plan* we will have detailed evaluations of the low temperature geothermal 
resources of the Yakima and Moses Lake-Ritzville-Connell areas as well as a less detailed evaluation of the 
rest of the Columbia Basin. We believe that this will provide better overall guidance to explorationists than 
a detailed study of the Walla Walla area. 

-'Because of state budget cuts we have been unable to fill our Geologist II-6eothermal position. As of January 1, 
1982, we have been able to assign another staff geologist to geothermal work one-half time. This budget change 
reflects vacancy in the position from August 1, 1981 to December 31, 1981 and one-half time occupancy from 
January 1, 1982 to September 30, 1983. 

-'These changes are minor salary adjustments that do not imply any change from full-time work on geothermal. 

-'Added funding is to allow John Biggane to include reproducible copies of 49 well-log suites in his final report. 

^Added funding supports computer use, travel, and minor miscellaneous expenses that were not funded in the 
original proposed $30,000 budget. 

^Decreased funding reflects the fact that we were able to contract this work at less than the estimated $20,000. 

•^This proposed activity has been replaced by that proposed under J/. 

^Funding increase should adequately support the drilling of two heat-flow temperature-gradient holes. The 
original budgeted amount of $22,000 would not have done so. 

^Added funding supports salaries of assistants to process data on rock geochemistry, aerial distribution of 
Quaternary volcanic rock units, and age dates. The volume of such data is larger than originally anticipated 
and outside analytical services have not delivered the data as rapidly as anticipated. 


