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CONFIDENTIALITY NOTICE

"Data contained in pages and figures listed below of this
proposal shall not be used or disclosed, except for
evaluation purposes, provided that if a contract is
awarded to this proposer as a result of or in connection
with the submission of this proposal, the Government shall
have the right to use or disclose any data to the extent
provided in the contract. This restriction does not limit
the Government's right to use or disclose any technical
data obtained from another source without restriction.”

PAGE 4162 19, 20 inclusive
. Optional Form 60 and attachments A-1, A-2

FIGURE 1, 2,



1. Lease Map, showing Féderal Designated uUnit
. Program Data Index (folded map-attached)
. Regional Geologic Map
. Description of the Environment

. Potential Impact on Land Uses

. Project Organization Chart - Drilling Operations

2

3

I

5

6. Organization Chart - Exploration Department

7

8. ‘Planning Schedule & Milestone Chart - 4000' Well
8

-A Drilling Time Curve - 4000' Production Well

APPENDICES |
. I Drilling Program - 4000' Production Well
II Mud Logging Instructions
"III Environmental Analysis - Impact Evaluation and
Mitigating Measures
IV Resumes - Principal Program Personnel
V Resolution of the Board of Directors of Chevron Industries,

Inc. dated April 13, 1977.



RFP NO. ET-78 R-08.003
GEOTHERMAL RESERVOIR CASE STUDY
NORTHERN BASIN AND RANGE PROVINCE

A. PROPOSER: CHEVRON RESQOURCES CO.

320 Market Street

San Francisco, California 94111
B. TECHNICAL PROPOSAL

1. Investigation Area: BEOWAWE, NEVADA

a. Location
The geothermal resource area lies principally in
T31N, R47 & U8E Lander and Eureka Counties, Nevada.
An economic geothermal resource is known by virtue

of wells drilled in the area.

b. Ownership
The attached map (Figure 1) shows the current
geothermal leases. Federal lands administered by
the BLM occupy a checkerboard of even-numbered
sections through the area. The balance of the
land is privately owned in tracts ranging in size
from 10 acres to several thousand acres. Chevron
is the principal lessee with approximately 24,865

acres.

~Accessibility

The area is readily accessible by automotive vehicles
over a dirt road from State Highway 21 south of the

town of Beowawe. The topography is shown on the
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PROGRAM DATA INDEX .map (Figure 2). The resource
lies principally in Whirlwind Valley at an average

elevation of 5000'. (Fig. 2 is folded map attached).

Unitization

Chevron is in the process of forming a Federal Geo-
thermal Unit in the area. Designation of Area under
30CRF 271.3, as shown by Unit Outline on Figure 1,
has been approved by the U.S.G.S. The Unit area
comprises 8130 acres of Federal lands and 9118 acres

of patented lands.

Chevron is contacting landowners for their consent
to the Unit Agreement. It is anticipated that the
L0OO' well proposed under this‘program would be drille

as a Unit'well.

Geology

Beowawe is a typical Basin & Range geothermal area
(Figure 3). The major structural feature in the area
the Malpais fault, represented topographically by the
Malpais éscarpment which trends northeast - southwest

through the area.

The Malpais fault is a Tertiary age normal fault with
postulated slip displacement of about 4000 feet and
possibly some oblique slip of unknown amount. The
downthrown block is tilted southeasterly and is cut by

numerous conjugate faults. The fault system has a

d

is
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principal trend NEfsw,'with a secondary trend NW-SE.

Results from drilling the Chevron Ginn #1-13 well
demonstrate that the Malpais fault zone is the
principal geothermal reservoir and a conduit which taps
a deeper heat source. Intersecting faults and
associated fracturing locally may prqvide additional
reservoir capacity. The Malpais fault appears to dip

between 650and 700.

Stratigraphy

The oldest rocks in the immediate area are the interbedded
quartzites, siliceous shales, and cherts of the Ordovician
Valmy Formation. Outcrops of the Valmy are found
immediately northeast of the Geysers region along the
Malpais escarpment and west'of the Whirlwind Valley
(Figure 3). Total thickness of the Valmy is unknown
because of fault contacts. However, an estimate of 8000
feet for the total Valmy thickness is reasonably based

on regional studies in the area. Young Tertiary basaltic
andesite flows cap much of the area forming cuestas that
dip at low angles to the southeast. Approximately 1000
feet of this unit crops out in the Beowawe Area, although
LoOO feet of basalt, rhyolite, andesite, and tuff were
encountered in the Chevron deep test. Whirlwind Valley

is covered by a thin (0 to 550 feet) layer of alluvium,
sinter deposits, talus, and landslide debris of Pleistocene

to recent age.
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Present day hot spring activity is found in Sections
17 & 18, T31N, RUBE. Spring deposits, made up of
opaline silica (siliceous sinter) cover nearly 0.6
sq. mi. and are about 6000 feet long and 2800 feet
wide. The sinter covers the valley floor in %
and forms a 300 feet high terrace alonc R%S:\s
escarpment. « T

:".\ ! "9l
NN
, \y @
In the early 1960's eleven sh&% geothermal wells

were drilled on and near thé sinter terrace, four of
which had fluid temperatures of 407 F to 414 F and
high flow rates. At today's price for electricity

they would be commercial.

Chevron drilled the Ginn #1-13 in 1974 to 9563' and
in 1976 the Rossi 21-19 to 5680'. Both wells reached
the fault and recovered high temperature fluids on
drill stem test. The principal reservoir appears tp
be variable. More wells need to be drilled into the
reservolr to locate the best productive area and the

total productive capability of the reservoir.

Data from temperature holes located to the southwest
along the Malpais fault in Sections 23, 27 & 35; T31N,
R4TE indicate a reservoir may lie at depth in this
portion of the area. Such a reservoir may or may not

be connected with the known reservoir.

Technical Reasons for Site Selection

Location of the proposed 4000' well (Figure 2) has

‘been selected on the basis of analysis and interpretation
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of 211 the available geologic, geophysical and well

data. Final locetion and depth of the well will depend
on the results of & seismic progrem (proposed in Section 3)

and on final total date inferpretation.

o  FROGRAM DATA OFFERED - EXISTING DATA (See Figure 2)

a. Subsurface - Wells

oo (ONFIDENTIAL

Spudued 1/23/74 Suspended 6/30/74
Total Depth: 9563
Contractor: R B. Montgomery Drilling, Inc.

P.0. Box 2508
Bakersfield, CA 93303

1) Drilling history
2) Drilling fluids used-
3) Casing and cementing record
4) Mud log 125' - 9551
Contractor: Exploration Logging, Inc.
3325 Longview Drive
Sacramento, CA 95821
a) Bit data, hole size, penetration rate
b) Lithology
c¢) Continuous mud temperature'(in and out)
d) HpS gas
e) Hole deviation
5) Cuttings samples 125' . 9551'
approximately 30-50 gm. samples at 10!
intervals will be furnished
6) Core Description

Cored interval 9551.63' (T.D.)



7) Electric Logs

Contractor: Schlumberger
517 Houston St.
Sacramento, CA

Log Run: 126 - 816" (1/24/74)

induction electrical log
Log Run: 8/0' - 8496t (5/22/7h) \
dual induction @O%%\@
Sated Yormation density

gamma ray

caliper
four-arm high resolution dipmeter
8) Drill Stem Tests

Contractor: Haliburton Services
Rio Vista, CA

Intervals Tested:
22332491  (2/9/74)
8351-9426  (L/2/T74) _
9343.9551, 27 hour flow (6/28/74)
9) Fluid Chemistry ’
| Contractor: Skyline Labs, Inc.
12090 West 50th Place
Wheat Ridge, CO 80033
Charles E. Thompson, Chief Chemist
Samples recovered from DST 2234.2491'
Samples recovered from DST 9343 .9551"
10) Temperature Surveys

a) Surveys run by Chevron personnel with

maximum reading thermometers:



Contractor:

11) Static Pressure Gradient

Contractor:

Dates Surveyed:

CHEVRON ROSSI 21-19

Spudded 10/5/76
Total Depth:
Contractor:
1) Drilling history
2)
3)
)

DATE DEPTH
1/28/74 770!

2/8 2435
2/2u 4700!
2/26 5220
3/15 6005
4/05 8500
5/22 8Ll

" Surveys at 20' intervals, 0' - 9551

Agnew & Sweet
3914 Gilmore Avenue
Bakersfield, CA 93308

8/22/74 43 days after well
suspended
12/12/74 23 weeks after well

suspended: i

Survey 0-9551 T.D.

Agnew & Sweet
3914 Gilmore Avenue
Bakersfield, CA 93308

8/22/74, 12/12/7h4

Suspended 12/07/76
5680

Big Chief Drilling Co.
P. 0. Box 14837
Oklahoma City, OK 73114

Drilling fluids used
Casing and cementing record

Mud log 34' - 5680

run by Chevron geologists at wellsite



5)

6)

-8 .

a) Bit data, hole size, penetration rate
b) Lithology
c) Mud temperature (in and out) at 10' intervals

Cutting samples

Approximately 30-50 gm. samples at i Eﬁzfls
will be furnished @ \,
B, %&rton)

0AK Street
BaRersfield, CA 93301

Electric Logs

Contractor:

Log Run: 200' - 1998' (10/18/76)
induction electric log
compensated acoustic velocity log
dip log
caliper

Contractor: Schlumberger
517 Houston Street.
Sacramento, CA

Log Run: 19298 - 4371 (11/20/76)
dual induction laterolog
compensated formation density
gamma ray

caliper

four-arm high resolution continuous
dipmeter

borenole compensated sonic lgg
Log Run: 4374t . 5680' (12/3/76)

dual induction laterolog

compensated neutron

compensated formation density

gamma'ray (operable 5590 - 5680' only)



7)

9)

10)

11)

-9 -

caliper

four-arm high resolution contiﬁuous

dipmeter
borehole comp?%% %ﬁ%& e

Directional Surveys taken by %@ggg ) oreman
Uy
Q ‘\E%

at various intervals
Drill Stem Test

Contractor: Johnston Testers
Bakersfield, CA

Interval Tested:
4369-5680 Date: 12/5/76
Fluid Chemistry
Contractor: Sleine Labs, Inc.
12090 West 50th Place
Wheat Ridge, CO 80033
Analysis of fluids recovered from DST:
4370' . 5680
Subsurface Temperature Surveys
Contractor: Agnew & Sweet
3914 Gilmore Avenue
Bakersfield, CA 93308
Temperature logged at 20' intervals in 2 7/8" tubing
O' - 5580' on following dates:
12/8/76, 2/8/77, 3/7/77, 37/28/77, 4/15/1

Subsurface Pressure Surveys

Contractor: Agnew & Sweet
Bakersfield, CA

Pressure measured at 100*' intervals
1800' to 5574' on 3/7/77
Pressure measured at 20' intervals

O' - 5574 on 4/15/77
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S CONFIDENTIAL

(See Figure 2, PROGRAM DATA INDEX MAP)
(1) GEOPHYSICAL SURVEYS
() ELECTRICAL - RESISTIVITY (Dipole - dipole)

Contractor: McPhar Geophysics Inc.
Tucson, AZ (Later became Phoenix
Geophysics, Inc.)

Surveyed October, 1973

40 Miles

a = 2000!
n=1%05

f = 0.125 H2

Contractor: Phoenix Geophysics, Inc.
4690 Ironton Street
Denver, CO 80239

32 miles of line

Surveyed July 19 to August 11, 1976

a = 2000{
n=11%o6
f = 0.125H

ELECTRICAL '- MAGNETO TELLURIC

Contractor: Geotronics Corp.
10317 McKalla Place
Austin, TX 78758
12 stations (8 on downthrown fault block,
L on upthrown block) covering approximately

60 square miles
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1) rotated apparent resistivities and
impedance phase
2) impedance tensor rotation angle, dip
axis angle, etc.
3) ellipticity, skew, etc.
4) continuous fc £\
both TE pha & iy
S = 41 3.

apparent re

ELECTRICAL - SELF POTENTIAL

Contractor: Terraphysics

815 So. 10th St.

Richmond, CA 9u804
Robert Cof%in, University of California, Berkeley,
Consultant ﬁiggfggzzeiiéj'Terraphysics.
Field observations July 25 - August 22, 1977
10 north-south lines totaling 25 miles with one
5 mile tie line within area outlined in Figure 2.
Electrode spacing predominately 100 meters,
reduced to 25 meters where high reading observed.
The "total" potential measurement was used for
most of the survey, in which a base electrode is
planted in the ground and measurements are made
relative to this base with a moving electrode.
"leap frog" measurements of successive potential
differences were used only over difficult steep

terrain.

Output: 1 contour map and profiles.
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(c) SEISMIC - MICROSEISM % 0& gv

- 12 -

AEROMAGNETICS

Contractor: Senturion Sciences, Inc.

P. O. Box 15447
Tulsa, OK 7hil2

" 80 1line miles over 30 square miles, flown in

January 1976

11 flight lines oriented NW-SE, 5 tie lines
oriented NE-SW

Total field measurement, flown at constant
altitude of 6500 (1500' terrain clearance

average) E%EIAL

Contractor: Seismic Exploratlon, Inc.
P. O. Box 9344
Salt Lake City, UT 84109

Lewis Katz, Principal investigator
Field operation: September 21 - October 5, 1977
5 stations measured, 4 utilized for analysis.

Data Acquisition

Five Sprengnether MEQ-800 ‘microearthquake recording
sygtems, together with Datamagnetics digital tape
recorders, were used for field data acquisition.

Hall Sears HS-1 (1 Hz) geophones with calibration
colls ‘were used as sensors. The digital tape recorders
feature high dynamic range and low system noise

recording. The MEQ-800 offers smoked paper records

~for field monitoring of the data. Geophones were

spaced approximately 2000 feet apart. Individual
recording ‘systems were hard wired together so that
absolute relative timing could be obtained by
broadcasting time marks every hour. The crystal

clocks supplied by the manufacturer in the MEQ-800's
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are temperature dependent causing drifts greater
than 20 msecs. These drifts are not linear and
therefore cannot be scaled by é correction factor.
Stations were occupied from one to two days,

depending on the quality of data observed on the
paper records. %?%@%N‘E%A%‘ .
Data Processing

Field data were first edited by picking quiet

sections from the smoked paper records. These
sections were stripped out and re-edited. Data

from four statiéns (1,3,4,5) were chosen for
processing. For each statioh, four depth arrays

(20 x 20) of possible source locations were chosen

at 1,050 foot intervals. That is, four 19,950 x
19,950 foot horizontal maps were generated at depths
of 2000, 4,000, 6,000, and 8,000 feet. Ray tracing
algorithms were used to determine delay times from
each source location to the geophones at each station.
Geophone arrays were focused on each location by
shifting traces by appropriate delay times and then
stochastically correlating traces. Five hours of array
processing time per station was required (6800
correlations). A listing of individual delay times,
correlatibn values, gpd‘graphic plots were produced.

Data Analysis

Data was processed using two velocity models, a
half-.space model of 16,000 fps and a layered model
varying from 6,000 fps at the surface to 16,000 fps

from 2,900 ft. and below. Both models appear to give
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the same results with no apparent differences in
location of groundnoise sources. Also, two sets
of independent data were processed in order to

verify initial results and stationarity of source

locations. -
B o
SEISMIC - REFLECTION i}i"
K &' ¥ B ! P
Contractor: Charles gf“Rﬁi%%&ﬂ§ ssociates
. 11909 Allison % ﬁ% /B
Albuquerque, NM Il ﬁ z

Charles B. Reynolds, Principal Investigator

Grid of 4 NW - SE and 4 NE-SW lines

Total 17.5 miles

Field work conducted: May 13 - August 31, 1975
Method:

A 300 1lb. steel weight dropped through a distance

of 3-1 feet was the energy source on Lines BW-1 and
BW~-6. This was increased to a 700 1lb. weight dropped
5-3/4 feet on the other survey lines. Receiver arrays
along the linés consisted of twelve 10 Hz geophones
placed at 12 foot intervals with a spacing of 165
feet between array centers. The source weight was
dropped at two locations for each array position,
being offset 8 feet from the line and at 24 feet in
either direction from the array center. The weight
was dropped one or two times at each of the drop
locations. The drops at each array were summed in

the field.

(d) GROUNDNOISE

Contractor: Charles B. Reynolds & Associates
11909 Allison Court NE
Albugquergue, NM 87112



(e)

Charles B. Reynolds, principal investigato
57 stations roughly 1 pilk ,T“'. %%%_%%gig&

Surveyed May, 1974

Method
Data recorded at each station over a period of 9 to
12 minutes, with a specially designed geophone which

has a peak response at 4Hz and filter cutoffs at 2 &

"5 Hz. The data are procesSed by selecting three

minutes (not.necessarily continuous) of recorded data
which appear to be free of extraneous noise. The mean
of the maximum amplitudes occurring during each second
of these three minutes is determined and the ground

noise power in decibels is derived therefrom.

Contractor: - Senturion Sciences, Inc.
1539 North 105th East Avenue
Tulsa, OK

John Bailey, R. G. Graf, Keith Westhusing, geophysicists

conducting survey and analysis of fileld data

. 139 recording stations at 500 foot intervals aloné

lines spaced 500' apart.

19 base stétions

Area Covered: approximately 1% square miles centered
around Chevron Ginn #1—13

Dates of Survey: October 29 through November 20, 1974
Analysis of power spectra over three frequency

bands (0.5-15Hz, 0.5-7.5Hz, 0.5-3.5Hz) via integrated

power and mean frequency referenced to a base station.

RESERVOIR ENGINEERING STUDIES

None made to date
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PROGRAM DESCRIPTION

a. SUBSURFACE

(1)

(2)

EXISTING WELL DATA

Chevron Ginn 1-13 and Chevron Rossi 21-19 as

described in detail above (see 2. PROGRAM DATA

T gOUFDENTINL

A well located at :C $s option in Section 17 or in

Section 18, T31N, R48E is'proposed to be drilled to

a depth of 4000'*to penetrate the reservoir associated
with the Malpais fault zone.

DRILLING, TESTING, AND COMPLETION PROCEDURES

For existing wells, see details above under heading
"2. PROGRAM DATA OFFERED".

For the proposed 4000**production well the drilling,
logging, and testing program is described in detail

in Appendix 1I.

b. SURFACE INVESTIGATIONS - EXISTING

(1)

(2)

All surface data offered have been completed and
are described in detail above (see 2. PROGRAM
DATA OFFERED).

Type of Surveys: See Above

*More or less, depending on final surfece location



- 16a -

SURFACE INVESTIGATIONS - NEW

Reflection Seismic - 8 1line miles

The purpose of this survey is to provide detailed
documentation of fractures in the area of the
proposed exploratory wall. Because of scheduling
constraints of the Chevron crew, the work wil be
performed in July 1978. However, it is emphasized

that the sole purpose of the work is to provide
the‘best possible definition of loca] - %ﬂ
proposed well. E@E%%% %@T%‘&
The coverage will be obtained by Chevron Geophysical
Co; Party 8, (Chevron Geophysical Co. Box 36487,
Houston, Texas (713) 781-3030; H. E. Stommel,
President; S. R. Bridges, Party Chief). bynamite
charges at roughly 100 feet will be used as the source.
For high resolution, a 10 meter group interval will be
employed using six phones per flyer. Recording will
be done using a 120 channel Texas Instrument DFS V.

By shooting from both ends of the cable at a 120 meter
shot interval, the ultimate processing product will

be & 1000% CDP stock. Groundnaise will be cancelled

by mixing many geophone groups via array simulation.

A 60,000 total cost is eéstimsted. (see attachment' to )
Form 60)

RESERVOIR ENGINEERING STUDIES

If drill stem test data indicates the well will
roduce, a flowing pit test of up to 2% hour
duration will be made. -
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L4, SCHEDULE (See also Figure 8 - Planning Schedule & Milestone

a.

C.

Chart) ;

1978 (3rd and Lth guarters): Obtain Secretary of the

Interior's approval of Beowawe Unit. |

(1) Obtain royalty owner's signatures to Uniﬁ Agreement.

(2) Obtain other lessee's signature to Unit Operating
Agreement.

(3) Submit Unit Agreement and Unit Operating Agreement

' to U.S.G.S. Geothermal Supervisof. . '

(4) Submit to U.S.G.S. revised Plan of Operation for well
location, section 1?7 or section 18 of.".  ~ . !
T31N, R4SE, (Exact location to be determined).

(5) Obtain environmental approval from U.S.G.S. for well

site under revised Plan of Operation.

(6) Approval of Unit Agreement by U.S.G.S. Area Office,.

. L3
1979 (9rd quarter) Drill and test 4000' production well.

Estimated drilling and completion time: 35 days.

Availability of Data s
(1) Existing data
~ After contract has been signed as soon as data

can be reproduced and transmitted but not to.exceed
60 days thereafter.

(2) New Data
Well data can be submitted to DOE within 15 days of
completion and final report within 30 days of completion.
Well data can be released to the public 6 months after
completion.

*See Footnote p. 16



PLANNING SCHEDULE & MILESTONE CHART
4000' PRODUCTION WELL — BEOWAWE, NEVADA

SEP |OCT |NOV|DEC | JAN|FEB|MAR |APR [MAY | JUN|JUL [AUG | SEP|OCT

[D.0.E. CONTRACT SIGNED \ A
UNITIZATION
COMPLETE SIGNATURES TO UNIT & OPERATING AGREEMENTS A
SUBMIT AGREEMENTS TO USGS A
UNIT AGREEMENTS APPROVED BY USGS A

PLAN OF OPERATION FOR USGS

SUBMIT REVISED PLAN FOR UNIT Aﬁ

APPROVAL OF REVISED PLAN OF OPERATION %

WELL PROGRAM

PREPARE PROGRAM & DESIGN I

ORDER MATERIAL : A

PREPARE BID REQUEST — SOLICIT BIDS

REVISE COST ESTIMATE — ADVISE D.O.E. A

AWARD DRILLING CONTRACT A

PREPARE LOCATION

MOVE IN RIG A

DRILL TO 4000’ & TEST (SEE FIGURE 8-A) N
EVALUATE RESULTS, PLAN FLOW TEST oSS
INSTALL FACILITIES, MAKE FLOW TEST e A A
SUBMIT WELL DATA TO D.O.E. Avnuuuy
SUBMIT FINAL REPORT TO D.O.E. Awuyaua

FIGURE 8
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ENVIRONMENTAL EVALUATION

The Office of the Area Geothermal Supervisor, ﬁ.S.G.S.,
Menlo Park,-has prepared EA#55 "Environmental Analysis"
Beowawe Unit, dated June 10, 1977. This is a 155 page
document including an Environmental Base Line report and
the impact evaluation of seven proposed well sites, one

of which is within 1500' of the location of the 4000'

well proposed herein. One copy is.attached and additional
copies of the compiete document may be obtaineﬁ from the

U.S5.G.S. Geothermal office in Menlo Park.

a. Brief description of the environment affected.

Summary description is given on attached Figure 4,
which is from "Site-Specific Anaiysis of Geothermal

N Deyelppﬁent f-‘Datg Files-of Prpspeqtive Sites": Vol. III,
February, 1958 HCP/T4014-01/3 UC-66. Prepared for
Department of Energy under Contract No. EG-77-C-Ol-401l4.

b, Analysis of the potential environmental impact.

Attached as APPENDIX III are copies of pages 23-29 of
EA #55 in Wthh the "Impact Evaluation and Mitigating

. Measures" are dlscussed

C.. Potential for.conflicts with existing land use patterns

and procrams,‘

Page 29 of EA #55 is attached as Figure 5 in which

‘impact on land uses is ‘discussed.



sitt: BEOWAWE, NV

DESCRIPTION OF THE ENVIRONMENT
CLIMATE

Prevailing Winds i

Precipitation (Annual):

Average Temperature
Minimum: -~5.5°C (22°F)
Maximum: 21°C (70°F)

23 cm (9.13 inches)

Relative Humidity
(Seasonal Peaks)
" Sunmer: 30 - 40%
Winter: 60 - 70%

BIOLOGICAL ENVIRONMENT

AIR QUALITY WATER QUALITY

NOISE

(Including PPM, . (Quality, Supply, ENDANGERED
Type of Pollutant, Ownership/Water (Level, Source DOMINANT DOMINANT SPECIES
Measuring Station) Rights) Measuring Station) FLORA FAUNA (Flora and Fauna)

(%)

ppin undetermined. Surface water is Ambient noise greasewood, wild horse, Spotted Bat and a

Principal pollutant |available from the level is low. shadscale, fox, weasel, relict fish found
is wind-borne dust, |Humbole River. Shal- rabbit hrush, bat, coyote, in Carico Lake
with some sulphur low ground water of big sage, bobcat, rabbit]|Valley.
dioxide and hydrogen|800d quality is also winter fat, mule deer,
sulfide from hot available.(4) How- wild-rye, prong-horn
springs. ever, a water short- squirreltail, antelope.

age exists. (14) cheat grass. Springwater

Aquatic plant
life found in

thermal springs.

(4)

heavily used
by wildlife
and livestock.

€))

'SITE-SPECIFIC ANALYSIS OF GEOTHERMAL DEVELOPMENT -
DATA FILES OF PROSPECTIVE SITES
Vol. 111, Feb., 1978

FIGURE 4



. EL #55
ENVIRCNMENTAL ANALYSIS
BEOWAWE UNIT
JUNE 10, 1977

Land Uses

Recreation - Impacts by the proposed action on recreational land uses

of the unit area is expected to be low. Road improvement for the pro-
posed action may benefit sight-seers, rockhounds and pass-through hunters
of the area. '

Aesthetics ~ Due to the relatively low profile of the area to be disturbed,

the proposed activity is expected to do 'little to alter the appearance of
the area. Drill pad preparation on this flat terrain requires only clear-
ing of brush and very little movement of the flat desert soils. Scars

in the landscape, therefore, will oﬁly be evident to those at the drill
sites and access roads. The Mal Pais mountain range lies between most of
Route 21 and the proposed area of activity, therefore, the drill rigs
will not be noticeable from most of this route.. Portions of the unit
area that are visible from a small stretch of Route 21 and Interstate
Highway 80 are of a distance that drilling dctivity would not be discern-
ible by the naked eye.’

Grazing -~ The grazing capacity of the sagebrush—shadscale 1owlands is
relatively low, generally requiring about 6.1-8.1 hectares to support one
animal for one month. Revegetating the disturbed area with the seed mixture
described (Spvecial Condition #3) should enhance tha faragse valne nf +haca
particular sites, although there would be a net loss in forageable acreage
for that period of geothermal océupangy and period of vegetative restora-
tion. In the long run, however, there .should be a net increase in forage
value. ‘

Cultural Resources - Impacts on .cultural resources by the proposed action
are not expected. Eleven of the 15 aboriginal archaeological sites on *

drill pad locations 83-24, 2, 3, and 5 were recorded and collected. No Cul-

tural resources were found at drill sight eight. The remaining four sites
located on proposed drill pads 3, 4, 6, and 7 will require additional
testing and/or salvaging prior to any surface disturbance. A proposal

for the additional work has been accepted by Chevron (see Chevron comments,
Appendix F, dated 7/26/76 and 12/6/76).

Socio-Economic Characteristics

siost of the drilling crews will stay at Battle Mountain, although in the
rast, some crews lived at Crescent Valley, Elko and Carlin. Because of
the wide spread accommodations, these communities experienced no diffi-
culties in accommodating these crews. Since the wells will be drilled
oné at a time, the drilling activities would not. create significant
impacts on the local socio-economic characteristics.
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ESTIMATED TOTAL PRCGRAM COST

EXISTING DATA

See attached Optionai Form 60 for detailed breakdown

of cost elements.

Surface data $237,416

(geophysical and temperature hole data)

Subsurface data

(wells) | @@ﬁ\%? ;

PROPOSED PROGRAM
Reflection Selismic Survey g 60,000 —
Drill 4000' production well

(see attached Optional Form 60 and
Chevron form PRO-316C)

ESTIMATED TOTAL PROGRAM COST $3,143,6U7

The proposed 4000' well is estimated at this time to

cost $816,500. Our PRO-316C shows breakdown into

cost elements. This estimate is based upon our experience
in drilling the two p}evious wells in Beowawe Area

and the drilling of two 5000' + geothermal wells in the
Battle Mountain High region in first quarter 1978.

Because of continually changing prices of material and

‘services, the estimate has not been developed by

obtaining current price quotations for each of the

multitude of items required to drill such a well.
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If this proposal is selected within the Competitive

Range and specifig details of the cost estimate are
requireq they can be developed and submitted at that
time. |

Chevron will make a revised well cost estimate in

the first quarter of 1979 (see below under "Proposed

Cost to the Government"

PROPOSED COST TO GOVERNMENT @@E\ag E%l&i

EXISTING DATA

20% of surface data $  L47,483
33 1/3% of subsurface data $ 676,577

PROPOSED PROGRAM

Chevron proposes that D.0.E. pay 50% of the actual
cost of drilling the 4000' well, up to a maximum

of 50% of the revised estimated cost of the well.

The revised estimate will be based upon costs
prevailing at the time the revision is made in first

cuarter 1979 and will reflect sny changes in proposed depth.
. Reflection Seismic Survey (50%) $ 30,000

Drill 4000' production well
50% of revised cost estimate as above
50% of current cost estimate $408,250 -

RECAP -PROPOSED COST TO GOVERNMENT

Existing surface data $ 47,483
Existing subsurface data R &)

New Surface dats - 5%1335*
Proposed 4000' well . 408,250
Total Proposed Cost to Government "$l,l62,310

*Subject to revision as above
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CONTRACT PRICING PROPOSAL Office of Management and Budget
(RESEARCH AND DEVELOPMENT) Approval No. 29-RO184
This form is for use when (/) submission of cost or pricing data (see FPR 1-3.807-3) is requiced and PAGE NO. NO.OF PAGES
(i) substitution for the Optional Form $9 is authorized by the contracting officer.
NAME OF OFFEROR SUPPLIES AND/OR SERVICES TO BE FURNISHED
CHEVRON RESOURCES COMPANY Existing geothermal well data
TiOWE OFFICE ADDRESS Xxisting geophysical data
320 Market Street Proposed drilling of 4,000' well
San Francisco, CA 94111 Proposed Reflection Seismic
DIVISION{S) AND LOCATION(S} WHERE WORK 15 TO.BE PERFORMED - : IEOOTAI.CA}MOUNT OF PROPOStOST GOV'T SOLICITATION NO.
1 . s -78-R-08~
BEOWAWE, NEVADA _ , (O GOY T2i0.00 ET-78-R-08-0003
DETAIL DESCRIPTION OF COST ELEMENTS
1. DIRECT MATERIAL ( {temize on Exhihit A) EST COST (8) Eszogglsﬂ EEFCEER’.

>

. PURCHASED PARTS

. b. SUBCONTRACTED (TEMS

€. OTHER— (1) RAW MATERIAL

(2) YOUR STANDARO COMMERCIAL ITEMS

(3) INTERDIVISIONAL TRANSFERS (At other thun cost)

TOTAL DIRECT MATERIAL
2. MATERIAL OVERHEAD? (Rate %XS buse=)

ESTIMATED RATE/ EST

3. DIRECT LABOR (Specify) HOURS HOUR COST ($)

TOTAL DIRECT 1.ABOR
4. LABOR OVERHEAD (Specify Depurtment or Cost Center )t

O.H, RATE

TOTAL ILABOR OVERHEAD
5. SPECIAL TESTING (lnciuding field work at Government jnustulluations)

> esr cost (3)

TOTAL SPECIAL TESTING

6. SPECIAL EQUIPMENT (If direct charge) (ltemize on Exhibit A)
7. TRAVEL (If direct charge) ( Give details on attached Schedule) EST COST (S)

«. TRANSPORTATION

h. PER DIEM OR SUBSISTENCE

TOTAL TRAVEL
8. CONSULTANTS (ldentify —purpose—rate ) : ESTCOST(S)

TOTAL CONSULTANTS
9. OTHER DIRECT COSTS (ltemize on Exhibit A) . 3,143,647.00
10. TOTAL DIRECT COST AND OVERHEAD
11. GENERAL-AND ADMINISTRATIVE EXPENSE ( Kutte % of vost element Nos. )

12. ROYALTIES ¢

13, rorat. PROGRAMcosT $3,143 647.00
14. FEE OR PROFI! ‘
|'s PROPOSED COST TO GOVERNMENT $1,102 /310,00 *

1 ' OPTIONAL FORM 60
E3 3 3 October 1971
SUbJ e Ct t O reVi Slon * See Proposal under C * COSt ’ p ° 20 ¢ Genzr;llSﬂvk’cs r\dminisrru(iun
FPR 1-16.806
$S060-101




This proposal is submitted for use in connection with and in response to (Describe RFP, et )

RFP NO. ET-78-R-08-0003 Geothermal Reservolr Case Study, Northern
Basin and Range Province

and reflects our best estimates as of this date, in accordance with the Instructions o Offerors and the Footnoces which follow.

TYPED NAME AND TITLE SIGNATURE 1
C. DAHLSTROM ) [
VICE PRESIDENT & GENERAL MANAGER | | (‘//'szdfl}y;g _

““CUHEVRON RESOURCES COMPANY —  |&remEe

EXHIBIT A—SUPPORTING SCHEDULE (Specify. If more space is needed, use reverse )

COST EL NO. ITEM DESCRIPTION (See footnote 5) EST COST (S)

EXISTING DATA

GINN #1-13 EXPLORATORY WELL

See Attachment A-1 $1,020,175
ROSSI #21-19 EXPLORATORY WELL

See Attachment A-2 1,009,556

A SUBTOTAL, WELLS . 1$2,029,731

GEQOPHYSICAL COSTS

McPhar Geophysics $ 12,850

Reynolds & Associates 33,097

Geonomics ) h,357

Phoenix Geophysical 13,970

Geotronics 20,220

Senturion Geophysical 44,165

‘J. Fleiner . _ 3,867

‘Eklund Drilling 67,293

Ensco . 21,300 '

Terra Physics 16’297 3 N .
SUBTOTAL, BEOWAWE COSTS EXPENDED TO 3/30/78 $2,267,147
PROPOSED PROGRAh . ]
Reflection Seismic Survey 8 line mi. (See Att.) 60,000
. Drill 4,000' production well (See Att. PRO-316C) 816,500%
TOTAL PROGRAM COST $3,143,647 -

PROPOSED COST TO GOVT. (See Proposal discussion p.) [$1,162,310

GOVERNMENT PRIME CONTRACT OR SUBCONTRACT WITHIN THE PAST TWELVE MONTHS?
MO

1. HAS ANY EXECUTIVE AGENCY OF THE UNITED STATES GOVERNMENT PERFORMED ANY REVIEW OF YOUR ACCOUNTS OR RECORDS IN 60NNECTIO§;NV OTHER .

= B e g
(J ves (3o (If yes. identify below.) ‘ o
NAME AND ADDRESS.OF REVIEWING-OFFICE AND INDIVIDUAL L TELEPMONE NUMSERQEXTERSIS

1. WILL YOU REQUIRE THE USE OF ANY GOVERNMENT PROPERTY IN THE PERFORMANCE OF THIS PROPOSED CONTRACT?
D YES m NO (If ]a identify on reverse or sepurate page)

WI. DO YOU REQUIRE GOVERNMENT CONTRACT FINANCING 1O PERFORM THIS PROPOSED CONTRACT?
[ ves [ No  (Uf yes. identify.): [} aovance pavments [ ] proGRess pavments or  [ahy

V. DO YCU NOW HOLD ANY CONTRACT (Or. do you hare any independently financed (IRED )
PROPOSED CONTRACT?

D YES @ NO (If yes, identify.):

V. DOES THIS COST SUMMARY. CONFORM WITH THE COST PRINCIPLES SET FORTH IN AGENCY REGULATIONS?

@ YES E] NO  (If no, explain on rererse or sepurate page) ( to the best of mv anWledEe & bel1 a f)

See Reverse for [nstructions and Footmotes . OPTIONAL FORM 60 (10-71)

2 e - - o i e b g e

¥ Subject to revision. See Proposal discussion under C. Cost, p. 20.

OPTIONAL FORM 60 ((0-71) \/\ 4 { GPU: 1972 O - $60-269




tell Mame GINM #1-13

Project # X 20800

Well Costs from inception to 4/30/78

Company labor
Expense accounts
Motor fuel, lubes and greases
Fuels and utilities
Materials and supplies:
Prilling fluids
€asing and Tubing
Drillpipe, bits, reamers, other tools
Cther surface equipment
Artificial lift equipment - subsurface
Subsurface controllable equipment
Transportation equipment services
Rentals, charters and equipment usage
Contract labor
Drilling - contract

" 'Drilling - company drilling equipment

Coring

Cementing

Directional tool, survey, and service costs
Logging and sampling - wire line & drill stem
Loegging - mud )

Perforating

Testing

Coring -

Other drilling costs

Shops, mechanical services

Technical sexvices

Permits and fees

‘Telecommunications

Maps, surveys, logs, etc.

Loaned employee sexvices .
Other miscellaneous services & fees
Services from other operating companies
General and administrative costs

TOTAL WELL COSTS

ATTACHMENT A-1

Chevron
Code No.

001-059
071-0723
080-081
090-1091

267-279
291-2991
310
381-382
383
3831, .825
385

386

388

389

390

391

392

399
406-419
463-4793
486-493
505-509
712

735

736
7387-739
754-~748

Amount

6,878
9,438
22,171
19,254

,425
51,356
120,744
379,
566
76,298
84,762
11,598
304,041 .

18,195

5,276
16,936
24,104

93,494

. 10,300
1,192
6,469
80
579 .

8,144

6,496
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fiell Name RO3SE

o
O

Project # V 20301

Well Costs frowm inception to 4/30/78

Company laborxr
Expense accounts
Motor fuel, lubes and greases
Fuels and utilities
Materials and supplies:
Drilling fluids
Casing and Tubing
Drillpipe, bits, reamers, other tools
Other surface equipment
Artificial lift equipment - subsurface
Subsurface controllable equipment
Transportation equipment services
Rentals, charters and equipment usage
Contract labor
Drilling ~ contract
Drilling - company drilling equipment
Coring
Cementing
Dlrectlonal tool, survey, and servi
Logging and sampling — wire line & il
Logging - mud
Perforating
Testing
Coring
Other drilling costs
Shops, mechanical services
Technical services
Permits and fees
Telecommunications
Maps, surveys, logs, etc.
Loaned employee services
Other miscellaneous services & fees
Services from other operating companies
General and administrative costs

TOTAL WELL COSTS

%E% %%“

ATTACHMENT A-2

Chevron
Code No.

001-~050
071-0723
080-081
090-1091

201-203
206
222-249
204

205

207
267-279
291-2991
310@

2:%%3 P 825

385
386
388
389
390
391
392

1399

406-~419
463-4799
486-493
505~509
712
735

736
7387-739
745-748

Amount

10,253
' 50
16,317
40,416

137,487
106,575
148,898
422 .

24
32,863
35,465
1,360
267,584
350

44,933

44,444
102,473
1,834
2,331
‘1,172
10,140
60
1,803

T 2,302

1,009,556



ATTACHMENT A-7

COST ESTIMATE

Reflection Seismic Survey, Beowawe, Nevada

Mobilization .
2 days @ $4,000 $ 8,000

Drilling
8 line miles (120 meter short interval)
at 8 holes/day for drill @ $600/day 16,000

Recording

6 days @ $4,000 2k ,000

Processin
$l5007mile - eight line miles 12,000
' . $60,000

By: Charles M. Swift Jr.

Geophysical Supervisor
Geothermal Exploration Division

May 26, 1978



WELL COST ESTIMATE WORKSHEET Pro-316-C

PAGE 1 OF 2

PROPERTY AND WELL NO. BEQWAWE WELL AREA 4/26/178
FLELD SEC. T R
ESTIMATED TOTAL DEPTH 4000 ESTIMATED- DRILLING DAYS OR TOURS 35 DAYS
C~946-2 DESCRIPTION EXPLORATORY DEVELOPMENT
I TEM NO. DRY HOLE PRODUCER PRODUCER
CONTRACT DRILLING DAY RATE __35 DAYS @ § PER DAY 327 ! 192,000
! DAYS @ S PER DAY _
CONTRACT DRILLING FOOTAGE FT. @ S PER FT. ~
2 DAYS @ 5 PER DAY _

3 COMPANY DRILLING LABOR DAYS € $ PER DAY -
S “COMPANY DRILLING SUPERVISIONHD - DAYS @ § . 320 PER DAVI(- 14,000
5 COMPANY EQUIPMENT USAGE -

DEU DAYS @ PER DAY -
DERS DAYS @ § PER DAY -
6 FUEL AND UTILITIES DAYS @ § PER DAY _
7 SUB TOTAL (| THROUGH 6) ' $ $ 206,000
8 RIG UP AND TEAR OUT/MOVE IN AND OUT 120,000
9 DRILLING FLUIDS 20.000
10 WELL SUPPLIES AND NON-SALVABLE MATERIALS (CEMENT BASKETS, ' 12,000
FLOAT EQUIPMENT, CENTRALIZERS-SCRATCHERS). -
i TRANSPORTAT | ON 15,000
CONTRACT SERVICES AND RENTALS ~
12 DIRECTIONAL. TOOLS, SURVEYS & SERVICES 5,000
(MONEL COLLAR. MULTI-SHOT INST.. SERVICEMAN, SURVEYS. ETC.) -
13 DRILL PIPE, BITS. REAMERS & OTHER TOOLS 55,000
(HOLE OPENERS, STABILIZERS, REAMERS. DRILL P{PE & DRILL -’
COLLAR RENTAL. ETC. -
14 OTHER SUB SURFACE CONTRACT RENTALS & SERVICES ) 10,000
(WIREL INE PERFORAT ING,FORM, ST IMULAT i ON ,CASED HOLE LOGS .ETC. -
15 QTHER SUB SURFACE COSTS - 5,000
(SWABBING. WASHING PERFORATIONS ., CHANGE OVERS. ETC.) -
16 SUB TOTAL (1 THROUGH 15) 8 s 458,000
20 FORMATION EVALUATION CONTRACT SERVICES -
coring_30 _ r1. @ 5 100 Per Fr. 3,000
S IDEWALL SAMPLES @ s PER SAMPLE -~
CORE ANALYS!S 2,000
21 1esTing DST _7tests @ $ LOOOQ rer TEST 10,000
FLOW TEST wirerine 1esTs @ $20000 per TEST 28,000
22 LOGGING WIRE LINE RUNS @ $______ PER RUN 35,000
23 LOGGING MuD__3Q _ pavs @ 5__H00  per DAY 15,000
24 TOTAL FORMATION EVALUATION SERVICES (20 THROUGH 23) $ _ |5 93,000
30 CASING., TUBING AND RODS
CONDUCTOR "108#e s__ 50 PER FT. 3.000
SURFACE 10_0_0_13_3__8”54 %25 PER FT. 251000
PROTECTIVE______FT. @5§ 3—17"”* FT. 59,000
Liver 33008 5/8 FTB%MWER FT. 87,000,
OILSTRING PER FT.
TUBING LLOL__M T.e5__ 3 PER FT.
TUBING —_ _ _FT. @5 PER FT.
RODS _ - FT. @ 8 PER FT.
RODS - FT. @3 PER FT.
TOTAL

PRO.316-C

PAGE 1| (CD.5-74)

PRIMTED N U.S5.A.




PAGE 2 OF
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WELL COST ESTIMATE WORKSHEET Pro-316-C

C-946-2
ITEM NO.

DESCRI'PTION

EXPLORATORY DEVELOPMENT

DRY HOLE PRODUCER PRODUCER

31-

SUBSURFACE PRODUCING EQUIPMENT

CASING HEAD 5000

TUBING HEAD -

CASING SPOOL

xmas tree 1-12" WKM 4OO#=7000

PACKERS _weLe pume Misc 3000
SLIDING SLEEVES. SIDE DOOR CHOKES, ETC.

15,000

32

CONTRACT CEMENTING S%ﬁVICES

CONDUCTOR 200f5 ps. e s_2000 per vo. 1500
surFace _10Q00ft9acks s _11000  pume TRUck § 2000
proTECTIVE 12005sacks 8 13000  pume TRuCK
OiL STRING SACKS § __PUMP TRUCK
LINER SACKS $ PUMP TRUCK
SQUEEZE JOBS SACKS § ____ PUMP TRUCK
OTHER SACKS § ________ PUMP TRUCK
CEMENT BOND LOG RUNS @ § PER RUN

WATER SHUT OFF TESTS TST. @ $_______ PER TEST

TEMPERATURE SURVEY

B O BB A,

2000

32,000

‘40

FISHING

41

TOTAL SUBSURFACE WELL COSTS

5 |s 685,000

51

SURFACE WELL COSTS
SITE PREPARATION . LAND

25,000

52

SITE PREPARATION - WATER

53

ARTIFICIAL LIFT EQUIPMENT
PUMPING UNIT $

PRIME MOVER $

54

TANKS ., TRAPS,CAISSONS & OTHER SURFACE EQUIPMENT
TANKS @ % EACH
SEPARATORS @ $ EACH
FLO¥ LINES FT. @ $________FT.
ELECTRIC LINES___ _ __ _FT. @ $ ___ _  FT.
GAS LINES FT. @ § FT.
WATER LINES FT. @ § FT.
MISCELLANEOQUS

55

TOTAL SURFACE WELL COSTS

56

TOTAL DIRECT WELL COSTS

s £ 25,000
$ 710,000

61

Contingency for Fishing - 15%

L PPy

105,500

20

62

GENERAL AND ADMINISTRATIVE EXPENSE

63

WELL COMNTRIBUTION CREDITS

A

TOTAL WELL COST

TOTAL TANGIBLE (TOTAL OF LINES 30, 31, 53 & 54)

4 816,500
]

Prepared by _ B. D. GARRETT 4/26/T8enior brillingEngineer

TOTAL INTANGIBLE (LINE 64 LESS TOTAL TANGIBLE)

Approved

Date

Oivision Drilling Superintendent

PRO-316-C PAGE 2 (CD-95-74)
PRINTED IN U.S,A,
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BUSINESS AND MANAGEMENT

1.

Chevron Resources Company is a division of Chevron
Industries, Inc., which is a wholly owned subsidiary
of Standard Oil Company of California, domiciled

in San Francisco, California,

Chevron initiated exploration for geothermél resources
in the western states in 1971 and has actively continued
exploration and drilling for geothermal resources to

the present. We have identified some 45 prospects

in whicﬁ we hold Federal, State or private geothermal
leases or first priority applications for Federal
geothermal leases. Chevron holds approximately 210,000

acres under lease.

Chevron has drilled 18 geothermal wells in seven areas,

is operator in developing the Heber geothermal field

in the Imperial Valley of California and is involved

in dr;lling wells in the promising Brawley field .nearby.
bhevron con@ucts»exp;orgtipn and drilling with its staff
af.pééfessional geologists, geophysicists and engineers.’
Geophysical surveys and drilling of wells are perforned

by contractors with consyltation from Chevron professional

personnel.

Oréanizations having cognizance over our geothermal
acﬁivities would be certain other companies active in
geothermal exploration and drilling, i.e., our competitors.
We have made trades of certain data with Phillips

Petroleum Co., Union 0il Company of California, and



Gulf Energy and Minerals Co.

The Source Evaluation Panel may contact the following

personnel regarding Chevron's professional qualifications

in the geothermal field with the explicit understanding,

however, that it will be inappropriate to discuss with

them any portion of Chevron's proposal.

Mr. C. W. Berge

Energy Minerals Division
Phillips Petroleum Company
P. 0. Box 752

Del Mar, CA 92014

Mr. Carel Otte

Union Geothermal Co.

Union Oil Company of California
P. 0. Box 7600

Los Angeles, CA Q0017

Mr. Glen Campbell

Gulf Energy & Minerals Co.
1780 So. Bellaire Street
Denver, CO 80222

PRINCIPAL PROGRAM PERSONNEL

The following personnel were responsible for acquisition

of existing surface and well data and resumes for each

follow:_

(See Appendix IV)

D.
J.
C.

M.

_ Exploration Personnel (See Figure 6 - Organization Chart)

R. BUTLER bivision Manager

0. SALVESON Division Geologist

M. SWIFT; JR. Division Geophysical Supervisor
A, LANE District Supervisor

C. EDMISTON District Supervisor

W. BUTLER Geologist

J. ALMENDINGER Geologist



DIVISION MANAGER

D. R. BUTLER

DIVISION GEOLOGIST

J. 0. SALVESON

DIVISION GEOPHYSICAL
SUPERVISOR

C. M. SWIFT, JR.

DISTRICT SUPERVISOR

PACIFIC DISTRICT

M. A. LANE

GEOLOGISTS

GEOPHYSICIST

CHEVRON RESOURCES CO.
EXPLORATION DEPARTMENT

GEOTHERMAL DIVISION

—

DISTRICT SUPERVISOR
ROCKY MTN DISTRICT

R. C. EDMISTON

GFOLOGISTS

GEOPHYSICIST

FIGURE 6




W.

A.
B.

Certain

=

M.

Dl
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HAYNES : Formerly District Supervisor

. MERO - Formerly Senior Geologist

DRILLING PROJECT PERSONNEL

COOPER Senior Project Manager

GARRETT Operations Supervisor-Geothermal

of the above personnel plus those shown below(see

Figuré 7 - Project Organization. Chart) will be responsible

for the drilling of the proposed well and their resumes

follow: (See Appendix IV)
R. H. HAND Drilling Superintendent
E. E. GOMAA Reservoir Engineer

MANAGEMENT PLAN

Proposed 4000' production well

a. Objective: to drill into Malpais fault zone reservoir,

test productivity and complete with production casing,

if test result data warrants, make short term flow test.

b. Drilling Operations - Responsibilities and Control

Procedures:

The Project Organization Chart for the drilling of

the 4000' well at Beowawe is shown in Figure 7.

Overall responsibility for drilling the well and

accomplishing the .objectives of the project lies

with the Project Manager working through the

Operations Supervisor.

The Operations Supervisor is responsible for

preparation of the specific program and its implementation

The Drilling Superintendent is responsible for the .




PROJECT MANAGER

A.M, COOPER

PACIFIC
DISTRICT
SUPERVISOR
(GEOLOGY)
M.A. LANE

DRILLING -]

SUPT.

R. H. HAND __I

DRILLING
REPRESENTATIVE
(AT WELLSITE)

OPERATIOHNS
SUPERVISOR

B.D. RARRETT

RESERVOIR -
ENGINEER

E.E. GOMMA-

.

|
J

PROJECT

DRI LLINS

BEOWAWE

ORGANI ZATI ON

OPERATIONS

WELL

FIGURE 7



2L
drilling operations including procurement of materials

and services required to accomplish the objectives.

The Drilling Representative, located at the well-site,

is responsible for all field work including supervision
of the actual drilling operations, logistics of
material and services, daily cost control and

preparation'of daily progress reports. .

The Reservoir Engineer and the Pacific District

Supervisor, who is a geologist, are responsible

for analysis of data obtained while drilling, logging,
and‘testing to determine that the objectives are
Being met and to recommend to the Operations
Supervisor program changes which may be required

to meet those objectives.

Well progress, cumulative costs, lithology, etc.

are reported by phone each morning by the Drilling
Representative to the Drilling Superintendent and

the Operations Supervisor. Based upon these data,
.the .Operations Supervisor determines- that evérything
reasonable is being done to maintain schedules, cost
control, and project objectives. The Pacific District
Supervisor is advised daily of the lithology, well
conditions, etc. so he may determine the stratigraphic
and structural position of the well in relation |
ito tﬁe projected geologic objectives and recommend

changes in program as required.



-25-
c) Cost Controls -

1) After funds for the well have been approved and
appropriated'by Management, sealed bids are
solicited. from reputable drilling contractors
who are or have been active in geothermal

drilling.

2) The Drilling Superintendent studies the bids and
normally awards the contract to the lowest bidder,

- other considerations being equal.

3) Service Orders, containing short form contractual
language, are issued to service companies and local

contractors by personnel with appropriate authority.

4y At the wellsite, the Drilling Representative
directly monitors the various contractors and

suppliers.

5) Invoices submitted by contractors and suppliers

are processed in the following manner:

(a) Drilling Representative checks invoices to be
certain that work charged has Been performed.
Signs invoices except any which may require
changes. o

(b) Invoices signed by Drilling Representative
approved by Drilling Superintendenfh

(c) Clerk in Drilling Superintendent's office

determines that appropriate project number is

coded on invoice,



.
o,

(d) Invoice clerk under supervision of Accounting
Supervisor (San Francisco) compares invoice‘with
contract terms for:

1. accuracy of rates:

2. .accuracy of.invoice calculations

3. approvals have been made by personnel with
proper authority
invoice clerk forwards accurate invoices to
Accounting Supervisor for payment approval

(e) Invoice forwarded to Corporation Computer Services
where:

1. pertinent data is keypunched into storage

2. payment check is printed by computer

3. a monthly tabulation of accumulated costs
by project number are printed.

(f) Monthly project cost tabulation forwarded to Accounting
Supervisor and appropriate Chevron Resources management
for purpose of checking accumulated costs vs.

appropriated costs.

PRIMARY BUSINESS AND TECHNICAL CONTACTS WHOM DOE MAY CONTACT
In as much as our entire proposal is proprietary except for
evaluation purposes, we request that if our proposal is to
be discussed with any of the contractors that the following
procedure be followed:
a. "Advise Mr. D. R. Butler

-Chevron Resources Company

320 Market Street ;

San Francisco, CA 94111
Phone: (415) 894-3590



o.

D7

Mr. Butler will advise the contractor that he may

discuss any of the equipment specifications, field

" procedures, and data quality relating to his work

for Chevron in the Beowawe Area with appropriate D.O.E.

personnel.

Following is the list of contractors (see also under -
Program Data.Offeped),.principal supervisory personnel,
phone numbers and addresses:

Geotronics Corp.

George Hopkins, President
(512) 837-7564

10317 McKalla Place
Austin, TX 78758

Phoenix Geophysics

Bruce Bell, Vice-President
(303) 373-0332

L690 Ironton Street
Denver, CO 80239

Senturion Sciences, Inc.
John Bailey, President
(918) 836-b746

P. O. Box 15447

Tulsa, OK 74112

Selsmic Exploration Inc.
c¢/o Lewis Katz

(801) 272-1289

P. 0. Box 934k

Salt Lake City, UT 84109

United Geophysical Corp.

Gunter Fercho, Regional Manager

(303) 572-8727 -
1645 Court Place, Suite 300

Denver, CO 80202

Terraphysics
Aldo Maggella, President
éuls)'23ﬁ-8961

15 South 10th Street, Suite 11A
Richmond, CA 9u804

Photogravity Co. Inc.
William Scott, President
(713) 780-4911

7000 Regency Sq. Blvd.
Houston, TX 77036
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Western Geophysical Co.
C. W. Dick, Vice President
(303) 770-8560
P. 0. Box 1638
Denver, CC 80150
Charles B, Reynolds & Associates
Charles B. Reynolds
(505) 294-6971
11909 Allison Court N.E.
Albuquerque, NM 87112

R. B. Montgomery Drilling Co.
R. B. Montgomery

P. 0. Box 2508
Bakersfield, CA 93303

Big Chief Drilling Co.
W. A. Glass

P. 0. Box 14837

Oklahoma City, OK 73114
ACCEPTABILITY OF DRAFT CONTRACT PROVISIONS
The draft contract is generally acceptable as a basis for
contract negotiations although we reserve the right to
negotiate modifications of some of its provisions. Based
on a preliminary review of Appendix B (General Provisions)
to the.draft contract, a number of provisions appear to be
inapplicable to the proposal being made by Chevron Resource

Company. Specifically these are:

Clauses 2.1 h,1.2 7.3
2.4 hou 7.16 77
2.5 h.7 7.18
2.6 4.8 7.19
2.9 .9 7.20
2.10 | h.10
3.3 . 6.6

Other clauses in Appendix B may be inapplicable if the

contract sum fails to exceed specified threshold amounts.



10.

ol

The "Program Technical Scope" has been reviewed and any
such data offered by Chevron Resources in this proposal
which D.O.E. accepts and contracts for may be published

by D.O.E.

Six copies of the 1977 Annual Report of Standard 0il
Company of California are attached (one for each member
of the Source Evaluation.Panel, per.Joseph .Fiore, personal

communication May 18, 1978.

The épecific terms and conditions contained in this proposal
will remain in effect for 120 days from May 30, 1978;
however, should D.0.E. propose any changes in such offered
terms or conditions then Chevron shall have the right to
reject such modified terms or conditions if they are

unacceptable to Chevron.

Mr. C. Dahlstrom, Vice-President and General Manager, Chevron
Resources Company, has the authority to commit Chevron
Resources to the provisions of this proposal per the
"Resolution of the Board of Directors of Chevron Industries,
Inc. dated April 13, 1977", a certified copy of which is

attached as Appendix V.

GSA Form 19B "Representations and Certifications "“has
been completed and is attached to the letter transmitting

this proposal."

- END -



Field

Well:

Surface Location:

APPENDIX T

: BEOWAWE
To be named

To be determined

Bottom Hole Location: Straight hole.

Objective: Geothermal production well.

3.

DRILLING PROGRAM

Move in rig, cement 30" conductor at 20', drill 17-1/2" hole to 100', open

hole to 26" and cement 20" conductor.

Install Totco eight-pen recorder to log mud temp. in and out, mud pit

level with audio alarm, bit weight, pump press, pump speed, rotary speed

and drilliqg rate.

Install 20" Class IIA BOP on conductor and test to 200 psi.

Using mud, drill 17-1/2" hole to 1,000°'.

a. Record mud in and out temperature at every connection.

b. If, prior to cementing casing, abnormally high temperatures are
recorded in the mud return line, Company Drilling Foreman is to be

notified before continuing drilling.

c. Use high temperature drill pipe float valve while drilling surface

hole and during subsequent drilling operations.
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d. Using sample catcher, take sample of cuttings from flowline at each

connection.

e. Install mud logger prior to drilling out shoe of conductor pipe at

100'. (See Mud Logging Instructions Appendix II)

Run Schlumberger DIL, SONIC, logs.

Cement 13-3/8" casing from 1,000' to surface.

Install Class III BOP and test per Operating Instruction D-17.
Install mud cooling tower before drilling ocut 13-3/38".

Drill out shoe of 13-3/8" casing and drill 11" hole to 4,000' +, as

determined by well site geologist.
a. Record fluid in and out temperature at every connection.

b. Using sample catcher, take sample of cuttings from flowline at every

connection.
c. Take 30' core of intervals selected by well site geologist.

d. Take directional surveys at least every 500'.

Run Schlumberger open hole logs. (DIL, CNL-FOC-GAMMA-CALIPER, DIP, SONIC)
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12.

13.

14.

15.

16.

17.

-3 -

Make open hole drill stem test if warranted.

Run 8-5/8 casing to 3,000 + (top € 800' +) and cement from shoe to top of

lap:

Drill out cement, clean out to T.D. and run 6-5/8 slotted liner to 4,000'

(top @ 2,800').

Change over to weighted salt water and wash perforation.
Remove BOPE, install Xmas tree, release rig.

Run temperature surveys.

Install necessary facilities and make short term (12-24 hr.) flow test if

warranted.



PROGRAM DETAILS

Blowout Considerations and Classification

1. This well is a geothermal evaluation well and bottam hole temperature over

400°F may be encountered.

2. Formation pressure will probably be near normal (cold water) hydrostatic,
but due to the elevated temperature the fluid can flash to steam and the

well may be capable of flow.

3. Class II A BOPE will be installed on the 20" conductor and Class III B8OPE
on the 13-3/8" casing. Test to 200 and 2,000 psi respectively as outlined

in Operating Instruction D-17.
4. Hole to be kept full of drilling fluid at all times if practical.

Loss Circulation Consideration

[

Minor losses occurred at nearby Ginn 1-13 while drilling at 500', 800', 7,090°',
8,421' and 8,491. Complete loss of returns occurred while cementing casing at

8l2'.
Major losses occurred at 8,885 and at 9,523 where a 6' cavity was encountered.

At Rossi 21-19 minor losses occurred in the iqtervals 320-620 and 1,940-1,953.

It was necessary to use LCM to maintain full circulation.
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These minor losses can be expected at any time and a major loss may occur below

3,000' if the objective fault is penetrated.

An adequate supply of drilling fluid and lost circulation material (asbestos
fiber or equivalent high temperature material) must be kept on hand at all
times. However, unless there is an emergency, do not add lost circulation

material without first clearing with the Company Drilling Foreman.

Well Correlations

Estimated Drilling Fluid
M.D. v.D. Formation Press. Pressure (69%) Overbalance
(PSI) (PSI) (PSI)
1000 1000 433 480 47
2000 2000 866 958 92
3000 3000 1299 1437 . 138
4000 4000 1732 1920 188

Drilling Fluid Program

Interval Type Weight Vis. API Water Loss

0-1000 Clay Base 68-70 - To Suit

1000-T.D. Sepiolite 68-70 40-50 15-20



The mud specifications shown here are intended as a guide only. The
Company Toolpusher, Contract Toolpusher, and Mud Service
Representative must all understand this and work closely together to

keep mud costs at a minimum without causing hole problems.

Maintain 40-50 sec viscosity. Maintain reasonably low gels, low

yield point, and plastic to yield ratio of approximately 2:1.

Maintain sand content at 1% or less.,

Take API high-temperature, high pressure filter loss at least once

per day below 1,000'.

Have driller record mud-in, mud-out temperature every 30' drilled.

Attempt to maintain drilling fluid temperature below 165°F.

Casing and Cementing Program

1.

Surface Size Wt. and Grade Depth
1000" 13-3/8" 54.5%, K-=55, Buttress 0-1000'

Equip casing with guide shoe and float collar on top of first joint.

Equip casing with two 13-3/8" x 17-1/2" dual KK-6 turbine
centralizers on bottom three joints and one every third joint to

surface.



c. Use sufficient Class "G" cement with 50-50 Poxmix D or equivalent and
33# silica flour per sack cement (slurty weight - 105 Pcf) followed
by 200 sacks Class "G" with 334 silica flour per sack cement to fill

to surface.

d. Precede cement with 100 cu. ft. water.

e. If cement does not reach surface, run 1" pipe to 100' and cement
17-1/2" x 13-3/8" annulus to surface with Class "G" cement with 33%

silica flour péer sack cement,

Intermediate String

Depth Size Wt. and Grade Joint Length
800-3000 8-5/8" 36% K-55 Butt. 2200"

a. Equip bottom of 8-5/8" with ported formation packer and float collar

on top of first joint.

b. Equip each of the three joints above the packer with two 8-5/8" x 11"
dual KK-6 turbine centralizers. Equip every third joihﬁ of 8-5/8"

with one centralizer of same type.

c. Use 8-5/8" x 13~3/8" Burns liner hanger with latch-~on connection for

future tie back string.



d. Use sufficient Class "G" cement with 50-50 Poxmix D or equivalent, 2%
gel, 37.5% (40%) silica. flour per sack cement, with .2% HR7 retarder
and .2% CFR friction reducer to fill to surface. Confirm amount of

retarder to use based on temperature data at time of drilling.

e. Precede cement with 200 cu, ft, water.

1

3. Production liner

Depth Size Wt. and Grade Joint Length
2800-4000 6~5/8" 20% K=-55 Butt. 1200*

‘a. Equip bottam joint with closed shoe.

b. Liner to be combinatioh blank and slotted. Location of slots to be

determined.

c. Use 6-5/8" 204 x 8-5/8" 364 lead seal liner hanger for 500°F

temperature.

Special Operating Instructions

1. Install mud cooling tower. Have large volume centrifugal pump (1,000 gpm
with 80 head) ‘for circulation through cocling tower and mud-mixing

purposes.
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11,

Install two mud pumps, stand-by pump not to be used for mud-mixing
purposes. Use stand-by pump when repairs are required on hole pump and

have stand-by pump hooked up to mid cooling tower.

Install Totco eight-pen recorder with continucus flow-line temperature

recorder. Also install visual thermometers of flow-line and circulating

pit at driller's station, record temperatutes every 30' drilled.

Install lower Kelly cock.

Install high-temperature rubbers in pipe rams and complete shut-off (if

available).

Run high temperature drill pipe float valve and maintain in good operating

condition. Use Fleoat valve in string while using air or aerated fluid.
Break circulation on trips while running in hole.

Start circulating pumps slowly and gradually increase pump speed in -an
effort to prevent breakihg down formation, particularly after trips or

long periods of no circulation,

If possible, dry pipe prior to pulling out of hole. Pull drill pipe very

slowly.

Run cold water on drill pipe while pulling.

#

bPo not jump drill pipe cut of tool joint box on trips.
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FORMATION EVALUATION PROGRAM

I. Temperature build~up survey may be run.using maximum recording
thermometers or temperature recorder in drill collars before each wireline

log or drillstem test.

I1I. WIRELINE LOGGING

A. Surface Log (programmed for approximately 1,000')

1. Schlumberger Dual Induction Laterolog. Use resistivity scales
of 0-100 ochm-meter and 10 millivolts per division S.P. scale
unless formation characteristics are such that other scales are
more appropriate.

2. Run soni¢ log.

B. At T.Da mn:

1. Schlumberger Dual Induction Laterolog

Scales: (May be modified based on formation characteristics)
Self potential - 10 millivolts per division
Laterolog 8, medium and deep induction 0.2-2000 ohm-
meters with 2" linear correlation log‘using scales as

on run at surface pipe depth unless another scale

appears béttér suited to formations.
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4,

5.

11
Schlumberger CNL~FDC, gamma caliper. Density scale of 2.0-3.0,
and CNL sandstone porosity scale of 0-60% are recommended unless

otherwise indicated.

Schlumberger four arm High Resolution Taped Dipmeter.

Run Schlumberger or Fracture location log, if warranted.

‘Run Schlumberger sonic log.

Run Schlumberger continuous temperature profile.

General Logging Instructions

2,

One-half gallon sample of circplated drilling fluid is to be
obtained immediately prior to pulling drill pipe for logging

operations. Sample is to be measured for Rm, Rmf, and Rmc.

Maximum recording thermometers are to be used on all legging

sondes run.,

all calibrations are to be recorded and printed on the 5% = 100

scale logs.
A back-up sonde is to be at location for all DIL runs.
Logging Engineer to f£ill out Log Quality Control checklist after

completion of logging operations and give it to Well Site

Geclogist.
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I1I. CORING
A. Cut 30' core at 3,500' + in fault zone, per well site geologist's

instructions. A 30' core possibly may be taken at T.D. depending

upon formation encountered at that point,
B. Arrange with Petroleum Testing Service (213-696-3802 or 213-291-6529)
to package and transport cores as they are removed from the core

barrel.

IV. DRILL STEM TESTING

A. A test may be run as determined by the well site geologist.
B. Use caliper and E~logs to select packer setting depth.
C. Flow period 6-8 hour. Final shut in 2 hour.

D. Use three pressure recorders (2-outside, l-inside) with pressure

g range of approx. 2500-3000 psi.
E. Use one temperature recorder (100-600°F).
F. Install 3 maximum reading thermometers (100-600°F +).

G. Use nitrogen lift to cause well to flow.
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V. FLOW TEST

A, Install surface test facilities,

B. Use nitrogen lift to start well flowing to pit.

C. Run bottom hole pressure-temp. recorder on wire line.

D. Measure flow rate and produce well until adequate data is obtained.

This may be limited by pit capacity.

E. Obtain 2 set fluid samples (1 gallon sample for D.O.E.).
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APPENDIX IT

MUD LOGGING INSTRUCTIONS

A.

Install Mud Logging Unit prior to drilling out shoe of
conductor pipe:. Continuously record from shoe of conductor
pipe to total depth. HpS & COo to be monitored from conductor
pipe to T.D.

. Mud temperature at suction and flowline to be continuously

recorded. If air drilling record air out temperature.

. Two sets washed and two sets * unwashed ditch samples to be

collected at 10' intervals unless drilling rates made such
frequency impractical. ¥* One unwashed set to be at least
2 1bs. in weight (for D.0O.E.)

Special effort is to be made to detect unusual mineralization
such as sulfur, mercury, siliceous material, also report
indications of alteration or of fault or fracture zones.

Inform Well-Site Geologist or Company Drilling Foreman
immediately of sudden increases in temperature, hydrocarbon
shows, HoS, steam, unusual mineralization or other possibly
significant changes.

. Report at once to the Drilling Foreman, Driller and Geologist

any conditions that might affect safe,efficient drilling
operations. This includes increasing gas readings, increasing
trip and connection gas, unusual mud properties, unusually
large amounts of slough, etc.

. Daily log. Please note the following points:

1. Mud log form should follow API recommended practice plus
Geysers special lithology (USGS nomenclature).

2. Include a weight on bit curve, record bit footage and hours,
all hole surveys, and briefly note any significant mechanical
delays, all on the left-hand track. Make careful lithologic
descriptions and note any variations or exotic minerals.

3. Include a note on log to explain any unusual shows, anomalous
conditions, or mud changes.

L. Record on log a full mud check at least once each tour or
once per day if less than 100' drilled per day. Include
mud and mud filtrate resistivities, corrected to 77° F,
and salinities (ppm NaCl). Record time and date of mud
check on mud log.. Notify tool pusher and development
geologist of any significant deviation from mud program.
Record mud type on log heading and any change in mud type
at depth of change.

5. Record and Log. COo & HoS continuously.



. Record lag time once each day. Note depth, lag, and

pump strokes per minute.

Include well name and location on reverse side of all
copies of daily log.

H. Points to be stressed in circulating show or drilling bresak.

1.

Run Ph checks on mud whenever objective zones are penetrated,
and after any drilling bresk.

. Circulate bottom sample before coming out of hole for any

reason.

. Whenever circulating 1s required, record length of time

circulated.

I. Special instructions and comments.

1.

Overall lithology is important and should be accurately
described. However, we are more interested in what has
happened to the rock and what is associated with it.
Specifically:

a. Fault or fracture evidence - note presence or suggestions,
if fractures are open or filled and, if filled, what is
the filling material. 1In some instances, grain surfaces
may be fracture planes and the coatings on grain surfaces
may represent fracture fillings, so coating determination
is important. ’

b. Alteration or alteration products - evidence of
hydrothermal alteration or low-temperature metamorphism.
Particularly, presence of kaolinite, clay minerals,
zeolites, or any indicators of degree of hydrothermal
metamorphism.

c. Accessories (extremely important) - note percent and
type of distribution within sample of any sulfides and,
if possible, determine what they are, i.e., pyrite,
chalcopyrite, stibnite, cinnabar, or any other metallic
mineral sulfides.

d. Hydrothermal deposits - note occurrence and percent of
opal, chalcedony, sulfur, gypsum/anhydrite, carbonates.
Note particularly presence and degree of silicification
and mode of occurrence, i.e., pervasive, fracture
controlled, orthoquartzites, etc.
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APPENDIX III

VY T W i O o

Socio-Economic Characteristics

The subject area straddles Lander and Eureka Counties. The actual sites

of the proposed operations are.in Lander County. In the immediate vicinity
of the subject area, there is negligible population. The town of Beowawe
is the closest population concentration, located approximateliy 6.5 miles
northeast of the subject area, in Eureka County. Other small communities
in the area include Crescent Valley (Est. 50-100 pop.), Harney, Dumphy and
Carlin. These communities are indicated as having populations of less than
500 people, likely consid rably less. The population density of the area
is less than 5 people per sguare mile. The largest communities in the area
are Elko (10,000 pop.) and Battle Mountain (2,000 pop.).

As of the last survey (1974) there was little or no unemployment in the
area. The only specialized skills available are those associated with the
surface mining and agriculture. Housing is in short supply and community
services are limited. The median family income in 1969 was $8,691 to $8,768
(Table 7). It is believed, however, (BIM, 1974) that the median income
figure does not accurately reflect the current economic situation, because
of the recent local growth of the mineral industries.

IMPACT EVALUATION AND MITIGATING MEASURES

Physical Characteristics

Geologic Hazards - Seismicity is evidently the only geologic hazard which
poses itself to the proposed development.. The only indication of seismic
activity in the area is the event of 1945. Although the epicenter has been
placed along a projection of the fault trace, there is no evidence of a
direct relationship between the faults thought to constitute part of the
geothermal reservoir and the recent.seismic activity of the area. At such
time, GRO Order No. 4, section 8 may be implemented. The lessee may then
be required by the Supervisor to install seismic monitoring devices.

No information is available at the present time to form a basis for evaluating
the likelihood that subsidence will result from the production of geothermal
fluids in the subject area. If the geothermal reservoir exists in un-
consolidated alluvium then subsidence may occur. On the other hand, the
resexrvolir likely exists in consolidated rock at depth and little or no
subsidence should be expected. :

Local networks of horizontal and vertical control must be established by

the lessee prior to prolonged production of the reservoir to monitor for
possible subsidence and lateral surface deformation (GRO Order No. 4, Sec. 8).
To minimize the risk of subsidence, injection programs may be initiated to
maintain formation pressures in the reservoir. If subsidence is determined
by the Supervisor to represent a significant hazard to operations or ad-

" joining land use, then the Supervisor may require remedial action including, -

but not limited to, reduced production rates, increased injection of waste
or other fluids, or a suspension of production (GRO Order No. 4, Sec.B8).
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Table 7 Economic Data

County Total Personal Income - - Pe£'Capita Personal Income . Family Median Income
Eurcka $2,388,012 $2,519 . $8,768 .
Lander $7,088,894 . $2,659 $8,641

Based on 1970 census



It is very likely that the bore holes will intersect the fault planes.
Blowouts have occurred where improperly equipped drilling operations have
encountered faults at depth. Full compliance with the provisions of GRO
order No. 2, Sec. 2, the review of the'Application for Permit to Drill,

and on-site blowout prevention-equipment inspections should prevent blowouts.

Air Quality - Local air quality could be impaired by:

1. 1Increased suspended particulates due to earth moving operations
and traffic to and from the drill sites.

2. Increased hydrocarbons, NOy, CO and other pollutants associated
with exhaust emissions from cars, trucks, generators and air compressor
"engines.

3. Increased H,S and other noncondensible gases (COp, CHy, NH3, for
example) which are sometimes associated with geothermal effluents.

The National and State Ambient Air Quality Standards presented as appendix D

are not exceeded in the subject area at this time with the exception of
particulates during wind storms. There are several geothermal wells flowing

in The Geysers area due to vandalism over 4 years ago. One well is flowing

at a high rate and expells stcam and hot water and other gaseous effluents

many feet into the air. Due to the apparent lack of environmental damage

caused by the effluent from these wells, it is assumed that the gases dissipate or
oxidize rapidly from the source and do not adversely affect the aic guality.
Therefore, it is not expected that the-State and National Standards w111 be
exceeded by the proposed drilling and testing activities.

Surveillance of ambient air to ensure compliance with Federal, State and

local regulations can be imposed by the Supervisor when deemed necessary

(30 CFR 270.34, 41). The lessee has proposed to use drilling mud as a
circulating medium to lubricate and transport cuttings to the surface (P.o0.0.).
If compressed air were substituted for mud, then an approved separator shall be
used to adegquately contreol particulate emissions.

Noise - Noise would be geneeated by the following activities:
1. Construction of drill pads aﬁd access roads.
2. Well drilling.
3. Well testing.
4. Vehicular traffic.
In accordance with GRO Order No. 4, Sec. 11.C noise emissions must be

attenuated to a maximum of 65 4BA measured at the lease boundary line, or
0.8 km from the source, whichever is greater. The lessee is required

-
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(GRO Order No. 4, Sec. 11.D) to monitor and measure noise levels as deemed
necessary by the Supervisor using an octave band noise analyzer with an
A-weighted frequency response. The noise level at drill site must be main-
tained within the allowable' limits set by OSHA regulations.

1f it becomes necessary to drill with air as a circulating medium an
appropriate muffler may be required by the Supervisor to attenuate the
noise from this operation.

At the present time the flowing steam wells at The Geysers area are the i
dominant noise emitters in the area. It is not expected that the proposed .
activities will exceed 65 dBA at the unit boundaries.

Water - The ground water may be contaminated by interzonal communication
of aquifers. The well casing requirements imposed by GRO Order No. 2,
however, should prevent such contamination. If waste fluids held in the
sump are of lesser quality than the ground water, then seepage through

the sump may result in ground water contamination. In such a case, an
impermeable liner may be required. A minimum of 0.6 m freeboard will be
required of the sump.

Water to be used for the drilling is of good quality and the drill mud

is nontoxic. However, the operator may conduct a short-term well test
prior to the completion of the wells. Therefore. sump lining is required
unless the test fluid is contained in a separate tank and appropriately
disposed of based on a chemical ghaiygis of the fluid as proposed in the
P.o.0.
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The lessee proposed, as part of th's plan, to conduct a long term (1-2 mo.)
production test immediately following completion of the wells. ' Unless

the geothermal fluid is of good quality suitable for surface discharge,

the fluid will be injected into well Ginn No. 1-13. Although the proposed
_production test involves no additional surface disturbance, the Supervisor
will review the injection proposal prior to approval to ensure safe in-
jection and protection of ground water.

Soils - The potential impacts o6n soils include direct loss due to erosion,
adverse physical changes due to compaction, adverse chemical alterations
from possible drill waste spills, and alteration of the soil biota. Access
road and pad construction have the most serious impact on the soil mantle.
When the soil mantle is disturbed, erosion rates accelerate. The proposed
drill sites, in terms of surface disturbance, will be approximately 1 hectare
per site (Exhibit B, P.0.0.). Access to the drill sites will follow ex-
isting County and BLM roads for the most part, so new construction is
required only at the sites (P.0.0.). One exception to this will be con-
'struction of approximately 0.4 km of new access to proposed drill site
eight. Therefore total surface disturbance for the proposal will be
minimal. The areas subject to vegetative removal are relatively flat,
runoff is medium and erosion hazards are moderate. ' Except for occasional
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seasonal flash floods, erosion from surface runoff should be of minor
consequence,. Revegetation of the disturbed area, would alse serve to
minimize erosion after operations are completed. The revegetated areas
will, however, be subject té wind erosion for a short period of time until
pad revegetation is established.

‘211 drilling waste will be contained in a sump, therefore alteration of

the surrounding soil should not be a problem.

‘llfe in the Beowawe Unit will come malnly from the phys;cal removal of

vegetation for drill site and road construction. All proposed sites, other
than site 8, are immediately adjacent to the main access road and will re-
quire little vegetative removal. Site.8 will reguire appxoxlmately 0.4 km
of vegetative cover rémoved for road access. Drill pad and road constxrac-
tion, would necessitate removal of approximately 10 hectare of the sagebrush~
shadscale plant type if all seven of the proposed sites are drilled.

This figure assumes that the area. cleared of vegetation for each drill

site would be approximately 1 hectare, and access roads would be constructed
or widened to- (4.6 - 6.1 m}, oVer an area of approximately 0.8 km. The
approximated 10 hecta¥e subject to vegetative removal amounts to less

than 0.5% of the total acrezge covered by the Beowawe Unit.

Impacts from vecetative removal will be primarilv to livestock Grazing
and wildlife habitat. These impacts, however, are considered to be of
little consequence because of the small acreage affected.

Surface disturbance will be kept to a minimum and strictly cenfined to
access .roads and drill sites whichk are minimal and necessary. The BLM
Elko and Battle Mountain districts have recommended that all sites and
roads following completion of use, shall be restored as closely to the
original contour as possible and back filled with top soil. Disturbed

areas will be reseeded with a mixture of grasses or forbes determined by

the surface ‘management agency following the use of the drill sites.
Application would be by drill and prior to the rainy season, allowing for

maximum success of the plants. Fencing of the revegetated pads will also

be :equlred, to prevent overgrazing by cattle. This recommendation will
be includeﬁ as a Special Condition for the approval of the proposed plan.

The success of thése revegetation measures will be monitored'periodicai;y

by the staff of the Geothermal Supervisor and BLM personnel. If the re-
seéeded areas fail to germinate oxr if for any other reason revegetation was
not successful, the Supervisor would take whatever action necessary to

_ promote successful revegetation of thée disturbed areas.

Wildlife - Removal of vegétation during improvement and construction of
access roads and construction of the drill sites will result in the loss
of several acres of sagebrush-shadscale habitat. Wildlife will suffer




losses of their habitat as land surface is occupiéd by geothermal
activity. Small numbers of animals, primarily the smaller more sedentary
mammals, rodents, and ¥eptiles, and the ground nesting birds will be
eliminated or displaced in the areas of the drill sites. The majority

of these specles should be abie to escape and he absorbed by surreunding
areas of low animal density.

Impacts on the larger mammalian predators in the area should be minor.
These animals are very mobile and able to avoid geothermal activity.
Impacts on mammalian predators and raptors {bixds of prey) resulting from
habitat reduction of the animals prey base should also be minor. This

is believed to be the case because impacts on the prey species and
associated habitat is expected to be minor.

Impacts on game species (i.e. mule deer and chuckar partridge) in the
area are expected to be of little consequence.:- Both species are very
mobile and able to eludé man's activities. Little habitat will be lest
in terms of food and cover for either species because both primarily
occupy areas of high elevation. Because of their mobility and low den-
sity, impacts on wild horses is also expected to be minor. .

-Impacts from noise generated by geothermal activity could have adverse

- !:4.44_»;...: s ta L.Ul_b .ut-_'::n...-.u i L..I..I.!" .i.uuu-'uJ.a.Lc ares. LhL‘J.J- DJ-'I-B t':.l. Izl. .l""
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situated in a small canyon neaxr volcanlc cliffs where a pair of golden
eagles were observed nesting. Prairie falcons and other raptors are
believed, by the U.S. Fish and Wildlife Service, ta hava utllxzed the.
cliff area. However, none other than the pair of eagles were observed
this spring during a raptor survey by Paul Lucas, Nevada Fish and
Gane.

Raptors in general are particularly sensitive to noise and human activity
during nesting, especially at the onset, within one-quarter mile of the
nest site. This was evident during the Gecthermal Environmental Advisory
Panel (GEAP) field inspection (4/19/77) of the drill sites and unit areas.
The presence of the inspection party at drill site eight managed to

flush the pair of eagles nesting on thé cliff. Construction and drilling
in the small canyon wheré proposed drill site eight is located would
amplify the noise creating a far greater disturbance factor to nesting
raptors in the area. Conse@uently, adverse effects on raptor nesting
success is very likely. Therefore, to mitigate probable impacts on
nesting raptors, a Special Condition in ‘the form of -seasonal restriction
of site eight will be included for the approval ¢of the proposed plan.
Noise levels around all drill sites will be maintained within guide-
lines specified by Federal OSHA regulations (P.o.O. ) and GRO Order #4
S5ec. 1l. Thesé measures will help mitigate 1mpact from geotHermal

noise on wildlife in the area.




Land Uses . . !
Recreation - Impacts by the proposed ac¢tion on_recreational land uses

of the unit area is expected to be low. Road improvement for the preo-

posed action may beneflt sxght—seers, rockhounds and pass-through hunters

of the area.

Aesthetics - Due to the relatively low profile of the area to be disturbed,
the proposed activity is expected to do little to alter the ‘appearance of
the area. Drill pad préeparation on this flat terrain requires only clear-
ing of brush and very little movement of the flat desért soils. Scars

in the landscape, therefore, will only be evident to those at the drill
sites and access roads. The Mal Pais mountain range lies between most of
Route 21 and the proposed area of activity, therefore, the drill rigs
will not be noticeable from most of this route.. Portions of the unit
area that are visible from a small stretch of Route 21 and Interstate
Highway 80 are of a dlstance that drllllng actlvlty would rict be discern-
ible by the naked eye."

Grazing - The grazing capacity of the sagebrush-shadscale lowlands is
relatively low, denerally requiring about 6.1-8.1 hectares to support ore
animal for one micnth. Revegetating the disturbed area with the seed mixture
described (Special COndi‘l'lgn 43 shauld enhance the farama walna AF thaca
particular sites, although there would be a net loss in forageable acreage
for that period of geothermal ocgupancy and period of vegetative restora-
tion. 1In the long run, however, there should be a net increase in forage
value. .

Cultural Rescurces - Impacts on cultural resources by the proposed action
are not expected. Eleven of the 15 aboriginal archaeclogical sites on
drill pad locations 83~24, 2, 3, and 5 were recorded and collected. Wo Cul-
tural resources were found at drill sight eight. The remaining four sites
located on propesed drill pads 3, 4, 6, and. 7 will reguire additional
testing and/or salvaging prior to any surface disturbance. A proposal

for the additional work has been accepted by Chevron (see Chevron comments,
Appendix F, dated 77/26/76 and 12/6/76).

Scocio-Eeonomic Characteristics

Most of the drilling'crews will stay at Battle Mountain, although. in the
past, some crews lived at Crescent Valley, Elko and Carlin. Becausé of
the wide spread accommodations, these communities experienced no diffi~
culties in accommodating these crews. Since the wells will be drilled
oné at a time, the drilling activities would not create significant
impacts on theé. local socio-e¢ononiic characteristics.

‘)(‘}
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DAVID R. BUTLER

EDUCATION:

B.S. Geology {honors) - University of Texas, 1955.

M.S. Geology - University of Oklahoma, 1957. ,
Group I Intercompany Management Development Program, 1977.

QUTSIDE ACTIVITIES:

Member, AAPG, SEG, Sigma Xi.
Reglstered Geologist State of California.

PROFESSIONAL EXPERIENCE:

1956-1973 STANDARD OIL €O, OF CALIFORNIA
Area Geologist, Texas and New Mexlco (1956-1968)

Prepared and maintained subsurface maps and prospect genera-
tion, well log analyses and photogeologic analyses; integrated
existing and new selsmlc data; supervised selsmic crew;
generated and supervised subsurface geological plays.

Geephysicist/Area Geologlst, La Habra, Callfornia
{1968-1973)

Reviewed, integrated and Interpreted Californla offishore
seismic data; generated and supervised subsurface geologlecal
plays. .

1973-1977 CHEVRON OIL CO. - MINERALS' STAFF - GEOTHERMAL
DIVISION
Senior Exploration Geologist (1973 1975)

Generated and supervised programs for geothermal exploration.

Staff Geologist (1975-1977)

Responsibility for recommending plans, executlon and staffing
of geologlcal, geophysical, land and base programs for geo-
thermal exploration

1977~ CHEVRON RESQURCES CO. - GEOTHERMAL DIVISION
Present Division Marager, Geothermal Exploration

Plan, review and recommend explération programs for and direct
exploration operatlions for the purpose of acquiring geothermal
reserves which can be developed profitably. Supervise execu-
tion of geological, geophysical, land and base programs,



J. 0. SALVESON

EDUCATION:

U.S. Naval Electronics Material School, 1947,
B.S. Geology - Massachusetts Institute of Technology, 1951.
Business Administration ccurses -~ University of California
Extension, 1958-1961.
Management Development program, 1963,
Formation Evaluation seminar, 1966.
Corporation Structural seminar, 1967.
ACE courses: )
Principles of Metallic Ore Deposits, 1972.
Global Tectoniecs, 1972.
Modern 3edimentatlion, 1973.
Potential Methods in Exploration, 1973.
Evolution of Sedimentary Basins, 1974.
Corporation Stratigraphi¢ Seminar, 1976.

QUTSIDE ACTIVITIES:

Member, Pacific Coast Sectlion, AAPG.
Member, M.I.T. Club of Southern Califernia,
Member, San Joaquin Geological Society.

PROFESSIONAL. EXPERIENCE:

1951-1971 STANDARD OIL COMPANY OF CALIFORNIA - WESTERN
OPERATICNS - EXPLORATION
Geologist (1951-1960)

Reconnaissance and detall fileld mapping of Tertiary, Mesozoic
and Paleozole sediments in eastern and southern Nevada,
(1951-1952).

Detalled field mapping and subsurface geology; incorporation

of available gravity, magnetic and seismic information into
analysis of specific projécts. (1952-1956).

Tralning in theory and method of seismic exploration .and
application to specific problems in San Joaquin Valley.
Reanalysis of seismic data Four Corners area. Geclogle analysis
of fshore Santa Barbara Channel area, including reanalysis of
selsmic data and coordinating with onshore geology. (1956-1960).

Exploration Geologist (1960-1962)

Responsibility for systematic evaluation of Santa Barbara area.
Planned and recormended programs. Directed projects to carry
out approved programs. Followed actlvities of competitors

in assigned areas and made recommendations for action,
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Senior Exploration Geologist (1962-1564)

Responsibility for Washington-Oregon district Involving ex-
ploratory evaluation of critical areas. Directed or took part
in evaluatlons or special studles involving integration of
exploratory tools and techniques. Assured that all available
information and concepts were used In the best manner and
developed or stimulated others to develeop additiocnal useful
evaluation technigues.

District Geologlst (1964-1967)

Conducted and supervised exhaustive systematic study of
geological conditions, Paciflc Northwest, and initiated new
exploratory programs in assigned district with purpose of
locating new reserves of oil and/or gas.

Division Geologist, Northérn California (1967-1971)

Provided creative leadership to technical staff in division
to assure effective geologlcal exploration. Took part in
training and developing efficient, enthusiastic technical
force through constructive, critical analysis of results and
Insistence on sound imaginative thinking and on use of best
technical adviser to Superintendent of the division's
operations,

1971-1977 CHEVRON OVERSEAS PETROLEUM, INC.
Senior Staff Geologist

Performed independent geological studies to develop a world-
wide framework of reglonal geclogy, utilizing principles of
plate tectonics, to provide a basils for recognizing favorable
basins and trends, and coordinated similar studies being
carried on by COFRC and Socal operating companies.

1977- CHEVRON RESOURCES CO. - GEOTHERMAL DIVISION
Present Division Geologist

Primary responsibllity for proposing that new geological
programs and techniques be employed to more effectively ex-
plore for geothermal energy. Once approved, monitor imple-
mentation of these new programs and techniques. Responsibility
for.functlonal supervision of geologists working in division
and for quality of geologlical output. Coordinate with District
Supervisors and advise Division Manager on status and needs

of geological programs and quality. Responsibility for geo-
thermal actlivities outside boundaries of designated operating
districts, including foreign.



CHARLES M. SWIFT, JR.

EDUCATION:

A.B. Geology (Magna cum laude) ~ Princeton University, 1962

Ph.D. Geophysies (5 years) - Massachusetts Institute of
Technology, 1967. o

Digital Signal Processing - ACE, 1976,

QUTSIDE ACTIVITIES:

Adjunct Assoclate Professor, Pepartment of Géology and

~ Geophysics, University of Utah

Lecturer, Engineering Geoscience Group, Department of Materials
Sclence and Englneering, University of California, Berkeley.

Member, GSA, AGU, Socliety of Exploration Geophyslcists
(Chairman, Geothermal Exploration Committee).

PROFESSIONAL EXPERIENCE:

1967 1976 KENNECOTT COPPER CO.
Geophysicist (1967-1969) and Senior Geophysicist
(1969-1976)

Responsibility for conceiving, conducting, supervising, contract-
ing and/or interpreting geophysical surveys . in conjunction with
geologists of Bear Creek Mining Company (the domestic explora-
tion group of Kennecott) in the following mineral exploration
programs: '

porphyry copper exploration in Washington, Nevada,
Colorado, Arizona, New Mexico, Idaho, Montana and Utah;

volcanogenic massive sulfide exploration in Alaska,
Wiseconsin and Minnesota;

stockwork molybdenum exploration in Colorado, Washing-
ton and British Columbia;

copper skarn expleration 1n Alaska, Arizona, New
Mexico, Idaho and Montana; and

ultramafic nickel exploration in Minnesota.

As Northwest District Geophysilcist, became intimately acquainted
with application of electrical (IP), electromagnetic (Turam and
magnetotelluries), gravity and aeromagnetlc - techniques. Con-
ducted applied theoretlical research in aspects of IP, Turam and
audio-frequency magnetotellurics. (This research was primarily
in (1) computer modeling of the forward electromagnetic boundary
value problem, and (2) interpretive techniques.) Instituted a
research project on the relationship of porphyry copper
mineralization to related plate tectonles and presented an
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in-house workshop which included both Prof. Jason Morgan of
Princeton and Prof. Peter Coney of the University of Arizona.
Made numerous oral presentations and wrote numerous publica-
tions.

1976-1977 CHEVRON OIL CO. - MINERALS STAFF - GEOTHERMAL DIVISION
Senlor Geophysicist

1977~ CHEVRON RESOURCES CO. - GEOTHERMAL DIVISION
Present Geophysical Supervisor

Supervise planning, contracting, execution and interpretation
of wide range of geophysical surveys in support of domestic
exploration program, e.g., resistivity, magnetotelluric, Curie
point analysis of aeromagnetlc data, gravity, telluric, reflec-
tion seismic, SP and passive microseismicity. Presented paper
at November 1977 Intercompany Geophysical Conference (ICGC)
"Geophysical Techniques in Geothermal Exploration.”



MICHAEL A. LANE

EDUCATION:

A.B. Geology - Hamilton College, 1965.

M.A. Geology - Indiana University, 1967.

Ph.D. Structural Geology (minors: Petrology, Geochemistry) -
Indiana University, 1970.

Supervisory Skills and Knowledge Program, 1.976.

OUTSIDE ACTIVITIES:

Member, Pacific Section AAPG, GSA, GRC, AIME, Sierra Club.
Fluent 1in Spanish, French and German.

PROFESSIONAL EXPERIENCE:

1969-1973 STANDARD OIL OF CALIFORNIA
Geologist, La Habra, California (1969-1971)

Subsurface structural and stratigraphic geology, Hollywood
Shelf area, involving E-log interpretation, SCAT interpretation,
construction of serial cross-sections and structure contour
maps; worked with COFRC in developmental phases of computer
programs evaluation for cross-section construction and graphic
analysis of three-dimensional data; recommended exploratory
drilling.

Geologist (Summer 1971)
Geologic reconnaissance in Western Alaska.
Geologist (1971-1973)

Integrated current plate tectonics ideas with Los Angeles Basin
geology.

1973-1977 CHEVRON OIL CO. - MINERALS STAFF - GEOTHERMAL
DIVISION
Geologist (1973-1975)

Delineated prospective geothermal areas in western U.S.;
compiled appropriate geological and geophysical data relating
to geothermal anomalles; conducted and interpreted temperature
surveys; collected and interpreted data on 32 geothermal
localities; compiled and studied ERTS photographs. Did geo-
chemical sampling of selected localities in British Columbia.
Proposed two-year field exploration program for Indonesia.
Assisted in preparation for federal land sales.

Senior Geologist (1975-1977)

Supervised development drilling and sampling program at Panna
Maria uranium prospect to determine quality and size of
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deposit. Responslbility for establishing Karnes City office,
hiring and supervising necessary field personnel. Coordinated
field aspects of mine, mill, environmental and metallurgical
engineering studies leading to project start-ups. Responsi-
bility for community and landowner public relations.

1977- CHEVRON RESOURCES CO. — GEOTHERMAL DIVISION
Present Senior Geologist and Project Coordinator (1977)

Established and managed San Antonio exploration office. Set
up and carried out reglonal exploration program for south
Texas uranium deposlts, conducted drilling program and related
and contract geological and geophyslical studies. Prepared
geological and land budgets.

District Supervisor, Pacific District {(1978-Present)

Responsibility for generating new geothermal prospects,
evaluating current ones and training personnel for all programs
in Washington, Oregon, California and Nevada. Involves budget,
program planning and execution.



R. C, EDMISTON

EDUCATION:

B.S. Geological Engineering - Unlversity of Arizona, 1967.

M.S. Geological Engineering - University of Arizona, 1971.

Graduate study 1n Geophysics and related engineering and mathe-
matics - Universlity of Utah, 1971-1973.

OUTSIDE ACTIVITIES:

Registered Geophysicist, State of California (No. GP858).
Assoclate member, AIME and Society of Exploration Geophysilecists.
Member, Geothermal Resources Counecil.

PROFESSIONAL EXPERIENCE:

1967-1969 AMERICAN SMELTING AND REFINING CO.
Silver Bell, Arizona
Resident Mine GeolOgist

Responsible for development drilling and geologic mapping for
two open-pit copper mines.

1973-1975 GEOPHYSICAL SERVICE, INC.
Calgary, Alberta, Canada
Geophyslclst

Responsible for interpretation of marine gravity and magnetics
data. Formed and supervised marine gravity processing and
interpretation erew in Calgary during 1974 and 1975.

1975-1977 CHEVRON OIL COMPANY - MINERALS STAFF - GEOTHERMAL
DIVISION
Geophysiclist and Senlor Geophysiclst

As geophysical supervisor of geothermal group, planned geo-
physical program that was 1integrated with remainder of explora-
tion program; recommended necessary staffing; supervised execu-
tion of approved geophyslcal program; recommended actlion based
on. geophysical results. Dld geophysical interpretation and
integrated geological and geochemlcal data into geophysical
interpretation. Advised of changes or new developments/lideas.
and recommended appropriate program modification., Trained new
members of geophysical group and maintained geothermal and
geophysical expertise.

1977- CHEVRON RESQURCES COMPANY - GEOTHERMAL DIVISION
Present District Supervisér, Rocky Mountain District

Responsible for exploration for geothermal resources in Utah,
A;izona, New Mexico, Colorado, Idaho, Montana and Wyoming.
Plan and recommend geological and geophysical exploration
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programs. JSupervise area staff. Recommend land acquisition,
surrender and rental payment. Responsibility for well recom-
mendations and supervision of geological wellsite staff.
Responsibility and authority for budget control of explora-
tion programs carried out in district. Responsibility for
recommending personnel for continulng programs and meetings.
Prepare preliminary yearly budget for submittal to Division
Manager each year. Functional areas of expertise include heat
flow and electrical geophysical methods.



ROBERT W. BUTLER

EDUCATION:

B.A. Geology/Physical Geography - University of Santa
Barbara, 1972.

M.S. Geology - Colorado School of Mines, 1976.

PROFESSIONAL EXPERIENCE:

1974-1977 CHEVRON OIL CO. - MINERALS STAFF - GEOTHERMAL
DIVISION

Geologist

1977~ CHEVRON RESOQURCES CO. - GEOTHERMAL DIVISION
Present Geologist

Collect, evaluate and summarize geological and geochemical
data on geothermal prospects by reconnaissance field studles
and computer modeling and reduction of data. Supervise
field, wellsite work, collect data for analysis and evaluation.
Write final and summary reports of geothermal prospects.
Recommend further action on leased land and new exploration
programs.



ROGER J. ALLMENDINGER

EDUCATION:

B.S. Geology - State University of New York, College at
New Paltz, 1969.

M.S. Geology (Geohydrology) -~ New Mexico Institute of Mining
& Technology, 1971. '

Ph.D. Geochemistry (Aqueous Geochemistry) - New Mexico
Institute of Mining & Technology, 1976.

Research Interests: Fluid inclusion, Stable isotopes,
Hydrothermal mineralization, Regional groundwater dynamics.

QUTSIDE ACTIVITIES:

All Saints Lutheran Church Council.
Amateur Photographer.

PROFESSIONAL EXPERIENCE:

1974-1976 CHEVRON OIL COMPANY - MINERALS STAFF - GEOTHERMAL
DIVISION

Geologist

General geologic, geochemical and geophysical interpretation
of geothermal prospects in the western U.S.

1977~ CHEVRON RESOURCES COMPANY - GEOTHERMAL DIVISION
Present Geologist

Act as Lead Geologist for Rocky Mountain District, Geothermal
Exploration. Geographic area of responsibility of New Mexico
and Colorado. Assist District Supervisor in planning and exe-
cuting programs to evaluate leased areas and find new prospects.
Analyze data on pending lease sales in area of responsibility
and make appropriate recommendations. Responsibility for
quality control of geochemical sampling and interpretation of
geochemical data within district.



EDWARD H. HAYNES (Retired)

EDUCATION:

B.S. Geology - University of Kansas, 1951.
M.S. Geology - University of Kansas, 1952.

OUTSIDE ACTIVITIES:

Member, AAPG, Sigma Gamma Epsilon, Sigma Xi, Pacific Coast AAPG
Registered Geologist, State of California.

PROFESSIONAL EXPERIENCE:

1952-1971 STANDARD OIL CO. OF CALIFORNIA
Development Geologist, Venezuela (1952-1959)

Worked with wildcat wells, surface mapping and geophysical
prospects.

Geologist, Denver, Colorado (1959-1962)

Independently performed surface and subsurface mapping in areas
of complex geology; supervised less experienced geologists.

Staff Assistant to Manager, Exploration
Denver, Colorado (1962-1963)

Assisted Manager in administration of exploration activities,
reviewed proposals, analyzed budget and forecast status of
long-range proposals. (This was a training program.)

District Geologist, Plains District
Denver, Colorado (1963-1967)

Performed, participated in and supervised geological/geophysical
work and land and lease acquisitlion in search for new oill and
gas reserves. Provided leadership to technical personnel.

Senior Exploration Geologist
Bakersfield, California (1967-1971)

Initiated and recommended geological work programs in California
coastal and offshore basins. Appointed to Professional Spe-
clalist in recognition of fully demonstrated professional
ability.

1971-1977 CHEVRON OIL CO. - MINERALS STAFF - GEOTHERMAL
DIVISION
Senior Geologist (1971-1975)

Generated and supervised exploratory program for coal in
western U.S.; generated steam coal evaluation studies and
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programs for world excluding U.S. Assigned to geothermal
group: generated, supervised and coordinated programs for
geothermal exploration.

Staff Geologist (1975-1977)

Responsibility for developing plans for geological and well
programs for geothermal exploratlion. Responsibility for
overseas coal project evaluation, including Venezuela,
Colombia and Indonesia.

1977 CHEVRON RESOURCES CO. - GEOTHERMAL DIVISION
District Supervisor, Pacific District

Responsibility for exploration for geothermal resources in
Washington, Oregon, Nevada and California. Planned geologlc
and geophyslical programs and supervised staff for area.
Recommended land acquisition, surrender and rental payment.
Responsibility for well recommendatlons and supervision of
geological wellsite staff. Responsibility and authority for
budget control in district. :



WILLIAM E. MERO (Transferred)

EDUCATION:

B.A. Geology - Uniﬁersity of California, Santa Barbara, 1960.
M.A. Geology - University of California, Berkeley, 1962.

OUTSIDE ACTIVITIES:

President, North Orange County Young Republicans, 1966.

Area Precinct Chairman, La Habra, 1966.

Co-campaign Manager, City Council, 1968.

Co-campaign Manager, Elementary School Board, 1969.

Legislative Chairman, North Orange County Young Republicans,
1967-1968.

Orange County Deputy Regilstrar, 1968.

PROFESSIONAL EXPERIENCE:

1962-1972 STANDARD OIL COMPANY OF CALIFORNIA - WESTERN
QPERATIONS - EXPLORATION - SOUTHERN CALIFORNIA
DIVISION

Geologist

Surface and subsurface structural and stratigraphic studies,
both regional and prospect orlented. Economic evaluations of
prospects and bid acreage. Geophysical and geological sub-
surface interpretation, offshore Santa Barbara Channel.
Stratigraphic and structural studies leading to drilling recom-
mendations.

Geophysicist

Assigned to geophysics group for experience in all phases of
geophysical work. Attended "Baslc Chevron Geophysical School."

1972-1977 CHEVRON OIL COMPANY - MINERALS STAFF -~ GEOTHERMAL
DIVISION
Geologist (1972-1976)

Supervised geophysical programs and evaluated geothermal
projects. Evaluated data and made recommendations on land
acquisition.

Senior Geologist (1977)

Executed assigned geological and/or geophysical projects in
geothermal exploration. Initiated or recommended new projects.

1977 CHEVRON RESOURCES COMPANY - GEOTHERMAL DIVISION
Senior Geologist

As Lead Geologlst, responsible for new prospect exploration
and leased area exploration in Nevada. Aided District Super-
visor in planning and carrying out programs in state. Ailded
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and advised other geologists in district on geological
evaluation of prospects 1n Washington, Oregon and Cali-
fornia. Analyzed KGRA sales 1n Nevada and recommended
appropriate action.

9/1/77 - CHEVRON, U.S.A. - WESTERN REGION
Present Senior Geophysicist




ALBERT M, COOPER -

EDUCATION:

B.5. Englneering/Mechanical Specialization (minor:
Thermodynamics) - University of Southern California, 1947.
Interdepartmental Management Development Program, 1962.
Computer School -~ San Francisco Computer Center, 1962.
Nortggrn Division Geologic Tralning Course for Engineers,
19
Corporation Formation Evaluation Seminar, 1967.
"The Effectlive Executive Series," 1973.
Management Systems Program, 1977.

OUTSIDE ACTIVITIES:

Past Chairman, Pacific Coast District, API'Drilling-Prac-
tices Committee. '

Past Chairman, Pacific Coast Districet, API Drilling Sessions.

Past Chairman, Pacifle Coast District, API Blowout Preven-
tion Committee.

Member, Pacific Coast District, API Advisory Committee.

Vice-Chairman, API -Steering Committee on Drilling and Pro-
duction Practices, 1967 and 1968.

Chairman, API Steering Committee on Drilling and Procduction
Practices, 1969 and 1970.

Chairman, API Committee on Environmental Protection, Drilling
and Production, 1971-1973.

Vice-Chalirman, API Executive Committee on Drilling and Pro-
duction Practices, 1971-1973.

PROFESSIONAL EXPERIENCE:

1947-1971 STANDARD OIL COMPANY OF CALIFORNIA
WESTERN OPERATIONS - PRODUGING DEPARTMENT
Junlor Engineer, Professional Training Program
(19087-13%49)

Roustabout, pumper, well-puller, engineer, rotary helper,
maintehance englineer.

Mairitehancé Engineer (1949-1954)

Made specific recommendations as to deslgn, selection, layout,
. planning and construction of surface productlion facilities,.
Inspected sites regarding proposed alterations of existing
facllities, plant modernization and waste water disposal plants.
Assisted in development of cost estimates, general layout and
scheduling of surface construction for new well locations.
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Lead Engineer (1954-1956)

Planned, supervised and conducted engineering design or
solution of engineering problems requiring a high degree of
technical competence to achleve effective results, to drill
wells, to produce and handle oil and gas, and to maintain
surface facllitlies and equipment.

Job Englneer (1956-1962)

Directed engineering required in developlng broad, overall
plans for systems, processes, methods and practices necessary
to efficient operations concerning well producing, oil gather-
ing, gauging, cleaning and shipping.

Senlor Engineer (1962-1967)

Applied sound engineering principles in selection, installa-
tion, use, care, operatlion, alteration and repair of materials
and equipment; provided advice on complex mechanical, struc-
tural and electrical englineering problems. Provided englneer-
ing advice on technical problems such as oil cleaning, waste
water handling and corrosion treatment.

Division Organization and Cost Control Supervisor
(1967-1969)

Supervised division organization and cost control; furnished
functional guidance to management on development, maintenance
and improvements of organization structures, staff requirements,
functions and obligations of management, position and job
evaluation, application of wage and salary structures.

Supervisor, Administrative Staff (1969-1970)

Planned, supervised and coordinated division-wide activities
in flelds of capital expenditures, profit analysis, training
and administration.

Field Superintendent, Northern Division, Elk
Hills, USNPR #1 (1970-1971)

Conducted departmental activities, i1.e., maintenance, con-
struction, development, production of oil and gas, and con-
servation considerations, natural gasoline operations, surface
and subsurface engineering.

1971-1972 STANDARD OIL COMPANY OF CALIFORNIA
WESTERN OPERATIONS - CORPORATION ENGINEERING
DEPARTMENT '
Senior Supervising Engineer

As a member of Project Management Team, directed Engineering
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Department deslgns; served as department design representa-
tive in contractor's office. Responsibility for designs of
plant costing $5-$20 million. Design and construction
project manager for $100+ million Kaybob No. 3 gas plant in
Canada.- :

1972-1977 CHEVRON OIL CO. - MINERALS STAFF - GEOTHERMAL
DIVISION
Senlor Project Manager

1977- CHEVRON RESOURCES CO. = GEOTHERMAL DIVISION
Present Senior Project Manager ’

Plan, supervise and coordinate engineering and operations
activities assoclated with geothermal exploration and devélop-
ment including, but not limited toi! drilling and test evalua-
tion, facllity design and construction, reservoir analysis,
feasibility and process studlies of geothermal energy conversion,
commercialization planning, generation of project schedules,
engineering requirements, operation plan, cost and economics.
Responsibility for overall project management, including
implementation, staff utilization, costs, cdntract awards,
agency permits and negotlatlions. Provide technical guldance
in engineering and operating aspects of geothermal exploration
and development



BASIL D. GARRETT

EDUCATION:

B.S. Mechanical Englneering/Spec. Hydraulics/Heat Power -
University of California, 1944,
Management Development Program, 1962,
Reservoir Engineering Course - Texas A&M, 1960-1961.
Formation Evaluation Seminar, 1959.
Training courses in Electrical, G&NG, Prod. Operator,
M&C Operator and Supervisor.

OUTSIDE ACTIVITIES:

Past President, Ventura Toastmasters.

PROFESSIONAL EXPERIENCE:

1945-1973 STANDARD OIL COMPANY OF CALIFORNIA
WESTERN OPERATIONS - PRODUCING DEPARTMENT
Pool-Shop Englineer (1945-1949)

Contacted production superintendents and foremen concerning
specific problems. Followed up on job to compare cost with
estimate and determine reason. for overexpenditures, if any.
Analyzed larger shop Jjobs, prepared cost estimates, handled
technical phases of Job. Made recommendations for shop
procedures; analyzed shop costs; followed up on tests of
material and equipment and made recommendations for standards.

Production Equipment and Methods Engineer
(1949-1952)

Assisted job englneer on engineering problems arising in
connection with selection, installatlion, use, replacement,
repalr and maintenance of production equipment and appurte-
nances used in and at wells, including costs, methods and
practices, insofar as equipment was concerned.

Analyst, Production Division (1952-1953)

Did studies on 01l cleaning, sampling and gauging, well pumps,
production equipment and tools, production stimulation
methods and applicatlon and other production problems.

Assistant General Shop Foreman. - (1953-1956)

Responsibility for successful conduct of all activities con-
cerned with efficient and economical operation of general shops
and for accomplishment of authorlzed work in field.

Job Engineer, Drilling (1956-1958)

Responsibility for application of sound engineering principles
to selection, installation, use and repair of surface drilling
equipment, lncluding complete drill stem.
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Engineer, General (1958-1959)

Supervised and performed complex engineering assignments in-
volving constructlion of shore facilities and lines to and
from offshore platform and operation, repalr, alteration,

etc., of platform, underwater lines and onshore facilitles.
Provided technical advice to district and division management.

Senior Engineer, Operations (1959-1963)

Planned, supervised and conducted engineering activity for
assigned area, provided technical advice to Field Superintendent,
represented department at technical meetings.

District Engineer (1963-1965) - title change only

Planned, supervised and conducted engineerlng activity for
assigned area, provided technical advice to Fleld Superintendent,
represented department at technical meetings.

Production Foreman (1965-1966)

Responsibility for successfully conducting activities concern-
ing production, treating, gathering, cleaning, gauging and
shipping of o0il and gas from assigned area.

Area Supervisor (1966-1973)

Conducted departmental activities within assigned area, in-
cluding production (o0il and gas), maintenance, construction,
gas processing (including sale of liquid products and distri-
bution of gas).

1973-1977 CHEVRON OIL CO. - MINERALS STAFF - GEOTHERMAL
DIVISION
Operations Supervisor, Geothermal

1977—‘ CHEVRON RESOURCES CO. - GEOTHERMAL DIVISION
Present Operations Supervisor, Geothermal

Plan, coordinate, direct and have responsibility for fileld
operations and englneering required to conduct geothermal
exploration and development well drilling, production test
evaluations of new discoverles, surface and subsurface
operational requirements of producing and handling geothermal
fluids from commercial projects, including associated con-
struction activities.



ROBERT J. HAND

EDUCATION:

B.S. Petroleum Engineering - Agricultural & Mechanical College

of Texas, 1950. ~
Reservolr Engineering Seminar - Texas A&M, 1956.
Management Development Course,

OUTSIDE ACTIVITIES:

Member: American Institute of Mining & Metallurgical Engineers
API Vocational Training Committee
APl Advisory Committee
Permian Basin 0il Show Board of Directors.
Professional Engineer, State of Texas.
President, Fort Stockton Chamber of Commerce.
School Board Trustee.
Executive Committee Member, Permian Basin 0il Show, 1972.
Chairman, Permian Basin Deep Drilling Problems Committee, 1972.

PROFESSIONAL EXPERIENCE:

1950-1970 STANDARD OIL CO. OF CALIFORNIA - SOTEX DIVISION
Petroleum Engineer (1950-1952)

Assisted Senior Engineer, Gas and Secondary Recovery. Prepared
payout calculations for North Snyder Plant and worked on
projects pertaining to waterflood of South Ward Field. Super-
vised drilling and remedial operations on wells in various
fields. Supervised drilling of wildcat wells. Prepared various
englineering and production reports.

Distriect Engineer (1952-1958)

Assisted District Superintendent in planning and executing
engineering actlivities relating to drilling, production, con-
struction and maintenance; collaborated with District Super-
intendent and Production Foremen in performance of work planned.

District Production Superintendent (1958-1964)

Was 1n immediate charge of and directly responsible for planning,
direction and execution of production, drilling, maintenance and.
construction operations and associlated staff activities.

Division Drilling Supervisor (1964-1968)

Supervised and coordinated Division's exploration development
and remedial drilling activitles, making certain they were
carried out in accordance with sound engineering practices
and company operating and safety standards.



ROBERT J. HAND Page 2.

Project Manager (on loan to Chevron Overseas
Petroleum, Inc.) (1968-1970)

Supervised wlldcat drilling operation offshore Nicaragua.

1970-1975 CHEVRON WEST - PRODUCTION
Division Drilling Supervisor (1970-1971)

Supervised and coordinated Division's exploration, develop-
ment and remedial drilling activities, making certailn they

were carried out in accordance with sound engineering prac-
tlces and company operating and safety standards.

Division Drilling Superintendent (title change
only) (1971-1972)

Project Drilling Superintendent (on loan to
Chevron Overseas Petroleum, Inc.) (1972-1973)

Supervised wildcat drilling operations offshore South Africa.
Division Drilling Superintendent (1973-1975)

Supervised and coordinated Division's exploration, develop-
ment and remedial drilling activities, making certain they
were carried out in accordance with sound engineering prac-
tices and company operating and safety standards.

1975-1976 CHEVRON PETROLEUM U.K. LTD.
Superintendent, Drilling - London

Special Assignment, Drilling Consultant - SKAUSHORE

1977~ CHEVRON U.S.A. INC. - WESTERN REGION
Present Northern California Drilling Superintendent

Supervise and coordinate Divislon's exploration, development
and drilling activities,.



EZZAT E. GOMAA

EDUCATION:

B.S. Petroleum Engineering - Cairo University, Egypt, 1966.

M.S. Petroleum and Mechanical Engineering - University of
California, Berkeley, 1971.

Ph.D. Petroleum Engineering - University of California,

Berkeley, 1975.
OUTSIDE ACTIVITIES:

Member, Arab Student Association, University of California,
Berkeley.
Fluent in Egyptian and German.

PROFESSIONAL EXPERIENCE:

1973-1978 STANDARD OIL COMPANY OF CALIFORNIA - PRODUCING
DEPARTMENT
Reservoir Engineer (1973-1975)

Independently performed assignments requiring competence and
experience in engineering varying from general to complex
duties, such as preliminary subsurface studies, writing pro-
grams for routine wells, remedial and redrill jobs, design-
ing routine o0ilfield installations and following performance
of smaller secondary recovery projects.

Senior Reservoir Engineer (1975-1978)

Performed complex, important and difficult assignments re-
quiring extensive engineering background and high degree of
technical competence, such as programs for directionally
drilled wells from offshore platforms or urban drillsites.
Participated as engineering member of 0il and gas review

team; made complex reservoir and economic studies; represented
company 1n engineering negotiations with other companies and
governmental agencies,

1978- . CHEVRON RESOURCES CO. - GEOTHERMAL DIVISION
Present Senior Reservoir Engineer .

Plan, coordinate and perform englneering and research and
development activities required to delineate fundamental
differences of geothermal reservoir systems; ensure that
optimum reservoir techniques are developed and used in
establishing parameters and predicting reservoir performance;
recommend evaluation and development programs to achieve
maximum economic recovery of geothermal resources; provide
advice on these matters to management, operating, engineer-
ing and geological personnel.
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RESOLVED: That the President, a Vice-President,; the Treasurer,

' ) the Secretary, an Assistant Soozetary, an Assistant
Treasurer, or 2 duly appecinted Attorney-in-Facl of Chevron Resources
Company; a division f this corpcration, be and each of them is
hereby empowered in such capacity or as Agents or as Attorneys-in-
Fact for said division; to execute for and on behalf of said division
(without the necessity cf affixing the corporate seal) all papers
requiring execution in the name of sald division, excepting no
authority is conferred by this resolution for execution of any of
the following:

1. leases to others covering oil, gas or other hydrocarbon or
non-hydrocarbon minerals underlying fee lands of sald division,
or deeds or conveyances to cthers covering fee lands of sald
division; other than rights of way and similar easements,
where either book value or sale price exceeds $)O 0003

2. promissory notes or notes or cother dccuments and agreements
in support of any borrowings;

3. documents of agreements estaeblishing bank accbunts in the name
of said division, or withdrawing of funds or closing of any
bank accounts of said division, and be it further

RESOLVED: That each party empowered by this resolution is
' - authorized to affix the seal of this corporation
to such papers as require a seal and 10 acknowledge and dellver
any such papers as fully as if special authority were granted in
each particular instance; and be it further

RESOLVED: That the President or a Vice-President of said
division be and each of them is hereby empowered
on behalf of said division to appoint any person or persons whom
they or any one of them may deem proper as Attorney or Attorneys-
in-Fact of said division for a term not to exceed one year with
such powers said persons or any of them may lawfully do by virtue
of the authority herein granted to them.

I, J. D. FROGGATT , Assistant Secretary of CHEVRON
INDUSTRIES, iNC., a Delaware corporation, do hereby certify that
the foregoing is a full, true and correct copy of certain resolu-
tions unanimously adopted at a meeting of the Board of Directors
of said corporation held at the office of said corporation in
San Francisco, California, on April 13, 1977, and that sza.:L'q
resolutions are in full force and unrevoked.-

WITNESS my hand and the seal of said corporat:on F” §"
25th day of May, 1978. 4,

! )
CRTTTI TV



CHEVRON RESOURCES COMPANY DIVISTON
OF
CHEVRON INDUSTRIES, INC.

Officérs

President R. F, Schlecht
Vice~President C. Dahlstrom
Secretary ‘ J. D, Froggatt
Treasurer R. E, Willoughby
Assistant Secretary Bruce Chalker
Assistant Secretary Barbara F. Perez
Assistant Treagurer ¢.. B, Sonne

Assistant Treasurer J. 8. Tate

I, J. D. FROGG@TTJ'Assistant‘Sécretary-of
CHEVRON INDUSTRIES, INC., a Delaware corporation, do herebhy

certify that the foregoing is a true and correct 1list of

- the names of the officers of the Chevron Resources Company

- 'Division of said corporation authorized to execute papers
of this corporation pursuant to resolutions adopted by the
Board of Directors of said corporation on Apr*l 13, 19?7,
copy of which 13 attached hereto. . . ‘ i e

TN WITNESS WHEREGF, I have: hereunto set 'my hand
and affixed the seal of said corporation this 25th day of

Ma. 1 7
s 19 ' S ‘._.,nmuu.-u, -

”WM¢JM“

e i



EXPLORATORY PROPOSAL SUBMITTED TO THE
DEPARTMENT OF ENERGY
NEVADA OPERATIONS OFFICE

PROGRAM SOLICITATION RFP NO. ET-78-R-08-0003
BY

AMINOIL USA, INC.
GEOTHERMAL RESOURCES DIVISION
1250 Coddington Center
Santa Rosa, California 95401

Mailing Address: P.0. Box 11279
Santa Rosa, California 95406

FOR

GEOLOGY, GEOPHYSICS, AND DEEP WELL DRILLING
LEACH HOT SPRINGS, NEVADA

Proposed starting date October 1, 1973. Proposed duration three years.
Project Manager - Claude B. Jenkins, Division Manager, Aminoil USA, Inc.

Telephone (707) 527-5332

Committing Authority - William H. Schell
Signature: _ ,/,4- o ¢>{i,{,(,(\ Attest: (ﬁg&éé%:;f

David M. Whltney
Vice President of Production, Aminoil USA, 1Inc. Assistznt Secretary
' Aminoil USA, Inc.

May 30, 1978



DISCLOSURE STATEMENT

""Data contained in Pages 1, 3, 33, 34, 35, 36, 37, 38,
39, 40, 41, 42, 43, 44, 45, 46, and 47, and Exhibits 1
and 2 and Figures 2 and 3 of this proposal shall not be
used or disclosed, except for evaluation purposes,
provided that if a contract is awarded to this proposer
as a result of or in connection with the submission of
this proposal, the Government shall have the right to
use or disclose any data to the extent provided in the
contract. This restriction does not limit the Govern-
ment's right to use or disclose any technical data
obtained from another source without restriction. "

~b-
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B. Technical Proposal

1.

Investigation Site or Area

The Leach Hot Springs Known Geothermal Resource Area (KGRA)
is located at the southern terminus of Grass Valley in Pershing
County, Nevada (Figure #1 ), The KGRA is located twenty-five
miles south of Winnemucca within the confines of the Battle
Mountain Heat Flow High of the northern Basin and Range Province,
The project investigation site encompasses portions of Township 30
through 32 North and Ranges 38 through 39 East (.Figure #2 ).

a.

Aminoil USA, Inc, is the Lessee of Record under five federal
geothermal resources leases comprising 12, 246. 21 acres

within the Leach Hot Springs KGRA, which lies within

Aminoil's Grass Valley Prospect area., Additionally, Aminoil
has filed two applications with the Bureau of Land Management
for geothermal resources leases covering 4,480 acres within
the prospect area. These lands are more particularly described
on Exhibit No. 1.

Aminoil has reached agreement with Sidney E. Glenn, G. Martin
Booth, III, and William N. Bucklin, III, who are Lessees or
Applicants of Record on 33,613, 61 acres described on Exhibit
No. 1, to pursue all necessary steps with appropriate govern-
mental agencies to form one or more federal unit agreement(s)
on the prospect acreage. The lands proposed to be included
within such federal unit agreement(s) total 52,499, 82 acres,
more or less, and are described on Exhibit No, 2.

Leach Hot Springs is located in the middle 'of the Battle Mountain
Heat Flow High as defined by Sass (1971). The conductive heat
flow is in excess of 3 heat flow units for the northern Basin

and Range Province. The Battle Mountain Heat Flow High is
characterized by calc-alkali volcanicity from 40-18 million
years ago, Basin and Range faulting (20-18 million years ago),
basaltic volcanicity (18-10 million years ago), and surface
springs with temperatures of 95° Centigrade. Crustal thinning
on the order of 7-8 kms is indicated by refraction and gravity
anomalies,

T
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Grass Valley is a graben bounded to the east by the Sonoma
and Tobin Ranges and to the west by the East Ranges. Within
the project area, the southern end of the valley is constricted
by the Goldbank Hills and the northern end opens into the
Humboldt River Valley. The eastern boundary is a major

fault system with 3000-4000 feet of throw, whereas the western
boundary of Grass Valley is not too distinct being comprised

of a series of stair-step faults,

Three thermal anomalies (values greater than 3 heat flow
units) have been defined by shallow thermal test holes: 1)

in the vicinity of Leach Hot Springs (Section 36, T 32N, R 38E);
2) at the mouth of Panther Canyon (Section 17, T 21N, R 39W),
and 3) in Section 14, T 31N, R 38E (Figure #3 ).

The Leach Hot Springs anomaly is associated with the inter-
section of a northeast trending fault (the Hot Springs Fault)

and the Eastern Boundary Fault Zone. Lineament and gravity
analysis indicate that the Panther Canyon and Section 14 thermal
anomalies are also related to major fault intersections. The
geothermal reservoir is interpreted to be fractured Tertiary
volcanics and Palaeozoic sediments containing approximately
200° C hot water of low total dissolved solids. The inferred
nature and boundaries of a geothermal reservoir(s) are based
on regional surveys.

Since 1974, Lawrence Berkeley Laboratory has been conducting
geological, geochemical, and geophysical studies in Grass
Valley (under ERDA Contract #W-7405-ENG-48). Moreover,
in cooperation with the USGS a total of eighty-two holes,
varying in depth from 18-400 meters, have been drilled for
thermal and hydrologic studies in the valley, These studies
were undertaken to evaluate both the geothermal potential of
Grass Valley and the applicability and cost effectiveness of
various exploratory techniques. The results of these published
surveys provide the technical basis for this project proposal.
With regards to geothermal prospects in the Battle Mountain
High region, the Leach Hot Springs area is unique for the
variety of exploratory techniques employed and the current
availability of these results to the public. To date no reservoir
confirmation tests have been conducted.



The usefulness and applicability of all this published exploratory
data is, however, conjectural without subsurface data. Using
the current published data as a guide, Aminoil will undertake
detailed geophysical surveys to complete the evaluation of the
geothermal anomalies within the valley so that we can optimize
the specific site selection for the expensive deep tests. The
two most prospective deep exploratory tests currently indi-
cated are: one to determine the content and extent of the
shallow convection cell which feeds Leach Hot Springs, and

the other to test one of the '"blind geothermal reservoirs"

(no surface manifestation) such as the Panther Canyon anomaly.
The drilling of an injection well offsetting one of the exploratory
wells followed by a prolonged testing program will provide
reservoir evaluation information. The resultant combination

of previously published surface information, newly acquired
confirmation surface data, subsurface drilling, and testing
results will provide a conceptual model for geothermal
exploration that will be relevant throughout the entire Basin

and Range Province, .

2. Program Data Offered

Q.

Subsurface
(1) New subsurfa.ce geothermal well data - three wells
(a) Drilling technology
(b) Drilling history
(c) Formation and reservoir evaluation including
electric/radioactive logs and temperature/pres-

sure surveys,

(d) Well cuttings, lithology description, core chips,
and core analysis.

(e) Fluid chemistry an;alyses

(f) Well scaling and corrosion investigations
Surface
(1) Existing data (available as of October 1, 1978)

(a) Gravity measurements - 500 stations

-4 -



(b)
(c)
(d)

Gravity interpretation - 900 stations
Geochemical survey

Surface geology/fracture pattern evaluation/hydro-
thermal alteration study

(2) New data

(a)
(b)
(c)
(d)
(e)
(£)
(g)

Temperature gradients - eight 500-foot holes
Temperature gradient; - two 1000-foot holes
Seismic survey - 30 line miles

Pipeline design

Separator design

Flow test system design

Scaling tendency and corrosion experiments

c. Reservoir Engineering Studies

(1) New data

(a)

Flow testing

(b} Pressure drawdown and buildup analyses

(c)

Isotopic studies

Program Description

Two deep exploratory wells (8000') will be drilled to test thermal
anomalies defined by existing and new surface geological and
geophysical techniques. One production-injection well will be
drilled (if necessary) as an offset to the most viable e xploratory
well for testing procedures. A nine-month flow testing program
will be conducted to define pertinent parameters.

a. Subsurface

(1) New well data



(3)

(vi) Run suite of logs including temperature survey
at 3000',

(vii) Run 9-5/8", 36#, K-55 casing at 3000'. Equip
casing with a guide shoe, a fill-up float collar
two joints up and one centralizer on each of
the bottom ten joints, Cement back to suriace
with Class '"G'" cement and perlite, 1:1 mix,
with 3% gel, 40% silica flour, .5% CFR-2 and
retarded for 2-3 hours thickening time. Last
200 cu. ft. to be Class "G" with 40% silica flour,
. 5% CFR-2 and 2-3 hours retarding time.

(viii) Cut off 13-3/8'" head. Install and test 9-5/8"
casing head. Install and test BOP with 1500 psi.
Check closing once each day.

(ix) Drill 8-3/4'" hole to 8000' T.D.

a) Take drift shots every 500'. Maintain angle
under 10°, Dogleg less than 1-1/2°/100".

b) Core as directed.

(%) Run temperature survey and other wireline
logs as directed at T. D.

(xi) Run 6-5/8", 24#, K-55 liner to T.D. with
slotted intervals as directed. Hang liner with
top at 2800'. Use plain type liner hanger.

(xii) Change from mud to fresh water,

(xiii) Test well and complete or abandon as directed.

Mud Loggers

Commercial service to monitor mud temperature and
gases (methane, COj2, H2S), collect well cuttings and
identify lithology from surface to total depth. Three
sets will be collected at ten-foot intervals from surface
to total depth. One set of samples will be provided to—~
University of Utah Research Institute, Earth Science (
Laboratory, 391 Chipeta Way, Salt Lake City, Utah,
to conduct 36 trace element chemical analyses, "



(2)

(a)

(b)

(c)

Drill deep exploration well in vicinity of Leach
Hot Springs KGRA.

Drill deep exploration well in vicinity of Panther
Canyon Anomaly.

Drill injection well in vicinity of one of the above
wells,

Drilling and completion procedures for wells.

(2)
(b)

(c)

(d)

Total depth - 8000 feet,

Hole size gnd debths

(1) 25" hole to approximately 50',

(ii) 17-1/2" hole to approximately 300',

(iii) 12-1/4* hole to approximately 3000’

(iv) 8-3/4" hole to approximately 8000',

Drilling fluids

(i) From surface to 300 feet: use gel-water mud

(ii) From 300' to 8000': use Ligno-sulphonate
mud to maintain weight of 66-68 pounds per
cubic foot, viscosity 40-45 seconds, water
loss 6-8 cubic centimeters, per API standards.

Casing

i 20" conductor pipe to approximately 50',
pip PP

(ii) 13-3/8", 54, 5#, K-55, casing from 300!
to surface,.

(iii) 9-5/8'", 36#, K-55 casing from 3000' to
surface,

(iv) 6-5/8", 24#, K-55 liner from total depth
(80001) to 2800".



(e) Cementing

(1)

(i1)

(iii)

13-3/8" casing cemented with Class "G"
cement with 3% calcium chloride,

9-5/8'" casing cemented with Class "G'' cement
and perlite 1:1 mix, with 3% gel, 40% silica
flour, .5% CFR-2 and retarded for 2-3 hours
thickening time., Last 200 cubic feet to be
Class "G" with 409 silica flour, .5% CFR-2
and 2-3 hours retarding time,

6-5/8'" liner held with plain type liner hanger.

(f) Drilling program sequence

(1)

(ii)

(iii)

(iv)

(v)

Build necessary roads and level drill site location
approximately 150' x 300'. Construct 8' x 8' x 4!
deep cellar with wood sides. Cement 50'+ of

20" conductor pipe using rathole digger.

Move in drilling equipment, Drill 17-1/2" hole
to 300'. Use gel-water mud.

Cement 13-3/8", 54, 5#, K-55 casing at 300'.
Cement back to surface with Class '"G' cement
with 3% calcium chloride, Equip casing with
a fill-up float shoe, a baffle 1 joint up and one
centralizer on each joint.

Install and test 13-3/8' casing head. Install
and test BOP with 1500 psi. Use double gate
and Hydril.

Drill 12-1/4' hole to 3000',

a) Take drift shots every 300'. Maintain angle
under 6°. Doglegs less than 1-1/2°/100',

b) Use Ligno-sulphonate mud. Maintain weight
66-68 1bs/cubic foot viscosity, 40-45 seconds,
water loss 6-8 cubic centimeters per API
standards.

c) Use mud logging unit starting at 300', Monitor
temperature in and out, pit volume and H2S
detection, Take three sets of 10' samples;
one unwashed and two washed and dried.



b'

(4)

(5)
(6)

(7)

(8)
(9)

(1)

Coring and Analysis

Cores will be taken at selected intervals below 3000
feet in 8-3/4'" hole, Analysis will consist of porosity,
permeability, density, magnetic susceptibility, and
radioactivity to be performed by Core Laboratory in
Bakersfield, California.

Drill stem testing - none anticipated

Logging - geophysical

At casing points, total depth, and where deemed neces-
sary, a suite of electric and radioactive logs will be

run, This will consist of, but not be limited to, induction,
electric, formation density, gamma ray, neutron, four
pad high resolution dipmeter, temperature log, and at

a total depth a velocity check shot survey,

Flow testing - conducted upon completion of injection
well.

Fluid chemistry (see production testing, Sec. 3.c.1).

Wellbore treatment - none anticipated.

Surface Investigation

Existing surface investigations
(2) Gravity survey - 509 stations

Survey to be conducted by Exploration Data Con-
sultants, Inc., of Denver, Colorado, Survey will
be initiated July 1 and completed August 1, 1978.
The 509 station survey will cover 180 sections of
the Leach/Panther Canyon prospect area (T 38 &
39N, R 28 & 29E). Approximately 259 stations
will infill a 387 station survey done by Lawrence
Berkeley ILaboratory in 1970 and another 250
stations will expand the survey to cover all thermal
anomalies in the prospect area.



(b) Gravity survey interpretation - 896 stations

A geological/geophysical interpretation of a total
896 gravity stations (509 acquired, 387 published).
This interpretation will be conducted by Exploration
Data Consultants, Inc. of Denver, Colorado from
August 1 to September 1, 1978, This interpretation
will consist of:

(i) Ten two-dimensional gravity models with
detailed fault analyses,

(ii) Three-dimensional gravity modeling on a
1000-foot grid.

(iii) Ground magnetics and depth estimates,
(c) Geochemical survey

Ten samples will be collected from major springs

and water wells in the vicinity of Leach Hot Springs
KGRA., A total of 20 element analyses will be con-
ducted on the samples to determine important chemical
concentrations related to geothermal resexrvoirs.,
Survey will be conducted from July 1 to August 1, 1978
by a consultant geologist.

(d) Surface geology/fracture pattern evaluation/hydro-
thermal alteration study

A one-month field geological program will be conducted
from July 1 to August 1, 1978 by a consultant geologist.
Photo geologic mapping and surface evaluation will be
used to define the principal surface lithology, fracture
pattern and hydrothermal alteration of the prospect
area.

(2) New Data
(a) Temperature gradient program

A total of ten gradient holes will be drilled in the
prospect area to confirm presently indicated geo-
thermal anomalies and to determine the presence of
other and perhaps more prospective geothermal
anomalies in the vicinity of the KGRA.
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C.

Eight of the holes will be 500 feet deep and logged

for gradient information. Two holes will be drilled
to 1000 feet to evaluate the surface effects of ground
water flow in the basin and confirm the existence of
heat anomalies at depth. Program will commence
October 1, 1978 and be completed in January of 1979,
The contractor will be Western Geophysical Company
of America. Arninoil personnel will do the gradient
logging and heat determination. Samples from the
ten gradient holes will be delivered to the University
of Utah Research Institute, Earth Science Laboratory,
391 Chipeta Way, Salt Lake City for trace element
analyses., Thirty-six separate trace elements will
be analyzed for determination of anomalous quantities
over or near the geothermal reservoir.

(b) Seismic survey

A thirty mile seismic program will be conducted to
determine the subsurface structural picture on the
Leach and Panther Canyon anomalies, The program
will be a Vibroseis survey conducted by Western
Geophysical Company of America beginning November 1,
1978 and completed December 31, 1978.

Engineering Studies
(1) New Data
() Flow testing

(i) Short-term flow tests, if feasible, will be per-
formed on all wells. These tests will be
supervised by an Aminoil field technician
assisted by a contract field crew. The results
will be analyzed by Aminoil reservoir engineer
for total flow, flowing temperature, and percent
of flow flashed to steam.

(b) Pressure drawdown and buildup analyses

(1) Perform long-term flow, interference and
reservoir pressure buildup tests. These tests
will be supervised by an Aminoil field technician.
A flow period of up to nine months will be utilized
and the results will be analyzed for permeability-
thickness/porosity-thickness reservoir properties,
well bore damage, interference, etc,
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(c) Isotopic studies

(i) Samples will be collected and analyzed for
stable and radiogenic isotopes.

Schedule

Sequence of proposed program investigation to acquire new data
encompassed by this contract is divided into phases as shown
below and indicated on the attached Activity Schedule (Exhibit #3).

a. Performance Schedule
(1) Phase I
(2) Drill and log eight 500-foot temperature gradient
holes located in T 30, 31, 32N, R 38-39E,
Pershing County, Nevada.
(b) Drill and log two 1000-foot temperature gradient
holes located in T 31N, R 38 and 39E, Pershing
County, Nevada,
(2) Phase II
(2) Acquire and interpret 30 miles of seismic reflection
data over thermal anomalies located in T 30-31N,
R 38-39E, Pershing County, Nevada.
(3) Phase III

(a) Drill well to approximately 8000 feet in vicinity of
Leach Hot Springs KGRA.

(b) Drill second well to approximately 8000 feet in
: vicinity of Panther Canyon anomoly.

(4) Phase IV

(a) Drill injection well to approximately 8000 feet in
vicinity of Leach Hot Springs KGRA.

(b) Conduct short-term flow test on all wells and per-
form physical analyses.

(c) Perform long-term flow, interference, and
reservoir pressure buildup tests,
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b. Deliverable Data

Numbers under Release Schedule indicate timing of release
of data as defined in c. (Data Public Release Schedule)

(1) Existing surface geological data (available 10/1/78)
Release Schedule

(2) Gravity measurements - 500 stations (1)
(b) Gravity interpretation - 900 stations (1)
(c) Geochemical survey (1)

(d) Surface geology/fracture pattern evaluation/
hydrothermal alteration study (1)

(2) New surface geological data
(a) Temperature gradients, 8 holes - 500 feet deep (1)
~(b) Temperature gradients, 2 holes - 1000 feet deep (1)
(c) Seismic survey - 30 line miles (1)
(3) New subsurface geothermal well data - 2 deep tests
(2) Drilling technology (2)
(b) Drilling history (2)

(¢) Formation and reservoir evaluation including
electric/radioactive logs and temperature/

pressure surveys (2)
(d) Core analysis (3)
(e) Fluid chemical analysis - (3)
(f) Well scaling and corrosion investigations (3)

(4) New subsurface geothermal well data - 1 injection well
(a) Drilling technology (3)

(b) Drilling history (3)
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(c) Formation and reservoir e€valuation data includes
electric and radioactivity logs, pressure and

tempeérature surveys (3)
(d) Core analysis {3)
(e) Fluid chemical analysis (3)
(f) Well scaling and corrosion investigations (3)

(%) New surface test system operational data

(a) Pipeline design {4)
{(b) Separator des"ign (4)
{c) Flow test system design (4)
(d} Scaling tendency and corrosion investigation (4)

(6) New reservoir engineering studies

() Flow testing (4)
(b} Pressure drawdown and buildup (4)
(c} Isotope studies 4y

(7) Miscellaneous

(a) Drill cuttings samples (gradient and deep wells) {5}
{(b) Core samples {5)
(c) Reservoir and miscellaneous fluid samples (5)

c. Data Public Release Schedule

(1) Data to be delivered upon commeéncernent of drilling
of second deep test [Phase III (b}].

(2) Data to be delivered upon commencement of drilling
the injection well [Phase IV (2)].

(3) Data to be delivered within three months of completion
of injection well [Phase IV {a)].

(4) Data to be delivered within five months of cornpletion
of testing prograr [Phase IV (c¢)].
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(5) Delivery to be taken from time to time by a Department
of Energy or University of Utah Reséarch Institute
representative at well site,

Data. to be Withheld:

The following information shall not be delivered under this
contract;

(1) All computer prograims utilized in calculations and
evaluations relating to geothermal wellbore and
production characteristics, geothermal pipeline
gathering systems and separators, and reservoir
simulation, well interferehce tests, and proprietary
interpretation methods and computer algorithms of
contractor data. ;
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5. Environmental Evaluation

a. Description of the Environment Affected
(1) Non- Living Components
(a) Air

Air Quality and Pollutants
Present air quality in the area is high except during the spring and early
summer months when particulate concentrations (dust) become excessive,

During winter stagnating air masses ¢alled anti-¢yclones oftenl remain
over the area for two or more days preventing vertical atmosphere
movement, However, because the area is virtually undeveloped and
free of pollution sources, this condition causes negligible impact.

Level of Air Pollutants

Except for dust other pollution emission forms are inconse€quéntial. In
future yeéars, thése pollutant sources may become important particularly
if industrialization or population ihcreases occut¥ within the areéa.

Temperatures

Temperatures in the area exhibit a wide range between the daily rmaxirhurm
and minimum. Daily temperature variatiho_nv:s of 50° F are not uncommon.
Temperature exXtremes in theé vicinity of Winnemucca have ranged from
108° F in July 1931, to a low of -36° F at Winnemucca. The Winnemucca
growing season is sixty-three days.

(b)  Land

Liand Forms and Tepography

The aréa lies within the Great Basin section of the Basin and Range,
physiographic province which is characterized by genérally elongated
roughly parallel north-trending mountain ranges separated by alluvium
filted basins.

The area is relatively high with crests of mountain ranges reaching
3,000 feet to 5,000 feet above valléy floors and 7, 000 feet to 10, 000
feet above sea levél,

Intervening valleys of the area typically includé.the valley floor, the
intermediate slopes or alluvial apron, and mountain highlands.
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Geéologic Hazards

It is expected that relatively few geologic hazards will be associated
with geothermal exploration and development. Hazards taken under
consideration are: landslides, flash floods, seismicity - induced and
natural, and subsidence.

Soils

In general, the bottomland and floodplains have soils that are mostly
deep, medium to moderately fine grained, and moderately well drained,
Very little salts and alkali concentrations exist in Grass Valley. There
are some well drained soils which are shallow to modeérately deep and
composed of silty clay interbedded with sand and gravel,

Land Use Compatibility and Suitability

Land within the area is used for a, variety of purposes including livestock
grazing, rinerals, crop production, outdoor re.}:_rea,ti_on, fish and wildlife,
watershed, transporta,;tioﬁ and utility systems. In gen€ral, the suitability
of land for the various uses overlap and tend te be controlled by physical
factors such as soil properties, topography, climate and vegetation. In
some instances, conflicts between competing uses of the resources are
apparent or imminent, It is expected,' l':h-e‘réfore, that in the future,
certain compromises will be made in land managemeént décisions and
practices which will allow optimum concurrent use of the same lands by
non-conflicting uses.

The heaviest use of the land oceurs in the summer and:fall months wheén
livestock are grazed, and when recreationists, hunters, and fishermen
pursue their various activities, Except for big game, upland game birds,
and other wildlife use, most of the area receives little use during the
winter.

(e) Water

Hydrologic Cycle

Precipitation in the area is largely controlled by the topography. The
'preva.i_ling_ westerly winds rise along the windward flank ¢f each succeed-
ing mountain range, releasing precipitation as they gain altitude.. Moving
down the east slopes, the winds are warming and dry, thus creating arid
conditions and reléasing decreasing amounts of precipitation at lower
elevations. Most of the precipitation occurs during the winter months

as snow, which at higher elevations may remain several weeks or months.
The suramers are notably dry, Although the usual precipitation may be
as much as 15 to 20 inches along the ¢rests of the higher ranges, the
valléy floor itself may receive about 5 inches per year,




Streams _

The sialler streams which drain the basin from the surrounding
mountains are fed principally by stream runoff and snow melt, Their
flow is, thérefore, ephemeral, generally occursing during the spring
and early summer.

Thermal Springs

The temperatures of springs range-from warm to boiling and issue from
the desert floor, These springs are probably associated with recent
movement along fault zones, which provide paths along which ground
water, heated at depth, can rise to the surface,

Water from thermal springs is commonly highly mineralized due to its
high temperature, which is conducive to chemical reaction with the
encleosing rock environment and to its history of deep circulation. Most
of the thermal water is dérived from the same ultimate source as all
ground water - precipitation,

Water Quality

- Generally, waters of the area are suitable for drinking water after treat-
ment, agricultural use; aquatic life and wildlife propagatlon, recreation,
industrial supply and aesthetics,

{2) Living Componénts

(a)  Plant Life

Soils, topography;, climate and vegetation combine to produce ecological
zones between the high mountain aréas and desert lowland. Vegetation
varies from scattered salt tolerant shrubs on deseit playas through many
varieties of desert shrubs and grasses to dense, scattered stands of aspen
and scattefed conifers on the intermedidte to steep mountain slopes and
basins.

In the valley bottern’s the vegetation consists primarily of shadscale
(Atriplex confertifolia), budsage {Artemisia spinescens), big sagebrush
{Arternisia tridentata), and black greasewood (Sarcobatus vermiculatus),
in descending order of occurreénce.

(b) Animal Life

The region supports a large and varied cross section of animal life.
Eighty-two species of mamunals, 260 species of birds, 160 species of
amphibians and reptiles, and 23 species of {ish inhahit the region.

-18-.



Major game spécieg of the region include mule deer, antelope, rabbits,
pheasant, mourning dove, chukar and Hungarian partridges, sage grouse,
quail and several species of ducks and geese.

The mrost abundant-animal life in hot springs and other aquatic areas are
invertébrates. Insects appear to be the most important invertebrates

present. Annelidd, Crustacea, and Gasttopoda are also represented,

{c) Human Values

Economic Implications of Geothermal Development

Between 1960 and 1977, exploratory efforts were made in Nevada to
develop geothermal resources as a power source. As d result of thése
efforts, Known Geothermal Areas (KGRA's) totalling about 635, 000
acres were classifiéd by the U. S, Geological Survey.

It is anticipated that there will be two geothermal power plants in Nevada
by 1981, and several moré of large capacity opetating By the year 2000,
These plants will probably use an esgentially closed system, returning
thie water to the geothefmal reservoir through discharge wells., Some
plants may be operated in conjunction with desalination plants, thus
combining power productlon with the production of fresh water and
inefal recovery.

If current interest in geothermal power continues, it can be expected
that positive net ecoriomic changes to the area's income base will occur,

Attitude and Expectations

The presence of geothermal resources in the area ha.s been known for
many years. However, use of this resource. has been limited to '"hot
spring' bath areas developed in a crude fashion to serve local owners
and residences. Local people hope that geothermal reésources within
the area can be déveloped thereby assuring a clean, low-cost power
source,

Hazards to Hurhan and Anirhal Health

The range fire hazard would be inicreased due to a greater level of human
activity and traffic associated with geothermal development., In any
drilling into pressured zones, which could dceur in a géothermal reservoir,
there is a hazard of uncontrolled release of pressurized fluid.
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Road cohstruction and well sité preparation could produce soil movement;
which if uncontrolled could causé damagé: to adjacent areas and to aquatic
life in nearby streams, Dam failure in sump ponds is a potential Lhrcat
to fish and other stream life,

Wildlife road kills is another potential hazard which results from increased
miles of road, improvement of roads that increase vehicle speed, and

increased vehicle use,

b,  Analysis of the Potential Environinental Impact.

The degre€ of potential envirenmeéntal impacts associated with the pro-
posal is dependent upon a number of factors including thée type and extent
of the geothermal resource, the-probable sequence and success or failure
of the various phases, i.e., exploration, development, production, close-
out after abandonment ox productioh ceases, the proportion .of government
to private land ownership, and lastly, the biological, phy‘sical, and
demographic characteristics of the area..

Because the geothermal potential of the area is largely speculative arnd
because there is limited knowlédgé concérning the occurrence, location
and proportion of geothermal resources as related to both energy and

" by-products; it is not possible to predict accurately any environmental
impacts, As a result of such uncertainties concerning the utilization

of geothermal resources, environmental impaéts can only be estimated

as to their frequency, duration, and severity. However, if exploration,
development, production, and close-out activities are properly planned,
regulated and operated, no appreciable or significant adverse affects
should occur, thus providing an énvironmentally acceptable energy source.

Accordingly, the various activities are regulated by the authorities of
the Bureau of Land Managerment and the U, 5. Geological Survey, with
additional controls in the form of special stipulations, Geothermal
Resources Operational (GRQO) Orders, and approved operational plans.
In addition, compliance with applicable Federal and State laws and
régulations is required,

{1} Non-Living Envirenment

(a)  Aix

General provisions for the prevention of air polliution and related employees
health and safety-are included in the leasing and operating regulations,

In addition, -Federal air gquality standards and Nevada Air Quéli,ty Regu-
lations (NAQR) are applicable; lease stipulations are issited and technologic
methods may allow mitigation of air pollution and related health and safety
hazards,
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Particulate Matter {Dust)

Dust generated by the movement of geothermal related vehicles over
untreated local roads, and airborne dust resulting from earth moving,
construction, or wild.fires, will add particulate material to the
atmosphere, |

Alithough a quantitative measurement of ~po‘tentieﬁ.,in(;rea,se's in particulates
is not possible, no sericus impacts are anticipated. Over time, a com-
bination of restoration and natural revegetation should bring disturbed
areas back to their natural condition,

Gases and Vapors

Motor vehiclés used to move men and equipment, and for subsequent
development phases. will contribute a negligible pollution load to the local
atmosphere, In almost all cases, diesel engines will be useéd on the
drilling rig and heavy convst_xjuction:quipmeﬁt. Low hydrocarbon
emissions of diesel engines will minifmize the impact of these operations,

Noncendénsible noxious gases,; particularly hydrogen sulfide (H2S), emitted
from a well during testing and bleeding can cause unpleasant (rotten egg
smell) in and around the a.}‘évelope;d area. This is'more of a disturbance
factor rather thant a hazard.

Condensed steam from geothermal development may contain contaminants
which if présent in high concentrations could be damaging to plant and
animal life, Terrestrial and aquatic animals by inge stiiig natiaral food
contaminated by emission fallout could be adversely affectéd. However,
existing geothétmal éxperience indicates that biotic problems of this
nature are generally negligible.

The highest:levels of gas and vapor emission would normally occur
through venting during test drilling and during production.

Any accidental discharges du-ring the rupture of pipelines or well blowout
will also yield gases and vapors to the atmosphere,

Nevada Air Quality Regulations require toxic gases to be removed to such
a degree as to rendéer them nonhazardous to plant and animal life in areas
surrounding geothermal producing areas. ‘

Noise

The noise level for any geothermal area can be expected to increase as
the various phases of activity arfe implemented. The construction of
access roa‘d‘_'s, test drilling, vehicular movement, and otheér ancillary

" sound sources tend to raise background noise. Normally these are of
relatively short duration and moré of a disturbance factor rather than
being associated with resource damage,
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Operations producing the greatest amounts of noise are air drilling, well
testing, and bleeding. By comiparison, noise produced by a fully developed
power producing steam field is modest, originating from the occasional
venting of wells through mufflers, and pipcliné leaks,

If present, excessive noise levels can pose a health and safety hazard
to workers in close proximity; are vbjectional to area residents and
visitors, and may disturb wildlife distribution and breeding habits.
Although it is presumed that noise may have an adverse iinpact on wild-
life, such impacts havé not been substantiated.

(b} Land

The development of geothermal resources and appurtenant transmission
facilities on e€séentially undeveloped Fedéral lands will iAvolve changes
in present land utilization and could.affect the use and quality of ‘adjacent.
lamds, including both private and Federal, Developed po,rtions of Federal
leases could ultimately consist of single-purpose industrial wse. Un-
developed or nonintensively used lea sed lands would continue to support
multiple land uses, including such values as watershed, grazing,
recreation, and wildlife habitat., New access, déveloped un leased land
not specifically restricted to protectproperty, public health or for
safety reasons, will open up these lands to additional uses, particularly
recreation.

Land use in the vicinity of actual developments will be changed by the
construction of roads, wells, pipelines, power linés, power plants, and
by-product-facilities that may be associated with industrial development,
Previous uses such as watershed, grazing, recreation, and wildlife
habitat will necessarily be preempted or curtailed depending on the
intensity of the development, Mitigating measures to control, reduce,

or overcome adverse environmental impacts would, howevér, be employed.
The rules and regulations, lease provisions, and GRO Orders are designed
to assure that geothermal reseurces are developed and utilized in an
erivironmentally acceptable manner.

Geologic Structuré ‘

The role of fluid pressure changes in triggering seiamic activity is not
well known, however, 'a causative relationship has been established in
some areas. To date, earthquakes associated with fluid pressure changes
have been small and nonconsequential; somé évidence indicates that

tending to relieve regional stresses, thus reducing the probkability of
large earthquakes,



Subsidence of the ground surface over and around a geothermal reservoir
can. result from the withdrawal of large volumes of fluids, Subsidence
could reach a maxirhum rate during full-scale operations unless replace-
ment fluid is returned to the reservoir., Fluids ._j.r-e returned 1o 'repfl‘_e_ni sh
the reservolr in hot water geothermal operations. Ih many in stances,

it is possible that there would be no serious land or environniental
consequence if in fact subsidence did occur. '

Land Use Compatibility and Suitability

To a large degree land \ise compatibility and suitability will vary according
to the characteristics of each specific site and the phase of development,

For example, unsuccessful exploration activities resulting in lease termina-
tion would result in a relativély small scale impact on surface resources

and existing uses, However, as development proceeds through the sequential
stages, of test drilling, production teast:ing, field development, power plant
and power line construction, and full-scalé production, resource impacts
will become more intensified,

During exploration activities thefe will be a minimal amount of disturbance
of ‘vegétvat‘i_vg cover and soil movement, Resource impacts will vary
depending upon thé nature of exploration activities and composition of
vegetal communities, Those containing .shrub species in moderate to
heavy densities could be most affected, Even with mitigation it is possible
that road and trail scars will remain for yéars, particularly if théy are
conducive to casual use after abanderment,

For subsequent stages ¢f development, physical land modifications will:
increase resulting in loss of wildlife forage and wildlife values in the areas
of operations, Land surface scars would be larger and possibly permanent
in naturé. Where public access is restricted either to reduce hazards or
to protect facilities, there could be an accompanying reduction in hunting,
recreational, or other uses of those lands, The importance of these
losses would depend oh thé amount of such uses displaced and thé capacity
of other areas to absorb like pressures,

Full-scale operation will require complete development of well and stéam
transmission systems, power generafion facilities, brine dispesal facilities,
transmission lineés, permanent roads, etc. Many of the poténtial unavoid-
able adverse impacts associated with exploration and testing will no longer
exist bul other irmdpacts may increase in proportion to the scale of the
development., Each well will involve clearing, grading, and improvements..
Steam pipelines connécting wells to the genérators likewise require
clearing and grading, During construction there will be considérable.
activity, noise, movement of earth, dust, etc. After construction is.com-
pleted and all hecessary environmentdl protection measures are taken;

the nature of the site will be changed from its former state to an industrial
complex. Cleared areas, buildings, power lines, brine ponds, etc.,

will represent long-term changés in thé landscape and a change in land use.
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With adequate contrels on surface use, combined with well-conceived and
" strictly applied surface protection stipulations, sequential stages of '
geothermal develo’pme’nt'wifl be compatible with existing or potential
surface land uses, /

(c}) Water

The basic law governing water gudlity is the Federal Water Pollution
Control Act {(FWPCA), as amended. Under this act the primary responsi-
bility for water pollution control is assigned to the states. Under the Act,
each state is required to promulgaté intrastate water standards which
then must be approved by the Envirenmental Protection Agency (EPA).
Nevada has Federally approved standards,

Geothermal steam development is included under Nevada Water Law and
a permit is’ required before the steam may be diverted to generafe power,
The appropriation procedure insures that existing water rights and the
public welfare are not adversely affected. In designated critical ground-
wat2r areas, such as Grass Valley, a permit is needed from the Nevada
Division of Water Resources before an expleratory hole may be drilled.

Hydrologic Cycle

The potential impacts of the geothermal program upon the water resources
generally would be in pFoportion to the scalé and location of the activity.
Springs, ponds, reservoirs, streams and ground-water areas are not
expected to be adversely impacted under the normal exploratory stage.
Generally, pessiblé impacts are consideréd as low.

Drilling could adversely impact springs by causing a drop in the water
table theteby impacting surface flow, dependent life forms, and domestic
livestock,

Water supplies can be lost or reduced during exploration. Seismic testing,
stratigraphi'c testing, and wildcat drilling can alter the ground-water ‘
hydrolegy by fracturing impérmeable. zones below aguifers, permitting
them to be lost or reduced through vertical drainage. The probability of
this happening is, however, low die to current drilling techhology.

Reduction of the ground-water supply might occur as a result of develop-
meht and production. If the geothermal field is large enough to cause
sipnificant water reduction, the result might reduce the livestock and
wildlife uses, The impact might displace families, livestock, and wildlife.
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With closé-out, thé affected water table may rise and bé tapped for
' beneficial uses.

A benefit from an exploratory pfogram is the discovery of water bearing
strata for future development in providing water for use in water-~short
areas,

Sediment Load

The significance will depend upon amounts and location. Geénérally the
impact potential for sediment transport is considered modest because
land surface slopes are slight in the valley areas.

Dissolved Selids and Acid Balance

Exploratory drilling could yield large amounts of briny waters., Briny
water production can contaminate surface watérs if washed from evapora-
tion ponds during flash-floods or dike failure,

Geothermal fluids could raise the pH of these already alkaline waters
(6.5 to 9. 6) thereby decreasing the range of existing aquatic life.

The aquifers could be polluted by these brines and the results could be
degraded water quality to the degree. that it would not be suitable for
human and animal use and in extrenie cases could even be toxic to
plant life.

Toxic Pollutien

Highly toxic drilling fluid additives such as caustic, if used, could con-
taminate local ponds by washing down a.natural drainage or be bound by
soil particles and carried there by wind forces. The closed basin areas
are particularly impacted because there:is no means of flushing the
toxicants,

Thermal Pollution

Tempe:r-ature contamination of existing surface waters b‘y»ho‘t waters
‘produced from geothermal operations would have significant impact upon
aquatic flora and fauna. Many of the aguatic plants dnd animals have
restrictive temperature adaptation.

(2) Living Env‘ir onment

The rules and regulations, lease.provisions, and Geothermal Resources
Operational (GRO) Orders are so designed to assure that géothermal
operations will result in the least disturbance of soil, str've;am,‘ native
vegetation, and fish and wildlife populations and habitat. In addition
remedial measures are required for the restoration of land surfaces upon
abandonment or completion of the various phases,
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(a) Ve g&tat—«ion

Native vegetation will be. distir¥bed or destroyed where the construction
of access roads, drill pads, ponds for collection of drilling mud, and
other ancillary or service support activities are required., In addition,
the construction of power units, by-product facilities, maintenance
arcas, etc,, during the development and production phases will result
in both the permanent and temporary loss of native vegetation and a,
minor to major alteration of specific types.

An exploration drilling model prepared by the Bureau of Land Manage-
ment (BLM) for one 2,560 acre lease projects that 1,5 percent (38 acres)
of the total lease area will be disturbed. A similar model for the develop-
ment of two 100 megawatt power plants on one 2,560 acre lease projects
that 14 percent (360 acres) of the total lease area will be disturbed.

(b) Animal Life

As a speécific development proceeds through test drilling and production
testing, physical land moedifi¢ation and hurnan occupation would cceur,
These activities include such things as ¢on struction of roads, ponds,
drill sites and drilling of wells, and transmission facilities, which
could tesult in loss of wildlife values, including both habitat and
recreational use of wildlife within the area of influencé. Such modifi-
cations would physically alter or remove existing wildlife habitat and
the: permanence of these effects would be dependént upon the haturé of
the particular construction or operational activity, However, in some
instances clearings, revegetatéd areas and roads or trails resulting
from geothermal 6pe~rations» could improve wildlifé habitat. It also
should beé recognized that many animals have the ability to adapt to
changed environments. In addition to land modifications, noise, and
other man-induced phenomena may have an effect on the wildlife comi--
raunity surrounding léase areas, Noise may drive some species from
the area, may disturb normal predator-prey relationships 6r may
dffect mating and rearing habits, Most areas adjacent to or outside of
the immediate areas of influence would, however, be expected to retain
part or all of their fish and wildlife population and habitat. The degreée of
permanence of displaceément or disturbance would depend upon the scope,
duration, and type of activity,

Potentially significant impacts upon fish and wildlife could result from
improperly planned or executed handli‘ng of geothermal fluids, If con-
trolled releases, spills, seepage or well blowouts were te result in
significant additions of toxic, minéralized, or saline geothermadl waters
to streams, ponds, game management arcas, etec,, adverse impacts
would result. '
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(3} Ecological Interrelationships

The p‘rixn’cipal ecological processes at work with the ecosystem are
succession, food fel’atioh’s‘hipsﬁ and community relatiohs. To sufmmmarize,
the subjéct area is a delicately balanced shrub-vegetated ecosystem
which is exceptionally vulnerable to misusé, Because of past history

of overuse, a general decline’in désitable'plant communities has been
the Tule, This trend is still in evidence and is expected to continue

until natural forces or surface managemeént practices come into baldhce’
with climmate, site, and environmental factors: In the cumulative aspect
the proposed geothermal program represents still another use whicéh
could concéivably influenceé and disrupt existing ecological processes,

(a) Animal Life

Livestock

The impact of geothermal activities on livestock forage would be hegligible
during the exploration phasé, but increasing during the development and
production phases. ’

Wildlife

Any large scale reduction in the quantity of vegetation would directly
impact the distribution and abiundance of wild anirnals by réducing forage
‘and cover, ‘

{4) Human Interest Values

(a) Aesth pt_i}:: 8

Impacts on aesthetic quality would begin with the construction of temporary
roads into test drilling sites and would increase as drilling opérations,
pipelines; storage faciliti€s, power plants, transmission lines, etc,, are
added, The visual impact associated with scarring, alteration of the
landscape; or unsightly surfaceé disturbance would eccur not ‘only at
specific sites but alsoe in linear corridors occupied by transmission
lines. ¥or Federal land developments; full consideration willbe given
to aesthetic désign, placeément of man-made structures, wuse of com-
patible colors, 1é.ndsca”ping and vegetative restoration, in order to
minimizeé those impacts. '

(b} Recreation
During the sequential stages of geothermal development there would be
an impact on the landscape and its cohiponent parts which contribute to
outdoor recreation. Most recreation uses would be adversely aflected

in the immediate vicinity of test wells o1 subsequent field developments.

Conversely, new roads required for access could eventually improve
recreation access. :
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It is anticipated that with geothermal development public interest will
be aroused. Many may wish to see this unique power source in operation.

(c) Sociocultural Values

Geothermal resource exploration and development activities could
inadvertently destroy archeoclogical or historic values, Lease stipula-
tions require the operator to notify the supervisor if any artifacts are
unecarthed.

Local spending by temporary construction workers and drilling crews
will contribute to the local economy. Discovery of a geothermal resource
will result in an increased tax base for the area of development. Full
scale development could cause temporary constraints on present day
community services, schools, etc., and would tend to off-set any:
short-term gain in local economy.

In addition to the primary application of the geothermal ‘resource to .
electrical power generation, several alternatives or complimentary
uses may eventually be considered. Alternative or complementary
uses could include space heating, stock water, irrigation, food, and
industrial processing or municipal water supply. '

c. Potential for Conflicts with Existing Land Use Patterns
and Programs

Some conflicts with existing land use patterns and programs will result
from the implementation of geothermal activities. Potential conflicts
and mitigating measures associated with such activities have been dis-
cussed in preceding section ""Analysis of the Potential Environment
Impact, "

The rules and regulations, lease provisions, and Geothermal Resource
Operational (GRO) Orders are designed to assure that geothermal resources
can be developed and utilized in an environmentally acceptable manner,
Virtually any human use of the lands and their resources may have some
degree of conflict or adverse impact. For example, the mere presence

of man during exploration, development, production and close-out phases
will have a cumulative residual impact upon existing resources and uses,

While geothermal development will impose some unavoidable land use
conflicts and adverse environmental impacts, it appears to have potential
of being less environmentally damaging than other power generating
systems using coal, oil, or nuclear energy sources.
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To the extent thal these are net total system reductions in adverse air,
watér, or land impacts, such differences represent positive benefits .
from the use of geothermal resources even though there will be lo¢al
land use conflicts and advierse impacts that cannot be avoided.

{1) Relationship Bétween Short Term Use and Long Term
Productivity

It is significant to note that geothermal energy is a dissipating resource
which is being wasted by failure to utilize this potential, Not only is
the potential for energy utilization being ignored by lack of development,
a substantial revénue sourcé for both county and state.is lost,

Land Use

Land use duri'n'g the period of production operations would be changed
to industrial opéra,.tipns from fish and wildlife habitat, recreation, and
grazing. However, many such uses could continué on a reduced but
cornpatible basis.

Should production result in land subsidénce, the subsidence would con-
stitute a long-term effect on land resources. Such subsidence would
not sisgni‘ficarn-tly affect use of the land in most areas becdause of the low
population density.

Water

The consumptive usé of water resources, prirnarily geothermal fluids,
in power generation would constitute a depletion of the gross water
r«esour‘ce.s‘ of the area. Howewver, in most instances, du¢ to the high
mineral ecéntént, the geothermal fluids will be re-injected,

Vegetalion

Geothermal production will affect the végetal communities during the
périod of occupancy. After the areas are abandoned, re-establishment
of natural productive communities should occur,

Fish and Wildlife

Geothermal resource development ¢ould result in locdlized and even
regional adveérse impacts on fish, wildlife, and their habitat, Wild-
life values probably would re-establish themselves as soonas the
operations dré terminated, In some instances they may even benefit
from this use.

L
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Archeological and Historical Values
' The developmeént of geothermal resources may commit terrain where
archeological and historic resources are deposited. Archeological
and historic values could be damaged or destroyed. However, de¢velop-
ment also could result in significant finds that might otherwise have
gone undetected, »

Economic and Social
Geothermal development requires a substantial investment which results
ih an incréased tax base.

There could be aesthétic ¢r social impacts in terms of increased ridiseé
levels, odors, additional traffic, etec,, even though alil of the environ-
mental stipulations of the permits had been rmet. These would be minor

(2) Irreversible and Irretrievable Cormmitments
of Resources

Theé princ¢ipal commiiment of resources would be the depletion of thermal
energy and water from the geothermal reservoir.

The thermal energy stored in the geothermal fluids presumably would be
extracted at a rate greater than the natural terrestrial heat flow. Although
the geothermal source will continue indefinitely the use of the stored energy
i5 considered a depletdble resource over a short-term if the withdrawal
rate exceeds the re-heating rate,

The recharge mechanism of geothermal reservoirs of the area is presumed
to be rainfall on the drainage basins tributary to the area, Thus, water
evaporated in geothermal production should beé considered as a water
consumption chargeable to the area, However, as the water is renewable
from rainfall, this charge is not irretrievable,

COI‘HpactiOﬂ that may eccur as a result of geothermal production is
irretrievable in a sense that it is an irreversible process. Loss of
poros ity is a commitment of a resource because this is the storage
volume for the heat conducting fluid,

Areas of natural vegetation will be altered or cleared due to construction
Upon termination of production, all such areas are to be restored to as
near a natural condifion as is feasible but complete reversion to the pre-
development conditions may not be possible. The impacts ¢ould be either
adverse or beneficial, depending upon the nature of subsequent uses of
the arca. :
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Normal land uses of the area such as recreation, livestock grazing,
and hunting would be affected during the period of operations, but such
uses could return to pre-development levels after production stops and
the areas are restored. The restrictions on use of leased lands and
related impacts on adjacent lands could alter use patterns which could
result in over use in other arecas. However, all such impacts probably
would be limited to the production life of the geothermal development.
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EAR No. 27-020-4-103

-32.



C.

Cost

1.

Total Program Cost Summary

a.

Cost of Existing Information - as of

October 1, 1978

Phase 1 - Temperature Gradient Survey

Phase 2 - Seismic Survey

Phase 3 - Drill and test two 8,000 ft.

Exploratory Wells.

Phase 4 - Drill and test an Injection Well
and conduct Long Term Tests on one well.

Total Project Cost

§ 79,064

142,113

177,160

2,232,717

1,452,901

$4,083,955



SUMMARY - TOTAL ESTTMATED COSTS

Enclosure 6

Parre 1 of 3

CONTRACT PRICING PROPOSAL
(RESEARCH AND DEVELOPMENT)

Office of Management and Budget
Approval No. 29-RO 1484

This form i1 for use when (/) submition of cott of pricing deta (1ee FPR 1-3.807-3) is zequired and
(ii) sudstitution for the Optionsl Form 39 is authorized by the concracting otficer.

PAGE NO. NO. OF PAGES

HNAME OF OfPEROR

AMINOTI. USA

lu"l'lts ArfOlOl SERVICES TO 8¢ FURNISHED i
Existing Data - G&G Survey Information;

HOME OFFICE ADDRESS

P. 0. Box 11279
Santa Rosa, CA. 95406

Phase 1 - Temperaturc Gradicent Survey;
Phase 2 - Seismic Survey; Phase 3 - Two
8,000"'well tests; Phase 4 - Injec. well ¢

).9 'l:g

OCIVISION{S] AND LOCATION(S) WHERE WORK 1S TQO BE PERFORMED

Geothermal Division - Santa Rosa, CA.

| IaN 3
TOTAL AMOUNT OF PROPOSAL GOV'T souounoﬂ‘h}aﬁ i

34,083,955 RFP ET-78-R-08-0003

St -

DETAIL DESCRUPTION OF COST ELEMENTS - See Attachments

. DRECY MATERIAL (l1emite o Enbibit A)

TOTAL
EST COSY!

REFER-

EST COST ($) ENCE:

o, PURCHASED PARTS

b. SUBCONIRACTED IMEMS

€. OTHER— (1} RAVW MATERIAL

(2) YOUR STANDARD COMMERCIAL ITEMS

(3) INTERDIVISIONAL TRANSFIRS (At other thun cost)

TOTAL DIRECT MATERIAL 3 #1844 253
2. MATIRIAL OVERHEAD® (Rate %N'§$ buase=) Included in No. 1 heloyw. -
. ESTIMATED RATE/ EST
3. DIRECT LABOR (Specify) HOURS HOUR COST ($)

TOTAL DIRECT LABOR

4. LABOR OVERHEAD (Specify Department or Cost Center )t

O.H. RATE X BASE=

EST COST (3)

TOTAL LABOR OVERHEAD

. SPECIAL TESTING (lucluding field work at Government iustallutions)

ESY COST (3

TOTAL SPECIAL TESTING BRSNS SRS

224,600

6. SPECIAL EQUIPMENT (If direct charge) (liemize on Exbibit A)

7. YRAVEL (If direct charge) (Give details on uttached Schedule)

1,564,000
EST COST (S o

a. TRANSPORTANION

b. PER DIEM OR SUBSISTENCE

TOTAL TRAVEL 51 ‘360

6. CONSULTANIS (llentify=purpote—=rale) EST COST(S)

TOTAL CONSULTANTS 341,348
9. OTHER DIRECT COSTS (ltemize ou FExbibit 4) 711 .17
0. TOVAL DIRECT CONT AND OVERIEAD 3 N K572 : 73(;)
11, GENERAL AND ADMIISTRATIVE EXPENSE ( Rule G % o sort ddemrut Nou. all ) 231 1066

12, ROYALTIES *

3.

TOTAL ESTIMATED COST -
4.1083,9

55

V4, FEE OR FROAT

als

13,

TOTAL FNTIM ATID COST AND FEE OR PROFIT

4,083,955
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Erclosurc 6

che of 3

This proposal 1s submitted for use in connection with and in respumse 1o (Drsaesbe REP, t1c.)

U.S. Department of Energy RFP No. ET-78-R-08-0003

snd reflccts our best cstimates as of this date, in accordance with the lastroctines t QOffccors and the Footnotes which fullow.,

IYPED NAME AND HILE SIGNATURE

W. H. Schell
Vice President Production /»q///V<7/<:;lz( [/é/(

NAME OF 11RM s DAY( OF SUBMISSION

‘Aminoil USA, Inc. May 30, 1978

EXHIBIT A—SUPPORTING SCHEDULE (Specify. If more spuce is needed, use reverse)

COST EL NO. ITEXM DESCRIPTION (See footnote 3 ) EST COST (5)

1 Dircct Materials - Estimates are based on recent prices with
6% annual increase, :

2 Material Overhcad - Not charged. Included in No. 11 below,

3 Direct Labor - Hourly rates used are based on approximate

salaries of personnel involved. The unit price is calculated

on a 40 hour week.

4 Labor Overhead - The company wide rate based on actual cost is
currently 39% of direct labor.

5 Special Testing - Estimates based on current prices plus 6%
annual increase,

6 Special Equipment - This categorv includes the drilline rip

rental (including crew) and testing equipment (separator and

meter run with instruments). Installation by a local contracton

is included in the estimated price. These test equipment costs

are shown as a cost of the first well drilled. Estimates are

based on current prices nlus 6% annual increase. It has been

assumed that a rig will be available in the Nevada area.

7 Travel - Estimated per diem costs for the area.

8 Consultants - Includes contract services (other than drilling
and related activities). Current prices plus 6% annually have
becen used.

9 Othex Direct Costs - Includes Contingency Provisions

11 General and Administrative -~ To cover Geothermal Division and

Home -Office supervision and assistance. The rate of 6% is fre-

quently used for billing joint venture partners for this type

of work.

L HAS ANY EXECUTIVE AGENCY OF THE UNITED STATES GOVERNMENT PERFORMED ANY REVIEW OF YOUR ACCOUNTS QR RECORDS IN CONNECTION WITH AN OTHER
GOVERNMENT PRIME CONTRACT OR SUBCONMNTRACT WITHIN THE PAST TWELVE MONTHS?

D YES @ NO  (Uf yes. ideniify below.)

NAME AND ADDRESS OF REVIEWING OFFICE AND INDIVIDUAL . TELEPHONE NUMBER/EXTENSION®

B, WILL YOU REQUIRE THE USE OF ANY GOVERNMENT PLDOPERTY IN THE PERFORMANCE Of 11115 PROPOSED CONIRACT?

D YES E] NO  (If ves. iddentify on reverse or sepuarute puge)

1. DO YOU REQUIRE GOVERHMENT COMIRACT FINANCING TO PERFORM THIS PROPOSID CONIRACT?
() ves K] ~o (if yor wdentifr.s: [] aovance parments [] roGress pavments 08 [[] GUARANTEED LOANS

V. DO YOU NOW HOLD ANY CONIRACT (r, do you hare any independently fnunved (IRGD ) projects) FOR THE SAME OR SIMILAR WORK CALLED FOR 8Y THIS
- PROPOSED CONIRACT?

[ ves & no t1f yeu. identify.):

V. DOES THIS COST SUMMARY CONSORM WITH THE COST PRINCIPLES SLT FORTH IN AGENCY WEGULATIONS?
[3 YES D MO (If wo, expluin on reverse or veparate page}

See Reierse for Inttructions und Foolnotes OPTIONAL FORM 60 (10-71)
2
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Cost To Government

It is Aminoil's proposal that the Government pay one-half of the cost
of all cost elements for each phase of the project, with payroll
burden and general and administrative expense being charged as shown
in the cost estimate. We propose monthly billing of costs recorded
in the prior month, with payment due by the end of -the month of bill-

ing.

Based on this concept and our present estimates, the Government's
share, by phase would be:

50% of Total

Existing Data (as of Oct. 1, 1978) $ 39,532

Phase 1 - Temperature Gradient Survey 71,056

Phase 2 = Seismic Survey 88,580

‘,Phase 3 - Drill and Test two wells 1,116,359
Phase 4 - Drill Injection Well and conduct

Long Term Test. | 726,450

Estimated Government 50% Share $2,041,977

-36-



Fnclosure 6
Page 2 of 3

CONTRACT PRICING PROPCSAL Office of Managemen¢ and Budgee
. (RESEARCIH! AND DEVELOPMENT) : Approval No. 29-RO184

This (orm is for use when (4) submission of coat or pricing data (see FI'R 1-3.807-3) is required and
(i) substitution fur the Opuonsl Form 39 is authorized by the conurnciing officer.

PAGE HO. . NO. QOF PAGES

NAME OF O EROR

AMINOIL USA

SUPTLIES AND/UR SLAVICES TO &F TURNISHED

EXISTING DATA - Aerial Photos, Geological

HOME OFHCE ADORESS
P. 0. Box 11279
Santa Rosa, CA 95406

Mapping, Geochemical and Gravity Survey.

.~

Geothermal Division -

CiVISIOPY 3} AND LOCATION(S) WHERE WORK 1S TO DE PERFORNMED

Santa Rosa, CA.

1. DIRECT MATERIAL ( [remite on Exbibit A)

TOTAL AMOUNTS OF PROMISAL GOV'T SOUKITATION NO.
s4,083,955 RFP ET-78-R-08-0003

ETAIL DESCRIPTION OF COST ELEMEMTS _ Gt Atrachment
) TOTAL REFER.

a. PURCHASED PARTS AcTial Ph

EST COST ($)f sy cosr | &ncE:
1,253 ' '

b. SUSCOMTRACTED ITEMS

otos - Cost

6. CTHLR—( 1) RAW MATERIAL

(2) YOUR STANDARD COMME

RCIAL ITIMS

(3) INTERDIVISIONAL TRANSFERS (A1 otber thun cost)

TOTAL DIRECT MATERIAL

2. MATERIAL OVERHEAD! (Rair %NS b.ﬁt:) In MD ] ] b e] oW
i ) ESTIMATED RATE/ EST
3. DIKECT LABOR (Specify) HOURS HOUR COST ($)
(a) Senior Geologist - Mapping. " 80 $22 1,760
(b) Senior Geologist - Gravity Survey
Supervision § Interpretation. 160 22 3,520

TOYAL DIRECT LABOR

4. LABOR OVERHEAD ¢ Specify Depurtiment o

r Cost Censer)?

O.H. RATE

EST COST (§)

Payroll Burden

39% 5,280 2,059

TOTAL LABOR OVERHEAD

5. SPECIAL TESTING (lucluding field work at Gorernment fustullations)

EST COST (5)

TOT/.L SPECIAL TESTING

6. SPECIAL EQUIPMENT (If direct charge) (ltemsize om Exbilit A)

7. YRAVEL (Uf direct charge) (Girve detady

ox ultuchsd Schedult)

EST COST ($)

a. TRANSPORTATION Sr._Geologist - 42 days @ $25 ) 1,050

b kenoemon sussisience Sy, Geologist - 42 days @ $40 1,680

TOTAL TRAVEL

¢

8. CONMSUL\YANIS (ldentifly =purpore—rate)

EST COST(S)

-37-

a. Field Geologist - Mapping & Geochemical Survey - - L
45 days at $375. 16,875 .

b. Laboratory - Geochemical analysis-20 samples @ $100 eal 2,000 :
c. Gravity Survey incl, interpretation & reports. 34,603 -

TOTAL CONSULTANTS S Lon 5 3 538
9. OIHILX DIRECY COYYS (ltentize on Exaibit 4) Cont inQCnCY & 729
10. TOTAL DIRECT COST AND OVERNEAD 74 589'
L1, GENERAL AMD ADMINIAIRATIYY EXFENSE ( Kute G % of tost elestint Noa, all ) 44 475
12, ROYALTIES ? . -
1. TOTAL ESTIMAYED COST

79,064
14. 1T O PEDIL -
\S. TOTAL ESTIMATID COST AND FEE OR PROFUT Zq ‘964
H QP FIONAL TORM 0

Qcrahar 197}

Geanveal Services Adimintesinm
FER 1-16806

$0469-101




ATTACHMENT TO: "EXISTING DATA"

GRAVITY SURVEY

QUOTATION BY EDCON, DENVER

Data Acquisition

225 Stations on existing roads, $26/station
284 Stations off existing roads $29/station
Total Data Acquisition Costs

Data Reduction

Terrain Correction $3/station

Data Interpretation and Report

A. Ten 2-D gravity models with detailed fault analysis
B. Three dimensional gravity modeling on 1000-foot grid

C. Interpretation of ground magnetics including five depth
Estimates :

D. Field Trip - 3 days - Geologist $400 per day.

E. Drafting, Secretarial, Reproduction and verbal presenta-
tion of results

F. 'Integration and final report
Total data interpretation and report

Total expenses charged by Edcon

-38-

$ 5,850
$ 8,236

$14,086
$ 1,527
$ 4,400

$ 4,500

$ 1,000

$ 1,200

$ 2,550

$ 5,400

$19,050

$34,663



Enclosure 6
Page 1 of 3

CONTRACT PRICING PROPOSAL
(RESEARCH AND DEVELOPMENT)

Office of

Approval No. 29-RO184

Manapement and Budget

This form is for use when (i) ;ubmi'nion of cost or pricing data (e FI'R 1<) A07-3) is required and

{¢7) substitution for the Optional Form 39 is wuthoarized by the contracting officer.

PAGE HO,

NOQ. O PAGLS

NAME OF OPFEROR

AMINOIL USA

HOME OfiCE ADDRESS

P. 0. Box 11279 . .
Santa Rosa,: Calif. 95406 ‘

SUPPLIES AND/OR SEAVKES 1O 88 FURNISHED
Phase 1 - Temperature Gradient Survey.

.

DIVISION(S) AND LOCATION(S) WHERE WOIK 15 10 32 PIRFORMLD
Geothermal Division - Santa Rosa, CA.

TOIAL AMOUNT Of PROPOSAL

54,083,955

GOV'T SOUCITATION HO. ,
RFP ET-78-R-08-0003

DETAIL DESCRIPTION OF COSY ELERMERTS

1. DRECT MATERIAL (ftemite on Exbibit A)

EST COST ($)

REFER-
ENCE?

TOTAL
EST COSTY!

@, PURCHASED PARTS

8. SUBCONTRACTED ITEMS

€. OTHER— (1) RAW MATERIAL '

(2) YOUil STANDARD COMMERCIAL ITEMS

(3) INTERDIYISIONAL YRANSFERS (At orber thun ¢or1)

TOTAL DIRECT MATERIAL

2. MATLRIAL OVERMEAD®

{Rate “%LN$ base=)

. ESTIMATED RATE/ EsT
3. DIRECT LABOR (Specify) HOURS HOUR CosT (5
Senior Geologist - Supervision and inter

pretation. 176 $22 3,872

TOTAL DIRECT LACOR

6. VABOR OVERREAD (Specsfy Depurtiment or Cost Center)?

O.H, RAIE

X BASE =

EST COST (5)

Payroll Burden.

39%

3,872

1,510

TOTAL I.LABOR OVERIIEAD

S. SPECIAL TESYING (Iwciuding field work ot Gorermment installations)

TOTAL SPECIAL TESTING

6. SPECIAL EQUIPMENT (If direct churge) (liemize on Exhibit A)

7. YRAVEL (If direct charge) (Give drtails on wttuched Schedule)

£ST COST (5)

a. TRANSPORTATION

30 days @ $25

750

5. PER DIEM OR SUBSISTENCE

30 _days @ $40

1200 [T

TOTAL TRAVEL A

8. CONSWATANIS (ldensify —purpore—rate) ) EST COST ($)
Temperature gradient contractor - drilling and logging - L
estimate based on recent prices and information require-
ments. 109,250

TOTAL CONSULTANTS s 109,250
9. OTHER DIZLCS COSTS (liemits ow Exhibit A ) CONTINGENCY 17,487
10. TOTAL DIRECT COST AND OVERHEAD 134 060
LE. GENERAL AND ADMIISTRAUVE EPENSE ( Kttt 6 % of cort eloment Not. 411 ) 8,044
12, ROYALTIES ¢ -
3. TOTAL ESTIMATED CUST 142,113
14. Mt O PROM -
”y TOTAL ESTIN (T COST AND FFE OR PROFIT 142,113

-39~
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¥nclosure 6
Page 1 of 3

CONTRACT PRICING PROPOSAL
. (RESEARCH AND DEVELOFMENT)

Office of
Appr

Manapement and Budger
oval No. 29-RO184

This foem iy for use when () subminion of cort or pricing dun (see FPR 1-3.807-3) is tequired and
{i7) substitution for the Ofptionsl Form 99 is suthatized by the contraciing officer.

PAGE NO.

NO. OF PAGEY

HNAME OF OHILROR

AMINOIL USA

HOME OFHCE ADORESS

P. 0. Box 11279
Santa Rosa. California 954006

SUPPLILS AND/OR SERVICES TO BL FURNISHED

Phase 2 - Seismic Survey

~

DINISION( 3] AND LOCATION(S| v/HERE WOAK 1S TQ BL TL2POPMID

TOTAL AMOUNT OF PROPOSAL

GOV'T SOUCITATION NQ.

Geothermal Division - Santa Rosa, CA. 14,083,955 RFP ET-78-R-08-0003
DETAIL DESCRIPTION OF COST ELLIENTS  _ Qoo Attachment
1. DIRECT MATEMIAL ( [remite on Exhibit A} EST COST () TOTAL ::EER

EST CcOsT!

a. PURCHASED PARTS

b, SUICONTRACTIO ITEMS

¢ OTHER——[1) RAW MATLRIAL

(2) YOUR STANOARD COMMERCIAL TTEAS

(3) INTERDIVISICNAL TRANSFERS (AS orher thun cost)

TOTAL DIRECT MATERIAL

2. MATERIAL OVERHMEAD' (Rate WN$

buu.—.-)

3. DIRECT LABOR (Specify) Eouns ook cosErST(s )
Senior Geologist - Supv § Analysis. 176 $22 3,872

TOTAL DIRECT LABOR

4. LAROR OVERKEAL (Specify Depurtiuent or Cost Center )t

51 cost ($)

Pavroll Burden.

3,872

1,510

TOTAL LAGBOR OVERHEAD

$. SPECIALTESUNG (fucluding field work at Govermment instullations)

EST COST ($)

TOTAL SPECIAL TESTING

6. SFICIAL ECUIPMENT (If direct charge) (ltemire on Exkibit A)

Y. AXAVEL (1S direct charge) (Give decils on wttusbed Schednle)

{571 CC51 (3)

o, TRANSPORIATIOM

30 days at $25

750

b. PSR DISM OR SUASISTENCE

30 days at $40

TOTAL TRAVEL

1,200 |7

6. CONSULTANTS (lidentify ~purpare—rate)

E5TCOS1(S)

Seismic__contractor .- estimate based on quote from

| Western Geophysical Company. 138,000 j- - - -
TOTAL CONSULTANTS w1 138,000 _

9. OYHIR DIRECT COSTS (fiemise 0w Exhibit 4) Cont ingency 21 s 800
10. TOTAL DIRECT COST AND OVERIEAD 167 132
11, GUNLRAU AND ADMINISIRAINE LAPENSE (Rute (o % of cot alowant Now 271 ) 10 ;—028
12, AQVYALTiES ¢ -
1. TOTAL ESTIMATED COST

2 177,160
V4, 1E2 OA PROAIT
13, TOTAL ESPINATED (OST AND FFE OR PRUFIT 177 160

1
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ATTACHMENT TO PHASE 2

SEISMIC SURVEY

ESTIMATED COST BASED ON QUOTATION FROM WESTERN GEOPHYSICAL

Data Acquisition

A. Mobilization and demobilization: One day for>mobi1ization, one day
for demobilization, to and from Sacramento, California.
Cost $6500 per day. Total Cost $13,000
B. Field Expenses: 30 line miles, using four vibrators, 48
channel system, 12 fold, 165 foot group interval,

16 sweeps per V.P., 4 seconds listening time.

Cost $3500 per line mile; total cost $105,000
C. Ground noise survey: One 10 hour day

Cost $ 6,500
Total Data Acquisition Cost ' $124,500

Data Processing

Standard, RAP and migrated sections for 30 line miles, $450 per line

mile.
Total Data Processing Cost , $13,500

Total Expenses charged by Western Geophysical $138,000
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Enclosure 6
Page 1 of 3

CONTRACT PRICING PROPOSAL
(RESEARCIH AND DEVELOPMENT)

Office of Management and Budyet
Approval No, 29-RO 184

This form is for vse when £5) subminion of cost or pricing datx (see FPR 1-3.807-3) is required and
(is} substitution for the Optional Form %9 is suthurized by the contracting officer.

rAGE RO. . NO. OF PAGES

HNAME OF OrFExOR

AMINOIL USA

SUPTLIES ANG/ZOR SERVICES TO §E FURNISHMED

HOMR OFYHCE ADDAESS

P. 0. Box 11279
Santa Rosa, Calif. 95400

Phase 3 - Drill and test two 8,000' wells.

OIVISIORN{$) AHD LOCATION(S) WHERE WORK IS TO BE PERFORMED TQIAL AMOUN'I OF PROPOSAL GOV'T SOLKITALION NO,
Geothermal Division - Santa Rosa, CA. $ 4,083,955 RFP ET-78-R-08-0003

DETAIL DESCRIPTIO

N OF COSY ELEMENTS - See Attachment.
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. ep.
1. DHECT MATERIAL ( [temite on Evbibit A) EST COST ($) ES:’O(;SLST' :gc“:
a, FURCHASED PARTS
&. SUBCONTRACTED fTEMS
€. CTHER— (1) PAW MATEPIAL ‘
(2) YOUR STANDARD COMMERTIAL ITEMS
(3} USTERDIVISIONAL 1RANSFERS (A4 ather than coit)
TOTAL DIRECT MATERIAL
2. MATERIAL OVERHEAD' (Kate “%“N$ base=) _
. ESTIMATED RATE/ EST
3. DIRECT LABOR (Specify) HOURS HOUR COST ($)
TOTAL DIRECT LABOR XK
4. LABOR OVERHEAD (Specify Depurtmens or Cost Center)! O.H, RATE ‘X BASE EST. cost (¢}
TOTAL LABOR OVERNEAD
8. SPECIAL YISTING (lucluding field work at Gorermment instullations) £ST COST (5)
TOTAL SPECIAL TESTING 148,300
6. SPRCIAL EQUIPMENT (If direct charge) (liemize on Exhibit A) 932 000
7. YRAVEL (If direct charge) (Give detuarls on wttucbed Schednle) EST COST ($) LT
a, TRANSPORTATION
8. PER DISM OR SUBSISTENCE o X8
TOTAL TRAVEL S 13.925
0. CONSULTANIS (Identify =purpore—rate) ESTCOSI(S) R
TOTAL CONSULTANTS T e 26.780
)
9. OTHIR DIALCY COSYS (f1emite o Exhibir 4) 406.179
10, TOTAL DIRECT COST AND OVERHEAD 9 106 .337
1L, CENERAL AND ADMINISTRATIVE EAPENSE ( Hute 6 % of cart elerwent Nog. a] L ) 12() 380
a1l | ) s
12, ROYALTIRS ¢ -
(B8 TOTAL LSTIMATLD CUST
2,1232,717
V4. H2 OR PEONY
13, TOTAL ESTINATID COSEC ANDITE QR PrOFIT 2 | 232 717
I OPTIONAL FORM 0



ATTACHMENT TO PHASE 3

DRILL AND TEST TWO EXPLORATORY WEILLS

(A1l estimates arc based on current costs plus approximately 6% annual incrcasc and
drilling cxperience for anticipated conditions).

. Well Well
DESCRTPTION #) §2 Total
1. Dircct Materials
Tangible - Drilling
a. Casing . 95,000 101,000 196,000
b. Tubing . - . - -
c. Wells and Asscmbly ’ 11,000 12,000 23,000
d. Other Well Equipment 1,000 1,000 2,000
Intangible - Drilling
‘6. Rotary Mud & Chemicals 50,000 53,000 103,000
f. Bits and Rcamers 55,000 58,000 113,000
g. Cement and Cementing Services 25,000 27,000 52,000
h. Small Tools and Supplies 3,000 3,000 6,000
i. Fuel, Water and Power 23,000 24,000 47,000
Total Direct Materials 263,000 279,000 542,000
2. Matcrial Overhead (In 11 below) - - .-
3. Direct Labor
a. Sr. Geologist - 176 hrs. per well
at $22. 3,872 4,104 7,976
b. Drilling Supt. 352 hrs. per well
at $22. 7,744 8,208 15,952
c. Engr/Supv. 40 hrs. per well at
$22. - Testing 880 932 1,812
d. Field Test Technician - 40 hrs. per
well at $12. 480 509 089
Total Direct Labor 12,976 13,753 26,729
4. Indirect labor
a. Payroll Burden - 39% of Direct
Labor. 5,060 5,364 10,424
5. Special Testing
a. Coring - Core Analysis 20,000 21,200 41,200
b. Logging - All types. 30,000 31,800 61,800
c. Geolograph & Mud Logging 22,000 23,300 45,300
Total Special Testing 72,000 76,3500 148,300
6. Special Equipment
a. Drilling Rig Rental with Personnel 348,000 370,000 718,000
b. Other Drilling Equipment Rental 18,000 19,000 37,000
c¢. Commumications 1,000 1,000 2,000
d. Test Scparator 140,000 10,000 150,000
c¢. Test Mcter Run § Instruments 20,000 5,000 25,000
527,000 405,000 932,000
7. Travel
a. Transportation:
Sr. Geologist - 30 days ﬁér well
at $25. 750 795 1,545
Dridling Supt. - 60 days per .
well at §$25. 1,500 1,590 3,090
Engr./Supv. - 7 days per well
at $25. 175 185 360
"Field Test Teeh. - 7 days per
well at $25. 175 185 360
b, Subsistence
As above - 104 days per well @ $40 4,160 4,410 _8,570
6,700 7,165 13,925
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10.

11.

12.

13.

14.

PHASE 3 - (Cont'd)

DESCRIPTION

Consultants/Contractors

a. Local - Installation of Surface
Eq.
b. Local - Surveys loundations & Roads

Other Direct Costs

a. Moving Rig §-Ripging Up

b. Moving Supplies, Fuel, Pipe ectc.
c. Contingency

Total Direct Cost & Overhecad
General § Administrative Expense
Royalties

Total LEstimated Cost

Fee or Profit

Total Estimated Cost & Fee or Profit
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Well Well
#1 42 Total
3,000 3,180 6,180
10,000 10,600 20,600
13,000 13,780 26,780
40,000 42,000 82,000
24,000 25,440 49,440
144,719 130,020 274,739
208,719 197,460 406,179
1,109,515 996,822 2,106,337
66,571 59,809 126,380
1,176,086 1,056,631 2,232,717
1,176,086 1,056,631,

2,232,717




Enclosure 6
Page ) of 3

CONTRACT PRICING PROPOSAL
. (RESEARCI AND DEVEILOPMENT)

Office of Management and Dudyer
Approval No. 29-1O184

This form is (ur use when (7)) subminion of cost o1 pricing dsta (see FPR 1-3.807-3) is requited and
(i) substitution for the OUptional Forn %9 is suthorued by the contracting otficer.

rAGE HO.

NO, CF PAGES

NAME OF Or1120R

AMINOTL_USA ~

HOME OFICE ADDRESS
P. 0. Box 11279
Santa Rosa, CA 95406

on one well.

SUPPLIES ARD/ZON SLAVICES 1O BE FURNISHED

Phase 4 - Drill and Test 8,000 ft.
tion Well and conduct Long Term Flow Test

Injec-

lXVJ'ISJON(S) AND LOCATION(S) WHERE WORK 1S TO BE PERFORMED
Geothermal Division - Santa Rosa, CA.

T0T2L AMGUNT OF PROPOSAL

s 4,083,955

GOV'T SOLICHATION NO.

RFP ET-78-R-08-0003

DETAIL DESCRIFTION OF COST ELiMENMTS

See_ Attag

hment.

1. DIRECT MATERIAL ( [eensite oo Exbibit A)

EST COST ($)

TOTAL
EST COsT!

REFER-
ENCE?

&, PURCHASED PARTS

B. SUBCONIRAZIED ITEMS

¢. OTHMER— (1) BAW MATERIAL .

(2) YOUR STANDARD COMAMIRCIAL [TEMS

(3) INTERDIVISIONAL TRAMSFERS (A1 otber thun coit)

TOTAL DIRECT MATERIAL

301,000

2. MATELRIAL OVERKEAD® (Rat: %w\N$

butse= )

X ESTIMATED RATE/ EST
3. DIRECT LABOR (Specify) HOURS. HOUR COST (5}
TOTAL DIRECT LABOR
4. LABOR OVERHEAD (Specifly Depurtinent or Cost Cesnter)? O.H. RATE X BASE= r.'sr_ COSt ($)
TOTAL LABOR OVERIEAD

S. SPECIAL TESTING (lucluding fieid work at Gorernment fustullations)

£S1 COST (3

TOTAL SPECIAL TESTING

76,300}

6. SPECIAL EQIUIPMENT  (If diveet charge) (lieriize on Exaibit A)

—_—

7. YRAVEL (Uf direct charge) (Give details on aitiched Sthednle)

€57 COST ($)

(32,000

a. TRANSPORIATICN

b. PER DIStA OR SUBSISTENCE

-

TOTAL TRAVEL

8. CONSULYARIS ([dentify—prrpote ~rate) ESTCOST(S3)
TOTAL CONSULTANTS 1 B_JSO
e -
9. OVHER DIAECT COSTS (liemite om Lxbibit 4) 256 . 222
10. TOTAL IDURECT COST AND OVERHEAD 1, 370 ‘6({2
11, GENERAL AND ADRMINISTRATIVE LIPENSE ( Rute 6 % of cort elessent Nos, 311 ) 82 . 23()
V2. ROYALTIES ¢ -
3. TOTAL ESTIMATLD CUST
1.1 452,901 o
Le, HE ORPEOHT -
15, TOTAL ISTIMATID CONC AND FFE QR PROUFIT J_. 457 901
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ATTACHMENT TO PHASE 4

DRYLL & TEST INJECTTION WELL AND CONDUCT NINE MONTH FLOW TEST ON A WELL

FLOW
TEST

TOTAL

INJECTTON
DESCRIPTION WELL
Dircct Materials
Tanpible Drilling
a. Casing ' 101,000
b. Tubing -+ 22,000
c. Wellhead Assembly 12,000
d. Other Well Equipment . 1,000
Intangible
e. Rotary Mud § Chemicals 53,000
f. Bits § Reamers 58,000
g. Ccment & Cementing Services 27,000
h. Small Tools & Supplies 3,000
i. Fuel, Water & Power 24,000
Total Direct Materials 301,000

Material Overhead (In 11 below) . .-
Direct Labor
a. Sr. Geologist - 176 hrs. @ $22 plus

6%. 4,105
b. Drilling Supt. - 352 hrs. & $22 plus

6%. 8,210
c¢. Aminoil Engr./Supv. - 2 months (352

hrs. @ $22 plus 6%).
d. Field Technician - 1 weck for well

test, 10 mos. for flow test (40 hrs.x 12 - 509
1760 hrs. x $12 plus 6%).

12,824
Labor Overhead
a. Payroll Burden - 39% of Direct Labor 5,001
Special Testing
a. Coring - Core Analysis 21,200
b. logging - All Types 31,800
c. Geolograph & Mud Logging 23,300
76,300
Special Equipnment
a. Drilling Rig Rental with Personncl 370,000
b. Other Drilling Equip. Rental 19,000
c. Communications ’ 1,000
d. Test Scparator 10,000
e. Test Meter Run & Instruments 5,000
f. Pipeline - Test Well to Injection Well o
405,000
Travel
a. Transportation:
Sr. Geologist - 30 days @ $25 plus
6%. 795
Drilling Supv. - GO days € $25 plus
6%. 1,590
Engr/Supv. - 60 days @ $25 plus 6%.
Ficld Tech. - 300 n v v "
b. Subsistence - 450 days @ $40 plus 6%. 3,816
G, 201
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See 6 below 301,000

4,105

8,210

8,210 8,210
509

22,387 22,387
30,597 43,421
11,933 16,934
- 21,200
31,800

23,300

- 76,300

- 370,000
19,000

2,000 3,000
10,000

5,000

225,000 225,000
227,000 632,000
795

1,500

1,590 1,580
7,950 7,950
15,264 19,000
24, 804 31,006




10.

11.

12.

13.

14.

15.

PHASE 4 - (Cont'd)

DESCRIPTION

Consultants/Contractors

a, Local - Installation of Surface Equi.

b. Local - Surveys, Foundations § Roads

Other Direct Costs

.a. Moving Rig § Rigging Up

b. Moving Supplies, Fuel, Pipe etc.
c. Contingency

Total Direct Cost § Overhcad
Gencral § Administrative Expense
Royalties

Total Estimated Cost

Fee or Profit

Total Estimated Cost § Fee or Profit
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INJECTION FLOW
WELL TEST TOTAL
3,180 3,180
10,600 . 10,600
13,780 - 13,780
42,000 - 42,000
25,440 10,000 35,440
133,132 45,650 178,782
200,572 55,650 256,222
1,020,678 349,984 1,370,662
61,240 20,999 82,239
1,081,918 370,983 1,452,901
1,081,918 370,983 1,452,901
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D.

Business and Management

1.

Previous Experience

Aminoil USA, Inc. is a wholly owned subsidiary of Aminoil Inter-
national, Inc. which in turn is a wholly owned subsidiary of R. J.
Reynolds Industries. American Independent Oil Company (Aminoil),
which was the predecessor to Aminoil USA, Inc., was originally
founded in 1948 by a number of small independent American oil com-
panies including Phillips, Signal, Ashland and others. Aminoil was
primarily engaged in international exploration and production activi=
ties in the Middle East but was also active in South America, Indo-
nesia and the North Sea. Aminoil's Kuwait operation consisted of
producing and refining approximately 90,000 B/D while their interest
in the Iranian Consortium totaled approximately 43,000 B/D.

Aminoil was acquired by R, J. Reynolds Industries in 1970 and in
1976, Aminoil acquired Burmah Oil and Gas Company. Burmah,
which had acquired Signal Oil and Gas Company in 1974 had production
capabilities of approximately 45,000 B/D of oil and 116,000, 000
CF/D of gas, primarily in California but also in Louisiana and Texas.
The Signal Company, founded in 1922 at Signal Hill, was an active
domestic and international exploration, development, refining and
marketing company with refineries in the U.S., West Germany and
Belgium and service station marketing facilities in the U.S., Belgium
and England.

As of January 1, 1978, Aminoil USA, Inc. had gross United States
lands under lease in excess of two million acres and in 1977 its
domestic production was 15.6 million barrels of crude oil and 39.5
billion cubic feet of natural gas. The Company presently markets
gasoline, natural gas liquid products, distillates and residual fuel

oils in 21 states in the United States. In 1977 the combined whole~

sale and retail sales of these products amounted to 267.6 million
gallons of gasoline, 370.5 million gallons of natural gas liquid products,
and 282.5 million gallons of distillate and residual fuel oil.

0il and Gas Activities

Aminoil USA, Inc. (or its predecessor companies) in the past has
been engaged in petroleum exploration, drilling or production opera-
tions in Venezuela, Iran, Tunisia, Italy, West Germany, Mexico,
Australia, Guatemala, Canada, Kuwait, Abu Dhabi, Indonesia,
Jamaica, Netherlands, United Kingdom, Colombia, Spain, Norway,
Ghana, Peru, Bolivia, Nicaragua, Honduras, Ethiopia, and Argentina.
At the present time, Aminoil USA, Inc. activities are restricted to
petroleum exploration in the United States.
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Aminoil USA, Inc., a pioneer in directional drilling, began develop~
ing the Huntington Beach, California, offshore field from upland
drillsites in 1938. Over 900 directional wells and redrills have
been completed, some with horizontal deviations of over two miles.
Water flooding of the two zones offshore Huntington Beach has re-
sulted in the recovery of nearly 90 million barrels of additional oil.
The current water injection rate of 350, 000 barrels per day makes
this the third largest water-flood in the United States.

Aminoil USA, Inc. has participated in the drilling of nearly 500
wells in the Gulf of Mexico and was responsible for the construction
and installation of 22 drilling and production platforms, two onshore
receiving stations and five subwesea pipelines.

A pilot steam injection secondary project was initiated in a heavy
oil zone at Huntington Beach, California, in 1964. Oil production
increased from a rate of 150 barrels per day in 1964 to 1900 barrels
per day in 1969. Production has been maintained between 1500 and
1800 barrels per day since 1969 by continually adding wells, replac~
ing wells, and steaming wells.

In addition to the major construction work connected with oil and

gas well drilling and producing, Aminoil USA, Inc. has been involved
in gas plant, refinery and pipeline construction and operation both
onshore and offshore.

A pilot in situ forward combustion project was started in the Santa
Maria Valley, California, oil field in 1964. Although a favorable
initial production response was obtained, the project was shut down
prematurely in 1966 because of air pollution problems.

Preliminary work on a pilot Tertiary recovery alkaline flood project
began in 1977 at Huntington Beach, California. The Department of
Energy has obligated $499, 400 under Contract No. EF=77-C-03.1476
in return for reservoir engineering information obtained from the
redrilling of an injection well.

Geothermal Activities

Aminoil USA, Inc. has completed over 40 geothermal wells in the
Geysers area of California, of which 24 are capable of commercial
production. A contract has been signed with Pacific Gas and Electric
Company for the purchase of steam from some of Aminoil's productive
holdings. PGandE is currently constructing one 135 MW electrical
generating plant (world's largest geothermal plant) and have another

-49.



110 MW plant in the permitting stage which will use steam from
Aminoil's wells. The Company has a total of approximately
166,000 net acres under lease in the United States which have
geothermal potential.

Other Activities

Aminoil USA, Inc. is, or has been, involved in the operation of
three experimental tar sand extraction projects. These are lo=-
cated at Edna, California; Sunnyside and Asphalt Ridge, Utah.
Work on the original Edna project dates back to 1948. Currently
an in situ oil shale process is being field tested in Utah in a joint
venture with Geokinetics, Inc. The Department of Energy is par-
ticipating in the oil shale project under Cooperative Agreement
ET-76-A-03-1787.

Technical Personnel

Aminoil USA, Inc. has over 1,000 people employed in various ofe
fices including those located in Houston and Midland, Texas; Denver,
Colorado; Santa Rosa and Huntington Beach, California; Lafayette
and New Orleans, Louisiana. The Aminoil USA, Inc. Production
Department has the fiollowing technical personnel:

Petroleum Engineers 7

Development Geologists
Reservoir Engineers 14
Drilling Engineers 4

Chemical Engineers and
Chemist 4
Construction Engineers 8
Production Engineers 19
Gas Engineers 5
Environmental Engineers 1
Enhanced Recovery Engineers 1
Total 80

In addition to the above, the Exploration Department employs 27
geologists and 15 geophysicists.

Aminoil USA, Inc. operatés numerous joint ventures and has all
support functions well staffed, which includes purchasing, explora-
tion, land, environmental, tax, legal, accounting and computer
facilities.

-50-



2.

Principle Program Personnel

The Geothermal Resources Division of Aminoil USA, Inc. will
assign personnel as needed to assist in carrying out this program
from the attached organization chart (see Exhibit No. 4).

The persons who will be directly responsible for various functional
activities are listed below; their individual resumes are listed fol-
lowing the organization chart. -

Mr. Claude B. Jenkins Project Manager

Mr. William M. House - Operations Manager

Mr. Walter W. Turnbull -~ Accounting

Mr. Carl E. Woods - Environmental

Mr. James M. Grubb - Geology

Mr. George A. Frye Production/Reservoir Engineering

The management plan for this project is to negotiate a contract be-~
tween DOE and Aminoil in which each organization agrees to pay its
50% share for both existing and new data to be acquired and then to
sequentially conduct the four major Phases of the plan as indicated
on the Activity Schedule unless DOE or Aminoil has not approved
their continued participation as required at the major decision points.
Throughout the program, technical guidance and supervision will be
provided from Aminoil's Santa Rosa, California office with support
from Aminoil's field and staff people in other locations as required.
The use of consultants, service companies and outside contractors
is planned as indicated.

Specific plans for each Phase are as follows:

Phase I ~ Utilize outside contractors to drill and log 8-500 foot and
2-1000 foot temperature gradient holes. The interpretation, map-
ping and supervision of this phase will be conducted by Aminoil
geologists.

Phase II - Utilize an outside contractor to shoot and interpret 30
miles of seismic reflection; Aminoil geologists and geophysicists
would supervise this work.

Phase 11l - Depending upon the results of Phase I and Phase II,
specific optimum deep well location sites would be selected for the
two best geothermal prospects. This will probably call for the
drilling of one well at Leach Hot Springs and one well on the Panther
Canyon anomaly. An outside drilling contractor would be utilized
as well as multiple third party contractor services for cementing,
mud, logging, etc. Aminoil drilling engineers, under the direction
of the Operations Manager, would supervise drilling operations
while Aminoil geologists would conduct and/or supervise geological
activities.
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Phase IV - If one or more of the wells in Phase IIl encounter com-
mercial geothermal production, a deep injection well plus both short
and long term production testing may be deemed advisable by both
DOE and Aminoil. Again, an outside drilling contractor under the
supervision of Aminoil personnel would be utilized. The short and
long term production test facilities would be built by outside con-
tractors while the tests themselves would be run and/or supervised
by Aminoil engineers.

Concurrent with the conduct of Phase I and Phase II of this program,
Aminoil will be proceeding with their attempts to form one or more
Federal Unit areas to facilitate exploration and development efforts.
As indicated under sections B. 1. a. and B. 1. b. of the technical
proposal, approximately 95% of the lessees or applicants of record
have agreed to pursue the formation of such a unit or units.

There are four major decision points in the program as indicated
on the Activity Schedule. The first decision point is reached when
DOE and Aminoil execute a contract wherein DOE agrees to reim-
burse Aminoil 50% of the cost for existing data, Phase I and Phase
1II. The second decision point is after data from Phase I and Phase
II has been obtained and reviewed by both DOE and Aminoil and
there is mutual agreement to proceed with the drilling of the first
8000 foot deep test. The third decision point is when sufficient data
has become available from the first deep test to satisfy both DOE
and Aminoil that a second deep test is warranted. The fourth de~
cision point is dependent upon mutual agreement between DOE and
Aminoil that the data obtained from the two deep tests warrant the
drilling of an injection well to permit production testing for reservoir
evaluation.

During the drilling phase of the program, daily reports giving the
current total depth, footage made during the previous day and/or
over the weekend and the current well status will be TWX'd or tele-
phoned to the DOE technical representative. During the entire pro-
gram, a monthly Technical Progress Report will be prepared which
will give brief, factual descriptions of the overall progress on each
major phase of the program. A Progress Status Report shall be
prepared quarterly to summarize accomplishments/problems of each
phase of the program during the preceeding quarter. A Final
Technical Report will be prepared summarizing the results of each
phase of the program upon completion of the entire program.

A Cost Plan for the project will be submitted upon contract execution
which shall be the base line for comparing costs and program
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progress. A Cost Management Report will be prepared monthly
and show estimated, actual and projected cost for each phase of

the program.

The schedule for releasing data to the public for both existing and
to be acquired data is shown on the Data Public Release Schedule.
DOE will be delivered Data as acquired and on a current basis.

During normal business hours the personnel below can be contacted
at 707/527-5332. The mailing address for the Geothermal Resources
Division of Aminoil USA, Inc. and each of the below is P, O. Box
11279, Santa Rosa, CA 95406:

C. B. Jenkins - Management
W. M. House - Operations
J. M. Grubb - Geology

G. A. Frye - Engineering
W. W. Turnbull - Accounting

The draft contract provisions as shown in RFP No. ET-78~R-08-0003
dated March 31, 1978 are considered acceptable as the basis for
contract negotiations,

The "Program Technical Scope' set forth in RFP No. ET-~-78-R-08-0003
has been reviewed and all data furnished pursuant to a contract may
be published in accordance with the Data Public Release Schedule.

The 1977 Annual Report by R. J. Reynolds Industries (wholly owns
Aminoil USA, Inc.) is attached as Exhibit No. 5.

This proposal will remain in effect at least until October 1, 1978.
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CERTIFIED COPY OF RESOLUTION

I, David M. Whitney, Assistant , of Aminoil USA, Inc.
: Secretary
(formerly Aminoil Resources, Inc.), a corporation organized and existing

under the laws of the State of Delaware, do hereby certify that pursuant
to unanimous consent of all of the Directors of said corporation on
December 31, 1976, the following resolution was adopted and is now in
full force and effect:

RESOLVED: That the President and Chiéf Executive
Officer, the Executive Vice President or a Vice Presi-
dent, together with the Secretary or an Assistant
Secretary of this Corporation be, and they hereby are,
empowered to execute all documents, instruments and
papers requiring execution in the name of this Corpor-
ation, and the Secretary or an Assistant Secrétary of
this Coxporation is hereby authorized to affix the seal
of this Corporation to such documents, instruments or
papers as require a seal, and each of said persons is
hereby empowered to acknowledge and deliver any such
instruments as fully as if special authority were
granted in each particular instance.

IN WITNESS WHEREOF, I have hereunto set my hand and the seal of

said corporation this_ 19th day of May , 1978 .
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CERTIFICATE OF INCUMBENCY
AND RESOLUTION

I, the undersigned, David M. Whitney, Assistant Secretary

of AMINOIL USA, INC., a corporation organized and existing under
the laws of the State of Delaware, do hereby certify that the per-
sons named below have been duly elected and appointed and this day
are the directors and officers of AMINOIL USA, INC. holding the
respective offices set forth opposite their names.

DIRECTORS
Robert A. Bussian George K. Ross
Howard L. Clark W. H. Schell
J. Dwayne Taylor George W. Dawson
George E. Trimble P. Fred Sollars
OFFICERS

J. Dwayne Taylor Chairman of the Board of Directors
George E. Trimble President and Chief Exec. Officer
Howard L. Clark Senior Vice President
Robert A. Bussian Vice President, Secretary and General

Counsel .
George K. Ross Vice President, Finance
W. H. Schell Vice President, Production
P. Fred Sollars Vice President, Exploration
J. T. Rice Vice President, Employee Relations
John M. Moore Vice President, Land ’
Mark R. Wellman Treasurer
Paul W. Cain Controller
Leo C, Wilkerson Assistant Secretary
Tom P. Smith Assistant Secretary
David M. Whitney Assistant Secretary
J. H. Loeb Assistant Secretary
N. D. Young Assistant Secretary
E. W. Richie, Jr. Assistant Treasurer
C. W. Straw Assistant Treasurer
D. A. Peppers Assistant Treasurer
H. J. Wherley Assistant, Treasurer
J. W. Dowdle Assistant Treasurer
Robert Rennett, Jr. Assistant Treasurer
Zachary Smith Assistant Treasurer
E. B. Hall Assistant Treasurer

Assistant Controllerxr

A. H. Ness

I FURTHER HEREBY CERTIFY THAT the following resolution
was duly adopted by written consent of the Board of Directors of the
Coxporation on December 31, 19706, and is now in full force and effect:

RESOLVED: That the President and Chief Executive
Officer, the Executive Vice President or a Vice
President, together with the Sccvetary or an
Assistant Secrctary of this Corporation be, and
they hereby are empowered to execute all documents,
instruments and papers requiring execution in the
name of this Corporation, and the Secretary or an
Assistant Sccretavy of this Corporation is hereby
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authorized to affix the seal of this Corporation
to such documents, instruments or papers as re-
quire a seal, and each of said persons is hereby
empowered to acknowledge and deliver any such
instruments as fully as if special authority
were granted in each particular instance.

I FURTHER HEREBY CERTIFY THAT there are no laws or pro-
visions in the Certificate of Incorporation or Bylaws of said
Corporation limiting the power of the Board of Directors to pass
the foregoing Resolution and that same are in conformity with the

laws and provisions of said Certificate of Incorporation and Bylaws.

IN WITNESS WHEREOF, I have hereunto set my hand and the
seal of said Corporation this 19th day of May
1978.

s

av1d . Whitney \f
A551stant Secretary
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Fnclosure 7
Page L of &
REFERENCE (Enter mm-l No.(s) as on SF 19, 21 and 232)

REPRESENTATIONS AND CERTIFICATIONS
(Construction and Architect-Engincer Contract) ET~-78-R-08-0003
(For use with Standard Forms 19, 21 ond 252)

NAME SND ADURLSE OF B:DOLR (Na., Strees, Cety, State, und LIP Code) DAL OF 810
Aminoil USA, 'Inc/ .
1250 Coddington Center May 30, 1978

Santa Rosa, California 95401

In negotiated procurements, ~bid" and “bidder' shall be construed to mean “offer”” and “offeror.”
The bidder makes the tollowing representations and cercifications as a part of the bid identified
above. (Check appropriate boxes.)

1. SMALL BUSINESS

He [J is, §) is nor, a small business concern. (A small business concem. for the purpose of Government procurement
is a concern, including its athliates, which is independently owned and operated, is not dominant in the field of opera-
tions in which it is bidding on Government contracts, and can further qualify under the criteria concerning number of

" employees, average annual receipts, or other criteria as prescribed by the Small Business Administration. For additional

information see governing regulations of the Small Business Administration (13 CFR Part 121)).

2. MINORITY BUSINESS ENTERPRISE

He [J is, ( is not a minority business enterprise. A minority business enterprise is defined as a “business, at least 50
percent of which is owned by minority group members or, in case of publicly owned businesses, ac least S1 percent of
the stock of which is owned by minority group members.” For the purpose of this definition, minority group members
are Negroes, S.panish-speaking American persons, American-Orientals, American-Indians, American-Eskimos, and American.
Aleuts.”

3. CONTINGENT FEE

(a) He D has, @ has not, employed or retained any company or person (other than a full-time bona fide employee
working solely for the bidder) to solicit or secure this coatract, and (4) he D has.@ has not, paid or agreed to pav
any company or person (other than a full-time bona fide employee working solely for the bidder) any fee, commission.
percentage or brokerage fee. contingent upon or resulting from the award of this contract; and agrees to furnish informa-
tion relating to (a) and (h) above as requested by the Contracting Officer. (For interpretation of the representotion. includ-
ing the term 'boma fide employee.’” see Code of Federal Regulaticns, Title 41, Subpart 1-1.5.)

4. TYPE OF ORGANIZATION
He operates as an{ ] individual,[ ] partnership, [ Jjoine vemure.@‘otpouuon. mcotporaxed in State of .. .Delavar

5. INDEPENDENT PP {CE DETERMINATION

(a) By submission ul this bid, each bidder certifies, and in the case of a joint bid each party thereto certifies as to his
own organiration, that in cunnection with this procurement:

(1) The prices in this bid have been arrived at independently, without consultation, communicasion, or agree
ment, for the purpose of restricting competition, as to any matter relating to such prices with any other bidder oc with
any competitor;

(2) Unless otherwise required by law, the prices which have been quoted ia ¢his bid have not been knowingly
disclosed by the bidder and will not knowingly be disclosed by the bidder prior to opening, in the case of a bid, or
prior to award, in the case of a proposal, directly or indirectly to any other bidder or to any comperitor: and

(3) No attempt has been made or will be made by che bidder to induce any other person or firm (o submit or
not to submit a bid for the purpose of restricting competition.

(&) Each person signing this bid certifies thae:

(1) He is the peeson in the bidder's organization responsible within that organization for the decision as to the
prices being bid herein and that he has not pzrticipatcd. and will not parcicipate, in any action contrary 0 {a) (1)
through («){3) above: or

{(2) (1) He is not the person in the bidder's organization responsible within that organization for the decision
as to the prices being bid herein but that he has beren authorized in writing to act as agent for the persons respon-
sible for such decision 1n certifyving that such persons have not participated, and will not parcicipate, in any action
contrary to («) (1) through (w) (3) above, and as their agent docs hereby so cerify; and (ii) he has not participaced,
and will not participate, in any action contrary 0 () (1) through (o) (3) above.

{¢) This certification is not applicable to a fuoreign bidder submitting a2 bid for 3 contract which requires performance
or delivery outside the United States, its possessions, and Puerto Rico.

(d) A hid will nut be considered for award where (u) 1), () 13), or th) abou has been deleted or modificd.
Where {«) {2) above. has been deleted or modified, the bid will nus be considered for award unlessy the bidder furnishes
_with the bid a2 signed sttement which sets forth in detail the circumstances of the disclosure and the head of the agency,
or his desigace, determines that such disclosure was not made for the purpose of restricting competition.

. e me mm b = ———— e - e et b et ———— ——————— i —— e ¢ e

NOTL~Bids pst set forth [ull, accurate, wnd complote infurmation as vequired by this intitation [or bnls {including
attachments). The penalty for making [alse statements in bidy iy preseribed in IN U.S.¢. un],
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THE FOLLOWING NEED BE CHECKED ONLY IF BID EXCEEDS 310,000 IN AMOUNT.
6. EQUAL OPPORTUNITY

H: [ has, 7] has not, participated in 2 previous contract or subcontract subject to the Equal Opportunity Clause herein, the clause
orizinaliy containad in Section 301 of Exccutive Order No. 10923, or the clause contained in Scction 201 of Executive Order No. 1111+
ke [ has, [ has not, filed all required compliance reports; and representations indicating submission of required compliance reports,
signzd by proposed subcontractors, will be obtained ptior to subcontract awards.

(The above represcotations nsed not be submitted in connection with contracts or subcoptracts which are exempt from
the equal opportunitv clause.)

7. PARENT COMPANY AND EMPLOYER IDENTIFICATION NUMBER B
Each bidder shall furnish the following information by filling im the appropriate blocks:

(a) Is the bidder owned or controlled by a parent compaay as described below? Yes [:] No. (For the purpose of
this bid, a parznt company is defined as one which either owns or controls the activities and basic business policies of the bidder.
To oum another company means the parent company must oun at least a majority (more than 50 percent) of the voting rights
in shat company. To conirol another company, such ownership is not vequired; if another company is able to formulate, deter-
mine, or velo basic business policy decisions of the bidder, such ather company is considered the parent company of the bidder.
This control may Se exercised through the use of dominant minority voting rights, use of proxy voting, coniracisal arrangements,
or otherwise.)

() If the answer w' (a) above is "Yes,” bidder shall insert in the space below the name and main office addcess of the
parent company. ’

NAME OF PARENT COMPANY MAIK OFFICE ADDRESS (No., Street, City, State, and ZIP Code)
RJR World Headquarters

R.J. Reynolds Industries, Inc. Reynolds Boulevard
W-irstomr=Satem—North—Ctarotin= 2#+102

(¢) Bidder shall insert in the applicable space below, if he has no pareat company, his own Employer’s Identification
Number (E.I. No.) (Federal Secial Security Number used on Employer’s Quarterly Federal Tax Return, US. Treassry Depart-
ment Form 941), or, if he bas a parent company, the E.I. No. of his parent company. C

PARENT COMPANY .| eiopER

EMPLOYER
IDENTIFICATION KUMBER OF % .56-0950247 : 62-0978410

8. CERTIFICATION OF NONSEGREGATED FACILITIES

(Applicable to (1) contracts, (2) subcontracts, and (3) agreements with applicants who are themselves performing federally
assisted construction contracts, exceeding $10,000 which are oot exempt from the provisioos of the Equal Opportunity dause.)

By the submission of this bid, the bidder, offeror, applicant, or subcontractor certifies that he does pot mainuain or
provide foc his employees any segregated facilities at any of his establishments, and that he does not permit his employees
to parform their services at any location, under his control, where segregated facilities are maiouined. He certifies further
that he will cot maintin or provide for his employecs any segregated facilities at any of his eswblishments, and that he
will not permit his employees to perform their services at any location, under his coowol, where segregated faciliues are
maintained. The bidder, offeror, applicant, or subcontractor agrees that a breach of this certification is a violation of the
Equal Opportunity clause in this contract. As used in this certification, the term “segregated facilities” means any wailisg tooms,
work areas, rest rooms and wash rooms, restaurants and otber ecating areas, time clocks, locker rooms and other siworage or
dressing areas, parking lots, drinkiog fountains, recreation or enterinment areas, transpormation, and housing facilities pro-
vided for employees which are segregated by explicit directive or are in fact segregated on the basis of race, color, religion, or
national origin, because of habit, local custom, or otherwise. He further agrees that (except where be has obuined ideatical
certifications from proposed subcontractors for specific tme periods) he will obuin identical certificatons from proposed sub-
contractors prior 10 the award of subcontractors exceeding $10,000 which are not exempt from the provisions of the Equai Op-
partunity clause; that he will retain such certifications in his files; and thar he will forward the following notice to such pro-
poscd subcontractors (except where the proposed subcontractors have submitted identical certifications for specific time periods):

NOTICE TO PROSPECTIVE SUBCONTRACTORS OF REQUIREMENT FOR CERTIFICATIONS
OF NONSEGREGATED FACILITIES

A Certification of Nonsegregated Fadlities must be submitted prior to the award of a subcontract exceeding $10,000 which
is ot exempt from the provisions of the Equal Opportunity clause. The certification may be submitted either for each subcon-
tract or for all subcontracts duriog a period (i.e., Quarterly, semiannually, or annually).

INOTE: The penalty for making false statements in offers is prescribed in 18 U.S.C. 1001,

9. CLEAN AIR AND WATER

(Applicable if the bid or offer exceeds $100,000, or the contracting officer has determined that orders under an indefinite
quantity contract in any yent will exceed $100,000, or a facility to be used has been the subject of 2 convictica undes the Clean
Air At (42 US.C. 1857¢-8(c) (1)) or the Federal Water Pollution Control Act (33 U.S.C. 1319(c)) and is listed by EPA, or
is oot otherwise exempt.) ]

The bidder or offeror certifies as follows: e .

. (a) Aay facility to be utilized in the performance of this proposed contract has (J, bas not {J, been listed oa the Eaviroa-
mentd Prorection Agency List of Violating Facilities.

(b) He will prompuy notify the contracting officer, prior to award, of the receipt of any comununication from the Direcror,
Office of Federal Activities, Environmental Protection Agency, indicating that any facility which he proposes 1o use for the per-
formance of the contract is under consideration to be listed on the EPA List of Violating Facilities, .

(c) He will include subswniially this certification, including this paragraph (c), in every nonexempt subcootract.

STANDARD FORM 19-B (Back) JUNE 1978 EDITION X U.3.0P0:1977-0-241-330/3364
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SUPPLEMENT TO REPRESENTATIONS AND CERTIFICATIONS

BUY AMERICAN CERTIFICATE

The bidder or offeror hereby certifies that each end product,

except the end products listed below, is a domestic source end

product (as defined in the clause entitled "Buy American Act');
and that componerits of unknown origin have been considered to
have been mined, produced, or manufactured outside the United
States.

Excluded end products (show country of origin for each excluded
end product): None

AFFIRMATIVE ACTION PROGRAM
The followlng paragraphs are added:

a. The bidder or proposer represents that he (a) [X] 1. has
developed and has on file, [ ] 2. has not developed and
does not have on file at each establishment an affirmative
action program as required by the rules and regulations of
the Secretary of Labor (41 CFR Part 60-1 and 60-2), or that
he (b) [ ] has not previously had contracts subject to the
written Affirmative'Action Program requireément of the
Secretary of Labor.

If such a program has not been developed, the bidder will
complete the following: '

. The bidder does [ ], does not [ ] employ more than 50
employees and has [ ], has not [ ] been awarded a
contract subject to Executive Order 11246 in the
amount of $50,000 or - more since July 1, 1968. If such
a contract has been awarded since July 1, 1968, give
the date of such contract, but do not list centracts
awarded within the last 120 days prior to the date of
this representation.

b. The biddér or proposer represents (a) that a full coﬁpliance

review of the bidder's employment practices [X] has, [ ]

has not been conducted by an agency of the Federal Government;
that such complliance review [*] has, [*] has not been
conducted for the bidder's known first-tier subcontracters
with a subcontract of -§50,000 or more and having 50 or more
emnployees and (b) that the most recent compliance reviews
were conducted as follows:

*not yet known
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NAME OF CONTRACTOR DATE FEDERAL AGENCY
Aminoil USA, Inc. July 8, 1977 Department of Interior

(include known
first-tier sub-
contractors)

c. The bidder or proposer represents that if the bidder has 50
or more employees and if this Contract is for $50,000 or
more, and that for each subcontractor having 50 or more
employees and a subcontract for $50,000 or more, and if he
has not developed one, a written affirmative action plan
will be developed for each of its establishments within 120
days from commencement of the Contract. A copy of the
establishment's plan shall also be maintained at the estab-
lishment within 120 days from the date of commencement of
the Contract.

The Affirmative Action Compliance Program will cover the
items specifically set out in 41 CFR Part 60-2 and shall be
signed by an executive of the Contractor.

d. Where the bid of the apparent low responsible bidder is in
the amount of $1 million or more, the bidder and his known
first-tier subcontractors which will be awarded subcontracts
of $1 million or more will be subject to full, preaward
equal opportunity compliance reviews before the award of
the Subcontract for the purpose of determining whether the
bidder and his subcontractors are able to comply with the
provisions of the equal opportunity clause.

e. The bidder or proposer, if he has 100 or more employees,
and all subcontractors having 100 or more employees are
required to submit the Government Employer Information
Report SF 100 (EEO-1l), within 30 days after award, unless
such report has been filed within 12 months preceding
award. The EEQO-1 report is due annually on or before March
31.

COST ACCOUNTING STANDARDS~--EXEMPTION FOR CONTRACTS OF $500,000
OR LESS—-CERTIFICATION

If this proposal 1s expected to result in the award of a contract
of $500,000 or less and the offeror is otherwise eligible for an
exemption, he shall indicate by checking the box below that the
exenption to the Cost Accounting Standards clause (FPR 1-3.1204%)
under the provisions of 4 CFR 331.30(b)(8) (see FPR 1-3.1203(h))
1s claimed. Where the offeror fails to check the box, he shall
be given the opportunity to make an election in writing to the
Contracting Officer prior to award. Failure to check the box
below or make such an election shall mean that the offeror
cannot claim the exemption to the Cost Accounting Standards
clause or that the offeror elects to comply with such clause.

~60-
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[ ] Certificate of Exemption for Contracts of $500,000 or Less.

The offeror hereby claims an exemption from the Cost Accounting
Standards clause under the provisions of 4 CFR 331.30(b)(8) and
certifics that he has received notification of final acceptance
of all items of work on (i) any prime contract or subcontract in
excess of $500,000 which contains the Cost Accounting Standards
clause, and (1i) any prime contract or subcontract of $500,000
or less awarded after January 1, 1975, which centains the Cost
Accounting Standards clause. The offeror further certifies he
will immediately notify the Contracting Officer in writing in
the event he 1s awarded any othgr contract or subcontract contain-
ing the Cost Accounting Standards clause subsequent to the date
of this cértificate but prior to the date cof any award resulting
from this proposal. V

DISCLOSURE STATEMENT--COST ACCOUNTING PRACTICES AND CERTIFICATION

Any contract in excess of $100,000 resulting from this solicita-
tion except (i) when the price negotiated is based on: (A) estab-
lished catalog or market prices of commercial items sold in
substantial quantities to the general public, or (B) prices set
by law or regulation, or (ii) contracts which are otherwise

exempt (see 4 CFR 331,30(b) and FPR 1-3.1203(a}(2)) shall be
subject to the requirements of the Cost Actcounting Standards
Board. Any offeror submitting a proposal which, if accepted,

will result in a contract subject to the requirements of the

Cost Atccounting Standards Board must, as a conditlon of contract-
ing, submit a Disclosure Statement as required by regulations of
the Board. fThe Disclosure Statemént must be submitted as a part
of the offeror's proposal under this solicitaion (see I. below)
unless (1) the offercor, together with all divisions, subsidiaries,
and affiliates under common control, did not exceed the monetary

" exemption for disclosure as established by the Cost Accounting
Standards Board (see II. below); (11i) the offeror exceeded the
monetary exemption in the Fdderal Fiscal Year ijmmediately preceding
the year im which this proposal was submitted but, in accordance
with the regulations of the Cost Accounting Standards Board, is
not yet required to submit a Disclosure Statement (see III.
below); (iii) the offeror has already submitted a Disclosure
Statement disclosing the practices used in connection with the
pricing of this proposal (see IV. below); or (iv) postaward
submission has been authorized by the Contracting Officer. See

4 CFR 351.70 for submission of copy of Disclosure Statement té
the Cost Accounting Standards Board.

CAUTION: A practice disclesed in a Disclosure Statement
shall not, by virtue of such disclosure, be deemed to be a
proper, approved, or agreed to practice for pricing proposals
or accumulating and reporting contract performance cost

data.
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Theck the appropriate box below:

“{._] - D - HCLRAREN ) NISGLOSY .

, as a part of
his proposal under this™s the Disclosure
Statement(s) as follows: original gnd one copy to the
cognizant Contracting Officer; “and (4 one copy to the cognizant
contract auditor.

Date of Disclosure Statemept

Name(s) and Address(es) of Cognizant Contracting Officer(s) where
filed: )

The eror further certifies that practices used in estimating co
i1 pricing this proposal are consistent with the cost accounting
—————practices—disclosed—in—the-Disclosure-Statenent{s)

[x] II. CERTIFICATE OF MONETARY EXEMPTION

The offeror hereby certifies that he, together with all divisions,
subsidiaries, and affiliates under common control, did not receive
net awards of negotiated national defense prime contracts subject to
Cost Accounting Standards totaling more than $10,000,000 in either
Federal Fiscal Year 1974 or 1975 or net awards of negotiated national
defense prime contracts and subcontracts subject to cost accounting
standards totaling more than $10,000,000 in Federal Fiscal Year 1976
or in any subsequent Federal Fiscal Year preceding the year in which
this proposal was submitted.

CAUTION: Offerors who submitted or who currently are obligated

to submit a Disclosure Statement 'under the filing requirements
previously established by the Cost Accounting Standards Board

are not eligible to claim this exemption unless they have received
notification of final acceptance of all deliverable items on all
of their prime contracts and subcontracts containing the Cost
Accounting Standards clause.

T CERTIFLCATE-OF—INTERTM-EXEMPTLON

The offeror he
exemption for disclo
Fiscal Year immediately pre
submitted, and (ii) in accordance

4 he is not yet required

Accounting Standards Board (4 CF .
to submit a Disclosure § ment. The offeror her certifies that

1f an award reguleiﬁgz?}om this proposal has not been e by March 31

;ivéhg/curréﬁE Federal Fiscal Year, he will immediately subm
sed certificate to the Contracting Officer, in the form specil

certifies that (1) he first exceeded the monet
as defined in II. above, 1n the ’
ng the year in whi is proposal was
gulations of the Cost
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r I. above or IV. below, as appropriate, to verify his submissg
of a ¢co ted Disclosure Statement.-

not claim this ex on 1if they are
€ they exceeded monetary
ior to Fiscal Year 1976.

CAUTION: Offeror
current’y required to dis
thresholds in Federal Fisca

. J—-———IVa——CERTIFICATE -OF-~PREVIOUSLY- SUBMEL
STATEMENT(S)

The offeror her certifies that the Disclos Statement (s) were

filed as follows:

Date of Disclosure Statement (s)=:

Name(s) and Address(es) Cognizan;\zgﬁtraggi?g Officer(s) where

filed: ~.
The offer urther certifies that practices used in‘ggfimaging costs
in prleing this proposal are consistent with the cost accouﬁfiﬂg\

ctices disclosed in the Disclosure Statement(s).

14, ADDITIONAL COST ACCOUNTING STANDARDS APPLICABLE TO EXISTING
CONTRACTS-~CERTIFICATION

(a) Cost accounting standards will be applicable and effective
as promulgated by the Cost Accounting Standards Board to
any award as provided in the Federal Procurement Regulations
Subpart 1-3.12, If the offeror presently has contracts or
subcontracts containing the Cost Accounting Standards
clause, a new standard becomes applicable to such existing
contracts prospectively when a unew contract or subcontract
containing such clause 1s awarded on or after the effective
date of such new standard. Such new standard may require a
change in the offeror's established cost accounting practices,
whether or not disclosed. The offeror shall specify, by an

. appropriate entry below, the effect on his cost accounting-

practice.

(b) The offeror hereby certifies that an award under this
solicitation [ ] would, [ ] would not, in accordance with
paragraph (a)(3) of the Cost Accounting Standards clause,
require a change in his established cost accounting practices
affecting existing contracts and subcontracts.
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NOTE: If the offeror has checked "would" above, and 1s
awarded the contemplated contract, he will also be required
to comply with the clause entitled Administration of Cost
Accounting Standards.

Firm: Aminoil USA, Inc.

/)
/ .
4 / v/’ - ey L/(l ‘--C/‘(_./'(_’---

W. H. Schell

Date: May 30, 1978

Name:

Title: Vice President ~ Production
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EXHIBIT 1

Legal Description and Land Status

. FEDERAL LANDS:

Lease
Lessor Lessee Date Description Acres
N-13836 Aminoil USA 6/1/77 T. 32 N., R. 38 E., M.D.M. 2520.00
Sec. 13: All
Sec. 14: A1l
Sec. 24: Al
T. 32 N., R. 39 E., M.D.M.
Sec. 18: Ni, NSk, SuSW4, SW4%SER
N-13897 Aminoil USA 6/1/77 T. 31 N., R. 38 E., M.D.M.,(Pro 2482.42
~ Dia.No.129)
Sec. 2: Llots 1,2,3,4, SkN4,
Sk (A11)
T. 32 N., R. 38 E., M.D.M.
Sec. 23: Al
Sec. 26: All
Sec. 35: NE4NEY., Wisbls, Wi, SERSEX
N-13898 Aminoil USA 6/1/77 T. 31 N., R. 39 E., M.D.M. (Pro 2609.00
Dia.No.129)
Sec. 5: All
T. 32 M., R. 39 E., M.D.M.
Sec. 19: Al
Sec. 29: All
Sec. 32: All
N-13899 Aminoil USA 6/1/77 T. 32 N., R. 38 E., M.D.M. 2080.00
: Sec. 25: A1l
Sec. 36: NN’
T. 32 N., R. 39 E., M.D.M.
Sec. 30: All
Sec. 31: Al
N-13900 Aminoil USA 6/1/77 T. 31 N,, R. 38 E., M.D.M, (PFO‘ 2554.79

Sec. 1:

Dia.No.129)

Lots 1,2,3,4, ShNi, Sk(all)

Sec. 12: All
T. 31 N., R. 39 E., M.D.M (Pro Dia No. 129)

Sec, 6: Lots 1 thru 7, SLNEY%, SELNWL,

Sec. 7: Lots 1,2,3,

E3SW%, SE% (A11)
4, E
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Lease

Lessor Lessee Date Description Acres
1n=17456  Aminoil USA * T.32 N. R. 39 E., M.D.M. 2240.00
Sec. 17: NNk, SLNWY, SW4MNEL, NW4SW4
SE%SWY, S%SEYH%, and NE%SEY
Sec. 20: AN
T. 32 N., R. 38 E., M.D.M.
Sec. 33: E4, SWy
Sec. 34: All
N-17457  Aminoil USA * T. 31 N., R 38 E., M.D.M. 2240.00
Sec. 3: ATl
Sec. 4: A1l
Sec. 9: Sk
Sec. 16: Al
N-11923 Sidney E. Glenn 6/1/76 T. 31 N., R. 38 E., M.D.M. (Pro 2560.00
Dia.No.129)
Sec. 10: Al
Sec. 23: Al
Sec. 34: A1l
Sec. 36: A1l
w-11924  Sidney E. Glenn 6/1/76 T. 30 N., R 38 E., M.D.M. 2552.50
Sec. 14: ATl
Sec. 15: Al
Sec. 23: Lots 1,2,3,4, NSk, N%(A11)
Sec. 24: Lots 1 thru 7, WLNEY, Nk,
NLSWY, NW4SE% (A11)
N-11925 Sidney E. Glenn 6/1/76 T. 31 N., R. 38 E., M.D.M. (Pro 2509.22
Dia.No.129)
Sec. 11: Al
Sec. 22: N, SV, N%SEY, SELSEL
Sec. 35: A1l
T. 30.N., R. 38 E., M.D.M.
Sec. 1: Lots 3-9, SW4NLY, SLNWh, Sk,
WLSEL (A1)
N-11926 Sidney E. Glenn 6/1/76 T. 30 N., R. 38 E., M.D.M, 2525.92
Sec. 3: Lots 1,2,3,4, SNk,
Sk (A11)
T. 31'N., R. 38 E., M.D.M. (Pro.Dia.
No. 129)
Sec. 15: AN
Sec. 25: NLNEY, SEUNEY, NWy%, Sk
Sec. 27: AN
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Léase

" assor ‘Lessee Date Description Acres
N-11927 Sidney E. Glenn 6/1/76 T. 30 N., R. 38 E., M.D.M. 2561.11
' Sec. 11: All
Sec. 13: Lots 1,2,3,4, WsFh, Ws (A11)
- Sec. 22: Lots 1,2,3,4, NSk, N (A11)
T. 31 N., R. 38 E., M.D.M. (Pro.Dia
No. 129)
Sec. 26: All
N-11928 Sidney E. Glenn 6/1/76 - T. 30 N., R. 38 E., M.D.M. 1914.76
Sec. 2: Lots 1,2,3,4, SLNs, Sk (A11)
Sec. 10: AN
Sec. 12: Lots 1,2,3,4, WsEL, Ws (A11)
N-12129 Sidney E. Glenn 7/1/76 T. 31 N., R. 39 E., M.D.M. (Pro. 1308.00
Dia. No. 129)
Sec. 8: AN
Sec. 16: All
N-12130 Sidney E. Glenn 7/1/76 T. 31 N., R. 39 E., M.D.M. (Pro. 640.00
_ Dia. No. 129)
Sec. 17: Al
N-12130-A G. Martin Booth 7/1/76 T. 31 N., R. 39 E., M.D.M. (Pro. 1200.00
II1 ' Dia. No. 129)
Sec. 21: NEY4%, NELNWY4, ShNWh, Sk
Sec. 27: N%, WisSWy, SE%SW%, SE%
N-12131 Sidney E. Glenn 7/1/76 T. 31 N., R. 39 E., M.D.M. (Pro. 640.00
Dia. No. 129)
Sec. 20: AN
N-12131-A G. Martin Booth 7/1/76 T. 31 N., R. 39 E., M.D.M. (Pro. 598.00
III Dia No. 129)
Sec. 22: N, WLSWY4%, SELRSWY, SE4
N-12645 éidney t. Glenn 8/1/76 T. 31 N., R. 39 E., M.D.M. (Pro. 600.00
Dia. No. 129)
Sec. 33: ELSW% .
Sec. 35: N, N&Sk, SWLSWy
12645-A G. Martin Booth 8/1/76 T. 31 N., R. 39 E., M.D.M. (Pro. 1080.00
111 Dia. No. 129)
Sec. 33: N4, SE4
Sec. 34: NYNEY%, SEUNEY, Wk, SEX
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‘Lease

25501 Lessee +Date Description Acres
N-12646 Sidney E. Glenn 8/1/76 T. 31 N., R 39 E., M.D.M, 1916.00
Sec. 15: All
Sec. 23: AN
Sec. 26: AN}
N-12892 G.Martin Booth III 4/1/77 T. 31 N., R. 39 E., M.D.M. 1238.56
Sec. 29: Nk, ELSE4
Sec. 30: Lots 1,2,3,4, NE4%, EllW
Sec. 31: Lots 1,2,3,4, ELWs
Sec. 32: NE4NEY
N-12892 G. Martin Booth III ** T. 31 N., R. 39 E., M.D.M. 840.00
Sec. 29: N&SW4%, WLSE4
Sec. 30: SE4
Sec. 31: E%
Sec. 32: SWhiNW4, SWi
(Pro Dia.No. 285)
N-13322 G. Martin Booth III 8/1/77 T. 30 N., R. 39 E., M.D.M./ 2535.02
Sec. 3: Lots 1,2 3,4, SN, Sk (all)
Sec. 4: Lots 1,2,3,4, SNk, Sk (all)
Sec. 5: Lots 1,2,3,4, SuN%, Sk (all)
Sec. 6: Lots 1,2,3,4, SLNEY4, SELNWL,
Sk, (aH)
N-13323 G. Martin Booth III 8/1/77 T. 31 N., R. 39 E., M.D.M. (Pro. 2559.48
' Dia. No. 129) ‘
Sec. 12: AN
Sec. 13: A1l
Sec. 14: ATl
"T. 31 N., R. 40 E., M.D.M.
Sec. 7: Lots 1,2,3,4, E%, ExW: (all)
N-15774 William N. Bucklin 11/1/77 T. 31 N., R. 38 E., M.D.M. 2555.04
111 Sec. 13: All
Sec. 24: Al
T. 31 N., R. 39 E., M.D.M. )
Sec. 18: Lots 1,2,3,4, E%, ExWs (A1)
Sec. 19: Lots 1,2,3,4, E4%, ExWs (A11)
N-15777 G. Martin Boofh 111 1171777 T. 31 N., R. 33 E., M.D.M. 640.00
Sec. 28: A1l
14
N-18649 G. Martin Booth III * T. 31 N., R. 38 E., M.D.M. 640.00
Sec. 14: All
*Application to Lease Geothermal Resources _gg.- Total Federal Lands 50,339.82

Pending

**Application to Lease Geo. Res. Pendina [S+nrk Daicina Hamartand Nask ~f 1872 1-- a2



LEASED PRIVATE LANDS:

-Lease
\ssor Lessee .Date Description Acres
Allied Union 0il Co. 10/31/73 T. 32 N., R. 38 E.,.M.D.M. 480.00
Properties A Sec. 36: EXSWY4, SE%NWL,
. ' SLNEY, SE%
7. 32 N., R. 39 E., M.D.M.
Sec. 18: SERSES
T. 31 N., R. 39 E., M.D.M.
Sec. 32: SE4SE4
Sec. 33: SW4SW4
Burke, et ux. Union 0il Co. 12/31/74 T. 32 N., R. 38 E., M.D.M. 200.00
Sec. 35: SE4LNE%, NEX%SEY
Sec. 36: SW4NW4, WLSWy
Woolfolk, Union 0il1 Co. 11/6/73 T. 31 N., R. 39 E., M.D.M. 480.00
et ux. _ Sec. 29: ShSWhs
Sec. 32: NuNW4%, SELNWYG, WLNEY, SERNEY
WSEY, NELSEY
Sec. 33: NW4SW4
irke, et al. Aminoil USA, Inc. 5/17/78 T 31 N., R. 38 E., M.D.M. 200. 00

Sec. 22: SW4SE4
Sec. 25: SWYNEL
T. 31 N., R. 39 E., M.D.M.
Sec. 2T NWuNWY
Sec. 22: NE4%SW4
Sec. 27: NE4SW4

Total Leased Private Lands 1360 acres
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"UNLEASED 'PRIVATE LANDS

“'Déscription Acres

T,°32'N., R 39 E., M.D.M. 160
Section 17: SWiSWY4, NE%SWY%, NW4SEYR, SELNEY

T. 32 N., R. 38 E., M.D.M.

Section 33: NW4 160
T. 31 N., R. 3B E., M.D.M,

Section 9: N4 320

T. 31 N., R. 39 E., M.D.M.

Section 34: SW4iNEX 160
Section 35: SE4SWh, SHSER

Total Private Unleased Lands 800 acres
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EXHIBIT 2

L ) LEGAL DESCRIPTION

PROPOSED UNI'T AGREEMENT

T. 32 N., R. 38 E., M.D.M,

All of Sections: 13, 14, 23, 24, 25, 26, 33, 34,
35, and 36

T. 32 N., R. 39 E., M.D.M.

All of Sections: 17, 18, 19, 20, 29, 30, 31, and 32

T. 31 N., R. 38 E., M.D.M.

All of Sections: 1, 2, 3, 4, 9, 10, 11, 12, 13, 14, 15,
16, 22, 23, 24, 25, 26, 27, 34, 35, and 36

T. 31 N., R. 39 E., M.D.M.

All of Sections: 5, 6, 7, 8, 12, 13, 14, 15, 16, 17, 18,
19, 20, 21, 22, 23, 26, 27, 28, 29, 30,
31, 32, 33, 34, and 35

T. 31 N., R. 40 E., M.D.M

Section 7: All

T. 30 N., R. 38 E., M.D.M.

All of Sections: 1, 2, 3, 10, 11, 12, 13, 14, 15, 22, 23, and 24

T. 30 N., R. 39 E., M.D.M.

All of Sections: 3, 4, 5, and 6

Containing in all: §2 499,82 * acres

=
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DOE agreement to ~
fund 50% of program
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CLAUDE B. JENKINS
Manager, Geothermal Resources Division = Aminoil USA, Inc.

EDUCATION: A.A., 1949, Glendale College, California.

Geological Engineering Degree, 1952 -~ Colorado School of Mines.

M.B.A. 1958, University of Denver, Colorado,

'L.L.B. 1964, La Salle University.

Executive Management Seminar, 1975 -.Columbia Graduate School.

Blake Grid Management Seminar, 1978 - Houston.

Additional specialized courses in Geological, Geophysical,
Reservoir Engineering and Data Processing.

WORK EXPERIENCE:

Aminoil USA, Inc./American Independent Oil Company (14 years)

January, 1977 to date: Manager, Geothermal Resources Division.
Responsible for directing all administrative, accounting, land acquisitions,
geology and geophysical, environmental studies and public affairs, engineer=-
ing, construction, and drilling operations. Principal operations in the
Geysers Area of Northern California, but also active in Nevada, Utah, New
Mexico and Oregon.

1973 to 1977: Deputy General Manager of Aminoil's Kuwait/Neutral
Zone operation. Responsible for most administrative and all operational
.aspects including exploration, drilling, production, pipeline, refinery,
storage terminal and marine facilities. Over 500 wells involved producing
approximately 180, 000 B/D with pipelines and processing through 144, 000
B/D refinery including 35,000 B/D residual desulphurization unit. Storage
facilities in excess of 5 million barrels with two off- shore marine loading
berths Personnel supervised = 900. X

1968 to 1973: Manager of Operations. Responsible for monitoring
and coordinating explaration and production operations in Kuwait/Neutral
Zone for corporate headquarters. Participated in concession negotiations
and operationally responsible for exploration/drilling activities in Abu Dhabi,
Saudi Arabia, Equador and Indonesia. Vice President and General Manager
of Aminoil Indonesia, Inc. supervising the drilling of three off-shore wells
in the Indian Ocean and Sunda Strait.

1964 to 1968: Chief Petroleum Economist. Responsible for prepar-

ing and reviewing project economic analyses, budgets and long term fore-
casts.



Core Laboratories, Inc, (3 years)

1961 to 1964: Sr. Geologist/Reservoir Engineer. Performed geo-~
logical and engineering analyses of both U.S. and foreign properties. Ex-
tensive work on Zarzaitine Field in Algeria, Gialo Field in Libya, and
Arabina Gulf off-shore concession evaluations.

Petrobras (National Brazilian Oil Company) - 3 years

1959 to 1961: Development geologist re'sponsible for directing de-
velopment program on Aqua Grande, largest oil field in Brazil. Also
participated in development programs of all other oil fields in.Bahia Basin
of Brazil.

McElroy Ranch Company (4 years)

1955 to 1959: Project geologist. Conducted regional and geological
studies in Central and West Texas and the Rocky Mountain area. Made
prospect analyses, sat on wells and supervised casing programs. Conducted
surface field mapping and aerial photography studies.

" REGISTRATIONS:

Registered Professional Engineer, State of Texas - Certificate No. 21119.

PUBLICATION:

"New Concept in Geothermal Steam Pricing", 1978.

PROFESSIONAL AFFILIATIONS:

American Association of Petroleum Geologists.
Society of Petroleum Engineers, AIME.




W. M, HOUSE
OPERATIONS MANAGER - AMINOIL USA, INC.

EDUCATION: B.S., 1943, Petroleum Engineering, University of California-
Berkeley. Additional courses in Aeronautical Engineering,
1943, Yale University, New Haven, Connecticut; Structural
Engineering courses 1944, University of Illinois, Champagne,
Illinois. .

"~ Other Training - attended schools on Drilling Mud; Electrical
Logging; Oilwell Cementing; Well Completion; Well Testing;
Well Control; Directional Drilling; Petroleum Safety; Geo-
thermal Technology, also completed the Louis Allen
Management Training Program and the Management Grid
School.

MILITARY EXPERIENCE: Entered U. S. Air Force 1943 - discharged 1946
with rank of Captain.

WORK EXPERIENCE:

Aminoil USA Inc., Burmah Oil and Gas Company, and Slgnal Oil and Gas Company

(thirty-two years)

1977 to present date: Operations Manager, Geothermal Resources Division.
Responsible for all phases of construction, drilling, and producing operations

for locating, developing, and testing geothermal energy. This also includes
supervision of civil engineering, petroleum engineering, and reservoir engineer-
ing as it relates to geothermal technology. Current activities are located in '
Lake, Sonoma; and Mendocino Counties - The Geysers area, California. Active
in geothermal since 1965 with first drilling operations commencing in 1967 and
first successful production in 1969. Have supervised the drilling of a total of
forty steam wells, of which twenty-five were commercial geothermal producers.
Have over thirteen years experience in all phases of the Geothermal Industry.

1974 to 1977: Manager, Geothermal Resources Division,  Long Beach and Santa
Rosa, California. In addition to the drilling and operating matters, was responsible
for the geologic staff recommendations on geotherrnal steam, approval for the
various land functions, 'and closely coordinating environmental and permitting
processes and procedures to obtain the necessary permits to explore for and
develop geothermal energy.



W. M. House ' : Page 2

At the same time was Manager of the Joint Venture District of the Western
Division of Signal Qil and Gas Company. This included oil and gas operations
in the Wilmington Oil Field representing the company as a member of the
Working Interest Owners of Fault Blocks IV and V. Was also the company's
representative on the Voting Party Committee of the Long Beach Unit (Thums
Long Beach Company). Was on the Operating Commiittee of the Long Beach Qil
Development Company 1967 to 1977, member of the Board of Directors of the
Long Beach Qil Development Company 1973 to 1977. In the above assignments
I represented the company's interest in all phases of drilling and production ,
relating to the development in those various units. It should be noted that LBOD's
production at that time was 24,000 B/D of oil.

1971 to 1974: Manager,. Northwest Division - res?onsit;le for oil and gas drilling
and producing operations in Sacramento and San Joaquin Valley, and the Ellwood,
Santa Maria and Edna OQil Fields, ’

In addition I was personally responsible for the geothermal drilling, testing,
and reservoir evaluation. I actively participated in successfully negotiating the
steam sales contract with Pacific Gas and Electric Company, San Francisco.

1965 to 1971: Manager, Joint Venture Division. During this period was respons-
ible for representing the company's interest in nonoperated joint ventures. In
1965 actively participated in the evaluation for bidding on the Long Beach Unit,
the Nation's largest undeveloped oil field. - Was to be Signal's representative if
our bidding group was successful in acquiring the Long Beach Unit. In 1968
participated in the evaluation for bidding for the Signal Group on the North Slope
of Alaska. Was directly involved with drilling a 13,000-foot core hole in Prudhoe
Bay area to provide data necessary for the economic evaluation to bid on Federal
Lease Sale in Alaska. Also represented the company in the "B'" Unit, a very
successful waterflood in South Glenrock, Wyoming.

In 1965 and 1966, recommended to company management that they should become
involved in the exploration and development of geothermal steam. Commenced
acquisitions and operations in 1966 and a successful steam well was completed in
1969, with the result that the company now has an excellent position in The
Geysers Geothermal Steam Field.

1961 to 1965: Manager, California Division. Was directly responsible for this
Division which encompassed approximately 90 percent of the company's oil pro-
duction. This included operations at Huntington Beach as well as Wilmington,
Redondo Beach, Beverly Hills, Ellwood, Santa Maria, and the San Joaquin
Valley. Production rates were approximately 30,000 barrels per day with 700
producing wells, Supervised 400 employees. During this period was involved
in the construction and installation of the company's first offshore drilling and
producing platform in the Pacific Ocean off Huntington Beach - Platform EMMY;
from this platform 50 producing and injection wells have been completed.
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1960 to 1961: Assigned to the Company's Profits Committee to study and investi-
gate ways of improving the company's profits in the various areas of operation

" such as refining, marketing, gas processing, and overall efficiency of the

various departments.

1957 to 1960: Manager of Operations. During this period was responsible for
overseeing the company's activities in drilling and production in Texas, Louis-
iana, Oklahoma, and New Mexico. In addition was temporarily assigned to
Signal's offshore operations in Lake Maracaibo, Venezuela., Was responsible
for consolidating the Production Department operations following the acquisition
of Hancock Qil Company, Bankline Company and Eastern States Oil Company by
Signal Oil and Gas Company in 1959, )

1946 to 1957: Was involved in production, drilling, and engineering training
programs. Much of this time was spent in both the Home Office and field
operations. Worked as a drilling engineer from 1947 to 1949 on both exploratory
wells and development wells in California., Was Production Engineer from 1949
through 1953, and from 1953 to 1957 worked as Production Foreman at Huntington
Beach, Long Beach, and Redondo Beach.

REGISTRATIONS: Registered Petroleum Engineer, State of California,
Certificate No. 355 :

PROFESSIONAL AFFILIATIONS:

Society of Petroleum Engineers - Member of Board of Director,
Golden Gate Section

Geothermal Resources Council - Member of Board of Directors

American Petroleum Institute .

Western Qil and Gas Association - Vice Chairman Geothermal
Committee



WALTER W, TURNBULL
Division Accountant -~ Geothermal Division
. Production Department - Aminoil USA, Inc.

EDUCATION: B.S. in Accounting, University of Oklahoma 1942,
Past Graduate Studies following military sexrvice
1946/1947,

WORK EXPERIENCE:

Aminoil USA, Inc.

-

January 1978 to date: Assigned as Geothermal Division Accountant
'when. position was created. Responsible for formulation of accountmg
and financial procedures for Geothermal operations, and for supervision
of field accounting.

Aminoil International

Jan. 1977 to Dec. 1977: Deputy General Manager in Kuwait,
Responsible for implementation of policies for exploration, preducing
and pipeline operations through Joint Operating Committee with Getty Oil
Company;. responsible for accountmg, financial, personnel contract,
and service functions,

June 1976 to Jan. 1977: Manager of Finance ahd Administration in
Kuwait, Responsible for all accounting, financial, personnel, contract,
and service functions. Approx 900 employees engaged in. producing, refining
and terminal operations for about 80, 000 bpd.

June 1973 to June 1976: Vice President and Deputy General Manager of
Iricon Agency Litd. This agency represented Aminoil and five other Amerlcan
companies (Arco, Continental, Getty, Sohio, and Charter) on the Board of
Directors of the Iranian Uil Participants ( Iranian Consortium ), Responsible
for communicating with the six companies to develop policy, and presentation
of their views and votes to Consortium Board; also for scheduling crude and
product liftihgs from Iran of Iricon allocations.

"econtinued"
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Jan. 1971 to June 1973: Controller of Iranian Oil Operating Companies
(Iranian Consortium). Responsible for all accounting for both a producting
and refining company. Responsibilities included coordination of budget
preparation and control. Production - 6 million bpd. Refining 350, 000 bpd.

April 1961 to Dec. 1969: Controller, Kuwait Operations. Responsible
for all accounting and financial activities of company in Kuwait, including contract
administration,and coordination of oil accounting with Government of Kuwait.

Creole Petroleum Corp. (Venexuelan Subsidiary of Exon)

July 1947 to March 1959: Initially served as Chief Accountant in various
production/refining districts. - During final four years I was head of
Accounting Procedures Section, directing 10 to 15 senior accountants in
preparation of uniform accounting instructions for 8/10 productiog districts,
2 refineries, and for retail marketing. Extensive Joint Interest operations
were involved.



- JAMES M. GRUBB
Division Geo}ogist, Geothermal Division, Aminoil USA, Inc.
EDUCATION: Bachelor of Science Degree 1966, Business Administration
and Geology, Bowling Green University, Bowling Green, Ohio
Master of‘Art's Degree 1968, Geology, Bdwling Green Uni-
versity, Bowling Green, Ohio

WORK EXPERIENCE:

Aminoil USA, Inc. (4 years) -

1977 to present: Division Geologist, Geothermal Resources Division. Respons-
ible for directing the geological evaluation of geothermal resources on Aminoil
lease holdings and for defining other prospective trends. Emphasis is on
establishing the optimum programs to delineate economic geothermal prospects.
Projects include The Geysers of California and the major thermal trends of the
Western United States. ~ '

1976 to 1977: District Geologist, Gulf Coast Division. Responsible for the
exploration of offshore petroleum prospects in the Oligocene, Miocene, and’
Pleistocene. Emphasis was on seismic interpretation, well log analysis, and
economic viability in prospects development,

1974 to 1976: Senior Geologist-Internation Exploration. Responsible for petro-
leum prospect evaluation in Latin America and the North Sea.

Chevron Qil Company (6 years)

1968 to 1974: Exploration and development geologist Qil and Gas Division,
Evaluated and defined oil and gas prospects in mid-Continent (Oklahoma and
Texas) and Rocky Mountains (Colorado and Wyoming). Emphasis was on well
" log correlation integrated with seismic interpretation to develope prospects.

’

One year of evaluation of sedimentary uranium deposits in same areas.

PROFESSIONAL AFFILIATIONS:

American Association of Petroleum Geologist
Geological Society of America
Geothermal Resources Council



EDUCATION:

SENIOR REGIONAL GEOLOGIST - AMINOIL USA, INC,

DR. DAVID ROGER WALL

1963 - 1966

1966 - 1969

1969 - 1977

BSc University of Hull, Yorksh1re, England - BSc Honors

Geology

PhD University of Wales, Aberysh)vyth. - PhD Geoldgy

Various courses in borehole logglng and geophysical

interpretation.

WORK EXPERIENCE: .

1976 - Present

1974

1973

1969

1976

1974

1973

1971

Aminoil USA, Inc. - Geothermal Resources Division,
Senior Regional Geologist., The evaluation of geothermal
prospects within western United States. This includes
recommendations concerning new lease acquisitions and
the formulation and interpretation of geophysical, geo-
chemical, and geological surveys,

Burmah Qil and Gas Company, Geothermal Resources
Division, Senior Geologist. Geologic and geophysical
evaluation of The Geysers steam field.

Burmah Oil and Gas Company - Geologist for the Dampier
subbasin, Australia. Analysis of the regional geology and
geophysics leading to the identification and maturing of
new exploratmn prospects.

Burmah 011 and Gas Company - Geologlst for the Goodwyn .. '~

Field, Australia. The job involved the interpretation of the
structure, stratigraphy, reservoir characteristics and
reservoir distribution of the Goodwy'n Field and nearby

prospects.

Burmah Qil and Gas Company - Chief Micropalaeontologist,
The position involved the setting up of a micropal aeonto-
logical/palynological laboratory and the erection of a zonal
scheme based on Foraminifera for the Tertiary and
Cretaceous strata of the Northwest Shelf of Australia,




Dr. David Roger Wall . Page 2,

PUBLICATIONS:

R. C. Whatley and D. R. Wall 1969. A preliminary account of the Ecology
and Distribution of Recent Ostracoda in the S, Irish Sea. In the
Taxonomy, Ecology and Morphology of Recent Ostracoda.

R. C. Whatley, D. R. Wall and J. E. Whittaker 1971. ' A taxonomic note on the
genus Leptocythere Sars with particular reference to the type specids.

" Bull,, Centre Rech., Pau, SNPA, 5 Suppl.

R. C. Whatley and D. R. Wall 1975. The relationship of Recent Ostracoda to
Algae., Crustaceana, 1975, :

D. R. Wall 1976. Ostracodes from the Deep Sea Drilling Project, Vol. XXXIV.

PROFESSIONAL AFFILIATIONS

American Association of Petroleum Geologists

D.O.E. COMMITTEES
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JOHN W. KUNAU -
Division Land Manager
Geothermal Resources Division - Aminoil USA, Inc.

'EDUCATION: B.S. (Marketing/Management), Oklahoma City University, 1960

WORK EXPERIENCE:

Aminoil USA, Inc. (1 year)

1977 to date: Division Land Manager. Responsible for planning,
organizing, supervising, coordinating and executing land acquisition programs,
farmouts, farmins, joint ventures, unitization agreements, and special
projects to enable the company to conduct exploration, development and pro-
ducing operations on geothermal resources properties. Maintain liaison with
various governmental agencies for leasing and permitting purposes and to
insure conformance with applicable governmental regulations.

Occidental Petroleum Corporation (12 years)

1965 to 1977: Supervisor, California, Governmental Liaison and Land
Acquisitions. Responsible for securance of governmental permits and authori-
zations for oil and gas drilling projects, preparing EIR's, negotiating
inter-company agreements (farmouts, joint ventures, etc.), supervising 0il and
Gas and Geothermal lease acquisition programs.

Superior 0il Company (5 years)

1960 to 1965: Assistant District Landman. Assisted in directing lease
and mineral acquisition programs in New Mexico, Arizona, Texas, Colorado, Utah
- and Nevada. Negotiated various inter-company agreements, prepared federal
type unit agreements.

PROFESSIONAL AFFILIATIONS:

American Association of Petroleum Landmen, :
Western 0il and Gas Association (former member - Production Ordinance
Committee. Alternate - Geothermal Committee).




CARL E. WOODS
Manager Public and Environmental Affairs

Aminoil USA, Inc. - Geothermal Resources Division

EDUCATION: 1948-56, Long Beach City College - additional courses in Economics
and Machine Accounting, Orange Coast College; and Environment and
Public Affairs, U. C. Irvine.

WORK EXPERIENCE:

Aminoil USA, Inc./Burmah 0il § Gas Co./Signal 0il & Gas Co. (30 years)

1976 to date: Manager, Public and Environmental Affairs, Geothermal Resources
Division. Responsible for coordination and procurement of governmental permits and
authorizations for geothermal construction and drilling activities including the
implementation and administration of environmental impact reports and environmental
research and monitoring activities. Also, responsible for monitoring of activities
of government regulatory bodies and the implementation and administration of studies
and programs to enhance public acceptance of Geothermal Division with principal
operations in the Geysers Area, Northern California and activities in west coast
states of Nevada, Utah, New Mexico and Oregon.

1974 to 1975: Manager West Coast Public and Environmental Affairs, Production
Department. Responsible for acquisition and expediting of governmental permits and
authorizations for oil and gas and geothermal operations for California Division
>roduction Department and Geothermal Resources Division, including the implementation
and administration of environmental studies and monitoring programs. Also, respons-
ible for implementation and administration of programs and procedures to enhance the
public acceptance of o0il and gas and Geothermal Resources Division's operations in
the State of California.

1970 to 1974: Community Relations Representative - California Division, Produc-
tion Department. Responsible for implementation and coordination of programs and
procedures to assist in the achievement of Department objectives and enhance company
public image and acceptability in areas where drilling and producing operations were

conducted. Also, responsible for assistance to Corporate Government Relations and
Real Estate groups.

1959 to 1970: District Office Manager - Huntington Beach District, Production
Department. Responsible for general services, personnel, production accounting and
secretarial pool functions related to district production office operating 600 + oil
and gas wells producing 40,000 + barrels of o0il per day from state and fee leased
properties.

1956 to 1959: Special Projects Coordinator - Huntington Beach Division, Produc-
tion Department. Assigned to special projects as assistant to Division General Mana-
ger. Trained in operations of payroll, accounting, personnel and purchasing decpart-
ments.

1948 to 1959: Field Technician and Parts Expeditor - lluntington BRecach Division,
Production Department. Responsible for parts acquisition and inventory control for
Maintenance Department operating 50 + road and heavy duty vehicles and 400 + natural
gas engines and oil well pumping units. Also, responsible for sct up and operation of
gas engine magneto repair shop.
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1944 to 1947: Military Service - U. S. Maritine Service, Radio Officer.

1943 to 1944: U.S.M.S.R.T.S., Gallups Island, Mass.

PROFESSIONAL AFFILIATIONS:

Western 0il and Gas Association (former member and chairman 1976 - Public Affairs
Comnittee/former member - Environmental Conservation Committee and Production
Ordinance Committee. Current alternate - Public Affairs Committee and Geother-

~ mal Committee).

Air Pollution Control Association, West Coast Section

Geothermal Resources Council

American Petroleum Institute.
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SEISMIC EMISSIONS STUDY AT GERLACH, NEVADA
Section 1: Technical Proposal
1.1. Introduction:

Utah Gebphysica], Inc. (UGI) of Salt Lake City, Utah proposes to
conduct a Seismic Emissions Study at Gerlach, Nevada, Figure 1, with the
cooperation and support of a major o0il company that is actively involved in
geothermal exp]ofation and development (among top 3 companies in geothermal).
This company wishes to have its name withheld until after the July, 1978,
lease sale in this area. They believe that release of their name and interest
in ‘'this area at this tihe would jeopardize their chances in the upcoming
lease sale. However, after the lease sale they are presently willing to
supply a lettér in support of this survey and to cooperate in défining a
more spe;ific site for this survey. This site will be chosen on geological
and geophysical information that they have as well as preliminary well site
locations. The option to have Senturion Sciences of Tulsa, OkTahoma perform
a scaler magneto-telluric (MT) survey is also provided for. By performing
these surveys together results can be intégrated in the final interpretation
of the data for a more comprehensive .evaluation of the prospect. A descrip-
tion of the scaler MT survey is described in Appendix A. It includes one
tensor MT base station to determine structural orientation and 25 scaler MT
stations.

The Gerlach area lies in the Basin and Range province and‘consists of
Quatérngry sediment filled gfabéns bounded by Cretaceous igneous and meta-
morphic rocks. Several significant hot springs can be found within the area.
Great Boiling (Gerlach) Springs can be found just south of the town of

Gerlach and is classified by White and Williams (1975) among thosé hot water
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convection systems with subsurface temperatures above 150°C (170°C). North
of Gerlach lies Fly Ranch Hot Springs having a subsurface temperature esti-
mated at about 130°C (White and Williams, 1975).

1.2 Significance of Proposal:

A Seismic Emissions Study is used to delineate zones of faulting and
fractures. These fractures are necessary for permeability and production.
Without these fraétures'Oneimay encounter hot rock (i.e., Phillips Petro-
Teum Well 9-1 at Roosevelt Hot Springs) and not have reservoir fluids present
that are needed for production. Obviously, the.ability to accurately locate
these fracture zones would reduce the risk of dry holes and thus encourage
drilling. -

1.3 Program Descriptions:

The definition of "reservoir engineering" as defined in fhe Los A]gmos
Scientific Laboratory'report on Hot Dry Rock Geothermal Energy Development.
Project FY 1977, includés "those activities directed at undefstanding the
creation, characterization and performance of a hot dry rock reservoir.

It includes . . . the development of means to map fractures and boreholes
which'comprise the reservoir." Using this definition, this proposal is
submitted under the caption to collect new feservoir engineering data. The
purpose of this surveyAis to locaté the source of seismic emissions as a
‘means of delineating fracture zones. Some advantages of these surveys

over conventional high power groundnoise surveys are: (1) they provide a
depth éstimateAfor the gedthermal cell, (2) spatial distribution allows
discrimination of geothermally produced seismic emissions from those pro-
duced by cultural sources, and (3) more prevaient but Tower magnitude. seismic

events can be identified through sensitive multistation array processing.



Three seismic emissions studies to date have been performed on a non-
proprietory basis. In all'three surveys groundnoise anomalies have been found
at resistivity lows and/or faulting. At Long Valley, California, the
groundnoise anomaly agreed with the Cashbaugh Tow resistivjty anomaly. At
Roosevelt Hot Springs, Utah, the anomalies occur at a resistivity low .
(Geonomics survey) on the Getty 0il prospect and at a zone of highest conduc-
tivity mapped by Ward and Sill (1976) %n the northern (Union 0i1 survey) area.
Results from the Union Ofl survey are shown in Figure 2. The anomalous zone,
trending north-south.through sections 15, 22, 27, 34, and 3 is cdincidenta1
with faulting mapped by Crébs and Cook (1976) and significant resistivity
Tows (Ward and Si11, 1976). It also appears to delineate a fracture system
that could Be a northern extension of the Dome fault. Anomalies E and F are
not real. The significance of agreement between seismic emissions anomalies
and resistivity lows are twofold. First, a fracture system would have increased
porosity, and an expected decrease inresistivity. Second, $i11 and Bodell
(1977) have interpreted low resistivity and high temperature gradients at
Roosevelt as possibly being caused by hot water movement along faults. Since
the groundnoise anomaly defined by the seismic emi;sion study also agrees with
the above hypothesis it too may pe associated with hot water movément, However,
alone the seismic emission study canhof determine water temperafure.

Historically, gréundnoise surveys were based ehtire]y on.amplitude data.
This resulted in ambiguous interprétations ip some cases since the amplitude
contribution could have come from severélisources (instrumentation, geoloéy,
weather) other than the Qeothermal system. Seismic emission surveys are not
'dependent on amplitude information, therefore, these problems do not occur.

In addition, cultural noise sources are deleted from the data by both frequency

and velocity filtering.



1.4 Theory:
Combs and Hadley (1977) report recording small magnitude (<0) nano-

eafthquakes at the East Mesa geothermal anomaly. They also report aicoin-
. éidence between areas of high seismic noise,high heat'flow zones, and .
nanoearthquake activity. It is our belief that seismic emissions (ground-
noise) in the vicinity of gebtherma] anomalies are a continuous stream
of seismic events smaller than the discrete nanoearthquakes of Combs and
.Hadley. Recurrence curves (Figure 3) indicate statistically that the humber
of seismic eQents increase as the magnithde of events decrease. Theoret-
ically, therefore, extremely low magnitude events would occur in the
thousands perhaps céntihuous]y in the form of microtremors (groundnoise).
Since areas of high heat content Timit the buildup of stresses (Brace
and Byerlee, ]970# Combs and Hadley, 1977), smaller magnitude events (seismic
emissions) are likely to occur in these areas. Evidencé of this has been
"~ seen at several geothermal areas having known commercial heat sources.
Roosevelt Hot Springs, Utdh, has been classified aseismic, nanoearthquakes
have been reported at East Mesa and the Geysers-Clearlake area of
. California (Figyre q). |
If is of interest to compare predictions of Knapp and Knight (1977)
-with the above hypothesis. Knapp and Knight have theoretically shown that
geothermal temperature gradients (15-20°/km) cause pore fluid pressure
changes in rocks that result in hydraulic fracturing. From their calcula-
.tions, the energy released from total fracturfﬁg of a cubic meter of
‘crystalline rock would cause a magnitude zero earthquake. They staté that

the "frequency of production for microearthquakes with a magnitude of zero
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varies in_time from ovef ]04 eventssday for the first thousand years after
emplacement of the pluton to about»SOO events/day at an elapsed time of
]05 years." Figure 3 (Knapp & Knight's Fig. 9), summarizes the above
predictions. ' V

Comparing Knapp and Knight's predictions (Fig. 5) to the recurrence curve
of Figure_3 there is remarkable agreement at zero magnitude if the curve in
Figuré 5 1is considered to asymptotically approach 500 events/day. This is
a reésonab]e assumption since the recurrence curve (Fig. 3) is a generalized
curve for California and in time the geothermal curve (Fig.5) will approach
,normal temperature gradients. Although, both curves are not truly comparable
there are compensating factors that permit comparisons for illustrative
purposes. That is, the recurrence curve (Fig. 3) is for the amount of
seismicity observed over a period of one year "(number events/year), whereas,
fhe curve of Figure 5 is for number events/day. .However, in a geothermal
region the "b" value (slope) would be larger for the recurrence curve which
would represént considerably more eQents/year than shown in Figure 3. There -

is also a difference in the spatial area of observation considered in each

formulation.

4 years, to obtain

Looking at geothermal prospects less than 2 x 10
fhe amount of fracturing predicted by Knapp and Knight, about 1200 events/
.day would be expected (Fig. 5). From the recurrence curve, Figure 3 this
number of observed events would correspond to a ﬁagnitude of less than -0.5
which would be approaching groundnoise amplitudes. Therefore, the theoret-
ical work of Knapp and Knight can be interpreted in a generalized fashion to

mean that younger, hotter, geothermal systems are more likely to génerate

groundnoise (seismic emissions) than microearthquakes. Also, if the amount
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.Figure 5. Frequency of microearthquake production as a function
of time after emplacement of the pluton. All events are magnitude
zero., . ’

Source: Knapp, B. R. and J. E. Knight (1977).
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of fracturing per unit volume is less than predicted above, the resulting magni-
tudes would be substantially reduced. ‘

In actual observations at geothermal prospects the number of events/

Qay are considerably Tower than predictedln/Knapp and Knight. This occurs
because actual magnitudes are less than zero and are not normally detected.
Thefr prediction of zero magnitude microearthquakes was based on the assump-

- -tion that energy conversion is 100% efficient and that all pores fracture simul-
tanesouly. Since this does not occur in the real world magnitudes are less

than zero. These observations support the previous conclusion that observed
magnitudes of seismic events resulting from hydraulic fracturing are probably
less than -0 5 and thus appear in the form of groundnoise.

Most microearthquake recording systems have detection thresholds greater
than zero. For example, Combs and Hadley's (1977) system had a detection
threshold of about magnitude 1. For events of magnitude less than 1, they
were not récording as many events as predicted (Fig. 6 of their paper).. One
means of improving on the detection threshold would be through signal processing
of recorded data. This is the approach taken in seismic emission studies.
Through signal processing, the detection threshold is increased, fhus,smal]er mag-
nitude events (<-0.5) associated with the geothermal system can be detected.

1.5 Statement of Work

1.5.1 Data Acquisition:

Data will be recorded on UGI's data acquisition system specifically
designed for seismic groundnoise studfes.‘ The system'features a digital
tape deck capable of multiplexing.5 data channels for absolute time alignment
between seismometer channe]s and high dynamic range low systém noise record-

ing. Specially designed low frequency amplifiers using recent spaceage
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technology provide for passive seismic recording with amplifier noise levels
an order of magnitude lower than any amplifier presentTy‘avai]able for this
purpose. Combining these features, UGI's data acquisition system provides the
.state-of-the-art in groundnoise recording. The importance of recording
groundnoise data digitally has been we]1 recognized (Minutes 6f Active and
Passive Seismic Methods Consortium, DGE/DOE, Nov. 18, 1977) as é means of
obtaining meaningful results.

Five instrument arrays, each consisting of 5 geophones positions
at 1000 feet spacing from a center geophone are deployed to gather field
data. A1l geophone positions are surveyed by tape.and transit methods.

1.5.2 Data Processing:

Fie]d‘data are stripped out and edited to find quiet sections of data.
Dafa fr&m four arrays are chosen‘for processing. Data processing and analysis
incorporates multi-station array focusing‘techniques and stochastic averaging.
Seismjc array‘ana1ysi§ involves the focusing of an array of geophones to a
volume element centered at ¥, through use of differential travel time informa-
tion. Power emitted from this volume is computed and a source power map is
obfained. _

Typically, 20 x 20 arrays of possible source locations (hypocenters)
| are chosen. Each array is focused on possible source location points by
using awnay tracing algorithm to calculate P-wave.travel times from each
point to each geophone position used in the correlation procedure. Recorded
traces are theﬁ‘shif;ed by the appropriate delay times and multi-station
correlations performed for each array. A listing of individual delay timeg,
correlation values, and computer generated contour maps of correlation va}ues- .

are produced. .
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UGI's computer processing program offers several improvements over
previous programs. Currently, processing is performed on a UNIVAC 1108.
Provisions are also ava11ab1e for processing at Control Data Corporat1on S
central computer via Sentur1on s remote terminal in Tulsa.

1.5.3 Data Analysis and Interpretation:

From each station directional vectors point to the locations of seismic
emissions. By analyzing data from several arrays, vectors are seen to inter-
cept, thus, uniquely defining emission source locations. These groundnoise
anomalies are believed to delineate zones of faulting and fracturing associated
with the geothermal reservoir. Resulting anomalous areas are compared to

other geophysical and geological data in the final analysis of the survey.
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Section 2: Cost Proposal |

Utah Geophysical, Inc., proposes to perform this survey at a fixed
price of $21,500.00. This is our published commercial rate for this survey
(for mapping a 20,000 x 20,000 ft. area at 1,000 ft. resolution).

John Doe'Corporation is willing to share in a sense the cogt of this
survey by using data they presently have to supply a precise location for
this survey at an area that they are presently contemplating drilling a well
on. This information will be supplied by John Doe Corporation at no cost
to DOE. |

' Optional MT Survey

At DOE's discretion a magneté-te]]urics survey may also be purchased.
This survey will be performed by Senturion Sciences of Tulsa, Oklahoma.
Results from both surveys.would be integrated at no additional cost.

25 scaler MT stations $20,000.00

1 Tensor MT station 2,000.00

This survey is also priced at the commercial advertised rate.
Commercial rate sheet for the above surveys is attached.
The above prices will remain in effect for 120 days from closing

date of this RFP (May 30, 1978).



U G I ‘Utah Geophysical Inc. '
' P.O. Box 9344 Salt Lake City, Utah 84109 (801) 272-1289 .

SEISMIC EMISSION--MAGNETO TELLURIC SURVEYS

By combining seismic emission and magneto-telluric surveys, Utah
Geophysical and Senturion Sciences are offering a comprehensive
geophysical package for detailed geothermal exploration. Since
seismic emission studies have been found to correlate with resistivity
lows, the two surveys complement each other. By performing these
surveys together results are integrated for a more meaningful interpre-
tation and evaluation of the geothermal prospect. Purchasers of this
package are obtaining the state-of-the-art in both passive seismic

and electrical surveys. A typical survey covers approximately a 4 x 4
mile area. The survey includes: a seismic emissions study, 25 scalar
MT stations and 1 tensor MT station.

Prices:- ~

Seismic emission study $21,500.00
~ Magneto-telluric survey 22,000.00

Total ' $43,500.00

Price includes data acquisition, processing, analysis, interpretation,
and an integrated final report. Details of each survey are described
in the enclosed literature. References are available upon request.
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Section 3: Business and Management

3.1 Corporate Qualifications:

Presently, UGI is the only firm having personnel with field experience
in Seismic Emission Surveys as well as processing and interpretation
experience.. Also, UGI has the field equipment to properly perform a survey
such as this. In 1ast year's RFP for southwest Utah, UGI's personhe]
(under the name Seismic Exploration, Inc.) performed a similar study for
DOE and Union 0il. Members of UGI's technical staff have considerable exper-
ience in instrumentation, seismology, geothérmal exploration, and computer
processing. UGI is an es;ab]ished firm whose main business is providing
geophysical éervites to major geothermal, mining, and oil companies. Clients
iﬁc]ude Phillips Petroleum, Union 0il, Sunoco Energy, Occidental, Getty
0i1, Chevron 0il, among‘otheré., UGI has uniqué technology.in geothermal

~and mining exploration in which it holds several contracts from private
industry. . ‘
UGI personnel previous]y operating in the name of Seismic Exploration,
Inc. have completed the following government contracts:
P-1-48 (subcontractor)--U.S. Geological Survey, Improved
techniques.for the Exploration andlCharacterization of
Geothermal Sources from Seismic Activity. .

DR-76-2645--U.S. Nuclear Regulatory Commission, Microtremdr
Site Analysis at Beatty, Nevada.

EG-77-C-08-1527--U.S. Energy Research & Development Administration,

Seismic Emissions Study, Rooéeveit Hot Springs, Utah.



UGI Utah Geophysical Inc. |
P.O. Box 9344 Sait Lake City, Utah 84109 (801) 272-1289

UTAH GEOPHYSICAL, INC
‘BALANCE SHEET
April 30,1978

1

ASSETS
Cash : $ 4,528
Accounts receivable ' - 3,000

Total Curreént Assets . .. $ 7,528
Equipment . . 19,650

Intangible assets(computer

programs, organ. expense) A 24,320
TOTAL ASSETS - v 51.E9§

LIABILITIES
None
STOCKHOLDERS EQUITY

-Common stock at par

‘authorized and issued 25,000
"Capital in excess of par 25,000
. 50,000
Retained earnings , 1,498
Stockholders Equity . : 51,498

A line of credit for $25,000.00 is available.
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3.2 Project Personnel:

UGI proposes to assign two members of its technical staff as key
personne1 for this project. Mr. Lewis Katz is designated the project
manager, and is_responsible for the program execution. Mr. Robert
Bellon, Manager of Field Operations, will be responsible for instrumenta-
tion and data coT]ection. Resumes for those individuals, together with
resumes of other staff members who will be used on an as-needed basis,

are given.

3.3 Schedule:

Data acquisition, processing and interpretation will take approximately
10 weeks to complete. Depending on availability of field crew, work will
start about one month- after contract is awarded.

3.4 Documentation:

Documentation will consist of a final report which may be published.
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- SCALAR MAGNETOTELLURICS

Senturion has developed a relatively inexpensive scalar magnetotel-
Turic exploration tool pursuant to Cagniard's theory (1953) in which
variations in the magnetic field along a given direction induce telluric
currents normal to the magnetic field. Senturion's scalar magnetotelluric
(one componient 6f the telluric field) surveys incorporate tensor (three
components of the magnetic field and two components of the telluric field)
magnetotelluric data at each scalar base station. The tensor magneto-
tellurics permits a two-dimensional interpretation of the geologic com-
plexities at each scalar base station before deployment of scalar telluric
lines. Therefore, by measuring the earth's electromagnetic impedance
along electrical strike, the resulting one-dimensional scalar interpreta-
tion best approximates the true resistivity of the geologic section.

The scalar magnetotelluric survey will utilize up to nire moSile
scalar stations and one fixed base station tied via the WWVB time code.
A11 units are designed to record low (0.01-25 Hz) and high band (0.1-
25 Hz) tellurics continuously for 24 hours on seven-track magnetic tape.
This exploration technique allows for fast, inexpensive and dependable
data which can be integrated with well logs and other available geology
and geophysics.

A typical record, low pass filtered at 0.1 Hz, is shown in Figure 1;
a block diagram of the system is shown in Figure 2; and the system response
curve is shown in Figure 3. Typical telluric amplifier gains are expnected
to be from 2500 to 10,090.

The 24 hours of data recorded at each station are playaed back and
a compressed oscillographic cecord made. A time series (> 3 nours and
< 10 hours) of data is spectrally analyzed using the compressed record
as a guide to the best data interval. The telluric spectra at each sta-
tion is then normalized to the telluric spectra of the base station made
over the same time interval. WWVB recorded continuously at each station
allows for accurate time alignment. The normalized power spectra at the
stations are then multiplied by the tensor E-parallel base station sound-
ing curve.

The magnetotelluric data for each station is inverted to a model of
true resistivity with depth. This is done by computer using a generalized
linear inverse scheme similar to mathods used to invert D.C. resistivity
and vertical magnetic dipole data (Inman, et al, 1973; Glen, et al, 1973).
This method of inversion assumes a horizontally layered earth without lat-
eral variations in lithology and structure.

Figure 4 shows a sounding curve from an SMT station model generated
by the generalized linear inverse progiram. Superimposed on the data is
the theoretical response of the modal. The metch between the observed
data and the theoretical response indicates tne quality of data fit.
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RESUMES



EDUCATION:

SUMMARY :

RESUME ~
LEWIS J. KATZ
Senior Geophysicist
Seismic Exploration, Inc.
B.S. (Geophysics) 1971, University of Utah

M.B.A. Studies, University of Nevada

Mr. Katz is Co-founder and President of Seismic Exploration,
Ilnc. His resbonsibilities in this role include overéeeing

the company's marketing and technical programs in both private
and.government markets. Previously, he has had processing

and interpretive experience in both geothermal and petroleum

exploration as well as earthquake and nuclear seismology.

He has analyzed seismic groundnoise and microearthquake data
to locate geothermal energy sources. As a geophysicist. with

Mobil 0il hé interpreted and mapped seismic horizons, processed

seismic data, and performed ''‘Bright Spot' modelihg techniques.

In earthquake seismology, he is familiar with epicenter
determinations, seismicity mapping, site amplification analysis,
and the applicatéon of strain and tilt meters to earthquake
prediction methodology. He is the author 6f geveral_reports

on ground motions. and has a knowledge of FORTRAN ‘language

and its applicationlto the IBM 360, UNIVAC 1108& aﬁd CDC 6600
compute} systems. Mr. Katz is a member of the Society of
Exploration Gedphysicistsiand Seishélbgical Society of

America. He Has had an AEC ''Q'" clearance.



PROFESS IONAL EXPERIENCE

SEISMIC EXPLORATION, INC. (May 1975 to Present)

Co-founder and president. Responsible for supervising the company's
marketing and technical programs. This includes Visit}ng clients, writing
advertising literature and.government proposals, and developing pricing
structure. Mr. Katz takes an active role in data field acquisition,
“processing, interpretation, and writing final reports. He also pérti-
cipafes in basic research projects, programming, and design of passive
seismic exploration programs. Among his more significant technical achieve-
ments is the development and application of microtremor (groundnoise) tech-
niques in geophysical exploration and seismic risk studies. These methods
have been successfully applied by him in ‘the search for uranium, copper,
and geothermal fesou;ces. Initial results from his work indicate an

intriguing new tool for geophysical exploration.

SENTURION SCIENCES, INC. (one-half year) Project Geophysicist

Responsibi]ities include seismic evaluation of geothermal prospects
and nuclear site analysis studies. In geothermal exploration, Mr. Katz
Has evaluated numerous geothérmal prospects by passive seismic groundnoise
and microearthquake methods throughout the western United Stafés. ‘Upon
completion of evaluation, a written report was submitted to the client.
As project manager for nuclear site evaluation, Mr. kétz has written
proposalé, calculated smooth design response spectra,‘anq has estimated
site amplification effgcts: His resea?ch ach{evements include correlating
microtremor spectra to the frequency depehdent amplification charactéristics
of local geologic layers. This work is relevant in'underst;nding and

co}rectlng for geologic amplification effects in geothermal groundnoise and -
site analysis studieg. Other interests,invblve mode]ing'anomalous high amp-

litudes (bright spots) on reflection seismic surveys for geothermél reservoirs.

N



MOBIL OIL CORPORATION (one and a half years) Geophysicist

Mr. Katz has completed geismic interpretation and mapping p}ojects in
su&h areas as the North Slope of Alasga, Celtic Sea and Nigeria. He has
processed and analyzed seismic data ‘on the CDC 6600 and Raytheon Phoenix
computers. He has also modeled anomaloué high‘amplitQAe‘events (bright

spots) for the presence of hydrocarbons.

ENVIRONMENTAL RESEARCH CORPORATION (two years) Member of Technical Staff

Worked under a U.S5.G.S. contract studying tge effect that reservoir
loading, at Lake Mead, has on triggering earthquakes. Utilizing a two-
dimensional seismic scale model, Mr. Katz has completed research on the
effect that topography has on ground hotiong.. This project required thé
generation, collection, processing<(digitizing, Fourier Spectra, Response
Spectra-PSRV), and analysis of &ata (seismograms). Mr. Katz has written
a chapter.on ""The Effects 6f ;he Recording Site Geology on Ground Motions;I :
which is to be incorporated into a manual.on ground motion prediction
procedures. An analytical model derived from the Thomson-Haskell matrix
formulation is used in this cﬁapter to estimaté the amplification effect
in terms of observable physical parameters. Other responsibilities
included the assumption of prbject manager for comparing and analyzing
the amplitudé and frequency characteristics of observed nuclear generated

seismic waves to those predicted.

UNIVERSITY OF UTAH SEISMOGRAPH STATIONS (one-half year, part-time)

At the University of Utah, Mr. Katz worked under Dr. Kenneth L. Cook,
gathering and correlating data for the determination of epicenters of

earthquakes occuring in Utah. These epicentérs were used by Mr. Katz to



compile a seismicity map of Utah which is to be published by the Utah
Geological and Mineralogical Survey. He also collected strain and. tilt
meter data that were correlated to earthquakes to determine if it was

‘feasible to use such data in predicting earthquakes.

PROFESS|ONAL PUBLICATIONS

""A Model Stuéy éf P Waves Incident on a Two Dimengional Topographic
Feature," {co-author), EOS Transactions of the American Geophysical
Union, (Abstract), V53, No. 11, November, 1972.

" M'Ground Motions Recorded at Selected Stations from Nuclear Events
Detonated Between September, 1970 and August, 1971,'" NVO-1163-TM-31,
Report to the U.S. Atomic Energy Commission, 1968, (cl;ssified--not
available to the>general public).

“Topographic Effects on Ground Motions for Incident P Waves: A
Mode | Study,“ (co-author), Report to the Atomic Energy Commission,
NVO;II63-237, 1973, (available from Nat'l Tech. inform. Service).

'""Prediction of Ground ﬁotion Characteristics of Underéround Nuclear
Detonations,' (co-author), Report to the Atomic Energy Commission,
NVO0-1163-239, March 1974, (available from Nat'l Tech. Inform. Service).

""Topographic Effects on Ground Motions for Incident P Waves: A
Model Study,'" (co-author), Bulletin of the Seis. Soc..Amer., Vol. 64,
No. 2, April, 1974. |

"Passive Seismic Exploration Programs for Geothermal Resources,''
(co-author), Geoth. Energy Magz., November 1975.1

""Geologic Amplification Corrections for Geothermal Groundnoise
Spectra," (Co-author), (abstract), Trans. Am. Geop. UN (EOS), V. 56,

No, 12, p. 1020.



"Microtremor Analysis of Local Geological Conditions,'" Bull. Seis.
Soc. Am., V. 66, No. 1, February 1976.
"“"Alluvial Depth Determination by a Passive Seismic Technique,"
(co-author), paper presented at Soc. Explo;. Geophys. 29th Annual
ﬁid-Wéstern,Expior. Meeting, March 1976.
| ""Microtremor Applications in Site Evaluation Studiés,"
(abstract), Earthquake Notes, Eastern Sect. Seis. Soc. Am. ,
V. 47, No. 2, April 1976.
“"Microtremor Site Analysis Study at Beatty, Nevada,"
(co-author) report to the U.S. Nuclear Regul. Comm., Wash. D.C.,
vcontract‘DR-76-2645, January 1977..
"Mapping Seisﬁfc‘Activity in Geothermal Regions," (co-aythor)
(abstract), Trans. Am. Geophy. Un. (E0S), December 1977.
| "Microtremor Site Analysis Sgudy at Beatty, Nevada' (revised),

(co-author), submitted for publication to Seis. Soc. Am., October 1977.

OTHER PROFESSIONAL PRESENTATIONS

Invited Panelist, Conference on Exploration for Geothermal
Reservoir, sponsored by Natl. Sci. Found. & Colo. Sch. Mnes, May 1976.
Planning Consultant, ERDA's geothermal seismic program

FY 1978, July 1, 1977.



RESUME

NAME - Robert Steve Bellon
EDUCATIdN - Sélt Lake School of Electronics
CLEARANCE - Secret Clearance U.S.A.F.
SUMMARY - Mr. Bellon has tweiQe years ekperienée with seismic

recording systems.‘ This experience includes the insfal]ation, maintenance,
ca]iﬁration, and operation of both strong motion and microearthquake net--
wﬁrks. As field supervisor for the UniVersjty of Utah séismograph stations.
Mr. Bellon has been responsible for the.operation of a 40 element seismic
‘array in additién'to.portab1e,microearthquake systems. He alSo has several

years of analytic expérience in interpreting seismograms.

PROFESSIONAL EXPERIENCE

Seismic Exploration Inc. (1976 - present)

Manager of Field Operations - Responsibilities include syétem désign,>mainte-
nance, and operation of sophisticated digital seismic recording system. He
is expefienced in deployment of this system which includes evaluating data
quality in the field. Other respogsibilities include writing pre-survey
énvironméntal impact statements and obtaining government permits to conduct
exploration activities. ‘

University of Utah Seismograph Station (1969 - 1976)

Seismic Field Supervisor - Mr. Bellon was responsible for thevqpérations,
palibrqtion and maintenance of.a 40 element seismic  array and portable miéro-
earthquake systems. He also has installed various types of seismometers

that required a workiqg.knowledge of e]éctronics. In addition to supervising
field operations. Mr. Bellon aﬁa1yzed séigmic data for epicenter determina-

tions.



Teledyne - Geotech (1965 - 1969)

Research Technician - At geotech, Mr. Bellon installed, calibrated, and
maintained sei§mologica1 data sysiems. These systems required.the.usé of
e1ectronics and electromechanical instrumentation to receive, graph; and
~record seismological data.

Texaco (1965)

Recorders He]per'



PUBLICATIONS

"Micrbtremor Site Analysis Study at Beatty, Nevada,"
(co-author) report to the U.S. Nuclear Regul. Comm., Wash., D.C.,

" Contract DR-76-2645, January 1977.

"Microtremor Site Analysis Study at'Beatty, Nevada’(revised),
(co-author), submitted for publication to Seis. Soc. Am.,

October 1977.



RESUME: PAUL R. DONALDSON

ADDRESS:

PERSONAL DATA:

EDUCATION:

Home: 2845 Snowflake Drive

Boise, Idaho 83706 ‘ C
Office: Department of Geology and Geophysics -
Boise State University ' : .
Boise, Idaho 83725

Birth date: January 11, 1945

Height: 68 inches

Weight: 150 pounds

Health: excellent, no phys1ca] limitations

Marital status: married, four children

Citizenship: U.S.

Social security number: 528 60 1813

Hobbies: golf, skiing, handball, camping, woodworking

Cyprus High School, Magna, Utah
Diploma: May, 1963, high honors
Received a congressional appointment to the °
U.S. 'Naval Academy (not accepted)

Stanford University, Stanford, California
Attended: 1963-64 -
* . Scholarship: National compet1t1on NROTC
scholarship
Participated in intercollegiate wrestling
- and Naval ROTC

University of Utah, Salt Lake City, Utah -

Attended: 1967-70

Bachelor of Science, Geophysics, Cum Laude,
June, 1971

Scholarships: University Merit Scholarship,
Humble 0il Scholarship in Geophysics,
Society of Exploration Geophysicists Foundation
Scholarship (2 years), AMAX Scholarship in
Field Geology.

Elected to Phi Eta Sigma national honorary
fraternity

Colorado School of Mines, Golden, Colorado

Attended: September, 1971 to October, 1974

‘Degree: PhD. Geophysics, Geology Minor, Dec. 1974

Fellowships: National Science Foundation research
assistanceship, Air Force Cambridge Research
Laboratories research assistanceship, Office of
Naval Research Fellowship

Elected President, Graduate Student Assoc1at1on,
1972-73



PROFESSTONAL ~ .
ACTIVITIES: Organizations: Society of Exploration Geophysicists,
American Institute of Mining, Metallurgical and

Petroleum Engineers, Sigma Gamma Epsilon

EMPLOYMENT: June, 1964--January, 1969
: Kennecott Copper Corporation, Magna, Utah
Supervisor: Jay Perkins (most recent)
Worked in most phases of copper concentrator
operations and in many areas of maintenance
and support

June, 1969--September, 1969
Earth Resources Corporation, Golden, Colorado
Supervisor: Dean Millman, Project Geologist
Worked as an assistant geologist making
detailed section measurement and description.
This work was part of a uranium exploration
program. B

January, 1970--December, 1970 (summer and part time)
Kennecott Exploration Incorporated, Salt Lake
City, Utah
Supervisor: Howard Ross, Geophysicist
Assistant Geophysicist: Conducted ground
magnetic surveys, rock magnetic property
determinations and related sampling programs.
Participated in aeromagnetic interpretation
and associated computer modeling. All
activities were related to base metals
exploration.

January, 1971--September, 1971
Amoco Production Company, Denver, Colorado
Supervisor: Tom Steele, Senior Geophysicist
Geophysicist: MWorked in reflection seismic
data processing, mapping and interpretation
related to petroleum exploration.

May, 1972--September 1974 (summers and part time)
Group Seven Incorporated, Golden, Colorado

Supervisor: George V. Keller, president

Geophysicist and Field Party Chief: Collection
of field resistivity data, reduction of data
and preparation of maps. All work was
related to the evaluation of geothermal
energy potential.



EMPLOYMENT

(continued):

PUBLICATIONS:

October, 1974--January 1975 .
U.S. Geological Survey, Denver, Colorado
Supervisor: A. H. Balch
Research Geophysicist: Research related to the
geophysical delineation of stratigraphic
controls on petroleum and groundwater.

January, 1975--Present .
Boise State University, Boise, Idaho
Supervisor: J. K. Applegate, Dept. Chairman
Assistant Professor, Geophysics
Primary research activities: Geophysical
techniques applied to resource exploration,
- rock properties and engineering problems.

July, 1975--Present
GeoTechniques, Inc., Boise, Idaho
Principal Scientist and Exec. -Vice President
Geophysical and geolog1ta1 engineering services
to the civil engineering, m1nera1 and energy
industries.

"Electromagnetic Surveying and Map Variation in Rock
Strength," w1th G. V. Keller, AFCRL- TR 74-0087,
1974.

"Geotechnical Parameters and Their Relationship to Rock
Resistivity," Proceedings of the 13th Annual Symposium
on Engineering Geo]ogy and Soils Engineering, Moscow,
Idaho, 1975. ,

"Boise Geothermal Project: A Progress Report," with
others, The Geological Society of America Abstracts
with Programs, Vol. 7, no. 5, 1975.

"Evaluation of the Geothermal Potential of the Boise
Front, Idaho," with J. K. Applegate, abstract,
Geophysics, Vol. 41, no. 2, 1976.

"Passive and Active Seismic Study and°the Geologic
Structure of the Boise Front, Idaho," with J. K.
Applegate, abstract, Geophysics, Vol. 41, no. 2, 1976.

"Rock Resistivity and Geotéchnical Parameters," abstract,
Annual Meeting of Association of Engineering Geolo-
gists, Lake Tahoe, Nevada, 1975.

"The Cascade'Area: A Geothermal Prospect in the Idaho

Batholith," with others, abstract, The Geological
Society of America Abstracts with Programs, Vol 8,
no. 3 1976. )



PUBLICATIONS -
(continued): "Geoelectrical Investigations of the Boise Idaho Geo-
‘ thermal System," with J. K. Applegate, abstract,
The American Association of Petroleum Geologists,
Rocky Mountain Section, 25th Annual Meeting, 1976.

"Geologic and Seismic Studies of the Boise Front,
Idaho, for Geothermal Resource Evaluation," with
J. K. Applegate and L. L. Mink, abstract, 25th
Annual Meeting, Rocky Mountain Section of The
American Association of Petroleum Geologists,

Billings, Montana.

A "Borehole Geophysics Evaluation of the Raft River
Geothermal Reservoir, Idaho," with others, abstract,
Geophysics, Vol. 42, -No. 1, 1977.

"Characteristics of Selected Geothermal Systehs in Idaho,"

with J. K. Applegate, in “"Nature and Physical Pro-
perties of the Earth's Crust," American Geophysical

Union Monograph 20, 1977.
"Geophysical Investigafion of Rock Properties near
Silver Creek, Boise National Forest, Idaho," with

J. K. Applegate, Department of Geology and Geophysics,
Boise State University, Geoscience Contribution No. 107,

June, 1977. '

"An Investigation of the Geothermal Potential of the-
Boise Area, Idaho", with others, DOE 1537-1, open

file report.

"High Resolution Seismic Reflection Applied'to.Uranium
Exploration in the Gas Hills, Wyoming", with J.K.

Applegate, in preparation.



- RESEARCH ACTIVITIES:

Principal Investigator, "Boise Geothermal
Space Heating Project," ERDA.

Principal Investigator, "Borehole Geophysics
and Microseismic Studies, Raft River Geothermal
System," ERDA.

Consultant on Microseismicity, "Phase 2, Cascade
Geothermal -Project," Idaho Nuclear Engineering
Commission.

Investigator, "Portneuf Valley Energy Evaluation,"
Energy Experiment Station, Idaho State University.

" Principal Investigator, "Feasibility of Pre-Construction

Surveys to Predict Bedrock Properties of Proposed
Forest Roads," U.S. Forest Service.

Investigator, "High Resolution Seismic.Reflection
Applied to Uranium Exploration," ERDA.

Principal Investigator, "Seismicity of Idaho and
Adjacent States," Boise State University.

Participant, Phase 0 Study to determine the feasibility
of utilizing an MHD energy source for deep crustal
geophysical investigation, multiple university
consortium, ERDA.

Principal Investigator, "Microseismic Mon1tor1ng,
Boise Front," ERDA.

Proposal Reviewer, U.S.'Dept. of Energy.

Principal Investigator, “Seismicity of Idaho and
Adjacent States, Phase II", Boise State University.

Member, Boise City Energy Task Force.
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Paul J, Beck
4905 South Eastiake Drive
salt Lake City, Utah 84107
Phone 801-262-1761
May 1978

RESUME'. of PERSONAL,; EDUCATIONAL and EMPLOYMENT DATA

Personal:

EdUcatiqhal:

Professional

Present Ape: . 35

Date of ‘Birth: April 2, 1943 ,
Place of Birth: Mldland Michigan
Height & weight: 64" 235 1bs.
Phy51ca1 Conditidn: Excellent

Marital Status: . Single

Military Status* C1-~A . ,
Hobbies: - Outdoor -Sports

. 1970: M.S. Geophysics, Geology Minor;

- University of Utah
~Salt -Lake City, Utah

.1966: B,S. Physi¢s, Mathematics Minor

University of Utah
Salt Lake City, Utah

Additional graduate work has
been performed at the U.,of Utah
towards PhD in Ceophysics, with
Computer Sciénce Minor, All
¢lasswork and lahguage require-
ments have been completed in
‘this respect

Employment:
Present Positfon:,Geophysigistfmanager
With: Geophysical Technology Incorporated

' Dutles- Geophysical data processing and

interpretation-computer program

development-~organizational tasks-
* techhical report writing —proposal

-writing—cost analysis.



TPARTIAL CLIENT LIST

Progects directly dealt with
by Paul Beck as ’
Geophy51cist/Manacer of
G. Te I.

- Aérial Surveys

3481 Seuth 2300 East
Salt Lake City, Utah 84109
801/272 4255

GENERAL PROJECT, DESCRIPTION' Aeromagnetic data prOcessing
presentation, plotting and intermretation. :

*.*-I' % J # %%

Mr. John F Powers-— Consulting Geologlst
6660 South 2300 East
Salt Lake City, Utah 84121

. 801/943-1834

GENERAL PROJECT DESCRIPTION: Speclalized computer program
development for geologlcal modeling and interpretation of
gravity, magnetic, electrical (I.P. and E.M.) ~and geochemical
data,

LE T A Rk

Utah International

-Mr. Dennis Stansbury—Mining Englneer

Cedar City Operations

20 West 2950 South

Salt Lake City, Utah 84115
801/487-9641 .

GENERAL PROJECT DESCRIPTION: Magnetic. modelling of ground

- magnetic survey with interactiwve. graphics computer program

developed by Paul Beck for Utah Intérnational which resulted
in location of addional iromn ore reserves in Cedar City area,

N NTR XN

NL Industries

Mr. Ted F. Posey—Geophysicist -
5926 McIntyre . . . '

'Golden, Colorado 80401

GENERAL PROJECT DESCRIPTION: Development of in-office teletype

system. for gravity and magnetic modelling t6 be used by
NL Industries professional staff.,



American Smelting and Refining Company (ASARCO)
Dr. Jerry Montgomery-Ceophysicist

3422 South 700 West

Salt Lake City, Utah 84119 .

801/262-6621 :

GENERAL PRGJECT DESCRIPTION: Applied the Speotral analy51s
method of aeromagnetic data interpretation for depth to
basement studies of several survey areas.

%

Kenhecott Copper Gorporation
Dr. Richard Fox-~Geophysicist
2300 wWest 1700 South .
Salt Lake Clty, Utah 84104

. 801/872-2004

GENERAL PROJECT DESCRIPTION: Hultiéhaﬁhel airborne
radiometric and magnetic data pr006551n reduction and
interpretation. .

S TNy )

Applied Geophysics Incorpoerated

Mr., S. Parker Gay, Jr.-Geophysicist
675 South 400 East

Salt Lake City, Utah 84111
801/328-8541

GENERAL PRQJECT DESCRIPTION: Assisted development of computer
programs for processing, presentation and interpretation of
airborne multichannel radiometric and magnetic data. These
programs were designed Speciflcally for the AGI aerial
platform systems. :

9

Cities Service Minerals Corporation
Mr, Jack Corbett-Geophysicist
Kearns Bullding ‘ :

Salt Lake City, Utah 84101
801/355—1756 ,

GENERAL PROJECT DESCRIPTION: »Develoﬁed interactive graphics
magnetic modeling program for specific ¢lient interpretational

. heeds.,

H RN



RESUME ™

DENNIS POTTS

Geophysicist
EDUCATION: B8.5. {(Geophysics) 1972, University of Utah
SUMMARY : Mr. Potts is currently employed as a field geophysicist with
- ‘Seismic Exploration, fnc. At the University of Utah His

formal education included data acquisition and interpretation
of gravity, magnetic and seismic data, as well as an extensive

field course in geologic mapping.
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Management and Reservoir Assessment
of .the Geothermal Resources of

The Northern Basin and Range Province

A Proposal Submitted to

The United State Department of Energy
by

California State Lands Commission

%’/% ey

Wm. F. Northrop D. J. Everitts
Executive Officer Chief, Division of Energy and
Mineral Resources

LA Lol

R. G. Paul.
Program Manager

K LA Al

R. A. P. Gaal
Co-Principal- Investigator

W 40121 e, g o
Iraj Ershaghi~ s 5
May 26, 1978 Principal Investigator




Abstract

The California State Lands Commission proposes to participate
in the development of the geothermal resources of the Northern
Basin and Range Province with the specific responsibilities of
management and review function and reservoir assessment. The
staff of'thé State Lands Commission has extensive training and
considerable‘experiéncé in supervising and coordinating leasing
development activities on California State-owned lands. These
‘activities include exploration, drilling and production opera-
tions on o0il, gas and geothermal leases.

No intention of actually arilling the wells or logging is
implicit in this proposal. It is envisioned, however, that
through our cooperative effort with DOE and othér parties who
will show interest to implement the drilling phase of.the project,
a successful reservoir assessment program may be embarked upon
for optimum development of the geothermal resources of the

Battle Mountain Heat Flow High area.



INTRODUCTION

To expedite the development of the geothermal resources: of this
nation, we believe there is a need for .further integration and
coordination of efforts currently underway by various govern-
mental agencies, academic institutions, and industry. These..
talents, services, and facilities when put together should lead
to a more effective applied research program. It is in this
spirit that we believe our expertise will be of considerable
value to the Department of Energy. Before spelling out the
details of our proposal, a brief description of our function,
responsibilities, and expertise within the California State
government may be in order.

California State Lands Commission is specifically charged with
the responsibility of managing all mineral lands owned by the
State. 1Included in this charge is responsibility for supervising.
all oil, gas, and geothermal operations on State-owned lands in
California. 1In this capacity, the State Lands Commission staff
reviews and supervises the exploration, drilling, and production

operation on State Leases; conducts re€servoir engineering studies - -

to determine reservoir productivity and deliverability forecasts
by primary, secondary, or tertiary methods for the short and long-
term projection of royalty revenue; prepares and reviews environ-
mental impact studies on various extractive operations; and
constantly monitors the field operational procedures of various
operators. c

The technical staff directly involved in the assessment of oil,
gas, and geothermal operations is functionally classified as
follows: '

1. Engineering and Geological Evaluation
This group provides services of a reservoir engineer, well
log analysts, marine geologists, petroleum geologists, and
geothermal engineers.
Economics of varying methods of operation to the operator
as well as to the State are also determined by economic
analysts. :

2. Dfilling Evaluation

This group consist of drilling and production engineers, and
facilities engineers, as well as field inspectors.



EIR ?reparation

This group consists' of specially trained individuals to
collect and process data on the environmental impact and
mitigating effects of any proposed operation.

Electronic Data Processing

This group consist of competent scientific programmers trained
to provide services on existing reservoir assessment programs
developed for specialized cases.

For this specific proposal it is appropriate to discuss some
of our past studies and experiences in the area of geothermal
development.



PROJECT PLAN

State Lands Commission (SLC) proposes td participate in the
development of the proposed geothermal site as an advisory
group to DOE in the following capacities:

Phase O - Advisory group during the planning of the drilling

Phase 1 -

Phase 2 -

operation:
a. well site selection

b. review of drilling plan submitted by the drill-
ing contractor

c. recommend borehole geophysical surveys

Advisory group specifically recommending and
designing pressure transient tests including
pulse, interference, pressure buildup and
reservoir limit tests. ‘

A subcontractor would be employed to run the
proposed tests. SLC staff shall, however, monitor
the tests and collect the data.

Advisory group specifically analyzing and interpre-
tating the borehole geophysical surveys and the
pressure transient -tests. - ‘

The results of the surveys and the tests would be submitted in
terms of description of the reservoir configuration and the

prospects for

alternative modes of reservoir exploitation.



RESERVOIR ASSESSMENT PLAN

There is no unique approach to establish the subsurface reservoir configuration and
mechanics. The combination of geophysical logs, core data, and pressure transient
and well production tests may be employed to construct pertinent subsurface maps.
Data from these maps are utilized to delineate the individual sub-reservoirs, and
to provide data on the overall reservoir geometry, boundaries and recharge systems.

In order to .construct a useful comprehensive reservoir model, a minimum number of
wells must be drilled into the reservoir and logged and tested. Table 1 shows the
extent of useful reservoir data which may be obtained based on an increasing number
of deep wells.

A relatively comprehensive model, of the subsurface geothermal reservoir, therefore,
requires at least two to three wells with a complete suite of geophy51cal well logs,
pressure and flow test data, and core analysis data.

Information Derived from Core Analysis

Identification of the mineral composition of the reservoir rock is a very important
step in geothermal reservoir description. The lithology determines the type of
expected porosity and permeability. Furthermore, based on the degree of hydrothermal
alteration as a function of drilled depth a pattern for subsurface flow and percolation
path may be established. The lithological description will also support the quanti-
tative analysis and interpretation of the well logs.

We propose to conduct complete core analyses on the core material obtained from the -
test wells. The laboratory measurements are proposed to be conducted through a
cooperative effort with the departments of petroleum engineering and geology at

the University of Southern California. From the core analysis we would furnish the
following data on the reservoir rock:

l., . X-ray diffraction

2. Porosity

3. Permeability

L, Formation resistivity factor
5. Sonic and elastic properties

Data Obtained From Geophysical Logs

Available published data indicate the subsurface temperature ranges at the project
site are estimated at 2400 C (464° F), which is considered to be well within the
capability of the HEL system (Hot Environment Logging). This system is considered
adequate for the expected temperature range. However, through cooperation with the
Sandia Laboratories, we propose to make runs with their new and improved tools which
can withstand a much higher temperature regime.

The recommended suite of logs to evaluate the reservoir include:

l. Dual Induction Laterolog
2. Gamma Ray and FDC
3. BHC Sonic Log

k, Temperature Log
5« Neutron Log
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TABLE 1.

No. ) Feasibility of
of Convection Salinity . Reservoir Pressure
well Cell Profile Lithology Limits Productivity Transmigssibility Heterogeneity Recharge Maintenance
1. Témp. Log Well Logs Coring/ Pressure Flow. Tests Pressure Transi- Not Well Not Well Impractical
' Logs Transient ent Defined Defined
(not well
defined
‘2. Temp. Log Well Logs Coring/ Improved Flow Tests Pulse Test ‘Pulse Test Better Better
Logs Defini- Defined Defined
tion
3. Tem. Log Well Logs Coring/ Much Better Flow Tests Pulse Test Pulse Test Improved ‘ Improvéd

Logs

Definition



Reservoir Assessment Plan

Since SLC has reviewed many well logs, the services of a company such as the Schlumberger
Well Logging Co. would be recommended. We have analyzed their sample work on the wells
at the Cerro Prieto Field in Mexico and have found the work to be of excellent quality.
From the suite of logs proposed, Schlumberger may provide the Saraband information
system, which utilizes the data from the Neutron and the density logs to generate a
lithology profile depicting the shale content of the rocks that have been logged.

We further proposed to physically analyze the well logs using the conventional, along
with recently developed, correlations.. to calculate the following reservoir properties:

Lithology

Porosity Profile
Salinity Profile
Permeability Profile
Saturation Profile

Data Obtained From the Pressure Transient‘Tests

Pressure transient tests constitute the backbone of reservoir engineering in petroleum
industry. Their use and interpretation in existing geothermal sites to date has not
been fully exploited. Recent developments in theoretical analysis of the test data
and improvements in sensitive pressure gauges have opened up an exciting frontier in
the assessment of geothermal reservoirs. Pressure transient tests such as pressure
buildup, drawdown, two rate tests, pulse and interference tests, and deliverability
tests may all be used contemporaneously to develop the most comprehensive model of

the reservoir configuration. We would recommend a service company to conduct these
tests according to our specifications.

We propose to design optimum tests, and interpret the test data, to provide the
following reservoir characteristics. :

Reservoir heterogeneity.
Reservoir Static pressure
Reservoir Transmissibility
Reservoir Boundaries
Interwell Communication
Vertical Permeability
Fracture Patterns
Wellbore Conditions



Management Plan

The entire participation.by the California State Lands Com-
mission staff or their subcontractors would be coordinated by Mr.
R. G. Paul, who will serve as the Program Manager. Mr. Paul is
.currently.a Supervising Minefal Resources Engineer with the.
-California State Lands Commission in Long Beach.

The research effort shall be conducted under the supervision
of two principal investigators, ‘Drs. R. A. P. Gaal and I. Ershaghi.
Dr. Gaal is currently a Senior Marine Geologist with the California
State Lands Commission in Long Beach. In his capacity he shall be
in charge of coordinating the geélogical studies as well aé the
field implementation of formation evaluation procedures. Dr.
Ershaghi serves as a Petroleum Reservoir Engineer with the California
State Lands Commission in Long Beach. He is also an Assistant
Professor of Petroleum Engineering at the University of Southern
California. His responsibilities in the project will include.the
design of well test procedures, recommendation on well logs, and
interpretation of the basic well data.

Assisting the principal investigatofs will be several SLC
research associates serving as drilling engineer in charge of re-
viewing the drilling plan, a field engineér monitoring the field
operation, and reservoir engineering consultants to review the
interpretation.

The logging and pressure transient tests will be>conducted

through the use of reputable service companies.



COMPUTER PROGRAMS AVAILABLE

Well Log Interpretation

Processing of Pressure Transienf'and flow tests Data
Deliverability forecast

Economic Evaluation

3-D geothermal simulator

Casing Design



‘California State Lands Commission
_ Geothermal Reservoir Experience -

A—- East Mesa Area, California

‘No. of Wells: 5

Objective: Reserves Evaluation ‘and Deliverability Forecast

Data Available: Well Logs

DST on Most Wells
Flow Pest on Two %ells
Temperature Surveys
Heat Flow Map

Methodology and Conclusions:

1.

DST data were interpreted to,estimatelreservoir'statié .
pressure.and formation transmissibility. Transmissibi-

lities were compared to results obtained from Saraband
‘logs. . The validity of Saraband derlved permeabllltles
-'were ruled out.’ : y o

Net sand thicknesses for lndlv1dua1 wells were obtalned N
and contoured. The pore volume. of the reservoir in the =~

" area of interest was determined using the isopach map,
. theé . heat flow map, and the poros;ty values from the

h 7Saraband log.

Based on a materlal balance study it was demonstrated ‘
that for straight production and with no pressure
maintenance (by reinjection of the produced fluid) the
producing life of the reservoir would be less :than two.
years.: It was demonstrated, however, that by ‘water
injection the economic life may be extended to more ‘than
thirty years. 1In this computation, based on in-situ heat
capacity of the reservoir, it was shown. that up to two
pore volume of the fluid in place may be 1n3ected before
the reservoir temperature would" drop to unacceptable
levels. ' :

Salinities computed from resistivity logs and the .
'analysis of produced water indicated that the concept

of sudderi pressure drop to create a vapor dominated
system may not be a wise decision for the East Mesa
field. Although our hypothetical model studles u51ng

—y,
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" one and two dimensional systems indicate the heat
. recovery may be maximized by the above process.

S. Economic utilization of a geothermal resource depends
_heavily on the available temperature level, and. the
existing’ technology. At the time the study was done,
temperatures in the range of 310° - 330° F were not
econonmical. Therefore, no further action was taken
at that time. Recently, however, both TRW and Republic
Geothermal are both recon51der1ng the East Mesa reser-
voir. : : -

" Lawrence Berkeley Laboratory has conducted many pressure

~ transient tests to determine inter-well transmisSibi— :
~lities. Their results have conflrmed our lnltlal
estlmates from the DST analys;s.

B - The Geysers Area, Callfornla

.*(Because of the sens;tlve nature of the lltlgatlon and the
.° fact that the decision made by Superior Court is still
‘_subject to appeal, and the confidentiality of the data,
only socme of the technical aspects of the reservoir study
" will be discussed here w1th no reference to speczflcs of
conclusions. ) - . " . '

Ob)ectlves- Reservoir and Reserve Evaluatlon and Dellverablllty
Forecast

Data Available: Pressure transient and. some Flow Test; Static
~ - Pressure and temperature Surveys; Considerable
Past Production Data; No Well Logs. :

‘Methodology: 1. The well head recorded pressure transient test .
R e .. - data were converted to bottomhole data by using
' ' a computer program utilizing static wellbore
' temperature surveys.
. 2+ From the bottomhole data, and applylng the
© * .conventional Horner plots (assuming radial
flow), the pressure data were analyzed. It
~..was noticed that the radial flow model may not
- . be suitable for such data. Evidence from drill-
.. ing and geological information led us to consider
the flow regime to be of a semi-spherical rather
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%

,than'radialAsystem. The behavior of a semi-
.spherical flow system for a naturally fractured }
‘reservoir using the double-porosity model -~ e

originally proposed by Warren and Root was :
mathematically modelled and solved both analyti-
cally and numerlcally.

From the sperical flow model, we were able to

. derive improved estimates of reservoir static

pressure, fracture capacity,’ and an average
spherical permeablllty. -

Also, from the past productioh data, plots of
P/Z vs. cumilative production were made. This

-information plus a limited amount of back .
- pressure test data on few selected wells en-
.abled us to make deliverability forecast on

three distinct portions of the reservoir.. A
computer program to make the deliverability -
forecast was developed for thls purpose.

In the absence -of well ‘logs, the locatlon of -
steam entry points compiled from drilling data -
were used to construct a 3-D peg model illustra-

ting fracture pattern and distribution. Currently,

this concept is being consideéred for modelling -
on our digital computer.' The objective is to

' generate three dimensional description of frac-

ture orientation and use the information for

- extrapolation to areas surrounding The Geysers.

. - The shut-in pressure data as-they become avail-

able are continucusly being received by our
geothermal operations staff on the Geysers
wells and used for updating the P/Z curves and

monltorlng the reservoir pressure.

Cur past~economic studies on the Geysers area

.mostly have consisted of estimates of future

- royalty income from the field and determination

of risk weighted optimum bid bonuses on new

‘areas offered for leasing. Computer program
"to conduct economic evaluation and forecasting

and a specific statistical model to digest



vy

past history of the field and make risk-weighted
.forecasts about the reserves of the unleased —
areas have been developed by our staff.

!

C.—~ The Cerro Prieto Field, Baja, california

Objective: Well Log Interpretatlon

Daoa Available: The following logs are available on most wells-

a. IES for shallow depths.

tb. Dual-Inductlon Laterolog

c. 'Dens‘lty Log
.lfol.fﬂéutroﬁ:

.'7j£; Microlog

“In addltlon, statlc temperature surveys on’ some wells are
available.

Methodology

1.

2.

3.

The interpretation of .the, well logs by. our. staff has
just been started. Based on some prellm;nary work the
~following. observatlons have been made:-

Conventlonal emplrlcal correlatlons used in the interpre- .
tation of well logs at low temperatures (such as those

- used in petroleum industry) may have shortcomings at

temperature- ranges existing in the Cerro Prieto area.

The logs indicate the presence of sand-shale series
in the'producing section of the resérvoir. Salinity

in vertical cross_sections of the_reseryolr.,

From the physical property measurements-currently being
“made at elevated temperatures (under a separate contract
with the U.S. D.0.E.) attempts are underway- to interpret

the log derived values using the newly developed corre-
lation.



.

-

Using a novel technigue dévelbped.by one of éur staff

“members, the permeability profile in individual wells
.are being determined from well logs. The objective

is to compare the results to transmissibility values
available from well test data. ' ‘
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“Robert G. Paul .
5172 Del Sur Circle -
La Palma, California 90623

213-590-5202 é
714-828-3375

‘_ﬁ1916—Present

.
.

CURRICULUM VITAE .

..
LY

Office)
Home)

STATE OF.CALIFORNIA STATE LANDS CCMMISSION

Supervising Mineral Resources Engineer.
Supervisor of Geologic and Engineering Evaluation
Section, consisting of mult1d1501pllnary team of
professional licensed geologists, engineers and
oceanographérs, Provide techaical analysis and
evaluation of 211 onshore and offshore oil and -

:-gas, geothermal and mlneral operatlons for State'

' of California. _ .

U.S. GEOLOGICAL SURVEY, CONSERVATION DIVISION

Staff Geologlst

‘Technical subsurface studles relatlve to devel— .

©1961-1975

opment of OCS field reserves and tract’ evaluation
for Lease Sale No. 35. Resource potential
studies foxr proposed Lease Sale No. 48, Coordi--
nate preparation of OFR 76-232,. : :

STATE OF CALIFORNIA, STATE LANDS COMMISSION

Engineer and Geologist.

" Supervise professional geologic team in evaluatlon

of onshore. and offshore oil and gas, geothermal
and mineral operations. Provide geological and .
engineering analysis of o0il and gas and geothermal
leasing and development to determine the State

... equity and protect the State's 1nterest

1959-1960

.- PETERS FORMATION LOGGING COHPANY

Vell site geologlst

-Analysis of oil and gas Well data and preparatlon

of a continuous log of drilling and geologic data.

YN
.



. PUBLICATIONS
- »*+ "The Offshore Petroleum Resource', California

EDUCATION

PROFESSIONAL

BACKGROUND

'l

University of California at Los Angeles - B A.

Geology 1959.

. Currently M.S. candidate at University of Southern
- California in Petroleum Engineering. :

Active in A.TI.M.E. and A.A.P.G. continuing '
education program. .

Reglstered Geologlst No. 855 -~ State of California,

Member Pi Epsilon Tau - Natlonal,Petroleum

'-Englneerlng Honor Society.

Member of American Association of Petroleum
Geologlsts -~ Pacific Section.

'Past member of 8001ety of. Petroleum Englneers

of A/I.M.E,

Member of Society of P10fessxona1 Well Lov
Analysts - Pacific Section. .

Health excellect: helght 6‘0", welght 180 pounds.
Born December 23, 1933,

Married w1th two chlldren. Wife is credentialed
elementary. school teacher. s

Served two years (1954- 56) in U S. Army,
honorably dlscnarged

Authored'geology and reserves portion of
Resources Agency, 1970. .
Authored Offshore Geology and Mineral Resources

- - portion of "COAP. Developmenu Plan", California
- ICOR, 1971.

 Authored report to California iegislature

on "California Offshore 0il Resources", 1974.

Senior author and editor of OFR. 76 232,
"Geological and Operational Summary, Southern.

- California Deep Strat Test OCS 75-70 No. 1%,

1976.

P I
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Addendum to the Curriculum Vitae
- of '
Robert G. Paul

Geothermal Experience’

1.

Evaluation of permit areas proposed for conversion to
lease within known Geothermal Resources Areas in the
Geysers area pursuant to Section 6912 (b) of thé Public
Resources Code: ‘

a) PRC 3708.2, Seghesio property, Mendocino County
b) PRC 3496.2, Cobb Mountain, Lake County
c) PRC 4339.2, Horner State, Lake County

Extended term of permit for applicant in 1977 in Surprise
Valley, Modoc-County, based on evaluation of the inte~
grated well data, geology, temperature data, gravity and
seismic data. ;

Developed risk-weighted economic program for evaluation

of sufficiency of geothermal net profits bidding:. This"
program is currently being expanded to further account

for the probability distribution of analog input variables
and develop a comprehensive monte carlo simulation program.
Reduction of capital and operation coést factors for pro-
duction scenarios, extrapolated reservoir data, and rate
and price variables are necessary to complete the program.

(Y]



CURRICULUM VITAL
¢ ‘e .

NAME : IRAJ ERSHAGH!, P.E.

- DATE OF BIRTH: . August 1, "1342 AU ' .

PLACE OF BIRTH: ‘Tehran, Iran

HOME ADDRESS: - 1021 Via Ventana .
' Palos Verdes Estates, CA 90274

s et S B —— . g #F T Geuee s TTEm s m—w W C s m—cw 4 m—

EDUCATION

B.S. Petroleum Engineertng;

"Ph.D. Petroleum Engineering, 1572, Univ.

.

'PROFESSICHAL EXPERIENCE S o

.geptembcr, 1972 - University of Southern California

to present . Los Angeles, California

W

1865, University of Tehran,
.Petroleum Engineerigéa 1268, Univ. of Southern California

of Southern - California

Assistant Professor Petroleum Engineering

S o wells-

) February, 1970 - Associate Mineral Resources Engineer,

* to September, 1972 . .State Lands Cémmission, Los: Angeles,

Responsible for reservoir enginerering for the tide
and submerged lands of the State of California.
Emphasized computer applications to optimize State
‘revenue {rom unitization of secondary recovery

'.operatxons.

:August, 1966

. to February, 1872.

éeplcmbc%, 1865
‘to June, 13866 Tehran, lran . . .

-

Fesponsible for petroleum engincering laboratories.

-

\o

(op)

\n
1

. . June,
to Septemder, 13865 Pcrs:an Culf, lIr2

, Teach:ng and research on enhanced.oil recovery,
cecthermal reservoirs and pressure transients in
Also contributed to departmental administration:

quifcrnia

4 Full-time gradusie siuvdent in Department éf Petroleum
1o February, 1870 Engineering. Part-time graduste student February, 1970

Instructor, Technical Facu]ty University of

Enploycd by Socucty lranlan-ltallon Petro]oum in.
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"Problems in Estimation of Salinity Profile in Liquid Dominated
Geothermal Systems,' Paper Scheduled for Presentation at 1978

Annual Meeting of GRC in Hawaii(July 24-29,1978) (with E.L7 Dougher-
ty, H. Ucok, and F. Ghassemi) .

t ]

""Current Economic Apprafsal of Steam and Combustion D}ives," SPE 7073 pabéc

presented at SPE Improved 0il Recovery Synpos:um April 16-19, 1978, in Tulsa,
OK (with T. M. Doscher)

“Steam-Solvent Stimulation,"_SPE‘71181paper presénted at k8th Annual California

- Regional Meeting, April 12-14, 1978, in San Francisco, CA _(with T. M. Doscher,

D. Herzberg and G. Zadi). . *
"A Hethod for Extrazpolation of Cut vs Recovery Curves,'' Journal of Petroleun S ES
Technology, February, 1978, p.203 {with 0. Omoregie). ) . S

“A Method for Estimating the Interporosity Flow Parametef in Naturally Fractured
Reservoirs,' SPE 7142 paper presented at 48th Annual California Regional Heetlngl )
April 12- 1L 1378, in San Francisco, CA (with D. Uldrich). . .

"Wpermeability Determination in Liquid Dominated Geothermal Reservoirs Using the

-Dual Induction Laterolog,’ accepted for publication in 1978 Transactions of the
Society of Pro.essnonal Well Llog Ana!)sts (Wlth E. L. Dougﬁerty, Jr. and

D. Herzberg).
t
t i . .
.YAnalysis of Pressure Transient Data in Naturally Fractured Reservoirs with
Spherical Flow,'" SPE 6018 presented at.the 1976 Fall Heet:ng of the SPE in

New Orleans, LA (wuth S. W. Rhee and H. T, Yang).

"Porosxty and Pernoabllxty,” a contribution to the Encyclopedia of Geochemistry
and Environmental Sciences - - Edited by R. W. Fairbridge (1972) p.$64-970 y
(with G. V. Chilingar and C. Beeson). : ' .

"Mobility of Polymer Solutions in Porous Hedla.“ SPE 3683 presented at the
42nd Annual SPE California Regxonal Meeting, koyember 1371, in Los Ange]eg;

CA (with L. L. Handy). .

“Hathem3tical Simulation as - a Hsaﬁsiof Predicting Qffshore Vell B!ogput§!w

- California State Lands Commission, April, 1971, .

Book Review (G. V. Chilingar) in Eng. Geol, 4 (1970) 89-92 ) I ]

“Chemistry of Interstitial Solutions in Shales Versus that in Associqted .
Sandstones,' SPE 2527 presented at the 1369 Fall Meceting in Denyer,.CQ
(with G. V. Chilingar, H."H, Rieke, 1|1, and S. T, Sawablnll‘ :



P2rt Time ' ‘ T T oo .-
5 :
! Scptember. 1968 ~ Lecturer in Depariment of Petrolcum [nglnecrlng

to July, 1371  at USC., . e
1967 - Pctrolcum Engineer, Signal 0il and Gas Company.

1968 Responsible for computcr application *o well log
applncatuon. . } . -

September,
to Septenber,

[ 4

CONSULTING

.-~ -State Llands Division, State of California
Advises on pelroleum reservoir engineering, waterflooding and .

geothermal operations. : ' ]

-

Southern Californiz Gas Com;eny
Screening of potential gas 5Lorage reservoars
Basin. - .
- TRY ) _
"-Consulting on gedthermal operstions.: ]

in Los Angéles

. Lawrence Livermore Laboratory
- Consulting on physical property mesasurement of reservonr rocks

"at elevated temperztures and pressures.

Atlant?s.Sc?entifIc, L '
Consultant on environmzntal impact. reports relative to geothermal

-and urban drilling.

-
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-Addendum to Dr. Iraj Ershaghi Curriculum Vitae

Teaching Exverience:

Currently on the teaching staff at the University of Southern California, Dr. Iraj
Ershaghi has taught the following courses:

1.
2
3.
4.
5.
6.
7.

Pressure Buildﬁp and flow tests
Reservoir Simulation

Gas and Gas Condensate Reservoirs
Geotherral Energy

Jmproved Oil Recovery Methods
Fluid flow through porous media

Advanced well testing (scheduled for summer, 1978)

Work Exverience:

Iog Analysis:

1. Assistant Log-Analyst - Signal 0il and Gas Company
Developed computerized methods for well-log interpretation.

Reservoir Engineering::

1. Consultant to Southern California Gas Co. (Evaluation of prospectlve‘
depleted or semi-depleted oil and gas reservoirs in the Los Angeles
Basins for Gas Storage). t

2. Consultant to Atlantic Scientific
a. Evaluation of Reservoir Data for the Beverly Hills Drill-Site.

b. "Evaluation of Republic Geothermal Reservoir Study on their
proposed 10 MW Development Plan in the East Mesa Area.

3« Alberta 0il Sand Authority

Evaluatlon of Thermal Recovery Methods for the Viscous crude
Reserves of the Alberta Province.
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RESUME FOR- ROBERT. A.- P. GAAL

"~ PERSOMAL:
Dr. Robert A..P. Gaal
4402 Lucera ercle ‘
. Palos. Vzrdes E>Lat S, Cal1.orn14 9027».""
‘. Home Phone: - (2]3) 375-535]
Birth Date: March 30, 1929
Birthplace: Holiywood, Californiz
Security Clearance: Secret ' .
Marital Status: HMarried - o - )

... EDUCATION:

B.A., UCLA 1953 - M.S., USC 1958 -~ PhO., USC 1966 -

Graduate Gemologist, Gemological Institute of America .
Currently enrcliad in Certificate in Business Degree at UCLA and werking
toward MSA. - . - )

-

PROFESSIOHAL SOCIETIES:

- Certified Professional Geologist, State of Caiifornia (No. 3039), and
affiliated with numerous societfef including Sigme Xi,-SEPH, AIME, AGI,
‘KIS, Nuer:co“ Institute Vor Professicral Gco]chsgs, and tha funcrican
Gem Society. .

Former President (1972) of the Southérn California Section, Amcrican

. Institute- fcr Mining and lidtalturqy. FPast Nan1o\a] Vice President (1971)
of the America Socicly for" Oyonnog»ayhy
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EXPERIENCE: . ...  ---

*

" :SApril 1978 .- Presenmt _ ‘State Lands Commission )
- 1972 - 2978 : Name of Organizaticn - Gemological Institute
of Anerica I
Address’ - 1660 Stewart Street ’
7 . +  Santa Monica, California 90404
. Name of Supervisor - Hr. Richard T. Liddicoat, Jr.
e President

'.Addre,s - 1660 Stewart Street
.- - . Santa Monica, California 904C4

‘Since joiping GIA in 1973 Qeneré] résponsibi]ities and-attivities included:

¢ Provided techn1ca1 support tq GIA Gem lrade Laboratory
o Supervised the preparation and,distributicn ot Gems & Gemoiogy, various
books and correspondance course revisions.
¢ Coordinated typese Luers, layout art1st and copy personnel _photographers,
and printers.
- o Reading and reviewing all books perta1n1nc to gemolocy, mineralogy,
T jewelry trade and assaciated subjects. .
‘... .. o Menitering all G:uOIOQ] and Jowelrj trado Journal and evaluation
~ . of these works. .
o tEstablishing and n>1nta1n1nﬂ a2 file SjSL°T on all re;ent data on
gemologj and the jewelry trade industry. -
¢ Pre par1ng cost estimate associatad with nub]:canons prcparat1on of
am e - proposais, trade show exnibits, and purchese of sc.ent1.1c 1nsnruments
- and office equipment.
-. ~ - o Detarmining requirements jor the acqufsitipn of nev scientific laboratory
N instrumants. C ‘
¢ Per.ozﬁlng Lests on g=m materials using the Electron Microprabe

\i
Analyzer, X-ray analyses,.cathodoluminescence, infra-red, ultra-
:vzoln;, and visible spectrophotemetry, phase contrast and polarizing
micrcscopy. :

" .e Research on gem materials.

¢ Lecturing and pubhlic infermation officer functions.

o Superv1s1nc R°S° rch Library.

1966 ~ 1972 ) Neme of Organization - TRW Systems, Inc.

. Address - One Space Park, Redonds Beach

. , - - . California 90278 '

R Name of Supervisor - Dr. A. B. Michelwait

s * Address - Qne Snace Parl, Qadonde Beach R3/72194

) Ca]ifornia‘ 90278
. Activitias at TRW included planning, direction, managing, analysis, and
interpretation functions on several studies and projects such as:
Geologic and -oceanographic study of the Gulf of Tonkin for U.S. Navy;
feasibility studies and research in cormercial oceanoqraphy earth
resources satcllwtcs. study .for the National Acaccmy of Englnccrlng on’



-

.

£1366-1972 TRY Systems, Inc.,...continued . <L

M\]1tary oceanography, study of the Nat1ona1 Date Program for tﬁe Marine
Environment; enginzering geology missile site selection studies for numerous
classified projects; research in VLF, ELF and laow frequency electromagretic
prospecting instrumentation with concurrent model and Tield studies {or the
explora.1on of ore deposits, ground water, and determination of pnysical rock
properties and structures; studies in lunar geology and in_remote sensing.
using multi-sansor 2oorgach both jn laboretorv and field. Last assignment
{1969-1972) was Chief Ceolegist of OMAR Explorations, Inc., a subsidiary of
TRY, Inc., managing and directing a gao]ogic analysis group on a $3 million

- yorldwide mineral exploration program using the most scpnisticated instruments

"and techniquas - ava11a“]e Also, assisting and a2ppiying tha most recent comguter
technology to o°o:oglc analysis and na;ural resource sLudxes. :

262-1966 , . Name of Organization - LA County Huseum of

. Natural History
. Address - 900 Exposition Blvd. Los Angeles,
: . Name of Soperv1sor ~ Dr. Theodore Downs
- .~ -~ Address - Chief, Earth Science Division.

' (above address)

Curator of %1n*rclocy and Gz Oxogy Activély engzged in rese Cu, dispicv aﬁd
educational functions of the Museum. Directed exiénsive studies of rocks and
wminerals ‘in Hexfco and SW U.S. Dic structural mapping and petrology/petrography
of Pajarita Pk., M. Mexico; worked cn origin of the Bottomless Lakes, N. Hexico.
Horked en clay mingrals in th2 scutherp Calitornis oifshore-basins, Preparad,
cataloguaa, 1dentitied, and describzd minsrals and rocks n muszum collection.
-Cdllected and purchased minerals and gems fer exhibits. Prepared treveling
gnoioglc and mineral exhibits. Gave public lecturss and taught Museum courses
in geolegy and minarzlogy. Hrote numarous popular minaral articles. Supervised
.assistants and museum p*rsonﬂ=l Interfacad with tha oub]lc mineral clubs,
iocax unlver51t1e:, industry, and goverrrnnt=1 agancies.

D.. ﬁ)

1963-1966 - - Natte of 0r~an1zatuon - Whittier Co1leg°

Address - ]aCZI E. Ph11aon1ph.a Street
Whittier, Calif. 20891

. _ . Name of Suparvisor - Dr. Seach Leighton,

’ Chairman .

Address - Dept. of Geo]ogy (above address)

Ins;ructor and Lec;uxer in undargraduaLe dxnera1ogy, Petrology, and Structural

Geology. Numarous field trips were.taken to classic mineral localities in the

- western U.S. Students did original research on rocks and minerals in the

southern California area. Established a working rock and mineral student
collectien and & Gzology Museum collection. Geochemistry and Principles of Cre
Deposits were taught as part of the S unit mineralogy course. X-ray and optical
methods were introduced. Gemology was also tauqht Also taucght petrology and
petrograph) in. Sprlng of 1971. : : . :

-y - .
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1956 - 1962 . . : Name of Organization - U.S. Geological Survey
' ' " Address - Ground Water Branch A]buquerque,
New Mexico Y
Name of Supervisor - Mr. William Ha]e 4
.~ . MAddress, - Box 4369, University of New Mexico Campus
Ground Yater Geologist oncfREnstatus for U. S. Geological Survey in New Mexico.
Project Chief of Three Rivers Area,.MNew Mexico, involving detailed and recon-
naissence geologic mapping, ground water, and hydrologic study of the area to
supplement water for the White Sands Missile Proving Grounds. Reconnaissance
geolog1c mapping, well 10991_3J_and ground water study of about 10,000 square
miles of SE New Mexico for a basic recharge study. Initiated use of radar to
Jocate storms and potential recharge areas. Ground water study of underground

atomic test site for Project Gnome, Oﬁeration Plowshare, Carlsbad Area, - New f~x1co.

forked only during field seasons.

1959 - 1961 L ~ Name of Organization - Republic Resources and
- ’ ' . Developmerit Corporat1on
.Address - han1]a Philippines :
‘Meme of Supervisor - Lowell A. Ressmussen
Address - 2120 £. 4th Street, Casper, Hyoming

. . N
Petrol eum Geologist and suparv1sor in charsa of both on and off shore geological
-and gﬁQQb&jlca] suryays lOC_QEte“mlﬂlzg_SbOS urvace siructures in the Philippine’
Islands_. Gid gyoloc.c Tieid mapoing, Eng;Sli__g,n_ocxu interpretation of _
magnatic, grcv1tv, seismic refiection and reirs action date, integrated surface
subsurface, p«Iocntologlcal, and ceophysical data for wail site locations.

Taught courses and instructed Philippine trained geologists who were mining
geclogists and engineers in sedimentary rock geology, peiroleum aeo]oa/,
well-site geology; and modern ve]l locging Lechn1ques

1953 - 1655 .. .7 Name of Organization - U.S. Army
- - ‘ Address - HQ JQHPD - YOthu a, Japan

"U.S. A'my Petroleum Branch, Far East Headquar rs, Jcpan, Ch1ef Yoshlra
Petroleum Quality Contrcl Testing Laboratery. Member of four-man team
establishing the Chinese Nationalist iilitary Fetroleum System, Formosa.

Project lead;x of loss-gain studices involwving ship and- sh1p shiore petroleum
transmission, storage, and handling problems. Author of U.S. Standard Operating
Procedures for Military Petroleum Storage, Sampling, and Testing for Far East,
1955. Recipient of U.S. Army Commendaticn Ribbon. Mapped detailed geology of
undﬁrgrgund petroleunm storage areas in Japan Petroleum Liaison for HQ JQMFPD
in Far fast. . .-

14
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- PUBLICATIONS: e

Establishment 4 Ana]ys1s of Chinese Nat1ona115t W]]ltary Petroleum System, -
" Formosa, 1954, Ailitary Assistance Advisory Group, U.S.A. ?7 Tap81 .
Formosa (250 pages) . ’ . . .. . .

Standard Oceration21 Procedures for Samoling, Testing & Storage of Military
Petroleum Procducts for Joint Forces in fFar fast, 1959, U.S. Army Headquarters
* Japan QuartEhncstnrs Petr01=um Depot, Yokonama, Japan (300 pagos)

Eeology and Hydroloay of the Three P1vers Area, New Mexico, 1959 u.s

" Beological S"?vcj (48 pages).

Pre11m‘nary Peoort on Lhe Geoleay of'the °a1a“1to Lounta1n Area, New Mexico,
1950, with W. S. Fotts, in AADG.6U]1EL}n ,, Yol. 44, No, 1, pp 108-120.

Geological Man of the Green Sorings Quadrancle, Mevada, 1962, in Webb &
Nif?on "Frogress aeoiogic tiap of Neveca, "Wevada pureau of Mines Wap }6. ' .

The har1n° r‘=*o'lcmv of the Pales Verdﬂa Shelf, California, 19 63, with E. Uchupi,

in Emery Commzmorativa Votum-, Allan Hencock Fouraau1on, Los Angel=s, Calif., (22'pages).

Gens of Geology, 19 3 Los Ancoles County Museum of Watura] H1stovy Quarterly,
“VoT. 73, ho. 1, DD 21-30.

Ceologic M2p of the Csntra? Portion of the Green Sorings Quadrangle, Nevada,
1965, in “Preliminary Gzclogic .ap o Nevada, "U.5. Geoicgical Survey.

. 4y . . .
' Q§o1og1c Hzo of thz Three Rivers Ar 22, New ?ex1fo, 1955, in Dane and Bachman
--¥Geologic %ep of ﬁéw Mexico,“ U.S. teological Survey. '

-Marine Gecl ozy of tha Santa Cztalina Basin, California, 1966, Dissertation,
Uhivers1»y r Soutnarn Calitornia; Adbst, University of Michigan.

Cceanoqruaﬁv % Marine Goolozy of the Santa Catalina Bas1r. Ca11forn1a, 1966,

‘ ln the Proceedings of the Pacitic science Co 1gress, [ckyo, Japan,

Electromacnetic Denth Sounder, 1670, with G, Inouye, H. Bernstein, in the
Proceedlngs o1 the Internztional Conference on Geosc1ence E]ectronxcs, IEcE,
Kashington, D.C. (35 .pages). . '

i litary Oceanograohy, w1th S. Qothnan, for Natxona’ Academy of Englneerxng,
Lomuitiee on uceancgrapny (46 pages).

North Slon2 - Past, Presenf and Future for the 1970 Nationa] Marine Science in
tducation Conference, Catalina Isiend, Calitoinia, Sea Grant, ADst.

OLLanoglapus, 1913. Chapter 14, pp. 318-334, 1
Future, Informaticn A]wan:c. pqtll had ky Calife
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CPYBLICATIONS: .. : T R

.' - - ¢ . - ' L L.

Turquo1se - Stone of the Ages, 1974 Terra, Vol. 13, No. 2, Fall, The Hatural
History Huseum Alliance of Los Ange]as County, Los Ange]es. Ca]1forn1a

Dlamonds...Famous, tiotable and Unique, 1st Ed]txon Revised, 1974, by L. Copeland,

et al., Revised by R. Gzal and J. Taylor, 252 pages.

L4
[4

Book Review, 1973, Minerals of Brazil, Ribeiro Franco, et al., (1972), Mgn—madg
Crystals, Joel E. Arem, (1973), "Gems & Gemology", Fall Issue, Vol. XIV, to. 7.

Book Review, 1974, An I[1lustrated Dictionary of Jewelry, Anita Mason, (1974),
*Gems & Gemology," Spring [ssue, Yol. XIV, No. 9. .

. Book Review, 1974, The VWorld's Finest Minerals and Crystals, Peter Bancroft,

(1973), "Gems & Gemology," Summer Issue,”Vol. XIV, Ho. 10. -

Book Review, 1974-75, The Diamond Hagd;tes Brian PRoberts, (1972), Gemstcne &
Mineral Datz Book, John Sinkankes (1974}, Gams and Minerals of America, Jay Ellis
Ransom, (197%5), Huntina Diamonds in Ca!1‘orn1a Mary Hill, (1972), Gems and

l'Minera1s in Color, Rudoiph Metz, (1974), Pebble Cnllpcf1no and Polishing,
“Edward Fletcner, (1973), "Gems & Gemology," Winter Issue, Vol. XIV, No. .2

| Quenstedtite frem Calitornia, 1975 with D. Ueber, "The. Mineralogical Record,"

Yol. 6, No. 3, p. 16S.

. Book Review, 1975, Minerals of the World, Charles A. Sorrell, (1973), Working
with Cemston2s, V. A. Firsofr, (1974}, "Genms & Gemoloay," Sor1ng Issue,

Yol. XY, Mo. 1.

Book Review, 1975, Diamonds Eternal, Victor Argeﬁéio, (197¢), Gemstones and

Mind*hls, Paul Yilliard, (1974), "Gems & Gemology," Summer Issue, Vol. X¥, No. Z2.

Book Reviaw, 1978, Th2 Retail Jeweler's Guide, Kenneth B]akemore, (]973)
°G§ms & Gemol o,y," Fail .Issue, Von AV, No. 3.

Recent Pesearch at the G=mo1oa1ca1 Institute of America, 1976, H1nera1og1ca]

Society of America-fCN Symposiuin on the Chemlstry &nd Paragene:xs of Gem h1nera|s,

Tuscon, Arizona (Abstract).

Cathodoluminescznce by thé LuminoscopeR, ]975, "Guilds - Ccnclavé Issue,"
Boston, Massachusetts, p. 13-15. . ’

Cgthodo]uminescence in Gemologqy: A Short RnVIew, 1976 - 77 "Gems & Gemo]ogy,&
Hinter Issue, Vol. XV, No. 7 P-. 234 244. . :

“The Diamond Dictionafi} 2nd Ed1t10n. 1977, Gemo]og1ca] Institute of Ame r]ca,
Santa lonica, Calxroxn1a, 352 p. .

-
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Thc Geolqui_gglg1n & Ground vater Conditions of the Bottomiess Lakes Area,

. New Hexico, with-W, S, Motts of the USGS and UnzvchIty of Hassachusetts.
..for the Bu]l Geol. .Soc. ‘Am.

’l. S ';'- .

. “Marine Geology of the Emery Seaknoll, California with G. Schaefér of
H NAVOCEANOD, Chief PACSUPGP for Journal of Harine Geology. .

4
¥

Foraminfera of the Gulf of Tonkin thh K. Green of_She11 Research, for ' o ;7-ff

Journal of Micropaleo. ‘ ' . . : S IR

o+ - .
7 Statistical Analysis of Foraminfera of the Santa Catalina Basin, Califarnia, "
3 with K. Green, presently CJDFESS Callege. -

.-_—-

Study of the Space Group for the M1nera1 Langite.

0 Authored 10 techn1cal reports for TRU (e xc1u51ve of contractua]
documentation), and participated in preparation of & major propasals.
_ Supported many classified programs in gggg;g_senslng geclegic and .
e ggganagcaphlg_gnalzs1s ' . -

°© Numeraous propr1etary wor'ldmdp economic gcology reports fcr CMAR
..Explorations, Inc.; these reports included all aspects of mineral:
exploration, mining geology, mining engineering, as.well as eccnomic,
-1egal and political analyses of prospects and countries.

s
N ‘—/

Proposal Menager of: DR ARSI
G s . P Tt o

Study on a Nationai Pata'Droq"aw”;or the Marine Enviroriment, 1967, for-
., National Ccuncil cn Marine Resource and.Engine ring Peveicpment, ONR RFF
=" Ko. NOOC14 67- -0011. .. Do

"Study of Sring Dlsbosal from Larce Uesé]ﬁnatioﬁ Plants in the Gulf of Calif.,
1987, tor Office o Saline Yatar, U.S. Dept. of Interior,

@ TRW Reports pertinant to Oceanography and Envirorment:

- Applications of an Orbiting Satellite to Ogeanography, Tor YQSA stugy, 1957.

Continuous Record1nq (Qceanoaranhic Dnns1t0T°Ler 1966

Significance of °cmote1v Sensed Parameters to Fisheries, for U S. BCF study '67.

" Status Repert on the Gco]oay, Gadchemistry & Geoo_ysics of the Moon,. for NASA '68.

\

ACOuStical Properties of the Gulf of To.kxn Bottom Sediments, U.S. hAVY 1867

fl

.. The Ocearcaraohy & Marine Geology of the Mouth of the Gulf of Tonkln,
- tor U.S, Navy stuay, 1907,

*Ocearccrapﬁic Po?lution Studies in the Coastal Zone, 1968

-

Enginserina Ceo]onv and Environrental Impact Site Analysis Project
S\nqllnc. tox U.S. Navy stuJ). 1377, .

' Sv:th\t1’cd Natural PPSOU\CO Study for Brazit »it, 1971

qujronncntn\ Study (ELS)_of the Outer Channel Islands,-Santa Barbara
Channel, ¢ CaliTorng, 19737 ( : : .‘ : o
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ROBERT GAAL

Resume Addendum’

GEOTHERMAL EXPERIENCE

Hot Spring geochémistry (Coso H.S., California).

Hot Spring mineralization studies using X-ray, XES, SEM, and
microscopic analyses (Coso H.S., California).

Remote Sensing - detection of geothermal areas with various
sensors, e.g. thermal IR, VLF.

Feasibility and field studies of offshore California hot
springs for beneficial use.

Review and analysis of geothermal, geophysical and well log
data for State Lands Commission on research and litigation
projects.

Continuation of State Lands Commission underwater abnormal
heat flow project on State-owned lands. Redesigning thermal
probe designed and fabricated by the Lawrence Berkeley
Laboratory for State Lands Commission..

Presently preparing a temperature gradient hole drilling

and geochemical program for State Lands Commission to confirm
the anomaly found with the State Lands Commission underwater
probe at Mono Lake.

Developing analog data for State Lands Commission monte carlo
simulation program. ‘ :



CHARLES P. PRIDDY
21872 Kiowa Lane
Huntington Beach,

1963 - Present

1962 - 1963

1959 - 1961

1956 - 1958

EDUCATION

BACKGROUND

Telephones:

‘Office: 213-590-5211

CA 92646 Home: 714-968-2252

RESUME

- CALYFORNIA STATE LANDS DIVISION

Responsible for leasing and development of geothermal resources on
State land. -Devised geothermal regulations, lease provisions and
operating procedures. Preparation of enviromnmental impact reports
covering geothermal operations on State land. Evaluation of State
land for classification as KGRA land. Review and avprovel of drill-
ing and producing operations. Supervision of professional and tech-
pical staff consisting of engineers, geologists, inspectors and
administrative analysts.

BAROID DIVISION, NATIONAL LEAD COMPANY

Gulf Coast, Mexico, and California. Drilling Mud Engineer.
Examination and raintenance of clay base and oil base drilling
fluids in areas of high pressure, lost circulation, and heaving
shales. Evaluation and recommendation of drilling programs.

PETROLERA DOMINICANA, C. por A.

Dominican Republic. Surface geology in the Azua and Enriquillo
basips--structural mapping, photo internretation, basin evalua-
tion, and stratigraphic studies. Subsurface work included elec-
tric log interpretation and correlation, analysis of ditch
samples, testing and coring, and mapping from geophysical data.
Located potential oil prospects and drill 31tes Directed con-
tract seismograph crewv.. D

CREDLE PETROLEUM CORPORATION

Venezuela. Well site geologist on Iake-Mzracaibo - electric log
interpretation and correlation, analysis of ditch samplées, and
isopach studies. Surface geology in eastern Venezuela, measur-
ing sections, photo geology, and structural interpretation.
Office geologist in Caracas - writing well summaries and compll-
ing a yearly swumary of industry developments.

Texas Technological College, Lubbock, Texas. Master of Science
Degree in geology with a minor in mathematics, 1956. Thesis

YA Sedimentary Analysis of the Cox Formation of Trans-Pecos
Texas". B.S. in geology, 1952. Graduate study in Geology, Uni-
versity of Texas. Graduate study in Petroleum engineering, Uni-
versity of Southern California. Information and Computer Science
courses, University of California, Irvine.

Born June 10, 1931. Married. Read, write and speak Spanish.
Served with the Korean Militery Advisory Croup. Member American
Association of Petroleum Geologists, Sigma Gamma Epsilon and
Society of Petroleum Engineers. E.I.T. Certificate No. 24056,
Registered Geologist No. 806, State of California.




ADDENDUM

c' Po Pz'iddy.

Envirommental Impact Reports covering geothermal operations in the following areas:

1.

2.

Boggs Mountain State Forest, Iake County
Randsberg Area, San Bernmardino County
Niland Area, Imperiai County

Surprise Valley, Modoc Count&

Owens Iake, Inyo County

Wendel-Amedee Areé, Iassen County

Mono Iake, Mono County

Approval of all geothermal wells proposed for State land.

10.

11.

Site inspection and field study 6f potential geologic hazards.
Review of 1ocation to insure proper spacing.

Review of drilling program to determine whether it follows good engineering prac-
tice. ‘

Determine if BOP equipment, choke manifold and mud monitoriné equipment comply
with State Iands Commission procedures.

Calculate pressure overbalance of mud program.
Review casing design and calculate safety factors.
Détermine cement fill-up.

Review teéting procedures.

Review completion program.

Make revenue predictions.

Inspection of drilling operatibn.

"Analysis of production tests and pressure build-up tests to determlne State equity
in wells producing from both State and other land.

Analysis of drilling and production costs to assist Attorney General in Pariani
case. Also made analysis of this type of data.to develop provisions for determin-
ing allowable costs 1n net profits type bid lease.

Evaluation of geologic data, geophysical data and well tests to classify State lands



.

85 being Known Geothermal Resources lands.
1. PRC 5206, Davies Estate, 130 acres
2. PRC 5213, Wildhorse Ranch, 44O acres’

Evaluation of net profits bids on geothermal leases to predict future income and to
determine if bids are acceptable.

Review of unitization procedures and submission to Geothermal Task Forces of pollcy
paper covering recommended position on unitization.



) o : | RESUME

Leonard C. Smith o
114 loma Vista Avenue
T2ft, CA 93268 . Telephone: (Area Code 805) 765-6602

. CURRENT POSITION State of California - State lands Commission
June 1973 to date Petroleum Drilling and Production Engineer  Long Beach, CA

Review all operators' proposals for drilling, remedial and abandonment operations
on State 0il and gas leases to determine technical competence-and compliance with
State lands Cogmission Procedures and good engineering practice, with particular
attention to blowout prevention equipment, casing and cementing programs, drilling
fluids programs and completion programs.

~ .- 'Monitor drilling and production practices of operators of State 0il and gas leases

to assure compliance with State Ilands Commission Procedures and accepted good o0il-
field practice, particularly regarding safety shut-down systems and pollution con-
trol. Make field inspections.

Participate in special projects for management such as assisting in formulating
governnental procedures and regulations, Dart1c1pau1ng in A.P.I.-W.0.G.A. Subcom-
mlttee on Safety and Training, etc.

Supervisor: C. F. Eaton (213) 590-5209
PRIOR POSITICHS - GENERAL Twenty-five yéars experience in engineering and

related assignments with crude oil production for the Standard 0il Company of
California, Western Operatlons, Inc., detailed as follows:

Dec. 1972 - July 1971 - Petroleum Production Engineer o Carpinteria, CA

Proposed work to improve well performance, prepared programs, cost estimates, pay-
out calculetions, etc., covering stimulation, well pulling, survey, etc., for

" Carpinteria Offshore oil field, North Gaviota and Caliente Offshore gas fields and
Fillmore Unit oil field. - Prepared reports, correspondence, etc. for Joint venture
operations. :

Sﬁpervisor: G. H. Thomas (4%15) 894-7700

July 1971 - Oct. 1970 " Petroleun Production Engineer . Inglewood, CA

Duties similar to’ Carpinteria assignment, but relating to City of Inglewood zone of
Inglewood o;l field, and El Scgundo gas field and storage zones. As member of



Engineering Committee for nonoperated Jbughin Unit in Torrance 011 field, handled
appropriation and budget requests. .

Supervisor: R. L. Schmidt (213) 691- 2251

Oct. 1970 - June 1976 Petroleum Production Engincer ~  Taft, CA
Made comprehensive review proposihg fuller development of Shallow oil zones in four
section area of Cymric oil field. Correlated well logs, constructed sections and

maps, reviewed histories, production recordo, etc. Estimated additional oil and
costs; prepared memoranda.

Supervisor: - G. N. Buttram (1415) 89k-2435

June 1970 - Feb. 1970  Analyst-Engineer ' Taft, CA
Member of 2 - 3 man team wvhich revieved:.’ (1) Field'operating personnel group to

determine results of recent reorganization; (2) company testing laboratory to deter-
mine its economic Justification compared to contract laboratories.

Supervisor: R. E. McCann (k15) 89L-7700

~"Feb. 1970 - June 1958 Project Engineer - U.0.N.P.R. #1 .° fTupman, CA

Headed three-man team of Operational Readiness Program for Naval Petroleum Reserve
1, vhich forecasted maximum production from Elk Hills Shallow Oil zone. Reviewed
pressure data and mechanical ceonditions and established maximum possible drawdowns;

.calculated maximum production rates for each well. Studied possibility of fluid

‘migration from east end of N.P.R. 1 to North Coles Levee o0il field.

Supervisor: R. A. Kollehner (L15) 89L4-T700

June 1958 - Dec. 1954 Lead Secondary Recovery Engineer . : Taft, CA

Supervised four-man engineering team (plus technicians) on secondary recovery opera-
tions, involving four waterflood, two gas injections, and two cyclic steam injection
projects in the Buena Vista Hills and Midway Sunset oil fields. Assisted in budget
preparations and made presentations. Vas chairman of two Unit Engineering Comnit-
tees and represented Standard Oil Company on three other Unit Engineering Comnitees.

Supervisor: A. M. Cooper (hlS).89A-77oo

Dee. 196k - June 1962 ~ Lead Development Engineer  Taft, CA

Supervised five-man engineering team (plus technicians) on development drilling
operations in Buena Vista District, covering the Buena Vista Hills and a portion of
the Midway Sunset oil fields. Carried out program of infill drilling and continucd
step-out developaent drilling; drilled over 250 wells. Engincered exploratory wells
drilled in area. Assisted in budget preparations and made prresentations.

Supervisor: R. H. Adams (707) 526-1000 -



. ..o
oy . : )
e Jnne 1962 - Aug. 1955 Petroleum Production Engineer - Bakersfield, CA
Handled enginecring in Greeley Unit oil field opcrations, including gas injection
' and wvaterflooding. Prepared vell programs for rcmedial work, stimulation, ete.,
together with cost estimates and Jjustifications. Requested and interpreted depth
- pressure and thermometric data. Constructed.isobaric maps and production maps.
Prepared and made presentations at Unit Engineering Committee meetings.

Supervisor: D. C. Roberts (deceased)

Aug. 1955 - Aug. 1953 Secondary Recovery Engineer ~ Taft, CA

Made study for expansion of pilot waterflood in East Coalinga oil field. Recorre-
lated logs, redrew structure cross sections and contour maps. Made sand count and
drew isopach maps. Prepared prellmlnary réport.

Supervisor: J. C. McKlnnell )
U. S. Navy staff, Elk Hills, CA

Aug, 1953 - Oct. 1952 Petroleum Production Engineer ' Coalinga, CA

Responsible for engineering of well stimulation work in East Coalinga and West
Coalinga and Jacalitos oil fields. Prepared programs and evaluated results. Pro-

™~ gremmed and witnessed perrorating operations, water entry surveys and plugging
operations. Scheduled depth pressure operations.

Supervisor: V. A. Isaacs (805) 832-23L2

Oct. 1952 - Nov. 19.8 " Petroleum Development Engineer ° Avenal, CA

Programmed drilling, redrilling and repair of wells in Kettleman Hills, East and
West Coalinga, Northeast Coalinga Unit, Jocalitos ard Guijarral Hills oil fields.
Prepared cost estimates and requests for approval. Correlated logs, drew struc-
ture cross-sections and contour maps. Designed casing strings. Did field work,
witnessing logs, drill-stem tests, cementlng operations, etec., and prepared sup-
Plementary progre ams .

Supervisor: D. C. Roberts (deceased)

Nov. 1948 - Feb. 1947 _ - Engineering Trainee Taft and Avenal, CA

" Worked twelve months in oil fields as roustabout, well puller, gauger, pumper, and
meterman. Assisted in cathodic protection survey (1 month). Worked with develop-
ment engineers (7 months in Kettleman Hills).

Supervisor: J._J. Higginbotham
: Reno, Nev.



» .‘{"
2]
S
.

3 EpucaTrON:

PROFESSIOHAL AFFILIATIONS:

OTHER SKILLS:

PERSONAL DATA:

.- BACKGROUND :

louistana State University 1939-1940

Ohio State University 1640-1943: Bachelor of Mechanical
Engineering degree. '

Various short courses in petroleum engineering field and
company seminars.

’

Society of Petroleum Engineers of A.I.M.E. (former Chalrman,
San Joaquin Valley Section).

Speak, read and write French fluently. Served six years as
Director (including three years as President) of Sovale
Credit Union (Standard 0il Valley Employees).

Date of birth: September 1k, 1922
Place of birth: San Antonio, Texas
Height: 5t 6"

Weight: . 159 pounds
Married since June 26, 19k

One son, born August T, 1952

As a boy, lived in Panema Canal Zone; Paris (France); Illinois;
louisiana; Ohio. . Father was regular U. S. Army Officer and
mother was French. '

Served as officer in Corps of Engineers; U. S. Army, April 1943
to January 1947 in the United States (The Engineer School -
training publications) and in Europe (construction operations).
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CURRICULUM VITAE -

John D. Messer
Senior Mechanical Engineer

B.S. Mechanical Engineer, University of Washington

Registered Mechanical Engineer, States of Washington and California

Professional experience includes design, inspection and testing of steam
generating plants, distribution systems, turvines and condensing systems.
Familiar with thermodynamics of various c¢ycles and heat balances associated
with geothermal electrical generating plants. Have made field inspections
of the Mexican government geothermal steam plant at Cerro Prieto and San
Diego Gas and Electric Co. - ERDA Geothermal loop Experimental Facility at
Niland, CA. . ‘

My present involvement with geothermal operations is a study of the methods
being used at the Geysers to measure steam quantities produced from approxi-
mately 100 wells which supply 12 generating units. The equable distribution
of revenue among the various leaseholders in proportion to the production
from separate wells depends on the accuracy of the individual flow meters

at each well and in cross connecting lines which commingle steam from vari-
ous leases. This report will deal with the inherent degree of accuracy of
the flow meter and recorder system, the effect of steam pressure, quality
and temperature on accuracy and a maintenance and renewal program required
to maintain dependable flow measurement. .



