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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 
av/arded 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 4-l6f 19, 20 inclusive 
Optional Form 60 and attachments A-1, A-2 

FIGURE 1, 2 , 
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1. Lease Map, showing Federal Designated Unit 

2. Program Data Index (folded map-attached) 

3. Regional Geologic Map 
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5. Potential Impact on Land Uses 

6. Organization Chart - Exploration Department 

7. Project Organization Chart - Drilling Operations 

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

8-A Drilling Time Curve - 4000' Production V/ell 

APPENDICES 

I Drilling Program - 4o6o' Production Well 

II Mud Logging Instructions 

' III Environmental Analysis - Impact Evaluation and 

Mitigating Measures 

I'V 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 
NORTI-IERN BASIN AND RANGE PROVINCE 

A. PROPOSER: CHEVRON RESOURCES 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, R 4 7 & 48E 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 813O acres of Federal lands and 9II8 acres 

of patented lands. 

Chevron is contacting landowners for their consent 

to. the Unit Agreement. It is anticipated that the 

4-000' well proposed under this program would be drilled 

as a Unit well. 

Geology 

Beowawe is a typical Basin & Range geothermal area 

(Figure 3). The major structural feature in the area is 

the Malpais fault, represented topographically by the 

Malpais escarpment 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 
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principal trend NE-SW, v;ith a secondary trend CTf-SE. 

Results"" from dri.lling 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 provide additional 

reservoir capacity. The Malpais fault appears to dip 
^ o o 

between 65 and 70 • 

Stratigraphy 

The oldest rocks in the immediate area are the interbedded 

quartzltes, siliceous shales, and cherts of the Ordovlcian 

Valmy Formation. Outcrops of the Valmy are found 

immediately northe.ast 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. BOOO 

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 

4000 feet of basalt, rhyolite, andesite, and tuff were 

encountered in the Chevron deep test. VJhlrlwind 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, R48E. Spring deposits, made up of 

opaline silica (siliceous sinter) cover nearly 0.6 

sq, mi. and are about 6OOO feet long and 28OO feet 

wide. The sinter covers the valley floor in 

and forms a 3OO feet high terrace alongĵ sfeJî  ̂ a.^3S 

escarpment. .̂ ^̂ * '• 

In the early 1960's eleven shaJOow''geothermal wells 

were drilled on and near the sinter terrace, four of 

which had fluid temperatures of 407 F to 4l4 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-I9 to 568O'. Both wells reached 

the fault and recovered high temperature fluids on 

drill stem test. The principal reservoir appears to 

be variable. More wells need to be drilled Into the 

reservoir 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, 

R47E 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. 

d. Technical Reasons for Site Selection 

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

been selected on the basis of analysis and interpretation 



of all the available geologic, geophysical and well 

data . Final location jgnd depth of the well will depend 

on the results of a seismic program (proposed in Section 3) 

and on final total data Interpretation. 

PROGRAM DATA OFFERED - EXISTING DATA (See Figure 2) 

a. Subsurface - Wells 

CHEVRON GINN 1-13 ' 

Spudded 1/23/74 

Total Depth: 

Contractor: 

Suspended 6/30/74 

9563' 

R B. Montgomery Drilling, Inc. 
P.O. 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 iiOngview Drive 
Sacramento, CA 9582I 

a) Bit data, hole size, penetration rate 

b) Llthology 

c) Continuous mud temperature (in and out) 

d) H2S 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 -• 8l6' (1/24/74) 

induction electrical log 

Log Run: 8/0' - 8496' (5/22/74) 

dual induction l@*iewoJ 

c om p e t̂ Ĉ̂ l̂!̂ ^̂  

compens^^i#''formation densi ty 

gamma ray 

caliper 

four arm high resolution dipmeter 

8) Drill Stem Tests 

Contractor: Haliburton Services 
Rio Vista, CA 

Intervals Tested: 

2233 2491 (2/9/74) 

8351-9^26 (4/2/74) 

9343-9551, 27 hour flow (6/28/74) 

9) Fluid Chemistry 

Contractor: Skyline Labs, Inc. 
12090 West 50th Place 
Wheat Ridge, CO 8OO33 
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 v̂ ith 

maximum reading thermometers: 
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DATE DEPTH 

«l 
A 

^ ^ 

\ ^ 

b) • Surveys at 20' 

Contractor: 

f\̂  vv 
^ 

1/28/74 

2/8 

î ^̂" 
' 2/26 

3/15 

4/05 

5/22 

intervals, 0' - 9551 

770' 

2435' 

4700' 

5220' 

6005' 

8500' 

8644' 

Agnew & Sweet 
39l4 Gilmore Avenue 
Bakersfield, CA 93308 

8/22/74 

12/12/74 

43 
sus 

23 
sus 

days after well 
upended 

weeks after well 
ipended:^ .':-•.'• • 

11) static Pressure Gradient Survey 0-9551 T.D. 

Contractor; 

Dates Surveyed: 

Agnew & Sweet 
3914 Gilmore Avenue 
Bakersfield, CA 93308 

8/22/74, 12/12/74 

CHEVRON ROSSI 21-19 

Spudded 10/5/76 

Total Depth: 

Contractor: 

Suspended 12/07/76 

5680' 

Big Chief Drilling Co. 
P. 0. Box 14837 
Oklahoma City, OK 7311^ 

1) Drilling history 

2) Drilling fluids used 

3) Casing and cementing record 

• 4) Mud log 34' - '5680' 
run by Chevron geologists at wellsite 
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a) Bit data, hole size, penetration rate 

b.) Llthology 

c) Mud temperature (in and out) at 10' intervals 

5) Cutting samples 

Approximately 30-50 gm. samples at 
will be furnished 

6) Electric Logs 

Contractor: 

Log Run: 

Contractor; 

Log Run; 

Log Run: 

vals 

loS^^R Street 
BaMrsfield, CA 93301 

200' - 1998' (10/18/76) 

induction electric log 

compensated acoustic velocity log 

dip log 

caliper 

Schlumberger 
517 Houston Street 
Sacramento, CA 

1998 - 4371 (11/20/76) 

dual induction laterolog 

compensated formation density 

gamma ray 

caliper 

four-arm high resolution continuous 
dipmeter 

borehole compensated sonic leg 

4374' - 5680' (12/3/76) 

dual induction laterolog 

compensated neutron 

compensated formation density 

gamma ray (operable 5590 - 568O' only) 



caliper 

four-arm high resolution contigiuous 
dipmeter "' 

borehole compen 

7) Directional Surveys taken ^ 

at various intervals 

8) Drill Stem Test 

Contractor: 

*• roreman 

Interval Tested 

9) Fluid Chemistry 

Contractor: 

Johnston Testers 
Bakersfield, CA 

4369-5680 Date: 12/5/76 

Skyline Labs, Inc. 
12090 West 50th Place 
Wheat Ridge, CO 80033 

Analysis of fluids recovered from DST: 

4370' - 5680' 

10) Subsurface Temperature Surveys 

Contractor: Agnew & Sweet 
391^ Gilmore Avenue 
Bakersfield, CA 93308 

Temperature logged at 20' intervals in 2 7/8" tubing 

0' - 5580' on following dates; 

12/8/76, 2/8/77, 3/7/77", 3/28/77, 4/15/-; 

11) Subsurface Pressure Surveys 

Contractor; Agnew 8c Sweet 
Bakersfield, CA 

Pressure measured at 100' intervals 

1800' to 5574' on 3/7/77 

Pressure measured at 20' intervals 

0' - 5574' on 4/15/77 
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SURFACE DATA 

(See Figure 2, PROGRAM DATA INDEX MAP) 

(1) GEOPHYSICAL SURVEYS 

(a) ELECTRICAL - RESISTIVITY (Dipole - dipole) 

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

Geophysics, Inc.) 

Surveyed October, 1973 

40 Miles 

a = 2000' 

n = 1 to 5 

f = 0.125 Hg 

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

32 miles of line • 

Surveyed July 19 to August 11, 1976 

a = 2000' 

n = 1 to 6 

f = 0.125H 

' • • ELECTRICAL - t/IAGNETO TELLURIC 

Contractor: Geotronics Corp. 
10317 McKalla Place 
Austin, TX 78758 

12 stations (8 on downthrown fault block, 

4 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 
both TE pha 
apparent res' 

ELECTRICAL - SELF POTENTIAL 

Contractor: Terraphysics 
815 So. lOth St. 
Richmond, CA 948o4 

Robert Coryin, University of California, Berkeley, 

Consultant AldoJte.z.zei'l'aT'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 measiirements are made 

relative to this base with a moving electrode. 

"leap frog" measurements of successive potential 

differences v̂ ere used only over difficult steep 

terrain. 

Output: 1 contour map and profiles. 
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(b) AEROMAGNETICS 

Contractor: Senturion Sciences, Inc. 
P. 0. Box 15447 
Tulsa, OK 74112 

80 line miles over 30 square miles, flown in 
January I976 

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

Total field measurement, flown at constant 
altitude of 650O' (15OO' terrain clearance 
average) 

(c) SEISMIC - MICROSEISMIC 

Contractor: Seismic Exploration, Inc 
P. 0. Box 93^^ 
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 

systems, together with Datamagnetics digital tape 

recorders, were used for field data acquisition. 

Hall Sears HS-1 (1 Hz) geophones with calibration 

coils 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 ?ffiQ-800'3 
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are temperature dependent causing drifts greater 

than 20 msecs. These drifts are not linear and 

therefore cannot be scaled by a correction factor, 

Stations were occupied from one to two days, 

depending on the quality of data observed on the 

paper records. 

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 stations (1,3,4,5) were chosen for 

processing. For each station, 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 vrere 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 (68OO 

correlations). A listing of individual delay times, 

correlation values, and graphic plots were produced. 

Data Analysis 

Data was processed using two velocity models, a 

half-space model of l6,000 fps and a layered model 

varying from 6,000 fps at the surface to l6,000 fps 

from 2,900 ft. and below. Both models appear to give 
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the same results v/ith 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. 

SEISMIC - REFLECTION 

Contractor: Charles W.'i''R^mwsi^££ffi'^:»{)^ssocl&te3 
11909 A l l l s o n % 6 ^ - J ' 
Albuquerque, NM 

Char les B. Reynolds , P r i n c i p a l I n v e s t i g a t o r ' 

Grid of 4 NW - SE and 4 NE-SW l i n e s 

T o t a l 17-5 mi les 

Field work conducted: May I3 - August 31, 1975 

Method: 

A 300 lb. steel weight dropped through a distance 

of 3-i feet was the energy source on Lines BW-1 and 

BW-6. This was increased to a 700 lb. weight dropped 

5-3/4 feet on the other survey lines. Receiver arrays 

along the lines consisted of twelve 10 Hz geophones 

placed at 12 foot intervals with a spacing of I65 

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 
Albuquerque, NM 87II2 
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Charles B. Reynolds, principal investigate 

57 stations roughly 1 ii4^^^^^^ 

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 field data 

. 139 recording stations at 500 foot intervals along 

lines spaced 5OO' apart. 

19 base stations 

Area Covered: approximately l|- 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. 

(e) RESERVOIR ENGINEERING STUDIES 

None made to date 
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3. PROGRAM DESCRIPTION 

a. SUBSURFACE 

(1) EXISTING VrELL DATA 

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

described in detail above (see 2. PROGRAM DATA 

OFFERED). 

NEW WELL DATA « •• » a Ĥ E ««- H H H H 

A well located at Chê rwi'̂ 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 

vjith the Malpais fault zone. 

(2) 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 I. 

b. SURFACE INVESTIGATIONS - EXISTING 

(1) All surface data offered have been completed and 

are described in detail above (see 2. PROGRAM 

DATA OFFERED). 

(2) Type of Surveys: See Above 

*More or less, depending on final surface location 
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SURFACE I.NVESTIGATIONS - KE\'J 

Reflection Seismic ~ 8 line 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,̂  

proposed well. 

The coverage will be obtained by Chevron Geophysical 

Co. Party 8, (Chevron Geophysical Co. Box 36487, 

Houston, Texas (713) 78I-303O; H. E. Stommel, 

President; S. R. Bridges, Party Chief). Dynamite 

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 DPS V. 

By shooting from both ends ,of the cable at a 120 meter 

shot interval, the ultimate processing product will 

be a 1000^ CDP stock. Groundnoise will be cancelled 

by mixing many geophone groups via array simulation. 

A 60,000 total cost is estimated, (see attachment' to ") 
Form 60) 

(c) RESERVOIR ENGINEERING STUDIES 

If drill stem test data indicates the well will 

produce, a flowing pit test of up to 24 hour 

duration will be made." I -
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4. SCHEDUL.E (See also Figure 8 - Planning Schedule & Milestone 
Chart) 

a. 1978 (3rd and 4th quarters): Obtain Secretary of the 

Interior's approval of Beowawe Unit. 

(1) Obtain royalty owner's signatures to Unit 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 Supervisor. 

(4) Submit to U.S.G.S. revised Plan of Operation for well 

location, section 1? or section 18 ofZ . v " • ' • 

T31N, R48E, (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. 

b. 1979 (3rd quarter) Drill and test 4000' production well. 

Estimated drilling and completion time: 35 days. 

c. Availability of Data 

(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 8 MILESTONE CHART 
4000' PRODUCTION WELL - BEOWAWE, NEVADA 
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UNITIZATION 
COMPLETE SIGNATURES TO UNIT 8 OPERATING AGREEMENTS 
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UNIT AGREEMENTS APPROVED BY USGS 

• 
A 

Ai 

PLAN OF OPERATION FOR USGS 
SUBMIT REVISED PLAN FOR UNIT • 

APPROVAL OF REVISED PLAN OF OPERATION 

WELL PROGRAM 
PREPARE PROGRAM a DESIGN 

ORDER MATERIAL 

PREPARE BID REQUEST— SOLICIT BIDS 

REVISE COST ESTIMATE — ADVISE D.O.E. 

AWARD DRILLING CONTRACT 

PREPARE LOCATION 

MOVE IN RIG 

DRILL TO 4 0 0 0 * 8 TEST (SEE FIGURE 8-A) 

EVALUATE RESULTS, PLAN FLOW TEST 

INSTALL FACILITIES, MAKE FLOW TEST 

SUBMIT WELL DATA TO D.O.E 

SUBMIT FINAL REPORT TO D.O.E. 

Ai 
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• • • ^ • 1 

A 
A 

^ m 
A 

•%.^ ̂ ^w K 

P«n.'.j»: 
r^i*^^ 
A^ w«tw 

i L « f « 
FIGURE 8 



CHEVRON 
(GINN No. 1-13 -Adjusted-) 

CHEVRON 
(PROPOSED WELL) 

CHEVRON 
(ROSSI No. 21-/9) 

I I I I I 

\ 

\ 

\ 

\ 
\ 

\ 
\ 

— I 1 — 

20 30 
DAYS 

I 

40 50 

DRILLING TIME CURVE 
BEOWAWE PRODUCING WELL 
4/26/78 B.D. GARRETT 

TO ACCOMPANY PRO-316-C 

FIGURE 8-A 



- 18 -

5. ENVIRONMENTAL EVALUATION 

The Office of the Area Geothermal Supervisor, U.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 complete document may be obtained from the 

U.S.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 Analysis of Geothermal 

Development — Data Files of Prospective Sites": Vol. Ill, 

February, I958 HCP/T4014-01/3 UC-66. . Prepared for 

Department of Energy under Contract No. EG-77-C-01-40l4. 

• b. Analysis of the potential environmental impact. 

. Attached- as APPENDIX III are copies .of.pages 23-29 of 

EA #55 in which the "impact Evaluation and Mitigating 

. Measures" are discussed, 

c.-. Potential for .conflicts with existing land use patterns 

and programs,. • . •. .. 

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

impact on land uses" is discussed. 



SITE: BEOWAWE, NV 

DESCRIPTION OF THE ENVIRONMENT 

CLIMATE 

Prevailing Winds 
Precipitation (Annual): 23 cm (9.13 inches) 
Average Temperature 

Minimum: -S.S'C (22°F) 
Maximum: 21"'C (70°F) 

Relative Humidity 
(Seasonal Peaks) 

Summer: 30 - 40% 
Winter: 60 - 70% 

AIR QUALITY 
(Including PPM. , 
Type of Pollutant, 
Measuring Station) 

ppm undetermined. 
Principal pollutant 
is wind-Ijorne dust, 
with some sulphur 

dioxide and hydrogen 
sulfide from hot 
springs. 

WATER QUALITY 
(Quality, Supply, 
Ownership/Water 
Rights) 

Surface water is 
available from the 
Humbolt River. Shal
low ground water of 
good quality is also 
available.(^) How
ever, a water short
age exists.(lA) 

NOISE 
(Level, Source 
Measuring Station) 

Ambient noise 
level is low. 

BIOLOGICAL ENVIRONMENT 

DOMINANT 
FLORA 

greasewood. 
shadscale. 
rabbit brush. 
big sage. 
winter fat. 
wild-rye. 
squirrcltail. 
cheat grass. 
Aquatic plant 
life found in 
thermal springs. 

1 

DOMINANT 
FAUNA 

wild horse. 
fox, weasel. 
bat, coyote. 
bobcat, rabbit 
mule deer. 
prong-horn 
antelope. 
Springwater 
heavily used 
by wildlife 
and livestock. 

W 

ENDANGERED 
SPECIES 
(Flora and Fauna) 

Spotted Bat and a 
relict fish found 
in Carico Lake 
Valley. ̂''̂  

SITE-SPECIFIC ANALYSIS OF GEOTHERMAL DEVELOPMENT-
DATA FILES OF PROSPECTIVE SITES 

Vol. I l l , Feb., 1978 

FIGURE 4 



EA #55 
ENVIRONMEIvlTAL ANALYSIS 

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 only be evident to those at: iiiie drill 
sites and access roads. The Mai Pais moxintain 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 cind Interstate 
Highway 80 are of a distance that drilling activity vjould not be discern
ible by the naked eye. 

Grazing - The grazing capacity of the sagebrush-shadscale lowlands 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 fSoecial Condition tt."^) ."̂ hmild *>nhr»pre '•"b«» •f'̂r̂'.CT? •"?1''"=" ''^^ -t-Vioeo 
particular sites, although there would be a net loss in forageable acreage 
for that period of geothermal occupancy and period of vegetative restora
tion. In tihe long rvin, however, there .should be a net increase in forage 
value. 

Culturail 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. Wo Culr 
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, . . . 

liost of the drilling crews will stay at Battle Mountain, although in the 
past, 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 
one at a time, the drilling activities would not. create significant 
impacts on the local socio-economic characteristics. 

20 
FIGURE 5 
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C. COST 

1. ESTIMATED TOTAL PROGRAM COST 

EXISTING DATA 

See attached Optional Form 60 for detailed breakdown 

of cost elements. 

Surface data $237,^l6 

(geophysical and temperature hole data) 

Subsurface data 

(wells) 

PROPOSED PROGRAM 
Reflection Seismic Survey 
Drill 4000' production well 

(see attached Optional Form 60 and 

Chevron form PRO-3l6c) 

ESTIMATED TOTAL PROGRAM COST 

flff 

$ 60,000 
$ 816,500 

"$3,1^^3,647 

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 previous wells in Beowawe Area 

and the drilling of two 5OOO' + 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 specific details of the cost estimate are 

required 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") 

2. PROPOSED COST TO GOVERNMEOT 

EXISTING DATA 

20^ of surface data $ 47,483 

33 1/3^ of subsurface data $ 676,577 

PROPOSED PROGRAM 

Chevron proposes that D.O.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 

Quarter 1979 and will reflect any 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 $4o8,250:-

RECAP -PROPOSED COST TO GOVERNMENT 

Existing surface data $ 47,483 

Existing subsurface data ^%§s»^'JJs 
New Surface data -̂ 2̂  >*. 
Proposed 4000' well. 4o8,250 

Total Proposed Cost _to_ Gpv_erjm_ent_ ' $ 1,l62,310 

^Subject to revision as above 



CONTRACT PRICING PROPOSAL 
(RESEARCH A , \ 0 OEyELOPMENT) 

T h i s funn is for u.'.e when f i ) .submission o f cost ur p r ic ing data (see FPR 1-3.R07-3) is required and 
f i i ) subs t i t u t i on for the O p t i o n a l Form 59 is author ized by the con t rac t i ng off icer. 

NAME Of OFFEROR 

CHEVRON RESOURCES COMPANY 
HOME OfflCE ADDRESS 

320 Market S t r e e t 
San F r a n c i s c o , CA 9^111 

DIVISIONlS) ANO IOCATION(S| WHERE WORK IS TO.BE PERFORMED 

BEOWAWE, NEVADA 

Office of NfanaKemcoK and Budget 
Approval No. 29-R0184 

PAGE NO. NO. OF PAGES 

SUPPLIES AND/OS SERVICES TO BE FURNISHED 

Elx is t ing geothermal w e l l data 
i x i s t i n g geophys ica l data 
Proposed d r i l l i n g o f 4 ,000 ' w e l l 
Proposed R e f l e c t i o n Seismic 
TOTAL AMOUNT OF PROPOSE* n C r n 

r o GOVT. : " ^ ^ ^ 
GOVT SOLICITATION N f t 

ET-78-R-08-0003 
DETAIL DESCRIPTION OF' COST' ELEMENTS | 

1. DIRECT MATERIAL ( l l e m i l i on Exhibit A ) 

a. PURCHASED PARTS 

b. SUBCONTRACTED ITEMS 

f. OTHER — ^ / ; RAW AAATERtAl 

( 2 ) YOUR STANDARD COMMERCIAL ITEMS 

( i ) INTEROIVISIONAl TRANSFERS ( A l olher than coi l) 

TOTAL DIRECT MATERIAL 

EST COST ( S ) 

t - : < " ' ; ' 
1 . MATERIAL OVERHEAQJ ( R a i l V-VS b a i e = ) 

3. DIREO LABOR (Specify) 

TOTAL DIRECT LABOR 

4. LABOR OVERHEAD (Specify OepartmenI or Co,l Center) ' 

T O T A L L A B O R O V E R H E A D 

ESTIMATED 
HOURS 

O.H. RATE 

: ; - : : V r : 

RATE/ 
HOUR 

% '̂, ' ' ^ 
X B A S E -

4 

oA 

' ^ ^ % ^ ^ 
5, SPECIAL TESTING ( Inc lud ing f i e l d work at Goiern tn tn l ins la l la l inn i ) K J * ^ ? V ^ ^ 

" ^ V « -
X J j ^ 

TOTAL SPECIAL TESTISG 

EST 
COST ( S ) 

^ 

* ' " ^ ^ ^ ^ 
^ ^ ^ ^ ^ ' 

'Vv^ 
\ > . 
^ y ' - ' ' - ^ - i " 
^ EST COSI ( $ ) 

v V ^ ^ - -
6. SPECIAL EOUIPMENT ( I f direct charge) ( l l emi ie on Exhibit A ) 

7. TRAVEL ( I f direct charge) ( C i t e details on attached Schedule) 

./. TRANSPORTATION 

h. PER DIEM OR SUBSISTENCE 

TOTAL TRAVEL 

8. CONSULTANTS ( l d i n l l f y - p u r p o i i - r , i l t ) 

TOTAL COSSULTASTS 

EST COST (S) 

..'''..' ' \ \-
E S T C O S T C S ^ 

r̂ - . '̂:> 
9. OTHER DIRECT COSTS (Itemize on E.\hihil A ) 

10. TOTAL DIRECT COST ASD OVERHEAD 

1 1. GENERALAND ADMINISTRATIVE EXPENSE ^K i / « X o f COSI element .Sol. ) ' 

1 2. ROYALTIES ' 

13. roTH/. PROGRAM:o.vT 

U . FEE OR PROFIT 

.5. PROPOSED COST TO GOVERNMENT 

TOTAL 
EST COST" 

- ' • . . C 

' ^ ra 
" ~"k^ 

1 " . - • > l ; V 

' . .' ̂ ^̂  

. ^ 
' f * ^ 
,<v"^?^ 

i:̂ '̂ rv^^^ v̂  
kr^ ^ î 

"~ ^ \<^ 
' ^ ^ Av 
~ - . ^ .̂ ^ 

' '̂ - Ik 
: ^ '̂ -̂  
, - / . ^ 
' " ^. 

4̂  
' . .̂ >. 

> C '"^ z"^' 
- ^v l ;^ 

> ^ 
,^ ̂ ^ 

' , - . < . - > • -

$3,143, 

$3,143, 

$1,162, 

REFER-
ENCE= 

¥" 

647.00 

647.00 

310.00 

* Subject to r ev i s ion . See Proposal under C. Cost, p . 20, 
OPTIO.NAI. FORM Go 
October 1971 
General Services Adfninistrarion 
FPK 1-16.806 
5060-\Ol 



This proposal is subtnicced for use in cunnection with and in response to (Describe RFP. etc.J 

RFP NO. ET-78-R-08-0003 Geothermal Rese rvo i r Case Study, Northern 
Basin and Range Province 

and reflecii our best estimatcik as of ihis daCe, in accordance with the Instructions to Offerors and the Footnotes which follow. 

TYPED NAME ANO TITLE 
C. DAHLSTROM 

VICE PRESIDENT & GENERAL MANAGER 

SIGNATURE ^ 1 

l l j } y ^ 

cWvf^ON RESOURCES COMPANY 7̂fb7n 
EXHIBIT A-SUPPORTING SCHEDULE (Specify. If more space is needed, use reverse) 

COST EL NO. 

EXISTING DATA 
ITEM DESCRIPTION (See f o o t n o t e 5 ) EST COST ( S ) 

GINN # 1 - 1 3 EXPLORATORY WELL" 
See A t t a c h m e n t A-1 $ 1 , 0 2 0 , 1 7 5 

ROSSI #21-19 EXPLORATORY WELL 
See A t t a c h m e n t A-2 1 , 0 0 9 , 5 5 b ' 

$ 2 , 0 2 9 , 7 3 1 " SUBTOTAL, WELLS 

GEOPHYSICAL COSTS 
$ 1 2 , 0 5 0 McPhar G e o p h y s i c s 

R e y n o l d s & A s s o c i a t e s 33 ,097 
4,357 Geonomics 

Phoenix Geophysical 13,970 
Geo t ron ics 20,220 
Sen tu r ion Geophysical 44,165 

3,867 J . F l e l n e r 
Ek lund D r i l l i n g 6 7 , 2 9 3 
Ensco 2 1 , 3 0 0 

$ 2 3 7 , 4 1 6 T e r r a P h y s i c s 16 ,297 
SUBTOTAL, BEOWAWE COSTS EXPENDED TO 4 / 3 0 / 7 8 " $ 2 , 2 6 7 , 1 ^ 7 

PROPOSED PROGRAM 
R e f l e c t i o n S e i s m i c S u r v e y : 8 l i n e m i . (See A t t . ) 6 0 , 0 0 0 

. D r i l l 4 , 0 0 0 ' p r o d u c t i o n w e l l (See A t t . PRO-316C) 8 1 6 . 5 0 0 ^ 
TOTAL PROGRAM COST $ 3 . 1 4 3 . 6 4 7 
PROPOSED COST TO GOVT. (See P r o p o s a l d i s c u s s i o n p . ) I $ l . l 6 2 . 3 1 0 

I. HAS ANY EXECUTIVE AGENCY OP THE UNITED STATES GOVERNMENT PERFORMED ANY REVIEW OF YOUR ACCOUNTS OR RECORDS IN CONNECTION WITH ANY OTHER 
GOVERNMENT PRIME CONTRACT OR SUBCONTRAO WITHIN THE PAST TWELVE MONTHS? 

Q I'M Q X " ^ W 7 « . idtnlify below.) 

NAME AND ADDRESS OF REVIEWINGOfFICE ANO INDIVIDUAL 

II. WILL YOU REQUIRE THE USE OF ANY GOVERNMENT PROPERTY IN THE PERFORA^ANCE OF THIS PROPOSED CONTRACT? 

I I YES [ ^ NO (If yes. idtnlify on rtrtrst or separate page) 

111. DO YOU REQUIRE GOVEilNMENT CONTRACT FINANCING TO PERFORM THIS PROPOSED CONTRACT? 

Q ] YES ( 3 NO ( I f yes. iden t i f y . ) : Q ADVANCE PAYMENTS Q PROGRESS PAYMENTS OR 

IV. OO YCU NOW MOLD ANY CONTRACT (Or. da you have any independently financed ( I R & D ) p i ^ c l 
PROPOSED CONTRACT? 

ME OR SIMILAR WORK CALLED FOR BY THIS 

• YES [ j j NO (tfyts. idtnlify.): 

V, DOES THIS COST SUMMARY CONFORM WITH THE COST PRINCIPLES SH FORTH IN AGENCY REGULATIONS* 

^ YES n NO (lfno. t .xplui„onre,er ,eorseparat .pag,)(^^ ^ ^ ^ ^^p^. . ; . „ f ^ y V n O W l e d g P ft h P 1 J P f ) 

Stt Revrrsi for Instructions and Foolnotis OPTIONAL FORM 60 < 10-71) 

* Subjec t t o r e v i s i o n . See Proposa l d i s c u s s i o n under C. Cos t , p . 20 

O.-^IONAL FORM 6(1 '10-711 OPO : 1972 O - 460-269 



ATTACili'lENT A-1 

V;ell Name GINT-! #1-13 

Project ^ X 2G8Q0 

Well Costs from inception to 4/30/78 

Company labor 
Expense accounts 
Motor fuel, lubes and greases 
Fuels and utilities 
Materials and supplies: 

Drilling fluids 
Casing and Tubing 
Drill'pipe, 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 
Directional tool, survey, and service costs 
Logging and sampling - wire line & drill stem 
Logging - mud 
Perforating 
Testing 
Coring 
Other drilling costs 
Shops, mechanical seri/ices 
Technical services 
Permits cind fees 
Telecommunications 
Maps, surveys, logs, etc. 
Loaned employee services 
Other miscellaneous services s fees 
Services from other operating companies 
General and administrative costs 

Chevron 
Code No. 

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

Am.ount 

2\ 
k2( 
207 
267-279 
291-2991 
310 
381-382 
383 
3831, 825 
385 
386 
388 
389 
390 
391 
392 
399 
405-419 
463-4799 
486-493 
505-509 
712 
735 
736 
7387-739 
754-748 

18,195 
5,276 
16,936 
24,104 

93,494 

10,300 
1,192 
6,469 

80 
579 

8,144 

6,496 

TOTAL V7ELL COSTS 1,020,175 



ATTACHMENT A-2 

V/ell Naxr.e ROSSI #21-19 

Project # V 20301 

v;ell Costs from inception to 4/30/78 

Company labor 
Expense accounts 
Motor fuel, lubes and greases 
Fuels and utilities 
Materials and supplies: 

Drilling fluids 
Casing and Tubing 
Drillpipe, bits, reajners, other tools 
Other surface equipment 
Artificial lift equipment - subsurface 
Subsurface controllable equipment 

Transportation equipment services 
Rentals, charters £uid equipment usage 
Contract labor 
Drilling - contract 
Drilling - company drilling equipment 
Coring 
Cementing 
Directional tool, survey, and servi 
Logging and sampling - wire line & 
Logging - mud 
Perforating 
Testing 
Coring 
Other drilling costs 
Shops, mechanical services 
Technical services 
Permits and fees 
Telecoiranunications 
Maps, surveys, logs, etc. 
Loaned employee services 
other miscellaneous services & fees 
Services from other operating companies 
General and administrative costs 

Chevron 
Code No. 

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

201-203 
206 
222-249 
204 
205 
207 
267-279 
291-2991 
310^ 

3f, 825 
385 
386 
388 
389 
390 
391 
392 
399 
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 
35,455 
1,360 

267,584 
350 

44,933 

44,444 

102,473 
1,834 
2,331 

1,172 
10,140 

60 
1,803 

2,302 

TOTAL V7ELL COSTS 1,009,556 



A TT AC HFVl ENT A - 1 

COST ESTIRATE 

R e f l e c t i o n Seismic Survey, Beowawe, Nevada 

M o b i l i z a t i o n 
2 days @ $l+,000 $ 8,000 

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

Recording 
6 days .@ $4,000 24,000 

Processing 
$1500/miie - eight l ine 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 I OF 2 

PROPERTY ANO WELL NO. 

FIELD 

BEOWAWE VELL ARF& 4/26/78 

SEC. 

ESTIMATED TOTAL DEPTH. 4000 ESTIMATED DRILLING DAYS OR TOIIR.S 3 5 DAYS 

C-946-2 
ITEM NO. 

1 

2 

3 

A 

5 

6 

7 

a 
9 

10 

11 

. 12 . 

13 

14 

15 

16 

20 

21 

22 

23 

ZA 

3 0 

D E S C R I P T I O N 

CONTRACT D R I L L I N G DAY RATE 3 5 DAYS © S PER D A Y t ^ ^ J 

DAYS @ S PER DAY 

CONTRACT D R I L L I N G FOOTAGE F T . (§ S PER FT . 

DAYS ® S PER DAY 

COMPANY D R I L L I N G LABOR DAYS @ S PER DAY 

COMPANY OR 11 LING SllPERV 1 S 1 ON 4 U DAYS © S JJ t jO pFR DAY •< ^ 

COMPANY EOUIPMENT USAGE 

DFll DAYS @ S PFR DAY 

DFRS DAYS @ S PER DAY 

FUEL AND U T I L I T I E S DAYS ® $ PER DAY 

SUB TOTAL (1 THROUGH 6 ) 

RIG UP AND TEAR OUT/MOVE IN AND OUt 

D R I L L I N G FLUIDS 

WELL SUPPLIES AND NON-SALVABLE MATERIALS (CEMENT BASKETS. 

FLOAT EQUIPMENT. CENTRAL 1ZERS-SCRATCHERS ) . 

TRANSPORTATION 

CONTRACT SERVICES AND RENTALS 

D I R E C T I O N A L . TOOLS, SURVEYS ft- SERVICES 

(MONEL COLLAR. MULTI-SHOT I N S T . . SERVICEMAN. SURVEYS. E T C . ) 

D R I L L P I P E . B I T S . REAMERS & OTHER TOOLS 

(HOLE OPENERS. S T A B I L I Z E R S . REAMERS. D R I L L PIPE a D R I L L 

COLLAR RENTAL. ETC. •, 

OTHER SUB SURFACE CONTRACT RENTALS a SERVICES 

(WIRELINE PERFORATING.FORM.STIMULATION.CASED HOLE LOGS.ETC. ) 

OTHER SUB SURFACE COSTS 

(SWABBING. WASHING PERFORATIONS. CHANGE OVERS. E T C . ) 

SUB TOTAL ( I THROUGH I 5) 

FORMATION EVALUATION CONTRACT SERVICES 

CORING . i O F T . © S 1 0 0 PER F T . 

S i n F W A I I S A M P I FS ® 5 PFR S f l M P I F 

r.ORF A N A I Y S I S 

TESTING USHL-TESTS @ S 1 0 0 0 0 PER TEST 
FLOW T E b T w m F i INF TFSTS @ s 'c ibuuu PFR TEST 

LOGGING WIRE LINE RUNS O S PER RUN 

LORGING Mlin 3 0 DAYS @ £ 5 0 0 PFR DAY 

TOTAL FORMATION EVALUATION SERVICES (20 THROUGH 2 3 ) 

CASING. TUBING AND RODS 

CONDUCTOR 6 0 ' - 2 0 . " 1 0 © # © S 5 0 PFR FT. 

SIIPFACF 1 0 0 0 1 1 3 3 / y : T 5 4 . < f # 2 5 PER FT. 

PROTECTIVE _ ., FT. @ S gjQO'Q^lT^^" '''^ • 
LINER 3 3 0 0 ' 8 5 / 8 FT3€#5 IOOO'(5:>SOPER FT. 
n i l S T R I N G F T . (a K PFO CT 

TURING 4 0 0 0 ' 2 3 / a r T . ® S 3 PFR FT 

T U R I N G F T . @ S PFR F T . 

o n n c FT e> V. PFR FT 

R n n S F T . © S PFR F T . 

TOTAL 

EXPLORATORY 

DRY HOLE 

s 

. 

S 
• 

s 

PRODUCER 
• 

S 

• 

'. 

s 

s 

DEVELOPMENT 

PRODUCER 

192.000 
^ 
— 
^ 
*. 

14,000 
— 
_ 
-
— 

s 206.000 
120.000 
30.000 
12,000 

_ 
15,000 

— 
5,000 

55,000 
_' 
-

10,000 
-

5,000 

3 458,000 

3,000 
. 

2,000 
10,000 
28,000 
35,000 
15,000 

3 93,000 

3,000 
25,000 
59,000 
87,000; ' 

PR0.3I6.C PAGE I (CD-5-74) 
P R i n T E D IN U . S . A . 



WELL COST ESTIMATE WORKSHEET Pro-316-C 

PAGE 2 OF 2 

C - 9 1 6 - 2 

TEM NO. 
D E S C R I P T I ON 

EXPLORATORY 

DRY HOLE PRODUCER 

DEVELOPMENT 

PRODUCER 

31 SUBSURFACE PRODUCING EOUIPMENT 

CASING HEAD 5000 

CASING SPOOL 

PACKERS 

. TUBING HEAD 

. XMAS TREE 1 - 1 2 " l^KM 4 0 0 j | ^ = 7 0 0 0 

. WELL PUMP M i s c 3 0 0 0 

SLIDING SLEEVES. SIDE DOOR CHOKES. ETC. 1^,000 
32 CONTRACT CEMENTING SERVICES 

CONDUCTOR _ 2 0 0 f t H c D S . © S 2 0 0 0 PER YD. 1 5 0 0 

SURFACE lOOQft.JACKS S 1 1 0 0 0 PUMP TRUCK S 2 0 0 0 

PROTECTIVE 1 2 0 0 SACKS S 1 3 0 0 0 ptJMP TRUCK $ 2000 

O I L STRING SACKS S PUMP TRUCK $ 

_ SACKS $ PUMP TRUCK S 

SACKS S PUMP TRUCK S 

SACKS $ PUMP TRUCK S 

CEMENT BOND LOG RUNS © $ PER RUN 

LINER 

SQUEEZE JOBS 

OTHER 

WATER SHUT OFF TESTS. 

TEMPERATURE SURVEY 

. T S T . .PER TEST 

32,000 
40 F ISHING 

s 685j000~ 41 TOTAL SUBSURFACE WELL COSTS 

51 

SURFACE WELL COSTS 

SITE PREPARATION LAND 25,000 
52 S I T E PREPARATION WATER 

53 ARTIFICIAL LIFT EOUIPMENT 

PUMPING UNIT S 

PRIME MOVER S 

54 TANKS. TRAPS.CAISSONS a OTHER SURFACE EOUIPMENT 

TANKS © S EACH 

_© $ EACH 

.FT. © S FT. 

FT. ® $ FT. 

FT. © S FT. 

FT. © $ FT. 

SEPARATORS 

FLOW LINES 

ELECTRIC LINES. 

GAS LINES 

WATER LINES 
MISCELLANEOUS. 

55 TOTAL SURFACE WELL COSTS g 25,000 
56 TOTAL DIRECT V/ELL COSTS 

Contingency for Fishing; - 15^ 
s 710,000 

6 I 106,500 
62 GENERAL AND ADMINISTRATIVE EXPENSE 

63 WELL CONTRIBUTION CREDITS 

6.1 TOTAL WELL COST 8167500 
TOTAL TANGIBLE (TOTAL OF LINES 3 0 . 3 1 . 53 fi 54) 

TOTAL INTANGIBLE (L INE 64 LESS TOTAL TANGIBLE) 

Prepared bv B . D . GARRETT 4 / 2 6 / 7 8 e n i o r Dri 11 ing £ ngineer. 

Approved Date 
D i v i s i o n D r i l l i n g Superintendent 

P R 0 - 3 1 S - C PAGE 2 ( C D - S - 7 4 ) 
P R I N T E O I N U . S . * . 



CHEVRON 
(GINN No. 1-13 -Adjusted-) 

CHEVRON 
(PROPOSED WELL) 

CHEVRON 
(ROSSI No. 2 M 9 ) 

I I I I I 

\ 

\ 

\ 

\ 
\ 

\ 
\ 

20 30^ 
DAYS 

40 50 

DRILLING TIME CURVE 
BEOWAWE PRODUCING WELL 
4/26/78 B.D. GARRETT 

TO ACCOMPANY PRO-316-C 
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D. BUSINESS AND MANAGÊ fflNT 

1. Chevron Resources Company is a division of Chevron 

Industries^ Inc. "v/hich is a v/holly owned subsidiary 

of Standard Oil Company of California, domiciled 

in San Francisco, California. 

Chevron initiated exploration for geothermal 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 which 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 l8 geothermal wells in seven areas, 

is operator in developing the Heber geothermal field 

in the Imperial Valley of California and is involved 

in drilling vrells in the promising Brawley field .nearby-. 

Chevron conducts exploration and drilling with its staff . 

of professional geologists, geophysicists and engineers.' 

Geophysical surveys and drilling of wells are performed 

by contractors with consultation from Chevron professional 

personnel. 

Organizations having cognizance over our geothermal 

activities 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 Oil Company of California, and 
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Gulf Energy and Minerals Co, 

The Source EvalLiation Panel may contact the following 

personnel regarding Chevron's professional qualifications 

in the geothermal field with the explicit understanding, 

hô r̂ever, 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 9OOI7 

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

2. PRINCIPAL PROGRAM PERSONNEL 

The following personnel were responsible for acquisition 

of existing surface and well data and resumes for each 

follow: (See Appendix IV) 

Exploration Personnel (See Figure 6 - Organization Chart) 

D. R. BUTLER Division Manager *C3* 

J. 0. SALVESON Division Geologist 

C. M. SWIFT, JR. Division Geophysical Supervisor 

M. A. LANE District Supervisor 

R. C. EDMISTON District Supervisor 

R. W. BUTLER Geologist 

R. J. ALIffiNDINGER Geologist 



DIVISION GEOLOGIST 

J. 0. SALVESON 

DISTRICT SUPERVISOR 

PACIFIC DISTRICT 

M. A. 

GEOLORISl 

LANE 

rs 

GEOPHYSICIST 

DIVISION MANAGER 

D. R. BUTLER 

CHEVRON RESOURCES CO. 

EXPLORATION DEPARTMENT 

GEOTHERMAL DIVISION 

DIVISION GEOPHYSICAL 
SUPERVISOR 

C. M. SWIFT, JR. 

DISTRICT SUPERVISOR 

ROCKY MTN DISTRICT 

R. C. EDMISTON 

1 
1 

GEOLOGISTS 

GEOPHYSICIST 

FIGURE 6 
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E. H. HAYNES • Formerly District Supervisor 

W. E. :f4ER0 Formerly Senior Geologist 

DRILLING PROJECT PERSONNEL 

A. M. COOPER Senior Project Manager 

B. D. GARRETT Operations Supervisor-Geothermal 

Certain of the above personnel plus those shown below(see 

Figure 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 

MANAGEIffiNT PLAN 

Proposed 4000' production well 

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

test productivity and complete vrith production casing, 

if %st 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 vrell and 

accomplishing the .objectives of the project lies 

with the Project Manager v/orking 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 
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FIGURE 7 
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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, llthology, 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 everything 

reasonable is being done to maintain schedules, cost 

control, and project objectives. The Pacific District 

Supervisor is advised daily of the llthology, well 

conditions, etc. so he may determine the stratigraphic 

and structural position of the well in relation 

to the projected geologic objectives and recommend 

changes in program as required. 
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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 

norm.ally. 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. 

4) 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. 

(b) Invoices signed by Drilling Representative 

approved by Drilling Superintendent,. 

(c) Clerk in Drilling Superintendent's office 

determines that appropriate project number is 

coded on invoice. 



..?̂ -̂

(d) Invoice clerk under supervision of Accounting 

Supervisor (San Francisco) compares invoice v/ith 

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 

xihere: 

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. 

4. 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 Mi". D. R, Butler 
Chevron Resources Company 
320 Market Street 
San Francisco, CA 94lll 

Phone: (4l5) 894-3590 
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b. 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 Beowav/e Area with appropriate D.O.E. 

personnel. 

Following is the list of contractors (see also under ' 

Program Data Offered), 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 
4690 Ironton Street 
Denver, CO 80239 

Senturion Sciences, Inc. 
John Bailey, President 
(918) 836-6746 
P. 0. Box 15447 
Tulsa, OK 74112 

Seismic Exploration Inc. 
c/o Lewis Katz 
(801) 272-1289 
P. 0. Box 9344 
Salt Lake City, UT 84109 

United Geophysical Corp. 
Gunter Fercho, Regional Manager 
(303) 572-8727 
1645 Court Place, Suite 3OO 
Denver, CO 80202 

Terraphysics 
Aldo Maggella, President 
(4l5) 234-8961 
815 South 10th Street, Suite llA 
Richmond, CA 948o4 
Photogravity Co. Inc. 
William Scott, President 
(713) 780-4911 
7000 Regency Sq. Blvd. 
Houston, TX 77036 



Western Geophysical Co. 
C. W. Dick- Vice President 
(303) 770-8660 
P. 0. Box 1638 
Denver, CO 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 

•5. 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 

2 .4 

2 .5 

2 .6 

2 .9 

2.10 

3.3 . 

4.1.2 

4 ;4 

4 .7 

4 . 8 

^ . 9 

4.10 

6.6 

7 .3 

7.16 -

7.18 

7.19 

7.20 

Other clauses in Appendix B may be inapplicable if the 

contract sum fails to exceed specified threshold amounts. 
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6. The "Program Technical Scope" has been reviewed and any 

such da.ta offered by Chevron Resources in this proposal 

which D.O.E. accepts and contracts for may be published 

by D.O.E. 

7. Six copies of the 1977 Annual Report of Standard Oil 

Company of California are attached (one for each member 

of the Source Evaluation Panel,. per-Joseph.-Fiore, personal 

communication May l8, 1978. 

8. The specific terms and conditions contained in this proposal 

will remain in effect for 120 days from May 30, 1978; 

however, should D.O.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. 

9. 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 v/hich is 

attached as Appendix V. 

10. GSA Form 19B "Representations and Certifications "has 

been completed and is attached to the letter transmitting 

this proposal." 

- END 



V APPENDIX I 

Field: 

Well: 

Surface Location: 

Bottom Hole Location: 

Objective: 

To be named 

To be determined 

Straight hole. 

Geothermal production well. 

DRILLING PROGRAM 

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

hole to 26" and cement 20" conductor. 

2. 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 drilling rate. 

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

4. 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. 



d. Using sample catcher, take sanple 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) 

5. Run Schlumberger DIL, SONIC, logs. 

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

7. Install Class III BOP and test per Operating Instruction D-17. 

8. Install mud cooling tower before drilling out 13-3/8". 

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

determined h / well site geologist. 

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

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

connection. 

c. Take 30* core of intervals selected l^ well site geologist. 

d. Take directional surveys at least every 500'. 

10. Run Schlumberger open hole logs. (DIL, CNL-FOC-GAMMA-CALIPER, DIP, SONIC) 
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11. Make open hole drill stem test if warranted. 

12. Run 8-5/8 casing to 3,000 + (top @ 800' ±) and cement from shoe to tcp of 

lap. 

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

(top @ 2,800'). 

14. Change over to weighted salt water and wash perforation. 

15. Remove BOPE, install Xmas tree, release rig. 

16. Run teiiperature surveys. 

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

warranted. 
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PROGRAM DETAILS 

Blowout Considerations and Classification 

1. This well is a geothermal evaluation well and bottom hole ten^rature over 

400°F may be encountered. 

2. Formation pressure will probably be near normal (cold water) hydrostatic, 

but due to the elevated teirperature 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 BOPE 

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 

812'. 

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 intervals 320-620 and 1,940-1,953. 

It was necessary to use LCM to maintain full circulation. 



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 tenperature 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 Conpany Drilling Foreman. 

Well Correlations 

M.D. V.D. 

Estimated Drilling Fluid 

Formation Press. Pressure (69#) 

(PSI) (PSI) 

Overbalance 

(PSI) 

1000 

2000 

3000 

4000 

1000 

2000 

3000 

4000 

433 

866 

1299 

1732 

480 

958 

1437 

1920 

47 

92 

138 

188 

Drilling Fluid Program 

Interval Type Weight Vis. API Water Loss 

0-1000 Clay Base 68-70 

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

To Suit 

15-20 



a. The mud specifications shown here are intended as a guide only. The 

Conpany Toolpusher, Contract Toolpusher, and Mud Service 

Representative nuist all understand this and work closely together to 

keep mud costs at a minimum without causing hole problems. 

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

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

c. Maintain sand content at 1% or less. 

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

per day below 1,000'. 

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

f. Atteirpt to maintain drilling fluid temperature belcw 165*'F. 

Casing and Cementing Program 

1. Surface Size Wt. and Grade Depth 

1000' 13-3/8" 54.5#, K-55, Buttress 0-1000' 

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

b. 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. 



p. Use sufficient Class "G" cement with 50-50 Poxmix D or equivalent and 

33# silica flcxjr E^r sack cement (slurry weight - 105 Pcf) followed 

by 200 sacdcs Glass "G" with 33# 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 flduir per sack cement. 

2. Intermediate String 

Depth Size wt. and Grade Joint Length 

800-3000 8-5/8" 36t K-55 Butt. 2200' 

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

on tcp of first joint. 

b. Equip each of the three joints above the packer with two 8-5/8" x ll" 

dual KK-6 turbine centralizers. Equip every third joint of 8-5/8" 

with one centralizer of same type. 

c. Ose 8-5/8" X 13-3/8" Bums liner hanger with latch-on connection for 

future tie back string. 



8 . 

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, Gonfinn amount of 

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

e. Precede eemertt with 200 oj. ft, water. 

3. Production liner 

Depth Size Wb. and Grade Joint Length 

2800-4000 6-5/8" 20* K-55 Butt. 1200' 

a. Equip bottom joint with closed shoe. 

b. Liner to be combination blank, and slotted. Location of slots to be 

determined; 

c. Use 6-5/3" 20# x 8-5/8" 361 lead seal liner hanger for 500°F 

tert5>erature. 

Special Operating Instructions 

1. Install nud cooling tower. Have large volume centrifugal pump (1,000 gpm 

with 80' head) for circulation through cooling tower and mud-mixing 

purposes'. 



2.. Install two mud pujips', stand-by punp not to be used for raud-raixihg 

purpiĉ es. Use stand-by pump when repairs are required on hole punp, and 

have stand-by pump hooked up to niid cooling tcwer. 

3. Install Tptco eight-pen reeprder with continuous flow-line teirperature 

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

pit at driller's station, record tenjeratures every 30' drilled, 

4. Install lower Kelly cock. 

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

available). 

6. Run high teiwperature drill pipe float valve and maintain in good cperating 

condition. Use Float valve in string while using air or aerated fluid. 

7. Break circQlation on trips while running in hole. 

8.. Start circulating pumps' slcwly and gradually increase punp speed in an 

effort to prevent breaking down formation, particularly after trips or 

long periods of no cirailation. 

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

slowly. 

10. Run cold water on drill pipe while pulling. 

11. Do not jump drill pipe put of tool joint box on trips. 
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FORMATION EVAUJATION PROGRAM 

I. Tenperature build-up survey may be run, using maximum recording 

thermometers or temperature recorder in drill collars before each wireline 

log or drillstem test. 

II. WIRELINE LOGGING 

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

1. Schlumberger Dual Induction Laterolog. Use resistivity scales 

of 0-100 ohm-meter and 10 millivolts per division S.P. scale 

unless formation characteristics are such that other scales are 

more apprcpriate. 

2, Run seaiic log. • 

B. At T.D.- run: 

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 

an. run at surface pipe depth unless another scale 

appears better suited tp formations. 
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2. Schlumberger CNL-FDC, gamma caliper. I^nsity scale of 2,0-3.0, 

and CNL sandstone porosity scale of 0-60% are recommended unless 

otherwise indicated. 

3. Schlumberger four arm High Resolution Taped Dipneter. 

4. Run Schlumberger or Fracture location log, if warranted. 

5. Run Schlumberger sonic log. 

6. Run Schlumberger ebhtinudus temperature profile. 

C. General Logging Instructions 

1. One-half gallon sample of circulated drilling fluid is to be 

obtained immediately prior to pulling drill,pipe for logging 

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

2. Maximum recording thermometers are to be used on all logging 

sondes run. 

3i All calibrations are to be, recorded and printed on the 5" = 100' 

scale logs. 

4. A back-up sonde is to be at lcx:ation for all DIL runs. 

5.: Logging Engineer tp fill ojt Lc^ Quality Control checklist after 

completion of logging operations and give it to Vfell Site 

Geologist. 
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III. CORING 

A. Cut 30' core at 3,500' + in fault zone, pec well site geologist's 

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

upon formation encaintered 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 fron the core 

barrel. 

IV. DRILL STEM TESTING 

A. A test may be run as determined by the well site geblc^ist. 

B. Use caliper and. E-logs to select packer setting depth. 

C. Flow period 6-8 hour. Final shut in 2 hair. 

D. Use three pressure recorders (2-outside, 1-inside) with pressure 

range of approx. 2500:-3000 psi. 

E* Use one teitperature recorder (100-600*F).. 

F. Install 3 maximum reading thenKaneters (100-600°F +). 

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

A. Install surface test facilities. 

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

C. EUin botton 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.). 



APPENDIX II 

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. H2S & COg to be monitored from conductor 
pipe to T.D. 

B. Mud temperature at suction and flowline to be continuously 
recorded. If air drilling record air out temperature. 

C. 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 lbs. in weight (for D.O.E.) 

D. 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. 

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

F. 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. 

G. Daily log. Please note the following points: 

1. Mud log form should follow API recommended practice plus 
Geysers special llthology (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. Nfeke 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. 

4. 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. CO2 & HgS continuously. 
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6. Record lag time once each day. Note depth, lag, and 
pump strokes per minute. 

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

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

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

2. Circulate bottom sample before coming out of hole for any 
reason. 

3- Whenever circulating is required, record length of time 
circulated. 

I. Special instructions and comments. 

1. Overall llthology 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. In 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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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 approximately 6.5 miles 
northeast of the subject area, in Eureka County. Other smal.l communities 
in the area include Crescent Valley (Est. 50-100 pop.), Harney, Dumphy and 
Cu.rlin. 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 square 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, (BLM, 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 
reservoir likely exists in consolidated rock at depth and little or no 
Slabsidence 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.8). 
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Table 7 EcDnomic Data 

County 

Eureka 

Lander 

Total Personal Income 

$2,388,012 

$7,088,894 

Per Capita Personal Income 

$2,519 

$2,659 

Family Median Income 

$8,768 

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

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

3. Increased H2S and othtr noncondensible gases (CO2, CH^, NH3, 
example) which are sometimes associated with geothermal effluents. 

for 

The National and State Ambient Air Quality Standards presented as Appendi;-: 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 sto?«in 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 'die source and do not adversely affect the air quality. 
Therefore, it is not expected that the."State and National Standards will be 
exceeded by the proposed drilling arid testing activities. 

Svirveillance 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.o.O.). 
If compressed air were substituted for mud, then an approved separator shall be 
used to adequately control particulate emissions. 

Noise - Noise would be generated by the following activities: 

1. Construction of drill pads and 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 maxin'.um of 65 dBA measured at the lease boundary line, or 
0.8 km from the source, v;hichever 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 beind 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. 

If it becomes necessary to drill with air as a circulating medivun 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 
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 wa;ter may be contaminated by interzonal communication 
of aqviifers. 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 ninimum of 0.6 in 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 comoletion of the wells. Therefore, sumo linina is recmired 
unless the test fluid is contained in a separate tank and appropriately 
disposed of based on a chemical analysis of the flxiid as proposed in the 
P.o.O. 

The lessee proposed, as part of th\s plan, to conduct a long term (1-2 mo.) 
production test immediately following coTr5)letion 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 on 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.o.O.). 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.o.O.). 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 



seasonal flash floods, erosion from surface runoff should be of minor 
consequence, Revegetation. of the disturbed' area, would also serve- to 
minimize erosion after operations are completed. The reyegetated areas 
will, however, be subject to, wind erosion for a short period of time until 
pad revegetation is established. 

All drilling waste will, be contained in a sump, therefore alteration of 
the surrounding soil should not be a problem. 

Vegetation - Potential impact of the proposed geothermal activity on plant 
life in the Beowawe Unit will come mainly from the physical removal of 
vegetation for drill site and road construetion. 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 require approximately 0.4 km 
of vegetative cover recoved for road access. Drill pad and road construc
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 hectare subject to vegetative removal amounts to less 
than 0.5% of the total acre-ge covered by the Beowav;e Unit.. 

Ml. 

Impacts from vegetative rejiioval' will be ofimaril'v to 1-ivestock qrazinq 
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 confined to 
access roads and drill sites which are n̂ inimal and neeesssiry. 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 deteriraned by 
the surface managisment agency following the use of the drill, sites. 
Application would be by drill and pripr to the rainy season, allowing for 
maximum success of the plants. Fencing of the reyeg.etated pads will also 
be required, to prevent overgrazing by cattle. This recommendation will 
be included as a Special Condition, for t h e approval of the proposed plan. 

The success of these revegetation measures will be monitored' periodically 
by the staff of the Geothermal Supervisor and BLM personnel. If the re-
seeded areas fail to germinate or if for any other reason revegetation was 
not successful, the Supervisor would take whatever action necessary to 
promote successful revegetation of the disturbed areas. 

Wildlife - Removal of vegetation during' improvement and eonst-ruction of 
access roads and construction of the drill sites will result in the loss 
of several acres of sagebrush-shadscale habitat. VJil'dlifc will suffer 
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losses of their habitat as land surface is occupied by geothermal 
activity. Small numbers of animals, primarily the smaller more sedentary 
mammals, rodents, and reptiles, and the ground nesting birds will be 
elimihated or displaced in the areas of the drill sites. The majority 
of these species shiauld he able to escape and be absorbed by surrounding 
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 (birds of prey) resulting frorn 
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 gaine species (i.e.. mule deer and chuckar partridge) in the 
area are expected, to be of little consequence. • Both s'pe.cies are very 
mobile and able to elude 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 t o be minor. 

I 

Impacts frpm noise generated by geothermal activity could have adverse 

situated in a small canyon -near volcanic cliffs where a pair of golden 
eagles were observed nesting. Prairie" falcons and other ra.ptors are 
believed, by the U.S. Fish and Wildlife Service, to have utilized 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 
Game. 

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 Geothermal Environmental Advisory 
Panel (GEAP) field inspec-tion (4/19/77) of the drill sites and unit area. 
The presence of the inspection party at drill site eight managed to 
flush the pair of eagles nesting on the cliff. Construct.ion and drilling 
in the small canyon where proposed drill site eight is located would 
amplify the noise creating a far greater disturbance factor to nesting 
raptors in the area. Consequently, 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 le.vels around all drill sites will be maintained within guide
lines specified by Federal OSHA regulations (P.o.O.) and GRO Order jf4 
Sec. 11. These measures will help mitigate impact from geothermal 
noise oh wildlife in the area. 



Land Uses 

Recreation - Impacts by the proposed action on recreational land uses 
of the unit area is expected to foe low., Road improvement for the pro
posed action may benefit sight-seers, rockhounds and pas ŝ -thro ugh hunters 
of the area. 

Aesthetics - Due to the relatively low profile of the area to be disturbed, 
the rproposed 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 veiry little movement of the flat desert soils. Scars 
in the landscape, therefore, will only be evident to those at the drill 
sites and access roads". The Mai 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 activity would not be discern
ible by the naked eye.' 

[l) 

Grazihg - The grazing capacity of the sagebrush-shadscale lowlands 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 
d e s c r i b e d ( S o e c i a l C o n d i t i o n ^"^l s h m i l c J pnViAnr-ia .l-hei -Fr^r-sna i r a l i i o /TF I'V.ac.ei 

particular sites, although there would be a net loss in forageable acreage 
for that period of geothermal, ocpufancy and period of vegetative restora
tion. In the long run,' hov.-ever, there should be a net increase in forage 
value. 

Cultural Resources - Impacts on cultural resources by the proposed action 
are not expected. Ele.ven of the 15 aborigihal archaeological sites on 
drill pad locations S3-24, 2, 3, and 5 were recorded and collected. no Cul
tural resources were found at drill sight eight. The r.e,niaining 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 Chevroh comments. 
Appendix F, dated 7/26/76 and 12/6/76). 

Socio-Economic Gharacteristics 

Most of the drilling- crews will stay at Battle Mountain, although in the 
past, some crev.'s lived at CresGent Valley, Elko and Carlin, Because of 
the v;ide spread accommodations, these communities experienced no diffi
culties in accomiTvodating these crews'. Since the wells will be: drilled 
one at a time, the drilling activities would not create significant 
impacts on the- local soeio-economie charatteristics. 
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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. 

OUTSIDE ACTIVITIES; 

Member, AAPG, SEG, Sigma XI. 

Registered Geologist., State of California. 

PROFESSIONAL EXPERIENCE: 

1956-1973 STANDARD OIL CO. OP CALIFORNIA 
Area Geologist, Texas and New Mexico (1956-1968) 

Prepared and maintained subsurface maps and prospect genera
tion, well log analyses and photogeologlc analyses; integrated 
existing and new seismic data; supervised seismic crew; 
generated and supervised subsurface geolojglcal plays. 

Geophysicist/Area Geologist, La Habra, California 
(1968-1973) 

Reviewed, integrated and interpreted California offshore 
seismic data; generated and supervised subsurface geological 
plays. 

1973-1977 CHEVRON OIL CO. - MINERALS"' 3TAPF - GEOTHERMAL 
DIVISION 
Senior Exploration Geologist (1973-1975) 

Generated and supervised, programs for geothermal exploration.-

Staff Geologist (1975-1977) 

Responsibility for recommending plans, execution and staffing 
of geological, geophysical, land and base programs for geo
thermal exploration, 

1977- CHEVRON RESOURCES CO. - GEOTHERMAL DIVISION 
Present Division Manager, Geothermal Exploration 

Plan, review and recommend exploration programs for and direct 
exploration operations 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 courses - University of California 
Extension, 1958-1961. 

Management Development program, 1963. 
Forma;tion Evaluation seminar, 1966. 
Corporation Structural seminar, IS&l, 
ACE courses: 
Principles of Metallic Ore Deposits, 1972. 
Global Tectonics, 1972. 
Modern Sedimentation, 1973. 
Potential Methods in Exploration, 1973. 
Evolution of Sedimentary Basins, 197^. 
Corporation Stratigraphic Seminar, 1976. 

OUTSIDE ACTIVITIES: 

Member, Pacific Coast Section, AAPG. 
Member, M.I.T. Club of Southern Califdfnia. 
Member, San Joaquin Geological Sbciety. 

PROFESSIONAL. EXPERIENCE:. 

1951-1971 STANDARD OIL COMPANY OF CALIFORNIA - WESTERN 
OPERATIONS - EXPLORATION 
Gisologist (1951-1960) 

Reconnaissance and detail field mapping of Tertiary, Mesozoic 
and Paleozoic sediments in eastern and southern Nevada. 
(1951-1952), 
Detailed field mapping and subsurface geology;- Incorporation, 
of available gravity^ magnetic and seismic information into 
analysis of specific projects, (1952-1956), 
Training in theory and method of seismiic exploration -and 
application to specific problems in San Joaquin Valley. 
Reanaiysis of seismic data Four Corners area. Geologic analysis 
offshore Santa Barbara Channel area. Including reanaiysis of 
seismic data and coordinating with, onshore geology. (1956-1960) 

Exploration Geologist (I96O-I962) 

Respqnsibility for systematic evaluation of Santa Barbara area. 
Planned, and recommended programs. Directed projects to carry 
out approved programs. Followed activities of competitors 
in assigned areas and made recommendations for action. 
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Senior Exploration Geologist (1962-1964) 

Responsibility for Washington-Oregon district involving ex
ploratory evaluation of critical areas. Directed or took part 
in evaluations or special studies Invblvlng 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 develop additional useful 
evaluation techniques. 

District Geologist (1964-1967) 

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

Division Geologist, Northern California (1967-1971) 

Provided creative leadership to technical staff in division 
to assure effective geological 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 S'uperintendent of the divis'lon's 
operations. 

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

Performed independent geological studies to develop a world
wide framework of regional geology, utilizing principles of 
plate tectonics, to provide a basis 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 responsibility 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.functional supervision of geologists working in division 
and for quality of geological output. Coordinate with District 
Supervisors and advise Division Manager on status and needs 
of geological programs and quality. Responsibility for geo
thermal activities outside boundaries of designated operating 
districts, including foreign. 



CHARLES M. SWIFT. JR. 

EDUCATION: 

A.B. Geology (Magna cum laude) — P.rince-ton University, 1962. 
Ph.D. Geophysics (5 years) - Massachusetts Institute of 
Technology, 1967. 

Digital Signal Processing - ACE^ 1976, 

OUTSIDE ACTIVITIES: 

Adjunct Associate Professor, Department of Geolo,gy and 
Geophysics, University of Utah. 

Lecturer, Engineering Geoscience Group, Department of Materials 
Science and Engineering, University of Gallfornia, Berkeley, 

Member, GSA, AGU, Society of Exploration Geophysicists 
(Chairman, Geothermal Exploration Committee). 

PROFESSIONAL EXPERIENCE: 

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

C1969-1976) 

Responsibility for conceiving, conducting, supervising, contract
ing and/or interpreting geophysical surveys ,in conjunction with 
geologists of Bear Creek Mining Co.mpany (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, 
Wisconsin and Minnesota; 

stockwork molybdenum exploration in Colorado, Washing
ton amd British Columbia; 

copper skarn explpratlon in Alaska, Arizona, New 
Mexico, Idaho and Montana; and 

ultramafic nickel exploration in Minnesota, 

As Northwest District Geophysicist, became intimately acquainted 
with application of electrical (IP), electromagnetic (Turam and 
magnetotellurics), gravity and aeromagnetic techniques. Con
ducted applied theoretical 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 tectonics 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 
Senior 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 aeromagnetic 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, 1976. 

OUTSIDE ACTIVITIES: 

Member, Pacific Section AAPG, GSA, GRC, AIME, Sierra Club. 
Fluent in 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 anomalies; 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. Responsibility 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 Btart-ups, Responsi
bility for commimity 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 regional exploration program for south 
Texas uranium deposits, conducted drilling program and related 
and contract geological and geophysical .studies. Prepared 
geological and land budgets. 

District Supervisor, Pacific District (i978-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 - University of Arizona, 1967. 
M.S. Geological Engineering - University of Arizona, 1971. 
Graduate study in Geophysics and related engineering and mathe
matics - University of Utah, 1971-1973. 

OUTSIDE ACTIVITIES: 

Registered Geophysicist, State of California (No. GP858). 
Associate member, AIME and Society of Exploration Geophysicists, 
Member, Geothermal Resources Council. 

PROFESSIONAL EXPERIENCE: 

1967-1969 AMERICAN SMELTING^ AND REPINING 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 
Geophysicist 

Responsible for interpretation of marine gravity and magnetics 
data. Formed and supervised marine gravity processing and 
interpretat'ion crew in Calgary during 197^ and 1975. 

1975-1977 CHEVRON OIL COMPANY - MINERALS STAFF - GEOTHERMAL ' 
DIVISION 
Geophysicist and Senior Geophysicist 

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

1977- CHEVRON RESOURCES COMPANY - GEOTHERMAL DIVISION 
Present District Supervisor, Rocky Mountain District 

Responsible for exploration for geothermal resources in, Utah, 
Arizona, New Mexico, Colorado, Idaho, Montana and Wyoming, 
Plan and recommend geological and geophysical exploration 
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programs. Supervise area staff. Recommend land acquisition, 
surrender an6. 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 continuing 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: 

197^-1977 CHEVRON OIL CO. - MINERALS STAFF - GEOTHERMAL 
DIVISION 
Geologist 

1977- CHEVRON RESOURCES CO. - GEOTHERMAL DIVISION 
Present Geologist 

Collect, evaluate and summarize geological and geochemical 
data on geothermal prospects by reconnaissance field studies 
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. 

OUTSIDE 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 acquisition in search for new oil 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
cialist 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 exploration. 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 geologic 
and geophysical programs and supervised staff for area. 
Recommended land acquisition, surrender and rental payment. 
Responsibility for well re'coimnendatlons and supervision of 
geological wellsite staff. Responsibility and authority for 
budget control in district. 



WILLIAM E. MERO (Transferred) 

EDUCATION 

B.A, Geology - University of California, Santa Barbara, I960. 
M.A. Geology - University of California, Berkeley, 1962. 

OUTSIDE ACTIVITIES: 

President, North Orange County Young Republicans, I966. 
Area Precinct Chairman, La Habra, I966. 
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 Registrar, I968. 

PROFESSIONAL EXPERIENCE: 

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

Surface and subsurface structural and stratigraphic studies, 
both regional and prospect oriented. 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 "Basic 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 Geologist, responsible for new prospect exploration 
and leased area exploration in Nevada. Aided District Super
visor in planning and carrying out programs in state. Aided 
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and advised other geologists in district on geological 
evaluation of prospects in Washington, Oregon and Cali
fornia. Analyzed KGRA sales in Nevada and recommended 
appropriate action. 

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



ALBERT M. COOPER 

EDUCATION: 

B.S. Engineeririg/Mechanlcal .Specialization (minor: 
Thermodynamics) - University of Southern California, 1947. 

Interdepartmental Management Development Program, 1962. 
Computer School - San Francisco Computer Center, 1962. 
Northern Division Geologic Training Course for Engineers, 

1966. 
Corporation Formation Evaluation Seminar, 1967. 
"The Effective Executive Series," 1973. 
Management Systems Program, 1977. 

OUTSIDE ACTIVITIES: 

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

Past Chairman, Pacific Coast District, API Drilling Sessions. 
Past Chairman, Pacific 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 196B. • 

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

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

Vice-chairman, API Executive Committee on Drilling and Pro
duction Practices, 19-71-1973. 

PROFESSIONAL EXPERIENCE.; 

1947-1971 STANDARD OIL COMPANY OP CALIFORNIA 
WESTERN OPERATIONS - PRODUCING DEPARTMENT 
.Junior Engineer, Professional Training Program 
CI947-I949) 

Roustabout, pumper, well-puller, engineer, rotary helper, 
maintenance engineer. 

Mairitenance Engineer (1949-195^) 

Made specific recommendations as to design, selection, layout, 
planning and construction of surface production facilities. 
Inspected sites regarding proposed alterations of existing 
facilities, 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 achieve effective results, to drill 
wells, to produce and handle oil and gas, and to maintain 
surface facilities and equipment. 

Job Engineer (1956-1962) 

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

Senior Engineer (1962-1967) 

Applied sound engineering principles in selection, installa
tion, use, care, operation, alteration and repair of materials 
and equipment; provided advice on complex mechanical, struc
tural and electrical engineering problems. Provided engineer
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 fields of capital expenditures, profit analysis, training 
and administration. 

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

Conducted departmental activities, i.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 designs; served as department de'sign represerita-
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 
Senior Project Manager 

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

Plan, supervise and coordinate engineering and operations 
activities associated with geothermal exploration and develop
ment including, but not limited to: drilling and test evalua
tion, facility design and construction, reservoir analysis, 
feasibility and process studies 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, cost's, contract awards., 
agency permits and negotiations. Provide^ technical guidance 
in engineering and operating aspects of geothermal exploration 
and developmerit i 



BASIL D. GARRETT 

EDUCATION: 

B.S. Mechanical Engineering/Spec. Hydraulics/Heat Power -
University of California, 19^4. 

Management Development Program, 1962. 
Reservoir Engineering Course - Texas A&M, I96O-I96I. 
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 Engineer (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 Jobs, 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 engineer on engineering problems arising in 
connection with selection, installation, use, replacement, 
repair 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 oil cleaning, sampling and gauging, well pumps, 
production equipment and tools, production stimulation 
methods and application 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 authorized 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, including complete drill stem. 
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Engineer, General (1958-1959) 

Supervised and performed complex engineering assignments in
volving construction of shore facilities and lines to and 
from offshore platform and operation, repair, alteration, 
etc. of platform, underwater lines and onshore facilities. 
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 (I963-I965) - title change only 

Planned, supervised and conducted engineering activity for 
assigned area, provided technical advice to Field 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 oil and gas from assigned area. 

Area Supervisor (1966-1973) 

Conducted departmental activities within assigned area, in
cluding production (oil 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 field 
operations and engineering required to conduct geothermal 
exploration and development well drilling, production test 
evaluations of new discoveries, 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. 

Reservoir Engineering Seminar - Texas A&M, 1956. 
Management Development Course. 

OUTSIDE ACTIVITIES: 

Member: Americeui Institute of Mining & Metallurgical Engineers 
API Vocational Training Committee 
API Advisory Committee 
Permian Basin Oil Show Board of Directors. 

Professional Engineer, State of Texas. 
President, Fort Stockton Chamber of Commerce. 
School Board Trustee. 
Executive Committee Member, Permian Basin Oil 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 waterfldod of South Ward Field. Super
vised drilling and remedial operations on wells in various 
fields. Supervised drilling of wildcat wells. Prepared various 
engineering and production reports. 

District Engineer (1952-1958) 

Assisted District Superintendent in planning and executing 
engineering activities 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 in immediate charge of and directly responsible for planning, 
direction and execution of production, drilling, maintenance and. 
construction operations and associated staff activities. 

Division Drilling Supervisor (1964-1968) 

Supervised and coordinated Division's exploration development 
and remedial drilling activities, making certain they were 
carried out in accordance with sound engineering practices 
and company operating and safety standards. 
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Project Manager (on loan to Chevron Overseas 
Petroleum, Inc.) (1968-1970) 

Supervised wildcat 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 certain they 
were carried out in accordance with sound engineering prac
tices 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 Division'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 oilfield 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 oil and gas review 
team; made complex reservoir amd economic studies; represented 
company in engineering negotiations with other companies and 
governmental agencies. 

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

Plan, coordinate and perform engineering 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 Secretary, an Assistant 

Treasurer, or a duly appointed Attorney-in-Fact of Chevron Resources 
Company^ a division -pf this corporation, be and each of them is 
here"by 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 said 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 hydrocar"bon or 
non-hydrocarbon minerals underlying fee lands of said division^, 
or deeds or conveyances to others covering fee lands of said 
division^ other than rights of way and similar easements, 
where either book value or sale price exceeds $50jOOO| 

2. promissory notes or notes or other documents and agreements 
in support of any borrowingsj 

3- documents of agreements esta"blishing bank accounts 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 to acknowledge and deliver 
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 v/ith 
such powers said persons or any of them may lawfully do by virtue 
of the authority herein granted to them. 

I, J. Do PROGGATT , 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 said 
resolutions are in full force and unrevoked.-

VJITNESS my hand and the seal of said corporatl.ori'|:-l:̂ is""'v. 
25th day of May, 1978. . ./,\''':..'';"''''-. > 

'(.'jiiii.' 



CEEVnm HES.017RCES COMPAr-TY DIVISrON 
OF 

CHEVRON INDUSTRIES.^ IHC. 

Officers 

President. 
Vie e"Pre sident 
Secretary 
Treasurer 
Assistant 
Assistant 
Assistant 
Assistant 

Secretary 
Secretary 
Treasurer 
Treasurer 

R. F, Schlecht 
C. Dahlstrom 
Ĵ  Di Proggatt 
R, E, Willoughby 
Bruce Chalker 
Barbara F, Perez 
C=, B, 'Sonne 
J,' S., Tate 

I, J. D, FROGGATT, Assistant Secretary of 
CHEVTtON- INDUSTRIES,,, INC., a Delaware .corporation, do hereby 
certify that the foregoing is a true and correct list 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 Director's of said corpora tion on April I3, 1977, 
copy of which-is attached -hereto. , ",-.,., :".---.,..-

IH WITNESS WHEREOF, I have- hereunto set my hand 
and affixed th:e seal of ,said corporation this- 25th day of 
May, 1978. " • , ' • - . - - • 

- - ^ i W H ' l t / j , . - ^ 

~f Ass i s tSLjat/Set r Ê it-̂  i-y-1 • '; .•< 



EXPLORATORY PROPOSAL SUBMITTED TO THE 
DEPARTMENT OF ENERGY 

NEVADA OPERATIONS OFFICE 

PROGRA.M 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.O. Box 11279 
Santa Rosa, California 95406 

FOR 

GEOLOGY, GEOPHYSICS, Al̂JD DEEP WELL DRILLING 

LEACH HOT SPRINGS, NEVADA 

Proposed starting date October 1, 1978. Proposed duration three years. 

Project Manager - Claude B, Jenkins, Division Manager, Arainoil USA, Inc 

Telephone (707) 527-5332 

Committing Authority - William H. Schell 

Signature: / / /. 0 / J c X U A A Attest 
^ ^ - _ DavVd M. VJhitney 

Vice President of Production, Aminoil USA, inc. Assistsnt Secretary 
Aminoil USA, Inc. 

May 30, 1978 



DISCLOSURE STATEMENT 

"Data contained in Pages 1, 3, 33, 34, 35, 36, 37, 38, 
39, 40, 4 1 , 42, 43 , 44, 45, 46, and 47, and Exhibits 1 
and 2 and F i g u r e s 2 and 3 of this p roposa l shall not be 
used or d isc losed , except for evaluation pu rposes , 
provided that if a cont rac t i s awarded to this p ropose r 
a s a r e su l t of or in connection with the submiss ion of 
th is p roposa l , the Government shall have the r ight to 
u s e or d isc lose any data to the extent provided in the 
con t rac t . This r e s t r i c t i o n does not l imit the Govern
m e n t ' s r ight to use or disclose any technical data 
obtained from another source without r e s t r i c t i on . " 

• b -
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B. Technica l P r o p o s a l 

1. Invest igat ion Site or Area 

The Leach Hot Springs Kno-wn Geothermal Resource Area (KGRA) 
i s located at the southern t e rminus of G r a s s Valley in Pe r sh ing 
County, Nevada (F igure #1 ). The KGRA is located twenty-five 
m i l e s south of Winnenaucca within the confines of the Batt le 
Mountain Heat Flow High of the no r the rn Basin and Range Prov ince . 
The pro jec t invest igat ion site encompasses por t ions of To-wnship 30 
through 32 North and Ranges 38 through 39 Eas t ( .Figure #2 )• 

a. Aminoi l USA, Inc. i s the L e s s e e of Record under five federa l 
geo the rma l r e s o u r c e s l e a se s compr is ing 12, 246. 21 a c r e s 
within the Leach Hot Springs KGRA, which l ies within 
Aminoi l ' s G r a s s Valley P r o s p e c t a r e a . Additionally, Aminoil 
has filed two appl icat ions with the Bureau of Land Management 
for geo the rmal r e s o u r c e s l e a s e s covering 4,480 a c r e s within 
the p rospec t a r e a . These lands a r e m o r e pa r t i cu la r ly desc r ibed 
on Exhibit No. 1. 

b . Aminoi l h a s r eached a g r e e m e n t with Sidney E. Glenn, G. Mar t in 
Booth, III, and Wil l iam N. Bucklin, III, who a r e L e s s e e s or 
Applicants of Record on 33, 613. 61 a c r e s descr ibed on Exl-iibit 
No. 1, to pu r sue al l n e c e s s a r y steps with appropr ia te govern
menta l agencies to form one or m o r e federal unit agreement (s ) 
on the p rospec t a c r e a g e . The lands proposed to be included 
within such federa l unit agreement (s ) total 52,499. 82 a c r e s , 
m o r e or l e s s , and a r e desc r ibed on Exhibit No. 2. 

c . Leach Hot Springs is located in the middle of the Bat t le Mountain 
Heat Flow High a s defined by Sass (1971). The conductive heat 
flow is in exces s of 3 heat flow units for the no r the rn Basin 
and Range P r o v i n c e . The Batt le Mountain Heat Flow High is 
c h a r a c t e r i z e d by calc-aDcali volcanicity f rom 40-18 mil l ion 
y e a r s ago. Bas in and Range faulting (20-18 nnillion y e a r s ago), 
basa l t i c volcanicity (18-10 mil l ion y e a r s ago), and surface 
spr ings with t e m p e r a t u r e s of 95° Cent igrade . Crus t a l thinning 
on the o r d e r of 7-8 Ions is indicated by ref rac t ion and gravi ty 
anomal i e s . 



t i le C r te * 

OBononr 

I — 
OWgcON I IDAHO 

. ^ n S u r e r r t t Vmity 

\ S c V ^ r ^ 
VMUI-V r U Pn io HOI Sprir f i i 

n fOoub l * not S t y n ^ s 

f ) • W n c w m u c M " 

' ^ •cn i i y ings 

a 50" ( n l ^ ' O O t t e r ' • * ; < • HiV ^ i n g > 

>5/?f>l 0 /^ /?^ / ' 

tlko 
0 eiio HatSeT'itgit 

ffnor S t u e ^ Pom 

0«*vi1> I t r o 

< S S f < y n l x v l 
:iprin^s 

a u o r m S f i r i n f t 

Vono C o ^ Jo 'r» 

•Tonppah 

0 %<im ( t o y 

>k 
o<?-

s 
V S'Oftn* ^ f t e p 

S 
'̂ Mmi"*" ute'-r****. I'-r^v •rs.\f^r^ ** - . •»»*/•»* x-V.* •'*'/^, »«< 

BATTLE MOUNTAIN HEAT FLOW HIGH 
NORTHERN BASIN $ RANGE PROVINCE 

DEPARTMENT OF ENEHGr 

DIVISION OF CEOniEPMAL ENCRCY 

• Cirics VKCaA 

\ 

tOAMO .. 
'UTAM* 

Sail U * * O l • 

ngCoftjr i p n n v 

C t v Fort- Jascgh 
SuJrt//T*l/»J5 " ^ ' 

G t4Mx.s««// « c ^ f " ^ ' 

•mi Hd Sprinei 

»Mwi» to** 

Figure 1 



G r a s s Valley is a graben bounded to the eas t by the Sonoma 
and Tobin Ranges and to the west by the Eas t Ranges . "Within 
the pro jec t a r e a , the southern end of the valley is cons t r ic ted 
by the Goldbank Hil ls and the no r the rn end opens into the 
Humboldt River Valley. The e a s t e r n boundary is a major 
fault sy s t em with 3000-4000 feet of throw, whereas the wes t e rn 
boundary of G r a s s Valley is not too dist inct being compr i sed 
of a s e r i e s of s t a i r - s t e p faults . 

T h r e e thernn.al anomal ies (v?ilues g r e a t e r than 3 heat flow 
units) have been defined by shallow t h e r m a l tes t ho les : 1) 
in the vicinity of Leach Hot Springs (Section 36, T 32N, R 38E); 
2) at the mouth of P a n t h e r Canyon (Section 17, T 21N, R 39W), 
and 3) in Section 14, T 31N, R 38E (F igure #3 ). 

The Leach Hot Springs anomaly is a ssoc ia ted with the i n t e r 
section of a nor theas t t rending fault (the Hot Springs Fault) 
and the E a s t e r n Boundary Faul t Zone. Lineament and gravi ty 
ana lys i s indicate that the Pan the r Canyon and Section 14 t h e r m a l 
anomal ies a r e a l so re la ted to major fault i n t e r sec t ions . The 
geo the rmal r e s e r v o i r i s i n t e rp re t ed to be f rac tured T e r t i a r y 
volcanics and Pa laeozoic sediments containing approximate ly 
200° C hot wa te r of low total d issolved sol ids . The in fe r red 
na tu re and boundar ies of a geothernaal r e s e r v o i r ( s ) a r e based 
on regional su rveys . 

d. Since 1974, Lawrence Berke ley Labora to ry has been conducting 
geological , geochemical , and geophysical studies in G r a s s 
Valley (under ERDA Contract #W-7405-ENG-48). Moreover , 
in cooperat ion with the USGS a total of eighty-two ho le s , 
varying in depth f rom 18-400 m e t e r s , have been dr i l led for 
t h e r m a l and hydrologic studies in the valley. These studies 
w e r e under taken to evaluate both the geo thermal potential of 
G r a s s Valley and the applicabil i ty and cost effectiveness of 
var ious explora tory techniques . The r e su l t s of these published 
surveys provide the technical ba s i s for this pro jec t p roposa l . 
"With r e g a r d s to geothernnal p r o s p e c t s in the Battle Mountain 
High region, the Leach Hot Springs a r e a is unique for the 
var ie ty of explora tory techniques employed and the cu r r en t 
avai labi l i ty of these r e su l t s to the public. To date no r e s e r v o i r 
confirmation t e s t s have been conducted. 



The usefulness and applicabil i ty of a l l this published explora tory 
data i s , ho-wever, conjectural without subsurface data. Using 
the c u r r e n t published data a s a guide, Aminoil will under take 
detai led geophysical su rveys to complete the evaluation of the 
geo the rmal anonaalies within the valley so that we can optimize 
the specific si te select ion for the expensive deep t e s t s . The 
two mos t p rospec t ive deep explora tory t e s t s cur ren t ly indi
cated a r e : one to de te rmine the content and extent of the 
shallow convection cell which feeds Leach Hot Spr ings , and 
the other to tes t one of the "blind geo the rmal r e s e r v o i r s " 
(no surface manifestat ion) such as the Pan the r Canyon anomaly. 
The dri l l ing of an injection well offsetting one of the explora tory 
wel l s followed by a prolonged test ing p r o g r a m will provide 
r e s e r v o i r evaluation information. The resul tan t combination 
of prev ious ly published surface information, newly acqui red 
confirmation surface data, subsurface dr i l l ing, and test ing 
r e s u l t s will provide a conceptual naodel for geo thermal 
explorat ion that will be re levant throughout the ent i re Basin 
and Range P rov ince , , 

2. P r o g r a m Data Offered 

a. Subsurface 

(1) New subsurface geo the rmal wel l data - th ree wel ls 

(a) Dril l ing technology 

(b) Dril l ing h i s to ry 

(c) Fo rma t ion and r e s e r v o i r evaluation including 
e l e c t r i c / r a d i o a c t i v e logs and t e m p e r a t u r e / p r e s 
s u r e su rveys . 

(d) "Well cut t ings, lithology descr ip t ion , core chips , 
and core ana ly s i s . 

(e) Fluid chemis t ry ana lyses 

(f) "Well scaling and co r ros ion invest igat ions 

b . Surface 

(1) Exist ing data (available as of October 1, 1978) 

(a) Gravi ty m e a s u r e m e n t s - 500 stat ions 



(b) Gravi ty in te rpre ta t ion - 900 stat ions 

(c) Geochemical survey 

(d) Surface geology/ f rac ture pa t t e rn eva lua t ion /hydro-
t h e r m a l a l t e ra t ion study 

(2) New data 

(a) T e m p e r a t u r e grad ien ts - eight 500-foot holes 

(b) T e m p e r a t u r e grad ien ts - two 1000-foot holes 

(c) Se i smic survey - 30 l ine mi l e s 

(d) P ipe l ine design 

(e) Separa to r design 

(f) Flow tes t sys t em design 

(g) Scaling tendency and co r ros ion exper iments 

c. R e s e r v o i r Engineer ing Studies 

(1) New data 

(a) Flow test ing 

(b) P r e s s u r e drawdown and buildup ana lyses 

(c) Isotopic studies 

3. P r o g r a m Descr ip t ion 

Two deep explora tory wel ls (8000') will be dr i l led to tes t t he rmal 
anomal ie s defined by existing and new surface geological and 
geophysical techniques . One product ion- inject ion well will be 
dr i l led (if n e c e s s a r y ) a s an offset to the mos t viable e xp lora tory 
•well for test ing p r o c e d u r e s . A nine-month flow test ing p r o g r a m 
will be conducted to define per t inen t p a r a m e t e r s . 

a. Subsurface 

(1) New well data 
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(vi) Run suite of logs including t e m p e r a t u r e survey 
at 3000' . 

(vii) Run 9 - 5 / 8 " , 36#, K-55 casing at 3000'. Equip 
casing with a guide shoe, a fi l l-up float col lar 
two jo in ts up and one cen t r a l i z e r on each of 
the bot tom ten jo in t s . Cement back to surface 
with C lass "G" cement and pe r l i t e , 1:1 mix , 
with 3% gel , 40% si l ica flour, . 5% CFR-2 and 
r e t a r d e d for 2-3 h o u r s thickening t ime . Las t 
200 cu. ft. to be C la s s "G" with 40% sil ica flour, 
. 5% CFR-2 and 2-3 hours re ta rd ing t ime . 

(viii) Cut off 1 3 - 3 / 8 " head. Instal l and tes t 9 - 5 / 8 " 
casing head. Ins ta l l and tes t BOP with 1500 p s i . 
Check closing once each day. 

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

a) Take drift shots every 500' . Main ta in angle 
under 10°. Dogleg l e s s than 1-1/2° / lOO' . 

b) Core a s d i rec ted . 

(x) Run t e m p e r a t u r e survey and other wire l ine 
logs a s d i rec ted at T. D. 

(xi) Run 6 - 5 / 8 " , 24#, K-55 l iner to T. D. with 
slotted in te rva l s a s d i rec ted . Hang l iner with 
top at 2800' . Use plain t-ype l iner hanger . 

(xii) Change from mud to f resh wa te r . 

(xiii) Tes t well and complete or abandon a s d i rec ted . 

(3) Mud Loggers 

C o m m e r c i a l se rv ice to moni tor naud t e m p e r a t u r e and 
gases (methane, CO^, H2S), collect well cuttings and 
identify lithology from surface to total depth. Three 
se t s will be col lected at ten-foot in te rva l s fronn surface 
to total depth. One set of samples will be provided t o " ^ 
Univers i ty of Utah R e s e a r c h Inst i tute , Ear th Sc ience 
Labora to ry , 391 Chipeta "Way, Salt Lake City, Utah, ) 
to conduct 36 t r a c e e lement chemica l ana lyses . j . 



(a) Dr i l l deep explorat ion well in vicinity of Leach 
Hot Springs KGRA. 

(b) Dri l l deep explorat ion wel l in vicinity of Panther 
Canyon Anomaly. 

(c) Dri l l injection well in vicinity of one of the above 
we l l s . 

(2) Dril l ing and completion p r o c e d u r e s for wel l s . 

(a) Total depth - 8000 feet. 

(b) Hole s ize and depths 

(i) 25" hole to approximate ly 50 ' . 

(ii) 1 7 - 1 / 2 " hole to approximate ly 300' . 

(iii) 1 2 - 1 / 4 " hole to approximate ly 3000'. 

(iv) 8 -3 /4" hole to approximate ly 8000'. 

(c) Dril l ing fluids 

(i) F r o m surface to 300 feet: use ge l -wate r mud 

(ii) F r o m 300' to 8000': use Ligno-sulphonate 
mud to mainta in weight of 66-68 pounds p e r 
cubic foot, viscosi ty 40-45 seconds, water 
loss 6-8 cubic c e n t i m e t e r s , pe r API standards 

(d) Casing 

(i) 20" conductor pipe to approximately 50 ' . 

(ii) 1 3 - 3 / 8 " , 54. 5#, K-55 , casing f rom 300' 
to surface . 

(iii) 9 - 5 / 8 " , 36#, K-55 casing f rom 3000' to 
sur face . 

(iv) 6 - 5 / 8 " , 24#, K-55 l iner from total depth 
(8000') to 2800' . 



(e) Cementing 

(i) 1 3 - 3 / 8 " casing cemented with Class "G" 
cement with 3% ca lc ium chlor ide . 

(ii) 9 - 5 / 8 " casing cemented with Class "G" cement 
and pe r l i t e 1:1 mix, with 3% gel, 40% silica 
f lour, . 5% CFR-2 and r e t a rded for 2-3 hours 
thickening t ime . Las t 200 cubic feet to be 
C la s s "G" with 40% sil ica flour, . 5% CFR-2 
and 2-3 hou r s re ta rd ing t ime. 

(iii) 6 - 5 / 8 " l iner held with plain type l iner hanger . 

(f) Dri l l ing p r o g r a m sequence 

(i) Build n e c e s s a r y roads and level dr i l l site location 
approximate ly 150' x 300 ' . Const ruct 8' x 8' x 4 ' 
deep ce l l a r with wood s ides . Cement 50'_+ of 
20" conductor pipe using ra thole digger . 

(ii) Move in dri l l ing equipment. Dri l l 1 7 - 1 / 2 " hole 
to 300' . Use ge l -wa te r mud. 

(iii) Cement 1 3 - 3 / 8 " , 54. 5#, K-55 casing at 300' . 
Cement back to surface with Class "G" cement 
with 3% ca lc ium chlor ide . Equip casing with 
a fi l l-up float shoe, a baffle 1 joint up and one 
cen t r a l i z e r on each joint . 

(iv) Instal l and tes t 1 3 - 3 / 8 " casing head. Instal l 
and tes t BOP with 1500 ps i . Use double gate 
and Hydr i l . 

(v) Dri l l 1 2 - 1 / 4 " hole to 3000' . 

a) Take drift shots every 300' . Maintain angle 
under 6° . Doglegs l e s s than l - l / 2 ° / 1 0 0 ' . 

b) Use Ligno-sulphonate mud. Maintain weight 
66-68 lbs / cub ic foot viscosi ty , 40-45 seconds , 
wa te r l o s s 6-8 cubic centinaeters pe r API 
s t anda rds . 

c) Use mud logging unit s tar t ing at 300' . Monitor 
t e m p e r a t u r e in and out, pit volume and H2S 
detect ion. Take th ree se ts of 10' samples ; 
one unwashed and two washed and dr ied. 
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(4) Coring and Analys is 

Co re s will be taken at se lected in te rva l s below 3000 
feet in 8 -3 /4" hole . Analys is will consis t of poros i ty , 
pe rmeab i l i ty , densi ty, naagnetic susceptibi l i ty , and 
radioact iv i ty to be pe r fo rmed by Core Labora tory in 
Bakersf ie ld , California. 

(5) Dr i l l s t em test ing - none ant icipated 

(6) Logging - geophysical 

At casing points , total depth, and where deemed n e c e s 
sa ry , a suite of e l ec t r i c and radioact ive logs will be 
run. This will cons is t of, but not be l imited to, induction, 
e l e c t r i c , format ion densi ty, gamma ray, neutron, four 
pad high resolut ion dipnaeter, t e m p e r a t u r e log, and at 
a total depth a velocity check shot survey. 

(7) Flow test ing - conducted upon completion of injection 
wel l . 

(8) Fluid chemis t ry (see product ion tes t ing, Sec. 3. c. 1). 

(9) "Wellbore t r ea tmen t - none ant ic ipated. 

b . Surface Invest igation 

(1) Exis t ing surface invest igat ions 

(a) Gravi ty survey - 509 s ta t ions 

Survey to be conducted by Explorat ion Data Con
sul tan ts , Inc. of Denver , Colorado. Survey will 
be ini t iated July 1 and completed August 1, 1978. 
The 509 station survey will cover 180 sect ions of 
the L e a c h / P a n t h e r Canyon p rospec t a r e a (T 38 & 
39N, R 28 & 29E). Approximate ly 259 stat ions 
wil l infill a 387 station survey done by Lawrence 
Berke ley Labora to ry in 1970 and another 250 
s ta t ions will expand the survey to cover al l t l iermal 
anomal ies in the p rospec t a r e a . 
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(b) Gravi ty survey in te rp re ta t ion - 896 stat ions 

A geologica l /geophysica l in te rpre ta t ion of a total 
896 gravi ty s ta t ions (509 acqui red , 387 published). 
This in te rp re ta t ion will be conducted by Explorat ion 
Data Consul tants , Inc. of Denver , Colorado from 
August 1 to September 1, 1978. This in te rpre ta t ion 
wil l cons is t of; 

(i) Ten two-dinaensional gravi ty models with 
detai led fault ana lyse s . 

(ii) T h r e e - d i m e n s i o n a l gravi ty modeling on a 
1000-foot gr id . 

(iii) Ground magne t ics and depth e s t i m a t e s . 

(c) Geochemical survey 

Ten samples will be col lected f rom major spr ings 
and v/ater wel ls in the vicinity of Leach Hot Springs 
KGRA. A total of 20 e lement ana lyses will be con
ducted on the. samples to de te rmine impor tant chemica l 
concentra t ions re la ted to geo thermal r e s e r v o i r s . 
Survey will be conducted f rom July 1 to August 1, 1978 
by a consultant geologist . 

(d) Surface geology/ f rac ture pa t t e rn eva lua t ion /hydro-
t h e r m a l a l te ra t ion study 

A one-month field geological p r o g r a m will be conducted 
f rom July 1 to August 1, 1978 by a consultant geologist . 
Photo geologic mapping and surface evaluation will be 
u s e d to define the pr inc ipa l surface lithology, fractaire 
pa t t e rn and h y d r o t h e r m a l a l te ra t ion of the p rospec t 
a r e a . 

(2) New Data 

(a) T e m p e r a t u r e gradient p r o g r a m 

A total of ten gradient ho les will be dr i l led in the 
p rospec t a r e a to confirm p resen t ly indicated geo
t h e r m a l anomal ies and to de te rmine the p r e s e n c e of 
o ther and pe rhaps m o r e prospec t ive geothermal 
anomal ies in the vicinity of the KGRA. 
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Eight of the holes will be 500 feet deep and logged 
for gradient information. Two holes wil l be dr i l led 
to 1000 feet to evaluate the surface effects of ground 
wa te r flow in the bas in and confirm the exis tence of 
hea t anomal ies at depth. P rograna will commence 
October 1, 1978 and be completed in January of 1979. 
The con t rac to r will be "Western Geophysical Company 
of Anaerica. Aminoil pe r sonne l will do the gradient 
logging and heat de terminat ion . Samples f rom the 
ten gradient holes will be de l ivered to the Univers i ty 
of Utah R e s e a r c h Inst i tu te , Ea r th Science Labora to ry , 
391 Chipeta "Way, Salt Lake City for t r ace e lement 
ana ly se s . T h i r t y - s i x s epa ra t e t r a c e e lements will 
be analyzed for deternaination of anomalous quant i t ies 
ove r or nea r the geo the rmal r e s e r v o i r . 

(b) Se i smic survey 

A th i r ty naile se i smic p r o g r a m will be conducted to 
de t e rmine the subsurface s t ruc tu ra l p ic tu re on the 
Leach and Pan the r Canyon anomal ies . The prograna 
will be a Vibrose i s survey conducted by "Western 
Geophysical Company of A m e r i c a beginning November 1, 
1978 and completed December 31, 1978. 
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c. Engineer ing Studies 

(1) New Data 

(a) Flow test ing 

(i) S h o r t - t e r m flow t e s t s , if feasible , will be p e r 
formed on al l we l l s . These t e s t s will be 
superv ised by an Aminoil field technician 
a s s i s t e d by a cont rac t field crew-. The r e su l t s 
w^ill be analyzed by Aminoil r e s e r v o i r engineer 
for total flow, flowing tenapera ture , and percen t 
of flow flashed to s team. 

(b) P r e s s u r e drawdown and buildup ana lyses 

(i) P e r f o r m l o n g - t e r m flow, in te r fe rence and 
r e s e r v o i r p r e s s u r e buildup t e s t s . These tes t s 
wil l be superv ised by an Anainoil field technician. 
A flow per iod of up to nine months will be ut i l ized 
and the r e su l t s will be analyzed for pernaeabi l i ty-
th i cknes s /po ros i t y - th i cknes s r e s e r v o i r p r o p e r t i e s , 
wel l bo re danaage, in te r fe rence , e tc . 
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(c) Isotopic studies 

(i) Samples will be col lected and analyzed for 
s table and radiogenic i so topes . 

Schedule 

Sequence of p roposed p r o g r a m investigation to acqui re new data 
encompassed by this con t rac t i s divided into phases a s shown 
below and indicated on the a t tached Activity Schedule (Exhibit #3). 

a. P e r f o r m a n c e Schedule 

(1) P h a s e I 

(a) Dr i l l and log eight 500-foot tenaperature gradient 
holes located in T 30, 31, 32N, R 38-39E, 
Pe r sh ing County, Nevada. 

(b) Dri l l and log two 1000-foot t empe ra tu r e gradient 
holes located in T 31N, R 38 and 39E, Pe r sh ing 
County, Nevada. 

(2) P h a s e Jl 

(a) Acqui re and in te rp re t 30 mi l e s of se i smic reflect ion 
data over t he rma l anomal ies located in T 30-31N, 
R 38-39E, Pe r sh ing County, Nevada, 

(3) P h a s e III 

(a) Dr i l l wel l to approximate ly 8000 feet in vicinity of 
Leach Hot Springs KGRA. 

(b) Dr i l l second well to approximate ly 8000 feet in 
vicinity of Pan the r Canyon anomoly. 

(4) P h a s e IV 

(a) Dri l l injection well to approximate ly 8000 feet in 
vicinity of Leach Hot Springs KGRA. 

(b) Conduct s h o r t - t e r m flow tes t on al l wel ls and p e r 
form physical ana ly se s . 

(c) P e r f o r m long - t e rm flow, in t e r fe rence , and 
V r e s e r v o i r p r e s s u r e buildup t e s t s . 
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b . Del iverable Data 

Numbers under Release Schedule indicate tinaing of r e l ease 
of data a s defined in c. (Data Public Release Schedule) 

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

(a) Gravity naeasurenaents - 500 stations (1) 

(b) Gravi ty in te rp re ta t ion - 900 stat ions (1) 

(c) Geochenaical survey (1) 

(d) Surface geology/ f rac ture pa t t e rn evaluation/ 
hyd ro the rma l a l t e ra t ion study (1) 

(2) New surface geological data 

(a) T e m p e r a t u r e g rad ien t s , 8 holes - 500 feet deep (1) 

(b) T e m p e r a t u r e g rad ien t s , 2 holes - 1000 feet deep (1) 

(c) Se i smic survey - 30 line nailes (1) 

(3) New subsurface geothernaal well data - 2 deep t es t s 

(a) Dri l l ing technology (2) 

(b) Dri l l ing h i s to ry (2) 

(c) Fo rma t ion and r e s e r v o i r evaluation including 
e l ec t r i c / r ad ioac t i ve logs and tenapera ture / 
p r e s s u r e surveys (2) 

(d) Core ana lys i s (3) 

(e) Fluid chemica l ana lys i s (3) 

(f) "Well scaling and co r ros ion invest igat ions (3) 

(4) New subsurface geo the rmal well data - 1 injection well 

(a) Dril l ing technology (3) 

(b) Dri l l ing h i s to ry (3) 
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(c) Fo rma t ion and r e s e r v o i r evaluation data includes 
e l e c t r i c and radioaet ivi ty logs , pre;ssure-and 
t e m p e r a t u r e surveys (3) 

(d) Core ana lys i s (3) 

(e) Fluid, chemical ana ly s is (3) 

(f) Well scaling and co r ro s ion invest igations (3) 

(5) New surface te;st sys t em Qperationa,! data 

(a) Pipel ine design (4) 

(b) S e p a r a t o r design (4) 

(c) Flow tes t sys tem design (4) 

(d) Scaling tendency and co r ros ion investigation (4) 

(6) New r e s e r v o i r engineering studies 

(a) Flow testii ig (4) 

(b) Pressi i r ie drawdown and buildup (4) 

(c) Isotope studies (4) 

(7) Misce l laneous 

(a) Dr i l l cuttings samples (gradient and deep wells) (5) 

(b) Core samples (5) 

(c) R e s e r v o i r and .miscel laneous fluid samples (5) 

c. Data i?ubliG.Release Schedule 

(1) Data to b e de l ivered upon cdmmencernent of dri l l ing 
of second deep tes t [Phase III (b)], 

(2) Data to be delivered, upon cornmencement of dril l ing 
the injection well [Phase IV (a)]. 

(3) Data tp be del ivered within tJaree. months of eompietion 
of injection wel l [Phase IV (a)], 

(4) Data to be del ivered within five nadntha of completion 
of test ing p r o g r a m [Pha-se IV (c)]. 
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(5) Delivery to be taken f rom t ime to t ime by a Depar tment 
of Energy or Uiiiversi ty of Utah Resea rch Institute 
r ep re sen ta t ive at well s i te . 

Data, to be WitMield 

The following information shal l not be del ivered under this 
cont rac t ; 

(!) Al l computer p r o g r a m s ut i l ized in calculat ions and 
evaluat ions re la t ing to geo the rmal wellbore atnd 
product ion c h a r a c t e r i s t i c s , geo the rmal pipeline 
gathering systerns and s e p a r a t o r s , and r e s e r v o i r 
s imulat ion, we l l ir i terfefehce t e s t s , and p rop r i e t a ry 
in te rp re ta t ion methods and computer a lgor i thms of 
con t rac to r data. 
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5. Environrhe'ntal EvaluatiGn 

a. Descr ipt ion of the Environment Affected 

(1) Non-Living Conaponents 

(a) Air_ 

Ai r Quality and Pdl lutants 
P r e s e n t a i r quality in the a r e a is high except during the spring and ear ly 
sunamer months when pa r t i cu la te concentra t ions (dus.t) become excess ive . 

During winter stagnating a i r m a s s e s cal led an t i -cyc lones often r emain 
over the a r e a for two or naore days prevent ing v e r t i c a l atnaosphefre 
m o v e m e n t . Howe've'r, because the a-rea is vir tual ly undeveloped and 
.free of pollution sources,, this condition causes negligible impact . 

Level of Air Pollutant's 
Except for dust other pollution emi s s ion fQrms a r e in con sequential . In 
future y e a r s , these pollutant sou rces may become impor tant pa r t i eu la r ly 
if indus t r ia l iza t ion or population i n c r e a s e s occui" within the a j ea , 

T emp e r a tur e s 
T e m p e r a t u r e s in the a r e a exhibit a wide' range between the daily rkaximum 
and mininaum. Daily t e m p e r a t u r e var ia t ions of 50° F a r e not uncom.inon. 
T e m p e ra tui:e extreiTies in the vicinity of "Winnemucca have ranged frona 
108° F in July 19'̂ 31.,. to a low of -36" F at Winnemucca, The Winnemucca 
growing season is s ix ty - th ree days . 

(b) Land 

Land Fo.rms and Topography 
The a r e a l i es within the Grea t Basin section of the Basin and Range,-
physipgfaphiG proviiace which is cha rac t e r i zed by general ly elongated 
roughly p a r a l l e l nor th- t rending jfnountain ranges separa ted by alluvium 
filled basi^is. 

The a r e a is re la t ively high with c r e s t s of mountain ranges reaching 
3, 000 feet to 5, 00.0 feet above valley f loors and 7, 000 feet to 10, 000, 
feet above sea level. 

Intervening valleys 'of the, a r e a typically include-the valley floor, the 
in t e rmed ia t e s lopes or al luvial apron, and mountain highlands. 
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Geologic H a z a r d s 
It i s expected that relativ.ely few gediogic h a z a r d s -will be assoc ia ted 
with geother ina l explorat ion and developmiint. PJazards taken under 
cons ide ra t ion a r e ; l ands l ides , flash flood's, se i smic i ty - induced and 
n a t u r a l , and subsidence. 

Soils 
In gene ra l , the bottomland and floo dp la ins have soi ls that are; mostly 
deep, m e d i u m to modera te ly fine gra ined, and moderatel-y well drained. 
Very l i t t le sa l t s and alkali concentra t ions exist in G r a s s Valley, There 
are- some well dra ined soils which a r e sliailow to modera te ly deep and 
composed of silt-y clay in terbedded with sand and g rave l . 

Land Use Compatibi l i ty and Suitability 
Land within the a r e a is used for a, var ie ty of purpos;e*s including, l ivestock 
g raz ing , m i n e r a l s , c rop product ion, outdoor r ec rea t ion , fish and wildlife, 
wa te r shed , transportaction and util i ty sys terns . In genera l , the suitabil i ty 
of land for the var ious u s e s over lap and tend to be controlled by physica l 
.factors such a s soil propertieTs, topography, c l imate and vegetation. In 
some in s t ances , eon-flicts between eo.napeting u s e s of the. r e s o u r c e s a r e 
apparen t or imrriiheht. It is expected, there fore , that in the future, 
ce r t a in c o m p r o m i s e s will be made in land management decisions and 
p r a c t i c e s which will allow optinaum concur ren t u s e of the sanae lands by 
non-confl ict ing' u s e s . 

The heav ie s t u s e of the land oqeurs in the s u m m e r and;fall naonths wheii 
l ives tock-a re g razed , and -when r:ecrea't-ioni'sts, hunters , , and f i shermen 
p u r s u e the i r various, ac t iv i t i e s . Except fd'r big game , upland game b i rds , 
and other wildlife u s e , mos t of the area, r e ce ive s l i t t le iise during the 
win te r . 

(c) Water 

Hydrologic Cycle 
P rec ip i t a t ipn in the a r e a i s la rge ly contirolled by the topography. The 
prevail ing, wes t e r ly winds rise- along the windward flank of each succeed
ing moun ta in range , r e l eas ing prec ip i ta t ion a s they g,a,in altitude.. Moving 
down the eas t slopes,, the winds a r e warmiiig and dry , thus creat ing a r id 
conditions and re leas ing decreas ing amounts of precipi ta t ion at lower 
e leva t ions . Most, of the prec ip i ta t ion occuf s during the winteT months 
a s snow, which at h igher elevations naay renaain s eve ra l weeks or indriths. 
The s u m m e r s a r e notably dry . Although the usua l precipitati-qn may be 
a s mue.li a s 15 to 20 inches along the crest ' s of the h igher ranges , the 
valley 'floor i tself may rece ive about 5 inches p e r y e a r . 
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s t r e a m s 
The s m a l l e r s t reanas which drain the basin from the surrounding 
moun ta in s a r e fed pr incipal ly by s t r e a m runoff and Snow mel t . Thei r 
flow is,, t he re fo re , ephemera l , general ly occurf ing during the-spring 
and e'ariy s u m m e r . 

Therr t ia l Springs 
The t e m p e r a t u r e s of springs-range-frona warna to boiling, and i ssue f rom 
the d e s e r t floor. These spr ings a r e probably assoc ia ted with recent 
movemen t along fault zones, which provide paths along which ground 
wa te r , heated at depth, can r i s e t o the surface., 

Wate r f rom thernaal spr ings is comnaonly highly mlt ieral ized. due to its 
high t e m p e r a t u r e , which is cpndueive to chemica,l react ion with the 
enclosing" rock environfnent and to i t s h i s to ry of deep circulat ion. Most 
of the., t h e r m a l wa te r i s der ived f rom the s ame ultim.ate source' as a l l 
ground wate r - prec ip i ta t ipn . 

Wa'ter Quality 
Genera l ly , wa t e r s of the a r e a a r e suitable for drinking water after t r e a t 
ment , ag=ricultuT-al use,- aquatic life, and wildlife propagation, recfea't ion, 
m d u s t r i a l supply and ae s the t i c s , 

(2) Living- Coriaponents 

(a) P lant Life 

Soils , topography-, c l imate and veg-etatipn combine to produce, ecological 
zones between the high XTiountain a r e a s and d e s e r t lowland. Vegetation 
va r i e s from s c a t t e r e d sa l t to lerant shr.ubs on d e s e r t playas through naany 
va r i e t i e s of de-sert shrubs and g r a s s e s to dense, sca t t e red stands of aspen 
and sca t t e r ed conifers oh the in te rmedia te to steep mountain slopes and 
b a s i n s . 

In the valley bot toms the vegetation cons i s t s p r i m a r i l y of 'shadscale 
(At.riplex cphfertifplia), budsage (Ar temis ia sp inescens) , big sagebrush 
(Arternisia t r identa ta) , aiid black greasewood (Sarcobatus vermicula tus ) , 
in descending o rde r of occu r r ence . 

(b) A n i m a l Life 

T h e r e g i o n s u p p o r t s a l a r g e a n d v a r i e d c r o s s s e c t i o n of a n i m a l l i f e . 
E i g h t y - t w o s p e c i e s of n a a m m a l s , 260 s p e c i e s of b i r d s , 160 s p e c i e s , of 
a m p h i b i a n s a n d r e p t i l e s , and ,23 s p e c i e s of f i sh in l iahi t the: r e g i p n . 
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Major ganae. species of the' region include tnule deer , antelope, rabbi t s , 
pheasan t , mourning dove, •chukar and Hungarian p a r t r i d g e s , sage grouse , 
quai l and seve ra l spec i e s of ducks and geese . 

The. naost abundant-animal life in hot spr ings and other aquatic a r e a s a r e 
i n v e r t e b r a t e s . Insects appear to be the mos t important, i nve r t eb ra t e s 
p r e s e n t . Annelida, Crusta-Gea, and Gastropoda a r e a lso represer i ted, 

(c) Human Values 

Economic Inaplications of Geothermal Developpaent 
Between I960 and 1977, explora tory efforts were, made .in Neyada to 
develop geothernaal r e s o u r c e s as a po'w-er sou rce . As a r e s u l t of these 
effor ts . Known Geothermal Ar-eas (KGRA's) totalling abo-ut 6.35, 000 
a c r e s we're c lass i f ied by the U. S, Geological Survey. 

It i s ant ic ipated that there will be' two geothernaal power plants in Nevada 
by 1981, and s eve ra l naore of ia.rge; capacity opefatirig I5y the yea r 2000. 
These plants wil l-probably u s e an e s s e n t i a l l y closed sys tem, returning-
the watf3r tp the geo the rmal r e s e r v o i r through discharge wel ls . Some 
plants may be operated in conjunction with desalination p lan ts , thus 
combining power product ion with, the p r o due tion of f resh wate r and 
in inefa l r ecovery . 

If c u r r e n t in te res t in geo thermal power continues, it can be expected 
that posi t ive net economic changes to the a r e a ' s incdirie base> will occur . 

Attitude, and Expectant ions 
The p r e s e n c e of geothernaal r e s o u r c e s in the a r ea has been kn'dwri for 
many y e a r s . However, use of this r e s o u r c e . h a s been liinited to "hot 
spr ing ' ' bath a r e a s developed in a crude fashion to se rve local owner.g 
and r e s i d e n c e s . Local people hope- that geotheriaial r e s P u r c e s within 
the a r e a can be developed thereby assur ing a clean, low-cost power: 
source , 

H a z a r d s to Hviman and Animal Hea 1 th 
The range fire haza rd wpvild be i n c r e a s e d due to a gr 'eater level of humaii 
activity and traffic a s soc ia ted v/ith gep the rma l development. In any 
dr i l l ing into p r e s s u r e d zones , which could occur in a geotheri-nal r e s e r v o i r , 
t he re is a h a z a r d of uncontrol led r e l ea se of p r e s s u r i z e d fluid. 
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Road cdhstrucfioTi and well site p r epa ra t i on could produG,e soil movemen t 
which if uncontrPi led could eau.se daiaaage to adjacent a r e a s and to aqua.tic 
life in nea rby s t r e a m s , Dam fai lure in sunap ponds i s a poteiitial t h r ea t 
to fish and other s t r e a m life. 

Wildlife rdad k i l l s is another potent ia l h a z a r d which r e su l t s from inc r ea sed 
nailes of road, imprdvemerit of roads that i nc r ea se vehicle speed, and 
i n c r e a s e d vehicle u s e , 

b . Analys is of the Potent ia l Ehvirdnrnfental Inapact. 

:The degree of :pdtehtial environmenta l i m p a c t s a-ssociated with the p r o 
posa l i s dependent upon, a nunaber of fac tors iricluding the type and extent 
of the geo the rma l r e s o u r c e , the probable sequence; and success o r ' f a i lu re 
of the var ious p h a s e s , i . e . , explPrat idn, deveippment, production,, c lo se -
out a£te r abandonnaent or productidii cea.se'^s, the prop6rt ion of gove rnnaent 
to p r iva t e land ownership,, and ia-stly, .the biolpgieal, physical , and 
dem.ograpliic c h a r a c t e r i s t i c s of the a r e a . 

Because the geo the rmal potent ial of the ar^ea is. ia rge ly speculative a;n*d 
because, the.re i s l imi ted kriowledge conGerning the occu r rence , location 
and propor t ion of geo thermal r e s o u r c e s as r e l a t ed to bo'th :enefg.y and 
by -p roduc t s j it is not poss ib le to p red ic t accuratjsly any .envirdnnaerital 
irapacts,. As a r esu l t of sueh unce r t a in t i e s concerhing tlie ut i l izat ipn 
of geo the rma l r e s o u r c e s , environrxiental impac t s can only b.e es t imated 
a s to their" frequency, durat ion, and sever i ty . However, if explorat ipn, 
development , pfpduction, and c lose-out ac t iv i t ies a r e p roper ly planned, 
regula ted and opera ted , no apprec iab le or significant advers:e affe'cts 
should OGcur, thus providing an environmental ly aeceptable "energy source . 

Accordingly , the var ious ac t iv i t ies a r e regulated by the author i t ies of 
the Bureau of Land-Management and the U. S. Geological. Survey, with, 
a.ddltional cont ro ls in the forna of specia l s t ipulat ions, Geothernaal 
R e s o u r c e s Operat ional (GRO) O r d e r s , and approved operationa,! p lans . 
In addition, Gpnapiiance with applicable F e d e r a l and State laws and 
regula t ions i s r equ i red . 

(1) Non-Living Envi renment 

(a) A i r 

Gene ra l p rovis ions for the prevent ion of a i r poTlution and re la ted employees 
hea l th and safety-a re included in the leas ing and op e-r a ting regula t ions . 
In addit ion. Fede ra l a i r qv,iality s tandards and Nevada Air Quality Regu
la t ions (NAQR) ax-e appl icable; l e a se st ipulat ions a r e i ssued and technolpgic 
naethods may allow naitigation of a i r pollution and re la ted health and safety 
h a z a r d s i 
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Pa r t i cula't c Mat te r (Du s t) 
Dust -genera ted .by the movement of geotherrnal re la ted vehicles over 
un t rea ted local roads , arid a i rbo rne dust resulting: f rom ear th moving, 
const ruct ion , or wi ld . f i res , will add pa r t i cu la te mate r ia l to the 
a tmo s'ph e r e * 

Although a. quant i ta t ive naeasureraent of-potent ia l . increases in pa r t i cu la tes 
is not poss ib le , no se r ious inapacts a r e ant ic ipate4. Over time,, a com
bination of r e s to ra t ion and natui-al reV eg citation 'should bring dis turbed 
a r e a s back to thei r nat-ural condition. 

Gases and Vapors 
Motor vehicles used to move naen â nd equipiaient, and for subse.quent 
developiaieiit phases , will GOntriibute a negligible pollution load to the local 
a t m o s p h e r e . In a l m o s t all c a s e s , d ies el engines will be used on the 
dr i l l ing r ig and heavy construction:;equipment. Low hydrocarbon 
e m i s s i o n s of diesel engines will min imize the impac t of these opera t ions , 

Ndncondensible noxious g a s e s , pa r t i cu la r ly bydrpgen sulfide (HgS), emit ted 
f rom a well during testing" and bleeding can cause unpleasant (rot ten egg 
smel l ) in and around the, developed a r e a . This i s m o r e ' of a d i s tu rbance 
factor r a the r thaii a haza rd . 

Condensed steana f rom .geothe r m a l developnaent may contain Gontaminants 
which if p r e sen t in high coneeritrat ions could be danaaging-to plant and 
aninaal life. T e r r e s t r i a l and aquat ic an imals b-y ingestiiig riatural fodd 
eontanainated-by emiss ion fallput cpuld be a.dversely affected. However, 
exist ing geo the rmal exp'erierice indicates that biotic p rob lems of th i s 
na tu re a r e general ly negligible. 

The: highest ,leyels of gas and vapor emiss ion would normal ly occur 
through venting during tes t dri l l ing and during product ion. 

Any accidenta l d i scha rges during the rup tu re of pipel ines of well blowout 
wil l a lso yield gases and vapors to the a t m o s p h e r e . 

Nevada Air Quality Regulationsi re„quire toxic gases to be removed to such 
a degree a s to f ender thena nonhazaVdGUS to plant and animial life in a r e a s 
surrounding geothernaal producing area.s . 

Noise 
The noise level for any geo the rmal a r e a can be expected to ihc Tea se as 
the var ious phases of ac'tivity a r e ina'plemented. The construct ion of 
a c c e s s roads , t es t dr i l l ing, vehicular movemerit , and other anc i l l a ry 
sound sources tend to r a i s e background npise . Nornaally these a r e of 
re la t ive ly short durat ion arid radr.e of a d is turbance factor r a the r than 
being assoc ia ted with r e s o u r c e damage. 
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Opera t ions prod-ucing the g r e a t e s t amounts of noise a r e a i r dr i l l ing, well 
t e s t ing , and bleeding. By conaparisdh, noise produced by a fully developed 
power producing s t eam field i s n a o d e s t , originat ing .frona the occasional 
venting of -wells through mufflei-s, and pipeline l eaks . 

If p r e s e n t , excess ive noise leve ls can pose a heal th and safety haza rd 
to w o r k e r s ih close pfoxinaityj a r e objeGtional to a r ea res idents aiid 
Vi s i to r s , and naay d is turb wildlife dis t r ibut ion and breeding hab i t s . 
Although it i s p r e s u m e d that noise may have ari adve r se impact on wild
life-, such impac t s have iibt been: substant ia ted. 

(b) Land 

The development of g:epthernaal r e s o u r c e s and appurtenant t r a n s m i s s i o n 
fac i l i t ies on essent ia l ly undeveloped F e d e r a l lands will involve changes 
ih pre/sent land ut i l izat ion and could.affect the use and quality pf'adjaceBt. 
l ands , including both p r iva te and Fede ra l , Developed por t ions of Fede ra l 
l e a s e s cduld u l t imate ly consis t of s ing le -purpose indus t r ia l use-. Un
developed or nonintensively used l eased lands would continue to s-upport 
mul t ip le land u s e s , including- such values as wa te rshed , grazing, 
r e c r e a t i o n , aiid wildlife habi ta t . New acce 'ss , deve'ldped dn leased land 
not specif ical ly r e s t r i c t e d to p ro t ec t . p rope r ty , public hea,ith or for 
safety r e a s o n s , will open up these lands to additional u s e s , pa r t i cu l a r ly 
r e c r e a t i o n . 

Land u s e in. the vicinity of ac tual develppmeiits will be changed by the 
c oris trii eti oil Pf r o a d s , wel l s , p ipe l ines , power l ines , power p lan ts , and 
by-product - fac i l i t ies that may be-asspciate.d with indus t r ia l development, 
P r e v i o u s u s e s stich a s wa te r shed , grazing., re crea t ion, and wildlife 
habi ta t will •necessari ly be p reempted o r cur ta i led depending on the: 
intensi ty of the .development. Mitigating m e a s u r e s - t o control , reduce , 
or ove rcome adve r se environmerital impac t s wo\ild, however , be employed. 
The ru les and regula t ions , l ease p rov i s ions , and GRO Orde;rs a.re designed 
to a s su r - e tha t g e o t h e r m a l r e s o u r c e s a r e d e v e l o p e d a n d u t i l i z e d in an 
erivironmLentally a c c e p t a b l e manner : . 

G.e o lo g i G S t"r u G tu r e 
T h e .role, of f luid p r e s s u r e c h a n g e s in t r i g g e r i n g s e i s m i c a c t i v i t y i s n o t 
w e l l khowri, h d w e v e r , a c a u s a t i v e r e i l a t ionsh ip h'as b e e n (Bstablished in 
somie a r e a s . To d a t e , e a r t h q u a k e s a s s Q c i a t e d w i th f luid p r e s s u r e c h a n g e s 
h a v e b e e n s m a l l a n d n o n c o n s e q u e n t i a l ; s o m e e v i d e n c e i n d i c a t e s t h a t 
s e i s m i c a c t i v i t y a s s o c i a t e ' d v ^ i t h a g e o t h e r m a l a r e a i s a c o n t i n u o u s p r o c e s s 
t end ing to re l ie .ve r e g i o n a l s t r e s s e s , thu.'S r e d u c i n g t h e p r o b a b i l i t y of 
l a r g e e a r t h q u a k e s . 
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Subsidence of the ground s u r f a c e over and around a geo thermal r e s e r v o i r 
can. r e s u l t f rom the withdrawal of l a rge volumes of fluids. Subsidence 
could r each a maiximurri r a t e during fu l l -sca le operat ions unless r ep l ace 
men t fluid is r e tu rned to the r e s e r y o i r . Fluids a r e re tu rned to replenish 
the r e s e r v o i r in hot wa te r geo the rmal operatiofis. In many ins tances , 
it i s poss ib le that the re would be no se r ious land or environmental 
consequence if in fact s-ub-sidence did occuri 

Land Use Compatibil i ty and Suitability 
To a l a r g e degree land use conapatibility and suitabili ty will vary accofding 
to the c h a r a c t e r i s t i c s of each specific si te and the phase o"f development. 
F o r exanaple, unsuccessful explorat ion a,ctivities re.sulting in lease t e r m i n a -
t idn would r e su l t in a, re la t ive ly smal l sca le impact ori surface r e s o u r c e s 
and existing uses-. However, as developm,ent p roceeds through the sequential 
stages,, of t es t dr i l l ing, product ion tes t ing, field developnaent, power plant 
and power line constiruG'tidri, and ful l-scale, product ion, re 'sburce impac t s 
wil l beepme m o r e intensified. 

During explorat ion ac t iv i t ies the.f'e will be. a nainimal amdurit of d i s turbance 
of 'vegetat ive cover and soil movernent , Resource inapacts will vary 
depending upon the na tu re of expldfatiori ac t iv i t ies and composit ion of 
vegeta l communi t i e s . Those, containing shrub spe:cies in modera te to 
heavy densit ies, could be mos t affected. Even with rnitigation it i s pos'sible 
that road and t r a i l s c a r s will fefriaih for y 'ears , part iGularly if t hey ' a r e 
conducive' to :Gasual u s e after abandoriment. 

F o r subsequerit s tages of development, phys ica l land fnodifications wi l l 
i n c r e a s e .fesuiting' in loss of wildlife forage and wildlife values in the a r e a s 
of ope ra t ions . Land surface s c a r s would be l a r g e r and possibly perrnanent 
iri n a t u r e . Where public a c c e s s is r e s t r i c t e d e i ther to r educe .haza rds or 
to p r o t e c t faGilities, t he re co\\ld be an accompanying reduction in hunting, 
r e c r e a t i o n a l , or other uses of those lands . The impor tance Pf these 
l o s s e s would, depend oh the amourit of such uSes displaced arid the capacity 
of q tber a r e a s to absorb like ,pre:ssures. 

F u l l - s c a l e operat ipn will r equ i re complete development of well and s t eam 
t r a n s m i s s i o n s y s t e m s , power generat ion fac i l i t ies , b r ine disposal faci l i t ies , 
t r a n s m i s s i o n l ines , permaneri t roads , e tc . Mariy of the poteritial unavoid
able a d v e r s e impac t s a s soc ia ted with explorat ion and testing will no longer 
ex is t but other impacts may i n c r e a s e in proporf idn to the scale of the 
development . Each well wil l involve c lear ing , grading, and improvements , . 
S team pipel ines cdrinec'tihg wells to the g e n e r a t o r s l ikewise r equ i re 
c lear ing and grading. During construct ion there will be corisiderable 
act iv i ty , no i se , movernent of ea r th , dust, etc.. A^ter const ruction is.cpna-
ple ted and a l l h e c e s s a r y envirbnhaental protect ion m e a s u r e s a r e takenj 
the na tu re of the si te will be changed frtD:nl i ts fd rmer state to an indus t r ia l 
complex. C lea red a r e a s , buiiding.s, power l ines , br ine ponds, e t c . , 
wil l represer i t l ong - t e rm changes in the landscape and a change in land u se . 
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With adequate cpnt ro ls on surface u s e , combined with wel l -conceived and 
s t r i c t ly applied surface protec t ion stipulatioris, sequential s tages of 
geo the rma l developnaent will be compatible with existing or pptential. 
su r face land use.s. 

(c) Wate r 

The bas i c law governing wate r quality i s the Fede ra l Wafer Pollution 
Control Act (FWPCA), as amended. Under this act the prinaary r e spons i 
bi l i ty for -water pollution control i s ass igned to the s ta tes . Under the Act, 
each s ta te is r equ i r ed to promulgate in t r a s t a t e wa te r s tandards which 
then raust be approved by the Envi ronmenta l Prote.ction Agency (EPA). 
Nevada has Federa l ly approved stai idards, 

Geo the rma l stea'na development i s included under Nevada.'Water Law and 
a p e r m i t is' r equ i red before the s t eam may be diver ted to genera te poweT, 
The apprdpr ia t ion p r o e e d u r e in su res that existing water r ights and the 
public welfare a r e not adverse ly affected. In designated c r i t i ca l ground
water. area,s, such a*s G r a s s Valley, a perriait i s needed frona the Nevada 
Division of "Water Respu rc e s be£pi-e an explora tory hple iiaay be dri l led, 

Hydrologic Cycle 
T h e potent ia l impac t s of the geothernaal progTam upon the water r e s o u r c e s 
geneTally wbxild b'e in proportiori to' the scale and lo'catidn of the act ivi ty. 
Spr ings , ponds, r e s e r v o i r s , s t r e a m s and ground-wate r a r e a s a r e not 
e^ipected, to be adverse ly impacted under the no rma l explora tory s tage. 
Gene ra l ly , poss ib le inapacts a r e corisidered as lovp-. 

Dri l l ing could adver.sely impact spr ings by causing a drop in the wate r 
table thereby impacting surface flov/, depe'^rident life forms,, and domest ic 
l ives tock . 

Wat e-r supplies can be lost o r r 'educed-during exploratron. Seismic tes t ing, 
s t r a t ig raph ic testing', and -wildca^t dri l l ing can a l t e r the g,round-water 
hydfolPgy by f rac tur ing impermeab le zones belPW aquifers-, permit t ing 
them to be. lost or reduced through ver t i ca l dra inage . The probabil i ty of 
this happening i s , however , low due to c u r r e n t dril l ing techridlogy. 

Reduction of the ground-water supply might occur as a resu l t of develop-
merit and prodvictiori. If the g.eotKermal field is l a r g e enough to cause 
significant wa te r r.eduet.ion, the resu l t naight reduce the l ivestock and 
wildlife u s e s . The impact might displace fanailie^s, l ivestock, and wildlife. 
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With c lose-ou t , the affected wate r table may r i s e and be tapped for 
beneficial u s e s . 

A benefit from an explora tory prograna i s the discDvery of water bear ing 
s t r a t a for futaire developnaent in providing, water for use in w a t e r - s h o r t 
a r e a s . 

Sediment Load 
The sigriificance will depend upori amounts and location. General ly the 
impac t potentia 1 for sedinaent t r a n s p o r t i s eons idered modes t because 
land surface slopes a r e slight in the valley a r e a s . 

Dissolved Solids and Acid Balance 
Exp lo ra to ry dri l l ing could yield la rge amounts of bririy w a t e r s . Br iny 
wa te r production can contaminate surface wa t e r s if washed from, evapora,-
tion ponds during f lash-floods pr dike fa i lure , 

Geothernaal fluids could r a i s e the pH of these a l ready alkaline w a t e r s 
(6, 5 to 9. 6) thereby decreas ing the range of existing aquatic life. 

The aqu i fe r s could b e polluted by these b r ines and the r e su l t s could be 
degraded water quality to the degree, that it would not be suitable for 
human and an imal use and in extrenae cases could even be toxic to 
plant life.^ 

Toxic Pollution 
Highly toxic dril l ing fluid addit ives s-uch, as caus t ic , if used, could con
tamina te local ponds by washing down a,riatu-ral drainage or be bound by 
soil p a r t i c l e s and c a r r i e d the re by wind fo rces . The closed basin a r e a s 
a r e pa r t i cu la r ly impacted because there, i s iio m e a n s of flushing the 
toxicants' . 

T h e r m a l Pdllutiori 
Tenapera ture contaminat ion of existing surface w a t e r s by hot wa te r s 
p roduced from geo thermal opera t ions would have significant inapact upon 
aquatic flora and fauria. Many of the aquatic plants and ariiriaals have 
r e s t r i c t i v e t e m p e r a t u r e adapta t ion, 

(2) Living Envi ronment 

The ru l e s and regulat idris , lease* pro vis ions , and Gedthermal Resources 
Opera t ional (GRO) O r d e r s a,re so designed to a s s u r e that geothermal 
ope ra t i on s will r e su l t in the leas t d is turbance of soil , s t r eam, native 
vegetat ion, arid f ish and wildlife populations and habitat . In addition 
r e m e d i a l naeasures a re - requ i red . fo r the res to ra t ion of land surfaces upon 
abandonment or completion of the var ious p h a s e s . 
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(a) Vegetation 

Native vegetation will be. d i s turbed o r des t royed where the construct ion 
of a c c e s s roads , d r i l l pads , ponds for collection Pf drillirig mud, arid 
o ther anc i l la ry dr s e r v i c e support ac t iv i t ies .are r equ i red . In addition, 
the construct ion of power un i t s , by-product fac i i i t ies , maintenance 
a r e a s , etc . , during the= development and p rodu t t ion phases will r e su l t 
in both the pe rmahen t and t e m p o r a r y loss of native vegetation and a 
nainpT to ma-jor a l te ra t ion of spec-ific types . 

An explorat ion d r i l l i n g m o d e l p r e p a r e d by the Bureau of Land Manag.e-
men t (BLM) for one 2, 560 a c r e lease p rd jec t s that i , 5 percent (38 a c r e s ) 
of the total l ease a r e a wil l be d is turbed. A s imi l a r model for the develop-
merit of two 100 megawat t power plants on one 2, 560 a c r e lease p ro jec t s 
that 14 pe r cen t (360 a c r e s ) of the to ta l .lease* a r e a will be d is turbed. 

(b) Animal Life 

As a specific develppment p roceeds through t e s t dr i l l ing and product ion 
testing;, physica l land inodificatidri and human occupation would occur . 
These act ivi t ies include such things as con s t r u eti on of roads , ponds, 
d r i l l s i tes arid dr i l l ing of we l l s , and t r a n s m i s s i o n fac i l i t ies , which 
could resu l t in lo s s of wildlife Values, iricluding both habitat and 
r ec r ea t i ona l use of wildlife witliin tiie a r e a of irifluerice. Such naodifi-
ca t ions would physical ly a l t e r or renaove existing wildlife habi ta t and 
the-permanence of these effects would be dependent upon the na tu re of 
the-par t icu lar const ruct ion or operat ional activity. However, in sdiri.e 
i n s t ances -c l ea r ings , revegeta ted a r e a s and roads .or t r a i l s - resu l t ing 
frpna, gepthejrmal operat ions could improve wildlife habi ta t . It, a lso 
should be recognized that many an ima l s have: the abili ty t-o adapt, to 
changed envi ronments . Iri addition to land modif icat ions, noise , and 
o ther man-in.dueed phenomena, may have an effect on the wildlife c,P:m-• 
rriunity surrouri<3ing^ l ease a r e a s . Noise may drive some species f rpm 
the are.a, m a y distairb no rrnal p r e d a t o r - p r e y reiatiori'ships or naay 
affect m a t i n g and rea r ing hab i t s . Most a r e a s adjacent to o r outside of 
the immedia te a r e a s of irifluence would, hdwever , be expected to re ta in 
p a r t o r a l l of their fish and wildlife population and habitat . The degree of 
perma-nence Pf d i sp lacement or d is turbance would depend upon the scope, 
durat ion, and type of act ivi ty . 

Potent ia l ly sigriificarit impac t s u'pon fish and wildlife could resu l t from 
imprope r ly planned or executed handling of geo thermal fluids. If con
t ro l led r e l e a s e s , sp i l l s , seepage dr well blowouts were: to resi,ilt in 
significant addit ions of tox ic , mineralize 'd, or sal ine geo thermal wa t e r s 
to s t r e a m s , ponds, game manageinent a r e a s , e t c . , adverse impact s 
would r e su l t . 
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(3) Ecological liiter re la t ion ships 

The p r inc ipa l ecological processeis at work with the ecosys tem a r e 
succes s ion , food relat ionships ' and comriiunity re la t ions . To suriaimarize, 
the subject a r e a is a del icately balanced shrub-vegeta ted ecosys tem 
which is exceptipnally vulnerable to m i s u s e . Because of pas t h i s to ry 
of o v e r u s e , a genera l decline i n des i rab le /p lan t cornmunities has been 
the ru le . This t rend is s t i l l in evidence and i s expected.to continue 
unti 1 natu r a 1 for ces o r" s u rf a c e riaanag e naent p r a c ti c es c ome into' ba la'ri c e 
with clirriate, s i te , and environriiental factors^. In the cumulative aspec t 
the proposed geptherma.1 projgrarn r e p r e s e n t s s t i l l another use which 
could conceivably irifluence and disrupt existing ecological p r o c e s s e s . 

(a) Animal Life 

Livestock 
The inapact of geotlaerrnal ac t iv i t ies on l ivestock forage would be riegligible 
during the- explorat ion phase , but i r icreasing during the; development and 
product ion p h a s e s . 

Wildlife 
Any l a rge scale reduction in the quantity of vegetation would d i rec t ly 
impac t the dis t r ibut ion and abiindaric'e of wild, anirrials by reducing forage 
and cbvei-i 

(4) Huraan In t e re s t Value s 

(a) Ae.sth.etics 

Impac ts on aes the t ic quality would begin with the cons t rue tipn of t e m p o r a r y 
roads into t e s t dr i l l ing s i tes and would i nc r ea se as dril l ing opera t ions , 
pipel ine Si s torage ' fa e iii t ies ^ power p lan ts , transriaiss ion l ines , e t c . , a r e 
added. The visual inapact ass.ociated with aea r r i ng , a l te ra t ion of the 
l andscape , or, unsightly sui;face disturbarice would occur riot 'only at 
specific s i tes but a lso iri l inear c o r r i d o r s occupied by t r a n s m i s s i o n 
l ines . F o r Federa l , land developments ; full considera t ion will be given 
to aes the t ic .desi'gn, placeftaent of mari-madei s t r u c t u r e s , use, of com
patible colo-rs, laiidscaping and vegetative r e s to ra t ion , in o rde r to 
min imize those' ir iapacts. 

(b) Recrea t ion 

During, t h e sequential s tages of geo thermal development there would be 
an impac t on the landscape and it"S' coriapdrierit p a r t s which eoritribute to 
Outdoor r ee rea t i on . Most r ec rea t ion u s e s would be adverse ly affected 
in the immedia te vicinity of tes t wells o r subsequent field developiaientSi 

Converse ly , new roads requ i red for a c c e s s could eventually improve 
r ec r ea t i on acces 's , 
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It is ant icipated that with geo thermal development public in te res t will 
be a roused . Many may wish to see this unique power source in operat ion. 

(c) Sociocult-ural Values 

Geo the rmal r e s o u r c e explorat ion and development act ivi t ies could 
inadver tent ly des t roy archeologica l or h i s to r i c values. Lease s t ipula
t ions r equ i r e the ope ra to r to notify the superv i sor if any ar t i fac ts a r e 
unear thed . 

Local spending by t e m p o r a r y construct ion w o r k e r s and dril l ing c r ews 
will contr ibute to the local econonay. Discovery of a geo thermal r e s o u r c e 
wil l r e su l t in an i nc r ea sed tax base for the a r e a of development. Full 
sca le development could cause t empora ry cons t ra in t s on p re sen t day 
community s e r v i c e s , schools , etc . , and would tend to off-set any 
s h o r t - t e r m gain in local economy. 

In addition to the p r i m a r y application of the geo thermal r e s o u r c e to . 
e l ec t r i c a l power generat ion, s eve ra l a l t e rna t ives or complinaentary 
u s e s may eventually be considered. Al terna t ive or complementary 
u s e s could include space heat ing, stock wa te r , i r r iga t ion , food, and 
indus t r i a l p rocess ing or municipal wa te r supply, 

c. Potent ia l for Conflicts with Exist ing Land Use P a t t e r n s 
and P r o g r a m s 

Some conflicts with existing land use pa t t e rn s and prograi-ns will r esu l t 
f rom the implei-nentation of geo thermal ac t iv i t i e s . Potent ia l conflicts 
and mitigating m e a s u r e s a s soc ia ted with such act iv i t ies have been d i s 
cussed in preceding section "Analysis of the Potent ia l Environment 
Impact . " 

The ru les and regula t ions , l ease p rov i s ions , and Geothermal Resource 
Operat ional (GRO) O r d e r s a r e designed to a s s u r e that geothermal r e s o u r c e s 
can be developed and ut i l ized in an environmental ly acceptable manner . 
Vir tual ly any human use of the lands and thei r r e s o u r c e s may have some 
degree of conflict or adve r s e impact . Fo r example , the m e r e p r e sence 
of man during explorat ion, developnaent, production and c lose-out phases 
will have a cumulat ive res idua l impact upon existing r e s o u r c e s and u s e s . 

While geo thermal development will impose some unavoidable land use 
conflicts and adve r se environmenta l impac t s , it appea r s to have potential 
of being l e s s environnaentally damaging than other pov/er generat ing 
sy s t ems using coal , oil, or nuc lear energy s o u r c e s . 
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To the extent that these a r e net total sys t em reductioris in adve r se aiiS 
wa te r , o r land impacts,, such diffei-ences represe r i t posi t ive benefits .. 
f rom the u s e of geotherrnal r e s o u r c e s even though there will be local 
land u s e conflicts and adveTse inapacts that cannot be avoided. 

(1) Relat ionship Between Shor t T e r m Use and Long T'erm 
Product iv i ty 

It i s significant to note tha't gedthernaal energy- is. a dissipat ing r e s o u r c e 
•which is being was ted by fai lure to u t i l ize this pptent ial . Not only is 
the pptent ial for energy utilistation being igiiored by lack of develPprrient, 
a substant ia l revenue source for both cdurity arid s ta te is los t . 

Land Use 
Land lise during the' pef idd of product ion operat iPns would be changed 
to indus t r i a l opera t ions f rom fish and wildlife habita^, r ec rea t ion , and 
g ra zing. However, many su ch u s e s c duld c oiitinu'e on a r e du ce d but 
compat ib le b a s i s . 

Should production resu l t in land subsidence, the subsidence would con
st i tute a Idrig-term effect on land r e s o u r c e s . Such subsidence would 
not significantly affect use of the land in naost a r e a s bedause of the low 
population d ensi ty. 

"Water 
The consurnptive use of wa te r r e s o u r c e s , p r i m a r i l y geothernaal fluid's, 
in power generat ion would consti tute a, depletion of the g r o s s water 
resource .s of the a r e a . However , in mos t ins tances , due td the high 
m i n e r a l cdnterit, the ;geothermal fluids will be re - in jec ted . 

Vegetat ion 
Geo the rmal product ion \vill affect the vegetal comriauriities during liie 
pe r iod of occuparicy. After the area 's a r e abandoried, r e - e s t a b l i s h m e n t 
of na tu ra l product ive cornmunit ies should occur . 

F i sh and Wildlife 
Geothernaal r e s o u r c e develppment coiild r esu l t iri local ized and even 
reg iona l adve r se impac t s on fish, wildlife, and thei r habitat . Wild^ 
l i ie values probably would r e - e s t a b l i s h thenaselves a s soon a s the 
opera t ions a r e t e rmina t ed . In sdme ins tances they may even benefit 
f rom this- u s e . 
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A r ch eo lo g ic a 1 and I-li s to r i c a 1 V a lue s 
The develdpment of geotl iernial r e s o u r c e s may commit t e r r a i n where 
a rcheo log ica l and h i s t o r i c r e s o u r c e s a r e deposited, Archeological 
and h i s t o r i c values could be' damaged dr de'stroyed. I-Ibwever, deVeldp-
riaerit a lso could r e s u l t in significant finds that-might o therwise have 
gone und.etected. 

Econonaic and Social 
Geo the rma l developnaent r e q u i r e s a substant ia l investment which r e su l t s 
iri an i n c r e a s e d tax base,; 

T h e r e could be aes the t ic or social impacts in terrias of i nc r ea sed ridise 
levels, , odors , additional traff ic, e tc . , even though al l of the envirpn-
men ta l s t ipulat ions of the pe r in i t s had been me t . These would be minor 
bu t dbjectioriable in t e r m s of pre-djpeTatiorial conditions, 

(2) 1'rrever.sible and I r r e t r i evab l e Comiaiitrnents 
of Resources 

The pr inc ipa l commitment of r e s o u r c e s wduld be the depletion of t he rma l 
e n e r g y and water f rom the geo the rmal r e s e r v o i r . 

The t h e r m a l energy s to red in the geothernaal fluids p resumably would be 
ex t rac ted at a r a t e g r e a t e r than th'e na tu ra l t e r r e s t r i a l . h e a t flow. Although 
the geothernaal source, will continue indefinitely the use of the s tored energy 
i s cons ide red a depletable r e s o u r c e dve'r a s h o r t - t e r m if the withdrawal 
r a t e exceeds the rcr-heating r a t e . 

The r echa rge mechanisrri of geothernaal r e s e r v o i r s of the a r e a is p r e sumed 
to be. rainfal l on the dra inage basiris t r ibu ta ry to the a r e a . Thus , water 
evapora ted in geothernaal product ion should be considered a s a water 
consumptipri chargeable to the a r e a . Howeve,r,. a s th'e Xvatev is renewable 
f rom rainfal l , this charge is riot i r r e t r i e v a b l e , 

Compaction that may occur a s a resu l t of geothernaal production is 
i r r e t r i e v a b l e in a sense that if i s an i r r e v e r s i b l e p r o c e s s . Loss of 
pprosit-y is a commitnaeht of a r e s o u r c e because .this i s the s torage 
volume for the heat conducting fluid. 

A r e a s of natiaral vegetation will be-a l te red or c l ea red due to construct ion 
of faci l i t ies requ i red for the development and use of geo the rmal r e s o u r c e s . 
Upon temainat ion of product ion, a l l such a r e a s a r e to be r e s t o r e d to as 
nea r a na tu ra l condition a s i s feasible but complete r eve r s ion to the p r e -
developrnerit conditions may riot be poss ib le . Th-e' impacts could be ei ther 
a d v e r s e or beneficial , depending upon the na tu re of subsequent uses, of 
the a r e a . 
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Norma l land u s e s of the a r e a such a s r ec rea t i on , l ivestock grazing, 
and hunting would be affected during tlie pe r iod of opera t ions , but such 
u s e s could r e tu rn to p re -deve lopment levels after production stops and 
the a r e a s a r e r e s t o r e d . The r e s t r i c t i ons on use of l eased lands and 
r e l a t ed impacts on adjacent lands could a l t e r u s e pa t t e rns which could 
r e s u l t in over use in other a r e a s . Plowever, a l l such i inpacts probably 
would be l imi ted to the product ion life of the geo thermal development. 
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C, Cost 

1. Total Program Cost Summary 

a. Cost of Existing Information - as of 

October 1, 1978 $ 79,064 

b. Phase 1 - Temperature Gradient Survey 142,113 

c. Phase 2 - Seismic Survey 177,160 

d. Phase 3 - Drill and test two 8,000 ft. 

Exploratory Wells. 2,232,717 

e. Phase 4 - Drill and test an Injection Well 

and conduct Long Term Tests on one well. 1,452,901 

Total Project Cost $4,083,955 
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SUMMARY - TOTAL fiSTTMATHD CO.STS 
Enclosure 6 
Pane 1 of 3 

CONTRACT PRICING PROPOSAL 
(RESEARCH At\r> DEVVLOP.WENT) 

Office of M«n«gtmeni ind Dudgtc 
Approval N o . 2 9 - R O l f l 4 

T h l » ( u m il (br U K w h t n ( i ) l u b m i i i i Q n of co-.l o t pticinK J» t« ( K C F I ' R 1 - > . I ! 0 7 - ) ) U ;t<)uirc<l a n d 
( i i ) l u b l l i l u l i o n foe i hc U p i i n n t l F o r m »SI it a u l h o r i l r d by i l i t conirBClinf! officer. 

NO. Of f A C l i 

NAMf or o r rooa 

AMINOTI, USA 
HOM* Office AOOIitM 

p . 0 . Box 11279 
Santa Rosa. CA. 9.S406 

nvlSIONfSI AND lOCAItON| i | WHICE WORK IS TO tC rfRTORMiO 

Geothermal Div i s ion - Santa Rosa, CA. 

juinits *ND/o» ieavicis lo M fu«NisniD 

E x i s t i n g Data - GilG Survey In fo rmat ion ; 
Pliase 1 - Temperature Gradient Survey; 
Phase 2 - Seismic Survey; Phase 3 - Two 
8 ,000 'we l l t e s t s ; Phase 4 - I n j e c ' wel l f 

G O V , > O . . C I . A , I O ' ^ . ^ ' - ^ ^ ^ — ^ tOTAi AMOUNT Of n o r o i u . 

J 4.n83,9.'3.S 

SI 

RFP ET-78-R-08-0003 
DETAIL DESCRIPTION OP COST ELEMENTS - See Attachments 

I. DBCCT «AATtRIAl (liimiie on E\hibit A) EST C O S T ( $ ) 
TOTAl 

EST COST' 
REFER-
ENCE = 

« , ruiCHASED PARTS 

k. SUBCONIRACKO HEMS j ' V . . ! . ? • . . : ; . ' • : • : ; • 

t . O T H t R — n . / RAW MAICRlAt 

( 2 ) YOUR STANDARD COMMrRCIAl ntA*S 

( i ) INTEROIVISIONAl ISANSrCRS ( A l other than coit) 

T O T A L D I R E C T .M A TERI A L 844 .2.^3 
I . MATfRIAl OVERIIfAD' ( R a l e •*,VJ i a i t = ) Incliidcd. in No ] below. 
3 . DWECT LABOR (Specify) 

ESTIMATED 
HOURS 

RATE/ 
HOUR 

EST 
COST ( $ ) 

T O T A L D I R E C T L A B O R 8.>.174 
i . lABOR OVERHEAD (Spicify D i p a r l m i n t or Coil C i n l i r ) ' X BASE: ESI COSI ( S ) 

T O T A L LABOR O V E R H E A D ?2.4.>7. 
3 . SftCIAL TESTING (tiicltfding field u o r k a l CoferntHtnt ini la l l t i t iont) EST COSI ( S ) 

T O T A L S P E C I A L T E S T I S G 224.60P 
«. $«CIAl EQUICMENT ( I f direct c h a r g e ) ( l lemi ie on Exhibit A ) _L 5ji:L,ilQIl 
7. TRAVEl ( I f diiecl charge) ( C i t e deUt l i an a l l acbed Schedule) EST COSI ( S ) 

rf. TRANSPORTAtlON 

*. n n OIEM OR SUBSISTENCE 

T O T A L T R A i E L ^] ..S^O 
e . CONSULTANTS ( l . lenl l fy-purf io ie — rtile) EST COSI I S ) 

TOTAL CUSSLl.T.i.^rS •v l l .-v'lH 
9. OTHER DUECI COSIS l l l i m i t e on E\b ib i l . i ) 711 ,̂ 117 
10. T O T A L D I R E C T COST A. \ l> O V E R I I E A O 3 K.'-.^.ys;) 
M . OfNtRAl AMD AOWINISIRAIIVE (X?1NSI f R-JU f. V; t f loil e l lmin l .\'lll. . i l l ) ' 2."̂ 1 , 106 
I J . ROTAlTlES ' 

I ) . TOTAL l-STI.UATED COST 

.ps7>.i)r^:> 
14. f ie OR faOfil 

IS. TOTAL r s r i w a I n COST A S O P I E OH PROVIT I\ , O.S.S, !).^KS 

I 
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Enclosure 6 
Pane 2 or 3 

I h t f t p r v p o i a l i t l u b n t i l t t d for ute in I ' unn rc i i on w n h i n d in r r t p u m c l u ( D t u r i b t K I 'P . t u . ) 

U . S . D e p a r t m e n t of Ene rgy RFP No. E T - 7 8 - R - 0 8 - 0 0 0 3 
I jn<) r t f l c c i ) o u r t>«ic c i t i m i t t k at o ( t h \ \ J j i c , in Accor t l incr w i t h i h r I rM inu - i i un i i n O f f i f o r * end (he Koo ino t r i w h i c h fo 

rV f tO NAMC ANO M l i t 

W. H. Schell 
Vice President Production 

s iONAiunt 

4^ ' c l J y M 
DATE Of SUBMISSION 

May 30 , 1978 

MAAa Of riRM 

A m i n o i l USA, I n c . 
EXHIBIT A—SUPPORTING SCHEDULE (Specify. I f more space is needed, use reierse) 

COST El NO. ITEM DESCRIPTION (See f o o l n o t e S ) EST COST ( S ) 

1 Direct Materials - Estimates are based on rernnt- pr-irns with 
6% annual increase. 
Material Overhead - Not charged. Included in No. 11 below. 
Direct Labor - Hourl-y rates used are based on approximate 
salaries of personnel involved. Tlie unit price is calculated 
on a 40 hour week. 
Labor Overhead - The company wide rate based on actual cost is 
currently 19% of direct labor. 
Special Testing - Estimates based on current prices plus 6° 
annual increase. 
Special Equipment - This category includes the drilling rig 
rental fincluding crewl and testing equipment fseparator and 
meter run with instruments"). Installation by a local contractor 
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 plus 6% annual increase. It has been 
assumed that a rig will be available in the Nevada area. 
Travel - Estimated per diem costs for the area. 
Consultants - Includes contract services fother than drilling 
and related activities). Current i:)rice5 plus 6% annually have 
been used. 

1 1 . 
Other Direct Costs - Tnr.liides rnntingpr-iry Prnvis-inns 
General and Administrative - To cover Geothermal Division and 
iome-Office supervision and assistance. The rate of 6% is fre
quently used for billing joint venture partners for this t-̂ ê 
of work. 

I. MAS ANY EXECUTIVE AGENCY OF THE UNIIED STATES GOVERNMENT PERfORMtO ANY REVIEW OF TOUR ACCOUNTS OR RECORDS IN CONNECTION WITH ANY OTHER 
COVERNMENI PRIME CONIRACT OR SUBCONTRACT WIIHIN IHE PAST TWEIVE MONTHS? 

I I YES 0 NO ( I f y i l . ident i fy below.) 

NAME ANO ADDRESS Of REVIEWING OfflCE AND INDtvlDUAl TEltPHONt NUMBER/EXTENSION-

II . W i l l YOU REQUIRE IHE USE O f ANY GOVERNMENT Pr.DPERIY IN IHE PERfORMANCE Of THIS PROPOSED CONIRACT? 

I 1 YES K J NO ( I f yei. i i l e n l i f l on reverie or lep.irute pat;e) 

111. CX3 YOU REQUIRE COVERNMENI CONIRACI FINANCING 70 PERIORM THIS PROPOSED CONIRAO? 

I I YES F<3 NO ( I f ) l i . i den t i f y . ) : Q ADVANCE PAYMENTS Q ] PROGRESS PAYMENTS OR Q GUARANTEED IOANS 

IV. DO YOU NOW MOID ANY CONIRACT f Or. do you have any independently / i n a m e j ( I R O D ) pro jec l i ) fOR THE SAME OR SIMIIAR WORK CAllEO FOR BY THIS 
• fUOPOSED CONIRACI? 

[~] YES 0 NO ( I f yt l . identify.): 

V. DOES THIS COST SUMAtARY CONfO»M WIIH IHE COST PRINCIPIES SU fORIII IN AGENCY REGUIAIIONS? 

r ^ YES I I NO ( I f no. e\pl . i in on reverie or leparale p./xe) 

S i i Rei r r ie f o r In t t ruc l iont a n d t'ootnotei OPTIO.SAI. FORM 60 (10-7 1) 
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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 
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Ettclonure 6 

CONTRACT PRICING PROPOSAL 
(RESEARCH ASD DEVELOP.WEST) 

T)iift fomi IJ for uw when ( i ) •ubmiitK>n of c*nt or pricinj^ dtta (»•« Ff'K l->.fi07-)) î  rt^uircd and 
( i i ) ( i ibxi iui ion fur ih t 0[>iion>l Form i9 ii nuilrorbcd by ilit conirici inn o/licrr. 

NAMI o r c r t t o * 

AMINOIL USA • 
»K>WI W f t C e AOORtSi 

p. 0 . Box 11279 
Santa Rosa,. CA 95406 

C;VlS»ON(»| AND lOCAItON|S| WHERE WORK IS TO »£ n tyo%nio 

Geothermal Divis ion - Santa Rosa, CA. 

Pace 1 . of 3 

Office of M»n»gtmrn< and Duili;e< 
Approva l N o . 2 9 - K 0 1 8 4 

F A C E F40. NO. Of f AOtS 

SU.'^lliS A N O / O R SMVlCfS IO U fURNISHEO 

EXISTING DATA - Aer ia l Photos , Geological 
Mapping, Geochemical and Gravi ty Survey. 

TOTAt AMOUNI OF l-KOPOSAl 

i 4 , 0 8 3 , 9 5 5 
O O V I SOIKIIAIION NO. 

RFP ET-78-R-08-0003 
DETAIL DSSCRIPTTION OP C O ' . ! ElEWEMTS . S n ^ A t t n r h m f ^ n t 1 

1. OWSCT MAIEHAl ( l l i n i t i om Exhibi t A ) 

*. PURCHASED PARTS A e r i a l P h o t o s - Cos t 
b . SUBCONTRACTED lieMS 

t . CfTK'.fi — f i ; IIAW MATERIAl 

f i ; YOUR 5TAND/JiDCO;i<A*fRCIAl rtlMS 

( . t ) INTEtDIVISIONAl IRANSftRS ( A l olher t h a n coil) 

TOTAL DIRECT .MATERIAL 

EST COST (%) 

1.253 

f:|^•.;i^:i;^vfe;•!ii|l^ 

2 . MAtERlAi O-'EP.HEAD' ( R a t , X S i b a u = ) J - ^ ^ ^ 1 1 b p l n W 

3 . DlftEa LABOR (Spic i fy ) 

fa) Sen ior Geolog is t - Mapping. 
(b) Sen ior Geologis t - Grav i ty Survey 

Superv i s ion § I n t e r p r e t a t i o n . 
' 

TOTAL DIRECT LABOR 

«. LABOR OVERMEAO (Spictfy O i p a r t m l i l l or Coil C e n l e r ) ' 

Payro l l Burden 

T O T A L L A B O R O V E R H E A D 

ESTIMATED 
HOURS 

80 

160 

. • < 

O H PAIE 

39% 

:Sp"cS5:f;W®? 

RAT=/ 
HOUR 

$22 

22 

MK0SiM' 
X BASEcr 

5 ,280 

W0§Sm 
S. SfECUl TESTING ( Inc lud ing f ie ld u o r k a t Covernment i n i l a l l j l i o n i ) 

T O T / . L S P E C I A L T E S T I S C 

EST 
COST ( S ) 

1,760 

3 .520 

•mi^mm^i 
EST COSI ( f ) 

2; 059 

ilJ«^:¥5Sl;-iV-
EST COSI ( i ) 

':Vi;:9}Wf:|?:f.-s:,;::v 

6. SPtCIAl EQUIPMENT ( I f direct c h a r g e ) ( l l r m i i e on Exhibit A ) 

7. TRAVEl ( I f d i r tc l cha rge ) ( C i t e deLiih on a l l . i cb id ScheJtt. ' i) 

«. 7P.ANSPORIAIION CJT, npnlnCTTst - 42 d a y s @ $ 2 5 
t. F« DIEM OR suKsisiENCE S T . G e o l o g l s t - 42 days @ $40 

l O T A L T R A V E L 

8. CO.-lSUlTAfJlS ( l ! l i n l i f y - p n r p o i e - r , i t e / 

a. F i e ld Geologis t - Mapping 5 Geochemical Survey -
45 days a t $.375. 

b . Laboratory - Geochemical ana lvsxs-20 samples @ $100 ea 
c. Grav i ty Survey i n c l . i n t e r p r e t a t i o n 8 r e p o r t s . 

TOTA1. cos:>i:i.rASTS 

EST COST ( S ) 

1.050 
1.680 

: / : ( ; < ' • ' . - • • ' : • • • • • : : 

ESI COSI ( S ) 

16 .875 
2 .000 

.34.663 

9. onus oijjci c o n s (iiiMne on E\hibii A) C o n t i n p e n c v 

10. T O I A L DIRECT COyf ASO OVf.RIIHAI) 

11 . C tNf« .» l ANO ADMlNISMAIIv: Uf lNSE fK./// (^ 1, i f toil e l e u i n l S o i . , 1 1 1 ) ' 

13 , ROYAlTIEl ' 

IJ . TOTAL ESTIMATED COST 

u . n : o» morii 
\ i . TOTAL r.STI ^ U r i l> COST A \ n H E OR I'RDhIT 

TOTAl 
EST COST' 

-̂ ' '"- / < 

'. 
'A ^ ^ --

^ .-/. 

1 , 2 5 3 

> ^ 

< 

REFcR-
SNCE--

^ "^ , 

, ^ 1 

5 . 2 8 0 i 
I 

< 
t 

1 
2^nqc) 

; > • / • • - • : ' • • • ' 

^mm^r^H^ 

_ 
_ 

:,•••.V•^v.;,^i:.j:•„-, 

• • : ' ' : ' H ^ - : ' - \ . -

2 .730 

• :-^ = . • ' / • • • - v . . " 

-

53 ,538 
9 ,729 

7/1,589 
4 . 4 7 5 

_ 

79.064 

79 M ± . 

• 3 7 -

t l l ' r i O . S A I . I D l l M ItH 

CieiittA SrnKi- i AJinintv<r/lt.Hi 
r i 'K l-16.Uu<i 
>060-IOI 



ATTACHMENT TO: "EXISTING DATA" 

GRAVITY SURVEY 

QUOTATION BY EDCON, DEN\̂ ER 

Data Acquisition 

225 Stations on existing roads, $26/station $ 5,850 

284 Stations off existing roads $29/station $ 8,236 

Total Data Acquisition Costs ' $14,086 

Data Reduction 

Terrain Correction $3/station $ 1,527 

Data Interpretation and Report 

A. Ten 2-D gravity models with detailed fault analysis $ 4,400 

B. Tliree dimensional gravity modeling on 1000-foot grid $ 4,500 

C. Interpretation of ground magnetics including five depth 

Estimates $ 1,000 

D. Field Trip - 3 days - Geologist $400 per day. $ 1,200 

E. Drafting, Secretarial, Reproduction and verbal presenta
tion of results $ 2,550 

F. Integration and final report $ 5,400 

Total data interpretation and report $19,050 

Total expenses charged by Edcon $34,663 
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Enclo.'jure 6 

CONTRACT PRICING PROPOSAl 
(RESEARCH ASO DEVELOPMEST) 

T b i l fofm il for u>* wh<n ( i ) lubmittion of to%t of pricm*^ tJiio ( K C FPU l-Vfl07-5) it rcfiuirrd and 
( i i ) •iibiiiruiton for the OptionftI Form S9 i» i.ui)>oriied hy titr contrccting oR-|Ccr. 

NAM) Of OFFEROR 

AMINOIL USA -
HOMI Office Aoontsi 
P . 0 . Box 11279 
S a n t a Rosa,- C a l i f . 95406 

Q!VlS<ON<i| ANO lOCAllON(J | WM£«I WORK 1$ IO M rtRfORMlO 

G e o t h e r m a l D i v i s i o n - S a n t a Rosa , CA. 

Pace 1 of 3 

Office of Manxgcmcni Jiocl Dudgct 
Approv»l N o . 2 9 - K 0 1 8 4 

PAGE HO. NO. Of PACES 

Surn iES AND/OR SIRVKES TO M FURNISHED 

Phase 1 - Temperature Gradient Survey. 

TOIAL AMOUNT OF PROPOSAX 

i4 ,083,955 
GOVT SOUCITATION NO. 

RFP ET-78-R-08-0003 
DETAIL DESCRIPTION OF- COST ELEMENTS ] 

I . DtRKT «AATER)Al ( l l i m l t e om Exhibit A ) 

* . FUICHASIO PARIS 

b . SUBCONTRACTED ITEMS 

r . OTHER—n. ' tA^ ' '*ATER1Al 

( 2 ) YOUH STANDARD COMMfRCIAl n t M S 

( i ) INTEROIVISIONAl IRANSftRS ( A l olher than l o i l ) 

T O T A L D I R E C T . M A T E R I A L 

EST COST ($) 

;StA^^:i:v«*-: 
J . MATERIAl OVERHEAD' ( R a t i •jt.VJ b a i e = ) 

J . DIRECT LABOR (Spic i fy) 

Senior Geo log i s t - Superv is ion and i n t e r 
p r e t a t i o n . 

• 

T O T A L D I R E C T LABOR 

C. lABOR OVERHEAD (Spi t i fy Depar l inent or Coil C e n l e r ) ' 

Payro l l Burden. 

T O T A L L A B O R O V E R H E A D 

ESn/AATED 
H O U R S 

176 

>ii0Mii¥!i'¥s}i? 
O.H. RAIE 

39% 

" 

RATE/ 
H O U R 

$22 

•H:-fiSJS'.§S-
XBASE = 

3 .872 

ipwpg?;? 
5 . SPiClAl TESTING ( I n c l i i d i i f field u o r i a t Gov i rn in in l i m l a l L l i o n i j 

T O T A L S P E C I A L T E S T I S G 

EST 
COST (S) 

3 ,872 

i!Mwif:Mvin 
EST COST ( S ) 

1 .510 

TOTAL 
EST C O S T ' 

'f^^^iwms 
' ••}ik^^^' 'S y; }:-i' 

• : ^ ; : M ! > ^ } : 

^^'nii^^v.-'-
t:;̂ i§mK:>:::̂ i 

-
-

'̂ ^^:ml»fi;^i' 
•feMf:- î----' 
m-̂ î̂ mû '-: 
pms^i^im":^ 
cMt^Wiy^^i' 
ẐhM& f̂::M: 

REFER
ENCE-

3 ,8721 
. . : • . : . • . ' . • : : ; - , : - ' •• .•• . -••<•• ' •• 

x?4C?i&& *̂̂  
^Mî 'Mjiŷ Sii'-. 
'.': 'i--^;iy"i$'.i 

:*Sw?*iWp5 r̂ ] . 5 1 0 i 
EST COST ( S ) •-.:••-:;: .; . .-, 

• • . - • - ; • • * . - . v . ^ ^ ^ ' r " . • : : • . • . : . 

6. SPECIAl EOUIPMENT ( I f direct c b j r f e ) ( I t e m l u cn Exhibit A ) 

7. IRA Vl l ( I f d i r tc l i l t a r g i ) ( C i v l d c u i l i on a l lacbed Schedule) 

' • TRANSPORTATION 3 0 d a y s @ $ 2 5 

t. ptRoisMOJsussisiENCE 5 0 r l ^ v s @ $ 4 0 
TOTAL TRAVEL 

8. CONSUITANIS ( I J e n i i f y - p u r p o < e - r a l e l 

Temperature g r ad i en t c o n t r a c t o r - d r i l l i n g and logging -
e s t i m a t e based on r ecen t p r i c e s and informat ion r e q u i r e 
ments. 

T O T A L C O S S L L T A S T S 

EST COST ( S ) 

750 
1,200 

' . [ < : • • ' • • • ' • • ' ' ' ' • i ' - ' - ' i ' ' - - . : . 

EST COSI ( S ) 

109,250' 

• • - • • . ' : ' • • ' . • • • • • . - 1 

P. OTHER DIJECt COSIS (llemii, on f.\l,ibll A) C O N T I N G E N C Y 

( 0 . T O T A L D I R E C T C O S T A S D O V E R H E A D 

1 1. GfNf lUl AND ACM'NillRAlli '! D.FfNSf (K.,;» g X ef coil ellMiHI So t . ,1 ] 1 ) ' 

13 . ROYAlTl t l ' 

I J . T O T A L ESTI.W.ATED COST 

U . Fi t OR PCCIf 

IJ . TOTAL liSTIM i l l D COST A \ l > ICE OR P R d l l T 

: 4 ^ : A ^ , L , ^ : > 

:J?£fj*?&>-S;;;;:>.: 

• :^mf. i \ i :yi- :^K 

-
-

• • - • • • • • • • . • • : - • • - - • 

• • ' • > • • • . " • • • , ' 

" • ' " ! . • . . ; • ; • • " : 

1,950 

. •; , > . • • , .. - ; 

•••• : . • ^ ' • . . 

109,250 
17,487 

1.34.069 
8^ 04ij 

-

142,113 
_ 

142,113 
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Enclosure 6 

CONTRACT PRICING PROPOSAl. 

. ' (RESEARCH A S D DEVELOF.WEST) 

TTiii f o r n i» fbr u i * wl,<fi ( i ) l u b m i i i ' t o o o f cote o r pricwi;: iUim ( u e FPR I - J . H 0 7 - J ) ii t r q u i r r d t i i d 
( i i ) s u b t i i i u i i o n for i h r 0 [ ' i i o n i l F o r m 59 i» m i t v i r i j c j by ih» c o n i r o c i i o g officer. 

HAMl OF Off t ROD 

AMINOIL USA • 
n o n a or r ic t AOOREU 

P. 0. Box 11279 
Santa Rosa.' Ca l i f o rn i a 95406 

01VlSlON(il ANO lOCATlON(S| v m i H WORK IS TO BE t i r y O t M l O 

G e o t h e r m a l D i v i s i o n - S a n t a Rosa , CA. 

Papc 1 Of 3 

Office of Muna^emcnc and Iliic'(;<( j 
Approva l N o . 2 9 - R O l 8 ' i 

PAGE N O . rjO. OF PACt l 

J U P P H t S A N O / O R SERVICES TO I t FUkNlSMED 

Phase 2 - Seismic Survey 

l O I A l A M O U N I O F P R O P O S A l 

t 4 , 083 ,955 

G O V T SOUCITATION N O . 

RFP ET-78-R-08-0003 
L-)ETA1L DESCRIPTION OF COST ELEMENTS _ ^pf, Att.irhim=Tit 1 

1. 0 » K T fAATEiUAl ( l l i m l t e om Exhibit A ) 

a . PUECHAStO PARIS 

* . r .uacoNTRACiJO ITEMS 

e. OTHi-B — n ; RAW MAICSIAl 

( 2 ) YOUR StANOARDCOMUAf.RCIA!. n O A l 

( i ) INTCROIVISICNAI IRA.NSfERS ( A t olher t han to i l ) 

TOTAL DIRECT .MATERIAL 

EST COST ( S ) 

:ifi::A.̂ 0mmf: 
2. MATERIAl OVERHEAD' ( R a i t ' / .XS b a l i = ) 

3. oma ueo« (Spitify) 

Senior Geologis t - Supv § Ana ly s i s . 

* 

TOTAL DIRECT LABOR 

*. LAfOR CJVJRKEAC (Spi t i fy D i p a r l m e n I or Coil C t n i r r ) ' 

Payrol l Burden. 

TOTAL LABOR OVERHEAD 

ESTIMATED 

H O U R S 

176 

, - ; j ^ • ; ^ : • . < . : . ^ : ^ ~ ; • . ; . v : . r 
. * . ; : i l l ; - ;^•• i^ . ; ! •^4; ; : ;v : . 

O . H . RATE 

39% 

•(Jiiî ĵ ifSr̂ ĵ S-lllSJ* 

RATE/ 
HOUR 

$22 

•«-*i;.#^*::'f:".-

•X BASE = 

3 .872 

S. SPfCIAl ItSlLN'O ( In l ludiFt f field u o r k a t Covernmin t i n i l a l h l i o n t ) 

T O T A L S P E C I A L T E S T I S G 

EST 

COST ( S ) 

3 .872 

''Mff.&0MhH 
E S T C O S I ( S ) 

1.510 

•*•;;&#••<•?•• S S - j ; J>?^; 

EST COST ( S ) 

,v :c . '^--"S ' 'S^:vi-

6. SriCIAl EOUIPMENT ( I f direct c h a r g e ) ( I temise e t Exbibil A ) 

7. 1«.*VEl ( I f direct c h a r g e ) ( G i v e del-iill on atl . i ihe.1 Schedule) 

a. TRANSPORTATION 30 davs a t $25 
». P5R DijM OR SUBSISTENCE 30 d s v s a t $40 

TOTAL TRAVEL 
b . CONSUIIANTS ( i J en l l fy - p n r ^ o t e - r a l e 1 

Seismic c o n t r a c t o r - e s t ima te based on quote from 
Western Geophysical Company. 

TOTAL COSSLLTASTS 

tST COSI ( S ) 

750 
1,200 

. ' '• ': '• : . h ' -^ ' - ' - ' y ' ' , i ' . ' k : : . 

E S T C O S I ( S ) 

1 3 8 , 0 0 0 

• • • • • ' • ' ' • • ' ' • . • - - . 

». oTHPR DIRECT COSTS (iiiiiii on Exhibit A) (';onti ngencv 
10. T O T A L D I R E C T COVT A S D O l ' E R I I E A D 

1 1. CINt« .M ANO AOMINIIIRAIIS-E I J ^ t N S t f/?./</ jC "d . f toil l l e u i n t . \ o i . . , I I ) ' 

I J . ROY AIM 5 ' 

IJ . TOTAL tSTI.MATLD COST 

1 4 . FES OR FROflT 

I J . T O T A L I M I M . i T t n C O S T A \ l > I f E OK I ' R D I I T 

TOTAL 

EST COST' 

iXV^^-vviiv:-: .';•-'•'.'̂ •'" 

•m':%j^.i:-:;^: 

EiMy,^^:^;.: 
';;KKw:ViJSf.;•••:". 

•y.;::;&f^rjip^:;:-r 

-
- • 

i!!W&&? 

i--!S:S-i;|i5#i^'/-i-

|ts?-*ii?:S;;:.:: 

|;{;-?#p:T;-'X:. 
}m:&0î {iŷ -̂  
:i?Mc^m :̂̂ y 

REfER-
ENCE= 

3 .872 { 

•Sj'-Sv'̂ SiijVi-?:; 'V 

•̂ isisi/ig;®;;;̂ ;-; 
1 .510i < 

^:4%-''-;*i^.''y'' • 

^l:-l*?tv?^;y 
ŝip̂ vM<0-'< 

_ 

• • • 1 . • • < ' : : : : • - • ' : • 

. • ; • • , : , , ; • • .-

1 .950 

• • • - . . • ' - • • . - • . - ' • . • • 

. . . .. . . 
• •• • - . • . 

. • • • • • - . : • • ' " . 

138 ,000 
2 1 . 8 0 0 

167,T=;2 
10 .028 

_ 

177 .160 

.,i.Z7...ir).n 
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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 mobilization, 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 

CONTRACT PRICING PROPOSAL 

(RESEARCH ASD DEVELOl'.MEST) 

T h i » f o rm i« fo r 0»* when ( i ) l u b m i t t t o n c.f coic or pr ic in" ; lUtx {vet FPK 1 -5 .no7 - ) ) i« required and 
( i i ) i u b » l t l u l i o n for ihc O p i i o n a l Form S9 is BuihortJcd by ihe con i rac i in f f officer. 

NAM! Of OfFlROR 

AMINOIL USA • 
FtOAU Oi ' f lCt ADORE S I 

P. 0 . Box 11279 
S a n t a Rosa. ' C a l i f . 95406 

CXVIStONfi] APJD 10CAT10H(S| WMERI WORK IS TO B£ PtRPORMIO 

G e o t h e r m a l D i v i s i o n - S a n t a Rosa , CA. 

Pn^c 1 Of 3 

O f f i c e o f M « n » ( j e m e n i a n d IJur l j^et 

A p p r o v a l N o . 2 9 - R O I B 4 

PAGE NO. NO. OF PACES 

SUPnitS AND/OR SERVICES TO I t fURNISHEO 

Phase 3 - D r i l l and t e s t two 8 , 0 0 0 ' w e l l s . 

TOIAl AMOUNI OF PROPOSAl 

» 4.083.955 

GOVT SCHICIIAIION NO. 

RFP E T - 7 8 - R - 0 8 - 0 0 0 3 
DETAIL DESCRIPTION OF COST ELEMENTS - See A t t a c h m e n t . | 

1. D » E O FAATERlAl ( l l i m i t i om Exhibit A ) 

a. PURCHASED PACTS 

4. S'JBCONIRACTfO n tMS 

«. OTtll iR—f I J F>.W hiAltPIAl 

f j ; YOUR STANDARD COMMieCIAllTfMS 

( S ) INTEROIVISIONAl IRANSftRS ( A t olher than l o i l ) 

TOTAL DIRECT .MATERIAL 

EST COST ( S ) 

.;y?;;:i;.!;Ji;:^v;;w;r 

2. AU,TERIAl OVERHEAD' (Rale %.YJ bau=s) 

3. D m a LABOR (Specify) 

T O T A L D I R E C T LABOR 

i . UBOR OVERHEAD (Specify D i p a r l m i n t or Coi l C i n l i r ) ' 

T O T A L LABOR O V E R H E A D 

ESTIMATED 
HOURS 

^;^ :£ i^&; !0 i 
O.H. RAIE 

mmmm. 

RATE/ 
HOUR 

jj;:fii;g^;:^V;g;;,;; 

X 6ASE = 

itisffi®*^ 
i . SPcCWl rCSIING (h ich ld ing field uork at Government i n i l a l l j l i o n i ) 

T O T A L SPECIAL T E S T I S G 

EST 
COST ( $ ) 

•;?:«?• ̂ ""iil^'-fe;!.-*': 

ESTCOSI ( i ) 

^ r ^ f i 0 S i 0 i ^ 
EST COST f j ; 

TOTAl 
EST COST' 

•:i^'X:.':-^?}:S-.".--

':^:\'fi^!-rv.-{-
vV,3;.>';.,:>,̂ ;;-.. 

•'-:•;•-•* • ' • ' • - . ' . ) : ' % • " . • • = - . • 

thfi:fyf^K:K'i 

542.000 
_ 

i!¥SMM 
^JKfv;;^;S>#-f 

•«-rP; i#y i^ : i -

s^5:;;,̂ f̂t•^%..•:v 

Sv;??|:#:<-^':: 

W'i- i^>y^:&:f i 

'X-K:-}:;.^y>,;^: 

REfSR-
ENCE" 

26,7291 

1 
1 

/ ' 

' '•'' 

10,424 1 

,. 
\^ 

•-•;--:#ft>^^! 148 .300 1 
a. SPtCIAl EQUIPMENT ( I f direct charge) (itemize on Exhibit A ) 

7. TPjkVEl ( I f direct charge) ( G i v r delai l i on allacbed Schedule) 

c. TRANSPORTATION 

i . PER DIEM OR SUbSISIENCE 

T O T A L T R A V E L 

0. CO.XSUUANIS ( I d e n t i f y - p u r p o i e - r j i e ) 

TOTAL COSSLLTASTS 

ESTCOSI ( S ) 

:-,,.-:-;^'^.-';.\i.x:v 

ESTCOSI ( S ) 

• • • : • : : • • • • • . . 

9. OTHER OIRECI COSIS ( l l e n i i i on Exhibit A ) 

10. TOTAL DIRECT COyr ASO OVERHEAD 2 

1 1. O fN lRA l AND AOMlNlilRAllVE HFfNSE f / ( . / / / g % ef C3il i l i m i n l So i . n i l ) ' 

I J . P-OYALTIEJ ' 

IJ . TOTAL LSTLMATLD COSr -j 

\ * . f t i OE reOFii 

i j . lOTiL Esri 11.rn D cnsr A \ D rn. OR ciuitrr 2 . 

932.000 

• • : . . • • • • : • • . • : • ; ; • • -. ' 

• • ' : , • . • • . - . , : ' : • • • ' . ' : . , 

13.925 

. • • • • • . . . • • : 

26,780 
406.179 
106,337 
126,380 

_ 

23-2,717 

232.717 

• ' • 
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ArrACIIMI-.NT TO PIIASn 3 

DRIIJ, AND TH.ST TOO nXI'l.OUATORY Wr!l.l.S 

(All es t imates nrc bnscd on cur ren t costs plus approxim.itcly 6% .nnnu.il increase nnd 
d r i l l i n g experience for an t ic ipa ted cond i t ions ) . 

Well Well 
DF.SCRIPTTON #1 #2 T o t a l 

50,000 
55,000 
25,000 
3,000 

23,000 

53,000 
58,000 
27,000 
3,000 
24,000 

103,000 
113,000 
52,000 
6,000 

47,000 

3,872 

7,744 

880 

480 

4.104 

8,208 

932 

509 

7,976 

15,952 

1,812 

989 

1. Direct Mater ia ls 
Tangib]e - l l r j l l ing 

a. Casing 95,000 101,000 196,000 
b . Tubing . - . 
c. Wells and Assembly 11,000 12,000 23,000 
d. Other Well Hquipiiicnt 1,000 1,000 2,000 

Intangible - Drilling 

e. Rotary Mud 5 Chemicals 
f. Bits and Reamers 
g. Cement and Cementing Services 
h. Small Tools and Supplies 
i. Huel, Water and I'ower 

Total Direct Materials 263,6W 279,000 542,000 

2. Material Overhead (In 11 below) 

3. Direct Labor 

a. Sr. Geologist - 176 hrs. per well 
at $22. 

b. Drilling Supt. 352 hrs. per well 
at $22. 

c. Engr/Supv. 40 hrs. per well at 
$22. - Testing 

d. Pield Test Technician - 40 hrs. per 
well at $12. 

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 5 Mud Logging 22.000 23,500 45.300 

Total Special Testing 72,000 76.500 148,300 
6. Special l-quipment 

a. Drilling Rig Rental with Personnel 
b. Other Drilling Hquipment Rental 
c. Communications 
d. Test Separator 
c. Test Meter Run 5 Instruments 

7. Travel 

a. Transportation: 

Sr. Geologist - 30 days per well 

at $25. 
Drilling Supt. - 60 days per 
well .It $25, 
nngr./Supv. - 7 days per well 
at $25. 
I'icld Test Tech. - 7 days per 
well at $25. 

b. Subsistence 
As above - 104 days per well e $40 
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348,000 
18,000 
1,000 

140,000 
20,000 

527,000 

370,000 
19.000 
1,000 

10,000 
5,000 

405,000 

718,000 
37,000 
2,000 

150,000 
25,000 

932,000 

750 

1.500 

175 

175 

4 ,160 
6,760 

795 

1,590 

185 

185 

4,410 

7,165 

1,545 

3,090 

360 

360 

8^57£ 

U,9~25 



( 
rilASn 3 - (Cont'd) 

Well Well 
Dl;.SCR IPT I ON #1 «2 Total 

8. Consultants/Contractors 

a. Local - Instal l.'ition of Surface 
Hq. 3,000 3,180 6,180 

b. Local - Surveys Poundations 5 Roads 10,000 10,600 20,600 
13,000 13,780 26,780 

9. Other Direct Costs 

a. Moving Rig 5 Rigging Up 40,000 42,000 82,000 
b. Moving Supplies, Fuel, Pipe etc. 24,000 25,440 49,440 
c. Contingency 144,719 130,020 274,759 

208,719 197,460 406,179 

10. Total Direct Cost 6 Overhead 1,109,515 996,822 ^',106,337 

11. General 5 Administrative Expense 66,571 59,809 126,380 

12. Royalties - - -

13. Total listiraated Cost 1,176,086 1,056,631 2,232,717 

14. Fee or Prof i t - - -

15. Total Fstimated Cost 5 Fee or Profit 1,176,086 1,056,631, 2,232,717 
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Eiiclo.'iu.re 6 

COrJTRACT PRICING PROPOSAL 
1 . (r.ESEARCH ASD DEVEI.Of.WEST) 

1 Th i i form is for u>e wK*n ( t ) mbmii t ion of ctnt oi (.rfcin^ ciiu (>rc ri'*R l->.fl07-.t) i« required »nd 
1 ( i i ) lubllitxtfion for iSe OpttooftI i-orin Sy ii aijilfKjriir\i by ihc contrfcClinrt ollicef. 

jNAMi OP OfflltOR 

AMINOIL USA • 
HO*U OfflCE AOORESi 

P. 0 . Box 11279 
I Santa Rosa, GA 95406 

tXVlSlONlSl / J JO lOCATK)N(S| WHERt WORK IS TO M PtRfORMft) 

i Geothermal Divis ion - Santa Rosa, CA. 

Page ] - of 3 

O/ficc o f M « n « c , c m t n t a n d D u d g f t 

A p p r o v a l N o . 2 9 - K O I R 4 

PAOt NO. NO. Of PACES 

SUPPtHS AMO/On SlRVlClS IO U fURNlSHtO 

Phase 4 - D r i l l and Test 8,000 f t . I n j e c 
t i o n Well gnd conduct Long Term Flow Test 
on one w e l l . 

lOI.'O. AA*OUNI Of PROPOSAl 

» 4,083,955 
OOVI SOUCITATION NO. 

RFP ET-78-R-08-0003 
1 DETAIL DMCRtPTiON 05- COST ELuME?-JTS S e e . / X t t a c h m e n t . 

j 1. D R S O fAATEUAl ( l l i a i t i e a Exhibi t A ) 

\ « . PURCKASiD PARIS 

\ i . SUBCONIP.ACTEO nEMS 

1 / . O T H E R — f i ; RAV^MAIEKIAl 

1 f j ; YOUR STANDARD CO.V,'.;.= « : i M OEMS 

i ( S ) INTEROIVISIONja 1RAWSFER5 ( A l olher t han coil) 

1 TOTAL DIRECT .MATERIAL 

EST COST (S) 

1 2 . MATERIAl OVtilMEAO' ( R a t i % . V i b a i t = ) 

j 3. b t k i a LAtOS (Spicify) 

1 ' 

1 T O I A L DIRECT LABOR 

\ I . lASOR OVERKEAO (Spicify Department or Coil Center)' 

1 

[ TOTAL LABOR OVERHEAD 

ESTIMATED 
H O U R S 

... 

i^^iiis^'^^iiifS 
O.H. RAIE 

;^?;^-i>•0?5;^'3^y•'r:sS. 

EATE/ 

H O U R 

l£*;f#'V>h:':: 
X IlAS£:z 

msy UM 
i . SP£CIAL TESTING (Includiny^ field uork at Government inttulUtioni) 

1 TOTAL SPECIAL TESTISG 

EST 
COST (S) 

•'0!£->-f̂ -\;̂ !̂̂ f;i 

TOTAL 

EST C O S T ' 

t . •• 

;-

• - " 

• • " . ' 

301,000 
_ 

::>rtvt:s"i-?;::i;'i-

^0m:!;muy:' 
'i^irm^i^W 
yifi^:^^'U-^i-'j^.:: 

^i^flimmC: 

REEER-

ENCE = 

fi&::-rB^^fif'i j 
••':'̂ ?^m :̂̂ -̂ ii-\ 1 

43.4211 1 
t s i c o s i ( S ) [••: •.•,•:•••.•••'. •-.i-:-

• fv-.:.i':...:--.;|.rfi-.';..:.' 

:,mmm:r. 
-mnmm 

.1 16.9.34 \ 
ESTCOSI ( S , \ 

'?•;•" f-. 'X-' '^-V;?' . ' 

1 6. SPtCIAl F.CiUiPMENT (If direct charge) (l:ei.ii:i on Exhibit A) 

7. TMYEl (If direct citargi) (Give . l iu ih on alLilhed Sihednle) 

1 a . TRANSPORTATION 

1 t . PER OIEM OR SU^SI5TENCE 

TOTAL TRAVEL 

8. CON5UVTANTS (Identify-pnrpote-rate! 

TOTAL COSSLLTASTS 

EST COST ( S ) 

^ . ^ t ^ ' • . ! • • • ; • . • • • • ? • • : : 

ESTCOSI ( S ) 

. - - • . • . • • • • . 

|y. OlHER DIJfCI COSIS ( l l imii i on Exhibit A ) 

\ 10. TOTAL DIRECT COST ASD OVERHEAD I _ 

1 1 1. C tNlRAl ANO AO'^-.NISIR.kTIVE U . P E N S E f Rw/r (^ X ef ctiil e l imin t .Sol. i l l ) ' 

\ \ 7 . IIOTAIIIES' 

1 J. TOTAL ESTIMATED COST 

. 1 . 
1 U . f i t OR PuOfU 

1 1 J, 70r.>1/. E s r i MATKy C O S T A S D EFE OH PHUEIT •̂  

,i-;,.̂ V:H'̂ ^<:.:' 

:'> 0̂i;i:W '̂':̂ U 
-V-V.x-:/^-:]-: '- ': •'<•'= •• 

« 

1 
76,300 1 

c-,%7 , n n n 

t-;^i'r.^-i: .V 
" . - • • . ; • • • . , - • • ; • . • • • . • • : . 

31,005 

. . . . • • : . , / • • . . . . , , , : • . _ . . 

13, 
256. 

780 
¥22 

370.662 
82,239 

4 52,901 

452,901 

, . . '• 

J 
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ArrACIIMLNT TO PIIASP; 4 

DRILL f, Ti;ST IN.inCIION Win.L AND CONDUCT NINI; MONTH PLOW TRST ON A WRLL 

DESCRIPTION 

D i r e c t M a t e r i a l s 

T a n g i b l e D r i l l i n g 

a. Casing 

b. Tubing 
c. Wellhead Assembly 
d. Other Well Equipniont 

Intangible 

e. Rotary Mud S Chemicals 
f. Bits 5 Reamers 
g. Cement G Cementing Services 
h. Small Tools 5 Supplies 
i. Fuel, Water 6 Power 

Total Direct Materials 

Material Overhead (In 11 below) 

Direct Labor 

INJECTION 
WELL 

101,000 
22,000 
12,000 
1,000 

53,000 
58,000 
27,000 
3,000 

24,000 
301,000 

FLOW 
TEST TOTAL 

See 6 below 301,000 

a. Sr. Geologist - 176 hrs. @ $22 plus 
6%. 

b. Drilling Supt. - 352 hrs. @ $22 plus 
6%. 

c. Aminoil Engr./Supv. - 2 months (352 
hrs. @ $22 plus 6%). 

d. Field Technician - 1 week for well 
test, 10 mos. for flow test (40 hrs.x 12 
1760 hrs. X $12 plus 6%). 

4,105 

8,210 

509 

8,210 

22,387 

4,105 

8,210 

8,210 

509 
22,387 

12,824 30,597 43,421 

4. Labor Overhead 

a. Payroll Burden - 39% of Direct Labor 

5. Special Testing 

a. Coring - Core Analysis 

b. Ixjgging - All Types 
c. Geolograph 6 Mud Logging 

5,001 

21,200 
31,800 
23,500 
76,500 

11,933 16,934 

21,200 
31,800 
25,300 
76,300 

6. Special Equipment 

a. Drilling Rig Rental with Personnel 
b. Other Drilling liquip. Rental 
c. Coramunications 
d. Test Separator 
e. Test Meter Run 5 Instiiiments 
f. Pipeline - Test Well to Injection Well 

370,000 
19,000 
1,000 

10,000 
5,000 

405,000 

-

2,000 

225,000 
227,000 

370,000 
• 19,000 

3,000 
10,000 
5,000 

225,000 
632,000 

7. Travel 

Transportation: 
Sr. Geologist - 30 d.iys 0 $25 plus 

Drilling Supv. - 60 days 0 $25 plus 
6%. 
Engr/Supv. - 60 days 0 $25 ))]us 6%. 
Field Tech. - 300 " " " " " 

Subsistence - 450 days 0 $40 i)lus 6%. 

795 

1,590 

3,816 
6,201 

1,590 
7,950 
15.264 
24,804 

795 

1.590 
1.590 
7.950 
lO.OPO 

31,005 
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PHASE 4 - (Cont'd) 

INJECTION FLOW 
DESCRIPTION WELL TEST TOTAL 

8. Consultants/Contractors 

a. Local - Installation of Surface Equi. 3,180 3,180 
b. Local - Surveys, Poundations f. Roads 10,600 _̂  10,600 

13,780 - 13,780 
9. Other Direct Costs 

. a. Moving Rig fj Rigging Up 
b. Moving Supplies, Fuel, Pipe etc. 
c. Contingency 

10. Total Direct Cost § Overhead 

11. General 5 Administrative Expense 

12. Royalties . . . . 

13. Total Estimated Cost 1,081,918 370,983 1,452,901 

14. Fee or Profit _ . -

15. Total Estimated Cost 6 Fee or Profit 1,081,918 370,983 1,452,901 

42,000 
25,440 

133,132 
200,572 

1,020,678 

61,240 

-
10,000 
45,650 
55,650 

• -349,984 

20,999 

42,000 
35,440 
178,782 
256,222 

1,370,662 

82,239 

-47-



D. Bus iness and Management 

1. P rev ious Exper ience 

Aminoi l USA, Inc. is a wholly owned subsidiar-y of Aminoil In t e r 
nat ional , Inc. which in turn is a wholly owned subsidiax-y of R. J . 
Reynolds Indus t r i e s . Ai-nerican Independent Oil Company (Aminoil), 
which was the p r e d e c e s s o r to Aminoil USA, I n c . , was original ly 
founded in 1948 by a number of snaall independent Amer ican oil coin-
panies including Phi l l ips , Signal, Ashland and o t h e r s . Anainoil was 
p r i m a r i l y engaged in in ternat ional explorat ion and production ac t i v i 
t i e s in the Middle E a s t but was a lso active in South Ame r i c a , Indo
nes i a and the North Sea. Aminoi l ' s Kuwait operat ion consis ted of 
producing and refining approximately 90, 000 B/D while their i n t e r e s t 
in the I ranian Consor t ium totaled approximate ly 43,000 B /D . 

Aminoi l was acqui red by R. J . Reynolds Indust r ies in 1970 and in 
1976, Anainoil acqui red Burmah Oil and Gas Company. Burmah, 
which had acqui red Signal Oil and Gas Company in 1974 had production 
capabi l i t ies of approximate ly 45, 000 B/D of oil and 116, 000, 000 
C F / D of gas , p r i m a r i l y in California but a lso in Louisiana and Texas . 
The Signal Company, founded in 1922 a t Signal Hill, was an active 
domes t ic and in ternat ional explorat ion, development, refining and 
marke t ing company with re f ine r i e s in the U . S . , West Germany and 
Belgium and se rv ice station market ing faci l i t ies in the U .S . , Belgium 
and England. 

As of January 1, 1978, Anainoil USA, Inc. had g ro s s United States 
lands under l ease in excess of two mill ion a c r e s and in 1977 its 
domest ic production was 15.6 mill ion b a r r e l s of crude oil and 39. 5 
billion cubic feet of na tu ra l g a s . The Company presen t ly i-narkets 
gasol ine , na tu ra l gas liquid p roduc t s , d is t i l la tes and res idua l fuel 
oi ls in 21 s ta tes in the United S ta t e s . In 1977 the combined whole
sa le and r e t a i l s a l e s of these products anaounted to 267. 6 million 
gal lons of gasol ine , 370. 5 mill ion gallons of na tu ra l gas liquid p roduc ts , 
and 282. 5 inillion gallons of d is t i l la te and res idua l fuel oi l . 

Oil and Gas Act ivi t ies 
Aminoi l USA, Inc. (or i ts p r e d e c e s s o r companies) in the paist has 
been engaged in pe t ro leum explorat ion, dri l l ing or production o p e r a 
tions in Venezuela, I ran , Tunis ia , Italy, West Germany, Mexico, 
Aus t r a l i a , Guatenaala, Canada, Kuwait, Abu Dhabi, Indonesia, 
J a m a i c a , Net l ier lands, United Kingdom, Colombia, Spain, Norway, 
Ghana, P e r u , Bolivia, Nicaragua , Honduras , Etliiopia, and Argent ina . 
At the p r e s e n t t ime, Anainoil USA, Inc. act ivi t ies a r e r e s t r i c t e d to 
petroleuna exploration in the United S ta tes . 

• 4 8 -



Aminoi l USA, I n c . , a pioneer in d i rec t ional dr i l l ing, began develop
ing the Huntington Beach, California, offshore field frona upland 
d r i l l s i t e s in 1938. Over 900 d i rec t iona l wells and r e d r i l l s have 
been completed, some with hor izonta l deviations of over t-wo m i l e s . 
Wate r flooding of the two zones offshore Huntington Beach has r e 
sulted in the r ecovery of near ly 90 mill ion b a r r e l s of additional o i l . 
The c u r r e n t water injection ra t e of 350, 000 b a r r e l s per day makes 
this the thi rd l a r g e s t water-f lood in the United S ta te s . 

Anainoil USA, Inc. has par t ic ipa ted in the dri l l ing of near ly 500 
wel l s in the Gulf of Mexico and was respons ib le for the construct ion 
and instal lat ion of 22 dri l l ing and production p la t forms , two onshore 
receiving stat ions and five sub»»sea p ipe l ines . 

A pilot s t e a m injection secondary projec t was init iated in a heavy 
oil zone at Huntington Beach, California, in 1964. Oil production 
inc reased f rom a, r a t e of 150 b a r r e l s per day in 1964 to 1900 b a r r e l s 
per day in 1969. Product ion has been maintained between 1500 and 
1800 b a r r e l s per day s ince 1969 by continually adding wel l s , r ep lace 
ing wel l s , and s teaming wel l s . 

In addition to the major construct ion work connected with oil and 
gas well dr i l l ing and producing, Aminoil USA, Inc. has been involved 
in gas plant , re f inery and pipeline construct ion and operat ion both 
onshore and offshore. 

A pilot in situ forward combustion pro jec t was s t a r t ed in the Santa 
Mar ia Valley, California, oil field in 1964. Although a favorable 
ini t ia l production r e sponse was obtained, the projec t was shut down 
p r e m a t u r e l y in 1966 because of a i r pollution p r o b l e m s . 

P r e l i m i n a r y work on a pilot T e r t i a r y recovery alkaline flood pro jec t 
began in 1977 at Huntington Beach, California. The Depar tment of 
Energy has obligated $499,400 under Contract No. EF-77-C-03-1476 
in r e tu rn for r e s e r v o i r engineering infornaation obtained from, the 
redr i l l ing of an injection wel l . 

Geo the rma l Activi t ies 
Aminoil USA, Inc. has completed over 40 geo thermal wells in the 
G e y s e r s a r e a of California, of which 24 a r e capable of c o m m e r c i a l 
product ion. A con t rac t has been signed witli Pacific Gas and E lec t r i c 
Company for the pu rchase of s tea in from some of Aminoi l ' s productive 
holdings . PGandE is cur ren t ly construct ing one 135 MW e lec t r i ca l 
generat ing plant (world 's l a r g e s t geot l iermal plant) and have another 
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110 MW p l a n t in the p e r m i t t i n g s t a g e which w i l l u s e s t e a m f r o m 
A m i n o i l ' s w e l l s . The C o m p a n y h a s a t o t a l of a p p r o x i m a t e l y 
166, 000 n e t a c r e s u n d e r l e a s e in the Uni ted S t a t e s w h i c h have 
g e o t h e r m a l p o t e n t i a l . 

O t h e r A c t i v i t i e s 
A m i n o i l USA, I n c . i s , o r h a s b e e n , invo lved in the o p e r a t i o n of 
t h r e e e x p e r i n a e n t a l t a r s and e x t r a c t i o n p r o j e c t s . T h e s e a r e l o 
c a t e d a t E d n a , C a l i f o r n i a ; S u n n y s i d e and A s p h a l t R i d g e , Utah , 
W o r k on the o r i g i n a l Edna p r o j e c t d a t e s b a c k to 1948. C u r r e n t l y 
a n in s i tu o i l s h a l e p r o c e s s is be ing f ie ld t e s t e d in Utah in a j o i n t 
v e n t u r e wi th G e o k i n e t i c s , I n c . The D e p a r t m e n t of E n e r g y i s p a r -
t i c i p a t i n g in the o i l s h a l e p r o j e c t u n d e r C o o p e r a t i v e A g r e e m e n t 
E T - 7 6 - A - 0 3 » 1 7 8 7 . 

T e c h n i c a l P e r s o n n e l 
A m i n o i l USA, I n c . h a s o v e r 1, 000 peop l e e m p l o y e d in v a r i o u s of= 
f i c e s inc lud ing t h o s e l o c a t e d in Hous ton and Mid land , T e x a s ; D e n v e r , 
C o l o r a d o ; San ta R o s a and Hunt ing ton B e a c h , C a l i f o r n i a ; L a f a y e t t e 
a n d New O r l e a n s , L o u i s i a n a . The A m i n o i l USA, I n c . P r o d u c t i o n 
D e p a r t m e n t h a s the fol lowing t e c h n i c a l p e r s o n n e l : 

P e t r o l e u m E n g i n e e r s 7 
D e v e l o p m e n t G e o l o g i s t s 17 
R e s e r v o i r E n g i n e e r s 14 
D r i l l i n g E n g i n e e r s 4 
C h e m i c a l E n g i n e e r s and 

C h e m i s t 4 
C o n s t r u c t i o n E n g i n e e r s 8 
P r o d u c t i o n E n g i n e e r s 19 
G a s E n g i n e e r s 5 
E n v i r o n m e n t a l E n g i n e e r s 1 
E n h a n c e d R e c o v e r y E n g i n e e r s 1_ 

T o t a l 80 

In a d d i t i o n to the a b o v e , the E x p l o r a t i o n D e p a r t m e n t e m p l o y s 27 
g e o l o g i s t s and 15 g e o p h y s i c i s t s . 

A m i n o i l USA, I n c . o p e r a t e s n u i n e r o u s j o in t v e n t u r e s and h a s a l l 
s u p p o r t func t ions w e l l s taf fed , wh ich i n c l u d e s p u r c h a s i n g , e x p l o r a 
t ion , l a n d , e n v i r o n n a e n t a l , t ax , l e g a l , a c c o u n t i n g and c o m p u t e r 
f a c i l i t i e s . 
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2 . P r i n c i p l e P r o g r a m P e r s o n n e l 

T h e G e o t h e r n a a l R e s o u r c e s D iv i s ion of Anainoi l USA, I n c . wi l l 
a s s i g n p e r s o n n e l a s n e e d e d to a s s i s t in c a r r y i n g ou t t h i s p r o g r a m 
f r o i n the a t t a c h e d o r g a n i z a t i o n c h a r t ( s e e E x h i b i t N o . 4 ) . 

T h e p e r s o n s who wi l l be d i r e c t l y r e s p o n s i b l e for v a r i o u s func t iona l 
a c t i v i t i e s a r e l i s t e d b e l o w ; t h e i r i n d i v i d u a l r e s u m e s a r e l i s t e d f o l 
lowing the o r g a n i z a t i o n c h a r t . 

M r . C l a u d e B . J e n k i n s - P r o j e c t M a n a g e r 
M r . W i l l i a m M . H o u s e - O p e r a t i o n s M a n a g e r 
M r . W a l t e r W. T u r n b u l l - A c c o u n t i n g 
M r . C a r l E , W o o d s - E n v i r o n m e n t a l 
M r . J a m e s M . G r u b b - Geo logy 
M r . G e o r g e A . F r y e - P r o d u c t i o n / R e s e r v o i r E n g i n e e r i n g 

3 , The m a n a g e m e n t p lan for th i s p r o j e c t i s to n e g o t i a t e a c o n t r a c t b e 
tween DOE and A i n i n o i l in w h i c h e a c h o r g a n i z a t i o n a g r e e s to pay i t s 
50% s h a r e for bo th e x i s t i n g a n d new d a t a to b e a c q u i r e d and then to 
s e q u e n t i a l l y c o n d u c t the four m a j o r p h a s e s of the p lan a s i n d i c a t e d 
on the A c t i v i t y S c h e d u l e u n l e s s DOE o r A m i n o i l h a s no t a p p r o v e d 
t h e i r con t i nued p a r t i c i p a t i o n a s r e q u i r e d a t the m a j o r d e c i s i o n p o i n t s . 
T h r o u g h o u t the p r o g r a m , t e c h n i c a l g u i d a n c e and s u p e r v i s i o n w i l l be 
p r o v i d e d f r o m A m i n o i l ' s Santa R o s a , C a l i f o r n i a office wi th s u p p o r t 
f r o m A m i n o i l ' s f ie ld and staff p e o p l e in o t h e r l o c a t i o n s a s r e q u i r e d . 
The u s e of c o n s u l t a n t s , s e r v i c e conapan i e s and o u t s i d e c o n t r a c t o r s 
i s p l a n n e d a s i n d i c a t e d . 

Spec i f i c p l a n s for e a c h P h a s e a r e a s f o l l o w s : 

P h a s e I - U t i l i z e o u t s i d e c o n t r a c t o r s to d r i l l and log 8-500 foot and 
2 - 1 0 0 0 foo t t e m p e r a t u r e g r a d i e n t h o l e s . T h e i n t e r p r e t a t i o n , m a p 
ping and s u p e r v i s i o n of t h i s p h a s e -will be c o n d u c t e d by A m i n o i l 
g e o l o g i s t s . 

P h a s e II - U t i l i z e an o u t s i d e c o n t r a c t o r to s h o o t and i n t e r p r e t 30 
m i l e s of s e i s m i c r e f l e c t i o n ; A m i n o i l g e o l o g i s t s and g e o p h y s i c i s t s 
would s u p e r v i s e t h i s w o r k . 

P h a s e III - Depend ing upon the r e s u l t s of P h a s e I and P h a s e II , 
s p e c i f i c o p t i m u m d e e p w e l l l o c a t i o n s i t e s would be s e l e c t e d for the 
two b e s t g e o t h e r n a a l p r o s p e c t s . T h i s w i l l p r o b a b l y c a l l for the 
d r i l l i n g of one w e l l a t L e a c h Hot S p r i n g s and one w e l l on the P a n t h e r 
Canyon a n o m a l y . An o u t s i d e d r i l l i n g c o n t r a c t o r would be u t i l i z e d 
a s w e l l a s m u l t i p l e t h i r d p a r t y c o n t r a c t o r s e r v i c e s for c e m e n t i n g , 
m u d , l o g g i n g , e t c . A m i n o i l d r i l l i n g e n g i n e e r s , u n d e r the d i r e c t i o n 
of the O p e r a t i o n s M a n a g e r , would s u p e r v i s e d r i l l i n g o p e r a t i o n s 
w h i l e A i n i n o i l g e o l o g i s t s would c o n d u c t a n d / o r s u p e r v i s e g e o l o g i c a l 
a c t i v i t i e s . 
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Phase IV - If one or m o r e of the wel ls in Phase III encounter com
m e r c i a l geo the rmal production, a deep injection well plus both shor t 
and long t e r m production testing i-nay be deemed advisable by both 
DOE and Aminoi l . Again, an outside dril l ing cont rac tor under the 
supervis ion of Aminoil personne l would be ut i l ized. The shor t and 
long t e r m production t e s t faci l i t ies would be built by outside con
t r a c t o r s while the tes t s themselves would be run a n d / o r superv ised 
by Aminoil eng inee r s . 

Concur ren t with the conduct of Phase I and Phase II of this p r o g r a m , 
Aminoi l will be proceeding with their a t tempts to form one or more 
F e d e r a l Unit a r e a s to faci l i tate explorat ion and development effor ts . 
As indicated under sect ions B. 1. a. and B. 1. b . of the technical 
p roposa l , approxinaately 95% of the l e s s e e s or applicants of r e c o r d 
have agreed to pursue the formation of such a unit or un i t s . 

The re a r e four m.ajor decision points in the p r o g r a m as indicated 
on the Activity Schedule. The f i r s t decision point is reached when 
DOE and Anainoil execute a con t rac t where in DOE ag ree s to r e i m 
b u r s e Aminoil 50% of the cos t for exist ing data. Phase I and Phase 
II . The second decision point is after data f rom Phase I and Phase 
II has been obtained and reviewed by both DOE and Anainoil and 
t h e r e is mutual agreenaent to proceed with the dri l l ing of the f i r s t 
8000 foot deep tes t . The third decision point is when sufficient data 
has become avai lable f rom the f i r s t deep t e s t to satisfy both DOE 
and Aminoi l that a second deep t e s t is wa r r an t ed . The fourth d e 
cis ion point is dependent upon mutual ag reemen t between DOE and 
Aminoi l that the data obtained f rom the two deep tes t s w a r r a n t the 
dri l l ing of an injection well to p e r m i t production testing for r e s e r v o i r 
evaluat ion. 

During the dri l l ing phase of the p r o g r a m , daily r epo r t s giving the 
c u r r e n t total depth, footage made during tlie previous day and /o r 
over the weekend and the c u r r e n t well s ta tus will be TWX'd or t e l e 
phoned to the DOE technical r e p r e s e n t a t i v e . During tlie ent i re p r o 
g r a m , a monthly Technical P r o g r e s s Repor t will be p repa red which 
will give brief, factual descr ip t ions of the overa l l p r o g r e s s on each 
major phase of the p r o g r a m . A P r o g r e s s Status Repor t shall be 
p r epa red quar t e r ly to s u m m a r i z e a c c o m p l i s h m e n t s / p r o b l e m s of each 
phase of the p r o g r a m during the proceeding q u a r t e r . A Final 
Technica l Repor t will be p r epa red summar iz ing tlie r e su l t s of each 
phase of the prograna upon completion of the en t i re prograna. 

A Cost Plan for the p ro jec t will be submit ted upon cont rac t execution 
which shal l be the base line for connparmg cos ts and p r o g r a m 
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p r o g r e s s . A Cost Management Repor t will be p r epa red monthly 
and show es t imated , actual and projected cos t for each phase of 
the p r o g r a m . 

The schedule for re leas ing data to the public for both existing and 
to be acqui red data is shown on tlie Data Public Re lease Schedule. 
DOE will be del ivered Data as acqui red and on a c u r r e n t b a s i s . 

4 . During no rma l bus iness hours the pe r sonne l below can be contacted 
a t 707/527-5332. The naailing a d d r e s s 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 - Managenaent 
W. M. House - Operat ions 
J . M. Grubb - Geology 
G. A. F rye - Engineering 
W. W. Turnbull - Accounting 

5. The draft con t rac t provis ions as shown in R F P No. ET-78~R-.08-0003 
dated March 31, 1978 a r e cons idered acceptable as the bas i s for 
con t rac t negot ia t ions . 

6. The " P r o g r a m Technical Scope" se t forth in R F P No. ET-78-R-08-0003 
has been reviewed and all data furnished pursuant to a cont rac t may 
be published in accordance with the Data Public Release Schedule. 

7. The 1977 Annual Repor t by R. J . Reynolds Indust r ies (wholly owns 
Aminoi l USA, Inc . ) is at tached as Exhibit No. 5, 

8. This p roposa l will r emain in effect a t l ea s t until October 1, 1978. 
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CERTIFIED COPY OF RESOLUTION 

I, David M. T'Jhitney, Assistant , of Aininoil 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 Chief 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 Secretary of 
this Corporation 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 em.powered to acknowledge and deliver any such 
instruments as fully as if special authority were 
granted in each particular instance. 

IN WITNESS VJKEREOF, 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 

1, the undersigned, David M. \-?hit:ney. Assistant Secretary 

of AMINOIL USA, INC., a corporation organized and existing under 

the lav7s of the State of Delaware, do hereby certify that the per

sons named belov; have been duly elected and appointed and this day 

are the directors and officers of AI'llNOIL USA, INC. holding the 

respective offices set forth opposite their names. 

DIRECTORS 

Robert A. Bussian 
Howard L. Clark 
J. Di'/ayne Taylor 
George E. Trimble 

George K. Ross 
V7. H. Schell 
George W. Dawson 
P. Fred Sollars 

OFFICERS 

J. Ihs'ayne Taylor 
George E. Trimble 
Howard L. Clark 
Robert A. Bussian 

George K. Ross 
W. H. Schell 
P. Fred Sollars 
J. T. Rice 
John M. Moore 
Mark R. Wellman 
Paul W. Cain 
Leo C. VJilkerson 
Tom P. Smith 
David M. Whitney 
J. H. Loeb 
N. D. Young 
E. W. Richie, Jr. 
C. W. Straw 
D. A. Peppers 
H. J. IvTherley 
J. W. Dowdle 
Robert Bennett, Jr. 
Zachary Smith 
E. B. Hall 
A. H. Ness 

Chairman of the Board of Directors 
President and Chief Exec. Officer 
Senior Vice President 
Vice President. Secretary and Genera] 
Counsel 
Vice President, Finance 
Vice President, Production 
Vice President, Exploration 
Vice President, Employee Relations 
Vice President, Land 
Treasurer 
Controller 
Assistant Secretary 
Assistant Secretary 
Assistant Secretary 
Assistant Secretary 
Assistant Secretary 
Assistant Treasurer 
Assistant Treasurer 
Assistant Treasurer 
Assistant. Treasurer 
Assistant' Treasurer 
Assistant Treasurer 
Assistant Treasurer 
Assistant Treasurer 
Assistant Controller 

I FURTHER HEREBY CERTIFY THAT the following resolution 

consent of the Board of Directors of the 

1976, and is now in full force and effect; 

was duly adopted by written 

Corporation on December 31, 

RESOLVED: That 
Officer, the Exo 
President, tof.ef. 
Assistant Secret 
they hereby are 
instruments and 
name of thi.s Cor 
Assistant Secret 

the President and Chief Executive 
cutive Vice President or a Vice 
her with tlie Secretary or an 
ary of this Corporation be, and 
empowered to execute all documents, 
paper;; requiring execution in the 
porntion, and the Secretary or an 
ary 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 pro-visions of said Certificate of Incorporation and Bylaws. 

IN VIITNESS WIEREOF, I have hereunto set my hand and the 

seal of said Corporation this 19th day of May _, 

1978. 

Jav3 
Assistant Secretary 
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fhclosure 7 
Par.e 1 cf '6 

REPRESENTATIONS AND CERTIFICATIONS 
(CoRsfmetion and Archifcct-Ensinccr Contract! 

{For use wi th Standard Forms 19, 21 and 252) 

REFERENCE (Enter tame N o . ^ i ; oi on SF 19. 21 and 1}1) 

ET-78 -R-08 -0003 

M M t .-.hO * 0 0 R I S 1 Of B.OOCR (.Vu., Sireel . City. Slate , n n d Z I H C o d e ) 

Aminoil USA, Inc/ 
1250 Coddington Center 
Santa Rosa, California 95401 

OAK or no 

May 30, 197 8 

In negoliiiled procurements, " b i d " n n d " b i d d e r " shall be construed to ineart "offer" a n d "offeror." 

T h e b i d d e r m a k e s the f'ollo-wing r ep re sen t a t i ons and cer t i f icat ions as a par t of the bid identified 
above. (Check appropriate ho.xes.) 

1. SMALL BUSINESS 

He O ' ' • S '5 "Of- 3 small business concern. (A small business concern for the purpose of Government procurement 
is a concern , inc lud ing its alHIiates. -which i.s independent ly owned and opera ted , is no t d o m i n a n t in the field of opera
t ions in which it is b idd ing on G o v e r n m e n t contracts , and can further qualify u n d e r the criteria concerning n u m b e r of 
employees , average .innual receipts, or o the r criteria as prescribed by the Small Business Adminis t ra t ion. For additional 
information see gove.'^ning regulat ions of the Small Business Administrat ion ( I J CFR Part 1 2 1 ) ) . 

2 . M I N O R I T Y BUSINESS ENTERPRISE 
He Q is, [ 3 is not a minority business enterprise. A minority business enterprise is defined as a "business, at least 50 

percent of which is owned by minor i ty g r o u p members or . in case of publicly o w n e d businesses, at least 51 percent of 
the. stock of which is o w n e d by minori ty g r o u p members . " For the pu tpose of this defini t ion, minority g r o u p memtwrs 
are Negroes , Spanish-speaking American persons, American-Orientals, American-Indians , American-Eskimos, and American-
Aleu ts . " 

3 . C O N T I N G E N T FEE 

( a ) He L J bas . [ ^ has not . employed o r retained any company or person (o lher t h a n a full-time bona fide employee 
w o r k i n g solely for the b idder ) to solicit or secure this contract , and ( h ) he Q has . [ ^ bas not , paid or agreed to pay 
any company or person (o ther than a full-time bona fide employee work ing solely for the b idder) any fee, commission, 
percentage o r b rokerage fee-, cont ingent upon or resulting from the award of this coni rac t ; and agrees to furnish informa
t ion relat ing to ( a ) and (h) above as requested by the Contract ing Officer. (For iiiterprelcilion of ihe rtprestiiluiion. includ
ing the term "bona fidt employee." see Codt of Federul Regultiliciis. Ti i l i 4 1 . Subpurl l - t . S . ) 

4 . T Y P E O F O R G A N I Z A T I O . N 

He operates as an HJ individual. [_J par tnership, [_J joint venture, [ ^ c o r p o r a t i o n , inctwporated in State of . . .'-'.^ 4-.^^''.^ r e 

5. I N D E P E N D E N T p i M C t D E T E R M I N A T I O N 

( a ) By submission ul this bid. each bidder certifies, and in the case of a joint bid e i ch partv thereto certifies as to his 
o w n organ i i a t ion . thjt in connection with this procurement : 

( 1 ) T h e prices in this bid have been arrived at independen t ly , w i thou t c o a s u l t a t i o n , communica-;ion, or agree
ment, for the purpose of restricting competi t ion, as to any matter relating to such pti-.-es with any other bidder or with 
any compet i to r ; 

( 2 ) Unless o therwise required by law, the prices which have been quo ted in i l i i . bid have not been knowingly 
disclo>ed by the bidder and will not knowing ly be disclosed by the bidder pr ior t o opening , in the case of a bid. or 
p r io r to award, in the case of a proposal , directly or indirectly to any other b idder o r to any competi tor: and 

( 5 ) N o at tempt has been made or will be made by the bidder to induce any o ther person or firm to submit or 
not lo submit a bid for the purpose of restricting competition. 

( b ) Each person s igning ihis bid certifie> that: 
( I ) He is the fwrson in the bidder 's organi2ation responsible within that o rganiza t ion for the decision as to the 

prices being bid herein and thai he has not part icipated, and will not par t ic ipa te , in any action contrary to ( w ) ( l ) 
th rough ( t ( ) ( J ) above: or 

( 2 ) ( i ) He is not the person in the bidder ' s o rgan i ia t ion responsible wi th in that organisat ion for the decision 
as to the prices being bid herein bul that he has been authorized in wr i t ing to act as agent for thr persons respon. 
s ible for such decision in certifying that such persons have not pan ic ipa ted , a n d will not participate, in any action 
contrary lo ( u ) ( I ) th rough (»/) (} ) above, and as their agent dcH-s hereby so cenify; and (ii) he has not participated, 
and will not part icipate, in any action contrary to ( < / ) ( l ) through (« / ) (} ) above. 
(c) This certification is not applicable to a foreign bidder submit t ing a bid for a conlraci which requires performance 

o r delivery outs ide the L'niieJ States, its possessions, and Puerto Rico. 

( d ) A bid will not he cons ide red for award where ( i / ) t l ) . ( . / ) ( . ^ ) , o r (A) a h o v e , has been dr ie i rd or modified. 
W h e r e ( t f ) ( 2 ) above, has been deleted o r modified, the bid will not I>e considered for award unless the bidder furnishn_ 
with the bid a signed statement which sets forth in detail the circumstances of the disclosure and the held of ihe agency, 
or his designee, determines that such disclosure was not niadr fur the purpose of resirici ing competi t ion. 

SOTH.— Hills ntiisl icl jorlli lull, lit email-. ./>/./ tompl i l f iiifm iit.ilioii iii ri(/iiirril by litis int il.ilion for bills (iiietinlinit 
iillatliniriili). Tin- prii.illy for maliiij; falsi- sl.ilrniciil, in hiils it preierihvil in IS i'.S.(.. ("( ' / . 

19.304 

C J 

STANDARD FORM 19-B. JUNE 1976 eOrTION 
GENERAL SF.nviCES AD.VitNISTRATION 
FED. PROC REG (41 CFRl l - i f i tCii Atsin l - l f i 7Gi-



Enclosure 7 
• Vr^rrp . p o f 8 

T H E FOLLOVf'lNG N E E D DE CHECKED O N L Y IF BID EXCEEDS ftO.OOO I N i i M O U N T . 

6. EQUAL O P P O R T U N I T Y 

H c E 3 his, r ] his not, participated in a previous coniract or subcontract subject to the Equal Opportunity Clause herein, the clause 
otijiinaliy contained in Section 101 of Executive Order No. 10925, or the clause contained in Section 201 of Executive Order No. 111 l-l; 
be 12?h3S, n has not. filed all required compliance ref>ort$; and representations indicating submission of required compliance rcjxirts, 
3it;ned by proposed subscontractors, will be obtained prior to subcontract awards. 

(The above representatioiu Dfcd not be submitted in cooneciion with contracts or subcootracts which are exempt frixn 
the equal opportunity clause.) 

7. PARENT COMPAN-Y A N D EMPLOYER IDENTIFICATION NUMBER 

Eacb bidder shall furnish the following information by fi l ing in the appropriate blocks: 

( a ) Is the bidder owned or controlled by a parent company as desctibed below.' [X] Yes Q No. (For the purpose of 
this bid, a parent company is defined as one which either owns or controls the activities and basic business policies of the bidder. 
To ou-n another company means the parent company must own at least a majority (more than 50 percent) of the voting rights 
in that company. To control another company, such ownership is not required; if another company is able lo formulate, deter
mine, or veto basic business policy decisions of the bidder, such other company is considered the parent company of the bidder. 
This control may be exercised through the use of dominant minority voting rights, use of proxy voting, conJraelual arrangements, 
or otherwise.) 

( b ) If the answer to ' ( a ) above is "Yes," bidder shall iiisert in the space below the name and inain office address of the 
parent company. 

KAHt o r 7ARCNT COMMNY 

R.J. Reynolds Industries, Inc 

M»INOfFlCE *00«tSS (No. , Sireel, Cily. S ine , nnd ZIP Code! 

RJR VJorld Headquarters 
Reynolds Boulevard 
-WT .Liis Luu-"3aliHiii,—Nnr t h — C a r o l i n a 

( c ) Bidder shall insert in the applicable space below, if he has no pareat company, his own Employer's Identification 
Number (E.I. No. ) (Federal Social Security Number used on Employer's Quarterly Federal Tax Return, U S . Treasury Depart
ment Form 941) , or, if he has a parent company, the E J . No . of his parent company. 

2-7-102 

EMPLOVER 
IDENTIFICATION NUMBER OF 

PARtKT COMPANY 

- 5 6 - 0 9 5 0 2 A 7 
BlDDtR 

6 2 - 0 9 7 8 4 1 0 

8. CERTIFICATION OF NONSEGREGATED FACIUTIES 

(Applicable to (1) contracts, (2) subcontracu, and (3) agreements with applicants who are themselves performing federally 
assisted construction contracts, exceeding 510,000 which are not exempt from the provisions of the Equal Opportunity clause.) 

By the submission of this bid. the bidder, offeror, applicant, or subcontractor cenifies that he does not ciainiiin or 
provide for his employees any segregated facilities at any of his establishments, and that he does not permit his employees 
to pirform their services at any location, under his control, where segregated facilities are maiotajned. He certifies further 
that he will not maintain or provide for his employees any segregated facilities at any of bis establishments, and that he 
will not permit his employees to perform their services at any location, under his coQtrol. where segregated facilities are 
maintained. The bidder, offeror, applicant, or subcontractor agrees that a breach of this certification is a violation of the 
Equal Opportuni ty clause in this contract. As used in this cenificauoo, the term "segregated faciiities" means any waiting rooms, 
work areas, rest rooms and wash rooms, restaurants and other eating areas, time clocks, locker rooms and other storage or 
dressing areas, parking lots, drinking fountains, recreation or entertainment areas, transportation, and housing facilities pro
vided for employees which are segregated by explicit directive or are in f a a segregated on the basis of race, color, religion, or 
national origin, because of habit, Icxial custom, or otherwise. He further agrees that (except where be has obtained identical 
certifications from proposed subcontraaors for specific rime periods) he will obtain identical cenificatons from proposed sub
contractors prior to the a-ward of subcontractors exceeding $10,000 which are not exempt from the provisiotis of the Ecjual Op-
pcrtuoity clause; that he will retain such certificatioos in his files; and that he will forward the following nonce to such pro
posed subcontractors (except where the proposed subcontractors have subcoined identical cerufications for specific time periods): 

NOTICE T O PROSPECTIVE SUBCONTRACTORS OF REQUIREMENT FOR CERTIFICATIONS 

O F NONSEGREGATED FACILITIES 

A Certificanon of Nonsegregated Facilities must be submitted prior to the award of a subcontract exceeding $10,000 which 
is not exempt from the provisions of the Equal Opportunity clause. TThe certification may be subnurted either for each subcots-
tract or for all subcootraas during a period (i.e., quarterly, semiannually, or annually). 

N O T E : The peoajty for making false statements in offers is prescribed in 18 U.S.C 1001. 

9. CLEAN AIR A N D WATER 

(Applicable if the bid or offer exceeds $100,000, or the contracring officer has determined that orders tujder an indefiiute 
quantity contract in any year will exceed $100,000, or a facility to be used has been the subject of a coovictioo under the Qea-n 
ALr Act (42 U.S.C 1 8 5 7 c - 8 ( c ) ( l ) ) or die Federal 'Water PoUution Control Act (33 U.S.C 1319(c)) and is listed by EPA, or 
is oot otherwise exempt.) 

The bidder or offeror certifies aj follows: 
(a ) Any facility to be utilized in the performince of ih'st proposed cont ran has D . has not KJ, been listed on the Enviroo-

mental Proteciioa Agency List of Violating Facilities. 
( b ) He will promptly notify the contracting officer, prior to award, of the receipt of any conununication from the Dircctxx, 

Office of FcderaJ Aaivi t ies , Enviroruneotal Protectioo Agency, iodicaiing that any facility which he proposes to use for the per
formance of the contract is under consideration to be listed on the EPA List of Violating Facilities. 

(c) H e will include subsuniially this certification, including ihis paragraph (c ) , in every oonexempi subcontract. • 

STANOARO FORM 19-B (Back) JUNE 1978 EDITION ll^U. S .CPO:1^77-0-24l -5^0/3 .^64 
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SUPPLEMENT TO REPRESENTATIONS AND CERTIFICATIONS 

10. 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"); 
aind that components 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 

11. AFFIRMATIVE ACTION PROGRAM 

The following paragraphs are adde'd: 

ai 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 establishinent 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 requirement 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 
airiount 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 contracts 
awarded within the last 120 tiays prior to the date of 
this representation. 

b. The bidder or proposer represents (a) that a full compliance 
review of the bidder's employment practices [x] has, [ ] 
has not been conducted by an agency of the Federal Government; 
that such compliance review ['̂1 has, [*] has not been 
conducted for the bidder's knotm first-tier subcontractors 
with a subcontract of $50,000 or more and having 50 or more 
employees and (b) that, the most recent compliance reviews 
were conducted as follows: 

''fnot 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-1), within 30 days after award, unless 
such report has been filed within 12 months preceding 
award. The EEO-1 report is due annually on or before March 
31. 

12. COST ACCOUNTING STANDARDS—EXEMPTION FOR CONTRACTS OF $500,000 
OR LESS—CERTIFICATION 

If this proposal is 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 
exemption 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)) 
Is claimed. Ifliere 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. 
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[ ] Certificate of Exemption fô r Contracts of $500,000 or Less. 

The offeror hereby claims an exemption from the Gosf Accounting 
Standards clause under the provisions of 4 CFR 331.-30(b) (8) an'd 
certifias that he has received notification of final acceptance 
of all item's of work on (i) any prime contract or subcontract in 
excess of ($500^000 which contains the Cost Accouhting Standards 
clause, and (ii) any prime contract or subcontract of $500,000 
or less awarded after January 1, 1975, which contains the Cost 
Accounting Standards clause. The offeror further certifies he 
will immediately notify the Contracting Officer in writirig in 
the event he is awarded any other contract or subcontract contain
ing the. Cost Accounting Standards clause subsequent to the date-
pf this certificate but prior to the date of any award resulting 
from this proposal. 

13. 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 ge;neral public, or (B) prices set 
by law or regulation, or (ii) contracts which are otherwise 
exempt (see 4 CFR 331.3Q(b) and'FPk 1-3.1203(aH2)) shall be 
subject to the requirements of the Cost Accounting Standards 
Board. Any offeror submitting a proposal which, if accepted, 
will result in a contract subject to the requirements of the 
Cost Accounting Standards Board must, as a condition of contract
ing, submit a Disclosure Statement as required by regulations of 
the Board. The Disclosure Statement must be submitted as a part 
of the offeror's proposal under this- solicitaion (see I. below), 
unless (1) the offeror, together with all divisions, subsidiaries, 
and affiliates urider common control, did not exceed the monetary 
exemption for disclosure as established by the Cost Accounting 
Standards Board (see II., below); (11) the offeror exceeded the 
monetary exemption in the Federal Fiscal Year immediately preceding 
the year in 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 351.7.0 for submission of copy of Disclosure Statement to 
the Cost Accounting Standards Board. 

CAUTION: A practice disclosed 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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"Ckp.ck the appropriate box below: 

i-i- -CERTtflCATE OF CONCbT.RDil SUDHIGSION OF DIGCLOS^ 
STATEMENT(S) 

The offeror hereby >e^ifies that he has submitt^d<as a part of 
his proposal under thlŝ '̂ -sî icitaeion, copie5,.-0fthe Disclosure 
Statement (s) as follows: Ct-)^riginal aiwlone copy to the 
cognizant Contracting Officer^^^a^djCif) one copy to the cognizant 
contract auditor. 

Date of Disclosure Statemep-fe-Cŝ  

Name(s) and Addre^a-fes) of Cognizant Contracting Officet<^) where 
filed: 

Theof^ror further certifies that practices used in estimating col 
pricing this proposal are consistent with the cost accounting 

-T)ractices--di-scl-osed—in—frhe-Dl-sG-los4i5;«—Ŝ âr&eaeftiXs-)-̂  , 

[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. 

-̂M -i-n- -e-ER-T-I-KEeA-T-E-GF-^tNT-EM-M-^3tS€?-TI-0N-

The offeror h^^Teiiycertif i e s that (1) 
exemption for disclo^tre^tijias defined : 
Fiscal Year immediately pre 
submitted, and (ii) in accordance 
Accounting Standards Board (4 C£ 
to submit a Disclosure S-tâ êment. The offeror irwcĵ ier 
if an award res_ul-fc-itig from this proposal has not been 

ded the monet 
the^ fral 
is proposal was 

g,ulations of the Cost 
he is not yet required 

certifies that 
e by March 31 

of thecuerSnt Federal Fiscal Year, he will immediately subrai 
Csed certificate to the Contracting Officer, in the form specil 
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;r I. above or IV. below, as appropriate, to verify his submis 
of a colirpieted Disclosure Statement. 

CAUTION: Of f ero"?B-maynot claim this exemption if they are 
current'.y required to dtstlo^ebeg^us^they exceeded monetary 
thresholds in Federal Fiscal-¥^?^~-fu^or to Fiscal Year 1976. 
Further, the exemptlpn-tfpplies only incSmtection with proposals 
submitted prlpjp--toMarch 31 of the year lmmediaf&iy>.iollowing 
the Fe^laralFiscal Year in which the monetary exemption 

reeded. 

Date of Disclosure Statement(s 

Name(s) and Address(es}^ 
filed: 

The offer^i?-^urther certifies that practices used in estimating costs 
in prj-erlng this proposal are consistent with the cost accounting 

:tices disclosed in the Disclo3ur_e..St3±ement(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 new contract or subcontract 
containing such clause is 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 is 
awarded the contemplated contract, he will also be required 
to comply with the clause entitled Administration of Ck>3t 
Accounting Standards. 

Firm: Aminoil USA, Inc. 

Name: _̂  
W. H. S c l i e l l 

Da te : May 3 0 , 1978 

: / / ' / /y^^ {.<^(^-

T i t l e : Vice P r e s i d e n t - P r o d u c t i o n 
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EXHIBIT 1 

Legal Description and Land Status 

.FEDERAL LANDS: 

Lessor .Lessee 

N-13896 Aminoil USA 

Lease 
Date 

6/1/77 

Description 

T. 32 N., R. 38 E. 
Sec. 13: All 
Sec. 14: All 
Sec. 24: All 

T. 32 N., R. 39 E. 

, M.D.M. 

, M.D.M. 

Acres 

2520.00 

Sec. 18: Hh, nhSh> SJgSW%, SW%SE% 

N-13897 Aminoil USA 6/1/77 T. 31 N., R. 38 E., M.D.M..(Pro 
Dia.No.l29) 

Sec. 2: Lots 1,2,3,4, Sh^k, 
Sh (All) 

T. 32 N.. R. 38 E., H.D.M. 
Sec. 23 
Sec. 26 
Sec. 35 

All 
All 
NE%NE%, WJsEJg, W%, SE%SE% 

2482.42 

N-13898 Aminoil USA 6/1/77 T. 31 N., R. 39 E., M.D.M. (Pro 
Dia.No.l29) 

Sec. 5: All 

2609.00 

T. 32 M., R. 39 E., M.D.M. 
Sec. 19 
Sec. 29 
Sec. 32 

All 
All 
All 

N-13899 Aminoil USA 6/1/77 T. 32 N. 
Sec. 25: 
Sec. 36: 

T. 32 N. 

R. 38 E. 
All 
vmh 

, R. 39 E. 

, M.D.M. 

, M.D.M. 
Sec. 30: All 
Sec. 31: All 

2080.00 

N-13900 Aminoil USA 6/1/77 2554.79 T. 31 N,. R. 38 E.. M.D.M, (Pro 
Dia.No.l29) 

Sec. 1: Lots 1,2,3,4, SĴ NJg, Sh {a } ] ) 
Sec. 12: All 
T. 31 N., R. 39 E., M.D.M (Pro Dia No. 129) 
Sec. 6: Lots 1 thru 7, SJjNE^, SE^^NW^, 

EhSl'ik, SE% (All) 
Sec. 7: Lots 1,2,3,4, Eh, E ^ h (all) 
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.Lessor Lessee 

M-17456 Aminoil USA 

Lease 
Date Description Acres 

T.32 N. R. 39 E . . M.D.M. 2240.00 
Sec. 17: HhHh, S^NW^, SWy^E%, NW%SW% 

SE^SW!^, SJsSE%, and NE^SE^ 
Sec. 20: A l l 

T. 32 N . . R. 38 E . , M.D.M. 
Sec. 33: Eh, SW-i 
Sec. 34: A l l 

N-17457 Aminoil USA T. 31 N., R 38 E., M.D. 
Sec. 
Sec. 
Sec. 
Sec. 

3: 
4: 
9: 
16: 

Al l 
Al l 
Sis 
Al l 

2240.00 

N-11923 Sidney E. Glenn 6/1/76 I. 31 N., R. 38 E.. M.D.M. (Pro 
Dia.No.129) 

Sec. 10 
Sec. 23 
Sec. 34 
Sec. 36 

All 
All 
All 
All 

2560.00 

,.-11924 Sidney E. Glenn 6/1/76 T. 30 N.. R 38 E., M.D.M. 
Sec. 14 
Sec. 15 
Sec. 23 
Sec. 24 

2552.50 
All 
All 
Lots 1,2,3,4, HhSh, Hh{l\^^) 
Lots 1 thru 7, WJgNE^, NW%, 
N%SW^, mkSEk (All) 

N-11925 Sidney E. Glenn 6/1/76 T. 31 N., R. 38 E.. M.D.M. (Pro 2509.22 
Dia.No.129) 

Sec. n 
Sec. 22 
Sec. 35 

All 
nh, SW%, NĴ SEJg, SEJgSÊ ^ 
All 

T. 30 N., R. 38 E.. M.D.M. 
Sec. 1: Lots 3-9, SWi^NE^, SJ^NW^, SW%, 

WĴ SÊ s (All) 

N-11926 Sidney E. Glenn 6/1/76 T. 30 N., R. 38 E., M.D.M. 
Sec. 3: Lots 1 , 2 , 3 , 4 , S^N^s, 

SJs ( A l l ) 

T. 3 r N . , R. 38 E. , M.D.M. ( P r o . D i a . 
No. 129) 

Sec. 15 
Sec. 25 
Sec. 27 

A l l 
nhnEk, SEknE k̂, nvh, s% 
A l l 

2525.92 
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•?ssor Lessee 
Lease 
Date 

N-11927 Sidney E. Glenn 6/1/76 

Description 

T. 30 N., R. 38 E., M.D.M. 
Sec. 11 
Sec. 13 
Sec. 22 

Acres 

2561.11 
A l l 
Lots 1,2,3,4, [•ihEh, ^h ( A l l ) 
Lots 1,2,3,4, N%SJg, N% ( A l l ) 

T. 31 N.. R. 38 E., M.D.M. (Pro.Dia. 
No. 129) 

Sec. 26: A l l 

N-11928 Sidney E. Glenn 6/1/76 T. 30 N., R. 38 E., M.D.M. 
Sec. 2 
Sec. 10 
Sec. 12 

1914.76 
Lots 1,2,3,4, Shnh, Sh ( A l l ) 
A l l 
Lots 1,2,3,4, VlhEh, Wig ( A l l ) 

N-12129 Sidney E. Glenn 7/1/76 T. 31 N.. R. 39 E., M.D.M. (Pro. 
Dia. No. 129) 

Sec. 8: All 
Sec. 16: All 

1308.00 

N-12130 Sidney E. Glenn 7/1/76 T. 31 N., R. 39 E., M.D.M. (Pro. 
Dia. No. 129) 

Sec. 17: All 

640.00 

N-12130-A G. Martin Booth 7/1/76 
III 

T. 31 N.. R. 39 E.. M.D.M. (Pro. 
Dia. No. 129) 

Sec. 21: m k , nE'-Mk, S%NW%, SJ5 
Sec. 27: N%, W%SW%, SEJsSŴ , SE% 

1200.00 

N-12131 Sidney E. Glenn 7/1/76 T. 31 N., R. 39 E.. M.D.M. (Pro. 
Dia. No. 129) 

Sec. 20: All 

640.00 

N-12131-A G. Martin Booth 7/1/76 
III 

N-12645 Sidney E. Glenn 8/1/76 

T. 31 N., R. 39 E., M.D.M. (Pro. 
Dia No. 129) 

Sec. 22: nh, W%SW%, SEJgSŴ , SE% 

T. 31 N., R. 39 E., M.D.M. (Pro. 
Dia. No. 129) 

Sec. 33: Ê sSŴ a 
Sec. 35: Hh, ^hSh, Ŝ kSŴ ^ 

598.00 

600.00 

12645-A G. Martin Booth 8/1/76 
I I I 

T. 31 N., R. 39 E., M.D.M. (Pro. 
Dia. No. 129) 

Sec. 33: Hh, SEJg 
Sec. 34: NJgNE ,̂ SÊ sNÊ s, Ŵ s, SÊg 

1080.00 
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"̂ ssor Lessee 

N-12646 Sidney E. Glenn 

Lease 
I Date 

8/1/76 

Description 

T. 31 N., R 39 E.. M.D.M. 
Sec. 15 
Sec. 23 
Sec. 26 

All 
All 
All 

Acres 

1916.00 

N-12892 G.Martin Booth III 4/1/77 T. 31 N., R. 39 E., M.D.M. 
Sec. 29 
Sec. 30 
Sec. 31 
Sec. 32 

N%, EJ5SEJ3 
Lots 1,2,3,4, NE%, EĴ Ŵ s 
Lots 1,2,3,4, E^ih 
NEĴ NÊ  

1238.56 

N-12892 G. Martin Booth III ** T. 31 N., R. 39 E., M.D.M. 
Sec. 29 
Sec. 30 
Sec. 31 
Sec. 32 

WhS\t\h, WhSEh 
SE53 
E% 
SW%NW%, SW% 

840.00 

N-13322 G. Martin Booth I I I 8/1/77 
(Pro Dia.No. 285) 

T. 30 N.. R. 39 E., M.D.M./ 2535.02 
Sec. 
Sec. 
Sec. 
Sec. 

Lots 1,2,3,4, S'4\h, Sh ( a l l ) 
Lots 1,2,3,4, SigNJs, Sh ( a l l ) 
Lots 1,2,3,4, SWi, SJ-a ( a l l ) 
Lots 1,2,3,4, SJ5NE%, SEhmh, 
S5s, ( a l l ) 

N-13323 G. Martin Booth III 8/1/77 T. 31 N., R. 39 E., M.D.M 
Dia. No. 

(Pro. 
'129) 

Sec. 
Sec. 
Sec. 

12: 
13: 
14: 

All 
All 
All 

2559.48 

T. 31 N.. R. 40 E., M.D.M. 
Sec. 7: Lots 1,2,3,4, EJj, E'-Mh (all) 

N-15774 William N. Bucklin 11/1/77 
III 

T. 31 N., R. 38 E., M.D.M. 2555.04 
Sec. 13 
Sec. 24 
T. 31 N 
Sec. 
Sec. 

18 
19 

All 
All 
R. 39 E, M.D.M. 
Lots 1,2,3,4, Eh, EJ5W% (kU~) 
Lots 1,2,3,4, EJ5, EigŴs (All) 

N-15777 G. Martin Booth III 

N-18649 G. Martin Booth III 

11/1/77 

* 

T. 31 N. 
Sec. 28: 

T. 31 N. 
Sec. 14: 

, R. 39 E. 
All 

, R. 38 E. 
All 

, M.D.M. 

, M.D.M. 

640.00 

640.-00 

Application to Lease Geothermal Resources _68-
Pending 

**Application to Lease Geo. Rpf̂ - PpnHinn {^^r\rv Da-ic-!, 

Total Federal Lands 

U^m/^c-4-«-. J n-.4. ~.£ 1 m r 1 . 

50,339.82 



LEASED PRIVATE LANDS: 

^ssor .Lessee 

Allied Union Oil Co. 
Properties 

•Lease 
Date 

10/31/73 

Description 

T. 32 N., R. 38 E., M.D.M. 
Sec. 36: EhSUh, SE^NW%, 

SJgNEJg, SE% 

T. 32 N., R. 39 E., M.D.M. 
Sec. 18: SE^SE^a 

T. 31 N., R. 39 E., M.D.M. 
Sec. 32: SE%SE% 
Sec. 33: SW%SWk 

Acres 

480.00 

Burke, et ux. Union Oil Co. 12/31/74 T. 32 N.. R. 38 E.. M.D.M. 
Sec. 35: SE%NE%, NE^SE^g 
Sec. 36: SW^NW^, W%SW% 

200.00 

Wool folk, Union Oil Co. 11/6/73 
et ux. 

T. 31 N.. R. 39 E., M.D.M. 
Sec. 29: S%SW% 
Sec. 32: Hh^Uh, SE^gNW^, WJ^NE^, SE%NE% 

WJ2SE%, NÊ SEJs 
Sec. 33: NŴsSŴ  

480.00 

j r k e , e f a l . Aminoil USA, Inc. 5/17/78 T 31 N., R. 38 E., M.D.M. 
Sec. 22: 
Sec. 25; 

, R. 39 E., M.D.M. T. 31 N 
Sec. 21 
Sec. 22 
Sec. 27 

SW%SE% 
SWJgNE% 

200.00 

"M îNVft 
NE3aSW% 
NE^SWJg 

Total Leased Private Lands 1360 acres 
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UNLEASED PRIVATE LANDS 

Description Acres 

T.-32N;, R 39 E., M.D.M. 160 

Section 17: SW%SW%, HEkS]/ik, mkSEk, SE%NE% 

T. 32 N., R. 38 E.. M.D.M. 

Section 33: NŴ a 160 

T. 31 N., R. 38 E., M.D.M. 

Section 9: Hh 320 

T. 31 N., R. 39 E., M.D.M. 

Section 34: SW%NE% 160 
Section 35: SE%SW%, S^SE^ 

Total Private Unleased Lands 800 acres 
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EXHIBIT 2 

Ll-GAL DUSCiai'TION 

PR0P0SI3D UNIT AGRfinMLiNT 

T. 32 N. , R. .-̂ S E. . M.D.M. 

Al l of S e c t i o n s : 13 , 14, 23 , 24, 25 , 26, 3 3 , 34, 
35 , and 36 

T. 32 N . , R. 39 E . , M.D.M. 

Al l of S e c t i o n s : 17, 18, 19, 20, 29, 30, 3 1 , and 32 

T. 31 N . , R. 38 E . , M.D.M. 

Al l of S e c t i o n s : 1, 2 , 3 , 4 , 9 , 10, 1 1 , 12, 13 , 14, 15, 
16, 22 , 2 3 , 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 C . M.D.M 

Section 7: All 

T. 30 N.. R. 38 E.. M.D.M. 

All of S e c t i o n s : 1, 2 , 3 . 10 . 1 1 , 12, 13 , 14. 15 , 22 . 2 3 , and 24 

T. 30 N . , R. 39 E . . M.D.M. 

Al l of S e c t i o n s : 3 , 4 , 5 , and 6 

Con ta in ing in a l l : 52.499.82 l u c r e s 

.71 
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ĴOIL USA, INC. 
r S P R I N G S . 

8 0 - 2 

- 8 0 - 3 

-

- : 

£ 

1-

-̂ -

^ i -
- J r -

~~ " ' J 

-i|..t: 

-i-fe 
-.z 

: t • -

• •- -? 

"rr-*r 

Al 
- } • . 

— , -

-~rt:~ 

-_ 

-
-
— — 

-"- -

4^_l£ 

8 0 - 3 

• 1 - r-
T 8 0 - 4 . 

-
4-

—E T 

_Lr 

h-

ir-

j i . 

: 

r 

• -

"i —": 
_ . — 1— 

' 
' 

7 

— 

— 
~ 
— 

tf 

Y///, 
£ 

7 

... 

-': 

-

r r - -

'—'— 
_ 1-. 

^{T 

^t 

N 
- 8 0 - 4 

"i^ '. ,1'" 
's i .r ' i 

i 

: I3 : 

- t - r -

£ ^ ; _ 

r ! # r 
t - . -

zi;zi— 

--;,£ 

E-^ 

z.r: 

£ 

-

-: 

" • 

£.-

.-.r*--_ 

; 1 
- j - - : 

£ 

V, 

I -

~-=~ 
— 1 — 

rr— 

-1 — 

_ 

-

— 

-
r-r -s s s s 1 t s s 5 s t 

19_-8CL 

EVADA 
isiii 

. . 1 . 

";6i-i2 

-f--

——-" 

z---I^ 

"Z-^A ' 

—rzr^ 

r j ~ - ^ • 

— 

I.... 

- - f - ^ r 

~Z. 

~ 

-

. 1 

i n 

^ 

_-
• ~ ~ 

=. 
- ,1. 

-

8 l ' - 2 

-Isib 

~ 

— 

SZ 

- - i -
£4=-

-I 

s 
—p 

.JZ 

•-

^ 

—-̂  
__ 

— 

-
--

_ . —... 

— 
— 

'FT 
— 
— 
E 

^ 

1 
I 

- \ -
— X - -

1 

—„i-E 

8 1 - 3 ' 

. 8 r - 4 -

i d . 
_ l — V -
" 1 — ; — 

+ - ! " • 

- \ ^ r -

4-r-
' r ^ r 

:.-

E&.^ 
Hr:^ 

3Err 

AA:z 
-F^--

!—-
'—\ _ 

ziz~ . 

y////////y///A 
• - ; - _ 

'-Asz 
" 

1 

—.— îr 
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CLAUDE B . JENKINS 
Manager , Geo the rma l R e s o u r c e s Division - Aminoi l USA, Inc . 

EDUCATION: A . A . , 1949, Glendale College, Cal i fornia . 
Geological Engineer ing Degree , 195Z - Colorado School of Mines . 
M . B . A . 1958, Univers i ty of Denver , Colorado . 
L . L . B . 1964,. La Salle Univers i ty . 
Execut ive Management Senainar, 1975 - C o l u m b i a Gradua te School. 
Blake Grid Management Seminar , 1978 - Houston. 
Addit ional spec ia l ized c o u r s e s in Geological , Geophys ica l , 

R e s e r v o i r Engineer ing and Data P r o c e s s i n g . 

WORK EXPERIENCE: 

Aminoi l USA, Inc. / A m e r i c a n Independent Oil Company (14 y e a r s ) 

J a n u a r y , 1977 to da te : Manager , Geo the rma l R e s o u r c e s Division. 
Respons ib l e for d i rec t ing a l l a d m i n i s t r a t i v e , accounting, land acqu i s i t ions , 
geology and geophysical , env i ronmenta l s tudies and public a f fa i r s , e n g i n e e r 
ing, cons t ruc t ion , and dr i l l ing o p e r a t i o n s . P r i n c i p a l opera t ions in the 
G e y s e r s A r e a of Nor the rn Cal ifornia , but a l so act ive in Nevada, Utah, Ne-w 
Mexico and Oregon. 

1973 to 1977: Deputy Ge ne ra l Manager of Aminoi l ' s Kuwai t /Neu t ra l 
Zone ope ra t ion . Respons ib le for m o s t admin i s t r a t ive and a l l opera t iona l 

. a s p e c t s including explora t ion , dr i l l ing , product ion, pipel ine, r e f ine ry , 
s t o r a g e ternainal and nnarine fac i l i t i e s . Over 500 -wells involved producing 
app rox ima te ly 180, 000 B /D -with pipel ines and p rocess ing through 144, 000 
B / D re f ine ry including 35,000 B /D r e s i d u a l desulphur iza t ion unit . S torage 
fac i l i t ies in exces s of 5 mil l ion b a r r e l s with two off -shore m a r i n e loading 
b e r t h s . P e r s o n n e l supe rv i sed - 900. 

1968 to 1973: Manager of Opera t ions . Responsible for moni tor ing 
and coordinat ing explora t ion and product ion opera t ions in Kuwai t /Neu t r a l 
Zone for co rpo ra t e h e a d q u a r t e r s . Pa r t i c ipa t ed in concess ion negotiat ions 
and opera t iona l ly r e spons ib le for explora t ion /dr i l l ing ac t iv i t ies in Abu Dhabi, 
Saudi A r a b i a , Equador and Indonesia . Vice P r e s i d e n t and Ge ne ra l Manager 
of Aminoi l Indonesia , Inc . superv is ing the dri l l ing of th ree off-shore wel ls 
in the Indian Ocean and Sunda S t r a i t . 

1964 to 1968; Chief P e t r o l e u m Economis t . Responsib le for p r e p a r 
ing and reviewing pro jec t economic a n a l y s e s , budgets and long ternn f o r e 
c a s t s . 



C o r e L a b o r a t o r i e s , Inc , (3 y e a r s ) 

1961 to 1964: S r . G e o l o g i s t / R e s e r v o i r Eng inee r . P e r f o r m e d g e o 
log ica l and engineering ana lyses of both U.S.. and foreign p r o p e r t i e s . E x 
tens ive work on Zarza i t ine Fie ld in Alge r i a , Gialo Field in Libya, and 
A r a b i n a Gulf of f -shore concess ion eva lua t ions . 

P e t r o b r a s (National Braz i l ian Oil Company) - 3 y e a r s 

1959 to 1961: Development geologis t r e spons ib le for d i rect ing d e 
ve lopment program, on Aqua Grande , l a r g e s t oil field in Braz i l . Also 
pa r t i c ipa t ed in development p r o g r a m s of a l l other oil fields in.Bahia Basin 
of B r a z i l . 

McEl roy Ranch Conipany (4 y e a r s ) 

1955 to 1959: P r o j e c t geologis t . Conducted regional and geological 
s tud ies in C e n t r a l and "West Texas and the Rocky Mountain a r e a . Made 
p r o s p e c t a n a l y s e s , sa t on wel ls and superv i sed cas ing program.s . Conducted 
su r face field mapping and a e r i a l photography s tud ie s . 

REGISTRATIONS: 

R e g i s t e r e d P ro fe s s iona l Engineer , State of Texas = Cer t i f ica te No. Z1119. 

PUBLICATION: 

"New Concept in Geo the rma l S team P r i c i n g " , 1978. 

PROFESSIONAL AFFILIATIONS: 

Amierican Associa t ion of Petroleunn Geolog i s t s . 
Society of Petroleunn E n g i n e e r s , AIME. 



W. M. HOUSE 

OPERATIONS MANAGER - AMINOIL USA, INC. 

EDUCATION: B. S. , 1943, P e t r o l e u m Engineer ing , Univers i ty of Cal i fornia-
Be rke l ey . Addit ional c o u r s e s in Aeronau t i ca l Engineer ing , 
1943, Yale Univers i ty , New Haven, Connecticut; S t ruc tu ra l 
Engineer ing c o u r s e s 1944, Univers i ty of I l l inois , Champagne, 
I l l inois . 
Other Tra in ing - a t tended schools on Dri l l ing Mud; E l ec t r i ca l 
Logging; Oil-well Cenaenting; Well Complet ion; Well Tes t ing; 
Well Contro l ; Di rec t iona l Dri l l ing; P e t r o l e u m Safety; Geo
t h e r m a l Technology, a l so connpleted the Louis Allen 
Management Tra in ing P r o g r a m and the Management Gr id 
School. 

MILITARY EXPERIENCE: E n t e r e d U. S. A i r F o r c e 1943 - d i scharged 1946 
•with rank of Captain. 

WORK EXPERIENCE: 

Aminoi l USA, Inc . , B u r m a h Oil and Gas Comipany, and Signal Oil and Gas Company 
( th i r ty- two y e a r s ) 

1977 to p r e s e n t da te : Opera t ions Manager , Geo the rma l R e s o u r c e s Division. 
Respons ib le for a l l p h a s e s of cons t ruc t ion , dr i l l ing , and producing opera t ions 
for locat ing, developing, and tes t ing geo the rma l energy. This a l so includes 
superv i s ion of civil engineer ing , pe t ro l eum engineer ing, and r e s e r v o i r eng ineer 
ing a s it r e l a t e s to g e o t h e r m a l technology. C u r r e n t ac t iv i t i es a r e located in 
Lake , Sonoma; and Mendocino Counties - The G e y s e r s a r e a , Cal i fornia . Active 
in g e o t h e r m a l s ince 1965 with f i r s t dr i l l ing opera t ions commencing in 1967 and 
f i r s t successfu l product ion in 1969. Have superv ised the dri l l ing of a tota l of 
forty steana we l l s , of which twenty-five w e r e c o m m e r c i a l geo the rma l p r o d u c e r s . 
Have over t h i r t een y e a r s exper i ence in a l l p h a s e s of the Geo the rmal Indus t ry . 

1974 to 1977: Manager , Geo the rma l R e s o u r c e s Division,- Long Beach and Santa 
Rosa , Cal i fornia . In addit ion to the dri l l ing and operat ing m a t t e r s , was respons ib le 
for the geologic staff reconamendat ions on geo the rmal s t eam, approval for the 
va r ious land functions, and closely coordinating environnaental and permi t t ing 
p r o c e s s e s and p r o c e d u r e s to obtain the n e c e s s a r y p e r m i t s to explore for and 
develop geothernaal energy . 
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At the s a m e t ime was Manager of the Joint Venture D i s t r i c t of the W e s t e r n 
Division of Signal Oil and Gas Company. This included oil and gas opera t ions 
in the Wilmington Oil F ie ld r ep re sen t i ng the company a s a menaber of the 
Working I n t e r e s t Owners of Fau l t Blocks IV and V. Was a l s o the company ' s 
r e p r e s e n t a t i v e on the Voting P a r t y Commit tee of the Long Beach Unit (Thunas 
Long Beach Company). Was on the Operat ing Comrriittee of the Long Beach Oil 
Development Company 1967 to 1977, m e m b e r of the Board of D i r e c t o r s of the 
Long Beach Oil Development Company 1973 to 1977. In the above a s s ignmen t s 
I r e p r e s e n t e d the company ' s i n t e r e s t in a l l phase s of dr i l l ing and product ion 
re la t ing to the development in those var ious un i t s . It should be noted that LBOD's 
p roduc t ion a t that t ime w a s 24, 000 B / D of oi l . 

1971 to 1974: Manager , . Nor thwes t Division - r e spons ib le for oil and gas dri l l ing 
and producing opera t ions in Sac ramen to and San Joaquin Valley, and the Ellwood, 
Santa M a r i a and Edna Oil F i e l d s . 

In addit ion I was pe r sona l ly r e spons ib le for the geo the rma l dr i l l ing , tes t ing, 
and r e s e r v o i r evaluat ion. I act ively pa r t i c ipa ted in successful ly negotiating the 
s t e a m s a l e s con t rac t with Pac i f ic Gas and E l e c t r i c Company, San F r a n c i s c o . 

1965 to 1971: Manager , Joint Venture Division. During this pe r iod was r e s p o n s 
ible for r e p r e s e n t i n g the company ' s i n t e r e s t in nonopera t ed jo in t ven tu re s . In 
1965 ac t ive ly pa r t i c ipa t ed in the evaluation for bidding on the Long Beach Unit, 
the Na t ion ' s l a r g e s t undeveloped oil field. Was to be Signal ' s r e p r e s e n t a t i v e if 
our bidding group was successfu l in acquir ing the Long Beach Unit. In 1968 
pa r t i c ipa t ed in the evaluat ion for bidding for the Signal Group on the Nor th Slope 
of A laska . Was d i rec t ly involved with dr i l l ing a 13, 000-foot c o r e hole in Prudhoe 
Bay a r e a to p rov ide data n e c e s s a r y for the econonaic evaluation to bid on F e d e r a l 
Lease Sale in Alaska . Also r e p r e s e n t e d the company in the " B " Unit, a very 
successfu l waterf lood in South Glenrock, Wyoming. 

In 1965 and 1966, recomnaended to company managennent that they should become 
involved in the explora t ion and development of geo the rma l s t eam. Commenced 
acquis i t ions and opera t ions in 1966 and a successful s t e a m well was completed in 
1969, with the r e s u l t that the company now has an excel lent posi t ion in The 
G e y s e r s Geothernaal S team Fie ld . 

1961 to 1965: Manager , California Division. Was d i rec t ly r e spons ib le for this 
Division which encompassed approximate ly 90 pe rcen t of the company ' s oil p r o 
duction. This included opera t ions at Huntington Beach a s well a s Wilmington, 
Redondo Beach, Bever ly Hi l l s , Ellwood, Santa M a r i a , and the San Joaquin 
Val ley. P roduc t ion r a t e s w e r e approximate ly 30, 000 b a r r e l s p e r day with 700 
producing we l l s . Superv ised 400 employees . During this pe r iod was involved 
in the cons t ruc t ion and ins ta l la t ion of the company ' s f i r s t offshore dr i l l ing and 
producing p la t fo rm in the Pacif ic Ocean off Huntington Beach - P l a t f o r m EMMY; 
f rom this p l a t fo rm 50 producing and injection wel l s have been conapleted. 
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i960 to 1961: Ass igned to the Company ' s P ro f i t s Commit tee to study and inves t i 
gate ways of improving the company ' s prof i t s in the var ious a r e a s of opera t ion 
such a s ref in ing, naarket ing, gas p r o c e s s i n g , and overa l l efficiency of the 
va r ious d e p a r t m e n t s . 

1957 to I960 : Manager of Opera t ions . During this pe r iod was respons ib le for 
ove r see ing the company ' s ac t iv i t i e s in dr i l l ing and product ion in Texas , L o u i s 
iana , Oklahoma, and New Mexico. In addit ion w a s t e m p o r a r i l y ass igned to 
S igna l ' s offshore opera t ions . in Lake Maraca ibo , Venezuela . Was respons ib le 
for consol idat ing the Produc t ion Depar tment opera t ions following the acquis i t ion 
of Hancock Oil Company, Bankline Company and E a s t e r n States Oil Conapany by 
Signal Oil and Gas Conapany in 1959. 

1946 to 1957: Was involved in product ion, dr i l l ing , and engineering t ra ining 
p r o g r a m s . Much of this t ime was spent in both the Home Office and field 
o p e r a t i o n s . Worked a s a dr i l l ing engineer f rom 1947 to 1949 on both explora tory 
we l l s and development wel l s in Cal i fornia . Was Produc t ion Engineer frona 1949 
through 1953, and f rom 1953 to 1957 worked a s Produc t ion F o r e m a n at Huntington 
Beach , Long Beach, and Redondo Beach . 

REGISTRATIONS: Reg i s t e r ed P e t r o l e u m Engineer , State of California, 
Cer t i f ica te No. 355 

PROFESSIONAL AFFILIATIONS: 

Society of P e t r o l e u m Eng inee r s - M e m b e r of Board of D i r ec to r , 
Golden Gate Section 

G e o t h e r m a l R e s o u r c e s Council - Menaber of Board of D i r e c t o r s 
A m e r i c a n Pe t ro l eu in Inst i tute 
W e s t e r n Oil and Gas Assoc ia t ion - Vice Chairnaan Geothermal 

Commi t t ee 



WALTER W, TURNBULL 
Divis ion Accountant - Geo the rma l Divis ion 
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SEISMIC EMISSIONS STUDY AT GERLACH, NEVADA 

Section 1: Technical Proposal 

1.1. Introduction: 

Utah Geophysical, 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 oil company that is actively involved in 

geothermal exploration 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 time would jeopardize their chances in the upcoming 

lease sale. However, after the lease sale they are presently willing to 

supply a letter in support of this survey and to cooperate in defining a 

more specific 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, Oklahoma perform 

a scaler magneto-telluric (MT) survey is also provided for. By performing 

these surveys together results can be integrated 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 

Quaternary sediment filled grabens 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 those hot water 
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convection systems with subsurface temperatures above 150°C (170°C). North 

bf Gerlach Ties 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 fractures one may encounter hot rock (i.e., Phillips Petro

leum 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 wduld reduce the risk of dry holes and thus encourage 

drilling. 

1.3 Program Descriptions: 

The definition pf "reservoir engineering" as defined in the Los Alamos 

Scientific Laboratory report on Hot Dry Rock Geothermal Energy Development 

Project FY 1977, includes "those activities directed.at understanding the 

creation, characterization and performance of a hot dry rock reservoir. 

It includes . . . the development of nieans to map fractures and boreholes 

which comprise the reservoir." Using this definition, this proposal is 

submitted under the caption to collect new reservoir engineering data. The 

purpose of this survey is to locate 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 estimate for the geothermal cell, (2) spatial distribution allows 

discrimination of geothermally produced seismic emissions from those pro

duced by cultural sources, and (3) more prevalent but lower magnitude-seismic 

events can be identified through sensitive multistation array processing. 
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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 low resistivity anomaly. At 

Roosevelt Hot Springs, Utah, the anomalies occur at a resistivity low 

(Geonomics survey) on the Getty Oil prospect and at a zone of highest conduc

tivity mapped by Ward and Sill (1976) in the northern (Union Oil survey) area. 

Results from the Union Oil survey are shown in Figure 2. The anomalous zone, 

trending north-south through sections 15, 22, 27, 34, and 3 is coincidental 

with faulting mapped by Crebs and Cook (1976) and significant resistivity 

lows (Ward and Sill, 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 in resistivity. Second, Sill 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 emission study also agrees with 

the above hypothesis it too may be associated with hot water movement. However, 

alone the seismic emission study cannot determine water temperature. 

Historically, groundnoise surveys were based entirely on.amplitude data. 

This resulted in ambiguous interpretations in some cases since the amplitude 

contribution could have come from several sources (instrumentation, geology, 

weather) other than the geothermal 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-

earthquakes at the East Mesa geothermal anomaly. They also report a coin

cidence 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 geothermal 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 number 

of seismic events increase as the magnitude of events decrease. Theoret

ically, therefore, extremely low magnitude events would occur in the 

thousands perhaps continuously in the form of microtremors (groundnoise). 

Since areas of high heat content limit the buildup of stresses (Brace 

and Byerlee, 1970; Combs and Hadley, 1977), smaller magnitude events (seismic 

emissions) are likely to occur in these areas. Evidence of this has been 

seen at several geothermal areas having known commercial heat sources. 

Roosevelt Hot Springs, Utah, has been classified aseismic, nanoearthquakes 

have been reported at East Mesa and the Geysers-Clearlake area of 

California (Figure 4). 

It 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 fracturing of a cubic meter of 

crystalline rock would cause a magnitude zero earthquake. They state that 

the "frequency of production for microearthquakes with a magnitude of zero 
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varies in.time from over 10^ events/day for the first thousand years after 

emplacement of the pluton to about 500 events/day at an elapsed time of 

10 years." Figure 3 (Knapp & Knight's Fig. 9), summarizes the above 

predictions. 

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 

Figure 5 is considered to asymptotically approach 500 events/day. This is 

a reasonable 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, 

the 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 represent considerably more events/year than shown in Figure 3. There 

is also a difference in the spatial area of observation considered in each 

formulation. 

Looking at geothermal prospects less than 2 x 1 0 years, to obtain 

the 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 magnitude 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 generate 

groundnoise (seismic emissions) than microearthquakes. Also, if the amount 
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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/ 

day are considerably lower than predicted by Knapp and Knight. This occurs 

because actual magnitudes are less than zero and are not normally detected. 

Their 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 recording 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, thus, smaller 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 studies. The system features a digital 

tape deck capable of multiplexing.5 data channels for absolute time alignment 

between seismometer channels and high dynamic range low system 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 presently available 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 well recognized (Minutes of Active and 

Passive Seismic Methods Consortium, DGE/DOE, Nov. 18, 1977) as a 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. All geophone positions are surveyed by tape and transit methods. 

1.5.2 Data Processing: 

Field data are stripped out and edited to find quiet sections of data. 

Data from four arrays are chosen for processing. Data processing and analysis 

incorporates multi-station array focusing techniques and stochastic averaging. 

Seismic array analysis involves the focusing of an array of geophones to a 

volume element centered at f, through use of differential travel time informa

tion. Power emitted from this volume is computed and a source power map is 

obtained. 

Typically, 20 x 20 arrays of possible source locations (hypocenters) 

are chosen. Each array is focused on possible source location points by 

using a ray tracing algorithm to calculate P-wave travel times from each 

point to each geophone position used in the correlation procedure. Recorded 

traces are then shifted by the appropriate delay times and multi-station 

correlations performed for each array. A listing of individual delay times, 

correlation values, and computer generated contour maps of correlation values 

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 available for processing at Control Data Corporation's 

central computer via Senturion'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 conmerclal 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 cost of this 

survey by using data they presently have to supply a precise location for 

this survey at an area that they a re 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 magneto-tellurics 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 coimiercial advertised rate. 

Commercial rate sheet for the above surveys is attached. 

The above prices will remain ih effect for 120 days from closing 

date of this RFP (May 30, 1978). 



UGI -^l/w^ Utah Geophysical Inc. 
P.O. 80x9344 Salt Lake City. Utah 84109 (801)272-1289 

SEISMIC EMISSldN--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 last year's RFP for southwest Utah, UGI's personnel 

(under the name Seismic Exploration, Inc.) performed a similar study for 

DOE and Union Oil. Members of UGI's technical staff have considerable exper

ience in instrumentation, seismology, geothermal exploration, and computer 

processing. UGI is an established firm whose main business is providing 

geophysical services to major geothermal, mining, and oil companies. Clients 

include Phillips Petroleum, Union Oil, Sunoco Energy, Occidental, Getty 

Oil, Chevron Oil, among others. . UGI has unique technology in geothermal 

and mining exploration in which it holds several contracts from private 

industry. . 

UGI personnel previously operating in the name of Seismic Exploration, 

Inc. have completed the following government contracts: 

P-I-48 (subcontractor)--U.S. Geological Survey, Improved 

techniques for the Exploration and.Characterization of 

Geothermal Sources from Seismic Activity. 

DR-76-2645—U.S. Nuclear Regulatory Coimiission, Microtremor 

Site Analysis at Beatty, Nevada. 

EG-77-C-08^1527--U.S. Energy Research & Development Administration, 

Seismic Emissions Study, Roosevelt Hot Springs, Utah. 



I J ^ 1 1 \ Utah Geophysical Inc. ^I /W^ 9.O. Box 9344 Salt Lake City, Utah 84109 (801) 272-1289 

UTAH GEOPHYSICAL,INC 
BALANCE SHEET 
April 30,1978 

ASSETS 

Cash $ V,528 
Accounts receivable 3«000 

Total Current Assets $ 7 , 528 

Equipment 19.650 

Intangible assets(computer 
programs, organ, expense) 2U,32O 
TOTAL ASSETS 51,^98 

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,^98 
Stockholders Equity 51,1*98 

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 

personnel for this project. Mr. Lewis Katz is designated the project 

manager, and is responsible for the program execution. Mr. Robert 

Bel Ion, Manager of Field Operations, will be responsible for instrumenta

tion and data collection. 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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APPENDIX A 
MAGNETO. TELLURIC SURVEY 



S E N T U R I O N S C I E N C E S , I N C . • 1539N.IGSTHE.AVE..p.o.BOX 15447.TULSA,OKLAHOMA74112.018) 836-6746 

SCALAR MAGNETOTELLURICS 

Senturion has developed a relatively inexpensive scalar magnetotel
luric 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 component of 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 nir.e mobile 
scalar stations and one fixed base station tied via the WWVB time code. 
All 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 expected 
to be from 2500 to 10,000. 

The 24 hours of data î eĉ rded at each station ar-? pl.nyed back and 
a compressed oscillographic î ecord made. A cime series (> 3 hours 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 methods used to invert D.C. resistivity 
and vertical magnetic dipole data (Inman, e t a l , 1973; Glen, e t a l , 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 program. Superimposed on the data is 
the theoretical response of the model. The match between the observed 
data and the theoretical response indicates the quality of data fit. 
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RESUMES 



EDUCATION; 

SUMMARY: 

RESUME' 

LEWIS J. KATZ 

Senior Geophysicist 
Seismic Exploration, Inc. 

B.S. (Geophysics) 197', University of Utah 

M.B.A. Studies, University of Nevada 

Mr.'.Katz lis Co-founder and President of Seismic Exploration, 

Inc. His responsibilities in this role include overseeing 

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 Oil he interpreted and mapped seismic horizons, processed 

seismic data, and performed "Bright Spot" modeling techniques. 

In earthquake seismology, he is familiar with epicenter 

determinations, seismicity mapping, site amplification analysis, 

and the application of strain and tilt meters to earthquake 

prediction methodology. He is the author of several reports 

on ground motions and has a knowledge of FORTRAN language 

and its application to the IBM 360, UNIVAC 1108, and CDC 6600 

computer systems. Mr. Katz is a member of the Society of 

Exploration Geophysicists and Seismological Society of 

America. He has had an AEC "Q" clearance. 



PROFESSIONAL EXPERIENCE 

SEISMIC EXPLORATION, INC. (May 1975 to Present) 

Co-founder and president. Responsible for supervising the company's 

marketing and technical programs. This includes visiting 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 parti

cipates 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 resources. Initial results from his work indicate an 

intriguing new tool for geophysical exploration. 

SENTURION SCIENCES, INC. (one-half year) Project Geophysicist 

Responsibilities include seismic evaluation of geothermal prospects 

and nuclear site analysis studies. In geothermal exploration, Mr.. Katz 

has evaluated numerous geothermal prospects by passive seismic groundnoise 

and microearthquake methods throughout the western United States. Upon 

completion of evaluation, a written report was submitted to the client. 

As project manager for nuclear site evaluation, Mr. Katz has written 

proposals, calculated smooth design response spectra, and has estimated 

site amplification effects. His research achievements include correlating 

microtremor spectra to the frequency dependent amplification characteristics 

of local geologic layers. This work is relevant in understanding and 

correcting for geologic amplification effects in geothermal groundnoise and 

site analysis studies. Other interests, involve modeling anomalous high amp

litudes (bright spots) on reflection seismic surveys for geothermal reservoirs. 



MOBIL OIL CORPORATION (one and a half years) Geophysicist 

Mr. Katz has completed seismic interpretation and mapping projects in 

such areas as the North Slope of Alaska, Celtic Sea and Nigeria. He has 

processed and analyzed seismic data on the CDC 6600 and Raytheon Phoenix 

computers. He has also modeled anomalous high" amplitude events (bright 

spots) for the presence of hydrocarbons. 

ENVIRONMENTAL RESEARCH CORPORATION (two years) Member of Technical Staff 

Worked under a U.S.G.S. contract studying the 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 motions.. This project required the 

generation, collection, processing (digitizing, Fourier Spectra, Response 

Spectra-PSRV), and analysis of data (seismograms). Mr. Katz has written 

a chapter on "The Effects of the Recording Site Geology on Ground Motions" 

which is to be incorporated into a manual on ground motion prediction 

procedures. An analytical model derived from the Thomson-Haskel1 matrix 

formulation is used in this chapter to estimate the amplification effect 

in terms of observable physical parameters. Other responsibilities 

included the assumption of project manager for comparing and analyzing 

the amplitude 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 epicenters 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. 

PROFESSIONAL PUBLICATIONS 

"A Model Study of P Waves Incident on a Two Dimensional Topographic 

Feature," (co-author), EOS Transactions of the American Geophysical 

Union, (Abstract), V53, No. 11, November, 1972. 

"Ground Motions Recorded at Selected Stations from Nuclear Events 

Detonated Between September, 1970 and August, 1971," NVO-1I63-TM-3I, 

Report to the U.S. Atomic Energy Commission, I968, (classified--not 

available to the general public). 

"Topographic Effects on Ground Motions for Incident P Waves: A 

Model Study," (co-author), Report to the Atomic Energy Commission, 

NVO-II63-237, 1973, (available from Nat'l Tech..Inform. Service). 

"Prediction of Ground Motion Characteristics of Underground Nuclear 

Detonations," (co-author), Report to the Atomic Energy Commission, 

NVO-II63-239, March 197'*. (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. 6'*, 

No. 2, April, 197^. 

"Passive Seismic Exploration Programs for Geothermal Resources," 

(co-author), Geoth. Energy Magz. , November 1975-

"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. Explor. Geophys. 29th Annual 

Mid-Western Explor. Meeting, March 1976. 

"Microtremor Applications in Site Evaluation Studies," 

(abstract). Earthquake Notes, Eastern Sect. Seis. Soc. Am., 

V. k7 , No. 2, April 1976. 

"Microtremor Site Analysis Study at Beatty, Nevada," 

(co-author) report to the U.S. Nuclear Regul. Comm., Wash. D.C, 

contract DR-76-26't5, January 1977.. 

"Mapping Seismic Activity in Geothermal Regions," (co-author) 

(abstract). Trans. Am. Geophy. Un. (EOS), December 1977. 

"Microtremor Site Analysis Study 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. 6 Colo. Sch. Mnes, May 1976. 

Planning Consultant, ERDA's geothermal seismic program 

FY 1978, July 1, 1977. 



RESUME 

NAME - Robert Steve Bel Ion 

EDUCATION - Salt Lake School of Electronics 

CLEARANCE - Secret Clearance U.S.A.F. 

SUMMARY - Mr. Bel Ion has twelve years experience with seismic 

recording systems. This experience includes the installation, maintenance, 

calibration, and operation of both strong motion and microearthquake net

works. As field supervisor for the University of Utah seismograph stations. 

Mr. Bellon has been responsible for the operation of a 40 element seismic 

array in addition to portable microearthquake systems. He also has several 

years of analytic experience in interpreting seismograms. 

PROFESSIONAL EXPERIENCE 

Seismic Exploration Inc. (1976 - present) 

Manager of Field Operations - Responsibilities include system design, mainte

nance, and operation of sophisticated digital seismic recording system. He 

is experienced in deployment of this system which includes evaluating data 

quality in the field. Other responsibilities include writing pre-survey 

environmental impact statements and obtaining government permits to conduct 

exploration activities. 

University of Utah Seismograph Station (1969 - 1976) 

Seismic Field Supervisor - Mr. Bellon v/as responsible for the operations, 

calibration and maintenance of.a 40 element seismic array and portable micro-

earthquake systems. He also has installed various types of seismometers 

that required a working knowledge of electronics. In addition to supervising 

field operations. Mr. Bellon analyzed seismic data for epicenter determina

tions. 



Teledyne - Geotech (1965 - 1969) 

Research Technician - At geotech, Mr. Bellon installed, calibrated, and 

maintained seismological data systems. These systems required the use pf 

electronics and electromechanical instrumentation to receive, graphs and 

record seismological data. 

Texaco (1965) 

Recorders Helper 



PUBLICATIONS 

"Microtremor 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 

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 physical 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 competition 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 Oil Scholarship in Geophysics, 
Society of Exploration Geophysicists Foundation 
Scholarship (2 years), AMAX Scholarship in 
Field Geology 

Elected to Phi Eta Sigma national horrorary 
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 Association, 
1972-73 



PROFESSIONAL 
ACTIVITIES: 

EMPLOYMENT: 

Organizations: Society of Exploration Geophysicists, 
American Institute of Mining, Metallurgical and 
Petroleum Engineers, Sigma Gamma Epsilon 

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. 

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: Worked in reflection seismic 
data processing, mapping and interpretation 
related to petroleum exploration. 

May, 1972--September 1974 (summers and part \ m e ) 
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) October, 1974--January 1975 

U.S. Geological Survey, Denver, Colorado 
Supervisor: A. H. Balch 
Research Geophysicist: Research related to 

geophysicaldelineation of stratigraphic 
controls on petroleum and groundwater. 

the 

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 geological engineering services 

to the civil engineering, mineral and energy 
industries. 

PUBLICATIONS: 
"Electromagnetic Surveying and Map Variation in Rock 
Strength," with G. V. Keller, AFCRL-TR-74-0087, 
1974. 

"Geotechnical Parameters and Their Relationship to Rock 
Resistivity," Proceedings of the 13th Annual Symposium 
on Engineering Geology 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 Geotechnical 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. 

"Borehole Geophysics Evaluation of the Raft River 
Geothermal Reservoir, Idaho," with others, abstract, 
Geophysics, Vol. 42, No. 1, 1977. 

"Characteristics of Selected Geothermal Systems in Idaho," 
with J. K. Applegate, 211 "Nature and Physical Pro
perties of the Earth's Crust," American Geophysical 
Union Monograph 20, 1977. 

"Geophysical Investigation 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 Monitoring, 
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. 



Paul J. Beck 

490.5 South East lake Drive 

Salt Lake City, Utah 84107 

Phone ,801-262.-1761 

ÎIay I97& 

RESUME', of 

Personal; 

PERSONALi EDUGATIONAL and EMPLOYMENT DATA 

Present Age: . 
Date ^Gf -Birth: 
Place of Birth:' 
.Height & ¥e-ight: 
Physical Condition; 
Marital Status: . 
Mi 111 a ry S:t:at u s :" 
Hobble's: 

35 • 
April 2, 1943 
Midland, Michigan 
6 ••4" ' 235 IbS;. 
Excellent 
Single 
1 -A • 
Outdoo-r -Sp0rts 

Educational 

1970: M.,S. Geophysics, Geology Minor 
University of Utah 

•-s:alt-Lake City, Utah ' 
1966: B,.S,. Physics, Mathematics Minbr 

University of Utah 
Salt Lake City, Utah 

Additional graduate work has • 
been performed at the U.of Utah 
towards PhD in Geophysics, with 
Computer Science Minor, All 
classwork and lahguage -require-
mehts have been completed in 
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•PARTIAL CLIENT LIST 

Projects directly dealt with 
by Pa.ul Beck as. 

Ge ophy s 1 c 1 s t / Man age r of 
G, T-. I. 

Aerial S.urveys -
3481 South 2300 East 
Salt Lake City, iftah 84109 
801/272-4255 ' ' ' • 

GENERAL PROJECT, DESCRIPTION: Aeromagnetic data processing, 
presentation, plotting and ihterp'retatioh. 

• ***.»**.• 

Mr. Jphn F. Powers-Consulting Geologist 
6660 south 2300 East 
Salt Lake City, Utah S4I21 
801/943-1834 

GENERAL PROJECT DESCRIPTION: Speciallaed computer program 
development for geological modeling and interpretation of 
gravity, magne,tlc, electrical (I,P., and. E.M.) and geochemieal 
data, . . 

Utah International .. " 
•Mr, Dennis Stansbury^Mlning Engineer 
Cedar City Operations . ' 
20 West -2950 South 
Salt Lake City, Utah 84115 
801/487-9641 . 

GENERAL PROJECT DESCRIPTION: Magnetic.modelling of ground 
magnetic survisy with InteFaetive, graphics computer program 
developed by Paul Beck for Utah International "which resulted 
In location of addlonal Iron ore reserves In Cedar City area. 

# » » * • * # * 

NL Industries 
Mr, Ted F. po;sey-Geophyslclst : . 
5925 Mclntyre . 
'Golden, Colorado 80401 

GENERAL PROJECT DESCRIPTION-: Development- of In-offlee teletype 
system for gravity and magnetic modelling to be used by 
NL Industries pro.fesslohal staff-. 



American Smelting and Refining Company (ASARCO) 
Dr. Jerry Mbhtgo iri ery-Geo physicist 
3422 South 700 V/est '. 
Salt Lake City, Utah 84119 • 
801/262-6521 

GENERAL PROJECT DESCRIPTION: Applied the spectral analysis 
method of aeromagnetic data interpretation for depth to 
basement studies of several survey areas. 

Kennecott Copper Corporation 
Dr. Richard FOx-Geophyslcist 
2300 V/est 1700 South 
Salt Lake City, Utah 84104 
801/972-2004 

GENERAL PROJECT DESCRIPTION- Mult ichannel a i rborne 
r a d i o m e t r i c and magnetic d a t a prQcess lng , r educ t ion and 
i n t e r p r e t a t i o n , . 

» * * « : * • * # # 

Applied .Geophysic's Incorporated 
Mr. S. Parker Gay, Jr.-Geophysicist 
575 South 400 East 
Salt Lake City, Utah 841ll 
801/328-8541 

GENERAL PROJ.ECT DESCRIPTION: Assisted development of computer 
programs for processing, .presentation and Interpretation of 
airborne multichannel radiometric and magnetic data, "These 
progrSims we're designed specifically for the AGI aerial 
platform systems. 

Cities Service Minerals Corporation 
Mr, Jack Corbett-Geophyslcist 
Kearns Building 
Salt Lake City, Utah 84101 
801/355-1756 

GENERAL PROJECT DESCRIPTION: Developed interactive graphics 
magnetic modeling program for specific.client interpretational 
•needs. 
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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 the State Lands Commission has extensive training and 

considerable experience in supervising and coordinating leasing 

development activities on California State-owned lands. These 

activities include exploration, drilling and production opera

tions on oil, gas and geothermal leases-

No' intention of actually drilling the wells or logging is 

implicit in this proposal. It is envisioned, however, that 

through our cooperative effort with DOE and other 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 t h a t 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. Included in this charge is responsibility for supervising, 
all oil, gas, and geothermal operations on State-owned lands in 
California. In this capacity, the State Lands Commission staff 
reviews and supervises the exploration, drilling, and production 
operation on State Leases; conducts reservoir 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. 

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. Drilling Evaluation 

This group consist of drilling and production engineers, and 
facilities engineers, as well as field inspectors.. 
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3. EIR Preparation 

This group consists of specially trained individuals to 
collect and process data on the environmental impact and 
mitigating effects of any proposed operation. 

4. 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 to participate in the 
development of the proposed geothermal site as an advisory 
group to DOE in the following capacities: 

Phase 0 - Advisory group during the planning of the drilling 
operation: 

a. well site selection 

b. review of drilling plan submitted by the drill
ing contractor 

c. recommend borehole geophysical surveys 

Phase 1 - 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. 

Phase 2 - 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 svibmitted in 
terms of description of the reservoir configuration and the 
prospects for alternative modes of reservoir exploitation. 



RESERVOIR ASSESSMENT PLAN 

There is no \mique 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 geophysical 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 
follov/ing data on the reservoir rock: 

1. X-ray diffraction 
2. Porosity 
3. Permeability 
h . 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 2̂ 100 C (.k6k° 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 raiige. However, through cooperation with the 
Sandia Laboratories, we propose to make rvms with their new and improved tools which 
can withstand a much higher temperature regime. 

The recommended suite of logs to evsiluate the reservoir include: 

1. Dual Induction Laterolog 
2. Gamma Ray and FDC. 
3. BHC Sonic Log 
'f. Temperature Log 
5. Neutron Log 
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TABLE 1 

NO. 
of Convection Salinity . 
well Cell Profile Llthology 

Feasibility of 
Reservoir Pressure 
Limits Productivity Tranamissibility Heterogeneity Recharge Maintenance 

Temp, Log Well Logs Coring/ 
Logs 

Pressure 
Transient 
(not well 
defined 

Flow. Tests Pressure Transi
ent 

Not Well 
Defined 

Not Well Impractical 
Defined 

Temp. Log Well Logs Coring/ 
Logs 

Improved 
Defini
tion 

Flow Tests Pulse Test Pulse Test Better Better 
Defined Defined 

Tern. Log Well Logs Coring/ 
Logs 

Much Better Plow Tests 
Definition 

Pulse Test Pulse Test Improved Improved 



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 compeuiy 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 pressiire 
Reservoir Transmissibility 
Reservoir Boimdaries 
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 Mineral 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 geological studies as well as 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 investigators will be several SLC 

research associates serving as drilling engineer in charge of re

viewing the drilling plan, a field engineer monitoring the field 

operation, and reservoir engineering consultants to review the 

interpretat ion. 

The logging and pressure transient tests will be conducted 

through the use of reputable service companies. 



COMPUTER PROGRAMS AVAILABLE 

1. Well Log Interpretation 

2. Processing of Pressure Transient and flow tests Data 

3. Deliverability forecast 

4. Economic Evaluation 

5. 3-D geothermal simulator 

6. Casing Design 
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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 Test on Two Wells 
Temperature Surveys 
Heat Flow Map 

Methodology and Conclusions: 

1. DST data were interpreted to.estimate, reservoir static 
pressure.and formation transmissibility. Transmissibi-
lities were compared to results obtained from Saraband 
logs. . The validity of Saraband derived permeabilities. 
• were ruled out.' 

2. Net sand thicknesses for individual wells were olatained 
and contoured. The pore voltime. of the reservoir in the 
area of interest was determined using the isopach map, 
th4 heat flow map, and the porosity values from.the 
• Saraband log. 

3. Based on a material 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. In 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 injected before 
the reservoir temperature would drop to \inacceptable 
levels. 

• 4. Salinities computed from resistivity logs and the 
analysis of produced water indicated that the concept 
of sudden pressure drop to create a vapor dominated 
system may. not be a wise decision for the East Mesa 
field. Although our hypothetical model studies ..using 
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one and two dimensional systems indicate, the heat 
recovery may be maximized by the above process-

5. 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 
economical. Therefore, no further action was taken 
at.that time. Recently, however, both TRW and Republic 
Geothermal are both reconsidering the East Mesa reser
voir. 

• Ijawrence Berkeley Laboratoi^ has conducted many pressure 
transient tests to determine inter-well transmissibi- *. 
lities. Their results have confirmed our initial .. 
estimates from the DST analysis.' 

B - The Geysers Area, California 

: * (Because of the sensitive nature of the litigation and the 
. . • fact .that the decision made by Superior Court is; still 

siibject to appeal, and the confidentiality of the data, 
only some of the technical aspects of the reservoir study 
will be discussed here with no refeirence to specifics of 
conclusions.) 

Objectives: Reservoir and Reserve Evaluation and Deliverability 
• 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 
.data were converted to bottomhole data by using 
• a computer program utilizing static wellbore 
temperature surveys. • 

. 2 . From the bottomhole data, and ..applying 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 radial system. The behavior of a semi-
spherical flow system for a naturally fractured 
reservoir using the double-porosity, model ~ -" "' 
originally proposed by Warren and Root was 
mathematically modelled and solved both analyti
cally and numerically. 

From the sperical flow model, we were able to 
derive improved estimates of reservoir static 
pressure, fracture capacity, and an average 
spherical permeability. 

Also, from the past production data, plots of 
P/Z vs. cumulative production were made. This 
information plus a limited amoxint 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 this purpose. 

In the absence of well logs, the location 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 considered 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 continuously being received by our 
geothermal operations staff on the Geysers 
wells and used for updating the P/z curves and 
monitoring. the reservoir pressvure. 

Our past economic studies on the Geysers area 
mostly have consisted of estim'ates 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 
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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 Interpretation 

Data Available: The "following logs are available on most wells: 

a. lES for shallow depths 

b. Dual-Induction Laterolog, 

c. Density Log 

..d-- 'Neutron 

'. e.' Saraband . 

• • £. Microlog 

In addition, static temperature surveys on some wells are 
available. 

Methodology: ' 

The interpretation of the. well logs by. our. staff has 
just been started. Based on some preliminary work the 
following.observations have been made: 

1. Conventional empirical correlations 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. 

2. The logs indicate the presence of sand-shale series 
in the producing section of the reservoir. Salinity 
data are being interpreted to determine" the flow path 
in vertical cross sections of the reservoir. 

3. From the physical property measurements-currently being 
'made at elevated temperatures (under a separate contract 
with the U.S. D.O.E.) attempts are underway-to interpret 
the log derived values using the newly developed corre
lation. 



4. Using a novel technique developed by one of our 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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Supervising Mineral Resources Engineer. 
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, .Analysis of oil and gas well data and preparation 
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Geology 1959. 

• Currently M,S, candidate at University of Southern 
California in Petroleum Engineering. 

Active in A.I.M.E. and A,A,P,G. continuing 
education program, 

PROPESSIONAL Registered Geologist No. 855 -' State of California, 

. . Member Pi Epsilon Tau - National Petroleum 
Engineering Honor Society. 

Member of American Association of Petroleum 
Geologists - Pacific Section, 

Past membei''of Society of Petroleum Engineers 
of A.I.M.E, 

. Member of Society of Professional Well Log 
An.alysts - Pacific Section. 

BACKGROUND • Health excellect: height 6'0", v/eight 180 pounds. 

Bom December 23, 1933. 

. Married with two children. Wife is credentialed 
elementary..school .teacher. 

Served two years (1954-56) in U.S', Army; 
honorably discharged. . 

PUBLICATIONS Authored" geology and reserves portion of 
••••• "The Offshore Petroleum Resource", California 

Resources Agency, 1970. 

Authored Offshore Geology and Mineral Resources 
• portion of "COAP.Development Plan", California 
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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 laiown Geothermal Resources Areas in the 
Geysers area pursuant to Section 6912 (b) of the 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 

2. 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. 

3. 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 cost factors for pro
duction scenarios, extrapolated reservoir data, and rate 
and price variables are necessary to complete the program. 
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kind Annual SPE California Regional Meeting, Noyember, 1371 1 '". Los. Angeles, 
CA (with L. L. Kandy), . * • • . * '". ' ' ^ 

• ' . . ' • I 

•» "Mathematical Simulation as"a Means .of Predicting Qff shore V.'cl 1 Blowouts.K*^ 
• California State Lands Commission, April, 1371. . .. ' 

~ Book Review (G. V. Chilingar) in Eng. Geol ̂  h 0370) 83-92 " • ^ 

- "Chemistry of Interstitial Solutions in Shales Vc.psus that in Associated . 
. Sandstones," SPE 2527 presented at the I363 Fall Meeting in Denycr j ."CQ 

(with G. V. Chilfngcir, H.H, Ricke, lUi ^"^ S. T, Sawablni),^ 



Pa Ft Time 

Scpleinber, 1368 - Lecturer In Department of Petroleum Engineering 

-• to July, 1371 at USC. 

September, 136? ~ Petroleum Engineer,-Signal Oil and Gas Company. 
to September, I568 Responsible for computer appl I cat Ion lo well log 

applIcatIon. ^ 

COIJSULTIHG 

-— -State Lands Division, State of California 
Advises on. petroleum reservoir engineering, waterflood Ing and 
geothermal operations- . . 

Southern Californla Gas Company . ^ 
Screening of potential gas .storage reservoirs ?n Los Angeles 
Basin. - ' . . 

• I ^ - •. * 
' C o n s u l t i n g on geothermal o p e r a t i o n s . 

Lawrence Livermore L a b o r a t o r y 
Consul t ing on p h y s i c a l p r o p e r t y measurement of r e s e r v o i r rocks 
z t e l e v a t e d t e m p e r a t u r e s and p r e s s u r e s . 

A t l a n t i s S c i e n t i f i c . - '. 
Consul tant on env i ronmental. Impac t . r e p o r t s r e l a t i v e t o geothermal 

-and urban d r i l l i n g . '• . 

.. , . . 
••- — -"••• ••*»! 



•Addendixm to Dr. Iraj Ershap;hi Curriculum Vitae 

Teaching Experience: . 

Currently on the teaching staff at the University of Southern California, Dr. Iraj 
Ershaghi has taught the following covirses: 

1. Pressure Buildup and flow tests 

2« Reservoir Sinmlation 

3» Gas cind Gas Condensate Reservoirs 

h» Geothermal Energy 

5. Improved Oil Recovery Methods 

6. Fluid flow through porous media 

7. Advanced well testing (schedxxled for sumnier, 1978) 

Work Experience: 

Log Analysis: 

1. Assistant Log-Analyst - Signal Oil and Gas Company 
Developed computerized methods for well- log interpretation. 

Reservoir Enpineerine:• 

1. Consultant to Southern California Gas Co. (Evaluation of prospective 
depleted or serai-depleted oil and gas reservoirs in the Los Angeles 
Basins for Gas Storage). 

2. Consultant to Atlantic Scientific 

a. Evaliiation 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 Oil Sand Authority 

Evaluation of Thermal Recovery Methods for the Viscous crude 
Reserves of the Alberta Province. "' 



RESUME' FOR- ROBERT A.- P. GAAL 

- PERSOIIAL: • 

Dr- Robert A. P. Gaal . • '" . 

4403 Lucera Circle' 

••- Palos Verdas Estates, California 90274 

•<. Home Phone: ' (213)'375-5351 

Birth Date: March 30, 1929 

Birthplace: Hollywood, California • 

Security Clearance: Secret 

Kiarital Status: Married 

.-. EDUCATION: 

B.A., UCLA 1953 - M.S., USC 1958 -.PhD., liSC 1966 

Graduate Gemologist, Gemological Institute of America '• 

Currently enrolled in Certificate in Business Degree at UCLA ar\d working 

to'.vard KSA. . • - • ; 

PROFESSlOMAL SOCIETIES: 

Certified Professional Geologist, State of California (No. 3039), and 

affiliated with numerous societies including Sigma Xi.-SEPH, AIME, AGI, 

UTS, rV.iericir. Institute for Professional Geologists, and the Ajiicricon 

Geia Society. . . 

Foaier President (1972) of the Soutlicrn California Section, American 

Institutc-fcr Mining and Meliil Imgy. Past National Vice .President (1971) 

of the fV.ierican Socicly for'Occ.inography. 



EXPERIENCE: 
^ • • . . . •. . . . * • • . 

^-^April 1978.— Present; State Lands Commission 

1972 - a.978 Name of Organization - Gemological. Institute 
of America ^ 

Address - 1660 Stev/art Street 
, .. . • • " , Santa Monica, California 90404 

. " Hame of Supervisor - Mr. Richard T. Liddicoat, Jr. 
President 

, • • .Address - 1660 Stewart Street 
Santa Monica, California 90404 

Since joining GIA.in 1973 general responsibilities and activities included: 

fr Provided technical support fq GIA Gern Trade Laboratory. 
o Supervised the preparation an'd.,distribution of Gems 'S Geinology, various 
books and correspondence course revisions. . . 

o Coordinated typesetters, layout artist and copy personnel, photographers, 
- ^ and printers. . •• • _ ' 

-. . • *'fr Reading and reviewing all books pertaining to gemology', mineralogy, 
jev/elry trade' and associated subjects. 

.. . . - . ' t Mcnitering all geiiiology and jev/elry trade journal and evaluation 
of these works. . •. ' 

0 Establishing and maintaining a file system cn all recent data on 
gemology and the jev/elry trade industry. 

• t Preparing cost estirr.ate associated with publications, preparation of 
i--- proposals, trade show exhibits, and purchase of scientific instruments 

and office equip-ment. . . " • 
•. " r Determining requireiT̂ ants for the acquisition of new scientific laboratory 

instruniants. 
€ Performing tests on gem materials using the Electron Microprobe 
Analyzer, X-ray analyses,.cathodoluminescence, infra-red, ultra-
• vlolet, and visible spectrophotcTietry, phase contrast and polarizing 
microscopy. 

• .c Research on gem ma te r i a l s . 
e Lecturing and public information officer functions. 
o Supervising Research Library. 

1956 - 1972 " 'Name of Organization - TRW Systems, Inc. ' ._ . -
Address - One Space Park, Redondo Beach •'• ' 

* " • ' ' • . California 90278 
. . . Name of Supervisor - Dr. A. B. Michelv/ait 

• Address - One S^ace Park Redondo Beach R3'2194 
• • . California 90278 

Activities 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 conimcrcial oceanography earth 

resources satellites; study,for the National Academy of Engineering on' 



1965-1972 TRI^ Systems, Inc.,...continued J 

Military oceanography; study of the National Data Program for the Marine | 
Environment; engineering geology missile site selection studies for numerous 
classified projects; research in VLF, ELF and low frequency electromagnetic 

• prospecting instrumentation v/ith concurrent model and field studies foi- the i 
exploration of ore deposits, ground water, and determination of physical rock . ': 
properties and structures; studies in lunar geology and in remot£_^.n.s_inq ,'• 
jiŝ ing nnHi--an'i"''' ̂ ,r>nrcach both in laboratory and field. Last assignment . - •• 
(1969-1972) was Chief Geologist of a-lAR Explorations, Inc., a subsidiary of '•'••.' 
IRI'/, Inc., managing and directing a geologic analysis group on a $3 million 

- worldwide mineral exploration program using the most sophisticated instrum.ents 
'and techniques-available. Also, assisting and applying the most recent computer 
technology to geologic analysis and^^natural resource studies. _ • .; 

• • • " • - " 

1552-1956 Uî ma of Organization - LA County Museum of .. . 
Natural History 

Address - 900 Exposition Blvd. Los. Angeles, Calif. 
"*-. - *.- -•• . .Name of Supervisor - Dr. Theodore Downs -• 

• • . • - . • Address - Chief, Earth Science Division. . i 
(above address) . • t 

Curator of Mineralogy and Geology: Actively engaged in research, display and \ 
educational functions of the Museum. Directed extensive studies of rocks and ."; 
minerals in Mexico and SH U.S. Did structural mapping and petrology/petrography . - • 
of Pajarita Pk., N. Mexico; worked cn'origin of the Bcttoinless Lakes, N. Mexico. :. 

- tforksd cn clay minerals in th.e__ŝ ĵ tM.rn Califormj offshore'-basins. Prepared, :• 
cataloguea, icentified, and described minerals and" rocks "in'̂r-TLTŝUrri collection. ' [ ' 
•Cdllectsd and purchased minerals and gems for exhibits. Prepared traveling 

• geologic and mineral exhibits. Gave public lectures and taught Museum courses • 
in geology and'Tnineralogy. Wrote numerous popular mineral articles. Supervised 
.assistants and museum".personnel. Interfaced with the public; mineral clubs, •-•: 
local univsrsitie?., industry, and governmental agencies. 

1963-1965 Name of Organization - Whittier College 
Address - 13421 E. Philadelphia Street 

t-/hittier, Calif. 9Q601 • '. 
Name of Supervisor - Dr. Beach Leighton, 

• * " Chairman : 
Address - Dept. of Geology (above address) 

Instructor and Lecturer in undergraduate Mineralogy, Petrology, and Structural 
Geology. Kumeroiis field trips were,taken to classic mineral localities in the j 

- western U.S. Students did original research on rocks and minerals in the • • 
southern California area. Established a working rock and mineral student i 
collection and a Geology Museum collection. Geochemistry and Principles of Ore • 
Deposits were taught as part of the 8 unit mineralogy course. X-ray and optical 
methods wore introduced. Gemology was also taught-. Also taught petrology' and 
petrography in Spring of 1971. " " • ' • . . . 

J . 

%. - • 



1956 - 1962 . 

--^ 

Name of Organization - U.S. Geological Survey 
Address - Ground Water Branch, Albuquerque, 

New Mexico 
Name of Supervisor - Mr. William Hale 
Address, - Box 4369, University of New Mexico Campus 

* < 

Ground V/ater Geologist onc^lSstatus for U.S. Geological Survey in New Mexico. 
Project Chief of Three Rive7r"Area,.New Mexico, involving detailed and recon
naissance geologic mapping, ground v/ater, div,6. hydrologic study of the area to 
supplement v/ater for the White Sands Missile Proving Grounds. Reconnaissance 
geologic mapping, well logging,, and ground v/ater study of about 10,000 square 
miles o's SE New Mexico for a basic recharge study. Initiated use of raoiar to 
locate storms and potential recharge areas. Ground v/ater study of underground 
atomic test site for Project Gnome, Op€iration Plowshare, Carlsbad Area, New Mexico. 
Korked only during field seasons. . '- • . . . 

1959 - 1951 Name of Organization - Republic Resources and ' 
- ._ • . '. . Development Corporation 

• " '•• . ..'• '.Address - Manila, Philippines 
'Name of Supervisor -. Lowell A. Rassmussen 

• . -.' *' Address - 2120 £. 4th Street, Casper, Wyoming 
^z • - '• • 

Petroleum Geoloqist and supervisor in charge of both on and .offc.s.ho£e_jgeo203^ca 1 
• and_g£apjTi/sjcaj_SiLry5ys_f_oi:Ljtitji:;ivLQii!.3̂ ubsurface structures in the_ Phil ipplne' 
XsJLaAds.^ Did geolpg.1c field mapping, îf̂ ^ 1 -.•̂1 tP̂ gj'nTa'gy.. ir,.terpr.e.ta.tion..of_ 
in3S.netj,Cj, grcvj_ty, sej^.ic yefjJJ:t.10n and relractjon^data , integrated surface, 
subsurface, psleontological, and geophysical data for^vTetl site locations. 
Taught courses and instructed Philippine trained geologists who Y.&T^ mining 
geologists and engineers in sedimentary rock geology, petroleum geology, 
v.'ell-site geology'i and modern v/ell logging techniques. 

1953 - 1955 Name of Organization - U.S. Army 
Address - HQ JQHPO - Yokoham.a, Japan 

"U.S. Army Petroleum Branch, Far East Headquarters, Japan, Chief Yoshira 
Petroleum Quality Control Testing Laboratory. Member of four-man team 
establishing the Chinese Nationalist Military Petroleum,System, Formosa. 
Project leader of loss-gain studios involving ship and-ship-shore petroleum 
transmission, storage, and handling proble.ms. Author of U.S. Standard Operating 
Procedures for Military Petroleum Storage, Sampling, and Testing for Far East, 
1955. Recipient of U.S. A>'iiiy Commenuation Ribbon. Mapped detailed geology of 
underground petroleum storage areas in Japan. Petroleum Liaison for HQ JQMPD 
in Far East. • . ". • 



' PUBLICATIONS; .- • . * - "• . 

Establishment ?• Analysis of Chinese Nationalist Military Petroleum System, -
.' Formosa, 1954, Military Assistance Advisory Group, U.S.A.F., Tapei, ~, ~ 

Formosa (250 pages). , - . ^ , 

Standard Operational Procedures for Sampling, Testing ?i Storage of Military 
petroleum~Products for Joint Forces in Far East, 1955, U.S. Army Headquarters 

• Japan Quariennasiers Petroleum Depot, Yokohama, Japan (300 pages). 

Geology and Hydrology o^ the Three Rivers Area, Nev/ Mexico, 1959, U.S 
Geological Survey (48 pagesj. ~. 

Preliminary Report on the Gsolooy of-';the Pa.i'arito Mountain 
TS60, with W. S. Motts, in AAPG Bulletin,'Vol. 44, No, 1, 

Area, New Mexico,. 
pp 108-120. 

Geological Map of the Green Springs Ouedrancle, Nevada, 1962, in l-iebb & ' . '; 
.- .Wilson "Progress Geologic Map of .Nevada, "Nevada Bureau of Mines Map 16. .. ' ' 

• The ?-iarine Geology of the Palos Verdes Shelf, California-, 1953, with E. Uchupi, 
Vn l.^AT^ Couinemorative Volume, Allan Hancock Foundation, Los Angeles, Calif., (.22 pages). .•' 

• . • * 
.* Gems"of Geology, 1963, Los Angeles County Museum of. Natural History Quarterly, 
'•Vol. 3, No. 'i,'pp 21-30. ' • •• \ 

Geolooic Map of the Central Portion of the'GreehSprings Quadrangle, Nevada, 
TySS, in "Vreliminary Gaclogic Map of Nevada, "U.S. Geoiogid-al Survey. 
-. »i, .; 

Geologic Mao o"!" the Three Rivers Area, New Mexico, 1955, in Daneand Bachman 
-''•'(aeologic Map or Tiew Mexico,-' U.S. Geological Survey. • , ^ 

Marine Geology of the Santa Catalina Basin, California, 1966, Dissertation, 
.University of Southern California; Abst, University of Michigan. 

• Cceanography %. Marine Geology of the Santa Catalina Basin, California, 1966, 
in the Froc'eeaings of the Pacific Science Congress, Tokyo, Japan. 

Electromagnetic Depth Sounder, 1970, with G. Incuye, H. Bernstein, i.n the 
Froceedings of the international Conference on Geoscience Electronics,' IEEE, 
V.'ashington, D.C. (35 .pages). 

Mil it Ary Oceanocraphy, w'ith S. Rbthmah, for National Academy of Engineering, 
toiaiiitiee on uceanography ("46 pages). - . . . ' 

North Slope - Past, Present and Future for the 1970 National Marine Science in 
tdLcatfoil "Conferpncg, Catalina ITiand, California. Sea Gra/it. Abst. 

•Oceanography, 1973-. Chapter 14, pp, 318-334, in Ca-Iifornfa-Pnst, Present, 
future. Infcrmaticr. Almanac, published by California Almanac Co. Long Beach. Ca. 



.r-
P U B L I C A T I O N S : .. • ' ' .. . • " , ' . 
• • • • . . - — • • " ^ . ^ 0, 

'I'urquoise - Stone of the Ages. 1974, Terra, Vol. 13, No. 2, Fall, The Natural 
History Museum Alliance of Los Angeleis County, Los Angeles, California.. 

. Diamonds..-Famous, Notable and Unique. 1st Edition Revised, 1974, by L. Copeland,' 
ct al.. Revised by R. Gaal and J. Taylor, 252 pages. 

Book Review, 1973, Minerals of Brazil'. Ribeiro Franco, et al.. (1972), Man-made 
Crystals. Joel E. Arem, (1973), "Gems I Gemology", Fall Issue, Vol. XIV, No. 7. 

Book Review, 1974, An Illustrated Dictionary of Jewelry, Anita Mason, (1974), 
"Gems S Ge.mology," Spring Issue, Vol. XIV, No. 9. 

Book Review, 1974. The World's Finest Minerals and Crystals, Peter Bancroft, 
(V973), "Gems I Gemology," Summer Issue.'Vol. XIV, No. 10. -. ' • 

Book Review, 1974-75. The Diamond Magnates, Brian Roberts, (1972), Gemstcne & 
Mineral Data Book, John Sinkankas (1974)', Gems and Minerals of America, Jay Ellis 
Ransom, (1975), JTunting Diam.onds in Californ.ia, Mary Hill, (1972), Gems and 
Minerals in Color, Rudolph Ketz, (1974). Pebble Collecting ?\r\(\ Polislving, 
Ed-ward Fletcher, (1973),'"Gems & Gemology," Winter Issue, Vol. XIV, No. 12. . 

Quenstedtite from California, 1975 with D. Weber, "The. Mineralogical Record," 
Vol. 6, No. 3, p. 105. 

Book Review, 1975, Minerals of the World, Charles A. Sorrell, (1973), Working 
with Gemstones, V. A. Firsoff, (1974), "Gems £ Gemology," Soring Issue, 
Vol. XV, No. 1. 

Book Review, 1975, Diamonds Eternal, Victo'r Argenzio, (1974), Gemstones and 
H1^j^&ls. Paul Vllliard, (1974), "Gems & Gemology," Suirmer Issue, Vol, XV, No. 2. 

Book Review, 1975', The Retail Jeweler's Guide. Kenneth Blakemore, (1973), 
"Gems & Gemology," Fall ..Issue, Vol. XV, No. 3. 

Recent Research at the Gem.ological Institute of America, 1976, Mineralogical 
Society of America-FOM Symposium on the Chemistry and Paragenesis of Gem Minerals, 
Tuscon, Arizona (Abstract). 

Cathodoluminescence by the Lumlnoscope^, 1976, "Guilds - Conclave Issue," 
Boston, Massachusetts, p. 13-15. 

Cathodoluminescence in Gemology: A Short Review. 1976 - 77, "Gems & Gemology," 
Winter Issue, Vol. XV, No. 7, p. 234-244. 

•The Diamond Dictionary, 2nd Edition. 1977. Gemological Institute of America, 
Santa Monica, California. 352 p. . . • . . 



t . 

• K 

. -The r^pnlnqy/nHjin^a^jroujicMi/atcr^Conditions of the Bottom'iess Lnkcs Area, 
' •''RCVTMCXTCO."v"ith W. S. Motts of the USGS «nd University of Massachusetts, 
',for the Cull. Geol. Soc. "/̂ m. 

'"̂ Marine Geology of the Emery Seaknoll. California with G. Schaefer of 
1 NAVOCEAflO, Chief PACSUPCP, for Journal of Marine Geology. 
* • ' 

• Foraminfera of the Gulf of Tonkin with K. "Green of Shell Research, for * 
Journal of Micropaleo. , . 

•; statistical Analysis of Foraminfera of the Santa Catalina Basin, California, • 
' \ with K. Gr:e.en, presently Cypress Cdjlege.-

" . - ' J ^ •-•-• - . . . . - . . . ' ' « 

Study of the Space Group for the Mineral Langite. 

o AuthoredlO technical reports for TRW (exclusive of contractual 
documentation), and participated in preparation of .8-major proposals. 
Supported many classified programs in remote_s£nsjLas• geologic and 

••• • '-; '. j x T f p n n g r ; ; p h i r _ _ g £ t ^ y ; ^ i ^ - - . . • 

© Numerous proprietary v/orldwide" economic geology reports for OMAR 
.'..Explorations, Inc.; these reports included all aspects of mineral-

exploration, mining geology, mining engineering, as.v/ell as economic, 
• legal ax\i political analyses of prospects and countries. 

Q Proposal Manager of: ... .,.\, ,:-.. 1.̂-.'..'.'..•.-'.. •..•..•... ..-..-.. .v • • ••"-.• 

Study on a National Data Program' for the Marine Environment, 1967, for-
', National Council cn Marine Resource and.Engineering Development, ONR RFP 
. •' No. N000.14-67-R-aon. . . . - _ . . . ' 

Study of S'rine Disposal from Large Desalination Plants in the Gulf of Calif., 
• • T5p7, for Office of Saline Hater, U.S. Oept. of Interior. ^ 

6 TRW Reports pertinent to Oceanography and Environm-ent: ' '• • 

Applications of an Orbiting Satellite to Oceanography,'for NASA study, 1957. 

Continuous Recording Oceanographic Densitometer, 1955 , . .' 

Significance of ,Remotely Sensed Parameters to Fisheries, for U.S. BCF study '67. 

• Status Report on tfie Geology, Geochemistry £ Geophysics of the Moon,, for NASA '68. 

Acoustical Properties of the Gulf of Tonkin Bottom Sediments, U.S.. NAVY, 1967 

• The Oceanography S Marine Geology of the Mouth of the Gulf of Tonkin, 
•• Tor U.S. Navy study, '19biC """* 

• * . ' • • • . • • 

• Oceanccraphic Pollution Studiei; 1n the Coastal Zone, 1968 

Engineering Goolonv cUTd_F_nyironmental Impact Site Analysis Project 
Slitiqu 1 np, -76r.OTSTT!avy study, IT/D. 
• . . • • 

• . • • . . . t 

Systematized Natural Resource Study forBra: i l , 1971 I 
_. , . _ — , 

EnviroMiKontal Study (LLSl of the Outer Channol Islands,-.Santa Barbara 
i]KriiF6i7'L:n'irn7-.n:iT î .)V̂ ~ "~~~, ; 7* 



ROBERT GAAL 

Resvime Addendiim 

GEOTHERMAL EXPERIENCE 

1. Hot Spring geochemistry (Coso H.S., California). 

2. Hot Spring mineralization studies using X-ray, XES, SEM, and 
microscopic analyses (Coso H.S., California). 

3. Remote Sensing - detection of geothermal areas v/ith various 
sensors, e.g. thermal IR, VLF. 

4. Feasibility and field studies of offshore California hot 
springs for beneficial use. 

5. Reviev/ and analysis of geothermal, geophysical and v/ell log 
data for State Lands Commission on research and litigation 
projects. 

6. Continuation of State Lands Commission underv/ater abnormal 
heat flow project on State-ovnied lands. Redesigning thermal 
probe designed and fabricated by the Lav/rence Berkeley 
Laboratory for State Lands Commission. 

7. Presently preparing a temperature gradient hole drilling 
and geochemical program for State Lands Commission to confirm 
the anomaly found v/ith the State Lands Commission undezTivater 
probe at Mono Lake. 

8. Developing analog data for State Lands Commission monte carlo 
simulation program. 



CHARLES P. PniDDY 
21872 Kiowa Lane 
Huntington Beach, CA S26k6 

Telephones: 
Office: 
Home: 

RESWtE 

213-590-5211 
7l'^-968-2252 

1963 - Present • CALIFORNIA STATE LANDS DIVISION 

1962 - 1963 

1959 - 1961 

1956 - I958 

EDUCATION 

BACKGROUND 

Responsible for leasing and development of geothennal resources on 
S-tate land. Devised geothermal regulations, lease provisions and 
operating procedures. Preparation of environraen-tal impact reports 
covering geothermal operations on State land. Evaluation of State 
land for classification as KGRA land. Re-'/iew and approval of drill
ing and producing operations. Super-vision of professional and tech
nical staff consisting of engineers, geologists, inspectors and 
administrative analysts. 

BAROID DIVISION, NATIONAL LEAD COMPANY 

Gulf Coast, Mexico, and California. Drilling Mud Engineer. 
Examination and maintenance of clay "base and oil base drilling 
fluids in areas of high pressure, lost circulation, and hea-vlhg 
shales. Evaluation and recomraendation of drilling programs. 

PETROLERA DOI'UNICANA, C. por A. 

Dominican Republic. Surface geology in the Azua and Enriqutllo 
basiDS--structural mapping, photo interpretation, .basin evalua
tion, aiid stratigraphic studies. Subsurface vork 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 ..sites. Directed con
tract seismograph c x e v . ' ' • 

CREOLE PETROLEUJ-I CORPORATION 

Venezuela. Well site geologist on Lake•^fe,racaibo - electric log 
intei-pi'etation and correlation, analysis of ditch samples, and 
isopach studies. Surface geology in eastern Venezuela, measur
ing sections, photo geology, and structural interpretation. 
Office geologist in Caracas - -writing well summaries and compil
ing a yearly summary of industry developments. 

Texas Technological College, Uibbock, Texas. Master of Science 
Degree in geology with a minor in mathanatics, I956. Thesis 
"A Sedimentary Analysis of the Cox Formation of Trans-Pecos 
Texas". B.S. in geology, I952. Graduate study in Geology, Uni-
versi-ty of Texas. Graduate study in Petroleum engineering. Uni
versity of Southern Califonaia. Information and Computer Science 
courses. University of California, Irvine. 

B o m June 10, 1931' Married. Read, write and speak Spanish. 
Served with the Korean Military Advispry Group. Member American 
Association of Petroleum Geologists, Sigma Gamma Epsilon and 
Society of Petroleum Engineers. E.I.T. Certificate No. 2^056, 
Registered Geologist No. 806, State of California. 



ADDENDUM 

C. P. Prlddy. 

Envlronmen-tal Inipact Reports covering geothermal operations in the following areas: 

1. Boggs Mountain State Forest, Lake County 

2. Randsberg Area, San Bernardino County 

3. Niland Area, Imperial County 

k . Surprise Valley, Modoc County 

5. Owens Lake, Inyo County 

6. Vendel-Amedee Area, Lassen County 

7. Mono lake, Mono Coun"ty 

Approval of all geothermal wells proposed for State land. 

1. Site inspection and field study of potential geologic hazards. 

2. Review of location to insure proper spacing. 

3- Review of drilling program to determine whether it follows good engineering prac
tice. 

k . Determine if BOP equipment, choke manifold and mud monitoring equipment cociply 
•with State Lands Commission procedures. 

5. Calculate pressure overbalance of mud program. 

6. Review casing design and calculate safety factors. 

7- Determine cement fill-up. 

8. Review testing procedures. 

9. Review completion program. 

10. Make revenue predictions. 

11. Inspection of drilling operation. 

Analysis of production tests and pressure build-up tests to determine 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 pro-visions for determin
ing allowable costs in net profits type bid lease. 

Evaluation of geologic data, geophysical data and well tests to classify State lands 



as being IQiown Geothermal Resources Lands. 

1. PRC 5206", Davies Estate, I30 acres 

2. PRC 5213, Wildhorse Ranch, hk(^ 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 policy 
paper covering recommended position on unitization. 



RESUIffi 

Leonard C. Smith 
lll^ Loma Vista Avenue 
Taft, CA 93268 Telephone: (Area Code 805) 765-6602 

CURREMT POSITION 
June 1973 to date 

State of California - State Lands Commission 
Petroleum Drilling and Production Engineer Long Beach, CA 

Review all operators' proposals for drilling, rem.edial and abandonment operations 
on State oil and gas leases to determine technical competence and compliance v/ith 
State Lands Commission 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 oil and gas leases 
to assure compliance -with State Lands Commission Procedures and accepted good oil
field practice, particularly regarding safety shut-down systems and pollution con
trol, yake field inspections. 

.Participate in special projects for management such as assisting in formulating 
governmental procedures and regulations, participating in A.P.I.-W.O.G.A. Subcom
mittee on Safety and Training, etc. 

Supervisor: C. F. i^ton (213) 590-5209 

PRIOR POSITIONS - GENERAL T\/enty-five years experience in engineering and 
related assignments with crude oil production for the Standard Oil Company of 
California, Western Operations, Inc., detailed as follows: 

Dec. 1972 - July I97I Petroleum Production Engineer Carpinteria, CA 

Proposed work to improve well perfonnance, prepared programs, cost estimates, pay
out calculations, 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. 

Supervisor: G. H. Thomas (̂ 15) 89U-770O 

July 1971 - Oct. 1970 Petroleum Production Engineer .Jnglevood, CA 

Duties similar to CaiTinterla as.signraent, but,relating to City of Inglcwood zone of 
Ingl'cwood oil field, and El Scgundo gas field nnd storage zones. As member of 



* -' Engineering Committee for nonoperated Joughin Unit in Torrance oil field, handled 
. « appropriation and budget requests. 

Supervisor: R. L. Schmidt (213) 69I-225I. 

Oct. 1970 - June 1970 Petroleum Production Engineer Taft, CA 

^^de comprehensive review proposing fuller development of Shallow oil zones in four 
section area of CjTnric oil field. Correlated well logs, constructed sections and 
maps, re-vlewed histories, production records, etc. Estimated additional oil and 
costs; prepared memoranda. 

Supervisor: G. N. Buttrara (4l5) 89l;-2î 35 

June 1970 - Feb. I970 Analyst-Engineer Taft, CA 

Member of 2 - 3 c-an team which re-viewed: • (l) Field operating personnel group to 
determine results of recent reorganization; (2) company testing laboratory' to deter
mine its economic Justification compared to contract laboratories. 

Super\asor: R. E. McCann (lH5) 89it-7700 

-̂ ,̂.-:'Feb. 1970 - June I968 Project Engineer - U.O.N.P.R. #1 Tupman, CA 

Headed three-man team of Operational Readiness Program for Na-val Petroleum Reser̂ .'-e 
1, vhich forecasted maximum production from Elk Hills Siiallow Oil zone. Re-vlewed 
pressure data and mechanical conditions and established maximum possible drawdo'S'.Tis; 
calculated maximum production rates for each well. Studied possibility of fluid 
'migration from east end of N.P.R. 1 to North Coles Levee oil field. 

Supervisor: R.. A. Kollehner (ij-15) 89U-7TOO 

June 1968 - Dec. l^Sk Lead Secondary Recovery Engineer Taft, CA 

Super-vised four-man engineering team (plus technicians) on secondary recovery opera
tions, involving four waterflood, twp gas injections, and two cyclic steam injection 
projects in the Eiiena Vista Hills and Mid-way Sunset oil fields. Assisted in budget-
preparations and made presentations. Was chairman of two Unit Engineering Cowinit-
tees and represented Standard Oil Company on three other Unit Engineering Commi-tees. 

Supervisor: A. M. Cooper (.kl^) 89!t-7700 
i» 

Dec. 1^6h - June I962 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 Simset oil fields. Carried out program of infill drilling and continued 
step-out development drilling; drilled over 250 wells. Engineered exploratory wells 
drilled in area. Assisted in budget preparations and made presentations. 

Supervisor: R. H. Adams (707) 526-1000 • 



June 1962 - Aug. 1955 Petroleum Production Engineer Bakersfield, CA 

Handled engineering in Greeley Unit oil field operations, including gas- injection 
and -waterflooding. Prepared well programs for remedial work, stimulation, etc., 
together -with cost estimates and Justifications. Requested and interpreted dep-th 
pressure and thcrmometric 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 !feft, CA 

Made study for expansion of pilot -v/aterflood in East Coalinga oil field. Recorre-
lated logs, redrew structure cross sections and contour maps. Made sand count and 
drew isopach maps. Prepared preliminary report. 

Supervisor: J. C. McKinnell 
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 Vfest 
Coalinga and Jacalitos oil fields. Prepared programs and evaluated results. Pro-
' grammed and witnessed perforating operations, water entry surveys and'plugging 
operations. Scheduled depth pressure operations. 

Supervisor: V. A. Isaacs (8o5) 832-23^2 

Oct. 1952 - Nov. 19';8 Petroleum Development Engineer " Avenal, CA 

Programmed drilling, redrilling and repair of wells in Kettleman Hills, East and 
Vest Coalinga, Northeast Coalinga Unit, Jocalitos and Guijarral Hills oil fields. 
Prepared cost estimates and requests for appro\'al. Correlated logs, drew, struc
ture cross-sections and contour maps. Designed casing strings. Did field work, 
'witnessing logs, drill-stem tests, cementing operations, etc., and prepared sup
plementary progi"ams. 

Supervisor: D. C. Roberts (deceased) 

Nov. 19if8 - Feb. •19î 7 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 (l month). Vforked with develop
ment engineers (7 months in Kettleman Hills). 

Supervisor: J. ,J. Higginbotham 
Reno, Nev. 



^y EDUCATION: Louisiana State University 1939-l9'tO 
Ohio State University 19^0-19'^: Bachelor of Mechanical 
Ehgineering degree. 

Various short courses in petroleum engineering field and 
company seminars. 

PROFESSIONAL AFFILIATIONS: 

OTHER SKILLS: 

PERSONAL D.ATA: 

-•BACKGROUND: 

Society of Petroleum Engineers of A.I.M.E. (former Chairman, 
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 Oil Valley Employees).' 

Date of.birth: September ll<-, I922 
Place of birth: San Antonio, Texas. 
Height: 5' 6" 
Weight: . 159 pounds 
Married since June 26, 19^9. 
One son, bom August j , I952 

As a boy, lived in Par̂ 'ra. Canal Zone; Paris (France); Illinois; 
Louisiana; Ohio. . Father v/as regular U. S. Army Officer and 
mother was French. 

Served as officer in Corps of Engineers, U. S. Army, April l^h'i 
to January l9i{-7 in the United States (The Engineer School -
training publications) and in Europe (construction operations). 

^J^Z^-ti-.tn.AjlSt. 

- y 



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, turbines and condensing systems. 
Familiar with thermodynamics of various cycles 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 v;ith 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 v;ells depends on the accuracy of the individual flow meters 
at each well and in cross connecting lines v;hich 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 flov/ measurement. 


