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May 30, 1978 

U. S. Department of Energy • 
Nevada Operations Office 
P. 0. Box 14100 
Las Vegas, Nevada 8 9114 

Attention: Mr. Joseph N. Fiore, Chairman ': 
Source Evaluation Panel 

Reference: RFP No. ET-78-R-08-0003 

Gentlemen: 

ENSCO, Inc. is pleased to submit its Technical Proposal 
and Fixed Price, Level of Effort, Term, Cost Proposal in 
response to subject RFP. 

This proposal offers a new passive seismic survey tech
nique, developed under U.S.G.S. contracts and applied commer
cially in several geothermal regions, to investigate the 
geothermal system near Leach Hot Springs., Nevada. Results 
obtained to date have been very encouraging, an example of 
which is included in the proposal, and promise to give a more 
detailed location of the possible geothermal reservoir at 
Leach Hot Springs and the associated faulting. 

The survey will be carried out at this investigation 
site by ENSCO's Earth Systems and Sciences (ESS) Division 
in conjunction with a consultant from EDCON Corporation, 
Denver, Colorado, for aid in the geophysical interpretation 
of results. The ESS Division is primarily involved in the.• 
research, development and application of various geophysical 
survey techniques and has particular interest in establishing 
this seismic activity mapping survey as a useful tool in 
geothermal exploration. -

We, therefore, assure that every effort will be made to 
successfully complete the proposed survey. 
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This proposal is valid for a period of 120 days. 

Mr. Thomas L. Herb, Senior Vice President, Financis'arid 
Administration; and Mr. Robert Howard, Executive Administrator; 
are authorized to conduct negotiations and commit ENSCO, Inc. 
to all. provisions of this, proposal. 

Should you require further information regarding the 
technical aspects of this proposal, please contact Dr. Edward 
Page. For costing or contractual matters, contact Mr. Robert 
Howard. ." ̂'" '• ' ~ 

Very truly yours, 

^ i PAA^^ 
Hal P. Demuth 
Vice President 
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A. PROPOSER'S NAME AND ADDRESS 

ENSCO, Inc. 
54.08A Port Royal Road 
Springfield, VA 22151 
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B. TECHNICAL PROPOSAL 

B.1 INVESTIGATION SITE 

The selected' investigation site is the Leach Hot Springs area 

located in Grass Valley, Nevada, approximately 30 miles south 

of Winnemucca. The proposed survey will cover the 5x5 mile 

region outlined in Figure B.1.1, and is accessible for locat

ing seismic arrays for the survey. This area is definitely 

prospective as a potential geothermal reservoir and there is 

•fairly extensive geologic and geophysical reconnaissance of 

the area reported in "Preliminary Open File Report, Geologi

cal and Geophysical Studies in Grass Valley, Nevada," (U.S. 

ERDA Contract No. W-8405-ENG-48). The Leach Hot Springs is 

located on a fault identified by a 10 meters by 15 meters 

high scarp trending northeast. Water temperatures at depth 

are estimated to be 155°C to 170°C, based on silica and 

alkali-element geothermometers (Mariner, ef. al., 1974). 

Use of mixing model equations (Fournier, et. al. , 1974) indi

cates that the temperature at depth may exceed 200°C. 

Existing geophysical data over Leach Hot Springs incl.ude heat 

flow, gravity, magnetic, self potential, electrical resisti

vity, electric field ratio, tellurics, magnetotellurics, and 

various seismic surveys. Particularly relevant ,is a ground 

noise survey described by Liaw (1977), which made use of • 

both conventional ground noise and F-K techniques. This sur

vey detected only surface waves, and consequently, responded 

only to alluvium thickness and did not locate any actual geo

thermal ground noise sources. Our technique is designed to 

optimize detection of body waves as well as surface waves, 

and is more likely to detect and locate sources,of body wave 

energy. 
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Figure B.1.1. Region of Grass Valley 

Selected for Seismic Activity 

Mapping 
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This is an excellent site in which to apply the proposed 

Seismic 'Activity Mapping Survey, the results of which would 

supplement existing information and provide more detailed 

information on the subsurface location of the possible geo

thermal reservoir at Leach Hot Springs and the associated 

faulting. The. results of the Seismic .'Activity Mapping Sur

vey would then be evaluated in light of the existing geologic 

and geophysical data in this, area, and a complete report will 

be written describing the correlation between the Seismic 

Activity Mapping and the existing geology arid geophysics. 

In addition, the future potential of this new passive seis

mic method would be further evaluated. 
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B.2 PROGR.AM DATA OFFERED 

The data being offered consists of seismic activity maps in

dicating locations of body wave and surface wave emissions 

in the geothermal site, the time dependence of these emissions, 

and their frequency wavenumber composition. The array pro

cessing techniques to be utilized allow the location of seis

mic sources without requiring visually, deteeifable, discrete 

microseismic events as in microearthquake surveys, yet allows 

improved detection and accurate location of these sources 

beyond that capable of conventional ground noise surveys. 

The data should be extremely valuable in delineating features 

of the geothermal system, since the dynamics .of hot fluids, 

vapors, and active faults are likely to be the dominant source 

of ground rioise in these regions. 

The seismic activity maps will be computed to cover a 5x5 

mile region at depths, of 1000' to 7000',-at 1000' increments, 

for the body wave sources. The.field work will consist of 

simultaneously recording two 6-element arrays for overnight 

periods of five hours at a minimum of four sites. The arrays 

will.be. laid out as shown in Figure B.2.I.. The body wave 

array consists of six geophone clusters (4.5 Hz geophones); 

five clusters uniformly spaced 1200' from a central cluster.. 

Each geophone cluster will consist of 108 geophones covering 

a circular region of approximately 160' radius, according to. 

the observed noise characteristics. The geophone output will 

be amplified and low-pass filtered (15 Hz cutoff), and trans

mitted through cables to be recorded near the center of the 

array by a Honeywell 5600C 14-channel analog tape recorder. 

The surface wave array has the same basic geometry but has a 

200' inter-element spacing, and uses six individual HS-10 

1 Hz seismometers. The array output is amplified, filtered, 

and recorded on the Honeyivell unit.. - • 
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GEOPHONE CLUSTER 

P-VIAVE ARRAY 
ClOOO'RADIUS) 160' RADIUS 

CLUSTER OF 
108 GEOPHONES 

SURFACE WAVE ARRAY 
(200' ?J^J)m) 

Figure B.2.1. Body Wave and Surface Wave Array Geometry 

B-S 



Data. \>/ill be recorded for at least five hours during quiet 

periods of the night and drum recordings will be made for 

selected elements of both arrays to aid in the selection of 

good .ground noise data. All instrumentation will be battery 

•powered to eliminate generator noise. : - '• 

The following is a description of the seismic activity map

ping .technique and an example of results from a survey in 

Roosevelt Hot Springs, Utah. 

DESCRIPTION OF THE SEISMIC ACTIVITY MAPPING TECHNIOUE 

The technique involves correlating ground noise recorded over 

an array of geophones and using inter-phone correlations to 

determine the location of noise sources. 

The physical layout of the array geophones, the seismic arri

vals originating from a volume element centered at R, and 

their propagation through a region with a specified velocity 

profile is illustrated in Figure B.2.2. Figure B.2.3 is a 

flow chart of the computational steps involved in obtaining 

the average normalized array correlation for spatial locations 

of interest. The result is a ground noise seismic activity 

map. The first step in this analysis procedure is to specify 

the regional velocity profile, the coordinates of the geo

phones, and the spatial locations to be scannedfor ground 

noise emission. At present, the HYPO 71 ray tracing program 

is used to compute the seismic travel times from each spatial 

element, located at R, to each geophone, assuming a two-

dimensional layered earth model. Geophone data is then pre-

processed and aligned according to the computed travel time 

delays for the space element located at R. The average nor

malized array correlation is computed using multistation 

correlation procedures. The magnitude of this correlation 

estimate is directly related to the degree that the seismic 

wave pattern at all geophones matches that expected for seis

mic emissions originating at a given location. This procedure 

is repeated for each space element being analyzed. 
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Figure B.2.3 Flow Chart For Ground Noise 
Seismic Array Analysis 
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As an example, the spatial elements may be of the dimensions 

lOOO'xlOOO', and. 20x20 grids of these elements may be used 

in'mapping the geothermal region. Figure B.2.4 is a sample 

output map generated using synthetic data for a circular 

source region as recorded by a 6-element. geophone array. 

This map covers a vertical plane of .20, 000'x20 ,000 ' . The 

darkness of each spatial element is proportional to the nor

malized average array correlation for waveforms originating 

at that element. 

RESULTS FROM A GEOTHERMAL EXPLOR.A.TION SURVEY IN ROOSEVELT 

HOT SPRINGS, UTAH 

In the Roosevelt Hot Springs survey, data was collected using 

four 5-phone arrays having inter-phone spacing of 1000' at 

the locations showh in Figure B.2.5. The data was recorded 

using a separate digital tape recorder for each geophone and 

had a sample rate of 100 pts/sec and a dynamic range of 60 dB. 

To insure accurate time alignment o.f the data recorded at the 

independent recording sites, an electronic timing mark, sent 

by cable from a central clock, was superimposed on the data 

each hour. This provided a check on the drift of the crystal 

clocks and insured the timing accuracy of <10 msec required 

for this analysis. Approximately 20 hours of data were re

corded for each array. In addition to the digital tape re

cordings, smoked drum records of the ground noise and the 

wind speed were made. These records were used to locate 15 

minute time periods with minimum interference from cultural 

and environmental noise sources, including microearthquakes. 

Figures B.2,6 through B.2.9 are the seismic activity maps 

generated from data recorded at the individual array sites 

indicated in Figure B.2.5. These maps cover a 20,000'x20,000' 

region at a depth of 2000' with each square representing a 
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lOOO'xlOOO' area. The darkness of each square is related to 

the degree that seismic emissions correlate over the array 

for that source location. 

In interpreting these maps, one must keep in mind the loca

tion of the recording array relative to the map feature,. De

pending on many factors, such as bandwidth of emissions, velo

city, profile, etc., the resolution of a source decreases as • 

one moves radially from the array, and in many cases only the 

direction of the source can be determined. In such cases the 

source can be located only by the combined use of additional 

arrays. For this reason, surveys are always conducted with 

a minimum of three arrays placed to give good cross coverage 

of the area of interest. 

In Figure B.2,6 one observes noise sources to the northeast 

and west of Array 1, .In Figure B,2., 7, sources are also observed 

to the northeast and west of Array 2, which was recorded on 

a different day approximately one mile from Array 1, In 

Figure B.2,8 (Array 3), noise sources are again observed to 

the northeast, although other secondary features differ. In 

Figure B.2,9 the seismic activity, as observed by Array 4, 

indicates a dominant northeast source, observed with lower 

resolution due to the greater distance from source to array. 

Figure B.2,10 is an equally weighted composite of the four 

previous maps and clearly defines the seismically active re

gions in this portion of the Roosevelt Hot Springs. 

The agreement among maps from four different arrays is quite 

impressive when one considers the different source-to-array 

spacings, possible time dependence of the sources, and the 

possibility of weaker sources close to a given array.. In 

addition, analysis was performed on this data to verify that 

the observed features are statistically meaningful. The re

sults indicate that it is extremely unlikely that they could 

have originated by chance correlation or Surface wave energy. 
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Further verification that these maps related to features of 

a geothermal system comes from deep productive wells located 

in the northeast -region of the maps-i A non-productive deep 

well is located west of this region in an area which does not 

show substantial seismic activity. 
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B . 3 PROGR.A\M DESCRIPTION 

This program involves use of a new seismic ground noise sur

vey technique which enables one to detect and locate sources 

of discrete and continuous seismic emissions in a.geothermal 

area. The survey results are exhibited in the form of seis-

mic activity maps covering the site.at selected depths, and 

the interpretation of this seismic activity in terms of the 

known geology and geophysics of this site will be presented. 

The. program involves completion of the following tasks. 

TASK 1: PREPARATION FOR FIELD WORK 

This involves the assembly, renting, and tes-ting of field 

instrumentation, and includes preparirig necessary interfac

ing electronics, cables, etc. Also involved is obtaining 

the necessary permits, vehicles, iand other available geo

physics data relating to the investigation site. 

TASK 2: RECORDING SURFACE WAVE AND BODY WAVE EMISSIONS 

AT GEOTHERMAL SITE 

Surface wave and body wave emissions will be simultaneously 

recorded using two arrays (described in Section B.2) for five 

hour periods, at each of four locations selected to give good 

coverage of the investigation site. Considerable care will 

be taken to record data during periods of minimum interference 

from cultural and other interfering seismic' sources. This 

effort will require approximately 18 days in the field for 

three persons. _„ 
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TASK 3: DATA PROCESSING 

Task 3a. Pre-Processing of Data 

The field recorded analog data will be edited, digitized, 

corrected for instrument response, high pass filtered to 

remove low frequency microseisms, and Av̂ ritten into a format 

for computation of seismic activity maps, frequency-wavenumber 

analysis, and statistical interpretation. 

Task 3b: Computation of Seismic Activity Maps and F-K 

Analysis 

The digital data will be processed to produce seismic acti

vity maps covering a 5x5 mile region at depths of 1000' to 

7000', at 1000' increments, for each array location, A half 

hour of data will be used to compute each seismic activity 

map, . This will be done at three different time periods for 

each array to get time dependent information, as well as for 

added statistical interpretation, A composite picture of 

the seismic activity will be obtained by combining results 

from the individual arrays. Statistic background maps will 

be computed for determination of significance of the seismic 

source indications. 

In addition, frequency wavenumber analysis will be computed 

for this data to give further information about the charac-

teristics of these seismic emissions, 

TASK 4: INTERPRETATION OF RESULTS AND FINAL REPORT 

The seismic activity maps and frequency wavenumber analysis 

will be interpreted in light of the known geologic and geo

physics of the site to enable one to delineate features of 

this geothermal system. Consultants with detailed familiarity 

of this investigation site will aid in this data interpreta

tion and help incorporate information obtained from other sur

vey techniques. A final report covering all aspects of this 

survey and data interpretation will be prepared. 
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B.4 SCHEDULE 

Task 1: Preparation for 
Field Work 

Task 2: Recording Surface 
Wave S Body Wave 
Emissions at Geo
thermal Site • 

Task 3: Data Processing 

3a. Pre-Processing 
of Data 

3b. Computation of 
Seismic Activity 
Maps § F-K Analysis 

Task 4: Interpretation of 
Results and Final 
Report 

I a A * * « 9 « 

Earliest availability dates for data 

A. Field Data: 3-1/2 months ARO 

B. Processed Data in the Form of Seismic 
Activity Maps: 5 months ARO 

C. Geophysical Interpretation of Results 
6 months ARO 

B-21 



B.5 ENVIRO.NMENTAL EVALU.̂ \TION 

The only environmental, impact anticipated is that of obtain-'' 

ing access to regions to place seismic arrays and the need 

to bury seismometers in one-foot holes which will be refilled 

upon leaving. Vehicles need not leave roads and trails. All 

other equipment,, i.e., survey stakes, transmission cable, etc. 

will be removed upon completion of experiment. 
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CONTRACT PRICING PROPOSAL . : .v , : _ 
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4. LABOR OVERHEAD (Specify Departuient or Coil Center) ' 

V.RFi n - i v i q i o n 

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

ESTIMATED 
HOURS 

iliiiiiift 
O.H. RATE 

107?i 

r ' r ,;^\"v. 

• RATE/ 
HOUR 

• i i lS i l l i i i 
X BASE = 

1 6 8 8 0 

5. SPECIAL TESTING (h ichid ing f i e ld work at Governtnent installations) 

T O T A L SPECIAL TFZ," r iSG 

EST 
COST ( S ) 

r»«»li . 
EST COST (S) 

18062 

/ , \ ' l • ' ' , > 

EST COSI (%) 

: - - > : • . • - : - • .• - • . • - ^ : . . • ' . . ^ • • < l • * 

4. SPECIAL EQUIPMENT ( I f direct charge) fItemize on Exi i ib i l A ) 

7. SKA^ea. ( I f direct charge) (Give de la i l i on attached Schedule) g g g A t t a c h m e n t A 

a. TRANSPORTATION T a S k 2 

h. PER DIEM OR SUBSISTENCE 

TOTAL TRAIT.L 

B. CO^SVUANn (lden,ify.p,irpo,e~rate) ^ 6 6 A t t a c h m f t T l t A , T a s k S 2 & 4 

M r . Dnncr laf ; G n i n T i , EDCON C o r p o r a t i o n , D e n v e r , C O 
i n day.s (a $ 2 5 6 / d a y 
T r a v e l 

T O T A L COSSUI .TA .STS 

EST COST (%) 

EST COST ( S ) 

1250 
1266 

¥.:̂  '';m-....... 
9. OTHER DIRECT COSTS (Itemize on Exhibit A ) 

10. T O T A L D I R E C T COST A S D O i E R I I E A D 

11. GENERAL AND ADMINISTRATIVE EXPENSE fK.<;r | -^ % n f cost element Su i . -] _ Q ; ' 

17 ROYALTIES • 

13. T O T A L E S r m . i T E D COST 

1 4. FEE OR PROFIT 

15. T O T A L E S T I \ \ . \ I F . D COST A S D PEE OR I ' R D h I T 

TOTAL 
EST COST ' 

' - . '.?". • .^T 

.: •';:.;;••.„.;,..-iri 

'i':̂ -̂ -r'k-'k'<'̂ ^̂ <H''̂  

r/]^' ' i :- i$:i i4hi 

3310 

-
„ 

\ ̂  
^ f 

y 

> \ 

16880 
' 
' 

' f . < • " 

18062 

' • i T 

^ ^ ^ 
i 

- ' ~ 
^ v 

3218 

3766 
15570 
6 0 8 0 6 

7905 

6 8 7 1 1 

62.S.^ 
7 4 ^ 6 4 

REFER
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T h i s ' p r o p o s a l is submit ted for use in connect ion w i t h and in response to ( D r u r i b e RVP. etc.) 

and reflects our best estimates as o f this date, in acciirdance ss'iih the Instructi«ins to Of f f ro rs jn tUfh j ; /Footno les s^-hicl^ f<illow. 

TYPED NAME AND TITLE 

Robert Howard 
Execut ive A d m i n i s t r a t o r 

SIGNATURE r ^ ^ A i y y 

NAME Of FIRM ^ 

ENSCO, INC. 

/ > ^ 
. t ^ i C ^ ^ ' " " 

DATE OF SUBMISSION 

May 30, 1978 
EXHIBIT A-SUPPORTING SCHEDULE (Specify. I f more space is needed, use reverse) \ 

COST EL NO. 

9 

••. 

ITEM OESCRIPTION (See f u o t i i o t e 5 ) 

Other D i r e c t Costs 
Rentals and assoc ia ted costs Tsee 

Attachment- A,Task 2^ •• $^,.370 

Computer Usage, PDP-11/70.Tasks 3 .1 
• and 3.2, . 12 0 .hrs @ S8S/hr t l 0/2n 0 . 

EST COST (S) 

.$1 q , ^ 7 0 

' 1 . HAS ANY EXECUTIVE AGENCY Of THE UNITED STATES GOVERNMENT PERFORMED ANY REVIEW Of YOUR ACCOUNTS OR RECORDS IN CONNECTION WITH ANY OTHER 
• GOVERNMENT PRIME CONTRACT OR SUBCONTRACT WITHIN THE PAST TWEIVE MONTHS? 

0 YES • NO ( t f yes . identify below.) 

NAME AND ADDRESS OF REVIEWING OFFICE AND INDIVIOUAL 

nrAA qfion rniniTih-in PiVf^; F P I I C : rhnrr-h ' VA 2?'n41 
TELEPHONE NUMBER/EXTENSION 

2n2-7 .S6-mn 
I I . WILL YOO REQUIRE THE USE Of ANY GOVERNMENT PROPEliTY IN THE PERFORMANCE OF THIS'PROPOSED CONTRACT? -

1 1 ^ES p>J NO ( I f yes. identify on reverse or separate page) 

III. OO YOU REQUIRE GOVERNMENT CONTRACT FINANCING TO PERFORM THIS PROPOSED CONTRAO? 

( j j YES Q NO ( I f yes. i d e n t i f y ) : [~ | ADVANCE PAYMENTS [ ^ PROGRESS PAYMENTS OR f ~ ] GUARANTEED LOANS 

IV. OO YOU NOW HOLD ANY CONTRACT ( O r . do you hare any independently financed ( I R & D ) projects) fOR THE SAME OR SIMIIAR WORK CALLEO FOR BY THIS 
PROPOSED C O N T R A O ? 

n YES [ ^ NO ( I f yes. ident i fy . ) : 

y. DOES THIS COST SUMMARY CONFORM WITH THE COST PRINCIPIES SET FORTH IN AGENCY REGULATIONS? 

I Y I TES | _ J NO ( I f no. explain on reverse or leparat i page) 

See Reverse for Instructions and ' Eootnotes OPTIONAL FORM 60 (10-71) 
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ATTACHMENT A 

SUMMARY OF COSTS BY TASK 

TASK 1 

Direct Labor 

Staff Scientist 40 hrs @ $16,00/hr 

Engineer 60 hrs @ $10.15/hr 

Assoc. Engineer 80 hrs @ $ 6.74/hr 

Sr. Proj . Admin, 8 hrs @. $ 'S î S/hr 

Staff Exec. Sec, 4 hrs @ $ 6.75/hr 

Overhead @ 1071 

Total Direct Cost plus Overhead 

G S A @ 13% 

Total Estimated Cost 

Fee 

Total Cost plus Fee $4806 

$640 

609 

539 

68 

27 

$1883 

•2015 

3898 

507 

4405 

• 401 
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Attachment A 

Direct Labor 

TASK 2 

Staff Scientist 112 hrs @ $16.00/hr $1792 

Sr. Scientist 112 hrs @ $11.10/hr 1243 

Engineer 152 hrs @ $10.15/hr 1543 

Sr. Proj. Admin. 12 hrs @ $ 8,48/hr 102 

Staff Exec. Sec. 8 hrs @ $ 6.75/hr 54 

Overhead- @ 107% 

Material 

Car batteries, 80 amp/hr, 18 @ $40/ea 

Seismic high gain amps (field ready) 
14 @ $70/ea/mo, 1 mo 

Twist pair field cable, 7000' @ $94/1000' 
(TESCO, Tulsa, OK) 

.Cable reels, 2 @ $92/ea (TESCO) --• 

Magnetic'analog tape, l"-4000', 5 @ $50/ea (3M) 

Everready 12 v.. dry cell, 14 @ $12/ea 

Additional cables, connectors, etc. 

Travel 

Washington, DC/Lovelock, NE (via Reno) 
(2 people, 14 days) 

R/T Air Fare @ 472 $ 944 
Per Diem @ $45/day 1260 

Washington, DC/Colorado Springs, CO 
(1 person, 16 days) 

R/T Air Fare $ 294 
Per Diem @ $45/day 720 

$ 720 

980 

658 

184 

250. 

• 168 

• • 350 

$ 4734 

5065 

$2204 

1014 

3310 

3218 
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Attachment A, Task 1 Continued 

Consultant 

,Mr. Douglas Guion, EDCON Corporation, Denver, CO 
3 days @ $250/day $750 

Denver,. CO/Lovelock, NE 

R/T Air Fare. ' ' $222 
Per Diem @ $45/day, 3 days 135 

. Auto Rental @ $30/day, 3 days 90 
447 

$ 1197 
Other Direct Costs 

Rental of Honeywell 5600c magnetic tape 
recorder, 12 record, 6 play-back, 

, 1 mo @ $1400/mo $1400 

Rental, of Topaz 1000 inverter, 1 mo @ $195/mo 195 

Air freight on 2 above items, 200 lbs 
Calgary, Canada/Colorado Springs 180 

Rental of geophone cluster, 6 @ $315/ea/mo, 1 mo 

(Mark Products) 1890 

Air freight on geophone cluster ; 350 

Customs on geophone cluster 
(estimate from previous job) • 100 

U-Haul trailer and hitch, 6' closed, 

(Denver/NE) 2 5 days @ $8/day 200 

Survey transit, 1 mo @ $60/mo, (Thorpe-Smith, Inc.) 60 

Pickup truck, 3-1/2 wks § $90/wk 
(National Car Rental) . 315 

Truck rental, Colorado Springs/site, in NE 
National Car Rental, includes gas, mileage, 
3 days per diem for driver 680 

5370 

Total Direct Cost plus Overhead - - 22894 

G § A @ 13% " 2976 

Total Estimated Cost 25870 

Fee : 2354 

Total Cost plus Fee i $28224 
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Attachment' A"*-' "'•'••-

Direct Labor 

TASK 3.1 

.Staff Scientist 12 hrs @ Sl6,00/hr 

•••; 48 hrs @ $17.28/hr 
Sr. Prog./Analyst 24 hrs @ $ll.l0/hr 

96 hrs @ $11.99/hr 
Sr. Proj, Admin. 6 hrs @ $ 8,48/hr 

• 18 hrs @ $ 9.16/hr 
Staff Exec. Sec. 2 hrs @ $ 6.75/hr 

8 hrs @ $ 7.29/hr 

Overhead @ 107% 

$,192 
829 

266 
1151 

51 
- 1-6-S 

14 
58 

$ 1021 

1417 

216 

72 

2726 

2917 

Other Direct Costs • 

Computer Usage, PDP-11/70, 50 hrs § $85/hr 4250 

Total Direct Cost plus Overhead 9893 

G § A @ 13% 1286 

Total Estimated Cost 11179 

Fee 1017 

Total Cost plus Fee $12196 
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Attachment A 

Direct Labor 

TASK 3.2 

Staff Scientist 120 hrs @ $17.28/hr $2074 

Sr. Scientist 90 hrs @ $11.99/hr 1079 . 

Sr. Prog./Analyst 160 hrs @ $11.99/hr 1918 

Sr. Proj. Admin. 20 hrs @ $ 9.16/hr. 183 

Staff Exec. Sec. 16 hrs @ $ 7.29/hr 117 

$ 5371 

Overhead @ 107% 5747 

Other Direct Costs 

Computer Usage, PDP-11/70, 70 hrs @ $85/hr 5950 

Total Direct Cost plus Overhead 17068 

G ^ A @ 13% • 2219 

Total Estimated Cost 19287 

Fee • 1755 

Total Cost plus Fee $21042 
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Attachment A 

Direct Labor" ' -''=' 

TASK 4. 

Staff Scientist 90 hrs @ $17.2 8/hr $1555 

,Sr. Scientist 40 hrs @ $11.99/hT 480 

Sr. Proj..-. Admin. 8 hrs % $ 9.16/hr 73 

Staff Exec. Sec. 8 hrs @ $ 7,29/hr 5^ 

$2166 

Overhead 6 10 7% 2318 

Consultant • '" 

Mr. Douglas Guion, EDCON Corporation, Denver, CO 
7 days @ $250/day $1750 

Denver, CO/Washington, DC 

R/T Air Fare $294 
Per Diem @ $45/day 315 
Auto Rental @ $30/day ' 210 819 

2569 

Total Direct Cost" plus Overhead 705 3 

G '̂ A @ 13% 917 

Total Estimated Cost 7970 

Fee 726 

Total Cost plus Fee $8696 
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Enclosure 7 
Par.e 1 cf c 

REPRESENTATIONS AND CERTIFICATIONS 
(Constraction and Archltcct-Enjincer Contract) 

(For ase with Stantiard Forms 19, 21 anij 2S2) 

REf ERENCE (Enter tame No.O> <"' «" i f '9 . i ' " " ' «'^J 

RFP E T - 7 8 - R - 0 8 - 0 0 0 3 

lUMC .-.NO ADDHlSi Of B.OOtO (.Vo.. Sireel. Ci l \ . Slale, a n j Z I P t o J i S 

ENSCO, INC. 
5408A P o r t Roya l Road 
Springfield. VA 2 2151 

OATCOr BiO 

May 30 , 1978 

I n n e g o t i a t e d p r o c u r e m e n t s , " b i d " a n d " b i d d e r " s h a l l be c o n s t r u e d to m e a n "o f fe r " a n d "offeror ." 

T h e b i d d e r m a k e s t h e I ' o l l o w i n g r e p r e s e n t a t i o n s a n d c e r t i f i c a t i o n s as a p a r t o f t h e b i d ident i f ied 
a b o v e . (Checl t a p p r o p r i a t e boxes . ) 

1. SMALL BUSI.NESS 

He 13 is. D '5 noT, a small business concern:- (A small business concern for the purpose of Government procurement 
is a concern, includine its arfiliates. which i.s independently owned and opera ted , is not dominan t in the field of opera
t ions in which it is b idding on Government contracts, and can further qualify under the criteria concerning number ol 
employees, average annual receipts, or o ther criteria as prescribed by the Small Business Adminis t ra t ion. For additional 
infbrtnation see governing regulations of the Small Business Administration ( I J CFR Part 121) ') . 

2 . M I N O R r r V BUSINESS ENTERPRISE 
He • is, 0 is not a minoriry bu.'iiness enterprise. A minority business enterprise is defined as a "business, at least 50 

percent of which is owned by minori ty g roup members or, in case of publicly owned businesses, at least 51 percent of 
the jttxrk of which is owned by minori ty g r o u p members ." For the purpose of this definition, minority g roup members 
are Negroes , Spanish-speaking American persons. American-Orienuls , American-Indians, American-Eskimos, and American-
Aleuts ." 

3 . C O N T I N G E N T FEE 

( a ) He L J has, [x] has not. employed or retained any company or person (other than a full-time bona fide employee 
work ing solely for the bidder) to solicit or secure this contract, and ( b ) he Q has. Q has not. paid or agreed to pay 
any company or person (other than a full-time bona fide employee working solely for the bidder) any fee, commission, 
percentage or brokerage fee. contingent upon or resulting from the award of this contract; and agrees to furnish informa
tion relating to ( a ) and ^A; above as requested by the Contracting Officer. (For inlerprtlul'ioit of the reprtsentalioit. includ
ing tht t trm "bona fide tinployrt." stt Codt nf F t d t r a l Regululicns. Title 4 1 . Subpart l - I . S . ) 

4 . TYPE O F O R G A N I Z A T I O N 

He operates as an Q ind iv idua l ,L j Partnership, [_] joint v e n t u r e , Q corporation, incorporated in State of V i r g i n i a . 

5. I N D E P E N D E N T p i | C k 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 each partv thereto certifies as to his 
own organization, t h j ; in connection with this procurement: 

( 1 ) T h e pricet in this bid have been arrived at independent ly , wi thout consul ta t ion , communica t ion , or agree
ment, for the purpose of restricting competit ion, as to any matter relating to such prices with any other bidder or with 
any competi tor ; 

(2 ) Unless o t h e m ise required by law, the prices which have been quoted in this bid have not been knowingly 
disclosed by the bidder and will not knowingly be disclosed by the bidder prior to opening , in the case of a bid. or 
pr ior to award, in the case of a proposal, directly or indirectly to any other bidder or to any competi tor: and 

(3 ) No attempt has been made or will be made by rhe bidder to induce any other person or firm to submit or 
not (o submit a bid for the purpose of restricting competition. 
(b ) Each person signing this bid certifies that: 

( I ) He is the person in the bidder 's organi ia t ion responsible within that organization for the decision as to the 
prices being bid herein and that he has not participated, and will not participate, in any action contrary to ( v ) ( l ) 
through (</)(3l above: or 

( 2 ) ( i ) He is not the person in the bidder 's organizat ion responsible within that organization for the decision 
a t to the prices being bid herein but that he has been- authorized in wri t ing to act as agent for the persons respon
sible for such decision in certifying that such persons have not participated, and will not participate, in any action 
contrary to l a ) (1 ) through (•/) (3) above, and as their agent does hereby so certify-; and (ii) he has not participated, 
and will not participate, in any action contrary to ( i / ) ( l ) through (</)(3) above. 
(c) This certification is not applicable to a foreign bidder submitting a bid for a contract which requires performance 

Of delivery outside the United Stjtes, its piissessions. and Puerto Rico. 
( d ) A hid will nut be considered for award where { u ) l \ ) , ( . / ) ( 3 ) . or (A)'-above, has been deleted or modified. 

W h e r e (a ) (2) above, ha* been deleted or modified, the bid will not be considered for award unless the bidder furnishes 
»-ith the bid a signed statement which sets forth in detail tlie circumstances of the disclosure and the head of the agency, 
or his designee, determines that such diiclusure was not n ia j r for the purpose of restricting competition. 

. \OTl:.—Bt,lt niuM set forth full, accuiali-. ait.l tomplilv iiifijiiit.iiioit as rii/uirril by this iiiiil.ilion for bids (iiiiludiitu 
atlachmtiils). The pni.illy for making falsv slatcmviil, nt bids is prtscribiil in Is l ' .S . ( . /('()(. 

•STANOARO FORM 19-B, JUNE 1976 EDITION 
GENERAL SERVICES ADMINISTRATION 
FED. PROC REG (41 CFR) 1-I6 401 AND 1 - 1 6 ' 0 ' -

t».S04 
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Enclosure 7 
p-'c-o ? of 8 

T H E FOLLOUriNC NEED BE CHECKED ONLY IF BID EXCEEDS $10,000 IN AMOUNT. 

6. EQUAL OPPORTUNITY . 

He CChaj, Q haa not, participated in a previous contract or subcontract 'tubject to the Equal Opportunity Clause herein, the clause 
originally contained in Section 301 of Executive Order No. 10023. or the clause contained in Section 201 of Executive Order No. I l l 14; 
he B hai. Q has not. filed all required compliance reports; and representations indicating submission of required compliance reporti. 
signed by proposed subcontractors, will be obtained prior to subcontract awards. 

(T>te above representations need not be submitted in cotmeciion with contracts or subcontracts which are exempt f roo 
the equal opportunity clause.) 

7. PARENT COMPANY AND EMPLOYIR IDENTIFICATION NTn^IBER 

Eacb bidder shall furnish the following information by filling in the appropriate blocks: 

(m) Is the bidder owned or controlled by a parent company as described below.' (_j Yes (xJ No. (For the purpose of 
this bid, a parent company is defined as one which either otms or controls the aclii'ilies and basic business policies of the bidder. 
To ouTf another company means the parent company must own at least a majority (more than 50 percent) of the voting rigbtt 

•in that company. To control another company, such ownership is not required; if another company is able to formulate, deter
mine, or veto basic business policy decisions of the bidder, such other company is considered the parent company of tht bidder. 
This control may be exercised through tht use of dominant minority voting rights, use of proxy voting, contractual arrangements, 
or otherwise.) 

( b ) If the answer to ( a ) above is "Yes," bidder shall insert in the space below the name and main office address of the 
parent company. 

NAME Of P»B£HT COMP«NT MAmorriCE AODRESS I S o . . Street. Ciif. Stale, and ZIP Codel 

( c ) Bidder shall insert in the applicable space below, if he.has no pareat company, his own Employer's Identificatimi 
Number (E.I. No.) (Federal Social Security Number used on Employer's Quarterly Federal Tax Return, U.S. Treasury Depart ' 
mens Form 941), or, if he bas a parent company, the E.i. No . of his parent company. 

EMPtOVER 
lOENTlFICATION NUMBER OF 

PARENT COMPANT 

54-0847621 
8. CERTIFICATION OF NONSEGREGATED FACILITIES 

(Applicable to ( I ) contracts, (2) subcontracts, and (3) agreements with applicants .who are themselves performiag federally 
assisted construction contracts, exceeding $10,000 which are not exempt from the provisions of the Equal Opportunits- clause.) 

By the submission of this bid, the bidder, offeror, applicant, or subcontractor cenifies that he does not maintain or 
provide for his employees any segregated facilities at any of his establishments, and that he does not permit his employees 
to ptrform their services at any location, under his control, where segregated facilities are maintained. He cenifies further 
that he will not maintain or provide for his employees any segregated facilities at any of his establishments, and that he 
will oot permit his employees to perform their services at any location, under his control, where segregated faciJiues are 
maintained. The bidder, offeror, applicant, or subcontractor agrees that a breach of this certification is a violation of the 
Equal Opportuiuty clause in this contract. As used in this certification, the term "segregated facilities" means any waiting rooms, 
work areas, re:t 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 pio-
vided for employees which are segregated by explicit directive or are in f aa segregated on the basis of race, color, religion, t>r 
natiottal origin, because of habit, local custom, or otherwise. He further agrees that (except where he bas obtained idenucal 
cerufications frbm-'proposed subcontractors for specific time periods) he will obtain ideatical certi£caiotu from proposed sub
contraaors prior to the award of subcontractors exceeding $10,000 which are not exempt from the provisions of the Equal Op
portunity clause; that he will retain such certifications in his files; and that he will forward the following iMtice to such pro
posed subcontraaors (except where the proposed subctratractors have submined identical certifications for speci£c time periods): 

NOTICE T O PROSPECTIVE SUBCONTRACTORS OF REQUIREMENT FOR CERTIFICATIONS 

O F NONSEGREGATED FACILITIES . 

A Certification of Nonsegregated Facilities must be submitted prior to the award of a subcontraa exceeding JIO.OOO which 
is aoi exempt from the provisions of the Equal Opportunity clause. The certification may be submitted either for each subcoa-
trmct or for all subcontraas during a period (i.e., quarterly, semiannually, or annually). 

NOTE: The penalty for making false statements in offers is prescribed in 18 U.S.C tOOl.' 

9. CLEAN AIR A N D WATER 

(Applicable if the bid or offer exceeds $100,000, or the contracting officer has determined that orders under an indefinite 
quantity contract in any year will exceed $100,000, or a facility to be-used has been the subject of a coovicdon under the Qean 
Air A a (42 U.S.C 1857c-«(c ) ( l ) ) or die Federal Water Pollution Control A a (33 U.S.C 1319(c)) and is listed by EPA, or 
is tkot otherwise exempL) 

The bidder or offeror certifies as follows: 
(a ) Any faciliry to be utilized in the performance of this proposed cont raa has D . has not fSl, heen listed on the EoTiroo-

nea ta l Protection Agency List of Violating Facilities. 
( b ) He will promptly notify the contracting officer, prior to award, of the receipt of any communication from the Director, 

. Office of Federal Aaivities, EnvironmeocaJ Protection Agency, indicating 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 ) He will include substantially this certification, including this paragraph (c) , in every nonexempt subcontract. • 

STANOARO FORM 19-8 (Back) JUNE 1978 EOITION ^0.a.Cro:1977-O-2«l-S30/a.>64 
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J'Jnnlo.'̂ -m-e 7 
Pai-_:c 3 of S 

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"); 
and 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): 

11. AFFIRMATIVE ACTION PROGRAM 

The following paragraphs are added: 

a. The bidder or proposer represents that he (a) [x] 1. has 
developed and has on file, [ ] 2. has not developed and 
does not have on file at each establishment an affirmative 
action program as required by the rules and regulations of . 
the Secretary of Labor (41 CFR Part 60-1 and 60-2), or that 
he (b) [ ] has not previously had contracts subject to the 
written Affirmative Action Program 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 
amount of $50,000 or more since July 1, 1968. If such 
a contract has been awarded since July 1, 1968, give 
the date of such contract, but do not list contracts 
awarded within the last i20 days 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 PC] has, [ ] 
has not been conducted by an agency of the Federal Government; 
that such compliance review [ ] has, [ ] has not been 
conducted for the'bidder's known 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: 

August 1976 
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NAME OF CONTRACTOR DATE FEDERAL AGENCY 

(include known 
.fjrst-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. Where the offeror fails to check the box, he shall 
be given the opportunity to make an election in writing to the 
Contracting Officer prior to award. Failure to check the box 
below or make such an election shall mean that the offeror 
cannot claim the exemption to the Cost Accounting Standards 
clause or that the offeror elects to comply with such clause. 
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[ ] Certificate of Exemption for Contracts of $500,000 or Less. 

The offeror hereby claims an exemption from the Cost Accounting 
Standards clause under the provisions of 4 CFR 331.30(b)(8) and 
certifies that he has received notification of final acceptance 
of all items of work on (i) any prime contract or subcontract in 
excess of $500,000 which contains the Cost Accounting Standards 

.clause', and'(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 writing in 
the event he is awarded any other contract or subcontract contain
ing the Cost Accounting Standards clause subsequent to the date 
of 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 general public, or (B) prices set 
.by law or regulation, or (ii) contracts which are otherwise 
exempt (see 4 CFR 331.30(b) and FPR 1-3.1203(a)(2)) shall be 
subject to the requirements of the Cost 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 (i) the offeror, together with all divisions, subsidiaries, 
and affiliates under common control, did not exceed the monetary 
exemption for disclosure as established by the Cost Accounting 
Standards Board (see II. below); (ii) 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 351.70 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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Check the appropriate box below: 

[ ] I. CERTIFICATE OF CONCURRENT SUBMISSION OF DISCLOSURE 
STATEMENT(S) 

• The offeror hereby certifies that he has submitted, as a part of 
his proposal under this solicitation, copies of the Disclosure 
Statement(s) as follows: (i) original and one copy to the 
cognizant Conrrscting Officer; and (ii) one copy to the cognizant 
contract auditor. 

Date of Disclosure Statement(s): 

Nanie(s) and Address(es) of Cognizant Contracting Officer(s) where 
filed: 

The offeror further certifies that practices used in estimating costs 
in pricing this proposal are consistent with the cost accounting 
practices disclosed in- the Disclosure.Statement(s). 

[^ 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. 

[ ] III. CERTIFICATE OF INTERIM EXEMPTION 

The offeror hereby certifies that (i) he first exceeded the monetary 
exemption for disclosure, as defined in II. above, in the Federal 
Fiscal Year immediately preceding the year in which this proposal was 
submitted, and (ii) in accordance with the regulations of the Cost 
Accounting Standards Board (4 CFR 351.40(f)), he is not yet required 
to submit a Disclosure Statement. The offeror further certifies that . 
if an award resulting from this proposal has not been made by March 31 
of the current Federal Fiscal Year, he will immediately submit a 
revised certificate to the Contracting Officer, in the form specified 
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under I. above or IV. below, as appropriate, to verify his submission 
of a completed Disclosure Statement.-

CAUTION: Offerors may not claim this exemption if they are 
current'.y required to disclose because they exceeded monetary 
-thresholds in Federal Fiscal Years prior to Fiscal Year 1976. 
Further, the exemption applies only in connection with proposals 
submitted prior to March 31 of the year immediately following 
the Federal Fiscal Year in which the monetary exemption was 
exceeded. 

[ ] IV. CERTIFICATE OF PREVIOUSLY SUBMITTED DISCLOSURE 
STATEMENT(S) 

The offeror hereby certifies that the Disclosure Statement(s) were 
filed as follows: 

Date of Disclosure Statement (s): ' 

Name(s) and Address(es) of Cognizant Contracting Officer(s) where 
filed: 

The offeror further certifies that practices used in estimating costs 
in pricing this proposal are consistent with the cost accounting 
practices disclosed in the Disclosure Statement(s). 

14. ADDITIONAL COST ACCOUNTING STANDARDS APPLICABLE TO EXISTING 
CONTRACTS—CERTIFICATION 

(a) Cost accounting standards will be applicable and effective 
as promulgated by. the Cost Accounting Standards Board to 
any award as provided in the Federal Procurement Regulations 
Subpart 1-3.12. If the offeror presently has contracts or 
subcontracts containing the Cost Accounting Standards 
clause, a new standard becomes applicable to such existing 
contracts prospectively when a 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, pC] 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 o f f e r o r has checked "would" above, and i s 
awarded the contemplated c o n t r a c t , he w i l l a l s o be r equ i r ed 
to comply with the c l ause e n t i t l e d Admin i s t r a t ion of Cksst 
Accounting S tandards . 

Firm: ENSCO, INC, 

May 2 6 , 1 9 7 8 

Title: Executive Administrator 
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Ii 
ENSCO, Inc. 

BALANCE SHEET 
April 30, 1978 

CURRENT ASSETS 

Cash in Bank 

Imprest Funds 

Accounts Receivable 

Other Receivables 

Notes Receivable 

Unbilled Receivables 

Work in Process 

Prepaid Expenses 

•.Total Current Assets •.-.--_--„. $2,572,347.97 

FIXED ASSETS 

$ . 222,555.10 

6,025.00 

1,808,467.29 

19,320.97 

11,392.12 

446,762.34 

41,113.75 

16,711.40 

Furniture § Fixtures 

Equipment 

•Leasehold Improvements 

Raytheon Computer Systems 

PDP 11 Computer Systems 

Radar Equipment 

Less: Allowance for Depreciation 

Total Fixed Assets 

OTHER ASSETS 

Investment in Subsidiaries 

Deposits 

Travel Advances 

Other Advances 
Total Other Assets 

$ 77,196.96 

180,653.46 

59,276.45 

386,953.00 

261,488.51 

60,523.58 
1,026,091.96 
. . -391^219^-41 

$ 634,872,55 

(11,270.25) 

21,384.00 

46,994.39 

1,690.37 

• •$58,798.51 

TOTAL ASSETS- ^ $3,266,019.03 
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ENSCO, INC. 

• i ^ . BALANCE SHEET 

April 30, 1978 

CURRENT LIABIITTIES 

Notes Payable 

Accounts Payable 

Due To /From Dynalectron 

Advances Received on Grants 

Progress PayTr.ents 

Accrued V/ages Payable 

Accrued Vacation Payable 

Accrued Expenses Payable 

Employee Benefits Payable 

Withholding Taxes Payable 

Unemployment Taxes Payable 

Income Taxes Payable 

Computer Center 

Terminal Computer Clearing Acct. 

Raytheon - Short Term Portion 

Radar Equipment 

Subcontract Retention 

Total Current Liabilities 

LONG TERM LIABILITIES 

Long Term Note 

CAPITAL 

Common Stock: 1,000,000 Shares Authorized 
524,475 Issued 

238,367.57 

125,959.92 

(3,786.34) 

34,145.00 

210,170.37 

258,656.71 

3,050.00 

295,294.24 

9,919.89 

1,387.10 

111,745.90 

19,236.22 

(485.04) 

16,230.00 

5,600.80 

1,751.17 

Paid in Capital 

Treasury Stock 59,947 shares 

$1,014,580.91 Retained Earnings 
as of .6/30/77 

Net Income 
(10 mos. ending 

4/30/78) 

$26,223.75 

444.833.25 
471,057.00. 

179,841.00 
791,210.00 

332,978.61 

Total Capital ----

TOTAL LIABILITIES AND CAPITAL 

$1,327,243.51 

$ 300,000.00 

$1,638,775.52 

$3,266.019.03 
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D.NSCG, I.MC. 

EARNINGS STATE.MEMT 

April 30. 1973 

Current Month 

Sales' 
Less: Allowance for Costs Billed in 

Excess of Allou-ablc Indirect 
Costs on CPFF Contracts 

Net Sales 

Net. ChP.n.c.c to V.'ork in Process 

Direct Costs 

Labor 
Materials 
Subcontracts 
Travel 
ConsultP.nts 
Computer Charges ... 
'Other Direct Costs 

Total "irect Costs 
Overhead Costs 

Advertising 
Bonuses 
Consulting Fees 
Contract Services 
Depreciation 
Dues, Subscriptions, 5 Publications 
liducational Costs 
PICA, Employers Portion 
Frcif.ht 
Holiday Pay 
Group, Insurance 
Insurance - Other 
Company Benefits 
Postage 
Personal Leave 
Miscellaneous 
Drafting f, Engineering Supplies 
Office Expense ---
Repairs 5 Maintenance 
Rent 
Salaries 
Funeral Leave 
Legal Service Plan 
Sick Pn) 
Tclcplionc 
Transpor ta t ion -{Local) 
Travel 
Unemployment Taxes 
Uninsured Medical 
Utilities --
Vacation Pay 
Computer Cli.-irges 
Seminars y 
Relocation 
Rctircncnt 
Af.cncy Fees '' --
Business Meetings 
Business Taxes 

Total Overhead Costs 

Less: nid I, Propos;il Adju.'-.tmcat 

Not Overhead 

$1,223,558.62 

• 70.371.98 
1.153,186.64 

(22,644,71) 

321,649.12 
235,679.70 
1,000.00 

•78,202.14 
4,766.35 

24,089.49 
125,560.60 

790,947.40 

Ten Months 
Endini; 4/50/7S 

$9,979,243.73 

(4,497.29) 
9,983,741.02 

(22,963.05) 

2,881,929.52 
1,093,954.12 
380,144.16 
558,411.14 
34,754.55 
194,554.92 
957,975.25 

6,106,723.64 

303.96 9,759.73 
17,231.09 150,238.57 

-0- 7,636.93 
801.24 14,428.76 

2,416.33 23,436.15 
820.16 10,252.12 
221.50 2,210.50 

22,299.41 156,875.48 
14.00 603.48 

-0- 110,237.62 
10,042.00 100,563.96 
1,929.96 17,423.21 
1,073.17 14,359.72 
400.98 3,666.73 

1,462.23 25,811.13 
200.00 2,150.00 
111.39 3,895.19 

6.985.16 83,168.69 
2,467.49 16,803.71 

19,346.86 174,444.98 
35,151.14 493,940.77 

308.64 2,649.52 
-0- 210.87 

4,363.47 72,993.10 
7,609.43 87,424.57 
640.28 7,591.41 

3.866.17 28,934.47 
3,204.72 29,681.44 
528.67 11,814.53 

1.950.79 22,263.16 
17,155.98 179,825.38 

295.81 8,i537.70 
614.03 7,388.89 

-0- 4,239.24 
38,635.21 388,321.77 

-0- 2,325.00 
462.46 4,356.83 

4,534.09 28,653.52 

207,447.82 2,308,968.83 

1,431.51 49,253.53 

$206,016.31 $2,259,715.30 
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r.NStM, Inc. 
l-.nrnin'-.s .'̂ r; -cmcnr , . . . . Ten Months 
l-i.̂ c 2 o r : Current Mnnr-h Ending 4/50/73 

Ccnrr.il •", A J P in i sr rn r i y-c 

Advert is ill)-. $ -0- $ 679.92 
Bonuses 13,700.84 115,985,71 
Cons-.ilt Ll'.!; '̂'•'cs 500.00 . 19,589.72 
Conrr.nct .Sorviccs - 0 - 46,40 
ncpr-.'ci:ttion 876.46 9,980,12 
Dues, Subscriptions G Publicutions • 363.47 6,135.82 
F.ducational Costs 76.50 '229!50 
FICA - r.niploycrs Portion 2,700.70 18,375.10 
Frcipht -0- 350.84 
HolitVriy Pay . Q . 14,007.35 
Group Insurnncc 1,152.10 14,808,75 
Insur.nacc - Other 367,46 13,316,25 
Conip.-.ny Pcncfits 560.91 6,336,2 7 
Postape 516.68 3,358.83 
Person.-il Leave 138.88 3,151.58 
Miscellaneous 6,053.14 6,475,14 
Office Expense 3,144.06 30,691,92 
Repairs f, Maintenance 971.01 7,829.53 
Rent 1,141.34 19,106!72 
Salaries 44,171.50 403,901.35 
Funeral Leave • .g. 304.74 
Sick Pay 866.04 8,S47.'oi 
Telephone 1,141.98 10,966.83 
Travel... • 1,865,64 20,884.09 
Unemployment Ta.xes • 652.48 3,125.30 
Uninsured Medical 165.34 • 1,749.55 
Utilities •• .•• 904.84 9,635.22 
Vacation Pay 2,388.26 23,172.37 
Seminars 5,131.51 12,016.11 
Relocation : . Q . 7,831.54 
Retirement 5,077,93 62,082.90 
Agency Fees . Q . 1,380.00 
Business Meetin(^s 41.95 .821 50 
Business Taxes f, Licenses 144!o6 8 9 2 9 2 5 
Accounting Pecs Ig. 16,'483!67 
Directors Fees . Q , 6,600,00 
Jr̂ 'Ral ''"= ,, . ^ 2,722.68 7,121.18 
Stockholders Meetinns .Q. .832.26 
Legal Service Plan .0-
Bid 6 Proposals 

Total Bids 5 Proposals j 431.51 

Total Costs 

Other Income 

T.-270.00 
•̂ n-TAl G§A • 97,537.76 - 898|lio!34 

TIS (522.47) 15,694.64 
ETA 562,86 562.86 
SAS 815.06 3,372.63 
DCS -0- 3,237.10 
OSS 178.62 14,433.98 
ESS 397.44 11,470.38 
MT. VIEW -0- 481.94 

49,253.53 

1,073,288,27 9,290,839.76 

• • -0- • • 6,831,49 

Income Before Unallowed Costs _ 79,898.37 699,732.75 
Unallov/cd Costs -

Insurance 7g 31 7g3 10 
patents 800.00 800,00 
Interest 2,496,52 28,835.32 
Organizations _Q_ • _«_ 
Miscellaneous , 475 55 11 11572 
Legal f, Accounting ' .Q. ' ^ O -

Total Unallowed Costs S.850.38 41.534.14 

Net Income Ilcforc Taxes 74,047.99 658,198,61 

Estimated Income Tax 42,130,00 • 325.220.00 

'̂'̂  ̂ "̂ ""'° . $31,917.99 : $332.978.61 
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BUSINESS AND NfANAGEMENT 

D.l EXPERIENCE TN RELATED ACTIVITIES 

The seismic ground noise survey being o£.fered was developed 

under. USGS Contract No. 14-08-0001-153.21 and No. 14-08-0001-

16490, and applied commercially for several geothermal explor

ation firms. Recently, we completed a similar survey at 

Cove Fort, Utah, in cooperation with the University of Tulsa, 

Oklahoma, under NSF Grant AER74-04819. The investigators 

proposed for this survey have been involved in this activity, 

both field recording and data analysis, over the last three 

years with seven similar geothermal exploration surveys. The 

proposed survey is similar to those performed in the past, 

but is modified to include additional instrumentation and 

data analysis to allow a more detailed description of the 

geothermal ground noise field at the investigation site. 

The following are synopses of contracts awarded to the Earth 

Sciences and Systems Division which illustrate the technical 

and management capabilities of the Company in work related 

to this proposal. 

Exploration and Characterization of Geothermal Sources From 

Seismic Activity - USGS, Contract No. 14-08-0001-15321; $121,856; 

Mr. Donald Klick, Program Manager,, 703/860-6581 

Signal analysis and field recording techniques have been devel

oped to detect and locate ground noise sources in geothermal 

regions. These developments have allowed the first successful 

application of any processing for this purpose and have proven 

to be very effective at detecting and locating major features 

of these geothermal systems. Commercial applications of this 

survey technique are already in progress. 



Improved Determination of Teleseismic Source Depths - ARPA 

Contract No. F08606-77-C-0007; $89,923; Capt. Greg Young., 

Contract Officer, 703/325->7581 

An analysis technique, capable of substantially increasing the 

percentage of events for which accurate teleseism source depths 

can be obtained, has been developed and is being implemented at 

AFTAC facilities. This technique utilizes source depth informa

tion, contained throughout the seismogram, which has previously 

been ignored or improperly used. This work will play an increas

ing role in monitoring nuclear test ban treaties. 

Rapid Analysis of Microseismic Signals Associated With Hydraulic 

Fracturing - Los Alamos Scientific Laboratory, University of 

California, Contract No. ZP8-72073-1; $33,345; M. L. Pierotti, 

Contract Administrator 

In this project, ENSCO is using multichannel analysis techni

ques to perform iji situ calibration of the downhole triaxial 

seismometers used for fracture napping in LASL's Hot Dry Rock 

Program. This calibration will correct seismometer-induced 

distortions that affect the direction and types of P and S 

wave polarizations, thus making it possible to determine loca

tions for otherwise unusable microseismic events. Correction 

transfer functions are computed by using multichannel maximum 

entropy spectral analysis to determine relative amplitude and 

phase spectrum differences among the three seismometer com

ponents. Upon completion of this Study, the seismometer cali

bration algorithm will be implemented on LASL's HP 5451-B 

.system. 
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Broadband Seismometer Non-Linearities, U. S. Air Force Con

tract No. F44620-75-C-0013; $46,692 

Under this contract, ENSCO developed computer m.odels to study 

the effects of system non-linearities on the analysis of 

received seismic signal data. In particular, broadband 

seismometers were evaluated in terms of their relative effec

tiveness in the detection and identification of underground 

events. 

Borehole Environmental Laboratory - U.S. DOE (Formerly 

Energy Research and Development Administration), Contract No. 

194-2; $210,000; Mr. Charles Dunn, 918/835-9471 

ENSCO, under a subcontract with Fenix § Scisson, Inc., has 

designed a unique, remote measurement system for long-term 

emplacement in, and evaluation of, a deep (3000-plus-feet) 

rock mass for storage of high-grade nuclear wastes. The pri

mary purpose of the deep probe is to monitor critical aspects 

of the rock mass over a one-to-five year period. Of parti

cular interest is moisture migration, which will be continu

ously monitored. In addition, the laboratory contains acous

tic wavespeed and microseism measurem.ent sensors. 

ENSCO's responsibility includes selection of pre-emplacement 

borehole instrumentation for total evaluation of the rock mass. 

ENSCO's borehole radar with processing will be used to map the 

geologic features in a large volume surrounding the borehole. 

Once emplaced, the system must operate reliably for at least one 

year without retrieval of the borehole unit. The system is 

being designed, fabricated and tested under rigorous Nuclear 

Regulatory Commission source traceability and quality assurance 

requirements. 
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New Signal Processing Methods for Magnetotellurics, U. S. 

Geological Survey Contract No. 14-08-0001-15322; $142,937. 

Under this contract, ENSCO is developing magnetotelluric pro

cessing methods for estimating impedance elements using 

single stations or array data. Magnetotelluric methods are 

capable of measuring large-scale features of the upper crustal 

electrical conductivities. The strong dependence, of electrical 

conductivity on temperature makes magnetotellurics a poten

tially important tool for investigation of thermal activity. 

The proposal addres-se.s possible improvements in field pro

cedures and methods to obtain improved data processing tech

niques. 

Acoustic Sensing System for Mapping the Soil-Rock Interface 

and for Detecting and Identifying Objects and Material Changes 

In Soil Masses Under a Water Table - Contract DOT-FH-11-9120; 

^540,000; Mr. William Bralove, Contract Manager, 703/557-5262 

This multi-year contract calls for a completely portable sensing 

system, utilizing acoustic signals to sense, identify, and deter

mine the location, shape, and dimensions of boulders; to identify 

structures and utility lines in the soils; and to map soil/rock 

interfaces. The system is to be self-sufficient, generate sig

nals, sense objects, perform measurements, and transmit, record 

and display data. It will also process and interpret this in

formation to be utilized by civil engineers. The required infor

mation includes: 

• Determination of distances to objects or to 
the soil/rock interface. 

• Determination of shapes and dimensions of 
objects. 

• Identification of materials encountered. 

• Estimation of engineering characteristics 
of materials encountered. 
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ENSCO is required to deliver a complete hardware/software proto

type system in 20 months. 

Final field tests are now being conducted. Frequencies of over 

2 kHz have been propagated in excess of 180 feet, in median 

quality sediments. 

Site Investigation Using Multiple-Borehole, Ground-Probing 

Radar - National Science Foundation, NSF Grant APR-76-03300; 

$270,000; Dr. William Hakala, Program Manager, 202/654-7Io5 

This grant is a continuation of the work started under Grant 

APR-75-13414. The work covered 12 months and consisted of 

six specific tasks: 

• Application of advanced signal processing to 
• a larger number of subsurface features and 
locations. 

• Multiple-borehole radar development. 

• Testing with pulse-echo, mid-range acoustics 
in-:the same geology for correlation and com
parison. 

• Participation in post-excavation evaluation 
of the Zoo Park Station for final critique 
of Phase I results. 

• Testing in NX-size boreholes with the multiple-
borehole radar. 

• Background investigation of the application 
of microprocessors and the techniques of dis
playing the three-dimensional information to 
tunnel designers and engineers. 

The objective of this work was to further the development of a 

new family of tools for subsurface investigation, and definition 

of geological conditions in advance of subsurface excavation 

operations. Final tests have been completed and the report is 

being written. ' '' 
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Subsurface Site Investi.gation by Electromagnetic Radar -

National Science Foundation (RANN), Grant APR-75-13414; 

$127,000; Dr, William Hakala, Program Manager, 202/634-7183 

This six-month project addressed an acute need for economical and 

greatly improved real-time predictive techniques for the investi

gation, interpretation and definition of geological conditions 

prior to subsurface excavation projects. Loss of life, equip

ment damage, excavation damage, cost overruns, schedule slippages, 

and unachieved corporate and national goals are the price accom

panying the lack of adequate predictive techniques. 

A commercially available electromagnetic radar was used, plus 

advanced signal processing techniques, to provide geologic infor

mation in support of subsurface excavation technology. A crown 

drift of.one of the future stations of the Washington Metro System 

provided the test location. As expected, the research identified 

the degree of success associated with advanced signal processing, 

analysis, and interpretation, and the appropriate avenues for 

future research. 

The contributions this project has made to subsurface-site inves-

tigation technology include; (a) verification of the ability of 

electromagnetic radar to penetrate natural subsurface masses, 

(b) the use of digital-^signal processing as a means of enhancing 

the value of subsurface radar, (c) multi-discipline group inter

pretations of data from optimized analog displays, (d) evidence 

of resolution power of electromagnetic radar with advanced pro

cessing to discern ground discontinuities, and (e) increase user 

awareness and confidence in utility and viability of ground-

probing electromagnetic radar. 

The comprehensive final engineering report CNSF/RA-76-0187) is 

available upon request. It is also available from the National 

Technical Information Service CPB 259 335/AS). 
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New Sensing System for Pre-excavation Subsurface Investigation 

for Tunnels in Rock Masses - Federal Highway Administration, 

Contract No. DOT-FH-11-8602; $250,000; Mr. C. M. McGogney, 

Contract Manager, 703/557-4318 

This contract with the Federal Highway Administration was a fea-' 

sibility study and system design project for a self-propelled, 

guided, retractable device that penetrates mud-filled, wet or 

dry, previously prepared, horizontal boreholes or pilot tunnels 

over distances of about two miles, complete with surface control 

and support equipment. The system is designed to sense, trafis-

mit, record, and process a complete set of reliable information: 

1. For determining the location of significant 
discontinuities (gouge zones, cavities) in 
rock masses within a range of 100 feet from 
the axis of the hole. 

2. For determining the joint patterns (angles) 
in the rock. 

3. For determining the quality of the rock. 

4. For evaluating the significant mechanical 
properties of the rock and soil materials 
(identifying materials in the joints and 
gouge zones). 

5. For locating changes in the mechanical prop
erties of the rock masses within the range 
of 100 feet and estimating the properties of 
the materials. 

6. For evaluating the hydrogeologic character
istics of the ground, including the detec
tion of water-filled cavities, channels, 
and water-bearing layers, and the'determination 
of permeabilities and the level of the water 
table. 

The project is complete. The system design utilizes a modular 

•approach so that the first prototype field-test model will be 

cost-effective but easily expandable as new technology emerges 

and risks are reduced. The system has been found to exhibit 

satisfactory potential benefit/cost characteristics for the hard-

rock tunneling industry. A two-volume report (FHWA-RD-77-10, and 

11, Volumes I and II) is on open file at the FHWA. 
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Electromagnetic Methods for Detecting Quality of Roof-Bolt 

Bonds - U.S. Bureau of Mines, Contract H0166014 (ENSCO was 

a consultant to Foster-Miller Associates); $2,000; Dr. Kenneth 

Mayer, Program Manager, 617/890-3200 

ENSCO performed a feasibility study relative to electromagnetic 

methods of determining the air voids in the epoxy surrounding 

in-place mine roof bolts. Three techniques having different 

levels of resolution ivere modeled. 

Coal-Auger Radar Guidance Tests - Lee Engineering Division, 

Consolidation Coal Company, P.O. 01-54-2674 

This project covered a feasibility investigation into the poten

tial for ground-probing radar as a guidance sensor for low-cost 

augers and long-\r?all shearers. Phase I involved tests in a coal 

outcrop of 30-inch diameter augered holes, where roof, floor, 

and ribs were measured to significantly high resolution. 

Phase II was accomplished under contract to R. A. Hanson Company 

(see "Highwall Mining Equipment"). 
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Drilling and Preparation of Reusable, Long-Range Horizontal 

Boreholes in Rock and in Gouge Materials - Federal Highway 

Administration, Contract DOT-FH-11-8486 (ENSCO was a subcon

tractor to Foster-Miller Associates); $38,000; Dr. John 

Harding, Program Manager, 617/890-3200 

ENSCO performed a study effort \\'ith Foster-Miller Associates 

and Jacobs Associates, Inc. to provide a multi-level system 

feasibility study covering long-hole precision drilling. • 

ENSCO's responsibilities included drill guidance, surveys, 

telemetry and control. ENSCO also contributed to the areas 

of core sampling and orientation, borehole stabilization, water 

permeability and pressure measurements, and new techniques of 

penetrators. This one-year project had a goal of providing 

the basis of design and costs for nearly horizontal boreholes 

for geophysical examinations along proposed tunnel alignments. 

This was a companion project to the FH-11-8602 Contract. A 

three-volume final report has been published under the contract 

title as follows: 

• Volume I. State-of-the-Art Assessment, 
FHWA-RD-75-95. 

• Volume II. Estimating Manual for Time 
and Cost Requirements, FHWA-RD-85-96. 

• Volume III. A Development Plan to Extend 
Penetration Capability, Increase Accuracy 
and Reduce Costs. 
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Cableless Electronic Surveying System for Drilling Horizontal 

Holes (Revised) - U.S. Bureau of Mines, Contract USBM H0177069; 

$260,000; Mr. A. Young, Contracting Officer, 202/634-4700 

This contract calls for the rehabilitation of the Bureau of 

Mines' cableless borehole survey system, which goes down-hole 

directly behind the drill bit. It is designed to provide real

time survey data to the operator. The original system was devel

oped by ENSCO personnel while with another company. The contract 

calls for: 

• The correction of minor mechanical defi
ciencies. 

• Incorporation of additional sensors. 

• Development of the computational procedures 
to exploit the new sensors and remove cer
tain ambiguities in the previous algorithms. 

• Complete redesign of the surface electronics, 
using microprocessor techniques which were 
not available at the time of its original 
development. 

• The redesign to include the fabrication of 
a completely permissible unit which can 
operate in a gassy mine environment. 

The contract will conclude with a complete field test of the sys

tem in its operational environment. 
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D.2 PERSON'NTEL QUALIFICATIONS 

D.2.1 PERSONNEL/RESUMES 

Following are the names of the principal program personnel: 

• Edward Page, Staff Scientist 

• Richard Houck, Sr. Scientist 

• Theodore Moser, Engineer 

• Robert Bauman, Sr, Programmer/Analyst 

Mr. Douglas Guion, EDCON, Denver, Colorado, has agreed to 

serve as technical consultant for this survey and principally 

aid in the geophysical interpretation of the results. 

The resumes of those identified above, along with supporting 

staff members, are attached. 
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EDWARD A. PAGE 

EXPERIENCE 

Present: Dr. Page is currently in charge of research directed 
toward improving seismic source depth determinations through 
the application of advanced signal processing techniques to 
the seismic coda, and research directed at applying seismic 
array processing to make locations of seismic activity in geo
thermal regions. Both these research efforts have been very 
successful and will enhance our capabilities in both areas. 
Before this work. Dr. Page had recently developed a new spec
tral line frequency detection technique. This technique is 
presently being, implemented as a major component of a multi-
million dollar ASW system. Dr. Page completed an investiga
tion determining the relative merits of the new Frequency 
Matched Filter Technique, maximum entropy and inverse filter 
spectral estimates, phase lock-loops, and power spectral esti
mates. 

Dr. Page applied stochastic cepstrum techniques to the problem 
of passively determining the depths of underxvater acoustic 
sources. This ivas the first successful utilization of the 
"Self Illumination Effect" for determining source depths. He 
was also involved in the development of signal processing tech
niques applied to missile reliability studies. 

Dr. Page was responsible for the development and application 
of new stochastic correlation techniques for improved methods 
of detecting surface reflection from earthquakes. These tech
niques are used to compensate for physical fluctuations affect
ing seismic signals in a manner allowing for the extraction of 
depth phase information not normally accessible. 

Previous responsibilities included research and development of 
statistical and signal analysis techniques utilized in pattern 
recognition and tracking studies. Dr. Page has developed sta
tistical computer methods for classifying sources from their 
acoustic, magnetic, and seismic signals. In addition, he 
assisted in the development and testing of a stochastic propa
gation modeling technique used in the analysis of underwater 
signals. 

1969-1971: At Teledyne-Geotech, Dr. Page was in charge of 
research in advanced hypocentcr location techniques in a suc
cessful effort to locate underground seismic sources more pre
cisely. This work involved seismic ray tracing, source modeling 
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EDWARD A. PAGE 
Page 2 

of active tectronic regions and the statistical analysis of 
the location determinations. Dr. Page was responsible for 
development of two-dimensional finite difference and finite 
element computer codes for the solution of elastic wave propa
gation in heterogeneous isotropic media. He also participated 
in the development of computer codes which theoretically deter
mined Rayleigh wave generation from atmospheric sources. Dr. 
Page also gained experience in a wide range of computer signal 
processing and detection methods used in the analysis of seis
mograms. 

1964-1970: As a research assistant at the University of Maryland, 
Dr. Page did research in low temperature physics investigating 
the electromagnetic response of superconductors to hypersonic 
waves. This research involved low temperature, microwave, hyper
sonic, pulse circuits, and sample preparation techniques. Dr. 
Page succeeded in making the first ultrasonic measurements of 
the frequency dependence of the superconducting transition. 

PUBLICATIONS 

"Improved Techniques For The Exploration and Characterization 
of Geothermal Sources From Seismic Activity," Edward A. Page, 
Robert W. Bauman, and William C. Long, ENSCO, Inc., Final 
Report for Contract No. 14-08-0001-15321, March 1977. 

"Determination of Seismic Source Depths from Differential 
Travel Time," Edward A. Page and Robert W. Bauman, ENSCO, Inc., 
Final Report for Contract No. F08606-75-C-0025, July 1975. 

"High Resolution Spectral Analysis," Edward A. Page and Jimmy 
Jacobs, Report for NAVELEX Contract No..N00039-72-C-0344, 
December 1974, 

"Measurement of Variable Frequency Lines Using A Frequency 
Domain Match Filter Technique," ENSCO Report, Edward A. Page, 
August 1974. 

"Source Depth Determination Using the Self Illumination Effect," 
ENSCO Report, Edward A. Page, April 1974. 

"Determination of pP and sP Delays from Seismic Codes," Edward 
A. Page, ENSCO, Inc., Final Report for Contract No. F08606-74-
C-0020, April 1974. 
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"A Hypocenter Location Technique Based on Source Modeling and 
Ray Tracing Which Greatly Extends the Range Over Which Calibra
tion Events are Useful," Alexandria Laboratories Report, Geotech 
Teledyne, 1971. 

"An Investigation of the Electromagnetic Response of Supercon
ductors Near Tc Using Hypersound," with J. R. Liebowitz, Ph.D.; 
Thesis, University of Maryland, 1969. 

"Hypersonic Attenuation of Transverse Waves in Tin Near the 
Superconducting Transition Temperature," with J. R. Liebowitz, 
Bulletin, American Physics Society, 14, 380, 1969. 

EDUCATION 

B.A., Physics, Rutgers University, 1962. 

Ph.D., Physics, wi-th Minor in Astronomy and Nuclear Physics, 
University of Maryland, 1969. 
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RICHARD T. HOUCK 

EXPERIENCE 

1976 - Present: As a Senior Scientist in ENSCO's Earth-Sciences 
and Systems Division, Mr. Houck has been involved in several 
applications of signal processing to seismic problems. Duties 
include project management, development and evaluation of signal 
processing techniques, and computer programming. 

Currently, he is project maanger for a project that uses multi
channel processing techniques to perform in-situ calibration of 
downhole triaxial seismometers for Los Alamos Scientific Labora
tory's Hot Dry Rock Program. He is also co-investigator on an 
Air Force sponsored project to use cepstrum techniques to deter
mine the depth of a teleseismic source. In addition, Mr. Houck 
has been involved in several of ENSCO's geothermal ground noise 
surveys. 

1974 - 1976: As a Geophysicist at Amoco Production Company's 
Tulsa Data Center, Mr. Houck worked in the field of seismic data 
processing. Specifically, he was responsible for the Velocity 
Data System, a system of seismic velocity processing programs 
and storage files used company-wide for routine velocity proces
sing. Duties included program definition, system documentation, 
and user assistance. Achievements include definition of a gener
alized velocity determination program and development of a one-
week course in Geophysical Systems for personnel from division 
offices. 

1974: At Amoco's Houston Division office,. Mr. Houck worked as 
a Geophysicist on a seismic crew. 

1971 - 1973: As a Graduate Assistant at Pennsylvania State Uni
versity, Mr. Houck was involved with coding and running computer 
programs defined by faculty and staff members, mostly in the area 
of earthquake seismology. In his thesis work, he investigated 
the application of the Finite Element Method to some potential 
field problems of interest in geophysics. 

PUBLICATIONS 

"Geothermal Ground Noise Benchmark Experiment," E.A. Page and 
R.T. Houck, Final Report, Contract No. P.O. 38730, University 
of Tulsa, March 1978. 

"Improved Procedures for Determining Seismic Source Depths 
from Depth Phase Information," R.T,....Houck and E.A. Page, ..Final 
Report, Contract No. F08606-77-C-0007, ARPA, October 1977. 
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EDUCATION 

M.S., Geophysics, Pennsylvania State University, University 
Park, Pennsylvania 

B.S., Physics, Canisius College, Buffalo, New York 

PROFESSIONAL SOCIETIES 

Society of Exploration Geophysicists 

American Geophysical Union 

D-17 



THEODORE E. MOSER 

EXPERIENCE 

Present: Mr. Moser is presently assigned to the Earth Sciences 
and Systems Division. Duties include operation and maintenance 
of the field equipment, interpretation of field data, and 
design improvements to the systems used in the field. 

Oct. 1976-June 1977: Mr. Moser v;as assigned to the Transporta
tion and Instrumentation Sciences Division assisting in the 
refurbishment and instrumentation of t.He T-6 test vehicle. 

1971 - October 1976: During this period, Mr. Moser was assigned 
as Operations Supervisor to the Department of Transportation 
Track Geometry Test Train, supervising seven electromechanical 
technicians. He was responsible for the operation and mainte
nance of various types of electronic equipment including: 
Raytheon 704•computer, digital tape units, miniverter, disc 
file, card reader, brush chart recorder, and special-purpose 
equipment designed and built by ENSCO, Inc. He was responsible 
for training nev/ personnel in operating and maintaining this 
equipment. 

Mr. Moser has demonstrated talents in mechanical design for 
special-purpose equipment used on the test vehicle, and for 
system m.odifications and additions. Mr. Moser was responsible 
for procuring and maintaining sufficient consumables and spare 
parts for field operations. Mr. Moser was responsible for deter
mining that the track geometry data displayed in real-time was 
correct and for making the necessary decision of what mainte
nance was required to correct any problem that occurred. He 
was also responsible for the safety of the test crew when they 
xirere on a field operation. 

1967 - 1971: As Service Engineer v/ith Electronic Marketing 
Associates in Kensington, Maryland, Mr. Moser was responsible 
for calibration and repair of various types of electronic equip
ment, both in the field and under laboratory conditions. This 
equipment included: DC power supplies, microwave equipment, 
digital and analog tape units, electrostatic high-speed printers, 
pulse generators, lasers and various types of laboratory test 
equipment. 

EDUCATION 

1965-1967: Capitol Institute of Technology, AAS Degree 
1968: Sorensen Power Supplies Maintenance School 
1970: Kennedy Continuous and Incremental Tape Deck Maintenance 

School 
1970: Varian Electrostatic Recorder Maintenance School 
1972: Raytlicon 700 Series Computer School 
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ROBERT W. BAUMAN 

EXPERIENCE 

Present: During this 
ENSCO, Inc., advanced 
grammer/Analyst. His 
tized time-series dat 
software in underwate 
programming to test, 
1972 to June 1975, Mr 
system (for ENSCO ISS 
series of computerize 
ENSCO Division admini 
has been processing a 
and refining and deve 
this end. He has exp 
theon 500 RDS systems 

period Mr. Bauman, as an employee of 
from Junior Programmer to Senior Pro-
experience includes processing of digi-
a, refining and documenting computer 
r acoustics analysis,, and collateral 
display and analyze data. From January 
Bauman managed the computer terminal 
and OSS Divisions). He developed a 
d reports which are currently used in 
stration. Since July 197.5, Mr. Bauman 
nd analyzing digitized seismic data 
loping computer software necessary to 
erience on CDC 6400/6600/7000 and Ray-

1970-1971: See "Education". 

1950-1970: Career Officer, U.S. Navy. Retired in October 
1970 in rank of Commander. Served in various departmental 
management assignments relating to communications, operations, 
and training. Commanded two ships, and a four-ship division. 
Managed a Naval Reserve Training Center. As a Staff Officer 
in the Department of Defense, v̂ /orked in field of nuclear 
effects and nuclear weapons employment; as Branch Chief, 
supervised technical personnel in studies, evaluations, and 
technical documentation. As Staff Officer in the Office of 
the Secretary of Defense (Military Liaison Committee to the 
Atomic Energy Commission), was involved in evaluation and 
coordination for DOD/AEC nuclear programs. 

1946-1950: As Chief Chemist for Sanna Dairies, Inc. of 
Madison, Wisconsin, implemented a quality control program, 
expanded the laboratory, and supervised the lab operation 
and quality testing procedures. •-.. 

1944-1946: Reserve Officer in U.S. Navy (World War II). 
Shipboard departmental management. 
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DOUGLAS J. GUION 

Douglas J. Guion graduated from the Colorado School of Mines 

with high scholastic honors in Geophysical Engineering, While 

at Mines, Guion received the Cecil H. Green Award for the out

standing student in Geophysics and received numerous other 

awards. Guion has worked for Amoco Production Company as a 

seismic assistant for two years. Following his service at 

Amoco, Guion has been an employee of EDCON Corporation for 

8 years. 

While at EDCON, Guion has been involved with integrated geo

logical/geophysical exploration. Guion has developed methods 

of integration of seismic, gravity, and geologic data which 

are unique in the industry. During his time at EDCON Guion 

has developed numerous drillable prospects -- several of 

which subsequently became commercial discoveries, Guion has 

much experience at planning and managing synergistic oil and 

gas and geothermal exploration programs. 

In addition to his activity in geophysics and geology, Guion 

is a civil engineer (P.E.) and general contractor. He has 

also served as a geophysics instructor at Community College 

of Denver and numerous commercial exploration schools. 

Guion has presented numerous technical papers to various geo

logic and geophysical societies. 
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HAL P. DEMUTH 

EXPERIENCE 

Present: Mr, Demuth is a Vice President of ENSCO, Inc. and 
the Division Manager for the Earth Sciences and Systems Divi
sion, He acts as a consultant for system engineering, computer 
oriented system design and transportation systems. He has 
directed multi-million dollar research projects in these fields 
while at ENSCO. 

196 7-19 70: Directed engineering programs as Technical Director 
of Geotech, a Teledyne Company in .'Mexandria, Virginia. Here 
Mr. Demuth was in cl̂ .arge of projects involving digital computers, 
interface system design and software programming. Programs of 
importance were: 

• A worldwide hydroacoustic signal analysis sys
tem (called DAMPS) utilizing, a small general 
purpose computer interfaced to special output 

• devices. Two separate laboratory data analysis 
systems were also designed and built under his 
direct supervision. Both of these systems em
ployed an extremely high-speed special purpose 
computer and unique interface with input/output 
equipment. 

• A high-speed digital data analysis system which 
permitted atmospheric scientists at NASA to per
form time-series analysis (auto correlating 
Fourier analysis) on digital communications sig
nals from unmanned spacecraft. 

1949-1967: Served as a commissioned officer (with ranks from 
Ensign to Commander) in the U.S. Coast and Geodetic Survey 
(USC^GS), Department of Commerce. Was responsibile for con
ducting various hydrographic and geodetic surveys for basic 
mapping and marine charting. Program management assignments 
have varied in size and complexity during these eighteen years. 
Some pertinent technical program management examples are as 
follows: 

• $1.5 million project to plan, specify and super
vise the design, fabrication and installation of 
electronic hydrographic and oceanographic equip
ment aboard ship*. This was a two and one-half 
year task. 
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"Digitizing Microbarograph Data," .'\RL Report 69-1, Geotech, 
A Teledyne Company, September 1969, 

"Test Train Program, Third Progress Report," DOT-FR-71-2, 
(Co-author) ENSCO, Inc., Springfield, Virginia, June 1971. 

"United States Department of Transportation Track Heometry 
Measurement System," Track Train Dynamics Symposium, A.A.R, 
Chicago, Illinois, December 1971, 

"Department of Transportation Rolling Laboratory," Proceedings 
of Track/Train Dynamics interaction Conference, American .Asso
ciation of Railroads, Chicago, Illinois, May 1972. 

"New Development in Track Inspection Instruments," (Co-author) 
Proceedings of Joint Rail Conference, lEEE/ASME, Chicago, 
Illinois, spring 1976. 

"An Automated Approach to Ultrasonic Rail Flaw Detection," 
(Co-author) Proceedings of the IEEE Region 5 Conference, 
Williamsburg, Virginia, April 1977. 

EDUCATION 

B.S., Electrical Engineering, University of Colorado, 1949. 

M.S., Electrical Engineering, University of Washington, 1956 

PROFESSIONAL SOCIETIES 

Society of American Military Engineers (S.AME) , elected as 
Washington Post Secretary-Treasurer, 1963. 

Washington Academy of Sciences, Member, 1965. Elected to 
grade of Fellow, 1966. 

Institute of Electrical and Electronics Engineering (IEEE). 

Explorers .Club of New York, grade of Fellow. 
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e Director of personnel, managing all personnel 
matters for approximately 250 profess.ional 
level scientists and engineers. ' s • 

9 Planning, execution and data analysis for vari
ous geodetic mapping programs such as: 

a) initial electronic distance measuring 
survey of a portion of the Aleutian 
Islands 

b) the international gravity survey between 
U.S. and Canada (U.S, representative and 
program manager) 

c) all initial electronic distance measure
ment activities for the early portions 
of the Interstate Highway Program 

PUBLICATIONS 

"Gravity Measurement in the Field," Coast and Geodetic Survey 
Technical Bulletin No, 9, U.S. Government Printing Office, 
1956, 

"Tellurometer Traverse Surveys," Coast and Geodetic Survey 
Technical Bulletin No. 2, U.S. Government Printing Office, 
1958. 

"Experiments to Determine Errors in Distance Measured by Shoran 
Equipment as Applied to Hydrographic Surveys," published by 
USC^.CS, Department of Commerce, December 1956. 

"An Evaluation of Small General Purpose Computers for a Field 
Data Analysis and Message Preparation System," ARL Report 
67-7, Earth Sciences, A Teledyne Company, December 1967. 

"Identification and Classification of Signals from Underwater 
Events," ARL Report 68-11, Earth Sciences A Teledyne Company, 
September 1968 (Co-author). 

"Hydroacoustics and Seismic Signal Analysis for the Identifi
cation and Classification of Underwater Events," ARL. Report 
68-1, Earth Sciences, A Teledyne Company, April 1968 (Co-author) 

"Data Analysis and Message Preparation System (DAT'IPS)," ARL 
Report 68-9, Earth Sciences, A Teledyne Company, Au.gust 1968. 
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JAMES C. FOWLER 

EXPERIENCE 

Present: Dr. Fowler is a Staff Engineer in the Earth Sciences 
and Systems Division at ENSCO, Inc. He is involved in the 
development of acoustic and electromagnetic systems for reflec
tion mapping of the subsurface. 

19 70-1976:• Dr. Fowler worked first as a Research Scientist, 
then as a Research Group Leader in the Exploration Research 
Division of Continental Oil Co. His group was responsible for 
developing geophysical field methods for locating oil and 
economic minerals. He v;as in charge of projects relating to 
developing both very low and high-frequency seismic exploration 
techniques. He was Principal Investigator for Continental on 
a U.S. Bureau of Mines contract to develop a real-time moni
toring seismic system to detect and, locate roof falls and 
explosions in a coal mine. This system is still in operation. 

He directed the development of a seismic system to detect and 
locate coal miners hitting on the roof of a mine with a hammer 
or other large object. Other projects include developing a 
field transportable minicomputer system for processing seismic 
data, and designing time and frequency domain techniques for 
filtering seismic data. 

1969-1970: U. S. Army Staff Officer in charge of planning 
for the telephone system on Long Binh Post, Viet Nam̂ . 

1968-1969: U. S. Army. He worked as chief programmer on the 
Systems Development Team, Army Command and Control Support 
Detachment, Washington, D. C. This included working as tech
nical advisor, programmer and analyst for the software develop
ment on a multi-processing time-sharing information retrieval 
system. Computer experience included programming an interactive 
graphics system on a Univac 1218 computer. 

1965-1968: Graduate student on NASA fellowship at the Univer
sity of Missouri at Rolla. Assistant Instructor in math. 

1965-1965: Physical Science Laboratory, University Park, 
New Mexico. He worked first as a technician then Assistant 
Engineer on the design and testing of UHF and VHF antennas. 
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PUBLICATIONS .AND PATENTS 

"Surface and Subsurface Profiling Using Ground Probing Radar," 
(co-author) presented at 47th Annual Meeting of the Society 
of Explorati6n'''Geophysicists, September 1977. . 

"Detection, Delineation, and Loca-tidn of Hazards Using Ground 
Probing Radar in Coal Mines," (co-author) proceeding of the 
18th Symposium on Rock Mechanics, Colorado School o-f Mines, 
Golden, Colorado, June 1977. 

"Deep Crustal Reflection Recording Using 'Vibroseis' Methods -
A Feasibility Study," (co-author) Geophysics, Vol. 40 No. 3, 
pg. 399, June 1975. 

"Nonparametric Sequential Detection," proceedings of National 
Electronics Conference, Chicago, Illinois, December 1968. 

"Adaptive Nonparametric Sequential Detection," Ph.D. Disser
tation, UMR, 1968. 

"Nonparametric Detection of FM Signals," MS Thesis, UMR, 1967. 

"Underground Mine Surveillance System," (co-inventor) Patent 
No. 3,949,353. 

"Seismic Mine Monitoring System," (co-author) Patent No. 
4,066,992. 

EDUCATION 

BSEE (with honors). New Mexico State University, 1965 
MSEE, University of Missouri - Rolla, 1967 
Ph.D., University of Missouri - Rolla, 1968 

PROFESSIONAL AND HONOR./VRY SOCIETIES 

Member Institute of Electrical and Electronic Engineers 
Member Society of Exploration Geophysicists 
Member Eta Kappa Nu, Phi Kappa Phi, Sigma Pi Sigma 
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WALTER C. HERNANDEZ, JR. 

EXPERIENCE 

August 1973 - Present: Dr. Hernandez is the Chief Scientist 
of the Information Sciences Groun at ENSCO, Inc. His nrimary 
duty has been to lead efforts in the development and application 
of statistical and signal processing techniques as required in 
specific problem areas. At present, he is engaged in: 

Development of new digital processing techniques 
to both improve speech intelligibility and to 
accurately m.easure speech intelligibility. This 
includes removal of corrupting reverberation 
effects, random noise effects, and design of new 
phoneme level panel testing methods. 

Development of new spectral and transfer function 
estimation techniques for geophysical and elec
trical prospecting methods (Magnetotellurics and 
Induced Polarization). 

Past examples of these efforts are: 

Designed new statistical detection techniques 
based on bispectral analysis .for underwater 
acoustic modulations. 

Investigation and design of passive signal pro
cessing methods for detecting the presence of 
nonlinearities in seismometer systems. 

Developed methods for estimating and forecasting 
reliability of complex electromechanical (missile) 
systems, based on multiple time-series prediction 
theory. These methods are now being actively 
pursued by Lockheed. 

April 1972 - July 1973: Dr.- Hernandez was a Senior System.s 
Analyst at Lulegian f, Associates, Inc., Falls Church, Virginia 
with major duties in operations research and statistics. His 
efforts included: 

Analysis of the sensitivity and possible improve
ments of state-of-the-art Forward Looking Infra-
Red (FLIR) systems. 

Analysis and development of statistical proce
dures for estimating the cardinality of sets 
under conditions of. small samples (Hov/ many 
ships in a given ocean segment?). 
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Postulated and proved the now popular model 
which shows that the GNP of industrialized 
countries are nearly perfectly correlated 
with the energy consumption of those countries. 
These results point out the strong consequences 
of energy shortages. 

November 1970 - May 1972: . Dr. Hernandez v;as a Research Statis
tician in Agricultural Economics, University of Maryland. His 
work tliere included: 

The design and analysis of a predictive micro-
analyticasimulation model for the rural economy 
of India. The result showed that their agri
culturally based economy will lead to lower 
standards of living. 

Discovered inherent problems in the traditional 
significance test of stepwise regression algor
ithms and developed appropriate tests which 
should be used. 

Research in current portfolio investment methods 
and the formulation of a newer technique based 
on information and entropy considerations. The 
interesting result is that, in principle, money 
can be made at the rate of flow of information. 

November 1968 - November 1970: Dr. Hernandez was employed as a 
Research Plasma Physicist at the Naval Research Center, Washington, 
D.C. His efforts there included: 

The study and analysis of instabilities present 
for counter streaming plasmas in a uniform mag
netic field as related to high altitude nuclear 
explosions. 

Developed new solutions for the magnetohydro-
dynamic (MHD) equations which described the 
plasma flow as it tended to compress the earth's 
magnetic field. 
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September 1966 - November 196S: Dr. Hernandez resided at NASA, 
New York City and NASA Greenbelt, Maryland as a NAS-NRC post
doctoral fellowships under which he studied general relativity 
and astrophysical phenomena. His work included: 

Solutions of the non-vacuum Einstein field 
equations for the classic problem of static 
bodies v/ith axial symjiietry (unsolved since 
formulated in 1922). 

Solution of the Einstein field equations for 
the only known case of rotating axial symmetry 
(Kerr Metric) (unsolved since formulated in 1963). 
The result was to prove that the "doughnut" type 
solution, which was receiving international 
attention, did not, in fact, exist. 

Formulation of an elasticity theory which included 
general relativistic considerations. This was an 
unsolved problem since 1916 and is considered 
the acceptable relativistic elastic theory of today. 

Studies the gravitational collapse problem 
(black holes) and reformulated the Einstein field 
equations such that the traditional singularity 
problems are automatically avoided. 

June 19.62 - September 1962: Dr. Hernandez was employed as a 
Research Solid State Physicist at the NSB, Washington, D.C. 
His main effort there was: 

The investigation and prediction of the galvano-
magnetic properties to be expected in crystals 
possessing tetragonal symmetry (Rutile). 

EDUCATION 

B.S., Physics and Mathematics, Louisiana State, 1961. 

Ph.D., Applied Mathematics, University of Maryland, 1966. 

.H'S;"-*̂ *-Tjrv?̂ i>-.-._̂  .VVAJ.V. V'l'̂ h'"-f'••":"'?.' 
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Walter C. Hernandez, Jr 
Page -4-

PRINCIPAL SCHOLASTIC .MVARDS 

• National .Academy of Sciences/National Research Council 
Post-doctoral Fellowship 

o National Science Foundation'Fellowship, University of 
Maryland 

o Graduate Student Physics Award, University of Maryland 

e Senior Honorary Society, Louisiana State University 

9 Sophomore Physics Award, Louisiana State University 

o Freshman Mathematics Award, Louisiana State University 

PUBLICATIONS 

"A Note on Galvanomagnetic Properties of Crystals with Tetra
gonal Symmetry," N.B.S. Journal of Physics and Chemistry, 1963. 

"Observer Time as a Coordinate in Relativistic Spherical Hydro
dynamics," April-June, 143, 1966. 

"Static, Axially Symmetric, Interior Solution in General Rela
tivity," Phys. Rev. 153, 5, 1359-1363, Jan. 1967. 

"Material Sources for the Kerr Metric," Phys. Rev. 159, 5, July 
1967. 

"Kerr Metric, Rotating Sources and Machian Effects," Phys. Rev. 
167, 5, March 1968. 

"Elastic Theory in General Relativity," Phys. Rev., D, Vol. 1, 
No. 4, 15 February 1970. 

"Magnetic Field Compression at the Interface of Counterstreaming 
Plasmas," Talk given at the meeting of the American Physical 
Society, 4-7 November 1970. 

"Missile Reliability Methods and Data Systems (U)," Final Report, 
Contract No. N00039-74-C-0143, SSPO, June, 1974. 

"Nonlinear Effects in Seismometers," Final Renort, Contract No. 
F446-75-C-0013, ARPA, August, 1975. 

"New Signal Processing Methods in Magnetotellurics," W. Hernandez 
and R. bebastian, American Geophysical Union meeting, San 
Francisco, December 1975. 
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LLEWELLYN A. RUBIN 

EXPERIENCE 

Present: Mr. Rubin is a Senior Group Engineer and Manager of 
Site Investigation Programs in the Earth Sciences and Systems 
Division of ENSCO, Inc. 

Since joining ENSCO, Inc., in 1973, fir. Rubin has been active 
in a variety of efforts involving applications of modern geo
physics, advanced signal processing, and multi-discipline 
interpretations to perform subsurface investigations for 
engineering projects including tunneling, underground construc
tion, and mining. 

Currently, Mr. Rubin is project manager and/or principal 
investigator on a number of subsurface contracts. Representa
tive examples include: 

• Federal Highway Administration Contract: "A 
New Sensing System for Preexcavation Subsurface 
Investigation for Tunnels in Rock Masses," and 
as a subcontractor in a complementary project; 
"Drilling and Preparation of Reusable, Long-Range, 
Horizontal Bore Holes," for pre-excavation tunnel 
investigations. Mr. Rubin's specific engineering 
responsibilities include drill guidance, drill-
string telemetry, electromagnetic and acoustic 
sensing and borehole-systems engineering. 

9 The second of two grants from the National 
Science Foundation (RANN), "Research in Subsur
face Investigation by Ground-Probing Radar." 

• "Development of a Short-Pulse Radar Coal-Thick
ness Sensor for a Continuous Miner" under a 
contract with the Bureau of Mines. 

• A research project in "Radar for High-Wall Auger 
Guidance." 

• "Research in Coal Mine Roof Stratigraphy and 
Hazard Detection by use of Ground-Probing Radar," 
for the Bureau of Mines. 

• U. S. Bureau of Mines contract, "Cableless Elec
tronic Surveying System for Drilling Horizontal 
Holes . 

3/77 
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1969-1975: Mr. Rubin was Managing Director of.the Geophysics 
Department of Telcom, Inc. In that capacity, he was respon
sible for technical management, marketing, proposal activities, 
contracts, planning, supervision, personnel, reporting, and 
customer relations. Among his activities at Telcom, he was 
Principal Investigator for Telcom in a new technology for 
tunneling, including a study of new acoustic techniques for 
pre-excavation examination in soils. He managed three impor
tant government projects which resulted in sophisticated drill-
guidance systems for both vertical and horizontal boreholes. 
Mr. Rubin also developed a whole new family of instruments 
from an original concept of drill-string telemetry called 
"CABLELESS"". 

1967-1969: As Manager of Systems Engineering in the Inter
national Ground Systems Division, Sanders Associates, Inc., 
Mr. Rubin supervised up to 20 engineers and technicians. He 
was in charge of all systems engineering in the Division 
involving two of the major business areas: OHD (Over-Horizon 
Detection) radar, and LF/VLF systems. 

1966-1967: Mr. Rubin served as a Staff Technical Consultant 
in Systems Engineering and Management at Radiation Systems, 
Inc., McLean, Virginia. lYhile acting Manager of the Recon
naissance Systems Department, Mr. Rubin supervised 15 to 20 
engineers and technicians. He was responsible for major 
systems proposals in L-S band tracking and acquisition programs. 
Marketed and managed the TACSATCOM (Tactical Satellite Com
munications) UHF.antenna project. 

1961-1966: At DECO Electronic, Inc. (later became DECO Communi
cation Department, Westinghouse Defense and Space, Center), Mr. 
Rubin Av/as involved in a num.ber of projects including: Systems 
Engineering on the United States Navy's MISRE (Microwave Space 
Relay) Program; design for VOA (Voice of America), Greenville, 
North Carolina; project leader for 15-man group for design and 
construction of a pre-production model of the CU 1463/ARC-96 
LF/VLF airborne transmitter-antenna coupler, and Engineer-
in-Charge, Systems Engineering Group attached to NASA-Goddard 
for systems engineering and test-director support of the ATS 
(Applications Technology Satellite) program. 

1956-1961: George Washington University, Washington, D. C. 
Member of the Faculty of Engineering; Assistant Professor of 
Electrical Engineering; teaching and researching in metrology, 
electromagnetic fields, and electromechanical measurements. 

19 55-19 56: University of Pennsylvania, Philadelphia, Pa. 
Moore School of Electrical Engineering, Assistant Instrvictor, 
Research, Electromagnetic Wave Propagation Studies. 
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PUBLICATIONS (Partial Listing) 

"Long Distance Horizontal Penetration and Sensing In Rock," 
(co-author). Field Measurements in Rock Mechanics Proceedings 
of the International Symposium, Zurich, 4-6 April 1977, 
Volume One, pp, 15-52 (invited paper). 

II A New Sensing System for Pre-excavation Subsurface Investiga
tion for Tunnels in Rock Masses," Contract DOT-FH-11-8602, 
Federal Highway Administration--Final Report FHWA-RD-77-10, 
(Volume I) and FHWA-RD-77-1 (Volume II). (Principal Author), 
August, 1976. 

"Subsurface Site Investigation by Electromagnetic Radar. Final 
Report, Phase I, Feasibility," (Principal Author), NSF (RANN) 
Grant APR75-13414, Report No. NSF/RA-76-0187 (NTIS--PB259335/AS) 
March, 19 76. 

"Drilling and Preparation of Reusable, Long Range, Horizontal 
Bore Holes in Rock and in Gouge, Volume I, State-of-the-Art 
Assessment," (co-author). Federal Highway Administration 
Contract DOT-FH-11-8486, Final Report--FHWA-RD-75-95, October 
1975. 

"An Overview of Horizontal-Borehole Geophysical Techniques," 
(Published in "Proceedings of a Specialty Conference--", by 
American Society of Civil Engineers, 345 East 47th Street, 
New York, NY 10017) August 12-16, 1974. 

"Improved Subsurface Investigation for Highway Tunnel Design 
and Construction; Volume 2, New Acoustic Techniques Suitable 
for Use in Soil," (principal author). Federal Highway Admin
istration Contract DOT-FH-11-8036, Final Report--FHWA-RD-74-30, 
May 19 74. 

"New Survey Systems for Drilling," Proceedings of the First 
WVU Conference on Coal Mine Electrotechnology, August 4, 1972. 

EDUCATION 

B.S.E.E. (with distinction). University of Pennsylvania 
M.S.E.E., University of Pennsylvania 
Doctoral Work at George Washington University 

PROFESSIONAL AND HONORARY SOCIETIES 

Active Member, Society of Exploration Geophysicists 
Senior Member, Institute of Electrical and Electronic Engineers 
Member, IEEE Group on Geoscience Electronics 
Member, Potomac Geophysical Society, Washington, DC 
Member, The Society of Sigma Xi, Eta Kappa Nu, Tau Beta Pi 
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D.3 MA.NAGEMENT PLA.M -•• 

D.3.1. INTRODUCTION 

To document ENSCO's team qualifications, a brief discussion — 

of the Company background, organization, and general manage

ment capability will be presented, followed by a description 

of the qualifications of the individual team members, 

D,3,2 COMPA.NY BACKGROUND AND ORGANIZATION 

ENSCO is a research and engineering company located in sub

urban Washington, D.C. Founded in 1969, it is a privately 

owned firm which conducts business with Federal and State 

governments as well as with industry. Currently, ENSCO has 

over 300 employees and has experienced continued grov/th from 

its initial, staff of four employees. The credentials of the 

professional staff include advanced technical degrees and 

extensive diversified experience. In general, members of 

the professional staff have backgrounds in engineering, 

mathematics, and the physical sciences. The average senior 

staff member has over 15 years of professional experience. 

DIVISIONAL STRUCTURE 

The Company has six divisions separated into three groups 

according to broad market segments: Defense, Transportation, 

and Information Sciences. ENSCO's corporate offices'are 

located in Springfield, Virginia, with division and branch 

offices located throughout the United States, as required by 

business activities. Additionally, ENSCO has one subsidiary: 

R-K Associates, Springfield, Virginia, who are experts in 

special antenna and analog equipment design and development. 

A geographical orientation of all of ENSCO's office locations 

is depicted in Figure D.3,1. 
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ENSCO OFFICES AND ACTIVITIES 
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The ENSCO, Inc. corporate structure, shown in Figure D.5.2., 

identifies the division assignments with the three major 

groups. Descriptions of functional activity for each divi

sion follov/. 

INFORM.\TION SCIENCES GROUP 

The Earth Sciences and Systems Division specializes in computer-' 

based, advanced data acquisition in exploration, excavation, 

mining, and subsurface site investigation. Geophysical techni

ques of primary interest include: ground-probing radar, high-

resolution seismic, passive seismic, borehole radar, and acoustic 

probes. Examples of applications include radar coal-thickness 

sensor for. controlling a continuous miner; advanced processing ' 

and interpretation of passive seismic signals for geothermal ex

ploration; multi-sensor borehole site investigation system for 

pre-excavation surveys; advanced noise reduction magnetotelluric 

data processing for geothermal site evaluation; and programmed, 

self-contained systems for mine-hazard detection in advance of 

excavation. 

The Signal Analysis Systems Division has a proven capability in 

intelligence, data processing, and system development. Its re

search emphasis is on developing- and implementing improved v/ays 

of processing magnetic, acoustic and infrared data. Examples of 

systems capabilities include anti-intrusion networks, vehicle 

discrimination systems, and specialized data reduction and dis

play systems. 
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ENSCO CORPORATE ORGANIZATION 
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DEFENSE GROUP 

The Ocean Systems and Sciences Division has made significant con

tributions in advanced research in undersea surveillance and 

ocean acoustics and is recognized as a leader in this field by 

the Department of Defense. The OSS Division has developed an 

expertise in microprogrammed signal processing and. high-level 

software for the marine environment witli applications to surface 

ships, aircraft, submarines, and fixed and' deployable sensor sys

tems. Noteworthy accomplisliments include the establishment of 

advanced systems for the detection, classification, and tracking 

of underwater acoustic sources. 

The Data and Computer Systems Division, located in Satellite 

Beach, Florida, has been generally involved in large-scale data 

reduction and processing activities. Primary areas of expertise 

include waveform processing, computer networks, statistical 

studies, aerospace vehicle telemetry, and data analysis. A major 

application area has been nuclear test detection and evaluation 

through the monitoring of the land, air and sea environments. 

This division was also a development consultant in hardware 

and software improvements to the ARPANET, a worldwide communica

tions network inter-connecting several universities, government 

agencies, and scientific institutions. 

TRANSPORTATION GROUP 

The Transportation and Instrumentation Sciences Division concen

trates on data acquisition system development and engineering 

research and analysis in mechanical and transportation systems. 

Their efforts include the design and development of sensors, in

strumentation modules, and advanced prototype systems for measure

ment, data collection, analysis, and display. . For example, appli

cation areas include signal analysis, railroad research, highway 

researcli, and veliiclc dynamics. 
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The Engineering Test and Analysis Division has been actively in

volved in the development of rail technology since 1970. This 

division developed and implemented a track geometry system involv

ing several special data acquisition vehicles that gather data 

nationv/ide on track conditions. The track data is processed by 

ENSCO for reports to tlie Federal Railroad Administration and 

various-railroads on track conditions for implementation into 

maintenance programs for safer and more comfortable travel on 

the nation's rails. The Engineering Test and Analysis Division 

also does special testing in rail vehicle dynamics, wheel/rail 

interaction, and other railroad-related equipment measurements. 

ENSCO uses special rail.test cars (whose systems we developed) 

that are electronically or meclianically instrumented to obtain 

information on the dynamic or behavior of rail cars, locomotive, 

tracks, or the interaction of vehicle and track. 

D.3.5 GENERAL R-\NAGEMENT CAPABILITY 

Within a division, projects are organized into program areas to 

maximize efficiency and cooperation. Project managers receive 

support from management at all levels to help accomplish their 

requirements in a responsive, timely manner. The simplified 

structure within the organization provides a framework for ex^ 

pediting the work flow while maintaining a high motivation of 

personnel. 

It is worth noting that, as a small and rapidly growing company, 

ENSCO has become expert in project team organization and quick 

response to the customer. As a'result of this capability, a 

choise of highly skilled personnel is available in many techni

cal areas to facilitate quick, effective response. 

ENSCO policy is to provide the Project Managers with maximum 

direct control, through the proven project management method, 

of all resources required for an efficient and effective pro

ject. This method, which provides strong management and 
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teG'hn 1 cal contro 1, can be'Sr acGomplish task oBj ec;tives , arid' 

at the- same time provide, the De.partrnent of Energy 

with maximum visibility into project operations'. The approach 

provides an organization tailored directly to the requirements 

of the projeet and responsive to its .needs, while maintaining 

the required project flexibiTity, 

Each ;mOn th the Proj ec t Man agex \̂ri 11 pre s ent to Comp any manage -

ment and the Technical Advisory Group the current st'atus, prob

lems being encountered,, plans for the immediate future, and 

actual cost versus projected cos.t on this, project. This pro

ject review provides ENSCO management an opportunity to assis:t 

the Project Manager in all ways possible to the end that-all 

work is accomplished in accord with, the Program Scheduling 

Document, Figure D.3,. 3, aiid within authorized funds,. Problem 

areas which the Project Manager cannot resolve immediately 

will be brought to, the' attention of Mr: Hal P. Demuth, Vice 

President and Earth Sciences and Systems Division Manager, 

for resolution, îr. Demuth will participa.te in all progress, 

reviews and will be available at all times to assist the re

search team in accomplishing; task assignments to the complete 

satisfaction of the client. He will participate directly in 

all phases" of the proposed research to insure the achievement 

of meaningful, practical and immediately useful results. His 

background -makes him uniquely qualified for this- role.. Mr. 

Demuth has been project manager on several important multi-

million dollar system engineering, computer oriented system 

design and transportation system programs. 

0.3.4. PROJECT ASSIGNMENTS 

The project organization chart (Figure D.3.4) shows the res-

ponsi.bi 1 ities assigned for the performance 0f the tasks des-

cribed in the Program Description, Section B.3. 
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D.3.5- . INDIVIDUAL TEAM MEMBER QUALIFICATIONS 

ENSCO is committing a s.eject team to this effort. The Pro

ject Manager/Principal Investigator, Dr. Edward Pa.ge, is 

EN.SC0,' s most exper ienCed Staf f Scientist in se,ismic. 5ouree 

depth' research. Dr.- Page' has eight J ea r s experienee in de

veloping signal processing and seismic, modeling, techniques 

directed toward improved seismic s.ource analysis-. . In addi

tion, he is ,a leader in the development of new seismic array • 

processing technology for source localization in geothermal 

regions-. 

Mr. Richard T. Houck, ENSCO Senior Scientist, has over four 

years experience in conducting field s.eismic data processing 

and associated research. His -work spans the .gamat of basic 

research, computer program de-velopment, and field data collec

tion, and will be utilized in all three capacities in this 

propos-al.. 

Mr, Theo'dore Mosex, ENSCO Engineer, will be heavily' involved 

in field recording. He has over six yea-rs of experience 

gathering and interpreting data gathered in the, field. Five 

years of this expe'rience \iras on-board rail test cars owned 

by U.S. DOT. As field supervisor, Mr. Moser was responsible 

for interpretation of real-time data gathered at high speed 

in both .analog and digital form. Mr. Moser was also' involved 

with the .implementation and design of new systems placed on

board. 

The past year and a half, Mr. Moser has become very familiar 

with ground probing radar techniques in hard rock, coal, and 

earthy materials. Mr. Moser has also been involved in modi

fications to the commercial radar units and peripheral equip

ment to make them more suitable for real-time display and 

interfacing to the computer system. 
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Mr; Ro'be'rt Bauman, ENSCO Senior Programmer/Analyst, will work 

on data, processing aspects of the proposal. He is experienced 

in processing digitized time-series data, refining and docu

menting computer software in underwater acoustics analysis, 

and collateral programming to test, display, and analyze data. 

Full resumes of these key personnel appear.-inv-Section D.2. 
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D.4 CONTACTS 

Following are names, addresses, and telephone numbers of pri

mary business and technical contacts related to this proposal 

H. M. Iyer 
U.S.G.S. 
Menlo Park, California 
(415) 523-8111, ext. 2685 

Donald Klick 
U.S.G.S. 
Reston, Virginia 
(705) 860-6581 

Stanley Laster 
Dept. of Physical Sciences 
University of Tulsa 
Tulsa, Oklahoma 
(918) 959-6351 

Dan Tucciarone 
Defense Contract Audit Agency 
5600 Columbia Pike 
Falls Church, VA 22041 
(202) 756-1110 

Connie Marcheski 
Defense Contract Adminstration 
Services Management Area 

300 E. Joppa Road 
Towson, MD 21204 
(301) 321-4950 

D.5 DRAFT CONTRACT 

The provisions of the draft contract are acceptable with 

the exception of Article 4.b.2. Payment, Non-Dri11irig Program, 

As indicated on our Optional Form 60, we do request monthly 

progress payments up to 85% of total cost. ENSCO, Inc. has 

adequate resources including a line of credit of $750,000 

with United Virginia Bank/National, Alexandria, Virginia. 
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D.6- THE PROGRAM TECHNICAL SCOPE 

The "Program Technical Scope" set forth in the RFP has been 

reviewed and all of the data which may be furnished pursuant 

to a contract may be published. 

D.7 FINANCIAL STATE.MENT 

A copy of ENSCO, Inc.'s Financial Statement for the period 

ending April 50, 1978 is enclosed. 

D.8 VALIDITY PERIOD 

Addressed in transmittal letter. 

D.9 AUTHORITY TO COMMIT ENSCO, INC. 

Addressed in transmittal letter. 

D.IO REPRESENTATIONS'AND CERTIFICATIONS 

Attached. 
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National Geothermal Corp. 

P.O. 549 
Los Gatos, Ca. 95030 

U.ri.i^ir 
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. Ml'' 

Mr. Joseph N. Fiore, Chairman 
Source Evaluation Panel 
U.S. Department of Energy 
Nevada Operations Office 
2753 South Highland Drive 
Las Vegas, Nevada 89114 

Dear Mr. Fiore: 

Further-to my telephone discussions with you, I am enclos'ing herevn'th 
an amendment to our May 30 proposal to the OOE to conduct geothermal investi
gations in Smokey Valley, Nevada. The purpose of the amendment is to provide 
you and your colleagues with some of the newest findings that NGC has made 
in its ongoing investigations of Smokey Valley, Nevada. These findings, 
which we find exciting and rather encouraging, suggest that a commercial-
temperature reservoir may be located in the area of the Darrough Hot Springs 
Prospect. 

Our proposal entails no change in either the financial aspects or the 
time plan which was presented earlier by us. However, we felt that our 
newest findings may have some bearing on your considerations. 

Sincerely yours, 

Hugh McLaughlin 

Q L A J ^ 
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National Geothermal Corp. 
P.O. 549 

Los Gatos, Ca. 95030 

AMENDMENT TO PROPOSAL TO U.S. DEPARTMENT OF ENERGY 

TO SUPPORT GEOTHERMAL INVESTIGATIONS IN SMOKEY VALLEY, NEVADA 

GEOTHE.RMAL RESERVOIR ASSESSMENT CASE STUDY 

NORTHERN BASIN & R.ANGE PROVINCE 

BY 

NATIONAL GEOTHERMAL CORPORATION 

REQUEST FOR PROPOSAL ET-78-R-0S-0003 
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STATEMENT OF PURPOSE 

The purpose of this amendment is to provide new technical data which 

indicate that our original assertion about the favorable likelihood of the 

occurrence of a- high quality geothermal reservoir in the Darrough Hot Spring 

Prospect, Smokey Valley, Nevada, is borne out by the new data. 

Based upon that new data, we believe that adequate scientific evidence 

now exists to strongly suggest that a reservoir at a temperature of about 

180 C +_ 20 occurs in the Darrough region at a depth of less than 2 km 

(6000'). 

NEW TECHNICAL DATA 

Results of a small scale leodiemicalsurvey and thermal gradient^measure-

ments were not fully analysed at the time of the submission of our original 

proposal, dated May 30, 1978. 

The geochemical survey included sampling of both hot and cold springs 

in Smokey Valley. Analysis of survey results shows that the hot water 

emanating at the Darrough Hot Springs and at the other 'warm springs in the 

Valley are a result of mixing_pf cold groundwater and a hot water body at 

depth. Prior to our work, estimates of reservoir temperatures in Smokey 

Valley were based upon two single analyses by the U.S.G.S. of the outflow 

of the Darrough and Spencer hot springs, which did not take possible mixing 

of cold water with the leakage from the reservoir into account. Although 

this limitation was pointed out by the U.S.G.S. in their various publications 

(cf. Mariner et al, 1974), most resource companies examining the opportunity 
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in Smokey Valley must have relied on the calculated minimum reservoir tempera- -

( ture published by the U.S.G.S. (140 ), resulting in lack of interest in geo

thermal exploration and development in the Valley. As a result, no offers were 

submitted to the BLM in two previous bidding periods when portions of the KGRA 

were offered for sale to the public. 

Our work and methodology are shown in the attached report on geochemical 

survey results in Smokey Valley. Our conclusion, based upon the geochemical 

data is that a reservoir at a temperature of 180° + 20° C occurs in the area. 

The- range of temperature uncertainty reflects-the data scatter of temperature 

• values obtained from the different geochemical geothermometers employed. 

The depth to the reservoir is indicated by data obtained from a 1imited 

electrical resistivity (magnetotelluric) survey conducted by the U.S.G.S. in the 

area, and by careful analysis of the thermal gradient data from the Roger Berg 

well and the Darrough exploration hole. 

The magnetotelluric data gathered by the U.S.G.S. shows that the approxi

mate depth to the center of a low resistivity anomaly in the Darrough Hot 

Springs area is about 1600 meters (about one mile). Since at that depth the 

roĉ ks are known to be basement rocks, they would normally be characterized 

by high resistivities. A—Vog-i-cal explanation for the low resistivity is that 

the rocks at that depth contain a high temperature liquid which causes the 

lowering of rock resistivity at that depth. Aeromagnetic data ^t§4€-fe that 

the entire area of the Darrough Prospect has been subjected to hydrothermal 

alterations by high temperature liquids flowing through the basement rocks. 

t 
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Thermal gradient measurements in a drill hole in the Roger Berg property, 

about 5,000' north of the Darrough Hot Springs, has resulted in a remarkably 7 

high and remarkably linear gradient of 9°F/100' (154°C/km) in the bottom |^A<C^ 

140 feet of the hole. Based upon the actual temperatures measured and the 

calculated gradient, a temperature- of 180°C may be encountered at a depth -̂ &̂> 

of 3500', provided that the gradient continues downward linearly. .1 1̂ " 

-- Bottom, hole temperatures measured in the Darrough exploration hole 

^ 0 
during drilling, indicated a nearly linear temperature gradient of 7.1 F/lOO' 

.'J*" (120°C/km) from a depth of 100' downward. Based upon the actual temperatures 

n 0^ J" (which are higher here than on the Berg property) and the gradient (which 

a'^ is lower), it is calculated that a. temperature of 180°C. would be. encountered . 

in that location at a depth of about 2400', provided that the gradient con- ^b v**̂ '"̂  

/ ' 

tinues downward linearly. 

Based upon the existing temperature, data, we have prepared a hypothetical 

iso-temperature cross-section of the Darrough geothermal system anomaly 

(Figure 1). As a general rule, temperatures do not increase linearly inside 

the reservoir itself, where convection tends to predominate. In Figure 1, 

the values given are those of actually measured temperatures. Values with 

a wiggly line underneath are those calculated from the gradient, data. 

Figure 2 presents a hypothetical model of the entire Darrough Hot Springs 

Prospects as envisioned at present, based upon the existing data. According -

to this model, hot water at a temperature of about 350-360°F (about 180°C) is 

mobilized in the basement, at a depth of about 17,000'-18,000'. The hot water 

CONFIDENTIAL 



travels upward along one of the active faults. At a depth range extending 

from 2500' to about 5000' the hot water is laterally distributed to form a. 

geothermal reservoir.. At one location, Darrough Hot Springs, where- a cross^ 

faulting situation- apparently occurs, the reservoir leaks to the surface, t 

after having been diluted by laterally flowing: cold groundwater. ^̂ -̂ '̂  fso-^-' 

r 

This model suggests that a reservoir with an area of a few square miles 

occurs in the area. Its thickness probably varies, depending upon location. 

International compilation suggests that high quality geothermal reservoirs 

possess a potential capacity of about 150 MW per square mile of reservoir 

surface area, for about 30 year's. NGC anticipates that further investigation 

would result in the discovery of a reservoir with an equivalent electrical ' 

capacity of several hundred megawatts. 

OPERATIONAL PLAN . 

NGC's proposed exploration program is not affected costwise by the latest 

findings. NGC will conduct the same geotechnical program as outlined in the 

May 30 proposal, if funded. However, the intermediate depth drilling program 

to 2000' will now be primarily a stratigraphic test and deep thermal gradient 

probing of the area. The hole will serve to test whether the present model 

of the geothermal system, or any updated versions thereof, based upon new 

geotechnical data, corroborate the likelihood of encountering a geothermal 

reservoir of commercial interest for electrical power production. If the 

answer is positive, NGC may apply for additional funding of the program into -

Phase II - the deep hole (6000') exploration program. Hov^ever, NGC's future 

plans d.vQ not contingent upon securing financing for Phase II. In case that 

-4- CONFiDENTi'AL 



( 

Phase I results corroborate the calculations and models which have been 

constructed, based upon existing data, NGC may solicit additional funds 

from its associates or the private capital market to continue the program, 

if DOE is unable to continue its support, of the. program. 

Approval and support of this program may result in an important new 

discovery in an area which has been previously neglected. NGC looks for

ward to a. positive support by DOE of this significant program. 

June 26, 1978 

3^ f^yh^j&e^ 
Hugh McLaughlin, President 
National Geothermal Corporation 
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A Preliminary Analysis of Geothermal Reservoir Temperature in 

Smokey Valley, Based upon Chemical Geothermometry 

Summary 

Seven samples of both hot and cold water were collected by the writer in the Smokey 

Valley in March, 1978. The samples were analyzed by a commercial laboratory. Results 

of the analysis are presented in Appendix I. 

The data was interpreted, using the assumption that the hot springs in the area represent 

mixing of cold groundwater and geothermal reservoir water. Reservoir temperatures 

based upon the silica thermometer yield a temperature of about I80°C (355"F) for the 

deep water at both Darrough Hot Springs and Spencer Hot Springs. Reservoir 

temperatures based upon the calcium-potassium, sodium-potassium and calcium-sodium 

thermometers yield a temperature range of I35"C to over 220"C (372-425T). 

The data suggests that a geothermal reservoir of commercial quality may underlie parts 

of Smokey Valley. Although this conclusion must be corroborated by independent 

evidence, i.e. drill ing, i t is encouraging enough to justify a continued exploration program 

in.the Valley. 

Methodology and Analysis 

Techniques for determining subsurface reservoir temperatures from chemical analysis of 

surface water are well known. These techniques have been successfully employed in a 

number of countries. White (1970) has ably summarized the fundamental principles 

underlying the rationale and methodology of chemical geothermonnetry of reservoir fluids 

through the analysis of hot springs emanating at the surface. Thus, the determination of 

likely reservoir temperature through a detailed geochemical study of hot springs has 

become a standard geothermal exploration method. 
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The problem of determining subsurface temperatures becomes more complex when the 

original geothermal fluid becomes diluted by colder water percolating downward, thus 

altering its chemical character. Numerous authors have offered a variety of methods to 

determine the ratio of mixing between two liquid systems at different temperatures. A 

number of methods work reasonably well when the lower temperature system is 

P' characterized by very low. salinity. In this study, we have employed the quartz 

geothermometer and compared it with results obtained from a number of independent 

chemical geothermometry determinations for the same locality using the Na/K, Ca/K 

and Ca/Na thermometers, employing a method developed by Professor Tonani 

(unpublished). Certain statistical tests and mutual consistency criteria provide a 

measure of reliabil i ty of the resolved reservoir temperature when mixing has occurred. 

ThuSy under favorable conditions, the true reservoir temperature can be approximately 

determined even under conditions of mixing of water from two different sources. 

We hove collected samples of both hot and cold spring waters in Smokey Valley, cn the 

assumption that dilution has taken piece. A study of both hot and cold spring 

geochemistry permits the determination of the amount of mixing and the temperature of 

the reservoir f luid before it was cooled down by intermixing with the downward 

percolating cold groundwater, or horizontally flowing lukewarm water. 

Description of sample location, water temperature at spring orifice and results of the 

chemical analysis are presented in Appendix I of this report. Chemical analysis results 

are given in ppm. 

Cursory examination of the data showed that there is a direct correlation between silica 

concentration and spring temperature. An important problem that must be overcome by 

the user of silica thermometry is that of the potential ambivalence of the thermometer 

because of the different solubility characteristics of different silica bearing minerals 

such as quartz, christoballite and amorphous silica. We have ruled out the possibility of 

amorphous silica as being the source of silica in the Smokey Valley water, because at low 

concentrations, the solubility of amorphous silica is almost temperature-independent, yet 

our samples show high linear correlation between sample temperature and silica 

concentration. Similar conclusions were reached by Levitte end Eckstein (1978, in press) 

in analyzing warm springs in the Jordan Valley. Furthermore, independent chemical 

thermometry using Na, K and Ca related thermometers yields calculated reservoir 

temperatures which are in closer agreement with calculated reservoir temperatures using 
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the quartz solubility curve and assumed dilution. 

A plot of dissolved silica vs. enthalpy (or temperature) for samples of distinct 

temperature from Smokey Valley (Figure 1), on paper containing graphs of quartz 

solubility (with and without steam loss), shows that the silica concentration is linearly 

related to temperature. The silica concentration varies from 21 ppm, at the Wineglass 

Spring well (I2.5^C, Sample No. 5), to 98 ppm at Darrough Hot Springs (Sample No. 8, 

analyzed by the USGS, at 95"C). The graphically obtained reservoir temperature for the 

non-diluted end member is I80"C (355^), if no steam loss is assumed, and I60°C {32(fF) if 

maximum steam loss is assumed. It is interesting to note that the Spencer Hot Springs 

(Sample No. I) data point falls on the same straight line as that derived from the data in 

the vicinity of Darrough Hot Springs. The alkali metal ratio thermometers (Na, K, Ca 

and their various interrelationships), are less affected by dilution, because dilution by 

pure water does not affect ratios. For Sample No. 7, (the Roger Berg well) the alkali 

metal ratio thermometers yield a mean temperature of I35"C (273°F). For Spencer Hot 

Springs, the calculated reservoir temperature is 277 + SO^C. For Spencer Hot Springs 

Bath House they yield a temperature of 2IS"C + 10" (4 ITT + I8T) . For Darrough Hot 

Springs the three-metal thermometers do not work. Thus, the range of credible reservoir 

temperatures varies from 135° to 227" based upon alkali metal thermometry, or about 

I80°C average temperature. The range of minimum reservoir temperatures based upon 

the silica data is 160-18C^C. 

It is tentatively concluded that a temperature of about I80"C is likely to represent the 

temperature of the reservoir from which the hot spring fluids emanate. The resultant 

hydrocological-geothermal model for the area is quite simple: Geothermal fluid at a 

temperature of about I80"C rises from great depth, after being heated by a shallow heat 

source. As the geothermal f luid rises i t becomes increasingly diluted by warm or cold 

water. Different leakage paths to the surface (A or B in Figure 2) conduct the liquid 

from that depth to the surface. If l i t t le dilution has taken place (Point A in Figure 2), 

the spring emanates at a higher orifice temperature.. If high dilution takes place, by 

different aquifers feeding into the system, a lower salinity, lower temperature water-

issues at the surface at spring B. At places where the shallow aquifer does not encounter 

any ascending hot water (Point C), the water may issue as a cold spring, depending upon 

the piezometric surface in any given locale. According to this model, hot water at 

original reservoir temperature would be encountered if a hole is drilled deep enough. 

Geophysical data suggests that the reservoir is at about 1.5 km depth. 
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Uncertainties concerning the technique and the limited data available moke it unwise to 

make any conclusions which are absolutely reliable. The only important conclusion that 

may be derived from the above study is that enough encouraging data is provided by the 

geochemical survey by us to warrant the assumption that the chances for the occurrence 

of a geothermal reservoir of economic value for power production purposes warrant 

further vigorous investigations in Smokey Valley, especially around Darrough and Spencer 

Hot Springs. 
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National Geothermal Corp. 

P.O. 549 
Los Gatos, Ca. 95030 

Mr. Joseph N. Fiore, Chairman 
Source Evaluation Panel 
U.S. Department of Energy 
Nevada Operations Office 
2753 South Highland Drive 
Las Vegas, Nevada 89114 

Dear Mr. Fiore: 

6-2-^-7 K 
4 

Further-to my telephone discussions with you, I am enclosing herewith 
an amendment to our May 30 proposal to the DOE to conduct geothermal investi
gations in Smokey Valley, Nevada. The purpose of the amendment is to provide 
you and your colleagues with some of the newest findings that NGC has made 
in its ongoing investigations of Smokey Valley, Nevada. These findings, 
which we find exciting and rather encouraging, suggest that a commercial-
temperature reseVvoir may be located in the area of the Darrough Hot Springs 
Prospect. 

Our proposal entails no change in either the financial aspects or the 
time plan which was presented earlier by us. However, we felt that our 
newest findings may have some bearing on your considerations. 

Sincerely yours, 

Hugh McLaughlin 
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National Geothermal Corp. 

P.O. 549 
Los Gates, Ca. 95030 

AMENDMENT TO PROPOSAL TO U.S. DEPARTMENT OF ENERGY 

TO SUPPORT GEOTHERMAL INVESTIGATIONS IN Sî lOKEY VALLEY, NEVADA 

GEOTHERMAL RESERVOIR ASSESSMENT CASE STUDY 

NORTHERN BASIN & R.ANGE PROVINCE 

BY 

NATIONAL GEOTHERMAL CORPORATION 

REQUEST FOR PROPOSAL ET-78-R-08-0003 
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STATEMENT OF PURPOSE 

The purpose of this amendment is to provide new technical data which 

indicate that our original assertion about the favorable likelihood of the 

occurrence of a: high quality geothermal reservoir in the Darrough Hot Spring 

Prospect, Smokey Valley, Nevada, is borne out by the new data. 

Based upon that new data, we believe that adequate scientific evidence 

now exists to strongly suggest that a reservoir at a temperature of about 

180°C +; 20° occurs in the Darrough region at a depth of less than 2 km 

(5000'). 

NEW TECHNICAL DATA 

Results of a small scale geochemi^alj^rvey and thermaj gradient, measure-

ments were not fully analysed at the time of the- submission of our original 

proposal, dated May 30, 1978, 

The geochemical survey included sampling of both hot and cold springs 

in Smokey Valley. Analysis of survey results shows that the hot water 

emanating at the Darrough Hot Springs and at the other v<<ann springs in the 

Valley are a result of mixi_ng_pf cold groundwater and a hot water body at 

depth. Prior to our work, estimates of reservoir temperatures in .Smokey 

Valley were based upon two single analyses by the U.S.G.S. of the outflow 

of the Darrough and Spencer hot springs, which did not take possible mixing 

.of cold water with the leakage from the reservoir into account. Although 

this limitation was pointed out by the U.S.G.S. in their various publications 

(cf. Mariner et al, 1974), most resource companies examining the opportunity 
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in Smokey Valley must have relied on the calculated minimum reservoir tempera- •• 

ture published by the U.S.G.S. (140 ), resulting in lack of interest in geo

thermal exploration and development in the Valley. As a. result, no offers were 

submitted to the BLM in two previous bidding periods when portions of the KGRA 

were offered for sale to the public. 

Our work and methodology are shown in the attached report on geochemical 

survey results in Smokey Valley. Our conclusion, based upon the geochemical 

data is that a reservoir at a temperature of 180° +; 20 C occurs in the area. 

The range of temperature uncertainty reflects-the data scatter of temperature 

values obtained from the different geochemical geothermometers employed. 

The depth to the reservoir is indicated by data obtained from a limited 

electrical resistivity (magnetotelluric) survey conducted by the U.S.G.S. in the 

area, and by careful analysis of the thermal gradient data from the Roger Berg 

well and the Darrough exploration hole. 

The magnetotj_l luric data gathered by the U.S.G.S. shows that the approxi

mate depth to the center of a low resistivity anomaly in the Darrough Hot 

Springs area is about 1600 meters (about one mile). Since at that depth the 

rocks are known to be basement rocks, they would normally be characterized 

by high resistivities. A logical explanation for the low resistivity is that 

the rocks at that depth contain a high temperature liquid which causes the 

lowering of rock resistivity at that depth. Aeromagnetic data suggest that 

the entire area of the Darrough Prospect has been subjected to'hydrothermal 

alterations by high temperature liquids flowing through the basement rocks. 
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Thermal gradient measurements in a drill hole in the Roger Berg property, 

about. 5,000' north of the Darrough Hot Springs, has resulted in a remarkably 

high and remarkably linear gradient of 9°F/100' (154°C/km) in the bottom 

140 feet of the hole-. Based upon the actual temperatures measured and the 

calculated gradient, a temperature of 180 C may be encountered at a depth 

of 3500', provided that the gradient continues downward linearly. 

Bottom hole temperatures measured in the Darrough exploration hole 

during drilling, indicated a nearly linear temperature gradient of 7.1°F/100' 

(120 C/km) from a depth of 100' downward. Based upon the actual temperatures 

(which are higher here than on the Berg property) and the gradient (which 

is lower), it is calculated that a. temperature of 180°C. would be. encountered 

in that location at a depth of about 2400', provided that the gradient con

tinues downward linearly. 

Based upon the existing temperature data, we have prepared a hypothetical 

iso-temperature cross-section of the Darrough geothermal system anomaly 

(Figure 1). As a general rule, temperatures do not increase linearly inside 

the reservoir itself, where convection tends to predominate. In Figure 1, 

the values given are those of actually measured temperatures. Values with 

a wiggly line underneath are those calculated from the gradient data. 

Figure 2 presents a hypothetical model of the entire Darrough Hot Springs 

Prospects as envisioned at present, based upon the existing data. According 

to this model, hot water at a temperature of about 350-350°F (about 180°C) is 

mobilized in the basement, at a depth of about 17,000'-18,000'. The hot water 
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travels upward along one of the active faults. At a depth range extending 

from 2500' to about 5000' the hot water is laterally distributed to form a 

geothermal reservoir.. At one location, Darrough Hot Springs, where a cross-

faulting situation apparently occurs, the reservoir leaks to the surface, 

after having been diluted by laterally flowing cold groundwater. 

This model suggests that a. reservoir with- an area of a few square miles 

occurs in the area. Its thickness probably varies, depending upon location. 

International compilation suggests that high quality geothermal reservoirs 

possess a potential capacity of about 150 MW per square mile of reservoir 

surface area, for about 30 years. NGC anticipates that further investigation 

would result in the discovery of a reservoir with an equivalent electrical • 

capacity of several hundred megawatts. 

OPERATIONAL PLAN 

NGC's proposed exploration program is not affected costwise by the latest 

findings. NGC-will conduct the same geotechnical program as outlined in the 

May 30 proposal, if funded. However, the intermediate depth drilling program 

to 2000' will now be primarily a stratigraphic test and deep thermal gradient 

probing of the area. The hole will serve to test whether the present model 

of the geothermal system, or any updated versions thereof, based upon new 

geotechnical data, corroborate the likelihood of encountering a geothermal 

reservoir of commercial interest for electrical power production. If the 

answer is positive, NGC may apply for additional funding of the program into 

Phase II - the deep hole (6000') exploration program. However, NGC's future 

plans are not contingent upon securing financing for Phase II, In case that 
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Phase I results corroborate the calculations and models which have been 

constructed, based upon existing data, NGC may solicit additional funds 

from its associates or the private capital market to continue the program, 

if DOE is unable to continue its support of the. program. 

Approval and support of this program may result in an important new 

discovery in an area which has been previously neglected. NGC looks for

ward to a. positive support by DOE of this significant program. 

June 26, 1978 

Hugh McLaughlin, President 
National Geothermal Corporation 
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DARROUGH HOT SPRINGS PROSPECT' 

A possible temperature model. 

No ve r t i ca l exaggeration. 
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A Preliminary Analysis of Geothermal Reservoir Temperature in 

Smokey Valley, Based upon Chemical Geothermometry 

Summary 

Seven samples of both hot and cold water were collected by the writer in the Smokey 

Valley in March, 1978. The samples were analyzed by a commercial laboratory. Results 

of the analysis are presented in Appendix I. 

The data was interpreted, using the assumption that the hot springs in the area represent 

mixing of cold groundwater and geothermal reservoir water. Reservoir temperatures 

based upon the silica thermometer yield a temperature of about I80°C (355T) for the 

deep water at both Darrough Hot Springs and Spencer Hot Springs. Reservoir 

temperatures based upon the calcium-potassium, sodium-potassium and calcium-sodium 

thermometers yield a temperature range of !35"C to over 220"C (372-425D. 

The data suggests that a geothermal reservoir of commercial quality may underlie parts 

of Smokey Valley. Although this conclusion must be corroborated 'by independent 

evidence, i.e. dril l ing, i t is encouraging enough to justify a continued exploration program 

in.the Valley. 

Methodology and Analysis 

Techniques for determining subsurface reservoir temperatures from chemical analysis of 

surface water are well known. These techniques have been successfully employed in a 

number of countries. White (1970) has ably summarized the fundamental principles 

underlying the rationale and methodology of chemical geothermornetry of reservoir fluids 

through the analysis of hot springs emanating at the surface. Thus, the determination of 

likely reservoir temperature through a detailed geochemical study of hot springs has 

become a standard geothermal exploration method. 

LW1DENTI4L 
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The problem of determining subsurface temperatures becomes more complex when the 

original geothermal f luid becomes diluted by colder water percolating downward, thus 

altering its chemical character. Numerous authors have offered a variety of methods to 

determine the ratio of mixing between two liquid systems at different temperatures. A 

number of methods work reasonably well when the lower temperature system is 

characterized by very low salinity. In this study, we have employed the quartz 

geothermometer and compared it with results obtained from a number of independent 

chemical geothermometry determinations for the same locality using the Na/K, Ca/K 

and Ca/Na thermometers, employing a method developed by Professor Tonani 

(unpublished). Certain statistical tests and mutual consistency criteria provide a 

measure of reliabil ity of the resolved reservoir temperature when mixing has occurred. 

Thus, under favorable conditions, ihe true reservoir temperature can be approximately 

determined even under conditions of mixing of water from two different sources. 

We have collected samples of both hot and cold spring waters in Smokey Valley, on the 

assumption that dilution has taken place. A study of both hot and cold spring 

geochemistry permits the determination of the amount of mixing and the temperature of 

the reservoir f luid before i t was cooled down by intermixing with the downward 

percolating cold groundwater, or horizontally flowing lukewarm water. 

Description of sample location, water temperature at spring orifice and results of the 

chemical analysis are presented in Appendix I of this report. Chemical analysis results 

are given in ppm. 

Cursory examination of the data showed that there is a direct correlation between silica 

concentration and spring temperature. An important problem that must be overcome by 

the user of silica thermometry is that of the potential ambivalence of the thermometer 

because of the different solubility characteristics of different silica bearing minerals 

such as quartz, christoballite and amorphous silica. We have ruled out the possibility of 

amorphous silica as being the source of silica in the Smokey Valley water, because at low 

concentrations, the solubility of amorphous silica is almost temperature-independent, yet 

our samples show, high linear correlation between sample temperature and silica 

concentration. Similar conclusions were reached by Levitte end Eckstein (1978, in press) 

in analyzing warm springs in the Jordan Valley. Furthermore, independent chemical 

thermometry using Na, K and Ca related thermometers yields calculated reservoir 

temperatures which are in closer agreement with calculated reservoir temperatures using 
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c the quartz solubility curve and assumed dilution. 

A plot of dissolved silica vs. enthalpy (or temperature) for samples of distinct 

temperature from Smokey Valley (Figure I), on paper containing graphs of quartz 

solubility (with and without steam loss), shows that the silica concentration is linearly 

related to temperature. The silica concentration varies from 21 ppm, at the Wineglass 

Spring well (I2.5"C, Sample No. 5), to 98 ppm at Darrough Hot Springs (Sample No. 8, 

analyzed by the USGS, at 95"C). The graphically obtained reservoir temperature for the 

non-diluted end member is I80"C (35ST), if no steam loss is assumed, and \6(fC (32C^) if 

maximum steam loss is assumed. It is interesting to note that the Spencer Hot Springs 

(Sample No. 1) data point falls on the same straight line as that derived from the data in 

the vicinity of Darrough Hot Springs. The alkali metal ratio thermometers (Na, K, Ca 

and their various interrelationships), are less affected by dilution, because dilution by 

pure water does not affect ratios. For Sample No. 7, (the Roger Berg well) the alkali 

metal ratio thermometers yield a mean temperature of 135"C (273°F). For Spencer Hot 

Springs, the calculated reservoir temperature is 277 + 50"C. For Spencer Hot Springs 

Bath House they yield a temperature of 2I5"C + 10" (4 I7T + I8T) . For Darrough Hot 

Springs the three-metal thermometers do not work. Thus, the range of credible reservoir 

temperatures varies from 135̂  to 227" based upon alkali metal thermometry, or about 

I80°C average temperature. The range of minimum reservoir temperatures based upon 

the silica data is 160-180^C. 

It is tentatively concluded that a temperature of about 180"C is likely to represent the 

temperature of the reservoir from which the hot spring fluids emanate. The resultant 

hydrocological-geothermal model for the area is quite simple: Geothermal fluid at a 

temperature of about I80"C rises from great depth, after being heated by a shallow heat 

source. As the geothermal fluid rises i t becomes increasingly diluted by warm or cold 

water. Different leakage paths to the surface (A or B in Figure 2) conduct the liquid 

from that depth to the surface. If l i t t le dilution has taken place (Point A in Figure 2), 

the spring emanates at a higher orifice temperature. If high dilution takes place, by 

-different aquifers feeding into the system, a lower salinity, lower temperature water 

issues at the surface a't spring B. At places where the shallow aquifer does not encounter 

any ascending hot water (Point C), the water may issue as a cold spring, depending upon 

the piezometric surface in any given locale. According to this model, hot water at 

original reservoir temperature would be encountered if a hole is drilled deep enough. 

Geophysical data suggests that the reservoir is at about 1.5 km depth. 
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Uncertainties concerning the technique and the limited data available make i t unwise to 

make any conclusions which are absolutely reliable. The only important conclusion that 

may be derived from the above study is that enough encouraging data is provided by the 

geochemical survey by us to warrant the assumption that the chances for the occurrence 

of a geothermal reservoir of economic value for power production purposes warrant 

further vigorous investigations in Smokey Valley, especially around Darrough and Spencer 

Hot Springs. 
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National Geothermal Corp. 
P.O. 549 

Los Gatos, Ca. 95030 

May 30, 1978 

Mr. Joseph N. Fiore, Chainran 
Source Evaluation Panel 
U.S. Department of Energy 
Nevada Operations Office 
2753 South Highland Drive 
Las Vegas, Nevada 89114 

Dear Mr. Fiore: 

I enclose herewi-th a proposal by the National Geothermal Corporation 
to conduct a geothermal reservior exploration and assessment of -the 
Darrough Hot Springs KGRA in t h e Northern Basin and Range Province. 

In order to carry out the program, we have assembled a team of 
experienced geothermal explorationists to ensure ourselves and t±ie U.S. 
Government of high quality of performance. 

The National Geothermal Corporation is prepared to share any infor
mation gained in the course of -this program as soon as practicable, and 
share in -the cost of producing that data. 

We invite your inquiries and look forward to subs-fcantive discussions 
about our proposals. Please feel free to call upon Mr. Ron Adolphson, 
Executive V.P., for any clarifications regarding -the financial aspects of 
-this program, and Dr. Tsvi ifeidav. Senior Technical Consultant, for technical 
discussions. 

Sincerely yours, 

, . • ) : ^ > " 

' / / 
Hugh McLaughlin, President 
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Al l information contained in this report is confidential. No information 

contained in this report may be released to third parties outside the U.S. 
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A. Descript ion of Nationol Geothermol Corporat ion and its His tory 

Not ional Geothermal Corprot ion was or iginal ly formed by Hugh McLaughl in, on 

entrepreneur, in 1975. McLaughlin's interest in the possibi l i ty of exploi tat ion of 

geothermal steam in Big Smokey Valley was piqued in 1958. A t that ^ime, Mr. 

McLaughlin was engaged in on explorat ion program for si lver in Morshaii Canyon, 

Lander County, which drains into Big Smokey Val ley. 

While driving a tunnel in to the hil lside in Marshall Canyon, hot water was 

encountered. A t McLaughlin's d i rec t ion, a small charge of dynamite was placed to 

increase the f low of the hot water. Upon return to the ds-ift s i te two days later i t was 

found that the tunnel was ful l of steam and bellowing l ike a hot furnace. Within one 

day more, the tunnel ceil ing gave way and the ent i re tunnel collapsed, cut t ing o f f the 

f low of steam. 

. In 1971 Mr. McLaughl in began a program of explorat ion for geothermal steam 

in Smokey Valley. Mr. Don Stuart^ geothermal specialist associated w i th Bat te l le 

Northwest provided advice on explorat ion and conducted pre l iminary analysis of hot 

spring geochemistry. Subsequently, the services of Dr . Frank Morr ison, professor of 

geophysics at the Universi ty of Ca l i fo rn ia , Berkeley, were obtained. Dr . Morrison 

carried out a reconnaissance geophysical survey, including e lect r ica l res ist iv i ty and 

ground magnetics in a few selected locations. 

McLaughlin began acquiring geothermal bases in Smokey Volley in 1972, under 

the corporate name "McLaughl in Inc". Because of delays in Federal leasing of BLM 

land, McLauhgl in acquired leases on pr ivate land, which resulted in contro l of most of 

the pr ivate land in Smokey Valley. 

In 1976 McLaughlin began negotiations w i th Geonomics of Berkeley, Ca l i fo rn ia , 

which was headed at the t ime by Dr . Tsvi Meidav, to provide technical management 

and explorat ion services fo r the corporat ion. 



!n late 1977, McLaughlin assigned the geothermal bases of McLaughl in Inc. to o 

newly formed corporat ion, National Geothermal Corporat ion, of which he presently 

serves as President and Chairman of the Board. 

The Board of Directors also includes the fo l lowing: Mr . W. C. Brodshaw, Mr. 

Andrew Davl in , Mr. Harold Bernson, and Mr. Ronald Adolphson. Mr. Brodshaw is the 

owner and manager of the W. C. Brodshaw Company, a management consulting f i r m . 

His previous act iv i t ies include management of on operating oi l company and on 

investment company (see resume). Mr. Davl in has an MBA f rom Columbia Univers i ty , 

He is 0 manager of a consulting company for the motor carr ier industry and Chairman 

of the Board of the Landy Corporat ion, which is in the motor carr ier business. Mr. 

Harold Bernson is on at torney wi th a degree f rom the Univers i ty of Southern 

Cal i fornia (1938). Mr . Ronald Adolphson serves in a wide var ie ty of management 

funct ions, which include the management of land development projects, fo rm property 

management (which includes properties in Smokey and Monitor valeys). Mr. Adolphson 

is a Cer t i f ied Public Accountant by training and manager of f inancial act iv i t ies by 

actual experience. 

In early 1978, National Geothermal Corporat ion (NGC) was reorganized and 

established its corporate headquarters in Los Gatos, Q l i fo rn io . Mr. Adolphson v/as 

elected to serve as the Executive Vice President of the f i r m . The company recrui ted 

the services of Dr. Tsvi Meidav to serve as Senior Technical Consultant and to manage 

the technical operations of the company. 

By vir tue of the operating history by NGC end its predecessor in Smokey 

Valley, NGC is presently the largest pr ivate land leaseholder in Smokey Valley and in 

the Darrough Springs KGRA. 

Detai led resumes of the members of the Board of Directors of NGC and its 

principal consultants and associates are shown . below. 
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\ 

B. 1.0. Legal Descript ion 

The properties control led by the Notional Geothermal Corporat ion (NGC) in 

Smokey Valley ore separated into a number of groups. The most important group 

covers a substantial part of the Darrough geothermal prospect (designated as Darrough 

Hot Springs in Figure I). The properties control led by NGC in the Darrough Hot 

Springs prospect through leases, are shown in Figure 2. Their legal description is as 

fol lows: 

The Wine Gloss Lease: 

Township 11 Nor th , Range 43 East, MDB&M 

v̂ Sec 19: E 1/2 o f E 1/2 

"Sec 20: N 1/2; N 1/2 of S 1/2; SW 1/4 of SW 1/4 

The Roger and Mary Ann Berg Lease: 

Township 11 Nor th , Range 43 East 

• "Sec 7: S 1/2 of NE 1/4 of NE 1/4; SE 1/4 of NE 1/4 and NE 1/4 of SE 1/4; 

" Sec 8: NW 1/4 of SW 1/4; SW 1/4 of NW 1/4; SE 1/4 of NW 1/4 and SW 1/4 and 

NE 1/4 . 

Other properties in p rox imi ty of the Darrough Hot Springs, which ore under 

lease to NGC and which ore considered part of the geothermal prospect, include: 

The Wi l l iam Turk Lease: 

Township 13 Nor th , Range 43 East 
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FIGURE 2. Location map of NGC leases in the immediate vicinity of the 

Darrough Hot Springs. 
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Section 17: W l / 2 o f SW i /4; SW l / 4 o f NW 1/4 

Section 18: SE 1/4 of NE 1/4; E 1/2 of SE 1/4; SW l / 4 o f S E 1/4 

Section 19: N l / 2 o f N E 1/4; S 1/2 of NE 1/4; E l / 2 o f S E 1/4 

Section 20: NW 1/4 of NW 1/4; W 1/2 of SW 1/4; SW l / 4 o f NW 1/4; SE 1/4 of 

NW 1/4; E l / 2 o f SW 1/4 

The R.O. Inc. Lease 

Township 12 Nor th , Range 42 East } 

Sections I I , 12, 13, 14 

Township 12 Nor th , Range 43 East 

Sections 2, 3, 4, 9, 10, 11, 15, 16, 17, 22 ' " '^ 

Township 13 Nor th , Range 43 East 

Sections 27, 28, 33 

These leases are shown in the mop. Figure 3. Other leases of NGC in the 

Smokey Valley ore located in the central and northern port of the val ley and are 

described in Exhibi t 1 attached to this document. 

b. Land Status 

A l l of the above described leases are owned by the Nat ional Geothermal 

Corporat ion as the owner of all leases previously acquired by Hugh McLaughl in Inc. 

A l l of the leases are readi ly accessible f rom the main highway running through 

Smokey Val ley, v ia al l -weather second class roads or d i r t roads. They are al l located 

in the val ley i tsel f . A t this moment, no other known lessees of geothermal resources 

exist in the area. Hence, no uni t izat ion agreements have been considered. A l l of the 

above leases are located wi th in the Darrough Hot Springs KGRA. A small part of the 

leases overlaps in to the LVP (Lands Valuable Prospect ively for Geothermal Resources) 

OS determined by the USGS ( I ) . 



c. Geological Descr ipt ion 

Darrough Hot Springs (and Spencer Hot Springs are located in Smokey Valley, 

Nye and Lander counties, Nevada. Smokey Valley is typ ical of the many Basin and 

Range val leys. It is f lanked by the norther ly trending Toiyabe Range to the west and 

the Toquimo Range to the east. 

Smokey Valley has r i f t ed apar t , l ike many other Basin and Range val leys, due to 

tectonism which has star ted as long ago as mid-Oligocene t ime (about 30 m.y. ago) and 

is continuing at present (Hose and Taylor, 1974). The to ta l extension across the Basin 

and Range is o f the order of 100 km (Thompson and Burke, 1973). Stewart (1971) has 

suggested deep-seated extension of a plast ic substrate. 

The Ter t ia ry period in the Smokey Valley region is character ized by widespread 

volcanism, interspersed w i th the deposition of smaller amounts of non-marine 

sediments (Stewart and Carlson, 1974). The volcanic ac t i v i t y started in Oligocene 

t ime and ended about 10 m.y. ago in most areas. The youngest volcanics ident i f ied to 

date in Smokey Valley are basalt f lows of Upper Ter t ia ry age in the Northern Smokey 

Valley, near Bi rch Cr fek (McKee, 1968) . The basement racks in the Valley ore 

believed to be grani te, which may grade f rom coarse grained b io t i te quartz to 

granodior i te, about 168 m.y. old (McKee, 1968). 

Regional seismotectonics are of ten a clue to the occurrence of geothermal 

resources. Earthquakes of magnitude 4 or more have been associated w i th Smokey 

Valley (Slemmons, et a l , 1964). 

The most important evidence for the occurrence of geothermal resources in 

Smokey Valley is related to the occurrence of hot springs in the val ley, especially 

those at Darrough Hot Springs and Spencer Hot Springs. 
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A t Dorrough Hot Springs, boiling Vv'oter (9^°C) issues f rom the Quaternary 

al luvium on the western side of the Valley, whi le at Spencer Hot Springs, warm water 

at a temperature o f 72°C issues f r om rocks on the eastern side of the Val ley. Both 

local i t ies ore character ized by hydrothermal tuffoceous deposits near the hot springs. 

Waring (1965) l isted the Smokey Valley Hot Springs in his catalog of U.S. hot springs. 

The chemical composit ion and est imated min imum reservoir temperature have been 

determined by Mar iner, et al (1974). They hove determined the fo l lowing min imum 

estimated.reservoir temperatures (Table I). 

TABLE 

TYPE OF DETERMINATION (°C) 

Locat ion 

Sil ica Sil ica 

Conduct ive Adiabat ic No /K N a - K - l / 3 C a Na-K-4/3Ca 

Darrough Well 

Darrough H . S. 

Spencer H. S. 

40 

36 

23 

135 

I32\ 

121 

68 

61 

264 

131 

127 

210 

122 

120 

141 

I t should be noted that the chemical base temperatures may be on 

underestimate of temperature at depth, even for the reservoir f rom which the hot 

water is leaking. • j h e reason for that assertion lies in the fo l lowing-

observations: 

Smokey Val ley is r ich in shallow water aqui fers, some of which ore under 

artesian pressure. Hence, mix ing of the geothermal f l u i d w i th the shallow 

cold water is possible, result ing in d i lu t ion and l ikely reduction of reservoir 

temperatures. 
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.. The published USGS data (Circular 726) is based upon simple equi l ibr ium 

temperature assumptions, wi th potent ia l d i lut ion ef fects not being 

considered. A sl ight ly more comprehensive geochemical survey by NGC 

suggests that the results obtained f rom mixing considerations may indicate 

higher reservoir temperatures. 

2. Under any circumstances, the geochemicol ly obtained reservoir 

temperatures represent only temperatures of the aquifer f rom which the 

l iquid or iginates. Higher temperature reservoirs that do not leak to the 

surface w i l l remain hidden, as. far as geochemical l iquid thermomet ry goes. 

Assuming that shallow reservoir temperatures in tKe/ange of I40- I50°C wi l l be 

found in the Darrough. Hot Springs Prospect, new expJoifettion technologies, which ore 

current ly under development and test ing by the DOE in Raf t R iver , Idaho, where a 

I50°C reservoir was discovered at a depth of 1500 m, may be fu l l y u t i l i zed here. The 

Smokey Valley reservoir in question has one major advantage over the Ra f t River 

reservoir, being shallower by a factor of 5-8. Hence, dr i l l ing costs are going to be 

very much lower in Smokey Val ley, as compared to Idaho. Any process that w i l l be 

proven to be economical for the Ra f t River reservoir is cer ta in ly going to be much 

more a t t rac t i ve under the Smokey Valley shallow reservoir condit ions. 

The Spencer Hot Springs are bicarbonate-r ich water issuing f rom Quaternary 

al luvium Oligocene or Miocene ash-flow tu f f , overlying a Jurassic age granite or 

granodior i te. The speci f ic e lect r ica l conductance of the Darrough Hot Springs is only 

479 m i l l imho /cm, whi le that of Spencer Hot Springs is 1,180. The low elect r ica l 

conduct iv i ty of the water at the Darrough Hot Springs and well suggests that the 

water is very low in sal in i ty , probably around 400 ppm to ta l dissolved solids, 

., . • ' I . The Darrough 

Hot Springs water is very low in calc ium (less than 1.5 ppm) and moderately high in 

sodium (1 10 ppm), suggesting that the chief salt in the water is sodium bicarbonate. 

The low chloride content of the water (12 ppm) is considered signi f icant in the design 

of the model of the geothermal system. 
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Hydrogeological ly, Big Smokey Valley is quite r ich in groundwater resources. 

The Valley covers an area of 2,926 square mi les. The est imated maximum thickness of 

sediments is between 3,000 and 5,000 fee t . The storage coef f ic ient is est imated at 

15% (Rush and Schroer, 1971). The depth to water tab le in the Darrough Hot Springs 

orea varies f r om zero to 50 fee t . Tronsmissivi ty of the Valley f i l l north of Round 

Mountain is moderately high, in the range of 25,000-50,000 gallons per day per foot . 

In the al luvial fan zone where coarser a l luvium is more common, the tronsmissivi ty is 

high, in the range of 50,000 to more than 100,000 gpd/ foot . 

Average annual precip i tat ion ranges f r om as much as 20 inches in the high 

mountains to 4 to 7 inches on the val ley f loor . In 1968, only 8,20^0acre-feet of 

groundwater were consumed. It is believed that the present level of u t i l i za t ion is not 

much larger. 
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d. Technical Reasons for Site Selection 

Prel iminary photogeological and surface geological mapping by NGC suggests 

that the Darrough Hot Springs issues f rom a fau l t that is.part of a series of nor ther ly-

running step faul ts along the western edge of the val ley. Analysis by NGC of raw 

grav imetr ic data gathered by the USGS supports the surface geological 

observations in suggesting one or more norther ly- t rending faul ts in the v ic in i t y of 

Darrough Hot Springs. The USGS data was gathered as port of a more comprehensive 

program of geohpysicol and geochemical work by the USGS to provide fundamental 

information about the Darrough Hot Springs Known Geothermal Resources Area 

(USGS, 1975). 

Audio-magnetotel lur ic data by the USGS (Long, et o l , 1976) indicate that a 

norther ly-trending resist iv i ty low is located in the area (Figure 4), covering an area of 

about 15 km (about 6 sq. mi.) w i th in the 10 ohm-m resist iv i ty low, and about 9 km'^ 

(3.5 sq. mi.) w i th in the 6.3 ohm-m low. 

The AMT resist iv i ty low (8 Herz) covers substantial portions of the Berg, 

Darrough, and Wine Gloss propert ies, extending into federal ly owned land to the nor th , 

south, and east. The te l lu r ic anomaly, which provides deeper penetrat ion (at lesser 

detai l ) , shows that the high conductance anomaly generally runs north-south, 

contiguous to Highway 8A, through the above mentioned propert ies. It also indicates a 

possibi l i ty of a high conductance anomaly east of the area where the Darrough and 

Berg properties adjoin in an area that is presently Federal ly owned, wi th in the KGRA 

boundaries. 

L imi ted magnetotel lur ic data (O'Donnel, 1976) provides perhaps the most 

signif icant in format ion. Re- interpretat ion of the data by Dr. Tsvi Meidav, NGC's 

Senior Consultant, suggests that the depth to the center of the res is t iv i ty low at the 

hot springs is about 1,600 m (one mi le) , which is approximately f ive t imes deeper than 

the est imated depth to the basement in the area. This is a most s igni f icant f inding 

that is fur ther elaborated below. 
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Explanation: ' 

^ Station location 
Resistivity contours shov/n are on a 

logarithmic interval in ohm-metres, 
computed from the average of the north-
south and east-west scalar impedances.. 

Scale: 1:62500 

Figure T- Audio-magnetotelluric apparent resistivity map at 
7.5 Hz. for the Darrough Hot Springs KGRA, Nevada, 
(USGS data). 
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Geological Models for the Darrough Geothermal System 

In general, two fundamental ly d i f ferent models may be of fered for the, 

occurrence of hot springs in northern Nevada (Olmstead, et o l , 1975); those possessing 

shallow heat source and shallov/ c i rcu lat ion of groundwater, and those lacking a 

shallow heat source but possessing deep c i rcu la t ion . We believe that most probably 

the Darrough Hot Springs v/ater are associated w i th a shallow c i rcu lat ion of meteor ic 

water , but do not to ta l l y rule out a d i f ferent model. Our explorat ion strategy is 

f lex ib ly designed to explore for a possible combinat ion of a stacked reservoir system 

in the area, w i th d i f fe rent decisions to be made based upon actual f indings f r o m the 

detailed geotechnical surveys that we intend to carry out, fo l lowed by explorat ion 

(slim hole) dr i l l ing. 

The more probable geothermal model is shown in Figure 5A. The model 

indicates that the source of heat in the shallow reservoir system is due to conductive 

heating through a sealed, impermeable layer at some depth below. Rainwater 

percolates into the subsurface along the faults bounding the val ley, unti l i t encounters 

the impermeable layer formed through self-sealing of the deeper geothermal system. 

I t is then forced to t ravel la tera l ly , heating up and expanding en route. Upon 

encountering the Darrough Hot Springs fau l t (shown schematical ly in Figure 5), the hot 

water par t ia l ly ascends to the surface, and par t ia l ly convects in a toroidal mot ion, 

which is centered about the locus of the deeper, hidden heat source. An al ternat ive 

model. Model B, would be based upon the assumption of c i rculat ion to a depth of 

several k i lometers. The meteor ic water penetrates to great depths wi th in the 

basement, say 3 km (10,000 f t ) , heats up at depth and comes back to w i th in a shallow 

depth along g deeply penetrat ing fau l t . In that cose, the shallow reservoir is fed by a 

larger underlying reservoir that continuously replenishes i t . 

NGC considers Model A the more plausible one, for reasons explained fur ther 

below, but hove developed a strategy for the economic develoment of the prospect, 

even if Model A turns out not to be va l id for the area. 
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Fig. 5. Schematic hydrogeothermal models of the Darrough Hot Springs KGRA 
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In the cose tha t Model A is corroborated by ihe fu ture explorat ion program, we 

ant ic ipate that d r i l l i ng would encounter reservoir at depths of about 1-1.5 km, which is 

much higher in temperature than the shallow reservoir temperature. Dr i l l ing in 1962 

at the Darrough Hot Springs by the Magma Power Co; any encountered a non-

equi l ibr ium temperature of 265°F at a depth of about 750 f t (ca. 230 m), which was 

fol lowed by a negative thermal gradient for several hundred feet beyond the high^ 

temperature point . Since geochemical thermometry indicates that the temperature of 

the reservoir that leaks to the surface is about 140°C, i t is evident that the Magma 

Power well encountered one lobe of the convecting plume of the shallow reservoir. 

The basis f o r the judgment that favors Model A lies in the available geophysical 

evidence including heat f low aeromagnetic and magnetote l lur ic data. Based upon the 

actual f low of the Darrough Hot Springs (more than 300 l i ters per minute) a to ta l of 

1.57 X 10 col /year emanate at the hot spring s i te. Volumetr ic calculations and 

assumptions about reasonable l i fe of the hot spring system suggest that conductive 

heat f low is inadequate to explain the large amount of heat annually spent at the hot 

spring. A negative aeromagnetic anomaly (USGS, 1971) extends across the Darrough 

Hot Springs, even though dr i l l ing and grav i ty data indicate a ^ h d j o w basement in the_ 

area. Therefore, the negative magnetic anomaly must be interpreted as being ei ther 

due to very extensive hydrothermal al terat ions w i th in the basement or the presence of 

a rock at a temperature higher than the Curie Point . Other explanations ore not borne 

out by the g rav i ty data. Final ly , the l imi ted magnetote l lur ic data indicate that 

resist ivi t ies as low as 3 ohnvm are encountered at a depth of 1-3 km below the 

surface, in on area where the basement is known to occur at about 1,000 f t (300 m) 

approximately. Such low resist ivi t ies fo r basement rocks are typ ica l ly associated w i th 

hydrothermal f l u i d convection elsewhere. The to ta l evidence at hand mi l i ta tes , 

there fore , for the l ikel ihood of occurrence of a dual reservoir system in the Darrough 

Hot Springs area. 

The temperature w i th in the postulated deeper reservoir system is to ta l l y 

unknown at present. I t is ant ic ipated that fu ture explorat ion ac t i v i t y by NGC, 

hopeful ly to be supported by the Department of Energy, would be able to establish the 

temperature w i th in both reservoir systems, so that a rat ional exploi tat ion strategy 

may be developed. 
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e. NGC Explorot ion Philosophy 

The original exploration philosophy of the company was to conduct a set of 

comprehensive geotechnical evaluations of the ent i re Valley, concentrat ing especially 

on the Darrough Hot Springs propsect. Geotechnical studies were to be supported by 

deep temperature gradient dr i l l ing , fo l lowed by sl im holes into the shallow reservoir 

since the shallow reservoir (330 m depth) can be dr i l led re la t ive ly inexpensively, a 

prel iminary analysis suggests that the shallow reservoir con be economical ly tapped 

for e lect r ica l power product ion, despite the_law_Jt)_erniodyna!Tilc__effi^ieincy .o_f_the_ 

f l u id , provided that large f lu id f low rotes could be sustained. The high hydraul ic 

t ronsmissiv i ty of the al luvium gives us reason to expect high volume production rotes 

f rom wells completed w i th in the a l luv ium. The only question to be determined is that 

of the size of the shallow reservoir and its projected l i fe , since the min imum 

temperature of the reservoir is reasonably well known ( I40°C) . 

Exploration of the deeper reservoir can be carr ied out at the some t ime that 

the shallow reservoir is studied. Thus, a comprehensive mongetote l lur ic survey should 

be able to define the three-dimensional geometry of any geothermal reservoir systems 

in the area, at whatever depth that they might occur. Careful analysis of data f rom 

deep temperature holes or deeper sl im explorat ion holes, dr i l led to a depth below the 

shallow reservoir, would reveal i f the l ikelihood of occurrence of a deep reservoir is 

favorable. A combination of dr i l l ing and geophysical data might reveal the depth to 

the deeper reservoir. 
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f. Technical Reasons for DOE Support 

The ar t and science of exploration for hidden geothermal reservoirs is s t i l l in a 

p r im i t i ve stage. Chemical geothermometry, at i ts present pr imi t ive stage, provides 

useful in format ion about the topmost reservoir only, in a stacked system, yielding 

always m in imum. temperatures, Vi/hich may be gross underestimates of the t rue 

reservoir temperature if the reseti^oir happens to be sealed o f f f rom leaking to the 

surface. 

Numerous geothermal areas have been w r i t t en o f f by geothermal 

explorat ionists because chemical thermometry did not provide encouragement fo r 

deeper explorat ion ac t iv i t ies . Thus, offers by the BLM of government land for 

compet i t ive leasing of KGRA acreage in the Darrough Hot Springs v/ere tw ice spurned 

by geothermal explorat ion companies, wi th no bids because of lack of interest . The 

reason for that lock of interiest lies in the low "reservoir temperature" , that has been 

deduced f rom the chemical data published by the USGS. 

NGC believes, based upon opinions expressed by .D r . Tsvi Meidav, i ts Senior 

Consultant, that the Darrough Hot Spring system i so stacked reservoir system, vWth a 

high qual i ty reservoir underlying a shallow, low qual i ty reservoir. We propose to car ry 

out a carefu l ly staged explorat ion program that would test this hypothesis. If our 

hypothesis proves to be cor rec t , dozens of other prospecl j in the Basin and Range 

region, previously bypassed by geothermal explorationists because of negative 

geothermometr ice or geochemical data, would be reopened for renewed explorat ion 

e f fo r t s . Propr ie tary in format ion indicates that numerous other geothermal projects 

that are character ized by low chemical temperatures are associated w i th signi f icant 

res is t iv i ty lows a t greater depth (Meidav, 1978, personal communicat ion). I t is 

conceivable, there fore , that stacked reservoir systems occur elsewhere as we l l . 

Whilst there is a risk involved in supporting this bold program, the payoff in 

terms of learning how to explore for hidden reservoir system is wor thwhi le 

considering. 
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We propose a two-stage explorot ion program, to min imize the risk for ourselves 

and the government. F i rs t ly , exploration of the shallow reservoir system wi th enough 

data gathered to more rel iably establish the risk associated w i th exploring for the 

deeper reservoir. Secondly, program of evaluating the deeper reservoir i f the f i rs t 

stage of exploration provides us and the government enough confidence in the 

occurrence of a commerc ia l reservoir at depth. 
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3. PROGRAM DESCRIPTION 

The program consists of transfer of existing surface and subsurface data, as 

well as a program for acquisit ion of new data. 

Exist ing data include the fo l lowing: 

I'. Temperature gradient data f rom two holes dr i l led by NGC on the Turk 

and Berg properties cosed to 810 and 360 foof depths, respectively, 

plus a l i thologic log for the Berg hole to a depth of 1;,000 fee t . 

Dr i l led in March and Apr i l 1978 for NGC by Al len Bros, of Yer r ing ton, 

Nevada. 

2. Non-equi l ibr ium thermal gradient data f rom the hole d r i l l d by Magma 

Power on the Darrough Property in 1962, along w i th the dr i l ler 's log. 

3. Reconnalsance geochemical survey of hot and cold springs in Smokey 

Val ley, consisting of seven samples analyzed for 11 const i tuents. The 

results were interpreted in terms of mix ing models and probable 

reservoir temperatures. 

4. Pre l iminary interpretat ion of the magnetote l lur ic , AMT, and grav i ty 

data, which were gathered by the USGS, and interpreted by Dr . Tsvi 

Meidav. 

Most of the proposed program is aimed at acquisit ion of new data, which 

include both surface and subsurface data gather ing. 

a. Surface Geology and Hydrogeology 

The object of this study is to provide a detai led geological and hydrogeological 

picture of the Darrough geothermal system in the context of the northern Big Smokey 

Valley; to determine the occurrence of Pl io-Pleistocene volcanics in the area; in 

conjunction v.'ith geophysics, determine the probable nature of the heat source; 

est imate the probable f low rotes for wells completed in the al luv ium; and, est imate 
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v.'ithdrcwal and recharge. 

b. Detai led Geochemical Survey 

The purposes of this survey ore as fo l lows: 

1. Establish shallow reservoir temperatures by ver i fy ing whether d i lu t ion 

has taken place. 

2. Seek • manifestat ions of leakage f rom a deeper, higher temperature 

reservoir. 

c. Magneto-tel lur ic Survey 

The objects of this study ore: 

1. To determine the ver t ica l resist iv i ty d ist r ibut ion in the prospect area to 

a depth of A-5 km (3-4 miles). 

2. To ident i fy the l ikely geometry of the geothermal reservoirs in the area. 

3. To assist in locating permeable faul ts; 

4. Provide a comprehensive interpretat ional report . 

d. Precision Grav i ty Survey, Opt ion A 

Gravimetry has proven its usefulness in determining geological s t ructure in the 

Basin and Range Province. F lu id f low is of ten control led by fau l t locations. The 

previous gravi ty survey (USGS) was done on a gross scale and is inadequate for the 

purpose of detai led fau l t mapping or basement st ructure modeling. The objectives of 

the grav imetry program are: 
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1. Pinpointing the location of the faul t traces that together const i tute the 

fau l t system on the western side of Ihe valley in the Darrough Hot 

Springs KGRA. 

2. Obtaining addit ional regional grav i ty data for the area surrounding the 

prospect, to a f ford bet ter modeling of the system. 

3. Carry out grav i ty modeling of the system. 

4. Provide a comprehensive interpretat ional report . 

Grav i ty Interpretat ion, Opt ion B 

If funds are insuff ic ient for carry ing out the precision grav i ty survey, i t is s t i l l 

possible to obtain considerable amounts of useful data f rom the more l imi ted grav i ty 

survey that was carr ied out by the USGS, through rigorous in terpretat ion of that data. 

Results obtainable f rom that program include: 

1. Approximate location of the major fau l t in the area. 

2. Modeling of the st ructure of the gran i t ic basement and determinat ion of 

depth to basement. 
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f. Intermediate Depth Slim Hole Dr i l l ing 

The objectives of this ac t i v i t y are as fo l lows: 

1. To determine the temperature d is t r ibut ion, thickness, and f low rote of 

the shallow reservoir; and, to est imate the economics of shallow 

reservoir exp lo i ta t ion. 

2. To dr i l l through the shallow reservoir into the impermeable layer that is 

believed to exist below the shallow reservoir to a depth large enough 

(1800 f t ) that v/ould permit the calculat ion of the temperature gradient' 

below the shallow reservoir. If a deep, higher temperature reservoir 

exists at depth, as we ant ic ipate, the temperature gradient at the 

1200-1800 f t depth should be suf f ic ient ly uninfluenced by convection 

patterns in the shallow reservoir to permi t a reasonable assessment of 

the deeper conductive gradient. This, in tu rn , would permi t a lower-r isk 

assessment of the l ikelihood of occurrence of a deeper, higher 

temperature reservoir. 

3. . ' To evaluate the hole and indications as to presence or absence of a 

deeper reservoir. If the potent ial for a deep reservoir is indicated as 

favorable, the some hole could be continued to a greater depth, af ter 

changing dr i l l ing r igs. 

4. On the other hand, if results of the detai led geotechnical studies 

(geochemistry, geophysics, and temperature gradient dr i l l ing) are very 

favorable, i t might be advisable to go immediate ly for a hole of a depth 

of several thousand feet in depth to test the upper port ion of the 

suspected hidden reservoir at depth. 

The cost proposal below contains the necessary in format ion for the d i f fe rent 

strategy al ternat ives and their costs. If funded by the DOE, NGC proposes to consult 

w i t h the DOE personnel at signif icant program junctures, to decide jo in t l y which of 

the strategy al ternat ives is the best under the actual f i e ld condit ions. 
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Our proposed strategy has a number of advantages: 

(i) It w i l l permit a complete tes l ing of the shallow reservoir at a location 

that is determined to be opt imal ly located, based upon the new 

geophysical data gathered or re in terpreted. 

(ii) It w i l l avoid the cost of deeper dr i l l ing if the evolving data do not jus t i f y 

the risk. Under this f lex ib le strategy, test ing of the shallow reservoir 

would be accomplished, and the extent or type of deeper dr i l l ing would 

be based upon object ively interpretoble data, rather than inadequately 

based judgments or projections. 
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The two a l ternat ive dr i l l ing programs have been designed by Mr. Herb V^heeler, 

NGC's Consulting Dr i l l ing Engineer, as fo l lows: 

Plan A: 4,000' Sl im Hole 

1. Bui ld or improve roads and dr i l l ing locat ion. Prepare mud pi t and sump, 

2. Dr i l l 14" hole w i th rot hole digger to ^0' and cement a 10 3/4" conductor 

pipe. 

3. Move in rotary dr i l l ing equipment and instal l . 

4. D r i l l 9 7/8" hole to 400', using gel-water mud w i th a specif ic grav i ty of 

about 70 l b / f t . Enough lost c i rcu lat ion mater ia l w i l l be kept on hand to 

overcome mud loss into format ion. 

0. Install mud-loggers at surface. Record temperature-o f mud-in 

and mud-out continuously. Take d i tch samples at 10' intervals, 

two samples per in terva l : one sample-washed and dr ied; the 

other, unwashed, into a c lo th bog, approximately one pound per 

sample. Include pi t - level recorder ( total p i t volume analyzer) to 

determine continuously whether lost c i rcu lat ion zones ore 

encountered. Include hydrogen sulf ide moni tor , methane 

detector. . The mud logger wi l l also record dr i l l ing rate and 

l i thological changes. 

b. Run f i rs t run of geophysical logs, including induct ion, SP, short 

normal res is t iv i ty , neutron density, and temperature logs to 400'. 

5. Cement 7", 20 l b / f t , H-40 casing to 400'. Cement back to surface w i th 

Class G cement containing 3% calcium chlor ide. 
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6. Land casing, install and test casing head. 

7. Install and test B.O.P. Use double hydraul ic ram gate and GX Hydr i l . 

Test to 1500 psig. 

8. Dr i l l 6 1/4" hole to l800'-2000' depth. 

a. Use a lignosulfonote mud w i th the fo l lowing propert ies: 

70-72 Ib / f t ^ density 

40-45 seconds API viscosity 

6-8 cc API water loss 

b. Run second geophysical borehole logging to T.D. 

c. Take d r i f t shots at not more than 300' intervals. Mainta in d r i f t at 

5 ° or less. Maintain dog-leg at less than 1.5°/100'. 

9. Install gauges, separator, and silencer at wel lhead. Install pressure 

gouge a t the bot tom of the hole (Amerada, Kuster , Hewlet t -Packard, or 

equivalent). Measure and record f low ra te , bot tom-hole pressure, l ip 

pressure and temperature for a min imum of 1000 minutes. 

10. Cont inue dr i l l ing to 4000'. 

a. Run th i rd geophysical log run to hole bo t tom. 

b. Core at least once per 300' through the producing hor izon, using a 

30' core barre l . 

c. Case upper reservoir o f f w i th 4 1/2", 9.5 l b / f t , J-55 casing, and 

any discovered deep reservoir w i th a s lot ted l iner. Cement solid 

l iner al l the way to the surface. Use Class G cement and Pozmix 

(1:1) w i th 4% gel, 40% sil ica f lour , 0.75% f r i c t i on reducer CPR-2, 

and about 0.2% HR-7 retarder to give 2-3 hours sett ing t ime. 

Displace cement w i t h water . 



27 

11. Land casing. Cut of f7" head. Install and test head on 4 1/2". 

12. Install working valve on top of the 7" head. Install and test BOE. 

13. Test deeper horizon for production rote and enthalpy as described above. 

14. Demobi l ize r ig and clean site up. 

PLAN B; 1800' Sl im-Hole 

The dr i l l ing plan is essentially the some as Plan A , but goes only through Step 9 

in Plan A . A l ighter dr i l l ing r ig is employed at a considerably lower footage ro te . 

Upon terminat ion of the dr i l l ing program, a decision may be mode whether deeper 

dr i l l ing is warranted. If the answer is posit ive, the same hole may be continued 

downward at a later dote. 

Logging wi l l include l i thological logging and dr i l l ing rote logging and core 

analysis. 

g. Final Report 

A f inal report , summarizing the results of this program and integrat ing the 

results of all of the previous studies would serve as a valuable case history. 
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4. SCHEDULE 

. The proposed schedule of act iv i t ies is shown in Table 2. As can be seen, the. 

ent ire program is scheduled to lost 14 months, s tar t ing September I, 1978, and 

terminat ing October 31 , 1979. Assuming possible slippage due to unforeseen factors, 

the ent i re program may require a to ta l of 15 months f r o m star t to f in ish. 

Data wi l l be made available to the DOE wi th in 30 days of i ts ava i lab i l i ty to 

NGC. Some forms of data that are meaningful in their raw f o r m , such as geophysical 

borehole logs, wi l l be made avai lable to DOE wi th in 15 days of obtaining them. Every 

ac t i v i t y wi l l be completed w i th a f inal report tlicft w i l l be submit ted to the DOE on a 

t ime ly basis, as shown in the suggested schedule in Table 2. 



TABLE 2. ACTIVITY AND TIME SCHEDULE FOR EXPLORATION OF 

A C T I V I T Y 

1. Project start 
2. Turnover of existing data 

to government 

3. Geology/hydrogeoldgy survey 

Report submission 

4. Geochemistry 

Report submission 

5. Magneto-telluric survey 

Report submission 

6. Precision gravity survey 

Report submission 

7. Temperature gradient survey 

Report submission . 

8. Mid-Project Review 

9. Exploration drilling 

Report submission 

10. Final Project Summary 

• 11. Monthly Activity 
Reports submitted 

12. Program Status Report 
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ENVIRONMENTAL EVALUATION 

Population and Occupation 

Smokey Valley is sparsely populated. Population density is on the order of one 

head per square mi le . The distr ibut ion is uneven, w i th a higher population 

concentrat ion in the southern por t . 

The to ta l population in the Darrough Hot Springs Prospect is est imated at less 

than 30, engaged in ca t t le , and hog raising and work in the operating mine near 

Carvers. Farming is generally l imi ted to raising a l fa l fa for ca t t l e feeding. 

Water 

Water supply for local needs is supplied f rom ei ther surface springs or shallow 

boreholes. Big Smokey Valley is a closed basin, w i th runoff f rom the mountains 

inf lowing into an enclosed playa lake. The geothermal water emanating at Darrough 

Hot Springs is qui te low in sal in i ty . Its chemistry and other character ist ics ore as 

fol lows (in ppm): 

Temperature 

pH 

Silica 

Calcium 

Magnesium 

Sodium 

Potassium 

Lithium 

Bicarbonate 

Carbonate 

Sulfate 

95°C 

8 .29 

98 

1 .3 

0 .1 

1 10 

2 . 6 

0 .3 

146 

3 

53 

Chloride 

Fluoride 

Boron 

Ammonia 

Arsenic 

Phosphate 

Bromide 

Iodine 

Rubidium 

Strontium 

Mercury 

12 

14 

0.22 

0. 13 

0.06 

0.02 

0.04 

0.009 

0.03 

0.06 

0.004 
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(Data sources: Mariner et o l , 1974; Mariner et a l , 1975). 

The Total Dissolved Solids of the Darrough Hot Spring (and wel l) ore less than 

.450 ppm, which puts i t in the category of the potable water range. The sodium 

content of 110 ppm and f luoride content of 14 ppm is considered high, making the 

water not recommended for sustained drinking or for agr icu l ture . The water issuing 

f rom the hot springs is sold on a small scale as "mineral water" for dr inking purposes. 

A t present, the large th.ermoartesian f low f rom the combinat ion of the 

Darrough Hot springs and the Darrough steam well emi t more than 300 l i ters per 

minute . The f low forms a stream that forms a swamp in the central part of the 

val ley. Big A lka l i Lake, several miles to the northeast, forms the central sump for oil 

water f lowing into the enclosed lake f rom all direct ions. 

E f fec t of Potent ia l Geothermal Energy Development 

I t is ant ic ipated that all phases of the geothermal survey, grav imetry , and MT, 

which fal l into the category of casual land use, wi l l have no impact on the local 

environment. 

Temperature gradient holes may have a temporary or longer te rm impact , 

depending upon the care in si te preparat ion, si te restorat ion and accidental blowout (if 

any). NGC has completed one of i ts TG holes in such a fashion that the hole may be 

converted by the farmer into a water wel l a f ter the complet ion of i ts use for NGC's 

thermometr ic survey needs. 

Deeper explorat ion holes may hove a var ie ty of impacts on the environment: 

1. Land use may be diver ted f rom open pasture or a l fa l fa raising. 

2. Accidental blowout may cause surface spi l ls. 
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Because of the sparse population in the area, i t is ant ic ipated that any dr i l l ing 

ac t i v i t y would have a small e f fec t on the human population during the explorat ion 

phase. Most of the area is covered by sage brush, and is not used for any purpose at 

all at this t ime . 

Because o f the ant ic ipated sal in i ty of high temperature geothermal reservoirs, 

and the l ikelihood that the geothermal f l u id w i l l not be suitable for ei ther dr inking or 

i r r igat ion, modes of environmental ly acceptable disposal wi l l have to be established. 

One way of disposing the f lu id is through rein ject ion to d depth below the potable 

water level in the al luvia l aquifer. A second method of disposal that may be possible 

for shor t - term test ing may be through surface discharge to the local swamp or to the 

enclosed alkal i lake. 

A more detai led analysis of environmental impact factors would be made at the 

t ime of planning of the deep explorat ion hole. 
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C. COST PROPOSAL 

1. Geology, hydrogeology, field work, and report 

Rate/Hour Hours 

Senior Scientist 
Field Geologist 
Draftsman 
Typist 
Editor 

Miscellaneous direct costs 

Air Travel, Kent-S.F., S.F.-Reno 
FWD vehicle rental, 3 weeks 
Motel and meals 2 X $30 X 1.0 
Age-dating rock smaples 
Telephone, photocopying, etc. 

2. Geochemistry 

Senior Scientist 
Geologist 
Draftsman 
Typist 
Editor 

Miscellaneous direct costs 

FWD vehicle, 1 week 
Metel/and meals 2 x 30 x 7 
Chemical analyses . 
Telephone, photocopying, etc. 

500 
1000 
1200 
1600 
250 

i 350 
420 

1,200 
100 

Total 

$ 30 
9 
7 
7 
9 

200 
200 
50 
80 
30 

. $6,000 
1,800 
350 
420 
270 

$8.840 

$4,550 

$ 30 
9 
7 
7 
9 

100 
100 
20 
20 
24 

$3,000 
900 
140 
140 
216 

$4.396 

$2.070 

* Certain costs of the geochemical program have been absorbed by the 
geology/hydrogeology program. 
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3. Gravimetry, Option A (Detailed Field Survey) 

Senior Scientist 
Jr. Field Geophysicists (3) 
Draftsman 
Electronic Computer Tech 
Typist 
Editor 

Miscellaneous direct costs 

Rate/Hour 

$ 20 
5 
7 
7 
7 
9 

Hours 

200 
600 
40 
40 
20 
24 

Total 

$4,000 
3,000 
280 
280 
140 
216 

1 FWD vehicle 1 month 
Rental electronic survey system 
Per diem 3 x $20 x 25 

+1 X $30 x 10 
Electronic computer charges 
Telephone, photocopying 
Air travel 

1.500 
1.000 
1.500 
300 
300 
100 
80 

4. Gravimetry. Option B (Interpretation of Existing Data Only) -. 

Senior Scientist 
Computer Technician 
Draftsman 
Typist 
Editor 

20 
7 
7 
7 
9 

40 
40 
40 
32 
24 

$ 800 
280 
220 
224 
216 

$7.916 

$5.180 

$1,800 

Miscellaneous direct costs 

Travel, L.A.-S.F. (2) 
Per diem, 3 days 
Computer charges 
Telephone, photocopying 

80 
90 
150 
80 

$ 400 
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5. Magnetotelluric Survey 

The magnetotelluric survey will be contracted out to a geophysical service 

organization. Prices of the more reputable firms in the field range between 

$1500-$2000 per station for fully processed data. 

Assume 25 stations at $1800/sta. $45,000 

Other direct costs 

Senior consultant $ 1,200 
Telephone 100 
Reproduction costs 200 
Travel 50 
Per diem, $30/day 100 

$1.750 

6. Temperature Gradient Drilling Program 

Temperature gradient drilling is normally contracted to drilling companies 

possessing small drilling rigs of appropriate size. Drilling rates vary 

between $50 to $70/hour plus expendable materials. Depending upon rock 

type, drilling and casing costs vary between $8-$12/foot. A total of 

4,000 feet of temperature gradient is planned, at approximately $40,000. 

In addition, the following charges apply: 

Rate/Hour Hours Total 

Field Geologist 
Typist 
Draftsman 
Editor 

Miscellaneous direct charges 

Senior Consultant 2,000 
Per diem, 30 x 30 900 
Field vehicle, 1 month 1.500 
Telephone, etc. 150 
Photocopying, etc. 100 
Air travel 160 

$ 9 
7 
7 
9 

200 . 
32 
32 
24 

$ 1.800 
224 
224 
216 

$2,464 

$4,810 
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7. Exploration Drilling Program. Option A -- 4.000' Hole Estimate 

Casing, wellhead, etc. 

Location survey, conductor pipe, etc. 

Rig mobilization 

Rig time - 25 days @ $160/hr 

Supervision, consulting drilling engineer 

Mud and various additives 

Bits and reamers 

Cementing 

Running geophysical logging suites (3 times) 

Mud logging • 

Various instrument, tool & equipment rentals 

Trucking 

Fuel. water 

Completion/perforation 

Miscellaneous 

Well testing costs 

Site clean up 

Contingency, 20% 

$ 45,000 

10,000 

20,000 

96,000 

5.000 

25,000 

40,000 

26,000 

25,000 

12.000 

8,000 

. 14,000 

13,000 

10,000 

10,000 

10,000 

10,000 

$374,000 

74,800 

$448,800 

In addition, the following charges apply: 

Geologist 
Draftsman 
Editor/Technical Writer 
Typist 

Rate/Hour 

$ 9 
7 
9 
7 

Hours 

300 
40 
40 
40 

Total 

$ 1,800 
280 
360 
280 

$2.720 
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7. (continued) 

Miscellaneous direct costs, 

Senior consultant 2,000 
Per diem 1,200 
FWD vehicle 1,500 
Telephone, etc. 200 
Air travel 100 

$5.000 

8. Exploration drilling. Option B -- 1800'-2000' Hole Estimate 

If this option is considered (see technical discussion elsewhere in this 

proposal), a much lighter drilling rig may be employed. In that case, the 

estimated cost of the slim hole drilling program would be as follows: 

Casing, wellhead, etc. $ 9,000 

Site preparation, conductor pipe, etc. 4,000 

Mobilization 4,000 

Rig rate $95/hour x 15 days 34,200 

Supervision 3,000 

Mud and additives 10,000 

Bits and reamers 12,000 

Cementing 7,000 

Borehole logging 9,000 

Mud Logging 5,000 

Rental of misc. tools and equipment 3,000 

Testing 5,000 

Clean up 1,000 

$106,200 

Contingency, time lost due to coring, 
test ing, 20% 18,800 

$125,000 
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The actual depth of the hole may vary from 1800' to 2000' since the factor 

that affects drilling cost most is the hourly drilling rate. If drilling 

progresses rapidly, and a 2000' hole can be drilled in 250-300 hours, the 

savings in drilling time charges would more than offset the increase in 

cost due to 200' additional of perforated casing. 

In addition to the above, the following costs apply: 

Geologist 
Draftsman 
Editor/Technical Writer 
Typist 

Miscellaneous direct costs 

Senior consultant 
FWD vehicle 
Travel 
Per diem. 30 x 30 
Telephone, copying, etc. 

9. Final Report 

Geologist 
Draftsman 
Editor/Technical Writer 
Typist 

Rate/Hour 

$ 9 
7 
9 
7 

$ 9 
7 
9 
7 

Hours 

1.500 
800 
100 
900 
200 

400 
300 
400 
200 

Total 

200 
40 
40 
40 

$ 1,800 
280 
360 
280 

$ 3.600 
2,100 
3,600 
2,100 

$2,720 

$3,400 

$11,400 

Other direct costs 

Senior consultant 
Travel 
Publication costs 
Telephone, etc. 

$ 4,000 
100 

1,000 
500 

$5,600 
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SUMMARY OF COST PROPOSAL, U.S. DOLLARS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Geology/hydrogeology 

Geochemistry 

Gravimetry, Option A 

Gravimetry, Option B 

MT survey 

T.G. drilling 

Drilling, Option A 

Drilling, Option B 

Final report 

Direct 
Labor 

$ 8,840 

4,496 

7,916* 

1,800* 

— 

2,464 

2,720* 

2,728* 

11,400 

Subcontracts 

— 

--

--

--

$ 45,000 

40,000 

307,800* 

72,200* 

--

Materials 

$ 2,850 

1,650 

2.900 

230 

300 

1,750 

95.800* 

32,000* 

1,500 

Cons 

• $ 

ultants 

--

--

--

1,200 

3,000 

2,000 

1.500 

4,000 

Travel 

$ 500 

— 

80 

80 

50 

160 

100 

100 

100 

Pf 

$ 

;r Uiem 

l.,200 

420 

1,800 

90 

200 

900 

1,200 

900 

— 

TOTAL, OPTION A $37,836 $392,800 $138,980. $10,700 $1,170 $6,710 

TOTAL, OPTION B $31,720 $167,200 $ 42,180 $ 10,700 $1,170 $ 6,710 

OPTION A, SUMMARY 

Total direct Labor ' $ 37,836 

Labor O.H. rate, 100% 37,836 

Sub-contracts 392,800 

Materials 138,980 

Consultants 10,700 

O.H. on materials, sub-contracts & 

consultants, 15% 81.372 

Travel 1.180 

Per diem 6.810 

G R A N D T O T A L $707.514 
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Total direct 

Labor O.H. re 

Subcontracts 

Materials 

Consultants 

labc 

ite. 

)r 

100% 

$157,200 

42,180 

10,700 

$ 31,720 

31,720 

220,080 

O.H. rate on sub-contractors, consultants, 
materials, 15% 32,012 

Travel 1.170 

Per diem 6,710 

$324,412 

The value placed by NGC on previously gathered data including temperature 

gradient drilling, lithologic data, and interpretation of the reconnaissance 

geochemistry survey is estimated at $30,000. Thus, the total value of the 

work program under Option A is $737,514, and under Option B $354,412. 

MGC is prepared to provide the government with Program A at 90% of the 

actual cost enumerated above, and Program B at 75%, i.e.. Program A at 

$663,750, and Program B at $255,800. No fee is included in the cost 

proposal. 

NGC believes that Option B should be initially adopted, but would be pre

pared to discuss with the DOE possible modifications of the program under 

consideration. 
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D. BUSINESS A N D MANAGEMENT 

1. Related Experience and Principal Program Personnel 

Members o f the Board of Directors have previous experience in the 

management of oi l exploration ventures (W. C. Brodshaw). Mr. Ron Adolphson, 

Executive Vice-President of NGC has considerable experience in cost control and 

product scheduling. As a former Di rector of Corporate Account ing for Continental 

Motor Corporat ion, he managed about $80,000,000 per year in government 

contract ing, and is in t imate ly fami l iar w i th government accounting and report ing 

requirements. M r . Adolphson wi l l manage the current act iv i t ies of NGC through the 

l i f e of this pro ject . D r . Tsvi Meidav is the Consult ing Explorat ion Manager for NGC. 

For the post 12 years Dr . Meidav has managed a large number of domestic and 

internat ional geothermal exploration projects. Amongst others, he coordinated and 

Supervised U.N. geothermal act iv i t ies around the wor ld , and conducted more than 

100 geothermal explorat ion projects in the U.S. for various pr ivate and government 

c l ients. He presently serves as consultant to NGC as well as some notional and 

international cl ients (U.N., World Bonk). He recent ly concluded a successful 

exploration program in the Azores (where steam was discovered), and in Honduras. 

Dr . Meidav wi l l manage the technical act iv i t ies of NGC and wi l l be responsible for 

supervision of in-house technical personnel, speci f icat ion of work by such contractors 

and consultants, technical qual i ty control and par t ic ipat ion in analysis and report 

preparations. 

2, Organization and Management Plan 

The organizat ion char t . Figure 6, shows the present st ructure of NGC. 
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ORGANIZATIONAL CHART 

BOARD OF DIRECTORS 

H. McLaughlin, Chairman 
R. Adolphson, Member 
A. Davlin, Member 
W. Bradshaw, Member 
H. Bernson, Member 

PRESIDENT 

Hugh McLaughlin 

EXEC. VICE PRESIDENT & TREASURER 

R. Adolphson 

CORPORATE SECRETARY 
AND COUNSEL 
B. Dunnett 

ADMIN. ASSISTANT 

D. Martinez 

ASST. SECRETARY 

D. Martinez 

JL 

TECHNICAL CONSULTANT 

T ' Meidav 

ACCOUNTING 

G. Walter 

TECHNICAL STAFF 

FIGURE 6. ORGANIZATIONAL CHART, NATIONAL GEOTHERMAL CORPORATION. 
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The headquarters of the corporat ion are: 

Notional Geothermal Corp. 

16780 Lark Avenue 

.Los Gatos, CA 95030 

The mai l ing address of the company is: 

Notional Geothermal Corp. 

Post Of f i ce Box 549 

Los Gatos, CA 95030 

Telephone: (408)358-1961 

The name and address of the Senior Technical Advisor of the company is: 

Dr . Tsvi Meidav 

40 Brookside Avenue 

Berkeley, CA 94705 

Telephone: (415)658-5330 

Mr. Hugh McLaughl in, Chairman of the Board of the company is located at : 

Post Of f i ce Box 1396 

Palm Springs, CA 92262 

Telephone: (714)323-7260 

Mr . McLaughl in may be reached for overall pol icy mat ters . Mr . Adolphson 

manages al l technical program operations. NGC has requested Dr . Meidav to serve as 

overall coordinator of this program. A l l technical inquiries should be directed to h im. 

Other senior program personnel include, but are not l imi ted to the fo l lowing: 

Geology, hydrogeology, geochemistry. This program wi l l be directed by 

Professor Yorom Eckstein of Kent State Universi ty. Dr . Eckstein has been engaged in 

geothermal explorat ion in the U.S., Honduras, and Israel for the post ten years. In 

recent years, D r . Eckstein served as the geothermal hydrogeologist/geochemist for 
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Hydrosearch in Nevada. Dr . Eckstein is presently a consultant to the Los Alamos 

Scient i f ic Laboratory in the Hot Dry Rock program, and to Hydrosearch on another 

DOE program related to di rect heat uses. 

Grav imetry . Professor Rosewitha Grannel, Cal i forn ia State Universi ty, Long 

Beach, is on expert in the f ie ld of grav imetry . She obtained her doctoral degree at UC 

Riverside, under Dr . Meidov's supervision. She has carr ied out a large number of 

grav imetr ic surveys in Nevada, including the Bat t le Mountain heat f low high, in 

conjunction v/ith the Lawrence Berkeley Lab comprehensive studies in the area. Dr . 

Gronnell has carr ied out grav imetr ic surveys of KGRA's near Fal lon, Brady's Hot 

Springs, Soda Lake, St i l lwater , Buf fa lo Valley, Jersey Volley in Nevada. Has consulted 

to LBL in grav i ty studies in Ky le H.S. and Leach H.S. and for the USGS on other 

projects. A t present. Dr . Gronnell consults for LBL on a precision grav i ty survey of 

the Cerro Prieto F ie ld , Mexico. 

Dr i l l ing Engineering. Mr. Herbert Wheeler, dr i l l ing engineer, wi l l plan and 

supervise all dr i l l ing operations. Mr. Wheeler has 25 years of experience in managing 

o i l , gas, and geothermal dr i l l ing operations. Mr . Wheeler planned and supervised 

geothermal dr i l l ing for Signal Oil in the Cast le Rock area of the Geysers, and was 

responsible for the engineering and supervision of the discovery well in that area, as 

well as subsequent wells dr i l led by Signal in the f ie ld . He was responsible for 

geothermal dr i l l ing programs in Surprise Valley, Ca l i fo rn ia , Clear Lake (Konocti) area, 

Beowawe, and recent ly in the Roosevelt F ie ld , U tah . 

Dr . Meidav wi l l coordinate the act iv i t ies of the senior personnel according to 

the planned ac t i v i t y schedule or any modi f icat ion thereof. He wi l l be assisted by 

junior technical personnel retained by NGC as needed. Logist ical and administ rat ive 

support w i l l be provided by NGC headquarters in Los Gatos. The magnetote l lur ic 

program wi l l be contracted out to a geophysical company qual i fed in the f i e ld , and 

supervised d i rec t ly by Dr . Meidav. The thermomet r ic hole program wi l l be supervised 

by Messrs. Wheeler and Meidav. 

Management methodologies ore not discussed in detai l here because of the 

d i f ferent program options that hove been provided, which would require d i f fe rent 

schedules. Should DOE decide to consider the proposed program for funding and 

indicate which of the options are acceptable to the DOE, NGC wi l l prepare a proposal 
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amendment containing a detai led program and cost management plan. Program 

management w i l l include PERT and CPM scheduling of ac t iv i t ies , indicate method of 

control of performance, f inoncial control techniques, report scheduling, and other 

planning schedules. The cost of preparing such schedules, w i th all possible 

permutat ions, is considered to be unjust i f iable at this t ime, prior to knowing the 

position of DOE to this program. Fur thermore, NGC would l ike to propose to the DOE 

some s impl i f ied methods of cost and program accounting and control that would 

reduce the overhead and paperwork considerably. These management techniques w i l l 

be discussed in conference w i th the DOE contract team at the t ime of contract 

negotiat ions. The program scheduling wi l l be based around the proposed t ime schedule 

shown in Table 2. NGC would be ready to comply by DOE requirements regarding 

report ing. 

3. Program Acceptab i l i ty 

NGC accepts in pr inciple the provisions of the draf t cont rac t as a basis fo r 

contract negotiat ions. However, NGC believes that A r t i c l e 4 of the draf t contract 

(Payment) ought io be modi f ied. A r t i c l e 4.b( l) states that payment for dr i l l ing v/ould 

be mode "upon complet ion and test ing of the well(s)". In our opinion, payment may be 

made by the DOE on a basis of completed ac t i v i t y , and in proport ion to completed 

work. Thus, the DOE may consider acceptance of an invoice for mobi l izat ion, af ter 

mobi l izat ion has been completed, for example, or acceptance of an invoice for 

completion of dr i l l ing of the shallow reservoir a f te r that phase has been completed. 

Fur thermore, A r t i c l e 4.b(I) includes no provisions for d i f ferent possible 

geophysical logging programs, coring programs, etc. We believe that these mat ters 

must be resolved in conference w i th the DOE, i f NGC's program is considered 

acceptable in pr incip le. 

Regarding A r t i c l e 4.b(2), i t is proposed that the schedule of payment for 

d i f ferent non-dr i l l ing act iv i t ies be sub-divided based upon percentage complet ion. 

Complete withholding of payments unt i l complet ion of del ivery and acceptance of all 

data is uncommon for either governmental or pr ivate c l ients. The more common 

pract ice is that payment is made in proport ion to complet ion, w i th a small amount, on 

the order of 10%, held bock af ter del ivery of a f inal product, unt i l acceptance is 

given. Acceptance or non-acceptance must be stated w i th in a short period of t ime 
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after del ivery, say |5 days. 

We propose to discuss these matters w i th the DOE in cose of posit ive select ion 

of NGC for contract negotiat ions. We f ind the other cont ract provisions acceptable^ 

4. Financial Information 

A f inancial staterhent of N G C is being presently prepared. NGC's overall 

assets consist pr imar i ly of i ts leases and previous exploratory work carr ied out by the 

company. The aggregate value of these is greater than $250,000. NGC has adequate 

f inancial resources to complete this program. 

5. Val id i ty of Of fer 

This cost proposal wi l l remain in e f fec t fo r at least 120 days af ter May 30, 

1978. 

6. Disclosure 

NGC hois reviewed the "Program Technical Scope" set f o r t h in the RFP, and 

states that all the data furnished pursuant to the contract w i th the DOE may be 

published. 

7. Mr. Hugh McLaughl in, President of Notional Geothermal Corp. , whose signature of 

this proposal is given below, has the author i ty to commi t the corporat ion to al l 

provisions of the proposal. 

Hugh McLaughl in, 

President 

National Geothermal Corp. 
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HUGH M C L A U G H L I N 

Mr. McLaughlin was born and raised in California. 

He attended Chapman College where he graduated with a degree 

in Economics- Mr. McLaughlin was in the Army from 1941-45. 

His active service included tours of duty in the Pacific 

and Europe. After being honorably discharged from the Army, 

Mr. McLaughlin worked for Giant Chemicals from 1947-52. He 

became Industrial Sales Manager with DuBois Chemicals from 

1952-58, He also worked with Delco Chemicals for about 4 1/2 

years. Mr. McLaughlin then became part owner in Sudan Cole 

Company in Tennessee until 1968. Mr. McLaughlin then went 

into gold and silver mining in Nevada from 1968 until 1972. 

From 1972 until present Mr. McLaughlin has been involved in 

geothermal exploration. 

-1-
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RONALD H. ADOLPHSON: 

Mr. Adolphson was raised in the midwest, educated 

at Michigan State University and has been a Certified Public 

Accountant since 1960. He spent five years with Touche, Ross 

& Company, an international firm of Certified Public Accountants, 

He was Director of Corporate Accounting for Continental 

Motors Corporation, whose annual volume of $160,000,000.00 was 

.approximately one-half in government contracts. He then 

became Chief Financial Officer and Director of the largest 

tool and dye and heavy equipment manufacturer in the midwest. 

In 197 0 he came to California where he joined a law firm 

specializing in taxation and has for the past nine years been 

involved in a wide variety of management functions including 

direction of.a finance company with assets of $17,000,000.00, 

a development company with assets of $8,500,000.00, convalescent 

hospitals, restaurants, apartment buildings and land development 

projects. I4r. Adolphson has been, for the last five years, 

involved in the management of the Monitor Ranch which consists 

of over 1,500,000 acres located in the Monitor Valley and the 

Smokey Valley of Nevada. 
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W. C. "BUD" BRADSHAW 

Mr. Bradshaw was educated in Wichita, Kansas. . 

He attended public schools there and the University of 

Wichita. He later studied, from 1927 to 1929, at the 

University of Michigan where he majored in Mechanical 

Engineering. By profession Mr. Bradshaw is a Mechanical-

Engineer, Management Consultant. Mr. Bradshaw is vice 

president of the California Fresno Investment Company and 

a member of its board of directors since 1935. He was 

secretary and also managing director of California Fresno 

Oil Company from 1960 to 1976. He was president of 

Petroleum Chemicals, Inc., from 1952 to 1972, and former 

vice president of California-Fresno Asphalt Company from 

1952 to 1972. He is currently owner-operator of W. C. 

Bradshaw Company-Management Consultants and prior to this 

owner-operator of W. C. Bradshaw Mechanical Contractors 

Engineers from 1942 to 1952. Mr. Bradshaw has a long 

history of dedicated interest and involvement in organizations, 

public and private, which are vitally concerned with the 

many aspects of education, training, rehabilitation and 

employment for the handicapped. He has been an active 

member of both the President's and Governor's committees 

for employment of the handicapped since 1960. Mr.' Bradshav/ 

has been a member of the California State Development Disabilities 

Advisory Council from 1972 to present. He has also been a member 

of the California Department of Rehabilitation Advisory 

Council from 1972 to the present. 
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ANDREW DAVLIN, JR.: 

Mr. Davlin graduated from Princeton University with 

a B.A. in economics in 1951. He received a Masters in Business 

Administration from Columbia University in 1957. He was a 

naval officer. Lieutenant Jr. Grade, from 1951 to 1954. He 

later joined a Wall Street firm. Tucker, Anthony and R. L. Day 

as a security analyst. Mr. Davlin eventually specialized in 

the motor carrier and transportation industry, and he became a 

general partner of the firm from 1965 to 1970. He.then became 

an officer in a New York securities company which is an under

writing firm for motor carrier securities. He joined Hambrecht 

and Quist in 1972 and v/as a partner in that firm until 1973. 

In 1973 Mr. Davlin formed Davlin and Company, Inc., which is a 

consulting organization to the motor carrier industry in 

Belvedere, California. The firm is still in existence. From 

1975 until the present, Mr. Davlin has been Chairman of the 

Board of the Landy Corporation which is a holding company that 

owns motor carriers and various other assets. 
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HAROLD B. BERNSON 

Mr. Bernson attended, UCLA, UC Berkeley, Law 

School, U.S.C; he graduated in June of 1938 with a Doctor 

of Law degree. Mr. Bernson was admitted to the State 

Bar of California on May 12, 1938. He is a member of the 

firms of Gilford & Bernson, Leslie & Bernson and Bernson 

& Wolf. I4r. Bernson is an arbitrator on the American 

Arbitration Association. Some of the clients that his 

firms have represented are: Harpers, W. H. Harper, Inc., 

California Tank and Manufacturers, Inc., Hume Enterprises, 

Inc., Queen City Steel, Inc., Olsan's Furniture, Dealer's 

Finance Co., Inc., Moffa Electric, Inc., Electro-MCC, 

Inc., Exports International, Inc., One-Stop Realty Corp. 

and Microx X-ray Corp. 
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RE.SU.'-'iE, 

Dr. Roswitha B. Grannell 
5035 College View Avenue 
Los Angeles, California 90041 
1-213-258-3948 

The principal investigator is a 39 year old female Caucasian, in good health 
and used to the rigors of field work. Below is a resume of her education and 
accomplishments. 

EDUCATION 

A.B. 

Ph.D. 

Pomona College, Claremont, California, with honors, 1962, 
major in Geology. 

University of California, Riverside, 1969, in Geological 
Sciences. Dissertation: "Geological and Geophysical Studies 
of Three Franciscan Serpentinites, Santa Lucia Range, California, 

SPECIAL CAPABILITIES 

Background in statistics and computer programming (particularly APL) . 

E-MPLOYMENT 

Professor, Department of Geological Sciences, California State University, 
Long Beach, teaching geology' and geophysics; on full time status since 
fall of 1967. Currently Director of the Center for Environmental Studies, 
and supervising ten master's theses projects. 

CONSULTING 

1973 

1974 

Ground water project near Palm Desert, California, using gravimetry, 
for Earth Science Associates, Pal.o Alto. 

Consulting using gravimetry for geothermal exploration in Nevada. 
Name of company and location is still confidential. For further 
information, contact Dr. Burt Slemmons, University of Nevada, Reno. 

1974 to Consulting agreement with Lawrence Berkeley Laboratories, for 
Present gravity sui-veys of Leach and Kyle Hot Springs near .Winnemucca. 

(Funding from AEC grant nW-7405-ENG-48, Geothermal Energy Research, 
administered by Paul Kitherspoon.) Also, precipe gravity survey of' 
Cerro Prieto Geothermal Field, Mexico. 
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GRANTS 

1971 

1972 

1972 

1972 

1975 

1975 

1976 

Penrose Grant, Gecloqic.-il Society of /'Ji'.erica, for orc-ivity work 
on a regional scale of ToV.>in Range and Buffalo Valley. 

Penrose Grant, Geological Society of A.r.iorica, for detailed 
gravity survey of Fish Creek Mountains. 

California State University, Long Beach Foundation Sur-ner Grant 
for detailed gravity survey of Fish Creek Mountains. 

NSF Grant, Instructional Scientific Equipment-Program, for pur
chase of LaCoste and Romberg gravity meter and accessories. 

Extramural Geothermal Research Grant, United States Geological 
Survey, entitled Detailed Gravity Surveys of the Brady's Hot 
Springs-Soda Lake and Buffalo-Jersey-Lov?er Reese River Valleys 
Areas, Nevada, for $28,075. 

United States Geological Survey Grant, coauthored with John Fett 
(Principal Investigator), for evaluation of precise gravimetry 
as an earthquake precursor. I served as a consultant on the 
project for the first year. 

NSF ISEP grant, for purchase of strip-chart recorder and telluric 
current unit. 

1977 LOCI Grant from NSF for course implementation in environmental 
science areas. 

1977 C}iancellor's Kini-Grant for construction of a microprocessor 
and upgrading of abilities in computer programming (APL). 

1977 CSULB Foundation Grant for repetition of gravity stations estab
lished 1964-1972 in area of the Palmdale Bulge. 

PUBLICATIOQS 

Burch, S.H., R.B. Grannell, and V?.F. Hanna, 1971, Bouguer gravity map of 
California, San Luis Obispo sheet, with accompanying text: California 
D.ivision of I-'ines and Geoloĝ '. 

Goldstein, N.E., H. Beyer, R. Corwin, D.E. di Somma, E. .Majer, T.V. .McEvilly, 
K.F. .Morrison, H.A. \vollenberg, and R. Grannell, 1976, Open file report 
geoscience studies in Buena Vista Valley, Nevada: Lawrence Berkeley 
Laboratory. 

Grannell, R.B., 1970, Geological and gravimetric studies of Franciscan 
serpentinite bodies in the southern Santa Lucia Range, California: 
Geological Society of America, abstracts for 56th annual meeting, 
Cordilleran section. 

file:///vollenberg


58 

Grannell, R.B., 1974, A regional gravity siir-̂/ey of the Fish Creek 
.Mountains and surrounding area, north-central Nevada: Geological 
Society of America, abstracts for 70th annual m.eeting, Cordilleran 
section. This paper was included in the Chester Lonĝ '̂ ell Symiposium 
on the Great Basin. 

Grannell, R.B., 1977, Regional and detailed gravity surveys in portions 
of the Battle Mountain heat flow high: presented in the Battle 
-Mountain Keat Flow High Symposium at the AGU meeting, San Francisco; 
p. 1238, Transactions, American Geophysical Union, v. 58, no. 12. 

Grannell, R.B., and S. Biehler, 1971, A regional gravity survey of the San 
Gabriel ^5ountains, California: Geological Society of America, 
abstracts for 57th annual meeting, Cordilleran section meetd.ngs. 
Invited paper for the Transverse Range symposium. 

Grannell, R.B. and K.J. Hau, 1957, Gravity studies over serpentine 
bodies in the Santa Lucia Range, California: Geological Society 
of Ajnerica, Abstracts for 63d annual meeting, Cordilleran section. 

Grannell, R.B. and D. Noble, 1977, Detailed Gravity Studies of Basin and Range 
Structure, Southern Grass Valley, Nevada: Abstracts with programs, 
Cordilleran section meetings. Geological Society of America. 

•Lang, H. and R.B. Grannell, 1975, A detailed gravity survey of the Cris-
tianitos fault zone, presented at the A.A.P.G, meetings, and published 
in the sym.posium volume. 

Long, J.F. and R.B. Grannell, 1971, A detailed gravity survey of the San 
Gabriel anorthosite body: Geological Society of America, abstracts 
for 67th annual meeting, Cordilleran section. 

Oliver, H.W., S.L. Robbins, R.B. Grannell, R.W. Alewine, cind S.H. Biehler, 
1975, Surface and subsurface movements determined by remeasuring 
gravity: California Division of Mines and Geology, Bulletin 196, 
San Fernando, California, Earthquake of 9 February 1971, Chapter 16. 

Robbins, S.L., R.B, Grannell, R.W. Alewine, S. Biehler, and H. Oliver, 
1973, Descriptions, sketch maps, and selected pictures of 87 gravity 
stations reoccupied after the San Fernando earthquake of February 9, 
1971: United States Geological Survey, open file report. 



59 

H. TSVI MEIDAV 

CONSULTANT 

PERSONAL DATA 

Education 

PROFESSIONAL EXPERIENCE 

President 

Bachelor of Arts, Washington University, St. Louis, 
Missouri—1955, Geology 

Master of Arts, Washington University, St. Louis, 
Missouri—1956, Geophysics 

Doctor of Philosophy, Washington University, St. Louis, 
Missouri—1960, Geophysics 

Registrations 

Registered Engineering Geologist, California, No. 
EG763 

Registered Geologist, California, No. 1935 

Activi t ies 

Organizer and Chairman, Geothermal Exploration Sym
posia, Society of Exploration Geophysicists—1972 to 
1976 

Member, Committee to Update the Groundwater Basin 
Management Manual, American Society of Civi l 
Engineers 

.Member, NSF-Sponsored Hickel Committee, Geo
thermal Energy 

Organizer, Salton Trough Symposium, Geological So
ciety of America Pacific Annual Meeting—1972, 
California 

Associate Editor, Geothermics 
Consultant, Lawrence Berkeley Laboratory, University 

of California, Berkeley, California—197'i to 1975 
Geothermal Consultant, Conservation Committee, 

World Energy Conference—1977, Istanbul, Turkey 
Orgatiizcr, Second Workshop on Geothermal Cfduent 

Sampling and Analysis, Spon.sored by U.S. Environ
ment and Production Agency—1977, Las Vegas, 
Nevada 

Honors 

Distinguished Lecturer, American Association of Petro
leum Geologists—197'* to 197 5 

U.N. Coordinator, Second International Geothermal 
Symposium—1971 to 1973 

Visiting Research Scholar, University of New .Mexico— 
1975 to 1976 

economics. Inc., Berkeley, California—I97ii to V '̂̂ ^^ 

.\z\s as general manager and chief scientist o( eco
nomics. Coordinates and manages overall geothermal 
projects in the United Slates and abroad. Supervises 
interpretation and report presentations of scientific 
data. 

Technical Advisor 

• United Nations, New York-1971 to 1973 

Responsible for formulation, coordination, and direction 
of geothermal projects in many countries in Latin 
Arherica, Afr ica, Europe, and Asia. Managed pre
liminary evaluations of geothermal resources concen
trating on technical and economic feasibility. Coo.--
dinated U.N. financing, planning; and execution of 
national geothermal projects. Responsible for recruit
ment of an international specialist staff to man -.he 
U.N. expert teams for geophysical surveys in the field 

Associate Professor/Associate Geophysicist 

• Institute ;<5r Geophysics and Planetary Physics, 
University of California, Riverside, California—1967 
to 1971 

Lectured in all phases of geophysics and investigated 
geothermal resources of the Imperial Valley, Calilornia. 
Evaluation of geothermal phenomena in the Imperial 
Valley util izing electric resistivity, gravity, and tempe
rature gradient as well as infra-red and geodetic data. 
Result of work in Imperial Valley: two steam producing 
fields discovered. 

Senior Geophysicist 

• Huntec, Ltd. , Toronto, Canada—1965 to 1967 

Conducted and managed electrical resistivity, seismic 
refraction, and marine acoustical field surveys .'or 
groundwater, minerals, foundation surveys, and harbor 
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studies. Conducted blast and vibration recording and 
analysis for structural damage studies. Improved level 
of development of marine seismics. 

Turkey: Coordinated many engineering studies :o solve 
carbonate scaling in geothermal wells drilled success
fully in Kizildere. 

Geophysicist 

• Institute of Petroleum 
Israel-rl961 to 1965 

Research and Geophysics, 

m 

Responsible for groundwater, mineral, and engineering 
geophysical surveys. Did research in seismic reflection 
techniques for petroleum exploration and blast and 
vibration studies. Developed techniques for foundation 
investigations. 

Geophysicist 

• Missouri State Geological Survey, Rolla, Missouri— 
1965 to 1966 

Responsible for conducting electrical resistivity and 
seismic refraction investigations for groundwater, high
way planning, and mineral exploration. 

INTERNATIONAL EXPERIENCE 

Chiic: Provided guidance in the drilling of geothermal 
wells, resulting in 16-megawatt power plant in design 
stage at El Tatio. 

Etfuopia: Helped develop national geothermal develop
ment program which included airborne infra-red 
imagery for the Rift Valley. 

Greece: Directed preliminary exploration of geo
thermal energy. Recommended drilling on the islands 
of Milos and Lesvos. 

India: Assisted in the preparation of a national 
geothermal exploration program. 

Indonesia: Prepared plan for a major geothermal power 
development on -Java. 

•Israel: Developed plan for geothermal energy ex
ploration, now the national plan. 

Kenya: Resuscitated well which had been designated as 
a "dry hole." Became first productive geothermal well 
in Africa. Additional drilling resulted in discovery of 
Ihe Olkaria Field. 

Nicaragua: Managed detailed geophysical studies in the 
Momotombo and San Jacinto areas (for the U.N.) 

PonugaJ: Presently carrying out comprehensive 
geothermal exploration and development on the Island 
of San Miguel, Azores, Portugal. 

PUBLICATIONS 

Resistivity Surveys of Missouri Lirnonite Deposits, State 
of .Missouri Geological Survey and Water Resources 
Report of Investigation, no. 2'>, p. 5-27, 195S (W. C. 
Hays-G. E- Heiin) 

Subsurface Investigations of a Plant Site, Mining Engi
neering, v. 11, p. 215-217, 1959. (L. Scharon-R. 
Uhley). 

The Applicability of Seismic Refraction and Electrical 
Resistivity to Cut Classification in .Missouri, 
Missouri State Highway Commission, Div. of Mate
rials, Geology and Soils Section Report, p.1-38, I960 
(W. C. Davis-W. G. Jones) 

Nomograms to Speed Up Seismic Refraction and Com
putation, Geophysics, v. 25, p. 1035-1053, I960. 

An Electrical Resistivity for Ground Water, Geophysics, 
v. 25, p. 1077-1093, I960 

Applicability of the Field Intensity Meter as a Shallow 
Depth Conductivity .Measuring Instrument, The Geo
physical Institute of Israel Report, 15 pp., 1961. 

Radiometric Prospecting - General Aspects and a Case 
History of the Heletz Field; The Geophysical 
Institute of Israel Report, p. 1-22, 1961. 

A Method for Determining Ground Conductivity From 
Radio Wave Field Intensity .Measurements, The 
Geophysical Insitute of Israel Publication, no. 12/120, 
p. l-ll, 1962. 

Compute Seismic Wave Lengths Via Nomogram. World 
Oil, V. 15'), p. Ill-IR, 1962 (A. Ginsburg) 

Discussion of Recent Techniques for Determination cf 
In Situ Elastic Properties and Measurement of 
Morion Amplification in Layered Media by R. J. 
Swain. Geophysics, v. 23, p. 112-113, 1963. 

The Effect of Pile Driving on Adjacent Buildings, A 
Case History, Israel Institute of Technology, Faculty 
of Civil Engineering, published RILEM Proceedings, 
196'». (1. Alpan). 

Viscoelastic Properties of the Standard Linear Solid, 
Geophysici.1 Prospecting, v. 12, p. 80-89, 196''. 

General Aspects and Initial Results of Tellurometric 
Experiments in Israel. The Institute for Petroleum 
Research and Geophysics Technical Memorandum, 
no. 390/65, p. l-itS. 1965. 

Geophysical. Methods in HiRnway Engineering, presented 
before Ihc Canadian Good Road .•\ssociation .Annual 
Convention, 1965. Published in Proceedings 3rd 
Asian Conference on Soil Mechanics and Foundation 
Engineering, December, 1966. (N. R. Paterson) 

Development in Seismic Methods for the Determination 
of Soil and Rock Properties. Proceedings 3rd .Asian 
Conference on Soil Xlechnics and Foundation Engi
neering, December, 1967. 

Short i\'ote - Shear Wave Velocity Determination in 
Shallow Seismic Studies. Geophysics, v. 32, p. lO^I-
i0'<6. 

Hammer Reflection Seismics in Engineering Geophysics. 
Geophysics, v. }^, p. 383-395, 1969. 

file://�/ssociation
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Geothermal Exploration in the Imperial Valley, pre
sented at the 't5ih Annual Meeting AAPG, SEG, 
SEPM, March, 1970 (R. W. Rex). 

Possible Sea Floor Spreading in the Imperial" Valley: 
Structural Setting. Trans. Amer. Geophys. Union, v. 
51, no. U, p. i<2l, 1970 

Seismic Reflection Profil ing with a Hammeri Seismo
graph, presented at the annual meeting ol the Soc. 
of Explor. Geophys., New Orleans, November, 1970 
(R. Furgerson-R. Goss). 

Geothermal Exploration in the Salton Trough, 
California, presented at the annual meeting of the 
Soc. of Explor. Geophys., New Orleans, November 
1970. (R. W. Rex). 

Geothermal Energy for the Future, presented at the 
138th annual meeting of the Amer. Assoc, for the 
Advancement of Science, Philadelphia, December, 
1971. (3. Banwell). 

Review of Electrical Resistivity in Geothermal Explora
tion, presented at the annual meeting ol the Soc. of 
Explor. Geophys., Anaheim, Calif., November 1972. 
(3. Banwell) 

Estimates of Geothermal Energy Potential, presented at 
the annual meeting of the Soc. of Explor. Geophys., 
Anaheim, Calif., November, 1972. (3. Banwell). 

Electrical Resistivity in Geothermal Exploration, 
presented at the annual meeting of the Soc. of 
Explor. Geophys., Anaheim, Calif., Nov. 1972. 

Economic Implications of Small Geothermal Power 
Plants, presented at Proceedings of the Comm. on 
Challenges to Modern Society, San Miguel, Azores, 
September, 1975. 

Uti l ization of Gravimetric Data for Estimation of 
Hydrothermal Reservoir Characteristics in the East 
.Nlesa Geothermal Reservoir Characteristics in the 
East Mesa Geothermal Fields, Imperial Valley, 
California. Paper presented at the Workshop on 
Geothermal Reservoir Engineering (NSF), Stanford 
University, Dec. 1975. 

Assessment of Exploration Techniques for Geothermal 
Energy, presented at Geothermal Energy Associa
tion, Plan Springs, Calif . , Apri l , 1976. 

Well Logging in the Geothermal Industry, presented at 
the SPWLA Seventeenth Annual Logging Sym
posium, Denver, Colorado, 3une, 1976. (5. K. 
Sanyal). 

DC Resistivity in Petroleum, Part 1, Presented at First 
and Second Regional Workshops on Nonseismic Ex
ploration for Petroleum, organized by Geonomics, 
Inc., Denver, Colorado and Houston, Texas, June and 
October, 1976. 

Electrical Resistivity Field Survey Techniques, Part 11, 
Presented at First and Second Regional Workshops 
on Nonseismic Exploration for Petroleum, organized 
by Geonomics, Inc., Denver, Colorado and Houston, 
Texas, June and October, 1976. 

Geology and Geothermal Energy Potential of the Azores 
Islands, presented at International Congress on 
Thermal Waters, Geothermal Energy and Volcanism 
of the Mediterranean Area, Athens, October, 1976.-
(V. H. Forjaz). 

Resistivity Survey of the Salton Sea Geothermal Areas, 
presented at '<6th Annual International .Meeting and 
Exposition of the Soc. of Explor. Gephys., Houston, 
Texas, Oct. 1976. (R. West-A. Katzenstein-P. 
Kasameyer) 

A semi-Analytical .Approach to Geothermal Reservoir 
Perforniance Prcdictuin, presented at Ceo-.'^ermal 
Reservoir Engineering Workshop, organized by 
Stanford Geothermal Program (NSF), Palo .Alto, 
Calif. Dec , 1976. (Dr. S. K. Sanval). 

Application of Electrical Resistivity and Gravimetry in 
Deep Geothermal Exploration. Proceedings of the 
U.N. Conference on Exploration and Uti l izat ion o! 
Geothermal Energy, Pisa, Italy, September, 1970, 
published in Geothermics, v. 2, pt. I, p. 303-310. 

Arrays and Nomograms for Electrical Resistivity Ex
ploration. Geophysical Prospecting, v. 18, p, 55-
563,1970. 

Geophysics in Groundwater Exploration, Chapter 11, the 
American Soc. of Civi l Engrs. manual on Ground
water Basin Management, 1972 

Electrical Resistivity for Geothermal Exploration in the 
Imperial Valley. Geothermics, v. I, no. 2, p. 47-62, 
1972 

Crustal Spreading in Southern California. Science, 
October 6, 1972, p. l5-2f. (W. A. Elders-K. W. Rex-
P. Robinson-S. Biehler). 

Geothermal Opportunities Bear Closer Look. Oil and 
Gas Journal, May 13, I97(». 

Geothermal Energy for the Future. Geothermal Energy, 
December, 197'*. (J. Banwell). 

Costs of Geothermal Steam Capacity. Oil and Gas 
Journal, .March 10, 1975. 

Time is of the Essence in Developing fjeothermal 
Energy. Oil and Gas Journal, April 7, 1975. 

A Critique of Geothermal Exploration Techniques. 
Proceedings of the Second U.N. Symposium cn the 
Development and Use of Geothermal Resources, 
presented San Francisco, California, vlay, 1975, 
published v. 2, p. Il't3-ll5f*, 1976. 

A Generalized Resistivity-Porosity Cross-Plot Concept, 
manuscript under preparation (lo be submitted to 
the Journal of Petroleum Technology) (D. S. K. 
5an>'al). 

ABSTRACTS/PRESENTATIONS 

Semi-quantitative determination of groundwater quality 
from surfa-e electrical measurements, presented at 
the 35th Annual Meeting. Soc. of Explor. Geophys., 
Dallas, Texas, November l^i-lS, 1965. 

Structural Characteristics of the Salton Sea, California. 
Trans. Amer. Geophys. Union, vol <(9, no. *, 1963. 

Electrical Resistivity and Geochemistry ol .\qijilers in 
the Durmid Dome, Imperial Valley. Tr.ins. .Amer. 
Geophys. Union, vol. 1(9, no. U, 1968. (W. Randall-R. 
W. Rex-L. Coursey). 

On the High Density Core of the Durmid Dome, 
Imperial Valley. Trans. Amer. Geophys. Union, vol. 
49, no. '(, 1968 (E. Babcock-R. W. Rcx-W. Randall) 

Geoelectrical Exploration o( a Geothermal Area in 
Southern California, presented at the 50th .Annual 
.\\ceting of the American Geophysical Union, 
Washington, D. C. Trans. Amer. Geophys, Union, 
vol, 50, no,5, April 

Application of Non-Explosive Reflection Seismics in 
Urban Areas, presented at the annual mer't!".-,- .̂ f the 
Association of Engineering Geologisl.i, O^ lobT. 
1969, San Francisco. (R. Furgerson-R. Fahrenbrjjck-
J. Wobser-R. Goss-L. Reed) 
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CONTRACT PRICING PROPOSAL 
(RESEARCH A S D DEVELQP.MENT) 

T h i i form is for u»c when ( i ) aubmivi ion o f co4t or prici.Tg Gata (>«e FPR I -3 .S07-3) i t required t r .d 
( i i ) l u t n l i r u l i o n for (he O p t i o n i l Form i 9 i» •u tho r i i ed by the cont rac i ing officer. 

H U H OF Off t t o a 

Nfltinn^l Rpnt.hprmal Corp. 
MOM* OfflCE AOWtSS 

Smokey Val ley, Mev., Los Gatos, Ca. 
aviSIONlS) AND lOCAtlONIS) WMESE WORK IS TO M K t l Q t M i O 

Office o f Managtmcnt and Budget 

A p p r o v a l N o . 2 9 - R 0 1 8 4 

PACE NO. NO. OS r » c t s 

SOPniES AND/OR SERVlCEi IO M fURNlSMEO 

Geothermal invest igat ions in Smokey 
Val ley, Nevada 

lOTAl AMOUNT Of PROPOSAL 

, 324,412.0* 
OOV7 SOLICITATION NO. 

ET-78-R-08-0003 
DETAIL DESCRIPTION OF COST ElEfWENTS | 

1 . OBtCT AAATtWAl ( l lemi ie on E.xhibil A ) 

0. PMCMAStO PARTS 

* . SU8CONTSACItl5 r l M S 

f. OTHSR—^i; RAW MATEBlAl 

( 2 ) YOUR STANOARO COMA«£RCIAX rTEMS 

( i ) IMTERWVISIONAl TRANSfERS ( A t other than coi l) 

TOTAL DIRECT .MATERIAL 

2. MATERIA! OVERHEAD. (Rate ^ ^ 1.XS ? ? n 0 ^ 0 * ' " = > ' i n r l i i H p c ; flUn r ? \ f 

3. DIRECT lAeOR (Specify) 

Misc. technical and non-techmcal 
s t a f f . See pages 33-39 tor detai led co 
breakdown, hours etc . 

T O T A L D IRECT LABOR 

4. UBOR OVERHEAt) (Specify Deparimeui or Coil Cent i r ) ' 

T O T A L LABOR OVERHEAD 

ESTIMATeO 
HOURS 

5t 

, > . - - • 
O H RAIE 

^mt 

m s m ^ 

RATE/ 
HOUR 

p. :>. -<.% 
X>ASE = 

H^Sil 
i . SPECIAL TESTING (Including field work a l Got eminent iui lal lat ioi is) 

T O T A L SPECIAL T E S T I S G 

EST COST ( S ) 

42,180? 
167,200 

-^y\'.,;-T^. 

TOTAl 
EST COST' 

•> • V 

<. 
> * • ^ 

Q f n r rnn< i i l t an t * ; 
EST 

COST ( S ) 

31,/2U 

• 
, 

EST COST (S) 

.31 .720 

iî i".̂  EST COST (S) 

! - ^ o - . . ' - > •< 

«. SPtCIAl EOUIPMENT ( I f direct charge) (lleml-.e on Exhibit A ) ^ Q Q D D . 3 3 - 4 C f O r d e t a i l 

7. TRAVEl ( I f direct charge) (Give delai l i on attached Schedule) 

a. TRANSPORTATION 

A. PER DIEM OR SUtSISTENCE 

TOTAL TRAVEL 

». COf<SUlTANTS ( I d i H l i f j - p u r p o i e - r m e ) 

See pp. 33-4U ot proposal tor de ta i l 

TOTAL COSSVLTASTS 

EST COST ( S ) 

1,170 
fi.710 

.•;~v<f/^''' 
1ST COST f j ; 

l9,7uu 

• : = ; , ' ' " - - • 

9. OTHER OIRECT COSTS ( I t im i i e on Exhibit A ) 

to. TO IAL DIRECT COST ASO OVERHEAD 

I I . CENERAl ANO ADMINISTRATIVE EXPENSE fK./ / ( % of Cost edneint So l . ) • 

12. ROTAlTlES' 

IJ. TOTAL ESTLWATED COST 

14. PEIOBPROfIT 

IS. n o t a p p l i c a b l e T O T A L ESTI .W.ATED C O S T A S D FEE OR f R O P n 

. ^ " " 1 * 

' " ' 

" > ' , 
\ ^ V<^ ' 

^ * V s< 

REFER
ENCE = 

< ; i j h -

contra 

1 1 

> ,.. ^ 

" . . 
L . ^ 

> . > 
t . 

< ^ ' 
<• XH 

c ^ 

^ / 
V ^ f t ' . > • 

" 
* V ^ 

.•^?4,41? 

_ 

OPTIO.N'AI. FOR.M 60 
Cktoher 1971 
Ceneril Service* AJminiur^iun' 
FPR »-10.auO 
)060-IOI 
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I T h i i p r o p o i x l i» l u b m i u c d Tor use in c o n n t c i i o n v i i h / n d »n r r i p u n \ e l o ( O t u r i i n R I P . t !c.} 

J RFP #ET-78-R-08-0003 
4nd reflects o u r be j t es t imaro a, o f t h i i d j r e . i n accordance w i t h the I n i t r u c t i u n i tn OfTerors and the Fou ino lc , %fc-hich f o l l ow . 

TYPED NAAU AND TITLE 

Hugh McLaughlin, president 
SIGNATURE p - , 

NAME Of PIRM / 

National Geothermal Corp. 
I^TE Of SUBMISSION~~~ 

5/30/1978 
EXHIBIT A-SUPPORTING SCHEDULE (Specify. I f more space is needed, use reverse) \ 

COST EL NO. 

• 

ITEM DESCRIPTION (See f o o l n o l t S) 

A deta i led cost -schpfinlp fo r d i f f p rpn t pmrirflm ^If f^rnat ives 
i s g iven i n nn . 33-40 n f thp arrnmnanvinri nrnnncal 

, 

EST COST ( S ) 

• 

1. HAS ANY EXECUTIVE AGENCr Of THE UNITED STATES GOVERNMENT PERFORMED ANY REVIEW OF TOUR ACCOUNTS OR RECORDS IN CONNECTION V ÎTH ANY OTHER 
COVERNMENI PRIME CONTRACT OR SUBCONTRACT WIIHIN THE PAST TWELVE MONTHS? 

n TES P ? f NO ( I f yes. identify below.) 

NAME ANO ADDRESS OF REVIEWING OFflCE AND INDIVIDUAL TELEPHONE NUMBER/EXTENSION 

11. W i l l YOO REQUIRE IHE USE OF ANY GOVERNMENT PROPERTY IN IHE PERFORMANCE Of THIS PROPOSED CONTRACT? 

1 j TES 1 1 NO ( I f yet. identify on reverie or leparale page) 

III. OO rOO REQUIRE GOVERNMENT CONIRACT flNANCING 10 PERFORM IHIS PROPOSED CONIRAO? 

I ^ T E S Q NO ( I f y n . iden t i f y . ) : Q ) ADVANCE PAYMENTS Q PROGRESS PAYMENTS OR Q GUARANTEED LOANS 

(V. DO YOU NOW HOLD ANY CONIRACT ( Or. do you have any independently financed ( I R & D ) projects) FOR THE SAME OR SIMILAR WORK CALLED FOR »Y THIS 
• nOPOSED CONIRACP 

• n S K I NO ( I f yei. identify.): 

V. DOCS THIS COST SUM**ARY CONFORM WIIH THE COST PRINCIPLES SET FORTH IN AGENCY REGULATIONS? 

I^g YES 1 ] NO ( I f no. explain on reverse or separate page) 

Se't Retrrte for Inttrutlioni and Footnolei 

2 

O P T J O N A I . FORM <0 ( 1 0 - 7 1 ) 
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INSTRUCTIONS TO OFFERORS 

i}t Currcni Coil 

1. The purpose of thij form i& to provide a iC^ndird formzi b>" which 
the offeror lubmi i i co ihc Guvcrnmcni a summary of incurred ind 
estimated c o t s ( und aftuched lupportinj^ information} suitable for de
tailed review and analysis. Prior to ihe'-award of a conujCi resulting 
from this p r o p u w l the offeror shall, under the condi t ions stated in 
FPR 1-5-807-3 be required to submit a Crriificate 
Pricing D a u (Sec FPK ! - 3 . 8 0 7 - 5 ( h ) and 1-5.80" 

2. Iri-additioo to the'spccific information required by this form, the 
offeror is expected, in good faith, to incorporate in and submit wtth 
(his form any additiunal data, supporting sthcdules. or subst;inttation 
which arc reaionab/y required for the conduct of an i'ppcoprizte re
view and analysis in the li>;bi of the specific facts of ihls procurement. 
For effective negotiations, it is essential that there be a clear under
standing of: 

• • • " ' i ! . f 

a. The existing, verifiable data. 
b- The judgmental factors applied in projecting frum known data 

Co the estimate, and 
c. The contingencies used by the offeror in his proposed price. 

In short, the offeror's estimating process itself needs to be disclosed. 

3. NX'hen attachinent of suppiiriing cost or pricing data tu this form is 
impracticable, the data will be descrilx'd (u i th \thttiufr% */i ^pprnprt^tt). 
and made avitlablc tu the Contracting officer or his reprevenrjiixc upon 
request. 

4. The formats for the "Cost Element*" and the "Proposed Coniract 
Estimate" are not intended as rigid requirements. T l i o c may be pre
sented in different format with the prior approval of the Contracting; 
Officer If required for more effective and efficient proenia t ion . In J I I 
other respects this form will be comple ted and subnnt ied without 
change. 

5. By submission of this proposal the offeror grants to the Contracting 
Onicer. or his authoriied representative, the right to examine, for the 
purpose of verifying the cost or pricir^g data vuhmttted. those booUs, 
records, docunienis and other support ing data which ** ill permit ade
quate evaluation of such cost or pricing data, along with the compuu* 
lion* and projeciions used therein. This right may be exercised in con
nection with any negotiations prior to contract award. 

FOOTNOTES 

I Enttr in thii columit thoie tttKrimry t i n j rruioiiublt coiti which it* tht 
/uJgtntu t of the offeror u H i properly be iucurrtti in tht t/Jifieul performance 
of the (onlract. W'heii any of the costs in ihii colidinn ha te already been 
incurred (e.g., on a Utter contract or v^ahge order}, dticribe ihent on an 
attached supporting ichedule. Identify ail sa/ei and tramfers between your 
plants, (/irisioni, or organization* under a common control, uhich are in
cluded al Other than the louer of cost to the original transferror or current 
Market price. 

2 it'hen space in addition to that arailahle in Exhibit .̂  is rtcfuired, at
tach separate paget as necessary a n d identify in this "Reference" column 
the attachment in uhich the information supporting the ipecifxc cost element 
may be found. So standard format it prescribed: houettr. the cost or pric
ing data Must he accurate, complete and current, and the judgment factors 
uted in projecting front the ^ t a to thn. estimuies must be stated in sufficient 
detail to enable the Contrutting Offtcer to eiafuatt the propotal. f-'or e.V' 
ample, proiide the basis used for priting materials such as by fendor *fuo-
iations. shop estimates, or inroice prices: the rtason for use of oierhead rates 
which depart signifitantly from experienced rates (reduced txJume, a 
p lanned major re'Urrungeinent. etc.) : or justification for an invrease in 
labor ratet (anticipated uage and salary increases, etc.). Idrntify and ex
plain any eontingenciet which are included in the proposed price, such as 
anticipated costs of rejects a n d defective work, or anticipated technical 
difficulties. 

J Indicate the rates used and provide an appropriate e.vplanatiov. Where 
agreement has been reached with Goterrtment representaliie% on the ate of 
fo rward priting ratet, describe the nature of the agreement. Provide the 
method of computation a n d application of your overhead eypeme. including 
cost breakdown a n d showing trends a n d budgetary data as necessary to 
provide a basil for evaluation of the reasonableness of proposed rates. 

4 i f the total cost entered here it in excess of $2S0. provide on a separate 
page the following information on each separate item of royalt* er license 
fee: name a n d address cf licensor: date of licente agreement. pattHt nuni-
hers, patent application serial numbers, or othe' basis on uhich the royalty 
is payable: brief description, including any part or nicdel numbers of each 
contract item or component on which the royalty is payable: percenUgt or 
dollar rate of royalty per uni t : unit price of contract item; nutfibtr tef 
units: a n d total dollar amount of royalties. In addition, if specifically re-
i/uested by the contracting onicer. a copy'of the current licente agreement 
and identification of applicable claims of specific patents stall be provided. 

5 Provide a list of principal items within each category indicating known 
or anticipated source, quantity, unit price, competition obtained, and basis 
of establishing source and .reasonableness of cost. 

CONTINUATION Of EXHIBIT A—SUPPORTING SCHEOUIE AND REPLIES TO QUESTIONS M AND V. 

Two fundamentally dif ferent program options have been presented in the text of 
our proposal. The proposed program is sub-divided according to specific act iv i t ies 
Additionally, we have offered to share in the cost of the program at a level which 
depends upon the magnitude of the program i t se l f ( see p. 40 of the proposal) 

O P T I O N A L FORM 60 110-71) 
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REPRESENTATIONS AND CERTIFICATIONS 
(CoHitruction and ArcKitecf.Engineer Contraet l 

(For use wiih Standard Formi 1?, 21 ond 252) 

R E F E R E N C E ( E n t e r same S o . ( l ) a l on S F 19 . 2 1 a n d 2 S 3 ) 

ET-78-R-08-0003 

f.<MC .••KO »Ot)RlSl o r B.OOtR (.Vo, Sireel . Cil.t. Slair , a n d / . I F Code) 

National Geothermal Corp., 16780 Lark Ave., Los Gatos, CA 95030 

MallJJig_address: E..D.-Sox-549. Los Gatos, CA 95030 

0*Tt o r BiO 

5/30/78 

I n n e g o t i a t e d p r o c u r e m e n t s , " b i d " a n d " b i d d e r " s h a l l be c o n s t r u e d lo m e a n "of fe r" a n d "of feror . " 

T h e b i d d e r m a k e s t h e f o l l o w i n g r e p r e s e n t a t i o n s a n d c e r t i f i c a t i o n s as a p a r t o f t h e b i d identif ied 
a b o v e . (Check a p p r o p r i a t e boxes.) 

1. SMALL BUSI.NESS 

He 0 is, D is not, a small business concern. (A small business concern for the purpose of Government procurement 
is a concern, including its arfiliates, which i.i, independently owned and operated, is not dominan t in the field of opera
t ions in which it is b idding on Government contracts , and carl further qualify under the criteria concerning number of 
employees, average annual receipts, or o ther criteria as prescribed by the Small Business Adminis t ra t ion. For additional 
information see governing regulations of the Small Business Administration ( 1 ^ CFR Part 1 2 1 ) ) . 

2. M I N O R r r Y B D S I N E S S ENTERPRISE 
He ED iSi [ K is not a minority business enterprise. A minoriry business enterprise is defined as a "business, at least 50 

percent of which is owned by minori ty g roup members or, in case of publicly owned businesses, at least 51 percent of 
the stock of which is owned by minority g roup members ." For the purpose of this definition, minority g roup members 
are Negroes , Spanish-speaking American persons, American-Orientals, American-Indians, American-Eskimos, and American-
Aleuts ." 

3. C O N T I N G E N T F ^ 

( a ) He L J ^ * ' ' VLS ^ ^ S not, employed or retained any company or person (other than a full-time bona fide employee 
working >olely for the bidder)_ to solicit or secure this contract, and ( b ) he Q has, 0 has not . paid or agreed to pay 
any company or person (other than a full-iimt bona fide employee working solely for the bidder) any fee, commission, 
percentage or brokerage fee, contingent upon or resulting from the award of this contract; and agrees to furnijh informa
tion relating to ( a ) and (hj above as requested by the Contracting Officer. (For interprttalion of the rtprtsenlaliuii. includ
ing tht term "bona fide tiiiploytt." set Codt nf F t d t r a l Rtguliilions. Tillt 4 1 . Subpart l - I . S . ) 

4. TYPE O F O R G A N I Z A T I O . N 

He operates as an P J individual, Q j partnership,[_J joint ven tu re , [ ^co rpo ra t ion , incorporated in State of . jVv iyc l .u i i . . 

5. I N D E P E N D E N T »"MCE D E T E R M I N A T I O N 

( a ) By submission f( this bid, each bidder certifies, and in the case of a joint bid each party thereto certifies as to his 
own organization, thjt m connection with this procurement: 

( 1 ) The prices in ihis bid have been arrived at independent ly , without consul ta t ion , communica t ion , or agree
ment, for the purpose of restricting competition, as to any matter relating to such prites with any other bidder or with 
any competi tor; 

(2) Unless otherwise required by law, the prices which have been quoted in t)ii> bid have not been knowingly 
disclosed by the bidder and will not knowingly be disclosed by the bidder prior to opening , in the case of a bid. or 
prior to award, in the case of a proposal, directly or indirectly to any other bidder ot to any competitor: and 

( i ) No attempt has been made or will be made by ttie bidder to induce any other person or firm to submit or 
not to submit a bid for the purpose of restricting competition. 
(b ) Each person signing this bid certifies that: 

(1 ) He is the person in the bidder's organization responsible within that organization for the decision as to the 
prices being bid herein and that he has not participated, and will not participate, in any action contrary to ( J ) ( 1 ) 
through { a ) i i ) above; or 

( 2 ) ( i ) He is not the person in the bidder 's organization responsible within that organizat ion for the decision 
as to the prices being bid herein but that he has been authorized in writ ing to act as agent for the persons respon
sible for such decision in Certifying that such persons have not participated, and will not participate, in any action 
contrary to ( < ' ) ( l l through {a) (3) above, and as their agent does hereby so cenify: and (ii) he has not panicipj trd, 
and will not participate, in any a n i o n contrary to ( < ' ) ( ! ) through (< ' ) (3) above. 
(c) This certification is not applicable to a foreign bidder submitting a bid for a contract which requires performance 

or delivery outside the L'nited States, its possessions, and Puerto Rico. 
( d ) A bid will not be considered for jssard where ( J ) ( 1 ) , ( . ' ) ( 3 ) , or (A) above, has been deleted or modified. 

Where (</)(2) above, has been deleted or modified, the bid will not be considered for award unless the bidder furnishes 
with the bid a signed statement which sets forth in detail the circumstances of the disclosure and the head of the agency, 
or his designee, deterrnines that such disclosure was not made for the purpose of restricting competition. 

."^OTL.—Bids mint SCI forth full, aeciiiuli-. .in.l complilv liifoiin.tiioit .ii tceiulml by this iinil.ilioii for bids (ineludiitit 
allachnietils). The peii.illy for mating falsv st.ilcniviil, in bids is prescribed iu IS I .S.C. / " " / . 

19-J04 
. STANOARO FORM 19-B. JUNE 1976 eOlTION 

GENERAL SERVICES ADMINISTRATION 
c c r \ o a r \ r ^ nr-f^ . a . ^n-- . . . . ^ . ^ . .. ^ .^ . . - - _ . 
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THE FOLLOVflNG NEED BE CHECK£D ONLY IF BID EXCEEDS f 10,000 IN AMOUNT. 

6. EQUAL OPPO^TUTsITY 

He D has, (3 has not, participated in a previous contraa or subconlract subject to the Equal Opportunity Clause herein, the clause 
originally conlained in Section 301 of Executive Order No. 10925, or (he clause contained in Section 201 of Executive Order No. II114; 
he D has, Q has not. filed all required compliance rcpKjrts; and represenialions indicating submission of required compliance reports, 
signed by proposed subcontractors, will be obtained prior to subcontract awards. 

(The above represeotations need not be submitted in connection s^'ith contract) or subcontracts which zre exempt from 
the equal opportunity clause.) 

7. PARENT COMPANY AND EMPLOYER roENTiFiCATiON NUMBER- N a t i o n a l Geothermal Corp, #88-0145157 
Each bidder shall furnish the following information by filling in the appropriate blocks: 

( a ) 1$ the bidder owned or controlled by a parent company as described below.' Q Yes @i No- (Tor the purpose of 
tbit 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 cmother company means the parent company must own al 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 to 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, corstractual arrangements, 
or otherwise.) 

( b ) If the answer to ( a ) above is "Yes," bidder shall insert in the space below the name and tnoin o £ c e address of the 
parent comj>any. 

MIMC OF PARCNT COMPANY MAIN OFFICE ACORtSS (No. , Street, City. Slate, and ZIP Cudel 

( c ) Bidder shall insert in the applicable space below, if he has no parent company, his own Employer's Identification 
Number (E.I. No.) (Federal Social Security Number used on Employer's Quarterly Federal Tax Return, LIS. Treasury Depart
ment Form 941), or, if be has a parent company, the E.I. No. of bis parent cocupany. 

EMPLOYER 
IDENTIFICATION NUMBER OF 

PARENT COMPANY 

8. CERTIFICATION OF NONSEGREGATED FACIUTIES 

(Applicable to (1) contracts, (2) subcontracts, and (3) agreements with applicants who are themselves performing federally 
assisted construction contracts, exceeding $10,000 which are not exempt from the provisions of the Equal Opportunits' clause.) 

By the submission of this bid, the bidder, offeror, applicant, or subcontractor certifies that he docs not mainuin or 
provide for his employees any segregated facilities at any of his establishments, and that he does not permit his employees 
to perform their services at any location, under his control, where segregated facilities are maintained. He certifies further 
that he wilt not maintain or provide for his employees any segregated facilities at any of his establishments, and that he 
wIU not permit his employees to perform their sers-ices al any location, under his control, where segregated faciiities axe 
maintained. The bidder, offeror, applicant^ or subcontractor agrees that a breach of this certification is a violation of the 
Equal Opportunity clause in this contract. As used in this certificatioti, the term "segregated facilities" means any waiting tcx>mi, 
work areas, re^t rooms and wash rooms, restaurants and other eating areas, time clocks, locker rf>oms and other storage or 
dressing areas, parking lots, drinking fountains, recreation or entertainment areas, transportation, and housing faciJiues pro
vided for employees which are segregated by explicit direaive or are in fao segregated on the basis of race, color, religion, o t 
oatiooal origin, because of habit, local custom, or otherwise. He further agrees that (except where he has obtained identical 
certifications from p^opc^sed subcontraaors for specific time petiods) he will obtain identical certificatons from proposed sub
contraaors prior to the award of subcoouactors exceeding $10,000 which are not exempt from the provisions of the Ecjual Op
portunity clause; that he will retain such certificatioos in his files; and that he will forward the following iK>tice to such prt>-
posed subcontraaors (except where the proposed subcontractors have submined ideatical certifications for specific time periods): 

NOTICE T O PROSPECrrSTE SUBCONTRACTTORS OF REQUIREMENT FOR CERTIFICATIONS 

O F NONSEGREGATED FACILITIES 

A C^ertification of Nonsegregated Facilities tnust be submitted prior to the award of a subcontraa exceeding $10,000 which 
is Dot exempt from the provisions of the Equal Opportunity clause. The certification may be submined either for each subcoo-
tr&ct or fbr all subcontracts during a period (i.e., quarterly, semiannually, or annually). 

NOTE: The penalty 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 contracting officer has detetmiaed that orders under aa indefinite 
quantity contract in any year will exceed $100,000, or a facility to be used has been the subject of a conviction imder the Qean 
Air A a ("42 U.S.C 1 8 5 7 c - 8 ( c ) ( 0 ) or the Federal Water Pollution Control A a (33 U.S.C 1319(c)) and is listed by EPA, or 
is tkot otherwise exempt.) 

The bidder or offeror certifies as follows: ' •' / 
( a ) Any facility to be utilized in the performance of this proposed cont raa has CD, has not E J . been listed on the Enviroo-

mental Protection Agency List of Violauog Facilities. 
(b) He will promptly notify the contracting officer, prior to award, of the receipt of any communication frtMo the Director, 

Office of Federal Aaivities, Envlrocimental Protection Agency, Indicating that any facility which he proposes to use for the per
formance of the coniract is under consideration to be listed on the EPA List of Violating Facilities. 

(c) He will include substantially this certificauoo, including this paragraph (c ) , in every nonexemp< subcontract • 

STANOARO FORM 19-B (Back) JUNE 1976 EOmON •<i^U.S.CPO:1977-0-24X-530/X-.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"); 
and 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): 

11. AFFIRMATIVE ACTION PROGRAM 

The following paragraphs are added: 

a. The bidder or proposer represents that he (a) [ ] 1. has 
developed and has on file, [ ] 2. has not developed and 
does not have on file at each establishment an affirmative 
action program as required by the rules and regulations of 
the Secretary of Labor (Al 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 |X] employ more than 50 
employees and has [ ], has not [ ] been awarded a 
contract subject to Executive Order 11246 in the 
amount of $50,000 or more since July 1, 1968. If such, 
a contract has been awarded since July 1, 1968, give 
the date of such contract, but do not list contracts 
awarded within the last 120 days 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 [ ] has, |XI 
has not been conducted by an agency of the Federal Government; 
that such compliance review [ ] has, [ ] has not been 
conducted for the bidder's known 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: 
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NAME OF .CONTRACTOR DATE FEDERAL AGENCY 

(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 Al 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 A CFR 331.30(b)(8) (see FPR 1-3.1203(h)) 
is claimed. Where the offeror fails to check the box, he shall 
be given the opportunity to make an election in writing to the 
Contracting Officer prior to award. Failure to check the box 
below or make such an election shall mean that the offeror 
cannot claim the exemption to the Cost Accounting Standards 
clause or that the offeror elects to comply with such clause. 
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[ ] Certificate of Exemption for Contracts of $500,000 or Less. 

The offeror hereby claims an exemption from the Cost Accounting 
Standards clause under the provisions of A CFR 331.30(b)(8) and 
certifies that he has received notification of final acceptance 
of all items of work on (i) any prime contract or subcontract in 
excess of $500,000 which contains the Cost Accounting Standards 
clause, and (ii) any prime contract or subcontract of $500,000 
or less awarded after January 1, 1975, which contains the Ckist 
Accounting Standards clause. The offeror further certifies he 
will immediately notify the Contracting Officer in writing in 
the event he is awarded any other contract or subcontract contain
ing the Cost Accounting Standards clause subsequent to the date 
of 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 (1) when the price negotiated is based on: (A) estab
lished catalog or market prices of commercial items sold in 
substantial quantities to the general public, or (B) prices set 
by law or regulation, or (ii) contracts which are otherwise 
exempt (see 4 CFR 331.30(b) and FPR 1-3.1203 (a)(2)) shall be 
subject to the requirements of the Cost 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 (i) the offeror, together with all divisions, subsidiaries, 
and affiliates under common control, did not exceed the monetary 
exemption for disclosure as established by the Cost Accounting 
Standards Board (see II. below); (ii) 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 351.70 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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Check che appropriable box below: 

[ ] I. CERTIFICATE OF CONCURRENT SUBMISSION OF DISCLOSURE 
STATEMENT(S) 

The offeror hereby certifies that he has submitted, as a part of 
his proposal under this solicitation, copies of the Disclosure 
Statement(s) as follows: (1) original and one copy to the 
cognizant Contracting Officer; and (ii) one copy to the cognizant 
contract auditor. 

Date of Disclosure Statement (s): • 

Name(s) and Address(es) of Cognizant Contracting Officer(s) where 
filed: 

The offeror further certifies that practices used in estimating costs 
in pricing this proposal are consistent with the cost accounting 
practices disclosed in the Disclosure Statement(s). 

[ ] 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. 

[ ] III. CERTIFICATE OF INTERIM EXEMPTION 

The offeror hereby certifies that (i) he first exceeded the monetary 
exemption for disclosure, as defined in II. above, in the Federal 
Fiscal Year immediately preceding the year in which this proposal was 
submitted, and (ii) in accordance with the regulations of the Cost 
Accounting Standards Board (4 CFR 351.40(f)), he is not yet required 
to submit a Disclosure Statement. The offeror further certifies that 
if an award resulting from this proposal has not been made by March 31 
of the current Federal Fiscal Year, he will immediately submit a 
revised certificate to the Contracting Officer, in the form specified 
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under I. above or iV. below, as appropriate, to verify his submission 
of a completed Disclosure Statement,-

CAUTION: Offerors may not claim this exemption if they are 
currently required to disclose because they exceeded monetary 
thresholds in Federal Fiscal Years prior to Fiscal Year 1976. 
Further, the exemption applies only in connection with proposals 
submitted prior to March 31 of the year immediately following 
the Federal Fiscal Year in which the monetary exemption was 
exceeded. 

[ ] IV. CERTIFICATE OF PREVIOUSLY SUBMITTED DISCLOSURE 
STATEMENT (S). 

The offeror hereby certifies that the Disclosure Statement(s) were 
filed as follows: 

Date of Disclosure Statement(s); -N/A-

Name(s) and Address(es) of Cognizant Contracting Officer(s) where 
filed: 

,The offeror further certifies that practices used in estimating costs 
in pricing this proposal are consistent with the cost accounting 
practices disclosed in the Disclosure Statement(s). 

14. ADDITIONAL COST ACCOUNTING STANDARDS APPLICABLE TO EXISTING 
CONTRACTS—CERTIFICATION 

(a) Cost accounting standards will be applicable and effective 
as promulgated by the Coat 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, [ ] wduld 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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;N0TE:; If the of'Eeror has checked "would" above, aad i-s 
awarded the cpntemplated epntract, he will also be reqyirejd' 
to Gbmply with the clause entitled Administration of Cost 
AcG'buriting Standards. 

Name; lHu4liiJvM.aiigJiliiJi:-

Date: 5/30/19Z& 

^itie; Pre^iidpnt 
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"Data contained in page 2 of this proposal shall not be used or dis
closed, except for evaluation purposes, provided that if a contract 
is awarded to this proposer as a result of or in connection with the 
submission of this proposal, the Government shall have the right to 
use or disclose any data to the extent provided in the contract. This 
restriction does not limit the Government's right to use or disclose 
any technical data obtained from another source without restriction." 
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A. Proposers Name and Address 

/ \ 

AMAX Explorat ion, Inc. 
4704 Harlan Street 

Denver, Colorado 80212 
(303) 433-6151 

a wholly owned subsidiary of: 

AMAX, INC. 
AMAX Center 

Greenwich, Connecticut 06830 

B, Technical Proposal 

AMAX Exploration, Inc., proposes to define the recently discovered 
heat flow anomaly in the McCoy Mine area by surface and subsurface 
methods and if warranted to drill for discovery of potential geo
thermal resources. Total estimated cost of the proposed explora
tion program is $2,034,000. Estimated cost to the DOE is $1,027,000 
during the period FY 1978, FY 1979, and FY 1980. Estimated cost to 
the DOE for FY 1978 is $44,000, for FY 1979 is $83,000 and for FY 
1980 is $900,000. 

1. Investigation Site or Area 

The investigation site comprises about six townships and is 
at the junction of the Augusta and Clan Alpine Mountains and 
the New Pass Range approximately 55 km northwest of Austin in 
Churchill and Lander Counties, Nevada (see Figure 1). 

a. The proposal area is currently defined by Townships 22, 
23, 24 North, Ranges 39, 40 East, MDM (see Plate I). 
Exploration results may cause the area of interest to be 
slightly enlarged or contracted. 

b. AMAX Exploration, Inc., controls the central portion of 
the proposal area by means of priority, geothermal lease 
applications.". 

The acreage controlled by AMAX is not fixed, and during 
the course of the proposed exploration program leases may 
be either added or dropped depending upon exploration 
results and/or lease chargeability limitations. AMAX 
also may elect'at any.point during the proposal to seek 
joint venture participation in the exploration program 
from other individuals or business concerns. 

Legal descriptions of lease applications, which are 
subject to change, are given in Appendix I. The current 
lease application block is shown on Plate I. 

No unitization arrangements exist in the proposal area. 

Access to the proposal site is by means of a well traveled 
dirt road which intersects U. S. Highway 50 approximately 
40 km west of Austin. The heart of the proposal area is 
about 30 km north of Highway 50. 



Figure I 

INDEX MAP 



The proposal area n^af^rfbTrtreeh'^w^ically mapped in 
detail, but the general setting is fairly well known. The 
site is characterized by a thick assemblage of Tertiary 
intermediate to acidic volcanic rocks overlying Mesozoic 
and Paleozoic eugeosynclinal deposits of the Nevada 
western facies. These rocks are extensively broken by 
Basin and Range faulting. Geology of the proposal area 
is shown on Plate II. 

The site is well located for the discovery and develop
ment of potential geothermal resources. 

1) It is within the Battle Mountain "heatflow high". 

2) It is approximately 32 km north of the 230KV 
transmission line that crosses central Nevada. 

3) Landsat imagery shows a circular structure indica
tive of a volcanic center of typical caldera dimen
sions. 

4) Silica (SiOp) hydrogeochemistry from a hot well at 
the McCoy Mine utilizing an enthalpy (warm water) 
mixing model having an 85% cold water fraction 
indicates a minimum equilibrium temperature of 
186°C. 

5) A large fossil travertine mound covers approximately 
two sections to the west of the McCoy Mine. 

6) Mercury mineralization and extensive hydrothermal 
alteration are conspicuous features within the area. 

7) The area lies immediately east of the Dixie Valley 
KGRA and is within a zone of active faulting and 
possible active crustal spreading. Heat within the 
area could possibly be related to a shallow magmatic 
source. 

8) Much of the central part of the proposal area 
exhibits heatflow in excess of 6 HFU as determined 
by 20 shallow thermal gradient measurements. Heat 
flow values greater than 10 HFU are common, 
with 18.9 HFU being the highest recorded value. 
Most gradients were measured to a depth of 38 
meters; the deepest measurement was from 150 meters. 
The highest direct measurement is 40.4 C at 
58 meters. 

9) The heatflow anomaly is not related to range 
front faults, but is positioned along the 
central portion of range uplift, indicating that 
the heat source is probably not related to deep 
circulation along bounding faults. This observation 
increases the possibility (for reasons suggested 
above) that the heat source may be magmatic. 



Program Data Offered 

The proposed exploration program is divided into three phases 
each contingent upon the successful completion of the previous 
phase and/or the results of previous surveys. The program is 
designed to provide maximum flexibility in the search for a 
geothermal resource whose existence, location, and characteristics 
are not known and are only suggested or inferred at present. 

The following data are offered contingent on the applicability 
and completion of the associated surveys. These are only 
briefly outlined in this section but are more fully described 
in the subsequent section entitled "Program Description", 

a. Subsurface Data 

Approximately 40 shallow (less than 150 meters) thermal 
gradient (temperature) and lithologic logs. Fifteen of 
these holes have already been drilled and approximately 
25 are proposed to be drilled. 

Three deep (600 meter maximum) thermal gradient and 
lithologic logs. 

Two deep (2300 - meter) geothermal production test wells 
with all associated temperature, lithologic, and other 
logs and measurements. 

b. Surface Data 

Self potential profiles-approximately 180 line-kilometers 
with measurements at 100 to 200 meter intervals. 

Magnetotelluric Soundings-approximately 30 stations with 
measurements recorded between 10 and 0.01 Hz. 

Aeromagnetic Survey-approximately 720 line-kilometers 
flown E-W at 1.6 kilometer intervals with N-S tie lines 
at a constant barometric altitude providing 305 meter 
(1000 foot) minimum terrain clearance. 

Gravity Measurements-approximately 220 stations, terrain 
corrected to produce a complete Bouguer gravity anomaly 
map. 

Passive Seismic Survey-approximately 50 stations designed 
to map and interpret microearthquake hypocenters and 
determine Poisson's ratio and possible P and S-wave travel 
time and attenuation anomalies. 

Reflection Seismic Survey-approximately 32 Tine-kilometers, 
designed to identify structure and acoustic impedance 
effects associated with poss.ible reservoir materials. 

c. Reservoir Engineering Studies 

Flow Testing to establish reservoir characteristics and 
fluid composition. • 



Program Description 

For the purpose of this proposal all data collected after 31 
May 1978 are considered "new" and data collected previously 
are considered "existing". Data collected under this proposal 
are designed to discover, define, and delineate the potential 
geothermal reservoir indicated by the McCoy thermal anomaly, 
and to provide sufficient information-to construct an informa
tive case-history. 

Existing Data - Fiscal Year 1978 

Fifteen (15) thermal gradient and lithology logs to an average 
depth of approximately 38 meters will be delivered to the DOE 
at the time of the award of a contract concerning this pro
posal. These data will include: 

1) A map showing well locations 

2) Temperature measurements in °C at 1/2 meter intervals 
from the surface to 10 meters, at one meter intervals to 
20 meters, and at 2 meter intervals thereafter, as 
conditions permit. 

3) Lithology mapped from drill cuttings by a geologist 

4) Computer output of thermal data showing 

a) Graph of gradient divided into segments, 

b) Gradients in °C per kilometer, and standard deviations. 

c) Extrapolated depth to the 200°C isotherm, 

d) Calculated HF at estimated conductivity (k) values 

e) Actual or projected temperature in °C at 100 meter 
depth, 

f) Printout of above data. An example of a thermal log 
and computer printout are shown on Figure 2a, b, c, d. 

New Data 

Approximately twenty-five (25) thermal gradient and lithology 
logs to average depths between 50 and 100 meters. This survey 
is designed to define and delineate the thermal anomaly in the 
proposal area. 

Gradient wells will be rotary drilled with 4 1/2 inch or larger 
bits. Air will be used whenever possible. Foam or mud will be 
used otherwise depending upon drilling conditions. A PVC pipe 
approximately one inch in diameter, capped at the bottom and 
filled with water will be inserted into the hole to the 
total depth possible. The hole will be backfilled 
with drill cuttings and completed as specified in the geo
thermal regulations. 
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Figure 2c. 



Explanation of Logs 

V 2 = Gradient of 2d segment based on a least squares analysis of 
interval gradients. 

& = - followed by standard deviation 

3 
k = Thermal conductivity x 10 . 

HF = Heat flow in H.F.U. computed from gradient and conductivity assigned 
for starred segment. Heat flows for other segments are set equal 
and their conductivities deduced. 

T at 100 m, as measured or extrapolated from gradient indicated by 4-

Z (200 C) = Depth to 200°C isotherm determined by extrapolating gradient 
marked 4-

S.I. = Surface intercept temperature (= mean annual) determined from 
uppermost segment. 

22 04 78 = 22 April 1978, date logged 

22 AP 78 = Date plotted 

DAE/DP = Initials of logger/editor. 

Figure 2d 



A self potential survey of approximately nine, 20-kilometer 
lines totaling about 180 line kilometers designed to define 
and delineate fault and fracture zones and potential zones of 
heat and thermal fluid flow. Station density along the lines 
will vary between 100- and 200-meter intervals depending upon 
the regularity of the data. 

A magnetotelluric survey of approximately 30 stations recorded 
at 10 to .01 Hz. The stations will consist of 10 five com
ponent bases and 20 telemetered satellite stations consisting 
of two orthogonal pairs of electrodes. Analysis of data will 
yield inversions continuous in depth by the methods of F. X. 
Bustick, and are designed to provide resistivity depth profiles 
revealing thermal fluids, alteration products, and possibly 
magma at depth. 

A gravity survey of approximately 220 stations designed to 
provide structural understanding of the area. Station 
locations will be situated so as to provide several modelling 
profiles across the proposal area as well as adequate grid 
coverage. Data processing will yield a complete Bouguer 
gravity map and profile models whenever possible. 

A microearthquake survey of approximately 50 stations designed 
to map seismic activity, zones of active faulting, and possible 
areas of magmatism. Besides the recording and locating of 
microearthquakes, Poisson's ratios, P- and S-wave attenuations, 
and travel time anomalies will be determined. 

An aeromagnetic survey of approximately 720 line-kilometers 
flown at a constant barometric altitude providing a minimum 
305 meter (1000 foot) terrain clearance. Flight lines will be 
flown East-West at 1.6 kilometer spacing and will be tied by 
two North-South lines. The survey will provide deep magnetic 
and structural data of the proposed area. 

Three deep (600 meter maximum) thermal gradient and lithology 
logs positioned to verify the shallow thermal anomaly and 
identify potential reservoir rocks and drilling conditions at 
depth. • 

A reflection seismic survey of approximately 32 line-kilo
meters designed to provide detailed structural data in the 
area and to provide possible information as to reservoir 
conditions and location. 

+ / 
Two deep (2300 - meter) opduction test wells designed to 
discover and flow-test tne potential geothermal reservoir. If 
warranted by drilling conditions, innovative drilling tech
niques will be attempted. All applicable logs and measurements 
will be made upon successful completion of the well. 

Reservoir engineering studies will be made if warranted, and as 
soon as the necessarywells are available. 



Schedule 

A tentative exploration schedule is shown on Figure 3. Exact 
timing will depend upon permitting and equipment availability. 

The exploration program is divided into three Phases (I, II, 
and III). Funding for Phase I is scheduled for FY 1978, Phase 
II, for FY 1979 and Phase III for FY 1980. Completion of the 
various phases will be contingent upon successful completion 
of the previous phases and surveys. The completion and per
formance of individual surveys and drill programs will be 
contingent upon previous experience and results. AMAX re
serves the right to reschedule, substitute, or modify, with 
DOE concurrence, any of the phases or surveys outlined above, 
to take advantage of new or improved technology, and any 
exigencies of the exploration or regulatory atmosphere. 

Data will be made available according to the following schedule: 

Existing Data-

Simultaneously with Phase I New Data 

New Data 

Phase I - Six months after completion of individual 
surveys or final logging of gradient wells. 

Phase II - Three months after completion of individual 
surveys or final logging of gradient wells. 

Phase III - Three months after completion of individual 
surveys and the logging of the well. 

Environmental Evaluation 

The 35,800 acre McCoy site controlled by AMAX is located on the 
southwest edge of Antelope Valley on the Lander and Churchill 
Countyline. Physiographically, the site is typical of the 
basin and range region of central Nevada. Elevations range 
from 4439 feet msl in the northwest portion near Hole-in-
the-Wall Well No. 2 to 7007 feet msl just east of McCoy Peak 
in the southwest part of the area. The site is dissected into 
basins and washes interspersed with eroded slopes and hills. 
The site is distinguished by two small, but broad, valleys -
one at the north end just west of the Augusta Mountains, and 
the other to the south just west of the north ridge of the New 
Pass Range. 

Climate also is typical of midlevel elevations in the Great 
Basin. Mean monthly temperatures at Austin, Nevada, (= 33 air 
miles southeast) range from -2°C in January to 22°C in July -
the warmest month. The site is arid with mean annual pre
cipitation of 30.5 cm and can be classified as a "cold desert." 
Occasional snow can be expected during December through February 
particularly at the higher elevations. 
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Based upon soils, climate and elevation, the site grades 
from salt desert shrubs at the extreme lower elevations 
through sagebrush - cold desert grasslands at mid-elevations 
into the pinon-juniper-shrub lands at the upper elevations. 
Although open and desert-like in appearance, the varied 
elevation and topography supports a diverse flora and fauna. 
Key vegetation species include pinon pine and juniper at higher 
elevations, big sagebrush, rabbitbrush, cheatgrass and blue-
bunch wheatgrass at mid-elevations, and shadscale, greaswood, 
bud sage and alkali sacaton at extreme lower elevations. Wild
life species are typical of the Great Basin habitats found on 
the site. Mule deer, coyote, blacktail jackrabbits, numerous 
species of rodents such as the Townsend's ground squirrel, 
golden eagles, sage thrashers, Brewer's sparrows, sage sparrows, 
and a diversified herptofauna, (particulatly saurians) typify 
the site. 

Present land use on the site consists of wildlife habitat and 
limited domestic stock grazing. The proposed drilling will neither 
alter nor conflict with these land-use patterns. 

Environmental monitoring, and control of the proposed action will 
be explicit, and will adhere to the stipulations and requirements 
presented in The Geothermal Resources Operation Orders (particu
larly GRO Order 4) issued under the Geothermal Steam Act of 
1970. In addition, the environmental requirements of any other 
regulating state and/or federal agency shall be followed closely. 



Cost 

A copy of GSA Optional Form 60 is attached in Appendix II. 

Estimated costs are outlined below. Estimated cost to the DOE is 
based on 50% of actual cost of new data billed to AMAX by contractors 
and consultants including salaries, fringe, and expenses of temporary 
personnel hired by AMAX to conduct or assist in the surveys. 
Overhead,salaries, fringe, and expenses of AMAX permanent personnel 
are not included. 

Estimated Estimated Cost 
Cost to DOE 

Item ($000) ($000) 

Phase I 

Existing Data 
Shallow Thermal Gradient and 
Lithologic Logs 10 

15 
8 
8 
3 

New Data 
Shallow Thermal Gradient and 
Lithologic Logs 
Self Potential Survey 
Magnetotelluric Survey 
Gravity Survey 

30 
16 
16 
6 

Subtotal Phase I (FY78) 68 44 

Phase II 

Microearthquake Survey 36 18 
Aeromagnetic Survey . 1 0 5 
Deep thermal Gradient and 
Lithologic Logs 120 _60 

Subtotal Phase II (FY79) 166 83 

Phase III 

Reflection Seismic Survey 
Well site preparation 
Production Test Wells 
Logs 
Flow Test 

Subtotal Phase III (FY80) 

PROPOSAL TOTAL 2034 1027 

70 
40 

1500 
40 
150 

1800 

35 
20 
750 
20 
75 

900 



D. Business and Management 

1. Corporate Character and Geothermal Experience 

THE CORPORATION 

AMAX is a broadly diversified natural resource company. 
In 1977 the company had sales of $1168 million and net earn-, 
ings of $69 million. 

AMAX explores for, produces, and markets, on a world-wide 
basis, molybdenum, copper, lead, zinc, iron, nickel, tungsten, 
aluminum, coal, potash, petroleum, and uranium. AMAX' commodity 
product line also includes speciality metals and numerous 
byproducts of the above commodities and metals. 

Growth and diversification at AMAX have been accompanied 
by a concern for environmental matters. AMAX management 
believes there is no fundamental incompatibility between man's 
economic progress and the quality of the life he lives. 
Natural resources exploration and development can exist in 
complete harmony with conservation and recreation, and AMAX is 
committed to conducting its activities in a manner which best 
accommodates both economic and environmental aspirations. 

The company frequently has been cited for the success of 
its environmental programs. In 1969 Business Week magazine 
presented AMAX with "The first annual Business Citizenship 
Award for the preservation of our natural environment". In 
1970 the Environment Monthly called AMAX "the ecological 
champion of big mining companies" and recognized the company 
for its environmental responsibility. The Sports Foundation, 
Inc., gave AMAX its National Gold Medal Award in 1969 for 
environmental control programs, and the State of Colorado 
cited the company for "its outstanding contributions in the 
prevention of pollution to the waters of the State of Colorado". 
In 1974 AMAX was chosen as the sole U. S. representative from 
private industry to participate in an International Symposium 
on the Environment at Expo 74 in Spokane, Washington. AMAX 
presented a case study on its "Experiment in Ecology", in
volving the Henderson Molybdenum Mine in Colorado. 

Corporate environmental programs are carried out by 
operations personnel and by AMAX' Environmental Services 
Group, whose employees include ecologists, environmental 
control engineers and other specialists in air and water 
pollution and solid waste disposal. Leading private con
sultants also are used by the company when needed on par
ticular projects. This group reports directly to the execu
tive offices of AMAX. 
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The AMAX Environmental Planning and Protection Committee 
disseminates environmental information and ideas throughout 
the company. It is composed of representatives of each group 
and division of the corporation. 

Diversity, growth, and environmental responsibility 
highlight AMAX' response to forecasted needs for more mineral 
resources and the need for prGservation of our environment. 
The company is acutely aware of projected energy shortages as 
well. Our commitment to geothermal resources exploration and 
development is a response to that need. 

AMAX' GEOTHERMAL QUALIFICATIONS 

AMAX first began investigating the potential of geo
thermal energy in the mid-1960's. Those investigations were 
concentrated Oh the Imperial Valley of Southern California. 
Adverse economics and a lack of the requisite technology 
caused a discontiriijance of AMAX' activities at that time. 

At the beginning of 1973, AMAX initiated new studies to 
provide the company with an overview of the emerging geo
thermal industry. Those studies indicated that opportunities 
attractive to AMAX were potentially available. 

As a result of these studies, AMAX decided to commit some 
of its resources to the discovery and development of geo^ 
thermal power sources, and by 1975 had assembled a highly 
skilled technical exploration team; 

To da.te AMAX has conducted regional geothermal explora
tion programs in the western and eastern United States, and 
has evaluated 35 major and numerous smaller geothermal prospects. 
Of these, 15 have been dropped, and the remainder are in 
various stages of evaluation,. 

Since 1973 AMAX has drilled over 300 shallow thermal 
gradient wells, three deep thermal gradient wells, one pro
duction test well, and has been involved in the drilling of 
seven other production test wells. AMAX has conducted or 
supervised various aeromagnetic, gravity, resistivity, geo
chemistry, microearthquake, groundnoise, self potential and 
helium soil gas surveys. In addition AMAX has conducted 
pipneeri'ng research in surface and shallow - subsurface 
direct heat flow measurement,, and tell uric-magnetotel! uric 
instrumentation. 

AMAX' geothermal staff is well rounded iri the various 
aspects of geothermal exploration and have all been involved 
in the. planning, execution, and analysis of the pro.grams and 
projects to which they have been assigned. 
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AMAX GEOTHERMAL STAFF 

Technical 

William M. Dolan - Manager, Geothermal Exploration 
M.S., Geophysics, Graduate Stanford Executive Program: Twenty-one years' 
world-wide experience in geophysical, mineral, ,and geothermal exploration. 
Past President Geothermal Resources Council. 

Harry J. Olson - Managing Geologist, Geothermal. Exploration 
Ph.D., Geology: Eighteen years' experience in mineral and geothermal 
exploration,, and mining geology. Board of Directors, Geothermal Resources 
Council, Vice President, Rocky Mountain Section Geothermal Resources Council, 

H. Dean Pilkington - District Geologist 
Ph.D., Geology: Eighteen years' world-wide experienee in mineral and 
geothermal exploration, and university teaching and research, 

Arthur L, Lange - Geophysicist 
B.S,, Physics: Twenty-two years' experience in geophysical exploration 
and research. Performed pioneering research in correlation of microearth
quake activity with geptherma.l phenomena and in application of computer 
graphics to magnetic and gravity interpretation. 

William P. Long - Business Manager, Geothermal 
Ph.D., Mineral Economics, B.S., Chemical Engineering: Two years' experience 
in geothermal development, production economics, and financing, 

Frank Dellechaie - Geochemist 
M.S., Geology with major work in geochemistry: Five years' experience in 
geothermal geochemical exploration. 

John E. Deymonaz - Geologist 
B.S., Geology: Three years' experience in geothermal exploration. 

Larry R. Hall - Land Manager 
Seven years' experience as oil engineer, oil well logger, and land surveyor. 
Two years' experience as land specialists 

Support 

Andrea S. Aragon - Land Draftsman 
Cheryl L. Caywood - Secretary/Files 
D. Darline Dalman - Secretary 
Virginia L. Handley - Draftsman 
Jane S, Muller - Draftsman 
Mark W. Sherbring - Accountant 
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AMAX Internal Consultation 

Gerald J. Kitchen - Attorney 
E. Dale Trower - Attorney 
A* Percy Wicklund - Superintendent of Drilling 
Jeffrey W. Todd - Staff Ecologist 
William D. Lockman - Environmental Analyst 
James A. Sturgess - Aquatic Biologist 
Jack K. Letts - Land Manager 
Mark H. Alldredge - Assistant Land Manager 

Consultants. 

Terraphysics 
815 South 10th Street, IIA 
Richmond., CA 94804 

Aldo T. Mazzella: Resistivity, tellurics, magnetotellurics, self potential 
EM soundings 

GeothermEx 
1760 Solano, Room 209 
Berkeley, California 94707 

Jaiiies B. Koenig; Geothermal Geology 

Elliot Zais - Reservoir Engineering 
7915 N:W. Siskin Drive 
CorvalliSi Oregon 97330 
(503) 757-9795 
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3, AMAX Management Plan-

AMAX technical personnel will supervise and where appli
cable conduct the various surveys. Trained temporary personnel 
will be hired as field assistants and will assist in supervising 
the drilling and logging operations, AMAX personnel will 
conduct the gravity survey., and will log the thermal gradient 
wells with AMAX equipment.. Consultants or independent con
tractors will be retained to advise and to provide all other 
technical surveys,. Independent contractors also will be 
retained to perform road, site, and test cohstructiori; drilling 
programs, arid the various production test,Togging surveys. 
Technical service groups will be used in computor data re-
.duction and plotting, 

AMAX personnel will be responsible for all data analysis 
and for exploration planning, scheduling, and budgeting. 
General responsibilities are as follows: 

W. M., Dolan - overall performance of the proposed 
exploration program 

H, J. Olson - operations planning, scheduling, and budgets 

H, D,. Pilkington - field operations and data analysis 

A. L. Lange - geophysical surveys and data analysis 

F. Dellechaie - project supervision 

J, E. Deymonaz - project supervision 

A. P.. Wicklund - drilling techniques and performance. 

4, AMAX technical personnel available- for discussions relating to 
this proposal are: 

Harry J, Olson, Managing Geologist, Geothermal Exploration 

WilliaiiiM.: Dolan, Manager, Geothermal Exploration 

Arthur.L, lange, Geophysicist 

H. Dean Pilkington, .District Geologist 

A. Percy Wicklund, Drilling Superinterident 

AMAX Exploration', Inc. 
4704 Harlan Street 
Denver,,, Colorado 80212 
(303) 433-6151 
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5. AMAX is willing to negotiate any provisions in the draft 
contract as illustrated in Enclosure 8 "Request for Proposal 
No. ET-78-R-08-00q3 Geothermal Reservoir Assessment Cost Study, 
Northern Basin and Range Province"-,, 

6. The Program Technical Scope" as set forth in RFP No, ET-78-R-08- ., 
0003 has been reviewed and all data which will be furnished 
pursuant to a contract may be published. 

7. A copy of the AMAX 1977 Annual Report is enclosed, 

8. This proposal will remain in effect for at least 120 days from 
May 30,. 1978. 

9. This proposal is signed'by a vice president of AMAX Exploration^ Inc. 
The by-laws of that corporation authorize the president and any 
vice president to bind th'e corporation through execution of 
contracts. 

10. One complete copy of GSA Form 19B "Representations and 
Certifications" is attached. 

AMAX EXPLORATION. INC. 

terl 
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Lease applications controlled by AMAX Exploration, Inc. 

MDM, Nevada ''' 

Township 24 North, Range 39 East, 
Section 36 All 

Township 24 North, Range 4.0 East., 
Section 31 all 

32 all 
33 .all 
34 all 

Township 23 "North,, Range 39 East, 
Section 1 Lots 1, 2, 3, 4, S^N^, ̂ Ŝs (alT) 

12 - all 
13 - all 
23 - all 
24 - all 
25 - all 
26 - all 
35 - all . •. 
36 - all 

Towiiship 24 North, Range ,40 East, 
Section -3 ~ Lots 1, 2, 3, 4, 5k^h, S% (all) 

4 - Lots 1, 2, 3, 4, SS^N^, Ŝ s (all) 
5 - Lots 1, 2 , 3, 4, S%N%, Ŝ s (all) 
6 ~ Lots .1, 2, 3, 4, 5, 6, 7,. EiiSWk, .SEJfiW'JJi, SEli, SĴ NÊ g (all) 
7 - Lots 1,, 2, 3, 4, EbWl^, E% (all,) 
8 - .All 
9 - All 

10 - All 
• 1 5 - A l l 

16 - All 
17 - All 
18 - Last 1, 2, 3,. 4, E^W^g, E H (all) 
19 - Lots 1, 2, 3,- 4,., -Ehyii, E% (all) 
20 - All 
21 - All 
22 - All 
27 - AH 
28 - All 
29 - All 
30 - Lots 1, ,2i 3, 4-, Eî W%., E% (all) 
31 - Lots 1, 2, 3, 4, BlsW%,, E^ (all) 
32 - All 
33 - All 
34 - All. 



Appendix I (Cont.) 

Township 22 North, Range 39 East " 
Section 1 - Lots 1, 2, 3, 4, S W - i , 5H (all) 

2 - Lots 1. 2, 3., 4, S%N!S, S k (-all) 
11 - All 
12 - All 
13 -" All 
14 - All 
23 - All 
24 - All 

Township 22 North, Range 40 East 
Section 4 ̂  Lots 1,. 2 , 3, 4, S^^N^, Sh (all) 

5 - Lots 1, 2, 3, 4, S!2K[%, Ŝ s (all;) 
6 - Lots 1, 2, 3, 4, 5, 6, 7, Ê SwJs, S&i^mh, 

Ŝ sNEis, SEJS (all). 
7 - Lots 1, 2,. 3, 4. E%W!i, t h (all) 
8 - All 

17 - All 
18 - Lots 1, 2, 3, 4-, E%WJs, E% (all) 
19 - Lots ly 2, 3, 4,, EJSW%, Els (all) 
20 - A H 
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RFP No. ET-78-R-08-00O3 Geothermal Reservoir Assessment Case Study, 
Northern Basin and Range Province 
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rrPED NAAAE AND TtllE. 

Harry J. Olson 
Managing Geologist, Geothermal Exploration 

SiGNATUIE 

4t-bt^ i^^< 
HAJid OF FIRM 

AMAX E x p l o r a t i o n , Inc . 
DATE Of SUiMISSIQN 

May 30, 1978 
EXHIBIT A —SUPPORTING SCHEDULE (Specify. If more space is needed, use re iene) 

COST EL NO, ITEM DESCRIPTIOPJ (Ser f a o l i i o l t . %) EST COST (S) 

FY 1978 
Phase I - Existing Data 

Shallow Thermal Gradient and Lith Logs 10 
New Data 

Shallow Thermal Gradient and Lith Logs 15 
Self Potential Survey 8 
Magnetotelluric Survey 
Gravity Survey 

FY 1979 
Phase II 

Micro earthquake Survey 18 
Aeromagnetic Survey 
Deep Thermal Gradient and Lith Logs 60 

FY 1980 
Phase III 

Ketleetion Seismic Survey 
Well Site Preparation 

35 
20 

Production Test Wells 750 
Lqgs 
Flow Test 

,20 
50. 

TOTAL 1027 

1. HAS ANY EXECUTIVE *.CtN.Cr Of THE UNITED STATES GOVESNMENT PESFORMED ANT REVItW OF YOUB ACCOUNTS OK RECOBDS IM CONNECTIOfJ WilH ANT OTHfR 
COViRM«ENI PBIME C O N T « A C T OR SUBCONTICACT WITHIN THE PAST TWELVE MONTHST 

Q YES ^ NO ( I f y i y . i , h n l i f i h e h u : ) 

NAME ANO ADDRESS OF REVIEWING OFflCE AND INDIVIDUAL TEltPHONE NUMEEK/EXTENSION 

II . WILL VOUBtOUISE THE USE Of AKIV C O V E R N M E N T PgOPERT'T IN THE PEHFORMANCEpf (HIS PROPOSED CONTaACtl 

[ T l " ^ 0 '*'-'. f ' / , " ' ' >dr"l.'f> " " r r i i r i , nr i,p„,,,l 'e p. l / l r) 

III. £>0 IfCXI OLQUlRt GOVLBMMtNI CONtOACt FIMANCIIIO IO PLRiasM I l l tJ rsOfOSITl C O I I I O A C T ? 

( ^ TLS \ ~ \ UO 1 1 / y n . i ' l rn l i / , r . ) [ 2 ] A I ' V A U C E PAYMfNT^ [_1 PPfJGBTiS PAYMI.HIl OR [[^J r,UAR/MJIII,0 AOArlS 

[V. DO YOU NOW MOID ANT CONIRACI I Or. l U . / o u have any i n d i p i n J i n i h / i n i i t t . t d ( I R L D ) p r o j i i l i ) fOR THE SAMt 6.R SIMIIAR WO'BK CALLED (OH ST l i l iS 
. . PROPOSED CONIHACIJ 

I I Tts ^ NO ( I f y i . idtnilft..y; 

y. DOES THtJ COST SUWMART CONFORM WITH (HE COST PRINCIPLES StT fORTM IN AGENCT RECU1ATIONS7. 

[S *̂̂  0 ' ^ ° (If <•"• '^i'-""o" rorii or uparui, pa):ej ( to the best , o fmy knowledge) 
Set Rtirrie for Inilruiliant and footnolei 

1 

OPTIONAl. FORM 60 (10-111 

... :^ ~ ^ ^ r ^ , — - - . -



Page 3 of 3 

INSTRUCTIONS TO OFFERORS 

2. I n a d d i i i o n to i K r i pcc i f i c m f o r m a i i o n r ^qu i f ed by i h i j f o r m , shr 
offcroc i l f u p t c r t d . i n f jood fa i i h , m i n c u r p u f i t * i n and m b m i i w i i h 
i h j j f o rm i h y a d J I n o f i j l d j t j , 3 u [ipi>rri i]|^ it. h t d u U ) , or l u b i u n t i a i T u n 
» h i c h i r r f r j i E j n i b J v r c q m r r d ft>r ih? conduc t o f i n j p p r o p r c i r t re-
v i t w i n d j n j l y s i i in i h t U K H I o f ( h t vptci f ic face*.of ( h i t p rocu f tmcnr . 
For ef f fCi ivc n t g o i t j i i o n i . i i i t t i s e n t u t i h a i t h t r r br a c l i ^ i f und t r -
l U n r f i n g o f : 

1. T h i en i s l i ng , vc r th i ta i r da tJ . 
b. T h r ) u d g m t i ^ ( * l f j c i o m 'app l ied ih pTb jvc i ing f f o m k n o w n 'd'^ii 

10 <hv '? i r i mx t f , >hd 
c, T h t cpni i ra inc iTi Uitd by th t ofTviar in hii pr6f>6i«i pii«, . 

I n t h o r t , th< of feror ' * t i i i m i i i i f i g p r o c t s j i t j c l f n t c d i to b r d i j c t o t V d , 

5-. ^X'hen J i i i ^h t t i i ^n i o f (upp i i r r i n f i . tus t nr pficiriQ d^*J to t h i i fo rm iv 
i rnpra f tk ' jhU- , i h r da t j w i l t br 6v\ t t \ht : t \ ( u i fh Hhedutt\ ^ t .jpprtprtnj'tt )>. 
and m^d'r j v j j l j b k t u the cuntr^cUng ofTictr o r ' h i i rtp(ebtnt.<i(ki c upon 
T tHUt t l . 

4. The f o r m j t ) for the " C n i i E l e f n r n i i " ' and (Hr "PropoSf fd Ci incrJ t i 
E i i i m i t t " arc ntic i n t t n J « d 4 r r i ^ ^J r i qu t r c r r i cn i 1 Tln?vc m j y bv p i t -
i r n f t d in d i f f r f r n f f o T m i i w i t h (he p n o r j p p r o V j l o f iKf C&nr r i c t i n j i 
Off icer I f r i r ^ u i f r d fu t l u b r r t r f f r t t i v? i n d eHicierti p r« )5 :n i i hon . Io J H 
o i h r r m p L - c u ( h U f o r m vtilJ b« c o m p l e t e d and l u b n i u i t d v t i ihout 

.V. By l u b m i j i i i o h c f t h l i proposiL the {iffefur f c n n i i TO i h f C o n i n c r l n j ; 
Off icr.r, or his » U i l i o h t t d t c p r r s t n i Jt ive, i h c r i j ^ h t i d e s i m i n f , for i h r 
p u r p o r t o f v r t i f y i n g ihc ci>!^i or . p r i c t n ^ d a u v u h m m t d , r h o ^ b^K^kt, 
r r c o r d i , do i ' t j i i i t n ts and oihi-r j u p p o r r i n ^ J j f a i* h i r h w d l prr 'mi i j d r ' 
quat« r v i I u J ^ i ^ n o f l u ch co i t or p r i t i n j ; d a n . along « i th t h t c o m p u t j -
l i o n * »nd pfupL'L'tioiii. u ie i i i hc fe in . T h i i f inh t ma^' b̂ r rie'Vi'Vtrd m con-
f i r c t i o n w i th i n y n r g n t i i i i i p n i p r i o i (o Contract awa fd . 

FOOTNOTES 

t Enter in this f^Iumn those ntctitary Und reuionublt cotH which tn the: 
judg/firitt of ihr o/fc^dr wt/t properly br incurrtd tii the rjficitntpfFfpfmanct. 
of the ionttiiit. When itHy pf the caui in ihn tolumn hare sjheaJy^bren 
incurred (e.g.. on *i letter iortira'tJ ar ihahgr ortfer}, dricrihe thtm cn an 
<titta\hid lupporting tchtdiiU, iJrnlify a l l tahi and trunifers bftwetn yiiur 
phnf i , divifiom. or orguniiait^fn^ under u (ommon coUtrpL which are in-
eluded at oihrr than (he lower of'COit to the original tranifirror or current 
aiarkri price. 

2 W hen spare in jidditian fo that avaihihh in E.\hihii -1 is riquirrd, at 
tach jeparale p a g n tJl ntceuary a n d idtnlify in thit_ "Kefrrin{f" tolumn 
the attaibmeni in uhnh the_ iitf^rmafttrn n/ppurim^. the. iperifii foit elrment 
fnay be- ftjund: .\o itandiird farm'ttt 11 presi-rthed: h'tiue^xr. the'coii er pric
ing data Htutt hr acfarntr, ro/npU/e and current, , in j thr judgment /ufVpri 
u\td in pro/rfftngfrcm thr i/iiLj lo the,, rs/imuta must hr liattd in iu^fient 
drtii'tl to ennhU the ConirnttiKg O/ficrr ti> rra/utifr (hf propmut. Vor es-
amplti prei idr fhe^hatii turd for p'-fi^/ng tnitUrjitis tuch as by vendor qtiO' 
brttatti. shop litintcJirs, or infntrr pruiy: the rrnson for uie^af ofertttad rditti 
which drpart ligttifitafti/y froth eXperitHitd rtiiri (rrdtiijed toJn'mr\ a 
p lanned major reUrrtirrgrinetit, etc.). pr jtrttifiiafiafi for arr int tease in 
labor rattl (antii'tpaftd. tii/gr nnd \ahiry ntfrcases, etc.), Jdftitify and e.V' 
plain any tontingettcret which a r t i tn ludrd iii the prapoitd prirt. iufh ai 
an i i i ipa ted cottt of rejects a n d defective work, or anticipated technical 
diffi cult iri. 

J ffidiiate the-rata utrd and pratidr an approprtaie explanalifm. V'brrr 
agreetneni h,is bten reuched uith Gcverntneni reprnfittiititrt -in the ute of 
forward priting rs^itri. dnrrihe thr n./lttre A/ tht agrtetntitt. Pfistdr tbr 
method of lAinputaiion and tipphc^iion of your oierhead typtnir. t'ttfifdntg 
ii>it breakdown a n d thawing trrttdi a n d hudgrtarycdata a\ neir^Utry to 
pravide^a biiii\ for evatuaciau of the recssun^btetiris of propoied ratrt. 

4 tf the total ccti tnttred here ii in e.vitsi of I2y) . pre vide an a'ifpHfJie 
page the following information on rafh trp^jrutr item ef roia/ty or hfeifr 
fee: natue and aildre'ti of^ikentor: date of titruit agrrefnent. p jun l Hum-
hers, patent application trrtul nurnbtn, or othf^ banf -in uhuh ihr ntiilfi 
it ptirabU: brief druription, imfuding any, part or modrl nusubm of t^th 
.^ontrait item or tompontnt on uhi ih the royalty o pa-*ahje: prr^r'ftagr or 
dollar rate ef royalty per unit: nntt price of ioniract itttu: nttwbtr-fef 
units: and total dollar amptint 0] ro^aiti*\. In addftia'4. if tpf{ifi<alhtr' 
'if nested by the Contracting officer, a Copy of thr ciirrent lit rme agrremtnt 
and ideMiifiiation of appliiahlf claims of spetifie patentt sh\ttl hr provided. 

5 Provide a list ofpeimipni itemy n'ithin meb eJtegory indicating knoWu 
.or anticipated tourit^ if uantity, unit prtti , cowpifition obtained, and hatit 
ef tilabl/jhing source and rraionab'lenesf ofeoit; 
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REQUEST FOR PROPOSAL 

ET-78-R-08-0003 

"Geothermal Reservoir Assessment 

Case Study, Northern Basin 

and Range Province" 

BY 

UNION DIL COMPANY OF CALIFORNIA 
Geothermal Division 

May 30,, 1978 



INTRODUCTION 

The Union Oil Company of California's Geothermal 

Division submits a geothermal reservoir assessment case 

study in accordance with Request for Proposal (RFP) 

No. ET-78-R-08-0003, for work accomplished and to be 

accomplished on their leases in the Stillwater, Known 

Geothermal Resource Area. 

Data contained in this proposal shall not be used 

or. disclosed, except for evaluation purposes, provided, 

that if a contract is awarded to this purpose as a 

result of or in connection with the submission of the 

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. 
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PROPOSAL 

A. PROPOSER'S NAME AND ADDRESS 

Union oil Company of California 

Union Geothermal Division 

Union Oil Center^ 

461 South Boylston Street 

Los Angeles, California 90017 

Union Oil Company of California is a corporation organized 

and existing under the laws of the State- of California, 

having its principal office aiid place of business in 

Lo.s Angeles, California. Dr.;. Carel Otte, President of the 

Geothermal Division is authorized, to commit the Company to 

the proposed contract. 

1. 



B. 1'EClLHICfil. PROPOSAL 

1. I n v e s b i t j a t i o n S i t e oi : A r e a 

a . L e g a l d e s c r i j p t l o r i - S e c t , t o n , T o w n g h i p , e t c . 
P t p p o B e r i s B o l e and e k c l u a i v e g e o t h e r n i ' a l 1( 
Soda Lake Known G e o t h e r m a l R e s o u r c e . A r e a o f 

C O N F I O E N T I A L 
mu MkY mi Bi mimEo 

WITHOUT PRIOR WfllTTEK APPROV^^ 
OF UUWH OIL CO. OF CAtlF. 

i s s e e I n a n d t o t h e f o l l o w i n g I d e n t i f i e d g e o t h e r m a l l e a s e s ^ a n d a g r e e m e n t s w i t h i n t h e S t i l l w a t e r -
C h u E c h i l l C o u n t y , N e v a d a , t o - w l t : 

PROPOSER'S 
LEASE 

•NUMBlifi LESSOR 

0n00(l2 W. W. Whitaker, etux 

OOOOOJ Harold E. Pita, etux 

000004 Clarence E. Taylor, 
etux 

OQ0005 Ernest .V. Banks, etux 

of California 

Union Oil Company 
of California 

Union ,Oil Company 

of California 

000007 lleriry p. Osgood, etujt Union Oil Company 
of California 

000015 WllllaiK D. Waahburn, Union Oil Company 
et ux of California 

LESSEE 

Union Oil Company 
of California 

Union Oil Company 
of Ca-liEornia 

Union Oil Company 

LEASE 
DATE 

10-01-73 

10-04-73 

10-08-73 

RECORDED IN THE 
OFFICIAL RECORDS 
OF CHURCHILL COUNTY, 
NEVADA 
BOOK PAGE 

65 

65 

65 

356 

3 58, 

360 

HET 
LEASED 
ACRES 

80.00 

80.00 

350.00 

10-11-73 

10-11-73 

10-16-73 

10-25-73 

65 

65 

65 

65 

-2-

363 

365 

465 

483 

20.00 

160". 00 

80.00 

158.70 

DESCRIPTION 

S"] NEh, Elj SW^i, SEfi Section 14, TiyK-iUOE, 
MDH. 

,Sh NE(,, Eh SH?,, SÊ i Section, 14, T19M-R'30E, 

MDM. 

S"! Sectloii 12, legs ;and except a parcel of 
land therein being more fully descri.bed in 
said lease, flk NE-V Section 23, T19N-R,10E, 
MDM. 

All that portion of the NS SWh Section 21, 
T19N^R30E, HDM, lying south and east of the 
Stillwater Road. 

Ê f NW^, W*] SŴ i Sef;tion 14, T19M-R30E, MEM, 
less and except a parcel of land, therein 
being moce fully described in aaid lease. 

Eh SES Section 11, fl9N-R30E, MDH, 

A'll that certain parcel of land in Si3ctioii 7, 
T19N-R31Ei MDH, described in that certain 
deed from George D. Wasliburn and Lois. E. 
Washburn recorded in Book 35 of Deeds at 
Pages 149 and 150 of Records of Churchill 
County, Nevada. 



PROPOSER'S 
LEASE 

NUMBER LESSOR 

000016 Henry E. Wise, etux 

000020; Arthur T. Wisnefski, 
etal 

000022' Clifford F. Parsons, 
•etal 

000025: Rolaiid Hill, etal 
(Notei Original 
lessor; Richard A. 
Helffrich, etal) 

000026 Edward W. Viera, etux 

00002,7 Lyle N. deBraga, etux 

LESSEE 

Union. Oil Company 
of California 

Union Oil Company 
of California 

Union Oil Compahy 
of 'California 

Union-Oil Company 
of Galifornia 

Union Oil Company 
of California 

Union Oil Company 
of California 

LEASE 
DATE 

1 0 - 2 5 - 7 3 

1 0 - 2 6 - 7 3 

1 0 - 2 9 - 7 3 

1 0 - 3 0 - 7 3 

COIF! 0 El TIM, 
D m m i NOT BE REIEASED 

WITHOUT PRIOR WRITTEH APPROVAL 
OF m m OIL CO. OF CAUF. 

RECORDED IN a'i!E 
OFFICIAL RECORDS 
OF CEiURCHILL COUNTY, 
NEVADA 
BOOK PAGE 

NET 
LEASED 
ACRES 

6 5 

65 

483 

492 

I B . 20 

480 .00 

10-27-73 

10-29-73 

65 

65 
66 

497 

5.97 
1 

66 

1 2 0 , 0 0 

15-4.83 

2 6 0 . 1 7 

6 6 2 5 6 . 5 1 

- 3 -

D E S C R i m O N 

A certain parcel of land in Section 7, T19N-
R31E, MDM, being more fully described iri 
said lease. 

E*!' HEHI, S 4 Section, 2, less and except a par
cel of land described in a deed from Charles 
J. Poroeroy and Alton K.Poineroy to Truckee-
Carson Irrigation Distric.t, recorded, in Book 
31 of Deeds at Page 302 of Records of 
Churchill County, Nevada; Wj-SwV Section il, 
T19N-R30E, KDM. 

W>j SEV Section 11, mih NEV Section 14, 
R30E, MDM. 

T19H-

Sij SW>i S e c t i o n I B , WS WWi S e c t i o n 1 9 , T1'9H-
R31E, MDM, 

N*j NWV S e c t i o n 1 , T19N-R30E; MDHj SWfi S e c 
t i o n 3 6 , T20N-R30E, MDM ( and . t h e f r a c t i o i i a l 
W>jSW^ and SWV NW^ S e c t i o n 6 , T19N-RJ1E, MDM, 
l e s a a n d e x c e p t a p a r c e l o f l a n d d e s c r i b e d 
i n t h a t c e r t a i n C o n v e y a n c e of M i n e r a l R i g h t s 
d a t e i i J u l y 2 5 , 1 9 6 8 , from C. G, R e y n o l d s , 
e t a l , t o C h a r l e s W. O l i p h a n t r e c o r d e d i n 
Book 43 of p e e d a a t P a g e 6 1 o f R e c o r d s o f 
C h u r c h i l l C o u n t y , N e v a d a . 

100% of t h e s u r f a c e e s t a t e and an u n d i v i d e d 
7 5 * m i n e r a l I n t e r e s t i n L o t s 1 and 2 , EliSE>i, 
S>j NE^ S e c t i o n 1 , Wlj KVIh S e c t i o n 2 4 , - T I M -
R30E, MDMj a n d 100% i h t e r e s t i n t h e H*i L o t 
4 , S e c t i o n 6 , T19N-R31Ei MDM. 



PROPOSER; S 
LEASE 

NUMBER LESSOR 

000032 Ted deBraga, etux 

-000034 Thomas D. Jordan, Jr. ,, 
etux 

000036; Larry Edward Dodson 

000037 Arthur J, Smith, etux 

000042 Ralph Dyinond, etux 

000049 McCiiskey Mineral Trust 

000053 Lola, Peer Nelson 

LESSEE 

Union Oil Company 
of California 

Union Oil Company 
of California 

Union Oil Company 
of California 

Union Oil Company 
of California 

Union Oil Conipany 
of California 

Union Oil Gottipany 
of California 

LEASE 
DATE 

11-01-73 

11-04-73 

11-07-73 

11-07-73 

11-04-73 

11-29-73 

•Union Oil Conipany 11-15-73 
of California 

000056 Harry E. McDonald, etux Union Oil Company 12-15.-73 
of California 

000062 Earl Judd ,- etal 

000063 Ira Hamlin Kent, etux 

Union Oil Company 11-10-73 
of California 

Uhibn Oil Company 
of California 

1-31-74 

RECORDED IN THE 
OFFICIAL RECORDS 
OF CHURCHILL COUNTY, 
NEVADA 
BOOK. PAGE 

NET 
LEASED 
ACRES 

66. 

.66 

66 

66 

66. 

65, 

66 

66 

75 

77 

IB 

Bi 

DESCRIPTION 

80.00 S"! SE^ Section 36, T20N-R3OE, MJIM, 

22 80:00 Sh MW^ Section 1, T19M-K30E, MDM. 

26 320.00 Sh Section 24, T19N-R30E, MDM. 

70 20,00 S»3 .NÊ  NW^ Section 18, T19N-R31E,. MDH. 

BO.00 E"] SW^ Section 11, T19N-R30E, MI>M. 

505 507.00 Portions of Sections 13 and 24, T19N-R30E, 
MDM, and Sections 7 arid ,18, T19N-H31E,HDM, 
being more fully described in said lease-. 

306 40.00 SŴ t SŴ i Section 23, 'l'19N-̂ R3pE, MDH. 

312, 160.00 NÊ i Section 35, T20N-R3bE, MOM. 

516 80.00 

41B 654.50 

100% of the surface estate and 50% mineral 
Interest in E>j NW^, NEV NwV Section 23, 
T19N-R30E, MDM. 

Wh NWfi, H\>\ SVh Section 4, portion Section 
5, portion Section 7, por.tion Section 8, SS 
mih, NW(( NW^ 'Section 17, portion Sectlph 18, 
NWh KEh, Sh NÊ i Section 19, T19N-R31E, MDM, 
being more fully descfibed in ;said lease. 

C O N F I D E N T I A L 
OATA m x NOT BE REIEASEO 

WITHOUT PRIOR WRITTEN APPROIfAl 
OF UNIOM O i l CO. OF CALIF. 



PROPOSER'S 
LEASE 

NUMBER 

000065 

LESSOR 

000064 _Ira Hamlin Kent, etal 
DBA silver Range Ranch 

Truckee-Garaon Irriga
tion District 

Union Oil Compahy 
of Califorriia 

000068 Thomas D, Kent, etal Union Oil Company 
of California 

2-07-74 

000066 Frank deBraga, etux Union Oil Company 2-10-74 
of California 

000067 Maririri fl, Weishaupt; Union Oil Company 2-13-74 
etux of California 

2-26-74 

000069 Donald; Weishaupt, etux uiUon Oil Company 2-27-74 
of California' 

000070 Stillwater Farms, Ihc. Union Oil Gompany 4-20r'74 
of Caiifbrnia 

C 0 I F 1 0 E I T } A L 
DATA MAY MOT BE RELEASEB 

WITHOUT PRIOR WRITTEN APPROVAL 
OF UNION OIL CO, OF CALIF. 

LESSEE 

Union Oil Company 
of California 

LEASE 
DATE 

1-31-74 

RECORDED 
OFFICIAL 

IN THE 
RECORDS 

OF CHURCHILL 
NEVADA 
B!X)K 

06 
B6 
B6 
86 
86 
86 

, COUNTY, 

PAGE 

35 
39 
42 
45 
4B 
SI 

/ 

NET 
LEASED 
ACRES 

655.00 

6B 

68 

77 

72 

68 

72 

-5-

276 726,54 

279 40.-00 

421 1,489.30 

361 334.96 

281 80,00 

363 5,7 20.00 

DESCRIPTION 

Portion Section 7 and portion Section 8, 
T19N-R31E, MDM, being more fully described 
in said lease. 

SEV NÊ ij.Wi SE(« Section 2, Lot 3, SE^ HW^, 
SŴ i SWV Section S, E»i HE^, NEij SE^ Section 
7, NW^ NŴ ( Section 8, SEi, Section 10, HE!. 
NW^, WS NW^, Nwii SW(i Section 11, ,TZ0N-R31E, 
MDM. 

NEV NES Section 14, T19N-R30E, MDM. 

Portion Section S being more fully described 
"in ;said lease, E*], E^ SWh, SSh UVlh Section 
6, T19N-H31E, MDMj SEi| Sectloii 31, Bh Sec
tion 32, HVI\ SWîi Section 33, T20M-R31E, MI3H. 

100t< of the surface estate and an undivided 
66-2/3% mineral interest in SW'j Section 26, 
100% interest in NEV' Section 34, T20N-R30E, 
MDMt 106*' of the surface estate and an un
divided 50% mineral interest in Lots 1, 2, 
3 and 4, Section 31, T20N-R31E, MDM. 

EV NEV Section 11, T19N-R30E, MDM. 

NEV SWV Section 5, all Section 15„ all Sec
tion 16, ES EV', SWV SEV, SV SWV Section 17, 
EV HEV, SEV SEV Section 19, all Section 20, 
all Section 21, »h Section 22,, NWV NWV -Sec
tion 27, WV, NEV, WV SEV Section 28i all SeH-
tion 29, EVf EV WV Section 30, NEV, EV NWV 
Section 31, N*] Section 32, WV NwV, NEV NWV 
Section ^ S , T20N-R31E, MDM, 



.PROPOSER'S 
LEASE 
NUMBER LESSOR 

000072 James T. HcNeely, etux 

000073 James D. Wood, etux 

000074 United States of 
America (N-11738) 

LESSEE 

Union Oil Company 
of California 

Union Oil Company 
of California 

Union Oil Company 
of Galifornla 

00007 5 Richard D. WelBhaupt Union Oil Company 3-02-76 
of California 

000076 Melvin F. Borden, etux Union ,pil Company 3-03-76 
of California 

000077 Lola M. Peer Nelson 

00007B , A. F. Martin, etal 

Union Oil Company 1-12-78 
of California 

Union Oil Company 
of ICalifornia 

4-02-76 

000079 Katheryn Sorter-, etal Union Oil Compahy 7-12-76, 
of California 

000081 D. Stanley Terrell, Union Oil Company 2-21-78 
etux of California 

LEASE 
DATE 

1 2 - 1 6 - 7 4 

3 - 0 5 - 7 6 

1 0 - 0 1 - 7 5 

-RECORDED IN THE 
OFFIGIM, RECORDS 
OF GIRJRGHILL COUNTY, 
NEVADA 
BOOK 

79 

100 

PAGE 

1 5 8 

25 

NET 
vLEASED 

ACRES 

1 1 . 2 6 

17 . 0 0 

8 i l 2 . 9 4 

98 

96 

128 

111 

104 

128 

5.4 240,00 

583 80.00 

184 66.00 

105 80.00 

346. 120.00 

188 20.00 

DESCRIPTION 

Portion Section 7, T19N-R31E, MDM, being 
more fully described in said leasee. 

Sji Cot 4, ..Section 6, T19N-R31E, MDH. 

Lots 2, 3, 4, SWV NEV, SV NWV Section 2, 
T19N-R30E, MDM) RwV, S*! Section 35, T20N-
R30E, MDM) Lot 3, Section 6, Ti9N-RJlE, 
MOM) EV SWV Section 31, T20n-B31E, MDM, 

SHV, W ] SEV Section 1, T19N-R30B,, MOM. 

SWV HEV, NWV SEV Section 13, Tl9N-R3bE, MDH, 

Undivided 50% mineral interest in Lots I, 2 
and 3, Section 7, T19N-R31E, MDM, less and 
except-a certain parcel of land being.more 
fully described in said lease. 

Undivided 25% mineral interest in Lota I 
and 2, EV SEV, S*]'HEV Section I, WV NWV 
Section 24, ,rl9N-R30E, MDH. 

Eh SWV,, SWV SEV Section 13, T19N-R30E, MDM. 

All of that portion of said lease described 
as follows: Undivided "50% mineral interest 
in SWV SEV Section 23, T19N-R30E, MDM. 

C O N 
OATA i\iAy NOT BE RELEASED 

WITHOUT PRIOR WRITTEN APPROVAL 
OF UNION OIL CO. OF CALIF. 

- 6 -



PRfJPOSER' S 
•LEASE 
NUMBER 

000083 

000084 

LESSOR LESSEE 

000082 Robert C. Plurikett, etux Union Oil Conipany 
of California 

Earl Lee Anderson, etux Union Oil CtMnpany 
of California 

Charles M, Oliphant, 
etal 

Union Oil Company 
of California 

LEASE 
DATE" 

3-0B-78 

3-23-78 

;2-Ol-7B 

RECORDED IN T[(E 
OFFICIAL. RECORDS 
OF CHURcniLi; C O U N T Y , 

NEVADA 

BOOK PAGE 

128 186 

NET 
LEASED 
ACRES 

220,00 

20.00 

87 . 50 

DESCRIPTION 

Undivided 50% mineral interest in S*j NEV, E^ 
SWV, SEV Section 14, Sh NWV, NBV N W V Section 
23, T19N-R30E,, MDM. 

All of that portion of said lease described 
as follows: Undivided 50% mineral Interest 
in SWV S E V Section 23, T19NrR30Ev HDM. 

Lots 5> 6 atid 7, Section'6, T19H-R31E,. MDM, 
less and except therefrom a certain parcel 
of land in sa'id Lot 5, being ttware fully 
described in said lease. 

C O N F I D E N T I A L 
DATA MAY MOT BE REIEASEO 

WITHOUT PRIOR WRITTEfi APPROVAL 
OF UNION OIL CO. OF CALIF 



B. TECHNICAL PROPOSAL (Cont'd.) 

1.. I nve s t i gat ion Sit e or Ar ea (Cont' d.) -

• b-. Status of ownership/assess ibility 

As shown in the above paragraph a., the defined 

lands are subject to active geothermal leasias 

and agreements between the U.S.A. and/or the 

property owners of record and Union Oil Company 

of Galifornia. Pursuant to the terms and 

conditions of the said ihstruments, proposer 

is granted the sole and exclusive right to explore 

for, drill for, test,- develop, ope'r'atê  produce, 

extract-/ and remove hot water-, steam and" thermal 

energy from the said, leased lands together with 

such rights-of-way ,and easements across said lands 

as are necessary to carry out all geothermal 

exploration and development activities for same. 

8, 



B. TECHNICAL PROPOSAL {Cont'd.) 

1. Investigation Site or Area (Cont'd i) 

Gi Geologic Description 

The Stillwater geothermal area is located near the 

southern edge of the Carson Sink {Plate I), a 

structural basin typical of the Basin and Range 

Province of northern Nevada. Both the basin and 

the bordering ranges, the Stillwater Range on the 

east and the Hot Spring Mountains/West Humboldt 

Range on the, west, trend north-northeasterly. 

The nearest outcrops are in the Stillwater Range 

about three miles to the east of the geothermal 

anomaly, and consist primarily of Quaternary 

basalts, Tertiary acidic volcanics and sediments 

and Mesozoic crystalline and sedimentary rocks. 

Gravity measurements in the basin (Plate I) 

suggest the presence of a very thick section of 

younger sediments and volcanics. Wells in the 

Carson Lake and Stillwater areas corroborate this. 

Permeable reservoir zones are known to be present 

beneath a thick caprock of Holocene Lake Lahontan 

clays. Quaternary, yolcariism within the basin is 

evidenced by the basaltic tuff of Upsal hogback, 

the explosion craters of Soda Lakes ,̂  and the basaltic 

vol can ic neck (?) o.f Ra 111 e s nak e Hill. 



B. TECHNICAL PROPOSAL (Cont'd.} 

1. Ihyestigation Site or Area (Cont'd.) 

G. Geologic Description (Conf d..) 

The geothermal anomaly appears to be related to 

one or mqre north-nbrtheasterly trending faults. 

The magnetic map suggests a horst or structural 

nose is present at depth, bounded by north-

nprtheasterly trending faults. The well-defined 

hear-surface thermal anomaly is coincident: with 

this feature. 

Recent faulting in the -Stillwater Range and recent 

seismic activity in this region shows it to be 

tectonically active, primarily due to continued 

east-west distention of the crust. The geologic 

and geothermal environments appear to be similar 

to those' in the Imperial Valley in Cal if or hi a. 

Although ho geothermal products or alternation 

zones are present on the surface, shallow wells 

have been producing, hot water' for years (reportedly 

as high as 235"F at 18 0 feet). 

10 



B.. TECHNICAL PROPOSAL (Cont'd.) 

1. Investigation Site, or Area (Cont'd.) 

d. Technical Reasons for Site Selection 

The criteria for selecting the drilling site in 

the Stil-lwater geothermal area is based on the 

following data: 

Heat Flow and Reservoir: 

Temperature data was obtained from sixteen 

temperature gradient holes drilled to a maximum 

depth of 300 feet, and from four dee;p temperature 

gradient wells (see Plate II) drilled to a 

maximum depth of 5,53-2 feet. 

Geophysical Work 

A reconnaissance dipole-dipole resistivity survey 

was carried out in 1974 by McPhar Geophysics;, Inc. 

This is comprised of four lines covering about 20 

miles. Twenty-three miles of telluric profiling 

have- recently been completed by Union crews. 

Forty-eight gravity stations were observed by 

Union personnel over the geothermal anomaly, and 

the data redu.Ged and a Bouguer gravity map 

constructed. Topographic, map points that could b'e 

located on the ground were used for Vertical and 

horizontal control. A number of gravity depth 

11. 



B, TECHNICAL PROPOSAL (Cont'd.) 

1. Investigation Site or Area (Cont'd.) 

d. Technical Reasons for Site Selection (Cont'd.) 

Geophysical Work (Coht'd.) 

estimates were computed using a density contrast 

3 of 0.4. gm/cm . 

Surface Geothermal Manifestations 

No nat-ural geothermal manifestations- or alteration 

products exist in the Stillwater area.. However, 

shallow subsurface thermal waters have been known 

to exist for some time and are being exploited for 

space heating and agriculture. 

12 



B. TECHNICAL PROPOSAL {Cont'd,} 

2. Program Data Offereid 

a. Subsurface 

Existing Data 

1) Temperature data from 16 temperature gradient 

holes. 

2) complete drilling history including all subsurface 

d'ata such as lithological, temperature:, wireline 

and penetration logs from our four existing deep 

temperature gradient wells-, Weishaupt No. 1 and 

No., 2, De Braga No. 1 and Wisnefski No. 1. Total 

depths of these wells are 3,450', 5,53 2' , 2,672', 

and 3,e^?' respectively. 

New Data 

In all, two 8,000 feet wells are planned to be drilled 

under this program. The first well planned is De Braga 

No. 2 locat'ed in Section 6, T19N, R31E, MDM, Churchill 

County, State of Nevada- The follow-up well location 

will be contingent upon the results of De Braga. No. 2, 

The following new data, gathered from the two wells 

is offered and will be suismitted within ninety days 

of completing said wells. 

1) Drilling technology including but not limited to 

the drilling .fluid design, cementing, bit selection 

and, the casing policy. 

13. 



B. TECHNICAL PROPOSAL (Cont'd:.) 

2. Program Data Offered {Cont'-d.) 

a. Subsurface (Cont'd.) 

New Data (Cont'd.) 

:2) Drilling histories including all subsurface data 

such as lithological, mud and penetration logs. 

3) Electric logs, 

4) Core analysis 

5) Chemical analyses 

6) Our interpretation in the form of an engineering 

report covering the drilling history of each well. 

7) After' the long-term flow test and if scaling and/or 

corrosion appear to have been indicated in the 

wellbore, a small repair rig would be moved in 

to evaluate the scaling and corrosive factors 

that had occurred. The cost of this work would 

be approximated at $125,000 and if work deemed 

necessary, it Would be negotiated at that time. 

14 



B. TECHNICAL PROPOSAL (Cont'd.) 

2, Program Data Offered {Cont'd.) 

b. Surface 

Existing D.ata and Geological Data 

1) Dipole-dipole resistivity survey-—four lines 

cove-ring about 20 miles_. 

2) Telluric survey—^four lines covering about 23 

milesi 

3) Gravity measurements—forty-eight stations 

observed, resulting in a Bouguer gravity map 

and a number of computed depth estimates of 

valley fill. 

New Data and Operational Data 

. Considerable new information is expected to be 

gained on the handling of geothermal fluids at the 

surface. The following, data gathered, at the 

surface are offered:, 

1) Pipeline' Design 

Pipelines will be laid to carry fluid from the 

separators at the production wells' to the 

injection well,. 

2) Separator Design 

Separators will be designed on the basis of 

a) expected flow rate of the well, b) reservoir 

fluid enthalpy, c) the wellhead pressure-, and 

d) the corrosive and scaling nature of the 

fluid. 

15 



B, TECHNICAL PROPOSAL (Cont'd.) 

2. Program Data Offered (Cont'd.) 

b-. Surface' (Cont'd.) 

New Data and Operational Data (Cont'd.) 

3) Scaling Experiments 

Several experiments will be performed. On the brine 

to evaluate the scaling and corrosion character

istics in the surface pipes and in the production/ 

injection wells * 

4) Metallurgical Studies 

Corrosive effects of the brine on various metals 

will, be studied in an effort to improve the 

/performance of separators and turbines. 

5) Design of Flow Tests 

The surface layout of various equipments such as 

separators, pipelines, tanks, valves, and pressure 

and temperature observation ports- will be designed 

taking into consideration the natural topography 

and chemical nature of the fluid. 

1:6 



B. TECHNICAL PROPOSAL {Cont.'d.) 

2. Program Data Offered (Cont'd.) 

c. Reservoir Engineering Studies 

1) Designing and conducting flow test to find: 

—well potential, 

—^fluid chemistry, and 

—pressure and temperature surveys under flowing 

conditions. 

2) Pressure Drawdown Analysis and Pressure Buildup 

Analysis,. 

3) Reservoir Interference Test, if possible, for 

Reservoir evaluation: 

—interpretation of interference test, 

—interpretation of variable flow rate well test, 

—prediction of production temperature in the 

presence of injection wells. 

4) Coring and Core Analysis. 

5) Isotope Studies. 

6) Recommend an optimum development plan using a 

ninnerical simulator. 

17 



C O N F I D E N T I A L 
O^T^ W Y m i BE RELEASED 

B, TECHNICAL PROPOSAL ^ '™1^T PRIOR WRimi^ APPROVAL 

OF UNION OIL CO. OF CALIF 
3. Program Description 

a. Subsurface 

{1) Existing Data 

- Geological Data 

Sixteen temperature gradient holes, between 250 

and 300 feet deep, were drilled by Boyles Bros, 

brilling Company, Reno, Nevada for Union Oil 

Company of California in 1974 and 1975 (see 

Plate II). Data was measured and interpreted 

by Union Oil Company of California and consists 

of temperature measurements made every 25 feet 

in the wells completed with 3/4" or 1" OD PVC 

pipe. The wells have been plugged and aban

doned,, as per G.R.,0. No. 1. 

- Deep Temperature Gradient Wells 

Complete drilling histories of the four deep 

t'emperature gradient wells listed below: 

DeBraga No. 1 

Complete drilling history and records of Well 

DeBraga No. 1, located in the N.E., 1/4 of the 

N..E. 1/4 of Section 1, T19N, R30E, Churchill 

County, State of Nevada. 

The well was spudded December 3.1, 1976, and 

drilled 17 1/2" hole with mud to 30 5', 

experiencing some- lost circulation, .Ran in and 

l.R. 



fl,. TECHNICAL PROPOSAL (Cont'-d.) 

C O N F I D E I T I A L 
n m MAY ^OT BE RELEASED 

WiTHSyi PRIOR WRinEf^ APPROVAL 
OF OrilOli OIL 00. OF CALIF. 

3. Program Description {Cont' d.i) 

a. S ub sur face (Cont'd..) 

(1) Existing Data (Cont'd.) 

DeBraga No. 1 (Cont'd.) 

cemented: 13 3/8",, 54.5#, K-55 buttress casing at 

304'. Drilled 12 1/4" hole With mud to 1015'. 

Ran in and cemented 9 5/8", 36#, K-55 buttress 

casing at. 1013'. Drilled 8 3/4" hole with mud 

to 2672' T.D., with considerable lost circulation. 

Rigged and ran 2 7/8", 6.5#, K-EUE, 8rd tubing 

from surface td 2639'. Installed 10" 600x 3" 

600 flange complete with 3" 600 WKM valve. 

Released rig January 10, 1977. 

The well was drilled by Hunnicutt and Camp 

Drilling Company for the Union Oil Company of 

Call for nia.-

Weishaupt No, 1 

Complete drilling history and" records of Well 

Weishaupt No. 1, located .300 0' E and 60 0' S from 

the NW corner of Section 6, T19N, R31E, Churchill 

County./ State o,f Nevada, 

The well was spudded November 30, 1976, and 17 

1/2" hole was drilled with mud to 313', Ran in 

19. 



,C 0 I F I 0 E 1« T I A L 
DATA m i HOT BE RELEASED 

B, TECHNICAL PROPOSAL ( c o n t ' d . ) m i m m PRIDH WRITTEN APPROVAL 

3. Program Description (Cont'd.) OF UNION OIL CO. OF CALIF. 

a. Subsurface (Cont'd.) 

(1) Existing Data (Cont'd.) 

Weishaupt Ho. 1 (Cont'd.) 

and cemented 13 3/8", S4.5#, K-55 buttress casing 

at 312'. Drilled 12 1/4"' hole with mud to 1020' 

and, rah Deviation 'Survey. Ran in and cemented 

9 5/8", 36 #, K-55 -buttress casing at 1018'. 

Drilled 8 3/4" hole witJi mud to 3450' and ran 

electric logs. Rigged and ran 1 " , 26#, K-55, 

8-rd LT&C combination blank and slotted liner from 

907' to 3430'. Closed master valve and released 

rig December lO, 1976. 

The well was drilled by Hunnicutt and Camp 

Drilling Company for the Union Oil Gompany of 

California. 

Weishaupt No. 2 

Complete drilling history and records of Well 

Weishaupt No, 2, located 555' E and 610' S from 

the NW corner of Section 5, Tl9N, R31E, Churchill 

County, State: Of Nevada, 

The well was spudded December 12> 1976, and 17 

1/2" .hole was drilled with mud'to 3'26' . Ran in 

20 



C O N F I D E K T I A 
DATA m y NOT BE REIEASEO 

B. TECHNiei^ PKOPOSAL ( c o n f d . ) WUHOUI .PRIOR HR,nEK APPROVAL 

3 , P rogram D e s c r i p t i o n ( C o n t ' d , ) OF UMfflM OIL CO. OF CALIF 

a, Subsurface (Cont' d -.) 

{I] Existing Data. (COnt'd.) 

Weishaupt No. 2 (cont'd,) 

and cemented 13 3/8", 54.5#, K-55 buttress casing 

at 325', Drilled 12 1/4" hole with'mud to 10,05',. 

Ran in and cemented 9 5/8", 36#, K-55 buttress 

casing at 1005'. Drilled 8 3/4" hole with mud 

to 55 32' and rah electric logs. Rigged and ran 

2 7/8", 6.4#, K-EUE, 8rd tubing to 5522' . 

Installed 10"-S600 X 3"-S600 flange and 3"-S600 

WKM valve. Released rig December 29, 1976. 

The well was drilled by Hunnicutt and Camp 

Drilling Company for the Union Oil Company of 

California, 

wisnefski No. 1 

Complete drilling history and records of Well 

Wisnefski No. i, located 178' S and 354' West of 

the NE corner of Section 2„ T19N, R30E, Churchill 

County, State of Nevada.. 

The well was spudded January 24, 1978 and 17 1/2" 

hple was drilled with mud to 305'. Ran in and 

cemented 13 3/B", 61#, K-55 buttress casing at. 

21. 



O M MAY KGT BE RELEASED 
B. TECHNICAL PROPOSAL ( C o n t ' d . ) f̂̂ 'HOOT PRIOR V̂ RfTTEH APPROVAL 

OF UNION OIL CO. OF CALIF 
3. Program Description (Cont'd.) w«i-»*«. ur *,Hur. 

a. Subsurface (Cont'd.) 

(1) Existing Data (Cont'd.) 

Wisnefski No. 1 (Cont'd.) 

293'. Drilled 12 1/4" hole with mud to 1039'. 

Ran in and cemented 9 5/8", 40#, K-55 buttress 

casing at 1029'.. Drilled 8 3/4" hole with mud 

to 3637' and ran electric logs. Rigged and ran 

2 7/8", 6.5#, J-55, EOE tubing to 361-9'. 

Installed 10 "-600 by 3"-600 flange with 3'"'-6 00 

valve. Released rig February 3, 1978. 

The well was drilled by Loffland Brothers 

prilling Company for the Union Oil Company of 

• California. 

22.. 



C 0 M F 1 0 £ H TI il f 
m MM WOr BE REtEASEB 

B . TECHNieaL PROPOSAL ( C o n t ' d . ) .;., " '"* '"TT£W APPROVAL 
— Of UNION OIL CO. OF CAUF 
3. Program Description (Cbht'd.) '• 

a. Subsurface (Cont'd.) 

(1). New Data 

TWo hew wells will be drill.ed to total depths 

of approximately 8,000 feet. The first well planned 

is DeBraga No. 2, located in Section 6^ T19N, R31E-, • 

Churchill County, State of Nevada. The follow-up 

well location will be contingent upon the results 

of Well DeBraga No'. 2, The proposed modified slim 

hole drilling program for Well DeBraga No. 2 and 

the full size hole for the second well are as 

follows-: 

DeBraga No. 2 

,1. Set 20" conductor, as directed and cement with 

ready-mix cement, 

2. Install 5' wide x 5' long x 4' deep cellar. 

3., Move-in and rig-up rotary tools, including mud 

cooling tower. Drill and set rathole and mouse-

hole:. 

a. Note start of day rate and spud time (hours) 

on rig log and report form. 

b. Notify U.b.C- geologist 24 hours prior to 

commencement of drilling. 

4. Drill 1:7-1/2" hole to 300'+ using mud as a 

circulating medium- Survey as' directed. 

23 



C O : i F I O E N T f , A L 
OATA h m m i BE RELEASED 

B.. TECHNICAL PROPOSAL (Cont'd^ '̂ T̂HOOT PRIOR WRITTEN APPROVAL 

3 ., Program Description {Cont'd.) ^^ ̂ '̂̂ ^ ̂ '̂  GO. OF CAUF. 

a, Sub star f ace (Cont'd.) 

(1) New Data. (Cont'd.,) 

DeBraga No. 2 (Cont'd,) 

4i a. Catch 10 foot samples, 

b. Monitor and, log flowline and suction tempera

tures at 30 minute intervals. 

c. Mud temperatures to be controlled as required, 

by retention or by use of a cooling tower. 

d. Bottom hole static temperatures anticipated 

to be 200,̂ F at aoo' . 

ê. Artesian water flows can be expected below 

100'. 

5. Run and Cement 13-3/8", 54 .'5, K-55, buttress, 

easing at 300'+. Cement with class "G" cement 

premixed with 40% Silica. Flour, 0.5% CFR-2 and 

retarder., if required. 

NOTE: 

Slurry mix to be dictated by hole conditions. 

If zones are weak or lost circulation is evident, 

a mixture of 1.1 Perlite premixed with 40% 

Silica Flour should be considered, 

a.4 Cement with sufficient volume to insure cement 

returns to the surface. Monitor cement for 

fall back, fill with cement as required. 

24 



B . TECHI5IICAL PROPOSAL ( C o n t ' d , ) 

G 0 H F ! D E N T1 A L 
DATA i A Y NOT BE RELEASED 

WITHOUT PRIOR W/RinEH APPROVAL 
3. Program Description (Cont'd.) OF UNION OIL CO. OF CALIF. 

a„ Subsurface (Cont'd.) 

(1) New Data (Cont'd.) 

DeBraga No. 2 (Cont'd,) 

6i Cut off casing. Weld on 13-3/8", 3,000 S.O.W. 

casing head with two 3"' flanged, outlets. Test 

of weld not to exceed casing collapse rating. 

Install 12", 3,000 hydril. Ins-tall kill and choke 

manifold. 

a. Test B.O.,;E. and casing as> directed. Test results 

to be logged on .rig log and. daily report form. 

7. Drill 12-1/4" hole to 1,.200' + , using mud as a 

circulating medium, 

'a-. Monitor aiid log flowline and suction temper

atures as previously stated, 

b. If flowline temperatures exceed 160°F 

commence pumping mud through cooling tower. 

C Run ,maximum reading thermometers with each 

deviation survey. Record temperature, time 

since last circulation in hours and time 

temperature tool at datum in minutes. 

d.. Record all lost circulation zones and amount 

of fluid lost in each zone. 

e. Catch 10 foot samples. 

8. Run and cemeht 9-5/8", 3-6#, K-55 buttress casing 

at 1,200'+. Cement with "G" cement premixed 1.1 

25, 



B, TECHNICAL PROPOSAL (Cont'd.) 

3. Program Des.c rip tion {Gont'd.) 

a. Subsurfac e (Coht'd.) 

(1) New Data (Cpnt'dv) 

C O N F I D E N T I A L 
OATA t m NOT BE RELEASED 

WITHOUT PRIOR WRITTEN APPROVAL 
OF UNION OIL CO. OF CAUF. 

DeBraga No. 2 (Cont'd-.) 

Perlite, 40% Silica Flour, 2% Gel, 0.5% CFR-2, 

•and retarded as required,. Tail in with 50 cubic 

feet "G" cement premixed with 4 0% Silica Flour, 

0.5 CFR-2 and retarder, if required. Precede 

cement with flush to prevent mud flocculation. 

NOTE:. 

DO not precede. Perlite mix with water. 

a. Run flapper type float shoe: on bottom of 

joint no. 1 and flapper insert float between 

j o iht no s i 1 and 2. 

b. Centralize joints 1,2, and 3 and every fourth 

j o int, 

c. Cement with sufficient volume to insure cement 

returns to surface. 

d. Do not over-displace top plug, 

e. Monitor fall back in annulus. Do not allow 

water to enter annulus from, top. Maintain 

cement at surface. 

9, Land casing. Weld on 10", 3,000* x 9-5/8" S.O.W. 

'casing head. Install and test -B.O.E., as directed, 

a. Test of casing head weld not to exceed the 

casing collapse rating.. 

26, 



B, TECHNICAL PROPOSAL (Gbnt'd.) 

3- Program DesGription (Cont'd.) 

a. Subsurface (Cont'd.) 

(1) New Data (Cont'd.) 

C 0 I F I D E N T I A L 
OATA m t m BE RELEASED 

WITHOUT PRIOR WRITTEN APPROVAL 
OF UNION OIL CO. OF CAUF. 

DeBraga No. 2 (Cont'd.) 

b.. Ship 12", 3/000# X 13.-3/8" S.O.W, casing head 

to machine shop to have dutchman removed. 

10. Drill 8-3/4" hole to 8,000', using mud as a 

circulating medium. Survey hole as directed, 

a. MoJEiitor and log flowline and suction tempera

tures at 3 0 minute intervals, 

b. Run maximum reading thermometers with each 

deviation survey. Record temperature, time 

since last circulation in minutes and/or hours, 

and time temperature at datum in minutes. 

c. Record, all lost circulation zones and amount 

of fluid lost in each zone. 

d. Catch 10 foot samples. 

11. Circulate to condition and cool hole for electric 

logs. 

1,2. Run electric l.ogs as directed. 

13. Complete as' directed,: 

a. Tubing Completion: 

1. Condition hole for tubing-. 

2. Lay down drill pipe and tools. 

3. Run and hang 2-7/8" tubing from surface 

to T.D. Tubing hanger to pass thru B.O.P.'s 

27 



a. TECHNICAL PROPOSAL (Cont'd.) 

G O I F I D E I T U L 
DATA MAY KOT BE RELEASED 

WITHOUT PRIOR WRinEN APPROVAL 
3 , Program D e s c r i p t i o n (Con t ' d . ) OF UNION OIL CO. OF CAUF. 

a . Subsurface (Con t ' d . ) 

(1) New Data (Cont'd..} 

DeBraga NO. 2 (Con t ' d . ) 

4. Remove B-. 0 ,.P. ' s. Install ,10" , 3,000# 

X 3" - 2,0001 flange with 3" - 2,000# 

vaIve. 

5.. Displace mud with water - taking returns 

through 3" valve oh 9-5/8" head. 

6, Rig. down and move-out rotary tools^ 

b. Liner Completion: 

1. Condition hole for 7" liner.: 

2 . Run and hang 7" blank and perforated 

liner from l,0OO'+ to 8',000' + . 

3. Displace mud with water, 

4. Lay down drill pipe and tools. 

5. Set retrievable bridge plug in 9-5/3" 

casing. 

6. Install 10" - 3,000# x 10" - 2,000"' 

X-0 spool and 10" - 2,000# valve,. 

7. Retrieve bridge plug, 

8. Lay down remaining tools.. 

9. Remove B.O.P,'s and install wellhead. 

10. Rig down and move out rotary tools. 

c. Combination: Liner Completipn; 

1-, Condition hole for 7" liner. 

.2,8. 



B. sMHim-oPOSM, <contM.., ' W ™ « f i « U 
3 . Program D e s c r i p t i o n (Con t ' d , ) WWO^"^^*^* . \ f t ftF CRUf. 

m umoH oil i-"- "̂  
a. Subsurface (Cont'd,) " 

{1) New Data (Cont'd..,} 

DeBraga No. 2 (Cont'd-) 

2. Run and hang 7" blank and perforated liner 

from. 1,000'+ to 8,000'+ with HOWCO D.V. 

packer (̂ position of D.V. packer to be 

d'eteriniried from logs) collar at 3,,5,00' with 

multi-cement baskets below packer collar. 

(Drill pipe and liner setting tools must 

be capable to passing a 2-3/8-" diameter 

plug) . 

3. C.em.ent top section of 7" liner as directed. 

Hole conditions will dictate the type of 

cemeht slurry. 

4. Pickup 5,200'+, 2-7/8" tubing, 4-3/4 

drill collars and 6" bit. Stand back 

in derrick. 

5.. Test 7'̂  X 9-5/8" liner lap with surface 

pressure plus fluid hydrostatic to equal 

a 0..8 lb/ft gradient at liner top. 

Squeeze cement if necessary^ 

6". Drill out cement and formation packer 

collar and clean out to bottom of 7" liner, 

7. D i sp1ace mud with wa ter. 
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B. TECHNICAL PROPOSAL (Cont'd,} 

3. Program Description (Cont'd,.) 

a. Subsurface (Cont'd.) 

(1) New Data (Cont'd.) 

OATA iAY Î OT BE RELEASED 
witKooT .PRIOR m m m APPROVAL 

OF ONION OIL CO. OF CAUF. 

DeBraga No. 2 (Con t ' d . ) 

8. Lay down drill pipe and tools, 

9. Set retrievable bridge plug in 9-5/8" 

casing. 

10. Install 10" - 3,,000# x 10," - 2,000# X-0 

spool, and 10" - 2,000# valve-. 

11. Reins tal1 B.O.P.'s. 

12,. Retrieve bridge plug. 

13. Lay down remaining tools, 

14. Remove B40,P,'s and install wellhead. 

15. Rig down and move out, rotary tools. 

Second Well 

1. Set 30" conductor, as directed and cement with 

ready-mix cement., 

2. Install 5' wide x 5' long x 4' deep cellar. 

3. Move-in and rig-up rotary tools, including mud 

cooling tower. Drill and set rathole and mouse-

hole . 

a. Note:Start of dayrate and spud time (hours) 

on rig log and report form, 

b. Notify U.O.C. Geologist 24 hours prior to 

commencement of. drilling. 
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B . TECHNICAL PROPOSAL ( C o n t ' d . ) 

C Q M F l O E M l l f t L 
n m MM m i BE etLEftSEo. 

WITHOUT PRIOR WRtTTEK APPROVAL 
3. Program D e s c r i p t i o n (Con t ' d , ) QF ONION OIL CO. OF CALIF 

a. Subsurface (Cont'd.) 

(1) New Data (Cont'd.) 

Second Well (Cont'd.) 

4. Drill 17-1/2" hple to 300'+., using mud as a 

circulating medium. Survey as directed,. Open 

17-1/2" hole to 26" hole, 

a. Catch 10 foot samples on all hol^ sizes to 

T.D., 

b. Monitor- and log flowline and suction tempera:-

tures at 3 0 minute intervals. 

c. Mud temperatures to be controlled as required 

by retention, or by use of a cooling tower. 

d.. Bottom hole static temperatures anticipated 

to be 200°F at 3,00'. 

e. Artesian water flows can be expected below 

100' . 

5. Run and cement 20", 94#, K-55 buttress casing at 

300'+, Cement with class "G" cement premixed 

with 40% Silica Flour, 0.5%- CFR-2 and retarder 

or CaCl2 ^^ reg:uired. 

NOTE,: 

Slurry mix to be dictated by hole conditions. If 

zones are weak or lost circution is evident, a 

mixture of 1.1 Perlite premixed with 4 0% Silica 

Flour should be considered. 

31., 



B. TECHNICAL PROPOSAL {Cont'd.) 

3. Program Description (Cont'd,) 

a. Subsurf ace (Cont'd.) 

(1) New Data (Cont'd.) 

DATA u m m i BE RELEASED 
WITHOUT PRIOR m m m APPROVAL 

OF m i Q n DIL CO. OF CALJF. 

Second Well (Cont'd,) 

a. Cement with sufficient volume to insure cement 

returns to-the surface. Monitor cement for 

fall back, fill with cement as required. 

6, Cut off casing. Weld on 20" - 2,000# S.O.W. casing 

head with two 3" flanged outlets. Test of Weld 

not to exceed casing collapse rating. Install 

20" - 2000# Hydril and single Shaffer with CSO 

rams. Install Kill and choke manifold. 

a. Test B.O.E. and casing as directed to 500 

psi. Test results to be logged on rig log 

and daily report form. 

7. Drill 17-1/2" hole to 12,00' + , using mud as a 

circulating medium. 

a. Monitor and log flowline and suction 

temperatures as previously stated. 

b. If flowline temperatures exceed 160 F 

commence pumping mud through cooling tower. 

c. Run maximum reading thermometers with each 

deviation survey,. Record, temperature, time 

since last circulation in hours and time 

temperature tool at datum in minutes. 
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B. TECHNIGAL PROPOSAL (Cont'd,) 

3, Program Description {Cont'd,) 

a.. Subsurface (Cont'd.) 

(1) New Data {Cont'd.) 

C O I f F I D E I T I A L 
mm iAY m i BE RELEASED 

WITHOOT PRIOR WRfHEN APPROVAL 
OF UNION OIL CO. OF CAUF. 

Second Well (Cont'd>) 

d. Record all lost circulation zones and amount 

of fluid lost in each zone. 

e. Catch 10 foot samples, 

8. Run and cement 13-3/8", 61#, K-55, buttress 

casing at 1200'±. Cement with "G" cement pre

mixed 1:1 Perlite, 40% Silica Flour, 2% Gel, 

0,5% CFR-2 and retarded as required. Tail in 

with 50 cu, ft, "G:" cement premixed with 40% 

Silica Flour, 0.5% CFR-2 and retarder, if re

quired. Precede cement With flush to prevent 

mud flocculation. 

NOTE : 

Do not precede P.erlite mix with water. 

a. Run flapper type float shoe on bottom of 

joint #1 and flapper insert float between 

joints #1 and #2., 

b. Centralize joints 1, 2 , and 3 and every 

fourth joint. 

c. Cement with sufficient volume to insure 

cement returns to surface, 

d. Do not overdisplace top plug,. 
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B. TECHNICAL PROPOSAL (COnt ' d , ) m k i M ^01 §E ^LEASED 
""^ " " WITHOUT PRIOB m i H E H APPROVAL 

3. Program D e s c r i p t i o n (Coht ' d , ) ^^ ^^^^^ QJ^ ^^ Qp gflyF. 

a, Subsurface (Cont' d,.) 

(1) New Data (Cont'd.) 

Second Well (Cont'd.) 

e. Monitor fall back, in annulus. Do not allow 

water to enter annulus from top. Maintain 

cement at surface. 

9. Land casing. Weld On 12" - 3000# :x 13-3/8" S.O.W. 

casing head. Install and test B.O.E. as directed., 

a. Test Of casing head weld not to exceed the 

casing collapse rating. 

.b. Ship 20" - 2000#: x. 20" S.O.W. casing head to 

machine -shop to have dutchman removed, 

10. Drill 12-1/4" hole to 3000' using mud as a 

circulating medium. Survey hole as directed. 

a. Monitor and log flowline and suction 

temperatures at 30 minute intervals. 

b. Run maximum reading thermometers with each 

deviation survey. Record temperature, time 

since last circulation in minutes and/or hours, 

and time- temperature at datum in minutes. 

c. Record all lost circulation zones and amount 

of fluid lost in each zone.. 

d> Catch 10 foot samples; 

11-. Circulate to, condition and cool hole for electric 

logs, 
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C O I F I D E i T I R L 
B- • TECHNICAL PROPOSAL ( C o n t ' d . ) Uĵ l̂  IIIY i^oi BE RELEASED 

3. Program Descript ion (Cont' d.) WITMOyT PRIOR WRITTEN APPROVAL 

a. Subsurface (Cont'd.) 
OF UNION OIL CO. OF CAUF. 

(1) New Data (Cont' d.) 

Second Well (Cont'd,) 

12. Run electric logs as' directed, GNL and DIL. 

13. Run and hang a 9-5/8", 40#, K-55, buttress liner 

on a Mid'ifay liner hanger from 1000'± to 3000' + . 

Cement with class "G" cement with 1:1 Perlite 

and 40% SSA 1 plus 3.% Gel, 0.5% CFR-2 and retarder 

if required. Follow with a tail-in slurry of at 

least 200 ft.̂  class "G" cement with 40% SSA 1 

plus 0.5% CFR-2 and retarder if required. Precede 

cement with ER 20 mud flush. 

14 „: Circulate excess cement off or liner top. Test 

liner lap equivalent to a .8 lb/ft formation 

gradient, 

15, Drill an 8-3/4" hole from 3000't to 8000'± using 

mud as a circulating medium. Survey hole as 

directed, 

a.. Monitor and log flowline and suction 

temperatures at 30 m:inute intervals. 

b.. Run maximum reading thermometers; with each 

deviation survey. Record temperature, time 

since last circulation and time/temperature 

at datum in minutes. 
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C O I F I D E N T I A L 
B. TECHNICAL PROPOSAL ( C o n t ' d . ) g^y^ ^^^y ^ ^ j gg RELEASED 

3 . P r o g r a m D e s c r i p t i o n ( C o n t ' d . ) WITHOUT PRIOR WRIHEN APPROVAL 
^ ^ ^ ,^ ^ , . X OF UNION OIL CO. OF CALIF. 

a. Subsurface (Cont'd.) 
(1) New Data (Cont'd.) 

Second Well (Cont'd.) 

c. Record all lost circulation zones and amount 

of fluid lost in each zone, 

d. Catch 10 foot ditch samples. 

16. Circulate and cool hole, condition mud for logs. 

Run logs as directed. 

17. Complete as indicated: 

a. Tubing Completion: 

1. Condition hole for tubing. 

2. Lay down drill pipe and tools. 

3. Run and hang 2-7/8" tubing from surface 

to T.D. Tubing hanger to pass through 

B.O.P.'s. 

4. Remove B.O.P.'s. Install 10" - 3000# 

x 3" - 2000# flange with 3" - 2000# valve, 

5. Displace mud with water - taking returns 

through 3" valve on 9-5/8" head. 

6. Rig down and move out rotary tools. 

b. Liner Completion: 

1. Condition hole for 7" liner. 

2. Run and hang 7" blank and perforated 

liner from 1000'+ to 8000'±. 

3. Displace mud with water. 

4. Lay down drill pipe and tools. 
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C 0 K F I D E I T I A L 
B. TECHNICAL PROPOSAL ( C o n t ' d . ) DATA MAY flOT BE RELEASED 

3. Program Description (Cont'd.) 

a. Subsurface (Cont'd.) 

(1) New Data (Cont'd.) 

WITHOUT PRIOR WRIHEN APPROVAL 
OF UNION OIL CO. OF CAUF. 

Second Well (Cont'd.) 

5. Set retrievable bridge plug in 9-5/8" 

casing. 

6. Install 10" - 3000# x 10" - 2000# X-O 

spool and 10" - 2000# valve. 

7. Retrieve bridge plug. 

8. Lay down remaining tools. 

9. Remove B.O.P.'s and install well head. 

10. Rig down and move out rotary tools. 

c. Combination Liner Completion: 

1. Condition hole for 7" liner. 

2. Run and hang 7" blank and perforated 

liner from 1000'+ to 8000'± with HOWCO 

D.V. packer (*position of D.V. packer to 

be determined from logs) collar at 3500' 

with multi-cement baskets below packer 

collar. (Drill pipe and liner setting 

tools must be capable to passing a 2-3/8" 

diameter plug.) 

3. Cement top section of 7" liner as directed, 

Hole conditions will dictate the type of 

cement slurry. 

4. Pick up 5200'+ 2-7/8" tubing, 4'3/4" drill 

collars and 6" bit. Stand back in derrick. 
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C O H F I O E M T I R L 
B . TECHNICAL PROPOSAL ( C o n t ' d . ) QftTA ?f,AY NOT BE RELEASED 

3. Program Description (Cont'd.) VHITKOUT PRIOR WRITTEN APPRO^** 

a. subsurface (Cont • d.) OF UNIOM O i l CO. OF CAUF. 

(1) New Data (Cont'd.) 

Second Well (Cont'd.) 

5. Test 7" x 9-5/8" liner lap with surface 

pressure plus fluid hydrostatic to equal 

a 0.8 lb/ft gradient at liner top. 

Squeeze cement if necessary 

6. Drill out cement and formation packer 

collar and clean out to bottom of 7" 

liner. 

7. Displace mud with water. 

8. Lay down drill pipe and tools. 

9. Set retrievable bridge plug in 9-5/8" 

casing. 

10. Install 10" - 3000# x 10" - 2000# X-0 

spool and 10" - 2000# valve, 

11. Reinstall B.O.P.'s. 

12. Retrieve bridge plug. 

13. Lay down remaining tools. 

14. Remove B.O.P.'s and install well head. 

15. Rig down and move out rotary tools. 
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B. TECHNICAL PROPOSAL (Cont'd.) 

C 0 U F I D E M T ! A I 
DATA fflAY NOT BE RELEASEli 

WITHOUT PRIOR WRIHEN APPROVAL 
OF UNION OIL CO. OF CAUF. 

Program Description (Cont'd.) 

a. Subsurface (Cont'd.) 

(2) Drilling and Completion Procedures 

The relevant data for the drilling these two wells 

as requested are as follows: 

a. Total Depth 

Approximately 8,000 feet. 

Hole Sizes 

DeBraga 

Hole Size 
Inches 

17-1/2 . 

12-1/4 

8-3/4 

and Depths 

No . 2 

Depth 
Feet 

300 

1,200 

8,000 

Second 

Hole Size 
Inches 

26 

17-1/2 

12-1/4 

8-3/4 

Well 

Depth 
Feet 

300 

1,.200 

3,000 

8,000 
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B. TECHNICAL PROPOSAL ( C o n t ' d . ) r n N F I D P N T I A I 

3. Program Description (Cont'd.) BATA iVIAY NOT BE RELEASED 

a. Subsurface (Cont'd.) WITMT PRIOR WRIHEN APPROVAL 
OF UNION OIL CO. OF CAUF. 

(2) Drilling and Completion Procedures (Cont'd.) 

c. Drilling Fluids 

DeBraga No. 2 

From previous experience in the Stillwater area, 

a relatively simple inexpensive mud system is 

proposed. 

A lightly dispersed, gel, water, caustic, lignite 

mud system has been found to be extremely satis

factory and easily maintained from the surface 

to total depth. 

I, Conductor hole will be dry drilled by Dick 

Howell's drilling service. 20" casing will 

be set and cemented with ready mix cement. 

II, Surface hole, 17-1/2", will be drilled from 

80-300'* with a gel, water, caustic soda 

system as follows: 

Vise- Fluid 
Depth Weight osity Loss PH 

80'-300' 66#-70#ft.^ 35-50 10-29 10.5-11,5 

The desander and desilter should be utilized 

to maintain a minimum mud weight and low solids. 

The system should be thinned or dispersed as 

little as possible allowing for normal cutting 
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C O N F I D E N T I A L 
B . TECmilCAL PROPOSAL ( C o n t ' d . ) ^ ** \ A „ \ , ; T BC n n CACCn 

DATA WiAY NOT BE RELEASED 
3, Program Description (Cont'd.) WITHOUT PRIOR WRITTEN APPROVAL 

a. subsurface (Cont'd.) OF UNION OIL CO. OF CALIF. 

(2) Drilling and Completion Procedures (Cont'd) 

c. Drilling Fluids (Cont'd.) 

DeBraga No.2 (Cont'd.) 

II . (Cont'd.) 

flocculation to aid in solids control as long 

as possible. If high well bore temperatures 

and gelation become a problem the system may 

require thinning. 

III. Intermediate hole, 12-1/4", will be drilled 

from 300'± to 1,200'± with the same system 

plus the addition of thinner to offset gela

tion and degradation of the drilling fluid 

caused by heat. 

Vise- Fluid 
Dep^h Weight osity Loss PH 

300'± - 66#-72#ft.^ 40-50 8-15 10.5-11.5 
1,200'± 

No problems are thought to be encountered in 

this section of the hole. However, lost cir

culation may occur and can be controlled by 

the addition of cottonseed hulls, mica or wal

nut hulls to the system. A cation exchange 

capacity test should be run frequently to 

ascertain the clay content of the fluid. Clay 

content should be maintained at, or above 
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C O M F I D E N T I A 
B. TECHNICAL PROPOSAL (Cont'd. ) «ATA MAY HOT BE R̂ ^̂ ^̂ ^̂ ^̂  

WITHOUT PRIOR WRIHEN APPROVAL 

3. Program Description (Cont'd.) Qp ŷ ĵQĵ  Q\I CQ. OF CAUF. 

a. Subsurface (Cont'd.) 

(2) Drilling and Completion Procedures (Cont'd.) 

c. Drilling Fluids (Cont'd.) 

DeBraga No. 2 (Cont'd.) 

III. (Cont'd.) 

22 Ibs./bbl. Desander:and desilter should 

be operated at all times, including bit trips. 

IV, 8-3/4" hole- to 8,000'i T.D. The same basic 

mud system will be in use, with close attention 

given to sufficient thinning and both chemical 

and mechanical solids control. Solids should 

be kept below 8%. 

Vise- Fluid 
Depth Weight osity Loss PH 

1,200'i 66#-72#ft.^ 40-50 8-15 10.5-11. 
-8,000'i 

Again, some lost circulation may exist, requir

ing control, however, gelation of the fluid 

will probably be the major problem during this 

portion of the hole, caused by excessive heat. 

Thinning with lignite and the addition of 

sufficient water will be required. Attention 

to solids removal will be important due to 

the dispersion of fines in the system caused 

by thinning. 
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B. TECHNICAL PROPOSAL ( C o n t ' d . ) U U B̂  B ' ,^1 " , „_, »„-^™ 
DATA MAY NOT BE RELEASES 

3. Program Description (Cont'd.) V|/|fHOUT PRIOR WRITTEN APPROVAL 
a. subsurface (Cont'd.) OF UNION OIL CO. OF CALIF. 

(2) Drilling and Completion Procedures (Cont'd.) 

c. Drilling Fluids (Cont'd.) 

DeBraga No. 2 (Cont'd.) 

V. A small quantity of barite, weight material 

may be kept on location, if it is felt the need 

to control fluid flow may possibly exist. 

( 
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C O N F I D E N T I A L 

X 

nflTfi MAY NOT BE RELEASED 
B. TECHNICAL PROPOSAL Cont'd.) ""''̂  "̂  \,r» anDOmfM 

WITHOUT PRIOR WRIHEN APPROVAL 

3, Program Description (Cont'd.) . . ^ J J J Q J J Q | L Q Q . OF CAUF. 

a. Subsurface (Cont'd,) 

(2) Drilling and Completion Procedures (Cont'd.) 

c. Drilling Fluids (Cont'd.) 

Second Well 

From previous experience in the Stillwater area, 

a relatively simple inexpensive mud system is 

proposed, 

A lightly dispersed, gel, water, caustic, lignite 

mud system has been found to be extremely satis

factory and easily maintained from surface to 

total depth. 

I, Conductor hole will be dry drilled by Dick 

Howell's drilling service, 3 0" casing will 

be set and cemented with ready mix cement, 

to 80'±. 

II. Surface hole, 17/12", opened to 26" will be 

drilled from 80' to 3 00'- with a gel, water, 

caustic soda system as follows: 

Vise- Fluid 
Depth Weight osity Loss PH 

80-300' 66#-70#ft.^ 35-50 10-20 10.5-11.5 

The desander and desilter should be utilized 
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C O N F I D E N T I A L 
B . TECHNICAL PROPOSAL ( C o n t ' d . ) DATA MAY NOT BE RELEASES 

3 . Program D e s c r i p t i o n (Cont' d . ) WITHOUT PRIOR WRIHEN APPROVAL 

, ^ ^ , . . . . ^ OF UNION OIL CO. OF CALIF. 

a. Subsurface (Cont'd.) 

(2) Drilling and Completion Procedures (Cont'd.) 

c. Drilling Fluids (Cont'd.) 

Second Well (Cont'd.) 

II. (Cont'd.) 

to maintain a minimum mud weight and low 

solids. The system should be thinned or dis

persed as little as possible allowing for 

normal cutting floculation to aid in solids 

control as long as possible. If high well bore 

temperatures and gelation become a problem the 

system may require thinning. 

III. Intermediate hole, 17-1/2", will be drilled 

from 300'i to 1,200'i with the same system plus 

the addition of thinner to offset gelation and 

degradation of the drilling fluid caused by heat. 

Vise- Fluid 
Depth Weight osity Loss PH 

300'± - 66#-70#ft.3 40-55 8-15 10.5-11.5 
2,000'± 

No problems are thought to be encountered in this 

section of the hole. However, lost circulation 

may occur and can be controlled by the addition 

of cottonseed hulls, mica or walnut hulls to the 

system. A cation exchange capacity test should 
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C O N F I D E N T I A I 
B. TECHNICAL PROPOSAL (Cont'd.) . ^̂ ^̂  ̂ AY NOT BE RELEASED 

WITHOUT PRIOR WRIHEN APPROV 
3. Program Description (Cont'd.) OF UNION OIL CO. OF CAUF 

a. Subsurface (Cont'd.) 

(2) Drilling and Completion Procedures (Cont'd.) 

c. Drilling Fluids (Cont'd.) 

Second Well (Cont'd.) 

III. (Cont'd.) 

be run frequently to ascertain the clay 

content should be maintained at, or above, 

22 Ibs/bbl. Desander and desilter should 

be operated at all times, including bit 

trips. 

IV. Mud properties over the 12-1/4" hole section 

from 1,200'± to 3,000"t, 9-5/8" liner setting 

depth should be maintained similar to the 

properties on the previous hole section from 

300'- to 1,200'i. It should be noted, however, 

that drilled solids control becomes increas

ingly important with depth and/or increasing 

heat. 

The cooling tower should be employed to main

tain lower mud temperatures from no deeper 

than 1,200' to T.D. 
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C O N F I D E N T I A L 
B. TECHNICAL PROPOSAL (Con t ' d . ) DATA MAY NOT BE RELEASED 

WITHOUT PRIOR WRIHEN APPROVAL 
3 . p r o g r a m D e s c r i p t i o n ( C o n t ' d . ) " ^^ ^^^^^ ^^^ ^^ OP ̂ ^LIF. 

a. Subsurface (Cont'd.) 

(2) Drilling and Completion Procedures (Cont'd.) 

e. Drilling Fluids (Cont'd.) 

Second Well (Cont'd.) 

V, 8-3/4" hole to 8,000'-, T.D. The same basic 

mud system will be in use, with close attention 

given to sufficient thinning and both chemical 

and mechanical solids control. Solids should 

be kept below 8%. 

Vise- Fluid 
Depth Weight oscity Loss PH 

3,000'i 66#-72#ft.3 40-55 8-15 10,5-11. 
-8,000'± 

Again, some lost circulation may exist, requiring 

control, however, gelation of the fluid will 

probably be the major problem during this portion 

of the hole, caused by excessive heat. Thinning 

with lignite and the addition of sufficient 

water will be required. Attention to solids 

removal will be important due to the dispersion 

of fines in the system caused by thinning. 

VI. A small quantity of barite, weight material may 

be kept on location, if it is felt the need to 

control fluid flow may possibly exist. 
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C O N F I D E N T I A L 
B. TECHNICAL PROPOSAL (Con t ' d . ) n , J V . „ »«1 T. „ . 

OATA MAY NOT BE RELEASED 
3 . Program D e s c r i p t i o n (Con t ' d . ) WITHOUT PRIOR WRITTEN APPROVAL 

a. Subsurface (Con t ' d . ) OF UNION OIL CO. OF CALIF. 

(2) Drilling and- Completion Procedures (Cont'd.) 

d. Casing 
DeBraga No. 2 

As per attached casing program. 

Second Well 

As per attached casing program. 
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CftSING PROGRAM - STIMJ^ATER PROJECT 

DEBRAGA NO. 2 

Depth, Depth, Safety Safety Safety Cu. Ft. Cu. Ft. 
Hole Casing Casing Casing Casing top of bottom of Factor Factor Factor Total Excess Top Cmt. Type 
Size Si?.e Thread Wt./Ft. Grade Casing Casing Burst Collapse Tensile Slurry Slurry Column Cement Remarks 

26" 20" Welded 
joint 

948 1140 Surface 80' G.L. High High High 240 ft-* 120 ft Surface Ready Mix local available ready mix 
construction cement. 

17-1/2" 13-3/8" Buttress 61S K55 Surface 300'+ High 
19.2 

High 
10.5 

High 416 ft^ 208 ft^ Surface 
52.5 

"G" Mix Class "G" cmt. w/40% Silica 
Flour 0.S% CFR-2, retarder 
if required. 

12-1/4" <.>-5/8" Buttress 40lt K55 Surface 1200'± 

8-3/4" 7" 8 RD. 269 
Liner LTfiC 

K55 1000'±7 BOOO'i? 

High High 
6.17 4.4 

High High 
Perfor- Perfor
ated ated 

nigh 752 ft^ 375 ft^ Surface "G" Mix 
13.1 

High Spot cmt. 7 7 "G" Mix 
2.28 only 

Class "G" cmt. w/1 to 1 
perlite, 40% Silica Flour 
2* gel, 0.5% CFR-2 and 
retarder if required. 

Class "G" cmt. w/'40% Silica 
Flour, 0.75% CFR-2 and 
retarder as required. 

C O N F I D E N T I A L 
DATA MAY NOT BE RELEASED 

WITHOUT PRIOR WRITTEB APPROVAL 
OF UNION OIL CO. OF CAUF. 
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PROPOSED STILLWATEB'CONTRACT 

SECOND WELL 

CASIHG PROGRAM 

Depth, Depth, .Safety Safety EaEety Cu, Ft. Cp. Ft. 
H^le Casing Casing Casing Casing top of Bottom of Factor, Factor' Factor Total Excess Top Cmt. ^Type 
Siae Size ntrpaa Wt./Ft. Grade Gasinj Casing Curat Collapse Tensile Slurry SluftJL ^"1*™" Ĉ £!!Snt. HtiKiarks 

36" 30" Welded 1/2" 
wall 

H40 Surface 80' High High High 262 ft. 131 ft. Surface Ready Mix Local available reqely mix 
construction mix. 

26" 20" Buttress 94# K55 Surface 300' High High High •903 ft.'' 451 ft.^ Surfa 
ia.l 3.5 26,0 • 

ce "G" Mix "G" .cnit. w/40,% SSA-1. 0.5> 
CER-2 S 2* 'CaCl2 or retarder 
as requiretj. 

17-1/2" 13-3/8" Buttress &1# KS5 Surface 1200'+ 

12-1/4" 9-5/8" .Buttress 40# K55 1200'J 3000'+ 

8-3/4" 7" Per- 6 RD. 26)t 
forated LtSC 
l.iner 

High High High 1667 ft. ^ 883 ft.^ Surface "G"Hlx 
4.8 2.64 13.14 

3 3 
High High High 844 ft. 281 £t. 1000' 

2.46 1.76. 8.-75 
"G" Mix 

K5S 2800' 8000 '? High High High None None None None 

"G"cmt, w/1-to 1 p e r l i t e , 40* 
SSA-1. 21 g e l , 0.5% GFRi2 £ 
r e t a r d e r i f req'u,, followed (^ 
100 ft^:'G"crot w/40%'.';SA-]. s 
0.5% CFR-2. 
Hong oh midway hanger-c];ass"Gf 
cmt. w/1 to 1 p e r l i t e followed 
,by:2p0ft3 c l a s s "G" cmt w/40% 
SSA-1 w/d.S%CFft-:2 •£• r e t a r d e r 
•If r e q u i r e d . 
Pe r fo ra t ed uncetriented l i n e r 
u n l e s s co ld water e n t r y 
r e q u i r e s cement ihg. 

C 0 N F I 0 E M T I A L" 
DATA MAY NOT BE RELEASED 

WITHOOT PRIOR W R I H E N APPROVAL 
OF UNION OIL CO. OF CAUF. 
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C O N F I D E N T S 
B . TECHNICAL PROPOSAL ( C o n t ' d . ) . DATA WiAY NOT BE RELEASED 

3. Program Description (Cont • d.) WITHOUT PRIOR WRITTEH ftPPROVW-
— OF UNION OIL CO. OF CAUF. 

a. Subsurface (Cont'd.) 

(2) Drilling and Completion Procedures (Cont'd.) 

e. Cementing 

DeBraga No.2 

The following cementing slurries for use at the 

Stillwater prospect are to be applied to all wells 

unless alternate instructions are given. The 

slurries designated are based upon research and 

updated as new developments occur. 

1. Conductor Casing - 20", surface to 80'. 

Cemented with standard, construction grade, 

locally available, ready-mix cement. 

2. 13.-3/8" Surface String - surface to 300'-. 

Type of cement: Class "G" cement, premixed 

with 40% Silica Flour, 0.5% CFR-2 and retarder 

for temperature if required. 

NOTE: Slurry mix to be dictated by hole 

conditions. If lost circulation is 

found to exist, the addition of Perlite 

to the slurry on a 1:1 ratio to lower 

the slurry weight may be desired. 

Mix and pump sufficient cement to insure full 

cement returns to the surface around the casing. 
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B. TECHNICAL PROPOSAL ( C o n t ' d . ) DATA ?MY NOT BE RELEASED 

3. Program Description (Cont • d., WITHOUT PRIOR WRITTEH APPROVAL 
— OF UNION OIL CO. OF CALIF. 
a. Subsurface (Cont'd.) 

(2) DriLling and Completion Procedures (Cont'd.) 

e. Cementing (Cont'd.) 

DeBraga No.2 (Cont'd.) 

3. 9-5/8" Intermediate String - surface to 

1,200'-. Type of cement: Class "G" cement, 

premixed with Perlite on a 1:1 ratio, with 

40% Silica Flour, 2% Gel, 0.5% CFR-2 and 

retarder as required. 

A "tail-in" slurry of 50 ft"̂  "G" cement, 

premixed with 40% Silica Flour, 0.5% CFR-2 

and retarder, if required, should be run 

immediately following the previous slurry. 

In all cases the cement should be preceded 

with a mud flush to prevent severe gelation 

and flocculation. 

4. A liner lap squeeze or cementing process to 

isolate a section of a liner may be desired 

and the following slurry would apply: 

Type of cement: Class "G" cement with 40% 

Silica Flour, 0.7 5% CFR-2 and retarder as 

required. 
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B. TECHNICAL PROPOSAL ( C o n t ' d . ) Ô TA WŜiS «^ '̂ ^ noonnVAL 

3 . P rogram D e s c r i p t i o n ( C o n t ' d . ) MinM 0\L CO. OF CAUF. 

a. Subsurface (Cont'd.) 

(2) Drilling and Completion Procedures (Cont'd.) 

e. Cementing (Cont'd.) 

DeBraga No. 2 (Cont' d,) 

5. Lost Circulation Plugs: 

If severe lost circulation exists that cannot 

be controlled by lost circulation materials, 

the following type of cement slurry has been 

found to be the most practical: 

Type of cement: Class "G" cement with either 

a 2:1 or .1:1 ratio of Perlite additive, plus 

0.5% CFR-2 and retarder if required. 

•6. Sidetrack Plugs - Plug Backs 

Type of cement: Class "G" cement with 40% 

Silica Flour (by weight of cement only), with 

0.75% CFR-2 and retarder as required. This 

slurry should be batch mixed in a blender. 

Second Well 

The following cementing slurries for use at the 

Stillwater prospect are to be applied to all wells 

unless alternate instructions are given. The 

slurries designated are based upon research and 

updated as new developments occur. 
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B. TECHNICAL PROPOSAL (Cont'd.) C U N r l U t f ^ i B f ^ L 
DATA MAY NOT BE RELEASED 

3. Program Description (Cont' d.) ^^^^^^^ ^^^^^ ^^^^^^ ̂ pppgŷ L 

a. Subsurface (Cont'd.) Qp UHION OIL CO. OF CALIF. 

(2) Drilling and Canenting Procedures (Cont'd.) 

e. Cementing (Cont'd.) 

Second Well (Cont'd.) 

1. Conductor Casing - 30", surface to 80'. 

Cemented with standard, construction grade, 

locally available, ready-mix cement. 

2. 20" Surface String - surface to 300'±. 

Type of cement: Class "G" cement, premixed 

with 40% Silica Flour, 0.5% CFR-2 and retarder 

for temperature if required. CaCl2 may be 

required. 

NOTE: Slurry mix to be dictated by hole condi

tions. If lost circulation is found to 

exist, the addition of Perlite to the 

slurry on a 1:1 ratio to lower the slurry 

weight may be desired. 

Mix and pump sufficient cement to insure full 

cement returns to the surface around the casing. 

3. 13-3/8" Intermediate String - surface to 1,200'±, 

Type of cement: Class "G" cement, premixed 

with Perlite on a 1:1 ratio, with 40% Silica 

Flour, 2% Gel, 0.5% CFR-2 and retarder as 

required. 
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B. TECHNICAL PROPOSAL ( C o n t ' d . ) b U N r l U t R l i n L 
DATA MAY NOT BE RELEASED 

3. Program Description (Cont'd.) WITHOUT PRIOR WRIHEN APPROVAL 

a. Subsurface (Cont'd.) OF UNION OIL CO. OF CAUF. 

(2) Drilling and Cementing Procedures (Cont'd.) 

e. Cementing (Cont'd.) 

Second Well (Cont'd.) 

3. (Cont'd.) 

A "tail-in" slurry of 100 ft"̂  "G" cement, pre

mixed with 40% Silica Flour, 0.5% CFR-2 and 

retarder, if required, should be run immediately 

following the previous slurry. 

In all cases the cement should be preceded 

with a mud flush to prevent severe gelation 

and flocculation. 

4. 9-5/8" Liner, Casing String: 

Type of cement: Class "G" cement, premixed 

with 1:1 Perlite, 40% Silica Flour, 3% Gel, 

0.5% CFR-2 and retarder if required, followed 

by a tail-in slurry (200 ft ) class "G" cement 

with 40% Silica Flour with 0.5% CFR-2 and 

retarder if required. 

5. A liner lap squeeze or cementing process to 

isolate a section of a liner may be desired 

and the following slurry would apply: Type of 
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B. TECHNICAL PROPOSAL (Cont'd.) C U N f i O t l ' s l l H * -
DATA NIAY NOT BE RELEASED 

3. Program Description (Cont' d.) ^^^^^^^ ^^^^^ ^ ^ , ^ E j ^ APPROVAL 

a. Subsurface (Cont'd.) OF UNION OIL CO. OF CAUF. 

(2) Drilling and Cementing Procedures (Cont'd.) 

e. Cementing (Cont'd.) 

Second Well (Cont'd) 

5. (Cont'd.) 

cement: Class "G" cement with 40% Silica Flour, 

0.75% CFR-2 and retarder as required. 

6. Lost Circulation Plugs: 

If severe lost circulation exists that cannot be 

controlled by lost circulation materials, the 

following type of cement slurry has been found 

to be the most practical. 

Type of cement: Class "G" cement with either a 

2:1 or 1:1 ratio of Perlite additive, plus 0.5% 

CFR-2 and retarder if required. 

7. Sidetrack Plugs - Plug Backs: 

Type of. cement: Class "G" cement with 40% 

Silica Flour (by weight of cement only), with 

0.7 5% CFR-2 and retarder as required. This 

slurry should be batch mixed in a blender. 
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C O N F I D E N T I A L 
B . TECHNICAL PROPOSAL ( C o n t ' d . ) " J J ^ ^ ^^^ ^ ^ j gE RELEASED 

3. Program .Description (Cont'd.) WITHOUT PRIOR VtfRITTEN APPROVAL 

a. subsurface (Cont'd.) OF UNION OIL CO. OF CALIF. 

(3) Mud Logg ing 

We see no advantage to mud logging these wells in 

light of the lithological logs that will be 

available, and therefore suggest that it be 

eliminated as an unnecessary expense. 
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C 0 M F I B E 1 1 1 S L 
B. TECHNICAL PROPOSAL ( C o n t ' d . ) Q^j^ "̂iftY NOT BE RElEASE'iJ 

3 . Program D e s c r i p t i o n (Cont' d . ) WITHOUT PRIOR WRIHEN APPROVAL 
OF UNION OIL CO. OF CAUF. 

a. Subsurface (Cont'd.) 

(4) Coring and Analysis 

We plan to core each well. The cores will undergo 

detailed analysis for the fluid flow and thermal 

properties of the reservoirs rock. A complete 

discussion of the planned analysis is found in 

Section B, 3 (c), "Reservoir Engineering Studies". 
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B. TECHNICAL PROPOSAL (Cont'd.) 

C O N F I D E N T I A L 
DATA MAY NOT BE RELEASED 

WITHOUT PRIOR WRIHEN APPROVAL 
OF UNION OIL CO. OF CAUF. 

Program Description (Cont'd.) 

a. Subsurface (Cont'd.) 

(5) Drill Stem Testing 

We do not recommend and therefore do not plan to 

conduct a drill stem test. 
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B. TECHNICAL PROPOSAL (Cont'd.) 

C O N F I D E N T I A L 
DATA MAY NOT BE RELEASED 

WITHOUT PRIOR WRIHEH APPROVAL 
OF UNION OIL CO. OF CAUF. 

3. Program Description (Cont'd.) 

a. Subsurface (Cont'd.) 

(6) Logging 

Electric logs will be run as per attached general 

well logging program. 
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GENERAL ELECTRIC WELL LOGGING PROGRAM 

HOLE DEPTH 

1,200'± 

8,000' + 

CASING 
SIZE DEPTH 

13-3/8" 

13-3/8" 

9-5/8" 

0'/300'± 

0'/300'± 

TYPE LOG 

TEMPERATURE LOG 

DIL-8 

NEUTRON-GAMMA RAY 

TEMPERATURE LOG 

300'+/l,200'± DIL-8 

INTERVAL 
FROM 

1,200'± 

1,200'± 

CONTINUOUS DIPMETER 1,200'± 

1,200'± 

8,000'± 

8,000'± 

CONTINUOUS DIPMETER 8,000'i 

NEUTRON-GAMMA RAY 8,000'± 

LOGGED 
TO 

0 

3 0 0 ' 

3 0 0 ' 

' + 

1 + 

0' 

1,200'± 

1,200'± 

1,200'+ 

C O N F I D E N T I A L 
DATA MAY NOT BE RELEASED 

WITHOUT PRIOR WRIHEN APPROVAL 
OF UNION OIL CO. OF CAUF. 



B. TECHNICAL PROPOSAL (Cont'd.) 

C O N F I D E N T I A L 
DATA MAY NOT BE RELEASED 

WITHOUT PRIOR WRIHEK APPROVAL 
OF UNION OIL CO. OF CAUF. Program Description (Cont'd.) 

a. Subsurface (Cont'd.) 

(6) Logging (Cont'd.) 

- Lithology Log 

Ten foot ditch samples will be caught and analyzed 

by Union's on-site geological team. 

A lithology log will be prepared and submitted 

from the sample analyses, from surface to total 

depth. On-site mud logging will not be conducted.' 

Wet and dry IKG ditch samples will be provided as 

required. 
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B. TECHNICAL PROPOSAL ( C o n t ' d . ) C 0 N « * *̂  ^ ^ . r^crn 
n a m M MOT BE RELEASED 

3 . Program Description (Cont' d.) ^ ^ ^^^^^ ̂ ^j^EH APPROVAL 

a. Subsurface (Cont'd.) Qp y|^|OH OIL CO. OF CALIF. 

(7) Flow Testing 

Drill Rig Test 

After drilling and completing the geothermal well, 

a short flow test" is conducted before disassembling 

the rig. The purpose of this test is to insure the 

proper installation and functioning of the completion 

equipment and to estimate the production capacity for 

the surface equipment needed for subsequent testing. 

The rig test consists of flowing the well through a 

temporary venting system, flashing the steam to the 

atmosphere and collecting the water for proper 

disposal. Wellhead flowing pressures and temperatures 

are recorded; and, upon concluding the test, wellbore 

pressure and temperature data may be collected. 

Total mass flow rate is monitored during the test. 

This test generally requires less than one day to 

complete. 
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C O N F I D E N T I A L 
B. TECHNICAL PROPOSAL ( C o n t ' d . ) ^^-^^ ^^y NOT BE RELEASED 

3 . P rogram D e s c r i p t i o n ( C o n t ' d . ) WITHOUT PRIOR WRIHEK APPROVAL 

OF UNION OIL CO. OF CAUF. 
a. Subsurface (Cont'd.) 

(7) Flow Testing (Cont'd.) 

Reservoir Analysis Test 

Upon determining the approximate production capacity 

from the drill rig test, surface testing equipment 

is installed and connected to the well. The test 

apparatus consists of a separator to segregate and 

measure the steam and water for individual analysis, 

a storage system to collect the water and condensed 

steam for proper disposal, and measuring and 

sampling devices to determine the fluid properties 

while flowing. 

The general test procedure consists of flowing the 

well through the surface testing equipment until the 

well has cleaned up and has obtained stable reservoir 

flow conditions. During this production period the 

wellhead flow conditions are monitored as well as 

the separate steam and water conditions. Samples of 

steam condensate and water are periodically collected 

for chemical and corrosion analysis. Steam quality 

and water scaling tendencies are also investigated. 

Heat exchanger tests on steam and water may also be 

conducted. After the well has flowed for a sufficient 
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B. TECHNICAL PROPOSAL ( C o n t ' d . ) C O N F I D E N T I A L 
, , ^ . , . , , ^ , ' , DATA MAY NOT BE RELEASED 
3. Program Description (Cont'd.) ^„.. 

^ ^ WITHOUT PRIOR WRIHEN APPROVAL 
a. Subsurface (Cont'd.) OF UNION OIL CO. OF CAUF. 

(7) Flow Testing (Cont'd.) 

. Reservoir Analysis Test (Cont'd.) 

time at stable conditions to gather the necessary 

data, the well is shut-in and downhole pressure and 

temperature recording devices are run in the well to 

the reservoir depth to record post production 

transient phenomena. This entire test can be 

conducted within 10 days under proper conditions; 

however, extended test periods of over a month may 

be required to obtain the pertinent data. 
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B. TECHNICAL PROPOSAL (Cont'd.) 
^ m m m BE RELEASED 

J S PRIOR «RmEH APP OVAL 
3. Program D e s c r i p t i o n (Con t ' d . ) UNION OIL CO. OF CALIF 

a. Subsurface (Cont'd.) 

(8) Fluid Chemistry 

A substantial number of geothermal fluid samples 

will be collected at the well-heads and at various 

points along the pipelines. Complete chemical and 

isotopic analysis will be performed. The chemical 

data are relevant to proper design of injection 

facilities and surface fluid handling capability, 

while the istopic data are expected to provide 

significant reservoir information. 
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C l i ^ F ' D E N T M L 
B. TECHNICAL PROPOSAL (Cont'd.) W I T Z T I V ^"^ ^^ "̂ ^̂ ^̂ ^̂ ^ 

^^^^^^^ PRIOR WRITTEN APPROVAL 
3. Program Description (Cont'd.) OF UNION OIL CO OF CAIIP 

a. Subsurface (Cont'd.) 

(9) Wellbore Treatments 

No wellbore treatments are planned at this time; 

however, suitable treatments will be designed if 

required. 
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C O N F I D E N T I A L 
B. TECHNICAL PROPOSAL (Cont 'd . ) î ATA i A Y NOT BE RELEASED 

WITHOUT PRIOR WRITTEN APPROVAL 
3. Program Description (Cont'd.) ,,̂  ... """" ""'"ti^ «rrnuwHl. 

^ ^ OF UNION OIL CO. OF CAUF. 
b. Surface Investigations 

(1) Existing Data 

Geological Data 

A reconnaissance dipole-dipole resistivity survey, 

consisting of four lines totaling about 20 miles 

was carried out and interpreted by McPhar 

Geophysics, Inc. in 1974. A frequency of 0.025 Hz 

was used. Twenty-three miles of telluric profiling 

was recently completed over the anomaly by Union 

Oil Company of California who also computed the 

data. Several frequencies were recorded. 

Approximately 50 gravity stations were observed by 

Union Oil Company of California personnel over the 

geothermal anomaly. The data was interpreted by 

Union Oil Company of California personnel. 

We feel that adequate surface investigations have 

been performed, although telluric profiling may be 

extended in the future. 
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C 0 N F j 0 E l« T I A L 
B. TECHNICAL PROPOSAL (Cont'd. ) OATA M Y NOT BE RELEASED 

3 program Description (Cont'd ) ^^^^^^^ ^^^^^ ̂ ^ ' ™ APPROVAL 
3. Program Description (Cont d.) ^ OF UNION OIL CO. OF CAUF. 

b. Surface Investigations (Cont'd.) 

(2) New Data 
Operational Data 

A short production test will be run on each well, 

after completion of drilling, but before the 

drilling rig leaves the location. These tests, 

normally referred to as rig tests, involve flowing 

each well into the drilling reserve pit and 

measuring the time until the pit fills up. The 

total amount of fluid produced is usually less than 

three casing volumes for each well. The rig test 

is satisfactory as a production rate indicator, but 

inadequate to measure true well and reservoir 

potential. Additional testing is required to 

obtain the qualitative data necessary to evaluate 

the geothermal resource. The additional testing 

will involve large reservoir withdrawals over an 

extended period of time. 

Therefore, in order to conduct this additional 

testing and obtain a meaningful flow test, a second 

well is required. This second, or injection well, 

will serve to accomm.odate the produced effluent from 

the initial well. In this manner, both wells may 

be produced, satisfactorily tested and both serve 
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B. TECHNICAL PROPOSAL (Cont'd.) C O N F I D E W T M i 
OATA fl^AY NOT BE RELEASED 

3. Program Description (Cont' d.) WJTh'OOT PRIOR WRiTTEf?' APPROVAL 

b . S u r f a c e I n v e s t i g a t i o n s (Con t ' d . ) ^^ ̂ ^^^®^ OIL CO. OF CALfF. 

(2) New Da ta ( C o n t ' d . ) 

Operational Data (Cont'd.) 

as a producer and an injection well. 

The above testing procedure will require a pipeline 

connecting the two wells. Design of any such line 

will be determined during rig tests. This proposed 

design will be submitted in detail to the U.S.G.S. 

and/or the BLM and USDA Forest Department for 

approval prior to commencement of any work. Other 

wells may also be utilized for observation of 

reservoir interference. 

Testing Program 

The well testing program will be divided into two 

phases; short term, and long term. The short term 

tests are designed to give thumbnail indication of 

production rates and problems. 

The information gained during these tests will be 

used to design and/or modify production facilities 

to allow the long term, partially unattended flow 

tests required for reservoir evaluation. One well 

will be selected as a water disposal well, another 

as a production well and a third well, if available, 

as an observation well. 
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B. TECHNICAL PROPOSAL (Cont'd.) C O ^ ' F I O E ^ T I A L 
DATA MAY MOT BE ROIASED 

WITHOUT PRIOR WRITTEN APPROVAL 
Program Description (Cont'd.) 

b. Surface Investigations (Cont'd.) OF Û ŜOJI OIL GO. OF CAUF 

(2) New Data (Cont'd.) 

Short Term Tests 

Production facilities, including two phase test 

meters, test manifold, muffling pit, and reserve 

pit will be set up on each well and the well 

produced for approximately the capacity of the 

pits. The well will then be shut-in and the 

production equipment moved to the next well to 

test. The effluent from the test will be stored 

in the pits for future reinjection or off site 

disposal. This process will be repeated until all 

wells have been tested. The short tests will 

require 24 hour attended operation to monitor well 

and equipment performance. 

Long Term Tests 

The long term tests are designed to provide more 

knowledge of reservoir characteristics. The 

information from the short tests will be utilized 

for well selections, and to finalize design of the 

production facilities. Either of the wells may be 

produced for a period of two to four months. One 

idle well will be monitored for indications of 

reservoir interference. Produced water will be 
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B . TECHNICAL PROPOSAL ( C o n t ' d . ) . «* ,f na T a S I 
P O N F I O E N T I A L 

3 . Program Description (Cont' d.) ^ ^̂ ^̂  ^^^ ^ .̂̂  ^^ ^^^^^^^^ 

b. Surface Investigations (Cont'd.) ĵf̂ OUT PRIOR WRITTEN APPROVAL 

(2) New Data (Cont' d.) OF UNION Oil CO- OF CAUF. 
Long Term Tests (Cont'd.) 

reinjected into the reservoir through the remaining 

well. It may be necessary to utilize the idle well 

for some injection if the injection well will not 

accept all of the water. 

Production facilities, including a test separator, 

test manifold, muffling pit, reserve pit, and 

pumps will be set up on each well. Automated 

control equipment may be employed to allow for 

unattended operation. 

The effluent from the wells will be piped to a 

manifold which can be used to divert the flow to a 

muffling pit or to a test separator. Normal 

procedure is to kick the well off through the 

muffler, then turn the production through the test 

separator when the well flow stabilizes. The 

steam and water will be individually metered down 

stream of the test separator and discharged into 

the muffler. The steam will be allowed to vent to 

the atmosphere and the water will be contained in 

the reserve pit. Approximately 30% of the total 
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C O N F I D E N T I A L 
B. TECHNICAL PROPOSAL (Con t ' d . ) OATA MAY NOT BE RELEASES 

3. Program Description (Cont'd.) 

b. Surface Investigations (Cont'd.) 

(2) New Data (Cont'd.) 

WITHOUT PRIOR WRIHEH APPROVAL 
OF m \ m OIL CO. OF GAOF. 

Long Term Tests (Cont'd.) 

mass flow from the well is expected to flash and 

be vented to the atmosphere. 

The water will be pumped from the reserve pit 

through the pipeline to one of the other wells 

for reinjection into the reservoir. The pipeline 

will be designed on the basis of information 

derived from the rig and short term tests. 

Alternate designs being considered are (1) A welded 

steel line following the shortest feasible path 

between wells, or (2) Victaullic coupled pipe 

strung along existing road rights-of-way. In the 

event welded steel pipe is used, an attempt will 

be made to pull it from one location to another to 

eliminate the necessity of large amounts of brush 

removal for right-of-way. 

Union's drawing No. 1373 indicates the flow 

schematic of the primary production facilities. 

The goals and information desired from the long 

teirm tests are as follows: 
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C & N F I D E N T I A L 
DATA MAY NOT BE RELEASED 

WITHOUT PRIOR WRITTEH 
OF UNIO^ O a CO. OF CAUF. 
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B TECHNICAL PROPOSAL (Cont 'd ) C O I F I O E O I A L 
B . TECHNICAL PROPOSAL ( C o n t d . ) ^^^^ ^ ^ ^ ^^.^ ^^ ^^^^^^^^ 

3 . Program D e s c r i p t i o n (Con t ' d . ) WITHOUT PRIOR WRITTEN APPROVAL 

b. Surface Investigations (Cont'd.) OF UNION OIL CO. OF CAUF. 

(2) New Data (Con t ' d . ) 

Long Teinm T e s t s (Con t ' d . ) 

1. Well Productivity 

a. Mass flow rate, steam fraction, water 

fraction. 

b. Enthalpy, temperature, pressure. 

c. Production rate decline. 

d. Other reservoir data as may be obtainable. 

2. Reservoir Fluid Characteristics 

a. Chemical analysis of water.and non-

condensable gases. 

b. Ratio of water to non-condensable gases. 

3. Determination of reservoir and production 

characteristics over a long time period with 

sizeable reservoir withdrawals. 

4. Determination of effectiveness of applied 
1 

solutions to production problems encountered 

in short term tests. 

5. Determination of feasibility of commercial 

power generation. 

The long term test criteria may be extended to other 

wells if the short term tests encourage the drilling 

of additional wells, and these wells are completed 

within the necessary time frame. 
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WITHOUT PRIOR WRITTEN APPROVAL 
OIL CO. OF CAUF. 

C O N F I D E N T I A L 
B. TECHNICAL PROPOSAL ( C o n t ' d . ) Q^J^ |̂ ftY NOT BE RELEASED 

3. Program Description (Cont'd.) 

b. Surface Investigations (Cont'd.) 

(2) New Data (Cont'd.) 

Water Disposal 

The salt content of water produced during the well 

tests may require that the water be reinjected into 

the reservoir. The water produced during the above 

proposed testing will be injected into the reservoir 

through one or more of the idle wells. Injection 

characteristics of the wells will be monitored to 

determine future injection well requirements and 

possible injectivity problems. 

Any proposal for a pipeline installation as stated 

above, will be submitted to the appropriate personnel 

for approval and will be installed in such a manner 

as to cause minimal interference with other operations 

It will be buried at road crossings, but will be 

layed above ground in other areas. Cleared areas and 

existing road right-of-ways will be used as much as 

possible to minimize vegetation disturbance. The 

line will be pulled through vegetated areas where 

possible to eliminate rights-of-ways or vegetation 

disturbance. The line may be utilized for future 

tests or incorporated into a future production system. 
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C O N F I D E N T I H L 
B. TECHNICAL PROPOSAL ( C o n t ' d . ) O T̂A MAY NOT BE RELEASE 

WITHOUT PRIOR WRinEN APPROVAL 

3. Program Description (Cont'd.) gp yj|,Qjj Q J ^ Q O . OF CAUF. 

c. Reservoir Engineering Studies 

(1) a. Existing Data 

We have drilled four wells in the Stillwater 

KGRA. One of these wells, DeBraga No. 1, was 

flow tested. We have temperature and pressure 

surveys on all the wells. Some chemical analysis 

data are also available. Complete information on 

the four wells will be made available if this 

proposal is funded. 

b. New Data 

The reservoir engineering studies will be based 

on new data gathered under this program. 

(2) Measurements and Analyses 

The following measurements and analyses will be used 

in the reservoir engineering studies: 

a. Core Analyses 

The following tests are planned: 

1. Porosity 

Measure both matrix (connected pores) and 

bulk porosity (all pores) using water (as 

opposed to helium). 
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DATA MAY NOT BE RELEASE i 
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3. Program Description (Cont'd.) OF UNION OIL CO. OF CAUF. 

c. Reservoir Engineering Studies (Cont'd.) 

(2) Measurements and Analyses (Cont'd.) 

a. Core Analyses (Cont'd.) 

2. Density 

Grain density and bulk density. 

3. Permeability 

To water (preferably simulated or actual brine) 

at high temperature and pressures. Permea

bility can be measured either by steady flow 

or by transient pressure depletion, depending 

on the magnitude of permeability. We need 

both horizontal and vertical permeability. 

4. Specific Heat 

Brine saturated rock at elevated temperature. 

5. Thermal Conductivity 

Brine saturated rock at elevated temperature. 

6. Coefficient of Thermal Expansion 

We need bulk coefficient of expansion or con

traction. The change in temperature should 

be gradual) so as not to cause rock cracking. 
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3. Program Description (Cont'd.) Q F UNION OIL CO. OF CALIF. 

c. Reservoir Engineering Studies (Cont'd.) 

(2) Measurements and Analyses (Cont'd.) 

a. Core Analyses (Cont'd.) 

7. S-wave and P-wave 

Under varying confining pressure. 

8. Compaction 

Under (a) brine saturation, (b) high tempera

ture, (c) fixed overburden pressure, (d) fixed 

horizontal pressure, but (e) varying pore 

pressure, (f) both increasing and decreasing 

pore pressure. 

The highest pore pressure is equal to a 

gradient of 0.4 psi/ft. The smallest value 

is either the saturation pressure correspond

ing to the assigned temperature, so that the 

water does not flash 0£ 500 psi, whichever is 

more. We need increasing and decreasing pore 

pressure to study.the hysterisis effect and 

to estimate recovery of bulk volume by rein

jection. 

9. Triaxial Deformation 

The objective of the test is to determine 
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c. Reservoir Engineering Studies (Cont'd.) 

(2) Measurements and Analyses (Cont'd.) 

a. Core Analyses (Cont'd.) 

9. Triaxial Deformation (Cont'd.) 

Young's modules, bulk modulus, shear modulus 

and Poisson's ratio. The tests are helpful 

in designing hydraulic stimulation. 

b. Logging 

Logging is discussed under B.3.a.6. 

c. Flow tests 

Flow tests are discussed under B.3.a.7. 

d. Fluid Chemistry 

Fluid chemistry is discussed under B.3.a.8. 

e. Pressure Drawdown Tests 

f. Pressure Buildup Tests 

g. Interference Tests 

h. Computer Programs 

Various existing computer programs will be 

used to interpret the data. The programs have 

been developed by Union Oil Company of Cali

fornia. Three programs are mentioned below: 
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OF UNION OIL CO. OF CAUF. 

c. Reservoir Engineering Studies (Cont'd.) 

(2) Measurements and Analyses (Cont'd.) 

h. Computer Programs (Cont'd.) 

1. Interpretation of Interference Tests 

The program calculates pressure changes at one 

or more observation wells due to activity at 

one or more production/injection wells. 

Variable rates (including shut-in) and produc

tion/injection history in the field prior to 

the onset of interference test are included 

in the program. 

2. Interpretation of Pressure Observations 
Due to Variable Flow Rates _̂ 

The program helps in the interpretation of 

pressure observations at a well which has a 

variable flow rate. The program permits an 

arbitrary, but known, rate change. Pressure 

buildup tests and two rates tests are special 

cases that can be handled by the program. 

3. Prediction of Production Temperature in the 
Presence of Injection Wells 

The fluid advances in response to flow gradients 

established in the field. Heat loss/gain calcu

lations are superposed on flow calculations to 

determine temperature of produced fluid. The 
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c. Reservoir Engineering Studies (Cont'd.) 

(2) Measurements and Analyses (Cont'd.) 

h. Computer Programs (Cont'd.) 

3. Prediction of Production Temperature in the 
Presence of Injection Wells (Cont'd.) 

program calculates the temperature of produced 

fluid as a function of time in the presence of 

injection wells. The program helps in design

ing the location and rates of injection. 

Based on the data collected and the analyses made, 

an optimum development plan for Stillwater-Soda 

Lake KGRA will be prepared. 
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B. TECHNICAL PROPOSAL (Cont'd.) 

4. Schedule 

a. Phase I - Drilling of well DeBraga No. 2. 

Data to be delivered within three months 

of completion of the well. 

Phase II - Drilling of the second well. 

Data to be delivered within three months 

of completion of the well. 

Phase III - Short flow tests. 

Data to be delivered within three months 

of each flow test. 

Phase IV - Long term flow test. 

Basic data to be delivered within six 

months of completion of flow test. 

Phase V - Subsurface well repair. 

Data to be delivered within three months 

of completion of the work. 

Existing Data 

Data to be delivered within three months of completion of the 

second, well. If it is decided not to proceed with the program 

after completing the well DeBraga No. 2, then all data is to 

be submitted within three months of completion of DeBraga No. 2 
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B. TECHNICAL PROPOSAL (Cont'd.) 

4. Schedule (Cont'd.) 

Final Reservoir Assessment Report 

This report will be delivered one year after the completion 

of the field program activity. 

The sequence of the proposed program is as shown on the 

attached schedule. 
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B. TECHNICAL PROPOSAL (Cont'd.) 

4. Schedule (Cont'd.) 

b- Data to be Held Proprietary 

(1) Geothermal Wellbore Computer Program 

This proprietary computer program calculates flowing 

pressures and temperatures versus depth in geothermal 

wells producing steam-water mixtures. It can be 

used to study the effects of varying wellbore dia

meters and wellhead pressures on the productivity 

of the well; it is thus useful in optimizing the 

operating conditions of a geothermal well. 

The program incorporates vertical two-phase flow 

equations coupled with heat transfer equations and 

thermal dynamic properties of steam and water. It 

embodies substantial investment of Union's field 

testing computer program and mathematical analysis 

efforts. It is expected that this computer- program 

will be used in the project and the results will be 

delivered, however, the program will be kept pro

prietary and will not be delivered under this 

contract. A paper comparing pressure profiles 

computed by this program with profiles observed in 

a number of geothermal wells was presented at the 

annual meeting of the Society of Petroleum Engineers 

in Denver, Colorado on October 10-12, 1977. 
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B. TECHNICAL PROPOSAL (Cont'd.) 

4. Schedule (Cont'd.) 

b. Data to be Held Proprietary (Cont'd.) 

(2) Geothermal Gathering Systems Design Computer Program 

This proprietary computer program calculates the 

pressure profile in a pipeline flowing single phase 

steam, single phase water or steam-water mixtures. 

It is used to determine pipeline sizes in a geothermal 

gathering system. The program includes two phase 

flow correlations for horizontal and inclined flow, 

and equations to describe flow behavior of steam 

and water. It incorporates Union's technology of 

geothermal pipeline design developed at substantial 

costs of field experimentation and data analysis. 

It is expected that this computer program will be 

used in the project and the results will be delivered, 

however, the program will be kept proprietary and 

will not be delivered under this contract. 

(3) Interference Test Program 

Union Oil Company has developed a computer program 

to evaluate reservoir pressure fluctuations caused 

by one or more production/injection wells at any 

point in the reservoir. The program is useful in 

predicting the pressure response in an idle well 

that is located in the same reservoir as the pro

duction/injection wells. The program is capable 
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B. TECHNICAL PROPOSAL (Cont'd.) 

4. Schedule (Cont'd.) 

b. Data to be Held Proprietary (Cont'd.) 

(3) Interference Test Program (Cont'd.) 

of handling variable production/injection rates 

as well as incorporating the effects of the produc

tion/injection history of all the wells in the 

reservoir. 

The classical pressure interference theory presented 

in the literature is the basis for the evaluation. 

However, additional theory developed by Union has 

been included in the computer program. It is 

expected that this computer program will be used in 

the project and the results will be delivered, how

ever, this program will be kept proprietary and will 

not be delivered under this contract. 

(4) Interpretation of Pressure Observations Due to 
Variable Flow Rates 

Because most geothermal hot water flow testing 

involves some degree of flow rate variation during 

a test, a computer program was developed to interpret 

the measured pressure observations during a variable 

rate flow test. Most geothermal flow tests are of 

such short production periods that the effects of 

variable flow rates are significant. This program 

is especially useful in the interpretation of 
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B. TECHNICAL PROPOSAL (Cont'd.) 

4. Schedule (Cont'd.) 

b- Data to be Held Proprietary (Cont'd.) 

(4) Interpretation of Pressure Observations Due to 
Variable Flow Rates (Cont'd.) 

pressure buildup (or falloff) tests and multi-rate 

test. 

Classical pressure transient theory, along with 

specific well test analysis techniques developed 

by Union, are included in the program. The program 

is designed to evaluate all the conditions which 

Union has encountered in various geothermal areas. 

It is expected that this computer program will be 

used in the project and the results will be delivered, 

however, this program will be kept proprietary and 

will not be delivered under this contract. 

(5) Production Temperature Prediction Under the 
Influence of Reinjection 

Reinjection of the heat depleted geothermal fluids 

in the reservoir will lead to a general migration 

of cooler fluids to the producers in response to 

flow gradients established in the field. The 

reinjected fluid will increase in temperature as 

it moves through the formation towards the producer. 

A computer program was designed to predict the tem

perature of the reinjected fluid as it migrates 
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B. TECHNICAL PROPOSAL (Cont'd.) 

4. Schedule (Cont'd.) 

b. Data to be Held Proprietary (Cont'd.) 

(5) Production Temperature Prediction Under the 
Influence of Reinjection (Cont'd.) 

through the reservoir. The program enables the 

proper design of injection and production well sites 

under commercial operation. The program also cal

culates the temperature of the produced fluid as a 

function of time after injection breakthrough has 

occurred. 

The theory involved in this evaluation procedure was 

developed by Union and has been generalized to 

accommodate all our prospective geothermal operations. 

It is expected that this computer program will be 

used in the project and the results will be delivered, 

however, this program will be kept proprietary and 

will not be delivered under this contract. 

(6) Reservoir Assessment Study and Optimum Development 
Plan 

The final engineering report on the Stillwater 

project will be maintained as proprietary data until 

thirty months after completion of the long-term flow 

and interference test. 

In addition to the proprietary data described in 

this paragraph 5, Union reserves as proprietary all 
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B. TECHNICAL PROPOSAL (Cont'd.) 

4. Schedule (Cont'd.) 

Data to be Held Proprietary (Cont'd.) 

(6) Reservoir Assessment Study and Optimum Development 
Plan (Cont'd.) 

information that is developed in connection with 

Union's or its subsidiaries' operations pursuant 

to the proposed contract or elsewhere except: 

(a) Data Union specifically designated to be 

delivered to DOE pursuant to this reply to 

Request for Proposal, 

(b) Information directly known to DOE, 

(c) Information which is known or becomes known 

by the general public through acts of parties 

other than DOE, and 

(d) Information received by DOE from a third party 

who did not obtain it from Union under an obli

gation of confidence. 

Union may from time-to-time, upon DOE's request or 

Union's own initiative voluntarily release additional 

information which Union no longer regards as pro

prietary, but Union shall be under no obligation 

to do so. 
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B. TECHNICAL PROPOSAL 

Environmental Evaluation 

The Contents and organization of this section are derived 

from ERDA Document ERHQ-0001, "Guidelines to the Preparation 

of. Environmental Reports for Geothermal Development Projects", 

February, 1977. This exploration project is not of the same 

magnitude as a full development project, so not all parts 

of the guidelines are applicable. However, all relevant 

parts as required in Table 4 of ERHQ-0001 are covered here, 

and if this exploratory project discovers a commercially 

producible resource, then a full environmental assessment 

will be prepared. Our Company has performed numerous 

environmental assessments of geothermal projects and has 

developed expertise in the analysis of impacts of geothermal 

development. 

a. Description of the Environment Affected 

Plate 3 shows the significant features of the area in 

which the project will be located. The Lahontan Valley 

is generally a relatively flat valley floor surrounded 

by treeless mountains. The valley floor near Stillwater 

is irrigated farmland and, farther north, is composed 

of an intricate maze of dikes, canals, lakes and marshes 

which supply habitat for large numbers of waterfowl. 

Recreational hunting and fishing are popular in the 

valley. 
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B. TECHNICAL PROPOSAL (Cont'd.) 

5. Environmental Evaluation (Cont'd.) 

a. Description of the Environment Affected (Cont'd.) 

The wells to be drilled for this project are located 

near the Stillwater Wildlife Management Area and just 

west of the Stillwater National Wildlife Refuge. 

The two well pads will each disturb about two acres of 

either flat grazing field or flat brush-covered range 

land. The wells will be located at least 150 feet from 

drainage or irrigation canals. 

Farmhouses are scattered in the southern portion of 

the valley, and several homes and businesses are 

concentrated in Stillwater, located south and east of 

the proposed wells. The valley population is less 

than 1,000. The Fallon Indian Reservation is located • 

southwest of the proposed wells a few miles. Several 

hundred Paiute and Shoshone Indians live on and farm 

the reservation. Indian presence in the valley has been 

known to continue for many years. Arrowheads, grinding 

bowls and mortars have been found. 

At the north end of the valley is a Naval Bombing Range 

where aircraft from the Naval Air Station, located to 

the southwest near Fallon, practice. There is regular, 

lou,d, low-level jet traffic every day over the project 

site. 
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B. TECHNICAL PROPOSAL (Cont'd.) 

5. Environmental Evaluation (Cont'd.) 

a. Description of the Environment Affected (Cont'd.) 

The valley, although normally an area of light or 

moderate rainfall, has recently been plagued by drought. 

The valley normally has prolonged, cold winters and hot 

summers. This winter heavy rains have begun replenishing 

depleted wildfowl habitat and needed irrigation water 

for agricultural use. Surface and groundwater in the 

area is rarely potable.• All water in the valley flows 

northward to the eventual destination of the Carson 

Sink, about 15 miles away, which has no outlet. 

The valley supports small numbers of large terrestrial 

species such as mule deer due to naturally poor habitat 

for these animals. Predators such as coyote and small 

terrestrial species are common in the agricultural 

areas. A great variety and abundance of birds live 

in and migrates through this valley. In years of good 

water as many as 250,000 ducks, 10,000 geese, and 13,000 

whistling swans can be found in the Management area. 

Over 150 species are regularly found there, and major 

hunting harvests of greenwing teal, pintail, redhead, 

and shoveler are taken annually. Birds of prey are 

common, and bald eagles, an endangered species, have 

been spotted in recent years. Catfish, bullheads, 

crappie, and largemouth black bass are found in the 
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B. TECHNICAL PROPOSAL (Cont'd.) 

5.- Environmental Evaluation (Cont'd.) 

a. Description of the Environment Affected (Cont'd.) 

area waters. 

Much of the non-agricultural area is vegetated with 

greasewood and saltbush. Agricultural crops and 

cattle grazing occupy the irrigated lands. 

b. Analysis of the Potential Environmental Impact 

The project will be of short duration and have little 

environmental impact. Each well site will be cleared 

of vegetation and a sump constructed to hold drilling 

wastes. The construction will temporarily remove 

several acres of habitat for small rodents and reptiles 

living on the sites. The clay content of the soils 

will prevent seepage of contained fluids into ground

waters. Since the land is flat there will be little 

additional erosion due to this land clearing. Pipelines 

will traverse established road rights-of-way wherever 

possible so vegetation removal will be minimized. 

Produced fluids from well tests will be reinjected into 

the reservoir by deep wells. No discharges will be made 

to surface waters. Although initial tests of fluids in 

the area do not indicate the presence of hydrogen sulfide 
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B. TECHNICAL PROPOSAL (Cont'd.) 

5. Environmental Evaluation (Cont'd.) 

b. Analysis of the Potential Environmental Impact (Cont'd.) 

(H-S), it is reasonable to anticipate some H„S in the 

fluids produced from the proposed wells. Unless the 

concentration of this gas is extremely high (an unlikely 

occurrence) there should be no hazard or nuisance from 

drilling and testing these wells. If significant 

quantities of H S are encountered, appropriate steps will 

be taken to protect the health and welfare of workers 

and nearby residents. 

Noise from drilling and testing wells will be muffled 

whenever possible. The use of the area to the north 

for naval bombing practice and low-flying jet flights 

across the area have probably acclimated local residents 

and animals to intermittent loud sounds, so this impact 

will be less at this project than it might be elsewhere. 

Traffic generated by this project will be temporary and 

light. 

This project will create a few temporary jobs. There 

will be a small amount of spending done in Stillwater, 

but most of the effect will be in Fallon. There will be 

negligible effect on any cultural values, recreational 

activities, or historic sites. If a historical site is 

encoTintered during construction, an effort will be made 

to evaluate its significance and arrange protection if 

necessary. 
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B. TECHNICAL PROPOSAL (Cont'd.) 

5. Environmental Evaluation (Cont'd.) 

b. Analysis of the Potential Environmental Impact (Cont'd.) 

This project will have no significant long term impact 

on the environment. If these wells are successful in 

proving a resource, they may become part of a producing 

field, which may have a larger impact, but a full-

field development environmental analysis would be 

preformed before going to that stage. 

c. Potential for Conflicts with Existing Land Use 

Patterns and Programs 

This project will have little impact on the environ

ment and will be compatible with agricultural activities 

currently in the area. The two wells and related -

facilities will not be located near the wildlife 

refuge and will be operated in such a way as to 

minimize any potential impact on wildfowl using 

either the refuge or the management area. Also there 

will be no. effect on the substantial water supply system 

of canals and ditches which was developed in the early 

1900's as the Newlands Irrigation Project in the 

Lahontan Valley, nor on the supplementary system of 

dikes and canals developed for management of water in 

the game management area and refuge. 
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• ftOWJSED CONTRACT? 

O YIS \^>io (If yei. identify.): Cove For t , Utah - EG-77-C-08-1522 
V, DOES IHIS COSI SUMMARY CONFORM WllH IHE COST PRINCIPIES SET FORTH IN AGENCY REGULATIONS? 

K ^ YES [~| NO l l f no. explain on reverie or leparale page) 

See Retirse for Imslructiont and Eooinalei 
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INSTRUCTIONS TO OFFERORS 

2. I n a d d i t i o n tu the specif ic i n r o r m a t i o n requ i red by th is f o rm, ihe 
of feror i i expec ted , i n f {ood f a i t h , to i n c u r p u r a t e in and t u b m i t w i t h 
th is f o r m any add i t i ona l d i t 4 , suppnr i in jc Si.hrdules, or substant iat ion 
w h i c h are r e i \ u n a b l v r e q u i r e d for the c o n d u c t o f an i p p r o p r i a t e re
v iew and jna lys ik in the l i x h t of the specific facts o f th is procurement. 
For ef fect ive n e g o t i a t i o n s , ic i> essent ial tha t there be a clear under
s tand ing of: 

a. The e x i s t i n g , ver i f iab le data. 
b. T h e j u d g m e n t a l f j c t o r i app l ied tn p r o j e c t i n g f r u m k n o w n data 

CO the est imate, and 
c. T h e cont ingenc ies used by the o f feror in his proposed pr ice. 

I n shor t , the of feror 's e s i i m j t i n g process i tself needs to be disclosed. 

3. W h e n a t t a i h u i r n t o f s u p p u n i n g cost or p r i c in i j data to this f o rm is 
imp rac t t c i h i c , the data w i l l br d r s c r t b i d ( w i t h tchedulet at appropr iate). 
and made available t u the cont rac t ing officer o r his representative u p o n 
request. 

4. T h e fo rmats for the "Cost E le tnent>" and t h r " P r o p o s e d Contract 
E i t i m t t v " are nur i n tended ai r t g i d r t -qu i r rmen ts . T l i e i r m j y be prr* 
len ted in d i f ferent fo rma t wich the p r i o r app rova l o f (he Cont rac t ing 
Off icer i f r equ i red for more effect ive and eff icient p re>cn ia t ion . In j | | 
o t h e r respects th is f o r m w i l l be c o m p l e t e d arrd s u b m i i i e d w i t hou t 
change. 

5. By submiss ion o f this proposal the offeror grants to the Cont racr ing 
Of f icer , or his a u t h o r i i e d representat ive, the r i g h t to examine, fur the 
pu rpose o f v e r i f y i n g the cost or p r i c i n g data s u b m i t t e d , thusc books . 
records , documents and other s u p p o r t i n g data ^^hich « i M permit ade
quate evaluat i i tn o f such Cost or p r i c i ng data, a long w i t h the computa* 
t ion» and pru jcc i tons used therein. I 'h is r igh t may be exercised in cun-
nec t ion w i t h anjr negot ia t ions p r i o r to cont ract award . 

FOOTNOTES 

/ Enter in this column those necessary a n d reasonable costs which iu the 
judgtMent of the offeror will properly he incurred in tht efficient perferntance 
of tht contract. W hen any of the costs in this coluinn have already been 
incurred (e.g.. on a letter contract or t-hange order), describe then* on an 
attached supporting ichedule. Identify al l sales and transfers between your 
plants, divisions, or orgunixationx under a common Control, uhich are in
cluded at other iham the lower of cost to tht original transferror or currtuf 
market price. 

2 '('AfM space in addition to that available in E.\hr6it .A it reuuired, at
tach separate page* as necessary a n d identify in this "Reference" column 
the attachment in whith thr informaiif>n lupporting thr tpeciftc cost element 
may be found. So standard format is prescribed: howeitr. the cost or pric
ing data mutt he accurate, complete and current, and (he judgment factors 
uted in projecting from the d^ita lo tht, esiimutes must be. slated in iujftcieut 
detail to enable the Contraiting Officer to evaluate the proposal, lor r.v-
ample, provide the basis uted for pitting materials such at by vendor i/wo-
tafiomi, shop estimates, or invoice pen es: the rrason for use of overhead rales 
which depart significantly from experienced rates (reduied voiume, a 
p lanned major re-arrangement, etc.) : or jutlification for an imreait in 
tabor rales (anticipated wage and salary increases, etc.). Identify and ex
plain any contingencies whith are intluded in the proposed price, such as 
anticipated costs of rejects a n d defective work, or anticipated teehnieal 
difficulties. 

J- Indicate the rates uted and provide an approprtaie explanation. V'here 
agreement has been reached with Government representatii et on the use of 
forward pricing rates, describe the nature of the agreement. Provide tht 
method of computation and application of your overhead e\'pente. including 
cost breakdown a n d thouing trends a n d budgetary da ta at necessary to 
provide a baiit for evaluation of the rea to liable nets of propottd rates. 

4 If the. total cost entered here it in e.vcess of S2yi . provide om a teparate 
page the following information on each separate item of roialty or license 
fee: nam* a n d address of licensor; date of license agreement, patent num-
bert. patent application serial numbert. or oihe' basis -in uhiih the royalty 
is payable: brief desiription. including any part or model mumhert of each 
contract item or component on which the royalty it payable: per^enUgt or 
dollar rate of royalty per uni t : unit price of contract item: nuttibir t,f 
units; amd total dollar amount of royalties. Im addition, if tpeci/ically re-
ifuested by the contracting officer, a copy of the current litense agreement 
and identification of applicable claims of specific patents \ball be provided. 

5 provide a list of principal items within each category indicating known 
or anticipated source, tf uantity, unit price, competition obtained, and basis 
of establishing source a n d reasomablemtst of cost. 
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C. COST 

1. Estimated Total Costs 

Phase I 

Drilling Well DeBraga #2 

Location 

Drilling Contractor 

Drilling Bits 

Drilling Mud and Chemicals 

Fuel 

Equipment Rentals 

Specialized Drilling Services 

Transportation 

Casing 

Production Equipment 

Supervision 

Miscellaneous 

Subtotal 

G & A 

Total 

Estimated 
Total Cost 

$ .5,000 

192,000 

55,000 

40,000 

13,000 

8,000 

100,000 

31,000 

86,000 

13,000 

12,000 

8,000 

$ 563,000 

28,000 

$ 591,000 
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COST (Cont'd.) 

1. Estimated Total Costs (Cont'd.) 

Phase II 

Drilling Second Well 

Location 

Drilling Contractor 

Drilling Bits 

Drilling Mud and Chemicals 

Fuel 

Equipment Rentals 

Specialized Drilling Services 

Transportation 

Casing 

Production Equipment 

Supervision 

Miscellaneous 

Subtotal 

G & A 

Total 

Estimated 
Total Cost 

$ 5,000 

214,000 

62,000 

49,000 

15,000 

9,000 

142,000 

33,000 

129,000 

13,000 

14,000 

8,000 

$ 693,000 

35,000 

$ 728,000 

97 



C. COST (Cont'd.) 

1. Estimated Total Costs (Cont'd.) 

Phase III 

Short Flow Tests 

Equipment and Contract Services 

Choke Manifold 

Flow Separator-Transportation 

Contract Services 

Equipment Rentals 

Pipes and Fittings 

Valves and Meters 

Pressure and Temperature Services 

Computer Services 

Subtotal 

Estimated 
Total Cost 

$ 20,000 

5,000 

20,000 

10,000 

2,500 

7,500 

10,000 

5,000 

$ 80,000 

Company Supervision and Labor 

Reservoir/Production Engineer (2 months) 

Production Foreman (2 months) 

Travel and Subsistence (4 months) 

Subtotal 

G & A 

Total 

6,000 

5,000 

4,000 

$ 

$_ 

15 

5 

100 

,000 

,000 

,000 
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C. COST (Cont'd.) 

1. Estimated Total Costs (Cont'd.) 

Phase IV 

Long Term Flow and Interference Tests 

Estimated 
Total Cost 

Equipment and Contract Services 

One Test Separator with Controls $ 120,000 

5,280' Pipelines (purchase) 50,000 

Valves and Fittings 80,000 

Two Injection Pumps (rental) 36,000 

Installation Contract Services 80,000 

Testing Contract Labor 60,000 

Chemical Analyses 10,000 

Pressure and Temperature Services 10,000 

Interference Test Equipment 15,000 

Computer Services 15,000 

Miscellaneous 13,000 

Subtotal $ 489,000 

Company Supervision and Labor 

Project Engineer (12 months) 38,000 

Production Foreman (12 months) 30,000 

Reservoir Engineer (4 months) 13,000 

Analytical Support (4 months) 13,000 

Travel and Subsistence (32 months) 32,000 

Subtotal $ 126,000 

G & A 31,000 

Total $ 646,000 
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COST (Cont'd.) 

1. Estimated Total Costs (Cont'd.) 

Phase V 
Estimated 
Total Cost 

Subsurface Well Inspection 

Subsurface Well Inspection $ 125,000 

G & A 6,000 

Total $ 131,000 
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C. COST (Cont'd.) 

2. Proposed Cost to the Government 

Estimated" Estimated Cost 
Total Cost to D.O.E. 

Phase I 

Drilling DeBraga #2 $ 591,000 $ 336,000 ($42/ft.) 

Phase II 

Drilling Second Well 728,000 440,000 ($55/ft.) 

Phase III 

Short Flow Test 100,000 25,000 

Phase IV 

Long Term Flow Test 646,000 176,000 

Phase V 

Subsurface Well Inspections 131,000 125,000 

Total $2,196,000 $1,102,000 

Existing Work 774,000 

Grand Total $2,970,000 $1,102,000 
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D. BUSINESS AND MANAGEMENT 

1. Experience 

The Union Oil Company of California, Geothermal Division 

headquarters are located in the home office in Los Angeles 

and two district offices are located 1) in Santa Rosa, 

California and 2) Makati, Rizal, Philippines. Two area 

offices are based out of the Santa Rosa District office 

and they are 1) Brawley, California and 2) the Baca Location 

No. 1, New Mexico. Two area offices are based out of the 

Makati, Rizal, Philippines office and they are 1) Tiwi 

and 2) Bulalo - both located on the Island of Luzon. 

At the present time, the Geothermal Division directly 

employs 150 people of which 80 are professional (primarily 

engineers and geologists) and the remaining 70 are comprised 

of technicians, secretaries, clerical and field operating 

personnel. This group is well qualified to undertake the 

complete operations involved in the drilling and producing 

of geothermal wells. Members of the group have been 

involved in drilling and completion of over 221 wells during 

the past 16 years, excluding the numerous temperature 

gradient holes that have been completed. 

The particular value of this group is its broad experience 

in the drilling, completion and operation of geothermal 

wells completed from fractured and porous reservoirs 
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BUSINESS AND MANAGEMENT (Cont'd.) 

1. Experience (Cont'd.) 

consisting of metamorphosed, volcanic and sedimentary 

rocks, with produced fluids being in either liquid or 

vapor-dominated states. 

Another accomplishment of this Division is that it operates 

in The Geysers field, California, supplying geothermal 

steam to eleven power plants which generate 502 megawatts 

of electricity. Two additional plants are presently under 

construction which will add another 220 megawatts and an 

additional two 110 megawatt power plants are under consid

eration by Pacific Gas and Electric Company. 

In the Philippines we. are exploring and developing two 

geothermal areas in which three power plants are under 

construction for a total of 330 megawatts and an 

additional 110 megawatt power plant is being considered 

by the National Power Corporation. 

In the Brawley and Salton Sea, California, and Baca 

Location No. 1, New Mexico areas, we have also submitted 

proposals to the local utility companies for the 

construction of power plants in each area. 
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D. BUSINESS AND MANAGEMENT (Cont'd.) 

2. Principal Project Personnel 

The individual members of the Geothermal Division who 
will be primarily involved in the proposed project are 
Messers. Delbert E. Pyle, Donald L. Ash, Olin D. 
Whitescarver, Mohinder S. Gulati and C. Frank Corbin. 
They, will act in the following capacities: 

D.E. 
D.L. 
O.D. 
M.S. 
C F . 

Pyle 
Ash 
Whitescarver 
Gulati 
Corbin 

Coordinator 
Drilling Supervisor 
Production Supervisor 
Reservoir Engineering Supervisor 
Contract Administrator 

Their resumes are as follows: 

DELBERT E. PYLE 

18816 Killoch Way 
Northridge, CA 91324 

MILITARY 

1942 - 1946 United States Navy 
Machinist - MM 2/c 

EDUCATION 

1948 Compton Junior College 
AA Engineering 

1951 University of Southern California 
BE Petroleum Engineering 

1959 A. A. 0. D. C. 
Blow Out Prevention 
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EXPERIENCE 

1950 - 1952' Union Oil Company of California 
Pacific. Coast Division 
Dominguez, California 

Position: Part-time Janitor; 
Laboratory Assistant 
in-Core Lab.; Utility-
man; Well Puller; 
Pumper; Truck Driver.. 

1952 - 1953 Union Oil Company of California 
Pacific Coast Division 
Santa Fe Springs, Cali'fornia 

Position; Engineer Trainee 

Duties: 

Individual well economic studies, 
de-emulsification of tank bottoms 
. (method patented) ; production 
engineerin-g; petroleum engineering 
on well sites. 

1953 - 1955 Union Oil Company of California 
Pacific Coast Division 
Bakersfield, California 

Position: Petroleum Engineer 

Duties: 

Reservoir engineering (oil & gas 
reserve estimates); Union repre
sentative at Unit meetings; 
engineering Mt. Poso waterflood 
and individual reservoir studies. 

1955 - 1958 • Union Oil Company of California 
Pacific Coast Division 
Coalinga, California 

Position: Petroleum Engineer 
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Duties: 

1958. - 1960 

Coalinga Nose Unit reservoir 
engineering including engineering: 
for State injunction against 
Coalinga Nose Unit; reservoir, 
subsurface and drilling engineering 
at Guijarral Hills. 

Union Oil Company of California 
Pacific Coast Division 
Bakersfield, California 

1960 - 1967 

Position: District Drilling Engr. 

Duties: 

Supervising all drilling and well 
repair work in San Joaquin and. 
Sacramento Valleys. 

Union Oil Company of California 
Foreign Operations 
Toowoomba, Queensland, Australia 

Position: Field Superintendent 

Duties: 

1967 - 1971 

Supervising and planning all 
drilling, well repair, production, 
reservoir and subsurface engineer
ing in Australia and operation and 
maintenance of Moonie P/line. 
Union's representative to State 
and Federal Governments, regarding 
engineering matters including 
representative of industry in 
drafting Petroleum Operating and 
Safety Regulations. Relieving 
Resident Manager in his absence-

Union Oil Company of California 
Geothermal Division 
Santa Rosa, California 

Position: District iMgr. Oper, 
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Duties: 

1971 - Present 

Supervising and planning all 
drilling, well repair, production, 
reservoir engineering for the 
Geothermal Division, mainly in 
The Geysers field, California. 

Responsible for initiating the 
type of- drilling that is used 
today. Co-designed the method: 
for reducing corrosion-erosion 
on subsurface tubulars. This 
method was patented. 

Union Oil Company of California 
Geothermal Division 
Los Angeles, California 

Position; Manager of Operations-

Duties: ' 

Responsible- for over-seeing all 
geothermal operations for District 
and area offices as well as plan
ning and organizing two new areas, 
one located in flew Mexico and the 
other in Manila, Philippines. 

Designed the technology for 
aerated-aqueous drilling fluids 
utilized in geothermal drilling. 
Method patented. 

DONALD L. ASH 

5376 Sharon Court 
Santa"Rosa, CA 95405 

MILITARY 

1944 - 1946 United States Navy-
V-12 Program 
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EDUCATION 

1940•' s University of Washington 
Major: General Engineering 
Degree: None 

Various. Management and job 
related schools during the 
past 30 years. 

EXPERIENCE 

1947 - 1957 Pure- Oil Company 
Woriand, Wyoming 

Position: 

Worked and trained in maintenance, 
production, transportation and 
drilling. Worked on location in 
Wyoming, Montana, North Dakota, 
Colorado, New Mexico and Utah. 

Duties: 

During this period, had the 
opportunity to work directly with 
Mr.. Red Adair in capping Woriand 
Unit Well No. 23 (20% H2S) which 
had blown out and caughr fire. 
Subsequently, was offered' job by 
Mr. Adair. 

1957 - 1958 Pure Oil Company 
Division Office 
Denver, Colorado 

Position: Production Foreman 

Duties: 

Supervised all facets of drilling, 
completion and repair of wells, 
construction of tank batteries, 

• production facilities, setting 
of Pumping Units, transportation 
of crude oil to pipeline station. 
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1958 - 1959 Pure Oil Company 
Transferred 
District Office / 
Cortez, Colorado' 

Position; Production Foreman 

Duties; 

Worked Aneth, White Mesa and East 
Aneth- fields. Other duties same 
as when located in Denver-. 

Special Achievements: 

Designed- and supervised installa
tion of tank bottom treating and 
cleaning facilities for 3,000 
bbls crude oil s.torage tanks. 

Drilling time and total costs 
were near records in the. Aneth 
Field. 

1959 - 196G Pure Oil Company 
Four Corners District 
Cortez, Colorado 

Position; Production Foreman 

Duties: 

Supervise all exploratory drilling 
in Four Corners District. 

Supervised drilling, completion, 
testing and initial construction 
of production facilities for 
successful .exploratory wells 
in the Northwest Lisbon Field 
(Southeastern Utah) and Southeast 
Lisbon Field (Southwestern 
Colorado). The discovery well in 
Northwest Lisbon Field was voted 
the greatest find in 1959, in the 
United States of America by the 
American Petroleum Institute.. 
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November 1959 to March 1960 
was acting District Superin- • 
tendent for Four- Corners 
District-

1960 - 1964 Pure Oil Company 
District Office moved from Cortez, 
Colorado to Moab, Utah 

Position; Production Foreman 

Duties; 

Supervised drilling and production 
in Four Corners District. Designed 
drilling programs. Trouble-
shooter for all drilling and direct 
supervision of exploratory wells. 
Supervised three drillinq foremen. 

1964 - 1966- Pure Oil Company 
Geothermal 
Brawley, California 

Position: Production Foreman 

Duties: 

Supervised drilling, testing, and 
completion of three geothermal 
test wells in Imperial Valley. 
Construction of test faciiities, 
injection system of eleven month 
flow test and pilot plant evalu
ation. Evaluated surface and 
downhole equipment during test. 
Secured drilling contractor and 
supervised deepening of one well 
and drilling of another geothermal 
well in Nevada. 

Special Note; 

Pure Oil Company merged with Union 
Oil Company of California in 1965. 
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Position: Promoted to Drilling 
Superintendent. 

Duties: 

Worked with Oil and Gas -
Western Region on drilling plans-
for Offshore - Cook-Inlet, Alaska.. 

Supervised drilling, completion 
and testing of exploratory geo
thermal well in The Geysers field, 
California. 

1966 - 1971 Union Oil Company of California 

Anchorage, Alaska 

Position; Drilling Superintendent 

Duties :• 

Supervised drilling and completion 
of first five wells drilled from 
the Monopad Platform, Cook Inlet, 
Alaska.. Supervised, drilling of 
gas wells in Kenai, Alaska. 

Supervised.moving and rigging up 
of rig to drill Company's firs-t 
well on the North Slope. 

Supervised rigging up of drilling 
equipment on two-rig Grayling 
Platform. Designed 4 8 well 
directional drilling program for 
the Grayling Platform. Designed 
drilling, casing and completion 
programs for Grayling Platform. 

Directly supervised the shake
down of Platform and drilling of 
the first wells from the Grayling 
Platform'-. 
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1971 

1971 — Present 

Directly supervised controlling, 
of blowouts and other major 
problems•encountered during 
drilling of wells from the 
Monopod and Grayling Platforms 
and in the Kenai.. Gas Field. 

Union Oil Company of California 
Geothermal Division 
Imperial. Valley, California 

Position: Drilling Superintendent 

(Loaned' to the Geothermal Division.) 

Duties: 

Supervised P & A of two wells and 
a plug back and recompletion of. 
another g.eothermal well in the 
Imperial Valley, California 

Union Oil Company of California 
Geothermal Division 
Santa Rosa., Galifornia 

Position: Transferred to the 
Geothermal Division.-
District Drilling. 
Superintendent and 
General Management of 
the Drillinq Department 

Duties: 

Specify and select material, 
equipment and contractors. 
Coordinate and supervise Field 
Operations to assure compliance 
with specifications. Develop 
operating policy. Prepare budget. 

Submit monthly reports of drilling 
activities and related special 
operations, progress reports and 
expenditures. Prepare and submit 
required drilling and completion 
reports to State and Federal 
Agencies. 
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Design and program remedial 
work on problem wells. Employ
ment training, and supervising 
drilling supervisors. Engineer
ing, planning and drilling of 
geothermal wells in the Western 
Unites States. Design drilling, 
casing and completion programs. 
Work with Service Companies and 
Union Oil Company of California's 
Research Department to develop 
new and improved drilling, ce
menting anc completion techniques, 

Total Geothermal wells drilled to 
date under my Supervision: 

Big Geysers = 95 
Imperial Valley = 14 
New Mexico = 8 
Nevada = 7 
Utah = 2 

TOTAL: 126 

Total Geothermal wells reworked 
to date under my Supervision; 

Big Geysers = 56 
Imperial Valley = 6 
New Mexico = 12 

TOTAL; 74 

OLIN D, WHITESCARVER 

442 Oak Lake Avenue 
Santa Rosa, CA 95405 

MILITARY 

Supervised the controlling and 
subsequent P & A of two uncontrolled 
wells in the Big Geysers field. 

1958 - 1959 United States Army 
Corps of Engineers 
1st Lieutenant - Highest Rank 
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EDUCATION 

1954 - 1958 Colorado School of Mines-
BS Petroleum Engineer 

EXPERIENCE ' .- ' 

1959 - 1963 Pure Oil Company 
Production Division 
Southern- California 

Position; Petroleum Engineer 

Duties; 

Various assignments throughout 
the Southern Producing Division 
of the Pure Oil Company. Re
sponsible for property evaluation; 
v/ell drilling, completion, and 
remedial programs, design and 
installation of production 
facilities; corrosion control-. 

1963 - 1966 Pure Oil Company 
Oil and Gas Division 
Lafayette District 

Position: . Area Production Engineer 

Duties: 

Responsible for evaluation of 
developed and undeveloped pro
perties; recommendation and 
supervision of well drilling, 
completion and remedial programs, 
design and installation of field 
production facilities. 

Special Note: 

Pure Oil Company merged with Union 
Oil Company of California in 1965. 
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1966 - 1973 Union Oil Company of California 
Oil and Gas Division 
New Orleans District 

Position; Offshore Area Production 
Engineer 

Duties: 

Responsible for .design, instal
lation and startup of offshore 
.production facilites, well 
completion and remedial programs. 

19 73 Union Oil Company of California 
Oil and- Gas Division 
Lafayette District 

Position: Senior Production 
Engineer 

Duties; 

Reviewed and coordinated District 
Engineering activities. Coordi
nated joint activities with other 
operators. 

1973. - Present Union Oil Company of California 
Geothermal Division 
Santa Rosa, California 

Position; District Production 
Superintendent 

Duties; 

Overall responsibility for pro
duction facility engineering, in
stallation and operation. 

Special Achievements: 

Hold one patent for Geothermal 
Steam Production Device. 

Past Section Chairman, South 
Louisiana Section, SPE/AIME. 

* 
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MOHINDER S. GULATI 

2151 Alejandro Drive 
Santa Rosa, CA 95405 

EDUCATION 

1958 - 1962 

1969 - 1970 

1970 - 1972 

Indian School of Mines, Dhanbad, India 
BS Petroleum Engineering 

Stanford University 
MS Petroleum Engineering 

Stanford University 
PhD Petroleum Engineering 

Computer Science (Minor) 

EXPERIENCE 

1962 - 1965 

1965 - 1969 

Oil and Natural Gas Commission 
Drilling Department 
Ahmedabad, India 

Position: 

Drilling Engineer 

Duties; 

Designed drilling, casing, and mud 
programs. Worked on drilling assign
ments in Western India. 

Institute of Petroleum Exploration 
DehraDun, India 

Position; 

Scientific Officer 

Duties; 

Set up Fluid Flow Laboratory in the 
institute. Assignments included; 
(a) two phase flow through porous 
media, (b) wettability and capillary 
pressure measurements, (c) training 
newly hired engineers in production 
mechanics and reservoir engineering, 
and (d) preparing development plans 
for new oil fields. 
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1972 - 1976 Union Oil Company of California 
Research Center 
Brea, California 

Position: 

1976 -. Present 

Research Engineer 

Duties; 

(a) Design and interpretation of well 
test analyses in oil/gas, steam and 
hot water wells, (b) reservoir simu
lation by computer models, (c) reservoir 
model development, (d) geothermal well
bore hydraulics, and (e) tracer surveys. 

Union Oil Company of California 
Geothermal Division 
Santa Rosa, California 

Position; 

Senior Reservoir Engineer 

Duties; 

Reservoir evaluation of new fields with 
the help of interference tests, well tests, 
isotope analysis tracer surveys and computer 
simulation. 

PROFESSIONAL REGISTRATION 

PROFESSIONAL ACTIVITIES 

Registered professional engineer (petroleum 
branch) in the State of California (PE 1260) 

(a) Member American .Institute of Mining, 
Metallurgical and Petroleum Engineers 

(b) Member Task Force Committee to develop 
the reservoir engineering management 
program for the Division of Geothermal 
Energy. 

(c) Served on a panel of geothermal experts 
to evaluate research proposals for 
funding by the United States Geological 
Survey Geothermal Research Program. 
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(d) Serving on a panel of reviewers 
for publication of articles 
in the Journal of Petroleum 
Technology of SPE 

(e) Member Reprint Subcommittee 
for the Society of Petroleum 
Engineers of AIME. 

PUBLICATIONS (a) Ramey, H.J., Kiimar, A., and 
Gulati, M.S.: Gas Well Test 
Analysis Under Water Drive 
Conditions, published by 
American Gas Association, 1973. 

(b) Gulati, M.S.; Drainage Limits 
for Water-Drive Wells, Ph.D. 
Dissertation, Stanford University, 
Stanford, 1972. 

(c) Gulati, M.S., and Maly, G.P.: 
Thin Sections and Permeability 
Studies Call for Smaller Gravel 
in Gravel Packing, Journal of 
Petroleum Technology, January, 
1975. P. 107. 

(d). Strobel, C.J. , Gulati, M.S. 
and Ramey, H.J.: Reservoir Limit 
Tests in a Naturally Fractured 
Reservoir - A Field Case Study 
Using Type Curves, presented 
at SPE Fall Meeting, Dallas, Texas, 
September 28 through October 1, 
1975, SPE 5596. 

(e) Gulati, M.S.: Pressure and 
Temperature Build-Up in Geothermal 
Wells, presented at the Stanford 
Workshop on Geothermal Reservoir 
Engineering,Stanford, December 
15 through 17, 1975. 

(f) Lipman, S.C, Strobel, C J. , and 
Gulati, M.S.: Reservoir Performance 
of The Geysers Field presented at 
the Landerello Workshop on Geothermal 
Resource Assessment, September 12 
through 16, 1977, Landerello, Italy. 
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(g) Upadhyay, R.N., Hartz, J.D., 
Tomkoria, B.N., and Gulati, M.S.; 
Comparison of Calculated and Observed 
Pressure Drops in Geothermal Wells 
Producing Steam Water Mixtures, 
presented at the Fall Meeting of 
SPE, held in Denver, Colorado, 
October 9 through 12, 1977. 

(h) Gulati, M.S., Lipman, S.C, and 
Strobel, J.C; Tritium Tracer 
Survey at The Geysers-, to be 
presented at the Annual Geothermal 
Resource Conference, Hilo, Hawaii, 
Jiily 25 through 28, 1978. 
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C FRANK CORBIN 

1268 Scheibel Lane 
Sebastopol, CA 95472 

EDUCATION 

1972 University of Southejrn California 
BS Finance 

EXPERIENCE 

1972 - 1973 Union Oil Company of California 
Refining and Marketing Division 
Western Region Accounting 
Los Angeles, California 

Position; 

Accountant 

Duties: 

1973 - 1975 

General accounting assignments 
including journal entry and cash 
voucher processing, account 
reconciliations and report 
preparation. Responsible for 
inventory control accounting for 
automotive accessories, parts and 
equipment located in seven ware
houses throughout the Western 
United States. 

Union Oil Company of California 
Oil and Gas Division 
Western Region Accounting 
Los Angeles, California 

Position; 

Unit Supervisor, Joint Venture 
Accounting 

Duties; 

Responsible for joint venture 
accounting for Union's properties 
both on and offshore California 
and Alaska. Activities included 
the analysis of joint operating 
agreements, establishment of 
accounting procedures, identification 
and analysis of costs to joint 
projects and billing of joint venture 
partners. 
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1975 - 1976 Union Oil Company of California 
Corporate Division 
Government Reports Department 
Los Angeles, California 

Position; 

Accounting Analyst 

Duties; 

Responsible for the analysis and 
preparation of consolidated financial 
reports for the Federal Energy 
Administration, Federal Trade 
Commission, Dept. of Commerce, 
Renegotiation Board and other 
Federal and State agencies. 

1976 - 1977 Union Oil Company of California 
Corporate Auditing Staff 
San Francisco, California 

Position; 

Auditor 

Duties; 

Activities included the conducting 
of operational and financial audits 
at company locations in Northern 
California, Wyoming and Idaho. 

1977 - Present Union Oil Company of California 
Geothermal Division 
Santa Rosa, California 

Position; 

Contract Administrator 

Duties; 

Coordination of activities under 
Department of Energy research and 
development contracts. 
Responsibilities include soliciting 
and evaluating subcontractors bids, 
identifying and segregating costs 
chargeable to the project and 
preparing financial reports and 
billings to the Dept. of Energy. 
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BUSINESS AND MANAGEMENT (Cont'd.) 

3. Management Plan 

Cost Control and Reporting 

Union's accounting system is designed to provide multi-level 

cost segregation capability, and is keyed to both cost type 

and project location. Each project involving capital ex

penditures, i.e., well drilling, construction projects, etc., 

is covered by an Authority for Expenditure (AFE) with a code 

number assigned to it. All costs chargeable to the project 

are entered by code into the accounting system. Use of 

budget category codes further identifies charges to each AFE 

as belonging to a particular cost element. Operating and 

maintenance expenses are also identified by a particular 

location, normally a field or plant, and segregated by cost 

element, although not usually covered by an AFE. 

The cost estimates contained herein are structured for 

compatibility with our existing accounting systems. 

Schedule Control and Reporting 

The progress for each task will be reviewed by the Project 

Manager and the schedule of the various phases will be up

dated to reflect current status. Progress, and any changes 

to task/work package completion dates, will be included in 

the "Monthly Technical Status Report". 
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D. BUSINESS AND MANAGEMENT (Cont'd.) 

3. Management Plan (Cont'd.) 

Performance Control and Reporting 

Performance control and reporting will occur throughout all 

phases of the project. Monthly reports will contain the 

following information: 

- Progress since the previous report. 

- Work program for following month. 

- Expenditure of direct and indirect costs to date. 

- Estimated cost to complete the task. 

- Problem areas and work-around plans. 

Corrective Action 

The Project Manager will review project status and will plan 

and implement work-around or make-up activities to correct 

any schedule or performance deficiencies. 

Change Control 

Baseline design and performance parameters will be established 

at the time of contract award. During construction and 

operation of the project, any changes that would affect these 

parameters will be fully assessed for cost, schedule and 

performance impact. 
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D. BUSINESS AND MANAGEMENT (Cont'd.) 

3. Management Plan (Cont'd.) 

Data Management 

After reviewing the suggested list of data requirements in 

the RFP, Union has determined that most of those data will 

be generated in our normal way of doing business. Final 

review and determination of contractual data requirements 

will be accomplished during contract negotiations. 

Preparation and submittal of data will be the responsibility 

of the Project Manager and members of his staff. 

Purchasing 

To adapt to our geographically widespread operations. Union 

Oil uses a decentralized system of regional purchasing agents. 

This system permits authorized field operations personnel, 

under supervision of the regional purchasing agent, to fulfill 

their requirements by the use of blanket purchase orders and 

blanket service contracts. 

Our policy is to purchase materials and parts on a competitive 

basis from qualified suppliers. Where such competition exists, 

and time permits, our operations personnel will prepare design 

and performance specifications. These will become the basis 

of a formal quote/evaluation/selection process. Our 

selection of suppliers and placement of purchase orders are 

aimed at the lowest initial cost. 
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D. BUSINESS AND MANAGEMENT (Cont'd.) 

3. Management Plan (Cont'd.) 

Purchasing (Cont'd.) 

For some materials such as tubular goods, drill bits, etc., 

we place blanket purchase orders with one or more suppliers 

based on a daily review of market supply and prices. 

Staffing and Continuity 

It is anticipated that key personnel identified on the project 

organization chart will not be removed or replaced. With 

regard to key personnel who devote less than full time to the 

demonstration project, other assignments will not take 

precedence over project responsibilities. 
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D. BUSINESS AND MANAGEMENT (Cont'd.) 

4. Primary Business and Technical Contacts 

Dresser Industries, Inc. 
P. 0. Box 6504 
Houston TX 77005 
TEL; (713) 784-8502 

Mr. Roy WoIke 
Manager Geothermal Operations 

Oilwell 
Division of U.S. Steel Corporation 
1335 First National Bank Building 
Denver CO 80202 
TEL: (303) 623-3001 

Mr. R.C Craig 
Manager of Sales 

Hughes Tool Company 
510 Midland Savings Building 
Denver CO 80202 
TEL: (303) 266-2668 

Mr. O.R. Rogers 
Regional Manager 

Smith Tool Company 
1570 Denver Club Building 
Denver CO 80202 
TEL: (303) 623-8195 

Mr. H.W. Autrey 
Regional Manager 

Loffland Brothers Drilling Company 
3010 South Harvard Avenue 
Tulsa OK 74101 
TEL; (918) 747-1361 

Mr. W.E. Schultz 
President 
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D. BUSINESS AND MANAGEMENT (Cont'd.) 

4. Primary Business and Technical Contacts (Cont'd.) 

Brewster Company, Inc. 
P. 0. Box 1095 
Shreveport LA 71163 
TEL; (318) 222-3254 

Mr. Paul McGlasson 
Regional Manager 

Halliburton Services, Inc. 
P. 0. Box 1431 
Duncan OK 73533 
TEL; (405) 255-3760 

Mr. B. Diggs Brown 
Vice President 

Schlumberger Well Services 
1450 Metro Bank Building 

/̂-•, 475 17th Street 
Denver CO 80202 

Mr. J.H. Smith 
General Manager 

Baroid Division, N.L. Industries, Inc. 
1555 Tremont Place, Suite 210 
Denver CO 80202 
TEL: (303) 623-7361 

Mr. D.R. Henson 
Manager of Operations 

Christensen Diamond Products Company 
1937 South Third, West 
Salt Lake City UT 84110 
TEL; (801) 789-3413 

Mr. Hugh Gunn 
Manager of Marketing 
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D. BUSINESS AND MANAGEMENT (Cont'd.) 

5. Acceptability of the General Contract Provisions 

Union Oil Company of California accepts the provisions of 

the proposed Contract Schedule and General Provisions as 

included in the Request for Proposal. 
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D. BUSINESS AND MANAGEMENT (Cont'd.) 

6. Program Technical Scope 

We have reviewed the Program Technical Scope set forth in 

the Request for Proposal. 

All the data furnished in the proposal may be 

published only if a contract is awarded. 

All the data furnished in the progress reports issued 

during the contract period may be published. 

An engineering report, analyzing all the data will be 

prepared at the end of the project and is expected to 

be submitted in May, 1981. 
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D. BUSINESS AND MANAGEMENT (Cont'd.) 

7. Proposer's Financial Capability 

Union Oil Company of California has the financial capa

bility, working capital and other resources to perform 

the proposed contractual obligation without assistance 

from any outside source. The enclosed annual statement 

for 1977 shows the Company's financial position. (See 

Appendix A). 
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D. BUSINESS AND MANAGEMENT (Cont'd.) 

8. This proposal will remain in effect for 120 days from 

May 30, 1978. 
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D. BUSINESS AND MANAGEMENT (Cont'd.) 

9. Dr. Carel Otte, President of the Geothermal Division of 

Union Oil Company of California, is authorized to commit 

the Company to the proposed contract. 
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REPRESENTATIONS AND CERTIFICATIONS 
( C e n i t r u e t i o n and A r c h i t c c t . E n j i n c c r C o n t r a c t ! 

(For a te w i t h S tanda rd Forms 1?, 21 and 252) 

Page I of 
BEfERENCE (Emiir ume No.(s) at on SF 19. 21 mmJ I M ) 

I|<MC ..NO tOORlSC o r a.OOCn (.Vo., Sireel . Ci t i . State , a n d i l f Codes 

Union Oil Company of California 
461 South Boylston Ave. 

-_.. LQ<; Angeles. California 90017 

DAIC o r SiO 

May 30, 1978 

I n n e g o t i a t e d p r o c u r e m e n t s , " b i d " a n d " b i d d e r " s h a l l be c o n s t r u e d to m e a n "of fe r" a n d "offeror ." 

T h e b i d d e r m a k e s t h e f o l l o w i n g r c p r e s e n c a t i o n s a n d c e r t i f i c a t i o n s as a p a r t o f che b i d ident i f ied 
a b o v e . ( C h e c k a p p r o p r i a t e bo.\es.) 

1. SMALL BUSINESS 

He • i j , [ 3 is not, a small business concern. (A small business concern for the purpose of Government procurement 
i» a concern, includine its alHIiaces, which i.s independently owned and opera ted , is not dominan t in the field of opera
t ions in which it is b idd ing on Government contracts , and can further qualify under the criteria concerning number of 
employees, average annual receipts, or o ther criteria as prescribed by the Small Business Adminis t ra t ion. For additional 
infonnation see governing regulations of the Small Business Admtni.^tration (13 CFR Part 1 2 1 ) ) . 

2. M I N O R I T Y BUSINESS ENTERPRISE 
He • is, j(] is not a minoriry bu.siness enterprise. A minority business enterprise is defined as a "business, at least 50 

percent of which is owned by minori ty g roup members or, in case of publicly owned businesses, at least 51 percent of 
the stock of which is owned by minori ty g r o u p members . " For the purpose of this definition, minority g roup members' 
are Negroes , Spanish-speaking American persons, American-Orientals, American-Indians, American-Eskimos, and American-
Aleuts ." 

3. C O N T I N G E N T FEE 

( a ) He L J *"*• G J *'"* ""•• employed or retained any company or person (other than a full-time bona fide employee 
working >olely for the b idder) to solicit or secure this contract , and l b ) he Q has, Q has not. paid or agreed to pay 
any company or person (other than a full-time bona fide employee working solely for the bidder) any fee. commission, 
percentage or brokerage fee. contingent upon or resulting from the award of this contract; and agrees to furnish informa
tion relating to ( a ) and (h) above as requested by the Contract ing Officer. (For inltrprtlalion of ihe rtprtstnlulivn. includ
ing tht t t rm "bona fide emphyt t . " stt Codt nf F t d t r a l Rtguliilions. Tillt 4 1 . Subpart l - l . i . ) 

4. TYPE O F O R G A N I Z A T I O N 

He operates as an P ^ individual, Q partnership, L j joint venture,X~| corporat ion, incorporated in State of ' ^ a i I T O r n j a 

5. I N D K P E N D E N T I 'S ' lCt D E T E R M I N A T I O N 

( a ) By submission i.-) this bid. each bidder certifies, and in the case of a joint bid each partv thereto certifies as to his 
own organi ia t ion, thjt m cunnection with this procurement: 

( 1 ) The prices in this bid have been arrived at independent ly , without consul ta t ion , communica t ion , or agree
ment, for the purpose of restricting competit ion, as to any matter relating to such prii.trs with any other bidder or with 
any compet i tor ; 

(2) Unless otherwise required by law, the prices which have been quoted in tlii', bid have not been knowingly 
disclosed by the bidder and will not knowingly be disclosed by the bidder prior ii> opening, in the case of a bid. or 
prior to award, in the case of a proposal , directly or indirectly to any other bidder or to any competitor; and 

(3) No .a t t empt has been made or will be made by the bidder to induce any other person or firm to submit or 
not to submit a bid for the purpose of restricting competition. 
(b) Each person signing this bid cer t i f io that: 

( 1 ) He is the person in the bidder 's organization responsible within that organization for the decision as to the 
prices being bid herein and that he has not participated, and will not participate, in any action contrary to (< / ) ( ! ) 
through (iy)(3) above; or 

(2 ) ( i ) He is not the person in the bidder 's organi ia t ion responsible within that organization for the decision 
as to the prices being bid herein but that he has been authorized in writing to act as agent for the persons respon
sible for such decision in certifying that such persons have not participated, and will not participate, in any action 
contrary to (< / ) ( ! ) through (a ) (3) above, and as their agent does hereby so cenify; and (ii) he has not panicipated, 
and will not participate, in any action contrary to ( ' ' ) ( ! > through (</)(3) above. 
(c) This certification is not applicable lo J foreign bidder submitting a bid for a coniract which requires performance 

or delivery outside the Lni ted States, its possessions, and Puerto Rico. 
( d ) A bid will not he cons ider rd for award where { < / ) ( ! ) , ( . / ) ( .* ) , or (A) above, has been deleted or modified. 

W h e r e (a ) (2) above, has been deleted or modified, the bid will not be considered for award unless the bidder furnishes 
with the hid a signed statement which sets forth in detail the circumstances of the disclosure and the head of the agency, 
or his designrc . determines that >uch disclosure was not made for the purpose of restricting competition. 

SOTti .— Bills mull set forth fiill, acciiute. .tn,l lompUlv litfoiiii.itioit ,is rve/uirril by ll'is ini il.ilion for bids (iiultidtnn 
allathnttt i ls). The peit.ilty for making fjlse sLitcmvul, m bids is prtscrihvd in IS I .S.(.. hu l l . 

1 9 - 3 0 4 
• 1 3 3 STANDARD POBM ' 9 - n JUNE n ' S PO'TinN' 
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THE FOLLOU^ING NEED BE CHECKED ONLY IF BID EXCEEDS flOfiOO I N AMOUNT. 

6. EQUAL OPPORTUNITY 

He C3 has, n has not, participated in a previous contract or subcontract subject to the Equal Opportunity Clause herein, the clause 
originally contained in Section 301 of Executive Order No. 1092). or the clause contained in Section 201 of Executive Order No. 111 N ; 
he 0 has, D has not, filed all required compliance reports; and representations indicating submission of required compliance reporu, 
signed by proposed subcontractors, will be obtained prior to subconlract awards. 

(The above represcotatioiu need not be submitted in cf>tuection with coniracu or subcoairactj wbicb are exempt from 
(he equal opportunirv clause.) 

7. PARENT COMPANY AND EMPLOYER IDENTIFICATION NUMBER 

Each bidder shall furnish the following information by filling in the appropriate blocks: 

( s ) Is the bidder owned or controlled by a parent company as described below.' Q Yes [ 3 No. (For the purpose of-
this bid, a parent company is defined ai one which either owns or controls the activities and basic business policies of the bidder. 
To ouif 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 to formulate, deter. 
mine, or vtio basic business policy decisions of the bidder, such other company it considered the parent company of the bidder. 
This control may be exercised through the use of dominant minority voting rights, use of proxy voting, eoniratlstal arrangements, 
or otherwise.) 

( b ) If the answer to ( a ) above is "Yes," bidder shall insert in the space below the name and main office address of (be 
parent company. 

NiMC o r PlRtNT COMP'HT M»|H ornct aOORtSS rNo.. 5/rr«/. Cii). State, nnd ZIP Cade) 

( 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), oc, if be has a paren( company, the E.I. No. of bis parent company. 

EMPLOYER 
IDENTIFICATION NUMBER OF 

PADtNT COMPlNr 

• 951315450 
eioofi? 

Union Oil Co. of California 
8. CERTIFICATION OF NONSEGREGATED FACIUTIES 

(Applicable to (1) contracts, (2) subcontracts, and (3) agreements with applicants who are themselves performing federally 
assisted construction contracts, exceeding $10,000 which are not exempt from the provisions of the Equal Opportunit>- clause.) 

By the submission of this bid, the bidder, offeror, applicant, or subcontractor cenifies that he does not maintain or 
provide for his employees any segregated facilities at any of his establishments, and that he does not permit his employees 
to perform their services, at any location, under his control, where segregated facilities are maiataioed. He certifies further 
(ha( he will oot maintain or provide for his employees any segregated facilities at any of his establishments, and that he 
will oot permit his employees to perform their services at any location, under his control, where segregated facilities axe 
maintained. The bidder, offeror, applicant, or subctKitractor agrees that a breach of this certification is a violation of the 
Equal Opportunity clause in this contract. As used in this certification, die term "segregated facilities ' means any waiting rooms, 
work areas, rcrt 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 ezpl id t direaive or are in fact segregated oo the basis of race, color, religion, or 
national origin, because of habit, local custom, or otherwise. He further agrees thai (except where he has obtained identical 
certifications from proposed subcontractors for specific dme periods) he will o b u i n identical certi£catotu from proposed sub
contraaors prior to the award of subcontractors exceeding J 10,000 which are not exempt from the provisions of the £c]uai Op
portunity clause; that he will retain such certificatitxis in his files; and that be will forward the following ix>cice to such pro
posed subcftntraaors (except where the proposed subcontractors have submitted identical certifications for spea£c time peiitxls): 

NOTICE T O PROSPECTIVE SUBCONTRACTORS OF REQUIREMENT FOR CERTIFICATIONS 

OF NONSEGREGATED FACILITIES 

A Certification of Nonsegregated Facilities must be submitted prior to the award of a subcontraa exceetling SlO.OOO which 
is oot exempt from the provisions of the Equal Opportunity clause. The certification may be submined either for each s u b a » -
tract or for all subcontracts during a pericxJ (i.e., quanerly, semiannually, or annually). 

NOTE: The penalty for making false statements in offers is prescribed in 18 U.S.C 1001. 

9. CLEAN AIR AND WATER 

(Applicable if the bid or offer exceeds $100,000, or the contracting officer has determined that orders under an indefinite 
quantity contract in any year will exceed $100,000, or a (aciiiry to be used has been the subjea of a coovictioo under the Qean 
Air A a (•<2 U.S.C 1857c-«(c ) ( l ) ) or the Federal Water Pollution Control A a (33 U . S C 1319(c)) and is listed by EPA, or 
is oot otherwise exempt.) 

The bidder or offeror certifies as follows: 
(a) Any faciliry to be utilized in the performance of this proposed cont raa has D , has not EJ, been listed on the EnvirtJO-

mentai Protection Agency List of -Violating Facilities. 
(b) He will promptly notify the contracting officer, prior to award, of the receipt of any communication from the Director, 

Office of FcderaJ Aaivities, Environmental Protection Agency, indicating that any faciliry 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) He will include substantially this certification, including this paragraph (c) , in every nonexempt subcontract. 
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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"); 
and 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): 

11. AFFIRMATIVE ACTION PROGRAM 

The following paragraphs are added: 

a. The bidder or proposer represents that he (a) [X] 1. has 
developed and has on file, [ ] 2. has not developed and 
does not have on file at each establishment an affirmative 
action program as required by the rules and regulations of 
the Secretary of Labor (41 CFR Part 60-1 and 60-2), or that 
he (b) [ ] has not previously had contracts subject to the 
written Affirmative Action Program 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 
amount of $50,000 or more since July 1, 1968. If such 
a contract has been awarded since July 1, 1968, give 
the date of such contract, but do not list contracts 
awarded within the last 120 days 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 [ ] hast [ ] has not been 
conducted for the bidder's known 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: 

* Do Not Know 
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NAME OF CONTRACTOR DATE FEDERAL AGENCY 

mst-ttef s™-. See Attached Continuation Sheet 
CLrntractors) 

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 fof each subcontractor having 50 or more 
"employees and a, subcontract, for $50,000 or more, arid if he 
has not developed, one, a written affirmative action plan' 
will be d'eveloped, 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 se,t 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 

\ fir=st-: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 pur,pose 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 br more employees, 
and .all subcontractors having lOO or more employees are 
required to submit the Government Employer information 
Report SF 100 (EEO-l), 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 re stilt 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 331.36(b)(8) (see FPR 1-3.1203(h)) 
is claimed. Where the offeror fails to check, the box, he shall 
be given the opportunity to make- an election in writing to the 
Cbntracting. 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.' 



The fbllowing compTiance reviews have been conducted in the most recent 

twelve-month period: 

NAME OF CONTRACTOR 

Union Oil & Gas (Louisiana) 

Union Oil & Gas (Casper, Wyo.) 

Union San Francisco Refinery 

Union Credit Card Center, S.F. 

Union Beaumont Refinery 

DATE 

5/19/77 

6/22/77 

7/18^19/77 

8/18-19/77 

4/24-26/78 

FEDERAL AGENCY 

Interior 

Interior 

Interior 

Interior 

Interior 
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[ ] 'Certificate of Exemption for Contracts of $500,000' or Less. 

The offeror hereby claims an exemption from the Cost Accounting 
Standards clause under the provisions of 4 CFR 331.,30(b) (8) and 
certifies that he has' received notification of final acceptance 
of all items of work on. (i) any prime contract or subcontract in 
excess of $500,000 which contains the Cost Accounting Standards 
clause, and (ii) any prime contract or subtiontract 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 writing in 
the event he is awarded any other contract or subcontract contalri-
ing the Cost Accouhting Standards clause subsequent to the date 
of this certificate but prior to the date of any award resulting 
from this proposal. 

i3. DISCLOSURE STATEMENT—COST ACCOUNTING PRACTICES AND CERTIFICATION 

Any contract in excess of $100,000 resulting from this solicita
tion except (1) when the price negotiated is- based oh: (A) estab
lished catalog or market prices of commercial items sold ih 
substantial quantities to the general public, or (B) prices- set 
by law or regulation j- or (,il) contracts which are otherwise 
exempt (see 4 CFR 331.3,0(b) and FPR 1-3.1203(a) (2)) 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,-
tng, 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 urider this solicitaion (see I. below) 
unles.s (i) the offeror, together with all divisions-, subsidiaries,, 
and affiliates under cotipon control, did not exceed the monetary 
exemption for disclosure as established by the Cost Accounting 
Standards Board (see II, below); (ii) 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 Accountiiig Standards Board, is 
not yet required to submit a Disclosure Statement, (see III. 
below); (iii) the ofiferor has already submitted a Disclosure 
Statement disclosing the practices used in connection with the 
pricing of thlŝ  proposal (see IV. below); or (iv) postaward 
submission has been authorized by- the Contracting Officer. See 
4 CFR 351.70 for submission' of copy of Disclosure Statement to 
the Cost Accounting Standards Board. 

CAUTION: A practice disclos.ed 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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Check the appropriate box below: 

[ ] I. CERTIFICATE OF CONCURRENT SUBMISSION OF DISCLOSURE 
STATEMENT(S) 

The offeror hereby certifies that he has submitted, as a part of 
his proposal under this solicitation, copies of the Disclosure 
Statement(s) as follows: (i) original and one copy to the 
cognizant Contracting Officer; and (11) one copy to the cognizant 
contract auditor. 

Date of Disclosure Statement (s): May 30, 1978 

Name(s) and Address(es) of Cognizant Contracting Officer(s) where 
filed: Mr. Joseph N. Fiore 

The offeror further certifies that practices used in estimating costs 
in pricing this proposal are consistent with the cost accounting 
practices disclosed in the Disclosure Statement(s). 

[X] II. CERTIFICATE OF MONETARY EXEMPTION 

The offeror hereby certifies that he, together with all divisions, 
subsidiaries, and affiliates under common control, did not receive 
net awards of negotiated national defense prime contracts subject to 

^- Cost Accounting Standards totaling more than $10,000,000 in either 
Federal Fiscal Year 1974 or 1975 or net awards of negotiated national 
defense prime contracts and subcontracts subject to cost accounting 
standards totaling more than $10,000,000 in Federal Fiscal Year 1976 
or,in any subsequent Federal Fiscal Year preceding the year in which 
this proposal was submitted. 

CAUTION: Offerors who submitted or who currently are obligated 
to submit a Disclosure Statement under the filing requirements 
previously established by the Cost Accounting Standards Board 
are not eligible to claim this exemption unless they have received 
notification of final acceptance of all deliverable items on all 
of their prime contracts and subcontracts containing the Cost 
Accounting Standards clause. 

[ ] III. CERTIFICATE OF INTERIM EXEMPTION 

The offeror hereby certifies that (1) he first exceeded the monetary 
exemption for disclosure, as defined in II. above, in che Federal 
Fiscal Year immediately preceding the year in which this proposal was 
submitted, and (ii) in accordance with the regulations of the Cost 
Accounting Standards Board (4 CFR 351.40(f)), he is not yet required 
to submit a Disclosure Statement. The offeror further certifies that 
if an award resulting from this proposal has not been made by March 31 
of the current Federal Fiscal Year, he will immediately submit a 
revised certificate to the Contracting Officer, in the form specified 
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under I. above or IV. below, as appropriate, to verify his submission 
of a completed Disclosure Statement. 

CAUTION: Offerors may not claim this exemption if they are 
current.'.y required to disclose because they exceeded monetary 
thresholds in Federal Fiscal Years prior to Fiscal Year 1976. 
Further, the exemption applies only in connection with proposals 
submitted prior to March 31 of the year immediately following 
the Federal Fiscal Year in .which the monetary exemption was 

' exceeded. 

[ ] IV. CERTIFICATE OF PREVIOUSLY SUBMITTED DISCLOSURE 
STATEMENT(S) 

The offeror hereby certifies that the Disclosure Statement(s) were 
filed as follows: 

Date of Disclosure Statement(s): 

^ 

Name(s) and Address(es) of Cognizant Contracting Officer(s) where 
filed: 

The offeror further certifies that practices used ih estimating costs 
in pricing this proposal are consistent with the cost accounting 
practices disclosed in the Disclosure Statement(s). 

14. ADDITIONAL COST ACCOUNTING STANDARDS APPLICABLE TO EXISTING 
CONTRACTS—CERTIFICATION 

(a) Cost accounting standards will be applicable and effective 
as promulgated by the Cost Accounting Standards Board to 
any award as provided in the Federal Procurement Regulations 
Subpart 1-3.12. If the offeror presently has contracts or 
subcontracts containing the Cost Accounting Standards 
clause, a new stantlard 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 accotonting 
practice. 

(b) The offeror hereby certifies that an award under this 
solicitation [ ] would, [X] 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 i s 
awarded the contemplated contrac t , he wi l l also be required 
to comply with the clause en t i t l ed Administration of Cost 
Accounting Standards. 

Firm: Union O i l Company of C a l i f o r n i a 

Name: 

Date: May 3 0 , 1978 

# 

Tit le :Pres ident , Geothermal Division 

r 

( 


