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Introduction: 

The following proposal is presented as a cooperative venture between 

Southland Royalty Company of Fort Worth, Texas, Mlllican Oil Company of 

Houston, Texas, and the Minerals Research Institute of the Mackay School 

of Mines, University of Nevada-Reno. Integration of industrial and academic 

expertise provided in the proposed venture, will result in the development 

of a case study of a northern BasJn and Range geothermal system in support 

of a comprehensive geothermal reservoir assessment of the central portion 

of Dixie Valley. 

The proposal is presented in a multi-phase format, with each phase 

encompassing specific tasks. This format inherently includes major decision-

points both within each phase and between phases to allow for redesign or 

modification of each of the following tasks or phases based upon evaluation 

of previous results. In addition, it provides DOE with the option of 

selecting the proposal as an entire program leading to reservoir assessment, 

or as a multi-phase program in which each phase can be sequentially selected 

and negotiated. 

The contractual posture which is proposed herein will have the Southland-

Mi 11 ican cooperative venture as Prime Contractor, with the University of Nevada 

group as a pre-arranged sub-contractor. For purpose of this proposal however, 

the University has participated in its structuring to facilitiate its prepar­

ation of an overall case study. All phases of task accomplishment and reporting 

will be achieved with the cooperative assistance of University personnel 

coordinated through the Prime Contractor's representative and under the direction 

of the Project Administrator. 
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TECHNICAL PROPOSAL „ns f r . . 
^Jjiicloiuze iubicct to 
festzictiom on title l̂â je i. 

Investigation Si te or Area 

Map 1, page^, i l lustrates the general location of Dixie Valley, 

Nevada. Map 2, page 3A, out 1ines the areas covered by this proposal. 

a. Legal description: 

That portion of Dixie Valley Nevada in the following townships and 

ranges, comprising approximately 60,000 contiguous acres, and lying 

generally along the western side of Dixie Valley as it abuts the 

Stillwater Mountain Range. 

T22N, R3^-37E 

T23N, R35-38E 

T24N, R35-38E 

T25N, R36-38E 

A graphic portrayal of this acreage is shown in yellow and red on 

lease map 3> page 2B . 

b. Status of ownership/accessibility: 

Except for a few very small tracts, mineral ownership rests with 

the U. S. Government, administered by the Bureau of Land Management. 

Geothermal leases are held by at least 12 parties, ranging from 

individuals to major energy companies. Parties cooperating in this 

proposal have a dominant lease position in the valley. (See Lease 

Map, page 28 .) The acreage committed to this cooperative proposal, 

although not formally unitized, consists, in part, of undivided 

interests, designated "red" on the referenced ownership map. The 

owners of the entire red colored acreage have executed and filed 

Designation of Operator Forms 9-1123 naming Mlllican Oil Company as 

operator and agent to be the responsible party and represent the 

entire ownership group which also consists of W. M. Hughes, Jerry 

H. Clay, and James W. Knowles, all residents of Tyler, Texas. In 
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MAP 1 

Location map of the Dixie Valley region. Fault scarps 
formed or reactivated 1903, 1915, and 195A are shown. 
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this connection, Mlllican Oil Company and Southland Royalty Company 

have agreed to cooperate in the exploration endeavors undertaken to 

date within the Dixie Valley area and it is this cooperative agree­

ment which allows the inclusion of the complete acreage represented 

by the two companies for purposes of this proposal. 

Accessibility to the area is possible from two directions: 

1) Dirt and gravel roads from the north, with access from Lovelock 

and Winnemucca, and 2) From the south via a paved road which extends 

into the valley for 15 miles from Frenchman's Station, with an 

additional 15 miles currently being paved to the north of Dixie 

Settlement. An additional 10 miles of all-weather gravel road extends 

to the prospect area, and continues along the west side of the valley 

to meet the Lovelock-Winnemucca roads, 

c. Geologic description: 

Dixie Valley is a complex graben bounded by two main large-

displacement faults on the west and by many sub-parallel, smaller 

displacement faults on the east. (See Map, Prospect Outline and 

Boundaries of the Gabbro, Page 3A .) Faulting was accompanied by 

westward tilting of the major fault block (i.e., horsts and grabens). 

A middle Jurassic gabbroic complex or lopolith Intrudes the graben. 

The thickness of alluvial and lacustrine valley fill reportedly may 

exceed 5000 feet in places. Tertiary and Jurassic andesite and 

basalt flows, tuffs, carbonates and gabbro are extensively exposed 

in the Stillwater Range and Clan Alpine Mountains, and are presumed 

to underly the valley fill. However, data acquired by the Southland-

Mi 11 ican venture over the past year suggests that previous interpre­

tations of the structural relationships within the valley may not be 

correct. (See "Program Data Offered" and Section 3- A. of this pro­

posal for a brief description of this problem.) 
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The Dixie Valley area is defined by the intersection of the 

northeast-trending "northern Nevada lineament" and a north-trending 

belt of intense historic faulting and seismicity (including the 

195^ Dixie Valley earthquake, magnitude 6.8) extending from Owens 

Valley, California, to Pleasant Valley, Nevada (i.e., northern segment 

of the Ventura-Winnemucca Seismic Zone). From an analysis of dis­

placements on the late Cenozoic faults and of Pleistocene lake shore­

lines, Thompson and Burke (197^) concluded that the crustal spreading 

in Dixie Valley had an average rate of O.A mm/yr over the last 15 

m.y., and 1 mm/yr over the last 12,000 years. In addition, their 

seismic refraction data indicate a 2k km thick crust near Fallon, 

Nevada, which is the thinnest value reported for the Basin and Range. 

This fits with the concept that Dixie Valley is part of the area of 

very active mantle spreading and crustal rifting in northern Nevada --

i.e., an area of high geothermal potential. Surface geothermal features 

include Dixie Hot Springs with a previously reported temperature of 

72 C, and the "Senator" fumaroles which discharge warm air, water 

vapor, and some H.S and sulfur. Intense heat and hot water have been 

reported in workings of the Dixie Comstock Mine at depths of greater 

than 75 feet (Vanderburg - ig^^O). 

Thus, Dixie Valley is presently an area of high seismicity, active 

extensional faulting, high-temperature geothermal manifestations, and 

relatively intense late Tertiary silicic volcanism. 
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Se^tzictiom on title j:acje /. " 
d. Technical reasons for site selection: 

Work done for the United States Air Force, Stanford University 

Cambridge Report (195^) indicated that a gabbroic intrusion (or 

lopolith) occupies a central part of Dixie Valley. The southern 

limit of the gabbro is near Dixie Hot Springs, and it extends 

northward at least to Township 25N, or Sou and Seven Devils Hot 

Springs. Between these limits hot spring water does not reach 

the surface, but the western valley edge is marked by areas of 

hot ground and steam fumaroles extending over a distance of 

approximately 20 miles. In this zone, as mentioned previously, 

mining operations at the Dixie Comstock mine were forced to halt 

when high temperatures were encountered. In addition, a mineral 

project hole at another nearby mine site encountered temperatures 

substantially higher than would have been expected from geother-

mometer water-analysis from springs outside the gabbro-covered 

area (see Chart 1, page 5A). This strongly indicates that 

these springs are not true indicators of sub-surface temperatures 

to be expected in that part of the valley intruded by the gabbroic 

lopolith. 

The surface manifestations focused attention on the central 

Dixie Valley area, and led to geophysical investigation. During 

the course of these investigations, which extended over a four 

year period, almost all known geothermal exploration procedures 

were investigated. Many of these techniques were found to be 

ineffective (at least in this area), while others have been 

proven to be very useful in establishing a geothermal model for 

Dixie Valley. From this work it appears clearly possible that 

a major geothermal province exists in Dixie Valley. There appear 
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to be miltiple heat sources, which on the basis of initial evaluation 

may be relatively shallow magma chambers. It seems likely that these 

heat source areas may coalesce forming an extremely large g^ethermal 

field. These concepts appear to be supported by thermal gradient studies 

now being completed by proposers and offered hereunder. 

Specifically, the Dixie Valley area was selected for this proposal 

because: 

1. Surface and near surface criteria, (intermediate depth thermal 

gradient holes) indicate very high temperatures may exist at depth. 

Temperatures exceeding 125° C have been encountered at depths of less 

than 400 feet, (See chart 1, page 5A). The present thermal gradient 

drilling program indicates significant thermal gradients continue 

to depths of 1500 feet. 

2. Geophysical exploration techniques such as aeromagnetics, magnetotellurics, 

etc. also indicate high temperatures at moderate depth and point to 

possible heat sources. If preliminary models can be substantiated, a 

a major geothermal province is indicated which can be of significant 

geologic and commercial value due to the potentially vast area involved. 

3. Geophysical techniques used are not those commonly utilized in geo­

thermal exploration and substantiating these techniques may lead to 

significant improvement in geothermal exploration. 

k . Tentative geothermal models proposed for Dixie Valley differ markedly 

from the popularly held views on basin and range thermal development. 

If these models are substantiated, they would substantially change 

basin and range exploration objectives and estimates of geothermal 

energy resources in the Basin and Range Province. 

- 6 
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B. 2. 

I. REPORT: GEOTHERMAL POTENTIAL OF DIXIE VALLEY, NEVADA: An evaluation 

of Dixie Valley was conducted by GeothermEx in December 1976. It is 

an overview of published data, drawing on the United States Air Force, 

Stanford University Cambridge Report, (1966). Ther interpretations were 

made on the basis of geophysical and thermal gradient studies which were 

conducted on the most favorable part of the Dixie Valley. Specific 

studies completed in 1976 include: 

1. Seismicity Report on the Dixie Valley Prospect by Micro Geophysics 

Corporation. This work consists of a microearthquake survey of 200 

sq. km north of Dixie Hot Springs, and an interpretation of 216 events 

recorded in the area. 

2. Gravity and Magnetic Survey over the Humboldt Salt Marsh, Dixie 

Valley, Nevada by Exploration Data Consultants, Inc. Two hundred 

eleven (211) gravity and magnetic stations were acquired, and these 

data were used to construct maps and profiles of the basement 

configuration and fault system of the valley. Map k, page7A , shows 

the locations of the gravity and magnetic stations. 

3. Shallow Thermal Gradient Wells. GeothermEx, Inc. drilled fourteen 

thermal gradient wells and prepared temperature gradient logs and 

lithologic logs on the wells. These shallow holes are approximately 

300 feet in depth. In addition, two pre-existing wells were logged. 

Temperatures encountered in this study were as high as 18° F/lOO feet. 

Locations of these wells are platted on Map 7. pageJfA . 

II. REPORT: PRELIMINARY EVALUATION OF GEOLOGIC AND ECONOMIC POTENTIAL: 

A geological and economic evaluation was conducted by Keplinger and 

associates. Inc., Houston, under the direction of Michael D. Campbell 

during May through September, 1977- The evaluation consisted of three 

phases: 

(1) Geothermetric Survey 
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(2) Preliminary Structural Analysis ^^^^^ '̂̂ ^^^^"^ on t i t le page i " 

(3). Preliminary Economic Analysis 

A ground water geochemical survey was conducted of selected springs 

in the immediate area, (See Map 6, page 8 A ) . The springs were sampled on an In­

dividual basis over a seven day period and intermittently since that period to the 

present. Seventeen chemical and physical parameters were analyzed or recorded. 

Duplicate samples were taken perodically for tests on precision and analytical 

error. Approximately 60 samples have been taken to date. Standard geothermetric 

calculations were made using the silica and calcium-sodium potassium methods. The 

silica method indicates a minimum of 175° C reservoir temperature with considerable 

mixing of meteoric water. Mineralogical disequilibrium is also apparent. Because 

of mixing this minimum temperature is not believed to be a limiting factor in 

the development of the area, especially In that part of the valley below the 

gabbroic complex. 

The second phase of the evaluation consisted of a structural analysis of 

the Stillwater and Clan Alpine Ranges and the Dixie Valley. Three geothermally-

slgnifleant structural features (geothermal fairways) have been tentatively 

inferred within Dixie Valley. Type 1: Western normal range-front fault 

zones and fairways; Type II: East-West graben-like structures and fairways; and 

Type (II- norri\<x\-fou-V* ror«^ or fo.ir\Ma^^ ^a.ra\le\ -^ baV ba«i<->\A»ard o ^ ̂ y p ^ ' ^trucfurei. 

"fwo types of reservoirs were postulated (an upper hot-water reservoir and a lower 

steam reservoi r). 

The third phase consisted of an economic evaluation of minimum reservoir 

temperature, minimum well-flow rate and a preliminary analysis of possible 

producer cost of explore and develop a geothermal reservoir under a range 

of subsurface and economic conditions. 



"VVj 

MAP 6 

DlXl;-
r 

^ SPRINGS SA 

• SCALAR MAG 

A TENSOR MT 

- - J •' r f f ' - : ^ 

- • • \ v ^ . n r ^ - ~ " 

MAP 6 

Page 8A 



III. MULT I-LEVEL AEROMAGNETIC SURVEY: \p^iic[omze iu[-ject to 

T._. t . i u - i ^ u ' u u ^f^^'^i<=tiQMX}n,tiifehaae i . " 

This relatively new geophysical technique has had only limited exposure 

to geothermal exploration, and this is perhaps its first thorough testing. 

Although the method produces non-unique solutions, this method of explor­

ation can be used to locate magnetic discontinuities (faults and lithologic 

contacts) and their dip, determine depth to basement and to Intrusions, 

and determine depth to Curie point. Data is acquired at the rate of 18 

stations per mile using an optical Iy-pumped helium magnetometer. A 

precise Doppler navigation system allows a series (A to 5) of flights 

to follow exactly the same flight path, recording magnetic data at a 

progression of elevations. In the case of this Dixie Valley survey, elevations 

of 5,000, 5,500, 6,000, 6,500 and 7,500 feet were flown. Average surface 

elevations ranged from 3»5O0 feet to A,500 feet MSL. Reduction of this 

multi-level data allows a precision of interpretation not possible by 

other magnetic techniques. An evaluation of this tool may make poss­

ible a distinct step forward In geothermal exploration. The Dixie Valley 

survey covers approximately 150 square miles and consists of 5 flight 

lines flown diagonally across the valley, and 2 flight lines parallel to 

the sides of the valley. The area covered and flight line paths are shown 

on Map 5, page 9A. In addition, single-level lines are used to tie 

in the profiles. The work was done by Senturion Sciences, Inc., Tulsa, 

Oklahoma in late 1977 and early 1978, under contract to proposers. This 

survey indicates an area of high thermal gradients in the area. 

Data acquired in this survey Indicate excellent quality, and the Initial 

Interpretation by Senturion Sciences, Inc. appears to be geophysleally 

sound. However, this Interpretation is In direct conflict with the commonly 

accepted concepts of basin and range structure, which was reconfirmed by 

the preliminary study conducted by proposers. (See "II" of Program Data 

Offered.) This interpretation is significantly different, is critical 

to the construction of a geothermal model of Dixie Valley, 

- 9 



IMAP 5 

r- ,*>' 

< ^ ..,.-

r • v 
• •^L^-^nyi 

>A: ^ " ^ i • L -"^V - ^ 

.1:^3 
.̂  

7>^?.a^ 

\ 

^ ^ ^ 

* . 

-̂ .' 
/:^--'f. 

^ ; t r 
i!?^>)/ 

/̂  : 

c 

,i3.¥ 

! < 

M U L T 

S i N G L -

• ^ ' 

. ' ^ ' - • 

V. . • ^ : • : ^ - - £ . ' 

?^-^r^^"" 

l \ 

11 - . . f c -

>x 

MAP 5 

Page 9A 



, Q^iicloiuze iuljject to 

festzictiom on titfe baae i . " 

and is important to the geological understanding of the Basin and Range 

Province. Therefore, Proposer considers that a complete independent 

re-interpretation of the multi-level aeromagnetic data are necessary, and 

such is proposed herein. (See Section 3. A. for further comment). 

IV, MAGNETOTELLURIC SURVEY: 

As a follow-up to the above multi-level aeromagnetic survey, a 

scalar and tensor magnetotelluric survey was conducted by Senturion 

Sciences, Inc., Tulsa, during November, 1977 through the present date 

on behalf of the Southland-Mi 11ican cooperative venture. 

Twenty-eight scalar stations and 3 tensor stations were located in 

the central Dixie Valley area on centers of less than 1-mile along the 

western margin of the Valley, (T23N, R23E; T24N, R36E). The scalar 

stations (SMT) recorded one component of the telluric field. However, 

one magnetic and orthogonal telluric field was recorded at the scalar 

base station.(Map 6) The tensor stations (TMT) recorded three components 

of the magnetic field and two components of the telluric field. 

Scalar stations were deployed to record at an azimuth of 22 degrees 

east of north or the E-parallel of tellulrc field. Local geologic 

structure suggested a NNE strike direction. However, after reduction 

of scalar base station data, it became apparent that the base station 

was at some angle other than 22 degrees azimuth to the E-parallel 

orientation on the conductive side of a major lateral discontinuity. 

In order to make the necessary adjustments, Senturion's TMT system with 

a three-component, superconducting quantum interference device (SQUID) 

was deployed to determine true E-parallel and calculate the tensor 

impedence along the major axis of anisotropy. Normalized power spectra 

at the field station were then multiplied by this sounding curve to yield 

the apparent resistivity versus period relationships for each station. 
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The apparent resistivity contour at five ohmeters was chosen to 

correlate with the 1-Hertz apparent resistivity of this survey with the 

audio-magnetotel luric data acquired by Senterfit, et_ aj[̂  (1976). 

Excellent agreement exists between the two surveys as indicated by an 

overlapping conductive anomaly ( 50 ohmeters) in T24N, R36E. 

The survey has located three heat sources at a depth of six to eight 

km with anomalously low resistivity (1 to 5 ohmeters), along the 

western margin of Dixie Valley. This confirms related anomalies 

indicated by the aeromagnetic survey. In addition three conductive 

anomalies have been identified In the same area on the basis of apparent 

resistivities of equal to or less than 20 ohmeters at the 30-second period. 

(Plots are also available of the one, ten and 100 second periods.) 

Additional tensor stations are planned. 

V. INTERMEDIATE DEPTH THERMAL GRADIENT DRILLING: 

Drilling is presently in progress on an intermediate depth thermal 

gradient drilling program by Southland Royalty Company. The program, 

when completed, will consist of five wells approximately 1,500 feet 

in depth and two wells scheduled to 500 feet total depth. The locations 

of these wells are plotted on Map 7, page llA. The shallow wells will be 

drilled on or near the basin edge-bounding faults, primarily to check 

conductance of the basement rocks and fault dips. The deep holes are 

located further into the basin to evaluate thermal gradients in the alluvium 

and underlying units. These wells will be temperature logged at regular 

time intervals until temperature stabilization is apparent. This project 

Is expected to be completed by the time of contracting under this proposal. 

To date, two 1500 foot wells are complete and In process of being logged, 

and a third is underway. ^^Ucfoiuze iulyject to 

.teitzictiom on titfe page i. " 
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INSTRUMENTATION FOR MEASURING THERMAL GRADIENTS: 

At present, inexpensive and accurate methods are not readily available 

to measure thermal gradients at temperatures above 110 C. Presently 

available commercial thermistors do not have a sufficient range to 

measure from ambient temperatures to those found In highly prospective 

geothermal areas. Enviro-Labs, Inc. has developed a practical system 

utilizing a platinum thermistor which Is able to measure temperatures 

from below zero to near 200 C. Cooperative engineering and test work 

is being conducted in Dixie Valley by Enviro-Labs and the Southland-

Mi I I lean venture to make this system practical for one-man well logging 

operations. Continuous logging through one Inch pipe will be possible. 

Results of the engineering development work and test result of the system 

will be of value to the industry, especially In logging high temperature 

thermal gradient wells. Thermistor designs are proprietary, but 

engineering designs for geothermal well logging use, logging equipment 

designs, and test applications will be available for release, (see 

Appendix A , Page Id for technical analysis and resume.) 
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3. PROGRAM DESCRIPTION 

a. Subsurface 

The primary objective of the proposed program is to assess the potential 

of the geothermal reservoir of Dixie Valley by drilling three selected 

geothermal test wells to depths of 8,500 feet. To Insure however, that such 

an assessment will include the necessary geological foundation, this drilling 

will be included in a comprehensive program required to appropriately evaluate 

the Valley's geothermal potential. Because of the high costs Involved 

in drilling relatively deep geothermal wells, well-site selections should 

only be made on the basis of the best available, although economically 

cognizant, geological Information. To meet this requirement, the academic 

industrial program in this proposal is felt to be extremely valuable. 

In order to optimize the potential impact of all pertinent geological 

information on well site selection, and subsequently the prudent 

development of a commercially viable geothermal reservoir, If shown to be 

present, a multi-disciplinary geological analysis Is to be conducted in 

concert with the three-well drilling program. (See Surface Investigations, 

Section B. 3« b., page 32 .) 

Considering that the transmittal of the data obtained to date by 

Proposer is Phase I of the proposed program, a brief pre-drllling evaluation 

(early Phase II period) by the staff of the Univeralty of Nevada at Reno, in 

cooperation with the staff and consultants of the Southland-Mi 11ican coopera­

tive venture will be undertaken to optimize the selection of the first and 

subsequent well sites and to originate pertinent detailed evaluations of the 

geological factors that impact the potential geothermal reservoir of Dixie 

Valley. Phase II evaluations will then proceed as Phase III initial drilling 

Is begun. The data derived from each well drilled as tested will be in­

corporated In the well selection process for each subsequent well drilled 

as well as In the final assessment of the Dixie Valley geothermal reservoir 

13 



In order to expedite drilling, eleven applications to drill were filed with 

the United States Geological Survey in early May (Map 7, page llA, approximate 

locations). It is expected that drilling can commence at one of these locations 

as early as January, 1979. The United States Geological Survey has advised that 

If all regulatory requirements are In order, permits could be Issued by September, 

1978. As indicated previously the plan Is for the University of Nevada to review and 

reinterpret existing data before final selection of the first well-site so that 

all existing information may be integrated into the overall case study. The 

schedule for development of the hydrologic, selsmologic, geologic and geophysical 

investigations should allow much of the data developed to be further Integrated 

with the data obtained from the first well before sites are selected for the 

second and subsequent wells. Data from the second well will then be integrated 

with the final results of the proposed hydrologic, selsmologic, geologic and geo­

physical investigations before sites are selected for the third well. 

In determining well site selection, it will be considered that the pre­

vious geological evaluations conducted by the Southland-Mi 11ican cooperative 

venture have suggested that two types of reservoirs may exist In Dixie Valley: 

l) a hot water, or vapor dominated (more than 200° C) fracture controlled 

reservoir along the western margin of Dixie Valley below the base of the 

gabbroic complex, and 2) a hot water dominated (more than 200° C) porous media-

fault controlled reservoir at depth in the central region of Dixie Valley, at 

or below the base of the thick a11uviumlucustrlne sequence. 

On the premise that the area along the western margin of the Valley 

appears at this time to offer the most attractive economic and geologic 

conditions necessary for industrial geotheirmal development, the proposed 

Dixie Valley assessment program intends to focus Initially on the western 

areas of the Valley. Subsequently, and depending upon the geological In­

formation generated from the proposed evaluations and associated drilling program, 

the central basin area would then be drilled and tested, but such an expanded 

L-DUcfoduze mtyect to 
program is beyond the scope of this proposal. - • ,• / 

fedtzictiom on title paae i. 
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DETAILED DRILLING AND COMPLETION PROCEDURE 

The permits which have been filed and the drilling plan and diagrams(page 25) 

call for 8,500 foot wells. The depth necessary will vary depending 

on the proximity to the valley sides as there is likely to be step 

faulting of the basement rock. A detailed drilling and completion 

procedure follows; including reference to logging in sequence: 

1. Move in and rig up rotary tools. Drill 24" hole to 50' using a 

fresh water gel mud. Run 20" 94// H-40 casing to 50' and cement with 

96 sacks. If cement fails to circulate or falls down the annulus 

after cementing, wait on cement 8 hours, run 1" pipe into the annulus 

to top of cement and recement through the 1" pipe, bringing the top of 

cement to ground level. Wait on cement 12 hours. 

In as much as the Southland - Millican Cooperative Venture has drilled 

a number of geothermal test wells in this immediate area to depths 

below 1300' without encountering, steam, oil or gas flows, it will be 

requested that the requirement of a blowout preventer on this string 

of casing be waived and surface casing set before installing a blowout 

preventer. 

2. Drill 18 5/8" hole to 1300' using a fresh water gel mud. Run 

electric logs from 50' to 1300'. Run 16" 75// K-55 casing to 1300' 

and cement with 1225 sacks. If cement fails to circulate or falls 

down the annulus after cementing, wait on cement 8 hours, run 1" pipe 

into the annulus to top of cement and recement through the 1" pipe, 

bringing the top of cement to ground level. Wait on cement 12 hours. 

Install a 16" 2000 psi working pressure casing head with 2 - 2" side 

outlets on the 16" casing at ground level. Install a 2" 2000 psi 

working pressure valve on one casing head outlet, then connect the 

valve to the mud pump and use this opening as a kill line if needed. 

Install 2 - 2" 2000 psi working pressure valves in series on the other 

casing head outlet, then connect these valves to the mud pits for.use 

as a blowdown line if needed. Install a 16" 2000 psi working pressure 

drilling spool with 2 - 2" side outlets on the 16" casing head. 
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Install a 2" 2000 psi working pressure valve on one drilling spool outlet, 

then connect the valve to the mud pump and use this opening as a fillup 

line. Install a 2" 2000 psi working pressure valve to the other drilling 

spool outlet, this valve will be retained for reserve use. Install a 

manual and remotely controlled hydraulically operated double ram blowout 

preventer rated at 2000 psi working pressure on the 16" drilling spool. 

Install an expansion-type blowout preventer rated at 2000 psi working 

pressure on the 16" double ram blowout preventer. All of this well head 

equipment will have a bore larger than 14" In order to allow passage 

of 13 3/4" drilling tools. After nlppling up this equipment, test the 

blowout preventers, valves and casing to 2000 psi. The blowout preventers 

will be pressure tested not less than once each week, alternating the 

control stations. The blowout preventers will be tested for operating 

ability not less than once each day. Prior to drilling out cement, the 

drill string will be equipped with a kelly cock installed between the 

kelly and the swivel. A full opening drill string safety valve will 

be kept on the rig floor and ready for use at all times. 

3. Drill 10 5/8" hole to 3000' or through volcanic beds using a 

9.5 pound per gallon fresh water based gel-chemical mud. If no lost 

circulation zones have been encountered, continue drilling 10 5/8" 

hole to 5000'. If severe lost circulation occurs while drilling the 

1300' - 3000' interval, ream the hole to 13 3/4", run electric logs, 

run 11-3/4" 54# K-55 casing to 3000' and cement with 1700 sacks. If 

cement fails to circulate or falls down the annulus after cementing 

wait on cement 8 hours, run 1" pipe into the annulus to top of cement 

and recement through the 1" pipe, bringing the top of cement to ground 

level. Wait on cement 12 hours. 

Install 11 3/4" x 16" casing slips and packing in the 16" casing head. 

Install a 16" x 16" 2000 psi working pressure casing spool with 2" 

side outlets on the 16" casing head. Install a 2" 2000 psi working 

pressure valve on one casing spool outlet, then connect the valve to 

the mud pump and use this opening as a kill line if needed. 
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Install 2 - 2" 2000 psi working pressure valves in series in the other 

casing spool outlet, then connect these valves to the mud pits for 

use on a blowdown line if needed. Install a 16" 2000 psi working 

pressure drilling spool with 2 - 2" side outlets on the 16" casing spool. 

Install a 2" 2000 psi working pressure valve on one drilling spool 

outlet, then connect the valve to the mud pump and use this opening 

as a fillup line. Install a 2" 2000 psi working pressure valve on 

the other drilling spool outlet; this valve will be retained for 

reserve use. Install a manual and remotely controlled hydraullically -

operated double ram blowout preventer rated at 2000 psi working pre­

ssure on the 16" drilling spool. Install an expansion - type blowout 

preventer rated at 2000 psi working pressure on the 16" double ram 

blowout preventer. All of this equipment will have a bore larger than 

10 3/4" in order to allow passage of 10 5/8" drilling tools. 

After nippling up this equipment, test the blowout preventers, valves 

and casing to 2000 psi. The blowout preventer will be pressure tested 

not less than once each week, alternating the control stations. The 

blowout preventer will be tested for operating ability not less than 

once each day. Prior to drilling out cement, the drill string will 

be equipped with a kelly cock installed between the kelly and the 

swivel. A full opening drill string safety valve will be kept on 

the rig floor and ready for use at all time. 

4, Drill 10 5/8" hole to 8000' using a 9.5 pound per gallon fresh water 

based gel-chemical mud. Run electric logs. Run 8 5/S" 36// Buttress 

casing to 8000' and cement with 2100 sacks of a high temperature 

admix cement. This casing string will be composed of 6000' of 

36// K-55 casing (top portion) and 2000 ' of 36// K-80 casing (bottom portion) 

Cementing will be accomplished by running drill pipe inside the casing 

to a stab-in float collar positioned one joint above the casing guide 

shoe and pumping cement through the drill pipe and up the annulus 

outside the 8 5/8" casing to the surface. 
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A wiper plug will then be pumped through the drill pipe. In the 

event circulation is lost while cementing and cement does not reach 

ground level, a wiper plug will be pumped through the drill pipe, 

the drill pipe pulled, a temperature survey will be run to locate 

the cement top (if possible), the casing, will be perforated at the 

cement top, a cement retainer will be placed above the perforations and 

the casing will be again cemented. If necessary, this process will be 

repeated until a continuous column of cement exists from ground level 

to the casing shoe. After waiting on cement 12 hours, all retainers 

placed in the casing will be drilled out and the perforations tested to 

2000 psi to assure the perforations are well cemented. 

Install an 8 5/8" x 16" expansion unit and a 16" x 10" 2000 psi 

working pressure expansion spool with 2" side outlets on the 16" casing 

spool. Install a 2" 2000 psi working pressure valve on one expansion 

spool outlet, then connect this valve to the mud pump and use this 

opening as a kill line if needed. Install two 2000 psi working pressure 

valves in series in the other expansion spool outlet, then connect these 

valves to the mud pits for use as a blowdown line if needed. 

Install a 10" 2000 psi working pressure master valve on the expan­

sion spool. Install a 10" x 10" 2000 psi working pressure drilling 

spool on the master valve. Install a 2" 2000 psi working pressure 

pump and use this opening as a fillup line. Install a 2" 2000 psi work­

ing pressure valve in the other drilling spool outlet; this valve will 

be retained for reserve use. 

Install a manual and remotely controlled, hydraulically-operated 

double ram blowout preventer rated at 2000 psi working pressure on the 

10" spool. Install an expansion-type blowout preventer rated at 2000 

psi working pressure on the double ram blowout preventer. Install a 

2000 psi working pressure rotating head on the expansion-type blowout 

preventer. All of this equipment will have a bore larger than 7 3/4" 

in order to allow passage of 7 5/8" drilling tools. 
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After nippling up this equipment, test the blowout preventers, 

valves and casing to 2000 psi. The blowout preventers will be pressure 

tested no less than once each week, alternating the control stations. 

The blowout preventers will be tested for operating ability not less 

than once each day. Prior to drilling and cement, the drill string will 

be equipped with a kelly cock installed between the kelly and the 

swivel. A full opening drill string safety valve will be kept on the 

rig floor and ready for use at all times. 

5. Drill 7 5/8" hole to 8500' using a 9.5 pound per gallon fresh 

water based chemical mud. Run electric logs. Run a drill stem test 

if feasible, setting packers in 8 5/8" casing. Displace mud in 

hole with fresh water. Lay down drill pipe. Shut in well at 10" 

master valve. Remove rotating head, expansion type blowout preventer, 

double ram blowout preventer, drilling spool and all mud lines. 

Install a second 10" 2000 psi working pressure vialve to be used as 

a production valve. Move off the rotary drilling rig. Allow well 

to flow fresh water to pits. Begin production testing for pressure, 

volume, temperature, water quality, and other hydrogeological characteristics. 

6. In the event severe lost circulation occurs while drilling the 

hole section 3000' to 8000' and it is necessary to case off these 

lost circulation zones, an 8 5/8" 36# N-80 Buttress casing will 

be run and cemented, using the techniques described in step 4 above. 

The hole section 8000' - 8500' will then be drilled with a 6" bit 

and the completion technique described in step 5 above will be applied. 
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In addition to drilling and completion procedure: 

1. Condition hole and mud before pulling drill pipe to change 

bits, log or run casing. 

2. Keep hole full while pulling drill pipe. 

3. Check mud qualities daily, keep mud testing equipment on location 

at all times. 

4. Equip pits with a high-low level indicator but both visual 

and audio warning devices. 

5. Equip mud system with a degasser and desilter. 

6. Equip mud system with temperature monitors to read and record 

mud temperatures going into and coming out of hole at intervals 

of 30' or less. 

7. A hydrogen sulfide indicator and alarm will be installed on 

the rig floor while drilling from 1300' to T.D. 

8. A member of the rig crew or the tool pusher will monitor activity 

on the rig floor at all times while drilling and completing this 

well. 

9. Weight material of quantity needed to raise the weight of the mud 

system 2 pounds per gallon will be maintained at the well site 

while drilling the interval 1300' - 8500'. 

10. Deviation surveys will be made at intervals of 500 feet or less. 

11. In addition to blowout preventer specifications listed in the 

drilling procedure, the following procedures will be observed: 
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A. Packing elements and ram rubbers will be of high temperature 

resistant materials. 

B. The hydraulic actuators for opening and closing the ram type 

and expansion type blowout preventers will be located at the 

drillers station and at a point on ground level 50' or more 

form the well bore. 

C. The blowdown line connecting the well head and the mud 

pits will be equipped with steel or ceramic chokes and valves. 

The line will be anchored at all bends and at the end. 

D. A blowout prevention drill will be conducted weekly for each 

drilling crew. During this drill, the expansion-type blowout 

preventer and pipe rams will be operated, using both control 

station actuators. All crew personnel will participate in 

these drills. The result of these drills will be entered 

in the drillers log book. Flange bolts will be inspected 

for tightness as a part of this drill. 

E. Blind rams in blowout preventers will be checked for operation 

or each trip. 

F. The expansion-type blowout preventer and pipe ram elements 

of ram type blowout preventers will be checked daily for 

operation. 
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Casing Design Safety Factors: 

20" 9̂ '̂, set at 50', using 9.5// maximum mud weight 
CoUapse REQ = 25 Rating = 520 SF = 20.8 
Tension REQ = ^700 Rating = ii87,000 SF = 103.6 
Burst REQ « 25 Rating = lAOO SF = 56.0 

16" 75#, set at 1300', using 9.5.̂ ' maximum mud weight 
Collapse REQ = 6^2 Rating = 1020 SF = 1.6 
Tension REQ = 97,500 Rating = 662,000 SF = 6.B 
Burst REQ = 6̂ *2 Rating = IhOO SF = 3-7 

11 3/^" 5 k = , set at 3000', using 9-5.7 maximum mud weight 
Collapse REQ = 1482 Rating = 2280 SF = 1.5 
Tension REQ = 162,000 Rating = 593,000 SF = 3-7 
Burst REQ = 1^82 Rating = 3300 SF = 2.2 

8 5/8" 36# N-80 Buttress 6000' to 8000', using 9.5# maximum mud weight 
Collapse REQ = 3952 Rating = 4270 SF 1.08 
Tension REQ = 72,000 Rating ^ 1,034.000 SF 14.36 
Burst REQ = 3952 Rating = 5900 SF 1.49 

8 5/3" 36^' K-55 Buttress 0' - 6OOO', using 9-5 # maximum mud weight 
Collapse REQ = 2964 Rating = 3420 SF = 1.15 
Tension REQ = 288,000 Rating = 981,000 SF = 3-40 
Burst REQ = 2964 Rating = 4100 SF = 1-38 

7" 23? M-80 Buttress 0' - 8OOO', using 9.5,? maximum mud weight 
Collapse REQ * 3952 Rating = 4070 SF = 1.03 
Tension REQ = 184,000 Rating = 666,000 SF = 3-62 
Burst REQ = 3952 Rating = 5800 SF = 1.46 
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SCHEMATIC OF WELL HEAD AND BLOWOUT PREVENTERS 

DRILLING PROCEDURE STEP 2 

000# WP EXPANSION 
PE BLOWOUT PREVENTER 

2000# WP DOUBLE 
RAM BLOWOUT PREVENTER 

RESERVE OUTLET 

2" 2000#WP VALVES 

TO MUD PITS 
BLOWDOWN LINE 

GROUND LEVEL 
20" 94#H-40 CASING 

CEMENT 

16" 75#K-55 CASING 

CEMENT 

& 

16" 2000#WP DRILLING 
SPOOL 

G 
TO MUD PUMP 

-• FILL UP LINE 

'pm^ 
TO MUD PUMP 
KILL LINE 

J6" 2000#WP CASING HEAC 

.24" HOLE 

^ 50' 

.I8i" HOLE 

1300' 
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SCHEnATIC OF WELL HEAD AND BLOWOUT PREVENTERS 

DRILLING PROCEDURE STEP 3(lf Necessary) 

2000/?WP EXPANSrON 
TYPE BLOWOUT PREVENTER 

2000iV/P DOUBLE 
RAM BLOWOUT PREVENTER 

11 l / ^ " 5lt#K-55 CASING 

CEMENT 

16" 2000#WP DRILLING 
SPOOL 

TO MUD PUMP FILLUP 
LINE 

13 I f ^ " HOLE 

3000' 

24 



2000 ^ P ROTATING HEAi 

2000*WP EXPANSION TYPE BLOWOUT 
PREVENTER 

2000#WP OOUBLE RAM BLOWOITT 
PREVENTER 

SCHEMATIC OF WELL HEAD ANO 

BLOWOUT PREVENTERS 

DRILLING PROCEDURE STEP k 

2" 20O0#WP VALVE 

2000#WP DRrLLING SPOOL 

• TO HUO PUHP FILLUP LINE 

-10" IOOO#UP WASTER VALVE 

TO MUD PITS 
BLOWDOWN LINE 

TO MUD PUMP 
KILL LINE 

,16" ZOQOiVP X 10" 2000#WP 
EXPANSION SPOOL 

n 3A" SWK-SS CASING . 

CEMENT 

S S/8" CASING 

CEMENT 

16" 2000#WP CASING SPOOL 

D 

13 3/'i" HOLE 

.10 5/B" MOLE 

8000' 
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BLOWOUT PREVENTION PROGRAM 

As detailed in the "Drilling and Completion Procedure" the blowout 

prevention program consists of three phases: blowout prevention 

containment devices (blowout preventers, rotating head and master 

gate), blowout warning devices (pit level alarm, degasser, tem­

perature monitor), and blowout control drills for crew members. 

The containment devices will be equipped with high temperature 

resistant packing elements and ram rubbers. All of the containment 

devices used will be rated and tested to 2000 psi. All of the 

containment devices will be installed and used above ground level 

so that any leaks will be visible and accessible for repair. As 

outlined in "Drilling Procedure", blowout preventers will be 

pressure tested when installed; then pressure tested not less than 

once each week; and again pressure tested if any of the equipment 

is removed or if any seals are broken for any reason. The equipment 

will be tested for operating ability not less than once each day. 

The warning device in use on this well will consist of a pit level 

alarm rigged to actuate both an audio and visual warning in event the 

level of fluids in the mud pits increases or decreases. The warning 

device will be located on the rig floor near the drillers station. 

In addition to mud level monitoring, mud temperatures will be 

monitored and recorded, which will also serve as a warning device as 

temperatures Increase. 

Blowout control drills for crew members will be conducted not less 

than once each week and will consist of two phases: acquainting 

every crew member with blowout prevention equipment and controls; and 

schooling drillers and tool pushers with kick control techniques and 

calculations. Kick control procedures and worksheets for calculations 

will be maintained on the rig floor at all times after drilling surface 

hole. 
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A blowout contingency plan in detail will also be placed in a 

conspicuous place near the rig floor and will concern actions 

to be taken after kick control procedures are begun. This plan will 

consist of three main thrusts; containment of well fluids, in­

sulation of the public from danger and cleanup measures. 

The reserve pit built on the well site will at all times be capable 

of handling several thousand barrels of well fluids in addition to 

drilling fluids discarded as normal operating procedure. If this 

pit should prove to be indadequate for fluid containment, additional 

earthen pits will be made to hold well fluids. 

The access road to the well site will be equipped with signs 

warning the general public of possible danger and advising unauthorized 

personnel to stay away form the well site at all times. In the 

event a well kick occurs of high temperatures are encountered, the 

access road will be blockaded to further restrict visitors. If 

any fluids are being produced by the well, either water, steam or 

gas, the road will be blockaded and manned to prevent entry by the 

general public. In the event gas, oil or corrosive waters are produced 

by the well and are being airborne away from the well site and access 

road to other public roadways, these roadways will be blockaded and 

manned to warn the general public of danger. 

In the even oil or corrosive water should be produced by this well, 

these fluids will be confined to the drill site and either transported 

to a disposal site or buttled at the well site when the well site is 

restored. 
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Plugging and Abandonment Procedure 

In the event this well does not produce high temperature water or 

steam, the following procedure will be followed: 

1. Run drill pipe with 7 5/8" bit and clean out to 8500' 

2. Run drill pipe with retainer, set retainer at 7900', fill 

hole section 7900' t6 8500' with 190 sacks cement, pull out of re­

tainer, spot 32 sacks cement in casing, filling casing from 7900' 

to 7800'. Wait on cement 8 hours, test plug by setting drill pipe 

weight of 15,000 pounds on top of plug. 

3. Fill hole from 7800' to ground level with 9.5 pounds drilling 

mud. 

4. Set 14 sack cement plug at 6' to 50' 

5. Cut off 20; 16", and 8 5/8" casing 6' below ground level, 

weld on a steel plate 20" in diameter and fill cellar. 

6. Restore the well site to the satisfactions of the Bureau 

of Land Management personnel. 
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B. 3. a. 1. iv. CONTINGENCY INJECTION WELLS 

In the event proposer is successful in negotiating a contract 

for the drilling of three geothermal test wells, proposer will of 

necessity need to drill one or more injection wells In conjunction 

with provisions outlined In Section B, 3. b. 2. Proposer desires, 

during preliminary well testing, to dispose the produced geothermal 

fluids into earthen pits until such time as data assimilated under 

Section B. 3. b. 2 will ascertain the proper location and method to 

reinject the produced fluids. Any surface disposal will be done in a 

manner whereby minimal effects to the environment will be made. 

Subject to the requirements as dictated by the above data, 

proposer would expect to renegotiate at that time for assistance in 

drilling any v/ells required to complete the testing and case study 

data under this proposal. 
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II. Sampling and Logging 

Samples will be collected at least every 10 feet while drilling 

is in progress. Density and gamma-ray-neutron logs will be run. 

Acoustic, velocity, and resitivlty logs may be done if the state-

of-the-art indicates they are appropriate at that time. Standard 

drill stem testing, flow testing, and fluid chemistry will be done 

by University of Nevada personnel in conjunction with industry re­

presentatives as will lithologic logging. 

A more detailed analysis of this work is presented in Sections B.3. 

b and c. 
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3. b. Surface - Subsurface Investigations 

The following described vrork to be performed under this section 

shall be done primarily by personnel of the University of Nevada-Reno 

in conjunction with and coordinated through industry representatives 

and consultants of the Southland-MI1Itcan venture. 

Since an entire case study is proposed herein Including drilling 

of test wells, the data to be acquired in this section extends to 

both surface and subsurface programs. 

A multi-discipline approach will be utilized for the surface 

investigations related to the Dixie Valley geothermal reservoir 

assessment. The first stage of collection and evaluation of all 

available existing data will allow for the development of a dynamic 

model of the Dixie Valley system and will provide a frame-work for 

obtaining and integrating new data. 

The second stage surface investigations will include: 1) re-

evaluation of available aeromagnetic and magnetotel1 uric data, 

2) Hydrology and hydrogeochemistry, 3) structural and tectonic 

analysis, 4) petrologic studies, 5) microseismicity studies, and 

6) shallow-depth temperature surveys (less than five feet). Task 

descriptions for each of these evaluations are presented below, 

with time schedules presented In Section B. 4., and cost schedules 

presented in Section C. The purposes of the second stage of the 

surface investigations are to 1) refine the model of the Dixie Valley 

system In order to prove the optimum sites for the subsurface 

investigations (I.e., drilling) and 2) to evaluate the effectiveness 

of each surface investigative technique. 
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B. 3. b. 1. Aeromagnetic and Magnetotelluric Data 

In the previous Section of'Program Data Offered"the need for a 

re-interpretation of the multi-level aeromagnetic data was outlined. 

Because of the critical nature of the interpretation it is proposed 

that the following program be conducted. 

a) Re-interpretation of the aeromagnetic data by an independent 

source. It is proposed that this be done via the cooperative 

efforts of the staff of the University of Nevada and Mr. Noel 

Rasmussen, Consulting Geophysicist, Tulsa, Oklahoma. Mr. 

Rasmussen is highly qualified in this field, having spent many 

years with AMOCO Research as a geophysicist.(See Resume in Appendix) 

b) Re-evaluation of the magnetotelluric data and alternative 

aeromagnetic Interpretations, surface and subsurface geology 

to produce a tectonic model of Dixie Valley. This work would 

be done by a group composed of geologists and geophysicists 

from the Mackay Minerals Research Institute-UNR and the 

technical consultants to Southland Royalty Company and Millican 

Oil Company (Richard L. Jodry and Michael D. Campbell, respectively), 

with consultation with Senturion Sciences, Inc., Mr. Rasmussen, 

and selected staff members of the United States Geological Survey. 
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HYDROLOGIC AND HYDROGEOCHEMICAL STUDIES 

B. 3. b. 2. 

This portion of the study will evaluate the hydrologic and hydrogeochemical 

parameters of Dixie Valley as they relate to the geothermal reservoir 

in the Valley. The first portion of the hydrologic study will focus on the 

western half of the Valley with the ultimate goal of supporting well-site se­

lection and testing one or more geothermal wells. However, because of the nature of 

hydrogeologic systems, it will be necessary to study the entire hydrologic 

regime of Dixie Valley, although work will be designed to maximize information 

regarding the study area. The study may be expanded at a later date to include 

the eastern half of the Valley. Since the hydrology is intimately related to 

other aspects of the subsurface and surface environments, a substantial amount 

of interaction will occur with other concurrent investigations (seismology, 

geophysics and geology). Such close interaction will optimize the results of 

the study with concomitant drilling to ensure the development of a rational 

conceptual model of the geothermal resource. 

(A good overview of the hydrology of Dixie Valley was provided by Cohen 

and Everett (1963)). One of the interesting features of Dixie Valley is its 

role as a major ground-water sink. It receives ground-water inflow from the 

six surrounding valleys (Falrview, Jersey, Pleasant, Eastgate, Cowkick and 

Stingaree Valleys). The seven valleys form a closed hydrologic unit, and 

it thus will be necessary to include a review of existing data on these 

valleys in hydrologic study of Dixie Valley. 

Relevance: 

The hydrologic and hydrogeochemical portion of this study will be directed 

toward understanding the hydrology of the study area as It relates to the 

geothermal reservoir. On a local scale, this portion will also serve to support 

well-site selection and testing, which, in turn, will provide additional data 
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for the overall hydrologic-hydrochemical study and future well-site selection. 

The hydrology of the area is extremely important to the overall evaluation of 

the geothermal resources of the area. Healy (in Pearl, 1976) stated that the 

hydrologic conditions of a geothermal reservoir constitute the limiting factor 

governing the ultimate extraction of heat energy from the reservoir and the 

success of a proposed geothermal development. When the results of the hydro-

logic study are integrated with those of the seismic, geophysical and geological 

studies, and combined with drilling test data, a state-of-the art assessment 

of the extent and potential life of the geothermal reservoir will result. 

The following hydrologic parameters will be considered in the proposed 

program of geothermal reservoir assessment: recharge rates and areas; storage 

and transmissive properties of the reservoir; ground-water flow rates and flow 

paths; ground-water chemistry; and the nature and locations of reservoir 

boundaries. 

In evaluating recharge rates, the following factors will be considered: 

1) the amount of fluid withdrawal, as excessive withdrawals could shorten 

the useful life of the system; 2) a wet-steam field could change to a dry-

steam field; 3) declining temperatures and pressures could cause sealing 

(Bolton, 1972; Garrison, 1972); 4) if excessive withdrawals caused increased 

recharge, the cooler, recharge water might diminish the heat content of the 

goethermal fluid (Pearl, 1976); 5) locations of subsurface recharge areas are 

locally important to determine flow paths of water from the recharge areas to 

points of discharge and the resultant changes in heat and dissolved material 

content as the water flows to the discharge area. 

Storage and transmissive properties will also play a significant role in 

determining the rate and amount of fluid withdrawal, project lifetime and project 

size. Knowledge of ground-water flow directions and rates will be required 

- 35 



to assess the extent of heat dilution and dispersal In the reservoir. Water 

chemistry and isotropic composition will provide a wealth of information re­

garding reservoir temperatures, extent of mixing and leakage In the system, 

fluid residence times and recharge rates and areas. The geo-chemlstry of the 

ground-water will also be critical in evaluating the extent of plugging with 

changes in pressure and temperature as the reservoir is developed and the po­

tential problems associated with fluid disposal. Estimates of the location 

and nature of reservoir boundaries will be required to aid in determining 

geothermal project size and lifetime as well as boundary effects during 

exploi tat ion. 

In addition, the hydroJogic-hydrogeochemical study will identify some 

of the potential environmental problems associated with geothermal development. 

For example, the study will seek to Identify regions where reinjection of spent 

geothermal fluids may be feasible. The hydrogeochemistry of the goethermal 

fluids obtained during well testing will also aid in assessing chemical 

problems arising from fluid reinjection. Knowledge of reservoir parameters 

will also be used to provide an evaluation of potential land subsidence 

problems which may be associated with extensive fluid withdrawals. 

Object Ives: 

The hydrologic and hydrogeochemical portion of this study will be conducted 

In three overlapping phases (II through IV) although most of the work will be 

accomplished In Phase II (surface investigations). During this phase, work 

will involve the examination of existing data and the collection of additional 

Information. The synthesis of Phase II hydrologic data along with the seismic, 

geophysical and geological data will support well-site selection and drilling 

(Phase Mi) and reservoir assessment and testing (Phase IV). Since these three 

phases overlap to some extent, data collected during each phase will provide 

support for the other two phases. Such an approach will produce a synergistic 

effect which will result in a more detailed assessment of the geothermal reservoir. 

- 36 -



Some hydrologic and hydrogeochemical investigations will be conducted in 

Phases III and IV. These will consist largely of providing support for these 

phases and assisting In the Interpretation and analyses of data. Close contact 

will be maintained with the well drilling (Phase III) and the reservoir assessment 

and testing (Phase IV) groups, since the tasks of these two groups are intimately 

related to the hydrology and hydrogeochemistry. For example, a substantial 

amount of work during Phase IV will consist of conducting and interpreting 

chemical and isotopic analyses of the goethermal fluid produced during the 

reservoir tests. These analyses will aid In determining the nature of the 

reservoir and potential development problems (e.g., sealing and encrustation). 

Specific objectives of the hydrology-hydrogeochemical program for each 

phase are listed below. 

Phase M : Surface Investigations (Estimated time frame 10/1/78 - 6/30/79) 

1.) Determination of recharge rates and areas; 

2.) Approximation of storage and transmissive properties of the 

valley alluvlum; 

3.) Delineation of ground-water flow rates and directions; 

4.) Estimation of reservoir geometry (thickness, areal extent and 

nature of boundaries); 

5.) Reservoir temperatures and water chemistry; 

6.) Integration of data obtained from items 1.) through 5.) above with 

the results of other Phase II investigations and available Phase Ml 

and IV results to provide verification of future well sites, assess 

the geothermal resources of the study area, and briefly evaluate the 

environmental impact of geothermal development. 

Phase III: Support for Well Drilling (Estimated time frame 1/1/79 - 8/31/79) 

1.) Assist in the Interpretation of geologic and geophysical logs with 

respect to the hydrologic and hydrogeochemical properties of the 

geothermal reservoir; 
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2.) Collection and analysis (where feasible) of fluid samples; 

3.) Assist with drill-stem testing (if feasible) and analysis; 

4.) Synthesis of drilling data with those of Phase M to verify 

future wel1 si tes. 

Phase IV: Support for Reservoir Assessment and Testing 
(Estimated time frame 4/1/79 - 3/31/80) 

1.) Assist reservoir assessment group with testing of geothermal wells, 

data collection and analysis (determination of hydraulic conductivities, 

storage/leakage parameters, boundary effects, etc.); 

2.) Collection and analysis of fluid chemistry data; 

3.) Synthesis of data obtained in items 1.) and 2.) with existing 

Phase I[ and I 11 data. 

Research Procedures: 

Phase I I 

Initial efforts will consist of examining existing hydrologlcal and 

hydrogeochemical data on file with the Nevada Bureau of Mines and Geology, 

Desert Research Institute, U.S. Geological Survey, Nevada State Engineer's 

Office, other agencies and from literature. Field work will consist of 

measuring and sampling existing wells and springs. Vapor samples will 

be collected from fumaroles. On certain samples, selected trace element 

and isotopic analyses (H , H , C , C , 0 ) will be performed. Temperature 

data will be collected from existing wells and springs and integrated with 

similar data from the ongoing spring monitoring project being conducted 

by Southland/Mi 11ican venture, and from the existing gradient holes in 

the study area. Aquifer test data (i.e., storage coefficients and trans-

missitivities) will be obtained from existing wells, where feasible. 

Quantitative estimates of aquifer properties will also be made from exist­

ing well-log and specific-capacity data. Sufficient data may also exist 

for flow-net analysis, which may provide some indication of aquifer parameters. 
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Substantial use will be made of the chemical and Isotopic analyses of the 

water. Stable isotope data can provide information on recharge rates and areas, 

as can the radioisotope data. The latter will also assist In placing age 

limits on the ground-water samples, and the entire suite of Isotope data may 

prove useful in constructing a simple aquifer flow model (Campana, 1975 and 

1976). if such a model proves feasible, it can yield Information on recharge 

rates and areas, flow paths and reservoir size and mixing properties. In 

addition, temperature and temperature gradient data may prove useful in ascer­

taining mixing properties of the reservoir. New and existing chemical data 

will be useful in developing the aforementioned flow models. (See Program 

Data Offered, Part II.) Chemical geothermometers such as the Ca-Na-K method 

and the silica method (Fournier and Truesdel1, 1974 and 1975; Truesdell and 

Fournler, 1975) and any recent developments In these approaches will be applied 

to all suitable data. However, the validity of the results must be critically 

evaluated In light of the other temperature data and theoretical aspects of 

the subsurface conditions within this particular geological environment. It 

may be possible to derive independent mixing models with geothermometry and 

isotope data. If so, the two models should be cross-checked for validity. 

Since test well drilling will commence three months after the start of 

Phase tl, the first several months of Phase II will consist primarily of 

verifications of the site for the first well. Data from the first well will 

aid in site verification for the second well, and so on. 

The last portion will consist of integrating all the new and existing 

hydrologic and hydrogeochemical data, and conducting some limited re-sampling. 

The results of the other studies will be assessed and based upon the entire 

assemblage of hydrologic, hydrogeochemical, seismic, geophysical, geological 

and test drilling information, additional drilling sites within Phase III will 

be verified and/or selected, 
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Phase IN; 

During the drilling of test wells, the hydrology-hydrogeochemistry group 

will assist in the interpretation of geologic and geophysical logs. The logs 

will provide estimates of the llthology and porosity of the material penetrated. 

If feasible, drill-stem tests will be conducted. These will provide information 

on hydraulic conductivities and vertical head (pressure) gradients. If pos­

sible, fluid samples will be collected and analyzed to provide further Infor­

mation on reservoir parameters and hydrogeochemistry and to assist in selecting 

additional well sites. 

Phase IV: 

Well and reservoir testing and assessment will occupy this phase of the 

study. Each of the wells drilled during Phase I II will be tested. The hydrology-

hydrogeochemi stry group will assist the reservoir assessment and testing group 

with the conduction of the tests and analysis of the test data. Such close 

Interaction will assure the development of a rational, coherent conceptual 

model consistent with information collected In earlier phases. In addition, 

fluid samples will be collected during the tests and analyzed for chemical and 

isotopic compositions. These analyses, and their interpretation, will pro­

vide further information on mixing effects and reservoir temperatures and con­

figuration. They will also be useful in assessing potential difficulties arising 

from geothermal development (reservoir sealing, well corrosion/encrustation, 

reinjection problems, e t c ) . 

Work Plan: 

Phase I I 

Months 1 - 3 

Examine existing data and begin field reconnalsance and data 

collection. Commence preliminary data analysis with immediate 

objective of verifying site for the first test well. 
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Months 4 - 6 

Continue field investigations and data collection. Integrate 

data from drilling of first test well as It becomes available. 

Continue with data analysis. Verify site for second test well. 

Months 7 - 8 

Work up entire data assemblage and perform computer simulations as 

necessary. Integrate data from second test well as It becomes 

available. Conduct quick field checks and limited re-samplIng (if 

required) to check for variations In water chemistry. Verify site 

for third test wel1. 

Month 9 

Interact with other project investigators to produce a coherent 

conceptual model of the geothermal reservoir In the study area, 

Indicate favorable areas for additional wells, and provide a brief 

environmental Impact assessment. 

Phase I Ii 

Months 1 - 8 

Monitor drilling progress on test wells 1, 2 and 3 (to be drilled 

sequentially). Assist In drill-stem test and log interpretations, 

(f feasible, collect and analyze fluid samples. Assist in pre­

liminary design of well tests. 

Phase IV 

Months 1 - 1 2 

Assist in conducting well tests (to be done sequentially) on 

wells 1, 2 and 3- Collection and analysis of fluid samples from 

each test. Assist in the analysis of test results and determination 

of reservoir parameters. 
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B. 3. b. 3. Structural and Tectonic Analysis 

The structural and tectonic analysis iwi11 be subdivided into 

two stages. The results of these studies will be integrated to 

develop a geologic model of Dixie Valley that incorporates the 

structural and tectonic data with respect to a geothermal system. 

The analysis is also designed to resolve the apparent conflict in 

Interpretations between the multi-level aeromagnetic data and 

previous structural interpretations. 

Stage I, about three months duration, will involve collecting 

and evaluating all available existing geologic and geophysical 

data to determine the location and apparent nature of major faults 

and lineaments within the study area (Map 2, "page 3A_.) These data 

include existing fault and lineament maps, available landsat and 

manned-space imagery, and available high-altitude and detailed 

photography. Stage 1 studies will provide an independent 

evaluation of the tectonic setting and major structures of the 

Dixie Valley geothermal area, and will serve as a base for 

directing the detailed work of stage 2. 

Stage 2, about six months duration, will involve the collection 

and evaluation of new data. Specific tasks will include completing 

low-sun angle aerial photographic coverage to provide a clear 

and detailed record of all topographic domains and enhance small-

scale structural features, particularly fault scarps (Slemmons, 

1969; Cluff and Slemmons, 1972; Clark, 1972; Walker and Trexler, 

1977). This photography will provide a base for detailed (1:12,000 

scale) field mapping of faults and deformed areas. 

Surface thermal effects will be measured by time-lapse aerial 

photography of snow melting following winter snowfalls. This 

"snow-lapse" photography is not slgnificiantly influenced by 
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the interferences that strongly influence thermal infrared or near-

infrared imagery. 

Field mapping will emphasize delineation, determination of 

type and attitude of faults and a record of past slip directions. 

The frontal fault zone of the Stillwater Range will be mapped 

in detail to determine the nature and location of all Tertiary 

and late Cenozoic faults in the bedrock and adjoining alluvial 

areas. The bedrock areas will be studied in special detail to 

determine the character of the Bernice fault and to establish 

whether or not it has surface extensions in the alluviated areas 

to the east, as indicated by previous investigations (See Program 

Data Offered, Parts II and III). 

The following is a detailed outline of the tasks to 

be completed in each stage of the structural and tectonic analysis. 

Task I: Evaluate existing imagery and remote sensing data and 

coordinate ordering of any additional, available imagery. 

Determine additional imagery and remote sensing data re­

quired and direct program for obtaining these data. Conduct 

aerial reconnaissance. Organize and direct any training 

necessary for research assistants. 

Task 2: Organize and direct appropriate low-sun angle aerial 

missions for detailed black and white 1:12,000 scale aerial 

photographs of the valley floor to provide the base for detailed 

mapping of Quaternary surficial deposits and for detailed 

mapping of active faults. 

Direct and assist in interpreting the results of basement 

fault mapping near the front of the Stillwater Range and along 

the basement exposures of the Bernice fault. 

Assist in organizing and conducting field studies of the 

main sedimentary units of alluviated areas and field studies 
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for mapping, determining the age, number and type of surface 

fault offsets along the main faults of Dixie Valley. 

Task 3: Conduct preliminary field study of the basement rocks 

along the front of the range and across the Bernice fault. 

Study and compile all available literature and unpublished 

data on the basement rocks of the area. 

Task 4: Map in detail and evaluate the structural mechanics 

for faulting in late Cenozoic time of faults near the eastern 

base of the Stillwater Range, and along the Bernice fault. Assist 

in determining the parameters that would assist in Interpreting 

the various geophysical studies within the area. Prepare 

reports on results. 

Task 5: Conduct a preliminary field study of the faults and 

stratigraphic units of the valley fill sediments. Review all 

imagery studies and prepare new analyses of available imagery 

on the area. 

Task 6: Interpret the low-sun angle photographs, conduct detailed 

field studies of the faults within or projecting toward the 

field area. Prepare a detailed report on the stratigraphic 

units exposed on the valley floor. Assist in correlating the 

structural interpretations with the geophysical data. Prepare 

reports. Direct and assist in developing a model consistent 

with the structural and tectonic data as well as the petrologic 

alteration data. Prepare interim and final reports. 

3. b. 4. Petrologic Alteration Studies 

The petrologic alteration studies will be completed in a 

two stage process. The first stage will involve the analysis of 

all subsurface samples available from thermal gradient drilling 

and representative samples of surface sediments. Stage 2 will 

involve detailed analyses of the subsurface samples, completing 
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detailed mapping of and analysis of samples of the main strati­

graphic units of the basin fill. 

The available cuttings of all previously drilled holes within 

the study area will be examined mineralogically in order to 

determine the type of variation in mineralogy and llthology as 

a function of depth and to determine the nature and vertical 

and lateral extent of any alteration. The lithologic and 

mineralogic changes will be compared with the sediments presently 

being transported by and deposited along all major streams and 

in the playa sediments. The studies will include size analysis, 

light and heavy mineral separations, and x-ray diffraction and 

thermal analysis of the clay-size particles. 

Integration of the petrologic-alteratlon studies with the 

structural and tectonic analysis will be focussed on determining 

the relative importance and character of the major faults and 

determining the lithologic and alteration variations as a function 

of location and depth of drilling and of the sedimentary source 

areas. A model will be generated that Incorporates all petro-

loglc-alteration data with the structural and tectonic analysis 

data. 

The following Is a detailed outline of the work to be com­

pleted during each stage of the petrologic-alteration study. 

Task 1; Assemble a collection of drill cuttings for all drill 

holes on or near the study area. Prepare a detailed set of 

procedures for the study of subsurface samples. Conduct 

preliminary size analyses, binocular analyses, petrographic 

analyses and x-ray diffraction and differential thermal analyses 

of representative sample types. Investigate other possible 

methods of analyzing the samples In the most effective and 

efficient manner. 
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Task 2; Complete detailed analyses of size, textural, mineralogical 

and petrological variation in the samples from the drill holes. 

Prepare progress and final reports on the studies. 

Task 3'. Collect representative samples of surface sediments that 

show the lithologic and mineralogic character of the present 

sedimentary processes of the area. Review all existing data 

on the lithologic and mineralogic character of the present 

sedimentary processes of the area. Review all existing data 

on the lithologic character of the source areas. 

Task 4: Complete a detailed inapping of the main stratigraphic 

units of the valley fill sediments and determine the main parameters 

of their petrologic and mineralogic variation. 

Task 5: Assemble cuttings and samples for petrologic, mineralogic 

and alteration studies. Initiate studies of most appropriate 

x-ray diffraction, size analysis, and optical methods of 

evaluating the samples. 

Organize and arrange for any necessary training of research 

assistants. 

Task 6: Review the mineralogic and petrologic studies of the 

surface sediments derived from the Stillwater Range, and from 

the Spring Creek and Jersey Valley areas. 

Assist in developing methods of analyzing the drill cuttings 

with emphasis on evaluating vertical changes and on determination 

of alteration effects on the original mineralogy. Special 

emphasis will be given to study of the most reactive original 

minerals (including the clay minerals and micas). 
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5. Microearthquake Survey 

Microearthquake activity will be monitored in central Dixie Valley in the 

vicinity of the underlying gabbroic complex for a period of 90 days. This area 

lies between the 2 October 1915 Pleasant Valley M = 7.8 earthquake to the north 

and the M » 6.9, 16 December 1954 Dixie Valley earthquake to the south; both 

had extensive faulting. The seismic energy release in the area of interest is 

comparable to that of much of central Nevada (Ryal1, 1977) and the suspected low 

seismicity in the area may be more illusory than real. 

A trailer-mounted six-station array of vertical seismometers will be de­

veloped and will be recorded on magnetic tape and played back in the Seismological 

Laboratory for analysis which will include epicenters, depths, and focal mech­

anisms. These data will be correlated with existing geologic and geophysical data. 

The primary purpose of the microearthquake studies is to provide the 

following: 

1. Define fault zones in the project area that are seismically active. 

Previous studies in geothermal areas commonly define faults that 

define the geothermal structures. Microearthquake studies commonly 

define faults that are concealed by surface alluvial cones. 

2. Provide the focal mechanisms and source; this is part of the earthquake 

activity, important in interpreting the regional stress orientation and 

the type of conjugate faulting at a site or area. 

3. Determine any special seismic character to earthquake activity; some 

geothermal areas have characteristic seismic activity. 

The microearthquake studies will monitor any such characteristics. 

4. Provide base line data on any local seismic activity in order to 

compare any possible deviations from future geothermal resource 

development activities. 
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Sliidcloiuze iubjeci to 

zesiziciioni on title paac L 
B. 3. b. 6. Shallow-depth Temperature Survey ' -

The purposes for utilizing a shallow-depth (1 meter) 

temperature survey in the Dixie Valley geothermal area are: 

1) to delineate the near-surface hydrothermal discharge 

system, 2) to compare the near-surface hydrothermal discbarge 

system with sub-surface data derived from temperature gradient 

holes, and 3) to test the validity of the shallow-depth temp­

erature survey as a rapid and Inexpensive geothermal exploration 

technique (Olmsted, 1977)-

The absence of widely varying conditions. Including geology, 

topography, depth to water and land use, and the presence of 

high temperature near-surface and surface heat flow areas, in­

cluding fumaroles, hot springs and steam vents, indicate large 

lateral variations in temperature with "hot spots" having 

near-surface heat flows thousand of times greater than background 

levels. In addition, preliminary shallow depth (1 - 3 in) temp­

erature profiles across faults have shown 3 C, and as much as 

18 C, temperature differences across the fault. This suggests 

that the shallow depth temperature survey may be used to delineate 

faults and also fault bounded blocks which act as preferential 

heat flow conductors. 

An estimated survey net of 200 stations will be used. Probe 

sites will be hand augered to a depth of 1 meter, cased with 

PVC pipe and capped to allow for repeated temperature surveys 

at the same stations over a six-month period. Surveys will 

be conducted at monthly intervals to determine the average 

annual temperature by synoptic measurements. This should mini­

mize the effects of variations In convective heat transport by 

water vapor and air and by variations In the solar-alr-earth 

heat budget. 
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The equilibrated temperature measured by a thermistor, the 

lithologic character and the moisture content of the soil will 

be recorded for each station at monthly intervals. The average 

annual temperature and fluctuations will be computed. These 

data will then be compared by computerized statistical reduction 

with temperatures at depth as recorded in temperature gradient 

holes. Results of the entire study will be compared with 

individual monthly surveys to evaluate the reliability of 

single survey data. 

50 



B. 3. c. 

Reservoir Engineering Studies: 

The budget for reservoir assessment has not been specifically contracted, 

however a proposed analysis with cost estimates has been received from the 

California State Lands Commission (CSLC) . Due to the short time for proper 

evaluation between receipt of the CSLC proposal and the closing date of the 

RFP, the Proposer has not made a decision with regard to the CSLC as the 

sub-contractor to conduct the reservoir assessment program. However, Proposer 

P 
feels the program described by CSLC Is the type of Program necessary for evaluation 

of a geothermal reservoir and the personnel of the Desert Research Institutes 

Water Resources Center of the University of Nevada also feel that such a program 

Is compatable with their work on hydrology and hydrogeochemistry. Proposer 

is therefore including the CSLC proposal outline and experience for OOE consider­

ation and discussion if it Is determined that the Southland-Ml11ican-UnIversIty 

of Nevada Proposal Is in the competitive range. It should be recognized, however, that 

the modifications of or additions to this proposal may be made before the time 

of contract negotiation. 

As with the remainder of the proposed case study program, the Industry 

representatives would work on an associated basis with the California Agency 

in the event a sub-contract is negotiated. The proposed cost figures for this 

analysis as outlined, and its reporting, are felt to be within a reasonable 

range based upon the estimates submitted by CSLC for accomplishing the studies 

contained In the following outline. 
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Outline of Proposed Reservoir Assessment Plan 

By: California State Lands Commission 

The economics.of a geothermal operation depends on the type and nature of the 

resource (liquid dominated vs. vapor dominated), depth, reservoir deliverabi1ity, 

original reservoir pressure, location and type of the recharge system, salinity 

of the liquid, fracture pattern, and most Importantly, the reservoir 

temperature. The above parameters should be determined in a systematic approach 

to minimize exploration cost and maximize reservoir description. 

Wells shouTd be logged at successive drilled Intervals. The well logs should 

include a Dual -1nduction Laterolog with SP, Gamma Ray-Neutron, FDC, Saraband, 

and a temperature survey. Additional logs such as conventional sonic as well 

as Micro-Seismograms (fracture finder) may be run if available and offered by 

the service company. 

Carefully designed drill-stem tests at selected intervals (as determined by the 

well logs) should be conducted. Such test data is of vital Importance In future 

planning of additional drill sites, identification of the resource type, and 

properties of the fluid. 

While the drilling Is in progress, the well logs should be interpreted and 

combined with results obtained from the DST. A plan for additional well tests 

upon the termination of drilling will be formulated. Specific well tests 

designed at this stage will include short and long term flow tests, pressure 

buildup and fall-off tests, and reservoir limit tests. 

The above plan, when carefully designed and monitored, should and normally will 

enable one to estimate reserves, deliverabi11ty and productivity Indices, and the 

possible existence of a natural recharge system. Because of the nature of 

geothermal reservoirs, however, the results obtained from one well should not be 

extrapolated to the entire field, especially if the hydraulic transmissivity 
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is mainly controlled by fractures. Thus, it Is recommended that the Initial 

exploration plan include at least two more wells in carefully selected areas 

of the reservoir. 

Well logs and tests similar to the ones described for the Initial well should 

be run for subsequent wells. In addition, the existence of the three wells 

will enable us to conduct pulse and Interference tests to evaluate an inter-

well communication path for possible fluid Injection programs. Pressure 

transient and interference test data on three wells will suffice to determine 

a relatively good estimate of reservoir extent and even perhaps reservoir shape, 

fracture orientation and Impermeable barriers. Vertical pulse tests to estimate 

vertical permeability will also be considered. 

Various exploitation schemes will be modeled using our 3-D geothermal simulator 

and the economics of each process will be determined. 
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California State Lands Commission 
-Geothermal Reservoir Experience 

A- East Mesa 

NO, of Wells: 5 

Objective: Reserves Evaluation and Deliverability Forecast 

Data Available: Well Logs 
DST on Most Wells 
Flow Test on "iVo "̂ Jells 
Temperature Surveys 
Heat Flow Map 

Methodology and conclusions: 

1. DST data were interpreted to estimate reservoir static 
pressure and formation transmissibility. Transraissibi-
lities were compared to results obtained from Saraband 
logs. The validity of Saraband derived permeabilities 
were ruled out. 

2. Net sand thicknesses for individual wells were obtained 
and contoured. The pore volume of the reservoir in the 
area of interest was determined using the isopach map, 
the heat flow map, and the porosity values from the 
Saraband log. 

3. Based on a material balance study it was demonstrated 
that for straight production and with no pressure 
maintenance (by reinjection of the produced fluid) the 
producing life of the reservoir would be less than two 
years. It was demonstrated, however, that by water 
injection tihe economic life may be extended to more than 
thirty years. In this computation, based 'on in-situ heat 
capacity of the reservoir, it was shown that up to two 
pore vol\ime of the fluid in place may be injected before 
the reservoir temperature would drop to unacceptable 
levels. 

4. Salinities computed from resistivity logs and the 
analysis of produced water indicated t±iat the concept 

^ of sudden pressure drop to create a vapor dominated 
system may not be a wise decision for the East Mesa 
field. Although our hypothetical model studies using 
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one and two dimensional systems indicate the heat 
recovery may be maximized by the aibove process. 

5. Economic utilization of a geothermal resource depends 
heavily on the available temperature level, and the 
existing technology. At the time the study was done, 
temperatures in the range of 310^ - 330° F were not 
economical. Therefore, no further action was taken 
at that time. Recently, however, both TRW and Republic 
Geothermal are both reconsidering the East Mesa reser­
voir. 

J 

Lawrence Berkeley Laboratory has conducted many pressure 
transient tests to determine inter-well transmissibi-
lities. Their results have confirmed our initial 
estimates from the DST analysis. 

B - The Geysers Area, California 

* (Because of the sensitive nature of the litigation and the 
fact .that the decision made by Superior Court is still 
subject to appeal, and the confidentiality of the data, 
only some of the technical aspects of the reservoir study 
will be discussed here with no reference to specifics of 
conclusions.) 

Objectives: Reservoir and Reserve Evaluation and Deliverability 
Forecast 

Data Available: 

Methodology: 1. 

2. 

Pressure transient and some Flow Test? Static 
Pressure and temperature Surveys; Considerable 
Past Production Data; No Well Logs. 

The well head recorded pressure transient test 
data were converted to bottomhole data by using 
a computer program utilizing static wellbore 
temperature surveys. 

Prom the bottomhole data, and .applying the 
conventional Horner plots (assuming radial 
flow), the pressure data were analyzed. It 
was noticed that the radial flow model may not 
be suitable for such data. Evidence from drill­
ing and geological information led us to consider 
the flow regime to be of a semi-spherical rather 
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than radial system. The behavior of a semi-
spherical flow system for a naturally fractured 
reservoir using the doiible-porosity model 
originally proposed by Warren and Root was 
mathematically modelled and solved both analyti­
cally and numerically. 

3. From the sperical flow model, we were able to 
derive improved estimates of reservoir static 
pressure, fracture capacity, and an average 
spherical permeability. 

4. Also, from the past production data, plots of 
P/Z vs. cumulative production were made. This 
information plus a limited amount of back 
pressure test data on few selected wells en­
abled us to make deliverability forecast on 
three distinct portions of the reservoir. A 
computer program to make the deliverability 
forecast was developed for this purpose. 

In the absence of well logs, the location of 
steam entry points compiled from drilling data 
were used to construct a 3-D peg model illustra­
ting fracture pattern and distribution. Currently, 
this concept is being considered for modelling 
on our digital computer. The objective is to 
generate three dimensional description of frac­
ture orientation and use the information for 
extrapolation to areas surrounding The Geysers. 

5. The shut-in pressure data as they become avail­
able are continuously being received by our 
geothermal operations staff on the Geysers 
wells and used for updating the P/z curves and 
monitoring the reservoir pressure. 

6. Our past economic studies on the Geysers area 
mostly have consisted of estimates of future 
royalty income from the field and determination 
of risk weighted optimum bid bonuses on new 
areas offered for leasing. Computer program 
to conduct economic evaluation and forecasting 
and a specific statistical model to digest 
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past history of the field and make risk-weighted 
.forecasts about the reserves of the unleased 
areas have been developed by our staff. 

C - The Cerro Prieto Field, Baja, California 

Objective: Well Log Interpretation 

Data Available: The following logs are available on most wells: 

a, lES for shallow depths 

b. Dual-Induction Laterolog 

c- Density'Log 

d. Neutron 

e. Saraband 

f. Micrology 

In addition, static temperature surveys on some wells are 
available. 

Methodology: 

The interpretation of the well logs by our staff has 
just been started. Based on some preliminary work the 
following observations have been made: 

1. Conventional empirical correlations used in the interpre-
, tation of well logs at low temperatures (such as those 
used in petroleum industry) may have shortcomings at 
temperature ranges existing in the Cerro Prieto area. 

2. The logs indicate the presence of sand-shale series 
in the' producing section of the reservoir. Salinity 
data are being interpreted to determine" the flow path 
in vertical cross sections of the reservoir. 

3. From the physical property measurements currently being 
"made at elevated temperatures (under a separate contract 
with the U.S. D.O.E.) attempts are underway to interpret 
the log derived values using the newly developed corre­
lation. 
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Using a novel technique developed by one of our staff 
members, the permeability profile in individual wells 
are being determined from well logs. The objective 
is to compare the results to transmissibility values 
available from well test data. 
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B. 4. Schedule 

The proposed program is based on a mult I-phase format, with the 

sequence and relationships between the various phases depicted on 

Project Flow Chart (See Chart 2, page 59A), and Estimated Timetable of 

Phases, (See Chart 3. page 596). It is the intention of Proposers to 

make data available for release as soon as it Is reasonably conceivable 

to gather, assimilate and report it, as concerns new data to be acquired, 

As stated previously in this proposal, all existing data is available 

for immediate release. 

Chart 4, at page 59C shows the detail breakdown of the tasks to be 

undertaken by the University of Nevada in its case study with time 

sequence and decision points indicated. 

Chart 5, at page59D, shows a breakdown of the drilling phase in­

dicating time sequence of three wells proposed and the contingent 

injection well and/or wells. 
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ESTIMATED TIMETABLE OF PHASES FROM CONTRACT DATE 

I 

CD 
F 

D e s c r i p t i o n 

P H A S E I 
E x i s t i n g D a t a 

P H A S E I I 
S u r t a c a / S u b a u r t s e e 

I n v a t t l D B t t o n 

P H A S E 111 
D r I l l l n S i S u p p o r t l o r w a l l 

• t r i l l i n g , C o m p l a l l n g , 

T a a t l n o . C o r i n g , t ) r l l l ~ 

s t e m t o x i n s , a l e . 

P H A S E IV 

R e a a r v o l F A i i o s x n o n t 

P U B L I S H D A T A 

D E C I S I O N P O I N T S 

# FV 
0 K D J F M 

—•-

( ) 

1 f 

7 9 

T i m e 

M J J A 

< > < > 

^ f 

- M o n t h s 

3 

FY 8 0 

O N D J | : M A M J J 

^ 

0 

f 

0 0 

1 r 

C H A R T 3 * T ime tab le Compi led on assumpt ion ot c o n t r a c t date of 1 Oct . 78 



CHART 4 DETAIL SURFACE/SUBSURFACE INVESTIGATIONS 
T I M E T A B L E (UNR C A S E STUDY) P H A S E S I I . I l l , IV 

P H A S E II 

H y d r o l o g y ft 
H y d r o g o o c h o m l o t r y 

ft T o c l o n l e 

P o l r e l o g l o A l t o r a t l o n 

M1 c r o • • 1 • m 1 c 11 y 

S h a l l o w - D o p l h T a m p . S u r v o y 

P H A S E I I I 
H y d r o l o g y ft 

H y d r o g a o c h a i n i i i r y 

P H A S E IV 

H y d r o l o g y ft 

H y d r o g a o c h o m l a t r y 

D E C I S I O N P O I N T S 

FY 79 
O N O J F M A M J J A S 

* 

' ' ( 

. 

' ' 

FY 8 0 
O N D J F M A M J 



DETAIL DRILLING T IMETABLE (PHASE I I I ) 

PHASE I I I 

vn 
o 

WELL NO. 1 
D r i l l i n g 

C o m p i o l l n g 

C<| ( l i p p i n g 

T a ( t i n g 

W o n S u p p o r t ( U N R C a a o S t u d y ) 

WELL, NO. 2 

D r i l l i n g 

C o m p i o l l n g 

E q u i p p i n g 

T o t t i n g 

W o n S u p p o r t ( U N R C a a o S t u d y ) 

WELL N O . 3 

D r i l l i n g 

C o m p l o t i n g 

E q u i p p i n g 

Ta a t l n g 

. W a l l S u p p o r t ( U N R C a a a S t u d y ) 

• * I N J E C T I O N WELL 

D r i l l i n g 

C o f f l p i o t i n g 

E q u i p p i n g 

CHART 5 

T i m e - ( M o n t h s ) 

, FY 79 
O M D J F M A M J J A S 

FY 8 0 
O N D J F M A M 

* T l m « t a b l e C o m p l i e d o n A s s u m p t i o n o f C o n t r a c t D a t e o f I O c t . 7 8 
• * C o n t i n g e n c y See p a g o ^ O , t h i s P r o p o s a l 



B. 5. EHVIRONMENTAL • 

Statement: The area of interest involved is located on Federal lands in an 

isolated, virtually uninhabited area of Nevada. There are no obvious 

affects environmentally on humans, wildlife, or vegetation. The activities 

proposed herein are accepted, non-environmentally significant procedures 

for exploration and any drilling of wells which is undertaken will be done 

in strict accordance with applicable permitting requirements of the 

Department of Interior. To date, the activity required to acquire the data 

offered in Section B-2 of this proposal, including actual drilling of 

wells up to a depth of 1500 ft., has been so approved and permits obtained. 

Proposer will continue to comply with all applicable Federal, State and 

local standards with respect to control of all environmental consequences 

of any action undertaken pursuant to this proposal. 

In specific response to the formal request herein by DOE in its 

Request for Proposal, Proposer states that there are no known or expected 

conflicts affecting environment which are apt to result from any endeavor 

hereunder. More detailed environmental impact statements will be filed 

as required before each proposed activity is undertaken. To date, there 

have been no adverse effects from Proposer's activities, with reference 

to areas outside the leasehold which are not covered by permits heretofore 

granted. Any stirface data gathering and sampling occassioned by the persuit 

of activities proposed will be conducted by vehicle travel restricted as 

nearly as practicable to existing roads and trails with any disruption of 

surface terrain to be restored to its natural state. 
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COST 

As stated in prior sections of this proposal it is submitted in 

phases so that each can be reflected as a separate cost item. Table 1, 

following page, shows the summary of all costs and the relative shares 

to be borne by government and industry. There then follows detailed 

Forms 60 which portray the work cost for each phase, along with summary 

Forms to facilitate cross-referencing to Table I. 

The total government cost proposed Is $ 2,320,052., of which, 

$ 2AO,706. would be expended initially for acquisition of existing 

data, with the balance to be required in fiscal years 1979 and I98O. 

Proposer believes it is significant to note that the drilling 

program represents 68.7% of the total amount of requested government 

participation, while another 13-^% would directly fund the overall 

case study program proposed by the University of Nevada. 
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PHASE 1. 

/ A . 

>/ B. 

' / ' C. 

; D. 

E. 

F . 

EXISTING DATA: 

H U L T I - U V E L AEROHAGNETJC SURVEY 

MAGNETOTELLURICS 

TEMPERATURE GftAOlEMT HOLES 

GEOTHERMEX REPORT 

KEPLtNOER REPORT (INCLUDING MAPS) 

INSTRUnENTATION FOR MEASURING 
THERMAL GRAOIENTS 

SUa-TOTAL. PHASE I 

SUMMARY OF 

TOTAL PROGRAM 

S 

s 

COST 

ITEM COST 
AT 

100 J 

30,200 

12,200 

2Mi,Z2l* 

88.1173 

£ l , 9 i e 

! f , 000 

1*23,015 

GOVERNMENT PORTION 

$ 

S 20,US' 

6,100 

!' '2,673 

M,2J6 

.- U,S8Jt 

• 15.000 

S 240,706 

1/TOTAL 
% PROJECT 

66.6 •' 

SO-D ^̂  M^.% '--* 

•' 66.6 J 

50.0 

20.0 

100 

56.9 10.lt 

PHASE II. DATA TO BE SEHERATEO (UNR CASE STUDY); 

; A, ADMINISTRATION 

' (! B. HYOROLOGr AMD HYDROGEOCMEMISTRr* 

C. STRUCTURE AND TECTONICS 

'. D. PETROLOGIC ALTERATION 

£. MICROSEISMICITY 

. F. SHALLOW TEMPERATURE SURVEY 

SUfl-TOTAL, PHASE II 

3? ,373 

13't,075 

k 2 M ' * 

31,79ii 

58.913 

12,755 

3n ,31 i i 

S 31,373 

13 i t ,075. ' 

i i2, ;o4 

31.7S't 

sa.913 • 

12,755 . 

$ 311.31'* 

100 

• " 100 

100 

100 

loo 

loo 

loo 13.Ji 

PHASE 111. DRILLING PROGRAM: 
-TV/" 
-WRCt WELLS PROPOSED TO A DEPTH OF 
8,500 FECT 

SUB-TOTAL, PHASE 1*11 , 

PHASE IV. WELL TESTING AND RESERVOIR EVALUATION: 

A. ESTIMATED SERVICES 

B, ESTIMATED EQ.UIPMENT 

SUB-TOTAL PHASE IV 

53,187.500 

53.187,500 

$ 123,659 

:2S.000 

S 3W,659 

$Ji,270,485 

$1,593,750 

$1,593,750 

S 123.^59 

SO.625 

S 174,282 

$2,320,052 

50 

50 

too 

22.5 

I19.9 

TOTAL PROJECT PROPOSED 

*Th« University of Nevada caie study extend* through all Phases. However, for tujimar' zat i on purpojes , 
total cost! as proposed by the University are reflected here as Phase II, which is tl'e time period 
during which a majorfty o f the work will be done. The Forms 60 following, show the allocation of 
costs of the University Hydrology study to each phase. 

68.7 

7.5 

1001 
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CONTRACT PRICING PROPOSAL 

(RESEARCH A S D DEVELOPMEST) 

T h i i f o m ) i t for u K fthen ( i ) s u b m i j i i o n o f c o i l or p r i c i n g d a u ( » M F P R l - i . S O ' - S ) i> rtquirn) and 
f i i ) t u b i t i t u t i o n f o r the O p i i o n i l F o r m i 9 i i »uchotUed b v i h i e o n t r i i c i n g off icer. 

N/kMi OF OFFEROR 

Southland-Mi 11ican Cooperat ive Venture 
WOMt O f f l C I AOOR£Si 

1000 Fo r t Worth Club Tower.. 
Fo r t Wor th , Texas 76102 

a VISION, S| AND tOCAIlONfSI WHERt WO^K l i TO K PtRFORMED 

N/A 

Office o f Manirement and Budfcrt 
Approval N o . 2 9 - R 0 1 8 4 

PACE HO. 

1 
NO. OF PACES 

2 
SlIPPUES AND/OR SERVICES TO *E fURNlSMED 

Summary o f To ta l Proposal Costs 
( D e t a i l s by P r o j e c t a re Contained 
on At tached Forms.) 

TOTAL AMOUNT OF PROPOSAL 

$ 2.320,052. 

GOVT SOLICITATION NO. 

ET-78-R-O8-OOO3 
DETAIL DESCRIPTION OF COST ELEMENTS | 

». OWEC1 M.ATEWM f S U M h t M ILi.*rti> .HJ 

« . PURCHASto PARTS 

k. SUtCONlK*,ClJ0 ItEMS 

r. O T H E R — f l M * W M A T ! l ! i A L 

r j ; YOUli i lANOARD COM,MiRCIAL ITEMS 

f J J INTEKDIVISIONAL TRANSFERS ( A t t t tstr i h j a CHI) 

T O T A L D t R F C T M A T E K I A L 

EST COST (%) 

: ' ' - . - - i : - y ' l ' H 
2. MAlERIAl OVERHEAD' ( R j l r *A.\'5 i u i u x ) 

3. D lF ; ta IxeOR (Sp t t i f y ) 

T O T A L D l k L C T L A B O R 

* , lABQR OVEtriEAD l i / i t i i f i n t p a T i m t n i t r Can C t a l t r y 

T O T A L L A I i O K O r H K l l l l A D 

ESTIMATED 
HOUK5 

• : ' - • , • - • •% x . t - - - ^ - : • 

O.H. RATE 

'"̂ ''̂ iî m^miK-H: 

RATE/ 
HOUR 

X *AS[ = 

j^S- l i i l j i^a. J. :^-

i . SPfOAt TtSrtMC { i i l i i u J i t t f ; f t t l t l l i i i r k J t t i a l t n i i a t i i l ieUul l-Jt ioHl) 

'̂  

TOTAL fPfxiAL rusri^iG 

EST 
COST ( t ) 

"- -- '-'- ' /' 
EST COST < i ) 

^ . ^̂ ^ ^ , •^- r-

EST COST f S i 

: . ' : : . - • • • . . • 

t . iWCIA t EQLTI^FACNI ( t f J i r t i t f h ^ r f t ) ( l u m i i t sn E.\hiliit A ) 

1 . 1 R A V ( 1 f l / , t , r n i i f < j r j ; t ) <Cii)^ i / f l . i i l , e> a l u t h t J Sch t i l u l i ) 

rf. IRANiPOdlA l lON 

* , PER O l f « OR SUeSlSIEMCE 

T O T A L H I A V V L 

i C O N S U l I A N l i ( U r < l » l f ) - l i u r j i e i f - t J U i 

• 

T O T A L t O W l l . f A S l i 

EST c o s t f t ) 

(ST C O S T / I ; 

9. Otrt tR D I R K I COSTS f / « » i ; r • « f . \M> t t A f ^ 

10. T O t A L n i K f t J C U \ T A \ l } O f l K l i l A O $ 

t ) . CEKlftAL AND *C>MINI&lltAtlVt [ i f t N & l f K , i l t % » f i H I tUmtml V u . J ' 

1J ROTAlt i tS ' 

n. TOTAL F.yrntAim covr > 

u l i t OR pROFi; 

11 l o n i . i M f M A t i n c in r A\t> m on f K o n r 5 

TOTAL 
£ST COST' 

• , . . • : • • , . . . . f - i ^ 

•v.T-v •••Sv':::--:-:M 

•; --r-^ifSip 
• • - m - . ! : : . : i 

r ; ! : : ? , - : - - : - • • • • • • " - ' 

Vi i t ' - ' ' . • • • f - V 

•r-:.-:^-.".K"r:V;-

- ^ • • ^ • . • , • - • : " • " • • : • • : : : ' ^ ' : - : 

. . ^ - . • : ^ : : . < V ; . : ; . . . , . 

. • ; • • . • . ' • • • • • - • > • • . . • • ; • , . • 

: • : . 

2.320-0-5 
2.320.05 

- 0 -

- n -

2,320,05 
•0'-

2,32P,95 

REFER. 
ENCE-' 

1 

) 

1. 

> 
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I 
I 

Thi» pnapoji i i j lubmitLcd tor u « in cunnrtt iun wjib i n d in fnpuostr to ( t i tu r ib t K.II'. t it.J 

RFP No. ET-78-R-O8-OOO3 Summary o f To ta l Proposal Costs ( D e t a i l s , by P r o j e c t , are 

j nd r*Brtn our belt « t imj ic> >i of th i i d i t t . in j tCoTflnre with the InrtrDSmhi in Ofivf iW rnTJ7rt)i( Fouitioiei which fntlow. 

TT«D NAME AND TITLE 

1, Jon Brumley 
Pres iden t and C.E.O. 

NAME OF riRM ^ ' 

Southland Royal ty Company 

ClATE Of A I V A I S S I O N 

5-<0-78 
EXHIBIT A—SUPPORTING SCHEDULE (Specify. 1 / more space h needed, use reierse) \ 

COST EL NO. 

9 
ITEM DESCRIPTION (Set f oe t iwu i ) 

A four -phase program is subm i t t ed . - A t tached as e x h i b i t s a re 
the d e t a i l e d breakdowns o f ac tua l cos ts and es t ima tes . For 
purpose o f f a c f l i t a t i n q qovernment rev iew , the at tachments are 
f u rn i shed on Forms 60 by ca teao rv . The "pe r phase" cos ts 
proposed are as f o l l o w s : 

Phase 1: E x i s t i n g Data Of fe red (2 schedules) $ 2^40.706 

Phase I I : U n i v e r s i t y o f Nevada Case Study 
(6 schedules) 311.3lA 

Phase 111: D r i l l i n g Program (1 schedule) 1.593.750 

Phase IV: Well Tes t i ng and Reservo i r Eva lua t i on 
(1 schedule) 174.282 

TOTAL 

• 

. 

EST COST ( S ) 

% 2 . 3 2 0 , 0 E ; 2 . 

1, HAS A W EXECUTIVE AGEMCr O f TKE UNITED STATES GOVERNMENT PeRfOSMED ANT RfVltW Of TOUR ACCOUNTS OK RECORDS IN CONNECTION WITH ANY OTHER 
GOVERNMENT PRIME CONTRACT OR S U S C O N T R A C I VVITMIN THE PAST TWELVE MONTHS? 

Q YES 0 NO f t / y i i . iJraiify bttou:) 

N A M E A N D ADDRESS Of REVIEWING OfMCE AND INDIVIDUAL TELEPHONE NUMJER/EXIEHSION 

II . WILL TOU REQUIRE THE USE Of ANY COVERNMEN? PROPERIf IN THE PERFOfLMANCE Of THIS PROPOSED CONTRACT? 

n * * * ( ^ * *^ f V , ' " • i ' i t n l i f y on r r t t n t or ir fhjr^i tr pu ! : t ) 

W. DO TOU (JEOUIRE C 0 V £ * N M E N T C O N T ( ! A C T flNANCINO TO tCHfOKM I H I i fXOfOStD C O N I K A C T ? 

Q « S g ] NO a ( t t t . i d . n t i f y . ) : Q ADVANCE PAYMENTS Q """OO'ESS fAYMENiS OR n GUARANTEED LOANS 

IV. DO YOU NOW KOLD ANY CONTRACT ( O f . do yav A J K any i n d t p t a d t u t i ) p»Mi€t,S ( I R i r l i J p n j t d i } FOR THE SAME OR SIMILAR WORK CALLED FDR »T THIS 
PROPOSED CONTRACT? 

Q YES [X] NO <U >«. id,«l i fy.} : 

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

[ 3 ^ ' * C J ^ ' ^ ( t f "It. t \ f t j i « rn r r l i r i r ur i t p j r j t i p j ^ r ) 

i r r Kfvtr\t for tntiructtiMt) a m i fpttiHiHtf OPTIONAL FOAM 60 ()0*7l) 
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CONTRACT PRICING PROPOSAL 
(RESE.ARCH A S D Dt l l -E1.0 l ' . \ l l lST/ 

T h i i (arm i j for use when { i } jubmi i i ion of cent t>i pricing d j t i (vw FPR l - ) . 8 0 i - M i, requi(«J »nd 
( i t ) mb i i i i u i i on for the Opt ion j I Foim 59 i i ju ihor i i r t i by the ctjnirai i inj; o)Ti«r. 

NAAM OF OHEROR 

Southland-Mi 11ican Cooperat ive Venture 
HOME OfTICE ADDRESS 

1000 For t Worth Club Tower , 
For t Worth, Texas 76102 

OIVLSIONiS) ANC L O C A T I O N ( S ) WhERE WORF! IS TO IE PERFORMED 

N/A 

0 / f i « o f M»nat;emenc and Bud;;et 
Approv»l N o . 2 9 - R O i e 4 

PAGE NO, 

1 

NO. OF PAGES 

2 
SUPPLIES AND/OR SERVICES TO SE fURNISMED 

E x i s t i n g Geolog ica l and Geophysical 
Data 

TOTAL AMOJNI OF PROroSAL 

s225,706. 

GOVT SOLICITATION NO. 

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

1. DIRECT MATERIAL r I t t f i U t on E\-hihi) A ) 

«. PURCHASEO PARIS 

b. SU6CON1RACTE0 ITEMS 

c. OTHER — f l y RAW MATERIAL 

f J J YOUR STANDARD COMMERCIAL ITEMS 

( J ) INTERDIVlSiONAL TRANSftRS ( .Al o l t r r / / j jw tDf l ) 

TOTAL OIKFCT M.iTF.RHL 

EST COST ( S ) 

• : - -^ ; - . .V, ; . : , . | . * . ; : 

3. MATERIAL OVERHEAD' ( K ^ l r 'A.VJ b t i i t = ) 

3. OIRECT lAtOR fSp r t i f y ) 

TOTAL n i R L C r I.ABOK 

4. LABOR OVERHEAD ( i f r r i / y O r p j r i i t i r u l et Coit C fH le r ) ' 

TOTAL t.AnOH (HT.Ktn.AD 

ESTIMATED 
HOURS 

O M. RATE 

• • ' : ; : v : ; f - • • • • ; • - ^ ^ ;• ••.• 

RATt/ 
HOUR 

••^•^•'••'•^.:^S-:i'^r 

X S A 5 t = 

i . SPECIAL I t i l I N G ( l i i i l u d i t i g / i r i d uo rk J l CimerHnieiil hi! l- i l l . i t i i ,HS) 

TOTAL spixs.-M. Tr.snsc 

EST 
COST fS ) 

' : ; ^ ; y ' ' ' •:".:•:':•':::' H^^ ' i 

EST COST ( i j 

•^:iiiy^^^V;:^fy":^^-

EST COST (%J 

6. SPECIAL EOUIPMtrJT ! l / d i r n t t h . i r x r } ( l l t m i i l ou L \ i „ h i l A ) 

7. TtAVEl ( 1 / d i n . l . A j r ^ f J ( O i i r d t t . i i l , en . i i u c h t d S i l i t d , i l t j 

a, 1 R A N S K > R I A T I 0 N 

b. PER OtEM OR SUtsiSlENCE 

l O T A L I K A I H L 

i CONSUUANI i t l d r u l l / ) ~ p t , r f i v i e ~ r , l l t i 

T O T A L ( . fyVM.7.7 I V / V 

EST COST r s ; 

EST cost rs; 

V OTHER 0:RtCI COSTS t t l i m i f , ,H Tyh th i l A 1 5 

10 T 0 t A L O I K I L T ( . < ) \ l A \ t ) r i l ' l K i l l At> $ 

11. C lHfRAL AMD AtmifJIITRAIIVE IJPtNSE ^ « j l f X t / 4 t i t i l r m t t i l V»j. J ' 

IS. ROYAlIltS • 

>3- TOTAL F . i T I M . i H n COVT f 

n n i OR p p o f i i 

IS lOT i i . i .Mnt U i t > t ( i \ i A \ n f i f t/n r k t i i i T 5 

TOTAL 
ESI COST' 

y--- • ' • ' . y ' 

' : ' • • ' • • • • " . -

- 0 -

• : • ; ¥ - , . J . - : - i : ^ 

j : : ; ; , - ; : : : : . ^ ^ ^ - . •:•';". 

• - . i . - K ; • . . . ^ • : . ' . : : ; ' 

• • y i ' ^ W - . •:••' 

REFER-
£NCE = 

- 0 - 1 ! 

• " ' ' : • • • • ' - : ' : • : • • / • • • : • : • 

- ; : ; ; : V - • • > - . • • ; • . . ; : • ; , : : 

• ' : • • • - - • • ' • : • • . - : • ' . < • • 

- 0 -
. . • - - : • . . 

- 0 -

-u-

- 0 -

- 0 -
225.706. 
225,706. 

-6-
- 0 -

225,706. 
-U-

225,706. 
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T h i i [>ru;Ktiit i i lubmiited tot ui« in cunncviion n i i h »nd in mpon>* to (OtinrAt Kl-P, t t c f 

RFP No. ET-78-R-O8-OOO3: Geothermal Reservoir Assessment Case Study 
Northern Basin and Ranoe Province 

j nd i r f l m i our b r i i c i t i m j i n i i o f ih i i di tc, in accurdincf with iKc Ini i ruci iuni in OFncriiri j n d <hi Fouinotci ^^hich follow. 
TYPED NAME ANO TITU 

Jere Denton 
Project Administrator 

SIOfUIURE 

MAME OF FIRM 

Southland Royalty Company 
DATE Of sitiMLSSiON 

5-30-78 
EXHIBIT A-SUPPORT(NG SCHEDULE (Sptcify. If more tpuce h needed, use reverse) 

COST EL N O . ITEM DESCRIPTION (Set foolHett i ) EST COST ( S ) 

Based upon actual costs already incurred; 
Mu l t i - l eve l Aeromagnetic Survey (S'^0.200 x66.63; ) 2Q.11?. 
Maqnetotel lur ics (£12.200 x 50^) ^.100. 
GeothermEx Report (588.47^ x 50S: ) 
Keplinoer Report ($62.918 x 20^_ ) 

1^*234, 
12.584 

Estimated, based upon cost of drillinp to date: 

Temperature Gradient Holes 
1500' " 5 P <;^6.7q8 » $18^.990 
500' = 2 & $15.117 1Q.214 

i?2l4.244 X bb.6ie 14^,6/3 
TOTAL 225.706 

1. H A S ANY EXECDTIVE A C E N C T Of THE UNITED STATES G O V E R N M E N T PEREORMEO ANY REVIEW OF YOUH ACCOUNTS OR RECORDS M CONNfCTiON wiTM A N Y OTHER 
COVERNMtNT PRIME CONTRACT OR SUBCONTRACT WITHIN THE PAST TWELVE M O P H H S ? 

Q YIS E l NO f t f y n . idtnlify b thu : ) 

NAME AND ASORESS Of REVIEWING OFFICE AND INDtVlOUAL TELEPHONE NUMBER/EXTENSION 

I I . WU.I YOU REQUIRE Tt4E USE OF ANY C O V E R N M E N T PROPERTY IN THE PERFORMANCE Of THIS PROPOSED COmRACI? 

[_J VES P( [ NO ( } / r r i , idtntify i n i t u r i t or ttp,trj l t pjgr i 

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

D VES E ] NO I I f y t l . i d t n l i h . i : Q ADVUNCf PAYMENTS Q PROGRESS PAYMENTS OR Q GUARANTEED LOANS 

IV. 0 0 YOU NOW HOLD ANY CONTRACT ( O r . d» f a n b j i t Jny iK^trptmdtHliy j u t ^ m u d ( i R & t i ) p n / t , l t j EOR THE SAME OR SIMILAR WORK CALLED FOR »Y TiUS 
r tOPOSZD CONTRACT? 

Q VtS S ] NO t l / ' y i i . i d t n l i f j . i : 

V. I>OES THIS COST SUMMARY CONFORM WIIH IHE COST PRINCIPLES SET FORTH IN AGENCY RECULAttONS? 

£ ^ YIS Q NO f ( ( ma. rtpLiiK •« i t i i r s t t r i t f j t j i t p~ift) 

i n R r i i r n /or tmilrMtitvit tind tooitiutt 

3 
OPTIONA l , fOR.M 60 ( l O - i l : 
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CONTRACT PRICING PROPOSAL 
(RESEARCH A \ D n!i\-E1.0P.\lf^ST) 

T h i i fomi t i for gvf «h rn <•} luhmiision of coji nr pr i t ing i l i u ( i « FPR l-J.SO*"-?) is required »nd 
( i i i lub i t i tu i ion for the Op i io f i i l Form S9 is l u tho t i i f d by ih r cotitricnnK officer. 

NAWJ OF OfFESOfi 

Southland-Mi 11ican Cooperat ive Venture 
HOME OftlCE A&OJIESS 

1000 For t Worth Club Tower , 
For t Worth, Texas 76102 

D(VtSlON,S| ANO 1 0 C A 7 I 0 N | S ) WHERE WORK IS TO 8E PERFORMED 

Env i ro -Labs , i n c . G lenda le , C a l i f o r n i a 

Off ice o f i M i n a r e m e n t and BLid};c[ 

A p p r o v a l N o . 2 9 - R O l B - ( 

PAGE NO. NO OF PA<;ES 

1 2 
SUPPtttS ANO/Ql! SERVICES TO BE fURNlSHED 

Geothermal Well Temperature Logging 
Instrument System (Pro to type) 

TOTAL AMOUNT OF PROPOSAL 

s 15,000 

GOVT s o i l CITATION NO. 

ET-78-R-08-0003 
DETAIL DESCRIPTION Of COST ELEMENTS | 

1- DIRECT AlAi fBIAl ( I l m i i l r on (Lyhihh .A) 

a. PURCHASED PARTS 

i . SUSCOH;KACTED ITEMS 

c O T H E R — n / R-'-W " * • ' ' ' " * ' • 

{ 1 } YOUR STAIJBAKOCOMMtRClAL ITEMS 

( i ) IMTEKDIVISIONAL TtANSfERS ( . \ l o lhr r l lu in ced j 

TOTAL DIRECT .M.ATEHtAL 

EST COST ( S ) 

15.000 

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

I . HATEtlAL OVERHEAD' ( R j l / %.VJ Ai/ j i = J 

3. DIRECT LAEOR ( I p t c i f y j 

TOTAL DIP.LCT LABOR 

t . LABOR OVERHEAD (Spf i i / y Drp.rr l inei t l or Coil C t a i r r ) ' 

TOTAL LAn^K Or i .KKI iAO 

ESTIMATED 
HOURS 

: • ; : ; : ; ; • > . . : . ; . ; ? • : ; > - / • •• 

O.M. RATE 

• • • • : - . ^ v ^ ; , : ; : • v . 

RATE/ 
HOUR 

X/.::r'::-:;:-:pi'--
X BASE = 

i . SPfClAl TtStING U' l i i i id iu f ; / i t i d u l i r i j l ( i : i i r u , u „ i l i n i l i ' l U l i u n l l 

T O T A L f f f . a A L T P . S r f \ C 

EST 
COST ( S ) 

..: ;>::. . . . y .-^- .B' ; 

EST COST f J J 

• ; i i ; ;v^-.;.:::;x-:f: 

EST COST (%l 

6. SPECIAL EOUIPMCNT ( 1 / d i m r > h n r ^ r i ( l n ^ i - . t on F.\l,ii,il A J 

7. TRAVEL (•// , / j i f . f t h j r g e ) t C j i i t t i tU i ih on u l U f h c d i i h t d i d t ) 

e. IRANSJ-OMAI ION 

b. PER Ot[M OR SueSISIENCE 

iOT.^ I . I R A i n . 

e CO'-JSUltANIi l l , / r n l i / i - p t i r p o i r - r j l r ) 

T O ! A L L O S S t L l A \ T i 

EST COST ( S ) 

ESI COST f S) 

» OTHER DIRECT COSTS f l f t m i i r au F \ b , l „ i A l 

10. T f J f 1 / . D I R L L T C O \ r A \ [ } O i l K i l l . A O 

H . CEHIRAl A I J D AD"."IS1RA1IVE EJFENSt f R j I r -/, of , t , t t i r m r n i \ t i . j ' 

17, ROYALTIES ' 

IJ TOTAL F M U L i T t n COST 

14 FEE OR PROFIT 

IS l O T u . i . \ n \ t t ( f i ) ( o \ i A \ i > i n : OR f d o i i T 

TOTAL 
EST C O S T ' 

• * s • • . - • • • . ; • • . . £ : • • 

• • • • • . • • • • . • • • -

15,000 

• • . ' : . • • - - • ' • • ' • 

' . - • • • • . • ' 

•• : : ••• 

• • • • ; , • • . . " [ . 

- 0 -

- 0 -

- 0 -
- 0 -

- 0 ' 

- 0 -
- 0 -

15,000 
- 0 -
- 0 -

15,000 

- 0 -
15,000 
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T h ) , p r o p o i a l i i l u b m i n e d for u t « in CunnM' i ion v i i h i n d in r r t p u n i e to ( O i u t i k t R l - f . t t t . ) 

RFP No. ET-78-R-08-0003: Geothermal Well Temperature Logging 
Inst rument System (Prototype)^ , 

j n d rrf lFCtt o u r be i t r t r i m j ( » at o f i h t i d j t e , i n accurdanr« n i i h (he I t i M n i c t i u n t t n O n r r b r i i n d i h r F o o t n u t n w h i f h loJIcr*-. 

TYPED NAA*£ ANO TIRE 

Jere Denton 
P r o j e c t A d m i n i s t r a t o r 

SIGNATURE 

NAME o r FUtM 

Southland Roya l ty Company 

DATE OF SUtMISSION 

5-30-78 
EXHIBIT A-SUFPORTING SCHEDULE (Specify. I f wore space is needed, use reverse) 

COST EL NO. 

1 b. 
[ T E M BESCRIPTION ( S t e f o o l i t o t t i ) 

i f a c o n t r a c t is e n t e r e d . Proposer has nego t i a ted w i t h 
Env i ro -Labs , Inc . t o complete t e s t i n g o f a system design 
f o r g r a d i e n t l o g g i n g . A w r i t t e n proposal has been 
rece ived f rom Env i ro-Labs who would i n s t a l l the dev ice 
and t e s t i t on a sub -con t rac t b a s i s . The es t imated costs 
a r e : 

Enaineer ina $ 10.000 
F i e l d Tes t i na 5.000 

TOTAL 

EST COST rSJ 

$15,000 

I. HAS AMY EXECUTIVE AOENCT OF THE UNITED STATES GOVERNMENT PERFORMED ANY REVIEW OF YOUR ACCOUNTS OR RECORDS IN CONNECTION WITH ANT OTHER 
COVERKMtNT PRIME CONTRACT OR S U C C O N I R A C T WITHIN THE ^ A S T TWELVE MONTHS? 

Q YES g 3 NO ( I f y i i . i d t n l i f y h t loa- . i 

NAME AND ADDRESS OF REVIEWING OFFICE ANO tNDlV)OUAl TElEPttONE N0M»ER/E1CTEN5I0N 

H. VVIU TOU RfOUIRE THE USE Of ANY COV£ftN«£NT PROPERTY IN THE PERFORMANCE Of WIS PROPOSED CONTRACT? 

L l ^ *S ^ 3 " 0 ( f f yrs. i d t t t l i f j an r r r t r v or i t p j r i i t r p- i) !r i 

Ul. DO TOO REQUIRE GOVERNMENT CONTRACT FINANCING TO PERFORM THIS MOPOSEO CC^TRAO? 

[ ~ ) VIS K3 t " O f t f y n . i d t n t , f y . ) r • ADVANCE PAYMENTS Q PROGRESS PAYMENTS 0 « n GUARANTEED lOANS 

IV. DO YOU NOW HOLD ANY CONTRACT l O r . d * y t u b - i i r , iny n t d t / u i d i i i l l y Jm^ i i t i t d ( I K i , ! } ) p rBJun ) FOR THE SAME OR SIMILAR W O R K T A I L E D FO« tT THIS 
PROPOSED CONtRACr? 

D " ^ g3 NO r//,pt., .V«/,/r,j. 
V. DOES iHis cost SUMMARY coi-tPo'M wiiH THE COST PRINCIPIES SET FORTH I N AGENCT RECULATICMS? 

) [ ) ( ] WS L J N O ( I f m*. r \ p i j i K r a r t t t r t t or u p j r j t t p j f r ) 

i t t Riitrit / t r ImlrutMtii ^nd hrttwMtt OPTIONAL fOR.M 60 (10-71] 
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CONTRACT PRICING PROPOSAL 
(RESEARCH A S D n r . r E L O P M E S T } 

T h i i form it for u « n-htn ( i ) jubmi i i ion of f o f i or pricing dau ts t t FPR l-3,S0''-J) is rsquirifd and 
FtiJ lub i i i tu i ion for ibe Op i i on i l Form SQ i i tuchorurd bv the contr ic i ing officer. 

NAME OF OFFEROR 

S o u t h l a n d - H i n l e a n Cooperat ive Venture 

"'*To^(il^' l^°rt"worth Club Tower 
For t Wor th , Texas 76102 

DIVtSiONiSI ANO LOCytONISl WHERE WORH IS TO »E PERFORMED 

Office o f Management and Budget 
Approval N o , 2 9 - R 0 1 8 4 

PAGE NO. 

1 
NO OF PAGES 

2 
SUPPLIES AND/OR SERVICES TO K FURNISHED 

Summary: Geothermal Reservo i r Assessment 
Case Study by Mackay School o f Mines, 
Minera l Research I n s t i t u t e , U n i v e r s i t y o f 
Nevada 

TOTAL AMOUNT OF PROPOSAL 

i 3 n , 3 i i t 
GOVT SOLICJTATION NO. 

ET-78-R-08-0003 
DETAIL DESCRIPTION OF COST ELEMENTS 1 

1. t>IRtCT MATERIAL t t l r m h r m I x h l h i t A ) 

K. PURCHASED PARTS 

* . SUBCONTRACTED ITEMS 

r. OTHER—f t / RAW MATERIAL 

( 2 ) TOUR STANDARD COMMERCIAL ITEMS 

( i ) llrtEJiOlvlSIONAL TRANSFERS (.Al Olhtr t l iun cml) 

TOTAL DIRF.CT M . A T E R I A L 

EST COST (S) 

2. MATERIAL OVERHEAD' (R, r l t ' ' • \ 'S b i i H = ) 

3. DIRECT IAEOR ( ipn i f y ) 

TOTAL DtRLCT LABOR 

<. IA iOR OVERHEAD (Sprrl /y O r p j r i H i r i i l t r C a t C t i l l t r } ' 

TOTAL LABOR Oyi .H l l l .AD 

ESTIMATED 
. HOURS 

>r"^;i::i--.y;:.;K-' 
O.H. RATE 

RATE/ 

HOUR 

^i:f:;f;:-::-^q.^\\\. 

X IASE = 

•;J:I.;, :,;.:-;;;:;.; J - . 

i . SPECIAL TESTING 1 l i i i l ud ing J i t t d u o r i J l C t i tTHmtH i i i n l i ' l l j l i n n t ) 

TOTAL SHF.CIAL T £ S T I \ G 

EST 
COST (S) 

EST COST (%) 

W::0i:-i:::'-l":::i^ 

EST COST ($» 

6. S*>EClAt E Q U F P M C N I ( I f d i m / t bu ry i t } ( l l t . a h t OH E \hd» l A ) 

7. TRAVEl ( I f d t r i . t i h j r g t ) ( O h t d i t . i i l , on j t l t i i h t d S t i i t d l i l t ) 

,t. TRANSPORT A l i o hi 

b. PERDIEMOR SUtSlSTENCE 

l O T A L T K A l t . l 

g C O m U l l A N i S ( l , ! ,nt$fy - p u r p e i t - T , i l t } 

TOTAL C O W i L f A ^ ' I S 

ESI COST ( i J 

ESt c o s i f i ^ 

V OtHER DIRECT costs i l i nnh t on L\h,h,i .A) 

10. T O t A l . n i R l c r COST A \ I ) O i l R H E . i l > 

I I . CENERAl ArJO AOMihJISTRAtlvE {«P[NS£ 1 R j i t % t.f ,o t l i l t m r i r l V»i. f ' 

\ 2 ROTAlTlES' 

'3 TOT.* l . F .Vn\ \ .ATtn COST 

M FEE OR PROFIT 

IS l O T . i L l i M n f M t n ( .0\T A \ ( > I I I r j« PROITT 

TOTAL 
EST COST' 

.fc^.-:;:;:;;-':-:/::-

• • . • : • • ; • • 

•- .i::;:c:P:\r':y 

- 0 -

• " V ^ - ' : " " : ' = ; : : - i t " ; 

. : • • * • • > : • . • • • . • • • • 

% : - : ' ' • • : • - : • : -

. : ; • : } • : • • : • • - • . ' : • ' - • 

..;-:..- \ 
- 0 -

- 0 -

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

- 0 -

- n -

-0-
311,31^ 
3 1 i , 3 U 

- 0 -
- 0 -

3 1 1 , 3 U 
- 0 -

311.314 
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Th i ( p rupou l i) lubmitied lor U K in Cunnntion with and in rr tpunK lo (Druribr RIP. rU.} 

RFP NO: ET-78-R-08-0003: Surranary: Geothermal Reservo i r Assessment Case Study by 
.nd Yr f l .o . our b«r « . i m A . „ a* of . h i . d . „ . in ^ S M " ^ . S ^ ^ ^ ^ P l M . i i i ^ i R ^ * r o W I f l A C ? J«>R>§5^# in f i ^ „ l l<AS t i t U t C , U . O f N \ 

TYPED NAME AND Tia( 

Jere Denton 
P r o j e c t A d m i n i s t r a t o r 

SICNAtURE 

MAME OF FIRM 

Southland Royal ty Company 
DATE OF SUBMISSION 

5-30-78 
EXHIBIT A-SUPPORTING SCHEDULE (Specify. I f more spuce is needed, use reierst) \ 

COST EL NO, 

9 
ITEM DESCRinON (Set foo l note i J 

Proposer has assoc ia ted the U n i v e r s i t y o f Nevada to 
per form a complete case study In c o n j u n c t i o n w i t h the 
d r i l l i n g program a l s o proposed h e r e i n . De ta i l ed Forms 60 
have been rece ived f rom the U n i v e r s i t y personnel and are 
a t tached f o r e x p l a n a t i o n . 

As i nd i ca ted on t h i s Form 60. no p r o f i t o r fee is i n c l u ­
ded to Proposer f rom any o f these funds , t h e r e f o r e the 
t o t a l request f rom the U n i v e r s i t y , by category i s : 

A d m i n i s t r a t o r J 31,373 
Hydrology and Hydro-

chemis t rv 134.0715 
S t r u c t u r e and Tec ton i cs 42.A0A 
P e t r o l o a i c A l t e r a t i o n 31.7^4 
M i c r o s e i s m i c i t y "^S.^H 
Sha l l Temperature Survey 12.755 

TOTAL 

1 

EST COST ( S ) 

$311.31A 

1, HAS ANY EXECUTIVE AGENCY Of THE UNITED STATES GOVERNMENT PERFORMED ANY REVIEW Of YOUR ACCOUNTS OR «ECO«DS IN CONNECTIOF4 WITH ANY OTHER 
GOVERNMENT PRIME CONTRACT OR SUBCONTRACT WltHlN THE PAST TWELVE MONTHS? 

D ^ * 0 •JO ( I f yt'. idrmli/y brUu.} 

NAME AND ADDRESS OF REVIEWING OFFICE AND tNDIVIDUAl. TElEPHONENUMBER/EKtENSION 

H, W i l l YOU REQUIRE IHE USE Of ANT GOVERNMENT PROPERTY IN THE PERFORMANCE OF THIS PROPOSED CONTRACT? 

1 1 * ( S ^ 3 ' ^0 " / , • " • i d tn l i f y on i t i t r t r or i tpu r , iU pu j f r t 

11), DO YOU REQUIRE GOVECNMINT CONTRACT /INANCING TO PERFORM THIS PROPOSED CCVJISACT? 

r n ^ES O NO l l f y t l . i d r - t i / y . ) : Q ADVANCE PAYMENTS Q PROGRESS PAYMENTS OR Q OUARANtEED tOAKtS 

IV. DO YOU NOW HOLD ANY CONTRACT ( O r , do yen b u n ,iny l u i i i p r n d i s l l y J n u m t d ( I R O t i f proj€<.UI FOR THE SAME OR SIMILAR WORK CAllEO FOR »» THIS 
PROPOSED CONtRACT? 

• TES g ^ N O ( I f yrt. tdtul i fy. , : 

V. DOES THIS COST SUMMARY C O N F O R M WITH IHE C O S I PRINCIPIES Sit FORtH I N A G E N C Y RlGulAtiONS? 

X X l ^ S L i * * ^ t t f Mil, r y p U i n on r r i t r u or n p j r ^ l , p j g r } 

a 
OPTIONAL FORM 60 ( J 0 - ' 1} 
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CONTRACT PRICING PROPOSAL 
(RESEARCH A S D DEVELOP.MEST) 

T h i s f o rm i i for use « h c n ( i f l ubm iss ion o f c o i l or p r i c i ng d » t i ( u c FPR l - 3 , 8 0 " ' - 3 l " rmju i red Mi t i 
< i i ) l u b j t i t u t i o n for the O p i t o n i l Form S9 i i l u i h o r i t M l by the r o n t r i c t i n g o f h c t i . 

KAME OF OFFEROR 

Mackay Minera ls Research i n s t i t u t e 
HOMf OFFICE ADDRESS 

WVlS(ON(SI ANO lOCAffON(Sl WHERE WOR»: tS TO »E PERFORMED 

Office of Mana^*"**!*' »nd Budget 
Approval No . 2 9 - R 0 1 8 4 

PAGE NO. 

1 
NO. OF PAGES 

1 
SUPPLIES AND/OR SERVICES TO iE FURNISHED 

A d m i n i s t r a t i o n 

TOTAL AMOUNT OF PROPOSAL 

, 31,373 
GOVT SOLICITATION NO. 

DETAIL DESCRIPTION OF COST ELEMENTS 1 

1 . D«ECT MATERtAl ( l l c m i i , ON CvAArt A ) 

M. PURCHASED PARTS 

* . SUSCONTRACTEO ITEMS 

r. OTHER—f (J RAW MATERIAL 

( 2 ) YOUR STANDARD COMMERCIAt ITEMS 

f i j INIEROlvlslONAi TRANSFERS (.At 9 ih t r ihdH c a l ) 

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

EST C O S T ( S j 

"S::i„:;;:.;̂ :f i i . rf;:;"!:!;;; 

2. liAATERlAl OVERHEAD^ ( R a t i 'S.-VS h a i l = ) 

3. DKEO lASOR (Spteify} 

Program A d m i n i s t r a t o r - L . T . Larson 
Program A d m i n i s t r a t o r - E. J . Be l l 
Secre tary - TBK 
Graduate Research A s s t . - TBN 

TOTAL DIRECT LABOR 

A. lA»OR OVERHEAD (Spfd fy D t p a r l m r n t or Coil C t n t t r y 

A l l o f 3 less GRA 
Graduate Research A s s i s t a n t 

TOT.AL L A B O R O l E R I I f . A r ) 

ESTtMATED 
H O U R S 

348 
17^ 

10J*i* 

loU 

O H . RATE 

12^ 
%̂ 

RATE/ 
HOUR 

19.79 
10.38 
A.15 
6.00 

^W-lSipjIpJlJi 
X » A S E = 

13,025 
6,26A 

- ---'::'.--::::-̂ :̂::>^0:0:̂ .//:;̂ v:!;: 

i . S«CIA t TESTING ( I nJ t i d i ng fit/d u t r i a t C o i i r H m r u l i n i l uda l i nn i ) 

• 

T O T A L SPECIAL T E S T t S G 

EST 
COST ( S ) 

b,B«6 
),B06 
it,355 
6,264' 

EST C O S T ( S ) 

1,563 
63 

:i::>j::;!ii(!;i^!|i-^:;i^:;;|5:::^:;^iii! 

EST C O S T ( S ) 

• . : / ; • : • ; . : . . : . v - - - - • ' ; : • . . • ; 

b. S»eCUl EOUIPMENT ( 1 / d i r t c l i h , i r g r ) f U t m h r on Exhibi t A ) 

7. KAVFL ( i f d i r K i i h a r g t / ( O i ' t d t l n i l i en j t t u t h t d S ih tdu l t ) 

* . TRANSPORTATION 

b. Pt* OFEM OR SUISISTENCf 

T O T A L T R A \ E L 

i . CONSULTANTS ( l d , H t i f y ~ p K T p o i x - r a t r ) 

T O T A L C O \ < i l L T A S T S 

EST COST (SJ 

EST COST ( i ) 

9 OTHER DIRECT COSTS ( i l t m i i t on f . \ b i b , l A ) 

10 T O I A L D I R I . C T C O \ T A \ : D O V f . R I I E . i n 

t t . «h (E*AL AND ADMINISTRATIVE EXPENSE f K * / f ^ Q % o f . M r l rmrn t S t t . J ^ I ) J ' 

11 KOYAITIES' 

13 T O T A L E S T I V A T f t J COST 

1^ PtCOR PROFIT 

tS T O T A L F S T t ^ t A l L I } COST A S ! ) Ff.F. FJR f K O I T T 

T O T A l 
EST C O S T ' 

r*-". ..."••••^•'••fl 

"• • • " . " - " " • • • - • ' . ' . I 

• " • - " " " . " . , • - • . , • ' • - ' . 

- - - - : ; - - • • : • - ^ • _ . . . ; 

f;f".'.:;':.' •^'•iSinS 

. 

mim,:.>.,:-^ 
19,2B9 

• • ; - ; • •:•:•: : - ; P - ^ . ' ; : 

; • . ; • • : : « : : : • : • . • • : * : . : : : - • • • : • . : . : • • 

N ; - S % K «••:••'•;;.•? 

' ^ i ^ K i n " - - : V ::: 

1 .626 
• ; : - . • : • • • • • • : • : • . . • • ' 

^y-i:/:ry---:.r^-.:^^'\ 

'-- • • ' • ' • • • • • : • : . . " • - : : : : • • • • • • • 

• : • ' ' - • 

20,915 
10,45U 

31,373 

2'??7? 
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CONTRACT PRICING PROPOSAL 
(RESEARCH A S D DEJ'ELOP.ME.VT; 

T h i s fociB i t for u M v h c n f i ) t u b t n i u i o n o f ca«t o r p r i c i ng d> t * ( M C FPR 1-3 ,S0 ' '~ } ) is TC<|uind and 
f a ) i u b * t i t u t i o n for i h r O p t i o n a l f o r m »9 is l u i h o r i m ^ by die cont rRcr ing o f f i c t t . 

PiAME OF OFFEROR 

Desert Research I n s t i t u t e 
HOMf OFHCE ADDRESS 

P. 0. Box 6Q220 . 
Reno, Nevada 89506 

ttVtS10N(S| ANO LOCATK>N(S| WHERE WORK IS TO t f PERFORMED 

Water REsources Center 

Office o f Management and Budget 

Approval N o . 29-RO18-4 

PACE NO, NO. OF PACES 

2 
SUPPUES AMD/OR SERVICES TO U FURNISHES 

Phase M - Surface invest igat ion 
Hydrology and Hydrogeochemistry 
(10/1/78 - 6/30/79) 

TOTAL AMOOPff OF PROPOSAL 

J 63,210 
GOV'T SOUCITATION NO. 

DETAIL DESCRIPTION OF COST ELEMENTS | 

t , D M f a MAIfWAL ( I t r m i i t « • E v i i b i l A } 

a. PUtCFMSED PAitTS 

b. SUKONTRACTEO ITEMS 

<. OTHfR—f"! J RAW MATIRlAl 

( 2 } TOUR STANDARD COMMERCIAL ITEMS 

( S ) I»<T{RDIVISI0F<AL TRANSFERS f .4J « lb t f tban m l ) 

TOTAL DIRECT .V.-ATEIll.iL 

EST COST ( S ) 

^^•^••v 's^.A^i^ 'Ss 

2. MATERIAL OVERHEAD' ( l U l t % X S b a u m ) 

3. DIRECT LAROR (Sp t t i / y ) 

Hydrogeologist, M. Campana 
Hydroqeochemist, R. Jacobson 
Graduate Research Fellow, TBN 
C l e r i c a l , TBN 

TOTAL DIRECT LABOR 

* . LA)OR QVERFtEAO (Spt t i fy D t p t i r i m t m or Con C t t i i t r y 

Al l of 3 Less Graduate Research Fellow 
Graduate Research Fellow 

TOTAL L.^BOR Ol'FRIIEAD 

ESTIMATED 

HOURS 

5^0 
550 
865 
350 

^!f^:i^mM$m 
O.K. RATE 

22.1^ 
1.0^ 

• •.. •;••* ' . ' y r . - - . ^ 

RATE/ 
HOUR 

10.10 
11.00 
4.55 
4.75 

X»AS£ = 

13,237 
3.936 

; • ; ' ; ? : ^ ^ - : - ; i ^ 

y SPECIAL TESTINC ( S m i u d i n f J i r l t f m r i a l G t i n t m t t H t i m t i t l U l i t m i ) 

TOT.AL SPECIAL TESTiSG 

EST 
COST ( S ) 

Sh5h 
6050 
3936 
1733 

mnwm 
EST COST ( i ) 

2925 
39 

•^:^^^?r^ 
EST COST f S ) 

;-rf=:;#:-.:.̂ .:...-̂  
«. SftCIAl. EOU(PA«{NT ( i f d i r t c l eha rg t ) ( h t m i t t w E-vhUil A ) 

7. TKAVEL ( i f J i n t t i h a r s ' ) ( C i i r J t u i l , M , i l i a t h i d S t h t d n i t ) 

a. TRAPJSPORTATION 

b. PER DIEM OR SUlStSTEhKE 

Tor.*L TKAVEL 

t CONSUtTANTS ( I d t n l i f y - p a r p m t - t a t t ) 

T O T A L C O \ S V L T A \ T S 

EST COST ( i ) 

1.250 
2,400 

EST COST r s j 

t . OTHER MREa COSTS ( l i t m i t f an E \ h i h i i A ) 

10 T O I . U . O I R E C T COST A \ U o r E K t l F A D 

M CCt^RAl AND ADMtNISTRATtvE EXPENSE r f t w / 5 3 ^ o f ^oK i J t m t n l \ a t . 3 & ^ >' 

I J ROTAlTttS' 

11. T O T A L E S r t M A T K D COST 

14. PtE OR PROFIT 

IS T O T A L E S T I V A T f . n COST A \ n Fl . f i f*R P K O H T 

TOTAL 
EST COST' 

'§^^%=MWi 
•'̂  .^^^•iii.."^^^^-?;^-^^": 

• .™. ; .v>- ; .»%-- - ' ' y "s 

.;.l>f-y".'H-vy--.;;j-'-.-: 

•MWM 
I;,..;:. ...,̂ ^̂  
^^••>i?;: ; i -r:;;.:, 

y . . : ' • ; > 

• . - - . i ^ : . - - - ^ v ' - ^ " - '!•-''-•' <--^ 

17.173 
, - - • : ' • " • ' - " - ' ' • : 

• • . . - • - • l : - : - r i 

..-.-.-:;.'-1 
- - • • ^ • - : t - - " ' " • ' • ' • - • ' • ^ . • ^ - • , 0 ; 

2.964 

. ' • . . . . " ; - - ^ '^--r"•••- ' 

" • ^ - ^ • ^ • ^ ' ' " . • ' ^ " • • ' • ' ' • ' ^ ' • ' ^ 

- 0 -
3,000 

.••;:-;;|V-"-:::J-.^^^:'i 

• - . ^ S ^ . _ : . , . : ••-..• 

3,(>i6 '• 
• • • 

- 0 -
i5,7J»o 
50.527 
12,683 

- 0 -
63,210 

- 0 -
6?,210 

REFER-
ENC£= 
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T h i i propot t l i i tubrnined for u u in ctinntctiort with and in r n p o n n lo (Druribt RFP, tu . ) 

Hydrology and Hydrogeochemistry-Phase l l - S u r f a c e I n v e s t i g a t i o n s 

<nd r cHm, our beit c t l imi t t t »\ of t l i i i dj ie, in »ccordince n iih the InXfuci ioni v i OSrrott and th i Fiwrnom which follow. 

TYPED NAAAE AND TITIE SICMATUtE 

NAME OF FIRM 

Water Resources Center - DRI 

DATE OF SUtMlSStON 

EXHIBIT A-SUPPORTING SCHEDULE (Specify. I f more space is needed, use reitrse) \ 
COST £1 NO, 

7a 

7b 

6 

9 

9 

9 

q 

=» 

q 

9 

9 

9 

ITEM DESCRIPTION (Set foolnote i ) 

Pro jec t M i l eage , 5000 m i , @ .25/mi-. 

Per Diem, 8o days % $30/day 

C o n d u c t i v i t y Br idqe and Probes 
(Beckman RC-19 or e q u i v a l e n t ) 

ADP. CDC 6400 (8 hrs ^ $360 /h r . ) 

T r i t i u m Ana lyses . 100 % $20/each 

Deuterium Ana lyses . 30 ^ $100/each 

Oxvaen-lO. 30 0 S50/each 

Carhon-14 and c ' ^ / f . ' ^ , 10 © S200/each 

Sp.lftcted Trace Elements, ID 0 S'^O/each 

Expendable M a t e r i a l s and Suppl ies 

Xerox and Communications 

Chemical Ana lyses , 100 % $36/each 

EST COST (S) 

1250 

2400 

3000 

3240 

2000 

3000 

K n n 

6000 

l̂ iOO 

2500 

400 

3600 

1. HAS ANY EXECUTIVE AOENCY Of THE UNITED STATES OQVERNKtfNT PERFORMED ANY REVIEW Of YOUR ACCOUNTS OR RECORBS IN C O N N t a i O N WITH ANY OTHER 
OOVERNMENT PRIME CONTRACT OR S U S C O N T R A C T WITHIN THE PAST TWflVE M C W T H S ? 

• YES • HO ( l / y t s . i d tn l i f y b t low. ) 

NAME AND ADDRESS OF REVIEWING ^ f l C E AND INDIVIDUAL TELEPHONE NUMBER/EXTENSION 

II . WRE YOU REQUIRE THE USE OF ANY GOVERNMEt^T PROPERTY IN THE PERFORMANCE OF THIS PROPOWO CONTRAa? 

1 1 YES 1 1 NO ( I f y n , i d tn t i f y on r t f f r t t or i tpara t t pagt 1 

1)1, CO TOU REQUIRE GOVERNMENT CONTRACT fINANCING TO PfRfORW THIS PROPOSED CONTRACT? 

Q YES • N O ( I f y t u i d r a l i f y . ) : Q ADVANCE PAYMENTS Q PROGRESS PAYAtfNIS OR Q GUARANTEED LOANS 

IV. DO YOU NOW HOLD ANY CONTRACT ( O r . do f a n b a i t u»y i n d t p t u d t n l l y J i n a l t u d ( I k & D ) p t o j n i l j FOR THE SAME OR SLMIUR WORK CAUED FOR lY THIS 
PROPOSED C O N T R A Q ? 

Q YES • NO ( I f y n , i d t n l i f y ) : 

V. DOES THIS COST SUMMARY CONFORM WITH IHE COST PRINCIPIES SET FORTH IN A O E N C Y REGULATIONS? 

[ J YES 1 ] NO ( I f nv. t v p i j i u on r t l i n t or s t p j r a l t p a f t i 

5rr R t n n t far in%iriutiaai tmd Paainnitt 

7 

OPTIONAl, FORM « (10-71 > 
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CONTRACT PRICING PROPOSAL 
(RESEARCH A S D DEIELOPMEST} 

Th i s form M for U9« w h e n ( i ) l u b r n i t f i o n o f c o f i o r p r i c i n g d i u <Me FPR 1-S.BOT-)) i i n q u i r c d t n i 
( i i ) l u b i t t t u t t o o for A t O p f i o n x l F o r m 59 i t t u t h o r i u d by ihc c o n c r i c t t n g ofScer. 

NAME Of OFFIKMt 

Desert Research I n s t i t u t e 
HOME OFFICE ADDRESS 

P. 0 , Box 60220 
Reno, Nevada 89506 

aviSION(S) AND LOCATIONISI WHERE WORK IS TO K PERFORMED 

Water Resources Center 

O f f i c e o f M a n * £ e m e n t a n d B u d g e t 

A p p r o v a l N o . 2 9 - R 0 1 8 4 

PACE NO. 

1 

NO. OF PAGES 

2 
SUPPLIES AND/OH SERVICES TO U FURN1SH€0 

Phase l i t - Hydro log ic and Hydrogeo­
chemical Support f o r Well D r i l l i n g 
(1 /1 /79 - 8/3I / .79) . 

TOTAL AMOUNT OF PROPOSAL 

s 9.153 
GOVT SOllCnATlOM NO. 

DHAIL DESCRIPTION OF COST ELEMENTS I 

1 . DUtfCT MATIMAL ( l l t n i i t t M £ . v i M l A ) 

M. PURCHASED PARTS 

b. SUKONTRACTED ITEMS 

r, OTHER—ff j l lAWMAlEWAl 

( I ) YOUR STANDARD COMMERCIAL ITEMS 

( i ) INTERDrviSIONAl TRANSFERS ( A t a lh t r Ihaa (as)) 

T0T.4L OIRECT .MATERL-AL 

EST COST ( S ) 

mmsk: '^& 
j : MATERIAL OVERHEAD' ( R a i t %.VS i u i / = J 

3. DKECT I A K » (Sptci fy) 

Hyd rogeo log i s t , M. Campana 
Hydrogeochemist, R. Jacobson 
C l e r i c a l , TBN 

TOTAL DIRECT LABOR 

«. LAlOR OVERHEAD (Sptd fy n t p a r t w t n l ar C* i i C t n t t r ) ' 

A l l o f 3 

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

ESTIMATED 
H O U R S 

I6O 
160 
i»0 

t ^ ' 1 ^ ^ ^ % st^*^^ 

O.H. RATE 

2 2 . U 

. f j tj-L ^ • - •Jl ' fft ' i-fr^J r i 

RATE/ 
HOUR 

11. lb 
12.18 
5.50 

X IAS£ = 

3,95« 

- • • ^ : - -

i . SPECIAL TESTMG ( I m / n d i n g fitiJ i i « r i « ( O a i t n i m t n i i n t i u t l i / i i an i ) 

T O T A L SPECI.-IL T E S T t S G 

EST 
COST ( S ) 

1.789 
um 

220 

' I ^ W W ^ 
EST COST ( S ) 

B75 

v , - /V ; J i S : ^ - ^ ' ^ 

EST COST (SJ 

r • i ; ; i ; W : : ; > ^ ; V : : • ; •'.i 

b. SPfOAL EQUIPMENT f i f d i r t t * t b a r g i j ( U t m i i t am Exhib i t A ) 

7. TRAVEL ( 1 / d i r t f l r ha rg t ) ( G i l t d t t a i l i t n i t U i h t d S th tdn i t ) 

a. TRANSPORTATION 

t , f t * tWEM O t SUSStSTtNCE 

TOTAL TR.AVEL 

1. CONSULTANTS ( U i H l i f y - p n r p t , i t ~ r a l t ) 

T O T A L C O \ S i L T A S T S 

EST COSI ( S ) 

375 
300 

EST COST ^ I J 

9. OTHER DIRECT COSTS ( I I I m i l t nn E^hi l t i t A ) 

TO T O T A L D I R E C T COST A \ t ) 0 \ E R H f . A O 

I I . GENERAL AND ADMINISTRATIVE EXPENSE rK. / ( r 6 3 * 1 / < • " ' ' " • » " ' ^ • " . 3 £ ^ f 

1 1 . ROVAiTKS* 

I J T O T . t L E.STIM.'ATF.n COST 

\ * FEEORPKOFIT 

I i T O T A L E S T m . i T f . D COST A S D f - f E OR P R O H T 

TOTAL 
EST COST' 

^ '̂̂ '̂r.; ^ ^ ^ ^ - ^ < ^ ^ ^ 

"•^•vv;^:- .-r ;^ 
• :-,.',;:„ .=..;-.« 

•l:ry.H^^:i-
':-^i^:mW^ 

%-%^k^s^:K 
'̂ i^.-'J.;iT-;^:^;?v/' 

. . r • . : ^ 

kMa^'-'^-':^ 
• " • ^ - ^ ^ " ^ . • / • " ' - ^ ^ - r " : - •''-•^•'-

3';55y 
_,': ^ -f .J,'"-: '-'v'" 

- . - i . ^ : 7 :<^ : ^ * ; v 

• !^- '^ ' - -^^;K-^M 

'-•<•'• ^ ' . . ^ ^ ^ * ^ ^ [ ' 0 > 

'"g7^"' 
. . . = " - . : : - • • • j } 

;̂ : ..•.:'• \.i-:->i:X>, 

•• ' .^-.••^.^y.c- ' ' -?- '^.^ ' '^ ' 

• 

- 0 -
- 0 -

. . -^ .JO • _-• , y . • ; .>. 

675 

. 

-u-
6UU 

6,108 
3.045 

- 0 -

9.153 
- 0 -

?,15? 

REFER­
ENCE' 
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T h i i p ro fw j i l i i jubmitied tor mc in tonnrci ion wiih »nd in m p u n i f to (Ducribt REP, tn . ) 

Hydro log ic and Hydrogeochemical Support f o r Phase 111 

^nd Teflroj our belt eHiitiiirs is of ihi i d i t r , in iccordinct u i i h th t Initruci ionj to Offerors md the Fooinoirs which follom. 

TypEO NAME AND I i aE SIGNATURE 

NAME OF FIRM 

DRI-Water Resources Center 

DATE OF SU»MISSION 

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

COST EL NO. 

7a 

7b 

9 

9 

ITEM DESCRIPTION (See foa l i imt i ) 

P r o j e c t M i leaoe . \^QQ m i . & n.?c;/mi. 

P e r D ien i f 10 day?; (S $ ^ n / d s y 

Xerox and Communications 

Expendable M a t e r i a l s and Suppl ies 

EST COST (S) 

37 q 

•inn 

100 

SOO 

1. HAS ANY EXECUTIVE AOENCY 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 TWELVE MONTHS? 

D ÊS O NO ( l / y t i . idiulify btiau:) 
NAME AND AODRtSS OF REVIEWIt^C OFFICE AND INDiVlDUAL TELEPHONE NUM»ER/EnENSK>N 

H. Wi t t YOU REQUIRE THE USE Of ANY GOVERNMENT PROPERTY IN THE PERFORAAANCE OF TMJS PROPOSED CONTRACT? 

I 1 TES 1 I NO ( I f y r i . i d tn l i f y t^n r t t t r t t or a p u r a t t p J g r } 

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

| ~ 1 YES Q NO ( I f t n . i d t n l i f y . l : Q ADVANCE PAYMENTS Q PROGRESS PAYMENTS OR n GUARANTEED LOANS 

IV. DO YOU NOW HOLD ,VNT CONIRAO ( O t . da yen l i j v t any imdtp tad tn l l y f i m l n i t d ( I R i r D ) p r v j t c n ) FOR THE SAME OR SIMILAR WORK CAILEO FOR »Y THIS 
MOPOSED CONTRACT? 

[~) YES Q NO ( I f ytt. i d tm i f l . t : 

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

1 1 YES [ t NO ( t f no. fxptain on r r i t r t r or i t pa rJ t t pag t ) 

Str R t i t n i foe I n u r i i i i m i and faslnam 

3 

O P T J O S A L FORM 60 ( ) 0 - 7 I ) 

7^ -



CONTRACT PRICING PROPOSAL 
(RESEARCH ASD DEt'ELOPMEST) 

This form i i for u»e »hcn ( i ) jubmi j i ioo of cmi or pricing djLi ( i « FPR l-J,SOi-)) it required u id 
( i i ) jub i t i iu t ion for the Opt ion i l form ^9 i i »uthori i«i by thr ccncricting oftcrr. 

NAME Of OFfEROR 

Desert Research I n s t i t u t e 
HOME CtfFICE ADDRESS 

p. 0. Box 60220 
Reno, Nevada 89506 

DlVISION!S) ANO LOCAT)ON(Sl WHERE WORK IS TO BE PERFORMED 

Water Resources Center 

Office o f Manai^ement and Budget 

A p p t o v a l N o . 2 9 - R 0 1 8 4 

PACE NO. 

1 
NO. OF PAGES 

2 
SUPPLIES AND'OR SERVICES TO BE FURNISHED 

Hydrology and Hydrogeochemistry 
Support f o r Phase IV ( A / I / 7 9 - 3/31/80) 

TOTAL AMOUNT OF PROPOSAL 

s 61,712 

GOVT iOLICIIATlOH NO. 

DETAIL DESCRIPTION OF COST ELEMENTS | 

1 , DIRECT MATERiAl ( l i t m i i i »H E.\hihit .<} 

n. PURCHASED PARTS 

i . SU6CONTRACTED ITEMS 

f. OTHER_f f J R A W MATERIAL 

( i ) YOUR STANDARD COMMERCIAL ITEMS 

( 3 ) (NTEROtviSIONAl TRANSFERS ( A / olher >ha» cast) 

TOTAL DIRECT MATERIAL 

EST COST ( $ ) 

'f:::y-0<-.-.A-'i--Q 
2 MATERIAL OVERHEAD* ( R ^ l r H.YS ba i t= ! J 

3. OIRECT U»OR (Specify) 

Hydrogeo log i s t , M. Campana 
Mydrogeocnemist, K. Jacobson 
Graduate Research Fe l l ow , TBN 
C l e r i c a l , TBN 

TOTAL D lHtCT LABOR 

4. LABOR OVERHEAD (Specify D ipa r l n r t n t or Ceil CtHler) ' 

A l l o f 3 less Grad. Research Fel low 
Graduate Research Fel low 

TOTAL LABOR Ol 'ERIIEAn 

ESTIMATED 
HOURS 

5^0 
530 
865 
320 

'i:m.ms:fmimi-
O.H, RATE 

22. a 
1.0% 

mmmm 

RATE/ 
HOUR 

11.18 
12 . l y 
5.06 
5.50 

•x^^'x^ •^v:;i ! : : ^ :^ ! : -^ i 

X BASEs 

rA,252 
A.377 

S. SPECIAL TESTING ( I n d u d i u g filld u a r k a l O o i t n i m n i t im taHa l ion i ) 

TOT.AL SPECIAL T£STI.\G 

EST 

COST ( S ) 

6,037 
6,^55 
^4.377 
1,760 

mJ-^'rW^^y^ 
EST COST (S) 

3.150 
kk 

EST COST ( i ) 

6, SPECIAL EQUIPMENT ( I f d i r tc t i h n r g i ) ( U t m i i t en E\hil / , t A ) 

7. TRAVEL ( I f d t r t i l l i i a r f t ) f C U T d t l a i l i on attached Scl l tdnt t ) 

a. TRANSPORTATION 

b. PER DIEM OR SUBSISTENCE 

T O T A L T R A I E L 

B. CONSULTANTS I I d t n l i f y - pu rpos t—r , l l t ) 

TOTAL C O \ S L L T A \ T S 

EST COSI (S ) 

1,500 
3,000 

ESI COST f S) 

9. OTHER DIRECT COSTS ( I t emt t t on F.ybibil .A) 

10 T O I A L D i R F C T f .O ' ) / A \ D O i E K I I f A D 

n . OENEflAL AND ADMINISTRATIVE EXPENSE r«.i/<- 6 3 ^ ^ of , a i l t l t rn tn t Sot. j & 4 )• 

I J . ROYALTIES • 

11 TOTAl . E s n V A T U n COST 

14 FEE O t PROFIT 

IS IOTA) . FSTtVATf .n COST A S D t-f.E »R PROFIT 

TOTAL 
EST COST' 

> y • ' - • • • • j , - • - - j ^ 

; • ; - • ; . - . 

¥wMMU-̂ ^ 
•\0:~my .̂ :̂ ::S. 

• V . : . . , : . . . : . o , . : , , : . ^ . . - ^ 

18,629 
. • • • V • • . • • • . : • - • • : . . 

3.19^ 
: : • . ' • • • ' • • • • • • • : : 

• • ; • • • ; ; . • : - i i ' - i ; ; ; ; 

. : i ' ^ • • • : • : : : : : S ^ ; 

-n^ 
- 0 -

i f ,500 

. 

- 0 -
21,6itO 
A7,963 
B .7A9 

- 0 -

61,712 
- 0 -

61,7li 

REFER. 
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T h i t pra|>OMl i> (ub f f i i ncd for M I * in c t>nn«: i imi w i t h and in r r t p u n t c to ( D r u r i b e RFP. t i t . ) 

Phase IV - Hydro log ic and Hydrogeochemical Support 
j n d rcAcCTi o u r b c i i t i u i m a t n u o f iht> d i t v , i n iceordancE w i t h ihc l n» i ruc t i un t to Of lVror t i n d t h r Fourno iv i w h i c h fol low'. 

TYPED NAME ANO T i n l SiaNATL>RE 

KAME OF FIRM 

WRC-DRl 

DATE OF SUBMISSION 

EXHIBIT A-SUPPORTING SCHEDULE (Specify. I f more space is needed, ust reverse) \ 
COST El NO, 

7a 

7b 

9 

9 

9 

9 

9 

9 

9 

9 

9 

ITEM DESCRIPTION (See f o o t n o t e S ) 

Pro jec t M i leage , 6000 m l . @ .25/mi ' . 

Per Diem, 100 days g $30/daY 

ADP, 6 h r s . CDC 6^*00 @ $360/hr . 

Chemical Ana lyses , 80 @ $36/each 

T r i t u m Ana lyses , 80 g $20/each 

Deuterium Ana lyses , 30 @ $100/each 

Oxygen-lS Ana lyses , 30 @ $50/each 

Selected Trace Elements. 30 g $50/each 

Carbon-1 it and C ' - ' / C " . 30 P $200/each 

Expendable M a t e r i a l s and Suppl ies 

Xerox and Communications 

EST COST c s ; 

1500 

3000 

2160 

2880 

1600 

3000 

1500 

1500 

6000 

2500 

500 

1. HAS ANT EXECUTIVE AGENCT OF THE UNITED STATES GOVERNMENT PERFORMED ANY REVIEW OF YOUR ACCOUNTS OR RECORDS IN CONNECnOM WITH ANY OTHER 
COVERKMENT PRIME CONTRACT OR SUBCONTRACT WITHIN THE PAST TWELVE MONTHS? 

• " I S • NO ( I f y t l . id t i t t i f y bttea-.) 

N A A U AND AObRESS OF KEVIEWINC OFFICE AND IT^DIMDUAL TEUPFtONE NUMBER/EXTENSKM 

a. WH.L YOU RfOUIRE THE USE OF ANT OOVECNM^NT MtOKWlK IN THE PCRFORMANa OF THIS MOPOSED COf^RACT? 

1 1 YES I 1 NO ( I f yes. i d tn l i f y an n t t n t a t i t pa ra l t page) 

111. DO YOU «OL>IRE GOVERNMENT CONTRACT FINANCING TO PERFORM THIS PROPOSED CONTRACT? 

Q YIS Q NO ( I f y t i . H l n t i f y . ) : Q ADVANCE PAYMENTS [ ] PROGRESS PAYMENTS O t Q GUARANTIED l O * P « 

(V. DO TOU NOW MOLD ANY CONTRACT ( O r , da yen b n i t any i nd tp tnd tnUy f imanted ( t R i i O ) praJHt t ) FO« THE SAME O l SUMlAR WORK C A L U O FOR BY THIS 
nOPOSED CONTRACT? 

• M S • NO ( I f y t t . i d t n l i f y . ) : 

V. DOES THIS COST SUMMARY CONFORM WITH T K COST PRINCIPLES SET FORTH IN AGENCY REGMATIOPIS? 

L J ^ S L J F ' O ( I f na. t x p i ^ i n an r t i t r t i • r t t pa ra l t p a f t ) 

Set Rtitne for ImlriielitHi ^nd faainlti 

2 

OPTIONAL FORM «0 (10-71) 
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CONTRACT PRICING PROPOSAL 
(RESEARCH A S D DC^'ELOPMESTj 

T h i i f o rm n for us t w h e n ( i J t u b m i i i i o n o f co»t o r p r i c i ng d j u ( t t r FPR l - J . B O ^ - j ) i i r r q u i r r d and 
( i i ) i u b t t i t u t i o n f o r rhe O p t i o n a l Fo rm J9 i t l u t h o m e d b y the con t rac t i ng off icer. 

NAME Of OFFEROR 

Mackay Minera ls Research I n s t i t u t e 
HOME OFfICE ADDRESS 

DIVlSION|Sj AND L O C A T I O N ( S ) WHERE WORK tS TO «E PEKFORMED 

Office of Mif iapemeri and Budget 
Approv iJ No , Z9~B.O\B4 

PAGE NO, NO. OF F*GES 

SUPPLIES AND/OR SERVICES TO BE FURNISHED 

S t r u c t u r a l and Tec ton ic Ana lys i s 

TOTAL AMOUNT OF PROPOSAL GOVT SOUCITATION NO. 

DETAIL DESCRIPTION OF COST ELEMENTS | 

I . DIRECT MATERIAL ( U t m i i t an E.-chihit A ) 

n . PURCHASED PARTS 

* . SUBCONTRACTED ITEMS 

r. OTHER — f t ; RAW MAT'.RIAl 

( i j YOUR STANDARD COMMERCIAL ITEMS 

( . i t INTER DIVISIONAL TRANSFERS (.At e lh t r than Coil) 

TOTAL DIRECT .\LATERLtL 

EST COST ( S ) 

) . MATERIAL OVERHEAD' (Rale ' ( .SS b a s r = ) 

3 DIRECT LAfOR fSperi fy) 

Geolog is t - E. J . Be l l 
Geotoq is t - D. B. Slemmons 
Graduate Research A s s t . (1) - TBN 
Graduate Research A s s t . f l l ) - TBN 

T O I A L DtRLCT LABOR 

t . IA BOR OVERHEAD (Specify D ipdr ln ien I or Coit Center) ' 

A l l o f 3 less GRA 
Graduate (Research A s s t . 

TOTAL LABOR OVHRIIE.AD 

ESTIMATED 
HOURS 

348 
17^ 
520 
520 

^":<.fm^:f^-\ 
O.H. RATE 

12^ 

n 

RATE/ 
HOUR 

10.38 
1 1 . k l 

6.00 
6.00 

• r - - "^-^ . - ' - : ! / - : ' 

X RASE = 

7,522 
6,2i*0 

^ 'gA- fy^. -.;;••'•' 

5. SPECIAL TESTING ( Inc lud ing fitid u o r i a t G o i t l ^ m t n t inua lUt inns) 

TOTAL SPECIAL TESTISG 

EST 
COST ( S ) 

3.612 
3.910 
3.120 
3.120 

EST COST / j ; 

903 
62 

^;^;?3^4|.bjj?i'; 

EST COST (S) 

i i s i V •••::•. • , ' ! • ; • : • • . • . • 

4- SPECIAL EQUlPMtr^T ( I f direct i b a r f t ) ( t i t m i i t an Epciiiiiit .A) 

7. TRAVEl ( I f direct , / ia rg fJ ( C i t e d t t a i l i t n attached Sihedv i r ) 

a . TRANSPORTATION 

b. PERDIEMOR SUeSISTENa 

T O T A L T R A \ F . L 

e CONSULTANTS ( I d n t t i f y ^ p i i r p o u ^ r a l i ) 

TOT.U. COSSLLTASTS 

EST COST ( i ) 

5,625 
2,858 

EST COST f J ; 

P OTHER DIRECT COSTS ( I t i m i i t en E \b i l u l . i ) 

to TOTAL DIRECT LOST A S D OiFRUEAD 

t l , G tMtRAl AND AOMIMISTRATWE EXPENSE f R j f f I^Q I t o f la t i i lemtHi So , . -J £ I ( J ' 

i i . ROYAITIES* 

13. TOTAL ESnsi. 'ATEn COST 

U FEE OR PROFIT 

IS l O T A L ESTIMATED COST ASD Ffc7- OR PROTIT 

TOTAL 
EST COST' 

:fmw%M4 
':•: ^ ' ^ - - . V i : : : : - ! ••^^:^^:i;i;i ••;• 

^:-;jj|;;:>.g;:>i;j^:::;^ 

:̂:k:':'':y:bi¥^S' 
: - ; • • . ' . • • • ! ! . i V . ' - - . - : ' ' ; : ' ' - ' ' 

^'^^IZ-CrCr-^^^^y^S 

13.762 

• • • ' : ^ : ¥ ' ; • . : : : : ^ - • ^ • | ; 

• : • . ^ • . . . • ^ • . . . • ; : . : • . • : . : • • ^ 

••'1: '•:ii-z.'s-M 

965 

; • . ; • • : • • . : ; ; • • • ; . . - « i : S : . ; 

^ . ^ • • • • : . , . . : : . : . . , ^ 

' l l ' l ' ' • • ' " • • • ' 

8 , W 3 

. 

11,830 
35.040 

' 7.364 

42.404 

42,404 

REFER-
ENCE= 
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T h i j p t o p o i a l i i t u b m i i i e d for use in connvc i ion w i t h and in m p o n j e to (Deicribe RFP. t t t . ) 

atid re f l rc t t o u r b e i t e i i t m i t e i i> o f A i i date, i n accordance w i t h t h r l n$ t ruc t iun t i n O f f e r a n and the Foo ino ic t A-hich fol loA' , 

TYPED NAME ANO TITIE SIGNATURE 

NAME OF FIRM DATE Of SUBMISSION 

EXHIBIT A-SUPPORTJNG SCHEDULE (Specify. I f wore space is needed, use reverse) \ 
COST EL NO, 

7a 
7a 

7a 

7b 
7b 
^ 
9 
9 
9 
q 
9 
9 

ITEM DESCRIPTION (Set feotnole J J 

Rental Cessna 206 f o r A e r i a l Reconnaissance 25 h r s . @ $65 /h r . 
4 WD f o r f i e l d work - 60 days ^ $10/dav £ . 2 0 / m i . f o r 200 
m i . / dav 
A i r t r a n s p o r t a t i o n to a t t end rea iona l S n a t i o n a l meet ing 
to present papers 
90 man-davs per diem f o r f i e l d work (S S30 per day 
5 davs per diem to a t t end meet ings a t S31.50/dav 
Landsat Imaoery £ computer enhancement 
Low-sun-anale photoaraphv H :12 .000) -30O photos 0 S15/each 
Snow-lapse photography f1 :24 ,000) -150 photos & StS/each 
Xerox. Graphic a r t s 
Communications 
Expendable M a t e r i a l and Suppl ies 
? h r ^ . r.nc 6400 G) <5^f in/hr . 

EST COST ( S ) 

1625 

3000 

1000 
2700 

158 
2000 
4500 
2250 
1000 
500 
500 

1080 

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 TWELVE MONTHS? 

[ J YES • FJO ( I f yes. identi fy b t l e u . ) 

NAME AND ADDRESS OF REVIEWING OFFICE ANO INDIVIDUAL TEtE PHONE NUMBER/EXTENSION 

11. W i l l YOU REOUIRE THE USE Of ANY GOVERNMENT PROPERTY IN THE PERfORMANCE OF THIS PROPOSED CONTRACT? 

\ _ \ YES L J NO ( I f y r t . iJeni i fy on i t i i n t or t t pa ra l t p t tgt ) 

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

n VES n NO ( I f y t l . i d t n l i f y ) : [ ^ ADVANCE PAYMENTS Q PROGRESS PAYMENTS OR Q OOARANfEED lOAPrt 

IV. 0 0 YOU NOW HOLD ANY CONTRACT ( O r . da yan b a i t any ind ipendtn t l y j int tnced ( I R & D ) p ro ie t i t ) FOR THE SAME OR SIMILAR WORK C A U E O FOR »Y THIS 
PROPOSED CONTRACT? 

Q rtS n NO ( I f yei. idtnl i fy.) : 

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

[ 3 1 YES Y \ N O ( I f ne. explain on r t i t r i t or upara le page) 

See Reterie fat iMstruftieni a n d Feelwelef 

7 

O P T I O N A l , FORM 60 ( ID-TI ) 
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CONTRACT PRICING PROPOSAL 
( R E S E A R C H A S D D E V E L O P . M E S T ) 

Thi f ftwm i t (at uie when ( i ) submi»ion o f cojr or pricing data (tee FPR 1-3,807-3) i j requitvd and 
( i i ) luhi t i tu t ion for the Optional Form S9 i i authoriud by the contraninE officer. 

HAMf OF OPEEROR 

Mackav M ine ra l s Research I n s t i t u t e 
HOME Of FtCt ADDRESS 

Dl«SION(S) ANO lOCATIONtSI WHEM vrtSRx IS TO BE PE«>0«MED 

Office i>f MBirkvemcni and Budget 
Approval N o . 2 9 - I l O l « 4 

PACE NO. 

1 

NO. OF PACES 

2 
SUPPUES AND/OR SERVICES TO BE FURNISHED 

P e t r o l o g i c A l t e r a t i o n Stud ies 

TOTAL AMOUNT OF PROPOSAL 

» 31,794 

GOVT SOIIOTATION HO. 

DETAIL DESCRIPTION OF COST ELEMENTS | 

1. DIRECT MATERIAL l l H m i t i an Exhibi t A ) 

* . POdCHASED PARTS 

b. SUBCONTRACTED ITEMS 

I. OTHER—fIJ i m w MATERIAL 

f ^ ; YOUR STANOA«D COMMERCIAL CTEatS 

( J ) IFiTERDIVISIONAL TRANSFERS (.Al a lh t r than to i l ) 

TOTAL DIRECT M.<TERIAL 

EST COST ( S ) 

f.fWM^ifj^j^'^HM 

J . MATERIAL OVERHEAD' (Rate ^ . \ » l n i i e = ) 

3. DIRECT USOR (Sp t t i f y ) 

Geo loa is t - D. B. Slemmons 
G^o loa is t - E. J . Be l l 
Graduate Research A s s t . - TBN 
Graduate Research A s s t . - TBN 

TOTAL DIRECT L.A80R 

A. LABOR OVERHEAD (Spt t i fy Depar imeui ar Cail Center) ' 

A l l o f 3 less Graduate Research Ass t . 
Graduate Research A s s t . 

TOT.AL L A B O R OVERI IE .AO 

ESTIMATED 
HOURS 

174 
174 
520 
520 

. . ' • , r JC r . n- ' ' \ 

0,H. RATE 

12^ 
\% 

"• ' " " ' • '^•^r ' - '^ : . : - ' 

RATE/ 
HOlfR 

22.47 
10.38 
6.00 
6.00 

^ , | : , . . , „ , , , , , ^ . ^ j , 

) E B A U = 

5,716 
6,240 

v i -> - * - ' - ^ \ . •..•• • 

i . SPECLAl TESTING ( Inc lud ing field u-eei a l Ca ien in t t n l in t la lL i l ioHi ) 

TOTAL SPECIAL TESTISO 

EST 
COST ( S ) 

3.910 
1.800 
3.120 
3.120 

- . . , . . . - , , - . V . . . . - , ; ' . . 

EST COST ( S ) 

686 
6i 

<^^'-^i^i^: 
EST COST f S ) 

• ••.•!";•; S ; ^ - ; - : • • .,;. •. 

A. SPECIAL EOUIPMEMT ( I f d i r t t l i b a r g t ) ( I t t n l i u an Exh ib i l A I 

7. KAVEl ( I f d i re t l charg t ) ( G i i t d t t a t i , en a t u t h e d S t h t d n i t ) 

m. TRANSPORTATION 

b. PER MEM OR SUtSISTENa 

TOT.AL TRAVEL 

B. COMSMTANTS ( I d t H l i f y - p a r p n i t ^ r a l t ) 

TOT.AL COSSLLT.ASTS 

EST COST f J J 

2.500 
1.358 

EST COSI ( S) 

* OTHER DIRECT COSTS ( l l tm i i i t n E\hihil A ) 

to TOL.AL DIRECT LOST A S D DVf.RIIE.iD 

I I . OENERAl AND ADMMISTRATIVE EXPENSE f fC i f r ^ 0 '^ t / ( t i l t i em ta l S t i . j j £ 4 ) • 

13. ROYALTIES' 

>3. TOT. iL ESTIM. iTf .n CUSr 

U FEE OR PROFIT 

IS l O T A L ESIIV.ATED COST A S D FEE OR FROPIT 

T O T A l 
EST C O S T ' 

f^:$^fii-^^< 
^̂  ^^>xi!;f:^vV.^x. 

ofii^'i-i^'t:^ 
: ••^iJ-i:^i'':::'ir.;.;-

• • : : : , v • . ^ 

' : - f : ' ^ - r f . -^^<\ i ' :^ 

i 1,956 
- • - ^ . . - • • . • j 

. ••V;-..^.^s;;;;,;J 

•^'•.i'-y}[-^-^'iy.--<.y''^'''^jr 

' ' ">̂ ;̂''̂ '̂ 'JH 

' W 
'••• : : " \ ^ / . - ' • • • : A 

. ^ , . , , . 
'.'. ' '.•'^' '-•' ' X ' ' ^ ' ' 

; V - : i v r i * 

.• ^ • : ^ \ : i : y - ' : - ^ ' : • ' • • : : 

iM 

8.880 
25.442 

6.352 

31.794 

?l,73^ 

REFER­
ENCE' 
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T h i t p r o p o i a l i t l u b m i t t e d for U K in connec t ion w i t h and i n r e i p u n » to (Denr ibe RFP. t i c . ) 

Petrologic A l te ra t i on Studies 
and lef lect t Our bet t o i i t n a t v i a i o f ( h i . date, i n accordance w i t h the I n i i r u c t i u m i n O f f r r o n and the Foo inote t w h i c h fol l t rw. 

TYPED NAME AND TITLE SIGNATURE 

NAME OF FIRM DATE OF SUBMISSION 

EXHIBIT A-SUPPORTING SCHEDULE (Specify. I f more space is needed, use reverse) \ 
COST E l N O . 

7a 

7a 

7b 

7b 

9 

9 

9 

9 

9 

9 

9 

9 

ITEM DESCRIPTION ( S t e f o o t i i o l t 5> 

4 WD v e h i c l e f o r f i e l d work f o r 30 days @ $10/day and 
. 2 0 / m i . f o r 200 m i . / day 

A i r t r a n s p o r t a t i o n to a t t end reg iona l and n a t i o n a l meet ing^ 
to present papers 

40 man-davs f i e l d work a t S30/dav 

5 days ^ $31.50/dav f o r a t t end lno meetinqs 

600 t h i n sec t i ons a t S3/each 

K-Ar d a t i n a . ^ (3 S^OO/each 

C-14 d a t i n q , 10 0 STiO/each 

Expendable Mat f t r ia l * ; and ."^uppl ip.<; 

Communications 

Xerox, Graphic A r t s 

X-ray d i f f r a c t i o n 100 hours (S $10/hour 

3 hours CDC 6400 P $360/hour 

EST COST ( S ) 

1500 

1000 

1200 

158 

1800 

1500 

iRon 

^on 

500 

1000 

1000 

1080 

t. MAS ANT EXECUTfVE AGENCY OF THE UNITED STATES GOVERNMENT PEREORMED ANY REVIEW OF YOUR ACCOUNTS OR RECORDS IN CONNECTION WlT« ANY OTHER 
GOVERNMENT PRIME CONTRACT OR SUBCONTRACT WITHIN THE FAST TWELVE M0NTHS7 

Q YES • NO ( I f yei. identi fy he t t u . ) 

NAME ANO ADDRESS OF REVIf WING OFFICE ANO INDIVIDUAL TELEPHONE NUMeER/(«ENSION 

H. WILL YOU REQUIRE THE USE OF ANY GOVERNMENT PROPERTY IN THE PERFORAtANCE OF THIS PROPOSED CONTRACTT 

1 1 YES L J '^O < l f yei. identi fy en r i i t r s i a t t t pa ra l t p a g l ) 

III. DO YOU REQUIRE GOVERNMENT CONTRACT flNANClNO TO PERFORM THIS PROPOSED CONTRACT? 

n YES n ^"0 ( I f yei. i d t n l i f y . ) : | ~ | ADVANCE PAYMENTS f " ! PROORESS PAYMENTS OR n GUARANTEED LOANS 

•V. DO YOU NOW HOLD ANY CONTRACT ( O r . da l e u h a l t any i n d t p t n d t a l h finanttd ( I R O D ) p r t f t t l l ) FOR THE SAME OR SIMILAR WORK CALLED FOR BY THIS 
PROPOSED CONTRACT? 

• Q YES • NO ( I f y „ . i d t n l i f y . / : 

V. DOES THtS COST SUAUAART CONFORM WITn THE COST PRINCIPIES SET FORTH IN AGENCY REGULATIONS^ 

I J YES 1 J NO ( I f no. t yp ia iu on r t t t r t r t r t t pa ra l t page} 

Sti Reitnt for Inilrntlitns and feelnatti 

1 

OPTIONAL FORM 60 (10- ' ' l) 
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CONTRACT PRICING PROPOSAL 
(RESEARCH A S D DEi'El.OP.SiEST) 

T h i t (orm i i for u ^ «'hen ( i ) t u b u i i t t i o n oF c o t i or pr ic ing; d a u i t t t FPR 1 - 3 . 8 0 ' ' - ) ) i t requ i ted and 
f i i ) l u b t l i t u i i o n for the O p t i o n a l Form i 9 is a u i h o r i i e d by the con t rac t i ng ofBcer. 

NAME OF OFTEROR 

Mackav Minera ls Research I n s t i t u t e 
HOME OFFICE ADDRESS 

0IVIS10NIS1 AND L O C A T O N I S ] WHERE W O R K IS TO BE PERFORMED 

Office of MiTTap,ement and Budget 
Approval No . 2 9 - R 0 1 8 4 

PACE NO, 

1 

NO, OF PAGES 

2 
SUPPLIES AND/OR SERViaS TO BE FURNISHED 

Microse ismic Study 

TOTAL AMOUNT Of PROPOSAl 

» 58,913 

GOVT SOLICITATION NO. 

DETAIL DESCRIPTION OF COST ELEMENTS | 

1. DIRECT MATERIAl ( l l t m i i r an Exhibit A ) 

a. PURCHASED PARTS 

b. SUBCONTRACTED ITEMS 

c. OTHER—rU «AW MATERIAL 

( 2 ) YOUIt STANDARD COaMERCUl ITEMS 

( i ) INIERDIVISIONAL TRANSFERS ( . M elhtr than cei l) 

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

EST C O S T ( S ) 

::--^::-.:::;r:.-^i:f':;^ %Si 

2. MATERIAL OVERHEAD' ( R a i t %.\'S i a u = ) 

J . DIRECT UBOR (Specify) 

Se ismo log i s t , J . D. VanWormer 
T e c h n i c i a n . A. Wi lson 
Programmer, L. Butcher 
De<;Ign Tpr .hn lc lan , W. Nicks 
Rprord A n a l y s t , G. Smith 
Rr;^di jat( i Re-iP.arrh F P I 1 nw - TBN 

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

A. lASOR OVERHEAD (Sptcify Dcpa r lm tn l or Cei l C t a t i r ) ^ 

A l l o f 3 less GRF 
Graduate Research Fe l low 

r o r . ^ l L A B O R 0 \ ' E R I { E A P 

ESTIMATED 
HOLIRS 

348 
6q6 
348 
\ l h 
174 

nni ; 

OM. M T I 

12^ 

n 

- • • • • • • " ' • • " " " • 

RATE/ 
HOUR 

11,20 
6.67 
7.4q 

10.55 
6.^7 
6.00 

X BASE = 

13,771 
7.830 

, : ; . ' ; . • „ • . ; . .^ . . . ; . ;^. , 

i . SPECIAL TESTBMG ( l uc l i ' d iH i f t t i d ua rk at Q e t t r m n t n l i n i l a l l a t i en i ) 

T O T A L SPECIAL T E S T I S G 

EST 
COST { % ) 

3.8q8 
4.642 
2.607 
1.8^6 
1,108 
7,a^n 

EST COST I S ) 

1,691 
78 

EST COST ( i ) 

6- SPECIAL EQUIPMENT ( I f d i r rcf charge) ( I t t m i i t a n F.xhibit A ) 

7. TIlAVEi ( I f direct charge) 1 G i r t delai l i en al tacbei i Schtdni t ) 

a. TRANSPORTATION 

b, PER DIEM OR SUBSISTENCE 

T O T A L T R A i F L 

t . CONSULTANTS ( I d t n t l f y - p n r p a » - r a l t ) 

TOT.AL C O S S V L T A S r S 

EST COSI (%) 

1.970 
l.'^'^B 

EST COST I S ) 

9. OTHER DIRECT COSTS f l l e m t i t on E\h ih i t A ) 

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

11. GENERALAND ADMINISTRATIVE EXPENSE (Rale 5 0 ^ e f t o i l t l i m t n l \ a i . 3 & 4 ) ' 

I J - ROYAITIIS' 

t ) TOT.AL E S T I M A T E D COST 

l a FEE O t PROFIT 

IS TOT.AL F.SI IM.ATF.D COST . A S n FEE lyR P R W I T 

TOTAL 
EST COST' 

EEFER-
ENCE= 

w:;K*::i:::„i;i --wi 1 

^ y;0?--y^'m \ 

Jk'X'':̂ '̂"':"'̂  
'^;c';S-r-.>••':•:••••• 

t^MfM4'ii 

fifii 
; -E ; iN | i s : : ' ? - ^ : : 

:s;N>f:;#;:j-:::;;::: 

• i ; • ? ;•;••.:::• ' ' • • • • " ' ' . [ 

21,921 

V- . : : : : : . ; : . ; : : : : ; : : . : . " . : . : : . . 

• $ : % ' • - • • : • / • : : • » • } : • J 

1.769 

^ i ; •.:;•••::.....,..;;.:• • ; : ? - ; 

: - ; , .A .v ; f .^ - : :™, : 

••• ; • • • . . : • : ; • • ; : . ; . : ; • . : ; • 

^.^28 

/u.u^u 
ii7,06a 
11 ,845 

58,913 

58,913 

81 
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T h i t p r o p o t a i i t t u b m i t t c d I'or w . t i n connect ion fc'ith and in r e i p u n . r lo ( D t i t r i b t RFP. etc.) 

Microse ismic Study 

j o d fef lect i ou r bet t eHimatet at o f t h i t da le, i n acemdaor t w i t h the I n i t r u c i i i ) n i tci Of f r ro rs i n d t h r Fooinoics w h i c h fo l low. 

TYPED NAME AND TIRE SIGNATURE 

NAME OF FIRM DATE OF SUBMISSION 

EXHIBIT A—SUPPORTING SCHEDULE (Specify. I f mort space is needed, use reverse) \ 
COST El NO. 

7a 

7a 

7b 
7b 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 

ITEM DESCRIPTION (S te f o i > l u i t e 5 J 

To i n s t a l l , ma in ta in and remove s t a t i o n s - 't WD v e h i c l e -
8000 m i . § $ . 2 0 / m i . and $S0/ month 
To F a l l AGU meeting (San Franc isco) to present paper on 
study - $50 f o r U n i v e r s i t y car 
40 man-days per diem f i e l d work @ $30/day 
5 days per diem f o r AGU meet ing % $3 l .50 /day 
2 hours CDC 6400 % $360/hour 
Key punching and p l o t t i n g 
6 component t r a i l e r f i e l d system - 3 mo. @ $4000/mo. 
Laboratory p layback f a c i l i t i e s - 3 mo. % $1000/mo. 
40 A i r c e l l b a t t e r i e s @ $35/each 
24 Lead ac id % $50/each 
9 magnetic f i e l d tapes % $50/each 
10 d i q i t a l computer tapes @ $50/each 
Expendable m a t e r i a l s and supp l ies 
Xerox and Communications 

* 

EST COST ( S ) 

1920 

50 
1200 

15B 
720 
280 

12000 
3000 
1^00 
1200 
i(50 
500 
200 
300 

1, HAS ANY EXECUTIVE AGENCY Of THE UNITED STATES GOVERNMENT PERFORMED ANY REVIEW Of YOUd ACCOUNTS O t RECORDS IN CONNECTION WITH ANY OTHER 
GOVERNMENT PRIME C O N I R A C I OR SUBCONTRACT WITHIN THE PAST TWEIVE MONTHS? 

r ~ I WS f 7 ] NO ( I f y n . identify be lea: ) 

NAME AND ADDRESS OF REVIEWING OFFICE AND INDIVIDUAL TELEPHONE NUMIEK/EXTENSION 

II . W i l l YOU REQUIRE THE USE OF ANY GOVERNMENT PROPERTY )N THE PERFORMAMCE Of THIS PROPOSED COhTTRACTT 

1 1 ITES L J N O ( I f yei. identi fy on r i t t r i t or i t p j r a t e p a g t ) 

111, DO YOU REQUIRE GOVERNMENT CONTRACT flNANCING TO PERFORM THIS PROPOSED CONTRACT? 

n "fES m NO ( i f y t l . i d t n l i f y . ) : Q ADVANCE PAYMENTS Q PROGRESS PAYMENTS OR f l GUARANTEED LOANS 

tv. DO YOU NOW MOLD ANY CONTRACT (Or . da yen b a i t any i n d t p t n d t n t l y f i n a n i t d ( I R O D ) p r o ) t , t i ) FOR THE SAME OR SIMILAR WORK CALLED FOR BY TMS 
PROPOSED CONTRACT? 

• YES • NO (If yti. idtnlify): 

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

j 1 YES Q NO ( I f HO. txp la i i i on r t t t r t t or i lparate pag t ) 

Set Reitrii far Initruttieai and Feainttet OFTIONAI, FORM 60 (10-71) 
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CONTRACT PRICING PROPOSAL 
( R E S E A R C H A S O D E l ' E L O P . ^ i E S T ) 

Tfai ) f twm i i for U K w h e n I i ) ( u b m i t f i o n o f c o i t or p r i c i ng d * t * ( » R FPR l - J . B O ? - } ) i t rcquiret l and 
( i i ) l u b t t i t u t i o n for i b t O p t i o n a l F o r m 19 i t au tho r i r cd b>' t h r r o n t r a c t i n g o t k c t t . 

NAME OF OFFEROR 

Mackay Minerals Research I n s t i t u t e 
HOME OFHCE ADDRESS 

Univers i ty o f Nevada-Reno 
Reno. Nevada 89557 

DIVISIONlSI AND LOCATONtSl WHERE WORK IS TO BE PERFORMED 

Of l ice o f Mantt^cfTienT and Bu t ige i 

A p p r o v » l N o . 2 9 - R 0 1 8 4 

PAGE NO. 

1 
NO. OF PAGES 

2 
SUPPLIES AND/OR SERVICES TO U FURNISHED 

Shallow-Temperature Survey 

TOTAL AMOUNT O f PROPOSAL 

» 12.755 

GOV'T SOLIOTATION NO. 

DETAIL DESCRIPTION OF COST ELEMENTS | 

I . DIRECT MATERIAL ( i l rm ize en £ \ i H i > A J 

«. PueCHASEP PARTS 

h. SUBCONTRACTED ITEMS 

e. OTHER—flJ RAW MATERIAL 

( i ) YOUR STANDARD COMMERCIAL ITEMS 

( i ) INT ERDI VISIONAL TRANSFERS ( A l t ther i k i n cait) 

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

EST COST ( $ ) 

Wmmi&i':W^ 
1. MATERIAl OVERHEAD' ( R j i e % . V I h a i t = ) 

3. DIRECT LABOR (Specify) 

Geologist, Elaine J . Bell 
Graduate Research Assistant-TBN 

TOTAL DIRECT LABOR 

* . lABOR OVERHEAD (Specify Departut tnt er C t , l Center) ' 

i l l n f 1 , !<=.:«; RRA 

r ; r s | H i i a t - ( » R ^ i c p a r r h flt;«:r. 

TOTAL LABOR OlERI IFAO 

ESTIMATED 
HOURS 

i?** 
520 

fi:^00$^ 
O.H, RATE 

12^ 

n 
' • • • : - ^ : ' ; ' ^ " 

RATE/ 
HOUR 

10.38 
6.00 

m^^&BM 
X BASE £ 

1.806 
3.120 

• . . • • ; : ; • . ' : • • < • « ^ 

y SPEOAL TESTING l lH t l nd iag field u a r i a l Gar tmmeat in i la lLe l ion i ) 

TOT.AL SPECIAL TESTISG 

EST 
COST ( S j 

1,806 
3,120 

Wf^WWI 
EST COST ( S ) 

217 
31 

v-̂ t?-i;;̂ <;?s 
EST COSI f JJ 

•rWM/: '-. : : .M:y-

b, SPECIAL EQUIPMENT ( I f d i r t t l t h . t r g t ) ( l l t m i t t an E.vbAil A ) 

7. TRAVEl ( i f direct ibarge) ( G i n d t U i U an a t b i t h t d S i b t d n h ) 

a . TRANSPORTATION 

* . PER WEM OR SUBSISTENCE 

T O T A L T R A T F J . 

B. CONSULTANTS ( I d t n t i f y - p u r p a i t - r a t t ) 

T O T . A L COSSL 'LT .ASTS 

EST COST ( i J 

1.500 
1.050 

EST COSI ( S) 

• . • 

9. OTHER DIRECT COSTS ( l l e m i i t t n Exh ib i t A ) 

TO. TOT.AL DIRECT COST ASO OfP.RIIE.AD 

11, GEP4EKAL ANO ADMINISTRATIVE EXPENSE (Rale q ^ \ a f t e l l elemnel \ e i . "^ ^ l^ J ' 

T l ROYAITIES-

IJ . TOTAL ESTlM.iTED COST 

14 FEE O i P«OflT 

tS TOT.AL ESTIMATED COST .ASD FEE OR PROFIT 

TOTAL 
EST C O S T ' 

^ § ^ ^ m 
^•^-.o"'-; '^' j^' '^- •'{ 

; ; ^ ^ : : . i : ^ A ^ « • . ; ^ •••:^ 

.iSi:̂ ^- i :> 
l ^ f ^ ^ i S J i ^ , . ; 

y^ ^ y ^ K ^ y 

te^>^v^' . , . . , . . . . . 1 - ..^ . . ^ . 

• > i ^ . : - - - - •-• • • . . • " y y . i - j ' : 

' . . • 

: \ • ^ 

4,92^ 
. : ; • : • • i - : . - ' : - :'• 

^ ^ > ' V 1 ; V ; . ^ ; K . ' ; ; - ^ ^ ; 

•^'S'-if.-iihf-^^ 'iy!: 

• & - i } ' i • •<^:^.':i 

248 
' . •--• ' '^-,,•-

;;.^j^„;;^;!_ , : ,v^, 

•^^.^;^^..^.^:i^•:7^>^ 

'^i^^M-r-:\ 

i ^ ' . ^ - m : 
• " . : • • _ . . - : . , - : . .̂. 

' i ' i ;V - -

2,550 

: - • • • ; : • • • • - . • 

2,444 
10,168 
2.587 

12,755 

I2,7bi> 

REFER­
ENCE • 

- 8 3 

OPTIO.VAL Kt)R,M 60 
Ottahtr 19''] 
GcncTAl SnvK i ' i AJminiHt i i t iun 
FPR i - i t iMK, 
\ D A O . i n l 



T h i i p t o p o t i l i t l u b m i t t e d I'or u i e in connec t ion w i t h and in r r i p o n . c to ( D t u r i b e RFP. t t t . } 

DOE RFP NO. ET-78-R-O8-OOO3 Shal low Temperature Survey 
i n d ref lcct l o u r b « t e s t i m i i n *> o f t h i i d u e , i n i c cv rd in t re w i t h the I n i i r u c i i u n i i n OArTor i and the FotHnote. tnhich fo l low. 

TYPED NAME AND TITLE SIGNATURE 

NAME OF FIRM DATE OF SUBMISSION 

EXHIBIT A-SUPPORTtNG SCHEDULE (Specify. I f more space is needed, use reverse) \ 
COST El NO, 

7a 

7b 

9 

9 

9 

q 

q 

9 

9 

9 

ITEM DESCRIFTION ( S e t f o a l i i o t t i ) 

k WD v e h i c l e @ $10/day and .20/mi- f o r 30 days and 200 m i . / day 

35 days @ $30/day 

Auger r e n t a l 15 clays @ $35/day 

708 f t . PVC 2 " d iameter cas ing @ . 1 7 / f t . 

Thermis to r r e n t a l 20 davs P $20/dav 

Key punch ing , p l o t t i n a 

2 h r ^ . r.nC 6400 SB $^6n/hour 

Expendable m a t e r i a l s and supp l i es 

Communications 

Xerox. Graphic A r t s 

EST COST (S) 

1500 

1050 

525 

119 

400 

280 

720 

100 

150 

150 

1, HAS ANY EXECUTIVE AGENCY OF THE UNITED STATES GOVERNMENT PERFORMED ANY REVIEW OF YOUR ACCOUNTS OR RECORDS IN CONNECTION VYITH ANY OTHER 
GOVERNMENT PRIME CONTRACT OR SUBCONTRACT WITHIN THE PAST TWEIVE MONTHS? 

• YES • NO ( t / y t i . identify he/ou:) 

NAME AND ADDRESS OF REVIEWING OFFICE AND INDIVIDUAL TELEPHONE NUMBER/EICTENSION 

l l , WILL YOU REQUIRE THE USE OF ANT GOVERNMENT PROPERTY IN THE PERFORMANCE OF THIS PROPOSED CONTRACT? 

[~ | YES [ 1 NO ( I f yet. i d tn l i f y an r t i i n t er t t pa ra l t page) 

III. DO YOU ItOUlRE GOVEtNNtfNT CONTRACT FINANCING TO PERFORM THIS PROPOSED CONTRACT? 

Q YES • NO ( I f y t l . i den t i f y . ) : Q ADVANCE PAYMENTS Q PROGRESS PAYMENTS OR Q GUARANTEED I O A N S 

(V, 0 0 YOU NOW MOLD ANY CONTRACT ( O r . do yan h a r t any i n d t p t n d i n t l y f t n a n t t d ( I R O D ) preyict i } K>R THE S A M E OR SIMILAR W O R K C A U E D FOR »Y THIS 
PROPOSED CONTRAa? 

• TES Q NO ( t f y t t . U t m l i f y . ) : 

V, DOES THIS c o s t SUMMARY CONFORM W I T H THE COST PRINCIPLES SET FORTH IN AGENCY REGULATIONS? 

j 1 TES Q NO ( I f ne. t xp la in en r t t t r t t t r I t p a r a l l pag t ) 

Str Riitrtt far Inilruelient and Fattnalti 

2 

OPTIONAl. FORM 60 (10-71) 

84 -



CONTRACT PRICING PROPOSAL 
( R E S E A R C H A S D D E l ' E L O P . ^ t E S T } 

T h i t f o rm 1* for U M w h e n ( i ) l u b m i i t i o n o f c o i t o r p r i c ing d* i> [set FPR 1 - J , S 0 7 - } ) i t required «nd 
f i i ) l u b i i i t u t i o n for the O p t i o n a l For in } 9 i> w j i h o r i i r d b r i hc c o n t r i r t i n g o A » i , 

MAME OF OFFEROR 

S o u t h l a n d - M I I t i c a n C o o p e r a t i v e V e n t u r e 
HOME OFFICE ADDRESS 

1000 F o r t Wor th C lub Tower 
F o r t W o r t h , Texas 76102 

BtVtSION(Sl AND 1 0 C A T » 0 N ( S | WHERE VYORK IS TO t f PERFORMED 

Geothe rma l E x p l o r a t i o n 

Office o f M>nai;ernent and Budiiec 

A p p r o v a l N o . 2 9 - R 0 1 8 4 

PAGE NO, NO. Of PAGES 

2 
SUPPLIES ANO/OR SERVICES TO BE FURNISHED 

D r i l l i n g o f Geothermal W e l l s 

TOTAL. AMOUNT Of PROPOSAL 

s 1.593,750 

GOVT SOLICITATION NO. 

ET-78-R-08-0O03 
DETAIL OESCRIPTfON OF COST ELEMENTS | 

I , DIRECT MATERIAL ( I t t m i t e en Exhibi t A ) 

a. PURCHASED PARTS 

b. SUBCONTRACTED rTEMS 

I, OTHER—n J **''*> MATERtAl 

( 2 ) YOUR STANDARD COMMERCIAL ITEMS 

( } ) INTERDTViSlONAL TBANSfERS (.At e lhtr than Coil) 

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

EST COST ( S ) 

1,593,750 

:#;S.;v..:-v-V;'fe, 

2, MATERIAl OVERHEAD' (Rate %,VJ b a i e = ) 

3. DIRECT LABOR (Specify) 

T O I A L DIRECT LABOR 

4. LABOR OVERHEAD (Specify Otparlment er Ce,l Ctnt t r ) ' 

TOTAL L.ABOR Ot'ERIIEAO 

ESTIMATED 

HOLERS 

- • ^ . • - ¥ ; • . ; . § . . > • ; : - . 

O.H. RATE 

• •• . . V . - -

RATE/ 
HOUR 

'•i^-gyiif^^^k'MM 

H »ASE = 

:.'4fe;;>^:<:^-y;.-; 

S. SPECIAL TESTING f l n t l n J i n g field u o r i a t Geiemiaeul i ns ta l l j i i on t ) 

TOTAL SPECIAL TESTISC 

EST 
COST ( S ) 

' i i i l M m ^ :;;!::;^iii ;! 

EST COST ( S ) 

''•vS^^"''':Vi^?''^ 

EST COST ( S ) 

. . ' ! ^ • : . ! • . • • . . 

t . SPtCUL EQUIPMENT ( I f d i r i e i ( h a r g t ) ( I i r m i t i en F.xiiihii A ) 

7. TRAVEL ( I f d i r t c l charge) ( C i t e dr tads an a l t a t h t d S th tdn i t ) 

* . TRANSPORTATION 

* , PER DIEM OR SUtSISTENCE 

T O T A L T R A V E L 

%. CONSULTANTS ( l d t n l i f y - p i t r p e u t ~ r n l e ) 

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

EST COST ( S / 

EST COSI f S ) 

9. OTHER DIRECT COSTS t l l t m u e an F.xhihti A ) 

t o T d f A L D t R f C T COST A S O O f E R K E A D 

11. GENERAL AND ADMINISTRATIVE EXPENSE ^S.trr ^ of ta l l t i em tn l Se i . ) ' 

13 tOYAlTlES ' 

I J . T O T A L E S T I M A T E D COST 

14, FEE OR PROFIT 

IS T O T A L E S T I M A T E D COST A S D FEE OR P R O F I T 

TOTAL 
EST COST' 

>!^i^iSMfvJM'y^ 

•ii1-'i:'*/.r---'''v--'S 

• ^ • • ^ ; : - - ; S ; - ; ; : • • • • : : ; : " :S 

1.593,75 

• ; . - • . ' : . : ? / ^ ' ^ i i - - . : ! ' ! ' ; " : ! : 

':M:s0::::fiiM 

»0i.0:.: iM:\ 
Hs;a:::..;:>r:': .jiii 

• 
-0 -

, . ; - : : • . : . : • • : : : ; . . . ; « • • • : . : : ; : - : 

»-^^V;.;:i-.;::;;-i;;^;;s; 

yL:t i i : :& 'm 

- 6 -
. • : . . • • • ' : . • : : • • • • • : • : : • • 

\:.^-::-::\r^-.:%::\: 

- 0 -
- 0 -

- 0 -

- 0 -

1,593,75 
- 0 -
- 0 -

1,593.75 
- 0 -

l ,593, /5 

REFER-
ENCE= 

0 

D 

D 

b 
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1'hi» p i u p o ( * l i i t i t i n n i a v i i l o r t i i e i n f i > n n e f l i p n w i t h a n d i n t r i p v n m u> ( D t i c r i h t RFP. t h . ) 

RFP No. ET-89-R-O8-OOO3 Geothermal Reservoir Assessment Case Study 
Northern Basin and Range Province 

a n d reA«M* Our be i t » r i n i > t » 11 o f t h i i d j t e , i n j r c u r d i n c e » i t h the I n i i r u f l i o n t to O fT r rd f i j a d t h r F o i i t n o l r i o-hich fo l luH' . 

TYPED NAME AND TITLE 

Jere Denton, Project Administrator 
SIGNATURE 

NAME OF FIRM 

Southland Royalty Company 
DATE OF SUBMISSION 

5-30-78 
EXHIBIT A—SUPPORTING SCHEDULE {Specify. I f more space is needed, m t reierte} \ 

COST El NO. 

1 b. 
rTEM OESCRIPTION {Set f ^ t i t a t t i ) 

The en t i r e cost of d r i l l i n q the proposed three geothermal wel ls 
w i l l be sub-contracted by Proposer to the best ava i lab le r i g 
company on a footage basis. The f ixed cost proposal to the 
Government Is a cost-shar ing on the basis of estimated to ta l 
d r i l l i n g costs o f $ I25/ foot as fo l l ows : 

3 X 8,500' Maximum Depth x $125/ f t . x 50% = 

] • • 

1 
i 
\ 

1 
1 

Under t h i s proposal a l l costs necessary to the completion of 
d r i l l i n g in excess of $62.50 per foot w i l l be underwrit ten bv 
the Proposer. 

There is no p r o f i t nor consul t ing fee accruing to Proposer. 

EST COST ( S ) 

1.593,750 

1. MAS ANY EXECUTIVE AGENCY OF THE UNtTEO STATES GOVERNMENT PERfORMED ANY REVIEW OF YOUR ACCOUNTS OR RECORDS IN CONNECTION WITH ANY OTHER 
GOVERNMENT PRIME CONTRACT OR SUBCONTRACT WITHIN THE PAST TWELVE MONTHS? 

n TES ITiJ NO ( I f y t l . i d t n l i f y b r i o u : ) 

NAME AND ADDRESS OF REVIEWING OFFICE ANO INOIVIOUAl TELEPHONE NUMBER/ECTENSION 

U. WIU. YOU REQUIRE IHE USE OF ANY GOVERNMENT PROPERTY IN THE PERFORMANCE OF THIS PROPOSED CONTRACT? 

n TtS I M N O ( I f y t l , i d t n l i f y an r t t t r t t ar u p a r a l l page) 

111, DO YOU REQUIRE GOVERNMENT CONTRACT FINANCING TO PERFORM THIS PROPOSED CONTRACT? 

Q YES C 3 ' ^ ^ ( I f y t t . i den t i f y . ) : [ " [ ADVANCE PAYMENTS Q PROGRESS PAYAAENTS OR | ~ 1 GUAIUNTEtD LOANS 

IV. DO YOU NOW HOLD ANY CONTRACT ( O r . da yen h a l t any i u d t p t u d i a i l y finanttJ ( I R O D ) p r a j t t i i ) FOR THE SAME OR SIMILAR WORK CALLED FOR BY THIS 
PKOPOSED CONTRACT? 

• YES Q NO ( I f y t t . i d e n t i f y ) : 

V, DOES THIS COST SUMMARY CONFORM WITH THE COST PRINCIPLES SET FORTH IN AGENCY tUCULATIONS? 

l y 1 YES 1 1 NO ( I f ne. t \p ta i f f an r t r t r t t er j r p a r a i t p J f r ) 

See Rtitrtt for tnitrntliani and Feetntitt 

2 

OPTIONAL FORM 60 (lO-Tl) 
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CONTRACT PRICING PROPOSAL 
(RESEARCH A S D D E I F L O P M E S T ) 

T h i t f o r m i . for u « w h e n ( i ) ( u b m i . i i o n o f e o j t or p r i c i ng d a u ( w t FPR l - ) , S O ? - J t i f r t q u i t r d mnd 
( i i ) s u b i i i t u t i o n for the O p t i o n j l Fo rm S9 is l U i h o r i i r d by the c t>nt r> f t ing oH ic r r , 

NAME OF OFFEROR 

Southland-Mil l ican Cooperative Venture 
HOME OFflCE ADDRESS 

1000 Fort Worth Club Tower . 
Fort Worth, Texas 76102 

D(VISION{S) ANO LOCAIION(S) WHERE WORK IS TO BE PERFORMED 

Geothermal Explorat ion 

Office o f Mtnai^enrtftt and Budget 
Approval N o . 2S)-ROlB4 

PAGE NO. 

1 
NO. OF PACES 

2 
SUPPLIES AND/OR SERVICES JO BE FURNISHED 

Well Testing and Reservoir Evaluation 

TOTAL AMOUNT Of PROPOSAl 

s 17^,282 
GOV'T SOllCnATION P40. 

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

1, DIRECT MATERIAL ( I l rm ize an Exhibi t .A) 

n . ruRCKASED P A R I S 

* . SUBCONlt ACT ED ITEMS 

f . OTHER — C U RAW MATERIAL 

( 2 ) YOUR STANDARD COMMERCIAL ITEMS 

( i ) ItJTESDIVISIONAL TRANSFERS (.Al e l h t r than tost) 

TOTAL DIRECT .Si.ATERlAL 

EST COST ( $ ) 

3. AULTERIAL OVERHEAD' ( R j I t I t . V J i a i t = } 

3. DIRECT LAEOR (Sp i f i f y ) 

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

<. LABOR O V E R . I J A D fSp t t i f y O t p j r t m f i l or Ceil C e n l i r ) ' 

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

ESTIMATED 
. HOURS 

• . - • . ^ " • • " ' - " ^ • • i ' • . " • . " • • ; 

O.H. RATE 

R A T E / 
HOUR 

X B A S E = 

• J,.r .. .-:"..';--".. : > 

i . SPECIAL TESTtMC ( l i i i h i d i n g field i i f r k J l ( i t t t r n m e n l i i iu . i l l j t i> tHt) 

TOTAL SPECIAL TESTISG 

EST 
COST ( S ) 

EST COSI ( S ) 

-,:.,,-; . • - - . ; . - . • : > • . • . ; ^ 

EST COST ( S ) 

- • . - • • • • " • - ' : • • • 

6. SPECIAL EQUIPMENT ( I f d i r t t l i b a r g i ) ( l l t i n t l t en E \h , l i i l A ) 

7. TRAVEL ( I f i f i '1 ,1 t l i a rg t ) t G i l t d i t - t i h en a l t a t h t d Sc lnd i t l t ) 

a . TRANSPORT Al ION 

b. PER DIEM OR SUtSISTENCE 

TOT.AL T R A V E L 

t CONSULTANTS ( ( , h n l i f y ~ p H T i t e a ^ r a l t ) 

• 

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

EST COST f $ J 

EST COST 1%) 

9 OTHER DIRECT CO'^IS ( I i r m i t t t n F \h i l i i t .A) , 

10. l O V A I . l i l R I L T C O s r A S n O V E R I I F A D 

I I . GENERAL AND *D»-NISI«AIIVE EUPfNiE ( R a i t % of , e i l e lemetl Sa l . )• 

1 1 . ROTAlTlES' 

I ) . TOTAL r.\TIMATI.P COST 

n H f OR PROFIT 

IS l O T A L E S t l S i A I F t S < O S I A s n H 1 OR P K t t F U 

TOTAL 
EST COST' 

'^^•?''-';'''''\(i^:2 

- < i - - ^ : > • : : - , . : A ' • : ' . 

• - • • " . • > • - • • • - • 

• ^ • : ; S • • • • • . : • • : . ' : . . v . : 

':- • ^ ^ - ' ^ ^ m f . 

- 0 -

:-:^r:.;..;.;.--;>^,y..;>•;;•-^l 

• • ' - ^ . . • > • : . • . . . . • • : ; . • . . . ; • • . - • • 

• ; : ^ v N : : : . j , . ; ^ •;•;•-;.;;; 

: : - ^ - i " - - • • ; V V ; : . • • : • . • • . • • • • • • 

;^;^A:-^0--,: 

'^\^i:-:::^-J:\r:-: 

s . j v i . ^ i s y - ^ ' ' - ^ - ; •;•'••• 

. 

- 0 -
. , - . • . • . • ; • • • • • • • : • . ; . -

- ; : ; • . * < • - ] ' • : ' > : . - ' 

. ' ' - • : ^ - ; ' : ; • ; ; ; • : 

. - . - S - : • • - • • . • . 

- 0 -
• • " • " 

. ' • • • • • . • : ' • . ^ • • 

. : : . y - : i - : - : • : , 

• , , . 

- 0 -
- u -

-b-

- 0 -
17^1.282 
174.282 

- 0 -

17A.282 
- 0 -

17^1.282 

REFER, 
ENCE-
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T h i i p ropo i i l i( lubmit t td lor u « in cunnrction with i nd in reifiunie lo (Dturibe RFP, tic.) 

RFP No. ET-78-R-O8-OOO3 Well Testing and Reservoir Evaluation 
And K ( l « t i o u r b t i c r t i i m i t r k 11 o f t h i i d j t e , i n j c ro fd»nc< n i t h t h r I n s i r u c i i o n j tt> OfTrror j And i h * Fno tno ic j w h i c h f o l l o w . 

TYPED NAME ANO TITLE 

Jere Denton 
Project Administrator 

SICNAIURE 

PTAME OF FIRM 

Southland Royalty Company 
DATE OF su tMiss iON 

5-30-78 
EXHIBIT A-SUPPORTING SCHEDULE (Specify, i f more space is needed, use reverse) 

COST EL N O , 

9 
ITEM DESCKIPTIOH (S t t foolimte 5J 

Estimate based upon to ta l costs of $116,319 per wel l fo r t es t ­
ing and reservoir evaluat ion. 

3 wel ls SI $116,319 = $3^8.6^7 

Since th i s work w i l l be sub-contracted and performed In con-
lunction w i th the Univ. of Nevada Case Study, the deta i led cost 
f igures are not vet ava i lab le . The above per well estimate is 
based upon a proposed deta i led budget submitted to Proposer by 
the Ca l i fo rn ia State Land Commission in the amount of $41,219 
for pa r t i a l tes t ing and reservoir engineering w i th the balance 
of S75.000 belno estimated as the costs of eouipment necessarv 
for conducting the tes ts . i 1: i s expected that equipment costs 
w i l l vary depending upon the exact reservoir type encountered 
and o the r d r i l l i n g v a r i a b l e s . 

Propo'^ed cc\<f t o fiovernTfpqt.' 
Rft.qsrvolr te«:1- and Eng ineer iny 3 IS S i t l , 2 l g = $123,657 
FquipmP_nr F-^timate ^ fii $75,ODD = $?2^rOOO 

X 22.^9; = qo,62R = 

The net e f fec t of t h i s computation produces a cost share to Gov­
ernment of approximately 50^ of t o t a l , w i th the in tent ion of 
Proposer bearing subs tan t ia l l y a l l equipment costs and the 
Government to bear 100? of reservoir evaluat ion services. 

EST COST ( S ) 

t l lk . lZ l 

I. MAS ANY EXECUTIVE AGENCY Of THE UNtTEO STATES GOVERNMENT PEBFORMED ANY REVIEW OF YOUR ACCOUNTS OR RECORDS IN CONNECTION W m ANT OTHER 
GOVERNMENT PRIiuiE CONTRACT OR SUBCONTRACT WUHIN IHE PAST TWELVE MONTHS? 

Q YES Q NO f ( / > T ( . i d tn l i f y b t l e u : ) 

NAME ANO ADDRESS OF REVIEWING OFFICE AND INDIVIDUAt TEtEPHONENUMlER/EtaENSION 

0, W i l l YOU RtOUISt THE USE Of ANt GOVERNMENT PROPERTY IN THE PERFORMANCE Of THIS PROPOSED C O N I R A C T ? 

1 1 * f S K 3 F I O ( I f yet. identi fy on r t i e n t t r t t pa ra l t p a f t ) 

IK. DO YOU »£OUWE GOVERNMENT COrVTRACI FlNAr^CfNC TO P ( « 0 « M THIS PCOPOSEO CONTRACT? 

Q YES f ^ NO ( I f yet. i den t i f y . ) : Q ADVANCE PAVMENTS Q "OGRESS PAYwENlS OR Q GUARANTEED IOANS 

IV, 0 0 YOU NOW MOLD ANY CONTRACT ( O t , de yen h a i t any i nd i p rnd tH l l y f l a u n t e d ( U t O D ) p r t i e H I / FOR THE SAME OR SIMILAR WORK CAUED PO« »Y IMIS 
PROPOSED CONIRACI? 

• YES Q NO f / / 7 r i . i d e n t i f y ) : 

V. [>0£S THIS COSI SU«AMARr CONFORM WITH IME COSI PRINCIPLES SET fORIH IN AGENCY RtOUUIIONS? 

f S TES ( _ ] NO ( I f ne. explain en ei ierte or t t pa ra l t p a g r } 

StI R(l«r>r for Instnicliens and Inetnolti 

7 

O P T t O N A l , FOtl.M 6 0 I 10.T 1 
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BUSINESS AND MANAGEMENT 

1, As the proposers are relatively new to the geothermal business, their 

geothermal experience is limited. For specific geothermal experience, the 

proposers will be relying upon their ability to contract a reputable geo­

thermal well drilling company. Insofar as property and project management, 

drilling supervision, and financial control experience Is concerned, the 

ongoing busines of Southland and Millican — as evidenced particularly in 

Southland's annual report — has well equipped the Cooperative Venture to 

handle these aspects of the proposal. Both companies are experienced in 

oil and gas exploration, with Southland alone having participated in the 

drilling of 2^5 oil and gas wells in 1977 with an average ^0^ working 

interest. In 1977, Southland supervised drilling operations on 112 wells 

in eight states and Canada. It Is Intended that Southland will act as 

Operator of the Cooperative Venture In the event a contract is awarded. 

2. Key Personnel (In brief) - See Appendix B for Complete Resumes. 

Dr. Lawrence T. Larson - Chairman and Professor of Geology, 
Mackay School of Mines, University of Nevada 

Dr. David B. Slemmons - Former Chairman, Geology Department, 
Mackay School of Mines, University of Nevada 

Dr. Michael D. Campana, Assistant Research Professor, 
Water Resources Center, Desert Research Institute 

Dr. Roger L. Jacobsen, Assistant Research Professor, 
Water Resources Center, Desert Research Institute 

James D. VanWormer, M. S., Research Assistant In Seismology, 
University of Nevada 

Elaine J. Bell, M. S,, Consulting Geologist, 
University of Nevada 

Richard U. Jodry, M. S., President, 
Energy and Natural Resource Consultants-Geothermal Consulting 

Michael D. Campbell, M. A., Consulting Geologist, 
Keplinger and Associates 

George Oliver, Petroleum Engineer, Manager of Drilling 
Southland Royalty Company 

Jere Denton, Natural Resources Manager, 
Southland Royalty Company 
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Noel J. Rasmussen, Consulting Geologist and Geophysicist, 
Gravity and Magnetic Interpretation 

Duane A. Landine, Engineering Physicist, President, 
Enviro-Labs 

Herbert L. Eggleston, Industrial Engineer, Chairman, 
Enviro-Labs 

3. Co-administrators of the work to be conducted by the Mackay Minerals 

Research Institute are Dr. Larson and Mrs. Bell. Their organizational 

structure and administrative budget are attached. The efforts of the 

University and the Southland-Mi 11ican Cooperative Venture will be administered 

by Mr. Denton, using the financial control system and computerized reports 

available within the Southland management reporting and control system. 

He will coordinate all efforts between Southland, Millican and their re­

spective consultants. He will coordinate all drilling activities in cooper­

ation with Mr. Oliver, who is Southland's Drilling Manager. (See chart 6, 

pagegOA.-) Drilling will be contracted for on the basis of geothermal 

experience and rig availability. 

Reports will be issued monthly by Mr. Denton and final reports will 

be prepared by all sub-contractors and consultants and Integrated by him. 

Distribution of data obtained under this proposal may be made under any 

arrangements agreeable to the DOE. 

Considering the extensive federal and state permitting procedures 

and their lack of predictability, it does not appear advisable to the 

proposers to set fixed deadlines for many phases of the work. As no 

deep tests have been drilled in Dixie Valley, the drilling time is also 

problematical. Under these circumstances, the management of the program 

must remain flexible with regard to time. However, it should be noted the 

vested interests of the prime contractor make the timely completion of 

the program at least as important to it as to the DOE. The proposer's 

best current estimate of the timing of the program is shown in chart 3, 

page 59B . 
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Jere Denton - Program Manager 
1000 Fort Worth Club Tower 
Fort Worth, Texas 76102 
Phone - (817) 390-9200 

George Oliver - Drilling Adviser 
1000 Fort Worth Club Tower 
Fort Worth, Texas 76102 
Phone - (817) 390-9200 

Dr. Lawrence Larson - University Program Administrator 
Department of Geology 
Mackay School of Mines 
University of Nevada 
Reno, Nevada 
Phone - (702) 78A-6050 

Elaine Bell - University Program Administrator 
Department of Geology 
Mackay School of Mines 
University of Nevada 
Reno, Nevada 
Phone - (702)-784-6050 

Richard L. Jodry - Geothermal Consultant to Southland 
President 
Energy and Natural Resource Consultants 
Da1 las, Texas 
Phone - (2U) 238-955^ or (512) 349-1^26 

Michael D. Campbell - Geothermal Consultant to Mlllican 
Keplinger & Associates 
Houston, Texas 

Phone - (713) 651-3127 

The draft contract is an acceptable starting point for negotiations, 

however, for ease of administration, and because the proposal Is on a 

fixed price basis and conducted under federal lease restrictions, the pro­

posers will seek to eliminate all of the standard provisions that are not 

germane to delivery of data or the timely completion of the project. 

This is especially true with respect to the provisions regarding 

subcontracts as the University of Nevada is a co-proposer and is only 

being considered a sub-contractor for administrative purposes. In 

addition, the proposers intend to find the best drilling contractor 

possible within the constraint of rig availability and feel that cost 

should not be a primary consideration. 
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Proposer will request at negotiations, a contract clause providing 

for mutual termination of the project if, in the opinion of the industry 

consultants and company representatives, the drilling program has suffered 

failures or reversals such as to make further pursuit of commercial 

geothermal development of the project area economically infeasible. 

In general the proposers feel that a contract can be negotiated 

based upon the standard contract provisions, even though it is felt 

that most of them are not relevant due to the nature of the work con­

templated by the RFP and the proposal. The proposers hope the DOE 

has the room to be flexible on the contract, but such flexibility Is 

not a necessary condition of this proposal. 

6. The "program technical scope" set forth in the RFP has been 

reviewed and all of the data which will be furnished pursuant to a 

contract may be published Inanediately upon submission to the DOE. 

7. See attached annual reports for Southland Royalty Company and 

Millican Oil Company.(Appendix C) 

8. This proposal will remain in effect for 120 days after May 30, 

1978, unless modified at the request of the DOE within that period 

of time. 

9. The person(s) signing the proposal has the authority to commit 

the proposer to all the provisions of the proposal. 

10. Representations and Certificates 

GSA Form 198, copies attached. 
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Enclosure 7 
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REPRESENTATIONS AND CERTIFICATIONS 
ICeiistr«ctI«it antl ArctiitKct-EnstncKr Contract) 

<For use wifh Stttndard FerniB I f , 21 and 252) 

HEFERfNCE (Enlir lami No.(s) al en SF 19, 31 and 2t2) 

Jere Denton - Program Administrator 
1000 Fort Worth Club Tower 
Fort Worth. Texas 76102 

SATE OF SiD 

5/27/7B 

/ « n e g o f 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 he c o n s t r u e d to m e a n " o f f e r " a n d "o f fe ro r . " 

T h e b i d d r f iT i ik«s i h e C o l l o w i n g r c p r e s ^ r r t a c 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 n o f t h e b i d idi^nttlred 
» b o v c . ( C h e c k a p p r o p r i a t e bo.xes.) 

1. SMALL BUSINESS - (Mil l ican i s , Southland Is not) 
H e [ 2 '*• 12 ' ' "**'' * s " ^ " b u i i n w j concern. (A small business concern for the purpose of Government procurement 

is a concern , inc luding its nAiliates, which i,s independent ly o w n e d and opera ted , it not d o m i n a n t in the field of opera­
t ions in which it tt b idd ing on Gove rnmen t contracts , and c m further qualify unde r the crittrria concerning number of 
employees , averaf;e annua l n;cetpts, or o t h e r criteria a i preMrribed by the Small Business Adminis t ra t ion . For additional 
information Me govern ing regulat ions of the Small Business Administracion (1} CFR P^rr 1 2 1 ) ) . 

2 . M I N O R I T Y BUSINESS ENTERPRISE 
He Q is, [23 is not a mifK>n'ry business enterprise. A minority business enc«rprise is defined as a "business, at least 50 

percent o f which is o w n e d by minor i ty g r o u p member s or, in case of publicly owned businesses , at least 51 percent of 
the stock of which is owned by minor i ty g r o u p m e m b e r s . " For the purpose of this definition, minor i ty g r o u p members 
are Negroes , Spanish-speaking American persons, American-Orienuls , American-Indians, Amer ican-Eskimos, and American-
Aleuts ," 

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

( a ) He Q has , [Xj has not , employed or retained any company o r person (o ther than a full-time bona fide employee 
work ing solely for ihe b idder ) to solicit or secure this contract , and ( b ) he Q has, [X] has not , paid or aj^reed to psv 
any company or person (o ther than a ful | , i imc bona fide employee work ing solely for the b idder) any fee. commission, 
percentage or brokerage fee, cont ingent upon or resuhing from the award of tliii coniract ; and agrees to futniih inlorma, 
tion relating to ( a ) and ( h j above as requested by the Contract ing Officer, (For inttrprtlutioa of ihi rtprtitntiititm, imtud-
ing the term "botta fide tMphf re , " see Codt nf F td t r t i i Rtgu/ad ins , Tt'i/e 4 1 , Subpart t - l . i . ) 

4 . T Y P E O F O R G A N I Z A T I O N T ^ v ^ ^ f M i n l .- = n l I—1 r-» 1—1. m . . <̂  ,Texas vMi 1 I lean J 
He operates as an ! j tndi¥idua) , | f par tnership , | | joint venture . j jy corporat ion, incorporated in State of_ , . , »_. . , , . 

5. I N D E P E N D E N T HiMCt 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 paVty thereto certifies as to his 
own organizat ion, chjt tn cunneciton with this procurement : 

( 1 ) T h e prii 'ei in this bid have been arrived j t independen t ly , wi thout c o n s u i n t i o n , communica t ion , or agree, 
ment , for the purpose of restricting compet i t ion, as to any matter relating to such pri'. ;.. with any other bidder or with 
any compet i tor ; 

( 2 ) Unless o therwise required by law, the prices which have been quoted in lliik hid have not b«en knowingly 
disclosed by the b idder and will not knowing ly be disclosed by die bidder pr ior lo open ing , in the case of a bid. or 
p r io r to award, in the case of a proposal , directly or indirectly to any other bidder or to any compet i tor : and 

( 3 ) N o at tempt has been made or will be made by rhe bidder to induce any other pe r son of firm lo submit or 
no t to submit a bid for th* purpose of restricting competit ion, 

( b ) Each person s igning this bid certifier thvit: 
( 1 ) He is [he person in the bidder ' s o rgan i ia t ion responsible within chat organizat ion for the decision as to the 

prices being bid herein and that he has not part icipated, and will not part icipate, in any action cont rary to ( ^1 (1} 
th rough { i i ) { i ) above; o r 

( 2 ) ( i ) He is not the person in the b idder ' s o rgan i i a t ion responsible within that organiracion for the decision 
as to t he prices being bid herein bu t that he has been lu tho r i i ed in wri t ing to act as agent for the persons respon­
sible for such decision in cett ifytng that such persons have not participaied, and wi! | not part icipate, in any action 
contrary to {*() (1 I through {a) (3) above, and as their agent doe) hereby so certify; and (ii) he has not panicipaied, 
and will not participate, in any action contrary to ( i t ) ( l ) through ( K ) ( 3 ) above, 
(c) Th i s certification is not jppl icable (o a foreign bidder submitting a bid for a contract which requires performance 

or delivery outs ide the Lni ied S u t n , its possessions, and Puerto Rtco. 

( d ) A bid will not be cons idered for award where ( j ) ( I 1, (</H,^) . o r {h) above, has been deleted o r modified. 
W h e r e (o ) (2) above, has been deleted o r modified, the bid will not be considered for award unless the bidder furnishei 
with the hid a signed statement which sets forth in detail the circumstances of the disclosure and the head of ihe agency, 
or his designee, determines that such disctusure was not made for the purpose of restricting competi t ion. 

SOTE.— Bittt mint i t l jorlli (lilt, itttuealir. iirni lompUu- infiiiiii.ilion <i( rce/iiirril by thit iiiiil.itioit jor biili (iti{!H4ini 
allathmetits). TIte PrH,iltj jor Making / j / jf iLitcniciil, in biili h pr r te r ibu l in IS I S.C. tHOI. 
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THE FOLLOWING NEED BE CHECKED ONLY IF BID EXCEEDS $10fiO0 IN AMOUNT. 

6. EQUAL OPPORTUNITY 

He D hai. (3 hw not, pitticipated in a previous contract or subcontract subject to the Etjual Oppottunicy Clause herein, die clause 
originally contained in Section JOl of Executive Order No. 1092}, or the clause contained in Sectiort 201 of Executive Order No, U l M; 
he • has, n has not, filed all requited compliatrce reports; and rcprescfilation* indicating submission of requited compliance itporti, 
l i ^ed by proposed subcontractors, will be obtained prior tu subcontract awards. 

(The above representations oced not be submiticd in cotueciion with cooitacts or subcontracts which u e exempt fracD 
the equal opportunity clause.) 

7. PARENT COMPANY AND EMPLOYER IDENTIFICATION NUMBER 
Edtb battler shall fMru'ib the following informatio-a by filling in tb« appropriate hloekt: 

(^) Is the bidder owned or controlled by a parent compaay as described below.^ Q Yes ^ j \ No, ( for the purpose of 
tbit bid, a parent company ii defined at one u/bieh eithtr ounts or controls the activities and basic basinets polities of the bidder. 
To own another company means the parent company must ou-n at least a majority (more than SO percent) of the voting rights 
in that eompony. Ta eontrot onother ccmpdny, such ownership it not ttqitired; if another eompony is able to formulate, deter­
mine, or veto basic butinett policy decisions of the bitider, tutb other company it eontidereJ the parent eompimy of the bidder, 
Tbit control may be exercised through the use of doirtinani minority voting tightt, ute of proxy voting, (ontrnetttal arrangemenit, 
or otherwise,) 

(b) U the answer to (a) above is "Yn," bidder shall uuen in the space below the tume and tnajn office address of the 
patent cotnpatiy. 

N**H or PIHCHT CO»<»«NT j H<l|H OFFlCC «DOfltSS ( S t . , S i r t t I , City. Stair, and ZIP Cadti 

( t ) Bidder shall insert in the applicable space below, if he has no parcat company, his own Employer's Ideattficatitm 
Number (E.I. No,) (Federal Social Security Number used on Employer't Quarterly Federal Tax Return, US. Tteatury Depart' 
ment Form 941), or, if he has a parent company, the £J . Noi. of his parent cofflpany. 

EMPtOVER 
IDCNTIFICATION NUMBE!? OF ¥ 75-0572527 (Southland) 

75-T30Ii:8ft ( M m ican) 

l lOIKn 

8. CERTIFICATION OF N O N S E G R E G X T I E D FACILITIES 

(Applicable to (1) contracts, (2) subcooiracu, and (3) agreements with applicaau who are thetnselves perforttiiiig federally 
assisted construction contracts, exceetling SlO.OOO which axe not exempt (rtitn the provisions of the Equal Oppomiaii\' clause.) 

By the submission of this bid, the bidder, oSetor, applicant, or subcontractor certifies chat he doet am tnain^aia or 
provide for his employees any segKgated factlicies at any of his establishments, and that be does not permit bis employees 
to pEifortu their services at any Itxation, under his control, where segregated facilities are mainiaiaed. He certifies further 
that he will not tnainuin or provide for his employees any segregated facilities at any of his establishments, and that he 
will DOC permit' his employees to perform their service* at any location, under his control, where segregated facilities are 
maintaiaed. The bidder, offeror, applicant, or subcontractor agtees that a breach of this certification b a violattoa of the 
Equal Opportunity clause in this contract As used in this certification, the term "segregated facilities" means any waiting rooms, 
work areas, rest rooms and wash rooms, restaurants and other eating areas, time clocks, locker rooms and other storage or 
dressing areas, parking lots, drinking fountains, recreation or entenainii»nt areas, tzansportation, and housing facilities p t o 
vided lor employees which are segregated by explicit tlirective or are in faa segregated on the basis of race, color, religion, ot 
oatiooal origin, because of babit, local custom, or otherwise. He further agrees ihai (except where he has obtained ideatical 
certifications from proposed subcontractors for specific tine periods) he will obtain identical cectificaiotu frtxn proposed sub­
contractors prior to the award of subcontractors ezccedtag $10,000 which are not exempt from the provixtoas of the Equal Op­
portunity clause; that he will retain such cettificatioos in his files; aod that he wiU forward the following notice to such prt>-
posed subcootiActors (except where the proposed subontracmrs have submitted identical certifications for specific time petiods): 

NOTICE TO PROSPECTIVE SUBCONTRACTORS OF REQUIREMENT FOR CERTIFICATIONS 
OF NONSEGREGATED FACILITIES 

A Certification of Nonsegiegated Facilities must be submitted prior to the award of a tubcontract exceeding $10,000 whids 
is not exempt frotn the provisions of the Equal Opportunity clause. The certification may be submitted either for each wboots-
tractor for all subcontracts during 1 period (Le,, quarterly, 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 
(Applicxble if the bid or offer exceeds $100,000, or die contracdng officer has determined that tnden under an iatlefimte 

({uantity contract in any year will exceed SlOO.OOO, or a facility to be used has been tfie subject of a ctmvicdtM lusder the Qcan 
Air Act ( « U.S.C 1857c-8(c)Cl)) or the Federal Water PoUuooo Control A a (33 U,SC t5l9Cc)) and is listed by EPA. or 
is not otherwise exempt.) 

The bidder or offeror certifies as follows; 
(a) Any facility to be utilized in the performance of this proposed oontraa has Q , has not Ef, been listed on the EnTiroo-

Dtental Protection Agency List of Violating Facilities. 
(b) He will promptly notify the contracting officer, prior to award, of the receipt of any commuaicattoo from the Directoc, 

Office t>f Federal Activities, Enviromneocal Protection Agency, indicating tiiat any facility which he proposes to use for the pe*-
formancc of the contract is under consideration to be listed on the EPA List of Violating facilities. 

(c) He will include substantially this cettificatittn, including this paragraph (c), in every oonexempt subcontract. -

STANOARO FORM T9-S (Sack) JUNE 19T6 EOTTION itss.s.QPo.\9n-is-i4t'i30fii-^ 
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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 doTnestic 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: 
j^ Southland 

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 

J,.,,. he (b}^ [ X] 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: 

j*Mi 11 ican ̂ ^ Mi 11 ican 
The bidder does [ ], does not [X ] emplijy-TSore than 50 
employees and has [ ], has not [X]*'5een 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, 196S, 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, [ 3̂  
has not been conducted by an agency of the Federal Government; 
that such compliance review [ ] has, [x] 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: ii-
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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, be 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: (1) original and one copy to the 
cognizant Contracting Officer; and (il) one copy to the cognizant 
contract auditor. 

Date of Disclosure Statement(s): 

Name(s) and AddressCes) 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). 

[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 itetns on all 
of their prime contracts and subcontracts containing the Cost 
Accounting Standards clause. 

r ] 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 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 
f11ed: 

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, [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 Is 
awarded the contemplated contract, he will also be required 
to comply with the clause entitled Administration of Cost 
Accounting Standards. 

Firm: MILLICAN OIL COMPANY 
Thomas W. Clay 

Firm: SOUTHLAND ROYALTY COMPANY 
I. Jon Brumley 

Name: 

Date; 5/27/78 Date: ^ / n / n 

Title: President Title: President £ CEO 
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ENVIRO-LABS, INC. 
I l l SOUTH MAIN STREET BURBANK, CALIFORNIA 91506 

TELEPHONE (213) 846-9920 

:Ufl NEW ADDRESS; 626 SONORA AVE.. GLENDALE. CA 01201, (213) 240-2666 

PROSPOSED GEOTHERMAL WELL TEMPERATURE 

LOGGING INSTRUMENT SYSTEM 

A proposed Teo^erature Logging Instmment System for Geothermal Wells will 

btt coo^osed of the following items} 

1. Digital Thexmometer 

2. Cable Reel-motor driven with slip rings 

3. High Teoperatare Cable 

4. Platinum Resistance Element Sensor 

5. Alternate Integrated Circuit Sensor 

6. Cable Counter 

7. Tripod with Cable Sheave 

8. Portable Enclosure for entire System 

A battery povered Digital Thermometer with 'liquid crystal'display has been 

developed by Enrlro-Labs, Inc. for tenqierature logging and will be used in 

this system. Range of the present unit Is -100 to +200* Celsius. This unit 

could be calibrated in degrees Fahrenheit, if required. Rechargable nickel-

cadmium batteries are used in this small, portable thermometer which measures 

i V X 4%" X 6. 

The Cable Reel proposed for this system is a rugged, portable reel with 

die-cast aluminum frame fitted with 4 conductor silver - silver graphite slip 

ring assembly driven by a 12 volt DC motor. The reel capacity is 2500 ft. of 

cable with maximum outside diameter .187". This reel without motor drive has 

been used successfully in field logging operations for three years with very 

good results and has proven capability to withstand field service. 

- A, 1 -
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The cable proposed for the system is made with Kynar insulation (Polyvlnylldene 

Fluoride) for sustained testing at 150'C and short term vxposuxe to 180*C. 

An additional attribute of Kynar insulation is Its resistance to abrasion and 

cut-through, a very important factor In deep well logging. 

Platinum Reslstanca Sensor was selected for the standard sensor because of its 

ruggedness and stability. These probes have been well proven over years of 

industrial use. Methods of attachment to the cable and appropriate sealing 

and encapsulation coBq>ounds must be investigated for the most effective seal 

that can be applied. A special Integrated circuit temperature sensor is 

being investigated now that may perform as well or better than the Platinum 

Probe up to 150*0. It is expected that greater linearity can be achieved 

with the IC sensor but final tests will determine which probe is utfed in the 

system. 

A cable counter reading in feet and tenths of feet to 9999 feet will be 

employed. The counter will have the capability of having the cable removed 

from the counter Jaws during rewind, if required. The counter will be 

manually resettable to zero. 

A tripod and cable sheave assembly will be provided in the system for ease 

of lowering cable in the well. This assembly will 4t3i\ire the cable entering 

the well vertically so as to keep the cable from being scraped on the well 

pipe edges. A cable claiq> assembly will be attached to the tripod to clSHap 

the cable at any desired depth in order that readings can be taken without 

holding the cable by hand. 

A portable carrying case will be provided to properly house all the equip­

ment of the system for transport by car or plane. The case will be hinged 

so that the system can be operated without cooq>Iete removal from the case, 

giving a platform base for operation in uneven, rociqr of muddy ground. 

It is expected that this entire system can be operated by one man in the 

field. 
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RESUME 

May 1971 

Duane A. Ladine 

Date of Birtbt November 26, 1928 

Place of Birtbt Sidney, Nebraaka 

Reaidence, Qlendale Lives with wife, Gina, Daughters 

Linda 21, Sherry 18, and son 

Jay 15 

Education; University of Colorado^Bachelor 

of Scienoe in tlngineering Physics 

Graduate Studies: 

North Texas State College-

Denton,' Texas 

Soutbern Metbodiat Univeralty-

Dallas, Texas 

UCLA-Los Angeles, California 

Graduate courses in advanced 

electronics, transistor electronicb, 

digital computers, servomechaoisms, 

control system ayntbesis, and 

computer logic. 

Patenter (issued and applied for) 

Punched Tape Reader(2 patents) 

Punched Tape Drive Mechanism 

Boring Bit Locator (2 patents) 



Magnetically Gated Transistor Araplifi* 

Transistor Amplifier Circuit 

Direct Drive Servo for Data Conversioi 

Quadrature Rejector Circuit for 
Servo Amplifier 

Tranaiatorized Solenois Amplifier 

Publications and Papers: 

Magnetically Gated Transistor 

Servo Amplifier, Technical paper 

delivered to various chapters of 

American Institute of Electrical 

Engineers, and Institute of 

Radio Engineers 

'Design for Miniaturization', 

Ladine, Spencer, and Ohlson, 

Electromechanical Design. August 

i960 

"A Non-Linoar Servo for Direct 

Applications" Librascope Technical 

Review I960 

Affiliationa: 

Sigma Pi Sigma - National Physics 

Society - Inatitute of Electrical at 

Electronic Engineers - American 

Institute of Electrical Engineer^ 

Instrument Society of America 

American Association for Advancement 

uf Sciences 



1971- Enviro-Labs President and Director of Engineering 

Presently responsible for general operations of 

company with primary eapbasls on final product 

development^ product testing, and manufacture. 

Formerly, for six years as partner in Industrial Dynamics 

be was responsible for design and development of 

product line of peripheral data monitoring equipment 

for water pollution oontrol. 

1968- 1971 Goldak Co.,Inc. Director of Engineering 

Responsibilities include guidance of an engineering 

group for research and development of electronic 

and eleotromechsnical iostruments for detection and 

tracing of metallic pipes, cables, and for product 

engineering of these instruments for production. 

196^- 1968 Ooean Technology, Inc. Supervisor, Electronics 

As supervisor of the Electronics Group and Lab-

oratoryi be managed a product development group In 

design and development of electronic equipment for 

Naval Submarine Fire Control and Anti-Submarine 

Warfare computers. Other equipment types developed 

included Data Monitoring Units for Navy requirements, 

Infra Red Detection Systems for Navy Airborne Equip­

ment,, and Navy Underwater Retrieval and Observation 

instruments. 



1962- 1964 Hufoo Industries Chief Engineer 

As chief engineer and part owner, be was responsible 

for developiog eleotromecbanical and solid state 

relays and related switching equipment and aided 

in developing manufacturing processes for these 

items. 

i960- 1962 Imoi Industries Director* Commercial Development 

As Director, Mr. Ladine was responsible for the 

direction and engineering management of the Commercial 

Division including overall supervision of design and 

development groups, final evaluation of component 

designs, coordination of development activities, and 

direction of advanced component and equipment research 

and development efforts. 

I93A- i960 Librascope, Inc. Project Manager, Aerospace Branch 

For three years Mr. Ladine was responsible for the 

design and development of analog computers, servo-

mechanism, and analog computer components. His 

responsibilities included evaluation of equipment 

requirements, formulation of design concepts, and 

direction and supervision of design and development 

efforts. For three years previous, as Senior 

Engineer at Librascope, Mr. Ladine was engaged in the 

research and development of transistor and magnetic 

amplifier systems and servomechanism systems employing 

these units, and the design and development of AC analot; 

computer systems and related components. 



^ 9 5 ^ - 195^ Chance Vought Aircraft Corporution, Dallas, 

Texas Engineer 

As an Engineer at Chance Vought Aircraft Corporation 

Mr. Ladine engaged in the design and development of 

electronic equipment for high performance aircraft 

and guided missiles. His activities Included 

development of servomechanisms for guidance and 

control, missile terminal guidance equipment design 

and transistor and magnetic amplifier design and 

development. 



Herbert L. Eggleston. Jr. 

Born in Los Angeles February 4, 1923 

Attended grade school and high school in Glendale, 

California through January 19̂ 41 • 

19^1 - 19î 2 attended Glendale Junior College with 

major emphasis on engineering subjects. 

19^2 - 19̂ *3 Undergraduate engineering work at 

Stanford University. 

19^3 - 19^5 U.S. Air Force. Flew as a fighter pilot 

with the 9*̂  Air Force in Belgium and Germany. 

19^5- 19^8 attened Stanford and graduated with a 

bachelor of science degree in Industrial Engineering. 

Member of the Sigma Nu Fraternity. 

19'48 - 19^9 employed by the GOLDAK Company io the 

production and sales departments. 

19^9 - 1952 Salea Manager at GOLDAK 

1952 - 1954 Vice President - Sales 

^ 9 ^ ^ - 1970 Vice President and General Manager 

1970 - 1971 President and General Manager 

Concurrent employment: 

196^-1970 partner in Industrial Dynamics, 

Glendale, California 

1971 Chairman of Board, Vice President ENVIRO-Li^DS, Inc 

Lives in Glendale with wife Dana, son Robert D (18) and 

daughter Amy C (l^). Haa a son Herbert L III (19) in 

bis second year at Northern Arizona University, 

Flagataff, Arizona. 
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RESUME 

NAME: Lawreace T. Larson 

DATE x\ND PLACE OF BIRTH: December 3, 1930, V.'aukegan, Illinois 

MARITAL STATUS: Married (Elizabeth R.), three children 

PHYSICAL CONDITION: Good. Height 6'3", Weight 250 lbs. 

PRESENT xMIDRESS: 

Of rice: Department of Geology 
Mackay School of Mines 
University of Nevada-Reno 
Reno, Nevada 89507 
Phone 702-7SA-4002 

Home: 340 Sparrow Way 
Carson City, NV 39701 
Phone 702-849-0587 

PRESENT POSITION: Chairman and Professor of Geology (Economic). 

EDUCATION: 

University of Illinois 9/54-9/57 B.S. (with liighest honors) - Geology 
Urbana, Illinois 

University o'̂  Wisconsin 9/57-6/59 M.S. Geology 
Madison, Wisconsin 

University of Wisconsin 9/59-6/61 Ph.D. Geology (6/62) 
Madison, Wisconsi.n 

PUBLICATIONS: 

See listing appended. 

SCHOLASTIC MO:-:ORS, FELLOWSHIPS, ETC. 

B.S. with highest honors; University Honors; Bronze Tablet-Univ. 111. 

Wisconsin Alumni Fellow 1957/58 and 1958/59 
Union Carbide Ore Company Fellow 1959/60 and 1950/61 
Phi Kappa Phi 
Farticipant-XSF-AGI sumjner field trip, Brazil, 1966. 
Participant-NSF Institute in Sulphide Phase Equilibria, 1967 

GliANTS AND CONTRACTS 
NSF GY-C216, 1969-1970. 
BFEC GJO 76-020-E, 1976-78 - Principal Investigator 
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PROFESSIONAL EXPERIENCE: 

3/75 - Present: Chairman and Professor of Geology (Economic); Mackay School 
of Mines, Univ. of Nevada-Reno, Reno, NV 89507. 

Responsibilities include direction and administration 
of the Department, teaching of graduate and undergraduate 
courses in the fields of geochemistry and mineral deposits, 
and direction of M.S. and PH.D. research in the general field 
of Economic Geology. Personal publishable research and 
various types of public service are alos part of my respon­
sibilities. 

1/72 - Present: Partner, Applied Exploration Concepts a firm involved in the 
formulation and implementation of exploration programs 
for various clients in the mineral industry. Programs to 
dace have included geologic, geochemical and geophysical 
searches for 'porphyry' copper, massive sulphides in volcanic 
terrains, and uraninum in both coastal plain and precambrian 
environments. 

9/61 - 3/75: Assistant (1961-66) then Associate (1956-71) then Professor 
of Geology (1971-75), University of Tennessee, Knoxville, Tn. 

Responsibilities included teaching, research and graduate 
research supervision. Courses designed and taught included 
Principles of Economic Geology; Metallic Mineral Deposits; Non-
metallic Mineral deposits; Geology of Fuels, Ore Petrology, 
Regional Studies in Economic Geology; and various seminars in 
Sulphide Phase Equilibria, Massive Sulphide Deposits, Mississippi 
Valley Deposits, Geochemiscry of Ore Forming Solutions, Metal-
logeneCic Provinces, etc. 

Graduate student (M.S. and Ph.D.) research directed included 
geologic mapping, clay mineralogic studies, fluid inclusion 
thermometry, fission track dating, ore microscopy, sedimentary 
and metamorphic petrology as related to ore deposits; trace 
element geochemistry as an exploration tool; ore beneficiation 
studies, etc. 

SumiTier, 1971: Consultant to International Minerals and Chemicals Corp., Ex­
ploration program in Wyoming, Utah and Colorado. 

Summer, 1970: Consultant with Lindgren Exploration Company. Conducted 
mineral exploration program, in northern Maine for Cu-Ni 
sulphides. (Client - Alcoa) 

Summ.er, 1969: Consultant with Lindgren Exploration Com.pany. Directed part 
of a program searching for Cu-Ni deposits in Montana and 
Idaho. (Client - Duval L Amex) 

1963-69: Consultant (available time) to Union Carbide Nuclear Corp., 
at Oak Ridge National Laboratory. Most of the work involved 
determination of optical properties and relations of these 
properties to corrosion resistance and other fabrication 
properties of reactor-important metals and alloys. 
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Summer, 1968: 

Summer, 1967: 

Sumreer, 1966; 

Sumner, 1962-
1965 

Summer, 1961: 

1959-61: 

1957-59: 

Summer, 1958: 

Su-^.er, 1557: 

1954-57: 

Miscellaneous; 

Participant, NSF sponsored course in Sulphide Phase equilibria 
and their applications to ores. 

Consultant, Tennessee Division of Geology, Nashville, Tn. 
Study and mapping of mineral deposits scattered throughout the 
state. See publication listings. 

Participant, NSF-AGI sponsored field studies in Brazil. 
Visits and tours through mining districts from which there 

is major production of iron, manganese, gold, phosphate, lead 
and zinc. 

Consultant (full-tims) to Oak Ridge National Laboratory. See 
last item on preceding page. Also with Tenn. Div. Geol. 

Worked with G, P. Woolard gathering data for correction of 
gravity data throughout the U.S. 

Graduate student. University of Wisconsin. Summers spent in 
field at Philipsburg, Montana in the mines of Taylor-Knapp Corp-
gathering field data of Ph.D. dissertion. 

Graduate student, University of Wisconsin working toward H.S. 
in Geology. 

Geologist, Northern Pacific Railroad. Summer spent mapping 
and geochamically surveying the Hog Heaven mining district 
in western Montana 

Junior geologist, Sohio PetroleLim Corp., Casper, Wyoming. 
Summer spant surface -.apping structures and stratigraphic 
sections in_olorado, Wyoming and Montana. 

Student, University of Illinois. Part-time employee of the 
Illinois Geological Survey (Stratigraphy Branch). 

A considerable number of short (1 week to 1 month) Consulting jobs 
for glass sand producers, road material producers, zinc companies, 
U. S. Borax and Chemical, and Alcoa. 

PROFESSIONAL ORGANIZATIONS 

Fellow - Geological Society of America 
Member - Society of Economic Geologists 

American Institute of Mining, Metallurgical and Petroleum Eng. 
Canadian Institute of Mining and Metallurgy 
Mineralogical Society of America 
North West Mining Association 
AGIO - Assoc. Geologists interested in International Dev, 
lAGOD - International Assoc, on the Genesis of Ore Deposits 

Registered Professional Geologist #418 - State of Georgia 
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PUBLICATIONS: 

Rotation Properties of Certain Anisotropic Ore Minerals: Econ. Geol. v, 56, 
pp. 569-583, 1961 (with others) 

Geology and Mineralogy of Certain Manganese Oxide Deposits, Philipsburg, 
Montana: (Abs), GSA Special Paper 68, 1961, page 215. 

Zinc-bearing Todorokite from Philipsburg, Montana: Amer. Mineralogist, v. 47, 
pp. 59-66, 1962 

Geology and Mineralogy of Certain Manganese Oxide Deposits, Philipsburg, 
Montana: Econ. Geol. v. 59, pp. 54-78, 1964. 

Field-trip guide to Corundum Hill, North Carolina: in Field trip Guidebook, 
Joint ACA-MSA meeting, Gatlinburg, Tennessee, July 1965 (with F.S. Lesure) 

Mineral Resources Summary of the Waverly Quadrangle, Tennessee: Tenn. Div. 
of Geology, Geologic Nap and Mineral Resources Summary (MRS) 30-SE, 1965, 
7 pages. 

Mineral Resources Sum.mary of the Standing Rock Quadrangle, Tennessee: Tenn, 
Div. of Geology, GM and MRS 29->rw', 1965, 15 pages (with R. H. Barnes) 

Mineral Resources Summary of the Buiapas Mills Quadrangle, Tennessee: Tenn. 
Div. of Geology, GM and MRS 28-SE, 1965, 17 pages. 

Mineral Resources Sumjnary of the Dover Quadrangle, Tennessee: Tenn. Div. of 
Geology, CM and MRS 29-NE, 1965, 12 pages (with R. H. Barnes). 

Mineral Resources Summary of the Hurricane Mills Quadrangle, Tennessee: Tenn. 
Div. of Geology, GM and MRS 31-NE, 1965, 4 pages. 

Mineral Resources Summary of the Klmmins Quadrangle, Tennessee: Tenn. Div. 
Geology, GH and MRS 41-NE, 1965, 17 pages. 

Mineral Resources Summary of the Cumberland Furnace Quadrangle, Tennessee: 
Tennessee Div. of Geology, GM and MRS 302-SE, 1966, 15 pages. 

Mineral Resources Summary of the McEwen Quadrangle, Tennessee: Tenn. Div. 
of Geology, GM and MRS 39-SW, 1966, 6 pages. 

Mineral Resources Summ.ary of the Purdy Quadrangle, Tennessee: Tenn. Div. 
of Geology, GM and MRS 4-NE, 1966, 5 pages 

Mineral Resources Summary of the Tharpe Quadrangle, Tennessee: Tenn, Div, 
of Geology, GM and MRS 28-SW, 1967, 17 pages (with others) 

Mineral Resources Summary of the Ashland City Quadrangle, Tennessee: Tenn-
Div, of Geology, GH and MRS 304-SE, 6 pages, 1967. 

Mineral Resources Summary of the Cheatham Dam Quadrangle, Tennessee: Tenn. 
Div. of Geology, GM and MRS 304=SW, 1967, 4 pages. 
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PUBLIC.ATIONS (continued) 

Determination of the Basal-Pole Orientation in Zirconium by Polarized light 
Microscopy: Trans. Met. Soc. of AIME. v. 236,pp. 1104-1106, 1966. 

Equipment for the quantitative measurement of reflectivity: Joum. of 
Scientific Instruments, v. 40, No. 8, pp 1088-1092, 1969. 

Reflectivity measurements on zirconium: Trans. Met. Soc. of AIME, v. 245, 
pp. 2047-2049, 1969. 

Cobalt and Nickel-bearing manganese oxides from the Fort Pajiie Formation, 
Tennessee: Econ. Geol. v. 65, pp. 952-962, 1970, 

Two sources of error in low temperature inclusion homogenization 
determination, and corrections on published temperatures for the 
East Tennessee and Laisvall Deposits: Econ. Geol. v. 68, pp. 113-116, 
1973 (with others) 

Textural Study of Polycrystalline Pyrrhotite by Reflectance Measurements and 
X-ray Pole Figures: Econ. Geol. v. 68, pp 671-680, 1973. 

A short course on Opaque Minerals: a text published for the 1973 S. E. Geol. 
Soc. of Amer. Meeting, (with R. K. Carpenter), 

Geochemistry - A Review, 1976. Mining Engineering, Feb. 1977, 6 pages. 

The Great Basin Geologic Framework and Uranium Favorability. A Report to 
Bendi:-: Corp. 3 volumes (Text and bibliography) 225 pages text, 696 pages 
biblio. plus Geologic Geochemical, Geochronologic Map Folio 211 pages 
(189 raaps + 22 stratigraphic columĵ s) open filed, April, 1978, 

ABSTRACTS (partial listing) 

The Stratigraphic and Petrologic Controls of the Economics of a Pottsville 
Sandstone, Caryville, Tn: GSA Special Paper, 1966 (with T. Freeman) 

Preliminary Electron Microscope Studies of VJest Tennessee Ceramic Clays: 
Prog, for the 1967 annual meeting of S.E. Section of GSA. 

Mineralogy of Certain West Tennessee Ceramic Clays: Prog, for the 1967 
meeting of the S.E. Section of GSA (with D. E. Merschat). 

Geochemistry of Co and Ki in Southern Appalachian Massive Suophide Ores: 
Prog, for the 1968 annual meeting, S.E. Section of G.S.A. p. 51. 

Cobalt and Nickel-bearing Manganese Oxides from the Fort Payne Formation, 
Tennessee: Prog, for the 1969 Annual Meeting, S.E. Section of GSA 

Textural Study of Polycrystalline Pyrrhotite by Reflectance Measurements 
and X-ray Pole Figures: Prog, for the 1970 National GSA Meeting. 

Disseminated sulphides in Late Precambrian Metamorphic Rocks: Prog, 
of the S.E. Section of GSA, 1972 (with G. E. Merschat). 



-6-

ABSTRACTS (continued) 

Basin evolution and Mississippi Valley Ore Deposits. Manuscripts in 
Preparation and research in progress. 

Microscopic Deformation textures in massive sulphide ores from the 
Southeastern U.S. 

Basin evolution and Ore Deposits — with emphasis on Mississippi Valley 
Ores. 

Ore Microscopy — a text with R. H. Carpenter. Revision and addition to 
Short Course text will be made for another Short Course to be held in 
1975 in Washington D.C., after which submission will be made to a 
publisher. 

The occurrence, abundance and partitioning of m.inor elements in ore minerals 
and associated gnague in massive sulphide deposits. 



DAVID B. SLEtiMONS 
865 Ryan Lane 

Reno, Nevada 89503 
702-747-4871 

EDUCATION 

Univ. of Calif., Berkeley; B. S. Economic Geology, 1947 
Univ. of Calif., Berkeley; Ph. D. Geology, 1953 

PROFESSIONAL HISTORY 

Univ. of Calif., Berkeley, Teaching Assist., 1948-51. Univ. of Nev., Reno, Assist. 
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Gedney, Larry and James D. VanWormer, Earthquake forecasting in Alaska with • 
b-slopes, J[oint U.S.-Japan symposium in earthquake prediction, Boulder, 
Colorado, August, 1973. 

Gedney, Larry and James D. VanWormer, ERTS-L, earthquakes, and tectonic 
evolution in Alaska, abstracts, 3rd ERTS symposium, paper G-IO, p. 46, 
Wash., D.C., December 1973. 

VanWormer, James D., John Davies and Larry Gedney, Some characteristics of the 
subduction zone in south-central Alaska, Program with abstracts, 70th 
Annual Meeting Cordilleran Section, Geol. Soc. Amer., vol. 6, No. 3, 
p. 270, March 1974. 

Gedney, Larry and James D. VanWormer, Tectonic lineaments and plate tectonics 
in south-central Alaska, First International Symposium on the new 
Basement tectonics. Salt Lake City, Utah, June 1974, (invited paper). 

A. A. Ryall, W. A. Peppin, and J. D. VanWormer, "Preliminary Study of the 
August, 1975, Oroville, California, Earthquake Aftershock Sequence", 
First International Symposium on Induced Seismicity, Banff, Alberta, 
Canada, 16 September 1975. 

A. S. Ryall and J. D. VanWormer, "Field Study of the August, 1975, Oroville, 
California Earthquake Sequence", December, 1975 Fall Annual Meeting, 
American Geophysical Union. 

Stauber, Douglas A., and Boore, David M., Ryall, Alan and Doug, Van Wonner, 
"Crustal thickness in the region of the Battle Mountain heat flow high 
in Nevada", December, 1976 Fall Annual Meeting American Geophysical Union. 



R E S U M E 

Education: 

1976-Present 

1971-1974 

1967-1971 

Experience: 

March 1977-
Present 

Sept. 1977-
Present 

May 1978 

Jan. 1978-
Feb. 1978 

ELAINE J. BELL 

Born: December 19, 1948 
SS #: 387-52-2642 

3495 Deer Foot Lane 
Reno, Nevada 89506 
(702) 972-1804 

University of Nevada-Reno, Reno, Nevada 89557 
Selected courses in Earthquake Engineering, Environmental 
Geology and Engineering Geology. Currently enrolled in PhD 
program. Proposed dissertation: Late Cenozoic faulting and 
earthquake hazard assessment of the Walker Lane in western 
Nevada. 

Arizona State University, Tempe, Arizona 85281 
M.S. in Geology, May 1974. Thesis: Origin of the Auriferous 
Clays in the Fairbanks area, Alaska. 

University of Wisconsin-Whitewater, Whitewater, Wisconsin 53190 
B.S. cum laude. May 1971. Major: Geography. Minor: Geology. 

David B. Slemmons, Consulting Geologist under contract to 
Washington Public Power Supply System. Title: Consulting 
Geologist/Project Coordinator (March 1977 - September 1977). 
Responsible for directing and conducting regional and site-
specific lineament analysis utilizing remote sensing data and 
conventional aerial photography for evaluation of nuclear 
power plant sites in the state of Washington. Title: Con­
sulting geologist/Project Reviewer (September 1977 - Present). 
Responsible for reviewing and conducting interpretation of low-
sun-angle aerial photography for evaluation of faulting for 
nuclear power plant sites in the state of Washington. 

Mackay School of Mines, Nevada Bureau of Mines and Geology, 
University of Nevada-Reno, Reno, Nevada 89557. Title: Research 
Assistant. Research Grant: Evaluation of Lineament Analysis as 
an Exploration Technique for Geothermal Energy. Research in­
volves analysis of remote sensing data and low-sun-angle aerial 
photography for detection and evaluation of lineaments and 
faults in relation to geothermal potential. 

Pezonella-Bryan Associates, Sparks, Nevada 89431, 
on evaluating geologic hazards associated with a 
housing subdivision near Fernley, Nevada. 

Consultant 
proposed 

Earth Science Consultants Associated, Sparks, Nevada 89431. 
Consultant on seismic hazard evaluation of Pyramid Lake Indian 
Housing, Washoe County, Nevada. 



Resume: Elaine J. Bell 

Experience: 

July 
Jan. 

1977-
1978 

Mackay School of Mines, Department of Geology, University of 
Nevada-Reno, Reno, Nevada 89557. Technical and editorial re­
viewer -- Great Basin Geologic Framework and Uranium Feasi­
bility, for DOE-Bendix Field Engineering Corporation, Grand 
Junction, Colorado, Contract BFEC-GJO Subcontract 76-020-E. 

Aug. 1976- Mackay School of Mines, Nevada Bureau of Mines and Geology, 
Aug. 1977 University of Nevada-Reno, Reno, Nevada 89557. Title: Research 

Assistant. Research Grant: Computer-Simulated Earthquake 
Hazard Model for the Reno Area. Research involved collection 
and evaluation of geologic and engineering data for the Reno 
area as a data base for computer-generated model of seismic 
risk. 

June 1974- Fugro, Inc., Consulting Engineers and Geologists, Long Beach, 
June 1976 California 90804. Title: Staff Geologist. Investigations 

included regional and site analysis for evaluation of aggregate 
deposits in south-central Alaska; Geologic and geomorphic in­
vestigations of faulting for nuclear power plant siting in 
south-eastern California; Interpretation of off-shore geophy­
sical data for launch and towing corridors, Santa Barbara Chan­
nel, California; Regional hydrologic analysis and regional en­
vironmental assessment for land-based ICBM MX Program in Arizona, 
southern Nevada, New Mexico and Texas; Regional and site inves­
tigations for siting of land-based ICBM MX Program in Arizona, 
southeastern California and Nevada. 

Sept. 1971- Arizona State University, Tempe, Arizona 85281. Title: Grad-
June 1973 uate Teaching Assistant. Responsible for organizing and teaching 

laboratories in physical geology, petrology-petrography, and 
structural geology. 

Sept. 1969- University of Wisconsin-Whitewater, Whitewater, Wisconsin 53190. 
June 1971 Title: Laboratory Assistant. Assisted teaching physical 

geology and mineralogy laboratories. 

Professional Memberships; 

Association of Engineering Geologists -
Geological Society of America - Member 
International Glaciological Society 
Sigma Gamma Epsilon - Member 
Sigma Xi - Member 
Phi Kappa Phi - Member 

Member 



Resume: Elaine J. Bell 

Publications: 

Bell, E.J., Trexler, D.T., and Bell, J.W., 1978, Computer-simu­
lated composite earthquake hazard model for the Reno, Nevada, 
area: International Conference on Microzonation, San Francisco, 
California, November 1978. 

Bell, E.J., Pease, R.C., Sanders, C O . , and Slemmons, D.B., 1978, 
Western Basin and Range active faulting: Fieldtrip guidebook 
for the Seventy-third Annual Meeting, Seismological Society of 
America, Sparks, Nevada, March 1978, 19 p. plus appendices. 

Bell, E.J., Sanders, C O . , and Slemmons, D.B., 1978, Geologic 
and geometric analysis of conjugate strike-slip faults and region­
al strain in the western Basin and Range Province: Geological 
Society of America Abstracts, v. 10, no. 3, p. 95. 

Slemmons, D.B., VanWormer, D., Bell, E.J., and Silberman, M.L., 
1977. Recent crustal movements in the Sierra Nevada-Walker Lane 
region of California-Nevada: Part I, Rate and style of deforma­
tion: Tectonophysics (in press), 13 p. 

Bell, E.J., and Slemmons, D.B., 1977, Recent crustal movements 
in the central Sierra Nevada-Walker Lane region of California-
Nevada: Part II, The Pyramid Lake right-slip fault zone segment 
of the Walker Lane: Tectonophysics (in press), 21 p. 

Slemmons, D.B., VanWormer, D., and Bell, E.J., 1977, Recent 
crustal movements in the central Sierra Nevada-Walker Lane region 
of California-Nevada: Part I, Rate, style and historical record 
of deformation: International Symposium on Recent Crustal Move­
ments, Stanford University, July, 1977 (abstract). 

Bell, E.J., and Slemmons, D.B., 1977, Recent crustal movements in 
the central Sierra Nevada-Walker Lane region of California-Nevada: 
Part II, The Pyramid Lake right-slip fault zone segment of the 
Walker Lane: International Symposium on Recent Crustal Movements, 
Stanford University, July, 1977 (abstract). 

Bell, E.J., Broadbent, R., and Szumigala, A., 1977, Analysis and 
effects of the 1948 earthquake at Verdi, Nevada: Geological 
Society of America Abstracts, v. 9, no. 4, p. 387. 

Bell, E.J., 1975, Origin of the gold-bearing clays in the Fairbanks 
area, Alaska: Geological Society of America Abstracts, v. 7, 
no. 3, p. 297. 

Bell, E.J., 1974, Origin of the auriferous clays in the Fairbanks 
area, Alaska: Arizona State University, M.S. thesis, 61 p. 



RICHARD L. JODRY 

Energy and Natural Resource Consultants, Inc. 
Post Office Box 941 

Richardson, Texas 75080 

Education 

Michigan State University, BS Cum Laude, Geology, 1945 
Michigan State University, MS Geology, 1954 
University of Michigan, MS Minor, Conservation of National 

Resources 
Michigan State University and Southern Methodist University, 

two years additional graduate work in Geology and 
Business Administration 

Positions Held 

Energy and Natural Resource Consultants, Inc., President 1977-
Present 

Suntech, Inc. (Division of Sun Oil Co.) 
Manager, Geothermal Services, 1976-1977, Retired 

Sun Oil Company 
Scientist 1955-1976 

Rex Oil and Gas Company 
Chief Geologist 1950-1955 

Ohio Oil Company 
Geologist 1947-1950 

Magnolia Petroleum Company 
Geologist 1945-1946 

Experience 

Energy and Natural Resource Consultants, Inc. 

1977 - Full consulting services in exploration for geo­
thermal energy, oil, gas and coal; and management of ex­
ploration and development programs. 

Sun Oil Company 

1976-1977 - Manager, Geothermal Services. Managed geo­
thermal research activities and consulting services in 
geothermal exploration to Sun companies and outside 
clients. Consulting in fossil fuel and mineral fields. 
Took voluntary early retirement in 1977. 



RICHARD L. JODRY 

1972-1975 - Chief Geologist for Geothermal Energy. Man­
aged all geothermal exploration activity for company, 
evaluated exploration results, developed exploration 
technologies, selected areas for land acquisition and 
supervised all geothermal energy functions. 

1962-1972 - Senior Research Scientist. Manager projects 
in oil and gas, coal, oil shale and geothermal energy 
exploration and evaluation. Project leader for world­
wide unexplored basin evaluation, habitat of oil and 
giant oil field studies, regional geologic studies, 
petrophysics of carbonate rocks, modern reef studies, 
carbonate rock specialist. 

1955-1962 - Manager, Billings Research Office. Super­
vised research projects in Rocky Mountain, Canadian and 
Eastern United States areas. 

Professional Activities 

Board on Mineral Resources, National Research Council 
National Academy of Sciences 

Professional Affiliations 

Phi Kappa Phi - Honor Scholastic Society 
American Association of Petroleum Geologists - Member 

Dstinguished Lecturer 1966-1967 
Geological Society of America - Fellow 
Geothermal Research Council - Vice President and Director 
Dallas Geological Socij&ty - President 
Lecturer: Heidelberg University, Institute du Petrole (Paris) 

Institute of Petroleum (London), University of Louvain, 
CFP (Paris), SNPA (Pau) 

Publications 

Numerous company reports and professional papers, including: 

Oil and Gas Production from Carbonate Reservoirs, American 
Elsevier, 1972 

The Andros Reef Tract, Sun Company Richardson Library, film 
(one hour) 

"Growth and Dolomitization of Silurian Reefs, St. Clair Co., 
Michigan", in Silurian Reefs of Great Lakes Region of 
North America, AAPG, 1975. 

Natural Gas From Unconventional Geologic Sources (Chairman) 
National Research Council, 1976. 



RESUME 

OF 

MICHAEL D. CAMPBELL 

SCHOLASTIC ACHIEVEMENTS: 

1966 

1976 

Ohio State University, Bachelor of Arts Degree 
in Geology (German Minor) 

Rice University, Master of Arts Degree in Geology 
with 31 semester hours toward Ph.D. 

PROFESSIONAL EXPERIENCE: 

1971 to Present 

1969 to 1971 

1966 to 1969 

Senior Consulting Geologist for Keplinger and 
Associates, Inc. General Crude Oil Company, 
Texas Eastern Nuclear, Inc., Pioneer Nuclear, 
Inc., U. S. Environmental Protection Agency, 
U. S. Office of Water Resources Research, 
National Water Well Association and numerous 
private companies. Domestic and International 
projects on alternate energy resource explora­
tion, planning and evaluation, e.g. frontier 
and trend exploration and developmentof uranium, 
coal-lignite, geothermal energy; industrial 
and precious minerals and environmental projects, 
the latter with special emphasis on project 
grants and contracts on ground-water develop­
ment/pollution control, geochemistry and subsur­
face water injection systems (see references). 

United Nuclear Corporation - Teton Exploration 
Division, Casper, Wyoming. District Geologist. 
Responsible for field operations and explora­
tion drilling. Research and development of 
exploration criteria in frontier areas. Under 
R.I. Rackley. 

Continental Oil Company of Australia, Ltd., 
Sydney, Australia. Staff Geologist, Minerals 
Exploration Division. Responsible for field 
operations and drilling and evaluations in 
Australia and parts of Southeast Asia and South 
Pacific for phosphate, potash, sulfur and 
uranium. Under R.N. Arrington. 



PROFESSIONAL AFFILIATIONS: Certified Professional Geological Scientist 
#3330 (formerly AIPG), Society of Mining En­
gineers (AIME), American Association of Petro­
leum Geologists, Society of Economic Paleon­
tologists and Mineralogists, Geological Society 
of America, American Society of Testing Materials, 
National Water Well Association, American Water 
Resources Association, Houston Geological Society. 

PUBLICATIONS AND 
MAJOR REPORTS: 

1. Campbell, M. D., 1968, "Discovery of New Phosphate Deposits: Interim 
Phosphate Report No. 1: Northern Territory, Australia," Continental 
Oil Company of Australia, Minerals Exploration Division, 22 pp., 
3 tabs.., 3 plates (unpubl.). 

2. Campbell, M. D., 1969, "Report on Preliminary Beneficiation Results: 
Undilla Basin, Queensland, Australia," Continental Oil Company of 
Australia, Minerals Exploration Division, 13 pp., 6 figs., 3 tabs., 
(unpubl.). 

3. Campbell, M. D., 1969, "Report on Potash Potential, Carnarvon Basin, 
Western Australia," Continental Oil Company of Australia, Minerals 
Exploration Division, 13 pp., 6 figs., 3 tabs.( unpubl.). 

4. Campbell, M. D., 1969, "Analysis of Transportation, Water Resources, 
Multiple Product Recovery and Mining in Australia," Interim Phosphate 
Report No. 2, Australian Phosphate PRoject, Continental Oil Company 
of Australia, Mineral Exploration Division, 25 pp., 15 figs, (un­
publ.). 

5. Campbell, M. D., 1969, "Final Report on Undilla Basin Phosphate, Queens­
land, Australia," Continental Oil Company of Australia, Minerals 
Exploration Division, 65 pp., 1 fig., 5 tabs., 4 plates, 3 appen. 
(unpubl.). 

6. Campbell, M. D., 1969, "An Evaluation for Uranium of the Pidinga Lakes 
Area, South Australia," Consulting Report for Minoil, 8 refs. (un­
publ.). 

7. Campbell, M. D., 1970, "Final Reconnaissance Report on the Uranium Po­
tential of Ohio," Ohio Report No. 2, United Nuclear Corporation, 
42 pp., 8 figs., 7 tabs., 1 plate (unpubl.). 

8. Campbell, M. D., 1970, "Preliminary Recommendation Report on the Uranium 
and Other Mineral Potential of Pennsylvania," Pa. Report No. 2, 
Stage II Evaluation, United Nuclear Corporation, 80 pp., 19 figs., 
3 plates, 2 tabs., 37 refs. (unpubl.). 



9. Campbell, M. D., 1971, "A preliminary Evaluation for Uranium of the Green 
River Utah Project," Consulting Report: United Resources, 44 pp., 
20 figs., 10 refs. (unpubl.). 

10. Campbell, M. D., 1960 through 1966, all abstracts of papers bearing on 
hydrology and geohydrology in Ground Water, Vols. 4, 5, 6, 7, and 
8. Abstract Editor. 

11. Campbell, M.D., 1971, "Geophysics and Ground Water: Applied Use of Geo­
physics," Water Well Journal. Vol. 25, No. 8, pp. 39-50, 14 figs, 
3 tabs., 23 refs. 

12. Campbell, M. D., 1971, "Terradynamics," Water Well Journal, Vol. 25, No. 
10, pp. 42-44, 5 figs. 

13. Campbell, M. D., 1971, Progress Through Research," Water Well Journal, 
Vol. 25, No. 11, pp. 48-49. 

14. Campbell, M. D., 1972, "Water Well Construction Technology: An Introduc­
tion." Water Well Journal, Vol. 26, No. 3, pp. 42-45, 9 refs. 

15. Campbell, M. D., 1972, "Rock Drillability," Water Well Journal, Vol. 26 
No. 4, pp. 55-58, 7 refs., 4 figs. 

16. Campbell, M. D., 1972, "Cable Tool Drilling."" Water Well Journal. Vol.. 
26, No. 5, pp. 58-61, 15 refs. 

17. Campbell, M. D., 1972, "Introduction to Rotary Drilling Systems and Mud 
Drilling Fluids," Water Well Journal. Vol. 26, No. 6, pp. 42-25, 
17 refs. 

18. Campbell, M. D., 1972, "Rotary Drilling: Drilling Rate and Optimization," 
Water Well Journal, Vol. 26, No. 7. pp. 48-51, 11 refs. 

19. Campbell, M. D., 1972, "Variations on Rotary Drilling and Other Common 
Drilling Systems," Water Well Journal, Vol. 26, No. 8, pp. 39-43, 
23 refs. 

20. Campbell, M. D., 1972, "Novel Drilling Systems: the Turbodrill," Water 
Well Journal, Vol. 26, No. 9, pp. 48-52, 11 refs., 3 figs., 3 tabs. 

21. Campbell, M. D., 1972, "Future Drilling Systems." Water Well Journal. 
Vol. 26, No. n , pp. 46-51. 

22. Campbell, M. D., 1972, "Course Outlines for Ground Water Specialist 
Certificate," for Indiana Vocational Technical College, South Bend, 
Indiana. 



23. Campbell, M. D., and J. H. Lehr, 1973. Water Well Technology, subtitled: 
Field Principles of Exploration Drillinq for Ground Water and Se­
lected Minerals, a textbook, McGraw-Hill, 697 pp., 165 figs., 120 
tabs.. 68 eqs., 674 refs. (4th printing - 1977). 

24. Campbell, M. D., 1973, "Industrial Progress Through Practical Research," 
Ground Water, Vol. 11, No. 1, pp. 204, Guest Editorial. 

25. Campbell, M. D., 1973, Rural Water Systems Planning and Engineering Guide. 
a text. Commission on Rural Water, Washington, D. C , 180 pp., 62 
figs., 22 tabs., 73 refs. 

26. Campbell, M. D., 1973, "Well Cost Analysis," Water Well Journal, Vol. 
25, No. 5. 

27. Campbell, M. D., 1973. "Spray Effluent Irrigation: An Editorial." Irri­
gation Journal, Vol. 23, No. 3, May/June. 

28. Campbell, M. D. and S. N. Goldstein, 1974, "Engineering Economics of 
Rural Water and Wastewater Systems," Presented at., the Conference 
on Rural Environmental Engineering, Warren, Vermont, September 22; 
in Water Pollution Control in Low Density Areas, as Chapter 13, pp. 
145-180, University Press of New England (1975). 

29. Campbell, M. D. and W. A. Hunt , 1973, "Engineering Economics of Rural 
Water Systems: A New American Approach," presented at the Interna­
tional Groundwater Symposium, Macquarie University, Sydney, Australia, 
November 20-22. 

30. Campbell. M. D. and W. A. Hunt, 1973, "The Place for Private Water Sup­
plies: the Challenge of Environmental Protection and Industrial 
Development," presented at the International Ground Water Symposium, 
Macquarie University, Sydney, Australia, November 20-22. 

31. Campbell, M. D., 1973, "Practical Ground Water Research: A University-
Industry Solution," An Editorial. Ground Water, Vol. 11, No. 6, 
pp. 2-3. 

32. Campbell, M. D., 1974, Rural Water Systems Operation and Maintenance: 
A Guide for the Engineer and Operator, a text. Commission on Rural 
Water, Washington, D. C , 500 pp . 

33. Campbell, M. D., 1974. "Rural Water Systems: Ground Water Quality Control 
and Testing." Rural Water News Technical Note, June, Commission on 
Rural Water, Washington, D. C. 

34. Campbell, M. D., 1974, "Rural Water Systems Automation and Telemetry: 
An Economic Advantage," Rural Water News Technical Note. August. 
Commission on Rural Water, Washington, D. C. 

35. Campbell, M. D., 1974, Uranium Potential of the United States: Staqel. 
Frontier Exploration, United Resources Consulting Report for Pio-
neer Nuclear, Inc. and Texas Eastern Nuclear, Inc. (Copyrighted), 
218 pp., 21 plates, 46 figs., 7 tabs., 1,389 refs. (Houston). 



36. Campbell, M. D. and J. H. Lehr, 1975, "Engineering Economics of Rural 
Water Systems: A New American Approach," Journal AWWA, May, pp. 
225-331. 

37. Campbell, M. D. and R. H. Schwartzer, 1975. "Critical Energy Resource 
Areas: Subsurface Information From Ground-water Exploration and 
Other Shallow Exploration Activities," a paper presented at the 
Symposium on Subsurface Geo- Science Records and Materials. Spon­
sored by the Federal Energy Administration, Dallas, April 10. 

38. Campbell, M. D. and 6. R. Gray, 1975. "Mobility of Well-Drilling Addi­
tives in the Ground-Water System," EPA Conference on Environmental 
Aspects of Chemical Use in Well-Drill ing Operations, May Z } -7T , 
Houston, U. S. Office of Toxic Substances, EPA-560-1-75-004. 

39. Campbell. M. D., 1975, Manual of Recommended Water Well Construction 
Standards, U. S. EPA Contract 68-01-92, Office of Research and 
Development, 177 pp. 

40. Campbell. M. D., 1975, "Glossary of Sedimentary Structures in Carbonate 
Rocks," in Carbonate Facies in Geologic History, by J. L. Wilson, 
Springer-Verlag, pp. 75-86. 

41. Campbell, M. D., 1976, "Alternate Energy and Mineral Development: Gen­
eral Outlook and Comparative Economics," a paper presented at the 
1976 Keplinger Energy Seminar. University Club. New York City, 
November 23. 30 pp. 

42. Campbell. M. D., 1976. Paleoenvironmental and Diaqenetic Implications 
of Selected Siderite Zones and Associated Sediments in the Upper 
Atoka Formation, Arkoma Basin, Oklahoma-Arkansas, unpub.. Master's 
Thesis, Rice University. 

43. Warner, D. L., M. D. Campbell, and J. H. Lehr, 1977, Manual for Deep-
Well Waste Injection Systems. U. S. Environmental Protection Agency, 
Kerr Water Research Center, Ada, Oklahoma. 

44. Campbell, M. D., 1977, Editor, Geology of Alternate Energy Sources of 
the South Central United States. Houston Geological Society, 364 pp. 

45. Campbell, M. D. and K. T. Biddle, 1977, "Frontier Uranium Exploration 
in the South Central United States," in Geology of Alternate Energy 
Sources of the South Central United States, Houston Geological 
Society, Houston, Texas, Chapter!.; pp. 3-44. 

46. Campbell, M. D., 1977, "Water Well Technology for Ground-Water Devel­
opment and Production in Igneous and Metamorphic Rocks," United Na­
tions International Seminar on Ground Water in Hard Rocks, Stock­
holm-Sardinia. September 22 - October 7, 61 pp. 

47. Campbell, M. D., 1977, "Phase II Preliminary Evaluation of Dixie Valley, 
Nevada: Geothermal Potential and Associated Economics," Consulting 
Report for Millican Oil Company, 45 pp, (unpub.). 



48. Campbell, M. D., 1978 (in prep.), "Ground-Water Geochemistry of the 
Black Hand Sandstone in South Central Ohio." 

49. Wielchowsky, C. C. and M, D. Campbell, (in prep.)."Structural Devel­
opment of a Part of the Stillwater Range, Churchill County, Nevada." 

CAREER HIGHLIGHTS: 

1975 

1971-Present 

1976 

1976 

1968 

1971 

1974 

1975 

1971-1973 

Received "Ohioana Book Award: Science & Tech­
nology" for Water Well Technology, published 
by McGraw-Hill, New York. 

Appointed to Editorial Board of the technical 
journal, Ground Water. 

Appointed as United Nations Technical Expert 
to review overseas ground-water and mineral 
exploration programs. 

Biography in American Men & Women of Science 
(13th Edition! 

Visiting Lecturer, University of Townsville, 
Queensland, Australia, on "An Introduction to 
Geohydrology." 

Lecturer, Indiana Vocational Technical College, 
South Bend, Indiana, on "Hydrology for Well 
Drilling Contractors." 

Lecturer, U. S.̂  Environmental Protection 
Agency, Short Course 1974, "Ground-Water Hydro­
dynamics," St. Louis, Missouri. 

Lecturer, Department of Geology, Rice University, 
"Ground-Water Geochemistry and Economic Geology." 

Appointment as Technical Consultant to Water 
Well Journal. 

OVERSEAS ACTIVITIES: 

1966-1969 While working for Continental Oil Company of 
Australia Ltd. in Sydney, Australia, Mr. Camp­
bell traveled extensively in Southeast Asia 
and Micronesia actively engaged in geological 
exploration and mining development of phosphate, 
potash, sulphur and uranium, including ground 
water supply investigation for potential mining 
operations. Negotiation work also took him to 
Japan and other areas of the Pacific region. 



1977 Presented 12 lecture hours to United Nations 
Seminar on Ground Water Development and Pro­
duction in Igneous and Metamorphic Rocks. Stock­
holm and Sardinia, September 20-0ctober 7. 

REFERENCES: 

1) Mr. R. N. Arrington, Vice President. Texas Eastern Nuclear. Inc. 
921 Main Street, P. 0. Box 2521, Houston, Texas 77001.(713) 651-7961. 

2) Dr. Ted Foss, Director, Minerals Exploration, General Crude Oil, P. 0. 
Box 2252, Houston, Texas 77001. (713) 651-9261. 

3) Mr. Ruffin I. Rackley, Consulting Geologist, 2651 South Chase Lane, 
Denver, Colorado.80227. (303) 989-4104. 

4) Mr. Gene Pendry, Manager, Nuclear Dynamics, Inc.. 633 17th Street, Suite 
1290, Denver, Colorado 80202. (303) 892-2025. 

5) Mr. Tom Clay. President. Millican Oil Company, 908 Town and Country 
Blvd.. Suite 400, Houston. Texas 77024.0«^i'4fcl-4«!o4 

6) Dr. H. C. Clark, Professor, Dept. of Geology, Rice University, Houston 
Texas 77005. (713) 527-8101. 

Additional references supplied upon request. 

PERSONAL 

Phone: (713) 666-4355 
Birthdate and Location: August 8. 1941 

Lancaster, Ohio 
Marital Status: Married - 3 children 
Health: Excellent 
Citizenship: U.S.A. 



RESUME OF 

G. E. OLIVER 

EDUCATION: B.S. in Petroleum Engineering, Texas Technological 
College, 1953 

EMPLOYMENT HISTORY: 

1974 - Present: Manager of Drilling, Southland Royalty Company, 
Fort Worth, Texas. Subordinate to Vice President-
Production. On equal level with Managers of 
Production and Reservoir Engineering. Supervisor 
to five District Production Managers (Gulf Coast, 
West Texas, Four Comers, Mid-Continent, and Rocky 
Mountain) in drilling matters. 

I analyze drilling proposals for feasibility, cost 
estimate accuracy and safety, and consult daily 
with District Managers on drilling problems. 

Work area is all of central United States plus Alberta. 

Work load is 200 wells per year. 

1970 - 1974: District Engineer, Southland Royalty Company, Denver, 

Colorado. Subordinate to Vice President-Production. 
On equal level with District Geologist and District 
Landman. Supervisor to Drilling and Production 
Foremen, Lease Pumpers, and to Drilling and Pro­
duction Contractors. Work included preparation of 
drilling, production equipment, and workover AFE's, 
supervision of production, drilling, and workover 
activity and purchase of well equipment. I devoted 
considerable time to unitization work, serving as 
company representative on both Operators and Engineer­
ing Committees of Rogers, Gas Draw, Grady Hilight, and 
Goose Lake Units. Specialized work included presenta­
tions to State and Provincial Conservation Commissions. 

Work area included Utah, Colorado, Montana, Wyoming, 
Nebraska, and Alberta . 

Work load consisted of 50 to 150 producing wells and 
25 drilling wells per year. 
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RESUME 
G. E. OLIVER 

1967 - 1970: 

1964-1967; 

Drilling Engineer, Southland Royalty Company, Midland, 
Texas. Subordinate to District Superintendent. On 
equal level with Drilling and Production Foremen. 
Supervisor to Drilling Contractors. Work here inclu­
ded preparation of drilling and workover AFE's, cost 
estimates for geologists' use and field supervision 
of drilling and completion activity in Louisiana, 
Texas Gulf Coast (some offshore), West Texas, New 
Mexico, Oklahoma, Colorado, and Wyoming. Work load 
consisted of 20 drilling wells per year. 

Production Superintendent, Seco Production Company, 
Midland, Texas. Subordinate to President of Company. 
Supervisor to Lease Pumpers and to Drilling and Pro­
duction Contractors' Personnel. Work included prep­
aration of AFE's, supervision of production and ne­
gotiating drilling contracts, dealing with land and 
royalty owners. I also designed and installed water 
flood equipment. 

Work area was West Texas and New Mexico. 

1961 - 1964; 

1953 - 1961: 

Work load consisted of 100 producing wells and 5 
drilling wells per year. 

District Superintendent, Texas Pacific Coal and Oil 
Company, Sundown, Texas. Subordinate to Division 
Superintendent, supervisor to District Engineers, 
Drilling and Production Foremen, Lease Pumpers, 
Roustabouts, and Clerks. My work was strictly super­
visory, all at field level, 95% of time and effort 
devoted to production, 5% to drilling and workovers. 
Work included handling large volumes of paper work. 

Work area consisted of Hockley and Yoakum Counties, 
Texas. 

Work load consisted of 400 producing wells and 5 
drilling wells per year. 

Roustabout, Lease Pumper, Well Tester, Engineer, and 
District Engineer, Texas Pacific Coal and Oil Company. 
Subordinate to Production Foremen, District Engineers, 
Gang Pushers, Pulling Unit Operators, and District 
Superintendents. Work included connection gang, pump­
ing, gas, oil, and water testing, high and low pressure 
gas measurement, design and construction of gas injection 
and water injection equipment, working on unitization 
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RESUME 
G. E. OLIVER 

1953 - 1961 Continued 

engineering committees, supervision of rotary 
and cable tool rigs, installation of production 
equipment and production clerical work including 
material inventories, production calculations, and 
allowable and proration schedules. Work areas were 
Odessa, Royalty, and Sundown, Texas. 



RESUME OF 

JERE DENTON 

SOUTHLAND ROYALTY COMPANY - FORT WORTH, TEXAS (7/76 - Present) 

1/78 - Present: District Manager-Natural Resources 
Work to evaluate opportunities for the 
Company in geothermal, coal, and forest 
products. Manage the Company's geothermal 
business. 

5/77 - 12/77: Manager of Planning 
Work on corporate-wide communication of 
Company goals. Performed extensive analy­
sis of potential impact of proposed legisla­
tion on Company 

7/76 - 4/77: Manager of Special Projects 
Spent most of this time working on long-term 
refinancing of $180,000,000 loan used to 
acquire Aztec Oil and Gas, expecially as re­
lated to value of Aztec gas properties. 

AZTEC OIL AND GAS COMPANY - DALLAS, TEXAS (11/73 - 6/76) 

3/76 - 6/76: Acting CFO 
Managed treasury and accounting functions 
during transition to ownership by Southland 
Royalty Company 

5/75 - 3/76: Assistant Treasurer 
Performed Company planning, personnel, office 
administration and cash management functions. 

11/73 - 4/75: Manager of Planning 
Introduced formal planning techniques to the 
Company. Designed composite capital budget 
system. 

SAMSONITE CORPORATION - DENVER, COLORADO (11/79 - 3/71) 

9/72 - 9/73: Senior Financial Analyst 
Developed financial section of annual and 
five year plans. Made monthly forecasts and 
analyzed sales. 

4/72 - 9/72: Cost Accountant-Luggage Division 
Wrote Cost Accounting Manxial. 



RESUME 
JERE DENTON 
PAGE TWO 

(SAMSONITE CORPORATION - DENVER, COLORADO CONTINUED) 

3/71 - 3/72: Financial Analyst-Luggage Division 
Reviewed 123 departmental budgets for 
two manufacturing facilities, performed 
variance-analysis and did overhead allo­
cations 

11/69 - 3/71: Budget Analyst-Toy Division 
Developed annual and five-year depart­
mental budgets, wrote annual capital budget 
and financial section of business plan. 

EDUCATION 

B.S. Finance and International Business - University of Colorado 

Graduate work in International Monetary Theory - University of Texas 
at Dallas 

PROFESSIONAL ORGANIZATION 

Association for Corporate Growth 



Professional Resume 

Noel F. Rasmussen 
Consulting Geologist and Geophysicist 
7966 E. i»lst Street (918) 622-6160 
Tulsa, Oklahoma 7'<1̂ 5 

April 197'* to Present Consultant 

My activities as a consultant have been related to the interpretation 
of geology using gravity and magnetic geophysics. Most of this work concerns 
the use of computers and I have written programs to assist me in making 
interpretations. About one-half of my work includes some seismic interpreta­
tion. 

I have a special interest in borehole gravimetry and have developed a 
research program to produce an instrument of advanced design. This program 
as well as my consulting work is carried out through my corporation, Borehole 
Exploration Corporation. I own an interest in four producing wells in 
northern Michigan. This production was obtained directly and indirectly from 
borehole gravimetry. 

My clients include both major oil companies and independent operators. 
I have also worked for several geophysical contractors. 

March 1965 to April 197'* Senior Research Scientist, Geophysical Research 
Department, Amoco Production Co. (Std. Oil Indiana) 
Tulsa, Oklahoma 

My work at Amoco concerned developing new interpretive techniques for 
gravity and magnetic geophysics. I wrote a portion of the computer program 
system for gravity and magnetics and was responsible for establishing and 
maintaining this system. 

My work also included data processing and interpretation as a technical 
service to the exploration department of Amoco, Amoco International Oil Co., 
and Amoco Canada. 

I was part of the team which developed the successful operating and 
Interpretation methods for borehole gravimetry. I wrote the operations manual 
for conducting borehole gravity surveys. 

February 1957 to March I965 Geologist and Geophysicist, The California 
Company (Std. Oil California), New Orleans, La. 

This work included geophysical and geological duties in the Gulf Coast 
province of Louisiana. This included the following positions: 

1. Development Geologist, Production Dept. 
This included the on-site evaluation of exploration and production wells; 
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reservoir mapping; and reservoir structure interpretation. Most of 
this concerned the use of well logs and cores. 

2. Exploration Geologist, Exploration Dept'. 
This included the development of prospects, the economic evaluation of 
prospects, and the recommendation to lease and conduct geophysical 
programs. Some gravity and seismic interpretation was included. 

3. Division Stratigrapher, Exploration Dept. 
This included stratigraphic studies of the Gulf Coast, stratigraphic 
mapping, and interpretation. This work was aimed at evaluating the 
reservoir stratigraphy and predicting conditions in undrilled areas. 

4̂. Seismologist, Exploration Dept. 
This work included computing, reprocessing and interpreting seismic 
data. I also acted as client representative on a seismic party. This 
work was aimed at making accurate structural interpretations of objective 
horizons. 

5. Geophysicist, Exploration Dept. 
This work was aimed at assisting other geologists and geophysicists In 
making their interpretations. It was oriented to the use of gravity 
and magnetics. The work also Included the development of prospects 
through the coordinated use of geological and geophysical methods. 

September 1955 to February 1957 Graduate Assistant, Dept. of Geology, 

University of Nebraska. Degree: M.S. Geology 

October 1953 to August 1955 Army of the United States - Korea. 

June 1953 to October 1953 Roughneck and Geologist, Omaha Drilling Corp. 

This work included the supervision of wellslte operations, logging, and 
permitting at the Northern Natural Gas underground gas storage project at 
Redfleld, Iowa. 

September 19^^ to June 1953 University of Nebraska. Degree: B.S. Geology 

Professional Societies 

AAPG American Association of Petroleum Geologists 
SEG Society of Exploration Geophysicists 
TGS Tulsa Geologic Society 
GST Geophysical Society of Tulsa 
SPWLA Society of Professional Well Log Analysts. 
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Publications 

1. "The Misslssipplan, Devonian, and Silurian Systems In the Subsurface 
of Dallas County, Iowa". A thesis submitted to the University of 
Nebraska In partial fulfillment of the requirements for the M.S. 
degree: 1957. 

2. "A Method of Gravity Modeling Using Precalculated Component Models". 
A paper presented at the 38th Annual International Meeting of the 
Society of Exploration Geophysicists, Sept. 29-Oct. 3, 1968, Denver, 
Colorado. 

3. "Borehole Gravity Survey Planning and Operations" SPWLA Fourteenth 
Annual Logging Symposium Transactions, 1973. 

k. "The Successful Use of the Borehole Gravity Meter In Northern Michigan". 
Canadian Well Logging Society Fifth Formation Evaluation Symposium, 
1975. Reprinted In the Sept-Oct. 1975 Issue of Log Analyst, a 
publication of SPWLA. 

5. "Borehole Gravlmeter Finds Bypassed Oil, Gas". The Oil and Gas Journal, 
September 29, 1975. 

6. "Some Criteria For Judging Gravity and Magnetic Map Quality". A paper 
presented at the '45th International Meeting of the Society of Explora­
tion Geophysicists, Denver, Colorado, October, 1975-

7. "Gravity Logs Promise New Applications". Petroleum Engineer Inter­

national , July, 1977. 



SERVICES RENDERED 

1. Subsurface Geologic Interpretation 

2. Seismic Interpretation 

3. Gravity Geophysics 

a. Interpretation 

1) Computer Model Studies 

a) Two Dimensional 

b) Three Dimensional 

2) Integration of Surface and Subsurface Geological Data. 

3) Integration of Seismic Data. 

b. Data Processing 

1) Map DIgltIng 

2) Calculation of Residuals 

3) Vector Gradient 

'f) Three Dimensional Computer Modeling Results Subtracted 
from Gravity Maps. 

h . Magnetic Geophysics 

a. Interpretation 

b. Interpretation using three Dimensional Magnetic Modeling (Computer) 



Appendix C 



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

TUSCARORA, NEVADA PROPOSAL 

AMAX Exploration, Inc. 

"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." 



Proposers Name and Address 

AMAX Exploration, 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 at the north end of the Independence Valley by 
surface and subsurface methods and if warranted to drill for dis­
covery of potential geothermal resources. Total estimated cost of 
the proposed exploration program is $1,996,000. Estimated cost to 
the DOE is $1,002,000 during the period FY 1978, FY 1979, and FY 
1980. Estimated cost to the DOE for FY 1978 is $35,000, for FY 
1979 is $82,000 and for FY 1980 is $885,000. 

1. Investigation Site or Area 

The investigation site comprises about five townships at the 
north end of the Independence Valley approximately 82 km 
northwest of Elko in Elko County, Nevada (see Figure 1). 

a. The proposal area is currently defined by Townships 41, 
42, North, Ranges 50, 51 East, and the N 1/2 of Township 
40 North, Range 50, 51 East, MDM , (see Plate 1). 
Exploration results may cause the area of interest to be 
slightly enlarged or contracted 

b. AMAX Exploration, Inc., controls approximately 19,280 
acres of fee geothermal leases and priority federal geo­
thermal lease applications which comprise the majority of 
the central portion of the proposal area. Supron Energy 
Corporation also holds leases in the central portion of 
the proposal area. 

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 leases and 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. 
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CONEIDENIIE The propoTOlalrlalla»M^^cm«^^«OTving north along 
State Highway 51 from Elko, Nevada, 43 kilometers to the 
junction of State Highway 11, and from there approxi­
mately 44 kilometers to an unimproved ranch road. Hot 
Sulphur Springs, which marks the center of the proposal 
site is about 7 kilometers northwesterly along this road. 

c. The proposal area has not been geologically 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 siliceous 
Paleozoic eugeosynclinal deposits of the Nevada western 
facies. These rocks are extensively broken by Basin and 
Range faulting. Several hot springs, giving minimum 
geochemical reservoir temperatures of greater than 200°C, 
are depositing siliceous sinter along Hot Creek. 

d. 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) Landsat imagery shows a circular structure indica­
tive of a volcanic center and possible caldera 
subsidence. 

3} The Cl-SiOp-enthalpy (boiling water) geochemical 
mixing model with a 54% cold water fraction gives 
minimum reservoir temperatures of 216°C. This is 
In close agreement with the Na-K-Ca geothermometer 
which gives subsurface temperatures of 209°C. 

4) Several springs along Hot Creek are currently de­
positing siliceous sinter. 

5) Mercury, tungsten, and silver mineralization and 
local hydrothermal bleaching are conspicuous 
features within the area. 

6) Portions of the central part of the proposal area 
exhibits heatflow in excess of 5.3 HFU as determined 
by 4 shallow thermal gradient measurements. Heat 
flow values of 24.3 HFU and 34.3 HFU have been 
measured. Temperatures were measured to depths of 
50 to 60 meters. The highest direct measurement is 
54.8°C at 50 meters. 



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 24 shallow (less than 150 meters) thermal 
gradient (temperature) and lithologic logs. Four of 
these holes have already been drilled and approximately 
20 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 600 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 150 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 possible Poisson's ratio, and P and S-wave 
travel time and attenuation anomalies. 

Reflection Seismic Survey-approximately 32 line-kilometers, 
designed to identify structure and acoustic impedance 
effects associated with possible reservoir materials. 

c. Reservoir Engineering Studies 

Flow Testing to establish reservoir characteristics and 
fluid composition. 



3. 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 Tuscarora thermal anomaly 
and to provide sufficient information to construct an informa­
tive case-history. 

Existing Data - Fiscal Year 1978 

Four (4) thermal gradient and llthology logs to depths of 
betweem 50 and 62 meters will be delivered to the DOE at the 
time of the award of a contract concerning this proposal. 
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 condi­
tions permit, 

3) Llthology 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 (20) thermal gradient and llthology 
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 geothermal regulations. 



McCOY. NV 
1.5 KM S HOLE IN THE WALL WELL 

PROJ. 864 WELL 11 22 04 78 
5 • 10 15 20 25 

N.Lnr 

30 

W.LONC 

TEnPERRTURE X 
35 40 

fV )_ | 
CD 

'X3 O 

^ 1 - 3 3 1 . ) 4 2S .3 -cn :n 
HF-13.J1 a 4.25,1^.4 

T AT lQ0n-44.b-\-L' 

. " ^ . l . - l l . S Q - C 

V 2-284 
HF=13 

1 AT 

28 flP 78 

6 & 3l . l °C/km 
31 & 4 .25 .k=4 . 
1QQM=40.72°C 

ZC2QQC)̂ -Q.6BDI<m 

' ^V3-23B.9 & S5.7"C/kfn 
Hr=13.3l & 4 . 2 5 . k ^ 5 . 5 * 

r RT IQQM----37.18°C 
Zl2QQC3=0.7B7km 

nne/DP 

F i g u r e 2a. 



28 AP 78 
^'U'LA'JaE 

PR8JECTI MCCPY, NU 

P R e j UfPLL Î A MO YR 
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Explanation of Logs 

7 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 -I-

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 twelve, 15-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 150 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 600 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 llthology 
logs positioned to verify the shallow thermal anomaly and 
Identify potential reservoir rocks and drilling conditions at 
depth. 

Two deep (2300 - meter) poduction test wells designed to 
discover and flow-test the 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 necessary wells are available. 



4. 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 19,280 acre Tuscarora site is located north of Tuscarora, 
Nevada, on the South Fork of the Owyhee River at the northwest 
end of Independence Valley, Elevations on the site range from 
less than 5600 feet msl in the South Fork Ov/yhee River bottoms 
to 7000 feet msl east of Chicken Creek Summit in the northern 
most part of the site. The site is relatively flat in the 
southeast where it encompasses portions of Independence Valley. 
To the northwest of this area, site topography changes into 
dissected ridges, washes, valleys and eroded hilltops. The site 
is drained by the South Fork of the Owyhee River which flows 
northwest through the southwest portion. Hot Creek drains the 
center of the site, and Harrington Creek drains the eastern part 
of the area. These latter streams flow south into the Owyhee 
River near the south boundary of the site. The site is typical 
of the northern Great Basin. 
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Climate can be classified as "cold desert." Mean monthly 
temperatures at Tuscarora range from -2°C in January to 20°C 
In July. Precipitation averages 27.2 cm annually with most 
falling in November, December, and January. 

Major vegetation types include cottonwood-willow riparian in 
the perennial stream bottomlands, native hay meadows in the 
Owyhee River bottoms, big sagebrush-grassland in the upper 
Independence Valley at mid-elevations, and pinon-juniper 
shrublands at the higher elevations. Pinon pine, juniper, big 
sagebrush, rabbitbrush, wheatgrasses, bluegrasses and cheatgrass 
are typical. Mule dear, coyotes, foxes and weasels in the 
bottoms, blacktail jackrabbits, numerous rodents, and herptiles 
(particularly saurians) are common. 

Approximately 50 percent of the site is privately owned and used 
for cattle grazing. Primary land use on non-private portions is 
wildlife habitat and livestock grazing. The proposed drilling 
would neither alter nor conflict with the current land uses. 

Environmental monitoring and control of the proposed action will 
be explicit, and will adhere to the stipulations and requirements 
presented in The Geothermal Resources Operations 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. 



C. 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 con­
tractors 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. 

Item 

Phase I 

Estimated 
Cost 
($000) 

Estimated Cost 
to DOE 
($000) 

Existing Data 
Shallow Thermal Gradient and 
Lithologic Logs 

New Data 
Shallow Thermal Gradient and 
Lithologic Logs 
Self Potential Survey 
Magnetotelluric Survey 
Gravity Survey 

Subtotal Phase I (FY78) 

Phase II 

26 
16 
16 
_4. 

62 

Subtotal Phase III (FY80) 1770 

13 
8 
8 
_1 
35 

Microearthquake Survey 
Aeromagnetic Survey 
Deep Thermal Gradient and 
Lithologic Logs 

Subtotal Phase II (FY79) 

Phase III 

Well Site Preparation 
Production Test Wells 
Logs 
Flow Test 

36 
8 

120 

164 

80 
1500 
40 
150 

18 
4 

60 

82 

40 
750 
20 
75 

885 

PROPOSAL TOTAL 1996 1002 



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". Ih 
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 preservation 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 on the Imperial Valley of Southern California, 
Adverse economics and a lack of the requisite technology 
caused a discontinuance 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 date 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 
pioneering research in surface and shallow - subsurface 
direct heat flow measurement, and telluric-magnetotelluric 
instrumentation. 

AMAX' geothermal staff is well rounded in the various 
aspects of geothermal exploration and have all been involved 
in the planning, execution, and analysis of the programs 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 experience 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 geothermal 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 specialist. 

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 0, 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, llA 
Richmond, CA 94804 

Aldo T, Mazzella: Resistivity, tellurics, magnetotellurics, self potential 
EM soundings 

GeothermEx 
1760 Solano, Room 209 
Berkeley, California 94707 

James B, Koenig; Geothermal Geology 

Elliot Zais - Reservoir Engineering 
7915 N.W, Siskin Drive 
Corvallis, 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 construction; drilling 
programs, and the various production test logging 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 

William M, Dolan, Manager, Geothermal Exploration 

Arthur L. Lange, Geophysicist 

H. Dean Pilkington, District Geologist 

A. Percy Wicklund, Drilling Superintendent 

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-08-0003 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 the corporation through execution of 
contracts. 

10. One complete copy of GSA Form 19B "Representations and 
Certifications" is attached. 

AMAX EXPLORATION, INC. 
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APPENDIX I 

Federal Lease Applicationscontrolled by AMAX Exploration, Inc. 

MDM, Nevada 

Township 41 North, Range 51 East 

Sec t ion 1 - Lots 1 , 2 , 3 , 4 , SJ5NJ5, Ŝ i (Al l ) 
Sect ion 12 - E^i, EJiNWlj, W^SWlj, SÊ SWlz; 
Section 13 - N%, SE^SWS^, N^SW^i, SE^ 
Section 24 - NÊ sNEls, SJjNW^, SVk, S^SEJJ; 
Sect ion 25 - Nl̂ NEh;, NW ŝ, SW ŜWSi, Eî SW ;̂, SWiiSE%, EJgSEk 
Sec t ion 36 - SW^NE ŝ, NW îNWis, SE îNWii, NW ŜW ;̂, SEH;SWli, \ihS'Ek, NE^SEk 

Tovmship 41 North , Range 52 East 

Sec t ion 3 - Lots 1 , 2 , 3 , SĴ NE ŝ, SE'-iNWij;, VhS^ih, NE'-̂ SWh;, SÊ j; 
Sect ion 6 - Lots 3 , 4 , 5 , 6 , 7 , SVIkiiEk, SEJz;NWis, E'-sSW ,̂ SÊ s 
Sect ion 7 - Lots 1 , 2 , 3 , 4 , EJ5WJ2, Eh (All) 
Sect ion 10 - W ŝNÊ s, SE''2;NlJJs, NÊ sSWis 
Sec t ion 18 - Lots 1 , 2 , 3 , 4 , Ê WĴ , Eh (Al l ) 
Sec t ion 19 - Lots 1 ,2 , EĴ NŴ i;, W N̂Ê z;, NE^SNEJZ; 

Township 42 North , Range 52 East 

Sec t ion 21 - SE!iNE%, W ŝNE ,̂ Ê NW î 
Sect ion 22 - mh^Ek, ^hSVIh, SW ŝSWij, Eî SE ;̂ (Minerals Only - E^SEJ^) 

Sect ion 23 - W^s (Minerals Only) 
Section 26 - W^m^Ji, NŴ sSWij; (Minerals Only) 
Sec t ion 27 - EJ^NE^S, WĴ W Ŝ, SW îSEJi, NE ŝSEli (Minerals Only - E h ^ ) 
Sec t ion 31 - Lots 1 , 2 , 3 , 4 , El̂ W ,̂ Eh (All) 
Sect ion 34 - E^, EJgSWJi 
Sect ion 35 - SEJiNEJj, SEisSWJfi, SElj 



APPENDIX I Continued 

Fee Leases controlled by AMAX Exploration, Inc. 

MDM, Nevada 

Township 4 1 N o r t h , Range 51 E a s t , M.D.B. & M. 

S e c t i o n 13 - SW-iSWlj 

S e c t i o n 24 - N ĝNW ,̂ WI^NESS, SESfiNEls, NJ^SEH; 

S e c t i o n 25 - S^^NEk, NWlsSE'-i, NWhiSWk 
S e c t i o n 36 - NJJNEJS, SEJ2;NEis, NE^̂ NWis, SWSẑ NWJs, NE^sSUJi, SWSsSWJj; 

Township 41 N o r t h , Range 52 E a s t 

Lo t 4 , SWisNWJi, SEkSWJs 
SJsNWJs, NWisSW ŝ 
L o t s 2 , 3 , 4 , SJ5NJ5, S^ 
L o t s 1 , 2 , SÊ zuNÊ s 
NE^iNEis, Vlh^hy EJSWJS 
ShlU'Ek, SEJi 
EilNElfi, NEisNWJfi, WisW ,̂ SE ŝSW^S, SÊ fi 
NE5i, WJ5, SJsSEJj; 
EI5, SJsSWJs 
EisWis, SEkSE'-i 
L o t s 3 , 4 , SE^sNEJi, El^SW-i, SEJfi 
A l l 
A l l 
A l l 
L o t s 1 , 2 , 3 , 4 , E îW ŝ, Eh 
Lo t 1 , EhVh, ^h 
A l l 

Township 42 N o r t h , Range 52 E a s t 

S e c t i o n 25 - WJsNWJs, NW îSUk P o r t i o n 
S e c t i o n 26 - NE^t, E^NWJj;, NE^SWis, SWî SWh;, SE^sSE^;, P o r t i o n s of N^SEk, SWlsSEJc, 

SE ŝSWh; 
S e c t i o n 27 - SWJ2;NEi!;, E^̂ WJi, NW îSElj;, SE'-iSEk P o r t i o n 
S e c t i o n 28 - S^sSls 
S e c t i o n 29 - S'-sS^ 
S e c t i o n 32 - A l l 
S e c t i o n 33 - A l l 
S e c t i o n 34 - Wdk, W ŜWJj 
S e c t i o n 35 - Vlh'^Ek, NW îNWH;, SijNW ;̂, N^̂ SWH;, SW^SWH;, l e s s two p a r c e l s ; 

NE%NW^ P o r t i o n 

Section 
Section 
Section 
Section 
Section 
Section 
Section 
Section 
Section 
Section 
Section 
Section 
Section 
Section 
Section 
Section 
Section 

3 
4 
5 
6 
8 
9 
10 
15 
16 
17 
19 
20 
21 
29 
30 
31 
32 
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14. EEI OR PROPIT 

IS. l O T A L F S r i M A T f n COST A S D FEE OR PROFIT 

$000) 1 
TOTAl 

EST COST' 
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T h u p r u p o t t i I t l u b m i i i f d for u ic in <unnr t . i i on w n h 4nt l in rr»p«n»c lo ( D t u n h f H I P . t i t . ) 

RFP No. ET-78-R-08-0003 Geothermal Reservoir Assessment Case Study, 
Northern Basin and Range Province 
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rtPio N**»t AND imi SICNAIURE -^ / ' - s / " — / ^ ) 

Harry J . Olson X . W l ^ f / T ((^2l<f r '^^^-^ 
Managing Geoloqist, Geothermal Explorat icn ^ 1 ( 1 ^ ^ ^ ' 

NAME C* FIRM \ ^ _ / 

AMAX Explorat ion, Inc. 
DATE OF SUBMISSION 

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

COST t l NO HEM DESCRIPTION (See fooltiole S) 

FY 1978 
Phase I - Exist ing Data 

Shallow Thermal Gradient and L i tho log ic Logs 
New Data 

Shallow Thermal Gradient and L i tho log ic Logs 
Self Potent ia l Survey 
Magnetotel lur ic Survey 
Gravity Survey 

FY 1979 
Phase 11 

Microearthquake Survey 
Aeromagnetic Survey 
ueep mermai liracnent and L i tho log ic Logs 

FY lyi ju 
Phase I I I 

Well Site Preparation 
Production Test Wells 
Logs 
Flow lest 

TOTAL 

ESI COSI (S) 

4 

13 
8 
8 
2 

18 
4 

60 

40 
750 

20 
75 
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GOVERNMENT PRIME CONTRACT OR S U B C O N I R A C T w i I H I N THE PAST TWEIVE MONTHS? 
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n. w i l l YOU REQUIHE IHE USE OF ANY GOVERNMENT PROPERTY IN IHE PERFORMANCE OF THIS PROPOSED CONIRACI? 
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III DO TOO REQUIRE GOVERNMENT CONTRACT FINANCING TO PIRIOSM THIS PROPOilD CONIRAO' 

( X ) YES [~3 ' " - ' l l f let. u h . t l i l i ) Q ADV»NCE PATMENIS Q PROGRESS P A T M F N I S 0» | | CUARANTflo I Q A N S 
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PROPOSED CONIRACI? 

\ ~ ] YES 0 NO ( I f yn. idiniify ). 

V. DOES THIS COST SUMMARY CONFORM WITH IHE COST PRINCIPIES SEI FORTH {N AGENCY REGUIATIONS? 

^ YES Q NO ( I f no. e^fU.H on r „ „ u er i iparati p..^,) ( t o t h e b e s t o f m y k n o w l e d g e 
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INSTRUCTIONS TO OFFERORS 

2. I n i d d i i i i i n l o i h f t p r c i f i c i n f o r m j t t o n requ i red bv t h f j f o rm, i h r 
of feror i t f npecCfd . i n RO<)d f j i t h , ta incurp<irate in j n d t u b m n u i i h 
t h i ) f o r m m y a d J i i t o n j I d i u , l u p p o r u n ^ i i h r d u l t t . or t u b \ t j n i i a t i u n 
m h i c h *rc r r i \ i ) n j b l v r e q u i r e d ft»r ihc t o n d u c ! of »n j p p r n p n a i c re-
vie*. iFid j n i l y s i s in ihe l iKb i o( <hr specific fac i* o f thi» procuremenr. 
For ef fect ive n e g u t i a t i o m , it i» c k t e t \ t i i l i h n t h t r c b r » c U i r under-
i t i n d i n g of: 

1 The e s u t i n g , ver i f iab le data. 
b- T h e j u d f i ^ ^ n f a t f j c t o r t app l ied in p ro jec t i ng f r o m k n o « n data 

<o the e i i i m a t e . i n d 
c. T h e c o n f i n g e n c i c i used by the offeror in h i * p r o p o i c d price. 

t n t h o f t , ibe offeror 's e t t i m a i i n g p roce i t i tself needi to be d i i c l o t r d . 

y. W h e n a t t J i h i n r n t of t u p p u r i i n j i t o i l of p r u i n t daU to rh i i f o rm i% 
i inprat lie i h l c , i h r d a u vkill h*- dt-K nbcd ( u i lh u h r J y l i i •#! . j pp r tp r t t i l t } . 
and made availablv to thr cont rac t ing officer or h i i r e p r r u r n i j i K c upon 
r i q u r t i . 

4. T h r f u rma r t for i b r " C o i t F . lcmrnt** »r\4 the " P r o p o t r d Coniract 
E»|imaie"* are no l i n i r n d e d J i r iK 'd r » q i i i r i m f n n T l i r»c m i \ He yifr 
t t n i e d in d i f fe ren i fo rmat w i t h i b r p r io r approva l n f the (JonfracnnfC 
Off icer i f r e q u i r t d for more r f f e i i i v c and efbc ieni p re>rn ia i ton . In al l 
Other r e tpcC i t ( h i t f o r m w i l l be c o m p l e t e d and t u b m i i i e d « i t bout 
c b j n g e . 

%, l ly l u b m i t i i o n o f t h i * p r o p o i a l ihe *tffefor g ram* lo the Con i racnng 
O f h c r r . o t h i \ a u t b o n i e d iep«e\entauve. ih« r i p h i l o examine , fur i b r 
p u r p o i e o f ve r i f y i ng i h t co* i nr pnc inK data v u h m i t i e d . ihovr booWt. 
r c c o r d i , d o i u t i i r n i i and o i h t f t u p p u n i n g Jaia * h i < h » iM p t r t m i j d i • 
quale r va lua i ton of »ucb co^i or p r i i i n p data, along w i t h ihe c o m p u t j ' 
l i o n * and pru|L- tnont u * fd ibere in I b n n g b i ma> b r r h e r i i i c d m c»»n-
nec t ion w i i h m y n e g o t i i t i o n t p r io r t u c o n t r i c t i « a r d . 

FOOTNOTES 

t F n l t r i n i h t i fofwntt thoi t u t i t i su ry u i i j r t t i ion t ih l t i o t t l u h i t h in ih t 
f y Jg iM tn l of ih f of f r ror u i l l prnperty ht t n t u r r t t i i n the t ( f n t t u t p t r / ^ r m ^ m t 
c f the t o n i r m i II hen any of th t <oit% ni t hn (o/*d»nn hu i e u l reaJ f been 
i n c y r r t d (e f( . o t tt lettf^ ( o n l r ^ i t or thuuf^r o rde r ) , t/etcnbe /hew on an 
mlta ihed iupport i ' i j^ i t h tJu le . I J t u t i f f t i l l lu l r t u n J t r u m f e r i h e l u e f i yottr 
p l f f t t t . t / f i i t to* t i . or o rg^n i tu l ton t nnJer a tnmnton tou l ro l . uh t t h are IM-
f lu i /eJ u l other ihun the louer of to i l to the or$gttiat t r a n i f t r r o r or eurrent 
market p r u t . 

2 l̂ hen ipu f t tn adJi l tQ' i to that a tu t l . thU in E\hth i t ,^ rj r i t f inred, at-
t a th tepurate pufcei a i n t te t i a ry a»iJ i i i r u i i f y in t h n " Reffrett<e" lo lunin 
the at tath inent in u h n h the infornialt f 'H n/pportnig; tht jpetr/if (ot i element 
may he f o n n J \ o i l a n J a r J f o r n m l n p r t w r i h t d . h t i t e ie r . the toit or pne-
tng data muM ht a t t u r u l t , lomptetr . jnd l u r r t n t , a n d the judf^nitnt f u d o r i 
u\ed tn p rye f t tn / i f r om the d'f*^ ' f ihu ei/ imaiei inntt he i t a l t d in tu f fmenl 
de ta i l lo enable the C.onlrat / inf O/hter to e ia lua t r th t p ropo ia l l o r e\-
amp l t , p r t i i t d r th t h a m uted for p*tiinfz n i a l t r i u h tuch at ht i t ndo r y/zo-
tat iont. ihop ei l i / t iatet, or in in i te p r u et. th t r t u i on f o r use o f 01 e rh tad ratet 
u h i t h depart t i gm f i i an l l y f ront e\perieuveii ratt$ f r e d u t e d lo/utnt , a 
p l a n n e d ma jo r r t - a r r , j t / g r " i e n t . eti ). or j u i l t f i t a t i o n f o r an imreaie in 
Lthor ratei ( a n i m p a t e d 11 age a n d sutart in t reate i . etc.). t thn t i f y a n d e\-
p l a i n any (ont ingennei u h i i h are I ' u l u d t d in the propnied pr ixt , furh at 
a n t K t p a t t d eoitt o f r e j u l s a n d de fex t i t t u e r k , or a n t i c i p a t e d t t f h n i t a t 
d i f f i i u l t i e i 

i Ind i ta fe Ihr ra t t t u i t d a n d pro i ide an appropriate e\p lanat i iH. M'hefe 
agrtentent ha i been r t i i t h t d u i t h Coi e rnn i tn l repretrntat i i t> i n the ute o f 
f o r u a r d p i t t i n g ra t t t . de\tr ihe the n,t l i ire nf the agreetnent Prenidt the 
mt thod of lo inpulatton u ' l d application of tour 01 erhtad e\ptn\e. mdud ing 
tott h reakdou n a n d i h o u t n g t rendt j n d hudvetury data at .netetuiry lo 
proi tdt a fcillit f o r t \ atnati t tu of tht rtaitinahltnt%% of propt>\td ratt%. 

4 I f ihr total t o i l t n t t red here n in e \ ( t t i of 12)0 . p ronde on a upsta te 
page the f o l l o u i n g in for ina l i f in on ea(h i tparate ilemi of r t i a f t t or luenie 
fee, name a n d a J d r t l l of h i t n i o r . date of l i t m } * agrr t* 'n>i l f . . j trnl Mu»f-
heri. patent app lnat ion u r i a l numhert. or o l h r ' batn on u h t . h /ht r e t a i n 
f l payab i t : h n t f t ieur ip l ion , nu lud in \ ( an) par t er modt l mui' ihft i of eath 
cont ra i l item or ioinponeni on u h n h th t royulty n patahte. p t r ^ t n u g t " ' ' 
do l l a r rale e f royal ty p r r u u i l . u n i t p n t e of l o n t r j . l t i t ' u . n u t ^ h n t.f 
u n t i l , a n d to ta l do l lar aineunt of roya l tn t I n a d d i t i i n . i f ip*, i f isal l f rr-
t fuei ied by the ( o n t r a t t m g offiter. a topp of the i u r r t n t l i t t n n a f r r t f i f * ! 
a n d idenli fxtat ion o f applnable t i a im t o f ipet i f i i palerttt %haU he proi i d t d 

5 p ro i ide J l i l t (,f p r i m i p a t itemi u i l h i n eaih tategory ind i ta lmg k'lou n 
or an t i t i pa ted it>nrte. t^uanfi iy. un i t pn te . tompelitiom obtained, a n d ba*i i 
o f t t t ab l i t hn ig tou r t t a n d reatonabUni t t o f t o i l . 


