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To: Attorney George Wingerson A @Q‘/ég%

Legal Operations
Idaho Operations Office
Department of Energy

From:

" Energy Resource Generatus, Inc.
7671 Hansom Drive "
Qakland, Ca 94605 .

. SUBJECT: Restructure of MAGIC RESOURCE INVESTORS, Partnership fo‘

ENERGY RESOURCE GENERATUS, INC, Idaho Corporation.

The Jegal structure of the entlty submitting the documents for

'SCAP No. DE- SC07-801D12139, User-Coupled Confirmation Drilling Program

was MAGIC|/ RESOURCE INVESTORS, a California Partnership. Mr. Jerold R.
Kirkman was the General Manager and General Partner of this entity.

Since that time Mr. Kirkman has completed negotiations and taken over

the transfer of all interests from the other four limited partners. The
replacem%nt of these LIMITED PARTNERS have been with GENERAL PARTNERS

that hav? strengthened the entire project as they not only bring to the
organization ‘additional operational support and technology immediately
applicable to the project; but represent the entity for the final
utilizatfon of the end use of the Drilling Program. Namely, the Construction
and Operations of the ALcohol complex and planned Agricultural Complex.

During the course of strengthening the Legal entity for the Functional
Operation of the Partnership, Council has recommended that the Partnership
structure be altered to that of a Corporation. Establishment of a Corporation
will finalize and control past potential obligations of any envolvements of
the partners and provide a stronger Legal entity for the Drilling Program
as well as ultimate END USERS -of the Land and Geothermal Resource:

An Idaho Corporation will be the Entity for the Signing of the Contract
instead of a Partnership. This Corporation will be ENERGY RESQURCE
GENERATUS, INC. (ERG) instead of MAGIC RESOURCE INVESTORS. As provided to
you in a separate document, the Corporation will be composed of Jerold R.
Kirkman, and GEOTHERMAL AGRICULTURAL SYSTEMS, INC: a California Corporation.
Geothermal Agricultural Systems, Inc. (GAS) is composed of Agricultural
Growth Industries, inc. (Dr. Richard H. Matherson) and MAR-BIL ENTERPRISES,
(W.E.Henderickson, & M. Zeisloft). The latter two being California entities.

Legal Council recommends that this will be a stronger entity for the
entire project as all matters relating to the MAGIC HOT SPRINGS LANDING Site

" will be controlled through one body. Accounting, legal and operational

activities will be more readily controlled, audited and traced.

As shown in back up documents, the principles bring more to the organization‘

than the previous partners. Direct envolvement and experience is provided
from considerable previous envolvement and knowledge relating to Geothermal
Direct Use Applications. The previous partners had limited status, where
the new partners are directly active through technology and operational
experience in the Geothermal Industry.




Preliminary Negotiations between the Contracting Office of D.0.E
and Magic Resource Investors indicate that there is concern relating
to the costs that GRUY FEDERAL has presented. Concern has also been
shown about the experience of GRUY in the 0il and Gas fields more than
in Geothermal work. GRUY has indicated that they will not alter or reduce
their costs. We agree that after review that it appears that some of
these costs could be lowered. - It is therefore the concern and final
necessity for:the betterment of the Project to. alter this condition.
It is further understood that it was the intent to sub-contract much of
the geophysical work anyway.

Therefore, cost effectiveness can be accomplished by the New Corporation
directing the project with qualified Subcontractors as EUREKA RESOURCE
ASSOCIATES, ECOVIEW, CROSTHWAITE, WHITE doing the contracted work that
would have been accomplished by the same procedures as GRUY.at considerable
savings or more accomplished for the same costs. Direct contract prices
for sub tasks will be provided without overhead mark up as previously
presented by Gruy.’

EUREKA RESOURCE ASSOCIATES has considerable more experience directly
in the Geothermal field for the necessary functions as compared to GRUY.
The other Contractors provide additional experience directly working in
volcanic conditions similar: to the geological conditions of this location.
We are thus able to broaden the scope of the Exploration task to obtain
more information prior to ultimate drilling of the Final well.

- It should be emphasized that the END USER of the resource is now
becoming envolved with the planning, exploration, development and operations
of the resource. This will naturally have an effect on the total costs
of the entire project. Total cost effectiveness can be demonstrated
to prevent duplication or unrelated unnecessary activities that are often
the result of several engineering and consulting groups envolved without
a MASTER PLAN which has already been established.

This early and complete envolvement of the END USER provides a
more acceptable MASTER PLAN and provides an! economic advantage for the
ultimate OPERATIONS and success of the total project.




MAGIC RESOURCE INVESTORS
P. 0. BOX 1328 .
SUN VALLEY, IDAHO 83353

September 15, 1980

Ms. Nina Ussery, SEP Secretary
Department of Energy

Idaho Operations Office

550 Second Street, Room No. 119
Idaho Falls, Idaho 83401

Re: SCAP No..DE-SCO7-BOID12139, User-Coﬁp1ed Confirmation
Drilling Program

Dear Ms. Ussery:

Our proposal for a cooperative agreement award under the User-Coupled Confirmation
Drilling Program is submitted in ten copies as required by the SCAP. Separate
volumes are provided for the technical and business proposals.

rd
We appreciate DOE's interest in involving industry in the development of energy
resources. In order to assure a strong technical and management team for this

-effort, Magic Resource Investors proposes to subcontract most of the work to

Gruy Federal, Inc., a small business firm that has performed a significant amount
of geothermal work for DOE.

- In submitting this pﬁoposa] we have utilized the proposal check 1ist provided

with the SCAP and have fully considered amendment No. 001, dated July 16, 1980.
This proposal is valid for 200 days as specified in the SCAP.

‘Since Gruy Federal has been involved in developing the proposal, please feel
free to contact Mr. Jack Duree with technical volume questions or Mr. Gayland
Daugherty with business volume questions. They may be reached at 713/785-9200.

‘I will be responsible for all negotiations and company commitments arising from
this proposal. My telephone number is 208/726-8241.

Sincere1y;

: ;
. o
/ PO

.= " Jerold R. Kirkman
General Manager

JRK/jr




VOLUME I - TECHNICAL PROPOSAL
SUBMITTED TO THE
; DEPARTMENT OF ENERGY
" IDAHO OPERATIONS OFFICE

USER-COUPLED CONFIRMATION DRILLING PROGRAM
' SCAP No. DE-SC07-80ID12139

Copy ﬁo. 6 of 10

Date of Submission ‘ September 15, 1980

& Lesovsce GeNewsrvs, /ns e
MAGIC RESOURCE INVESTORS -
Rame of Organization (principal participant if a team of organizations)

PeoriT (corporarien)

Profit (partnership)
Organizational Classifications

-
Y67/ Hawsom Lo, Ookesy 3 Ces 94609
P.0. Box 1328,“Sun Vallev, ldaho 83353
Address of Organization

Magic Hot Sprlnos Landing User-Coupled Confirmation Drilline Proiect
Title of Proposed Project

Maximum Funds )’1919444' Total Cost of Progec’!’;oa/ 604‘

Requested from DOE  $1, 088 395 Through Flow Tes:ing $1,209, 328

Location of Sif:e _Magic Hot Springs Landing; Blaine County, Idaho

Proposed Project Duration (in months) 14

Proposed Starting Date January 15, 1981

Project Manager  Jack T. Duree Miﬂmaﬁ,mp

Position and Title Senior Managing Engineer COfMMJ-G—IRS)

Telephone (w/ area code)__ 713/785-9200 */M

Permission for Outside Evaluation Yes x No

This proposal is for drilling a(n)

Production Well x_ Injection Well . Other_ x
(Check other if for only testing a well). |
Flow Testing is Referenced on Page 130.

Variable Cost-~Share Plan is Referenced on Page 132.

Statement of Intent is Referenced on Page ii.
i
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A Blaine County, Idaho, as follows.

2. STATEMENT OF INTENT -

DESCRIPTION OF PROPOSED FUTURE DEVELOPMENT

Briefly describe below your proposed end use for the geothermal resource
should a successful geothermal well be drilled. Include in your description

the following information:

Location of the utilization facility.

a'

b. Description of the end use of the geaothermal fluid and the utilization
facility.

c. Whether or not you will sell the energy to other users. -

EARG.

Magic Resource Investors, a California partnership, with J.R. Kirkman a General
Manager and Western Resource Recovery Inc. with Henry Schutte President propose

to develop Magic Hot Springs, located at the north end of Magic Reservoir in

A two million gallon per year ethanol plant would be constructed and put into

operation. The heat requirements for the ethanol producticn process would be
provided by geothermal fluids discovered as & result of drilling at the site. The

ethanol plant would alsc be capable of producing a by product known as Distillers
Dried Grain (DDG). Further development might include but would not be limited to
greenhouses, aquaculture (catfish) and silvaculture (evergreen)

It is not contemplated that energy would be sold to other users.

If is further understood that the above proposal is contingent upon the demonstrated
availability of geothermal fluids at the desired temperature , flow rate
dimilliy and chemical composition. And also that the economic climate at the
time of proving of the well is such that the development would be warrented.

N "

' . '
Signe T——
T—
‘fE@goser J.R. Kirkman. -

Magic Resource,Investors

Signed

Potential ¥ser yonry w. Schutte

Inc.

ii

Western Resource Recovery
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3. SUMMARY

-~

The objective of the Magic ot Springs Landing user-coupled confirmation
drilling project is to establish the geothfe(rin‘_a poe)source adequate to
provide the energy requxrement of a 2- xmlhon-gallon per-year ethanol
distillation plant. The project is located at Magic Hot Springs Landing,

Blaine County, Ildaho.

To be a success, the confirmation well must produce a M
ga.llons per minute water at GWWESW The water will be cascaded through

mul'aple uses in future development of an industrial park, but a single

" end-use ethanol plant is the basis for feasibility projections for the

“project.

"Magic Resource Investors is joined in this proposal by two private invest-

.ors, Messrs. Rober Aﬂ&o zag d John Wed All required work will be
performed by Gﬁl ederal nc. Mer a cost-plus-a-ﬁxed fee subcontract
arrangement. PR s an extensive background in perfornung
contracts for DOE, mcludmg geothermal work. They will directly provide
engineering, supervisory, and administrative services and provide for

required field services by placement and 'management of subcontracts.

lagic Hot Springs was originally a thermal spring but now is an artesian
well flowing 66 gal/min of 165°F water. It discharges directly into Magic
Reservoir. The water quality is such that no disposal well is foreseen or

i_r_l_C_l_llc_i_e_q_jg_,th.a_.pJgn. If one becomes necessary, it will be subject to

negotiation.-

Geological evidence. indicates that this spring and most others in the area
are controlled by faults and/or fracture zones. Evidence also indicates
that the Magic Hot Springs locale is the intersection of at least two fault

systems.

. Geochemical geothermometers indicate that the Magic Hot Springs waters have

been at higher temperatures than other thermal waters in the area. Other

data indicate the water may have reached temperatures as high as 392°F.

iii




2 million gallons per year or more

EARTH RESOURCE GENERATUS, INC, an Idaho Corporation.
All required work will be directed by ERG and sub contract the Geothermal

-exploration, drilling, and logging to known reputable entities as shown

through previous geothermal work: EUREKA RESOURCE.ASSOCIATES, INC., -

ECOVIEW, CROSTHWAITE, WHITE.

ERG will direcf the engineering, subervisory and administrative services.
R.H.Matherson through his corporation of AGRICULTURAL GROWTH INDUSTRIES
has had experience working on several Government Geothermal contracts.

(PDS's & PONS).

iii a




The technical plan for the projecf consists of an exploraﬁoh program to
provide field confirmation of faulting, geophysical surveys to locate the
faults .in the subsurface, three temperature gradient holes to provide
three-dimensional heat flow data, and selection of an optimum drill site
for the confirmatiqn well. The preliminary drilling; logging, and testing
programs provide for a 3,000-foot production well with downhole logging and
flow testing to meet DOE specifications and provide data for determining

the cost-share payment.

,"‘

iv
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5. RESOURCE POTENTIAL - TECHNICAL AND ECONOMIC FEASIBILITY

5.8 GENERAL DESCRIPTION OF TOTAL PROJECT

The objective of the User-Coupled Confirmation Drilling Project is to prove
up and prepare for commercialization the geothermal resource known to exist
at the Magic Hot Springs site located on the north end of Magic Reservoir,
Blaine County, Idaho.

The Magic Hot Springs area is in northwestern Blaine County, ldaho, (Fig.
1) near the center of the four-county area of Blaine, Camas, Gooding, and
Lincoln counties in south central 'Idaho which comprises the Wood River
~Resource Area (WRRA). ' , -

., The Hot Springs area is named for a historic artesian hot spring near the
north end of lagic Reservoir (Fig. 2). It is conveniently accessible by
state highways 68 and 75 (U.S. 93). '

Magic Reservoir, on the Big Wood River, is located within Blaine County but
supplies irrigation water for farm lands primariiy in Lincoln County to the
south. It is also 2 major recreation area which is used for boating and
fishing in the spring, summer, and fall. The Hot Springs boat landing is
the major access point for recreational users of the reservoir.

The land surrounding the reservoir and Hot Springs Landing is typical of
high desert rangeland of the Snake River Plain. It is sparsely populated
and is primarily used for grazing and recreation.

In and around Magic Hot Springs Landing, Magic Resources Investors (MRI)
have assembled a block of fee land containing approximately 212 acres (Fig.
3), and have filed applications with BLM for leases on an additional 1,960

acres.

The topography at Hot Springs Landing and northward is gentle to moderately
rolling, and level to rolling along the shores of Magic Reservoir to the
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- south. Elevations in the immediate area average approximately 1524 meters
(5,000 feet).

As summarized in Tablé 1, the climate at Magic Reservoir. is semi-arid with
warm summers and moderate winters. Like the topography, the climate is
within a transition zone between the Snake River Plain to the south and the
intermountain valleys and foothills of the Smoky Mountains to the north,
thence northward into the rugged Bitterroot Mountains.

The four counties immediately surrounding Magic Hot Springs have a 1980
population estimate of 23,900, of which 44 percent resides in Blaine
County. Blaine County's population is concentrated along the Wood River
—Between Ketchum and Hailey. The other counties in the Wood River area are

rural in character with Gooding County accounting for 38 percent of the

e

- population, Lincoln County 14 percent, and Cam_as County 4 percent.

The population growth of Blaine County is greater than the other counties.
Between 1960 and 1970 Blaine County gained 39 percent in popuiation, while
the other three counties lost 29 percent. Between 1970 and 1980 Blaine
County had an estimated population increase of 80 percent while the other
three counties have estimated increases of less than 5 percent. Population

forecast for the four counties is shown in Table 2.

Table 2
Wood River Area
Population Forecast (1978)

1970 1875 1880 1985 1990 1995 2000

Blaine 5,740 7,750 10,390 12,100 14,090 16,500 19,370
Camas 720 860 940 940 860 770 750
Gooding 8,640 8,350 9,110 9,780 10,280 10,460 10,670
Lincoln 3,050 3,020 3,460 3,320 3,160 3,170 3,250




TABLE 1

CLIMATOLOGICAL DATA FOR MAGIC RESERVOIR HOT SPRINGS

Station

Elevation (feet)

Years of record

Average daily temperature (°F
January minimum :
January maximum.

July minimum
July maximum

Lowest temperature of record

"Highest temperature of record
Average annual days
_Maximum of 90° of more
Minimum of 32° or less
Growing season*
Average precipitation (inches)
Annual precipitation
Annual snowfall

January precipitétion
July precipitation

Average annual number of days
with precipitation

0.10 inches or more
0.50 inches or more

Degree days

Hailey

5,328
59

8,070

Fairfield = Richfield
5,065 4,306
20 44
3.21 11.1
27.6 29.9
46.0 50.7
84.6 87.4
-38 -40
100 105
13 19
211 188
68 105
15.64 9.64
83.2 35.4
2.91 1.41
0.25 0.26
44 39
10 6
8,575 7,306

*The average number of days between mean last 32°F Temperature in spring
and mean first 32°F in fall--that is, the average freeze-free period.

Source: Idaho Climatological Summary Data by Counties.

National Weather

Service (Climatology in Cooperation with the Idaho Department of

Commerce and Development, Boise, October 1971.
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Agriculture is the major industry of the area. Blaine County's e‘conomy is
dependent on agriculture and recreation. Camas, Gooding, and Lincoln
Counties are economically dependent on agriculture. Approximately half of
the cropland produces hay; most of the remainder produces grain and
potatoes, with small percentages in other crops such as barley, silage, and
sugar beets. Livestock and livestock products account for a large share of
farm 6perations. Grazing permits on public lands are an important part of
most ranch operations. Grazing land is primarily in federal ownership and
includes approximately 82 percent of the landin the four-county area.

Hot Springs is also located within the eastern portion of an area desig-
nated as the Camas Prairie geothermal area because of the large number of

_hot springs and the geothermal resource potential.

~" With the highest surface temperature of any well in the Camas Prairie Geo--

thermal Area, Magic Hot Springs has been the subject of several studies
‘that document the presence and potential of the resource. Noteworthy among
these is Idaho Department of Water Resources Water Information Bulletin No.
30, Part 7, Geothermal Investigan‘ons in ldaho, "Geochemistry and Geo-
logical Setting of the Thermal Waters of the Camas Prairie Ares, Blaine and
Camas Counties, Idaho." This study (Mitchell, 1976) reports a marked
difference in cheinistfy between Magic Hot Springs and other thermal waters
of the Camas Prairie. This chemical difference indicates that Magic Hot
Springs thermal waters have been at higher temperatures than other thermal

waters of the area, or that the reservoir rocks for Magic‘ Hot Springs are
chemically or mineralogically different from the thermal aquifers in the
Camas Prairie. Table 3 lists the water chemistry of Magic Hot Springs.

U.S. Geological Survey Circular 790, Assessment of Geothermal Resources in
the United States, 1978, (Muffler, 1978) shows that the Magic Reservoir
area has significantly greater resource potential than that of other geo-
thermal areas in the Wood River Resource Area. Circular 790 reports an
estimated mean reservoir temperature of 149°C (300°F) which is of the same
order of magniture as the known reservoir temperatures at the Raft River

Geothermal Test Site.




TABLE 3

CHEMICAL ANALYSIS OF MAGIC HOT SPRINGS
(Chemical Constituents in milligrams per Titer)

‘Sample Collection Date 7-21-72
Discharge (GPM) : 250
.Temperature (°C) ' 72
Silica (Si) - o 105
“Calcium (Ca) 20.0
Magnesium (Mg) 0.10
- Sodium (Na) | 321
— . Potassium (K) , 23
Bicarbonate (HCO3) 735
Carbonate (CO3) 0
\ Sulfate (SO4) - , 54
Phosphate (P) | .01
Chloride (C1) | 85
' Fluoride (F) | 10
o Nitrate (NO3) o .56
' r - TDS 1,213
5 pH 6.9

Source: Idaho Department of Water Resources
Bull. 30, Part 9, 1979.
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'h'igh as 200°C (392°F) with cold water making up 70 percent of the total.

The discharge of Magic Hot Springs well (Mitchell, 1976) is approximately
'250 liters per minute (66 gal/min). Ross (1976) reports that before drill-
ing, the original warm spring discharged approximately 492 liters per
minute (130 gal/min). Reliable geochemical thermometers indicate subsur-
face temperatures of 115°C to 150°C (239°F to 300°F).

As shown in Table 4, Magic Hot Springs water also shows a marked difference
in chemistry relativé to Guyer, Clarenden, and Hailey Hot Springs to the
north. The proximity of Magic Hot Springs to Magic Reservoir could mean a
possibi]ity of mixing of the thermal with nonthermal waters. Because the
well at Magic Hot Springs is cased only to a depth of 12.5 meters (41
feet), leakage from Magic Reservoir is very likely entering the thermal
conduit system that supplies the well. Mitchell (1976) considered this
_condition and developed a mixing model calculation which indicates that the

‘hot water component of this mixed water may have reached temperatures as

Even if mixing is not taking place, the geochemical geothermometers listed
in Table 4 indicate higher aquifer temperatures at Magic Hot Springs than

- ‘at Guyer or Clarenden.

The éeologica.l center of the Hot Springs hydrothermal system remains un-
tested in spite of the fact the location clearly has great geothermal

resource potential.

The first phase in develg ‘lngw the full potential of this known geothermal
resource, as defined by [RI's response to SCAP No. DE-SC07-80ID12139, is
the design and completion of an engineering and geological program to (a)
conduct a detailed exploration study of the fault systems, using field
geology and supporting data such as aerial photos, a detailed geophysical
survey, and a network of thermal gradient measurement holes; (b) drilling
and logging of a 3000-foot confirmation test well to assess the geothermal
resource at depth; and (c) flow testing of that confirmation well over a
period of time and in a manner sufficient for quantitative and qualitative

evaluation of the resource with i‘éspect to initial primary use.
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TABLE 4 -

|
GEOTHERMOMETER TEMPERATIRES

Springs or Well Discharge Known Temp. . Aquifer Temperature Predicted by Geochemical Thermometry,

Identification 1/m °C - T T T T T T T
= 1 2 '3 ‘s 5 6 7

Guyer Hot Springs 1,000 1 "°7% 128 125 9 101 88 88 64

4N 17 E 15 aac

Clarenden H. S. 100 a7 " s 122 6 97 . 87 45 53

3N 17 E 27 deb A

Hailey Hot Springs 13 8.7

2N 18 £ 18 dbb 70 59 7O |

Magic Hot Springs 10 72 '“"7 139 135 19 113 174 172 148

Landing
1S 17 E 23 aab

Silica temperature assuming quartz equilibrium and conductive cooling (no steam loss)

-—f
—
¥

Tp = Silica temperature assuming quartz equilibrium and adiabatic expansion at constant enthalpy
(maximum steam 1oss)

T3 = Silica temperature assuming equilibrium with amorphous silica
Tq = Silica temperature assuming equilibrium with chalcedony and conductive cooling (no steam loss)
Ty = Na-K-Ca temperature

Tg = Na-K-Ca temperature corrected for PCOp
Na-K-Ca temperature corrected for Mg

Na-K temperature

Source: Idaho Department of Water Resources.

Bull. 30, Part 9; 1979

oc*

88

87

99




The engineering/geological program and supporting economic data is the
subject of this proposal. It is described in detail in appropriate

sections herein.

The geothermal ﬂuld will be initially utilized by % ﬁ anol plant with a

capacity of 2 xm.lhon gallons per year. intends tm é L"Mb
commercialization of the geothermal resource and initiate an md\

Mpgﬂ&de‘v\l eni\by constructing the ethanol plant with private capital.

This plant could be followed by a series of secondary uses after primary
users have extracted the high-temperature energy.

MRI considered other locations in the Wood River Resource Area for develop-

~ing industrial park and recreational facilities, but selected the Hot
"Springs area because its geothermal and geological characteristics are very -

_ promising for development of a high-grade geothermal resource.

Geological evidence from all surveys indicates one or more series of faults
passing through or intersecting in the area immediately north of the lMagic

Reservoir.

The -relationship of faults and springs (including hot springs) in the hilly
and mountainous regions is well recognized. Several hot springs to the
north are aligned with & north-trending linear fracture that passes through
Magic Hot Springs. Other linear features occur, with springs, aligned in
other directions. Every indication -is"that these are surface expressions
of fault systems that control the circulation of thermal waters.

Any possible large thermal reservoir at Magic Reservoir is probably struc-

tura.lly controlled by large faults. Fracture permeability may allow
sufficient circulation and recharge to allow large volumes of water if the
fault system can be penetrated by drilling. The thermal water geochemistry
and drilling history, as well as the young volcanic geology at Magic Hot
Springs, shows definite promise of hotter water with deeper drilling.

11




Igneous rocks frdm Cretaceous through Holocene age occur in and around the
[ granitic area, providing several heat sources at various depths. These

rocks range in composition from granitic to basaltic, and in texture from

granitic to rhyolitic.

L A heat flow of 3 HFU, which is twice the normal (1.5 HFU) for the United
States, is typical of this area (Brott and others, 1976). This high heat
f flow is typical of the granitic Idaho batholith (Blackwell, 1973) and is
! high enough to indicate that thermal waters could be reaching maximum
| temperatures, as predicted by geochemical thermometry, through deep

eirculation.

- The heat flow in the Magic Hot Springs area may be related to Cretaceous
granitic rocks of the Idaho batholith, which are known to underlie younger
B - voleanic rocks north of Magic Reservoir. High heat flow may also be due to

( .  i the area's marginal position relative to the Snake River Plain. A buried
stock or sill, perhaps related to the Holocene basalt flows south of Magic

;’” Reservoir, could conceivably underlie the area as a local high-intensity

l[\‘i‘ heat source (Mitchell, 1976). '

|

Mitchell (1976) reports temperatures between 150°C and 200°C (300-392°F)
might be found by deep drilling at Magic Hot Springs. Thermal waters may
! be circulating to depths approaching 1,800 to 2,500 meters along faults.

- - eke

- The MRI technical plan in this proposal includes 2 confirmation well (pro-
o duction test well) drilled to a depth of 3,000 feet at a location where it
will intersect the largest number of deep fault planes or fractures. The
= “ confirmation well will be flow tested with pressure drawndown and buildup
el measui‘ements sufficient to assess the geothermal potential in gquantitative

[ terms.

P _ Magic Resource Investors and two individual investors bring to the proposed
project a net worth of about $7 million. With this substantial worth no
difficulty is anticipated in obtaining loans for the non-DOE-funded cost of
the explbration, drilling, and testing program. Total cost of the program
through testing is estimated in the vicinity of $1.2 million.

Pl 12




I Following the reservoir confirmation tests in this proposal and subject to
b their outcome, a 2 hon gal/yr ethanol piant will be constructed with
: private capital on Mf&l acreage to utilize the initial heat energy in the
geothermal waters. Since the primary use will not extract all of the
energy from the geothermal fluid, this plant could be followed by other

users in cascading use of the resource.

Assessment of an ethanol distillation plant as initial end user of the
geothermal resource is favorable with respect to attraction of private
capital and commitment of that capital to this project, on the basis of
market determination, feedstock supply and cost, availability of feed-
stocks, by-product utilization and economic return, and the area's overall
abmty to support and maintain an ethanol distillation facihty of one and

__two mlhon gallons per year capacity.

Extensive research and discussion has gone into the financial and economic
feasibility aspects of this proposal. As discussed in more detail in other
parts of the proposal, there is a likelihood that the geothermal resource
can be cascaded for several uses. However, the pxlincipal study has been
limited to an ethanol plant. Income statements, cash flow projections, and
loan amortization considerations have been developed assuming 25 percent
and 50 percent discounts from equivalent No. 2 fuel oil cost. vaiously
the return is better with the 25 percent discount ahd indicates payback in

Jesrp ALM&{fmuf
The proposed plant facility consists of prefabricated units b by Roeky
Mountain ethanol Systems, Inc. The design has already been tested and

the range of three to five years.

proved by operations in other locales.

= _ 13
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Westphal - - ~will provid &&nuction oversight and
recommend management of the ethesg;?\\ant, while Geothermal Agri-
cultural Systems (GAS) will SQ?\ mediate and direct responsibility
for management of the en {§§éﬁi project. Westphal - is an
“tdaho ;orporation formedispthe Westphal USA Corporation and inter-

national Stills, Inc. Descriptions of these two companies follow

Georg Westphal Ing.K.G., specializing in systems technique and

equipment engineering and manufacturing, was founded in.1926 by

Georg Westphal. In the early years, the main work consisted of

copper smithing, and in 1928 the first pot still was built. Since then,
the company has specialized in tHe engineering of alcohol stilis and

the manufacture of equipment. The Westphal company is unique because
its engineering capabilities are directly transformed into ethanol
producing equipment in its own manufacturing facilities. In other
words, the theoretical knowledge is put into actual operating plants
and the facility has thereby integrated both aspects to the full

"benefit of the customer.

Since its early years, the Westphal company has been a leader in the
technology pertaining to starch conversion and alcoho! distillation.

Helmut Westphal, son of the founder, took over the operations and

plant in 1960. Being raised around the company gave him his practical
_exposure and an early and complete understanding of the design, engineering
and manufaﬁture o; ethanol equipment. Helmut Westphal studied several
systems techniques and mechanical engineering in Berlin, and graduated

a certified engineer in 1958. . For the next two years, he worked in

Berlin under Professor Misselhorn at the National Institute for Fermenta-

tion Techniques and Biotechnology. Here he received his intensive

training in alcohol production and the 'use of proper technology. He
aggressively pursued new ideas in advanced equipment design and for
better energy efficiency. While his competitionlkept on building older
vat type stills, not very energy efficient, Mr. Westphal spent most of

his time trying to develop innovative techniques. The big breakthrough
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came in 1976, when the first j%f;;bhutomated continuous cooking
\V’
T

process was designed and b he results were unheard of in the
industry: Energy saving 0% in the cooking process alone. During
the next two years, the chnofogy was refined and five plants,
producing from one to three million gallons annually, were built

in Europe.

tn 1978, the Westphal company was approached by the Brazilian govern-
ment, which desired Westphal's advanced technology for ethano! plants
to be built in that country. The negotiations were completed at the

end of the year. Since January 1973, some 500 million gallons per
- poe—rncd

year production facilities have been built in Brazil using exclusive
N

Westphal technology.

Today, Westphal and its Brazilian partners deliver 85% of all equip-

ment sold for ethanol production. Helmut Westphal's son, Stefan, has
enrolled at the Univei'sit_y to study systems techniques and mechanical

engineering, to be able to take over as the third géneratEOn of his

“farily in the ethanol field.

‘Internationa1 Stills, Inc. (1S1), of Lake City, Minnesota, is a
Minnesota-based corporation with offices in Indianapolis, Indianna
and representatives in California, Oregon, Mississippi and 1linois.
IS! was incorporated in March 1980 for the advancement of feasibility
and economic studies, engineering, sales and service of equipment for
ethanol production. The five officers of the corporation bring together
proven backgrounds in sales, engineering, construction and finance.
{Si's parent company, Georg Westphal ing.K.G. of West Germany, has
50 years of leadership in the ethanol industry. 1Sl's commitment is
to provide the best technology and energy balance at an affordable

price, as well as to service for its clients.
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5.b.(1) Geological Descriptiori of Resource

Magic Hot Springs was originally an artesian thermal spring flowing 97°F
water at 130 gal/min. It now is an artesian well producing 165°F water at
a rate of 66 gal/min, drilled to a depth of 260 feet and cased to about 41
feet. The presence of the hot spring has been known since earliest settle-

ment of the area.

The produced water is 'relatively fresh, containing 1,215.'ppm total dis-
solved solids including 85 ppm of chlorides. It is postulated to be a

mixture of deeper geothermal water and seepage from Magic Reservoir.

“Although a number of geological and geothermal resource studies have
___included the Magic Hot Springs site and Magic Reservoir area, detailed
" geology of the area is not well known. The Magic Hot Springs site is the
highest temperature thermal well in the area, but the origins of its water
are not proved, and the controlling geological structure and conditions -are

not tested.

grounds for opinions and hypotheses with high probability of accuracy.

ANoteworthy contributions to this proposal are the publications by Walde
(1959), Walde, Powers and Marshall (1963), Smith (1966), Mitchell (Septem-

(Smith, 1959) and 1609 (Walton, 1962).
In addition, Mr. John Anderson, Idaho Department of Water Resources, has

carefully examined the area and shared his knowledge with MRI and GFI.

in David W. McClain and William B. Eastlake (1980), Magic Hot Springs,

On the other hand a sufficient volume of literature exists to provide

ber, 1976), Bennett and Remker (1979), and USGS Water-Supply Papers 1478

A comprehensive review of the geology and geothermal potential is reported

Idaho, Site-Specific Development Analysis, Idaho Office of Energy, Office
of the Governor, under DOE grant No. DE-FG51080RA50083, Region X office,
Seattle, Washington.
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Material from Mitchell (1976), Anderson, and McClain/Eastlake is used

freely without further credit in this proposal.

Magic Reservoir is located in the northern edge of the Snake River plain
adjacent to the southern border zone of the Idaho batholith. It lies,
therefore, in a region of structural, stratigraphic, volcanic, and tectonic

complexity.

The Idaho batholith, has an area of more than 16,000 squai‘e miles and is
located just south of the convergence of two great arcuate segments of the
Nevadan orogenic belt in eastern Idaho. It is composed mainly of quartz
monzonite, with marginal facies to the south and southwest of granodiorite
"formed by alteration of the original rock by rising solutions rich in
_ silica, potash, feldspar, biotite, and sphene. The batholith contains many
A younger intrusions believed to have been emplaced either at the close of

the Laramide orogeny or in_\ mid-Tertiary time.

The Snake River plain is possibly a rim syncline to the batholith. It is a
region of widespread volcenism in the Miocene-Plio.cene phase of Central
Rocky Mountain development, and extensive basaltic intrusion and rhyolite
flowélduring the Pliocene.

 Multiple local and regional sources of sensible heat from hot rocks and
radiogenic heat from younger intrusive rocks are postulated to exist in the
Magic Reservoir area, although at unknown depths.

The generalized geology of the area west of Magic Reservoir is shown in
Fig. 4, from Smith (1959). The stratigraphic section of the area is shown
in Fig. 5, compiled from two sources, as indicated. The Magié Hot Springs
site at the north end of Magic Reservoir lies within a generally north-

| south and thence southeasterly belt of early Tertiary extrusive #nd pyro-
clastic rocks (Tv, ranging in composition from rhyolite to basalt but here.
consisting of basalt) that occurs within or locally marginal to older
pre-Tertiary rocks (pre-T) of the batholith. Compare the rock symbols in
sections 2, 11, 14, and 24 to those in sections 12 and 30.

15
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. Figure 4 --Generalized geology of western portion, middle Big Wood River - Silver Creek
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A meajor unconformity and weathered or altered zone that widely exists
between the two rock types might provide a favorable zone of subsurface

water movement.

Geological formation and their water-bearing properties are listed in Table
5. Two important shallow aquifers are the Early Pleistocene fluvioglacial
sediments (Qgf) and the Snake River basalt (Qtsr). The fluvioglacial
sediments are restricted to the outwash plain of the Big Wood River to the
: east. The Snake River basalt area of Magic Hot Springs is not recognized

at the Magic Hot Springs site.

Extensive faulting is recognized in the Magic Reservoir area and is be-
ﬂﬂlieved to be the controlling factor in the occurence of geothermal springs
——here and elsewhere in the southern border zone of the batholith, as at
- Ketchum. Other faults are believed to determine the occurrence of numerous

springs north and northwest of lMagic Hot Springs.

A good summary of the occurrence and importance of faulting in this area is
provided by McClain and Eastlake, from Mitchell (1976) and others.

"Several major structural features are known to converge in:the general
area of Magic Hot Springs. The north trending Wood River Valley intersects
the Snake River Plain in the general vicinity of Magic Reservoir. Also,
the east-weét trending Camas Prairie .intersects the north trending Wood
River Valley at Magic Reservoir. These major features are structurally
controlled and faulting in the area has an en-echelon relationship to the
Camas Prairie and Wood River Valley.

"Smith (1966) referred to the Camas Prairie Basin to the immediate west of
Magic Hot Springs as a graben, and found evidence for fault control in the
Mount Bennett Hills. This east-west trending range is a complexly faulted
horst consisting of Cretaceous and Miocene age rocks. '

"The Mount Bennett Hills (southwest of Magic Hot Springs) are tilted south .
and plunge eastward beneath the Pliocene and Pleistocene volecanic and

18




ceo=- ool 3LES
GEOLOGIC FORMATIONS A

ND THEIR WATER-BEARING PROPERTIES ~ -~~~ -—=-- -

(From U.S. Geological Survey Water Paper No. 1478)

Y SR

Formation end | Thickness, ) E .
Perlod Epoch map symbol feat Physical character and areal disiribution Water-bearing propertiés
Siit, sand, and gravel underlying the channel Permeabliity generally high; gravel ylelds wa-
. and flood plain of the Big Wood River; chlef- ter copiously to shallow dug wells, especial-
Recent Alluvium 0-10+ ly of reworked fluvioglacial sediments deriv~ ly where pumping induces recharge from the
Qual- ed from the headwater area of the Big Wood river.
River.
Terrace _ 8and, gravel, cobbles, and boulders in thin de- Contains unconfined water at shallow depth in .
gravel Undeter- . posita on stream terraces. Conslsts chiefly south part of basin, but Is unimportant as an
Qt mined of reworked older fluvioglacial material; aquifer because it is thin,
- poorly sorted to moderately well sorted.
Slope wash . Silt, sand, and gravel, poorly sorted, with A ‘minor aquifer, tapped locally by domestic and
Quaternary and gravel, Undeter- angular fragments; at some places Inter- stock wells; occupies small recharge areas
undifferen- mined fingers with stream gravel; elsewhere over- where precipitation and surface water perco-
tiated lles old pediment slopes; occurs around bor- late into the ground.
Qsw der of basin and along Rock Creek.
Plelatocene Clay, silt, sand, and pebble- to cobble-sized The most productive aquifer and the immediate
Fluvio- gravel deposited by streams and lakes; under- . source of nearly all the ground water ‘that is
glacial lies most of the basin floor. Grades from uged in area; yields both unconfined and con-
sediments 300+ poorly sorted coarse material on the north to fined water abundantly to wells and eprings;
Qgf interbedded clay and well-sorted sand and receives recharge readily north of the Boise
gravel south of the Boise baseline. Mantled baseline; the beds of clay beneath the south-
at some places by topsoil. ~ern part of the basin are confining layers
over artesian aquifers.
Olivine basalt, lght-gray to black, fine- Important aquifer and the conduit through which
Snake River grained, drusy to vesicular, jointed; con- much ground water leaves the basin by under- *
basalt 50-250+ tains zones of broken basalt, cinders, and flow; sedimentary interflow beds, especially,
QTsr interflow sediments; crops out between Gan- transmit large quantities of ground, water,
Pliocene : nett and Picabo and at the southeastern and yields water plentifully to wells "between
‘ southwestern outlets from the basin. Gannet and Picabo.
Tertiary -
Extrusive rocks ranging in composition from The extrusive rocks, where jointed and overly-
Voleanic Undeter- rhyolite to basalt; unconformably overlie ing relatively impermeable sedimentary beds,
Miocene(?) rocks mined older rocks; considerably jointed. In some yield small amounts of water to springs; have
’ Tv places individual flows are separated by thin +  comparatively low porosity and permeability -
: sedimentary beds; crop out in Picabo Hills and store little ground water except locally.
and along northeastern border of basin.
A Sedimentary rocks, well indurated, folded and Tightly cemented and low in permeability and
Pre-Tertiary Sedimentary . faulted; intruded by stocks of granodiorite porosity; generally poor water-bearing rocks
and granitic Undeter- and quartz monzonite; crop out in mountains except where they contain joints and other
rocks mined that border the basin and extend beneath it fractures; under favorable conditions ground
pre-T at unknown depth. water is transmitted through the permeable

zones and is discharged through springs; im-
portant ohlefly as Impermeable basement
rocks. .




sedimentary rocks near Magic Reservoir. Smith mapped numerous northwest
trending en-echelon faults in the Mount Bennett Hills and Magic Reservoir
area. These faults are probably early Pleistocene age (Smith, 1966) with
nearly vertical movements and genersally downthrown blocks to the north.
Smith reports displacement in excess of 300 meters (984 feet) in the Mount
Bennett Hill area.

"Bennett and Rember (1979) mapped a major north trending fault extending
from the Snake River Plain north into the Sawtooth Mountains which have an
en-echelon relationship with the Wood Rivef Valley. Malde (1963) mapped
several northwest trending near vertical faults with largely dip slips down
to the north. These faults have a general en-echelon relationship with the

’

Mount Bennett Hills and Camas Prairie to the west of Magic Hot Springs.

"Mitchell's (1976) interpretation of Landsat false color infrared satellite
imagery revealed several linear features near Magic Reservoir. Mitchell
identified a major east-west linear at Magic Hot Springs which could
represent the surface expression of a major fault. Mitchell identified
this linear as the 'Magic Hot Springs Fault. " This linear intersects the
Clay Banks fault (Smith, 1966) at the location of Magic Hot Springs.

"A north trending linear feature which intersects Magic Hot Springs is
aligned with several hot springs north of lMagic Reservoir. This linear has
an en-echelon relationship with the Wood River Valley and is a probable

- surface expression of mejor vault which could control the circulation of

thermal waters as is indicated by the numerous faults.

"Both linear features intersect at Magic Hot Springs. The dip slip direc-
tion of any faults associated with these linear features is undetermined.
It is probable that the east-west trending linear identified by Mitchell is
a near vertical normal fault with the downthrown block to the north. This
relationship would be consistent with the dip slip of the northwest trend-
ing faults of the Clay Bank Hills. The north trending linear feature is
probably a near vertical fault with the downthrown block to the east. More
detailed geological mapping is neéeded to clarify the structural relation-
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Figure 7 -- Descri'ption of Rock Units from ﬁalde, Powers, and Marshall (1263),

modified by John Anderson 1983. Accompanies Anderson geologic overlay
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All geological evidence indicetes the presence of a high-grade geothermal

resource in the lagic Hot Springs locale.

The unknown negative factor, of course, is whether the fracture perme-
ability of the fault zones has been reduced by secondary crystallization or

diagenesis.

As described elsewhefe (section 5.a.), the lithology and structural geology
of the area surrounding Magic Hot Springs indicate favorable conditions for
‘the occurrence of geothermal resources. A heat flow of 3 HFU, which is
twice that considered normal (1.5 HFU) for the United States, is typical of
this area (Brott and others, 1976). This above normal heat flow is typical
~of the granitic Idaho batholith (Blackwell, 1973) and makes it reasonable
Hto expect that thermal waters could be reaching the maximum temperatures

- predicted by geochemical thermometry through deep circulation.
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5.b.(2) End Uses

(i) Overall Plan.

! The schematic (Fig. 9) shows the overall layout for the entire proposed
: development including the ethanol plant. For the user-coupled proposal the
only process bem considered is the ethanol plant,m cow Dan ‘\/I 5 pectocry

- ' are BT Ny Further, the chemical composition of the

= ‘ _‘_resource must be such that heat required by the process can be provided by
__flashing the hydrothermal fluid to steam. A margin of 75 gal/min is
"required for heat loss and well decline, for a total of 615 gal/min.-

The potentxal grée\nﬁsu‘ses, catfish raceway, and ‘z;‘qilfljw/a’\rmii:]tg?

system shown on the schematic as potential secondary uses of geothermal
energy a.re not part of this project. The area and heaung requirements for

irrigation

- greenhouses wﬂl depend on further economic analysis and the successful
Loy ’ 'ég;x;pl\enon of ‘the ethanol project. . The construction of catfish raceways.
i will probably depend on the successful completion of the ethanol plant.
" The size and flow of the raceway will be dependent on the flow rate and
temperature of the shallow wells to be drilled to supply blending water.

i : The underground soxl warmmgllrngxatlon system is meant pnmamly for

0

t\/(l i /
d1sposa1 and esthetlcs.‘ Any economic " advantage would be only incidental.

(iii) Predicted Utilization Factor

The ethanol plant w1ll operate 24 hours per day, 360 days per year, which

gives a W

26
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For the user-coupled proposal

the process being considered will be an ethanol plant, a 650 cow dairy,
a specialty cheese plant and coordinated manure handling and feed systems.

The final energy requirements for the ethanol plant and adjoining agricultural

complex will depend on the results of flow and temperature of the final well

inorder to properly size the ethanol plant at 2 million galions or more.

No greenhouses or slil warming systems considered at this time.

The ethanol plant will operate 24 hoﬁrs per day with usual 330 day production

and potential maintencance schedule of downtime of 35 days per year.
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Projected use of, geotherma} energy
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Figure 9 -- Schematic of projected end use, Magic Hot Springs geothermal well,
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(iv) Gross Annual Energy Consumption

Predicted average gross annual energy consumption of the ethanol plant that
will met through the use of hydrothermal energy will be T =

pér year.

(v) Energy System Components

The major energy system components are:

1. Drilled and cased hydrothermal well, 3,000 to 4,000 feet deep,

with controls.

— 2. Pump to supply 675 gal/min at sufficient heat.

3. Hydrothermal supply line to the ethanol plant.

(vi) Existing Energy System

'F}‘f The ex1st1ng energy system is a 260-foot well that is cased to a reported
depth of 41 feet. The well flows artesian 136 gal/min at 163°F. -
\/‘

If an ethanol plant is put into operation at the site, the existing well
might be utilized by some of the other planned processes, such as Ex&eﬂ\,\
h\a\,s_es\and fish farms) 47£—uw«m;f’;\nu_t< L)a.u;«f_ U//rf\&frw-'»t"—_ﬁu,t

: ) 3

5' ; The produced water disposal sysfem will be subject to review when the

: chemical content of the produced water is known. If the water is low in
mineral content, surface disposal will be feasible (natural 'drainage or /
! irrigation). If the water is found to be too highly mineralized, reinjec-"
- tion into subsurface zones, preferably the producing interval, would be

[ needed. The disposal system will be subject to State approval in any

- event.

2l
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5b.(3) FINANCIAL FEASIBILITY

Determination of the financial feasibility of the entire project through
end use requires analysis of both the geothermal energy economics and the
| end use. The proposed geothermal system requires the siting, drilling,
completion and testing of a 3,000-ft well. Assuming that the well is
sufficiently successful, an ethanol distillation plant with & production
capacity of approximately 2 Q'm‘mm/a ons per year will be sited adjacent
to the well. Very low cost surface disposai of the geothermal fluid
exiting from the ethanol plant is planned based on evaluation of available

information from the present well on site.

“In the future, the 899%1 npl fluid might be cascaded from the ethanol
--plant through greénhoffges '5 an aquaculture raceway and then to a nursery

- operation. However, these additional uses are not sufficiently certain to
include them with the ethanol plant in the base load geothermal economics.

The financial feasibility of the proposed geothermal system is determined
1argé1y from income and cash flow projections for the economic life of the
geothérmal investment. These estimated earnings and cash flows are
evaluated by themselves and also, when combined with the investment outlay,
permit calculation of two other i:hportgnt financial measures--return on
investment and payback period. We will comment on the adequacy of these
four financial yardsticks--profitability, cash flow, return on investment,
and payback period--for the proposed investment after developing the
project financial data. '

The financial representation of the proposed geothermal system as an
investor might see it requires making several assumptions. The following
assumptions are realistic and consistent with the proposer's financing
expectations:
: 2

1. ‘Economic life of well - /J‘D/W"years (same as ethanol plant)

2. Geothermal system capitalized - $1,250,000 }

3. Non-exploratory .well and pump capital - $750,000
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4. Well flow rate - 675 gal/min _
5. Wellhead iemperature - 280°F or higher
_ 6. Operating expense, labor and maintenance - 10% of xion-exploratory
well-arid pump capital
7. Overhead - 5% of non-exploratory well and pump capital-
8. Depreciation - straight line /5/
9. Interest rate - 16% for loan amortized over the 1 year- life
10. Composite income tax rate - 50%
E Amoction DAYS : .
11. End user - 2 million gallon/year ethanol plant 43 ev?
12, Energy load - 1.94 x 1011 BTUs/year 0K, ~ $%97° BTQ/G""
13. Non-geothermal energy source - No. 2 fuel oil |
14. Geothermsal energy price (to be neg'otiate’d) - 25% to 50% discount
off No. 2 fuel oil price of $5.60/106 BTUs
15. Well cost - full cost before any cost-sharing

e

" A few of these assumptions warrant additional discussion to make their
réasonabﬂity clear. The well life assumption is tied to the ethanol
facility and market. If the life were forecast based on the known geologic
and hot spring data, the projected lifezgrobably woul_d be longer. However,
the ethanol plant life is estimated at 18 years, and the ethanol market. and
technology are not sufficiently predictable to permit inclusion of a re-

placéfnent plant for a second l8-year span.

The operating and overhead expenses are based on 'a percentage of capital.
Since the geothermal system capital includes siting and flow-testing costs,
we have eliminated these exploratory items to arrive at a well and pump
capital figure that is a fairer basis for estimation of expenses.

It is possible that the investors would choose to make somewhat different
assumptions regarding depreciation method and intangible treatment. They
also may negotiate a shorter loan life or some form of balloon repayment
schedule. However, our assumptions represent a base case which other

treatments would only improve.

The energy load and price are critical assumptions since they together are
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o determinants of the geothermal revenue. The energy load is based on the
. energy requirements of a 2-million-gallon batch basis ethanol plant. The

value of the geothermal energy is yet 1o be negotiated betwee 'Magfc
It is anticipated that

I

| <" Resource Investors and Western Resource Recovery)
: T the Tnegotiated pPrice will result in geothermal Btu's at a 25% to 50% dis-
| count from no. 2 fuel oil. Although this range lis fairly wide, it provides

a basis for evaluation of the fin_anéial feasibility of the geothermal

: investment at the two ends of the range.

Income statéments, cash flow projections, and loan amortization based on

these assumptions are shown in Tables 6 and 7. Table 6 assumes that the
; ~ geothermal energy is sold at a 50% discount from no. 2 fuel oil; Table 7
, mz‘assumes only a 25% discount. The income statements and cash flow projec-
I ‘tions suggest that the proposed geothermal project is financially feasible.
‘ T With the exception of the first year when the project is under construction
and generates no income, after-tax profits and positive operating cash flow
' . are shown in every year at both the 25% and 50% discounts. | This can be
seen from the lines captioned "Profit After Taxes" and "Cash Generated" on
the two exhibits. In addition "Cash Generated" in each year after the
first year is sufficient to pay the scheduled loan amortization that would

be required for a level-payment loan. (Compare the "Cash Generated" line .
on each exhibit with the "Loan Amortization" line.) "Profits Before Taxes"

apbear to provide satisfactory coverage of interest to satisfy lenders,

although at a 50% discount the interest coverage and the cash generation do

not provide much of a safety margin (compare the Table 6 "Profits Before

Taxes" line to the "Interest” line for yedrs 2 through 7).

The indicated Pavback Period is fully acceptable with the 25% discount but
is somewhat marginal for the 50% discount level. Payback compares the

cumulative cash inflow to the cumulative cash investment outlay to deter-
mine when you have your money back. Let us assume an investment outlay of
about $1.5 million consisting of a $1.25 million well, $0.1 million contin-
gency, $0.1 million loss in construction year, and $0.05 million working
capital. Cumulative addition of the "Cash Generation" starting with year

1

o » ' ~ i
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THERE WILL BE NO PRICE STATED FOR THE VALUE OF THE GEOTHERMAL
WATERS AS THE PROFITS DERIVED THEREFROM WILL BE INTERNAL ?{OST ACCOUNTING
FOR THEAOPERATING'CORPORATION. THE DEVELOPERS OF THE GEOTHERMAL WELL ARE
NOW ALSO THE OPERATORS SO THAT ALL COST SAVINGS WILL BE INTERNAL TO MAKE
THE PRODUCTION COSTS OF THE END PRODUCTS, ALCOHOL ETC THUS BEING THE
VEHICLE THAT IS GETTING THE FINANCIAL ADVANTAGE.

DUE THE THE INTERNAL SAVINGS OF THE HEAT SOURCE FOR THE PRODUCTION
OF ALCOHOL THE PAY BACK PERIOD WILL SHOW AN ADVANTAGE IN THE OVERALL

OPERATING BUDGET.
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. Year
T Shres
Revenue

Operating expense,
labor, and maintenance

Depreciation
Overhead @ 5%
Intangibles W/0
Interest expense

Profit before taxes
Income tax
Tax credits:
~ Ordinary (10%)
‘Energy (15%)
Profit after taxes

Plus: non-cash charges
Depreciation
Intangibles
Cash generated

Note:
Loan amortization

Loan balance (end yr.)

1

~ INCOME STATEMENT AND CASH FLOW (000s)
ASSUMING 50% BISCOUNT FROM NO. 2. FUEL OIL EQUIVALENT

3

TABLE 6

2 4 5 6 7 8 9 10 11
$ $543  $543 §543  $543  $543  $543  $543  $543  $543  $543
7% 75 75 75 75 75 75 75 75 75
125 125 126 - 125 125 125 125 125 1256 125
38 38 38 38 38 38 38 38 38 38
100 200 191 180 167 152 135 116 93 66 36
(100) 105 114 125 138 153 170 189 212 239 269
(50) 53 57 62 69 76 85 95 106 120 134
53 57 15
- .47 69 72
(50) 105 114 125 138 149 85 94 106 119 135
125 125 125 125 125 125 125 125 125 125
$(50) $230 $239 $250  $263  $274  $210 3219  $231  $244  $260
$ - $59 $68 $79  $91  $106 $123  $143  $166  $192  $223
1250 1191 1123 1084 953 847 726 581 415 223 -




£e

TABLE 7.

~ INCOME STATEMENT AND CASH FLOW (000s)
ASSUMING 25% DISCOUNT FROM NO. 2 FUEL OIL EQUIVALENT

Year S | 2 3 4 5 6 7 8 9 10 11

C.7. Hv sares
Revenue $ $815 $815 §815 $815 $815 $815 $815 $815 $815 $815
Operating expense,
labor, and maintenance 75 75 75 7% 75 75 75 75 75 75
Depreciation: 125 125 125 125 125 125 125 125 1256 125
Overhead @ 5% 38 38 . 38 38 38 38 38 38 38 38
Intangibles W/0 '
Interest Expense 100 200 191 180 167 152 135 115 93 66 36

Profit before taxes (100) 377 386 397 410 425 442 461 484 511 541
Income tax ( 50) 188 193 198 205 213 221 230 242 256 271
Tax credits : '

Ordinary . 125 .

Energy 63 125

Profit after taxes ( 50) 377 318 199 205 212 221 231 242 255 270
Plus: non-cash charges

Depreciation 125 125 125 125 125 126 125 125 125 125

Intangibles SRR ~

Cash generated $(50) $502 $443 = $324 $330  $337 $346  $356 $367 $380  $395
Note: ) ‘

Loan amortization $ $59 $68 $79 $ 91 $106 $123 $143 $166 $192  $223

Loan balance (end yr,) 1250 1191 1123 " 1044 953 847 724 581 415 223 -




. 1 ‘ 2 reaches a total of $1.5 million in year 5 for the 25% discount (Table 7)
Thus, the :':_:'_:‘." e :

and early in year 8 with the 50% discount.

| R RiaaRE, but is

50% discount produce somewhat marginal results.

Using the discounted cash flow internal rate of return approach vyields
f essentially the same analytic evaluation. The "Cash Generated" as shown on
* the exhibits is net of interest expense. Typically the internal rate of.
: _. I return is calculated from cash flows excluding the cost of financing, since
T the rate of return is presumed to cover the cost of capital. If we remove
the after-tax impact of the interest expense from the "Cash Generated", we
can relate the adjusted cash flows to the initial investment and determine
_the DCF internal rate of return (IRR). ' The result of these calculations
for the proposed geothermal system is a 17% IRR for the 50% discount
~ example and a 30% IRR for the 25% discount. Given the cost of money in the
foreseeable future, the 17% IRR is a little low and the 30% IRR is fully

adeq uate.

The financxal feasibility of the ethanol end use depends upon many factors
mcludmg availability of feedstock, an affordable source of energy, and a
stable year-round market for the ethanol that will be produced. A study
was prepared by Dr. Arthur C. Rathburn of Rathburn and Associates, Twin
Falls, Idaho for the proposers which investigated feasibility questions
including feedstock, ethanol market, ethanol technology, ethanol pfocess

..‘ - 3 . I3 iy
)" ; cost and economics, environmental aspects and regional impacts. His con-

clusion was favorable to establishment of an ethanol plant in the region.
This conclusion corroborates the implied business feasibility of the
ethanol direct-use application that is intended by Western Resource

Recovery.
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- of factors that mandate alcohol in all gasoline fuels." The study further
noted that "the improved volatility of gasohol fuel provides added driver
satisfaction through easier starting of the vehicle, especially in "cold

weather."

In the region around Magic Reservoir only a few stations have tested the
marketing of gasohol. These stations are pleased with customer response,
even at a higher price, because of increased mileage-per-gallon performance
and the fact that .they are using a product that utilizes less foreign oil.

These stations were purchasing their alcohol for $2.02 per gallon and
mixing it at 1 part to 10 parts unleaded gasoline. They all expressed a
_desire to purchase larger volumes, and felt that a price of $1.70 to $1.80
‘a gallon would allow them sufﬁcieht profit to install full-time gasohol

" pumps.

The local and regibnal distributors contacted for the MRI study expressed
real interest in obtaining & marketing agreement with a local distillation
plant. We find no reason to doubt the lowa Development Commission's
summary that "A potential market for gasohol does exist and up to 10 per-
cent of the consumers in the market could be expected to use the product on
a regular or occasional basis."

'IL‘E%/L f1r/§} : # ( QP’ t the Magic Hot Springs geothermall‘k”@/c‘/éﬂ’@[@»y A‘@(

-

ecovery, Inc., which intends to produce fuel-
grade ethanol (180 to 190 proof) at the Magic Hot Springs site and trans-
port this product to its facility being developed near Twin Falls for
dehydration. Fuel-grade ethanol would have a value to the Western Resource
Recovery, Inc. of approximately 12 cents per gallon less than anhydrous

ethanol.

2. Feedstock Supply

[ . Feedstock costs are the most critical factor indetermining feasibility.
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_feedstocks are wheat, barley, oats and cheese whey. v €7 L pldhe

———

Two major ethanol processes are in current use: cellulose and carbohy-
drate. The cellulose process can use any vegetable fiber, such as corn
stalks or wood chips, which are inexpensive and easily avaﬂabie. However,
the state of the art does not allow feasible operation under most situa-
tions. The production of ethanol from fruits, vegetables, or grains high
in starch or sugars (carbohydrates) is as old as the making of distilled
beverages, and this process is the one to be utilized.

Availability of feedstocks is somewhat limited by the remoteness of the
proposed site from the lower elevations in the Snake River Plateau and the
short growing season (80-85 dayé). Sugar beets, corn, and potatoes are not
readily available in the Magic Hot Springs area. As a /resqlt, _1;‘.he best

Adle . At

a) Cheese whey - Two cheese plants are located in the Lincoln,

Blaine, and Camas County area; one at Carey, 28 miles to the east,
and the other at Richfield, about 45 miles to the southwest.
Their combined production is approximately 300,000 1b of whey per
day, averaging about 6 percent solids. This Whey could be obtain-
ed at a very advantageous price, though it would have to be trans-
ported a considerable distance. Present contracts held by Western
Resource Recovery fqr whey for shnﬂar plants in Southern Idaho

are for one cent per hundredweight; therefore, it should be pos-

sible to deliver the whey to the Magic Hot Springs site for about.

$4.20 per ton. During the anticipated down time of the ethanol
plant, the whey could be dumped in the desert, where much of it is

‘now disposed of.

The cheese whey would P;'oduce approximately 328,500 gallons of
J r / [/

—

e

o o
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b) Grains - Blaine and Camas Counties are majot(/ producers of grains.
The 1976 production in bushels was: '
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Crog Blaine Co. Camas Co.
Wheat 265,800 - 200,300
. Barley 442,400 481,400

Oats grow well in the area and offer an additional potential

source of feedstock.

If a straight grain plant is used, 400,000 bushels of barley would
be needed. If whey is utilized, 286,600 bushels of barley would

.be needed annually.

The best combination of feedstocks for the area would be 54,750
tons of whey annually at a cost of $229,950 plus 268,600 bushels
of barley annually at a cost of $604,350. This would result in a
per-galion cost for feedstock of $0.83.

3. By-Product Utilization

The two major by-products of ethanol production are a high-protein animal
feed and COs. In plants of under 10 million gallons it is not feasible

to try to recover the COg9 produced. The only use foreseen for the COg

from this project is to vent it directly into greenhouses.

High-protein animal feed (protein percentage varies depending upon feed-
stocks) is a high-value product that can be used at up to 30% in beef
rations and 50% for hogs. The by-product leaves the ethanol plant with a

high moisture content, and it is produced in high volume.

The moisture problem could create extra expense. If the by-prodﬁct is to
be sold off site, it must be dewatered and dried. Drying could add approx-
imately 13 cents per gallon of ethanol to the operating expenses. This is
not a loss, however, because the expense would be recovered through the
sale of the dried product. Also, the use of geothermal heat for drying the
by-product almost eliminates the added operating expense, which amounts to

38 -




—

(i) Feasibility of an Ethanol Plant at Magic Hot Springs Site*

A site-specific study was conducted for the Magic Hot Springs site to
determine if an ethanol plant would be warranted. :

1. Market Determination

A sizable market for ethanol exists outside of its use as an additive for
gasoline, but that market is now adequately served by established distilla-
tion plants. Any new plant must look to outlets for "gasohol,"” and that

outlook is favorable.

The potential volume of anhydrous ethanol that could be utilized in America
(usmg a 10% alcohol - 90% gasohne mix) is far beyond the production

- capability of the country with the present technology. The 10% figure is

conservative, considering that all new American automobiles are capable of
burning a 20% anhydrous ethanol mixture with no carburetor adjustment. In
addition, many studies are under way to produce engines that will more

- effectively use 100% anhydrous ethanol.

Gasohol is giving excellent customer satisfaction (in Idaho, .as in other
areas where market tests have been carried out. Stations introducing
"gasohbl" can expect increases in sales volume in excess of 200 percent.
Documented commenfs from actual users have substantiated previous perform-
ance testing (better overall pefformance) and again point out the desire of
users to continue using the product.

This last point, increased performance, has been the conclusion of many
recent studies. A study (1979) by the Nebraska Agriculture Products
Industrial Utilization Committee stated, "Increased octane number, positive
volume change, and reduced fuel consumption are indeed a triumvirate

t

*Condensed from a study by Dr. Arthur C. Rathburn of Rathburn and
Associates, Twin Falls, Idaho, for MRI. |
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only 2 to 3 cents per gallon.

A steadily growing market exists for high-protein supplements such as soy-
bean meal in south central Idaho, because the dairy industry, a major user

of high-protein feeds, is growing at a rapid rate. At present, soybean

- meal is selling for around $190 per ton in the area. This would make the

DDG (distiller's dried grain by-products) from the proposed ethanol plant

worth $114 per ton on an equivalent nutritional basis. Table 8 shows the .

typical nutrient composi.tion of distiller's feeds.

4. Capital Costs

~The most readily available and most economical ehtanol distillation facil-
1ty is the prefabricated unit built by Rocky Mountain Ethanol Systems, Inc.

“These units also have a good history of dependability. The present b sic

price of a unit adequate for the needs of a 2 m:]how year

is approximately $1,540,000. aa/

The Rocky Mountain Ethanol Systems units compare very favorably with other
plant cost, averaging $2.50- per gallon of annual capacity, or a capital
outlay of $5,000,000. '

. Rocky Mountain Ethanol ‘Systems, Inc. has an operating still near Rupert,

Idaho, producing 190-proof ethanol. The anhydrous tower is now being -

installed. The plant uses a batch process rather than continuous flow.
Though more labor-intensive, this system is more widely used and field-
proven. The plant is fabricated of mild steel and has a life expectancy of

10 years.

5. Availability of Services

Transportation - The site is located near Idaho State Highway 68. U.S.

Highway 75 is five miles to the west. Both are maintained -year-round and
are rarely closed during the winter months. The site is not served by
rail, but a Union Pacific rail spur (Shoshone-Fairfield spur) les
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L. CAPITAL COSTS

The information as quoted on page 39 is not as reliable and realistic
as that provided by the WESTPHAL SYSTEM. Westphal System has been reviewed

by E.G.&G. (ED DI BELLO GROUP) relating to the Idaho-Agricultural Growth

Industries complex at the Raft River site. This data was compiled for

the Geothermal Loan Guarantee Program. Review of the Westphal system has
been made by E.G &G. on behalf of this project. The information may
be used hem for the efffciency of the system presented.

our analysis shows that under our working conditions and with
regards to the combination with Geothermal heat that the system is more
efficient than that originally presented on page 39. Westphal has
provided equipment to Brazil for the production of 500,000,000 gallon
production per year facilities in 1979. 700,000,000 gallon facilities
are being constructed in 1980-1981 in Bra;il in addition to the 500,000,000.

We find this system much more efficient.
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TABLE 8

TYPICAL NUTRIENT COMPOSITION OF DISTILLERS' FEEDS

Corn

Wheat Barley Potatoes
‘ . D.D.

DDG DDGS DDG DDG DDS DDGS residue

‘ bercent
Dry matter 03.4 92.5 92.0 93.8 93.3 92.5 95.7
Ash _ 3.0 4.1 1.8 _ 2.2 7.5 4.6 6.7
Crude fiber 12.7 9.8 10.1 12.6 3.6 9.1 20.6
Ether extract 5.9 6.3 11.6 9.3 9.3  10.3 3.1
" N-free extract - - 40.4 40.3 40.8 -41.9 43.6 41.4  42.4
P[g;ein (N x 6.25) 31.3 '32.0 27.7 27.8 29.4 27.0 22.9
Energy: . ’

Cattle TDN 73.6 75.2 63.6 79.0 80.3 80.2 61.0
Sheep TDN 77.7 78.5 65.1 76.6 84.0 69.4 61.8
Swine TDN 84.1 85.2 67.7 92.5 79.7 94.3 74.6

Source: National Academy of Sciences, Atlas of Nutritiona} Data on United
States and Canadian Feeds, 1971.
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approximately 3 miles to the southwest. The railroad has recently shown
increased interest in developing new industry in south central Idaho.

Electrical power - A three-phase electrical power transmiss.ion' line runs
east and west to the north of the site. No difficulty is seen in bringing

sufficient power to the site.

Fire protection - Fire protection would have to be planned in site develop-

ment facilities.

Police protection - Very little routine police protection could be expected
from existing agencies. However, the plant will be operated on a 24-hour

Basis and personnel will be on site.

" Availability of labor - The plant will not require a large labor force. A
plant manager will carry out the day-to-day management functions.. Most of

_the administrative duties will be carried on at Western Resource Recoverys

corporate office in Twin Falls.
' Tw:o men per shift will operate and maintain the plant. These men will need

mechanical skills. The area has an agricultural and lumbering oriented
economy, and these skills are not difficult to locate.

6. Environmental Restrictions

A geothermally powered distillation plant creates no environmental hazards
to the area. No air pollutants are produced to create emission problems.

Only water and 002 are produced and water pollution could be prevented by
, WiLL he con r(a!t?

proper planning.

through an
ppm, and then




DS

create some odors, the site is isolated from any habitation and no problem

AR should develop.

- : 7. Other Governmental Restrictions

The site is located in a county-zoned "Rectreational District" because of
the location of the hot spring and its proximity to Magic Reservoir. In
the past, land developments within designated recreational areas in Blaine

f _ County have met considerable resistance to redesignation. This site,
v however, is far removed from the other recreational areas in the county.

In addition, county planning and zoning officials and county commissioners
i indicate enthusiasm for . the establishment of an industry in the area. At
this point it appears that little opposition would be shown toward an

r ‘application for rezoning.

"'.'"'.I —'—-— <

P 8. Conclusion

EaE The present situation both locally and nationally seems favorable to the
' establishment of an ethanol plant at Magic Hot Springs. All factors

investigated in this study seem to indicate no major obstacles to the

establishment of a plant.
S

‘ The effluent from the alcohol plant will be biolégicall controlled by

e ‘ - feeding part of the liquid to the animals. The rest will be combined in

| o a thermophilic methane system for the control of all wastes, both from the
aléohol and dairy inorder to control and eliminate odor that would arise from

lagoon action. The effluent from the methane system is sterile and will

be used for irrigation. .
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L 6.8.(1) STATEMENT OF WORK |
[, )
Eaerrs

i : The following stateme f work listed by task are proposed by f.ﬁg‘fc-_
. mm%n fulfiliment of a cooperative agreement under

e User-Coupled Confirmation Drilling Program as set forth in the
Solicitation for Cooperative Agreement No. DE-SC07-80ID12139, August 15

(amended to September 15), 1980.

L Task 1. . Financial:

[‘4‘«?7—” 4 - 3 i 41 / C.—
llagic Resource Investors” shall confirm all financial arrangements for

L. . implementation of the project and provide DOE with evidence that project
Completion of this task

- ‘ ifinancing is sufficient to complete the project.
( : constitutes completion of llilestone #1.

o

1[ ' ,: Task 2. Environmental and Institutional

' : étﬁ'é.
MRI shall submit an Environmental Report within 60 days of contract award,)

prepared in accordance with guidelines to be provided by DOE and addressing

"site-gpecific" information relating to the project. MRI shall assist DOE

in preparation of an Environmental Assessment if an Assessment is required

based on the Environmental Report.

Ly
b All permits, leases, and other documentation required for this geothermal
uring the course of

Sy

o . : project shall be acquired and p&ovided to DOE by HMRI.
work under this Agreement, ffﬁ ‘shall coordinate with and provide informa-

tion to local, &tate, and federal agencies, as necessary, to ensure
to the DOE

compliance with all environmental requirements additional
guidelines. Completion of this task constitutes completion of !ilestone

. . #2.
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Task 3.

Exploration

A.

MRI, with support from appropriate consultants, shall:

1) Conduect the following exploration work:

8.

Field geology surveys and detailed site work to
locate, confirm, measure, map, and project surface
faults and fractures in and around the Magic Hot
Springs Landing area sufficient to assess the probable
existence of fault planes and/or fracture zones in the

subsurface.

Conduct a geophysicél survey of appro:dmatély 20
linear miles with methods and instrumentation best
suited to identify, locate, and map subsurface faults
and fractures in the Magic Hot Springs Landing area,
sufficient to  assess the probable existence and
location of - fault planes and/or fracture zones for
selection of an optimum drill site to penétrate such
fault planes and/or fractures within a 3,000-foot

depth of the surface location.

Compile and analyze all available hydrologic eand
geochemical data from existing wells, springs, and
aquifers sufficient to assess the probabilities of
connected or noncohnected flow into the Magic Hot
Springs Landing subterranean area, and related water

qualities and quantities.

2) Analyze and interpret all exploration data and present
both the data and the results to DOE.

3) Based on the exploration data:
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3 ." THACe. o Mol e :
by a. Select three thermal gradient drill sites.

A -b. Prepare bid specifications and select a drilling
,‘ subcontractor to drill the thermal gradient wells.
- , - The bid specifica'_r.ions and drilling subcontracts shall
- be submitted for DOE review and approval prior to
b | award. ’

¢. Obtain bids for the drilling of the thermal gradient

wells.

- ~

d. Review the bids submitted and award a subcontract to

rh : ' o the successful bidder.

- ' e. Drill three thermal gradient wells in accordance with

the bid specifications.

ey . f. Obtain thermal gradient and lithology logs during
= . drilling and continue  gradient monitoring during the
b period of temperature stabilization subsequent to

drilling.

’

ERG,
B. MRI}, with the support of appropriate consultants, shall:

[
A

1) Evaluate the data obtained in Tasks 3A 1-3 and other
available assessment data, in order to define the
hydrological and geological features of the resource with

N

ey

emphasis on resource location and depth. These data shall
be provided to DOE as soon as they are acquired during
Task 3A 1-3 in order to minimize the time required for DOE

i ' review.

oy 2) Within ten working days of the completion of Task 3B 1,
1; . DOE and ﬁﬁ" shall discuss and review the data. A mutual
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Task 4.

e

3)

written agreement between DOE and MRI must be reached
concerning the adequacy of the exploration data for
selecting a resource confirmation drill site and the
potential need for additional data prior to proceeding
with the next task. Completion of this task constitutes

completion of Milestone #3.

Concurrently with Task 3B 2, within ten working deys of
the completion of this task, MRI shall discuss and review
with DOE the selection of a production well drill site. A
mutual written agreement between DOE and MRI must be
reached concerning the location“of the drill site. Com-
pletion of this task constitutes completion of Milestone

#4.

Drilling and Logging

A. <;..jléRI, with support from appropriate consultants, shall:

1)

2)

3)

Provide for necessary drilling supervision services.

Update the preliminary _Drillirig Program, which will in-
clude well location, drilling techniques, well and well-
head design, anticipated rig type, drilling fluid program,
logging requirements, etc. Temporary requirements, such
as reserve pits, mud pits, équipmeht storage areas, noise
abatement, blowout prevention, utility services, and other
standard well drilling practices, shall be considered and
addressed in the drilling plan. DOE shall be advised of
the contents of the Drilling Program during its prepara-

tion.

Prepare the bid specifications and submit the Drilling
Program and specification to DOE for review and approval.
Within ten working days, DOE shall indicate concurrence or
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req.uest modifications to the specifications and/or

program.

MRI, with support from appropriate consultants, shall:

1

2)

3)

4)

5)

6)

Issue the drilling specification to drilling companies for
bid.

Review the well bids and ingpect (if necessary) the
Bidders‘ drilling equipment. ggshan select a drilling
subcontractor, with DOE concurrence. The proposed drill-
ing subcontract shall be submitted for DOE review and
approval. Within ten working days, DOE shall indicate

approval or request modications to the subcontract.

Supervise the drilling of the production well, in accord-
ance with the detaileq Drilling Program and specifica-
tions. Periodically, MRI or its designated zl-epresentaﬁve
and DOE shall confer, so that decisions concerning the
drilling operation can be made in a timely manner.

Collect fluid samples, cutting samples, Wen logs, bottom-
hole and gradient temperature data and perform all other -
tests consistent with industry practice and the Drilling
Program. Strata suitable for reinjection will be noted

/‘__\’———_*\~\_\

during drilling. e

All data concerning the well shall be forwarded to DOE as
soon as they are acquired in order to minimize the time

required forl DOE review.

Within ien working days of the completion of the well, DOE
MR] shall discuss and review wna. A mutual
written agreement between DOE and MRI must be reached

and

prior to proceeding with the next task. Completion of
this task constitutes completion of Milestone #5.
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Task 5. Flow Testing

A. I.-Igl, with support from esppropriate consultants, shall:

1) Provide for necessary flow testing services.

2) Update the Flow Test Plan and submit to DOE for review and
approval; within ten working days, DOE shall indicate

concurrence or request modifications to the plan.

3) Carry out a comprehensive well and reservoir test program

in general accordance with the Flow Test Plan.

4) Assimilate the test data taken during the well test -and
estimate the well's productive cépacity and production
characteristics. @ The well testing and other available
data shall be prepared and presented to DOE. Within ten
working days, DOE and MRI shall discuss and review the
well test ults. A mutual, written agreement between

" DOE and %must be reached to determine a future course
of action. This agreement constitutes project lMilestone
#6.

Task 6 Injection Well Drilling

A.

If an injection well is deemed to be necessary by mutual agree-
menb between DOE and ﬁﬁ'a prognosis and drilling program,
similar to the updated and approved Drilling Program for the
initial confirmation well, shall be prepared by %and sub-

mitted to DOE for approval (reference Task 4A 1-3).

ﬁﬁshan, with appropriate consultants, conduct all operations
necessary to drill the injection well and\ prepare it for use,
including the performance of duties set forth in Task 4B 1-6 as
modified in the approved injection well Drilling Program. '
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C. DOE and MRI explicitly recognize that an injection- well is not
fbreseen to be necessary at initiation ‘of the Cooperative
Agreement, and that the costs, proposed budget, and proposed
work schedule do not include an injection well; therefore,
following a mutual agreement between DOE and ? of the
necessity to drill an injection well and prior to commencement
of any work, DOE and MRI shall adjust the basis of cost-share
agreement (Task 7 of the Cooperative Agreement) to ineclude the
additional cdosts of the injection well program and additional

fee to Gruy Federal.

Task 7. Determination of Cost-Share

- Svbearortbcrol s

""DOE and IMRI, together with Gruy Federal, Inc. (GFI) technical participas

— tion, shall review all test results and costs and determine the DOE and g#

cost shares. The basis for the determination of the cost shares shall be

| the variable cost share plan contained in Section (to be filled in)
of the Cooperative Agreement (the basis for which is set féi'th in Section
8, Variable Cost-Share Plan, in this proposal) as modified, if necessary,
under the terms of Task 6, Injection Well Drilling. Determination of the

cost share constitutes project milestone #7.

Task 8. Project Management

MRI shall manage the project in a prudent and workmanlike manner consistent.

with successfully completing the Statement of Work. lManagement controls

shall include technical assessment, budget assessment, and schedule assess-

ment, as described in the proposal.

r;E shall maintain continuous monitoring of cost versus performance for

comparison to baseline projections of each cost and performance item.

ﬁﬁhaﬂ prepare and maintain in current status, in a format acceptable to
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DOE, management charts and diagrams that show all phases of overall work

r ;-;_3.'5 plan and schedule and financial plan. These diagrams will include time
‘ .’ allowance for DOE review and approval of plans and reports, and for policy
D j decisions. They shall also be used for coordination between Grup—Fedenal

i -gnrt—othes contractors and principals in ‘the program. shall maintain

close coordination with DOE and shall make immediate and full disclosure of

'tF problem areas in order that corrective action may be takgn with DOE

‘ support, if necessary.

. ! Task 9. Reporting .

e £RC - |

w MRI shall meet and satisfy the reporting requirements of DOE Form CR-537 in

S _SCAP No. DE-SC07-80ID12139, consisting of the following:
1y ;' B |

L ' . Reporting Regquirement - Freguency

" A. PROJECT MANAGEMENT

,E;" !

e 1. Management Plan - one time - soon after contract

award '

' . o 2. Contract lManagement . monthly -~ due 15 days after end

Summary Report of calendar month |

' 3. Project Status Report monthly ~ due 15 days after end

i

of calendar month

EaiTe '—:]
e

LR

' 4. Conference Record ~ as required
g :
{J}, B. TECHNICAL INFORMATION REPORTING
e 1. Technical Progress Report as required

- . 51
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General Management proposes to use a Project Task Force teams approéch
to accomplish the highly coordinated managementleffort required for
this unique development. Use of Project Task Force Teams combined
with Legal, Financial, and a Board of Consultants approach is very

successful for commercial technical projects. This teaming technnque,
which is considered a proprietary management method combines the

best possible expertise with firm management control at modest cost.

Consultants are selected for their specific knowledge and experience

in a required technical discipline, with heavy emphasis on plant
process engineering, microbiology, agronomy, animal husbandfy, safety
and hazard considerations during construction and operations. This
selection process allows some of this country's leading experts

to be utilized for a logical problem identification and solving
commitment as required. The selection 6f individual Consultants -

to a Board of Consultants is the responsibility of the General Manager,
a person who is skilled in interpretive requirements, technology,
construction, operations, and information organizing. The General

Manager is assisted in this by the individual Project Managers; and

engineering coordination groups.

ting,

The Board of Consultants will report to the Project Manager; however,

some of their data will be submitted to the Project Review Committee
The

d., Inc.

*

. In wri

in order that the Committee might guide the Board's study effort.
Board consultants will be individqally emp;oyed for periods of a few
days to several weeks depending on the tasks assigned. Some of the

i consultants on the Board have already been identified and selected;

pose other thon that

y Agrzultural Growth In

and/or Dr. Richard H. Matherson
ly peohibited.

others will be added as the planning and initial tasks are completed.
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F. 2. b. MANAGEMENT PLAN R)\

The Project Management Plan serves as a guide to facilitat'e conscious
decisions in project and financial planning for this Project. The plan
defines the project objectives, the project organizational and management
system, the projeét controls and documents, the project baseline costs,

and schedules through completion of development.

Planning for the project will be embodied in the development of a
detailed Work Breakdown Structure (WBS). The WBS divides and subdivides
the project activities into smaller, more manageable tasks that are
amenable to reasonably accurate cost and schedule esfimates; these

tasks are combined to provide an overall cost.and'schedule estimate

for the project. This management plan is classified as a ''dynamic
plan" in that it will be kept current by periodic updates, as needed -
changes are identified, and as downstream tasks become more definitive.

This WBS breakdown will be submitted to DOE as soon as possible

following agreement signing.

F. 2. c. MANAGEMENT RESPONSIBILITIES

b .
F. 2. c. 1. GENERAL MANAGER (c, Cenvernt /714”»,:&;) —
FFtiRiverProject-General

WM@W%&%@ME@Yﬁ&

1. Resolving interface areas of the Systems Managers;

-,‘-’f EE 2. Approval of solicitation documents, and proposed contracts, or
E-cg contract changes exceeding $500.00. Our experience indicates
—f_—: E that the judgement of the Systems Managers will be sufficient
%g é/- in this area for amounts up to $500.00; however, it is our
n@.g experience that an ultimate single focus of responsibility
§TE§ . is the best assurance of commercial success. As such the
E—“; fz General Manager will review and approve any financial expenditures
g\é,;g'.% in excess of $500.00. In a well managed commercial venture
f;é i- it is necessary that someone be responsible for all financial
-:‘. - ég expenditures, even though they are apparently minor portions
STus

. 2
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1.
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2. c.

of overall project costs.

2.

™
W

At the risk of being trite,

“"A stitch in time saves nine."

Approval of design and operational criteria;

Approval Bf acceptance testing of major equipment and
facilities; '
Participation in project review meetings; and

Interfacing with the DOE Project Manager.

CO —
SACTEME MANAGERS

Act as the General Manager's deligated representatives to
provide overall project management and control, technical .
surveiilance, project status evaluations, coordination of
subcontracts, and liaison with involved agencies in their
respective areas;

Solicit contracts for design engineering and construction
management services; B

Solicit, evaluate and provide bid comparisons with recom-
mendations to the General Manager for contract awards and

conditions of contract;
Recommend for approval all project design and construction

—

drawings and specifications, procurement actions, construction,

equipment installation, and acceptance inspections and

testing;
Recommend for approval all proposed changes in design or

construction;

Coordinate systems and procedures of the project with those

required by DOE;

Prepare reports as required by the General Manager and DOE;

Participate in project review meetings; and

Maintain project files.

3. MANAGERS

The managers for alcohol, energy, .swine, dairy, feed,-ic.H«E(Je,

Act as the Project Managers' delegated representatives to

provide overall project management methodology and controls,

F/ oo B
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technical surveillance, and project status evaluations

in their respective areas;
Evaluate bid comparisons with recommendations to the Project
Managers for award; and

Recommend for approval all systems design integration and

construction drawings and specifications.

F. 2. c¢. 4. DESIGN ENGINEERING FIRMS
[}

The two selected design engineering firms (one reporting to each

System Manager unless a single firm can demonstrate capability in both

major areas) shall:

Agricultural Growth Ind., Inc.

ified by

speci

1.

2.
o
£
=
3
c
--: 3‘
c
]
2
£ 4.
<]
z .
N
Te 5.
T
. -4
2%
= 2 6.
-2
S § 7.
S a 8.
~ X
T 9
5.2 .
10.
F. 2. c.

Prepare drawings and specifications for construction of all
civil, electrical, process, and mechaniéal work;
Provide the Project Managers with engineering assistance
with respect to procurement in evaluating bids and selecting
suppliers of major equipment and the construction contractor
in periodic shop inspections, and witnessing tests related
to fabrication, shop assembly, and delivery;

Prepare procurement package;; including drawings and
specifications, for the long-lead-time equipment items;
Prepare and maintain an up-to-date design and procurement __
schedule;

Provide inputs to the Project Managers as required for
reporting requirements;

Review and approve vendor submittals;

Assist the major equipment vendors in testing and start-up;
Prepare operation and maintenance manuals;

Prepare as-built drawings; and

Maintain drawing and specification control.

5. CONSTRUCTION MANAGER

The overall Construction Manager for the project shall:

L

Provide services as requested by the General Manager for
assistance in the overall management and control of the
construction phase of the project; including scheduling,

costAcontrol, and general administration;
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Provide construction surveillance to ensure conformance

2,
with contract drawings and specifications;

3. Prepare and maintain an up-to~date progress and expenditure
schedule;

L. Provide fnputs for reporting to DOE as required;

5. Evaluate and recommend for approval all proposed change orders;

6. Perform and record construction inspectors acceptance tests;

7. Assist the General Manager in the coordination of the testing

and start-up of the project; .
8. Determine and certify progress and quantities of work
completed as provided under the construction contract

documents, and make recommendations to the Project Manager

for progress and final payments;
9. Participate in project review meeting; and
10. Coordinate safety program requirements for all phases of the
' project construction to ensure that contractors are responsible

for safety.
F. 2. c. 6. CONSTRUCTION CONTRACTOR

The selected Construction Contractor shall:

1. Be responsible directly to the Construction Manager; )

2. Provide all required on-site construction services and
Jd o . . . . . -
£ .£ materials and install all equipment with vendor assistance as
1§'§ . required: Permanent personnel may be selected to work on
£ c . s £ESC b | . .
e the installation of -Swixagsand, Dairy equipment in order to
% § become acquainted with its maintenance and operations.
6.2 3. Perform all required inspections and acceptance testing;
—Ezc . 4. Prepare and maintain an up~to-date construction schedule,
2.7 . .
ST including expenditures;
£ TA . .
5,5.% 5. Provide inputs to reports as requested;
NEE 6. Participate in project review meetings;
> ° ’

b8 : . .
:53 7. Prepare cost estimates for possible changes or cost control;
hd . . . . . .
255 8. Administer fixed-price construction service subcontracts and
£3 8
- constfuction materiats procurements;
@ 0.
9. Review the project design for constructability and make

recommendations for improvements and/or cost savings; and
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10. Provide safety inspection of prime and subcontract work.

F. 2. d. 1. PROJECT CONTROLS - GENERAL

The Project Managers will have overall direction of the project as
delegated by the General Manager and with the approval of the General
Manager. The Project Managers will have authorify to accomplish all

administration, logistic and technical requirements of the project, and

to coordinate work on the project with other project team members.

Actual Project performance will be measured against the project

objectives established by the Work Breakdown Structure, Projer;t >Schedu>le,
and Project Budget. Monthly comparison of actual versus planned work '
will be made, analysis will be made of any variance, and appropriate

corrective action will be initiated where necessary.

F. 2. d. 2. TECHNICAL CHANGE CONTROL

Overall control of policy and major program revision lies with the

Project Technical Contro! Board (PTCB). The object of the PTCB is to

assure that -all changes in the project scope, design, scheduie, and/or

cost are properly reviewed and approved. Although the PTCB has the

authority to implement changes which do not change project costs, all

recommendations which affect costs shall be approved by the General

Manager with the consultation of the General Manager's technical,

financial, and legal advisors.

The PTCB will be comprised of:

The Project General Manager (tie breaking vote),

The Energy Systems Manager (one vote),

The Agricultural Systems Manager (one vote),

THe member of the contracted organization involved (one vote,

a.
b
c.
d

advisory only).

The party reﬁuesting consideration of a proposed change shall prepare
and submit to the PTCB through the appropriate Project Manager 'a written
request describing the proposed change and its technical and scheduling
impact.

The affected Project Manager shall:
a. Evaluate the Proposed change;
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b. Prepare an independent technical and schedule impact

evaluation; '
Make a recommendation to the PTCB as to the disposition of

theproposed changes; and
d. Provide overall coordination and appropriate documentation

of approved changes.

F. 2. d. 3. COST AND SCHEDULE CONTROL

The General Manager shall finalize integrated cost and schedule control
systems. The purpose of the system is to review, report and control

the project costs and schedule -against the baselines established in the

cost plan.

‘The WBS has established the method of budgeting and collecting costs

at the various levels and has outlined the work to be'perfokmed._‘WOrk
packages identified in the WBS are released by a Work Authorization (WA)
document which must contain:
a. Planned starting and ending points that are consistent within
the time phase schedule.

b. Calendarized budgets expressedAin labor hours and material
-7

doilars estimates, as appropriate for measurement of
performance. '

Work Authorization number to which labor and material must ~

be charged.

The accounting system will summarize cost data from the lowest level
of the WBS and provides for the collection,1identification. and
reporting of actual costs. The chargé numbers assigned by the Work

Authorization document/work package will accumulate the elements of

costs incurred. -

Significant cost variances must be investigated, and the cause

determined and explained by the responsible party. The monthly report

will assure that such variances are identified at an early date and

is expressly prohibited.

corrective action is taken.

F. 2. d. 4, DRAWING CONTROL

All‘changes to project drawings will be contained in Engineering Change

.

ap
Ko Flo

=t -
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Orders (ECO's). ECO's will be prépared by the project personnel as:

a. The result of a field design change required for construc=~
tability and generated by the Resident Engineer;

b. An engineering change reqhired for operabilify or maintain-
ability; or, | o

c. A correcfion of inconsistencies in the drawings. ' S

‘For changes ‘involving PTCB action; the ECO will be issued>up0n ‘

completion of the PTCB approvél cycle. The ECO will be numbered énd
distributed to the appropfiate projeét personnel. The original will be
sent to the appropriate Project Manager who will check the ECO and
note on the affected drawing'that an ECO has been issued against the
| drawing. A drawing will not be reyised.until five ECO's are issued
: . aga?nst it, or the changes significantly alter the drawing. Any copies
‘ of a drawing with an ECO issued against it will have a copy of the ECO
| attatched. One copy will be included in a change order to the
constfuction contract. The Project Manager will retain one copy of
all ECO's. At the completion of all work included on a drawing, all

Y 4
ECO's will be incorporated to bring the drawing to "as-built" status.

F. 2. d. 5. SPECIFICATION CONTROL

Specifications shall be modified on "as needed" basis to procure or _
manufacture hardware. All specification changes will be reviewed by -
the Project Manager via a‘Document Revision Request (DRR);- A specification
update, by incorporation of approved DRRs, wilf be used as necessary

to maintain suitable working documents for procurement or manufacturing.

ond’or Dr. Richard H. Math-
Us~ for ony purpose other than that

specifie! by Agricultural Growth Ind., Inc.

<
L)
GF. 2. e. SUPPORT AVAILABILITY
; £
! u S
; - .Y GThe primary administrative support for this project will be provided

wi ord proorietary 1o Agricultural

tly

y necessary contracted qualified Legal, Financial, and Management

[

and/or Dr. Richard H. Matherson, in writing,

= o

LT gﬁupport services. This is further backed up by a Board of Consultants
: R x .
: = 0§ Yywith these same areas of expertise.
. SO »n
: “ [ (24
: Computer services will be used through the facilities of Agricultural
i ;"’} Growth Industries, Inc. for cost analysis, budgeting as well as
Coh technological scientific programs for production control, breeding

- —
/F. ‘F l\




CE#) and genetic records, feed and n §§§§$§hal formulation, and operational

D monitoring and data storage.ﬁﬂ\%{ﬂ,

o Management support wi1l(;§§?r0vided by, Agricultural Growth Industries,~
4&2: USTR(ES, A&

AN CULTOA 4L (20w TH
L _)lnc; (AGl) California, Westphal - .: and the Georg Westphal Company

of West Germany. Engineering and consulting support will be provided

by existing contractual obligations and others as necessary.
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....

Reporting Requirement

2. Final Technical Report

C. ADDITIONAL

1.

2.

3.

4.

Environmental Report

Milestone Schedule

Well Cuttings

Logs

Daily Drilling Reports

52

Frequency

\

final, at end of contract

An environmental report describ-
ing the potential environmental
effects of the proposed project
must be submitted to DOE after
execution of the agreement and-
prior to drilling. One time only
only, submit 4 copies.

A ‘time frame schedule defining
trackable milestones used to
measure progress in terms of
schedule. This is to be sub-
mitted upon contract execution.

One time only, submit 4 copies.

Three sample bags (3" x 5") of”
well cuttings will be collected
as required by DOE. The cuttings
will be filed and available to

‘the public after well completion.

A copy of all logs is to be
transmitted to DOE as available.

A daily record shall be kept on
the IADC Official Standard Daily
Drilling report or other form
standard to the drilling indus-
try. The general remarks section
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Reporting Requirement

6.

7.

8.

Test Data

Final Cost Report

Fluid Samples

53

Frequency

shall contain an accurate record
of hole conditions and work per-
formed and time required for all
work to the nearest quarter hour.

‘A copy of the Daily Drilling

report shall be provided. Daily
verbal communication may be re-
quired to transmit this informa-
tion. An additional daily record
form may be required for trans-

"mittal.

A cépy of test data and of the
analysis of these data is to be
provided to DOE for reservoir
assessment. The government will
use these data for an independent
evaluation to determine the
degree of success of the well for
purposes of determining the-
government cost-share.

submitted at

A cost report

.program completion summarizing

estimated and actual costs. This
report will show the DOQE cost
share as evaluated by the previ-
ously negotiated variable-cost-
share formula criteria. Submit 4

copies.

as required by DOE.
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B. avoid statements or implications that the Department of Energy endorses

9. _Exploration Data A copy of the exploration data
and the analysis of these data is

to be provided to DOE.

Task 10. Dissemination of Information

Throughout the project, MRI and Gruy Federal shall prepare press releases
and business and.technical articles for trade journals as appropriate. DOE
concurrence shall be obtained on all information prepared for public

release prior to the release of this information.

MRI shall design and erect a sign in good taste and of appropriate con-
struction at the facility,” which will define the project objective and
parties to the project.

ELG-A-S becnrercTols

With regard to written and oral public information, MRI and Gruy Federal

shall:

~A. include appropriate recognition of the roles of the principal parties

involved in work performed under this Agreement;

—

any process or product arising out of the contract, without advarce

approval of the Contracting Officer;

C. provide DOE one copy of news releases, information folders, brochures,
advertisements, technical papers, and magazine or newspaper articles
pertaining to work performed under the Agreement;

D. advise the Contracting Officer of news media or public reaétions to

work performed under the Agreement.

Task 11: DOE Conferences

££Cd j\ubcc.vv'wc’c Ls
MRI and Gruy Federal shall make available any prOJect personnel requested

-~
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by DOE to attend technical meetings, and shall also encourage and strive

for oral and written reports, as requested in such meetings, that merit

publication in professional journals.

55




6.a.(2) ORGANIZATIONAL ELELIENTS

ELRYTH vQ&SocP.ca @eﬂc‘:“é,}r(.L)R) Irse (é/aC) M’TQL,é'oLcc\rrA#c?dﬂJ Wibe £

MRI and its financial associates,
assigned Gruy Federal, Inc. the respo
testing the geothermal well for the Magic Hot Springs Landing confirmation

ONLT/

obert B, Gorham John A. Wedum, have
41%15 ity or" siting, drilling, and

drilling program.

See (aXT /)
e 10 shows the three Gruy operating companies under Gruyx Bnterprises,
ing dates, principal officers, and office locatj The
roximately 200 full-ti ons plus a varying
personnel. During the past 30
ertaining to petroleum and

with their
Gruy Companies emplo
number of consultants and con
more than 5,00

years, they have ¢
- resources in 16 nations.

and technical resources of th niies can be made

available for s parti through Mr. Lane, president of Gruy

6)) Projeet'l‘.ianagement Organization

ZI&%icl—’thoroughly understands the necessity to conduct the User-Coupled
Confirmation Drilling Program in a prudent, safe, cost-effective, and
productive manner that not only achieves the technical and sociceconomic
objectives of the program but also remains unencumbered by adverse
political reaction and publicity that could result from careless or

mediocre performance.

We do not seek this work with a casual attitude toward its performance. We
have designated a team of senior individuals each of whom is a professional
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6.a.(2) ORGANIZAT!IONAL ELEMENTS
EARTH RESOURCE GENERATUS, INC. (ERG) and the subcontractors will be responsible

for siting, drillint, and testing the geothermal well for tﬁe Magic Hot Springs

Landing confirmation drilling program. ERG is a newly organized Corporation
whose equity is owned, controlled and operated by GEOTHERMAL AGRICULTURAL
SYSTEMS, INC, and Jerold R. Kirkman. GEOTHERMAL AGRICULTURAL SYSTEMS, INC.,
is owned by AGRICULTURAL GROWTH INDUSTRIES, INC (Dr. Richard H. Matherson)
and MAR-BIL ENTERPRISES (W.E. Henderickson and Martha L. Zeisloft).

Dr. Matherson, W.E.Henderickson and M. Zeisloft will jointly be responsible

for oversight management and operational direction of the complete project.

The plan is to subcontract the following:

e GEOLOGY with Dr. Craig White, DeptLGeploéy, {daho State, Boise.

® HYDROLOGY AND WELL DRILLING OVERSIGHT with Jerry Crosthwaite

e GEOPHYSICS AND GEOLOGICAL REVIEW with EUREKA RESOURCE ASSOCIATES, INC.
Computer modeling, and data review. o

e ENVIRONMENTAL AND INSTITUTIONAL with ECOVIEW - DR. James Nielson

@ Other sub contractors will be contracted for well drilling and logging.
Direct Supervision of these subcontractors will be under Eureka
Resource, J. Crosthwaite, and ERG. .

® - ADVISORY BOARD with D.0.E., Jon Zeisloft, U.U.R.I1., De. Hontgomery, Univ.
Calif., Berkeley, Leonard A. Fisher, LAFCO (Heat balance Evaluations)

S
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GRUY ENTERPRISES, INC.

H.J. GRUY, CHAIRMAN
F. A. GARB, PRESIDENT

GRUY MANAGEMENT SERVICE CO.
1960

H.J). GRUY, CHAIRMAN
H.C. WILSON, PRESIDENT

GRUY PIPELINE ENGINEERING .
1980

J.P. MILLER, VICE PRESIDENT & MANAGER

'H.J. GRUY and
ASSOCIATES, INC.

1950

GRUY, CHAIRMAN
G

J.
A. GARB, PRESIDENT

GRUY FEDERAL, INC. |

1976

H.J. GRUY, CHAIRMAN
R.N. LANE, PRESIDENT

T HOUSTON, TX.

~DALLAS, TX. kDALLAS, TX.

AUBURN, NY.
~ CORPUS CHRISTI, TX. '

— SHREVEPORT, LA,

LS

Figure 10 --Gruy Compaiiles organization chart

H.
F
l:DALLAS TX.

HOUSTON, TX,

HOUSTON, TX.
~ ARLINGTON, VA,
-BARTLESVILLE, OK,
- PITTSBURGH, PA.

USER-COUPLED CONFIRMATION
DRILLING PROGRAM

PROJECT MANAGER

JACK T. DUREE SENIOR MANAGING ENGINEER

See Figure 11
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"fa earth scientist or engineer who has served the Gruy Companies well on a
¥ number of relevant or related projects.-

286 4 Svhconrescrots
, The functional management organization established by MRI and Gruy Federal,
sk ’
i Inec. (GFI) for this othermal confirmation drilling project is shown in
L ' gj v 2 CONTIRACTIRS }
' Fig. 11. Mr. Duree of GFI heads a project staff under Mr. Kirkman of MRI.
This staff consists of seven teams, six of which are led by senior

personnel. The technical support team leader will be assigned at a later

date. .

- Excepting Mr. Charles Corwin, who comes to GFI's staff as a consultant for
" ; ~ the Magic Hot Springs Landing confirmation drilling project from the posi-
, tion of chief engineer for Kirkman Realty Company in Ketchum, Idaho, each
F ) person in the project organization is a full-time employee of Gruy Federal.

e : No additional persons will have to be hired.

Organization of the GFI Administrative and Financial Office for the project
is shown in Fig. 12. Costs of support functions by this office are not

charged directly to the project, but are covered by application of the G

- ~ and A rate. S : ,
/! g

! Mr. Kirkman will not receive salary or fee from this project. IMr. Corwin
I will be paid a standard consulting rate for the actual time he works, of

the basis of a weekly time sheet approved by the Project Manager. '_'

All key technical and supbort people are under the supervision of the
L Proje"ct Manager. They are the lead engineers or scientists: Corwin,
, ALohse.,_ Radford, Langston, and Kumar. They are responsible for their
individual team performance and report directly to the Project IManager;
‘. Daugherty in Administration and Finance operates independently of the
' project but is responsible for timely and accurate record keeping and

A - reporting.

In the event that DOE or MRI cannot get satisfactory response from the
Project Manager, appropriate contact can be made directly with R. N. Lane,

LY president of Gruy Federal, Inc.
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PRINCIPAL INVESTIGATOR
GERALD KIRKMAN *

PROJECT MANAGER
JACK T. DUREE

l .
i [ I I I I ] ]
: ENVIRONMENTAL DRILLING & FLON - RESERVOIR | ADMINTSTRATION
. |snstiruriona| | EXPLORATION LOGGING TESTING, ANALYSIS ot 2 FINANCIAL
CHARLES CORWIN DR. A. LOHSE LEROY RADFORD P. LANGSTON RAJ KUMAR GAYLAND_DAUGHERTY
TECHNICAL ASSISTANCE |-  GEOLOGY - PROGRAM - PROGRAM PROGRAY - TECHNICAL EDITOR [ ACCOUNTING/COST REPORTING
& STAFF SUPPORT GLOPHYSICS DESIGN Q%I%MR DESGN DR. D. COMPTON CALVIN FRIEDRICH
: A. LOHSE J. DUREE « KUK ~ R, KUMAR : :
: ?:m':tfegggrm::a“l:és 5. ADERSON® L. RADFORD P. LANGSTON P LANGSTON [ SRAPHICS [ CONTRACT_ADHINISTRATION
| S I AT A L. HcCOY DATA mbALYSls | S+ SEXTOM FRANK BROWN
@ L lR.Rr'mRst L, | . 2. KUMR L FIELD RECORDS |- PERSONNEL ACTIVITIES
ngULgG - SMUPERWS[QN SUPERVI SION T. SWIFT S. LOHSE PRISCILLA EVERETT
- THERMAL AND L P LANGSTON L PURCHASING/SUBCONTRACT ING
GEOCHEMICAL N MATULA + SHIF o BOB NYLAND
ANALYSIS | ' L SERVICE ‘ ‘
o L ospvier COMPANIES
GEOPHYSICS '

GEOCHEMISTRY

# BACKUP PROJECT MANAGER
* NO DIRECT CHARGE

- . .
Figure 11--Magic Resourcé Investors and Gruy Federal management organization chart,
User-Coupled Confirmation Drilling Program.
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SERVICES COMPENSATED BY G & A RATE APPLICATION
EXCEPT IN FULFILLMENT OF TASK-SPECIFIC FUNCTIONS
~ ADMINISTRATIVE & FiNANCIAL
OFFICES | ~0
ey | 2
V.P. FINANCE, G. DAUGHERTY | \ &é) Sf \Q\
. VOO <A
‘3{“ % m\\é b
PR :§ S; ¥
\ S N -
== S
ACCOUNTING & CONTRACT PERSONNEL 1RURCHASING, T
COST REPORTING ADMINISTRATION ACTIVITIES SUBCONTRACTING,
| & PROPERTY CONTROL
CONTROLLER, | _ - . -
C. FRIEDRICH | MGR., F. BROWN MGR,, P. EVERETT .| ~MGR., R. NYLAND
o GENERAL ACCOUNTING o CONTRACT o EMPLOYEE BENEFITS ® SUBCONTRACTING =
® CASH MANAGEMENT ADMINISTRATION o EEQ/AAP PURCHASING

~ ®FINANCIAL STATEMENTS @ COST PROPOSALS

® COST REPORTING e DCAA AUDIT

e WAGE ADMIN. &
COMPLIANCE -

- @ GOV'T, PROPERTY CONTROL -

& COMPLIANCE

Figure lZ--Organl%étl n and management, Gruy Federal administrative and

financial offices.




| (ii) Project Manager

Ferck—T—B —Senior—Engi far GEI —Serior—it . Erred :

| confirmetionm dritiing—pregrem-uwork, is designated Project Manager, respon-
sible for technical and administrative performance and accomplishment -of
all goals. This includes meeting short- and long-term work schedules,
providing all reporting and deliverables, and achieving the budget. M=

e Durge-—will-be MRI's point-ef-eonteet—with—-DOE—for all technical and support

1. work.

Duree's professional experience includes five years as manager of
geothermal exploitation in the Philippines, durin i
m for four 110--
assigned to the Philippines, Mr.
i and exploitation geology

) engineerin
. time 103 geothermal
megawatt generating plants.

H Duree was mana reservoir engi

jon Oil Company's operations in Canada and Alas

The Projeét Manager will manage the project under .a systems management
program based upon (a) detailed technical and financial planning, control,
} ' and reporting; (b) clearly defined lateral and vertical delegation of
| authoxfities and responsibilities; and (¢) accountability for individual and

—

. total performance.
This management program will include:

. time—scaled PERT/CPL! network analysis of milestones to be accom-

1. - plished with paths of work to be followed leading to responsible job

" completion; .
' . time-phased expenditure plan éonsisting of a set of baseline charts
W of

3'4’?: .
D ' . 61




CiTh

ee projected average rate of expenditure (straight-line)
projected average rate of commitment (stair-stepped)
ee weekly/monthly incremental expenditure
e+ weekly/monthly incremental commitment;

work breakdown structure comparing percent of physical progress of
individual jobs between milestones with percent of allocated expend-

iture per job; .
o /
« ' job descriptions reflecting responsibilities,
procedures and position within overall program management;

authorities, reporting

weekly staff meetings between work groups and/or teams and team
leaders, to measure progress and coordinate future work, utilizing
| comparison of work progress and time-phased expenditure plan;
identifying any problem areas that might require timely corrective
action; and adjusting workloads or refocusing activity as necessary
- to maintain productivity commensurate with schedules, rates of'
expenditure, and fulfiliment of short-term and long-term goals;

monthly management meetings between team leaders and the Program
Manager, utilizing the same procedures as the weekly meetings and
open invitation always extended to other levels of MRI and GFI

- corporate management; and

monthly meetings between the Program llanager and all appropriaste
levels of management in MRI and Gruy Federal, with lower levels of

- project management in attendance as requested.

Monitoring and management of the project includes weekly reports by the GFI
Business Office to the Project Manager‘ of incremental and cumulative

62




P

man-hours, expenditures, and commitments.

(iii) Lead Technical Positions

Lead persons for the technical work are:’

ERG— #s Heepey FOR ABcHL
Charles Corwin, consultant to G-Fiq——ke—res-pona?bua—emmmenﬂk i

wwnd_ institutional matters in fulfililment of Task 2. He—will_he
i idelines .of the Idaho

Corwin is 4 licensed civil

Department of Water Resources. Mr.
engineer with 10 years' experience in construction, engineering, and

environmental planning. He resides in Blaine County, Idaho.

Charcas, Zaragoza.

LeRo;l\ Radford, GFI's senior engineer
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and pressure gradjents Approaching/0.9 psi per\foot, oy approximately

twicg the hydrostati

" Paul Langston, senior drilling supervisor, is in charge of flow

testing and—eqnducting the iwell/reservoir test designed in conjunction

Raj Kumar, a senior petroleum engineer with GFI, will head the reser-
voir énalysis program. Mr. Kumar conducted reservoir and economic
studlies for two years with the Oil ang-Natural Gas Commission in India
befdre coming to the/United States tp complete his M.S. in mpénagement
science and engineepring.| He joined the GRuy Companies i 1977 after
two years of applying his|economic And computer programmiing expertise
in oil and gas production{ Mr. Kumar's work for Gruy includes extdn- .
sive \work in presgure trgansient na.lys'is and reserve gstimation. e
is currently projéect mansger for GFI's gad well tegting using flow
tests \and pressyre transidnt data to evaluate the/ effectiveness of
stimulation techhiques in Devonian shales. Mr. mar works closely
with the Y Companies' Research and Development group under Dr."
James H. Hartsock, Senior Vice President, in developing and applying
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advanced calculation and interpretative methods to reservoir testing.

(iv) Manpower Assignments by Tasks

Table 9 lists specific manpower asSignments and accountabilities by Task as

set forth in the Statement of Work, Section 6.a.(1).
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Task 1: Financial

e J. Kirkman #
G. Daugherty v

Task 2: Environmental and Institutional

‘
b

R ]

e C. Corwin
J. Duree and staff
IDWR #

Task 3: Exploration

. Lohse

. Anderson
Elliott
Winn
Renner

. Marlow
URI #

CTLD~LD

Task Drilling and Logging

Radford
Peace

. Matula

. McCoy ~

0o |

Task Flow Test{gg

5

e P, Langston
R. Kumar

T. Swift

MANPOWER ASSIGNMENTS BY TASK

" Task 6: Injection Well Drilling

e L. Radford
D. Peace
M. Matula -

Task 7 Determination of Cost Share
e J. Kirkman '
G
J

. Daugherty v*
. Duree and staff

‘Task 8: Project Management
¢ J. Duree and staff

o]

(Ye)

Task Rggprting'
e J. Duree and staff

""Task 10: Dissemination of Information

e J. Kirkman - news media #
e J. Duree and staff - technical papers

# no direct charge
v -direct charge for task-specific functions
s lead
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6.2.(3) Consultants and Contractors

Table 10 lists the consultants and contractors proposed to be used for the
Magic Hot Springs Landing reservoir confirmation project, and their func-

tion in the project.

Mr. Corwin, as a longtime consultant to MRI, is a prinecipal in developing
the Magic Hot Springs Landing project to the present stage of readiness for
the DOE reservoir confirmation program. He is thoroughly familiar with the
region, the area, and all local facilities and resources. Mr. Corwin will -
.. COMSULT MNTS G-

join the MRI Project Management staff as consultant to in order to work
hand-in-hand with the total technical and financial support organization.

All Contractors listed in Table 10 will be obtained on the basis of best
price with respect to availability and experience.

%%Ic-zs thoroughly familiar with the qualifications of each type of service
contractor customary to the oil and gas and geothermal industries, and also
with those extra capabilities that set apart the le.aders in each type of
service work. We shall strive to obtain those leading companies. We are
also aware of the requirement for and shall be prepared for a post-project

—

audit.

6.a.(4) Work Schedule

The Magic Hot Spring}s Landing reservoir confirmation project is expected to
be completed within #=consecutive months if the project can commence in

time to avoid restrictive winter weather and conflict between our necessary

housing and supportive requirements, on the one hand, and the commitment of
similar services to winter visitors throughout the area, on the other.

The most suitable period for outdoor work is approximately April 1 to
November 1. This period will be utilized if the contract can commence
January 15, 1981, following a September 15, 1980, submittal. During that
period, work is expected to proceed along the paths from milestone to
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Name or Use

Charles Corwin

jR.JM¢5 ,A/wlsa,g)

(Ecoview

Land Surveyor

Geophysical Survey

Sign preparation

Prepare thermal
gradient holes

Log thermal
gradient holes

Site preparation

TABLE 10

CONSULTANTS AND CONTRACTORS PROPOSED FOR PROJECT -

Position

Team Leader, Environmental and
Institutional. Consultant to £4£46
MRHGEL.—Besident-of-Blaine~

“County, Idaho.

Local licensed surveyor

Contractor/consultant

Local sign manufacturer and

- painter

Drilling céontractor

Well testing contractor

Local bulldozer operator
!

Function

Fulfill institutional considerations pertaining
to right of access, leases, ownership, rights
to use of water and related resources; -prepare
Environmental Report; Task 3. Further, assist

'iall field operations as required in pernits,

local contractor resources, site preparation,
cleanup, etc.; Tasks 3, 4, 5, 6.

Survey geophysical lines, test hole and
production well sites. )

Conduct geophysical surveys along preselected
tracks, maintain quality control, provide com-
pleted job with interpretations. At this point

- we are discussing methodologies with Seiscom

Delta, a major worldwide geophysical company
whose work is well known to GFI.

Prepare and install appropriate sign(s) in test
gite area as specified by MRI.

Dril and complete therm-al gradient holes as
specified.

Provide equipment and operators; log thermal
gradient holes with_ downhole equipment and
methods specified by ; repeat each hole three
times over period of monitoring; provide data
satisfactory for analysis.

Provide equipment and operator to prepare sites
for test holes and production well; restore all
sites as prescribed, support geophysical equip-.
ment if necessary.
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Name or Use

Drill and complete
production test well

Tool rental

Mud logging
Downhole logging

Water analyses

Position

Drilling contractor

Tool rental service company

Mud logging service company

Wireline downhole logging service
company : :

Chemical analysis service company

TABLE 10
continued

Function

According to prognosis, drill and complete ‘the

reservoir confirmation well maintaining MRIE/G

environmental and safety standards; provide,
maintain, and operite equipment during period of
contract performance without lost time; provide
satisfactory onsite supervision; other duties as
specified in the contract or conventional to the
industry.

Provide tools necessary 1{o production well
drilling and testing; deliver and service as-
required.

Provide and operate mud logging unit as speci-
fied.

Provide and operate tools necessary to obtain
downhole logs specified.

Conduct water analyses as specified within pre-
scribed ranges of accuracy and tolerance; report
results in conventional form or as specified,
together with detailed descriptions of analyti-
cal methods sufficient for third party inquiry
of methodologies and results.
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milestone as shown graphically in the Project PERT/CPLi* Network Plan,

included in the pocket inside the back cover of this proposal.

All project schedule diagrams are time-scaled in 7-day project weeks, and

all times are given in weeks.

The project work schedule is shown on three other diagrams in addition to
the PERT/CPM Network Plan. These are:

» Project Milestone Schedule, Part A (Fig. 13) showing project dates for

completion and reporting of Tasks and Milestones from beginning to

end, without an injection (disposal) well,

* Project Milestone Schedule, Part B (Fig. 14) showing project dates for
completion and reporting of Task 6, Injection Well Drilling, if Task 6

becomes necessary,

o Project Milestone Schedule, Part C (Fig. 15) showing dates for comple-
tion of Task 9, Reporting, and fulfiliment of the schedule for all

reporting and deliverables.

In summary, the project is expected to be conducted as shown on the
PERT/CPM plan, and on Milestone Schedules A and C (without injection well)

or B and C (with injection well). . -

As shown in the PERT chart legend, boxes on the chart represent project
milestones, or work accomplished. These -milestones can be cross-referenced
to the proposal’ Table of Contents and to the Tasks in the Statement of
Work. The arrows connecting the boxes represent activity necessary to
achieve the milestones. Numbers on the activity arrows are the time
estimates in project weeks for completing the work. These estimates are
best guesses, arrived at in consultation with team members.

The PERT/CPM Network Plan is also a logic diagram of the project.

*Project Evaluation and Review Technique/Critical Path Method
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MRI MAGIC HOT SPRINGS LANDING USER-COUPLED CONFIRMATION DRILLING PROJECT
PROJECT MILESTONE SCHEDULE - PART B
TASK 6 - INJECTION WELL NECESSARY

el

9 M0 12 M : 5w 18 0
PROJECT WEEKS 32 ‘36 O«o 4y 48 56 60 64 O 68 72 7 0
MLSTN C . ‘ '
sk | o) | MILESTONE

DECISION POINT #3 =
486 | 500 | PROD. WELL WRITTEN AGREEMENT =tAS
6 INJECTION MELL =2
6A2 | 565 | DRILL PROGRAM UPDATE =

 6A3 | su5 | DOE APPROVAL ' b=n

683 | 525 | DISPOSAL WELL . =
685 | 505 | DISPOSAL WELL DATA =N
5 FLON TESTING. ) D
5A2 | 640 | TEST PLAN UPDATE , =4
5p2 | 630 | DOE APPROVAL’ , : | =
5p3 | 620 | FLOW TEST A
SAY | 610 | TEST DATA/ANALYSIS ==

DECISION POINT #4 1 =
5A4 | 600 | WRITTEN AGREEMENT ~a\J
7 700 | COST SHARE DETERMINATION ’ =t==A7
9 REPORTING (DELIVERABLES) : : D =N

SEE MILESTONE SCHED. PART C ‘ TECH, REP, #3  FINAL

: FLOW TEST - REPORTS

. (. . .
Figure 14~--Project Mllestone\ Schedule - Part B - Task 6 - Injection Well Necessary.
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. MRl MAGIC HOT SPRINGS LANDING USER-COUPLED CONFIRMATION DRILLING PROJECT

PROJECT MILESTONE SCHEDULE - PART C
. TASK 9 - REPORTING AND DEL{VERABLES
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it DESCRIPTION
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970 | MILESTONE SCHEDULE __A ‘
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30 - THERMAL GRADIENT WELLS . == A
520 PRODUCT ION WELL 2\
620 FLOW TEST A G =4
SI0 | WELL CUTTINGS A '
610 | TEST DATAZANALYSIS —A\E —\)

TECHNICA|, PROGRESS REPORTS
960 2 EXPEOR?} 10N 23
959 RODUCTION WELL SITE = A
30 #3 FLOW TEST LA A)

t .
CONTRACT MGT, SUMMARY REPS, A A A NG y)
! | 1 | 1 ] ! ! ) | ! |-
PROJECT STATUS REPORTS "AS T A% "A .'.F——ti—“—tli—LF—-ik—-t
1 1,2 '3 L 4
CONFERENCE RECORDS AS REQUIRE A A )
DRAFT APPROVAL FI ,
900 | FINAL TECHNICAL REPORI A l - 73
FINALS
900  |-FINAL COST REPORT ——A
. DR II Arrmlvnt HJ"M\ |

Figure 15--Project Milestone Schedule - Part C - Task 9 - Reporting and Delliverables.




Milestone triangles and activity bars on the Milestone Schedules are the

equivalents of boxes and arrows on the PERT chart.
Each PERT chart milestone box contains three numbers or identifiers:

The number in the lower right corner is the milestone identification
number based on the seven major milestones described in the Statement

of Work (see Section 6.2.(1)). The notation uses 100 for milestone 1,

200 for milestone 2, etec., to accommodate intermediate and minor

accomplishments.

The number at the upper right corner is the expected cumulative

project time of completion of that milestone (the optimum time). From

milestone #640 to project completion, the numbers below the slashes
are expected later completion times for each milestone should the

injection well option become necessary.

¥ The Milestoné Schedule Part A (Fig. 13) is based on PERT chart time

without the injection well option; the entire progi'am- is estimated at

= weeks to completion, final reports delivered. Ifilestone Schedule

Part B (Fig. 14) is based on PERT chart time with the injection well

option. _ . .

e The number at the lower left corner is the Statement of Work Taék
number, which cross-references with the Milestone Schedules.

A brief description of the Magic Hot Springs Landing geothermal project as
plotted on the PERT chart follows.

- [} )
Task 1 of this project is complete with the confirmation of the Financial

Arrangements, milestone #100, at 4" weeks.

' /0
Task 2, Environmental/Institutional, is complete at )0/ weeks with DOE
approval, milestone #200, of the Environmental Report and the lease,

permit, and rights arrangements.
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TIME EXTENSION FOR REFINEMENT AND GREATER ANALYSIS OF DATA

Review of the time schedule presented on page 71a indicates that
the period for review of all data necessary for the determination of

test and final wells may be a little brief for the maximum evaluation

of all data and thé optimum determination of the well sites. Therefore, |

it is recommended that a two to four week period be inserted in the time

frome between the 16th and 25th weeks. This would only be done if further

review of available data was agreed upon by Earth Resource Generatus (ERG)

and THe DEPARTMENT OF ENERGY (DOE).
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Task 3, Exploration, is complete atgweeks with the Exploration Data
Adequacy Written Agreement, milestone #300, and the Production Well Site
Written Agreement, milestone #400. This task includes acquiring and
analyzing the exploration data, selecting the thermal gradient drill sites,
and subrm'tﬁng these with the bid specifications and proposed subcontracts
for DOE approval, milestone #340 at 2%k weeks. After approval, the thermal
gradient wells are drilled and monitored, the data collected, analyzed,
delivered, and passed through Decision Point #1 at weeks to the
Exploration Written Agreement, #300.Q? wees) |

Siniulta'neously, and using from the analysis of the thermal gradient data, a
site will be selected for the production well, milestone #410 at x weeks.,
This selection will be passed through Decision Point #2 at 28 weeks to the
Well Site Agreement, #400. Should either Decision Point result in a
"no-go" decision, the agreement will be terminated atﬁ%eks. Should
both decisions be "yes-go", the decisions and data will input to the
production. well phase of the project, along' with early Task 4 work;-

#560 at eeks, following thermal gradient data delivery and production
well site selection from Task 3. The updated program, bid specifications,

Task 4?3 with updating the Production Well Drill Program, milestone
w

and proposed subcontracts are submtted for DOE approval, milestone #540 at

weeks. Following approval, t!us work, combined with Task 3 data and
decisions, feeds jnto drilling and completion of the production well,
milestone #520 at %weeks. The production well data are delivered into
Decision Point #3 and on to the Production Well Written Agreement, mile-
stone #500 at weeks, which completes Task 4—'

Following delivery of the production well data and Decision Point #3, Task
5 begins with updating the Flow Test Plan and tentatively arranging for
testing services. This will be carried out simultaneously with production
well completion and data delivery. This plan and the teptative arrange-
ments are submitted for DOE approval g ilestone #630 at weeks After

approval, the flow test is initiated at weeks and completed at eeks,
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milestone #620. The flow test data are analyzed and delivered t’ weeks,
milestone #610, and passed through Decision Point #4 at ﬂaeeks to the
Flow Test Written Agreement, milestone #600, at 48 weeks. This completes

Task 5.

Task 6, Injection Well, is built into the project as an optional task.
Should it become necessary to go to subsurface dispcsal, the disposal well
module (see insert in PERT chart) will be inserted at 36 weeks, immediately
before milestone #640. This will back up all completion dates from this
point by 9 weeks. (See Milestone Schedule Part B, Fig. 14, for schedule
details.) ‘ '

Task 7, the Determination of Cost Shares, begins 'at’ weeks with the input
of the test data, the decisions from the Test Agreement, and the data and
decisions fro previous tasks and Written Agreements. Task 7 should be
complete by %‘gixﬂleeks, milestone #700. o

The Final Draft Technical and Cost Reports will synthesize the data and
decisions from all previous task work, Technical Progress Reportg, and the
Cost Share Determination. The drafts should be delivered by ;wieeks and,
following DOE approval, the final reports should be delivered at eeks.
With the injection well module i-nseg%gd into the schedule, final reports_

and project completion would be at 9 weeks.

-

ZRG : ‘
MRI will use the PERT/CPM and the Milestone Schedules for continuous

monitoring and assessment of project progress, funds and labor expendi-

- ture, and reporting.

Funding and manpower estimates are coordinated with these schedules and
milestones, and are easily planned and monitored along with progress. For
reporting purposes a summary version of the lMilestone Schedule is included
with the monthly letter report; both charts are revised and updated as

necessary.
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Landsat .- Aeromagnetics Gravity Pu%l;stged ‘

Eureka Resource Associates, Inc.,
specializes in providing integrated resource
evaluation surveys to the petroleum, geo-.

Computer : thermal, and mineral industries for use in
Modeling | (=t Integration and Development reconnaissance exploration. ,
! of Geologic Concepts Employing a unique multidisciplinary
: approach, Eureka develops cost-effective
regional interpretations that enable our
: clients to choose and evaluate specific

targets prior to more intensive study.

Deliverables Eureka’'s broad-based methodology

NN NNARA | Tectonic Maps ranges from basic geology and geophysics
% Z‘;:“g"’?hifn:"aps to the most sophisticated satellite image
—— Eraton T | interpretation and computer modeling,

Guide Maps applied in the context of the latest advances

Geologic Cross Sections

JL in plate tectonic theory.

- Final Report
with Presentation

Eureka’s integrated studies draw.on many types of data
which are synthesized in the final report and deliverables.

, Gammas/Km

Integrated Approach
Basic data Eureka gathers for a typical project are:

o Digitally enhanced Landsat imagery, processed and
printed by the most advanced methods available.

® Custom-flown aeromagnetic surveys, processed
to produce the most accurate representation of surface
and subsurface magnetic bodies.

o Carefully edited published gravity data (supplemented e el il
with measurements taken by Eureka), gridded and : A Me
contoured to produce precise profiles and maps.

® All relevant studies and data on the project area,

including well data, meticulously researched and A— — - T e e
reviewed. . =
e Our intensive geologic analysis is guided by McGes {1962 Shows southward ——— FEO
’ . . . . ing il {aci urmy ck gown ¢
{1) Eureka’s interactive gravity and magnetic computer e baneatm the wiitiama p,{:?.:.y%cum"i; o
. . . rust, if th wal o thrusting. Par.
modeling, and (2) evolving conceptual geologic models, Iﬂn‘i.’.'r';"'y'{:.l‘g'l:.’,l‘%:xiem ,";:;';;;;cxﬁ“,?ﬁ.aof
: . . . r the deepest thryst plate ari . illiam!
to produce a coherent interpretation of the project area’s rpoy  Mssissiopian Ghainmen Shae 2 few miles nortn (Rike
geologic structure and resource potential, including
specific targets. e
. a %-Zw
=

" Sample cross section from Basin-Range petroleumn study, as
delivered to clients. Aeromagnetic and gravity profiles along
the line of the section guide the geologic interpretations. -220 801

-210
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aeromagnetic surveys. Survey specifications such as flight-

=%

Aeromagnetic and Gravity Surveys
Eureka specializes in designing and executing high-
resolution (up to 0.1 gamma sensitivity), diurnally corrected

line lengths and spacings, tie lines, and elevation control
(drape-flown or constant barometric) are tailored to suit -

clients’ requirements. _
Eureka's field crews routinely make hundreds of gravity

measurements in critical parts of many project areas; these
additions to the often sparse published gravity data are

_invaluable to careful modeling.
For each survey, meticulous editing and state-of-the-art

gridding, contouring, filtering, and surface display routines
provide maximum versatility in presenting and interpreting

the geophysical information.
Computer Modeling

Eureka’s recently expanded interactive computer facilities
produce easily interpreted, quickly modified representations
of subsurface structure; allowing us to model gravity and
magnetic data economically and with high precision.

The real-time nature of Eureka’s two-dimensional
modeling enables the interpreter to use other data sets
(regional and local geology, imagery interpretation, drill hole
data, other geophysical data); this results in far more advanced
interpretations than gravity and aeromagnetic data alone

would permit.
Digitally Enhanced Landsat Imagery

Taking into account such factors as sun angle, vegetation
type and density, and cloud.cover, Eureka selects the images

best suited to structural mapping from the EROS data bank.
These images.are digitally processed to produce detailed,

high-resolution scenes that are easier to interpret for geologic
content than the standard EROS optical enlargements to the
same scale. Then color-composite photographic enlargements
are made, resulting in a vivid, high-contrast image far

superior to the conventional EROS image.
In addition to supplying digitally enhanced Landsat imagery

along with our energy exploration surveys, Eureka supplies

individual frames covering any area our clients may specify.

B e T AU

Gravity map overfay to Landsat imagery
permits close comparison of geophysical
anomalies and geologic structure.

2161 Shattuck Ave., Suite 317

Berkeley, €atitornia 94704
(415) 845-3800

EUREIK@\ Resource Associates, lnc.)
N

cast .

Low-altitude aerial reconnaissance (right) by
Eureka geoscientists enhances Landsat
interpretation (leftj where crucial relation-
ships have not been mapped in detarl.




Model intrusive
. geothermal system.
Landsat interpretation
-The Company =z,
—_—
7, .
“. Eureka's professional staff is a highly
motivated group of geoscientists experienced
in many aspects of exploration surveys:
structural geology, potential field geophysics,
stratigraphy, petrology, data processing, and
cartography. Their combined skills include
expertise in data acquisition and reduction,
experience in synthesizing several types of
data, and the knowledge and imagination
required to apply new concepts and models
to geologically complex regions.
Founded in 1976, the company now
has more than 30 employees and serves a
wide range of clients in the exploration
industry with both proprietary and group
participation surveys.
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Sample List of Deliverables

{Petroleum Study)

e Composite Prospect Map. Summarizes
conclusions on hydrocarbon potential and
target locations. Scale 1:192,000:

® Landsat images. Color-composite, ‘
digitally enhanced images that completely .
cover the project area. Scalte 1:192,000,
suitable as base for overlaying other
deliverables.

e Tectonic map. Compilation of critical
geologic and geophysical interpretations.
Scale 1:192,000. ’

® Cross sections. A set of cross sections
showing final interpretations of subsurface
geology, plotted along with potential field
data profiles. Scale 1:96,000.

® |sopach maps. Present-day thicknesses
of selected strata. Scale 1:192,000.

® Well Location Map. With available
formation tops. Scale 1:192,000.

® Final Report in two volumes. Discusses
fully the data and interpretations, and
presents reduced copies of the plates and
cross sections.

® One-day oral presentation at time of
delivery. '



David A. Lawler, Geologist, earned his B.A. and M.S. in Pale-
ontology from the University of California at Berkeley. Before
coming to Eureka, he was involved in Resource Analysis of Planning
Units with the Bureau of Land Management, U.S. Department of
the Interior, Winnemucca and Carson City Districts. At Eureka, he

. specializes in the stratigraphic aspects of frontier basin studies.

—H—

John R. Parsons, Chief Cartdgrapher, supervises the cartographic

and drafting operations at Eureka Resource Assaciates. He is
responsible for compiling and managing cartographic resources,
as well as for the design and production of Eureka’s various
graphic presentations. He earned a B.S. in Natural Resources from
the University of California at Davis and an M.A. in Geography
from the University of Kansas, specializing in cartography. His
studies and interests center on making the map a more useful
tool for communication through improved design.

_H_'_

Vien Phan, Senior Data Analyst, received his B.S. in Mechanical
Engineering from Laval University, Quebec, and his M.S. in Math-

- ematics from the University of Texas at Austin. Before coming to

Eureka, he served as a consultant in computer programming and
data analysis at the University of California at Berkeley. At Eureka,
Mr. Phan oversees the application of computer technology for the
purpose of reducing, analyzing, and presenting geophysical data in

_a form that is usable by Eureka’s geologists and geophysicists.

He is also responsible for data archive management and
documentation. . ’

CLIENT LIST

Aerial Surveys, Inc.

Altex Oil Corporation
Amerada Hess

Aminoil, US.A.

Amoco Production Company
Anadarko Production Company
Apache Corporation ‘
Argonaut Energy Corporation
Atlantic Richfield Company
Bank of Montreal (California)
Champlin Petroleum Company
Chevron Resources Company
Cities Service Company

Dow Chemical, US.A.

Dumm Steam Company

Earth Satellite Corporation

Elf Aquitaine Oil and Gas
Exxon Company '

Getty Oil Company

Gold Fields Mining Corporation

Gulf Oil Exploration & Production

Home Petroleum Company

Hunt Oil Company

Knight Royalty Corporation

Lear Petroleum Exploration, Inc.

Marathon Oil Company

Oxy Petroleum, Inc.

Pacific Energy and Minerals

Patrick Petroleum Company

Phillips Petroleum Company

Roseland Oil & Gas, inc.

Sohio Petroleum Company

Sunmark

Sunoco Energy Development
Company

Terra Resources, Inc.

Texaco, Inc.

U.S. Geological Survey (through
Aerial Surveys, Inc.)

Wexpro Company
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EUREKA Resource Assoc
N

2161 Shattuck Ave., Suite 317

Berkeley, California 94704
(415) 845-3800
iates, Inc.
Exploration Consultants




PROFESSIONAL STAFF

The President of Eureka is M. C. Erskine, Jr., an internationally
recognized exploration geologist. Dr. Erskine was educated at the
Colorado School of Mines (Geological Engineer in Mining Geology)
and the University of California at Berkeley (M.S. in Geochemical
Exploration and Ph.D. in Geophysical Exploration). He has extensive
experience in geothermal, mineral, and petroleum exploration.

Dr. Erskine served as chief geologist and director of geologic
-exploration for Earth Satellite Corporation, and directed exploration
in Alaska and Wisconsin for the Minerals Department of Humble
Oil and Refining Company. Dr. Erskine is a registered professional
geologist in the State of California.

.____H_

- Robert O. Prindle, Vice President, received his B.S. in Geological
Sciences from the University of California at Berkeley, and attended
graduate school at the University of Southern California. He has
a broad background in managing geothermal and petroleum
exploration programs and in interpreting geophysical data. Mr.
Prindle was formerly associated with Earth Sateltite Corporation
where he was involved in a number of base metal and geothermal
exploration -programs in the western United States and Brazil.
Prior to that, he worked for Geometrics and Varian Associates
where he was involved in planning surveys and the geological
interpretation of aeromagnetic data.

_’.*__
Albert J. Erickson, Senior Geophysicist, earned his B.S. in

Physics at Brown University and his Ph.D. in Geophysics at
the Massachusetts Institute of Technology and the Woods Hole
Oceanographic Institution. His experience includes the theoretical
investigation of heat transfer by mechanical means, measurement
of heat flow in deep ocean bore holes, and practical geothermal
exploration in many parts of the world. Prior to joining Eureka,
Dr. Erickson was employed by Geonomics, Inc. where he was
responsible for the acquisition and interpretation of DC electrical
resistivity and magnetotelluric data. At Eureka, he is responsible
for the reduction and interpretation of geophysical data, and the
integration of these geophysical |nterpretat|ons with other types

of geological data.
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James A. Wolleben, Senior Geologist, earned his B.S. in Geology
from the University of Southern Mississippi, his M.S. in Geology
from Louisiana State University, and his Ph.D. in Geology from
the University of Texas at Austin. He has years of experience
in stratigraphy, sedimentology, and structural geology, and has
worked extensively in the southwestern United States and Mexico.
Prior to joining Eureka, Dr. Wolleben was a Senior Project Geologist
at Gulf Research and Development. At Eureka, he is responsible
for the integration and interpretation of sedimentologic, strati-
graphic, and structural data.

..__H,._

David Bice, Geologist, received his A.B. and M.A. in Geology
from the University of California at Berkeley, and has recently
finished working on his Ph.D. in Geology. His experience includes
volcanology and correlation of subsurface-to-surface geology for
geothermal energy development in Nicaragua while employed for
the California Energy Company. He also was involved in overseeing
the initial development of a stibnite prospect in Nicaragua for
ROTOWA, S.A. Prior to coming to Eureka, Dr. Bice was a software
consuitant for United Scientific Corporation. He has also worked
as an engineering geologist for the U.S. Forest Service and Wood-
ward Clyde Consultants. At Eureka, he is involved in structural
interpretation for frontier basin studies and geothermal exploration
projects.

____H_._

David S. Diamond earned his B.A. in Geology from the University
of California at Berkeley. He has had experience in geologic mapping
and field work in east-central California, as well as in preparing
and testing samples in the Rock Mechanics Laboratory of the
University. As a geologist at Eureka, Mr. Diamond develops cross
sections using published geologic references, Landsat imagery,
and computer modeling of aeromagnetic and gravity data. He
assists in the development of isopach maps from published
drill hole data, and also aids in the preparation of reports and
coordinates the production of plates and maps with the cartography
staff.




EXPERIENCE:
1981 COLO. SCHOOI OF MINES, Golden, Colo., Masters
‘' Degree pending in geophysics. :
Nov. 1979 MICROGEOPHYSICS CORP., Wheatridge, Colo.,
to present . B. Dorman, Superv1sor. Geophysicist - Acquisi-
tion and 1nterpretatlon of electrical data.
Duties include design, construction and use
of field equipment, design and modification
of software and interpretation of data.
July 1978 - NEWMONT EXPLORATION LTD., Tucson, Az., M.J.
Oct. 1979 _Davidson, Supervisor. Geophy51c1st - Acquisi-
VW T o A tion of gravity, Schlumberger, I.P., and EMP data;
T testing of prototype digital EM systems; modif-

§137IJHL725"’32?‘::*’> ication of EM systems; development of geophysical

[PV Ci egm e e e e m mememman i e

RESUME
NAME: Timothy Dean Zeisloft
ADDRESS: Rt. 2 P.O. Box 482‘Crescent Br. Golden Co. 80401
TELEPHONE: - (303) 642 7720

PERSONAL DATA: Single, 5 Ft. 11 In., 190 1lbs, good health:;
26 years old.

e
)

and system software and data processing. .

' 1 e
Sept. 1977 Colo. School of Mines, Golden, Colo., M. .McGrath
May 1978 Supervisor. Computer consultant - Debugglng of

Fortran programs; general consulting for Basic,
Fortran and operating systems on PDP-10 computer.

May 1977 OCCIDENTAL GEOTHERMAIL, Bakersfield, Ca., R.™
Aug. 1977 Crewdson, Supervisor. Acquisition of gravity,
magnetics and temperature data. Surveying of
gravity stations by theodolite and altimeter.

Sept. 1976 Colo. School of Mines, Graduate student in geo-

July 1978 physics. Courses included Fourier analysis, tensor
analysis, communication theory and a electrical
prospecting. Thesis topic - Magnetotellurics.

Jan. 1976 GROUP SEVEN INC., Golden, Colo., J. Jordan,

Aug 1976 Supervisor. Geophysicist - Acquisition of Schlum-
berger and TDEM data,.experience with squid magnetomj
eters.

May 1975 ‘ ARCO, Dallas Texas L. Fahle, Supervisor. Field geo-

Aug 1975 ‘ physicist - Experience in all parts of reflection

seismic acquisition.

197111;;;\ ~ Colo. School of Mines B.S. Awarded Dec, 1975 in
engineering geophysics.
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CHARLES H. CORWVIN Areas of Expertise

Civil engineering
Environmental

: planning
i t Land and lease
‘ matters
'

Mr. Corwin is a consultant to Gruy Federal, Inc.

He received a B.S. in applied arts from Arizona State University in 1958, a
B.S. in civil engineering from the University of New Hampshire in 1965, and
an M.S. in civil engineering from the University of Southern California in

1970.

From 1955 to 1975 Mr. Corwin served as an officer in the U.S. Air Force.
Approximately one-half of his time was devoted to civil engineering duties,
including a tour as base engineer in Southeast Asia during the Vietnam

- conflict.

After leaving the Air Force, Mr. Corwin worked as an engineer for the
consulting firm of JVB Engineers, Inc., a civil engineering firm with
several offices in the State of Idaho. During that time his principal
assignment was on the design of a mumclpal water system.

Since 1979 Mr. Corwin has been an engineering consultant and has worked on
the Magic Hot Springs project since the land was purchased by MRI. He has
also served as a county commissioner for Blaine County.

Mr. Corwin is a member of the National Society of Professional Engineers
and an associate member of the American Society of Civil Engineers, and 1s
a Registered Professional Engineer in the State of New Hampshire.




JEROLD R. KIRKMAN Areas of Expertise

Developmental
planning
Real estate

S E P /7 development

Mr. Kirkman is general manager of Magic Resources Investors, president of
J. R. Kirkman Development Inc., and owner of J. R. Construction Co.

He studied business administration at Idaho State University for two years
in 1968 and 1969. '

Mr. Kirkman has ten years' experience in business in the Sun Valley area.
In 1970 he founded J. R. Construction Co., a home-building and general
construction firm, which by the mid-1970s was the largest company of its
kind in the Sun Valley area. Later he established J. R. Kirkman Develop-,
ment Inc., planning and building new subdivisions and conducting research
and development in other related fields.

At present he is general manager of Magic Resources Investors, in charge of
development and geothermal field research.
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Environmental Consultants

Senior Consultant and Management Coordinator:

NEILSON, JAMES A., Plant Ecology and Environmental Consultant, University
of California, B.S. 1947. University of California, M.A, 1961, University

‘of California,.Ph.,D, 1963, Self employed agricultural production and marketing

management 1947-61., Associate Professor of Biology, Wilberforce University,

Ohio, 1964-65, Chemistry Department of Biology and Dean of College of Liberal

Arts, Wilberforce University, 1965. Associate Director of Cooperative Education

for Biology and Physical Science, Antioch College, Ohio, 1966-67, Project

Botanist, Icefield Ranges Research Project, Yukon Territory, 1967. Self 0
employed as educational consultant and management, 1968-69, Assistant Research
Ecologist, Institute of Ecology, University of California, Davis, 1969-present. ¥
Founder and President of Ecoview Environmental Consultants, 1969-present,

Socleties and Affiliations:

AAAS, Sigma Xi, Botanical Society of America; Ecological Society of Amer-
ica; Arct1c Institute of North America; Alpha Zeta; California Native Plant
Society.

Research, Interests and Professional Activities:

Ecological research of the preservation, maintenance and restoration of
native vegetation in the Lake Tahoe Basin; Vegetation survey of the Lake Tahoe
Basin, including Flora; Environmental Impact Studies and Techniques throughout
central California; Environmental Inventory and analysis of the Walnut Creek
Watershed, Contra Costa County, Impact of Urbanization on Vegetation in the
Tahoe Basins Instructor: the Vegetation of California. Investigations of
plant communities and soil-water-plant relationships on glaciated soils in the
Sierra Nevada and St. Elias Ranges of western U, S. Ecology of root systems
of plants of California annual range type growing in competition. Taxonomy"
and ecology of short-podded lupines in California., Plant exploration in
Yukon Territory of Canada. :

Pertinent Publications (21):

1973. "An Envirommental Inventory of the Walnut Creek Drainage," senior
consultant and editor, 400 pp. U. S. Army Corps of Engineers.

1973. "Some Environmental Aspects of the Napa Valley Wine Producing
Area," Senior consultant and editor. 75 pp. County of Napa.

1973, "Envirommental Impacts on the biota of Strawberry Point Spit and
Lagoon."” A report to Karl Treffinger and Associates., San Francisco.

1974, ‘"Environmental Impacts of Geothermal Development of Pacific Energy
Corp. and Geothermal Kinetics Systems, Inc., Leaseholds at The Geysers, Calif-
ornia," 205 pp. Sonoma County Planning Department,
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e ey Ve Enveenmental Consultants
= ’
}1' Senior Consultant:
;';;'l ‘ BARRY, W, JAIES, Soils and Environmental Horticulture, B.3, Soil Science,
i] S University of llevada, 1963. M.S, Environmentel Horticulture, University of
- Celifornie, 1966, Ph,D., Plant Ecolory, University of California, 1972,
ﬂ?f" Surveying and Engireering, 1956-63,  Landscape architcct, 190k-66. Research
‘} R technician, environmental horticulture, 1966-68., Landscape Design aad

B A Consultant, 1909-71., ZEnvironmental Cpecialist, Califoraia Department of
: Parks and Recreation, 197l-precsent; Ecological Consultant, 19{l-present,

' . Socicties nnd Affiliations:

. ' Ecological Socicty of America, California Botenical Soclety, American
Sy ~ Soclety for Horticultural Scicnce, Soil Sc¢ience Society of America, Cali-
b fornia Horticulture Seciely. :

Research. Interests and Professional Activities:

o Environmental analysis of natural ecosystems for public use; use of fire
o - to maintain native grasses on State Park lands, Provagaticn of native and

Lo horticultural plants for ornamental use. The ecology of quaking aspen;
Regional and Recreational Area planning. U

Publicaticns:

‘ 1968, '"Vegetative Propagetion of Quaking Aspen," California fericulture,
22:1k-17. ' '

: 1971. "Quaking Aspen, Ponulus tremuleoides Michaux; en Ecological

N Lpproach.” Ph,D. thesiss ' : —
Lo 1971. "An Envircumental Impact Statement for Oakwood Properties; A

o : study of land capability and water gquality." Associate consultant and soils
specialist. 60 pp, Raymond Vail and Associates, Fair Oaks, California.

1972, "A Landscepe Design and Native Planting Materials for Tahoe
Alpine Development." Tahoe City, California. Associate consultant,

1972.. "A Water Quality and Land Capability Study of Cameron Park
Ranchos (Buell Ranca), El Doresdo County, California." Associate consultant
and soils specialist. 52 pp. Raymond Vail and Associates, Fair Qaks,
California, ' '

. 1972. "The California Prairie," special publication, California State

' Department of Resources. o

P 1972. "An Environmental Impact Report for Burbank Heights Senior

’ Citizens Housing Development," City of Sebastopol, California. Associate
consultant and soils wnalysis. '

3 1974, "Environmentel Impacts of Geothermal Development of Pacific

o Energy Corp. and Geothermal Kineties .Systems, Inc., Leaseholds at The

R Geysers, California. 205 pp. Sonoma County Planning Department,




Y+ Environmental Consuitants .

[DIVIE

LF\ Assocliate Investigator:

SCHULTZ, ROBERT O. Human ecology and natural Resource Managenment,.
3 University of California B. A. 1970, University of California M. S.
» 1973. Research Assistant, University of California 1970-1972. Research
; Assoclate, California State Dept. of Water Resources 1972. Project
.~ Director and Senior Research Ecologist, Environmental Management Frame-
; work Development 1972-73. Co-founder LANDSHAFT Environmental Consultants

! 1973-present. Associate Consultant, ECOVIEW Envirommental Consultants
L , 1973~-present. - ' : :

Societies, Affiliations and Awards:

Predoctoral Fellowship in Natural Resources. )

" Research, Interests‘and-Professiongl Activities:

capability multiuse plan formulation; environmental impact assessment.
Natural resource management, including inventory accounting, systems
model development analysis, interpretation and conservation and open
space management. Residentlial development planning, including site

; planning, environmental design, low energy housing.. Advisor to

y Sacramento County Environmental Task Force; Advisor to Shoshone Nation,

lecturer and 1nstructor, environmental short courses and workshops,
U. €, Davis..

(

|

i

|

|

|

|

|

!, : Land use planning, including environmental inventory, land
|

i

l

|

Pertainant Publications: (21)

1973.  "Environmental and Resource Analysis Techniques" in a critique
of water and related land resources planning, California State Dept. of
Water Resources,

1973. A comprehensive Framework for Assessing the Env1ronmental and
Social Impact of Development (in manuscript).

1973. Environmental Impact Report: Proposed Water Storage Facility, .
Dept. of Public Works, City of Fairfield, California with L. R. Elliott.

1974, Environmental Impact Report: Waterman Water Treatment Plant,
Nelson Hill Reservoir and Related Water Transmission Lines. City of:
Fairfield, California, Dept. of Public Works and Dept. of Environmental
Affairs with L. R. Elliott.

1974,  Environmental Impact Report: Water—Sewer-Dralnage Element,
City of Fairfield, California, Dept. of Environmental Affairs.

1975. Environmental -Impact Report: Extension of Water Services to
Cordelia Growth center, City of Fairfield, California, Dept.of Public
Works and Dept. of Environmental Affairs with L. R. Elliott.

—

62




Environmental Consultants

=l  Associate Consultanti
- .

I : SIMON, GARY D., Microbiology and Environmental Analysis. B,A. Micro-
—i . Dbiology, Indiana University, 1970. PhDc. Environmental Analysis (Quanti-

3 tative Policy Analysis), University of California, present. Research assis-
T tant, Eli Lilly and Co., Indiana, 1968. Teaching assistant, University of.
i Indiana, 1969-1971. Research Assistant, University of California at Davis,

' o 1971, Consultant to A.E.C. Laboratory, U.C. Davis, 1972. Legislative
i - analyst, California State Assembly, 1973-74. Senior Consultant, California

. State Assembly, 1974-present.

~ Societies, Affiliations, Honors and Awards:

- Sigma Xi, AAAS, Am. Soc, for Microbiology, Phi Beta Kappa, Phi Eta

wiA - Sigma, Bayard Floyd four-year academic scholarship, Indiana University,
e 1966-1970. Honors Research Grant, Indiana University, 1968-1970. Sigma Xi

—45_ outstanding undergraduate research project award, 1970.

AR Research, Intersts, and Professional Activities:

Research in microtiology, human ecology and environmental policy

-y analysis; research on governmental energy policy and its application to
‘.“ A _ public interest, technical reports on energy issues, bill drafting and
Ty _ analysis. '

-

I A Pertinent Publications (8): -

.1971. "Growth and Morphological Characteristics of a Species of -

bR . Flexibacter," - senior author with David White, Archiv fur Mikrobiologie
| . -
— - 1972. "Growth, Cell Division, and Fragmentation in a Species of

Flexibacter," co-author with Jocelyn C. Poos, F. Rudolf Turner, David
T White, Karen Bacon, and Carl Russell, J. of Bacteriology 112: 1387-1395.

1972. "A Eibliography of Selected Materials on Energy and the Environ-
- ment," prepared under contract to AEC Radiobiology Laboratory, University
of California at Davis, November 1972, 55 pp.

; June 1973. '"Electric Utility Growth: A Comparative Study in Decision—
P making in PG&E and SMUD," prepared under grant to University of California
a i . at Davis, : A '

f ‘ ' June 17, 1974. The Walrus Said: A Technical Report of the Staff to
' the Assembly Planning, Land Use, and Energy Committee, with E. E. Varanini,
M. Green, and D. Sanders.

| - - | Q Lc{
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DR. RICHARD H. MATHER’SON | CUNF”}EN,”AL l‘ :

7671 Hansom Drive
Qakland, California 94605

(415) 632-1638
Dr..Richard H. Matherson - Agricultural Growth Industries, Inc.,
University of California, B. S. Chemistry and Microbiology; Studies

for Ph D in Anatomy; Research in Orthopedics, Engineering and Law;.

Honorary Doctorate, University of Seoul, Korea. Dr. Matherson

is 8 Food Processing Technologist, Equipment Developer and Manufacturer, -

Electronics implementation, and Nutritional Researcher. Dr. Matherson

is presently President and Chairman of Board of Ferma International, a

holding company for: _ o
e Agricultural Growth Industries, Inc. - President and Founder

Development and Manufacturing Corporation on Food Processing

Equipment.
e Xerodyne, Inc. - Founder, former President and Chairman of the

Board, now a Director on the Board, Microwave and Freeze drying

of foods.
e FFMC Ltd. (Canada), President. Engineering and plant processing

e

design..

e Westland Foods, Inc. - Technical Research Director. Microwave

processing of po?k products.
e Modern Dehydration Food System, Pres?dent - Dehydration of fruit,

onions, and garlic. Freeze drying with osmovac treatment.

] Gréenfeed International -Ltd. (Canéda), President and Co-founder.
Agricultural research-foundation.- Agronomy and nutrition.

® Speed-N-Sport - Electronic and motorcycle manufacturer and sales.

@ Wings Foods - Director, food packaging equipment and spiceblending.
® Ag-Gro Ex Sales - President. Exporter and importer of processing

equipment.

Advisor to Hydro-Gardens, Inc. Manufacturers of hydroponic and

farming nutrients.

is expressly prohibited.

Advisory to the Department of Agriculture, Alberta, Canada.

Direct involvement in the design, construction, and/or modernization

g2 - |
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of food processing plants in the United States and 6 major

Dr. Richard H. Matherson:

plants in Canada in the last 8 years.

Former Technical Liason with A.H. Robins Pharmaceutical Company.

Former President of Visutronics Corporation of America - scientific,

technical, and occupational training systems.

RESEARCH, INTERESTS AND PROFESS|0NAL ACTIVITIES - Food processing

dehydration, pharmaceutical processing, freeze drying, microwave

processing of food, cryogenic food processing and pharmaceuticals,
equipment engineering and manufacturing for processing of agricultural
‘products, occupational teaching and training management, electronic

instrumentation development and manufacturing for food processing.

Senior Technical Advisor on PRDA contract for Non-Electrical Agri-business
Applications Using Geothermal Energy - Geonomics, Inc.; Agribusiness
advisor on DOE Mountain Home Geothermal Project; Agribusiness advisor

and designer for DOE Kelley Hot Springs, Geothermal Agricultural Complex

(KHSAC) .

—_—

Agricultural Growth Industries, inc. (AG!) and/or Dr. Richard H. Matherson
have been a pioneer in the production of energy efficient and biologically
- cascaded (an Eco systém in miniature) of high quality, low cost animal’
feed and human food on this continent, the orient, and a number of |
third world countries. The combination of eneréy efficient human
agricultural growth technology with renewable, so called, low grade

energy resources result in a synergism far exceeding the independent .

capabilities of either organization.

AGl and/or Drg Richard H. Matherson has also been involved in sub
contract consultant to Geonomics, Lake County Geothermal Agricultural

Complex and Geothermal Power Corporation - Kelly Hot Springs Geothermal
None of these contracts exceeding $100,000,

is express

Agricultural Systems.
therefore, further requiremehts of contract numbers, official administrators,

etc., are not applicable.

&
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Richard H. Matherson, President of Agricultural Growth lﬁdustries, a.

California Corporation, and other corporations. hasc been active in the

food industry for many years. He has been a developer of major foor

. processing. equipment and total systems. These systems are primarily in

the food and medical industry; but also overlap intolelectronics; and
other manufacturing areas such as plastics. His major areas of.interest
"have been in food processing, dehydration, pharmaceutical processing,
freeze drying, refrigeration, microwave processing of food, éryogenic
food processing and pharmaceutica]s; équipment engineering and '
manufacturing for processing of agricultural products, occupational
“teaching and traihing equipment, electronic instrumentation development,

and manufacturing for food processing.

R. H. Matherson has been active in the design, engineering, prototype

development, construction and equipment development for tWenty years.

These areas have been primarily in the food and pharmaceutical industry.

He has been involved in the direct management of large numbers of
people through the companies developed, as well as the marketing of same.
. | )

R. H. Matherson has also been an advisor to the Canadian Government o
and Department of Agriculture for the Province of Alberta. During that
‘time, he provided the technology and assistance necessary to develop
from conception to operation such facilities as follows: Meat breaking

~and secondary processing. Cooked convenient food operation, Microwave
food processing, Dehydration, Pasta operation, Slaughter facilities,
Feed lot and milling as well as Alfal%a dehydration, Rape seed oil .
crushing plant, Wheat Starch Gluten processing plant, Poultry and egg
cracking and processing facility, portion packaging operation, Spice
blending and packaging facility. Technical assistance was also provided
to establish a Research and Development center at the Alberta Provincial

Laboratory and to establish the back up equipment technology assistance.

Reference and confirmation of material presented may be verified by
contacting the Bank of Montreal (California), Mr. John Woods. This bank

is R. H. Matherson's chief contact for financing and work in the United

States and Canada. : gaj;’
: 2
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MARTHA L. ZEISLOFT E D N
P. 0. BOX 1107 ' !
COLFAX, CALIFORNIA 95713

il H HM

(916) 346-2651"

EXPERIENCE

January 1972 to Present

Principal Partner in Mar-Bil Enterprises, a partnership

business involved in land sales, and development, sales of
Capital Equipment for Milking Parlors and Freestal! Housing

for Dairy Cows. Sales of Capital Equipment for 3wine
Confinement Housing, involving all areas of swine animal )
growing. Sales of Capital Equipnent for Grain Mills, elevators,
conveyors and feeding svstems for Livestock. Her reSDOﬂSIbllnty
is Chief Executive Officer, Controller, Book- keepung and

0ffice Management.

June 1963 to January 1972 |

Super Tread Company. Wholesale, retail and Commercial

Truck and Auto Tire Sales and Service firm. This firm
pioneered the Bandag Retreading System in the Western States,
and also introduced Bridgestone (Japanese) tires into the

United States market.
Was responsible and chief Function was as Controller, Book-keeper,
0ffice Manager.

.E_E.g) April 1943 to June 1963
S § House-wife, Home-msker, Mother of four children and Confidant.
£ £ : '
- — C
;_5';. April 1940 to April 1943
75 g g Marshall and Marshall Law Firm
902 Legal stenographer for the entire firm
gz 3 |
g';z.uJune 1937 to April 1943
O.—;I Y
éng'g:é The Eavy Company - Wholesale Grocery company with sales to
o‘gig~§ company owned Super Markets and Individually owncZ smaller
5 }&.{ a grocery stores. : :
PR Chief Billing Clerk and Inventory Prnc:ng.
S0 @
6. ®
& 5 & PERSONAL
A
o §j2 e Married: Four Children
v o< Health: Very Good
AFFILIATIONS

Women In Agficuiture




ltora

hard H. Math-

o Agricu
er than that

gricultural Growth Ind., Inc.

<

erein is deemed
entinl and proprietary t

ained h

04
’

tion_con

Dr. Richard H. Matherson, in writing,

nforma

e i
U

Growtli 1ad , Inc. and/or Dr. Ric
erson. Usn for any purpose oth

specified by A
is expressly prohibited.

oeonfi
and/or

g
Ay

e b e At e+ e b o

RESUME

WILLIAM E. HENDER!CKS‘ON' _ ' | CUNHDEN”A'_

3910 Orangewood Drive
Fair Oaks, California

EXPERIENCE

January 1973 to Present:

Partner in Mar-Bil Enterprises, a Partnership busipess involved

in land sales, and development, sales of Capital Equipment

for Milking Parlors and Freestall Housing for Dairy Cows.

Sales of Capital Equipment for Swine Confinement Housing,
encompassing all stages of swine animal growing. Sales of Capital’

Equipment for grain mills, elevators, conveyors and feeding systems
for anestock

August 1971 to January 1973

Served as the President of Super Tread Co., Inc. A Multi- .
million Dollar Tire Company involved in Marketing heavy duty
truck and ‘industrial tires and also operated a Bandag Retreading
system for all size-and types of tires. This tire firm
pioneered the Bandag tire retreading system in the Western
States and also introduced the Japanese tires to the United
States markets throughout Northern California and Nevada.

‘Active in all phases of management. Concurrently served on the
Board of Directors for F = B Truckline - a 2 million dollar

Trucking Co. Headgquartered in Salt Lake City, Utah and serving
States west of the Mississippi River.

1957 t0 1972 - | | -

Super Tread Company, a partnership, wholgsale, retail and
Commercial truck and auto tire sales .and service firm. This
firm was the predecessor to the Super Tread Co., fnc. Was one

of the two General Partners who formed the Company and built it
into a 2 million Dollar Company.-

1953 to 1957

"United States Air Forée GS-10 Section Chiéf - Maintenance and
Logistics for Lockheed F - 104 abd F -9L4 fighter aircraft.

Responsibie for engineering, planning, operative maintenance,
design and data dissemination under a Branch Chief.

£7




1943 to 1953

CONFIDENTIAL

United States Air Force - Captain. Single and Multi-engine
aircraft pilot. Accrued more than 2,500 hours of flight time
in single and multi-engine land and sea aircraft, while
"serving as a flight instructor in:the Air Training Command and
as aircraft commander in the Air Sea Rescue Command.

1941 to 1943
United States Airforce Civilian Service - Aircraft Mechanic.
EDUCATION:

o ‘ Sacramento City College’
L ' A Aircraft Engineering

PERSONAL

Married: Three Children
Health: Very Good
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MARVIN G. ZEISLOFT .
P. 0. BOX 1107 f‘ M
COLFAX, CALIFORNIA 95713 uL:":t‘HU

(916) éhe-zssl

EXPERIENCE

September 1973 to Present ' :

Terrltory Manager and Hanufacturers Representative for eught
Western States.

Responsible for selecting, establishing, training and assisting
Companie's Dealers. Offers expert assistance and consultation
in sales, contracting, planning, design, and construction of

new and remodled Grain and Livestock Housing Facilities, to

meet the most demanding requirements for costs, space, labor
savings and efficient production of pork, milk and beef.

Since 1977 has been very active in selecting equipment and
designing facilities for use by Agri-Business at low, medium -
and high temperature Geothermal Resource locations in the
Western United States.

The Company Manufacture Capital equipment for feeding, handling,
and housing of Beef Cattle, Dairy Cows and Swine, Milking Systems,
Commercial grain elevators, Grain cleaners, and Conveyors.

“ August 1971 to September 1973

Served as the President of Transport Maintenance and Leasing
Company. A Utah Corporation. Simultaneously served on the o
Board of Directors of F - B Truck Lines Incorporated - a multi-
million dollar Utah Corporation. While Serving as the President-.
of Transport Maintenance and Leasing was responsible for ' -
maintaining in accordance with the Department of Transportation
rules and regulations a fleet of 500 semi trailers and 50 ’
truck tractors. This equipment operated in all states west

of the Mississippi River under Interstate Commerce Commission
rules and regulations. During this time was responsible for
selecting and purchase of new equipment, with individual contracts
for the purchase in excess of $1,250,000. Oversaw the operation
of five maintenance terminals located in California, Oregon,
.Utah, and Colorado. Instigated Corporate policy, and controlled
fiscal monitary, income and expenditures. Generally speaking -
Was the President and Chief Executive Officer of this Multi-

Million Dollar Company.

1957 to 1971

is expressly prohibited.

Super Tread Corporation, Sacramento, California. Génerai Partner
and Chief Executive Officer. Wholesale, retail and commercial

&7
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full time truck and auto tire sales and services.: Pioneered

-Y“Bandage'' tire retread system. Operated and also introduced

first Japanese tires to the United States Markets throughout
Northern California and Nevada. Active in all phases of

management.

1962 to 1970

Concurrent with the above endeavor. Plumfield Farms, Sacramento.
California. Owner-operator of 235 acre fruit farming enterprise,
consisting of plums, pears, orahges. and grapes. Growing,
planting, harvesting and market development. '

- 1952 to 1957

United States Air Force, GS-12 Branch Chief maintenance and
logistic. Lockheed fighter aircraft and nuclear bombers.
_Responsible for engineering planning, operative maintenance,
design and data dissemination.

1946 to 1951

United States Air Force, Service, Aircraft Mechanic.

1940 to 1945

United States Army Aircorbs.

United States Air Force Training Courses

Air Material Command . RS
Certificate of Training -
Conference Leading - 23 July 1953

Sacramento Air Material Command
Certificate of Training
Public Speaking - 7 April 1954

Weapons Air Development Command

United States Air Force

Office for Aircraft Nuclear Products

A.N.P. Nuclear Science Course - 26 April 1955

Air University - United States Air Force
Air Command and Staff College
Weapons Orientation Course - 20 January 1956

PROFESSIONAL AFFILIATIONS

Member Gideons International - President - Auburn California Camp 1973-74

PERSONAL

Married: 4 children Health: Good
72 | PR




‘Geothermal Research Program doing exploratory drilling and

RESUME

E. G. (Jerry) Crosthwaite : . September 1, 1980
8821 Churchill Road S '

Boise, ID 83709

Profession

Hydrologist.

Experience

Twenty-eight years with the Water Resources Division of the U.S.
Geo]og1ca1 Survey of which more than 25 years of that time was

in Idaho. I retired from the USGS on December 29, 1978 and since
then have been working as a consultant in groundwater and geo-
thermal hydrology. I intend to continue only part-time work.

My duties as a Supervisory Hydrologist the last few years with
the Survey were to assist project chiefs in planning and execu-
tion of projects, and in determining methods of investigational
procedure to carry out complex hydrologic studies. I also served
as Project Chief on assigned projects, reviewed and criticized
reports and papers prepared by colleagues, trained and directed
personnei, maintained liaison with subordinates and supervisors,
met with State and Federal officials and the general public on

“water resource matters.

—

From early in 1975 to the end of 1978 I worked in the Survey's

geothermal evaluation of the Raft River Area of Idaho, served

as the Survey's drilling advisor on the deep core drilling pro-
ject at the Idaho National Engineering Lab, and did stable
isotope sampling in eastern Idaho. ‘

My specialties are resource evaluation, reservoir engineering,

and drilling and testing wells in both volcanic and granular
rock terrains. .

Since leaving the Survey have done water supp]y and well site
evaluations, well testing, and hydrologwc evaluat1ons
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Recent Clients (partial list)

EG&G Idaho, Inc.
P.0. Box 1625
Idaho Falls, ID 83415

CH2M-Hi1l
700 Clearwater Lane
Boise, ID 83707

Boise Geothermal
649 W. Idaho

‘Boise, 1D 83702

Professional Organizations

Iowa Beef Proceséors
Box 810
Dakota City, Nebraska 68731

The Nature Conservancy

Western Regional QOffice

San Francisco, California

Registered Geologist, State of Idaho, No. 6

Geologists

" Secretary of ldaho State Board of Registration for Professional

Registered Geclogist, State of California, No. 2556

Idaho Association of Professional Geologists

National Water Well Association, Technical Division

American Institute of Professional Geologists, Charter Member

Geological Society of America

Education

Bachelor of Arts, U.C.L.A., 1950

Personal Data

Soc. Sec. No.: 720 03 4791
Birth date: 10/18/18
Physical condition: Good

Marital status: Married, twoAchildren
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Professional References

Ralph Norvitch

Associate Chief

Water Resources Division
U.S. Geological Survey
P.0. Box 036

Boise, Idaho 83726

Paul Williams, Chief
Environmental Geology Branch -
U.S. Geological Survey :
Denver Federal Center
Lakewood, Colorado 80225

Don Mabey

Rm 468 Post Office Bldg.
U.S. Geological Survey

Salt Lake City, Utah 84101
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Dr. Monte Wilson
Department of Geology
Boise State University
Boise, ID 83725

Dr. Clayton Nichols

U.S. Department of Energy
2nd & Holmes

Idaho Falls, ID 83401

Frank Sherman

Idaho Department of Water
Resources

Fourth and Fort Street
Boise, ID 83702
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APPENDIX |
VITA
NAME : Craig McKibben White

PLACE OF BIRTH: Bethesda, Maryland

DATE OF BIRTH: Janary 16, 1945
EDUCATION:

Bachelor of Arts (Geology), 1967, Eariham College
Master of Arts (Geology), 1970, University of Wisconsin
Doctor of Philosophy (Geology), 1980, University of Oregon

PROFESSIONAL EXPERIENCE'

Contract geo]og1st Oregon Department of Geology and Mineral Industr1es,
1977-1979.

Assistant Professor of Geology, Boise State University, 1980-

AREAS OF CURRENT RESEARCH.INTEREST:

Geo]ogy and geochemistry of Tert1ary volcan1c rocks in the Oregon Cascade
Range. ,

Geochemistry and m/neralogy of layered gabbroic rocks associated with the
Skaergaard intrusion in East Greenland

e

Petrology and volcanology of recently active volcanoes in the Cascade ﬁange
PUBLICATIONS:

. Craddock, J. C., White, C. M., and Rutford, R. H.

, 1969, The geology of the
Eights Coast: Antarct1c Journal, v. 4, p. 93- 94

McBirney, A. R., Sutter, J. F. Nas]und H. R., Sutton, K., and White, C. M.,

1974, Ep1sod1c volcanism in the centra] Oregon Cascade Range Geology,
December, p. 585-589. ' _ .

White, C. M. and McBirney, A. R., 1979, Some quantitative aspects of v
volcanism in the 0regc1 Cascades in, Geol. Soc. America Memoir 152,
p. 369-388. ,

White, C. M., 1980, Geology and Geochemist[y of Mt. Hood Volcano: State

of Oregon Department of Geology and Mineral Industries Speciai Paper
8, 43 p.

PRPISRS oe




"o White, C. M., 1980, Geology of the Breitenbush Hot Springs Quadrangle:

, State of Oregon Department of Geology and M1nera1 Industr1es Special
T - Paper 9, 43 p. ‘

Abstracts

Rutford, R. H., Craddock, J. C., Armstrong, R. L., and White, C. M.
1970, Tertiary glaciation in the Jones Mountains, Antarct1ca

G. S A
Abs. with Programs, v. 2, no. 7, p. 670-671, _
McBirney, A. R. Wh1te C M , and Bow, C. 1976, Magmatic evolution
of the centra] Oregon Cascades: G. S. A Abs w1th Programs, v. 8,
no. 6, p. 1003-1004." :
White, C. M,

,. Geochemistry of post-glacial dacites from Mt. Hood,'Oregon,
Eos (Am. Geophys. Union Trans.), v. 61, no. 10, p. 110, 1980.
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WILLIAM R. BRINK:

Mr. Brink is Coopers & Lybrand's,'San Fancisco; California,
lead Consultant for west coast geothermal engagements.

Coopers & Lybrand, a'"big eight'", international accounting

firm is ¢the most experienced in geothermal projects. accounting
and economic assessment. Mr. Brink will be responsible for
carrying out data gathering, analysis and dissemination
activities involved in planning and fulfilling Coopers &
Lvbrand's assigned work. Mr. Brink is an MBA graduate of
Harvard lniversity and B.S. Degrees in Psychology and
Management Science from Oregon State Wiversity.

Mr. Brink is a Managef for Coopers & Lybrand's financial

and ménagement accounting staff in the San Trancisco
management consulting services office and lead consultant

for west coast geothermal engagements. He is a generalist
with experience in marketing, production control, construction

management, financial feasibility investigation and systems
design.

Mr. Brink is the Hrm's lead consultant for business and
financial assessments of Geothermal Loan Guaranty applica-
tions to D.0.E., San Francisco operatioms.

For a private industry client, Mr. Brink participated in
a study to assess the financial and economic factors
related to the non-electric utilization of a geothermal
resource in an agribusiness applicatioﬁ. Specific work
included a comparison of costs and benefits between
conventional and geothermal energy, econcmic evaluation
of potential end products and markets, and an investment

analysis of the project.
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CONFIDENTIAL

For a foreign client, Mr. Brink designed and éécomplished

a national marketing survey to establish market potential

and contacts for the foreign client. The survey included

telephone and mail solicitation, data consolidation,

is expressly prohibited.

analysis and evaluation.

Prior to joining Coopers & Lybrand, Mr. Brink was a A
consultant for an east coast firm where clients were small
and medium sized businesses in need of turnaround action.
Investigations, analyses and recommendations covered |
production, marketing, accounting, financial control,

strategic planning, financial assessment, and pro forma
generation. ‘ ' '
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oo Firm Overview

Coopers & Lybrand is an international accounting -
firm offering specialized services in the areas of auditing,

taxation, management consulting, and actuarial, compensation.

B and benefits. These services are offered to both the public

i and private sectors.

Founded 120 years ago, Coopers and Lybrand today
employs over 20,000 personnel in over 350 offices around the
globe. The domestic operation has approximately 7,500
employees in 79 offices. 1In Califprnia, Coopers & Lybrand
has over 800 employees located in San Francisco, Los Angeles,
; Sacramento, San Diego, Oakland, Palo Alto, and Newport Beach.

Current clients, in addition to those cited p'rve-
Lo viously, include Alcoa, ATsT, CBS, Conrail,"Crown Zellerbach,
’ " Firestone, Ford, Johnson & Johnson, Kennecott Copper, 3M,
Nabisco, PanAm, Phillip Morris, Raytheon, Sta.te Farm, Upjohn,
California State Water Reso_urces Board, Southern California

Rapid Transit District, California Department of Education,

‘é.é R cc:‘aCity of Los Angeles, City of Oakland, and United States -
g<£ == ) . : -
-352 c § Departments of Justice, HUD, Energy, HEW, AID, and Transpor- _
T . b o}
é_:; -j—? £ ¢ tation.
N
2 T=E32Q :
: é% :S_EManagement of Functional Disciplines
185832 o
g S g‘ 52 Coopers & Lybrand's three principal groups--audit,
—~—ao=T 0 .. .
:E i_g:gaxation and management consulting--offer a wide range of techni-
Ty EE"E $al expertise. These include: '
RNy |
fieT 2 Financial Auditing Telecommunications
j,gl’g e D Management Auditing - EDP Software Development
E3LEIR Regulatory Compliance Computer Modeling
83 222 Federal and State Income Market Assessment
2o ewes Tax Compliance - Resource Planning
*;k ) Tax Planning . Cost Analysis
'f;“” Tax Auditing Organization Analysis
5 Ecomomic Analysis. Financial Planning
‘ EDP Hardware Planning Public Policy Formation

Computer Center Operations

/2 2@
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COOPERS & LYBRAND:

As a further indication of Coopers & Lybrand's ex-
perience and expertise in the areas of data systems and énergy'
development and utilization, we have included a representative
listing of our clients in geothermal, oil and gas, and public.
utilities industries. A full range of audit, tax, data
processing and consulting services have been provided to these
clients and, as such, are too numerous to list in this proposal.
We stand ready, however, to provide WESTEC.with information
of specific projects and references for any of these clients.

REPRESENTATIVE GEOTHERMAL CLIENTS

AMAX, Inc.

Bechtel Corp. '

California Energy Co., Inc.

Coury & Associates

Department of Energy, San Francisco Operations Office
Energy Research and Development Administration
Energetics Marketing & Management Associates, Ltd.

. Geysers Development Corp.

International Engineering Co.
Johns-Manville Co., Inc.
Magma Power Co. ‘ B
Morrison-XKnudsen International Co., Inc. -

hat

nd., Inc.
erson, in writing,

Natomas Co.

Northern California Power Agency
Pacific Energy Corp.

Stearns Energy Corp.

Sun 0il Co.

med

y to Agricultural

Thermal Power Co.
Union 0il Company of California

REPRESENTATIVE OIL AND GAS CLIENTS

avy purnose other than 4
grirultural Growth I

and/or Dr. Richard H. Math

. Anc.and/or Dr. Richard H. Math-
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Asamera 0Oil, Ltd.

Atlantic Richfield Company
Bobcat 0il Company

Caldera Petroleum Company
Callon Petroleum Company
Champion Ventures
Consolidated 0il & Gas, Inc.
DEPCO

Earth Resources Company
Equity 0Oil & Gas Co..

L0
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REPRESENTATIVE OIL AND GAS CLIENTS, Continued

Flying Diamond 0il Corporation
Gulf 0il Corporation .
Jenney 0il Company, Inc.
MacMillan Ring-free Oil Company
Oxford Exploration

Parker Drilling Company

Pauley Petroleum Inc.

Phoenix Drilling Funds .
Quaker State 0Oil Refining Corporation
Reading & Bates Offshore Drilling
Skyline 0Oil Company

Sun 0il Company '

Sunoco Exploration Partnership
The Refinery Corporation

TOSCO

Union 0Oil Cdmpany'of California
United Refining Company

U. S. Natural Resources Inc.
WECO Development Corporation:

REPRESENTATIVE PUBLIC UTILITY CLIENTS

American Telephone and Telegraph Company and
the Subsidiary Bell Companies

Arkansas Power & Light Company

Baltimore Gas & Electric Company

Bonneville Power Administration e
Boston Edison Company E22="%
Central Louisiana Electric Company. 12z E-g 3
. 2 o0 == 8

Commonwealth Natural Gas Corporation c<e5E ¢
Continental Water Company " seS<£ 32
Delmarva Power & Light Company 2x% o528
_El Paso Electric Company v B8 5_-3
General Public Utilities Corporation go2ysalis
Jersey Central Power & Light Company 283 22 ¢
Metropolitan Edison Company EES i
Pennsylvania Electric Company :'E g G é-. 5

. ' SE=5 N

Green Mountain Power Corporation T = -5‘9 2%
Gulf States Utilities Company £€2c¢ - 8
Irvington Gas Company, Inc. <2 _65 =225
Lynchburg Gas Company ' = 5 §353
Mid-Continent Telephone Corporation £ 65 585

Missouri Water Company

New England Electric System

' Granite State Electric Company
Massachusetts Electric Company

J oA

is expressly prohibited.
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REPRESENTATIVE PUBLIC UTILITY CLIENTS, Continued

The Narragansett Electric Company

New England Energy System

New England Power Company
New York State Electric & Gas Corporation
Northern Indiana Fuel and Light Company, Inc.
Peoples Natural Gas Company of South Carolina, Inc.

Philadelphia Electric Company
Puget Sound Power & Light Company
Savannah Electric & Power Company
Sierra Pacific Power Company
Tampa Electric Company

Tennessee Valley Authority

United Illuminating Company

Valley Gas Company, Inc.

Virginia Electric and Power Company
Volunteer Natural Gas Company
Washington Public Power Supply System

Yankee Atomic Electric Company

y to Agricultural
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LEonARD . FIsEER CONFIDENTIAL

Registered Prof=ssional Engineer
384)1 - 25th Street
San Francisco, California 94114
(415) 282-1827

SUMMARY OF EXPERIENCE '

Ter years of experience in the analyses, conceptual through £final
design, and management of engineering projects including: thermal
power anc process cycles; energy use, conservation, and recovery

systems; integrated multiple use appllcatlons of heat, particularly

geothermal heat; cost estimation; pumpxng and piping systems; and
facilities deszgr. _ :

Extensive background in technical writing involving preparation of
proposals, feasibility studies, design criteria, specifications, .
procedures, test reports, and technical publications.

t recent experience 1in business development work in the
y ‘ , _ .

EDUCHLTICH

BS, Engineecing, California Institute of Technology, 1966
MSMZ, Thermosciences, Stanford University, 1967

MSMZ, Preccuct Design, Stanford University, 1969

AWARDS ’

~National Science Foundation Graduate Fellow, 1966-1968 -

Project Manager for the first prize winning project in the 1879
Engineering Excellernce Awards Ccmpetition of the Constlting

Engineers Association of Cazlifornia: '"Systems ans Energy
Engineering, Mountain Home Geothermal Project"

Invited participant in U.S. Department of Energy sponsored workshop

o "Direct Utilization of Geothermal Energy: Development of Four
Educational Reports," February 1979

PUI ICRTIOVS

"Slurry System Economic Parameters,” co-authored with Fred L. Smith
and Sam F. Fogleman, Hydrotransport 4, Alberta, Canada, 157§

Auther or co-author of four papers and three report
éirect wuse applications of geothermal energy, 1877-1
subiects were the Total Energy Recovery System fo
(TERSA) ané the Mountain Home Geothermzl Project
livestock meat and feed precduction facility. '

€ on multipl:
879. "Among the
£ Agribusiness
, an integratec
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~fertilizers, and feeds; integrated energy systems for

oo . meses CONFIDENTIAL

Registered Professional Engineer

EMPLOYMENT HISTORY !

Present: LAFCO Energy Systens Englneerzng, San Francisco, CA
LETCO was established in August 1979 to provide independent
consulting - services in thermal and mechanical energy systems
engineering in areas including: energy generation; energy use and
conservation; waste heat recovery; conversion of wastes to fuels,
agribusiness,
and new energy technology development. The following services are
provided in these areas: proposal preparation; engineering/economic

feasibility studies; conceptual, prellmlnary, and final deszgn, cost
estimation; and field engineering services.

1974-1979: 1International Engineering Co., Inc.; San Francisco, CA

Stuales, design, anéd management of mechanical systems work’
including: geothermal power plants and gathering systems; direct
uses of geothermal erergy for agriculture, food processing and space
conditioning; energy applications of biomass; hybrid and wood fired
power cycles; solar systems; facilities design; and piping anc
pur, ng systems. Wrote design criteria and specifications for
hy 'oelectrlc pcwezr plant equipment. Resgonsible for dezartrental

computer work and business development activities 1in the energy
fiel2d. »

1974: L.K. Comstock Engineering Co.; San Francisco, CA

Desicn of piping, plumbing, and cable systems for deep sez oil
drilling rigs and fer process plants.

——

- 1972-1973: United Technology Center; Sunnyvale, CA

Desicn anc development of rocket nozzle, insulation, and mechanical

suppo' equipment. Other responsibilities .included parametrxc

studies, computerization of design "technigues, and test repors
writing. : '

1970-1971: Self-employed; Portola Valley, CA
Design and marketing of consumer products; consulting work included
laboratory layouts and dynamic studies.

1969-1970: Raychem Corporatxon, Menlo Park, CA : .
Design and development of equipment for cryogenlc products. handling

and product identification; field engineering work including test
reperts.

The informotion contained herein is deemed
cenfilent -1 and pronrietcry to Agricultural

. "Gro = ' . Ine. and/or Dr. Richard H. M~ th-
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Exploration Consultants

l';. ~ EUREKA Resource Associates, Inc.

Resource Note *88
2161 Shattuck Avenue, Suite 317

Berkeley, California 94704
: . ‘ o . (415) 845-3800

. , ' - PROPRIETARY PETROLEUM AND
5 e -+ GEOTHERMAL EXPLORATION PROJECTS
| N . : AVAILABLE FOR PURCHASE

(G)

WESTERN
NEVADA.
(G)

EROMAGNETIC

-LAS VEGAS
OVERTHRUST

Fﬁ)/ .

{G) — Geothermal Project
(P} — Petroleum Project

D Finished project. Available for purchase. -

l:::l Project in prograss. Available for purchase soon.

(P)
]
ER Proposed project. Work will commence- when - h.'-‘ ) ) -
weedl minimum number of participants have joined. . o :
) ' A R . 9 L 190 220 300
Refer to accompanying table for details on projects, or write for proposal. Milos T
i . : June 1981




PROJECT EXPLANATION. OF PROJECT, WITH DETAILS

B

MAP . ' , ‘ :
no. © ARER o) ON GEOPHYSICAL DATA AND DELIVERABLES* _ PRICE. AND DELIVERY DETAILS
© PETROLEUM PROJECTS o o
1 Wyoming " "7029° _ Tectonic analysis based on Landsat imagery,- $45,000 or can be purchased K s
Overthrust " . 8120 miles of aeromagnetics; 4260 gravity in quarter sections for 4
. : _stations, 15 geologic¢ cross sections, scale $16,000 to $21,200; aeromag-
-~ 1:125,000, compos.ite-prospect map selects netic contour map or depth. to-
. ©structural targets, 10 enhanced.lLandsat. ) basement purchased separately. )
) 'lmages . e e ,for $16,400. Dellvery 3 weeks B o
2 Ely, . ;»L ;?-8066” A.Jntegrated study of Eastern Basin Range for " 45, 000 or purchase in palrs
- Nevada ' o petroleum exploration. Eight geologic cross  of cross.sections for $18,000.
‘ ’ sections, tectonic and composite prospect : : ’ Co
-maps.. 4000 line miles of aeromagnetics, 5833 '
) .gravity stations,. scales 1:96,000, 1:192,000. K
Six. enhanced Landsat. images, 6‘isopach‘maps. e
-3 Wefis,f' ~Integrated\study;dF‘Easteranasin Range fdr.'"r‘$b5,ood or'durchaseain dairs<;

' Nevada
o ections, tectonic and.composite prospect

aps, 3500 line miles of aeromagnetics, 2000

avity.stations,, scales 1:96,000, 1:192,000,

ntegrated.
nto southern:-Nevada and ‘northern Arizona..
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ross sections,, tectonic and composite: pros-

f,.La51Vegas
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" Integrated-study ofthe northern Hingeline:™
n-Utah. 2300 line_ miles of proprietary ”
’ aernmacnef|f=; pubYished gravity, phis 150

Jntegrated study of’ the'southern Hnngelrne
n Utah. 2700 Vine miles.of "proprietary’
eromagnetncs, ‘published gravity,-plus-150-
ions and five: geologlc cross- sectlons
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(1 of:2 adJa-.
“ cent. areas)

;Three]east-west‘aéromagnetfc flight‘lines7
.approximately 75 mijles..long modeled to.’ s
etermine’ thickness and approx. depth of - -
he. mafic. flows and intrusions.. An esti- .
‘mated. thickness.of sedlmentary strata. and
depth to basement are shown in. proflle form.
‘along .each flight. line.

'_':ZfﬁRexburg3;-;

“Southeastern .
Arizona, _
Southern Thrust
Belt- (1 of 2¢ .
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97 Southwestern.
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_tectonic.'map, isopach maps, lithofacies and
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map, and 3 enhanced Landsat xmagesu
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‘petroleum exploration. Seven geologic cross. .’

enhanced Landsat lmages,_h rsopach maps o
study of the overthrust extensuon‘. $h3 500 Prite;:fer
ﬁ in the pr0posal
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' Belt Area for $103,000.
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I - 11 Milford, 6007 Surface mapping and interpretation of Curie $22,000. Delivery within
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Nevada
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b ) New Mexico
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t : Lake Area,
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. -

| . . '

l 16 Snake River
|

i

~ Plain, .
Idaho Wyomlng

| . 17" Surprise
|- Valley,

NE California: ,1 o

in southwest Utah. 4,700 line miles of
proprietary aeromagnetics, 1,600 gravity
stations, two enhanced Landsat images, chart
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8075 Curie point isotherm and tectonic mapping of $22,000. Delivery W|th|n
o .26,600 sq.mi. area. USGS digital aeromagnetic three weeks
coverage, and 1285 miles proprietary aero-
magnetic data, 6658 gravity stations, three
enhanced Landsat images, published water o )
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. identify prospective targets and assign
‘ratings to compare to an intrusive geothermal
system model . Scale I 250 000.
" 7055, | Curte‘p01nt 1sotherm and ‘tectonic mapping of $15,000. Delivery within
‘., -4,000 sq.mi. area of the Rio Grande Rift - ' three weeks.
" .near Socorro, N.M. 1000 line miles of . :
- proprietary aeromagnetics. Analysis of Curie
“‘point, published gravity, magnetotelluric,
‘gravity and seismic data: for prospect
: evaluation : Scale~l 125 000 B e E
8080 - Tectonlc and Curne ponnt osotherm mapping $15,000. Delivery wlthln
.z of an area 4,500 sq.mi. across the Rio Grande three weeks. ..
TRift centered on the Valles Caldera. . 2200 . . S e
-line miles of proprietary aeromagnetics, - :
“41552 gravity stations, one enhanced Landsat . . : ST,
“image, published seismic data, water chemlstry : S I
s'and. hot spring temperature, scale 1:125,000. T ' :

: 8060f “Comprehensive study of the geothermal -~ = " $39 500 or $22,000. for either

_-potential of a 2800 sq.mi. area surround- - . “north or south half of area.
©ing The Geysers steam field. 1900 lines. Delivery in three weeks.
; of proprietary aeromagnetics processed . :

and interpreted for Curie.point isotherm .~
"and. temperature gradient contour mapping.
*Tectonic mapping and location of large - ) ’ . : B o
*.serpentinite bodies. 1,288 gravity T R L

stations. used in complete Bouguer gravity
map.. Published seismicity, electrical
~resistivity, water chemistry, mercury pros-
 pects-and hot spring temperatures all
" ‘combine in a composite prospect map that
delineates a number of prospective areas.

e LT LY I C }

6012 - : Curie point isotherm mapping and inter- - " $28,000. Dellvery within

-~ pretation of the results in terms of geo- three weeks
thermal potential of eastern ldaho and
northwest Wyoming. Exploration Guide Map,
*estimated. apparent temperature gradient )
’ map, evaluatlng and ratlng of - prospects

Geothermal evaluatlon and selectlon of - "~ %15, 000 Delivery within
prospective targets for an area of T '_three weeks.
o approximately 800 sq. mi. Integrated ,
}.:~b“ginterpretation based on 700 line miles of L S =
" " proprietary aeromagnetics, 525 published ’ T -

“ - <7, [ .gravity stations and 100 additional pro-
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GEOTHERMAL PROSPECTS IN THE GEYSERS-CLEAR LAKE REGION
BASED ON ,
CURIE POINT DEPTH ANALYSIS AND TECTONIC MAPPING
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ABSTRACT

Eureka Resource Associates offers a comprehensive gebthermal study of
a 2800 square mile area surrounding The Geysers steam field in California
(Figure 1).

The project includes 1900 line miles of proprietary aeromagnetics
processed and intérpreted for structural daga, location of large serpentinite
bodies, Curie point isotherm and apparent temperature gradient mapping.

A geothermal prospect map delineates a number of attractive targets that
warrant defailed ground\exploration. Other supporting data for this map are
a complete Bouguer gravity map (1288 stations), published seismicity, electrical
resistivi;y, water chemistry, mercury prospects and hot springs temperatures.

Participants in the study will receive a 48 page rebort discussing the
criteria used in selecting prospects, as well as the general data and methods
used. Each ﬁlfent will receive a Landsat image, scale‘I:IZS,OOC, and seven
transparent plates that fit over the Landsat image. The plates are:

. Teétonic map of The Geysers-Clear Lake region
e Estimated depth to the Curie point temperature
e Residual aeromagnetic anomaly map
e (Offset aefomagnetic profiles
] Coﬁplete Bougquer gravity maﬁ
" o Apparent temperature gradient map based upon Curie point depth
estimates, with geothermal well locations, hot springs and

' alterations

e Geothermal prospect evaluation map
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The project includes a one-day presentation }n Berkeley of the report
and plates. At that time specific questions aﬁd prospects . will be discussed.

The price for the enfire area is 339,500. The north or south parts may
be purchased separately for $22,000 each.

In this study, the scieﬁtists of Eureka Resource Associates combine more
than 17 years experience in The Geysers, covering geophysical surveys,‘éeo-‘

chemical analyses, geologic mapping, drill hole evaluation and expert testimony.




INTRODUCT ION. (

Although the rate of geothermal exploration in The Geysers steam field
continues to increése, the more than 250 explération énd development wells
drilled tb date in The Geyers-Clear»Léke region have failed to define the
éeographic Ifmit of economic steam production. Indeed, the interpretétion of
regional geophysical data (Chapman, 1975; lIsherwood, 1976a; b, and c; lyer
and others, 1978) suggests that the region, characterized by anomalously
high crustal temperatures at relatively shallow depth, may be three or four
times larger than the present production area. Some of the temperatureé may
be high enough to bé economically interesting. Present production comes from
a roughly elliptical area about 13 miles Idng and 6 miles wide (see location
map, Figu%e 2.

The report. and accompénying plates present a geological and geophysical
basis for judging the relative mérits.of geothermal prospect areas in°The
Geysers-Clear Lake region. There is a discussion of the criteria for deter-
mining the geographic extent, and thé»geological, geophysical and hydrologi;al
characteristics of the presently producing Geyers steam-field. Special nof;“is
taken of the evidence fbr, and causes of, the high heat flow and high crustal
temperatures at shallow depth.” Significant data for the entire Geysers-Clear
Lake region, selectgd to evaluate the quality of ﬁarticular geothermal prospects
within the region, is presented. Prospect evaluation is based upon a com-
prehensive compilation of geological and geophysical data from both published
and private sources, in the form of transparent overlays on an enhanced

Landsat image, as well as a regional thermal gradient map calculated from Curie

point-depth estimates, and a tectonic analysis of that data.
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LOCATION MAP OF THE GEYSERS-CLEAR LAKE REGION SHOWING THE
RELATIONSH!IP BETWEEN THE STEAM FIELD, THE GRAVITY LOW, AND
THE CLEAR LAKE AND SONOMA VOLCANICS. (Modified from
Chapman, 1975.)




APPEND I X

The following items are taken from the final report and plates to

show prospective clients examples of the deliverables.
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INTRODUCTION

In the exploration for.geothermal resources, the horizontal variation
in vertical temperature gradient is.very important. Recent advances in the
processing and interpretationvof aeromagnetic data have provided a new method
for determining this épétial information, based on the concept of loss of
magnetism with increase in rock temperature past the CUrie point. This paper
‘considers the theory of magnetism relative to the-Cdrié temperature and
applies the concept to. the mapping of the Curie isotherm over an area of
geotherma]lor petroleum interest. ,
| The'Curie point ofla materidi is the temperature at which the material
loses 1its abiTity to retain magnétism after the energizing field is removed;
that is, it is the'temperature ai which a material changes from ferromagnefic
to parahagnetic behavior; bAii nocksvgeneraiiy contain some ferromagnetic
mineral, and it is the.amOunt of fenromagnetic mineral contained in a rock
that ordinarily determines its magneoic properties. | |
This péper describes‘the'methods‘used to calculate from aeromagnetic data
the depth to the Curie point invthe crust and.discusses the meaning of the
deoth so calculated, in'terms of temperature, temperature gradients, and a
reasonable pétroiogic model of the cruét. The primary method of caicu]ation
of the Curie point depth to be described is that osed by Bhattacharyya and
Leu (1975 ) to analyze the magnetic anomalies measured over Yellowstone
National Park. The discussion of the meaning of the Curie point depth in terms
of temperature and crustal modéis will be de;eioped.
App]ications of the detérmination of the.Curie point surface in the

_crust to geothermal and petro]eom exploration problems will also be briefly

discussed.
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MAGNETIC PROPERTIES OF MINERALS AND ROCKS

The physics of magnetism and magnetic minera]s and rocks is described and
documented in texts by Strahgway (1970) and by Nagafa (1961). For purposes of
geophysical investigation, Nagata describes a rock as a scattering of ferro- '
magnetic mineral grains throughout a matrix of paramagnetic and diamagnetic
silicates. Fufther, "because of the presence of these ferromagnetic particles,
the bulk of the rock shows the characteristics of ferromagnetism, such as the
magnettic hysteresis and the4Curie temperatures, although the intensity of
magnetization may sometimes be not.much more than that of paramagnétics,"
(Nagata, 1961, p. 126). There are very few ferromagnetic minerals, and they
consist mainly of the more or less titaniferous iron oxides and the iron
sulfide pyrrhotite.A Some of the ferromagnetic minerals are very widely dis-
tributed in small quantities in most rock types. Thé spatial distribution of
these minerals determines the péttern seen on aeromagnetic maps.

Table I is a 1fst bf'the magnetic properties of selected minerals. Note
that the susceptibility and séturation‘magnetization of magnetité are very
much greater than those of ény other minefa]s.i Given the wide distribution of

magnetite (with varying amounts of titania in solid solution), we recognize

that the dominant control of the magnetic signal from the crust is in the )
mineral magnetite. | | |

The C;rie point of pure magnetite is 578°C, well below its melting point
of about 1590°C. The presence of other metallic elements as substitutes for
either the ferric or ferrous ion in the spinel structure of magnetite generally
reduces the Curie point of the magnetite. The results of measurements have
been summarized by Nagata (1961, p. 116-117) but the only geologically
important substitution isrin the series magnetite - u]vﬁspinel; where a)

2

combination of Fe+ and Ti+4 replaces the Fe+3 of magnetite. Figure 1 is a
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: TABLE 1

MAGNETIC PROPERTIES OF SELECTED MINERALS
Susceptibility
(weak magnetic field) Neel or Curie Saturation
emu/g Temperature C° Magnetization
A A, Diamagnetic minerals
IS Quartz - -0.50 x 107°
i Calcite | -0.38 x.107°
- Gold -0.14 x 107
B. Paramagnetic minerals _
Fayalite B +100.0 x 1070 -147°
Pyroxene | 78. x 1078 -233°

g Biotite | 60. x 107° |
; _ Rhodochrosite 100. x 107 2450
e Timenite (pure) - 0.87 x 107 -216°
S putile | 0.07 x 107
W |

W

Tf C. Ferromagnetic minerals , o _
'iﬁ Magnetite (Fe,0,) | 100,000.. x 107° 578° 920
e o _ .
Lo Maghemi te (yFe203)‘ 545 to 675°C - 835
? 4 Ilmenite-hematite : ' ' h _ o -
S solid solution o 50 300°C 21.0

1 | | . max.
5 @' Pyrrhotite (FeS,,.) | | 320°C 19.5
i _‘[ , ‘ max.
; 7 Ulvéspine) : 2153°C
1 Hematite 680°C 0.5

Compiled from Nagata, 1961 and Strangway, 1970. -
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' CHEMICAL COMPOSITION IN THE MAGNETITE-ULVOSPINEL SERIES
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: FIGURE 1
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superposition of the Curie temperature versus the chemical composition in the
series magnetite-ulvospinel (Nagata, 1961, p. 82) and the subsolidus equi]ib—
rium phase diagram of the same series (Nagata, 1961, p. 84). The importance
of Figuré 1 may be appreciated when one realizes that the ulvgspinel end
member has not beeh described in any mineralogy text and has only recently
been recognized by x-ray microprobe ana]ysis as a minor constituent of the
magnetite of volcanic rocks. That is, since ulvagpinel'exists in nature only
as a minor exsolved phase from rapidly quenched melts, the magnetite end
members are thé dominant, in fact'fhe only, magnetfc.mineral of importance in
this study. Thé only other ferromagnetic mineral listed on Tab]e 1 w{th a
saturationbmagnetization approacﬁing magnetite is maghemite. Its Curie tem-
perature had to‘be estimated because maghemite inverts irréversjb]y to
aFezd3;(hemétite) above temperatures of about 275°C.

AAt the Curie point of pure magnetite, 578°C, the eghi]ibrium mineral
assemb]age.fn a FeO—FEZOBjTiOZAsystem is a mixture of relétive pure ilmenite
with relatively pure magnetite or re]étive]y pure hématite, depending upon the
fugacity of oxygen in the system as per' | : -

——

2Fe304 + % 02 “—— 3Fe203

Magnetite Oxygen  Hematite

Since the magnetite .has an inverse spinel structure with a unit cell dimension

of 8.3958 and the ilmenite has a rhombohedral structure with. a unit ce]]

. dimension of 5.5883, the mutual solubility of the two minerals is very small.

InfplutOnic-igneous rocks the typical mineral association in this system is
magnetite and ilmenite, or hematite and ilmenite. As noted by Strangway
(1970, p. 32),

“In many volcanic rocks the content of titanium is high, and the
iron-titanium oxide minerals formed are a mixture of magnetite and
ulvospinel.  As cooling proceeds, the ulvéspinel becomes mineralogically
unstable and tends to oxidize to form ilmenite and magnetite. Since
the ilmenite is rhombohedral and is structurally incompatible with the
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- magnetite, an intimate intergrowth'of magnetite and ilmenite forms.
. .the effect of this is to create great magnetic stability in
magnetite."

The subsolidus curve for the mixture of hematite and i]menite'(Figure 2)

_is very Tike that'for the titanomaghetites (F1gure 1), except that the solid

solution, the one mineral phase, is much more restricted at 500 - 600°C than
in the former system.

The magnetic behavior of these minerals es a function of temperature has
one additionat feature of'particu]af interest here. Figures 3 and 4 are plots
of magnetic_susceptipi]ity of some Japanese ve]canicAroeks_as a function of
field strength, at low fie]d strengths. In general the suscepttbiiit} of

most rocks increases as a somewhat irregular function of the exciting field

~strength, so'tor intekpreting aeromagnetic data it is important to measure the

4 b s e 5

susceptibility of ferromagnetic rocks at or near the very weak strength of the

earth's main field (~0.6 Oersteds). Figure 5 Showé the effect of measUring

- thermomagnetic curves at various field strengths and Figure 6 shows the measure-

ment of the suscept1b1l1ty of a ferromagetic rock at 1. 35 Qersteds as a funct1on
of temperature Note how rap1d1y the suscept1b111ty drops to very low values
as the Curie point is reached. Note also that susceptibility actually increases
as a function of temeerature until the Curie point is reached at field strengths
approaching the earth's main field. |

The importance of these observations will be made exp]icit'in the follow-

ing discussion of models of the magnetic crust.

) | F——
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'MAGNETIC CRUSTAL MODELS

It is here proposed that the only mineral of magnetic significance at the
base of the magnetic crust is magnetite, and that the base of the magnetic
crust is determined by the Curie point (the temperature of thermal disordering)
of magnetite (578°C). In defense of this proposo], we will examine briefly a
therﬁa] and petrologic model of the crust.

The temperature within the crust increases as a function of depth, as
indicated on Figure 7, which is constructed from the estimates of Diment et al.
(1975). The estimated thickness of the magnetic crust (compared to the petro-
1ogic.orust) is indicoted by the intercept of thesé depth temperatﬁre curves
with the Curie point range; and ihis thiokness is generally much 1oss than the
thickness of the crust estimated ffom seismic data. We interpret this to meén
that at the Curie point depth the crust consists of average crusta1 material,
which has én éveragé témpératufe of 578°C, and which probably has been at or
near that temperatore‘for a‘geoiogically long pefiod‘of time.

Figure 8'isba pressure-temperature. diagram for metaﬁorphic facies (Hietanen,
1966) from'whichfWe mayvdeduce the metamorphic assemblage present as a funcEion'
of déoth in the Curie point raoge of crustal rocks. Using this assemblage-as
a guide, we can now select a magnetic crustal model. At the Curie depth io-the
crust, we suggest thaf there is a high grade metamorphic assemblage, of which
the Grenville rocks of eastern Canada would be a good model. Plate I is an
aeromagnetic map (scale 1/253,440) of typical high grade (muscovite-sillimanite
facies) Grenvii]e metamorpofc rocks from south central Quebec, Conada.* The
magnetio signature of such high grade metamorphic rocks is characteristic
enough in terms of high space frequoncies and amplitudes to allow mapping of
the Grenville metamorphjc "front" on aeromagnetic maps. Note, incidentally,

that the magnetic "anomalies" on this map are characteristically much longer

. .
Available upon request.
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tHan they are wide; that is, that the “anomalieé" are on the whole well
modeled by horizontal cylinders and infinite dikes. Note also that the
Grenville type metamorphic rocks are rich in magnetic signal.

We therefore suggest'tﬁat at the level of the Curie point of magnetite in

normal crustal rocks, active regional metamorphism to muscovite-sillimannite

facies is taking place; and_that in the simple metal oxide system FeO-TiOZ-Fe203 

where reaction kinetics are not an issue, the only ferromagnetic mineral present

will be magnetite. We further suggest, based upon reasonable projections from
Figure 6, that the teﬁperature indfcated by the Curie point calculations de-
scribed here is 500°C + 20°C, the temperéturé"at'which the iﬁtensity of

" magnetization of the magnetite has fallen to about 1/10 of iﬁs maximuh. Figures
9 and 10 are Simp1ified‘therma1 models of the crust, and on Figure 10 we have
ihdicated dﬁagrammatica]]y what Qe think the actual and the calculated Curie

point isothermal surfaces might look Tike..

12
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DETERMINATION OF CURIE POINi DEPTHS FROM AEROMAGNETIC DATA

We estimate the'depth to the dﬁrie point in theecrust by estimeting the
depth to the bottom of the magnetized bodies which make up the crust. In
general the farther away a magnetic body (source of magnetit signal) is froh
the sensor, the broader is its response in space (the longer the spatial wave
length of its effect). Since this effect.is independent of the relative strength
of magnetization of fhe body, it is generally used in some form or other in
depth determinations from aeromagnetic data. However, the farther away a body
is, the more difficult it is to estimate its distance eccurateiy.

A summary of all the factors which must be‘considered in designinQ an
aeromagnetic survey and preconditioning the resulting data prior to the actual
calculation of the Curie p01nt depth is presented in Tabie IT. One fééét of the
survey design w111 be con51dered here as an example of the deta11 necessary in
treating a]] these factors. V - B

Since our primary concern in estimating the depth to the Curie point is
in the quality of tne lTow space frequency data, it is necessary to consider the
sources of noise in:aeromagnetic data from the'point of view of space frequency

content. For example, in deciding whether to drape fly the aircraft, or to_fly

~at a constant barometric elevation, we consider that the primary noise from

constant barometric flying is topographic noise. This is high frequency noise

- because it is near the sensor. It has very large amplitudes because the con-

trasts between magnetic rocks and air are large. The primary noise from drape

flying is caused by the inability of the aircraft to track the relief perfectly.

| This noise is of very high frequency, but with good flying at relatively high

altitudes, the amplitude is very small. - Careful consideration of these
factors shows that drape flying is desirable, with special precautions for

maintaining a constant terrain clearance. In practice it is necessary that the

15




NOISE AND SIGNAL:

SOURCE

* A.. Data noise sources
- 1. Flying height
a. very low
b. intermediate
c. high

2. Type of flying
a. constant barometric

(1) Topographic
noise

(2) Aircraft hofse

b. constant terrain
clearance

(1) Topographic
noise

(2) Aircraft noise

3. Flight and Tie-line
Spacing

4. Flight block size

5. Flight azimuth

 TABLE IT - o |
THEIR SOURCES AND CHARACTERISTICS FOR SPACE FREQUENCY AMALYSIS

CHARACTERISTICS

' DESIGN CONSIDERATIONS
AMPLITUDE SPACE FREQUENCY ' AND REMARKS
large - high but variable Atmosbheric turbulence is a noise sourcé
+ ¥ at very low levels, particularly in
small Tow rough terrain. ~1000 ft. seems a good
' compromise. The higher the data is
flown, the more real signal is lost.
Aircraft noise is minimal
: _ K When surface rocks magnetic & topography
“very large .broad freq. band rough, this can be very difficult.
very small very high- Filtering can handle
. Topographic noise is minimal
small high Filterable
small very high Filterable
small The flight line and The cost of the survey goes up directly. -

tie line spacing
are the fundamental
frequencies

as the number of flight lines increases.

If the flight block

is too 'small, the signal
frequency end. ,

amplitude will be too low at thé Tow

sma]ll Tow

Flights at right angles to basement A
magnetic "grain" sample basement magnetic
signatures best. Other directions tend to
shift the freq. to the low end of spectrum

and give too large an estimate of Curie
point depth.
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TABLE II - CONTINUED
- ‘ : CHARACTERISTICS
SOURCE AMPLITUDE “SPACE FREQUENCY
B. Geologic Noise Sources
1. Earth's main field very large very high -
- 2. Large geologic blocks . | -
that extend well beyond large very high
the area of interest a
horizontally
3. Small near surface :
magnetic geologic large - Tow
bodies :
C. Signal-magnetic bodies medium to Tow -
within the crust small
D. Computationa] noise variable lbw

- sources.

DESIGN CONSIDERATIONS
AND REMARKS

- Removed by subtracting the IGRF or a

"regional" field
Mostly reduced by removing a 2nd

3rd order regional fit by least
squares methods

Reduced to manageable size by zero
phase shift low pass filtering

The mean geometry of these bodies is

-assumed to produce the signal necessary

to map the Curie point depth .

‘These are discussed in this paper,

based upon the work of Bhattacharyya

“and Leu (1975a)
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aircraft has a good differential altimeter, that there be two piloté with dqa]
controls {one pilot to be rééponsib]e for‘staying on line and the other for#
control of terrain clearance), and a mean ferrain_c]earance of at least 1,000
feet. | |

~In.the fol]owiﬁg pages we will concentrate on the actual Curie point

analyses after the aeromagnetic data has been flown and preconditioned according

to tne requirements listed in Table II.
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CALCULATION OF THE CURIE POINT DEPTH

The Curie point calculation described here is based upon two papers by

~ Bhattacharyya and Leu (1975a and 1975b). The first of these papers discusses

the automatic interpretation of potential field data based upon calculation of
the spectra of the moments of the anomalies and the improvement in bottom depths
to be expected from such an approach when properly done. The second paper

describes an application of the concepts of the first in the calculation of the -

'depth to the Curie point from aeromagnetic data of Yellowstone. The frontispiece -

of this paper is a recontoured map 6f the Curie point isotherm for Yellowstone,
calculated by Bhattacharyya and Leu (1975b), err]ying an enhanced Landsat
image of the Yellowstone region. .The simple Landsat interpretatidn indicated
on the overlay by dotted lines is strongly reinforced by the Curie point depth
contours and suggésts the value of the Curie point depth contours in guiding
geothermal exploration in sucﬁ an area. | |

Table IIi.is a djagrammatic flow sheet of the Curie point depth calculation
procedure proposed by Bhéttachafyya and Leu and used on the Yellowstone data.

For spectral analysis the data is divided into discrete blocks, as indicated by

step 5 on Table III. 1In the Yellowstone analysis a square array of 16 x 16

data points, with an areal coverage of 31 ki]ometefs by 31 kilometers was us;d

for the basic analysis unit, with each unit overlapping surrounding units by
half. They describe the procedure in the following manner.

"Since discontinuities in data values at the edge of the area
give rise to Gibbs phenomena and aliasing, it is assumed that the
residual field vanishes at a point which is located at a distance of
four units. of data spacing from the boundary of the block. Inclusion
of these points results in 18 x 18 (non equispaced) data points in the
block. Bicubic splines (Bhattacharyya, 1969) are then fitted to the
data in such a way that the residual field and the continuity of the
first and second derivatives are maintained at each of the data points."
(Bhattacharyya and Leu, 1975b)
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FLOM DIAGAAM FOR CALCULATION OF TME CURIE POINT DEPTH DATA
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DEFINE A ZERO NPLITUDE, 4 UNITS FROM
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" The discrete Fourier Transform Fo(u,v) is then obtained for this data
block with the help of the fast Fourier Transform algorithm. By using a method
outlined by Bhattacharyya and Leu (1975a), the spectra F*(u,v) and Ey(u,v) of

P

the first order x and y moments, respectively, of the residual field are computed.

In the block under consideration, there will be a number of bodies causing
the anomalies. The mean location of the centroid of these bodies (X, y, h) is
determined w1th the he]p of the euqat1ons of steps 7 and 8, Tab]e I1I.

The frequency range in both u and v selected for this computat1on runs-
from the fundamenta] frequency to 1ts f]fth harmonic. -For several frequencies
in this region, X, y and h are ca]cu]ated and the average of their values pro-
vides a good estimate of the location of the centro1d. With careful ch01ce'of
frequencies the accuracy of thfs estimate can be kept fairly high. However, it
should be noted that the effect of shallow sources, unless removed comp]ete]y
from the data will produce an error in the estimate. _

Next, the radial spectrum FO( s) is generated by eva]uat1ng, with the help
of Fo(u,v); the amplitude spectrum along the line at 45° with the frequency axes.
The spectra FX(s) and Fy(s):of thenfirst order x'and y moments of the residual
field are then computed. A combination of Fo(s), Fx(s) is‘used to determinef—
the mean depth to the tops of magnetized bodies for the block. 'Again, for the
sake of accuracy the range of frequency‘shou1d not exceed the tenth harndnic of
the fundamental frequency. .

With the average location of the centroid and the meanndepth to the tops
of magnetized bodies known,'ft 15 simpie‘and strafghtforward to calculate the -
mean depth to the bottcms of these bodies. The calculated depth is interpreted

as the depth to the Curie pofnt»isotherm for the block.
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INTERPRETATION AND APPLICATIQN TO EXPLORATION PROBLEMS

25 3 The shape of the Curie point isothermal surface can indicate the location
%?é;: and general shape of the heat source. Although the temperature of that surface
L%' | is higher than‘the 160 to 360°C targét of geothermal exploration, and the

i% | resolution of the calculated surface is low, as indicatéd 6n Figurello, it is

the trend and anomaly pattern of the surface which is most useful rather than

its absolute value.

Geothermal exploration targets are identified from this surface on the
assumption that near surface heat 1éakage from the highs on the Curie point
jsothermal $grface is'controlled by structure. Bbth the detail of thefaero-
magneticé'(the highervépace frequency data) and interpretation of enhanced
Landsat imagery have been used in the construction of structural models to

relate the heat source mapped to near surface sources, as indicated in our very

s1mp1e front1sp1ece 1nterpretat1on

o ' The Curie point surface can be 1nteroreted in'a s1ﬁ11ar manner to 1nd1cate
i where, in an otherw1se cold young Tertiary bas1n, source rocks have been heated
% enough to beg1n the generat1on and m1grat1on of petroleum. It can a]so be used
4 to suggest where a ba31n, at relatively sha]]ow depth, m1ght be warm enough to
have only gas and carbon remaining or even only carbon remaining (Hunt, 1975).

} fﬂ ' _In theory, given a temperature and a depth, a thermal gradient map could
- be prepared from the Curie point depth data. However, it should be realized

L that, while the relative values calculated may be reliable, the error bar on

= absolute values is probably large.
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INTRODUCT ION

An accurate, Sinplified geological and geophysical madel of the
evolution of an intrusive geothermal system is useful as a guide in the
interpretation of field exploration and valuation data.. Tbe model
presented here is of necessity somewhat speculative because so few
geothermal Sreas have been explored in any detail and those that héve

differ greatly from each other. However, there exist good data in the

~ literature to supportfhost of the conclusions drawn in this presentation.

"It is to be.hoped that such a presentatioh as this wi}] help clarify
thinking on the ﬁeaning of the results of exploration surveys and
highlight inconsistencies and gaps in the model for further investi-
gatiqn; | | |

The first section of the paper will present a.justification for
the use of a "Porpﬁ}ny Copper" model for geothermal systems of intrusive
origin and the second sectidn wi]].discuss the model in terms of its -

meaSuraB]e and mappablgrparametérs such as tectonic features, geophysical
variabies, and chemical temperature estimates. These parameters will

also be discussed in terms of the kinds of geothermal targets to be

expected from any level within the system.

THE INTRUSIVE MODEL

In the discussion of a currently active geologic process which'is.

mainly taking place within the crust (safely out of sight) it is often

usefu) to consider a fossil analogue of the process that has been

]




well exposed by erosion. In fact, most geologic processes have been
jnvestigated by looking at the record in the rocks as well as at currently
active processes (Uniformitarianism). Little of this kind of investi-

gation appears to_havé been written up in the geothermal literature.

To find a fossil ana]ogﬁe of the intrusive geothermal system, it

is necessary to consider what recognizable aspects of the system would
remain after erosional unroofing and cooling. Perhaps the most obvious
remnant'of ggx geofherma] area should be a large volume of "hydrothermal
alteration.” Hydrothenma]'alteratioﬁ is a broad conéept that requires
considerable description and definition; but thére does éxist abundént
1itérature on the subject (see for example, Meyer and Hemley, i967) that
can be used as a‘gdide; Table I indfcateé some of the hydrothermal

a]tération-types that have been‘noted in geothermal areas.

Many of the large areas of hydrothermal &lteration that have been

mapped and which are discussed in the literature are related to base or

- precious metal mineralization and'they”are'genera11y associated with =~ —

small, usﬁa11y porphyritic.intefmédiate to siliceous, intrusive stocks -
at least inferentially. One of thé corb]iahy observétions of the above
is that large batholiths of the "Sierran Granite" type do not appear to
have large hydrothermal haloes, even in the roof zone, and the a]terafion
appears to be nearly "dry"; that is, almost purely thermal rather than
hydrothermal. Some of the best studied and best reported'zones of
hydrothermal alteration are related to "porphyry copper" type minera-
Tization. In addition, the recent 1iterature has provide@ some good

generalized models of the porphyry copper system (Jerome, 1966; Loﬁe]l

and Gui]beft, 1970; Sillitoe, 1973; James, 1971; and Hollister, et al, 1974).

2
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TABLE 1

TYPES OF HYDROTHERMAL ALTERATION NOTED IN GEOTHERMAL AREAS

Geothermal
Area

The Big Geysers

Salton Sea
(Niland)

Yel lows tone

Lassen Park
Hot Springs

- Depth
Surface_

300 to 5,000'

Above 1,500

1,500 to
4,000"

Below 4,000’

Above 180'

Surface

. quartz veining

Alteration
_ _Type

Argillization

Argillization

~and silication

Kaolinization )
(argillization)

K=spar and
Albite, some >
sericitization

Biotitization /

Argillization
(Montmorillonite
and Kaolinite)

Argillization Anderson,
(Kaolinization 1935
and Silicification)

Reference

He]geéon,
1968

——

White, et-al,
1971 -
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The three-dimensional distribution of the physical parémeters indicated ‘
by these models provides the basis for predicting the response of 5Such a
system to various geophysical and geochemical measurements made at the
time of fts4formation."0ne of the best of the resent papers relates the .
er]ution of the porphyry copper at El Sé]?ador, Chile, to an acid

hot springs system (Gustafson and Hunt, 1975) in a manner that accounts
well for the formation of the acid-sulfate-chloride thermal waters of
volcanic origin described by White, 1957. As noted by Sillitoe, 1973 and
1975, the porphyry copper system is pften, though nof.always, a part of
the subvolcanic envirbnhent and that hydrothermal alteration and pres’

in the volcanic environment are probably relatable to a porphyry copper
syStém even where 1ittle or no copper is present at the level 6f
bbsefvation. It is these observations that maké the porphyry copper

model a compelling ane.

We will thus proceed to investigate how far a pdrphyry copper
analogue allows us fo proceed in interpreting the data from geothermal

exploration.

EVOLUTION OF A GEOTHERMAL SYSTEM

For the purposes of this discussion we will consider the evolution of

‘a geothermal system in three separate stages:

1. Intrusion of a small siliceous to intermediate stock into

a high level in the crust, |

2. Separation of juvenile hydrothermal fluids from the stock

as a late stage of its crystallization, and




xxxxx

3. Development of convectively driven meteoric water hot

springs system.

o
This separation whi1e convenient for discussion must not be viewed as

a natural division in the deve]ophent of the system becadse we must recog-

nize, for example, that as soon as unusual quantities of heat ére introduced

into saturated permeable rocks convoctive cooling must begin.

Stage 1

Figure-1 shows in plan and cross section the intrusion of a small
siliceous to'infermediate'magma to within about 5 ki]ometefs of the surface
of the crust. The size and composition of}the intrusion are suggested by
the porphyry copper model (Lowell and Guilbert, 1970) and by the composi-

tion of the small young extrusive bodies spatially associated with many

hot springs areas. Lowell and Guilbert have presented a table which

characterizes 27 major porbhyry copper deposits in terms of 43 geologic

and mineralogic features and then suggests a typical porphyry copper

system based upon the table. The "Typical Porphyry Copper" deposit (TPC)
referred to in this paper is- taken. from Lowell and Guilbert's 1970 . i
Table I. The TPC igneous host rock is 1.2 kilometers (4,000 feet) by

1.8 kilometers (6,000 feet) in maximum plan dimension and consists of a

| passively emplaced sequence of rock compositions ranging from diorite

to quartz monzoni te to'quartz monzonite porphyry to quértz porphyry.

The passive emplacement suggests that while doming is present above
manyiporphyries the most important means of emplacement is "replacement,
stoping, and assimilation” (Lowell and Guilbert, 19705 of the wall

rocks, and that the body rose in response to buoyancy forces.
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The séurce of intrusive material is presently a matter of much debate
and the depth of origin of the TPC and geothermal areas in a plate tectonic
model must await, for examp]e; the plate tectonic rationalization of the

present configuration of the Basin and Range province (Rogers, et al, 1974;

Hose and Taylor, 1974). However, several aspects are clear; the source

is "deep" and regional scale structural prepafation (deep reaching regional

faults) seems necessary to allow such a small amountlof'magma to rise to

a2 high Ieve]vwifhin the crust. The magma must rise under the impetus of

gravity forces along these regional faults until it reaches some sort of
equi]ibrium (passive intrusion) where buoyancy or density forces are

balanced by increasing viscosity and the inertia of the wall rocks. If

- the magma does not stop in its ascent, a volcano or pumice dome is the

product and the heat is dissipated. In some areas, for example, at Coso
Hot Springs, porphyry copper extrusives may exist (Austin, 1964). These
areas may have heated too little crust to be significant as geothermal

areas.

The structural pattern suggested in Figure 1 is the c1assi§ anti- -
thetic dome, a concept which has much support from mapping in both
epithermal mining districts and porphyry copper dfstricts (Wisser, 1960)
and very recently good theoretical support (Koide and Bhattacharji, 1975).
It is the basic structural actonmodation to the addition of material to

a brittle crust. ‘That the initial failure is generally brittle is perhaps

- a further indication of the high level of emplacement in the crust. In

many places there is evidence of this radial and concentric fracture

pattern, with or without visible structural relief, around hot springs

". dreas.
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The temperature model shown on Figure 1 combines the Basin and
Range temperature gradient suggested by Diment,‘g;_gl, 1975, with our
speculations on the effect of the ﬁagma. Evidence for magma tempera-
tures comes from fluid inclusion studies (Roedder, 1967) and thermo-
dynamic considerations (beer‘and Hemley, 1967). We expect that the rate
of magma movément may be geologicafly rapid but sensibly slow. The
s teep temﬁerature gradient within the magma, of course, is to suggest
convective heat transfer, which is also perhaps suggested by the complex
pattern of petrologic compositions wfthin‘the intrusion (see for example,

Gustafson and Hunt, 1975).

Stage 2

Figure 2 shows the separation of a juvenile hydrotherma] fluid
from the Crysta]izing magma at a late stage of the crystallization pro-
cess. The late stage separation is suggested by the existence of late
unal tered, highly siliceous porphyritic. dikes (Lowell and Guilbert,

—

1970) in TPCs and the fact that the mineralogy of the highest temperature

alteration:phases is very similar, if not identicai,»to the latest intrusive

phases.' Figure 3 is a schematic diagram of the alteration zoning

produced by this hydrothermal fluid in the wall rocks and intrusions

at the San Manuel-Kalmazoo porphyry copper (Lowell and Guilbert, 1970).

The depth temperature diagram on Figure 2 shows a series of steps

‘within the hydrothermal fluid zone which is intended to represent

convective cooling within "reaction fronts" in each of these alteration
zones. Each reaction front may be pictured as a partially self-sealing

front that approaches local thermodynamic equilibrium, and which is
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. enlarging itself outward at the expense of the next outer zone. Note

that the outlines of the zones of penetration on Figure 2 are controlled
by the structural plumbing generated by the intrusion itself, and that
the particular mineralogy of the alteration zones is in part a function
of the chemiéa] composition of the wall roéks invaded. The composition
of this hydrothefma1 fluid can be determined from chemical studies of
fluid inclusions (Roedder, 1967) and of volcanic emanations (White,

1957) as well as from the thermodynamics relations of the minerals
produced (Meyer and Hemley, 1967). It is perhaps best described as a
NaCl brine for which the Salton Sea (Niland) geothermal area has provided
some of the best data (White, Anderson, and Grubbs, 1963). The‘electrical
resistivity of‘this brine is certainly less than 1 ohm-meter and perhaps

as low as 0.1 ohm-meter.

The zone of quartz veining and “crackling" (Figure 3) extends from
the innermost core to the propy]itic“aiterationazone;. These veinlets
make up a very large portion of the rocks within the inner alteration __

zones but.they do not represent tectonic features or a tectonic fabric. =
The veinlets have essentié]]y random orientation and they die out in:

all directions (Gustafson aﬁd Hunt, 1975) (indicating hydrostatic load,

not lithostatic). Thus except for the lack of systematic orientations,
they look like tension gaéhvveinlets. It is suggested here that these
veinlets are a part of the physica] response of the system to the abundant -
chemical alteration reactions taking place and therefore only reflect very
local physicél (essentially hydrostatic) response to the chemical system

(thereforé the Tack of orientation)._ This is extremely important for

geothermal exploration because these primary (Stage 2)‘a1teration reactions

n




(Figure 4) take place over a relatively limited range of femperatures
(300°C to 4QO°C) (Meyer and Hemley, 1967), and it is here suggested that
this veining is the source of the measurable microearthquakes observed
over geothermal areas and that the depth to microearthquake anomalies
recorded in geothermal areas represents tﬁe‘depth to temperétufes of

300°C»to 400°C. In other words, we have available a geothermometer that

gives a depth estimate.

Stage 3

The development of a convective]yﬂdrivenvmeteoric water hof springs f
system is illustrated on the sketches 6f Figure 5. This does not differ :
in any significant way from the genetic,model of the El‘Salvador, Chile,
porphyry copper (Figure 6) interpreted by Gustafson and Hunt (1975) from
25 man-years of geo1dgic data. They note that the acid hot springs o
stage has producéd abundant pyritic mineralization and argillic a]feratioh

in the uppermost levels of the mine.

The radial and concentric fracture pattem shown on Figure 5 and

the alteration that is mappable at the surface-related to this fracture
plumbing are often recognizable in careful image interpretation. In |
desert regions.thi§ pattern is sometimes seen in piayaé on thermal
imagery. The known hot springs are most often located at the intersection
of a'radia]-and a .concentric fracture, fhe best plumbing perhaps, and only
very rarely directly over the intrusive‘ﬁeat.source. Thus, perhaps,

the common experience 6f drilling into cQo1er'ground beneath a hot

springs area.

12
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Figure 4. Experimental Reaction Equilibria for Minerals in the System
K20-A1203-Si0,-H,0 in 0.5 Molal KC1 solution. Similar curves
.are also shown for albite-paragonite-Na-montmorillonite
relationships and for approximate breakdown of anorthite.
Appropriate reactions for lines 2, 3, and 4 are as follows:

BKAISI0, + 21* < KAL(AIS;0,0)(010); + 6Si0; + 2K+ @
KR-feblajar scrieite .
ZRAL(AISH0,0) (O1); + 21+ 3110 ~ 3ALSi;0(O11), + 2K+ (3
Mericile kavlinite -
S ALSLO(ON), 4+ 2510, — ALSLO (01, 4+ 11.0 C (4)
kanlinite pyrophyllite .

Dotted fields suggest approximate positions (but not nec-
cessarily ranges) of types of wall rock alteration indjcated
in the text, as best judged from mineral assemblages and most
probable temperatures. (From Meyer and Hemley, 1967.)
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The temperature profile shown on Figure 5 is intended to indicate

.a number of levels of convective heat transfer within this vertical

colum. Figure 7 gives our intérpretation of the meaning of the tempera-
tures estimated from chemical geothermometers based upon a porphyry
copper model. The suggestion here fs that these temperatures could
represent the temperatures from any convective level (level of approach
to cﬁemica] equilibrium) within this complex system, but almost certain]y
some level spatially above the meteoric/juvenile water interface except
where the hot springs sampled are of unusual sa]injty. Figufe 7

suggests two other soufces of temperature estimates that also give an
estimate of deptﬁ to the speﬁified.temperature. The first.is reférred

to in the previous discussions on é]teration zones, veining, and.
crackling, and the second will be treated in the discussion on aero-
magnetic.interpretation. It does seem possible to build a crude
temperature-depth prbfile of a geothermal prospect based upon chemical

e

temperatures and geophysical ;urveyé.

Figuré 8 indicates the expected magnefic,sighature of a geothefna]:

area based upon a porphyry copper model. The Salton Sea (Niland) .
geothermal area, for example, is a relatively simple aeromagnetic high
(Griscom and Muffler, 1971) which would indicate that the zoné of
magnetite stability is relativé]y intact. We feel that the intrusive
interpretation of Grigcom and Muffler is much too simplistic for the
data available-on this System. Figure 8 also indicates the magnetic
signature that we would‘expect from an older erosion breached system,

or possibly a system intruded at a higher level.

r
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In addition, Bhattacharyya and Leu (1975) have indicated that we
might expect to be able to'ca1cu1ate the depth to the Curie isotherm
(520°C to 580°C depending upon the composition ofthe magnetite) if we
had 1ong flight lines and. very carefully taken aeromagnetic data. In the

case illustrated in Figure 8 we might expect a very low amplitude, long

. space frequency negative anomaly from the perturbation in the Curie

jsothermal surface. The depth to the anomaly can .be calculated by
modeling the particular geologic configuration or by frequency analysis

\ -

of the data. In practice Bhattacharyya and Leu use both approaches.

Figure 9 indicates the results to be expected from a microearth-

Iquéke survey. We suspect that the epicenter depth as indicated probably

“represents a mean depth to a temperature of about 350°C. Neither the "

depth nor the temperature can be estimated with any.preciéion but the
figures and spatial locations are useful in interpreting other data.
The Heat and aréi]Tic alteration of geothermal areas appear to preclude
the storage‘of enadgh strain energy to produce an earthquake as large

—

as Richter magnitude 1 even though the geothermaT area is located on a _
seismically active fault as at the.Big Geysers, Ca]fforn{a; The Big )
Sulfur Creek fault zone has a number of recorded earthquakes of Richter
magnitude +2 or larger but ndne of these occurred at the Big Geysers,
where Hamilton and Muffler (1972) found an anomalously large number of
microearthquakes (Richter magnitudes of'-2 or less). The meaning of

this anomaly in terms of depth and temperature as suggested above is

that at a depth - of 4+ 1 kilometers the temperature is 350°C + 50°C.

Figure 10 indicates the model for interpreting telluric resistivity

surveys and magnetotelluric depth soundings. The detectability of the

19
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conductivity zones versus frequency is based upon simple skin-depth

- calculations (Stratton, 1941, p. 504) and méy be too simb]e an ana]ysis-
Lj . but the order of magnitude should be preserved. The resistivity values
R used are calculated from specific conductance data tabulated in White,
Hem, and Waring (1963) and are for the solutions indicated at 25°C.

No allowance was made for increase in conductivity with temperature.

T
P

[ HANEAIN

Figure 11 is a simple density model of the system which would

account for the kind of positive gravity anomaly found at the Salton

g

Sea (Niland) geothermal area (Biehler, et al, 1964). In the Basin and

Range the b]ock boundary faults cause very steep gravity gradients

and also often localize the'geothermal intrusions so that gravity

surveys can be difficult to inte}pret in terms of the simple model.

Intrusions into crysta]]ine bedrock without sedimentary cover could have

e R
T

negative gravity anomalies.
_ CONCLUSIONS o
f(ﬁ
| : -
fod The TPC model described above explains a number of the more puzzling
[ ' : o
ff? aspects of many geothermal areas and allows for an internally consistent

interpretation of many of the kinds of data gathered in geothermal

B exploration and valuation. This is perhaps the best jusfification of

such a model.
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7. TECHNICAL PLANNING

7.a EXPLORATION PLAN

The objective of the exploration plan is to obtain the data and provide fhe
information and knowledge from which an optimum location can be selected
for the confirmation well (production test well) with maximum probability
of encountering multiple fault planes, fault zones, and/or fractures within

the projected test well depth of 3,000 feet subsurface.
. [}

The target of the production test well is one or more subsurface zones
where fracture permeability can proﬁde circulation of geothermal waters
for the well to produce sufficiently large volumes at the surface.

The exploration plan consists of six phases:

1. Detailed rev}iew of published geological data_ from State and
- Federal sources, special districts, commissions or other entities

contributing to local knowledge; individual opinions, experience,

and judgment of informed persons.

Review of available literature has already commenced in the prepa-
ration of this proposai and discussion with !Mr. dJohn Anderson,
Idaho Department of Water Resources, and others. It will be
intensified and broadened to include all available sources and the
compilation of diverse geological data and interpretaﬁons on base
maps of sufficient scale to facilitate transferral of saccurate

lccations from map to ground and vice versa.

The work at the University of Utah Research Institute (UURI) by
Strusbacker and others (1980) will be obtained as soon as pos-
ible sible. Aerial photo coverage will be obtained and analyzed.

2. [Detaile,.d,.fieldnhwork to _confirm or find, measure, and map all

surface manifestations of faulting and fracturing in and around
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the Magic Hot Springs area.

Two reconnaissance trips have been made into nearby locales in
preparation’ of this proposal. Field work will be planned and
conducted several miles, or as necessary, into surrounding areas
to confirm or modify earlier work, discover-new evidence, measure
;and map all' criteria pertaining to faulting and fracturing and the
distribution of rock types as evidence of multiple intrusions and

" deep fractures or vents.

3. Close-network geophysical survey through and around the ares,

to measure the electrical and magnetic properties of the rock and
rock-fluid systems adequately to allow interpretation of the
location and geometry of faults and fractures.

- The dipole~dipole electrical surveys wi d . T
alrN stizati in tbhe ippines are expected to be of

limited use in the lMagic Hot Springs area because water analysis

indicates insufﬁcient dissolved solids in the- geothemial waters.

- At this point we are evaluating the overall advantages of combined
electromagnetic (EM) and magnetometer surveys run simultaneously
on the ground with portable equipment suitable for hilly terrain,
to provide economical, close-spaced grid coverage of some miles
through and beyond the Magic Hot Springs site.

Numerous methods are available for EM field work and classed

according to the actual measurement made, such as polarization

117




it Bt moate = A sebaA mbate e b mrme bt s o - e

s TR
ML
'

ellipse, intensity and f)hase components, dip-angle measurements,

and so on.

In the final selection for the geophysical survey, we will con-
sider all factors such as source power, reliability, speed, and

 simplicity for field operation, on the one hand, and depth of-

penetration from increased source power and larger transmitting
loop, on the other. We favor the methods that measure both in-
phase and quadnature components because they provide more informa-
tion about the anomalies, even though they are slower and require

more competent operators.

The companion ground magnetometer survey will include gadiometer

" measurement of vertical gradients to facilitate the quantitative

determination of anomaly depth, magnetic moment, shape, and

location.

Again, we favor a method that entails somewhat more field work and
more ‘care in cbtaining the data (e.g., magnetic cleanliness of

operator, positioning of sensors, etc.), but believe these are
justified by better geological results. '
Drilling and completion of three Athermal gradient holes to depths

of 1000 feet or until drilling mud returns reach 125°F; followed
by three or more borehole temperature gradient surveys per hole

until temperature gradient stabilization is reached.

Locations of the three temperature gradient measurement holes will

be selected to complement the geological and geophysical work and
to provide a reasonably uniform geometric coverage of the acreage
in order that maximum interpretation can. be made of isotherm

patterns as the holes are monitored.

The temperature gradient wells will be drilled with a Failing 1500

- or equivalent rig. The prognosis for the proposed wells is listed
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5.

6.

in Table 12 and the schematic of the proposed wells is shown in
Fig. 16. The wells will be drilled through a T7-inch surface
casing set at 40 feet. A 6-1/4 inch hole will be drilled to 1000
feet or until- drilling fluid returns are 125°F, whichever occurs

first. A 4-1/2 inch casing string will-be run to bottom and -

cemented to the surface.

Plotting of temperature survey data on base maps and cross sec-
-tions, contoured for analysis of heat flow, identification of
aquifers and permeable zones and lateral and vertical components
of subsurface water movement toward the present hot spring and

well site or elsewhere within the acreage.

Ongoing and final integration of all data into comprehensive
analyses and displays with assessment of the distribution and
location of subsurface zones of fracture permeability and recom-
mendations on the optimum location of the confirmation well. Al
compilations and graphic displays will be prepared, with document-
aﬁon, for presentation and third-party inspection and analysis.
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TABLE 12

ERG
MRI/GFI TYPICAL TEMPERATURE GRADIENT HOLE DRILLING PROGRAM

1.

2.

3.

4.

5.

6.

Prepare road and location (size of location dependent on rig obtained).

Drill 12-1/4 inch hole to 45 feet. If formation at this depth is
adequate as a casing seat, run and set 40 feet of 7-inch 17# H40 ST&C

casing and cement to surface.
WOC 12 hours under pressure.

Drill 6-1/2 inch- hole to 1000 feet or.untﬂ rriud return reaches 125°F,
whichever occurs first. This section shall be drilled with fresh water
or the minimum gel mud that will permit drilling.

Run and set 4-1/2 inch 9.5# H40 ST&C casing at total depth.
casing with 4-1/2 inch float shoe and a baffle 15 - 20 feet above shoe.

Equip

Use centralizers 50 and 100 feet above shoe. Displace cement with

water. Bump plug and hold pressure on casing for eight hours to

prevent flowback. Use a one-plug cementing head.

After 12 hours, release pressure, check top of plug with wire line -or
drill pipe.
pipe swage, 2 inches full opening valve, tapped bull plug and bleed

If cement has not moved, add 4- 1/2 inch casing by 2-inch

valve. Release rig.
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1/2" Needle valve
2'' Tapped bull plug

‘2" Full opening valve.-

— 4" x 2'' Swage

——4-1/2'"* Casing collar

7" Conductor pipe set in 12-1/4" hole
@ 40!

17# H4O Rnge 2-ST&C

6-1/4" Hole

4-1/2" Casing set at total depth set in 6-1/4" hole
and cemented to surface

9.5-# H4UO Rnge 2-ST&C

F

Centralizers at 50' and 100' above total depth

4-1/2" Float collar
otal depth - 1000' or at point where mud

T
E: returns while drilling are 125 °F
whichever occurs first A

igure 16--Schematic of typical temperature'gradient hole
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7.b PRELIMINARY DRILLING PROGRAM

After the exploratory program has identified a specific site and refined
the drill hole conditions, a detailed drilling program will be presented,
addressing the following major considerations and refined from this pre-
liminary plan to meet all site-specific and resource-specific conditions.

Our preliminary drilling plan is presented in the production well prognosis
(Table 13) and in sections 7.b 1 - 11, following.

The proposal is predicated on proving or disproving the presence of a geo-
thermal reservoir capable of producing sufficient water to meet the energy
needs of a 2,000,000 gallon per year ethanol plant. The program is
designed to meet this need of 650 gal/min of water at an assumed tempera-
ture of 280°F. The 280°F water temperature is within the range predicted
by geochemical thermometers, and was established as that needed to permit

"cooking™ of mash in the ethanol process.

The program envisions encountering a volcanic stratum sufficiently frae-
tured to permit production equal to or exceeding this established need.
The presence of fracturing is critical and the drilling program is as
simple and as inexpensive as possible to determine whether such fractufiﬁg
is present. The well casing program was designed to permit use of _a
downhole pump large enough to meet the ethanol plant needs, in the event

‘the well does not flow naturally.

7.b.(1) Rig Selection

The production well will be drilled with a. Failing 3000 or equivalent rig
capable of drilling to a minimum depth of 3,000 feet. , It will be equipped
with a minimum of a double blowout preventer of 2,000 psi rating or higher.
In addition to the blowout preventer, a 10-inch full opening 2,000-psi
rated gate valve will be mounted below the blowout preventer during drill-
ing operations. The rig W also be equipped with a rotating head
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TABLE 13

DRILLING PROGRAM FOR PRODUCTION{WELL

Build access road and location (location size and configuration will be
determined by rig available). -

Drill 17-1/2 inch hole to 100 feet with water or minimum gel mud to

permit drilling.

Run 100 feet of 13-3/8 inch H40 48# ST&C casing and cement to surface

with Portlénd cement.
wocC 1.2 hours under préssure.
Drill out cement to shoe and test with 500 psi.

Drill 12-1/2 inch hole to 1000> feet or mudA returns at 135° whichever

occurs first.

Run and set at total depth 9-5/8 inch J55 36# ST&C casing. Cement to

surface with API grade G.cement with 40% Silic's flour. Casing
equipped with 9-5/8 inch guide float shoe and float collar. Central-

: izers 50 feet and 100 feet off bottom.

WOC 12. hours under pressure.
Set 9-5/8 inch x 10-inch flange 2000 psi casing head.
Drill out to shoe and test with 500 psi.

Drill 8-3/4 inch hole to maximum depth of 2000 feet. Anticipate lost

circulation may result in a lesser depth.

Run and set 7-inch casing to total depth. Overlap 9-5/8 inch a minimum |

of\v fe'et.
200
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while drilling below the 9-5/8 inch casing.

7.b.(2) Borehole Configuation

The schematic of the proposed well is shown in Fig. 17. The schematic
shows the well equipped with pumping equipment. A conductor string of
13-3/8 inc.h casing will be at 1'00 feet in a 17-1/2 inch hole and cemented
to the surface. A 12-1/4 inch hole will be drilled to 1,000 feet or until
drilling fluid returns are 135°F, whichever occurs first. A 9-5/8 inch
casing string will be run to total depth and cemented to the surface. An
8-3/4 inch hole will be drilled to 2,000 feet or until drilling fluid
returns are 160°F, whichever occurs first. A 7-inch liner will be set at
total depth overlapping into the 9-5/8 ixich casihg a minimum of 150 feet
and cemented in place. A 6-1/4 inch hole will be drilled ahead until a
total depth of 3,000 feet is reached and a 5-inch perforated liner will be

rune.

This program is necessarily tentative. It is anticipated that commercial

production will be found in fractured volcanic strata. . Such fractured

.sections can present lost circulation problems, making revision of the

program necessary. The program out;ined here is designed to permit using a
downhole pump adequate to produce 500 to 1000 gal/min. The existence of an
artesian spring/well indicates that some natural flow may be expected, but
whether this would be a commercial-size flow is unknown. The presence of
artesian flow is considered a positive factor and a shaft-driven downhole

turbine pump is projected.

7.b.(3) Drilling Fluid Programs

The well will be drilled insofar as possible with water. If artesian flow
or drilling problems are encountered, minimum weight gel muds will be used.
The presently produced water is not highly mineralized and no adverse
effects on the prdspecti've producing . interval from use of fresh water is

anticipated.
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9~-5/8" Casing hgad

/

' Vertical electric motor
====-l‘////’—’—_——-10" Flanged tee

Cellar - depth & size dependent on avai!able-rigs

) :
17-1/2" Hole

13-3/8'" Conductor pipe set at
100! and_cemented-to surface
"' Production tubing

Shaft driven turbine pump at 500!

12-1/2' Hole to 1000' or mud return

temperature of 135°F

9-5/8" Casing cemented to surface

8-3/4" Hole to 2000°

7" Liner overlapping 9-5/8" a3 minimum of

150' (850'-2000') and cemented

5'" Preperforated casing liner (not cemented)

with 100! overlap in 9-5/8" casing

6-1/4" Hole
Total depth =3000!

Figure 17--Schematic of planned production well.
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7.b.(4) Formation Identification

A logging service will be retained on the location to record drilling
operations. The following data will be recorded and plotted in graphic

form:

1) drilling rate
2) Dbit weight
3) bit RPM '
4) drilling fluid temperature
a) into hole -
b) out of hole
5) mud return chlorides (every 50 feet)
6) mud weight '
7) drilling fluid circulation rates
8) HsS monitoring of drilling fluid (continuous)

In addition, the sampleé will be examined, geologically described, ,and
plottéd in graphic form. :

7.b.(5) Casing Program

——

The casing program has been described above in the drilling section as to

size and setting depth. The 13-3/8 inch conductor pipe will be API grade |
H40, weight 48#/foot; the 9-5/8 inch casing will be API grade J55, weight
36#/foot; the T-inch will be grade J55,  weight 20#/foot; and the 5-inch
liner will be J55, weight 11.5#/foot. The water presently being produced
has not caused corrosion of the surface exposed piping. The pH of the
water is nearly neutral (6.9) and minimum corrosion is expected. No
specific corrosion allowance has been made in the casing program; however,
allowable stresses correlated into required pipe wall thickness compared to
anticipated pressure would correlate to an allowance of 3/32 inches at the

point of maximum pressure and greater at lesser pressures.

127




7.b.(6) Cementing Program

Conductor pipe in the temperature gradient holes will be cemented by the
single-plug method using Portland cement. The same procedure will be used
for the 4-1/2 inch casing string in the temperature gradient holes. The
remaining casing. strings in the production well will be cemented by the
single-plug method using high temperature cement compounded from API class
G cement with silica flour. Exact compounding will depend upon drilling

temperatures encountered.

7.0.(7) Support Services

\

A mud logging unit will be used to consolidate data on drilling operaticns
and to monitor any HyS production, although' the existing artesian hot
well does: not produce HsS in noticeable quantities. ’

7.b.(8) Well Development

At this time no well stimulation is anticipated, in view of the geological
appraisal that production in commercial quantities' can be expected only if

the prospective reservoir rock section is naturally fractured.

7.b.(9) Wellhead Equipment

Wellhead equipment will consist of oilfield type steel casing head or heads
that will accommodate blowout preventer equipment. All will be rated at a
minimum of 2,000 psi working pressure.. Wellhead equipment added after
completion will depend on the type of well completed. Should the well flow

naturally at commercial rates, the equipment will be different from that

needed for downhole pumping equipment. -

7.b.(10) Description of Intended Disposal System

The produced water from the existing artesian hot well is relatively fresh
(1213 ppm TDS and 85 ppm chlorides). Should the water from a deeper well

128




P— ._1
(SR

exhibit the same mineral content, surface | disposal should be feasible.

Present artesian flow is discharging directly into Magic Reservoir.

In the event the water from a deeper well proves more highly mineralized
and surface disposal is inappropriate, a disposal well would be drilled to
inject this water into the producing horizon, preferably at a greater
depth. The planned work reflected herein shows the‘driliing of a disposal
well as an alternate program depending on the results obtained in drilling
the producing welle An injection well would be drilled in the same manner

as a producing well.

7.b.(11) Well Abandonment

Should information gathered during drilling operations show the well to be
. unsuccessful, it will be abandoned by placing cement plugs in the hole.

Abandonment would be conducted in accordance with State requirements, to
prevent migration of fluids in the well bore between permeable zones. .The
top 50 feet of casing would be cemented, the casing cut off below ground,
and a’steelv plate would be welded over the top of tiae casing. The ‘cellar
would be filled and the site restored to the landowner's satisfaction.
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7.c PRODUCTION WELL TESTING

The testing planned ‘foi' a successful full-scale well can be outlined only
in broad terms at this time. If the well is capable of flowing, one test
procedure will be used; however, if the well does not flow and a downhole
pump is required, a different procedure will be used. Even in these two
postulated situations, the temperature of the produced fluid could require
further changes. The following situations are discussed as illustrations

and do not reflect all the testing situations that could be encountered.

1. Well flows naturally with surface temperature of produced fluid at or
below 195°F. Under these conditions, water could be measured by meter,

either positive displacement or orifice, or by a weir.. Downhole pres-
sure would be determined by wireline instruments. ‘
, SvtTable_
SERREREEE————

2. Well flows naturally with surface temperature above 195°F. Flow of

water would have to be measured under sufficient pressure to prevent

flashing of part of the water before measurement. Measurement would be

Downhole
Should the
produced water temperature be sufficiently in excess of 195°F, instal-

accomplished by a positive displacement or an orifice meter.

pressures would be determined by wireline equipment.

lation of a steam-water separator would be necessary with independent

measurement of steam and water.

3. Well does not flow naturally and turbine pump installed, wellhead fluid

temperature 195°F or less. Production measurement would be made with a
Downhold fluid
levels would be determined by an air tube run in the annulus between

positive displacement or orifice meter or a weir.
the pump tubing and casing.

4. Well does not flow naturally at commercial rates requiring pump instal-

lation and produces fluid with a wellhead temperature above 195°F.

Production measurement would be by a positive displacement or orifice
meter. This would be accomplished by holding sufficient back pressure

to prevent flashing prior to measurement. Should the produced
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temperature be sufficiently in excess of 195°, installation of a steam-
water separator would be necessary with independeht measurement of
steam and water by orifice meters. Again, downhole pressure would be

determined by an. air tube.

The measurement instrumentation contemplated  here is less accurate than
would be used in a field research project. The entire project is designed
to prbve whether a full-scale well can be completed to meet the energy

needs of an ethanol plant from geothermal water production. As noted in

the drilling section, the production well is designed to do this as
economically as possible and the same rationale was used in laying out this
program. The data collection proposed here permits an evaluation of the
well's producing characteristics and effective pay'interval. \
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B 8. COST-SHARE PLAN
The proposed cost-share plan is based on two assumptions:

a. that the quality of the geothermal water is such that steam can be
flashed using off-the-shelf equipment, and

b. that the well depth does not exceed 3,000 feet.

The proposed criteria for cost-sharing are shown in Table 14. These cri-
E wﬁ teria were developed on an appraisal of degree of "success". The degree of

success of the project is established in terms reflecting usable heat
7‘ produced compared to that needed by the end user--in this case, 8 2-
< . million-gallon-per-year ethanol plant. Any secondary or cascading uses
would subsequently be supplied with the same water having less available
heat per unit of production, would tend to be seasonal, and could be viable
only if the chemical content of the water is acceptable.

The measure of usable heat produced is a function oi' both volume and tem-
perature of the water .produced. The needs of the 2-fm'11ion-gallon-per-year
ethanol plant have been established at 600 gal/min of 280°F water. How-
':,‘ ever, if the producing well exactly met this demand, no allowance would
e exist for possible decreasing well production capacity or decreasing water
! , temperature. The nature of wells is to undergo decline in production rate
{4 with time. To allow for this decline we assumed that a completely success-
ful well would produce water at 300°F or higher temperature at a rate of
675 gal/ min or more. This is used in constructing the cost sharing matrix.

For a completely successful well the proposer would pay 80 percent of the
cost of the project and the DOE 20 percent under the User-Coupled Confirma-
tion Drilling Program, SCAP No. DE-SC07-801D12139.

Should the well be capable of prdducing only 280°F water at a rate of 675

gal/min, some increase in the size of lines carrying the water, areas of

ey
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Flow Rate
(gpm)
?J Wellhead
- Temperature
N - (9F
W <268
- 265 - 270
B 270 - 275
N 275 - 280
. 280 - 285
- 285 - 290
P .290 - 295
) 295 - 300
o >300 |

TABLE 14
PROPOSER'S COST SHARE MATRIX

300-  375-  450-  525-  600-

<300 - 375 450 525 600 675 >675
Percent ’
10 1010 1 10 10 10
10 10 10 10 10 10 10
10 10 10 100 10 10 10
10 10 10 10 . 10 10 35
10 12 18 25 - 30 35 76
0. 15 22 30 35 60 77
10 16 26 35 40 70 78
10 1830 4 - 50 - 73 79
10 20 35 8 62 75 . 80
. Percentages = proposer's share of total cost —

-----

Example: completed well produces 550 gpm of 292°F water
proposer's share = 40%
DOE's share = 60%
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heat exchanger surfaces required, and possibly power consumption would be
required. An allowance of 4 percent has been made for this, resulting in
proposer's share decreasing to 76 percent. Intermediate temperatures
(between 300°F and 280°F) are proportioned directly. ‘

Should the temperature of the produced water be less than 280°F, the

. minimum for the process, it is assumed that additional heat would be

supplied using fuel oil. Increasing the water temperature from 270°F to
280°F would amount to supplying 15 percent of the delivered heat from
purchased fuel oil; for 260°F this figure would be 30 percent. Income for
the project economics is based on receiving 50 to 75 percent of the equiva-
lent cost for the same heat energy derived from fuel oil. Supplying 15
percent of the energy from fuel oil and receiving income equivalent to 50
percent of fuel oil costs for an all oil-fueled plant, the income would be
reduced to 70 percent of that projected; if 30 percent were supplied by
fuel oil on this basis, the income would be reduced 40 percent of that
projected. - For this reasbn, the cost sharing changes drastically to >35
percent MRI - 65 percent DOE for temperatures from 275°F to 280°F and to 10
pércent‘ MRI - 90 percent DOE at 270°F to 275°F while production rate is 675

gal/min or better.

Addfessing the rafe of production, the case of a productive capacity of
only 375 gpm at 300°F was considered as the 2 million-gallon-per-year
ethanol plant would consist of two parallel 1-million-gallon plants. In
this case, the project investment is‘essentially the same and results in
oxﬁy one half the income considered earlier. Amortization would be longer,
and schedule recognizes this by providing 35 percent MRI and 65 pércent DOE
funding. | '

The remainder of the matrix was established in a manner that generally
recognizes the constraints as to temperature requirement (280°F or better)
and the total heat available at different rates.
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9. INSTITUTIONAL CONSIDERATIONS

¢
In general, the I‘TRKIGrproposed pian for confirmé.tion drilling and long-term
development of recreational and industrial facilities in and around the
Magic Hot Springs area and Magic Reservoir are singularly free of institu-
tional problems within the concerns and intent of NEPA. What questions and
potential problems mlé%t arise have already been addressed by Magic
Resource Investors (MRI) prior to their substantial private investment in
MRI acreage and ongoing plans for resource development, including filing
applications on all or portions of twelve sections of BLIM lands, hiring the
services of several consultants over a period of many months, and seeking
out WW/mth the combination of both program

design/management experience and hands-on field experience in oil and gas

and. geothermal field operations.

In addition to MRI's early assessment of institutional cd_nsiderations, GFI
brings to the team a comprehensive background in environmental experience
(see Section 6.b(1) (iii)) and technical management and field experience

(see Section 6.b(1)).

The basic socioeconomic concern of whether expanded pfimary industrial’
development (as in harvesting an earth resource) will overburden secondary -
support industries and tertiary 'community services is nonexistent in this
reservoir project. It is very likely never to be a negative factor "in
long-term resource development in the sparsely populated region of south
central Idaho, but & pésitive factor as a result of increased tax values,
influx of professional persons in the work force, and creation of new

schools and community services where these are generally nonexistent at

preserit.
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9.a. SITE AND ACCESS

MRI fee land of approximately 212 acres lies within sections 13, 14, and 23
of Township 1 South, Range 17 East, Boise Baseline, Boise Meridian. The
area is located principally within the southwest corner of Blaine County,
with a few acres in section 23 located adjacent to the upper end of Magic
Reservoir. The legal description of the two parcels constituting this
acreage is given in Table 15. Figure 18 shows the land and its relation to

Magic Reservoir.

\

LRI has filed 'applications on an additional 1,960 acres of BLM lands.

‘ o 4 ' G
This reservoir confirmation drilling proposal is confined to %&I fee land
for purposes of all drilling. No problems of access, leases, or ownership

of property exist.

The exploration program of Task 3 will, however, entail permission from one
and possibly two. private landowners to conduct surface geological surveys
along specific routes such as road cuts and creek beds, and will entail

similar- surveys on BLI lands.

Also, Task 3 explbraﬁon will entail permits to conduct several miles of
geophysical surveys on private lands. No problems are anticipated inasmuch
as seismic shotholes with explosives are not planned at this time and all
local landowners are hospitable to the project. Any denial of permission
wéuld result in rerouting of the survey line with minimal effect on the
survey. -
£0G

Ownership of the geothermal resource under MRI fee lands is construed to
le with MRI (see Exhibit 1). ' '
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TABLE 15
LEGAL DESCRIPTION OF MRI LAND

Township 1 South, Range 17 East, Bo1se Meridian, Blaine County,

Idaho:
Section 13:

Section 14:
Section 23:

SSW;

NWLSW% 1ying south of Highway 68 (also known as
Highway 20)

NE%LSW% lying south of H1ghway 68 (also known as
Highway 20) )

SE%SE%

NEXNE% excepting that portion lying below the mean.
high water line of Magic Reservoir

NWLENEY: excepting that portion deeded for Mag1c
Reservoir, as fo]]ow5° ' ,

Beginning at a point where the flow line of Magic
Reservoir to the north of Camas Creek intersects
the north-south center. line of Section 23, said
intersection being 205.9 feet south of the north
quarter corner of Section 23, the flow line of the
reservoir bears S. 64°56' E., 25.00 feet; thence

S, 65°35' E., 100.00 feet; thence

S. 61°23' E., 88.6 feet; thence
S. 46°44' E., 249.2 feet: thence
- N. 51°42' E., 45.1 feet; thence
N. 66°48' E., 68.3 feet; thence
S. 61°59' E., 81.5 feet; thence
S. 58°14' E., 65.6 feet; thence
S. 69°51' E., 53.5 feet; thence
N. 66°28' E., 140.4 feet; thence
S. 9°21' W., 100.2 feet; thence
S. 6°52' E., 50.4 feet; thence
‘S. 84°06' E., 84.3 feet; thence
S. 55°51' E., 75.7 feet; thence
S. 58°47' E., 90.9 feet; thence
S. 78°52' E., 103.5 feet; thence
N. 63°48' E., 89.9 feet; thence

N. 48°09' E., 103.7 feet; thence

S. 48°52' E., 96.4 feet to the intersection of the
flow line of the reservoir with the east boundary
of the above-described 40-acre tract; thence
following the east boundary of said 40-acre tract,
S. 00°02' E., 598.6 feet to the southeast corner

of said 40-acre tract, being the 16th corner; thence
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s TABLE 15
. ' (continued)

L _ S. 88°32' W., 1177.6 feet to the intersection
of the south boundary of said 40-acre tract
- with the flow line of the reservoir west of
Camas Creek; thence
N. 23°56' W., 77.1 feet; thence

[ 'N. 9°48' E.. 108.7 feet; thence

i N. 26°11' E., 111.8 feet; thence
L . N. 6°22' E., 47.5 feet; thence
. ’ N. 17°22' W., 142.8 feet; thence
P N. 67°43' W., 95.6 feet; thence
. N. 39°11' W., 85.7 feet to the intersection of
i ' the flow 1ine of the reservoir with the center
N 1ine of the above-described Section, and the
'}i : west boundary of said 40-acre tract; thence
- : N. 00°00' W., 532.7 feet to the point of beginning.

A1sd excepting therefrom:

that portion lying be]ow the mean. h1gh water line
of Magic Reservoir.

ii Also excepting therefrom:

Y B A tract of land described as commencing at the
R northeast corner of the NW4NEL of Section 23;
Lo _ thence

'L% , v S. 89°39' W., 280 feet to a point; thence

J o S. 0°34' W., 635.63 feet to a point; thence

, , S. 89°39' W., 100 feet to the true point of o

£ a beginning; thence

P ' N. 56° W., 125 feet to a point; thence .
S. 35° W., 86 feet to a point; thence ) . -

i S. 61°30' E., 175 feet to a point; thence

y% ‘ N. 0°34' E., 86 feet to the true point of

L * beginning. _

r parcel II | |
‘ Township 1 South, Range 17 East, Boise Meridian, Blaine County, Idaho:

; g@ Section 23: Commencing at the northeast corner of the NWiNE% of sa1d

Section; thence

L | . S. 89°39' W., 280 feet to a point; thence

e S. 0°34' W., 635.63 feet to a point; thence

S. 89°39' W., 100 feet to the true point of beginning;
(7 : thence '
N . N. 56° W., 125 feet to a point; thence
- S. 35° W., 86 feet to a point; thence
Ty - §. 61°30' E., 175 feet to a point; thence
/ N. 0°34' E., 86 feet to the true point of beginning.
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Figure 18--Map of MRI fee land, north end of Magic Reservoir, Blaine County, Idaho.
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i3 EXHIBIT 1
' ' . . LAW OFFICES OF

{(_"1 EDWARD A. LAWSON

; | ' ’ THE WALNUT SHELL PROFESSIONAL BUlLDING

| POST OFFICE BOX 1887
]

[ B SUN VALLEY, IDAHO 83383
o : 1208) 728-8657

August 27, 1980

N Jerold R. Kirkman, President

N J. R. Kirkman Development Company
P. O. Box 1328

Sun Valley, Idaho 83353

Re: Magic Hot Springs
Dear Mr. Kirkman:

In accordance with your request, I have examined the Magic

FQ ' Hot Springs property to ascertain the ownership of the

o) geothermal resources located on the property and find that
i —”they are presently owned by Magic Resource Investors. 3]

N the purposes of this letter, geothermal resources shall have
‘E&. the meaning set forth in Idaho Code §47-1602. As provided
S in Idaho Code §57-1602, geothermal resources are declared to

be sui generis, meaning that they are neither a mineral
resource nor a water resource, although closely related and
affected by water resources. In view of the-foregoing, and
the lack of any reservation of geothermal resources by

i statute in the State of Idaho as has been done with mineral
s rights, it is my view, based upon the common law, that the
geothermal resources are automatically conveyed with the
property. Accordingly, at the time that Magic Resource
Investors acquired the Magic Hot Springs property, it con-
currently acquired the geothermal resources appurtenant to

that property.

A}

In expressing our views set forth herein, we have relied on
the August 22, 1980 letter from First American Title Insurance
Company in addition to other information provided to me by
you and such other matters as I have deemed relevant.

Very uly yours,
W5
Edward A. Lawson
EAL:1ls
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9.b ENVIRONMENTAL ISSUES -

No troublesome or controversial environmental issues are foreseen that
cannot be alleviated by prudent operations and expérienced supervision.
All field procedureé with respect to drill sites and associated materiel
will comply with local and state regulations, and the preliminary Drilling
Programs for smaller-diameter thermal gradient holes and the larger-

‘.diameter_ production test well (and injection well, if needed) shall also
. comply with these requirements/regulations. ' '

The Drilling Programs submitted to DOE will provide safeguards against)
contamination of surface or subsurface waters. Preliminary plans include

storage of drm;; ing fluids in plastic-lined earthen tanks during drilling
‘of the larger-dlameter well, and in similar tanks or portable metal tanks

T during drilling of the smaller-diameter holes.

Drill sites will be restored to original contours and soil conditions.
Abandonment will consist of plugging the casing in the sbandoned holes in
accordance with procedures specified by the appropriate state regulatory
commission. No surface manifestation or hazard to livestock or land use’

will be left.

Completion procedure for the production test well (and injection well, if
needed) will include a standard geothermal wellhead surrounded by an

‘appropriate enclosure. Upon completion of the temperature gradient test

well, all wellhead equipment will be contained within a 4' x 4' x 4' cellar
such that no surface manifestation exists except the covering steel plate.

" The concern for air quality consists of (a) dust and (b) HoS emissions.

() Wind-blown dust - the topography is low hills with primary
vegetation of sagebrush. The weather is frequently windy, and
wind-blown dust and drifting snow characterize the area. Exist-
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ing roads and numerous level areas within the MRI acreage
preclude creation of any significant new bare areas to increase
the blowing dust.

The drilling contractor will endeavor to disturb the existing
vegetation as little as possible.

(b) Hydrogen sulfide emissions - the present Hot Springs Landing well
flows artesian at approximately 135 gal/min. Most of the water
is discharged just above high water level at the west end of the
recreation (boat launching) area. A slight H9S odor from this
discharge is occasionally detectable but does not disturb the
users of the site or users of the well water. It is unlikely
that  HoS emissions during drilling will be significant,” but
‘HeS will be monitored and controlled as necessary. |

Noise associated with drilling, logging, and testing op}erations. is not a \
problem in the open spaces of the project area. No sensitive species or / ?

- /

£re-

Water quality during and after drilling is not a problem. MRI met with

habitats are present.

the Department of Water Resources on June 19, 1980, to discuss the water
quality matter. It was felt that if the chemistry of the geothermal fluid
at depth is not significantly different from that of the water preésently
flowing, contamination would not be a problem and discharge could be made
into the reservoir (see Exhibit 2). '

It is presently anticipated that discharge will be utilized to considerable
benefit to enhance the growth of trees.

9.c SAFETY

MRI is fu:uy cognizant of the necessity to conduct all aspects of the
reservoir confirmation drilling project in accordance with the highest

industrial standards for safeguard of life, property, and environment.
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EXHIBIT 2
State of Idaho S

DEPARTMENT OF WATER RESOURCES

STATE OFFICE, 450 V. State Street, Boise, Idaho

Mailing address:
Statehouse
Boise, Idaho 83720
(208) 334-4440

July 17, 1980

Mr. Charles Corwin
East Fork Road

‘Hailey, ID 83333 .

Dear Mr; Corwin:

I would Tlike to summari ze my thoughts concerning the June 19 1980,
meeting we had with Mr. Al Murray, Chief of the Water Qua11ty Bureau,
