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f. In Para 5 of Sectlon I(Page 1) line 7;‘de1ete the words "and the

Department of Energy.’

g. In Para 4e of Sect1qn 11

Hanged to excepted "

(Page 10) 1ine 3, the word "expected" is

Add the following'to Para 2e°of«Sectidn'II (Page 7):

"Sale of utilities to off-base customers shall not be permitted -
unless the contractor also has a long-term utility contract to
furnish energy for Williams AFB." ‘ :

i. Aadd the following-ned,subpara £ to Para 2 of Section IIL (Page‘Z):';

"f, . Plant ownership will.remain with the conpractof after the.
explraCLOn of the 30-year utility contract. ' If subsequent utility
contracts to supply energy to Williams AFB are not negOCLaCed with

"~ the contractor after the

initial 30-year contract, the contractor

may dispose of plant equipment and facilities.. The contractor
shall not have access 'to operate the plant unless he has an energy
contact with Williams AFB."

j;. Add the foLlowing’new subpara f to Para 3 of Sectiod III (Page 12):

"f. Should the Phase Ichyehpment prove to be successful as defined
by the. cost-share plan parameters, and should the Government still
elect not to proceed with Phase.II, ‘the Government's total liability:
shall be the maximum Government porC1on of the cost share plan,

- actual resource quality notwlchstandlng, not to exceed $1,000, 000...

k.  Add the follow1ng new subpara c to Para 3 of Sectlon iv (Page 23)

e Rankxng of Evaluation Factors. In evaluatlng proposals, the

Government will consider the above criteria in the following order

of importance:

(Criterion 9) (1)

(Criterion 8) (2)
(Criterion 7) (3)

(Criterien L) (4)
" (Criterion 4) (5)
(Criterion 2) (6)
(Criterion 5)  (7)
(Criterion 3) (8)

(Criterion 6) (9)

], In Para 3 of Section VII

pcrcent change in accordance

percent change specified in.”

Utilicy Life Cycle Cost, Phase II, Business Proposal
Variable Cost-Share Plan, Phase I, Business Propsoal

Confirmation Program Cost Summary, Phase I,
Business Proposal

Technical Feasibility, Phase I, Technical Proposal
Technical Feaéibility,‘Phase II, Technical Proposal
Project Management, Phase i, Technical Proposal
Project Management, Phase II, Technical Proposal

Institutional Considerations, Phase I, Technical
Proposal

Institutional Considerations, Phase II,.Technical
Proposal '

(Page 30), lines 3 and 4, the words "to reflect the
with'" are changed to "by an amount not to exceed the




'affirmative'action standards provided in subparagraphs
(g) (1) through (16) of this clause. The goals set

'claft.4

.j:Raf rence E]é:k 12, P“rﬂ a: |
: DAR 7-603. 60 - Ma&e the followlng changes to the clause'

Delete the wo*ds' and me tables lrome(c), (h)y,

iand (J) of the clause.

: Delete_the exzstlng parag*apb (d) and substltute the

'followlng

(d) The contractor shall implement the specific

forth in the solicitation from which this contract resulted.
are expressed as percentages of the totzal hours of- 4
employment and training of minority and female utlllzaelon
the contractor should reasonably be ‘able to achieve in each
construction trade in .which it has employees: in the covered
area. If the contractor perfcrms construction work (whether
cr not it is Federal c¢r Federally assisted) in a geographical
area located outside of the covered area, it shall apply the
goals established for the geographical area where such work
is actually performed. The contractor is. expected o make
substantlally unlform progress toward its goals ln eaCh

2. Reference Block 12, Para c:

 _5 WO”ICE OF REQUI RC”L\T FOQ ArFIP“ATIVE ACTION TO ENS 'RE
EQUAL LOYMENT OPPORTUN JITY (1981 MAR) .

(a) The Otferor S or Bidder's attentlon is called to
the "Equdl Opportunity” and the "AFfirmative Action Compliance
Requlrements for Constructlon“ clauses set forth hereln.

(b} The goals for mlnorlty and female part1cxpatlon,
expressed 1in percentage terms £for the contractor's aggregate-
work force in each trade on all constructlon work: in- the .
covered area, are as follows:

- Goals for mihority - Goals for female

participation for participation. in
- each trade = : each trade
6.99 15.8%
F41689-81-R-0pa1-0007 Atch 1 ' Page 1 of 2




These coals are apollcable to all the- cont*ac‘or s AR
. construction work (whether or not it is Federal or :ederally
;faSSLSted) performed in the covered area. If-the.contractor:’
- performs -construction work (whether or not it is Federal or:.-
Federally assisted) in a geographical.area located outside
of the covered area, it shall apply the goals established
for the geographical area where such work is act ually
_cerformed. Goals are published perlodlcally in the Federal-
Reglster in notice form, and such notices may be obtained.
£rom any Office of Federal Contract Compliance Programs
; . (OFCCP) office. The contractor's conplxance with the.
. Executive Order and the- ‘regulations in 41 CFR Part 60-¢- v
S shall be based on its lmplementatlon of the Equal- Ooportunlty
clause, specific affirmative action obligations required by
i - the clause entitled Affirmative Action Ccmpliance- Reculremen*s
! for.Construction and its efforts to meet prescribed-gcals.
o The hours of minority and female emplovment-and training must
/ be substantially uniform throughout the length. of the . contract,
l

and in each trade, and the contractor shall make a good faith
‘effort to employ minorities and women evenly.on each of . its -.
progecbs. The transfer of minority or female-employees or
trainees from contractor to contractor or from prOJect to
project for the sole purpose of meeting the contractor's.
goals shall be a violation of the contract,-the Executive -

. Order and .the regulaticons in 41 CFR Part 60-4. Compliance:
with the goals will be measured against the total work hours.
"performed. : : :

(c) The contractor shall provide written notification
to the Director, OFCCP within 10 working days of award of
any constructlon subcontract in excess of $10,000 at any

: - tier for construction work _under the contract resulting from
, this sclicitation. The notification shall lis% the name,

address and telephone number 0of the subcontractor;
employer identification number of the subcontractor;
estimated dollar amount cf the subcontract; estimated
starting and completion dates of the subcontract; and the
veogr=phlcal area in whlch the subcontract is to be )
performed. :

: .0 (d) As used in this Notice, and in the contract ,
P resulting from this sclicitaticn, the "covered area” is:

, Mar1copa County, Arizona

F41689-81-R-0061-0003 Atch 1 " Page 2 of ?
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REFERINCE

S;TANDARD rbRM 20 .
REQUEST FOR PROPOSAL NO.

" JANUARY 1981 E0ITION
GENERAL SERVICES ADMINISTRATION
FED, P.ROC. REG. (41 CFR} 1-18 40) | A F41689 81 R 0061
REQUEST FOR PROPOSAL
(CONSTRUCTION CONTRACT) o 81 Aug 14

NamE AND LOCATION OF PROJECT ) DEPARTMENT OR AGENCY

Geothermal Energy Development UNITED STATES AIR FORCE

Williams AFB AZ 3303 Contracting Squadron/LGCTM

' , : Randolph AFB TX 78150 '

BY (lsauing office) 3303 Contract1ng Sqdn/LGCTM - .
Randolph AFB TX 78150~ _

e e e —

accepted) Don Norv111e, (512)652-2304 . o
Proposals in original and three copies for the work described herein will be received until

_4:00 P.M., c.T., 6 Oct 81

a2t  the 3303 Contracting Sqdn/LGCTM, Randolph AFB TX 78150.
Hand- Carried Bids Must Be Deposited at the contracting officer's desk on the

(
second floor of Bldg 955, Randolph AFB TX.
A. SPECIAL INFORMATION: This is a negotiated procurement, therefore all reference to

"Invitation for Bids or IFB" and "Bidder" shall be conatrued to mean ''Request for
Proposal or RFP” or "Proposal" and "Offerox".

l A
See page ii of the Spec1f1cat1ons Package

C.DESCRIPTION OF WORK:

Drilling of a test geothermal well on or near Williams AFB AZ (Phase I). Con-
struction of a geothermal plant and distribution system at no capital cost to

the Air Force (Phase II)

D. EQUAL OPPOR TUNITY NOTICES:
L. NOTE THE AFFIRMATIVE ACTION' REQUIREMENT ON THE EQUAL OPPORTUNITY CLAUSE WHICH

MAY APPLY TO THE CONTRACT RESULTING FROM® ‘I‘HIS SOLICITA TION.
. NOTE THE CERTIFICATION OF NONSEGREGA TED FACILITIES IN THIS SOLICITATION, Bidders, offerors
and applicants are cautioned to note the "Certification of Nonsegregated Facilities" in thé solicitation.
Failure cf 2 bidder or offeror to agree to the certification will render his bid ar offsr nonresponsive to the
terras of solicitations involving awards of contracts exceeding $10,000 which are not exempt from the

provisions of the Equal Opportunity Clause (1975 oCcT). .. : o

. mmm T AR CTEIE DD ABACET ~ANE D T TTAN TC n\/nv‘qi 10 N0A_nnn
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READ THE FOLLOWING IN CONJUNCTION WITH THE INSTRUCTIONS TO EIDDERS, STANDARD FORM 22:

F. PURCHASE REQUEST: DE 0012

{NOTE: See attached Continuation Sheets, Pages 1 through 3, for additional information éoncerning this [FB)
G. RATED OR AUTHORIZED CONTROLLED MATERIAL ORDERS (1974 APR) .

Contracts or purchase orders to be awarded as a result of this solicitation shall be assigned a { ) DX rating;
(X) DO _C-2 rating; ( ) DMS allotment number ______ In accordance with the provisions of DPS Regulation 1 and/or
DMS Regulation.
H. CONTRACT AUTHORITY: Any contract resulting from the Invitation’ for B:.ds will be awarded pursuant to the
authority of 10 U, S.C, 2304(a) (10).

L. THIS INVITATION FOR BIDS CONSISTS OF THE FOLLOWING:
1. Standard Form 20, INVITATION FOR BIDS (Construction Contract), pages 1 and 2

2, Continuation Sheet to Standard Form 20, pages,‘ 1 thru 4.

3. Standard Form 21, BID FORM( Construction Contract), pages 1 and 2
4, Continuation Sheet to Standard Form 21, pages 1, 2 and 3

S. Stapdard Form 19-B, REPRESENTA TIONS AND CER TIFICA TIONS, pages ] and 2

6. Alterations Sheet to Standard Form 22, INSTRUCTIONS TO BIDDERS(Construction Contract) 1 page
7. Stapdard Form 22, INSTRUCTIONS TO BIDDERS (Coi:struction Contract), pages 1 and 2

§. Stapdard Form 23, CONSTRUCTION CONTRACT, pagesland 2 '

9. Not Used ' o

10. Not Used

1. GENERAL PROVISIONS, 3 pages
12. ADDITIONAL GENERAL PRO\_/ISIONS,_ 2 paggs
13.5chedule A" - Rates of Wages, Decision No, AZ81-5124 , dated 29 May 81, with Modification

#1, dated 12 Jun 81, Modification #2, dated 19 Jun 81, Mod1f1cat1on #3, dated
6 Ju1 31, and Modification #4, dated 24 Jul -81, 19 pages.

14, S:hedule "B" - Schedule of Drawings, 1 page
15. Scheduwe "C" - Not used N
16. Schedule "D" - not used

17. Schedule "E" - nOt dse&-m .
16. Specifications Package, 97 pages

19. Drawing - Geothermal Energy Development Project, 6 pages

20. BID SET: TO BE RETURNED BY BIDDERS! Items I-3, 4, §& 5 above and Item I-15 when used.
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- GENERAL INFORMATION

1.  Proposals for development of possible geothermal resource at Williams AFB
AZ, and conversion to supply base-wide electric power and/or central chilled
water for air conditioning in accordance with this Request for Proposals (RFP)
will be received at 3303rd Contracting Squadron/LGCTM Randolph AFB TX 78148
until 4:00 PM, 6 Oct 81.

2. A preproposal conference will be held at 9:00 a.m., 10 Sep 81, at Bldg, 505
Williams AFB for all prospective proposers. It.is requested that a representa-
tive of each proposer attend the pre-proposal conference. Names of individuals
from each company that will attend the conference should reach the above address
no later than . Due to the limited space available, each principal
planning to send representatives to the pre-proposal conference should limit the
number of representatives to a total of not over three. Replies by the
Government to proposers' questions concerning any aspect of this Request for
Proposals will be recognized as official only if the proposer submits the gues-
tion in writing, and he is provided a written reply by the Contracting Officer.
This rule includes, but is not limited to, the Pre-proposal Conference activities
embracing the conference session and the site visit. .Proposers are specifically
cautioned that verbal discussions, questions and replies thereto shall not have
the effect of changing the provisions of the written Request for Proposals.
Proposers. are enbouraged to subm1t written questions to:

3303rd Contract1ng Sq
- LGCT™M
Randolph AFB Tx 78148

in sufficient time for receipt at least ten days in advance of the conference
date and replies thereto will be provided during or subsequent to the conference.

3. SITE VISIT. Proposers or quoters are urged and expected to inspect the site
where services are to be performed and to satisfy themselves as to all general
and local conditions that may affect the performance of the contract, to the
extent such information is reasonably obtainable. In no event will a failure to
inspect the site constitute grounds for a claim after award of the contract. A

- physical inspection of the project site may be. arranged by contact1ng the base
civil eng1neer, Williams AFB AZ. _ _ :

4., METHOD OF ACQUISITION.

a. One step acquisition will be used, consisting of solicitation, submis-
sion, and evaluation of proposals. The basis of the Air Force's contract award
will be the technical quality of the -proposal, business proposal (financial -
plan), the cost/share plan, and the offeror's proposed life cycle cost of energy.
Deta1ls concerning criteria for “evaluating proposals aré contained in Section
IV, Evaluation Factors for Award. Energy costs will be evaluated based on the
Aproposed 30-year life cyc]e cost of geotherma]]y produced power consumed by"’

Revised Jun 81
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Williams AFB at the designated delivery po1nt(s) shown on the attached draw1ngs
Chilled water costs will be evaluated based on a factor of 0.94 KW of electricity
input per ton of refrigeration. Delivered energy at each designated delivery
point must meet the total electrical and/or air cond1t1on1ng load at each point,
except that family housing areas will not be provided with chilled water. The

life cycle costs of energy, either air conditioning,. chilled water, electricity,

or a combination thereof shall not exceed the 30 -year life cyc]e energy cost
ceiling as defined in Appendix B.

" b. Contract to be awarded will be a cost-sharing type contract cover1ng
Pha;p: Land II. See also para 17 below.

5. BONDS. The successful Contractor will .be required to furnish a BOND in the
penal sum of $100,000.00 conditioned on compliance with the Geothermal Resources
Operational Order No. 3, "Plugging and Abandonment of Wells." The bond of any
surety company holding a certificate of authority from the Secretary of the
Treasury as an acceptable surety on Federal bonds will be accepted.

6. INSURANCE. Within 15 days after the award of this contract, the Contractor
shall furnish the Contracting Officer a certificate of Insurance as evidence of
the existence of the following insurance coverage in amounts not less than the
amounts specified below.

COVERAGE
PER PER -
PERSON ACCIDENT PROPERTY
a. Comprehensive Genéra]
Liability - $300,000
b. Automobile Liability $100,000 $300,000 $10,000

AS REQUIRED BY STATE LAW

Cc. MWorkmen's Compensétion
WITH MINIMUM OF $100,000 EMPLOYER'S- LTABILITY

The Certificate of Insurance shall further. provide for thvrty days written notice
to the Contract1ng Officer by the insurance company prwor to cancellation or
material change in policy coverage. , e

7. SUBMISSION OF PROPQSALS. Proposers are required to submit their proposal in
response to this Request for Proposals to the address and marked as indicated in

i

Revised Jun 81
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Paragraph 1. Technical Proposals shall include complete information to estab-
lish the proposer's understanding and capability for accomplishment of the total
project to provide services as outlined herein within the parameters set forth.
Technical Proposals shall include the 1nformat1on conta1ned in paras 5 and 6,
Section III and in Section IV.

8. Proposers are advised to submit proposals which are fully and clearly accept-
able without additional explanation or information, since the Government may
make a final determination as to whether a proposal is acceptable or unacceptable
solely on the basis of the proposal as submitted and proceed without requesting
~ further information from any offeror. However, the Government may discuss,
clarify or obtain additional information on any aspect of the proposal with the
concern submitting the proposal.

9. MULTIPLE TECHNICAL PROPQOSALS. - Proposers are authorized and encouraged to
submit multiple technical proposals presenting different basic approaches. Each
technical proposal submitted will be separately evaluated.

10. CLARIFICATION OF THE PROVISIONS OF THIS REQUEST. Any explanation desired by
a proposer regarding the meaning or interpretation of the Request for Proposals
must be requested in writing and with sufficient time allowed for a reply to
reach proposers before the submission of their proposals. :

11. UNNECESSARILY ZLABORATE CONTRACTOR'S PROPOSALS.  Unnecessarily. elaborate
brochures or other presentations beyond that sufficient to present complete and
‘effective proposals are not desired and may be construed as an indication of the

“offeror's or quoter's lack of cost consciousness. Elaborate art work, expensive -

paper and bindings and expens1ve visual or. other presentation awds are neither:
‘necessary nor wanted.

12. MODIFICATION OF PROPOSALS. Modifications of proposals already submitted
will be considered if received at the office.designated in this request by the
time set for receipt of proposals. Modifications received after the designated
time will not be considered (subject to the provisions of the "Late Proposals"
c]ause) unless specifically requested by the Air Force

13. NONCONFORMING PROPOSALS. Any proposal may be construed as a nonconforming
—-proposal and ineligible for consideration if -a proposer does not comply with the
requirements of this Request for Proposals. The failure to. comply with the .
technical features or to acknowledge rece1pt of amendments are common causes for

' ho1d1rg proposals nonconform1ng : :

14. RESTRICTIONS ON DISCLOSURE AND USE OF DATA IN PROPOSALS AND QUOTATIONS A
proposal, whether solicited or unsoTicited, may include data, such as a technical
designs, concepts, financing and management plans, which the offeror does not
- want disclosed to the public for any purpose or used by the Government for any
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purpose other than evaluation of the proposal.. If an offeror wishes so to
restrict his proposal, he sha]] mark the title page with the following legend:

THIS DATA, FURNISHED 1IN CONNECTION-NITH REQUEST FOR PROPOSALS NO.

F41689-81-R-0061. SHALL NOT BE DISCLOSED OUTSIDE THE GOVERNMENT
AND SHALL NOT BE DUPLICATED, USED OR DISCLOSED IN WHOLE OR IN PART FOR
ANY PURPOSE OTHER THAN TO EVALUATE THE PROPOSAL: . PROVIDED, THAT IF A
CONTRACT IS AWARDED TO THIS OFFEROR AS A RESULT OF OR IN CONNECTION
WITH THE SUBMISSION OF THIS DATA, THE GOVERNMENT SHALL HAVE THE RIGHT
TO DUPLICATE, USE, OR DISCLOSE THE DATA TO THE EXTENT PROVIDED IN THE
CONTRACT. THIS RESTRICTION DOES NOT LIMIT THE GOVERNMENT'S RIGHT TO
USE INFORMATION CONTAINED IN THE DATA IF IT IS OBTAINED FROM ANOTHER
SOURCE WITHOUT RESTRICTION. THE DATA SUBJECT TO THIS RESTRICTION IS

CONTAINED IN SHEETS

The offeror shall mark each sheet of data wh1ch he wishes to restrict with the
following legend:

USE OR DISCLOSURE OF PROPOSAL DATA IS SUBJECT TO THE RESTRICTION ON THE TITLE
PAGE OF THIS PROPOSAL.

15. ALTERNATE PROPOSALS. Proposals for utilizing geothermal energy other than
through on-base wells supplying base-wide electric power and/or chilled water
for' air conditioning as described in this RFP will be entertained. Proposals
based on supplying energy to off-base customers during times when the on-base

demand is below peak will also be entertained.

16. EVALUATION FACTORS FOR AWARD. Proposals will be evaluated in accordance with
Section IV, Evaluation Factor for Award. Posposals will be scored consistent

with these evaluation factors.

17. UTILITY SERVICE CONTRACT. Upon completion of performance of Phase II under
this contract, the contractor agrees to enter into a utility service contract
with the Government to provide air conditioning chilled water or electrical power,
as appropriate, to Williams AFB AZ at rates not in excess of those contained
herein, with escalation as specified in Section VII and Appendix B.
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I. PROJECT DESCRIPTION

1. The objective of this project is to have private industry develop the geo-
thermal resource beneath w1111ams AFB AZ and sell energy to the United States Air
Force.

2. The goal of the Air Force in pdrsuing this prbject.is to reduce its total
- cost of energy over the life of the project.

3. The proposed development will result in geothermal production wells, a geo-
thermal energy plant, a distribution system, and reinjection wells located on or
near Williams AFB AZ. Development is to proceed in two phases. The first phase
will be evaluation of the resource including drilling to completion of a single
production well (completion is defined in Section II, Specifications). The Air
Force will share the cost of phase one with the developer. Phase two will
consist of drilling of additional production wells and injection wells, and
construction of a geothermal plant and distribution system. Phase two will be at
NO CAPITAL COST TO THE AIR FORCE.

4. The type of plant to be constructed will depend on the quality of the-

resource. The first priority is for base-wide air conditioning chilled water
(less family housing) and the second priority is for base-wide electrical power
(including family housing). If the resource proves to be of exceptiona]]y high
quality, -proposals will be entertained for co-generation of air conditioning
chill water and electricity, or even co-generat1on of ethanol and ch11] water or -
electricity. :

5. The basis for award will be quality scoring of the proposal in accordance
with the Evaluation Factors for Award, Section IV, and the offeror's proposed
cost of energy over the life of the project, utilizing life cycle costing tech-
niques described in Appendix B. The Air Force expects to purchase energy from
the plant for an anticipated period of 30 years. The contract will contain a
negotiated a cost-share plan for phase one which has been determined acceptable
- to the Air Force and the Department of Energy. This plan must define levels of
resource quality for the first weil and identify associated costs-shares.

6. If the first production well ‘is successful, as defined by the cost-share
plan, the Air Force will pay up to 10 percent of the cost of .the well.. The
contractor will bear the remaining costs and in no case will -the government re-.
imburse the contractor for .more than the actual cost of the well.

7. If the f1rst product1on well is unsuccessfuls—as_defined by the cost share
plan, the Air Force will pay up to‘$1 000,000 towardthe cost of .the well as
determined by the cost-share plan. The. contractor will -bear the remaining costs
and in no case will the contractor be reimbursed by the government for more than
- the cost of the first well.  The developer may drill add1t1ona1 wells:at his own
. expense; without benef1t of the cost share p]an
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I1. - SPECIFICATIONS

1. Phase I. After contract award, the successful proposer (contractor) must
conduct a resource evaluation program during Phase I. If drill sites outside of
Williams AFB are to be used, this evaluation program is to include exploration to
determine a specific drill site. Drilling and testing of a single production
well will be included in Phase I regardless of drill site location. Accordingly,
each offeror must submit a proposed Exploration Plan, Drilling Plan, and Test
Plan. In addition, offerors must submit proposed cost-share plans for Phase I in
accordance with Sect1on ITI, cost-share qu1del1nes Plans will be evaluated as

'spec1f1ed in Section IV.

a. Exp]orat1on Program. The contract will 'contain the negotiated,

- Government-approved Exploration Plan for drill sites outside of Williams AFB.

The plan must define a schedule and method of exploration, and criteria to be
used in establishing the site for the first well. Exploration may take place on
Williams AFB, on a not to interfere with operations basis, or in the Williams AFB
vicinity. It may consist of a review of existing data, the conduct of surface
testing, drilling of test holes, and/or logging and testing of -existing wells.
[t is the responsibility of the offeror to identify and justify in its prelim-
inary plan the method of exploration and drill site locations. Furthermore, it
is the contractor's responsibility to obtain all permits, accesses, right-of-
ways, -etc. required for the conduct of the exploration program. The Air Force's
responsibility in this area will be limited to granting of access to Air Force
property for the purposes of exploration and well siting.

«1) If the contractor lacks adequate in-house expertise in exploration,
he should retain the services of a competent consultant or contractor. Consult-
ing and subcontracting costs are items that the Air Force will cost-share if an
award is made. The contractor should be careful to select consultants or con-
tractors who have a broad range of exploration experience and expertise to ensure
that an appropriately balanced exploration plan is developed.

(2) 1t is the offeror's responsibility to specify the analysis and data

interpretation technique to be used in identifying locations of possible drill"’

sites from the exploration program data. Once a final site is chosen, it is the
contractor's responsibility to obtain permits, right-of-ways, leases, etc., for
drilling of the well. The Air Force's responsibility will be 11m1ted te review- -
ing of the decision with the contractor and to granting of a permit to drill on
Air Force property once all applicable prerequisite requirements are satisfied.
On-base drill sites are limited to the areas indicated on the drawings,
Appendix F.

b. Well Drilling.

(1) It will be the responsibility of the contractor to drill a resource
confirmation well to completion. Completion is defined as being either location
of a resource that satisfies intended use, or drilling to a minimum depth of
10,000 feet. Each offeror must develop a Drilling Plan which provides a schedule
for drilling, and identifies the major elements of the drilling program such as
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the proposed drilling rig, hole depth and diameter, intended drilling fluids,
proposed drill casings, intended cementing program, the well logging program,
and method of discharging geothermal fluids.

(2) It will be the responsibility of the contractor to acquire all
necessary support for drilling and testing of the well. If the drill site is
located on the base, the Air Force will sell the contractor electrical power, gas
" and water. Electrical power, gas and water will be supplied from the sewage
treatment plant located to the west of the area to be turned over for develop-
ment. The billing rate for electrical power will be approximately $.062 per
- kwhr, the rate for gas will be approximately $.2977 per therm, and the rate for
water will be approximately $.5486 per thousand gallons. The rates stated above
apply only to utilities used by the contractor during Phase I.

(3) It will be the responsibility of the contractor to insure that
adequate provisions for the disposal of geothermal fluids are made so that
test/production wells can flow adequately to prevent well damage. It is recom-
mended that an injection well be drilled prior to drilling the production well to
insure adequate disposal of geothermal fluids without interrupting fiow.

¢. Test Plan.

(1) Each offeror must submit a proposed Test Plan which identifies a
schedule and the tests to be conducted dur1ng;¢r1]]1ng and subsequent reservoir
evaluation test toc be  conducted after drilling is completed. The test plan
should identify the physical and hydrologic data to be collected during drilling,
the method to be used in collecting this data, -the reduction and analysis tech-
- niques to be employed, and the intended uses of the information. The preliminary
test plan must also address the objectives and procedures to be used in eval-.
uating the completed well's performance under sustained withdrawals. The
offeror must put forth a plan that will adequately test at a minimum the major
parameters of flow rate, fluid (potentionmetric) levels and temperature. The
plan will include provisions for making continuing seismic measurements which
are required throughout both drilling and production phases (Phases I and II).
The suggested duration and method of testing proposed must -be of sufficient
.duration and scope to permit a reasonably confident prediction of the reservoirs

~ behavior over the life of intended use

(2) It will be the respons1b111ty of the contractor to update the test
plan- if test. data/conditions indicate a change is necessary. Revisions to
government approved procedures must also be approved by a-designated government
. representative. The‘government will provide a method for rapid concurrence of

proposed changes. : " . ' T

(3) It will be the respons1b111ty of the contractor to obtaln all

. required approval, permits, right-of -ways, etc., for the conduct of well test-

ing. The Air Force's responsibility in this matter will be limited to the
- granting of approval for the testing of a weil drilled on the base prov1ded a]]
.prerequ1s1te requ1rements are satisfied. g : S v
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d.' Cost-Share Plan. The contractor will be required to adhere to the
approved Cost-Share PTan (reference Section IV, Evaluation Factors for Award).
The plan will include considerations for exploration and drilling. However, it
can only be related to the degree of success as defined by the well test results.

The cost-share plan will be in accordance with section III, Cost-Share Guidelines.
In deve10p1ng the cost-share -

‘plan, the offeror shou]d also keep in mind the cost stipulations of Section I,

Project Description. The cost-share plan must be in terms of quantifiable we]l
parameters that can be measured. An example is shown in Figure 1, Section III,

Cost-Share Guidelines. The plan may include mu]t1p1e schedules to take 1nto
account various baseline conditions. '

e. Schedule/Decision Points. Throughout and at the conclusion of Phase I,
the contractor will be expected to confer with the government on various program -
decisions. An example of a program flow chart with decision points is provided
by Figure 1, Phase I, Sample Flow Chart. The contractor will be required to
develop for the government's approval an overall Phase I schedule containing
program decision points where the contractor and government representative will
be required to confer and agree to a follow-on course of action. The total
duration of the schedule for completion of work to be performed in Phase I shall
be no more than 12 months from the receipt of the notice to proceed. It will be
the responsibility of the contractor to notify the Air Force of any unforeseen
delays, which cannot be overcome by the contractor exercising due diligence.
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f. Success Definition. At the conclusion of well drilling to a minimum
depth of 10,000 ft, Tlogging and flow tests, the project will be considered
successful if final utility contract negotiations result in plant and distri-
bution system construction at no capital cost to the government, and a finalized

utility contract which will result in a 30-year Tife cycle energy cost not in

excess of the Life Cycle Energy Cost Ceiling defined in Appendix B, within the
environmental constraints of this RFP,

2. Phase II. The contractor will be required to construct and operate a geo-
thermal energy plant during Phase II. Construction of the plant will include
drilling additional supply and injection wells as required, construction of
transmission corridors, and making connections to existing Air Force facilities
all at NO CAPITAL COST TO THE AIR FORCE, and plant ownership will remain with the
contractor. The Air Force will grant the contractor a license to enter and use

the sites designated on the drawings in order to operate and maintain plants and

systems until the contract is terminated. The contractor will be responsible for
all phases of design, construction, start-up and testing, and operation and
maintenance of the Energy Supply System and plants. The contractor will be
responsible for obtaining all permits, right-of-ways, approvals, etc., for all
activities associated with Phase II. The contractor will be responsible for
repair of Air Force property damaged in the course of construction, and operation
and maintenance of the plant. Repairs shall be in accordance with the Corps of
Engineer Guide Specifications and Air Force Manual 88-15. The Air Force's
responsibility will be purchasing of the utility and granting access, right-of-

ways, permits, etc. for construction, and operation cn Air Force property. In

order to grant the necessary permission to construct and operate the Energy
Supply System and plants on Air Force property, it will be necessary for the Air
Force to review and approve the contractor plans for the system.

~a. If the contractor proposes to construct an air conditioning chilled
water plant, he will be required to provide all fluid pipelines, flow control
devices, flow metering devices, interconnections and modifications to existing
facilities, and provide an emergency shutdown system acceptable to the Air Force.
Attached drawings, Appendix F, show connection points and suggested on-base
plant location, well locations, transmission corridors etc. Pipelines must be
run underground, parallel to the streets instead of under streets. The plant
must be designed to provide for maintenance without interruption of service. The
design must provide spare chiller capacity and a fossil fueled back-up heat
source, Loss of service will be permissable only for. power outages. The
operation and maintenance contractor for the plant will be responsible for the
entire facility including wells, plant and chilled water supply, and return
headers up to the five foot line outside of each building served. The chilled
water lines will be metered and the Air Force will pay for utility used and not
for plant. capacity. For a facility located on the base the contractor will

. furnish meters and connection to the Air Force electric distribution or in-

building cooling systems in accordance with the attached drawings, Appendix F.
For conventional utilities to serve the contractor's plant, the contractor will
be responsible for making the necessary hook-ups, and the Air Force will bill the
contractor for utilities at the average rate schedule current at the time of
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utility use, taking Air Force capital, operating and maintenance costs into
.consideration. All base utilities, including water, will be made available to
the contractor only after all Air Force utility demands are satisfied.

b. If the contractor proposes to construct an electric power plant, he will
provide associated controls, electric power lines, switch gear, transformers,
meters and other equipment associated with the electrical interconnected.
‘Interconnection with the existing supply system will be required. However,
regulations prohibit the sale of on-base generated electricity off-base. There-
fore, if the facility is built on-base, it will be the contractor's responsibil-
ity to arrange for interconnection with the existing utility in a manner which
precludes the transmission of power off-base into the utilities grid. The .
contractor will provide metering and bill the Air Force for power used. The Air
Force will not pay for unused capacity. The attached drawings, Appendix F, show
the connection points and suggested on-base plant location, well locations,
transmission corridors, etc. For conventional utilities to serve the contrac-
tor's plant, the contractor will be responsible for necessary hookups, and the
Air Force will bill the contractor as described in para 2a above. All base
utilities, including water, will be made available to the contractor only after
~all Air Force utility demands are satisfied.

c. Offerors may propose to construct a plant with the intention of selling
energy to off-base customers during off peak base condition provided all Air
Force energy needs are met first,

-d. If the offeror proposes to construct a plant for co-generation of chilled
water and electricity the stipulations of the preceding paragraphs apply. Pro-
~ posals for co-generation of ethanol to be sold off-base with one or more of the

-above utilities may be proposed. The previously mentioned conditions for ut111ty
connect1ons metering and rate structures w111 apply. :

e. The schedule for compietion of work in Phase II is a maximum of 48 months
after notice to proceed with Phase II. This is in addition to the 12 months
allowed for Phase I. It will be the responsibility of the contractor to notify
. the Air Force of any unforeseen delays, such as regulatory agency approvals, that

are encountered wh1ch cannot be overcome by tre parties exerc1s1ng due d111gence
3. Capacity. The Phase II construct1on program must result in the contractor
providing to Williams either 3320 tons of refrigerator capacity as chilled water, :
or up to 12.3 MW of electrical power at 12KV, 3-phase, 60.Hz, or a comb1nat1on of
3320 tons of refr1gerat1on and 9.2 MW of e]ectr1”a1 power.. '

-4, Genera1-Cond1t1ons.

- a. Road Maintenance. Existing Air force roads on or servicing the area
- under this contract shall not be impaired by the contractor. Road maintenance
- required based on contractor's damage will be the responsibility of the con-
“tractor, and will be accomplished in accordance w1th the Corps of Engineer Gu1de ‘
'Spec1f1cat1ons and Air Force Manual 88-15.- ‘
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b. GRO Orders. A1l work under the contract shall be performed in accordance
with AFM 88-15, as amended; GRO Orders, and other regulations as listed in
Section VI, Constraints, except where the contract specifies differently. The
following GRO Orders substitutions of terminology, however, will apply to the
work done ‘under this contract on Air Force property: the Terms "Area Geothermal
Supervisor", "Supervisor", "US Geological Survey Geothermal District Office",
"Secretary” or "Director” are to mean the Air Force. If repairs of contractor's
damage are made by the Air Force, the contractor will be responsible for reim-
bursing the Air Force accordingly. "Lessee" or "operator" are to mean the con-
tractor; and "lease" is to mean the Entry Permit. The GRO Orders make reference
to Chapter II of Title 30, the Code of Federal Regulations. - Where applicable,
the modifications to the Tlanguage and intent of the original regulations, as

_noted above, shall apply to this contract. Plans and reporting requirements

identifiéd in this contract shall meet the contractor's obligation provided that
where data is requested by GRO Orders or the regulations and not in this con-
tract, such data shall be provided by the contractor.

c. Protection and Closing of Wells. If work under this contract is term-
inated, the following cond1t1ons of completed or unfinished wells or borings will

apply:

(1) Any casing or plugs set into the well shall remain in place, and
title to such items iocated on Air Force property will automatically pass to the
Government upon the decision to terminate.

(2) AN nonproda¢t1ve wells will be capped and abandoned if directed by
the Air Force in accordance with the GRO Order No 3 prior to final abandonment of
the preoject.

(3) Any producing well will be fitted with a valving or regulating
mechanism to allow either a complete shutdown of the well or withdrawal of the
geothermal resource in a regulated and controiled manner as specified in GRO
Order No 2, para 5B.

d. Reporting Requirements.

(1) Phase I reporting requirements will be as follows:

(a) Project Status Reports. Status Reports shall be provided to
the Air Force monthly. This report will communicate to the Air Force an assess-
ment of the contract status, to explain variance and problems, and to discuss any
areas of concern or achievements. Included will be a Contract Management Summary
Report which is to be a one page presentation of cost, ‘major milestones and
manpower for rapid visual analysis and trend forecasting.

(b) Technical Progress Report. A formal structured technical
report shall be required after compTetion of milestones for exploration, well
drilling and logging, and flow testing. A Final Technical Report shall be
required reporting on the results of the Resource Confirmation Program.

_ (c) Exploration Data. A copy of the exploration data and the
analysis of this data 1s to be provided to the Air Force during the exploration
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period. The. Air Force will use thistdata for an independent evaluation of
possible drill site locations. :

(d) Drilling Data:

' 1. Daily Drilling Reports. A daily record shall be kept on
the IADC Official Standard Daily Drilling report or other form standard to the
drilling industry. The general remarks section shall contain an accurate record
of hold conditions and work performed 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 required to transmit this information. An
additional daily record form shall be required for transmittal.

2. Well Cuttings. Three sample bags (3" x 5") of well
- cuttings will be collected as required by the Air Force. The cuttings will be
. filed and available to the public after well completion.

3. Logs. A copy of all logs is to be transmitted to the Air
Force as available. '

‘4. Fluid Sampies. As required by the Air Force

5. Seismic Recordings.

(e) Flow Test Data. A copy of flow test data and of the analysis
- of this data is to be provided to the Air Force for reservoir assessment. The

government will use this data for an independent evaluation to determine the o

government cost-share.

_ (f)l Final Cost Report. A cost report submitted at program comple-
tion summarizing estimated and actual costs. This report will show the Air Force.
share as evaluated by the previously negot1ated var1ab1e cost-share formula

criteria. . : o

(g) Conference Records. Documentat1on of the - contractor s under- -
stand1ng of significant decisions, direction, or redirection or required act1ons
resulting from any meetings with A1r Force representat1ve

- (2) The Air Force will have the rwght to data obtained by the contractor
| during the term of the Phase I contract from geologic studies, exp]oratory wells
- and development wells. The data may be used by the A1r Force 1n conduct1ng an

1ndependent eva]uat1on of the resource. oo : :

(3) Phase 11 report1ng requ1reme1ts will be as fo]]ows
e (a) Proaect Status Reports. Status Reports shall be prov1ded to

* the A1r.Force semi-annually to commun1cate an assessment of the progress toward
o comp]et1on of the facility. :

: : (b) In the status repcrts, or as a minimum, six months pr1or to the
p]ant becom1ng operat1ona1 ‘the contractor shall advise the Air Force in writing

9 - 'er:’_ S S '}ﬁ- '_‘;f,:-_ © ©  Revised Jun 81



of any modifications of his plan for the-plant design. If any modifications have

. impact on either the capacity of the plant or the location of the designated
"~ delivery points or the characteristics of the utility to be delivered to the Air

Force, the contractor shall advise the Air Force in writing within seven days of
the time the contractor is aware of the modification, which shall be subject to-
Air Force approval. : ,

e. Field C]osure. During field closure, the facilities shall be removed,
wells abandoned and capped as appropriate if directed by the Air Force, and the
premises restored to their original condition, ordinary wear and tear expected,
by the contractor at his expense within a reasonable time after termination of .
the contract

5. Document Submittals. Once approved by "the government, the documents

.described under Section IV, para 2, . Evaluation Factors for Award, will become

part of this specification.
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ITI. COST-SHARE GUIDELINES

1. INTRODUCTION

The purpose of COST-SHARE GUIDELINES is to provide an indication of what kind of.
geothermal development might be expected in terms of well parameters and to
- provide cost-share criteria for preparation of proposers' cost-share plan. The
cost-share plan should be based on the paramters of temperature, flow rates and
fluid chemistry. These guidelines assume that the chemistry of. the resource is
acceptable and are therefore given in terms of temperature and flow rates. In
addition, assumptions are made on a per well basis and all wells will have the
same performance. Chemical treatment of the resource will be costed out in the
proposer's life cycle cost of utilities. '

2. RESOURCE QUALITY GUIDELINES

Resource quality must be evaluated in terms of the ability to produce an adegquate :
utility given certain well parameters. The utilities to be considered are either
air conditioning chill water or electricity, or co-generation of both.

a.. Air conditioning chill water. Air conditioning chill water can be pro-
duced with state-of-the-art equipment using the geothermal resource either as
hot water or steam. Units are available that operate at temperatures of 170°F
-and above. However, they are inefficient at lower end of their temperature range
. and would require large amounts of brine to produce sufficient chill water to
meet the need at Williams. Rather than attempt to address the entire range of .
possibilities, it is assumed that the temperature of:the resource under Williams.
AFB will 'average about 360°F.  Given a resource temperature of 360°F, the
required resource flow rate needed to produce chill water at_40°F is estimated to
be on the order of 600,000 1bm/hr (1200 gpm).- At well flow rate of about 500,000
1b/hr, for a good well, it would require little more than one well to support a
3320 ton air conditioning chill water plant under these conditions. Therefore, a
proposal that suggests an air conditioning chill water plant to operate from a
resource with an average temperature of 360°F flowing at about 600,000 lbm/hr-
should be given further consideration. Proposals for other conditions must
demonstrate similar thermodynamic balance. Air conditioning loads shown on the
- drawings must be met. i : :

‘b, Electricity. Electricity, like air conditioning, can be generated with
state-of-the-art equipment using the -geothermal source as either. hot water
(binary systems) or as steam. Binary-systems in principle can produce electrical
‘power at lower temperatures than steam systems. However, rather than pursue all
possible COmbinatigns it will be assumed that the'resourceowi11 have an average
temperature of 360 F. Given an average temperature of 360°F, the required flow
rate to generate electricity using a flashed steam system is about 210 1bm/kw-hr.
(Reference: Electricity Power Research Institute Report EPRI ER-301 of November
1976). Therefore, the total flow required to produce 12 MW(e) would be 2,520,000
~ 1bm/hr (5100 gpm). This would require at least five wells flowing at a rate of
500,000 1bm/hr. Studies of binary systems (same reference) indicate about 75
percent of this flow rate would be required to support a binary system (1,875,000
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1bm/hr). Therefore, a proposal that suggests an electric hower plant- to operate
from a resource of an average temperature of 360°F at about 210 -1bm/kw-hr for
steam or about 160..1bm/kw-hr for binary should be given further ¢onsideration,

c. Co-generation. A proposal which suggests co- generation should take into
consideration the reduction of electrical -load utilized in producing .chill
water. Based on 0.94 kw of electricity consumed per ton of central air condi-
tioning plant, a reduction of 3 MW(e) in the power plant requirements is implied.
Therefore, co-generated proposals, which suggest air conditioning chill water
and 9.2 MW of electrical power, may be considered. The geothermal brine require-
ments will be the sum of the requirements for air cond1t1on1ng chill water and
9.2 MW of electr1c1ty

3. COST-SHARE PLAN

a. The COST- SHARE PLAN must be based on the economics and process energy
requirements of the proposed plant. _

b. "The COST-SHARE PLAN should be presented in table form as shown in Figure
1. Each table shall show the well-head temperature on the verticle axis and the
well flow rate on the horizontal axis, furthermore each table shall have a
spec1f1ed range of water quality for which that table applies. If only one table
is presented, the proposer must specify the range in water quality (in ppm TDS)
for which this table applies. '

c. The values that appear on the proposers COST-SHARE PLAN shall range from
10 percent to 90 percent and apply to the percentage to be paid by the proposer of
the Phase I project costs.

d. The range of possible flow test parameters and baseline conditions for
the COST-SHARE PLAN should be reasonable estimates for the geothermal reservoir
in questicn. The engineering and economic calculations utilized to justify the
COST-SHARE PLAN must be included in the proposa] to provide the rationale for the
plan. _

e. The number of parameters and baseline conditions considered in the
establishment of the cost share should be minimized to the extent practical.
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IV. EVALUATION FACTORS FOR AWARD.‘

1. GENERAL CONDITIONS

The proposals submitted in response to this RFP will be evaluated in accordance
with the criteria set forth in paragraph 2 of this section. In conducting this
evaluation, the Air Force may utilize the assistance and advice of qualified
personnel from other agencies of Government and Air Force contractor consul-.
tants. A1l proposers will be notified in writing of the acticn taken on their
proposal. The status of any proposal during the evaluation process will not be
discussed with proposers. Prior to making a comprehensive evaluation of the
- proposal, a preliminary review will be made to determ1ne if the proposal meets
the qualification cr1ter1a listed below.

a. The proposal must contain a plan and schedule for resource confirmation.
b. The proposal must contain a plan for resource confirmation cost-shares.

c. The proposal must contain a plan and schedule for construction and opera- ‘
tion of a plant.

d. The proposal must contain a utility pricing plah'that will permit the Air
Force to purhcase refrigeration chill water and/or electricity at a net savings
in utility cost over the anticipated life of the plant.

e. The proposer must not be a government agency and/or laboratory owned,
operated, or under the cognizanca of the government.

Proposals which pass the preliminary review will undergo a comprehensive tech-
nical and business evaluation in accordance with the criteria of paragraph 3 of
this section. The evaluation criteria parallel the RFP format requirements,
paragraph 2 of this section.

2. TECHNICAL AND BUSINESS PROPOSAL REQUIREMENTS

¢

Each submission in response to the RFP should be prepared in two separate and
detached volumes: Volume I - Technical Proposal, and Volume II - Business
Proposal. To facilitate an orderly and expedient review of proposals, prooosers
are requested to follow the format given below for Volumes I and II. Each volume
-should be written as a "“stand-alone" document. Separate teams of reviewers may
review each volume and all pertinent information to make each volume entirely
understandable without reference to the other volume should be included. It is
recommended that the total number of pages for the two volumes not exceed 200
pages. Proposals should be as short and concise as poss1b1e consistent with
being complete. At the end of this section, a checklist is prov1ded to assist in
verifying proposal completeness. .

a. VOLUME I - TECHNICAL PROPOSAL

(1) General Requirements

14
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(a) Title Page - The title page should contain, in addition to the
title, the name and address of the company or companies submitting the proposa].

(b) Table of Contents - Include .a Table of Contents to facilitate
locating the elements outlined in these guidelines (include page numbers).

(2) Phase I - Resource Confirmations

Provide information concerning the technical feasibility of the proposed

resource confirmation effort. Includes as a minimum the following:
(a) A brief summary of the resource confirmation program.

(b) A Proposed Plan and Schedule for Resource Confirmation which
provides considerations and rationale for an Exploration Plan, a Preliminary
Drilling Plan, a Preliminary Test Plan, identifies program decision points, and a
Project Management Plan as follows: . :

1. Exploration Plan - The exp]orat1on program has the basic
goal of se]ect1ng Tdrill sites. If the on-base site shown on the drawings,
Appendix F, is to be used, the contractor shall so state, and no exploration plan
will be required. Co]]ection, analysis and interpretaion of -geclogical, geo-
chemical, geophysical and hydrological data (as applicable) should form the
exploration program. Drilling for the purpose of determining temperature and
thermal gradient is acceptable if applicable. Each technique applied should
contribute to a better understanding and evaluation of the target concept and to

, the selection of the drill site. Anticipated methods to be used in analysis and
~.interpretation of the exploration data should be detailed or referenced in ‘the

open literature. The exploration program should be kept as modest as possible
consistent with developing enough data for good drill site selection. Expilora-

~tion is not restricted to Williams AFB, but is restricted to the. vicinity.

Therefore, the proposer must define the exploration boundaries. Within the )
boundaries of Williams AFB, the drill site should conform to the 11m1tat1ons

indicated on the attached drawxngs.

2. Preliminary Drilling P]an - The purpose of the dr1111ng

_program is - ‘to intersect the resource by utilizing good geothermal drilling prac-

tices. Consideration should be given to the use of drilling fluids that minimize
or eliminate formation damage, i.e., drilling with air, water.or high- temperature

‘drilling fluid systems. The proposed drilling program should give anticipated

‘rig type well depth, well diameter, casing schedule, drilling fluid, logging.
.plan, method of discharging geothermal fluids, .etc. Anticipated dr11]1ng‘safety:
"problems and. planned mitigating measures (such as blowout prevention equipment)

-should be described. Completion and abandonment plans should be indicated; these

*p1ans must comp]y w1th Federal, State and/or local requ1rements

3. Preliminary Test P]an - The purpose of testing is to prove

‘the existence of an adequate geothermal resource. Consideration should be given
.. to testing during drilling and reservoir testing after drilling. The proposal.
.shall address the method and value information collection cn the .physical and

: hydrologic characteristics of the well during drilling. Reservoir tésting once

; Q'drilling is completed is required to evaluate critical parameters such as temper-
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ature, discharge rate and fluid (potentiometric) level. Results should be anal-.
yzed to predict reservoir behavior over the life of the project. The proposal
should specify in detail the plans for testing, including: (a) test and data .
analysis procedures; (b) type of instrumentation and its. dccuracy, and (c) any
other information relevant to demonstrating the proposer's understanding of well
testing. The Air Force and/or its contractors will monitor this phase for
concurrence for determination of the degree of success, and may perform an
independent assessment of all testing.

4. Program Decision - During the resource confirmation phase
of the project the Air Force will be sharing the risk with the contractor. It
will be necessary for the contractor to confer with the Air Force at key points
to reach a consensus on follow-on courses of action. The proposal should specify
where these program decision points. should occur and address the alternatives to
be considered at each point. This section should address the proposers criteria
for levels of success if a usable resource.is found.

5. Program Managemeht -'Provide, as a minimum, the following
Phase I information: '

a. Descrlbe the planned organizational elements showing
the reporting relationships of key personnel and Tist all key personnel who will
be involved in the project. If the project is to be accomplished by a team
effort, identify each of the participating organizations and/or individuals and
include a project organization chart. If the proposer is a team of organiza-
tions, one member organization must be designated as the principal participant
and an individual must be designated Project Manager. The relationship of all
parties who work on the project with respect to one another must be clear.

b. Ident1fy all consultants and subcontractors where pos-
sible. Clearly explain the nature and extent of their efforts in support of the
proposed project. If all consultants and subcontractors are not yet identified,
descr1be how they will be selected.

c. Provide a work schedule for the project. This sched-
ule shou]d indicate the phasing and interrelationship of the various tasks as
defined by the Statement of Work. The schedule should also identify key mile-
stones and decision points through testing and well competition. The schedule
shall be based on a time line from receipt of notice-to-proceed and not based on
calendar dates. The decision point or milestone chart should define the data to
be delivered at each stage of the program. »

d. Discuss personnel ~and organization experience.
Include, as a minimum, the following: : :

1) Describe any relevant experience or related cap-
abilities of the proposing organization and consultants that lend strength to the
proposed project. Proposals should include a compiete description of previous

H
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experience that would demonstrate ability to plan and manage projects of similar
magnitude.

personnel to indicate competence and experience in geotherma] development or-
related technologies.

(c) Institutional Considerations - Discuss any PhaseVI institu-
tional considerations. Include, as a minimum, the fol]owing

! 1. Site and Access: Prov1de a legal descr1pt1on of the site
' proposed for exploration, drilling, testing, and power plant siting if other than
. on Williams AFB. Provide the following ev1dence to the best of your abilities:

: a. Right of access, leases and/or ownership to the pro-
perty, and : : ,

b. Right to the use of the water/geotherma]/m1nera1
resource for the proposed application.

2. ENVIRONMENTAL MANAGEMENT PLAN. The offeror sha]?, in his
proposa], indicate how the Environmental Management Plan will be prepared for
each phase of development and what its content will include. This plan is
closely related to the prepared Environmental Assessment (EA) and shall also
address itself to the following 1tems

a. Adherence to m1tlgat1ng procedures proposed in the EA '

_ ' b. Comp11ance w1th mon1tor1ng operat1on .and ma1ntenance'
programs required by the various perm1ts ' : ‘

c. -Coordination procedures with the Air Force

- d. Field closure and necessary remedial measures.

4 , e. Protection and preservation of natural and coTtUraT
resources. : ' : A
g j} Disposal of geothermal flofds,(reinjection'we11).
.g. Fluid d1sposa1 ‘during’ and after dr1]11ng
'h;. Drill s1te restorat1on

.Comp]etion and/or abandonment>procedures.

| =
.

‘ Technical - competence - Offeror‘s proposal shall -
include a sect1on descr1b1ng environmental management capabilities and/or -
discussion of environmental engineering consu1t1ng firms that have capab111t1es,}
to fulfill the above respons1b1l1t1es : :

: 3. Safety ' ’he proposer shou]d d1scuss potent1a1 safetyl
problems and pract1ces dur1ng dr1‘11ng and. test1ng o

17
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4. Descr1be any legal, social or- institutional issues or
problems associated with the project. Describe intended solutions to the .issues
or problems anticipated. _ ‘ '

(3) Phase II - Plant Construction and 0perat1oh Provide information
concerning the technical feas1b111ty of the plant construct1on and operation

program. Provide as a minimum the following:

(a) A brief summary of the construction and operation program.

(b) A thorough discussion of the technical aspect of a plant con-
struction and operation program. Included should be consideration for prelim-
inary designs, requirements for and method of construction, preliminary tests

. and- start-up, operation and ma1ntenance which include, but are not limited to,

the following:

1. Design

b Proposed design schematics of the process(es) which
identify temperatures T ), flow rates (gpm) and other pertinent design infor-
mation. S

b. Energy requirements (BTU/hr) for the process(es). The
energy requ1r8ments should be shown as a Process Energy Requirements Plot of
temperature (°F) versus hydrothermal fluid flow (gpm). Clearly describe the
minimum acceptable resource requirements (flow rates, temperatures and other
parameters that may limit the project) needed to meet the intended application.

¢. Predicted utilization factor.

- d. Predicted average gross annual energy consumption
(BTU/yr) that will be met through the use of hydrothermal energy.

e. Brief description of major energy system components.

-f. Description of the intended fluid disposal system

design.
2. -Construction
AFB 2. Knowledge of requirements for construction on Williams
b. Requirements for drilling of additional wells.
Requirements for transmission systems for utility and
resource pipelines. '
' d. Requirements for the hook-up of utility to existing

system(s).

18
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e. Requirements for personnel facilities and control
room(s). ‘ - :

f. Requirements metering and safety features.

3. Plant Test and Start-Up

a. Requirements for test1ng of the fac111ty to demon-
strate it meets design requirements.

b. Requ1rements for start-up and orderly transition of
the base facilities to use of the plant utility.

4. Operation and Ma1ntenance

a. Proposed method of prov1d1ng for operatwon and main-
tenance, i.e., proposer personnel or a subcontractor.

b. Level of automation of plant and the number of person-
nel required for operat1on and ma1ntenance

. €. Demonstrate knowledge of the requ1rements for opera-
tlng a p]ant on base and how the requirements are considered in the deswgn

d. Describe the features “including conducting of preven-

o tive ma1ntenance, which are 1ntended to prov1de for un1nterrupted serv1ce.

(c) Project Management - 'Provide, as a minimum, the fo110w1ng '

1. Describe the planned organ1zat1ona1 e]ements show1ng the ’

.report1ng re]at1onsh1ps of key personnel and 1ist all key personnel who will be

involved in the project. If the project is to be accomplished:by a team effort,
identify each of the participating organizations and/or individuals and 1nc1ude
a .project organization chart. If the proposer.is a team of organizations, one

. member organization must be designated as the principal participant and an indi-
"vidual must be designated Project Manager. The relationship of all partwes who
work on the prOJect with. respect to one another- must be c]ear.

, 2. Ident1fy al] consu]tants and subcontractors where
possible. C]ear]y explain the nature and extent of their efforts in support of
the proposed project. If all consu]tants and subcontractors are not yet 1dent1-
f1ed describe how they will be selected

3. Provide a work schedule- for the prOJect This schedule -
should indicate the phas1ng and interrelationship -of . the various tasks as defined

by the Statement of Work. The schedule ‘should also identify key milestones

through testing and completion. The schedule shall be based on a time 11ne from J

_date of agreement award. and not based on ca! endar dates

v
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' 4. D1scuss personne1 and 0rgan1zat1on exper1ence Include,
as a minimum, the FTollowing:

a. Descr1be any re]evant experience or related capabili-
ties of the proposing organization and consultants that lend strength to the
proposed project. Proposals should include a complete description of previous
experience that would demonstrate ab111ty to. plan and management projects of
similar magnitude. :

b. Provide resume of the Project Manager and key person-
nel to indicate competence and experience in geothermal development or related
techno]og1es : ‘

(d) 'Institutional Considerations - Discuss any Phase II institu-
tional considerations which differ from those of Phase I. Include as a minimum:

Jr—

Site and access.
2. Safety.
3. Legal or social issues.

b. VOLUME T - BUSINESS PROPOSAL

(1) General Requirements

(a) Title Page - The title page should contain, in addition to the
title, the name and address of the company or companies submitting the proposal
and the name(s) and position(s) of the individuals authorized to negotiate a
contract. :
(b) Table of Contents - Include a Table of Contents to facilitate
Tocating the elements outTined in these guidelines (include page numbers).

(c) Summary of broposed costs:
1. A proposed cost and cost-shares plan for Phase I.
2. A prOposed cost plan for the utility or utilities for
Phase II, indicating the total 30-year life cycle cost to the government of
geothermally produced utilities and the estimated quantities of these utilities.

(d) Organizational Information - The following organizational
information should be provided: '

1. A brief descr1pt1on of the proposing entity including
size, type of bus1ness, history and discussion of ownership and/or controlling
1nterest S : '

2. A listing of current or recent (within the last two years)
Government contracts or other contracts by the proposer(s) in this or related
fields. Include the name of the sponsoring agency of firm, contract number,
amount of contract, subject area. of contract, name and phorne number of Contract-
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ing Officer for any Government contracts cited. “Also, provide information con-
cerning cost and schedule performance. If necessary for evaluation, the Air
Force may solicit experience data concerning proposer's past performance

3. Provide f1nanc1a1 data on the proposer(s) and the pro-
poser's available Financial resources. An annual financial statement (balance
sheet and income and expense statement) for the past three years should be
attached for proposers and major proposed subcontractors and consulting firms.

(2) Phase I. The following information should be provided for Phase 1
of the proposed proaect -

(a) Provide cost data for the project broken down into costs for

the key tasks. The cost data should be submitted on DD Form 633. -Append as many

schedules as required to detail fully the cost of the project. Describe the
method of computation and application of labor overhead and general and adminis-
trative overhead. Any cost escalation factors utilized in determining the cost
estimates should be clearly defined. . Subcontract costs should be summarized
separately. ' : '

(b) Describe the amount and method of financing proposed for the
non-Government share of the cost of the project. Assume a completely successful
well, ' : _ e

(c) Provide a detailed voriable cost-share”pTan and the rationale

for this plan. The engineering and economic calculations used to determine the

cost-share should be included in the proposal to aid the Air Force in evaluating -
the adequacy of the cost-share plan. The proposed cost-share must be related to

- the degree of resource quality as defined by the well test results.

: (3) Phase II. The following information should be provided for Phase II
of the proposed project: - v A o .

(a) Provide a detailed utility pricing p]an over the life of the

' p]ant and indicate how this plan proposes to provide utilities to the Air Force

at a net savings over the 1ife. Assume in this plan that the Air Force will
purchase the utility for a period of 30 years.

: - (b) Provide suff1c1ent information to justify the numbers involved
in estimating the construction and life cycle operating cost of the plant. This
information ‘should include estimated construction costs, method and terms of
financing, test and start-up costs, and annual operat1on and maintenance. -
Escalation factors used in estimating costs should be clearly 1dent1f1ed and

~ defined. (Reference Appendix B, Life Cyc]e Energy Cost Ceiling. )

.»3. TECHNICAL AND BUSINESS PROPOSAL EVALUATION CRITERIA -

- VOLUME I - TECHNICAL PROPOSALS

(1) PHASE 1 - TECHNICAL PROPOSALS
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(a) Criterion 1: Technical Feasibility -The following factors
will be considered in evaluating the technwcal ?eas1b111ty of the proposal for
Phase I:

1. Does the proposal present a knowledgeable and rea11st1c o
approach to conf1rm1ng the existence of a viable resource under Williams AFB.

2. Does the proposa] present credible ]eve]s of success

pred1ct1ons for a Tocated resource.

(b) Cr1ter1on 2: PrOJect Management - The following factors will
be cons1dered in evaluating the project management proposal of Phase I:

1. Project Management Plan .

a. Comp]eteness and adequacy of the comprehensive project
description, discussion of individual responsibilities and task assignments of
each project participant, estimates of personnel effort for each of the tasks, -
discussion of manpower ava1]ab111ty to satisfy task requirements, and management
techniques.

b. Comp]eteness and adequacy of the detailed schedule
1nc1ud1ng sequence of project tasks, principal milestones and decision points.

c. Adequacy of participant/team comm1tments to assure
complet1on of the project in a timely manner.

2. Organization and Management Team - will be evaluated for:

. a. Qualifications, capabilities and' experience of key
personnel with projects of comparable scope, i.e., in geothermal, petroleum,
hyrdrology or related technologies.

b. Qualifications, capabilities and experience of all
participating organizations.- '

(c) Criterion 3: Inst1tut1ona1 Considerations - The institu-
tional considerations will be evaluated according to their potential impact on
the success of the project and the Tlikelihood of satisfactory solution of the
following items:

1. R1ght of access, leases and/or ownership and right to the
use of the water/geothermal/mineral resources, if on land other than Williams
AFB.

2. Known and potential environmental issues.
3. Relevant legal, social or institutional problems.
4. Potential safety problems and practices.

(2) PHASE II - TECHNICAL PROPOSALS
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(a) Criterion 4: Technical Feasibility - The following factors
will be considered in evaluating the technical feasibility of the proposal for
Phase II:

1. Feasibility of the .proposed plant(s) design based on the
indicated resource. '

2. Feasibility of construct1ng, operating and maintaining a

- facility that will deliver the utility at the required quality and quant1ty

3. Feasibility of Phase II based on identified prob]em areas’
and proposed methods of solution.

(b) Crlter1on 5: Project Management - The Phase 11 proposal will
be evaluated for Project Management feas1b111ty in accordance with the consider-
ations of Criterion 2. . _

(c ) Criterion 6: Institutional Considerat1ons - The Phase II -

proposal will be evaluated for Institutional cons1derat1ons in accordance w1th

-

the considerations of Criterion 3.

b. VOLUME II - BUSINESS'PROPOSAL'

(1) PHASE I - BUSINESS PROPOSAL

(a) Cr1ter1on 7: Conf1rmat1on Program Cost Summa;y - The project
cost budget sumnary will be evaluated to determine the reasonableness of costs
and time proposed for funct1ona1 tasks and adequacy of cost breakdown by tasks .

(b) Cr1ter1on 8: Var1able Cost Share P]an - The var1abie cost-?

: share plan, as based on the degree of resource quality, will be eva]uated for
_.adequacy and fa1rness between the Air Force and the proposer.

(2) PHASE II - BUSINESS PROPOSAL

(a) Criterion 9: Ut111ty Price - The proposal will be eva]uated

“to assess the ability to deliver the utility to the Air Force at a net sav1n954

over the ant1c1pated purchase period.

4. EVALUATION FACTORS FOR AWARD CHECKLIST. Proposers should use this checklist

to assure that your proposal is complete.

" -a. VOLUME 1 - TECHNICAL PROPOSAL

'(l)f Is there a table of contents?'

f(2) Phase I - Resource Conf1rmat1on

( ) Is there a sumnary of your resources conf1rmat1on program?

' (b) . Does your Exp]orat1on P1an def1ne your exp]orat1on boundarles,
methods and rat1ona1e for we?l 51te se]ect1on? - A
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(c) Does your Preliminary Drilling Plan anticipate the following:

1. Rig type?
2. Well depth?
3. Well diameter?
4. 'Casing séhedu]e?
- 5. Dri]]ing'?]uid?
. 6. Logging p1an?‘ |
7. _B]ow out prevention and other safetyvconsiderations?
8. Comp]etion and abandonment plans?
9. Seismic measurements? |

lg.'Disposa1 of Geothermal Fluids (reinjection well).

: (d). Does your test plan include consideration of testing during
drilling? - '

(e) Does your test plan identify the procedures to be used to
establish reservoir temperature, discharge rate, fluid level and resource
chemistry? ' ;

(f) Does your proposal contain a discussion of program decision?

(g) Does your Phase I management p]an include:

1. The onganizationaf elements of your project team?
2. A work schedule?

3. Description of relevant éxperience?

4. Resumes of the project manager and key personnel?

(h) Have you addressed institutional considerations such as site’
and access rights, water rights, mineral rights; environmental considerations
such as fluid disposal during and after testing; and drill site restoration?

'(3) Phase II - Plant Construction and Operation.

(a) Have you provided a summary of your planned construction and
operation program?
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(b) Does your plant design proposal include schematics which iden-
tify flow rates, temperatures and other pertinent information?

(c) Have you discussed your intended construction techniques?
_ (d) Does your proposal contain a plant test and start- -up program
that provides for orderly and t1me1y transition of the base facilities to use of
the plant utility? .

(e) Does your operation and maintenance p1an identify the features.
designed to ensure an un1nterrupted supp]y of energy7

(f) Is Seismic measurement during Phase II indicated?

o (g)‘ Does your Phase II management plan include those items listed
in Item a(2)(g) of this checklist? :

(4) Can this volume be completely reviewed without reference to the
other volume? _ ’ :

b, VOLUME II - BUSINESS PROPOSAL

(1) Does the title page 1dent1fy the 1nd1v1dua](s) by name and title who
are authorized to negotiate a contract? '

(2) Is there a tab]e of - contents? |
‘(3)"Is'there a‘summary of proposed costs for Phase Iiand Phase'II?
(4) Phase I - Resource Conf1rmat1on ’ ‘

(a) Have you included estwmated cost data on a properly executed'
DD Form 6337 - A . ‘

~ (b} Have you 1dent1f1ed your proposed method of f1nanc1ng the non-
Government share of the cost of the project? _

. '(c) "Have you 1nc1uded a proposed cost share p]an for Phase I?
(5) Phase II - P]ant Construct1on and 0perat1on o

(a) Have you provwded a deta1]ed ut111ty pr1c1ng plan that w.]]ﬂ

' resu]t in a net savings to the Air Force over the ant1c1pated per1od of purchase?

' : (b) Have you prov1ded a justifiable. esttmate of the construct1on
and 11fe cycle operat1ng costs for the piant? . .

“(6) - Can th1s volume be revxewed w1thout reference to the other volume?]"
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V. ENVIRONMENTAL PROTECTION PROGRAMS

1. GENERAL. The United States Air Force has the major respohsibi]ity for

carrying out the environmental and cultural resources protection programs in a
manner that will ensure smooth operation during all phases of the development

~ without any conflicts. The Air Force has the final review and approval authority

on all aspects of the environmental and cultural resources protection programs.
The Contractor shall maintain close coordination with the Air Force in order to
ensure that Williams AFB can carry out its mission and responsibilities without
any conflict with the environmental and cultural resources protection require-
ments. The Air Force has prepared an Environmental Assessment that will fulfill
the initial requirements and provide general! environmental management guide-
lines. The environmental protection programs shall ensure compliance with all
applicable laws and regulations which include, but are not limited to, the
following Federal and State requirements: ‘

a. Resource Conservation and Recovery Act (RCRA) of 1976 (Public Law
94-580). Establishes criteria for management of solid waste and waste products.

b. Clean Water Act (Public Law 92-500 as Amended by Public Law 95-217).
Establishes policy of protection of ground or surface water resources by enabling
the promulgation of regulations for and participation in the National Pollutant
Discharge Elimination System (NPDES).

c. Safe Drinking Water Act (Public Law 93-523 as Amended by Public Law
95-190).  Establishes framework for promulgation of regulations to ensure safe
rinking water sources, including provisions for the Underground Injection Con-
trol (UIC) Program.

d. Clean Air Act (Public Law 91-604 and Subsequent Amendments). Estab-
lishes Federal policy for the protection of the quality of the air. The law
requires each state to prepare an implementation plan which describes how that
?tate will ensure compliance with the National Ambient Air Quality Standards

NAAQS) . :

e. Endangered Species Act of 1973 (Public Law 93-205 as Amended by Public
Law 94-32 and 94-539). Provides a means whereby the ecosystems upon which
endangered species and threatened species depend may be conserved, and provides a
program for the conservation of such endangered or threatened species. Section

“seven of this act requires all Federal departments and agencies to avoid actions

authorized, funded or carried out by them from destroying or adversely modifying
critical habitats. '

f. Soil and Water Resources Conservation Act of 1977 (Public Law 95-192).
Establishes the policy that Federal programs shall be responsive to the Tong-term
requirements of land and water conservation.

g. Noise Control Act of 1972 (Public Law 92-574 as Amended by Public Law
94-301). Vests primary contro! of noise with state and local governments, but
retains Federal regulatory control over noise production for construction, elec-
tronic, and transportation eguipment, and motors and engines. It also provides
noise control requirements for geothermal operations.
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h. Toxic Substances Control Act (Public .Law 94-469). Establishes the
author1ty to regulate chemical substances which may present an unreasonable risk
of injury or health. :

i. Historical and Antiquities Act (Public Law 93-291) and the Archaeo-
logical Resource Protection Act of 1979 (Public Law 96-95). Provides for the
protection and preservation of historical and archaeological data which may be
lost or destroyed as a result of a Federal or private action.

. Arizona Revised Statutes, Section 2, Title 27; and Article 4, Section
27-651 through 27-666. Establishes the 0i1 and Gas Conservation Commission,
which controls the drilling of all oil, gas and geothermal wells in the state.

k. 0il and Gas Conservation Commission, Rules and Regulations (1972 and
Subsequent Amendments). Provides for the regulation of activities associated
with the drilTing of geothermal wells, as well as monitoring of constructwon and
operation of facilities. :

1. Arizona Départment of Hea]th-Services, Division of Environmental Health

' Services, Bureau of Air Quality Control, Air Pollution Control Regulations.

Estab11shes reqguirements for the perm1tt1ng of poliutant em1tt1ng act1v1t1es and
the contro] of criteria pollutants.

‘m. Arizona Department of Health Services, Division of Health Services,
Bureau of Water Quality Control, Water Quality Standards for Surface Waters

. §1980; Establishes criteria standards for surface water discharge pursuant to .
the

ean Water Act, and will eventually provide for the regulation of surface .
and subsurface d1scharges assoc1ated with geotherma] development. ‘

2. PERMIT REQUIREMENTS FOR ENVIRONMENTAL ENHANCEMENT. The Contractor w11] be

“including, but not limited to, those for wastewater d1scharges, air pollution

responsible for obtaining all necessary approvals, permits, etc, at his expense

controi and solid waste disposal associated with operation of the various devel-
opments. An outline of a program to obtain all required permits shall therefore
‘be included in the offeror‘s proposal. The cutline should demonstrate knowiedge
in" dealing with the various permitting agencies and familiarity with .recent

. changes in Federal, State and local laws. It also shall identify how permit
, coordination will be ma1nta1ned with the Air Force ‘

[3.' CONTINGENCY PLANS. Contlngency p]ans shall be prepared containing plans for -

- immediate implementation of corrective actions in case of emergency situations

resulting from' operational or equipment failure -causing hazardous conditions

(for example: - blow-outs, wastewater spills, excessive emissions to the atmos- .

phere, fire and safety hazards, etc).
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VI.  CONSTRAINTS.

1. It shall be the responsibility of the Contractor to conform to and abide by
all applicable laws; ordinances; rules; regulations; and permit, approval, and
easement requirements relating to the development of the geothermal resource,
access to and from the general sites, and construction on and use of Air Force
property. In addition to the laws and regulations identified in Environmental
Protection Plan, Section V, and the General Provisions to the Contract, the
Proposer is referred to the Geothermal Resources Operational Orders as published
by the Geological Survey; the Geothermal Steam Act; the Geothermal Energy
Research, DOevelopment and Demonstration Act; the Federal Land Planning and
Management Act; the Defense Withdrawal Act of 1958 (P.L. 85-337); Title 30, the
Code of Federal Regulations; and the Occupational Safety and Health Act, or any
successor statutes thereto, all as from time to time amended. Unless specific-
ally advised by the Contracting Officer to the contrary, the Contractor shall
meet the applicable requirements of all State and Local Laws and Regulations.
This Tlist is not all inclusive and it is the sole responsibility of the Con-
tractor to acquaint himself with all applicable laws, regulations, and other
legal constraints or requirements. Because of the nature of the Williams AFB
mission, the Air Force has placed certain constraints on geothermal operations
within the boundaries of Williams AFB. These constraints ensure the safe and
economical development and production of those geothermal resources within the
base boundary and ensure that any exploration development, or production does not
conflict with the mission of Williams AFB. All on-site and other inspections
performed by the Air Force will be at Air Force's cost.

a. Environmental. All vehicular traffic shall be limited to routes
approved by the Air Force. The Air Force will retain the right to suspend any
operation judged by the Air Force to present an imminent threat to the environ-
ment. During all operations, all Federal, State and local environmental require-
ments shall be rigorously observed. The Air Force shall have the right to impose
emission standards required to protect the mission of Williams AFB.

b. Sites and Routes. Energy plant sites, drill pad sites and pipeline
routes will be selected subject to Air Force approval to ensure such sites will
have a minimum impact on Williams AFB operations. All site plans shall be
submitted to the Air Force for approval. Routes to and from work areas wiil be
approved by the Air Force.

c. Radicactive Sources. No radioactive sources shall be brought onto
Williams AFB until appropriate Air Force permits have been obtained. These
permits will be issued upon the Air Force verifying the license of the operator
to be valid for the proposed effort, and the Air Force approving a standard
operating procedure for dealing with lost sources and handiing damaged sources.

d. Injuries and Accidents. All disabling injuries occurring on Williams
AFB land will be reported within 24 hours to the Air Force. The Air Force will

‘retain the right to suspend any operation judged by the Air Force to present an

imminent danger to people or to government property.



e. Electronic Radiation. No electronic radiatibn will be permitted on

"Williams AFB until a permit is obtained which certifies this emission will not

interfere with the Williams AFB mission. The Air Force may, at times, require
electronic emission silence for up to four. hours.

f. Public Release of Information. There shall be no public release of
information or photographs concerning the aspects of this contract or other
documents resulting therefrom without pr1or wr1tten approval of the Air Force
contracting officer. :

g. Blow-out Contingency Plan. Prior té the commencement of any dri]]ing
into the geothermal reservoir, the Contractor shall prepare a contingency plan
acceptable to the Air Force for use in the event of a blow-out of a geothermal
well.

h. Geothermal Resources Operational (GRO) Orders. The GRO Orders, as pub-
lished by the United States Department of Interior, Geological Survey, Conserva-
tion Division, Office of the Area Geothermal Supervisor, and Title 30, Chapter Il
of the Code of Federal Regulations, shall be adhered to subject to certain
interpretations that are d1scussed in more detail under Spec1f1cat1ons Section
II. v

i. Right of Inspect1oh. The Air Force shall have the r1ght of 1nspect1on to
ensure and ver1fy comp11ance with these constra1nts

~
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VII. PRICING, ESCALATION AND PAYMENTS

1. GENERAL

a. The Air Force will accept from the Contractor energy service for loads
Tisted in Appendix “E." The Air Force will pay the Contractor on a monthly basis
for delivery of such energy as metered at the designated delivery points. Pay-

such that it represents a total cost to the Government for energy service to
Williams AFB designated dellvery po1nts :

b. It is understood that the Air Force loads listed in Appendix "E" are
presently being serviced by a utility company under contract to the US Air Force.
It is agreed that the successful contractor will pay for any costs of termination
involved in such existing contracts, and that the sole payment by the Air Force
under this contract is for the negotiated utility contract price. Simi-
larly, the Air Force will not make payment for any additional items of cost
including, but not limited to, wheeling, banking, standby, emergency, backup,
line transmission loss, metering loss, transformer Tloss, power factor, demand,
termination charges, and the like. '

2. POWER AVAILABILITY. Service shall be available at the designated delivery
points which the Contractor has agreed to serve 100% of the time subject to force
majeure. The Contractor shall use reasonable diligence to provide a regular and
uninterrupted supply of service at the service locations, but shall not be liable

to the Government for damages, breach of contract, or otherwise, for failure,

suspension, diminution, or other variations of service occasioned by any beyond
the control and without the fault or negligence of the Contractor.

3. PRICE ESCALATION. Commencing 1 year after initial energy production start-
up and effective each year thereafter, the contract unit price will be adjusted
for the following twelve month period to reflect the percent change in accordance
with the contractor's Business Proposal, Volume II. A

30 4 _ Revised Jun 81

vl

ments will be made solely for energy consumed by the Government as recorded on a /i-
watt-hour or BTU meter at the designated delivery points, and not for energy that -:.
is available to the Government but not actually consumed. The pricing must be

A ‘



APPENDIX A
WILLIAMS AIR FORCE BASE
FEE OWNED LANDS AVAILABLE
FOR GEOTHERMAL DEVELOPMENT
DESCRIPTION

STATE OF ARIZONA
GILA AND SALT RIVER MERIDIAN

TS2, R7E

N of the N of Section 2

containing 176 acres more or less.



.- APPENDIX B -
LIFE CYCLE ENERGY COST CEILING

1. Table II, Appendix E, contains the total electric demand and usage for

Williams AFB from October 1974 through June 1980. Attached are rate schedules
and monthly entitlements from the United States Department of the Interior Bureau
of Reclamation and Salt River Project Improvement and Power District. On this
basis, the average cost of electricity at Williams AFB was §. 0310/KWH for October
1979 through September 1980. A _

2. The life cycle energy cost ceiling will be computed based on the fo]]owingf

A. The total annual electric demand and usage will be the same as the last
recorded year shown in Table II. No increases in demand or usage will be assumed
during the life cycle period. The air conditioning demand will be assumed to be
a peak value of 3320-tons. The air conditioning demand and usage will be assumed
to be proportional to the electric demand and usage throughout the year.

B. Life cycle cost will be computed for supplying energy for 30-years and
will be based on the attached economic analysis data using a 7% discount factor
to allow for general inflation and a 7% differential escalation for electricity
usage and demand charge to allow for inflation above the general inflation rate.
Present values will be used in accordance with the attached economic analysis
data.

C. The electrical rate indicated in paragraph 1 above will be escalated to
the proposed plant start-up date to arrive at the initial rate for the 30-year
analysis.

D. Chilled water energy will be humerical]y converted to electrical energy
for comparison purposes, using a conversion factor of 0.94 KW of electrical power
input for each ton of refrigeration at the designated delivery point.

E. Differences in distribution and generating (or chilling) maintenance
costs will not be considered since they will be internal contractor expenses in
both existing electrical and future Geothermal contracts.

6 Atch

1. Salt River PrOJect Schedule E-5
2. US Dept of Interior Bureau of
Rectamation Schedule UC-F2

3. US Dept of Interior Bureau of
Reclamation Schedule UC-FP2

4. Western Power Administration
Exhibit A (Rev-l)

5. Economic Analysis Data 0%/7%

6. Economic Analysis Data 7%/7%

/



SALT RIVER PROJECT AGRICULTURAL IMPROVEMENT AND POWER DISTRICT
ELECTRIC RATE SCHEDULE E-35

GENERAL SERVICE

Effective: March 1, 1981
Supersedes: March 1, 1980

AVAILABILITY:
- Where facilities of adequate capacity are available.

APPLICABILITY:
To electric service supplied at one point of delivery and measured through
one meter. This schedule is applicable to any service for which no other
standard scheduie is available.

CHARACTER OF SERVICE:
Sixty hertz alternating current, three phase or s1ng]e phase, at one standard
voltage of approximately 120/240 480, 2300/4000 or 7200/12,000- volts,
where, ‘and to the extent’avai]ab]e, at the option of the District.

MONTHLY BILL PER METER:
Rate

MAY 15-0CTOBER 14
Customer Charge

$5.00/Month
Service Charge o

No Charge First 10 KW
$3.05/KW " Next 220 KW _
- 2.00/KW A1l Additional KW

Energy Charge -
$0.0877/KWH . First 400 KWH
- 0.0677/KWH - . Next 3600 KWH
0.0626/KWH Next 100 KWH/KW of b1111ng demand or 1f no b1111ng
demand, all additional KWH , -
~ 0.0471/KWH Next 50 000 KWH :
0. 0341/KNH o A]]'Additional KWH .

OCTOBER 15-MAY 14
Customer -Charge-

$5.00/Month

Service Charge o
No Charge "First 10 KW

- $2.60/KW. . Next 220 KW

1.00/KW ~ ATl Additional KW

Atch 1}
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Energy Charge
$0.0744 /KWH First 400 KWH
0.0558 Next 3600 KWH '
0.0538/KWH Next 100 KWH/KW of billing demand or if no billing
demand all additional KWH
0.0385/KWH Next 50,000 KWH
0.0299/KWH . -Al) Additional KWH

Minimum
The minimum bill shall be the greater of:
A. $8.50
8. The minimum monthly dollar amount as specified in the service

agreement

Adjustments :
A. The energy rate is subject to an increase or decrease based on

changes in the weighted average cost of fuel and purchased power.
Excluded from the average cost are the demand portion of firm
purchases and certain other fixed or otherwise predictable,
recurring expenses predominantly associated with fuel handling.
The fuel adjustment shall be determined prior to the beginning of
each winter and summer season (or at any other time as required) by
dividing the estimated cost of fuel and purchased power (net of
exclusions) plus any variance between estimated and actual cost of
fuel carried forward from the preceding adjustment period, by the
_app]xcable kilowatt-hours.

B. VMonth]y rate and minimum bill are subject to increase for the appli-
- cable proportionate part. of any taxes or governmental impositions
which are assessed on the basis of gross revenues of the District
and/or the price or revenue from the electric energy or service sold
and/or the volume of energy generated or purchased for sale and/or

sold hereunder.

C. Subject to adjustment of kilowatt-hour use based on power factor in
‘the following manner. In the event that the power factor falls
below eighty-five percent lagging during any billing period, the"
kilowatt-hours during this period shall be adjusted at Oistrict’s
option, to equal kilovolt-ampere hours times .85 for billing pur-
poses.

D. Subject to adjustment for customer's lack of polyphase current
- balance. If, at any time, the current in any phase shall exceed the
average of the currents in the three-phase by more than five per-
cent, the amount to be paid for by the customer for the period
during which the imbalance occurs will be increased, at District's
option, by a percentage equal to that of the imbalance.

Terms of Payment
APl bills are due as of the date rendered and are delinquent 15 days
thereafter.

Atch 12
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DETERMINATION OF DEMAND IN KILOWATTS:

A.

The billing demand, when applicable, shall be the maximum number of
kilowatts measured by meter during the billing cycle.

A customer using 2,500 KWH per billing cycle or more may have demand
metering supplied. ,

The District reserves the right to require demand metering for any
service.

RULES AND REGULATIONS:

Service under this schedule is subgect to the Ru]es and Regu]at1ons of the
District governing Electric Service as of the effective date hereof and as
they may be amended or supplemented by the Board of D1rectors of the
District. . .

Special Conditions

Industrial customers contract1ng and paying for not 1less than 5,000
kilowatts of firm power and energy may be eligible to contract for
interruptible power to the extent of the District in its normal oper-
ations may from time to time have such power available. Details of this
service are available in the Interruptible Power Service Rider.

Atch 13
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~  Schedule SP-F1
(Supersedes Schedule UC-F2)

UNITED STATES :
DEPARTMENT OF THE INTERIOR -
BUREAU OF RECLAMATION
Colorado River Storage Project

SCHEDULE OF RATES FOR HHOLESALE-FIRM POWER SERVICE

Effective:

‘ The first day of the first full billing period beginning on or after
January 23, 1981.

Ava11ab1e:'
In the area servéd by the Colorado River Storage Project.

Applicable:

To wholesale power customers for general power service supplied through one
meter at one point of delivery.

Character and Conditions of Service:

Alternating current, sixty hertz, three-phase, delivered and metered at the
voltages and points. estab11shed by contract.

Monthly Rate:

CAPACITY CHARGE: $1.655 per kilowatt of billing demand.

. ENERGY CHARGE: 4.0 mills per kilowatt-hour for all energy use up to, but not
in excess of, the delivery obligation under the power sales

. contract.

BILLING DEMAND: The billing demand will the be greater of (1) the highest 30-
minute integrated demand established during the month up to,
but not in excess of, the delivery obligation under the
power sales contract, or (2) the contract rate of delivery.

Billing for Unauthorized Overruns:

For each billing period in which there is a contract'violation.1nvo1ving an -
unauthorized overrun of the contractural firm power and/or energy obligations,
such overrun shall be billed at ten times the above rate.

Atch 21
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Adjustments:

For transformer losses:

If delivery is made at transmission voltage but metered on the low-
voltage side of the substation, the meter readings will be increased two
percent to compensate for transformer losses. '

For power factor:

None. The customer will nbrma]]y be required to maintain a power factor
. at the point of delivery of between 95 percent lagging and 95 percent
leading.

Atch 22 e
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Schedule SP-FP1 -
(Supersedes Schedule UC-FP2)

UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF RECLAMATION

Colorado River Storage Project

SCHEDULE OF RATES FOR PEAKING POWER SERVICE

Effective:

: The flrst full day of the first full b1111ng per1od beginning on or after‘
January 23, 1981. -

Available:

Within and adJacent to the marketing area of the Colorado River Storage
Project. .

Applicable:

- To wholesale power customers purchasing such service under long-term con-
tracts. Because of the nature of this class of service, it is applicable only to
customers with other resources enabling them to utilize it.

Character and Conditions of Service:

As specifically established by contract. Delivery will be made from the
transmission system of the United States at transmission voltage, and normally
only during peakhours of the purchaser's load. Return of all energy furnished
shall normally be required.

Monthly Rate:

CAPACITY CHARGE: $1.655 per kilowatt of the effective Contract Rate of
- ~Delivery for Peaking Power or the maximum amount

scheduled, whichever is the greater.

ENERGY CHARGE: 4.0 mills per kilowatt-hour for all energy scheduled for
. delivery without return.

'Billing for Unauthorized Overruns:

For each billing period in which there is a contract violation involving an
unauthorized overrun of the contractural obligation for peaking capacity and/or
energy, such overrun shall be billed at ten (10) times the above rate.

Atch 3l
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Adjustments:

‘For-power factor:

None. The customer will normally be required to maintain a powetvfactor
at the point of delivery of 'between 95 percent lagging and 95 percent
leading.

Atch 3?‘ i
- To Appen B



Exhibit A - Revision 1
Memorandum No. DE-MS65-80WP339045
Department of Defense

Williams Air Force Base

MONTHLY CAPACITY AND ENERGY ENTITLEMENTS
MAXIMUM ALLOWABLE RATES OF DELIVERY AT POINT(S) OF DELIVERY
AND
DELIVERY CONDITIONS

1. This EXHIBIT A, made this 24th day of November, 1980, to be effective under
and as part of Memorandum No. DE-MS65-80WP39045, dated April 9, 1980, herein-
after called “"Memorandum," shall become effective October 1, 1980, and super-
sedes Exhibit A, dated May 12, 1980. This Exhibit A shall remain in effect until
superseded by another Exhibit A in accordance with the .provisions of the Memo-
randum; provided that this Exhibit A or any supersed1ng Exhibit A shall be
terminated by the termination of the Memorandum. .

2. MAXIMUM SEASONAL CAPACITY ENTITLEMENT FOR PEAKING POWER. On and after the
effective date of initial service hereunder, peaking power will be delivered up
to the maximum seasonal capacity entitlements of:

a. 790 kilowatts in each summer season; and
b. 256 kilowatts in each winter season.

3. a. ADDITIONAL ENERGY OBLIGATION FOR SUMMER SEASON. On and after the effec-
tive date of this Exhibit A, the obligation of the United States to deliver
energy to the Contractor in excess of the established limit set forth in Article
11.c. of the Memorandum shall be:

“Summer Season Additional Energy
Obligation o = 0  kWh

b. ADDITIONAL ENERGY OBLIGATION FOR WINTER SEASON. On and after the effec-
tive date of this Exhibit A, the obiigation of the United States to deliver
energy to the Contractor in excess of the established 1imit set forth in Article
1l.c. of the Memorandum shall be:

Winter Season Additional Energy

' ObTigation = 0 kWh

1 of 4
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.- Month

4;»7a.'

" of this Exhibit A the monthly capacvty entitlements to the Contractor at Point(s) of Receipt for the period of
- ,'Apr1l 1980 through September 1980 shall be: o ' |

Short-Term

o Total Firm and
Firm Firm Peaking Peaking Capacity -

Max. . Min. Max. Min. : Max. Min.

— (kW) (kW) (kW) C (kW) (kW)

April = . 1621 840 o 0 : 533 2154 840
May .. .. 2026 - o o 667 - 2693
June . - : 2307 - ' R : s 759 3066
July 2400 = _ » ' 790 3190
August .. 2369 : ) - 780 3149
‘ September 2338 - . ' , : ' 770 3108

-.b7: MONTHLY ENERGY ENTITLEMENTS AT POINTKS) OF RECEIPT FOR_SUMMER SEASON.

. of this Exh1b1t A the Contractor 3 energy ent1tlement at Point(s) of Rece1pt by months for the per1od of Apr11
.1980 through September 1980 shall be

_AdditionaT.

MONTHLY CAPACITY ENTITLEMENTS AT POINT(S) OF RECEIPT FOR SUMMER SEASON. On and after the effective date |

On and after the effective date

. L | o Short-Term
“*. Month . Firm- Energ Firm Total Ener
R ikﬁﬁi . : {EWﬁs _ : lkwhi lkNﬁ;
“April’ 676,355 : , 0 0 676,355
‘May 880,665 880,665
" June . 1,094,816 1,094,816
duly 1,198,885 1,198,885
August . ,--1,%65,532 . %,%65,;2%
September . 1,103,747 _ 03
e "~ Total - G,IZO,OOOA v 6,120,000

asuajag o juswidedsq
aseg 32404 4Ly SWeL||LM
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5. MONTHLY CAPACITY ENTITLEMENTS AT POINT(S) OF RECEIPT FOR WINTER SEASON. On and after the effective date of
this Exhibit A, the monthly capacity entitlements to the Contractor at Point(s) of Re;eipt shall be:
a. WINTER SEASON CAPACITY (OCTOBER 1980 - MARCH 1981): ' |

Short-Term - o Total Firm and

Month/Year Firm Firm ' Peakin , Peaking Capacity
Max. Min. Max. Min. (kW) : Max. - Min.

: (kW) (kW) (kW) (kW) . (kW) (kW)
October 650 228 0 0 - 256 ' 906 228 .
November 557 ' 219 : 776 "
December 530 : : 209 A 739 "
January 560 221 781 "
February 555 ‘ 219 774 "

March : 550 i ’ 217 . 767 "

b. WINTER SEASON ENERGY (OCTOBER 1980 - MARCH 1981):

A ' Additional Short-Term
Month/Year Firm , Ener Firm ' Total Ener
"‘” (kWh) (kwhg (kwh) "~ (kWh)
October 290,324 0 0 - 290,324
November 270,874 _ : 270,874
December 265,395 : : 265,395
January 270,189 ' - . 270,189
February 269,504 T o : 269,504
March ' 291,214 . 291,214

Total 1,657,500 0 o ‘ 1,657,500

' GH06EdMO8-SISW-30 “ON WnpueJIOWa)
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Exhibit A - Revision 1
Memorandum No. DE-MS65-80WP39045

6. a. DELIVERY OPTIONS. On and after thé effective date of this Exhibit A, the
Point(s) of Receipt and voltage(s) and measurement Point(s) and voltage(s) shall
be: : '

Pinnacle Peak 230 kV and/or Mesa 230 kV.
7. The Provisions of this Exhibft A may be modified by the parties and such
modification shall occur upon execution of a superseding Exhibit A to - the
Memorandum. : ‘

THE UNITED STATES OF AMERICA
‘By R. A. Olson

Title  Area Manager

Address Neﬁtern Area Power Administration

Bouider City Area

- P. 0. Box 200

Boulder City, Nevada 89005.

DEPARTMENT OF DEFENSE
WILLIAMS AIR FORCE BASE

" By E. H. Ferguson

Title Contracting Officer

Address Base Contracting Office
Bldg 323
Williams AFB AZ 85224

© Attest:

‘Signature'61ausé 
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ECONOMIC ANALYSIS DATA ' o
DIFFERENTIAL INFLATION RATE = O%* ' y

DIS@OUNT RATE = 7% /i :
o 0)),,}!.: =40 ' Vsl o
- . : ' ' v ' RECURRING
ECONOMIC LIFE : o - ONE TIME ' , BENEFITS/COSTS
YEARS _ COST FACTORS ' " FACTORS
1 -0.935 0.935
2 0.874 1.809
3 0.817 2.626
4 0.764 3.390
.5 0.714 4.104
) 0.667 4.771
7 - 0.623 5.394-
8 0.582 5.976
-9 - 0.544 6.520
10 0.508 7.028
11 0.475 7.503
12 0.444 7.947
i3 0.415 8.362
14 0.388 8.750
15 0.363 9.113
16 - 0.339 9.452
17 0.317 , ' 9.765
18 0.296 : : 10.065
19 0.277 - - 10.342
20 0.259 : ' 10.601
21 0.242 . : 10.843
22 0.226 . 11.069
23 0.211 ' 11.280
24 0.197 11.477
25 0.184 . . 11.661
26 0.172 ©11.833
27 ! 0.161 ' 11.994
28 _ 0.150 12.144
29 e 0.140 : 12.284
30 7 0

.131 12.415

*These factors are to be appliéd to cost elements which are anticipated to
escalate at the same rate as the general price level.

—
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ECONOMIC ANALYSIS DATA
DIFFERENTIAL INFLATION RATE = 7%
DISCOUNT RATE = 7% . <

‘ RECURRING
ECONOMIC LIFE ONE TIME _ BENEFITS/COSTS

YEARS COST FACTORS ' FACTORS
1 1.0 1.0
2 1.0 2.0
3 1.0 3.0
4 1.0 ; - 4.0
5 1.0 5.0
6 1.0 6.0
7. 1.0 7.0
8 1.0 8.0
9 1.0 9.0
10 1.0 10.0
11 1.0 11.0
12. 1.0 12.0
13 1.0 . 13.0
14 1.0 14.0
15 - 1.0 15.0
16 1.0 16.0
17 1.0 17.0
18 1.0 18.0
19 1.0 19.0
20 1.0 " 20.0
- 21 1.0 21.0
22 1.0 22.0
23 1.0 23.0
24 1.0 .24.0
25 1.0 25.0
26 1.0 26.0
27 1.0 27.0
28 1.0 1 28.0
29 1.0 29.0
30 1.0 30.0
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APPENDIX C

EVALUATION OF THE
GEOLOGY, GEOCHEMISTRY, GEOPHYSICS
" AND POSSIBLE GEOTHERMAL RESOURCES
OF WILLIAMS. AIR FORCE BASE AND VICINITY.
MARICOPA COUNTY, ARIZONA -



NOTICE

This report was prepared as an -account of work

-sponsored- by the United States Government.

‘Neither the United States, the United States

Department of Defense, nor any of their

employees, nor any of their contractors,

subcontractors, or.their employees, makes any
warrénty, expressed or implied, or . assumes any.
legal liability or respohsibi]ity - for the
éccuracy, completeness, or usefu]nesé 6f any .

information contained herein.



-

OVERVIEW

The published and unpublished geologic, geochemical and geophysical data,
availgble‘For the Higley basin within which Williams Air Force Base is located, -
‘has been reviewed by Cascadia Exploration Corporation. Mr. Richard W. Hahman of
the Arizona Bureau of Geology & Mineral Technology prepared an excellent summary
of the geology and the geothermal energy potential of the Williams Air Force Base
(Hahman, 1379 & E.G. &6 G. Idaho, Inc., 1979). Mr. Hahman graciously allowed Cas-
cadia Exploration access to his files and provfded many hours of discussion re-
garding the geology and geothermal information available for the Williams Air
Force Base project. Virtually all the available information regarding the po-
tential geothermal resources at Williams Air Force Base results from the explor-
ation efforts of Geothermal Kinetics, inc. Mr. Mike 0'Donnell allowed access to
the data from the Geothermal Kinetics Powers Ranch #1 and #2 wells, and the geo-
logic, geochemical and geophysical information for the Higley basin developed by
Geothermal Kinetics and its subsidiary, Group Seven, Inc. Geothermal Kinetics,
Inc. was allowed to review this report and delete any information which they de-
sired remain confidential. o - '

Williams Air Force Base is‘loéated in the southea;tern portion of Maricopa
County, Arizona, east of the town of Higley and approximately 30 miles southeast
of Phoenix. The potential geothermal reservoir is located within the Higley
basin, a northwest trending basin approximately 30 miles long and 15 miles wide.
The basin is bounded on the north by the Usery and Goldfield mountains; on the
south oy the Santan mountains; on the east by the SuperStition mountains; and on
the we;t by the South mountains. The upper.portion of the Higley basin is filled
with continental deposits which are in part an evaporite sequence. The continental
deposits overlie a volcanic sequence believed to be correlative with the Super-
stition volcanic complex. Group Seven (1979) picked the top of the volcanic
sequence at a depth of approximately 5,000 feet. Hahman (1979) prepared an inde-
pendent Iithologicllog of the Powers Ranch wells and picked the top o; the volcanic
sequence as being in excess of 6,600 ft. The Higley basin can be defined on the
basis of gravity (Peterson, 1968f and magnetic studies (Sauck & Sumner, 1970),

Evidence for the presence of geothermal resources in the Higley basin con-

sists primarily of the information provided by Geothermal Kinetics for the two



Powers Ranch wells. Group Seven (1979) indicated a maximum temperature of 19605
(385°F) at 9,000 ft. Hahman (1979) and E.G. §G. ldaho, Inc. (1979) indicated
from a study of temperature data furnished by Geothermal Kinetics, Inc. that tem=
peratures in excess of 100°¢ (212°F) can be expected below dghths of 7,000 fz.
and that temperatures in excess of fSOOC 302°F) may be expected below 9,000 ft.
These reports went on to state that temperatures approaching 200 ¢ (392°F) might
be expected at depths of 10,000 to 11,000 frt.

Subsequent to the drilling of the Powers Ranch wells, Group Seven,‘|nc.
.cohducted additional exploration studies in fhg Higley basin. These studies
which included electrical surveys, water geochemistry, mercury soil gebchemistry,
and evaluation of existing gravity and magnetic data all indicated the presence

of anomalous conditions centered to the south of Williams Air Force Base. The

.anomalies developed by the various surveys are approximately coincident upon the

same area and these anomalies could reflect a possible geothermal ré;érvoir. it
is also possible that the anomalies are the result of some condition or conditions
other than the presence of a geothermal reservoir. The presence 6f geothermal
‘conditions w;thnn the two Powers Ranch wells and the coiné¢ident geophys:ca! and

geochemucal anomal»es south of the v:llnams Air Force Base unducate that explor-

" ation for geothermal resources in the area is Justlfned

REGIONAL GEOLOGY
The Higley basin isAJocated at the eastern edge of the Southern Basin and .
Range physiographic province. To the east'and northeast of the Higley basin, the

Colorodo Plateau physiographic province adJo:ns the Southern Basin and Range pro-

‘vince. Separating these two physiographic d:v:snons is a northwest trending

mountainous transition zone. A discussion of the_geolognc history in the H:gley'
basin area can begin at the end of the Laramide qrpgeny)' The;geoiégy gekmane to
an understanding of the Higley basin and its gébfhermal resourtes;began,to evolve ~
atvthe'beginning of the Tértiar§. The Laramide orogeny between 75 and:SO m.y.

ago was a period of uplift; volcanism intense compressrve defornation and plu?

tonism - 1n that order (Shaf:qullah, et. al., 1980) The magmatnsm and deformatlon

of the’ Laramlde orogeny was followed by a period of quiescence that lasted: from

'50 to 30 m.y. ago. Thxs was primarily a period of erosion and/or nondeposxteon~:

throughout much of Arizona. The resulting Eocene erosion surface created an .



unconformlty between the Tertnary and older rocks throughout Arxzona The rocks
representative of this pernod in Arizona include fluviatile and lacustrine sedi-
ments. Some of the earliest middle Tertiary volcanic rocks were extruded prnor

to 30 m.y. ago, but the end of the Eocene period of quiescence and the beglnn|ng
of the middle Tertiary orogeny is approximately defined at 30 m.y. ago. The mid-
dle Tertiary orogeny was a period of crustal meiting, plqtonism,'uplift, extrusion
of voluminous lavas of a wide range in composition, deformation in metamorphic
core complexes, thin-skinned tectonics and deposition of continental sediments

in nearby basins. The hjd-Tertiary orogeny was described by Shafiqullah,Aet. al.,
(1980) as occubring id~three'stages. Stage one was the mid;Tertiary orogenic '
regime (36-24 m.y.) Stage two (24-12 m.y.) was a transition time between the
middle Tertfary orogeny.and the later Basin and Range disturbance régime. Stage
three (12-0 m.y.) is the Basin and Range disturbance regime, which was most active
between 14 and 8 m.y. aga. One of the oldest dated units’ for the mid-Tertiary
orogeny is the 39.4 m.y. old andesite flow dated at a depth of 2,720 metzers in
one of the Geothermal Kinetics Powers Ranch wells {Shafiqullah, et. al., 1980).
The peak of mid-Tertiar& magmatism drifted across Arizona from east to west so
that magmatic activity was at its height in western New Mexico, approximate'ly'BZ
m.y. ago and in ihe eastern mountain region of Arizona approximately_ZS m.y. ago,
and in the Sonoran Desert at 21 m.y. ago. This implies a westward drift for the
axis of volcanism. Two explanations were offered for:this phenomena. Coney and
Reynolds (1977) éuggested that the locus of volcanism was a function of the dip
of the Benioff zone. They‘shggested decelerating plate convergence and attendant
increasing'dip during the middle Tertiary orogeny returned magmatism to Arizona
after the post-Laramide quiescence. Shafiqullah, et. al. (1980) suggest the
shifting locus of volcanism may be due to more rapid fusion of the hotter basal-
tic superstratum of the subducting, newly created, thin oceanic piate as the
spreading center approached the trench, resultlng in the volcanlc axis moving

closer to the trench

In the vncanlty of the Higley basfn, the middle Tertiary orogeny was,méni-
fested by the Superstition - Superiqr volecanic field, a rhyolite ash-flow cauldron
complex (Stuckless & Sheridan, 1977 and Sheridan, 1975). At léast three calderas
were active in thié,voicanic field at different times during the period between
22 and 15 m.y. ago with the most intense volcanism occurring between 21 and 18

m.y. ago. A poorly welded tuff encountered at a depth of 2,400 meters in one of



the Powers Ranch wells was dated at 194 m.y. (Shafiqullah, et. al., 1980) and is
correlated Qith the Superstition volcanic field. Similar dacite tuff exposed in
the Santan mountains on the south side af the Higley basin has been correlated

with Superstition volcanic tuff on the other side of  the basin. - The inference is

that the 19.4 m.y. old tuff at 2,400 meters in the Geothermal Kinetics wells cor-

‘relates with the tuff exposed in the Santan mountains to the south and -the Super-

stition volcanic field to the north and east. To accomplish this correlation the
tuff must have been emplaced on a relatively [level surface approximately 19.b m.y.
ago and subsequent subsidence in the Higley basin has displaced the tuff in the

Powers Ranch wells 3,000 meters lower than exposures in the Santan mountains and

. the Superstition volcanic field (Shafiqullah, et. al., 1980).

The older middle Tertiary rocks are usually tilted with respect to the
younger Tertiary and Quaternary rocks in Arizona. fhe tilting has created a
regional unconformity which Damon, et. al. (f973) 'suggest was created at differ-
ent times between 17 and 12 m.y. ago. Eberly and Stanley (1978} described the
presence of this‘unépnformity invmany'of»the Arizona basins as a result of re-

_fraction profiling. These authors suggested that the'unéonfornity was created

'in a relativély-sﬁort period between-TB and. 12 m. Y. 3g0. Eberiy and S:anley~i

mentioned that the seismic data below the unconformxty is very poor and therefore
‘this limits the seismic technique to the :nterpretat»on of rocks younger than the

unconformlty.

Approxlmately 12 m. y. B.P. the Basin and Range distufﬁance aucceeded the
msd Tertiary orogeny. The Basnn and Range disturbance broke the crust alcng
steepiy d:ppeng normal fau}ts into a series of horsts and grabens that formed -
the present day mountains and basins of the Arxzona Sonoran desert region. Etrosion
has modified the orlgunal fault blocks so that the mountain fronts have retreated

back from the boundsng faults, now located some dsstance out from the mountaun

Jfront_beneatn the basins. In the Higley basin, subsndence of ‘the basin must have

began somg;imé after-the 19. k m, y. age of the tuff correlated wlth the Superstntlon;
volcanic, field 'Basin subsidence was most active during the: persod 14 to 8 m.y.

~ago, and subSIdence probably has. continued into the’ present time (Shaf:qu]lah

' e;. al.,,1980) --As’basin. subsidence -occurred, ;ontnnental sedxments deposited

invihaAbasins._ Many of the basins in centra) AerOna,_yncludtng the‘Hngley~baS|n;

' containathick redbed -and evaporite sequencés.m'snafiQuilah, et. a{..(1980)von7:he
basis of a’10.5 m.y. old basalt flow near the;topfof~tne_tuke'5alt,have suggested



that evaporite accumulation ended in most basins sometime after 10 m.y. B.P.
Sedimentation subsequent. to the deposition of the evaporité and redbed sequence

has consisted of sandstone and pebble conglomerate.

The stratfgraphic'section, revealed in the Powers Ranch wells‘for fhe Higley
' basin, suggests that the oldest sequence of rocks penetrated are related to the
earlier phases of the mid-Tertiary orogeny. - Volcanism continued from about 39.4
m.y. until 19.4'm.y. with the youngest voicanic rocks being correlated with the
Superstition - Superior volcanic field. These mid~Tertiary volcanic rocks are
probably separated by a regional angular unconformity from the dverlying sedi-
mentary section which startéd to accumulate as basin subsidence began probabliy
approximately 14 m.y. ago. A sequence comprised predominantlybof redbeds and
'evaporite deposits accumulated until approximately '10 m.y. ago. The fina) epi-
spde of sedimentation in the Higley basin has consisted of interbedded sandstone
and pebble conglomerate beds which have continued to accumulate up'until the present
time. v

Twe pulses of very late Mesozoic and Cenozoic magmatism have occurred in
Arizona., The first pulse was the Laramide orogeny between 75 and 50 m.y. 8.P.
Following a 20 m.y. quiescence period, a second orogeny occurred in the mid-Tertiary.
This second mid-Tertiary orogeny extended from approximately 39 m.y. until 15 m.y.
B.P. Rehrig and Heidrick (1976) described the stress relationships which have
proddced the resultant late Mesozoic and Cenozoic structural fabric of Arizona.
During the Laramide the tectonic stress orientations resulted in differential ver-
tical uplift and weak lateral compression. Following a 20 m.y. period of quies-
cence the tectonic stress orientations changed to east-west to southwest = north-
east directed crustal extension which has been the predominant stress orientation
to the presént time. The initial Laramide stress patterns resulted from Arizona's
position on thé leading edge of a convergent plate boundary. The intersection of
the American plate with the East Pacific Rise during the mid-Tertiary resulted in
a cessation of plate convergence and a release of the east-northeast directed
compressive stress. The release of compressive stress resdlted in west-southwest

and east-northeast directed extension with accompanying magmatism.
GEOLOGY, GEOPHYSICS & GEOCHEMISTRY OF THE HIGLEY BASIN

The.subsurféce geology of the Higley basin in fhe vicinity of Williams Air



Force Base is kncwn from the logs of the geothermal wells drilled by Geothermal
Kinetics, Inc. Figure 1 (Hahman, 1979 & E.G. &G. ldaho, Inc., 1979) is a general-

ized strat;graphn_ log whlch is Hahman's un:erpretatlon of the lithology. Figure-

. 2 shows generaliz :d luthologac Jogs of the Powers #1 and Powers #2 wells prepared

by Geothermal Kirztics, lnc. The 1nd|vudual l'ithologic breaks .on these two logs

are different, bu: the overall gross luthOlOgnes are. similar. In addntlon to the

‘generalized logs, "’ Geothermal K;netacs, Inc. also provnded access to the original

stratigraphic loc prepared durfng the drilling of each well. . From the surface to
a deptn of appro> imately 1100 ft. the lithology is‘sandstone interbedded with
pebbie conglomerz:ze. From 1100 to 2300 ft. the section is light brown. claystone
and siltstone wit1vinterbeddedbanhYdrite. From a depfh of 2300 ft. to»a'deptH
of approximately 3500 to 4000 ft. the l?thology is anhydrite interbedded with
brown siltstone & 1d claystone The lower part of this interval shows 3 gradua]

_ change with anhyc'zte decreasing and sandstone, snltstoue and c]aystone xncreasxng.'
‘The interval 400( to 6000 ft. is brown and red claystone, siltstone and sandstone»
j;wnth m:nor anhydr'te beds in the upper, portxon of this sectlon and tuff beds in

the louer part of thns sectxon. The sectlon gradually becomes more tuffaceouelv'

toward the botton and the top of the Superstltion volcanxcs - probab]y occurs’
between 6600 and :650 ft.  From 6600 to 8100 ft.. the ‘predominant Inthology is
tuff ;nterbedded fith reddnsh brown snltstone, sandstone, and shale. Hahman’ (1973)

- described the tuf® as being primarily a gray dacite. The l|thologuc ‘1ogs prepared
at the time of drilling only describe the Gofcanicvrocks as tuff and do not attempt

to classufy the c>mpos:txon of. the tuff units. ‘FromA8100 ft. ‘to the bottom -of

' the deepest hole, whsch is 10; &54 ft. the Istnology is all dacite according to

Hahman and the Ge >thermal Kinetics general zed log The 1:tholog|c log prepared

.at the time of dr’ )];ng snd:cated the lncerva) from 10,050 to. 10,440 fr. was 3 -

- conglomerate and ,andstone lnterval ~ Hahman relogged “this Jnterva1 and :nterpreted"
.”, the lathology to >e altered dac:te wath nntense propylxtnc and weak-to possxbly

Vlustrong argsllnc e teratuon with some ‘silicification. 'The temperatures. enc0untered.

:jsn the wells wouli indicated that propylntnc, argxllnc and sxlnc:fucatlon types of'

1_alterataon would se. \lkely to occur in the lower port»ons of the we11s

Core was ta\en at 9 207 ft Aln the #1 well and from the lnterval 7 890 to:

7, 920 ft #2 v V). Sect »ons cut from: these cores. were studned and the fo\lowang,””
»%results were obte ned. PR BrOwne of the Department of Scnentafuc & lndus~'>
. tr:al Research h-w Zealand Geologlcal Survey states that ‘the m;neralog:cal assem=- .

vblage found |n tf* cores from the P0wers wells could have formed at temperatures T

“ff’-ﬁ-‘f'y



GENERALIZED STRATIGRAPRIC  LOG.
WILLIAMS A.EB. MARICOPA COUNTY, ARIZONA

BY V RICHARD HAHHAN SR.
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. between 150°C (302%F) and 220°C (428%F). Dr. Jerry Hoffer of the University.of
'Texas at El Paso, using Xray techniques, analyzed'an iron chlorite mineral from
the #1 core at 9,207 ft. Hi's conclusion, ''Based upon the association of calcite
with a chiorite mineral, it is estimated that they formed in a hydrothermal en-
viron@en: of approximately 350%¢ (662°F) to 400°¢ (752°F)." |

" GRAVITY

Group Seven, . Inc. (1979) used the available gravity data (PeterSOn,:1968)
to interpret the strdcturalsetting of the Higley basin. Proceeding across Arizona
f rom Ehe Basin and'Range.phySiographic province across the transition 2one and
into the Coldrado‘Plateau, there is an abrgpt thickening of the crust beneath the
Colorado Plateau so tha:'the thih crust of the Basin and Range thidkens steeply
across ‘the t}anSition z2one and into the Colorado Plateau. Williams Air Force Base
lies near the beginning 6f-the transition zone on the edge of the Basin and Range.
Peterson's (1968) gravfty map of the area shows the crustal thickening along with
local gravity anomalies associated with the Basin and Range éeologic structures.
The dominant northwest - southeast direction of the gravity contours is parallel
to the general strike of the boundary between the Basin and Range and the Colorado
Plateau physiographic provinces. The most prominent gravity feature in the vicin-
ity of Williams Air Force Base is a large gravity gradient which runs north-south,
west of Chandler and bends abruptly to the east continuing along the north edge-
of the Santan mduntains to the south of Williams Air Force Base. Local gravity

highs are seen in the Santan, Goldfield and Superstition mountains.

The boundary between the Basin and Range and Colbradé;Plateau provinces is
interpreted to be a step-like thickening of the crust abruptly in the transition
Zone located to the'northwest of Williams Air Force Base. Group Seven interpreted
the abrupt step-like thickening to be on the order of approximately 3 miles at the

step~like transition.

A residual gravity map was prepared by Group Seven (1979) from. the Bouguer
Gravity Map (Peterson, 1968). One of the major features of this map s a large
east-west striking gravity gradient extending from the Santan mountains northward
to Williams Air Force Base. There is a gravity high to the south located over
the Santan mountains and a gravity low in the vicinity of Williams Air Force Base

"and fo-the west which reflects the thick basin fill of sediments. evaporites and

volcanic rocks. The large gravity gradient extending to the north from the Santan

-9~



mountains is interpreted to be the result of multiple faults dipping steeply to
the north and progressively down dropping the Precambrian basement rocks. in a

step-like fashion to the north and thus creating the Higley basin. The step down

. faulting of the Precambrian rocks probably results in a fault contact be tween

. Precambrian rocks and the volcan:c rocks in the lower portion of the Higley basin.

There is. also gravity evidence for a cross fault extending'from the northwest side
of the Santan mountanns through the center of ‘Williams Air Force Base and dlpplng
steeply to the northwest. Dtsplacement along this fault would also be & step down
on the northwest side of the fault. v " ‘ ‘

The area of Williams Air Force Base and extendnng southward to the Santan,'
mountains can thus be interpreted as a sernes of northward down Stepplng fault

blocks bounded by east-west striking faults. A northeast trend:ng fault extendnng

from the northwest side of the Santan mountains to the center of w|11|ams Air Force

Base crosscut the east-west striking fault blocks and down drops the .ault blocks

.on the west relative to those on the east. This results in the deepest’ portion of
- the Higley basin being located in an -area west of'WilIiams Air Force Base and. with

the least. amount of downward d:splacement to the south of the base |n the Santan

_mountalns where the Precambrlan rocks are exposed at the surface

'MAGNET1CS

The Aeromagnetic Map of Arnzona prepared by Sauck and Sumner (1970) was

nnterpreted by Group Seven (1979) for. the Higley basin area. ‘On the basis of;the’i

aeromagnetic data, Group Seven 4nterpreted the Higley basin as being Iocated within ‘

-a large ca)dera-l:ke feature about 50 miles in diameter and lying. between the Basnn
- and Range -and the Colorado Plateau thSIograph:c provinces.  The magnetic data-

. Suggested to Group. Seven that the large caldera-like feature Contalns a cluster
I of resurgent calderas which are draped w:th theor own eJecta A possuble master
rnng fracture zone is |ntermlttent]y deflned by the - aeromagnet;c data and. includes fi*
V’fparallel faults which pass through the area |mmed|ate1y south of Williams Air .

Force Base On the north s:de of the Santan mounta:ns W|11|ams Air Force Base;

,therefore, would lie wlthln the caldera—luke feature and be located ciose to the
f_ 0uthwest edge of the ring fracture system.? A broad east-west trendnng magnetxc
 5ihngh occupnes the elliptical shaped caldera—1|ke feature whnch Group Seven unter-’

“preted to- be defined by faults passxng near the Superstxtlon, Queen Creek* Santan, -

"South Salt Rcver, ‘and Goldfleld mountaxns These faults are xnducated by the E

:".;1 0'.,: .
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gravity high and the magnetic gradients which outline the anomaly. Group Seven

interpreted the probable source for the magnetic high to be volcanic tuff deposited:

in a closed fault bounded structural depression.

Within the broad magnetic high of the caldera-like feature are two small
areas containing smaller local anomalies. A closed magnetic high is located about
7 miles northeast of Uilliams Air Force Base and a second small high is located

10 to 15 miles northwest of Williams Air Force Base. Group Seven suggests igneous

.intrusion as the cause for both of these magnetic highs. .!n summary the large

magnetic high'iﬁ interpreted as being caused by volcanic tuffs which fill the basin.
Smaller magnetic anomalies caused by intrusions are superimposed on the tuff re-
lated high. The volume of buried volcanic rocks was interpreted to be on the order

of 170 cubic miles.

The mode! for a large cauldron type structure proposed by Group Seven on
the basis of.magnetic data must be considered a hypothesis until additional data
is obtained to support this proposed model. Geological studies in the Superstition -
Superior volcanic field (Stuckless ¢ Sheridan, 1971;  Stuckless & - 0'Neil, 1373 and
Sheridan, 1978) show the area to be characterized by clusters of calderas and
cauldrons, some of which are nested one within the other. It is therefore possible
that a large cauldron-like feature or volcano - tectonic dépression could occur

within the area occupied by the Higley basin.

ELECTRICAL GEOPHYSICS

Group Seven (1979) originally conducted a resistivity survey over tﬁe Higley
basin. Suﬁsequeht'to that survey, it was fPund that in certain cases, resistivity
data presented as apparent conductances was sometimes more diagnostic than were
the apparent resistivity maps. The data was therefore presented as contours of
apparent conductances. The results of this survey were to define an area of high

conductance centered to the south and southeast of Williams Air Force Base.

120 Time - Domain Electromagnetic (TDEM) soundings were carried out from
two sources in order to tie the geocelectric section of the Powers #1 and #2 wells
with the rest of the srea. The volcanic unit in the bottom of the Powers wells,

which may be a geothermal reservoir, has electrical characteristics that differ

'frqm the resistive basement below and the units above the volcanic horizon. Using

TDEH soundings, Group Seven believes it has laterally traced the volcanic layer.

ERRES



The TDEM survey attempted to map the lateral extent and thickness of this volecanic

unit and the change in resistivity within it.

From the TDEM soundings, a map of the depth to the electrical basement was
prepared. A principal feature of the map is a deep basin centered on Powers Road
and it can be seen that the Powers wells were drilled on the north flank of the
basin. The basin is terminated abruptly.to the south by.a fault running mainly
east-west almost coincident with Ocotilio Road. The thro&lon the fault is géeater‘
than 2000 meters and south of the Ocotillo Road Fault, the conductive section thfns
until it is probably no. more than a few hundred feet thick and lies on top of the
basement. The deepest portion of the basin shows an e]eétrical basement at 5,750

meters and the depthlshallows markedly to all sides from this deep point.

Within the voicanic unit the lowest resistivity values occur along the Oco-
tillo Road Faul!t and the interpretation of Group Seven was that higher permeability

along the fault was responsible for the lower resistivity values which resulted

_from hot water or brine permeated along the fault surface. The resistivity anomaly

occurs Centéred along the Ocotillo Road Fault and imﬁediately to the north ofi:his

fault in an area southwest of the Viikiams Air Force Base.

WATER GEOCHEM!STRY

Group Seven (1979) sampled 18 irrigation wells in the Higley basin and the
water chemistry was analyzed using the Na-K-Ca method of Fournier and Truesdel!
(197k) to estimate the reservoir temperature. The estimated reservoir temperatures

range from.199°C to greater than 240°¢ with the highest temperatures existing

’ , immediately southeast of the Powers wells. The Group Seven report provided no

_data regarding the depth of the wells samb]éd nor the assdmptioh made regarding

mixing effects of deeper geothermal fluids with sha]lower'ground water. The depth
of the geotherﬁai'resources within the Higle§ baSin. the litho1ogies of the roCk‘
un:ts which fill the basin and the probable complex ground water movements within
the basin all should make interpretation of water geochemlcal data a dlfflcult task.

MERCURY SOIL GEOCHEMISTRY

Hercury soil samples were collected on a ! mile grnd spacnng within the Hig-

leg bas;n., The mercury values were then contoured  to produ;c a.map‘of mercury

_concentratnon. The'principa! feature is an.area of high concentration ubAto 3000

ppb situated in the_southefn part of the prospect immediately south cf'Ocothlp‘Road.
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Around this major essentiafly linear high is another area of elevated mercury con-
tent oﬁtlined~by the 200 ppb contour which extends to ﬁhg north to a point 3 miles
north of Williams Air Force Base. OQOutside the 200 ppb contour the mercury values
drop off to a background level close to 100 ppb. The high mercury concentration
and its linear east-west configuration along the Ocotillo Road suggests mercury is
produced as a result of the leakage of geothermal fluids along the Ocotillo Road

Fault. The area within the 200 ppb contour may outline the broader area of the

- geothermal anomaly.

" GEQTHERMAL WELLS

In 1973 Geothermal Kineéics, Inc. drilled 2 geothermal exploratory wells
immediately southwest of Williams Air Force Base. The wells, Powers #1 and #2,
were drilled to total depths of 9;207 and 10,454 ftr. respectively. The Powers #1
well is cased with 7" casing to a depth of 9,065 ft. The #2 well is cased with
9 5/8'" casing to a depth of 5,400 ft.

" Hahman (1979) reported temperatures in excess of- 150°¢ (302°F) could be ex-

~ pected below 3,000 ft. and that temperatures approaching 200%¢ (392°F) might be

expected at depths of 10,000 to 11,000 ft. Thg report by Group Seven (1979) re-
ports a temperature of 196°¢ (385°F) at 9,000 ft. in the Powers #1 well. An Agnew
§ Sweet Subsurface Température Survey on July 20, 1973 in the Powers #1 well showed
a temperature ofl128°c (262°F) at a depth of 9,050 ft. A Oresser Atlas Subsurface
Temperature Survey on November 20, 1973 in the Powers #2 well showed a bottom hole
temperature of 178% (352°F) at a depth of 10,454 ft. Graphs of the subsurface
temperature surveys show the temperature to be continuing to increase with depth

in both the Powers #1 and #2 wells. Con:inhed deepening of these holes would pro-

bably have achieved higher temperatures in the potential geothermal reservoir.

The mineral assemblages present in the lower portions of the Powers wells in-

~ dicate that high temperature gebthermal conditions presently exist or existed in

the past near the bottom of these wells. The silicification, propylivic and ar-
gillic alteration on the bottom of the Powers Ranch wells would tend to decrease
and possfbly completely seal off any effective porosity the volcanic rocks may
have originally contained. Geothermal Kinetics believes the wells have an average
porosity of 203 and occasionally the porosity is locally 30%. This information

was obtained from dual induction and neutron logs. There may be no effective
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porosity in the volcanic rocks due either to the nature of the primary porosity or
to post depositional metamorphic changes. Water is probably present in the vol-
canic reservoir rocks, but it may be necessary to peneirafe a fracture interval

to demonstrate the presencevof an -economic geothermal reservoir. Additionaliy,
the hydrothermal alteration might also serve to seal off any'preexisting micro-
fractures. It is therefore likely that any permeability present in the reservoir
rocks would result from recent and possfbly.continuing‘fracturingvof the volcanic

\

rocks .

The Powers Ranch wells have encountered hagh bottom hole temperatures but the
wells have not proven to be capable of productlon - Mike 0'Donnell (oral communi-=
cation), of Geothermal Kinetics, Inc., has suggested that completion operations
during the drilling of the Powers Ranch wells may have sgaled the well bore either

with cement or drilling mud and this has decreased the fluid entry into the hole.

-1t is also possible that the Powers wells have not as yet encountered a major

fracture zone and that the presence of a fiuid thermal reservoir is not as yet

demonstrated.

The hydrothermal alteration mineral assemblage present near the bottom of the

'PdQers Ranch wells is liable to have decreased or eliminated any effective porosity
in the reservoir rocks. The type of geothermal reservoir likely to be encountered

is a fracture reservoir. Further expioration in the Higley basin will require

test weils to penetrate a fault zone at sufficient.depth wﬂere the tempefatufe of
contained fluids will be hot enough to constitute a geothermal résource - At present
there are no exploration methods capable of accurately locating fau!t zones in

the deeper. portion of the Higley basin. The only ava»lable exploratnon method is

‘to drill and hope that a fracture zone bearing geothermal fluids will" be pene=~

trated by the well bore.
7 SUMHARY}

- The Powers wells have demonstrated'the,presen¢e of high.;empera;ures within

the Higley. basin. Temperatures in excess of 150°C (302°F) may be expected below

9,000 ft. and~drilling‘t0fgreater depths ﬁay demonstrate the preéencé'of‘éven higher

temperatdres.: Geolognc and geophysscal evi dence |ndxcate that the Higley basin has

. undergone subs:dence of 5 000 ft. or more in the last 14 m. y wnllnams Air Force
_ Base is located near the approximate-center of the baszn whnch is def:ned by a:

, seroes of step-lake faults down dropped toward the center. of the basin.

.
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Group Seven has suggested that the Higley ‘-basin is part of a large cauldron-
like feature related CB the Superstition - Superior volicanic field. The heat source
responsiblekfor_the high temperatures within the Higley ba;in is unknown and could
be due either to deep circulation of ground waters along fault zones or residual
magmatic heat possibly related to the volcanic activity in the Superstition -
Superior vélcanic field. Group Seven has suggested that magnetic highs located
to the northeast and northwest of Williams Air Force Base are the result of igneous
intrusion. It is possible that intrusive activity is present or was present in
the recent geologic past at depth beneath the Higley basin area. The Iocaﬁion of
the Higley basin near the bounda;y between the Basin and Range and Colorado Plateau
physiographic provinces woulq be an area favorable for the presence of intrusive
i gheous activity. Geophysical and geochemical surveys conducted .in the Higley
basin ind{cate the possible presence of geothermal resources associated with the
movement of geothermal fluids along fault 2zones located to the south of Williams
Air Force Base. The geologic, geophysical and geochemical data, as well as the
information from the Powers Ranch wells, all indicated further geothermal explor-
ation of the Higley basin is justified. Group Seven's invéstigations would indi=~
cate a possible geothermal anomaly is centered south of the Williams Air Force
Base but thé presencé of geothermal resources extending northward beneath the base

cannot be ruled out.

-]5-
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APPENDIX D

WATER RESOURCES FOR THE WILLIAMS AFB
GEOTHERMAL PROJECT

1.0 PURPOSE

The Air Force desires to develop the  geothermal resource beneath
Williams AFB, Arizona. Several modes of development are under consideration,
including the following:

a. An air conditioning chilled water plant.

b. An electric power plant.
c. A chilled water electricity co-generation plant.
d. An ethanol and chilled water or electririty'co—generation plant.

One of the main factors in dec1d1ng on the method of deve]opment is the -
ava11ab111ty of a dependable and adequate quantity of essent1a11y potab]e water
for the various process cycles,.part1cu]ar1y for ;oo]1ng. The.purpose of th1s

report is to identify the various sources and potential amounts of water

_ available from -each source, to provide an estimate of the amount 6f water

required in developing and operating a geothermal plant, and to recommend methods

. of acquiring the required amounts of water.

2.0-  WATER SOURCES

Several possible sources from which the requ1red water may be obtained.
w111 be discussed in the fol]ow1ng sections. The qua11ty of each of these-source_
waters is such as to be essent1a11y, if not‘fea]]y, potab]e ‘Therefbré water
quality will not be considered when d1scuss1ng water resource avaw]ab111ty s1nce
each is equally su1tab]e The poss1b]e water sources~are | ‘

a. Irr1gat1on water from the Roosevelt Water Conservat1on D1str1ct<
: Cana] (Rooseve]t Canal) | - |

Ab, - Centra].Ar1zona Project Water.



c. Groundwater supplied through 'existing and new wells at the Williams

AFB.
d. Effluent from the Williams AFB sewage treatment‘plant.: :
e. Other so_urcés, including condensate, agricultural tailwater, treated

geothermal brine, énd deactivated cooling towers.

2.1 | Irrigation Water from the Roosevelt Water Conservation Distriet Canal
{Roosevelt Canal)

Irrigation water is brought to the cultivated lands west of Williams AFB from
reservoirs located on the Salt and Verde Rivers. Water is diverted into the Southern.
Canal at Granite Reef Dam on the Salt River, énd then into the Roosevelt Water
Conservation District Canal (RWCD) and two other canals farther to the west. The
RWCD cémal borders the northwest corner of the Air Force Base, as shown on Figure 1.
Surface water from ihe Salt River anocafed to cropland irrigation is approximately
670,000 -acre-feet. This. water generally contajns less than 500 mg/1 total dissolved
solids. When surface water supplies are inadequate to meet irrigation demands, the
RWCD augments their water supply with water from wells. Irrigation tailwater
discharges to the Gila River approximately 50 miles downstream from the Buttes Dam
of the Centrql Arizona Project. .

All current surface water supplies of the RWCD are allocated to specified

uses. According to Mr. Grant Ward, General Manager of RWC‘D, water is not currently
| available to Williams AFB from RWCD; deliveries éannot be made outside the district
- boundaries (telephone ‘conversation of August 13, 1980). Mr. Ward indicated that the
RWCD may be interested in taking over the complete water system of the AFB and
would thus be able to deliver water when it became available, possibly by purchase from
an existing water right holder (or CAP water, below). However, recent legislation

(ARS 45-494) may restrict use of AFB groundwater use on the AFB. Similarly, under



SOURCE: U.8. Department of Agrlcullure, 1978,

Loc‘a_ilon of the Roosevelt Canal and the Central Arlzqna Project (CAP)
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the same statutory section the RWCD may not be allowed to deliver groundwater to

Williams AFB (Ward, personal communication). Groundwater delivery from the RWCD
would also be restr-ivcted by the non-irrigation use proposed as stipulateéd in the new

Groundwater Management Act (ARS 45-461 to 45-482 and 45-541 to 45-545).

2.2 Central Arizona Project Water
The Central Arizona Project will convey an estimated 1.2 million acre-feet of

Colorado River water to central Arizona. It is stipulated in the Colorado River Basin

Project Act (1968) that when

there is insufficient mainstream Colorado River
water available for release to satisfy annual con-
sumptive use of seven million, five hundred thousand
acre feet in Arizona, California, and Nevada, diver-
sions from the mainstream for the Central Arizona
Project shall be so limited-as to assure the avail-
ability of water in quantities sufficient to provide
for the aggregate annual consumptive use by holders
of present perfected rights, by other users in the
State of California served under existing contracts
with the United States by diversion works hereto-
fore constructed, and by other existing Federal
reservations in that state, of four million four hun-
dred thousand acre feet of mainstream water, and
by users of the same character in Arizona and
Nevada (43 USC 1521(b), 1970).

However, this limitation "shall not apply so long as the Secretary (of the Interior) shall
determihe and proclaim that means are available and in operation which augment the
water supply of the Colorado River system in such quantity as to make sufficient
mainstfeam water available for release to satisfy annual consumptive uée of seven
million five hundred thousand acre feet in Arizona, California, and Nevada"
(43 USC 1521(e), 1970). In other words, CAP water may not always be available. Of

the total allotment, Williams AFB has been tentatively allocated 1200 acre-feet. The

allocation will be made definite if the water is put to beneficial use (Mr. Jim Freeman,.

82nd Civil Engineering Squadron, personal communication). The CAP allocatioh may bé

2ot



necessary to meet groundwater conservation measures of the anticipated management
plan for the Phoenix Active Management Area in which Williams AFB is located. How-
ever, there currently is no method conveying the water from the Central Arizona Proj-
.ect to Williams AFB. CAP suppies will contain 600-900 mg/l total desolved solids.
Two possible means of conveying CAP water to Williams AFB are apparent
(see Figure 1). The first would be to acquire a right-of-way and construct a pipeline or
canal from a diversion point on the CAP aqueduct. This pipeiine would have to be at
least 6.5 miles long. The other possibility would be to use the existing RWCD canal as
the transnortation medium from which the CAP water could then be transferred to
Williams AFB. _
| The RWCD canal frequently flows at its' maximum capacity, particularly

during the:summer months (Ward, personal communication). This is also the time during

- which the maximum per day water requifement for the geothermal project would occur.

' Therefore, even with the approval of the RWCD Board of D'irectors,v. extra water made

available by CAP cannot be physically conveyed by this means under the exi_sting eanal
characteristies. However, with approval of the RWCD Board of Directors and appro-
priate state agencies, the capacity of the northex;n approximately 15 miles of the canal

could be increased. Thus, either of the two possible conveyance means will reqmre a

“large capital outlay

2.3 ° Groundwater Supplied ThrouLExxstmg and New Wells
Groundwater has been hxstorxcany (and is presently) pumped in quantmes
exceedmg safe yneld from the Salt vaer groundwater basin (the Phoemx Actwe Man— '

agement Ares). - Thxs means that the amount being thhdrawn exceeds the amount

E recharged either naturany or arnfnclally to the aquer. As a conse_quenee of this



. .overdraft on the Aquifer‘, depth to groundwater has increased since 1930 and land subsi-
dence has occurred. Figures 2, 3, and 4 show groundwater conditions in the Williams
AFB area. Figure 5 shows areas of area] land subsidence in the Williams AFB area for
the period 1948-1967. Because of these conditions and similar conditions elsewhere in
Ar.i.zona, the state legislature recently provided a groundwater _fnanagement act which
includes many provisions for ‘diminishing the total groundwater pumpage in order to
achieve safe yield by 2025 in the Phoenix AMA.

Eight wells are rec;orded as having been drilled at Williams Air Force Base
(USGS, Water Resources Division, 1978). The location of these wells, corresponding
well numbers and the total well depths are shown on Figure 6. Three of the wells are
used to provide water for the various onbase water demands. Ranges 'o_f groundwater
production from the wells is listed in Table 1. The other fi\}e wells were abandoned
more than twenty years ago and are not capable of future production. It is believed
that deeper drilling of these five wells would not allow water production (Cannon,
1980). The three wells in use occasionally are pumped to the maximum flow capacity to
serve the AFB water needs. Therefore, if additional groundwater is required, it will be
necessary to drill a new well subject to regulations to be adopted by the Director of
DWR (ARS 45-591 to 45-604). Because of the high productivity of the onsite water
supply wehs, it will be assumed for this discussion that any new wells would have
similar high productivity. The groundwater at the base contains 300-600 mg/l total

dissolved solids.

s
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Tabie 1

" RANGES OF GROUNDWATER PRODUCTION FROM
WILLIAMS AIR FORCE BASE WELLS

Well o 4 | 5 ' 6
Well Number : D010730CCB D010731BBC . D010731BAC2
Average Production 748,000 G/D 755,000 G/D " 689,000 G/D
‘ (837.9 ac-ft/yr) = (845.8 ac-ft/yr) (771.8 ac-ft/yr)
. Maximum 1,545,000 G/D 1,483,000 G/D : 1,441,000 G/D
Production (1730.7 ac-ft/yr) - (1661.3 ac-ft/yr) (1614.2 ac-ft/yr)
Minimum 218,000 G/D. 229,000 G/D 128,000 G/D
Production (244.2 ac-ft/yr)  (256.5 ac-ft/yr) ~ (143.4 ac-ft/yr)

Groundwater use is controlled by state law, according to the United States

Supreme Court, (Caﬁfornia-Orggon Power Company vs. Beaver Portland Cement Co.)
The Arizona Revised Statutes provide different regulations for use of groundwater by
persons or by city, towns, or private water companis.. It is not clear if an Air Force
Base is legally considered a person or a city or town (295 U.S. 142, 1935). ARS
Section 45-402 includes the United States, any State, Territory or County or a
governmental eptity (or) political subdiviéion in the definition of person. ARS-
Section 45-451 states "in an Active Management Areav a person may withdraw and use
groundwater only in accordance with provisiohs of Articles 5 through 12 of this
chapter.” |

’H'owe;ver, if williams AFB constitutes a city or town, or if the water distribu-
tion system controlling authority on the base constitutes a private water company, then
the base "shall have the fight to withdraw and transport groundwater within its service
area for the benefit of landowners and residents within its service ares, an:i the land-

owners and residents .are entitled to use the groundwater delivered, subject to:

...conservation requirements developed by the Director" (of the Arizona Department of

12



water could be used f or geothermal development-

|
|
{
Water Resources) (ARS 45-492). A'-'onservatxon program "...shall require reasonable
reduction in per capita use..." (ARS 45-’-564 A2). The requirement of "reasonable reduc-

tion in per capita use" almost negates the possxbxlxty of using groundwater for the

geothermal project, since water consumptxon would increase substantially with geother-

mal development. Groundwater may be available in spxte of conservatzon reqmrements,
either by approval of the Director of Water ‘Resources or by purchasing a grand-
fathered, or previously established, right to groundwater sufficient to meet the demand.
Under Section 27-667, if the geothermal resource is naturally comingled
underground with surface waters or grounclwaters. the resource would also be subject: to
control by Arizona's water laws. The above statute does not state whether comingling
of the geothermal resource with the' groundwater must be proven or disproven. It

should be noted tlmt few hydrothermal convection systems are Lsolated from the normal

g __'hydrologxc cycle and that groundwater geochemxcal mterpretatxons by Geothermal :
,Kmetxcs, Ine. (1879) unply a mxxmg of deeper geothermal fluids with shallower

groundwater.

. 2.4 Etfluent from the Williams AFB Sewage Treatment Plant

‘Domestic wastewater from the Williams Air Force Base is tredated in an onsite -

- sewage treatment plant. Al of the effluent from this plant is presently used to u'ngate :
_ the ba.se‘s 8011‘ course. This water contains 600 to 1200 mg/1 total dissolved sohds
| Average wastewater flow is 567 000 ganons per day (635 2 ac-ft/yr), while summer flow |
| is 633,000 gallons per day (709.1 ac-ft/yr) and winter flow is 447, 000 gallons per day

(500.7 ac-ft/yr). By reducing the amount of water used by the golf course, some of tms ’

13



2.5 Other Water Sources

Four other potential sources of water may be available to provide a portion of
the water reguiremeﬁts of the geothermal project. Condensate produced during the
operation of flash steam type utility genération plant would be available. This should
" be adequate to satisfy all water needs under normal operating conditions. However, a
‘reserve water supply would be needed. .

: Agricultural taﬁwater may be available but would have to be pumped up-
gradient from wherever sufficient supply was available. However, such a subply of
tailwater may not be avahhble whén irrigation water conservation measures.'are estab~
lished (ARS 45-564 to 45-568). Under the same statutes, municipél water conservation
techniques established for tlie AFB may not be ablg to provide water for fhe project.

The third potential source is treated geothermal water. Geothermal briné can
be treated with a combination of chemical and filtration procos that will reduce its
TDS content to allow its use as coohng water.

Another potential source might be deactivated cooling towers.” Many of the
existing refrigeration systems at Williams AFB use cooling towers to condense the freon :
‘refrigerant. If the existing freon refrigeration systems are deactivated upon installa-
tion of a central chill water plant, the makeup water to these systems can be used as

makeup to the central system.

3.0 WATER REQUIREMENTS
Estimates of the amounts of water required for drilling a well ﬁnd operating a

geothermal utility plant are as follows: -
a. Well drilling will require an average of 3000 gallons per day over a
50 day period for a total of . 150,000 gallons.

14



Cooling water make up reéuirerﬁents during operation of & utility plant

are estimated to be as follows:

(1) For air conaitioning chill water the requirement is estimated -
to be about 8.5 acre-ft/year per 1000 ton. |

(2) For eiectrical power .géneration the requirement is estimated
to be about 115:acre-ft/5;éar per MW for a flash steam sys-
tem ana about 89 acre~ft/year per MW for & binary system.
(Electrical Power Research Institute Reéort ER-301 of

November 1976.)

4.0 RECOMMENDATIONS

a.

b.

Providing water at a rate of 3000 G/D for drilling a well will represent

. & very small percentage of the average aaily production of 2,192,000'

G/D from wells 4, 5, ana 6. Therefore it is recommenaed Wén;ax-illing
needs be suppliéd from normal sources.

Air conditioning chill water plant requirements are considered to be at

. most about 30.4 acre-{t/year. This amount can be réduced by using'a._

flash steam cycle which utilizes condensate as cooling water make-up.
Seventy-five percent make-up from condensate is witnin the state-of-
the-art. The net requirement then would be on' tne order of

7.6 acre-ft/year. This amount. is less than 1/10‘-of 1_ percent of annual

: produétion of wells 4, 5, and 6. In acaition; installation of central chill
. water will permit deactivation of several exxstmg coéling tov&_ers_that
. are presently being cooled by .water from wells 4, 5, and 6. ft'is
: thex;ef ore recommended that aif 'cohdiﬁoﬁing chill waier plant require-

ments be provided by 'o'nly pefmitting -construction of a flash steam

15



sysiem thaf uses conden.§ate as a make-up sourcAe éf cooiing water.
-The' remaining cooling watef ;eqdireménts should be supplied from -
- normal supplies. |

“Electrical power plant requirements are considered to be on the order
of 1380 acre-ft/year for a 12 MW(e) net flash >Steam plant and
1068 acre-ft/year for & binary system. These requirements can be
reduéed td .an' apprqximate net of 345 aqre;-ft/yeér by res{trieﬁng the
plant to a fias'h. steam system and use thé condensate as make-up
'_ cooliﬁg watver. However, this still .represents ovér ohe half of the total
émductiod of M the sewer tfeatment‘ plant or 14 percent of the
production of wéus. 4, 5 and 6. It is therefore recommended that a
new groundwater well be .drilled to support tﬁe plant. " The
1200 acre-ft of CAP water allocated to Williams can be used as

"trading material” in negotiating if needed.
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APPENDIX E
ONSITE SURVEY REPORT AND ENERGY USE SURVEY

1. INTRODUCTION. An onsitexsurvey was made for the propoSed project site at

Williams AFB by Westek Services, Inc as a consultanf to the Air Force. Data
contained in this survey report is furnished as informatiqn only except for
specific references listed in other>seetions‘ofvthe RFP. |
a. Energy use survey of the base facilities to determine the specifics of:
(1) E]ectrical.uSAQe requirements--daily and seasonal demand, voltages
and special requirements. |
(2) Chilled ‘water requirements--for bresent and p]anned centralized
facilities. | |

b. Site inspection to identify, from a technical standpoint, acceptable

drillsites, ulant sites, pipelines and transmission corridors, and locations for

electr1cal substat1ons

Inspect1on of existing fac111t1es and plans to 1dent1fy points of con-
nection of ut1]1t1es, 1nc1ud1ng modifications necessary to make such connec-
tions. “ |
This report also addresses the various options for the generation of electrical -
power or the'pfoduction of chilled water baseu upon -the ayailable informationi

regard1ng the prospect1ve geotherma] resource.

'AZ. ENERGY USE SURVEY. A survey of energy use at. N1111ams AFB has been made td

determ1ne the electr1c power requ1rement of the base and the amount of refri-
gerat1on requlred to coo? the major bu11d1ngs used for centra] base act1v1t1es

The. resu1ts of these surveys are d1scussed in the fo]]ow1ng sect1ons
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a. Central Air Conditioning System.. Refrigeretionxfor space cooling is the

major energy consumer at wi]liams AFB. -The use of geotherma] energy to operate a

' central refr1gerat1on system wou]d s1gn1f1cant1y reduce the use of fossil fuels.

It is planned that the system wou 1d refr1gerate the main buildings at the air

base but would not supply the smaller offices and res1dences at the base. The

~-criteria for 1nc1us1on in the centra] system were a refr1gerat1on requwrement of

not less than 12 tons and a 1ocat1on c]ose to the chllled water headers. 'The o

bu1ld1ngs be1ng cons1dered for this refr1gerat1on system are I1sted on Table 1.
The total refrigeration load for fhese bui]dings is 3321 tons. The temperature
of the chilled water supp]y was set at 40°F and a 10°F temperature rise was

aliowed. The quantity of refrigerated water flowing to the individual buildings

'-is shown in Table 1.

b. Electrical Power Requirement.

(1) The total Main Base electrical power demand and usage at Williams
AFB are shown in Table II, from October 1974 to June 1980.

(2) E]ectr1c power demand has reached values as h1gh as 12.3 MW several

times in this per1od. It is predicted that the power requirement of the base:

will not greatly exceed the amounts shown in Table II in the future, since power

‘ consumptxon at the base can be regu1ated and no major power consuming additions

are present]y under cons1derat1on

3. SITE LOCATIONS. The locations of the new facilities discusSed in this

‘section will be dependent on the location and condition of the local geothermal
resource. Preliminary evidence indicates that a geothermal resource might be

-developed at the southwest corner of the air base, but further exploration will

be necessary to confirm that this resource can be developed. The areas south of
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the base and north of the base may prove to be,good geothermal resources, n

" which case, plant site selection will be se]ected to take advantage of spec1f1c ‘

geothermal well locations.

a. .Geothermal Wells.

(1) Production Wells. The southwest corner of ‘the base is presently

~available for the deve]ophent of a geotherma1vre50urce. Qne or more wells cou]dn_

‘be drilled in this area. Sufficient’area is available for the development of a

flashed steam facility to operate a centra] refrigeration system or a geothermal:
power plant -If numerous geothermal we]]s are requ1red the we1is wou]d probab1y‘
extend ‘into the area inmediately south of the base

(2) Reinjection Wells.

(a) A plan for d1sposa1 of the geothermal br1ne cannot be devel-hp

oped unt1] ‘the _properties of the brine are known CIf the br1ne has a. low»

sa11n1ty, 1t could be used for cool1ng water or for 1ndustr1a1 purposes If 1tf:'
_has’ h1gh sa11n1ty, it would need to be re1nJected 1nto the ground Norma]]y the
‘ re1nJected we]ls are shallower. than the product1on we]ls and are 1ocated one to )

. two mxles from the product1on we11s

5(b) Williams AFB requ1red 1, 003 feet of hor1zonta1 c1earance p]us»

:7 feet for every foot of vert1ca1 he1ght fov structures wh1ch m1ght 1nterfere
' w1th p]anes u51ng the base runways. Dr111’ng r1gs capab]e of dr1111ng to 10, 000..

‘feet wou]d have an approxlmate he1ght of 150 feet Such a r1g cou]d be 1ocated';

w1th1n 2,050 feet of the ex1st1ng runways Draw1ngs No 2 ‘and No 5 show re1n-1

-Ject1on wells located 1n the southeast port1on of the base 1ocated 2, 050 feet.
‘from the nearest runway.‘ Re1n3ect1on we]]s cou]d be located in- the shaded area.

at SItes wh1ch are not archeo]og1cal1y s1gn1f1cant



b. Central Refrigeration Plant. Two apsorbtion systems were considered for

this service--a Tithium bromide system and an ammonia system. The ammonia system - .

was rejected because of the undesirable characteristics. of the'refrigerant gas.

The Tithium bromide refrigeration unit uses Water‘as‘a refrigerant and employs

‘Tithium bromide sofution as the absorbent.

(1) Description of a Typical Plant.

| 1(a): The lithium bromide solution is heated by low pressure steam

produced by flashing the geothermal brine or by direct exchaﬁge with the geo-

~ thermal brine. The steam flash facility would be located adjacent to the pro-

ducing well. The flashed steam or the geothermal brine would be transported to

 the refriéeration plant in an underground pipeline.

(b) A 3,000 square foot prefabricated steel building houses the

refrigeration units, the expansion tank, chilled water circulating pumps and the

. motor control center. -A cooling tower and cooling water pumps complete the

-supportive equipment. Overall plot requirements are about 60 feet by 170 feet.

The plant has a spare absorption chiller to assure continuity of operation. A |
fossil fuel boiler provides a backup source of heat to,operaté the system'when
the geothermal well is not pperating. Interruption of chilled water service is
not permissible except jn‘thé‘case of an electrical power outage.

(2)' Location of Refrigération‘Facilitieé.

(a) The buildings that will be cooled by the central refrigeration
system form a loop around the central section of the air base as shown in Drawing
No 3. This drawing shows the permissible corridors for the chilled water piping.

(b) The refrigeration load has been roughly balanced to give two

'separate loops--an east and a west loop with Fourth Street the dividing line.



The refrigeration plant and supporting equipment is located at the intersection
of Fourth and "G" Streets. - The west loop follows_"G"}Street westward to the
Hospita}, where it turns south to the Chape]. At the Chapel, it turns east-and‘
follows "C" Street to Fourth Street where it turns.north‘and returns to the
refr1gerat1on plant. | ' _ ‘

() The second ]oop follows "G" Street east to the F]]ght Line
bu11d1ngs, turns south to “D" Street and follows the extens1on of "C" Street to”

Fourth. At Fourth Street; the loop turns north and returns to the refrmgerataon

plant. The entire loop System and budeing service lines are installed below

grade. Both the chilled water supp]y header and the return header are progres-
s1ve1y reduced in size as the load decreases to arr1ve at the Towest 1nsta1]ed

costs.

.. ¢. -Geothermal Electric Power'P1ant'ﬁ'"

(1) Draw1ng No 5 shows the proposed locatlon of the geotherma1 e]ectr1cf

power p]ant in the southwest corner of the air base. This 1ocat1on 1s close to the -
potential geotherma] ‘resource and the Jand is ava11ab1e for this purpose The'f
_:.s1te is suff1c1ent1y far from the runways that we]] dr1111ng and construct1on in

fthxs -area w111 not 1nterfere w1th flight operat1ons

(2) - If detectab]e amounts of hydrogen su1f1de are found to be present 1n

‘the geotherma] br1ne, fac111t1es to absorb the hydrogen su1f1de w111 have to bef_
tprov1ded -at the same site. Any gases re]eased from the power p]ant wou]d have to B

conp]y'w]th.]oca]_Atr PollutlonvContro] Regu]atlonsf ,f

" 4. EXISTING FACILITIES

L. fChi]]ed Water System



(1) Tab]éfIiihaicates~the:type of refrigeration system in each building
aslfollows: |
(a) CW---Chilled Water
(b) DX---Direct Expansion.
(c) 'Abs-Q-Absorption Refrigération
(2) The direct expansion refrigefation units at the base use compressed
freon as a refrigerant. The condensing éoi]s of these units are not compatible

with chilled water and must be replaced. The air circulation systems'in the

. buildings are suitable for the new system. The only major change that must be

made is the replacement of the freon condensing coil with a chilled water/air
gxchanger. The freon refrigeration systems would then become surplus.

(3)' The chilled water refrigeration units and the absorption unit cir-
culate chilled water to water/air exchangers whfch provide space cooling. These
units can be tied into the central refrigeration system Qith a system o? valves
as shown in Drawing No 4. The existing refrigeration systems can then be used as
a backup (spare) for the central gystem, or they can be removed and used at §ome
other location. |

(4) In some caseé, a group of buildings is supplied with refrigerated
water from a common refrigeration sdurce. The following buildings use this
system: | _

(a) Buiiding 323 supplies chilled water to 320 and 321
(b) Building 570 supplies chilled water to‘477, 560, 568 énd 571
(c) Building 643 supplies chilled water to 633
(d) Building 785 supplies chilled water to 786
A singlie tie-in point at each kefrigeration source would be sufficient to supply

chilled water to these systems.



(5) Buildings 237, 425, 558, 785 and 790 are major users of refrigerated
water. Meters should be provided at these buildings to measure the heat load at
each building. | - -

b. Electric Power System

(1) Electric power is presently supplied to the.base by the Salt River
Project Agricultural Improvement and Power District at 69,000 volts. The poweh
is reduced to 12,000 volts at'a substation within the‘base. This suhstation is
owned by the Salt River Project. If the contractor chooses fo genérate electric
power, the Salt RiVer Project power lines and substation will be retained as a
backup for the geotherma] power plant; | |

(2) The simplést installation to provide power to the bése from a geh-
thermal power plant wou]d-consist of a new 12 KV.1ine from the plant to the_
existing substation A new circuit breaker would be required in the power line.
The 12 KV power w0u1d be distributed to the base through the ex1st1ng 12 KV
- lines. | N

(3) Figure 6 is a s1ng]e “line d1agram of a typical geotherma] power o
p]ant deswgned to produce 10 MW power at 12,000 vo]ts A p]ant of this type wou ld

be suitable for 1nsta11at1onAat Williams AFB.
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Table I

BUILDINGS TO BE INCLUDED IN
CENTRAL REFRIGERATION SYSTEM

TONS REFRIG-

¢ CW = Chilled Water
DX = Direct Expansion
Abs = Absorption

*= Based on 40°F water with
a 10°TF temperature rise

BLDG. - CW FLOW
NO. NAME TYPE® - __ERATION GPM®*
01 . Base Headquarters . DX - 3,321 90
0 - Personniél. . .-..-: cw 50 120
5 T-3 zugnx'oos o cw 80 144
19 -Base‘Cparations DX w0 96
2%, . - Military Personnel DX 50 120
4 Flight Line cw . 3 84
45 Mightlne DX 60 144
12  Headquarter Ops cwW 50 120
5 -Armement | CcW B .38
88 .~ Chapel _ cw 75 180 -
104 Youth-Center cw 16 38
105 ' Child Care Center cw . 80 200
234 Physical Training CW M 82
237 Hospital CW/Abs 2507150 996
. 300 DX 8 188
323,331, DX 20 ..
322 B
3% cw 23 -89 -
Loges cw 25 7:“,..-.‘.~
334 - cw T -8,
ETTRI oW 22 *$3: - -
34 : 3 cwW 38 e
-390 " Bowling-Aley DX 20 T
425 ‘nstrument Flight Simulator  CW 469 1,128
426 Parachute Shop cw 12 29
480 * Fiald Traming cwW ) 9%
500 . .Servics Cd DX 30 72
508 . 'NCO Club cwW 15 180
858 Scisnce. Labaratory CW 2680 62¢
570,571, - Flight Simulator Training cwW 225 540
. 411,580, ) : -
568 o
628 - SWPIy UNIVAC:Computer - DX 80 120
832  AirmenstDorm - cwW “ 108
640 4 AlemanstDorm cW 50 130
843833 Airmans' Dorm CW 137 330
664 - Airmans*Dining Hail DX 120 -288
672 - Alrmans"Dorm cw « 108
753 . Data Automation. = - DX/CW 20/18 92
762 " Telecommunications DX 20 T
775 - TLF Compiex cwW 80 300
785, 788 BX, Sales, Cafe cw 209 502
790 ’ Commissary Cw 120 288"
795 “Theater DX .} .92
' TOTAL 3,321
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TABLE 1)

. NILLIAMS AIR FORCE- BASE

TOTAL BASE ELECTRIC DLMAND AND USAGE

" 42,562

LT 9741978 . . 1975-1976 " 1976-4977 . 1977-1978 1978- 1979 1979-1980
'MONTH ' KW_DEMAND  MWII USAGR KN DEMAND MW USAGE KN DEMAND MNII USAGE KW DEMAND MWIl USAGE KW DEMAND MN[} USAGE KNDEMAND Ml USAGE
“OCTOBER a;hqs‘ 3,430 7,720 2,960 i;sosf 3,255 . 9,760 4,218 10,560 4,666 10,560 4,174

CnoveMBtR 5,639 2,708 614 2,647 5,830  2.665 6,560 3,084 8,000 3,179 6,560 2,918
,'thuccunné s, 156 2,164 SiMS 2,418 4,810 2,677 $,920 2,768 6,720 3,144 6,240 2,967
T ANUARY q’f's,3|| 2674 4,990 2,738 5,286 2,596 6,240 3,047 6,400 3,152 6.240 3,192

FERRUARY 5,153 2,423 Q;oon | 2,331 5,281 2,475 6,240 2,939 6,240 2,794 6,240 2,763
MARCH S s,313 2,722 . S,472 2,624 5,440 2,798 6,720 3,144 5,920 3,000 6,400 3,178
APRIL - s,ese 2,663 . 6,433 2,651 8,480 3,296 8,320 3,320 8,320 3,246 8,800 3,469
. MAY. T g,s2% . 3,734 9,313 3,958 9,760 3,427 10,400 4,313 10,400 - 4,263 10,720 4,428
Caune _ s 9,480 - 4,3f6‘ © 10,603 - 4,589 11,080 5,181 11,520 5,104 12,320 5,418 11,660 5,400
j JULYi;" 10,125 5,340 10,764 5,880 11,520 5,893 12,320 6,239 12,160 5,798
z"AUuusr_’“: 9,963 5,268 - 10,444 S.M12 . 11,680 6,088 11,840 6,079 11,840 5,402
fsavtuuﬁunlu-‘ 9,805 ;4.286’. - 9,962' fa,asak 11,200 4,004 12,000 4,901 12,000 5,418
Jflhyu;‘pnuAanvV7;439- 7,677 8,165 - _ 8,086, 9,240,
Crow, 42,083 ‘ s, 19,185 BETRIY



TO EXHIBIT

COHYRACT DATA REQUIREMENTS LIST

Geothermal Energy.
SYSTEMATEM Qevelopment, Wi | | iam

ATCH NR
CATEGORY AFB AZ
TO CONTRACT/PR CONTRACTOR
. [2. T1ITLE OR DESCRIPTION OF DATA « AL 1 1% ATE OF 4.
sequEncE TECHNICAL | Jle o ey )
NUMBER 3. SUBTITLE OF FICE : 18T SYIMISSION | OIBTRIBUTION AND ADORESSEES
A - Y. rwur] V5° 1Y, (Addressse — Regular Coples/Repeo Coples)
- AUT HORIT Y (Data Item Number) CONTRACY REFERENCE poasofcooe kora| as oF pavE ronzusuutoutu .
\ - neg jear | sulul(vnn 1] :
> B Project Status Report o I* 1 mo W AIC/OEE 1/3
00! Contract Management Summary : ATC/DEE_| Month! f‘rervzsjlce ATC/LGCTM | Q/3
F- ~ [*Para 441 (=) iu’x O O S | s 82 ABG/DEE | — Q/3
_ DE | Sect It, RFP A Praceed | Monthly
16 REMARKS . )
13,
. ‘ . _ "_"“' 1 /9
1 00z |® Technical Progress Report & aEAtTeL = After “ATC/DEE 13
3. Resource Confirmation Program ATC/DEE _Istone Exploration | ATC/] GCTM __0/3
3 % Para 4d(1)(b), ™ fe. e UL 1, After 82_ABG/DEE 0/3
DE 2 Sect |1, RFP N/A Current ell drill-.
16, RERARKS ing, flow
testing, re
source” con-
firmation TOTAL | /9
13 2. Exgloraﬂon Data & “’ \‘395 = After YATC/DEE _1/3
003 nalysis of Explora’rlon Data ATC/DEE " Exploration] ATC/LBCTM 0/3
3 - S-Para 4d(1)(c), SRR "- B 82 ABG/DEE | _Q/3
DE 3 Sect I}, RFP N/AL Current None - :
18, REMARKS B ; .
is,
. , ‘ ‘ TOTAL | /g
o * P« Drilling Data Flow Test Data s 1o 12 | | "ATC/DEE 1/3
004 2.Drilling Rpts, Logs, Seismic Recordings/ ATC/DEE Daily aegéh I ATC/LGCTM 0/3
4, . , - SPara 4d(1)(d), IR LI A Sfa( 0411 82 ABG/DEE Q/3
DE_4 Sect Il, RFP A dr'T' Y
16. REMARKS
- 3
L Z Y TOTAL 1 /9
EPREPARED BY & OAT A DATE
- HQ ATC/DEEEM, pi 3
_RICHARD M. STEEDE, RO LT O ERY 1 20 a0 bl '
A - pace_l_or

%ﬂ!l



' CONTRACTY DATA neoumsuenrs LisT Geothermal Energy
ATCH NR . TO EXHIBIT - .systemaTem Deyelopment,
ATEGOR Williams AFB AZ
TO WTRACT/PR__ A . ¢ Y CONTRACTOR :
, 2. TITLE OR DESCRIPTION or DATA < 19 ' - |7 T
szpuzucc , TECHNICAL | Loucimncy DATE OF
huuuun _ 3 suaTITLE : ) OFFICE i IST SUSMISSION | OISTRINUTION AND ADORESSEERS
. K - o R [% ) ) Y. or Rhwur] 10° " (Addreasss — Regular Coples/Repeo Coplea)
- AUTHORITY (Deta ltem Number) -~ CONTRACT REFERENCE . P°20lcooe forac| As oF paTE [PATE oF sussEouTNT] ' o
' - : S ] neo | (a) | x) SUBM/EVENT 1D . - 0
-’005‘:, 2: F”.hase 'l I, Project S+a+u's‘ Report _ & ¥ semi- |26 mo aftel AIC/DEE 1/3
b S - ' - ATC/OEE  fannually {PH t1 NTP | ATC/IGCTM 0/3
OE 5 8 Para 4d(3), N CH B 12 Semi- 82 ARG/DEF 0/%
— Sect 11, RFP . /A Current '
16, REMARKS T annually
!_’_.
) ‘ - TOTAL 1/9
e O(.)'6“ © |2 Blow- Out Conhngency Plan ® ATC/DEE One |= Prior to | -ATC/DEE 1/3
— ul __ ‘ S Time |Drilling ATC/LGCTM 0/3
1 T Para th, B (O O O A L 82_ABG/DEE 0/3
L DE-6& L . Sect 11, RFP /AL ICurrent None '
V6. REMARKS = T - :
o : TOTAL 1/9
2. < %, % i
r;.. B s I . ] S. K 7. |e .. ", 13,
fe TR
15
L R : TOTAL
4, e ) o T ’ ] o Se - 7 8. [ 1. 13,
TCRERRE T '
ST . : . TOTAL
. [PREPaRe 6y HQ ATC/DEEEM o ‘ DATE m DATE
- |LRICHARD M. STEEDE, Randoloh AFBTX AL Kitiid
DD ! JAN n' 423 : "ol.-—-z-o'-—z—"“'u



2. lOENTlFlCA"ION NO(S).
AGENCY NUMBER

- DATA ITEM DESCRIPTION

1. TITLE

Periodic Status Report - Study/Services Contract bt NSA: . {*~ A-5028

4. APPROV AL DATE

Evaluation of contractor progress toward contract 1 October 1967
. OFFICE OF PRIMARY

objectives. RESPONSIBILITY

3. DESCRIPTION/ FUR?OSﬁ

N

6. DDC REQUIRED

N/A

8. APPHMOVAL LIMITATION

7. APPLICATION/INTERREL ATIONSHIR

. 19. REFERENCES (Mandatory as cited n
block 10)

MCSL NUMBERLS)

10. PREPARATION INSTRUCT'ONS

1. The contractor shall furnish periodic status reports in
conformance with the schedule established in the DD Form 1423, Contract
Data Requirements List. The reports shall include, but need not be

limited to the following: !

a. Brief summary highlighting any significant technical
activities and developments occuring during the reporting period.

b. Listing of titles of all reports issued during the report-
ing period.
c. Concise statement.of the month's activitics on cach assigneq
task, including successes obtained and difficulties encountered and

their effect on the overall work erfort.
d. Charts showing by task, anticipated reporting schedules.

e. Tabulation of all direct charge personnel, showing number

of hours each spent on assigned tasks,.
f. Tabulation of all visitors to the pro;oct aiving indivie-

dual's name, organization, and date and purpose of the trip

2., The report and any attachments shall be typewritten or other=-
wise clearly lettered, as appropriate, and shall be duplicated in non-
fading ink. Tewtual data shall be prepared on lettér size paper
(8"x10%" or B%'"x1l''), Attachments are to be folded to letter size, and
fully identified and referenced in the text of the report.

DD ‘582““1664. ’ v ' RAGE 1 or 2 PAGES
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Data Item A-5028 Continued

3. A title page shall be included which identifies the report
with the task and the contract, and indicates type of report, purchase
description title, contract number, and dates of the reporting period.

4. Security classification and distribution limitation markings
shall be applied in accordance with instructions contained in the
purchase description, security requirements checklist, and contract
document, as applicable.

. \

. Page 2 of 2 Pages



2. IDENTIFICATION NOIS).
AGENCY NUMOER

DATA ITEM DESCRIPTION

f. TITLE

Technical Repoxt =~ Study/Sérvices Contract NSA A-5029

4. APPROV AL OATK

1 October 1967

8. OPPFICE OF PRIMARY
.I”ON.‘DILIT_!

3. DESCRIPTION/PURPOSK

Documentation of studies or anaiysis conducted by

the contractor, . . N
§. DOC AKQUIRED

N/A

8. APUAOVAL LIMITATION

T, arFLASAaTIO N INYERPEL AT 1OHLAIR

9. REFERENCES (Mands(ory as cited in
block 10)

MOSL NUMBEMLS)

100 #REFARATION IN.TRUC VICNS
1. The contractor shall provide technical reports, as directed
" by the procuring activity, which fully document results of all studies
or analyses conducted. The reports shall be prepared in accordance with
the format and general instructions as indicated below:

a. Format
(1) Title Page - Identifying the report bv providing cone
“tract number, project name or purchase description title, task number,
and reporting periocd. :
(2) Table of Contents :
(3) Section I - Including the following:
(a) Introduction
(b) Summary - i.¢., a brier statement of results
obtained from the analytic effort.
) : (c) Conclusions and a condensed technical substan-
tiation therefor, , :
(4) Section II - Including a complete and detailed
decscription of the analytic results which. led to the conclusions
includecd in 3ection I above.

b. General Instructions ‘
(1) The report and all attachments shall be typewritten
or otherwise clearly lettered and shall be duplieated using non-fading

DD t*.1664 . pace 1 or_2 _raaws
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{IData Item A-5029 Continued

ink, :
: (2) Text shall be prepared on standard letter size paper
(8"x10%" or 8%"x11"), :

(3) When attachments are included, they shall be fully
identified, referenced in the text, and folded to conform to the size
paper used in the report,

' (4) Security classification and distribution markings shall
conform to the requirements of the contract, purchase description and

 security requirements checklist, as applicable.
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22.141 50 SHEETS
7. 27-142 100 SHEETS
amPab’ 59.144 200 SKEETS
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1. Reference 10

. Mr. Richard Steed

2,7 Attached for
for this project
(GKI). You will
dures for formal

FOR THE COMMANDER

12 HOY 1981
hermal EnergyvDeVelopmenp;LWi;liams AFB AZ

rgy- (Ms Susan Prestwich)

Nov 81 telerhone conversation between our
e and your Ms Susan Prestwich.

your preliminary rewview is the proposal
received from Geothermal Kinetics, Inc’

be contacted subsequently regarding proce-
evaluation. '

WALTER A. ARNOLD, Capt, USAF . 1 Atch
Acting Chief, Engineering Division . Proposal
Engineering & Construction Dir

DCS/Engineering & Services

Cy to: 3303 Contracting Sgn wo Atch

RECEjv;
MoV 16198

ﬁzg?ﬁﬁwm.aﬁgg?
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V;Unlted States Alr ‘Force E
.+ 3303 Contractlng Squadron/LGCTM
. ‘Randolph Air Force ‘Base.
 Texas 78150

RE: 'Request For Proposal 4F41689-81-R- 0061

_;-Geothermal Energy Development
- Wl;llams Air Force Base, Arizona' -

Dear Sir:

jvSubmitted herewith are an original and three copies ,
‘each of Volume- I,,Technlcal Proposal and Volume II,

Business Proposal, in response to the above subject
Request ror Proposal. :

We are'submlttlng an Alternate Proposal to provide
power from off site of Williams Air Force Base as
provided for by Artlcle 15, of General Information

'per the RFP.

'We believevthe.approach to the project that we have

proposed will be a necessary and effective means by
which the interests of Williams Air Force Base and

‘Geothermal Kinetics, Inc. can'best_be-served.

We lock forward to the opportunity of workiﬁg with
the Air Force on this project, and we will welcome
the opportunity to negotiate the implementation of

‘the overall project.

Very truly you
—y

zmes T. Kuwada , .
Vice President Engineering

"JTK:a

GEOTHERMAL KINETICS INC. |
Three Embarcadero Center, Suite 2045 « San Francisco, California 94111 « Teiephone (415) 434-4717
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© " VOLUME I |
. TECHNICAL PROPOSAL

. For . o
o GEOTHERMAL ENERGY DEVELOPME‘.N-T
WILLIAMS A.F.B., ARIZONA

SUBMITTED in RESPONSE to |

'RFP No. F41689-81-R-0061
UNITED STATES AIR FORCE

3303 CONTRACTING SQUADRON/LGCTM
RANDOLPH AFB, TX 78150

{

By

GEOTHERMAL KINETICS, INC.
THREE EMBARCADERO CENTER
o SUITE 2045
SAN FRANCISCO, CALIFORNIA 94111

'3 NOVEMBER 1981
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B 1 PROJECT OVERVIEW & APPROACH

The subject RFP requests, as a flrst prlorlty, the supply of geothermal heat to

provxde the energy needs for an absorptlon refrxgeranon system Thlssystem wxllf“’ E
’supplant the exxstlng mechamcal refngeratlon system Wthh is provxdmg base-wnde

‘ chllled water alr condmomng The peak demand is 3320 tons of refrlgeratlon.

Based on _the stated power conversnon rate- of 0.94 KW/ton, the peaK .

refrlgeratlon demand is equxvalent to 3 120 KW or 2250 MWh/month usage. However,

even thlS usage rate exlsts for only half the year. Therefore, the first priorlty, o
o requ1rement of thls RFP provrdes little capac1ty 1ncent1ve for a. geothermal development E

: company to do the resource exploratlon work let alone the exploratory drlllmg ana

resource conflrmatlon testmg

There are substantxal front end costs assocxated w1th geothermal resource

' exploratxon, to- 1dent1fy exploratory drlllmg sxtes, n drlllmg exploratory wells, in flow ‘
testmg these wells to assess well productxvrty and. resource:- characterlstlcs. Therefore,

. developer must foresee a substantlal utlllzatlon of the dlscovered resource, over Wthh ‘

he can spread the.development costs, in order to JUS‘tlf)’ the resource conflrmatlon effort.

Geothermal Kinetics, Inc. must look upon the second priority of the RFP as its

first priority, i.e., of proﬁdihgfa»peak demand of 12,3 MW of -electric power. When one

examines the demand Vs, usage for Wllllams Air Force Base, the data shows that a power

plant built to supply that quantlty of power will be operatmg at a capac1ty factor of 63%

‘ durlng maxlmum usage, and as low as 32% during the winter months.

In order ‘to make the power plant pro;ect economlc, the devejoper must -

operate the plant at the hlghest capac1ty factor possrble G_eothermal power plants

operate at capacrty factors in the range of 80—85%

"The subject RFP allows the sale of excess capacity. to publlc utilities, and

_ indeed, the developer must do so in order to structure an economic venture. As long as




the developer determlnes that he must sell excess capacxty,v the loglcal quesuon arlses as; o

:to whether he, the developer, should not bu1ld an even larger plant, $0 he can en]oy the'_'w S "

"_"economles of sxze in: constructlng the power plant

One economlc factor mhlbltlng the push towards the constructlon of a larger'

_'plant in a new geothermal resource area, lS the. greater commltment of tlme and money .

s 'requxred to conflrm the sxze of the resource (reservolr) Wthh Wlll be necessary to sustaln: R

the larger plant over the llfe of the prolect. '

The number of productlon wells requ1red ‘will depend on the resource

"temperature, brlne quallty, and well productxvxty as a functlon of wellhead pressure.f

Assumlng a double-flash steam power plant of 25 MW capacxty, the number of wells

'vrequlred may be on -the order of elghtx productlon wells’ a‘nd four relnlectlon wells (plus '

spares) for a 400°F resource of average producthty

More than one exploratory (resource conflrmatlon) well w1ll ‘be requrred in. -
R order o develop the data necessary to make a reservou assessment of an areal extent

suﬁlment to support the 25 MWq plant. Thls would hold true even for a 12 MW plant. o

Con51der1ng the capaClty to I‘lSk ratlo, the cost-share formula proposed in the

 RFP, to share in the cost of drilling one well for purposes of resource confirmation, is

not a very persuasive inducement.. To drill a 10,000 foot production well and a 6,000*.'

foot reinjection well on base; to purchase, install and operate the test facility to

~ determine resource potential, will cost approximately $3.5 million.- If successful, the

developer will recei‘ve 10% ($3§0,000) in cost-share contribution; an amount which would
leave very little'for the physical execution of the project after the paper ‘co'sts for
additional reporting are deducted. If unsuccessful, the cost-share contribution ls not
§3.15 million (90%), but $1 million leaving the developer with a short fall of $2.15

million.
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’l'he "User-Coupled Well Conflrmatlon Drllllng Program" and the "Geothermal '

Loan Guarantee Program" sponsored by the US Department of Energy were avallable at

the time the proposed pro;ect was 1mt1ally bemg conszdered. In dlscusswns w1th the DOE

at the txme, the DOE suggested GKI respond to the Wllllams AFB pro;ect dlrectly, rather .

- than through the User-Coupled program because the User-Coupled program lntended 10

| , contrlbute a portlon of 1ts funds towards the Wllllams AFB pro;ect. Unfortunately, _ln the

interim perlod whlle the RFP was belng prepared the DOE dropped these two programs -

in 1ts budget cuttmg efforts. These programs Wthh were establlshed to ald mdustry to

fmance geothermal development pro;ects are no longer avallable :as a source or vehlcle

for pro;ect fmancmg

In v1ew of the present SltU&thh and the dlffermg prlorlty needs for the pro;ect :
from the v1ewpomt of the developer and Wllllams AFB Geothermal Klnetlcs, Inc.

proposes the followmg Alternate Proposal for Resource Conflrmatlon (Phase I) and Plant :

' Constructlon and Operatlon (Phase ). .GKI will not drlll the resource conflrmatlon well

on Wllllams AFB but rather, wxll deepen lts Powers Ranch No. 1 well to a depth of
12,000 feet.. The ratlonale for taking this approach is dlscussed in the body of our
.pr_oposal, but basically, rewo'rking Powers Ranch ‘No. | well andltestlng to conflrm the
resource .will cost less than half as much as it would‘ to do S0 on the Base. T‘h'e location, '
by virtue of the wells that exist on the property, also provxdes greater confldence tnat
exploxtable geothermal energy will be found on the Powers Ranch than on the Base. .

If Phase I, Resource Confirmation, is successfully concluded GKI wxll‘

construct and operate a power plant to supply 12.3 MW to Wllllams AFB through al2

KV ‘tle-llne. Any excess‘power over the needs of Williams AFB will be sold to the local

utilities at their "Avoided Costs". Therefore, the same costs will be charged for power

. delivered to the Base, The "Avoided Costs" will exclude the transmission and distribution

costs, so the power costs to the Base should be {ower by this amount.
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i Because erhams AFB wul pay "avolded costs" for its electnc power over the . -
: ~l1fe of the pro;ect under GKI's proposed plan, GKI beheves that the A1r Force shouldvb‘
:: flﬁzcontnbute the entlre $1 mtlhon towards the Resource Conflrmatxon effort. GKI for 1ts '.
: -""part wﬂl thh due dlhgence, undertake to conﬁrm the resource, and pay from xts own .
B .account the Phase 1 program costs in excess of the $1 mrlhon Air Force contnbutxon. '
If thxs approach or a var1at1on thereof, is- of mterest to the Air Force, L.

-Geothermal K1net1cs, Inc. wul be pleased to enter into negotlanons w1th Wuhams A1r-‘ S

Force Base to amve ata mutually acceptable agreement. .
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Z PHASEI RESOURCE CONFIRMATION

. :_2,_1'. 3 E.xploratlon Plan

“ ;,Geothermal‘Kin‘etics,‘lnc. proposes to rework its Powers Ranch wells in order

} to provide geothermal energy to Williams Air Force Base. An extensive amount of data™

was gathered and eValuated conoerning the geology, geophysics and geochemistry in the

ngley Basm prlor to. the smng and - drlllmg of the Powers Ranch wells by Geothermal

_ Kmetlcs, Inc. ln 1973

‘I'o quote from the "Overv1ew" in Appendlx C of thls Request For Proposal,
"Vlrtually all the avallable mformatlon regardmg the potentlal geothermal resources at
Wllhams AFB results from the exploratlon efforts of Geothermal Kinetics; Powers Ranch .

#1 and #2 wells‘." ~The cxtatlons in Appendlx C clearly establlsh the potential for.

'geothermal energy development in the ngley Basm within Wthh Wllhams Air Force Base

‘; GKI's proposed use of its exxstmg Powers Ranch wells, therefore, ellmmates

the need ‘for an exploratron plan
ZZ Preliminary Drlllmg Plan - Background |

~ GKI drilled the Power Ranch No. | well to.a depth of 9, 207 feet in. 1973, The
well was completed by running 7" casmg to a depth of 9, 065 feet and cementmg to
surface. leely producnon zones were identified from the Dual lnductxon and Neutron
Logs, which were run prior to casing the well. The production_casing, opposite these
" zones of _‘production, was perforated with detonating jet charges. Thi'sjwell completion
practlce was typlc'al for an oil or gas well, but unfortunately; it was not approprjate for a
geothermal well from whichv an order-of-magnitude rnore fluid production must‘be
obtained in order to have, what would‘be regarded as, a commercial geothermal well.

After perforating the casing, drill-stem ‘tests were conducted. . Additional casing

perforations were made to increase fluid production. A Reda pump was installed in the




wellbore to: physxcally pump the well.»,. At a shallow pump settmg the pumpmg rate “
- -,exceeded the well drawdown, and the pump cav1tated At a deep pump settmg the pump o
B .,l"}capacxty was dlmlmshed by the requlrement for a hlgher pumplng head Consequently, ;

o Powers Ranch No 1 dld not produce commercxal flow rates.

Below 7, OOO feet the formatlon is a dense welded tuﬁ. Permeablllty will be

' ";"_through fractures, SO both dnlllng techmques and well completlon practlces must

o mlmmlze the p0551blllt1es of blmdmg off the fractures. The cement sheath around the 7"

casmg in PR No 1 well and the muddlng-off and cement-squeeze jOb in PR No. 2 well are
cons:dered to have caused severe "skm damage“ to the productlon mtervals in both wells.

After perforatmg the casmg in PR No. 1 well the perforated zone should have

‘been pressurlzed to breakoff pressure to verlfy that the perforatmg job was successfully '
completed However, thls verlflcatxon was not made before drlll-stem and pump tests
Jwere conducted so there remalns an uncertamty as to whether the formatxon fracture o '

o permeabxhty, or. madequate casmg perforatlons, is the lxmmng factor govermng well

productlon
. 2.3. Prellmmary Dnlhng Plan Workover - v
In laymg out the drxllmg (workover) program for Powers Ranch No. 1 well,
GKI welghed the followmg con51deratlons in developmg lts proposed drllllng program.

2.3.1 "Skin Damage" to the formaton in the existing well is probably so severe that

| mde-trackmg of the well is most likely the only practxcal way to restore permeablllty in

' the exlstmg productzon intervals (zones).

2.3_.2 Cuttmg A Window 1n the casing at'about 6,000 feet and side-tracking the well

to a depth of 10,000 feet will be more costly than deepeni'ng the 'existing well to 12,000

feet. Other disadvantages of side-tracking are that the procedure will increase the risk
of a "lost hole", and it will not provide any higher temperature than those measured or

projected for that depth.
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2.3.3 Deepemng Powers Ranch No. 1 Well from 9, 207 feet £ & a ‘maximum; depth of .

' lZ,OOO feet w1ll requ1re dnllmg less hole and 1n a less expensxve manner. Deepemng the g ',“ :
o ! hole w1ll expose new honzons m whxch fractures are expected to ex1$t. If these fractures e
;are water fllled we can expect temperatures in the range of 425°F at 12 OOO feet, o

-v,:.,.'_compared 10 about 360°F at 9 OOO feet, assummg the measured temperature gradxent ‘

2.3 4 Whﬂe the Power Ranch Wells may have "been ‘the deepest geothermal wells

dnlled at the txme, GKI recently has successfully completed geothermal wells in, the.: '

'Imperlal Valley to depths of 13 OOO feet, ina brine reservonr at 520°F

GKI therefore, feels conﬁdent in. 1ts abilities to drill deep geothermal wells.

Whlle it was thought at one txme that commercxal geothermal reservmrs could not ex1$t '

"-':,'Vat great depths owmg 10 the loss in matrlx permeabxllty due to compressmn, we now

. recogmze that geothermal reservoxrs can and do ex15t in deep Iormatlons, controlled by e

fracture permeablllty

2.3.5 A Geothermal Resource at 425°F would require 15% less productlon and

reln)ectlon wells and associated facilities than would a resource at 360°F The higher

- temperature also may prov1de the ﬂash—-llftmg capabxllty to produce commercial flow

rates . W1thout mechamcal pumping,. Ellmmatlon of the well pumps would 51gn1f1cantly
increase rellabxlty and reduce. capltal and O & M costs. | ' |

2.3.6 Deepemng Powers Ranch No. 1 through the 7" casmg will reduce wellbore

: szze_; however, if the fractured reservoir is determined to be competent, the well may be |

completed' "barefoot." ‘A barefoot completion will provide the least resistance to flow;
however, the well flow rate is gener_ally limited by the wellbore' diameter at the top and

not at the bottom of the well.




. wxll be momtored A mud logger wxll be on hand to take cuttmg samples and momtor gas

Lo ‘2".4_.“ Prehmmary Test Plan - Well Flow Test

2.3.7 The ratlona.le for deepemng PR No. 1 Well rather than PR No. 2 1s that PR

o “",No. 2 Is: already dnlled to 10 454 ieet PR No l W1ll provxde l 200 feet more of new hole j )

5 - : in dr1ll1ng to a total depth of 12,000 feet

' In v1ew o:f the consxderatlons set forth above, GKI proposes to deepen Powers o

| 'Ranch No. l Well to a depth of 12,000 feet, unless a good productlon mterval is found ; " B

. before achlevmg that depth

- Loss cu'culatlon zones, ﬂu1d losses, penetration rate and roughness of drllllng,

make and composmon Temperature surveys wxll be made at approprlate mtervals

‘When a smtable productlon zone appears to have been reached the well wzll be lanced
' (unloaded) wzth mtrogen to stlmulate flow. A short term flow test to the plt Wlll be”

. conducted to assure adequate productlon before the dnllmg rlg is released.

After the drllllng r1g lS released the test separator mstallatlon Wlll be

ucompleted The test separator wﬂl have the capabllltles to measure flash steam flow :
, rate and separator llqu1d flow rate.' Sample connecttons wxll be prov1ded for samplmg
| steam to determme non-condensxble gas ‘content and composxtlon~ llqmd samples for

; determmmg brine composmon, total hardness, and pH

_ The test facxllty w111 be sxzed and pressure rated so that the well‘flow rate
‘may be determlned over a range of wellhead pressures and temperatures. Tests will be
conducted at a mlmmum'of four dlfferent wellhead pressures so that well productlvlty _
can be determmed by plotting flow rate vs, wellhead pressure. |
Downhole pressure and temperature surveys will be made at the four flow

rates to determine well drawdown pressures.- A pressure—temperature traverse will' be

A made under flowing conditions to establish the gas bubble point or flash point pressure in
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- This information

 content determined by steam sample analysis." *

o

e used to corroborate’ the nioncondensable gas - .~ .
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2.#.1 Reservorr Assessment

At the conclusmn oi the flow test the well wrll be shut m, and pressure;.,_-vy

o buxldup data wxll be taken at the bottom of the well ThlS data w1ll be used to calculate'i_;;'t'ff,',;_‘

. "the permeablllty -. thlckness of the productlon zone.. |

In order to make a reservorr assessment, addltlonal wells wrll have to be

o -drzlled and tested Well productxon data and pressure mterference data from a number of -

a wells are necessary to. prov1de the spatlal characterlzatlon of the reserv01r. :

24.2 Waste Water Dlsposal

Chemlcal analy51s of the geothermal brme, from Powers Ranch No 1 dld not i:,
- show concentratlons of heavy metals that could form hlgh temperature prec1p1tates
~.Therefore, hot reln)ectlon of the llq\.ud flow from the flash steam separator mto Powers '

- j]Ranch No. 2 appears feasxble. A standy remjectlon pump wrll be provxded m case PR No.

' '»/j_‘-2 requ1res more than the separator pressure to rem]ect the waste brlne. ThlS condmon 1sf
llkely to occur when the wellhead pressure lS lowered to obtam maxxmum flow rates from' ‘

o the well

2.4.3 Institutio’hal Considerations
The Powers Ranch wells are located about a quarter mile from Wllllams Alr L
Force Base. ‘The legal description is as follows:_

 Powers Ranch #1 weu - NEYy, SBYy, Section 1, T25, R6E - |

Glla and Salt Rlver Base, Marlcopa County, Anzona

_  Powers Ranch #2 Well - 551/4, NE/, Section 1, TZS R6E
ol Gila and Salt Rlver Base, Marlcopa County, Arizona -

; GKI has: the rrght of access to thls property and has maintained 1ts lease to the

geothermal rxghts., The County wrll be contacted at an approprlate pomt in the pro;ect

to. obtam easement for runmng a. lZKV power lme from the power plant 1o the Base

: rsubstatlon.
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2.'&# Envxronmental Management Plan

Geothermal Kmetxcs, lnc. has been actlvely 1nvolved1‘n geothermal energy‘,":,«__i
:vf}-j;development for the past decade, so 1t 1s knowledgeable of the envnronmental and safety.'- B
requ1rements for drlllmg and producmg geothermal wells GKI wxll adhere 10 mltlgatmg“ o
o '-';,‘::-'procedures proposed in- the Envxronmental Assessment All‘ quahty standards for. HZS WIU |
be complled thh If necessary, the vented steam w111 be scrubbed to remove the HZS to .
a level suff1c1ent to br1ng the dlscharge mto compllance w1th the standards. To citea
| rspec1f1c example, GKl's plans for H2S Abatement at the Geysers in '\lorthern Callforma_

. "‘has been accePted by the. Sonoma County APCD

The waste brmes w1ll be dxsposed of m a rem;ectlon well ‘l'he disposal of -

3 drllllng fluxds, restoratzon of the drxllsxte, completlon and/or abandonment of the well

- -wul be in accordance w1th the requxrements of -the Oil & Gas Conservatlon Commlssmn

?.4.5 Dnlhng Permlts

The Powers Ranch wells are m ‘a. state of "Temporary Abandonment" As

o such these wells may be reentered after due notxflcatlon to the. Oll & Gas Conversatlon

,Commxssxon A new drlllmg permlt w1ll not be requ1red

2.‘#.6 Safety

Wlth respect to protectlon of geothermal wells agamst blowout, a blowout

‘preventor stack . wul be mstalled con51st1ng of plpe and blind rams actuated by an
B '.'accumulator, operated at 1, 000 p51g mmlmum pressure. The blowout preventor is tested
ona regular basrs. In the state of Arlzona the blowout preventors must be tested onceﬁ

- every 24 hours at a mlmmum of l 000 psxg.

2.5 Project Management B
| The pro;ect orgamzatlon is shown in Flgure L. The Pro)ect Manager for GKI
will be James T. Kuwada. Mr. Kuwada has over 20 years experience in engmeerlng and

management of refinery, chemlcal and geothermal pro;ects Durmg the past 10 years he -.




f‘"‘““

S """.'::';_;:has dlrected a varlety of geothermal exploratlon, well drlllmg and testmg, and power ST
o f-,:'-:_ '..V;'-fplant pro;ects both here and abroad. _ These pro;ects 1nclude geothermal exploratxon and SR L

o : drllllng in: Costa tha, workover and testmg of a geothermal well in. Hawau, 30 MW to

100 MW geothermal power plant pro;ects 1n the Geysers, Phlllppmes and Iceland He has' L

-';i"_.,the knowledge, background and experlence to relate effectlvely to all requxrements of'. :

‘ ~_: thls pro;ect

. ’dlrectlon of Mr. Bert McComack Mr. McComack has supervrsed the drlllmg of many -

: Dally drllllng supervxston of the well workover program w1ll be under the“'vﬁr.t",: S

) 'geothermal wells for GKI He has also been loaned to other compames such as. Phllllps B L

- 'Petroleum Co. and the Department of Energy to superv1se the drllhng of wells for these .
orgamzatxons The requxrements of thlS well workover program wdl present no new‘
’ .‘departures to Mr McComack's 30 years of drlllmg experlence. S

The Mud Logglng Servxce w1ll be subcontracted to a competent company_ .

. “‘fuv_whlch GKI has employed on past drlllmg ProJects, or whlch GKI knows to be

T, A e

‘”knowledgeable. DRSTERS o . Lo ’ .

The Geothermal Well Testmg, Chemlcal Samplmg and Analysxs will be

> _. prov1ded under a subcontract to one of a select group of quallfled compames engaged ln:. o

geothermal well testmg service; However, the GKI Pro)ect Manager w1ll deflne the test .
program, test procedures, data collectton and sam ple analysxs. ‘

‘ Reservorr Engxneermg Servxce will be provided by Berkeley Group, Inc. under

' the dlrectlon of Mr Ron Schroeder. He has prov1ded snmxlar servnce to GKI and he has

E demonstrated a thorough knowledge and capablllty m geothermal reservorr engmeermg

BGI provxdes its own downhole mstrumentatlon so that they can control the quallty of the'

subsurface measurements taken by mstruments Wthh they know to be correctly‘

. callbrated maxntamed and operated
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2.5. Company Htstory g

Geothermal Kmetlcs lnc. (GKI) ‘a- wholly-owned subsxdlaryt of Umted Slscoe

VMlnes,GInc., was 1ncorporated m Nevada m 1970 Smce mceptton, GKI and lts subsxdtanes S
:.:A".“:‘-have been engaged m the exploratlon and development of geothermal resources for

; uttllzatton m power generatlon. | S | )
Exploratlon and property evaluatlon are conductedby Group SevenInc -a
| wholly owned sub51d1ary, who developed geophystcal methods for delmeatmg potentlal |

S geothermal reserves._ -

Development operatlons are conducted through Geo Mac, Inc. and Umted
Geothermal Geysers, Inc both wholly owned subsxdlartes. I

2.5.2 Management

- g Paul W Eggers, 62, an’ attorney and semor partner of Eggers and Greene,

a 'attorneys 1n Dallas, Texas, has served as Pre51dent smce 1973 He also serves as a
" ,Dtrector of Umted Slscoe Mmes, Inc. Durmg 1969 and 1970 Mr Eggers served as
. ,General Counsel for the U S. ‘l'reasury Department He has many years of expertence in’

energy and’ related busmesses.

Mlke O'Donnell, 57, co—founder of GKI, Executlve Vlce Presxdent and General -

' Manager since - l97l has been engaged ln 01l and gas, and geothermal exploratlon and'

productlon operattons smce 1949,

James T Kuwada, 50 a graduate of the Umversxty of Cahforma w1th a BSc.

ln Chemlcal Engineering, Jomed GKI as Vtce Presxdent of ‘Engmeermg in 1980. Wlth over’

twenty - years expenence m engtneenng and management of refmmg, chemlcal and

: geothermal pro;ects, Mr. Kuwada isa leader in the geothermal mdustry His geothermal

experlence 1ncludes geothermal development, gathermg systems and power plant design,

engtneermg and constructton management, well and plant testmg and plant startup as

2.9
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'évj'ﬂTurkey and the Umted States.

1"\ Jf‘t:‘

'_-;:well as envxronmental control systems 1n Hawau, lran,» Iceland, _,Costa’R"léa,v-;l’hillpplnes, o

Prlor to )olnmg GKl Mr. Kuwada .was ai

: Engmeermg and prlor to that was W1th Bechtel Corporatlon, both headquartered 1n San o

. Franmsco

Dr George V. Keller, 53, 15 one: of the founders of Group Seven lnc. 1n 1969

v and has served as Presxdent smce that tlme. Dr Keller is currently Chaxrman of the" B |

: Geophysmal Department and has been Proiessor of Geophysxcs at the Colorado School of:
| 'Vllnes smce 1965 He is a leadlng authorlty in geophysxcs, mcludmg advanced electrlcal
prospectmg techmques, in 011 and gas, geothermal and other mmerals throughout the
‘_ “world Dr. Keller has served as a consultant t0 varlous government agenaes and major

o lnternatlonal energy compames. He has authored over 80 techmcal papers -and. several

books. S

Dr Norman Harthlll 44 Executlve Vlce Presxdent of Group Seven Inc. is a co— o

' founder oi that company. He has recelved degrees from the Umver51ty College of Wales ’

| and advanced degrees from the Colorado School of Mlnes in geology Dr. Harthlll has had

| extensxve experlence in geothermal exploratlon in the Umted ‘States as well as in foreign

'countrles | v | . o

k John Banmster, 60 )omed GKI as Vlce Pres'ident-‘-Productlon 1nl979 Prior to

that, Mr. Bannlster headed the Arlzona Oil and Gas Commlssmn ‘for 15 years and directed, '
the. formulatlon, 1mplementatlon and enforcement of the vanous 011 and gas regulations.
Harold D. Gerber, 50 joined GKI as Vice Presxdent Flnance in January 1981.

Mr. Gerber a Certlhed publlc accountant has over, 20 years of extenswe U.S. and'

: ’_lnternatlonal fmancxal, admlmstratlve and operatlonal expenence at various levels,
particularly in oil and gas, mining and publlc utllmes, lncludmg 10 years thh Arthur

" Young & Co.

2-10
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?“Bert McComack 63"'has been Dnllmg Supermtendent for GKI smce 1971 4

Before )ommg GKI Mr. McComac ,operated hxs own dnllmg company for a number of RS

,,{,

years, and pnor to that, served m vanous posmons w1th contract dnllers. HlS expenence. 4

xs extenswe in: both 011 and gas and geothermal drmmg in the western Umted States. ." )




g e — .
o R

~d X
£

. 21100 West Clarendon * |
R Phoenix, Arizona 85013 -

* I 'Peat, Marwick Mitchell&Ca. .~

ES‘TheiBoanofof”bireétérsiff,:”
. Geothermal Kinetics Inc.: -~

PTWe have examlned the ‘consolidated: balance sheets of Geotnermal Kinetics Inc. and.” L
subsidiaries: (companies in the development stage) as of December 31, 1980 and 1979
and the related consolidated. statements of earnings and retained earnings, cnanges'
' .in common stock and additional paid-in capital and changes in financial position
" for each of the ‘years, in the three-year period ended December 31, 1980 and the
. -period from lnceptlon (June 29, 1971) to December 31, 1980. Our examinations were '
- made in accordance. with, generally accepted auditing’ standards, and accordingly -
" included such tests of the accounting records and such other audltlng procedures as .
v . we considered’ necessary ‘in.the. circumstances. . We did not .examine: the financial - .~
.~ statements of the CU I Venture in 1980 nor the- cU I Venture, Roosevelt Hot Springs
..~ Master Venture, and Flsher Master Venture in:-1979. "The: statements of these unin-"
corporated JOlnt ventures.in which the Company part1c1pates reflect total assets.

constituting 12% and -14% in' 1980 and 1979, reSpectlvely, of - the related consoli-
dated: total.: These ‘statements ‘were examined by other auditors ‘whose reports
thereon have been furnished to us and our opinion expressed herein, insofar as it

relates to the amounts included for the CU I Venture, Roosevelt Hot Springs Master

Venture, and Fisher Master Venture for such perlods, is based solely upon  the

‘reports of the other audltors.

In our opinion; based.upon our examinations and the reports'ofjother auditors, the
aforementioned consolidated financial statements present fairly the financial po-
sition of Geothermal Kinetics Inc. and subsidiaries at. December 31, 1980 and 1979

"and the results of their operations-and the changes in their financial position for

each of the years in the three-year'period ended December 31, 1980 and for the
period .from inception (June 29, 1971) to December 31, 1980, in conformity with

generally accepted accounting principles consistently applied during the period
_except for the change, with which we concur, in the method of  accounting for

interest costs as described in note 4 to the financial statements.

é%’ %Mm/ %L%Z/ %—

-April 30, 1981, except for

note 19 which is as of May T,
1981

' j. - . Ceftjxﬁeo Publio"AocbuntanIS‘ A, R
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. VRevenues

“%"L, ‘.A'v‘ ’

Years ended December 31
s and the perlod from lnceptlon (June 29,

Drilling- and :
- consultlng fees $
Gain on sale of
equ1pmen;_~
~“Interest
Gain on exchange
- of prospect: -
(note 15) - = "7
' Total o
' ‘revenues ;

Jx';Costs and expenses.af5

Drllllng costs.-

ﬁf-General\;nd_admlhi_;. e

.strative expense
. Interest expense
~ (note 4)
'Abandoned prospects
and dry hole-
expenses (note 4)
-Total,
costs and
: expenses .
Earnlngs (loss) before
‘income - taxes and -
extraordinary item
Income taxes (note 11)

Earnings (loss) -before’

‘extraordinary item

1980

SRR TN

“GEOTHERMAL KINETICS INC AND SUBSIDIARIES

(Companles in the Development Stage)

' to December 31

'Year ended = -
December 31;

1980

Consolldated Statements of Earnlngs and Retalned Earnlngs

1979 and 1978

- 1979

12,203

”f13,405,918' j .

75,967

9,721 "

1971)_“_

j?;zf Inceptlon
S (June 29, 1971) to
o " December. 31,
1978 19807

110,079 “ 717,576
- 172,995

- 6,580 86,621

13,405,918

43I0 | 85,688 11665 . w30
ST el e

1,173,850 758,85 753,303 . 4,096,885
o 308,318 139,690 ” 505, 463

565,582 1,309,933 = __99,391 3,543,241
1,739,422 - 2,377,112 . _992,384 8,506,801
11,692,448 (2,291,424)  (875,725) . 5,876,309
3,730,000 - S 3,730,000
7,962,448 (2,291,424)  (875,725). 2,146,309 -

(Continued)

SR e




GEOTHERMAL KINETICS INC. AﬁD»SUBSIDIARIES
(Companieq in the DevelopmenL Stage)

’ Consolidated Balance Sheecs

. December 3!

' Assets

Current assets:
Cash
Receivables:
Note and interest, officers (note 2)
Co-venturer
Others

Marketable equity securities at cost'(notes 54

Prepaid expenses.and deposits
Total current assets

Interest receivable from officers and directors
(note 2)

- Casing plpe
Furhituré‘ana‘equipment,.net (noie'})
Prospect coét; (note by »

. Deferred exploration costs

‘Other assets, at cost

1980 and 1979

December 31;

122,715

1980 - 1979 - .
ST 336,91 ':'501;93y5ﬂ-
O s '
- 19,782
19,360 33,737
12 and 18) 13,562,000 S
. 17,169 28;?19‘
14,075,980 706,5#u‘ﬁn-
‘67,339 35,016~
703,734 .
292,383,. us,g‘asi "
-10,990,201 - 8,199,594
389,997 . L.
65,632 - 65,514
§ 26,585,266 . 9,252,654

See_accompanylng notes to consolidated financial statéments.

.Decembéﬁ 31,

Llabxllties “and Stockholders Equity o

Current liabilities: &~

.~ Accounts. payable

B Accrued expenses and other liabilitxes

. Advance and interest. payable to parent -

© {notes 10 and 12) .

“ Payable to co-venturer -
.Current obligations’ under capital leases .

26,869

416,618

197

i (note 13) P
f'Dererred income taxes ‘(riote |l) -~ "., <. Th ..23335,000 ¢ -
"' 'Total current liabilities ST e T 1,296,669 - 14,080
Long-term notes and Lnterest payable to co-venturer A R
(note 7) R T P & L LT B
. Note payable to bank (note 7) 2.898}152”',~ 908,500
’ Obllgatxons under capital leases (note 13) 103,080 129 9“9
Deferred income (note 2) ) 35 016
Stockholders' equity (nohes 8,9, 10 and 12)
Common stock of- 1¢° par value per share.
* Authorized 10 000 000 shares, issued 6 Slﬂ 6\“ , o -
‘shares = - C - 65,146
Additional paid-in capital : ;13,041,935
Notes receivable from offxcers and directors o ’ N R Tl
{note 2). B z "~ (uB1;750) .. (461,750)
Retained earnlngs (deflcit) accumulated durlng A R
the development stage - "~ 3,573,772.-. (5 783,676)
Total stockholders?' equlty ) . ) 16 219 103 861 555
Conm\tments and contlngencxea (notes 7 9, 13, W, 16, - 7
17 and 18)- - - v A ]
.~ $.26,585,266 9,252,654 .

89,222 -1
;31,809 Lo

23,049,
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ejg%ﬁgf,geéf, 4

"ﬁdExtraordlnary 1tem —:1:-~

-7 income “taxes .

. Net ‘earnings- (loss)
: Deflclt at beglnnlng

; g "

GEOTHERMAL KINETICS INC AND SUBSIDIARIES
fﬂ(Companles 1n the Development Stage)

Year ended: .
- December 31,

Consolldate sStatements of Earnlngs and Retalned Earnlngs

e

‘ Inceptlon,E

(Jdne 29, 1971) to . .
'December 31 .

1980

1980 T 1 1918

reduction of. - -

* arising from . - -
~carryforward of , 
~ prior years' net.-
‘-operating lossés‘;
(note 11) . ,%$

Oy 395 000 fﬁ~»f-,*‘
79,357,448 . 12,297,028)

(5 783 676)

(8753725)
of period

Adgustment - retalned ‘
earnlngs of . pooled A

(3,“92,252)w

‘Retained’. earnlngs N :

(deficit)- at end

A of perlod $ ‘3 573 772

(5,753;6765ﬂ77

ﬂ'Seedéceoﬁbahying-notesito eonsdiidated“finaneial statements. -

(2,616,527 -

(3,u922252)¢tj;

1,395,000

- 73,541,309

32,463

.3,573,772




2.6. Measure of Success e o

Pha.se I, Resource Conflrmatlon, w1ll be ;udged a. success, 1f through a. o

o com‘blnatlon of reservoxr temperature and well ﬂow rate, _the well Powers Ranch No l '
is capable of producmg the equwalent of at least 3 MW | o

| However, Reservou Capac1ty Conflrmatxon stxll remalns to be accomphshed

.' -‘.,;before GKI can prudently embark upon Phase II Plant Constructlon and Operatlon At
least one or two addmonal wells should be drllled and tested dependmg on the size of |
.t the power plant that w1ll be constructed.

The multlple wells completed w1ll provxde the mformatlon necessary‘ to make

“an adequate reserv01r assessment to determlne that the reservorr capac1ty wxll support

'the pro;ect over lts llfetlme | o

GKI has' made 1nqumes in the capltal market and it belteves that prolect_

fmancmg can be secured to complete reserv01r assessment and Part II, prov1dmg Part I is -

o successfully demonstrated

| | The All‘ Force can a551st GKI in 1mplement1ng Phase I by contnbutmg the S
: mllllon towards the pro;ect. For sharing in- the risk, GKI proposes to sell to Wllllams AFB =
g any power generated up to 12.3 MW at lZKV at a pnce equal to the “Avmded Costs"

o for the Salt River Pro;ect Agncultural Improvement & Power District.

- | Recent dlscusslons w1th the Rate Department of Salt River Pro;ect mdxcates

| that the "avoxded costs" w1ll be about 10% less than the amount that Wllllams AFB pays‘.

": for lts power, -S.OBl/Kwh.» Adjustmg.for prtce escalatlon over the life of'the project, the

| lncremental' dlfference in selling prlce should prevail to the advantage of Williams AFB.

| There are.'many milestones to accomplish' prior to that time, and there wili be

| a need to update data and costs as the prOJect progresses. . Therefore, deﬁnitive

‘ commxtments can not be made at this tlme, but we belleve there are reasonable basis: on"

which to negotxa-te an agreement of intent and understa_ndmg so that Part | may proceed.




3. PHASE II PLANT CONSTRUCTION AND OPERATION
Upon successful completlon of Part I and Reservorr Conflrmanon, Geothermal

Kmetlcs, Inc. W1ll construct a power plant to prowde W1lhams ‘AFB with 12.3 MW of

" power, dellvered at lZKV

The power plant w1ll be of the flash steam type, single or double flash, rather

' than a bmary ﬂuld cycle power plant. The very low power rates pald by Wllllams AFB

requ1res that the lower capital cost flash steam power wn:h its years of proven
rehablllty, be selected_over the brnary- c_ycle plant, in order to generate competitive
power rates. | | |
The choice of a single ‘_fla.sh' or double flash Ast_eam power cycle will be
determined by pla‘ntv size; which in turn will depend on marketing strategy. The double
flash steam plant w1ll enjoy a hxgher resource utlllzatlon efficiency and lower umt
costs. Therefore, double ﬂash cycle is the preferred cycle- however, the plant size would
have to be at least 25MWe. ,Cap;tal requirements would be greater, so the final decision
as to type of plant will be deferreo until the resource is conﬁrmed and marketing studies
are flna‘.livzed.A y | | | |

3L Project Management -

3.1.1 Field ProduCtion"Dril-ling
The Phase I Projlect ‘Management team will continue to direct the field

development activities in Phase II. Additional production'wells will be drilled and testea

until sufficientlsteam_production' is secured to supply the power plant requirements.

' The wells will be drilled on 20 acre centers. The production from each weil
will be piped to a central flash steam station where the steam will be separated from the
brine. The steam will be piped to the power plant; while the brine will be piped to the

reinjection wells for disposal.




A

ST

_ services as liaison between the contractor. and GKIL. .-

e The steam gatherxng system will be equxpped w1th automatxc controls and a

) ‘steam ventmg statlon to protect the system in the event there is an emergency shutdown

- of the power plant and a sudden over pressure of the steam system.

312 .Power Plant Corstrucnon and Operatlon

Geothermal Kmetlcs, Inc. plans to retain the servrces of Rogers Engineering

;'Co., Inc. of San Francxsco to provxde englneerlng, procurement and construction

management serv1ces required for construction of the power plant Rogers Engmeerlng
Co. has prov1ded sxmllar services on about a third of the world's installed and operating

geothermal power plant capacity. ‘l'hxs is a record of accomphshment shared by no other

englneermg firm in the Umted States.. Rogers will prepare a construction bid package, so
the plantvconstructlo_n may be obtained on a competmve bid basis. Once the contractor

is ,selected and "construction-.begins, Rogers will :provide construction management

- GKI will add engineering personnel to its proiect management. Thls.staff of
engineers will monitor the design, engineering and construction phases of the power plant
project. .b ‘l'hey will prepare the operating and malntenanCe manuals and become the plant
operatmg staff when the plant is completed and ready for start-up.

32 Pro;ect Schedule
The RFP stlpulates that Phase [ shall be completed in 12 months and Phase I
in 48 months. Geothermal power plants can be completed in 30 months,‘mcludlng two
mo'nths for plant startéup.
| ‘-Phase I, resource confirmation, can be easily accomplished in 12 months

because GKI will be deepening Powers Ranch No. | well rather than drilling a new well

for production and reinjection.

The longest time requirement is the ordermg and dellvermg of the well flow

test separator. Current quotatlons state about 20 weeks for delivery. Allowing 9 months

3-2




for compleuon of Phase I and 30 months for complenon of Phase I1 allows 21 months for

dnllmg addmonal wells for reservmr assessment. The 21 ‘months should provxde o

suﬁ1c1ent nme to arrange fmancmg and perform the reservoir assessment : _ .;

The 60 months allowed ior the overall project, therefore, appears adequate.

3-3
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"INTRODUCTIONFTiL:
"{Objectives

'The5goa1 of this~pfopdsal work is to provide cost-competitive elec-
~.trical energy to Williams Air Force Base through the utilization of

nearby -geothermal resources. The proposed geothermal power plant

will provide all electrical needs for the base at a reasonable cost,
“and-with high reliability, since the geothermal energy is 1nd1genous

and essentlally nonlnterruptable

To meet'this goal, the proposed ‘work is based on  the following-

obJectiVeSu Rogers Engineering will design, manage: the installation
of,. and complete the startup of a geothermal power plant with an

'approx1mate -installed gross capacity of 25 MWe. -This represents
Phase II of . the project described in the. U. S. Air Force RFP

No. F41689-81-R~0061. It is understood that Phase II will proceed

- only with the successful completion of Phase I, which is designed to
‘provide-a realistic assessment of the geothermal resource potential.
‘As a result, funding is not requested for Phase II at this time.

Z.;Information'prov1ded,hereln. is intended to briefly establish the
‘j(methddology to be ‘used if Phase II. proceeds, and to ‘present’ the
& experlence and quallflcatlons of Rogers Englneerlng

St y Approach

"'Rogers Engineering Co., Inc. is organized on the Project Management

concept. All projects are assigned to 'a Project Manager whose
responsibility it is to see that a project is completed on schedule

‘and within budget, utilizing the best possible talent. This project
management ‘approach involves task definitions and budget and time

" allocations for each task to insure that the objectives of that
"project are. attained. Periodic reviews are carried out to insure
- that each task is proceeding with other tasks. These reviews are

also designed - to assure real time respons1veness to the specific
needs of the Client. -

' The use of thls progect management system has contributed to the

successful completion of a. number of geothermal power plants by

- Rogers Engineering, including units at the Geysers in California,

Hawaii, Krafla in Iceland, and Brawley in the Imperial Valley of
California. By the end of 1980, Rogers Engineering had been asso-
ciated with the installation .of over one-third of the capacity of

"the world's geothermal power plants. . All of this experience can be

brought to bear to assure the successful completlon of a power plant
at Williams. AFB.




.1.

1.

~ Power Plant ﬁesign and Installation.

Aésuming'successful'completion,of-Phase I, this work would entail
the following activities in a nearly sequential fashion: conceptual

design of the power plant and fluid gathering and injection system
based upon reservoir characteristics identified in Phase I, detailed
design, specification and procurement of all equipment and mater-

"ials, management .of the construction of the power plant and fluid

gathering and injection system, plant startup and testing, and
operator training. Interconnection of electrical 11nes into the
base's system is within the scope of this effort. :

Plant"Descripﬁion

- This ﬁowér plant will be designed to provide for the entire elec-

trical load of the base, including refrigeration. Excess capacity
will be sold to other customers. As stated earlier, this plant
would have a gross capacity of 25 MWe and an approx1mate net capac-
ity of 22 MWe. :

There exist three basic types of geothermal power plants: direct
steam, flashed steam, and binary fluid cycle. " Direct steam plants
utilize dry steam produced directly from geothermal wells, and
prodiuce electricity with a generator coupled to a low pressure
expansion- turbine. Direct steam represents a high quality and
scarce resource. The Geysers area in northern California is the
only known geothermal resource in the U. S. that currently produces
dry steam. The flashed steam plant is similar to the direct steam

design, except that it utilizes steam flashed and separated from hot -
water (or a water-steam mixture). This type of plant is often more

costly than the direct steam type, since it usually dictates higher
well flow rates and lower turbine inlet pressures. The ‘third type
of plant is the binary fluid cycle. 1In this plant, thermal energy
from the geothermal fluid {(liquid and/or vapor) is transferred to a
secondary working fluid in a series of heat exchangers. This sec-
ondary fluid. is vaporized and subsequently expanded through a tur-
bine coupled to a generator. Secondary fluid from the turbine is
condensed and returned to the heat exchangers. The binary plant is
normally only considered for lower temperature resources and for
those. geothermal fluids that are too corrosive to come into contact
with power generation equlpment :

Although the geothermal resource potential beneath William AFB
remains to be assessed, it is probable that the type of power plant
to be used in this case will be of the flashed steam design. The
reasons for this are as follows: There no indication that a dry




steam reservoir exists,. ruling out a direct steam design. Secondly,
" a power plant can not be economically constructed ‘unless the re-

source temperature is at or above 400°F.. Above this temperature,
flashed steam plants are usually less expens1ve than blnary plant

: des1gns

- For these reasons, the following discussions on power plant design

and installation are based upon a flashed steam type of plant. It
should be noted, however, that this does not represent a preferred
plant type. This decision cannot - be made until the resource is

- evaluated, the needs of the AFB are fully known, and the cash flow

analyses have been completed.

. A schematic of a typical geothermal power plant using the flashed

steam design is shown 'in Figure 2.1. Steam that has already been
separated from the hot geothermal liquids is shown entering in the
upper left hand corner. Primary power plant components and typical
flows, temperatures and pressures are shown. The following features

should be noted

A, The steam is at a higher temperature and -pressure in this

~design than expected at the AFB. Lower steam pressures will
result in higher steam flow rates for the same power output.

B. The steam turbine shown is a single entry turbine, and accepts

steam at one pressure only. Under certain thermodynamic and

' capacity conditions, it may be economic to generate steam at

two different pressures and then inject these steam flows into

-different sections of the turbine. The decision on a single-

or double-flash design cannot be made without additional re-
source data.

C. The steam condenser shown is a direct contact condenser which
mixes exhaust steam with cooling water for condensation. A
second major type of condenser is the shell and tube type which
‘separates the cooling water and condensate flow streams. The
latter type will most likely be utilized in this design to
.allow greater control over gaseous emissions from the cooling
tower.

D. The plant shown in the schematic is designed for 24 MWe gross
generation, - and approximately 20 MWE net capacity. It is
expected that the proposed unit can probably achieve a 22 MWe
net capacity with a gross generation of 25 MWe. The design on
the schematic involved several high pressure injection pumps,
not expected to be needed in this application.
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Flgure 2.2 depicts a typical geothermal fluid gatherlng and 1nJec--
tion system. Water and-steam from production wells is gathered in a
piping network which leads to a steam separator. The steam from the
separator is sent to the power plant and the waste liquids are
pumped into injection wells, as shown. Flow silencers and ponds are

also indicated for disposal of fluids during startup and shutdown.

The power plant and gathering and injection system involve a large

 number of subsystems that must be integrated from conceptual design

all the way through startup and testing. In Phase II of this proj-

‘ect, Rogers will develop these subsystems from concept through to
testing and startup. Major subsystems are listed below.

Power Plant

. Steam turbine with steam valving and controls, lubricating oil
and gland seal system, turning gear and instrumentation.

. Generator with excitation and voltage regulation system, hydro-
gen generator cooler, electric tachometer, temperature detec-
tors, current transformers, surge protection equipment, space
heaters and a seal oil system. :

. Steam cleanup system including moisture separators and steam
strainers.
. Steam condenser and noncondensable gas ejectors with intercon-

denser, aftercondenser and vent silencer.

. Cooling tower including fans and fan drives and water distribu-
* tion equipment.

. Main and auxiliary cooling water pumps.

.. Instrument air compressor.

. H,S abatement systems

+  Fire control systems

. Piant instrumentation
.+ Power plant building including cdntrol room and operating

©  areas.
. Electrical éubstation and intérconnections to AFB station.
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Gathering and Injection System

_— Piping and valving for gathering of production fluids. ' K

. Vent silencing equipment and fluid disposal ponds for each-

production well.

. AFlééhéd steam separation'vessei(s)-aﬁd-control systems.

. Main‘startup and'bypass ponds.

e Steam pre-treatment system (if required)

. Fluid treatment system prior to iﬁejction for silica control.
B Injection pumping system |

. Pipiﬁg and valving to injectionvwells.A

-"-binstrumentation » |

Schedule

The overall Phase II schedule is based upon a 36 month design,
procurement and construction schedule. The 36 month schedule is an
appropriate length of time permitting several manufacturers capable
of supplying new turbine-generators of geothermal desigh to quote.
This schedule represents a shorter time span than stated in the RFP

(48 month). A brief milestone log is included’at the end of this'>

section, along with the Schedule in Figure 2.3.

Design:

The schedule allows 4 1/2 months to finalize the process flow dia-
grams which are the basis for preparation of specifications for
purchase of major power plant equipment. The total design period.
required will be 18 months. Preparation and finalizing of process
and instrumentation diagrams and the electrical single line diagram
will continue throughout the design period.

Procurement:
Twenty~three months have been allowed for bid, bid evaluation, award

and delivery of Owner supplied power plant equipment and material.
This length of time is dictated by the delivery schedule for the




'turbine-genéfatdr. - Three months have been.éiiowedlfor Bid‘énd award

of the turbine-generator contract. Twenty months have been allowed-
for delivery of the unit. All other major power plant equipment
including the condensers, cooling tower, gathering and injection

system piping and material, and electrical switchgear and power
- transformers can be bid, awarded and delivered in this length of

‘time.

‘Construction:

Construction will begin with site preparation, 10 months after start
of work, and continue through commercial operation at the end of 36
months. - B ‘ ' '

Sixteen months have been allowed for site preparation, major founda-
tion construction and building construction. Installation of the
cooling tower and condenser will start near the end of the building

' construction period and continue for three months. During the
following six months the construction activities will involve the
installation of the turbine-generator and power plant auxiliary

systEms.'

_Elght months has been. allowed for installation and testlng of. the
Tgatherlng and 1n3ect10n system.

Start—up and Testing:

Three months has been allowed for start-up and testlng of the power
plant electrical, mechanlcal and process systems.




Month

10
18

19

10

T

19
22
26
28 .
30
31

35"

35

36

36

MILESTONE LOG

DESIGN/PROCUREMENT .

‘Start Project

:Complete'Preliminary Design

Finalize Process Flow Diagrams

Completion of Major Equipment Specifications

Complete P&ID and Electrical Single Line

Complete Construction Draw1ngs’
(Power Plant and Gathering and InJectlon Systems)

}CONSTRUCTION

"Start Slte Preparatlon'

Complete Site Preparatlon

‘Complete Major Foundations

Start Installation of Gathering and Injection System
Complete Building Enclosure

Cémplete installation of Condenser and Cooling Tower
Complete Ih;tallation of Gathering and Injé;tiod System
Turbine-Generator Delivered to_Site

Compléte Installation of Turbine-Generatof

Start-up System Checkout and Test

Complete Installation of Power Plant Auxiliary Systems and Building

Construction

Commercial Operation
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prproximaté]Costst

- This section is included to provide approximate costs for a typical

geothermal power plant. It is based upon the power plant and gath-.
ering and injection system depicted 'in Figures 2.1 and 2.2, and-
assumes startup of work in January 1983 and commercial operation in

. January 1986. The -cost of drilling and completing production and “
‘injection wells is not included. Interest and inflation rates are

assumed to be 7% per annum. A number of factors may increase or.

decrease these figures and they should be treated as working numbers
only.

‘Gathering and Injection

or

$1,232/kWe~gross

Power Plant System
Construction Cost - (1/83) $16,770,000  $5,200,000
Escalation 2,300,000 710,000
_ S _ $19,070,000 85,910,000
" Interest during Construction 1,350,000 § 415,000 .
R 520,420,000 $6,325,000 -
' Professional Services (1/83) 2!400?000 § 415,000
$22,820,000 " $6,740,000
Total Cost (w/o wells) = $29,560,000
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‘Rogers Qualifications and. Experience

"Generai

"Thielpfopgsal offers a capable and expefieﬁced team of.geothermal

engineers to assist Geothermal Kinetics and the Williams Air Force
Base in developing a promising geothermal resource and installing a

" reliable and cost competitive source of electric power. ' Rogers
. Engineering feels that good power. plant design which. results in ’
reliable power generation doesn't just happen; it is. the cumulative .

result of firsthand knowledge of the geothermal resource,. sound

- engineéering practice, and experience developed from other similar .
. prOJects L . - . v _

Rogers. Englneerlng has been in the geothermal bu31ness since 1961

They . designed  the ‘following operating geothermal power plants:

- Krafla in Iceland, Southern California Edison plant at Brawley, the
- HGP-A Wellhead generator on Hawaii, the first two 110 MW power

plants in the Philippines (prellmlnary design), The Geysers Units 5

- and 6. (partlal design) and 7 and 8. They have conducted resource

. _exploration, reservoir development and power plant design studies at
- Tiwi ‘and Los-Banos in the Republlc of the Philippines,. Costa Rica,

. . E1 Salvador,’ Iran, Turkey and at numerous U. S. locations such as .
- Roosevelt Hot Springs, the Salton Sea, and Marysville, Montana. In -

fact, by the end: of 1980, Rogers had been associated with the. in-
stallation of over one-third of the capacity of the world's geother-
mal power "plants. Activities of Rogers Engineering in the above
projects have included not only engineering design but also equip-
ment procurement, construction management, operator training, start
up, and. superv151on .

Rogers has also had considerable experience in working on or near
military bases. Their familiarity with military . standards and
protocol will . aid in ach1ev1ng an eff1c1ent1y managed project.

Examples: of geothermal power plant projects- and projects on mllltary
bases are listed in the next subsection to provide an overview of
Rogers' experience and qualifications. This section is followed by
a number of resumés of key personnel. ' S '




Rogers

A'f2§2.2.' ‘Descriptions of Compiéted Projects

Geothermal Experience

s

Iceland - Krafla

Brawley

Hawaii .
Philippines ~ Tiwi and Los. Banos

"The Geysers - Units 5 and 6
‘The Geysers - Units 7 and 8

Costa Rica - Miravalles
Iran. R
Turkey - Kizildere
Roosevelt Hot Springs
Magmamax Power Plant

Projects on Military Bases

_Maré Island Naval Shipyérd

U. S. Naval Base, Subic Bay, Philippines
Naval Air Station, Alameda, California
‘Clark Air Force Base. Philippines
Aﬁderson Air Force Base, Guam-

- 10 -




-.Rogers

PROJECT

Description

Construction
" Cost

Krafla Geothermal Project

"~ Krafla Executive Committee

Appointed by the Iceland Government
Mipistry of Industries
Akureyri, Iceland

.The Krafla Geothermal Electric Power Plant Projéct'is the first
‘commercial - electric power plant in Iceland using geothermal

fluids for the steam supply. A joint venture was formed between
Rogers Engineering Co., Inc. and an Icelandic consulting engi-
neering firm to provide the design, equipment and contractor
procurement, construction management, and ~start-up services..

The process characteristics of the power ﬁlant are:
Two 30 MW turbine generator units

Double flash of geothermal fluid
Two inlet steam pressures to turbine

. Rogers' background of having already.designéd operating geother-
~mal plants in the United States was helpful to the successful

completion of- the Krafla power plant. Rogers responsitilities
for this project included development of the major power plant
equipment specifications, bid evaluations and recommendatioas,

.process design, mechanical equipment layout and piping, imstru-

mentation, electrical substation, station service and control
supplies, assistance during construction for design interpreta-
tion, on site start-up engineers, and preparation of operations
manuals. ‘

The project was built on a very short schedule in spite of two
national strikes, a volcanic eruption, and Icelandic winters.
The project started in November 1974, and ccmmercial power from
the first unit came on liane in February 1378.

The National Energy Authority (NEA) of Iceland undertook the
drilling, steam procurement, and design and .construction of the
gathering system to the power plant building. The State Elec-
tric Power Works (RARIK) planned for, designed and built the
power transmission lines to the substation. -

$30,000,000




Rogers

© PROJECT: -

Descriptibﬂ;

»BRAWLEY 10 MW GEOTHEP%AL POWER PLANT

Imperial Valley, California

>-Southern California Edison Company. -

Rosemead, Califormnia

This geothermal power'plant is é'prototype 10 MW geothermal

power plant designed to generate electric power om 'a com-

mercial basis from the highly saline geothermal reservoir
in the Imperial Valley in southern California. The steam.

supply to the plant is produced by Union 0il Company of
California by  flashing the hydrothermal resource "in a

- proprietary process to provide steam of a quality accept-
able for use in a conventional geothermal steam turbine.

The electric power generated by the plant is marketed by
the plant owner, Southern California Edison Company.

~ The power plant is a single nominal 10 MW turbine generator
~condensing unit having a single steam inlet and top exhaust

to a grade level surface type condenser. Noncondensable
gases contained in the steam are extracted from the main

condenser by a- first stage steam’ eJector condenser system
‘followed by a second stage vacuum pump, system discharging

to atmosphere -through vent silencers.. All condensate
generated by the plant is returned to the steam supplier.
Cooling water make-up for main steam condenser and other
auxiliary cooling requirements is supplied by the Imperial
Irrigation District from selected locations in its irrigat-
ing canal system. Steam quality monitoring stations and
revenue metering stations are provided to ensure steam
supply contract compliance. Electric power generated by
the plant is connected into the Imperial Irrigation Dis-
tricts transmission system at the plant switchyard.

Services provided by Rogers Engineering for this plant
included: = critical path scheduling of all design and

‘procurement activities; preparation of preliminary and

final design, construction drawings and specifications for
the complete power plant; and development of process plant

“layout and site preparation; buildings and structures for

turbine-generator, control room, offices, laboratory and
maintenance shop, tool room and spare parts storage; cool-
ing tower; cooling water make up pipe lines and all on-site
steam, condensate, cooling water, fire protection, drainage
and utility piping; and electric switchyard. In addition,
Rogers prepared the specifications for purchase of major
equipment and all other Owner-furnished materials and
equipment, and performed the complete procurement services
including purchase order preparation, associated expedit-
ing, cost control scheduling and disbursement of funds to
all contractors and suppliers. '




T,

~ Construction Cost:.

 BRAWLEY 10 MW GEOTHERMAL POWER PLANT (Cont'd)

Rogefs also initiated an operator training program and

performed the start-up of the unit for turnover to the

Client for commerC1al operation.

Th1s prOJect was de51gned constructed and put‘in operation
in a period of 23 months from date of authorization to

proceed and is the first commercial electric power genera-
tion obtained from the extensive geothermal reservoir in
the Imperial Valley. :

‘$8,000,000 (rounded)




PROJECT: . -

Description

HGP-A Wellhead Generator Proof of Feasibility

The Research Corporation of the University of Hawaii

The HGP-A Wellhead Generator Proof_qf.Feasibility.Projéct

- 'was established to demomstrate that a;geothetmal hydrother-
- mal resource in Hawaii can be utilized to generate reliable
‘electric power. The project utilizes an existing geother-
-mal well in the Puna District on the Island of Hawaii.

"'The well has a nominal flow sufficient to supply a 3 MW

~_ plant which is the basis for the plant design. The plant

Construction Cost:

includes a unique H,S abatement system for control cf the
Hy,S emissions content in the noncondensable gases. The

- turbine-generator unit features a single pressure, single

flow condensing turbine. Construction has now been com- -
pleted and start up tests are now underway. '

Rogers' responsibilities for this project include prelimi-
nary design; preparation of major power plant equipment
specifications, bid evaluations and recommended manufac-
turer; - process design; mechanical equipment layout and
piping; 'alIl electrical systems design for . substation,
station service and control supplies; preparation of con-
struction contract documents, bid solicitation and recom-
mendations for contract award; construction surveillance
services; on site start-up engineering services, prepara-
tion of operations manuals; and a training program for
operating personnel. The consulting engineering services
for the site development and civil/structural design were
provided by a local Hawaiian firm under subcontract to
Rogers.

' $7,500,000

t




‘VProject

Description

Construction’

Cost

Pre71m1nary De31gn of Phlllpplnes Geothermal Power Plants’
Tiwi and Los Banos, Philippines

National Power Corporation

Manila, Republic of -Philippines

Rogers Enginerring completed the preliminary design, construc-
tion cost estimate, and. economic analysis for two 100 MWe

electric power plants in the Philippines, one at Tiwi and the

other at Los Banos. Each 100 MWe plant consisted of two 50 MWe
units, powered by geothermal steam obtained from hot water
wells. A double-flash system design was used with dual entry

_ turbines. Final design and construction were completed by

Mitsubishi Heavy Industries.

U. S. $66,000,000




PROJECT

Description

Construction Coét

The Geysers’ Geothermal Project - Units 5 and -6
The Geysers, Sonoma. County, California

Pacific Gas and Electric Company

San Francisco, California

" Rogers Engiheering Co., Inc. was retained to provide the.
architectural, civil, structural, design and construction

drawings for the geothermal power plant known as ''Units

- 5'and 6." In addition, we provided for this project the

mechanical and electrlca] design drawings relatlng to the
power plant bunldnnq facilities.

The work performed by Rogers Engineering was basically a
support service to ‘the Engineering Department of Pacific
Gas and Electric Company, and was originated in view of

the large design load of the power company and the short
time requirements for producing the construction and bid
documents for this project.

_ The project involved development of complete construction

drawings, survey data reduction, project control, design
of structural elements, as well as architectural require-
ments for the building. The site grading for this project
was of major importance due to the location of this plant
on what had been a mountainous ridge which had to be
graded level so that there was sufficient room, not only
for the power plant and its cooling tower basin, but also
an access road.

This plant, at the time of its design, was the largest

geothermal plant to be designed and built, in the world,
and was the predecessor for Units 7 and 8, and 9 and 10,
which have been subsequently designed and built.

$12,000,000




Rogers.

PROJECT

Description

‘The:Geysers‘Geothermal Project - Units-7 and 8 = -
The Geysers, Sonoma County, California-

- Pacific Gas and Electric Company
- San Francxsco, California

‘Units 7 and 8 generate a gross~electri¢ power of 110

megawatts. This plant is one of the largest geothermal
generating plants in the world.

- Rogers Engineering Company, [nc. was retained to provide
. the complete design for the construction and installation

of the two 55 MW units (Units 7 and 8). Some of the spe-
cific elements performed by Rogers Engineering included:
site.studies and final siting of the powerhouse, cooling
tower, step-up transformer substation and other site re-
lated equipment based on economic. earthwork analysis, op-
timum access approach analyses and topography data obtained
from the site; preparation of design and construction draw-
ings and specifications for: all foundations, structures,
powerhouse building, cooling tower basin and equipment
foundations and supports; piping systems for steam, cooling
water, lubrication, fire protection, etc., including ther-
mal and seismic piping stress analysis and location and
design of required system anchors and restraints; complete

interior and exterior electrical power distribution, super-’
- visory control and lighting systems, building mechanical
systems; and general plant instrumentation and control

systems including interfacing with vendor supplied control

'packages.

After construction contracts were awarded, Rogers provided

" consulting services in interpretation of plans and prepara-

tion of field sketches required to accommodate to field
conditions, reviewed and evaluated Contractor~ and Owner-.
generated construction change orders to provide the client
with construction cost control. A

Construction Cost $12,000,000




PROJECT

Description

o eravalles Geothermal Project

Guanacaste Province, Costa Rica, Central. Amerlca
Instituto Costarricense de Electricidad - (ILE)
San Jose, Costa Rica

‘_ The Miravalles Project consisted of the first three phases of

geothermal development directed at installing the first geothermal
electric power plant in Costa Rica. The project included an evalu-
ation of all scientific data on geothermal rescurces collected by
ICE in the Pailas-Hornillas Zone of the Cordillera Veolcanica de

. Guanacaste, which is in the Northwestern part of Lfosta Rica, not

far from the border of Nicaragua. This zone has active surface
manifestaticns which indicate a prime geothermal resource. Follow-
ing the data evaluation, geologic and geophysical surveys were
conducted by . ICE with Rogers' assistance, with the ovbjective of
locating the sites for exploratory wells to be drilled in the next
phase of work. The second phase of the project was the drilling
and testing of three production sized exploratory wells, and the
reservoir assessment. The third phase was a feasibility study for
the installation of a geothermal electric power plant.

As managers of this project, Rogers engaged specialists to assist
in implementing the first-phase exploration effort in geoclogy,
geophysics, geohydrology and geochemistry. All work was accom-
plished by combining the efforts of Rogers, the geotechnical con-
sultants and ICE's own scientists. A prefeasibility report that
designated the optimum test well sites concluded this phase.

During the second or test well drilling phase, Rogers provided
detailed consultation on design of drill sites, drilling speci-
fications, solicitation and award of drilling contract, purchase of
materials, and during actual drilling, furnished a resident driil-
ing supervisor. Three successful hydrothermal wells were drilled
out of three sites tested. Rogers designed and purchased a custom
steam separator well test system, then provided a resident well
test engineer to supervise testing of the wells. A reservoir
assessment of available steam reserves concluded the second phase.

The feasibility study (third phase) included: (1) analysis of the
chemical and thermodynamic characteristics of the geothermal re-
source; (2) preliminary design and cost estimate of the power
generation equipment, power plant building geothermal well field,
steam gathering system, waste fluid reinjection system and power
distribution system; (3) projection of Costa Rica's power demand
growth; and (4) economic analysis of the optimum rate of integra-
tion of geothermal power development W1th future -hydro power devel-
opment-potential- -—-




Project

Description -

Construction
Cost

Iranlan Geothermal Study

Northwestern Iran - Sabalan, Sahand Damavand Khoy, Maku
Ministry of Energy

Imperial Government of Iran

Rogers Engineering and GeothermEx Company conducted a resource

- exploration program including geological, geohydrological and
" geochemical studies. The project was intended to proceed

through drilling and testing exploratory wells, reservoir

assessment, feasibility studies, and design and construction of

a power plant. Project operations were suspended as of May,
1979 due to internal problems in the country.

Not Available




© Rogers .

PROJECT

Description

Falt o e - B
A .

'-KIZ|ldere Geothermal Power .Plant FeaS|b|llty
) Menderes River Valley, Western Anatolia,. Turkey

United Nations Development Prog ramme (Specnal Fund) -

" The Uni ted Natlons Deve lopment Programme (Special Fund)

has agreed to assist the Turkish government, in a survey
of the geothermal energy potential in West Anatolia.
Jointly with the staff of Maden Tetkik ve Arama Enstitlsu
they have developed the Kizildere Field .in the Menderes

~River valley, which has proved to be a significant geo-
- thermal -area. Currently, the wells installed and tested

are capable of flash flowing sufficient hot water to
generate about 30 MW of electric power

_ Rééers“ project scope included a feasibility study on

generation of electricity, technical field assistance

~with well testing programs, and evaluation.of test results.

Analysis and evaluation of well tests and geothermal hot
water chemical composition brought about normal geothermal
technical considerations which were developed: calcite

- deposition, well plugglng, hot water flashing and hot water

dlsposal

_Two-geothermal,alternaﬁives wére studied: a flashed steam

system and a closed geothermal cycle (binary cycle genera-
tion). Consideration was given to the environment and the
geothermal characteristics in the recommendation of a bi-

" nary cycle for this project.

Rogers prepared complete plot plans, process .flow diagrams,
electrical single line diagrams, and architectural render-

~ ing of the completed plan. Preparation of capital costs,

operating and maintenance cost was made to evaluate alter-
natives. An economic analysis was provided which from ca-
pitél and operating costs showed its benefit/cost ratios
in relation to generation costs from conventional power
generating facilities.

The feasibility study report depicted the technical facets
of the consideration as well as a summary and recommendation.

Construction Cost - Subject -to approval of _client




.Projecﬁf:?f .50 MWe Geothermal Power Plant.

.-Roosevelt Hot Spr1ngs
" Milford, Utah
Utah Power and nght Companv

Description.f,‘Rogers Englneering couducted power plant optimization studies
' based upon known resource characteristics to develop a prelimi- -
- nary design  of the power plant. Cost comparisoas were made

w1th other types of electrlc generatlon plants o :

.

Constructlon o ; .
Cost " . Not Available




PROJECT - -

Description -

‘Estimated . .
. Construction Cos

: fMagmamax Power Plant Feas:bxlnty Study

Magma Energy, Inc.

: Los Angeles, Callforn{a:'

“_Thns pro;act lnvolved a conprehensnve englneerlng study

and the development of a preliminary design complete with

_a construction cost estimate and-economic analysis for a
nominal 10 MW prototype electric generating plant utiliz=

ing ‘a geothermal energy source through a binary heat
exchange cycle.. . The initial de5|gn concept was performed
by . J. Hilbert Anderson for Magma Energy Inc. and essentially

- considers a dual heat cycle employing isobutane as the
- working fluid utilizing heat from. pumped hot geothermal well
‘ water tbrough a heat exchange sys;em.. -

A

“Services provtded included maternals selection based on
. field test data, heat balance calculations, complete
preliminary plant design, development of -equipment purchase
[‘specnflcatuons, and economic evaluatlon for feasubu]n;y '
analys:s : .

t -;$3,000,ooo'"
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- Description

Construction

. Cost

'Electr:cal sttrlbutaon System- lmprovements‘--Frnal Des:gn .
- UL S. Navy S :
n*Mare Islawd Naval Shtryard S

e Va]leJc, Call.crnaa . ER

V-The exnst|ng 12 kv d:strlbutlon system lacked capacity
. 'to-meet a planned expansion prografi.- Also, the system
_'.needed improvements in rellaballty to meet the Shipyard's
fneeds ‘and requi rements.

gBased on engnneerung and economic studies a new system
with .improved reliability was designed for a five year
period for an increase in load from 25 MW's to 39 mva.

‘System modifications consisted. of: (1) Three new sub- -

statnons, (2) modifications to sixteen existing substa-
tions, (3) three new 12 kV primary network loops, (&)

_twenty- elght new 12.kV power circuit breakers, (5) new
. pilot wire and directional relays, (6) new supervisory

- control and indication system from one master station
. -with sixteen remotes. The supervisory system included

99 control points, 79 telemetering points, and 217

“scanned points, (7) prototype design of pier 8000

ampere terminal hoods which are the point of connection

" of the 480 volt power from shore to ship.. These

terminal hoods also contain control facilities for

- local control and on-board control of breakers which
are located in transportable unit substations.

Services,prOVided included design preparation of construc-

tion drawings and specifications, protection and coordi-

' nation studies with recommended relay.settings.

© $1,960,000




4 v rRosECT

'Electrlc Dlstrlbutlon sttem Improvements<f e

Naval Fac111L1es Engineering . Command

. .United States Naval Base

~ Description.

" Approximate
- - Construction
,Cost

“substation,

. protectlon
" distribution system to improve rellabllltv and prov1de capac1ty

"'struction.

_Sub;c,Bayt Philippines

:VInstallétidn of 69 kV system tie between Subic Bay Naval Base

system -and the ‘National Power Corporation including a 40 mva
and .tie-line load control for use with an existing '
26 MW diesel:plant, supervisory control.and ‘associated system’
The 'work also included:improvements of the 13.8 kV

for the planned 40 megamatt system.

Englneerlng
drawings,

services 1ncluded the preparation of constructlon
specifications, cost estimates and aid. during con-

. $1,500,000




U PROJECT

C{7 . Description ..

. fConstruetjod:Cost

- PROJECT

Description

.\'

o Electrlc Dlstrlbutlon System |mprovement _T’7
. Naval Air Station SRR o
'“Alameda, Caleornla

‘Replace six utility feeders with one new. incoming main sub-
_station service. Superimpose two 12 kv-network distribu- -
. tion system son an existing 4 kv system and relocate
¢ .existing 12 - 4 kv transformation to-the load centers of

- the 4 kv system. Convert the largest. bul]dlng (over. 900,000°

sq. ft.) froma 4 kv to 12 kv prnmary distribution system

and install 12 kv system on Pier’ 3. Construct supervisory
o system and telemeterlng ‘ .

Vf‘The prOJect Ancluded 63 cubnc]es of 12 kv swntchgear 11
Cunit substatlons and 117, 000 llnear feet of 15 kv cable.

FSerVIces provuded lncluded desngn and the preparation of

constructlon drawungs and specnfucat|ons for the prOJect

Sh 284 630

v:ef,Power System Study , : :
. Naval Air Rework Facility Buu]dlng Low Voltage Systems-

Naval Air Station.

Alameda, California

‘Fieﬁd investigation of the low voltage eleetrTc-systems in

a large afrcraft rework building (over 900,000 sq. ft.) in-
cluding survey of existing equipment and power loads to

~ determine the adequacy of the existing system to meet

future planned expansion and the new interrupting duties
imposed by the new 12 kv primary dnstrnbutuon being planned

for the bulldlng

Engineering services included the field investigation,

"’system and load analyses, preparation of drawings defining

‘the existing low voltage systems, and preparation of a

report summarizing system modnflcatlon recommendatlons and
cost esttmates : :




S i i e

o ngers'-e

eiPROJECT~ i'*5i4.fi~QPerr'Systeﬁ”Expansion'w*

_‘1 U. S. Air Force ‘
- Clark Air Base, Phlllpplnes

Description = - . Comprehen51ve power system study and detalled de51gn plan-
: "~ . - ning for 100% system expansion (from 20 to 40 MW) including

. commercial power tie. .and control provisions and final

" engineering, design, and installation .supervision of a

‘generating plant with eight. 1,000 kV diesel electric units.

o ConsﬁfUctibﬁ Cost Lo A o
- Approximately = . $5;OO0,0QQ o

'~,Gas Turb1ne-Dr1ven Electrlc Power Generator

U. S. Air Force - Clark Air Base
Pampanga Phlllpplnes

The prdjeét ihVolVed*engineering’and design' for the installation of one 10,000 kW
diesel-fueled gas turbine-driven electric generating unit, which utilized an
-aircraft type Pratt & Whitney gas turbine engine. This generating unit was
installed as an addition to the existing diesel englne driven ‘electric power
plant at the base and is’ complete with 1nterconnect10ns w1th the. Air Base

.sysfem and the utility.

Rogers Englneerlng Co., Inc. prepared equipment purchase specifications and all
necessary constructlon draw1ngs and spec1f1cat10ns for . the installation of the
unit.

Construction Cost: $1,200,000




‘Air BaseiHydranthefueiing Projects
T TR .USAF, Anderson AFB; Guam, M. I. .
e © UsN, Naha Air Base, Oklnawa, R..I.

' Complete de51gn of 3- product semi- underground high-pressure terminal, tank: -
. farm, and pumping station survey, evaluation, reloading, and redesign of 15
. .. miles” of 14-1nch and ‘8-inch product lines; review and. revision of pipeline
o x‘control and communlcatlon system, de51gn of electrlc power system, inspection
. of constructlon ’ -

. line,. double: truck’ loading facility, manifolding for 4-product transfer pumping
.],statlon, electrlc power for the fac111t1es and - 1nspect10n of constructlon '

,Design modlflcatlonspfor POL storage,’transfer and_dlspens1ng facilities in-

cluding redesign and relocation of 20 miles of 8-inch product and water’pipe-
- lines, dockside tanker unloading facilities (4- product), deS1gn of a pipeline
“control and communications system and electric power supply Work included
;1nspect10n of constructlon. , : S : ' s

. Design- of 7- product undersea tanker . unloadlng fac111ty, 1nclud1ng connection of
j-1sland-w1de gr1d undersea POL 11nes, tanker moorlngs, undersea sh1p shore
‘.communlcatlons system and 1nspect10n of constructlon_ezw‘ St

;Des1gn of f1ve 2-product unload1ng storage and. truck 1oad1ng fac111t1es in~
. cluding POL' transfer lines from tankage to pier, .pier to ‘unloading points,
v de51gn of tankage,A ruck loading and drum-filling facilities. '

Designvof 7-product, ship-unloading booster station including semi- underground
pump-house, machinery and manifolding; connecting pipeline to shore valve- box,
englne aux111ary p1p1ng, sanltary plumblng and electr1cal facilities.

'De51gn of underground storage tanks, ‘19 miles of 6 inch. product transfer pipe- = ..
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‘Rogers | - . HERBERT ROGERS, JR. .. i
‘ j:‘POSiTIONVh'" B bhairmén.of the Board ‘and Preeidentﬂ-»:u:‘
‘ EXPERIENCE_‘J"Mr.iRngers,‘as'President,kis‘responsible‘formdverall adminis- -

tration of both the overseas and domestic operations for Rogers
Engineering Co., Inc. In this capacity, he ‘actively supervises

. 'the planning of projects, with particular atténtion to contract.

negotlatlons and project financing arrangements w1th f1nanc1al
1nst1tut10ns both ‘local and lnternatlonal ’

Slnce foundlng his firm in 1946 Mr. Rogers'has maintained a
keen interest in the solution of spec1al problems. and new
technology areas where the state-of- -the-art is not yet clearly
defined.or well developed. This has resulted in the growth of

"a nucleus of highly skilled and creative engineers within the

flrm,'whlch has been responsible for the successful- completlon

- of a number of unusual prOJects

'ROGERS entered the geothermal resource field in 1961, when it

was in its 1nfancy and sophisticated methods of- utllizationn

, ,were'beingidevelqpedL Some nineteen. yearsllater, ROGERS has
‘participated in, -and is- contlnulng in, the development and

utilization of geothermal resources. at- locatlons in the United
States, Iceland, Costa Rica, Iran, Turkey,_the Republic of the

» jPhlllpplnes and Hawaii.

By the end of 1980 ROGERS had part1c1pated in the engineering
of over one-third of the capacity of the world's geothermal-~
electric generating plants. ROGERS engineers have developed a
system for controlling the deposition of solids from highly
mineralized geothermal fluids. This research resulted. in U. S.
Patent. No. 3,782,468, '"Geothermal Hot Water Re€cCovery Process
and System". - '

Mr. Rogers participated in the preparation of a portion of the
Hickel Geothermal Report as -Co-Chairman of the - Geothermal
Utilization Panel. He is a former:- member of the Board of
Directors of the Geothermal Resources Council. :

Under the direction of Mr. Rogers,'the_firm has successfully

completed a diversity of projects for major industrial firms on
the West Coast, all branches of the armed forces, U. S. Govern-
ment Agencies, and the governments of the Phlllpplnes, Thailand,
and Guam. :
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HERBERT ROGERS, JR: (Page 2)

'~Power'fsys£em5' projects, under Mr. Rogér's direction, have
.included design and supervision of the installation for geo-
thermal, thermal-electric, diesel-electric and hydroelectric

generating plants, both in the United States and overseas. The
engineering of the associated - electrical transmission and

, 'distribu;ion systems has also been a major part of the firm's
"operations, including the design of several hundred step-down
" substations ranging in voltage from 220 kV to 4.16 kV.

V"Rogers Engineering, under the supervisioniof Mr.. Rogers, has

actively participated in the engineering design for petroleum

‘and chemical processing facilities; and also for bulk handling

systems for asphalt and petroleum, including military and com-
mercial airport hydrant refueling systems. B

‘Polytechnic College of Engineering, Bachelor -of Sciemce in

Electrical Engingering, 1937

A‘Registered Electrical Engineer, California

‘The Engineers Club ofVSan'F:ancisco, Institute of Electrical

and Electronic Engineers, Illuminating Engineering Society, The
World Trade Club,; Geothermal Resources Council :
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- FRED D. DUNN

‘VicerPresident-

‘Mr. Dunn has over thirty-five years of experience in all phases of

engineering design and project management of electric power,
industrial, and process facilities for public utilities, indus-

. trial complexes and government installations, in both domestic and
: 1nternat10nal applications.

"As a firm pr1nc1pal in -charge he has been responsible for the

supervision of. the preparation of feasibility studies, economic
analyses, and conceptual, preliminary, and final design for a

‘multitude of projects in the fields of electric power generation

and distribution, steam generation and distribution systems,

_ petroleum products storage and transfer facilities, and miscel-

laneous chemical process and industrial manufacturing plants.

On electric power generating projects. Mr. Dunn has performed as
firm principal and/or engineer in charge for preparation of design
and construction drawings‘ for (a) four hydroelectric power plants
(120 MW each); (b) a major heavy fuel-fired total energy diesel-
electric plant (50 MW); <(c) several geothermal electric power
generating plants including a single wellhead unit (3 MW) in
Hawaii, a two unit (30 MW each) 60 MW plant in Iceland, a single
unit 10 MW plant in California's Imperial Valley, two 2-unit (55
MW each) 110 MW plants at PGandE's Geysers geothermal power plants
in California; and (d) a number of small diesel-electric statioms
(5 MW +) and standby and emergency power 1nstallat10ns for utili-
ties and government installations. '

In the geothermal field, Mr. Dunn has been directly involved in
" the performance of a geothermal well testing and report program

for a geothermal well in Califormia's Imperial Valley; preparation
of well drilling contracts and procurement of drilling accessories
and tools for a well drilling program in the Philippines; prepara-

‘tion of numerous studies and publications on geothermal conversion

systems and gathering and injection systems analyses and evalua-
tions; and in development of feasibility studies, preliminary
designs and cost estimates for numerous geothermal power generat-
ing plants.

Mr. Dunn's background also includes environmental engineering and
pollution abatement studies and projects for H3S abatement at
geothermal power plants, solid and gaseous waste incineration,
industrial fume control and chemical and industrial waste treat-
ment faC111t1es

University of Nevada, Bachelor of Science, Mechanical Engineering

Professional Mechan1ca1 Englneer, California, Nevada, Arizona and
Montana

Consulting Engineers Association of California
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" RONALD A. WALTER

Senior Mechanical Engineer

Mr. Walter has ten years of experience in the conduct of re-
search, development and engineering studies associated with

" energy resource utilization. In eight of these years, work has
been primarily in the development of geothermal energy resources.
- Activities and responsibilities in geothermal energy have

included:

B prbéfam manager at a Natidnal-laboratory responsible for

geothermal energy research projects in resource explora-
tion, power plant design, production economics, environ-
mental ‘impacts, -geochemical. interactions - and reservoir
engineering. ) : ‘ '

- - project manéger for development of a computer model simu-

lating the .operation of a geothermal power plant. This
model includes thermodynamic, mechanical, chemical and

financial considerations. Direct steam, flashed steam,
. binary fluid cycle and total flow plant designs were
" modeled. )
- conductéd'power plant'optimization studies for a variety

.0f geothermal power plant design and operating conditions.

- . studied envirommental impacts associated with geothermal
. energy development, including gaseous effluents, liquid

and solid waste disposal, subsidence and induced seismicity.

- developed monitoring instrumentation systems for binary
fluid cycle power plants designed to detect adverse chemi-
cal and material performance changes.

Mr. Walter's experience in other energy technology projects

include "'the development of improved methods for -mechanical
transport of solid materials at high pressures during coal
gasification processes, development of a laser doppler veloci-
meter, design of a self-contained instrument for detection of
rock movement in underground mines, and the design and testing
of a high speed non-contact examination system for detecting
flaws in ammunition casings. He worked for two years on the
development of improved dry and wet/dry cooling tower designs
for nuclear and fossil-fuel power plants. In this project,
Mr. Walter conducted comparison studies on advanced extended
surface designs for heat rejection, developed advanced wet/dry
cooling tower designs, designed and managed the installation of
a Water Augmentation Test facility to test advanced wet/dry
designs, and conducted optimization studies on a variety of
wet, wet/dry, and dry heat rejection systems.
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’ '*’RONALD A WALTER (Cont! d) B

M S Degree in Mechanical Englneerlng, Oregon State University,

1976 -

"B.-S. Degree in Mechanlcal Englneerlng, ‘University of Nebraska, °
1971 T ~

Englneer In-Tralnlng Certificate - Mechanical Englneerlng,
State of Nebraska :

. Amerlcan Soc1ety for Mechan1ca1 Englneers
. Geothermal Resources Council

'Internat10nal Society for Geothermal Englneerlng
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- H. I. ROGERS

‘ Senlor Electrlcal Englneer
V1ce President

Mr. Rogers has had extensive experience'invtheielectric utility

~and computer applications fields. He has professional experi:
‘ence in planning, engineering design, economics, systems analy-
- sis, management of projects, and construction management.

Geothermal experience includes: prdject management, construc=-
tion management, specifications, design criteria, capital and
operating cost determinations, cost of electrlc power, progect

‘financing and overall economic analy51s

Electric Utlllty .experience has been galned in consultlng to
and being an employee of investor owned, municipal and govern-
ment owned systems. He has conducted and participated in field
investigations, technical studies, and implemented electric

'system improvements and expansion projects to meet existing and
- future system load requirements. In- planning the system re-

quirements, his experience has included the total utility

" electrical situation from load development through transmission
line design, routing and planning; economic evaluation of.

generation methods resources to coordinate with load character-
istics and demand. Electric utility technical analysis  in-
cludes: load flow, short circuit, and transient stability
studies. Dlstr1butlon work has been in operations, planning
and design.

Economic Study experience includes: power supply contracts,
wheeling agreements, rate structures, engineering economic
alternatives, generation operating cost alternative compari-
sons, utility plant appraisal, project capital costs, cost of
power and international project financing.

Computer Applications experience includes: system analysis and
program .writing in electrical and mechanical engineering,
economics, business accounting, finance, public utility tech-
nical studies and critical path project scheduling.

Legal Research in the utility field relating tc administrative
and statute law of government power projects, regulatory com-
missions (FPC, CPUC, CERDC), and contractual regulations. This
information was utilized in engineering and economic' work.
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~ H._ I. ROGERS. (Cont'd)

Whitman College 1959-62, Walla Walla, Washington _
' Arizona State University, BSE 1964, Tempe, Arizona '
. ‘University. of Santa Cla;a, MSEE 1970, Santa Clara, California
- Stanford University, 1976, Utility Economics, Stanford, California

‘ P:ofeééional;Electrical Engineer; California

Institute of Electrical and Electronic Engineers - Power Society

~ Consulting Engineers Association of California
' Geothermal Resources Council
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"JOHN H. G. STUART

Senior Staff
.Mechanical Engineer

“Mr. Stuart's professional career embraces more than thirty-five

years experience in the operation, maintenance- and design of
geothermal and fossil fuel electric generation plants, marine

*~ propulsion equipment and aerospace test facilities.

He was Lead Start Up Engineer and Project Manager for the start up
.and commissioning of the Brawley 10 MW Geothermal Power Plant
(owned by Southern California Edison Co.) in Imperial County,
California. - He was responsible for the training' of the plant
operating personnel. ' '

Mr. Stuart's experience in geothermal power plant design covers
the evaluation of conversion of Pacific Gas and Electric Co.'s
Unit 1 thru 12 conversion to comply with the California envi-
. ronméntal requirements; the bid evaluation for the Heber, Imperial
County's 50 MW geothermal power plant (Southern California Edison

:Co.) turbine-generator and brine flasher units; design of steam

flasher test. facility in Costa Rica; and Project Manager for the

Salton Sea 10 MW geothermal power plant; Feasibility Report (South- "~

ern. California Edison Co.) in Imperial County, California.

For the Krafla Geothermal Power Plant in Northern Iceland, Mr.
Stuart served as project engineer, and in this capacity developed
the design and carried it through to completion. His work in-
cluded preparation of specifications and procurement documents,
evaluation of bids, monitoring vendor submittals and progress and
providing support to the construction effort, both from the home
office and through considerable time spent at the project site.
Additionally, Mr. Stuart was in residence at the site throughout
the .start-up period and made significant contributions to this

.phase of the project as well as training of the permanent operat-

ing staff. The Krafla project consists of two 30 MW steam tur-

 bine-generators with turbines of the double flow mixed pressure

condensing type.

Mr. Stuart was mechanical discipline engineer for the preliminary
design of the Tiwi 110 MW geothermal power plant in the Philippines
and was involved in the specification preparation, and bid evalua-
tions covering the main and auxiliary equipment.

Mr. Stuart was successively senior comstruction engineer, facility
design engineer, supervisor of facility design and construction,

"and "senior research engineer with Lockheed Missile and Space Co.,

Sunnyvale, California, and was responsible for the design, instal-
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JOHN H. G. STUART (Cont'd)

lation and test of several facilities for aerospace vehicle, ocean

- vehicle and missile development.  Test facilities included very
. high pressure-high flow gas and hydraulic- equipment, cryogenic,

vacuum,  power equipment, and high pressure/temperature deep sea

.’simulator. Project work included development work on DSRV high -

pressure joints and development work on 'clean sweep" o0il suck
recovery equipment for ocean systems. . ’

' Prior to joining Lockheed, Mr. Stuart was techmical assistant;

mechanical, with Pacific Gas and Electric Co. and was respomsible
for planning and economic analysis for the turbine-generator and

boiler overhaul and maintenance program for the entire Pacific Gas .

and Electric system of seven million kilowatts installed capacity.

His experience includes service with the Calcutta Electric Supply
Corp. in India as boiler and turbine house superintendent in three
steam-electric power plants where ‘he was responsible for opera-
tion, maintenance and construction for over five years.

Mr. Stuart's professional career began with seven years service in

 the Royal Navy with assignments including chief engineer officer

and inspector of naval machinery.

- University of Dublin, Trinity College .
- B. S. Mechanical Engineering

M. S. Mechanical Engineering

University of London, Imperial College
Diploma in Generation, Distribution and Utilization of
Electric Power »

Hartnell College, Salinas
Industrial Electronics

Chartered Mechanical Engineer
Great Britain

Member, Institution of Mechanical Engineers
Electrical Power Engineers Association
American Society -for Metals

American Vacuum Society

\ A

e e -
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'BRUCE FRASER .

‘Chief, Chemical & Process Department -

Mr. Fraser has over forty years experience in all phases of
process and power plant design, comstruction, start-up, produc-

. tion operations, process improvements, and air and water pollu-
- tion abatement

He is responsible -for process engineering in the design of
geothermal power production facilities including standards for
well testing and evaluation; heat and. materials balance for

" power cycle diagrams and process flow diagrams; evaluation of

turbine . condensers and noncondensable  gas removal systems;
application and evaluation of environment abatement processes
applicable to the disposal of geothermal waste water and non-

- condensable gas ' including H,S; and application of Rogers'

process system for handling calciting geothermal waters.

- He is also responsible for evaluation of turbine condenser heat
. sink ..systems . including: dry cooling systems (radiators),

mechanical draft cooling water towers, .cooling ponds and canals,

_rlver, lake and sea water c1rculat10n

,Mr. Fraser provided process engineering services on the Geysers

Units 7 and 8 and the Krafla, Iceland 60 MW geothermal power
plant. Most recently, he has directed or performed process
design for 10 MW and 3 MW geothermal power plants including H,S
abatement for the latter.

. His experience in pollution abatement projects includes:

Removal of chlorine, sulfur chlorides and sulfenyl chloride
from the exhaust air system of a semi-works fungicide plant and
from a similar full-scale fungicide manufacturing facility,
plus additional disposal of liquid chlorinated sulfur compounds
via dual liquid gas incineration and a flue gas scrubbing unit.:

A field survey and plan to handle industrial wastes at Sharpe
Army Depot, involving degreasing, chromate stripping and sol-
vent removal units, and a similar, but more comprehensive plan
for the Riverbank Army Ammunition Depot including waste water
clarification, sludge dewatering and disposal and thermal
reduction. '

The collection and disposal of relief vent gasés from petroléum
processing which included a 11qu1d 1nterceptor and vent stack
with smokeless flare.

Design of a process to remove H,S from turbine exhaust steam at
PGandE's Geysers' Power Plant.
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. Mr. Fraser was the technical adviser for a coal gasifica-
tion conceptual design program for Lawrence Livermore
Laboratory (LLL). This project involved process engineer-

~ing comsulting services for optimum system control design
to provide maximum safety for equipment and personnel
during the operation of LLL's steam/oxygen injection test

- for in-situ coal gasification experiment at the Hoe Creek,

' Wyoming test site. :

© B. S. in Chemical Engineering, University of California

Professional Chemical Engineer, California

* American Chemical Society
- Instrument Society of America
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WILLIAM W. LINDSAY -

Seniﬁr.Staff Electrical Engineer

Over twenty-seven years of professional experience in electri-

cal engineering has provided Mr. Lindsay with a background in
planning, design and project management for power systems for
public and private utilities and industrial firms both in the
United States and abroad. Over thirteen years of experience

‘has been in the Philippines, Thailand, Laos and Iceland.

Mr..Lindséy performed as a resident construction advisor and
the electrical start-up engineer for the 60 MW Krafla geother-

‘'mal plant in Iceland requiring his presence at the project site

for extended periods of time. He performed similar construc-
tion and start-up services for a 10 MW geothermal plant located
at Brawley, California.

Mr. Lindsay's ‘experience in geothermal design includes, 'in
addition to the above, responsibility for the design of the
electrical systems relating to the steam supply and treatment
system for the 10 MW geothermal power plant at Brawley. He
also had design responsibility for the electrical systems for a
3 MW wellhead geothermal. power generating plant on the island
of Hawaii including on site supervision and start-up operations.

As Chief Electrical —Engineer -in Rogers' Manila office, Mr.
Lindsay was responsible for field investigation, design, prepa-

" ration of specifications and purchase orders, contract negotia-

tions and field inspection for industrial and marine facili-

~ ties, power plants, overhead and underground distribution,
substations and high voltage transmission in the Philippines.

As project engineer for Rogers in Thailand, he conducted field
surveys and prepared feasibility studies for rehabilitation and
extension of distribution systems in Northern Thailand. He was
also engaged in sub-transmission and distribution system plan-
ning and design for the power system in the City of Bangkok,
including preparation of procurement specifications and evalua-
tion of equipment bids. Also included in his respomnsibilities
were supervision of electrical design, equipment procurement
and construction supervision for a 10 MW diesel plant and a
12.5 MW steam electric generating plant, together with related

_69’kV transmission and substation facilities. -
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- WILLIAM W. LINDSAY (Cont'd)

Mr;'tindSayphas designed electficél'powér‘add'control>systems

for -a roofing plant. and airport fueling and lighting systems.

:Additionally,:heyhas spent over five years .in planning, design
- supervision, preparation of specifications and purchase orders,
~and bid analyses for industrial power and control systems for

various petrochemical facilities in California, Texas, Louisiana,

< British Columbia, and Australia. His ekperience also includes
‘design of hydroelectric power. plants and high voltage substa-
.tions. - = - o ‘ :

~B.‘ S. in Electrical Engineering; University of California

Professional Electrical Engiﬂeér, California

. Institute of Electrical and Electronic Engineers
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' FRANK PRENDERGAST, AIA -

Assistant Vice President

 and Project Manager, Architecture

Mr. Prendergast has had a wide range of .experience in the

. design. of - industrial,  commercial, and residential build-

ings. He is respon51ble for the architectural design of

major building structures for the firm.. Recent design- -

work ‘has. included programs for geothermal power plants in

'Callfornla and Hawaii.

P:OJect archltect‘ assignments for ‘Rogers have included
diverse development programs, namely: A major research
and development center for Del Monte Corporation, Walnut

- Creek, California; a bag manufacturing plant and regional

office for St. Regis Paper Co., Union City, California;
various industrial and maintenance buildings at military
installations throughout California; a complex facility
for the United States Navy at Pearl Harbor; several struc-
tures for Pacific Gas and Electric Company; a 50 MW diesel

generation power plant for Anamax Mining Co., Sahuarita,

Arizona;  and geothermal power plants for Pacific Gas and

" Electric Company, and National Power: Corporationm, Tiwi,
" “the Philippines.- : ‘ '

As Project Manager he was responsible for a maintenance
area planning and development study for the Golden Gate
Bridge and Highway District; a headquarters fire station
and sheriff's substation for wvalley of the Moon Fire
Protection District; a bag manufacturing plant for Bemis
Company, Union City, California, an enological research
center for United Vintners, ‘Inc., and an industrial plat-
ing shop for the U. S. Army Corps of Engineers.

- Prior to his association with Rogers, Mr. Prendergast was

engaged in the design of bank buildings for the Royal Bank

- of Canada and the Bank of America. For the Royal Bank of

Canada, Montreal, he was assistant to the Chief Architect
and had overall project responsibility from design con-
cepts through preparation of drawings, coordination with
associated engineers, site supervision of construction and
final responsibility for the interior furnishings. He was
also employed by a large architectural firm in the Bay
Area involved primarily in the design of apartment build-
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‘Univer51ty' of London, Sir John Cass School of Art,
‘-University of - Cambridge, Department of Estate Management

- REGISTRATION -

FRANK PRENDERGAST, -AIA (Cont'd)

ings, townhouses, office. buildings and custom residential

work. This assignment  covered full responsibility in all
plannlng, design and construction phases, including major

‘apartment and townhouse complexes and design essays in
environmental plannlng

and -
Reglstered Archltect California, Hawaii

American Institute of Architects
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" WINSTON F. BOTT

Geothermal Development - Well Drllllng Adv1sor
- : : o= PrOJect Manager

Thirty—two yeers divers;fled_professional experience with -
- principal - emphasis in the -energy. field starting as a

designer with successive assignments as field engineer,

-construction superintendent, drilling manager, exploration

manager and project manager.

In April, 1980, Mr. Bott rejoined the staff of Rogers
Engineering Co., Inc. and since then has served as Project

Coordinator for the Costa Rica geothermal program. This -

work included the final reporting of the successful ex-
ploration and test well drilling phase, and the prelimi-
nary planning and feasibility study for development drill-~

: lng, gatherlng system and reinjection well system

Dur1ng 1979-80 Mr. Bott served as ProJect Coordinator on.

the staff of PB-KBB, Inc., comsulting specialists in the
field of solution mining and comstruction of underground
storage caverns by the solution-mining process. Mr. Bott

. coordinated projects including: drilling wells for solu-
- tion mining of salt in bedded salt and shale formations;

hydraulic fracturing of bedded salts; a report detailing

the state-of-the-art in  the field of feedwater treatment -

with additives to effect the in-situ (underground) puri-
fication of the solution-mined salt product; a proposal to
DOE for a research program to develop a variety of stimu-
lation techniques for the in-situ production of natural
gas from coal deposits.

. During 1977-78 Mr. Bott was designated as Drilling Super-

visor for the Instituto Costarricense de Electricidad for
their geothermal exploration program. He furnished guid-
ance: and advice on drilling specifications, drill site
engineering, contractor solicitation and selection, drill
rig inspection and mobilization, and contract administra-
tion. '

Concurrently with the  above assignment during 1977-78
Mr. Bott was Project Manager for geothermal exploration
for the Ministry of Enmergy of Iran. Mr. Bott performed
contract administration at the home office and in Iran,
and coordinated the work of scientific subcontractors in

the fields of geochemlstry, geology, volcanology and
photo-geology. .

s e v o
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WINSTON F. BOTT (Cont'd)

‘Mr. Bott managed the ﬂriliing’ofhan exploratory well for.

the Marysville Geothermal Project, sponsored by the Na-
tional Science Foundation, which was completed in 1974.
On this project, Mr. Bott handled all local, state and
federal government agency contracts -and supervised draft-
ing of an envirommental impact report. He also supervised
the preparation of -contracts and specifications for the
deep-hole drilling - and for all 'site preparation. As
drilling manager, he had full charge of drilling strategy
and drilling supervision, and édministered all contracts.

" Mr. Bott has maintained a close contact with the drilling
-industry through the years as the inventor of a special-

ized safety device for which he holds- a patemt, and which
is used by major oil well drillers throughout the world.

-P:ior_expefience has included: seismic exploration with a

major oil company; construction supervision of refinery
projects; area engineer on the construction management

‘'staff of a nuclear project; and other civil, process, - and

industrial. prOJects

"' Un1vers1ty of Mlssourl, Bachelor of Sc1ence in C1v11 Engi-
‘neering

Tau Beta Phi and Phi Kappa Phi Member

 State of Texas, C1v1l Engineer

State of California, Civil Engineer
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* DONALD:R. BREWER

‘Senior Control Systems Engineer

Mr. Brewer has over thirty years of experience in the anmalysis,
design and application of -instrumentation and control systems
for the process, industrial, transportation, and food processing
industries. e

His experience in design of instrumentation and control systems

‘includes analyses of AC and DC power systems and subsequent

design - and application of controls for transportation systems,
design and application of control devices and systems for ma-
chine tools and hydraulic presses, injection molding machines,
and aluminum extrusion presses. He also designed systems and
controls for completely automated fluid product handling systems
for the dairy, food, beverage and pharmaceutical industries.

As control systems engineer. for the Rogers' Krafla Geothermal
Electric Project in Iceland, Mr. Brewer designed the instru-
mentation and control system, prepared instrument specifica-
tions, evaluated quotations and recommended suppliers, and
provided supervision for the preparation of installation draw-
ings. He provided on-site supervision of the installation of
the system and served as. control system start up engineer in-
cluding training of operating staff. '

In Rogers' capacity as consultant to PGandE, Mr. Brewer prepared
basic instrumentation and control philosophy for the major
systems in Geysers Units 16 and 17. His most recent assignments

~have been as control systems project engineer for the Brawley

geothermal power plant now in operation in southern California
and the HGP-A Geothermal project in Hawaii. Rogers has design,
procurement, operator training, construction management and
start up responsibilities for both of these plants.

Mr. Brewer assisted in the preparation of instruction manuals,
the. training of operators and maintenance men -and start-up
supervision in these plants.

B. S.'in Electrical Engineering, Uhiversity of Wisconsin

'Registered Control Systems Engineer, California

Registered Professional Engineer, New York State




Because Williams AFB will pay "avoided costs" for its electric power over the
lif‘e of the project, under GKI's proposed plan, GKI believes that the Air Force should
contribute the entire $1 million towards the Resource Confirmation effort. GKI for its
part will, with due diligence, undertake to confirm the resource, and pay from its own
account the Phase [ program costs in excess of the $1 million Air Force contribution.

“ If this approach or a variation thereof, is of interest to the Air Force,
Geothermal Kineltics, Inc. will be pleased to enter into negotiations with Williams Air
Force Base to arrive at a mutually acceptable égreement.

L1 Sqmmary Of Proposed Costs
l.1.1 Phase I - Resource Confirmation

Geothermal Kinetics, Inc. estimates the following costs for the Phase I
Program whiéh will include: deepening the Powers Ranch No. | Well from its present
depth of 9,220' to a total depth of 12,000, performing downhole temperature and
pressure measurements, and flow testing the well in order to determine well productivity
and the physical and chemical attributes of the geothermal fluids. Powers Ranch No. 2
Well will be used as the reinjection well to dispose of the well fluids produced during the

flow test.

ACTIVITY ESTIMATED COST ($Thousands)

Well Workover

Mob & Demobilization 300
Rig Costs 270
Fuel & Rentals 90
Drill Bits 100
Drill Mud 100
Slotted Liner & Hanger 62
Drilling Supervision 35
‘Well Logs and Surveys 1o

Subtotal Workover 967




ACTIVITY ESTIMATED COSTS ($Thousands)

Well Testing
Test Equipment

200

Power Supply : 30
Piping : 70
Reinjection Pump 15
Test Personnel 70
Engineering 35
Well Surveys 45
Chemical Analysis 15
" Subtotal Well Testing 480
Grand Total 1,447

1.1.2 Phase II - Plant Construction & Operation

Upon resource and reservoir confirmation GKI will construct and operate a

flash steam geothermal power plant of a capacity sufficient to supply 123 MW, of power

to Williams Air Force Base.

Excess capacity will be sold to the local utility company at its "avoided

costs." This same rate will be charged to Williams AFB.

The "avoided costs” exclude transmission and distribution costs, so the cost of

power to the Base will be about 10% less than the purchase price of power.
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