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January 30, 1973

&THERMALENERGY INSTlTUTE
11 EAST 47TH STREET

NEW YORK. NEW YORK 10017

TCL4 (2121 758-5338

United States Atomic Energy Commission
Washington, D. C. ,Beg/ately File Gy.

Gentlemen:

Re: Draft Environmental Statement prepared
by the Directorate of Licensing in
respect .of proposed Diablo Canyon Nuclear
Reactor Power Pants to be located on
the California coast
Docket Nos. 50-275, 50-323.

We submit. the following comments in response to the
draft environmental impact statement furnished to us on January
24, 1973:

1. The staff fails to present any adequate qualitative
analysis of the environmental impact which will result from the
applicant's operation of liquid radioactive waste system,
radioactive gaseous waste system and radioactive solid waste
system.

2. The staff fails to present any adequate qualitative
analysis of the environemental impact which will result from the
discharge of chemicals to the environment by the proposed power
plant. The staff purports to calculate projected 'dilution'f the
expected chemical wastes but, does not. evaluate the impact of those
wastes. or reactor coolant. chemical 'leaks'.

ru j
3. The staff fails to present any qualitative evaluation

of the environmental impact which will result from the transport of
nuclear fuel from South Carolina, or th'e transport of irradiated
fuel back to South Carolina where it may be reprocessed, or the
transport of solid radioactive wastes to a "burial site" (which has
not yet been disclosed by the applicant).

4. No evaluation is given with respect to the the
environemntal impact which may arise as a result of theft of
radioactive materials. See "Preventing Nuclear Theft"., Ed., R.B.
Leachman and P. Althoff (1972); Safeguard Report of the Xnstitute
of Nuclear Materials Mnagement (May, 15, 1970).

5. The staff's evaluation of alternative sources (p.l2-
1 ff) is vague, unspecific, unfactual and lacking in substantive
content.

The staff refers to a "vendor of the geothermal steam".
By this we assume the staff refers to Union Oil Company which is
the operator of a joint venture (composed of Thermal Power Company,
Magma Power Company and Union) which is delivering geothermal steam
to 8 turbine-generator sets owned by the applicant at the Geysers
geothermal field in Sonoma County, CALXFORNXA.

The staff ignores the fact, that Union has accelerated
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the rate of development on the 15,000 acres controlled by the
joint venture. A third drilling rig has been placed into operation
on that property, so that three rigs'ill be operating continuously.

In addition, the staff fails to refer to the fact that
Magma and Thermal are proceeding independently of Un'ion to
develop additional geothermal steam sources. At the Geysers Thermal
and Magma are planning a new unit which will be built on top of
a large geothermal well heretofore permitted to exhaust to
atmosphere and considered merely as a 'rogue bore'.

Magma recently established a substantial geothermal field
in the Suprise Valley of Northern California.

The California Dvision of Oil and Gas estimates of
August 1972 are substantially in conflict with the staff's proven
reserve f'igure of 750 MW. See Oil.and Gas Journal, January 29, 1973.

The staff ignores the vast proven reserves established
~ at the Geysers by Pacific Energy Corporation, which controls about

20,000 acres within the Geysers KGRA (known geothermal resource
area) and the reserve report published in respect thereto. See
letter of DeGoyler 6 MacNaughton attached hereto. PEC has successfully
drilled two additional geothermal steam wells since that report, was
written.

The staff ignores the proven reserves established by
Signal Oil 6 Gas Company at the Geysers and the continuing development
program that company and Sun Oil Company are engaged in.

The staff ignores the development program at the Geysers
undertaken by Cinta Oil Company of San Francisco.

The staff ignores the geothermal potential at Mono Lake.
The staff ignores the vast geothermal potential of

Southern, California where Standard Oil Company of California,
Phillips Petroleum Corporation and others have exploration programs
underway; the staff once agaain fails to evaluate the fact of the
establishment of a 75,000 kw geothermal power plant at Cerro Prieto
just south of El Centro, California and the fact that drilling
operations north of Cerro Prieto have resulted in further geothermal
steam discoveries.

The staff suggests that "subsidence" may be a problem in
geothermal operations. Xn New Zealand, where subsidence occured
for some years - no difficulties were experienced, no undue
environmental impact. took place — and the subsidence stopped in 1970.
Xn Xceland where geothermal operations have been conducted for a
number of years, no subsidence has occured. At the Geysers in
northern Calfiornia, no subsidence has occured.

The staff refers to condiderations of land use. Xt's
estimates of land use are erroneous. They are apparently based on
the assumption that geothermal steam wells are placed on 20 or 40
acre spacing. PEC has demonstrated that 5 acre spacing is adequate.
Signal Oil Company and Phillips Petroleum Corporation are preparing
to drill directionally from one position and eliminate severaldrilling positions. Xn addition, new technology now in developmentwill permit small generation units to be placed directly on the
well-head and eliminate the need for large plant areas.

We might point out that the applicant is nonetheless
building- larger units. Xt has ordered a single 140,000 kw unit for
use at the GeysCes.





Xn our opinion, the staff is not qualified to make an adequate
evaluation of geothermal energy as a viable energy alternative
to nuclear power plants and is clearly biased in favor of nuclear
power. The staff's recent competitive activities bear this out.

We therefore find the draft environmental statement to be wholly
inadequate in the above respects and as failing to meet the
standards required by the National Environmental Protection
Act.

Very t'ruly yours,

Donald F.X. Finn
Executive Director
PLEASE NOTE OUR NEW ADDRESS:

ROOM 429
680 Beach Street,
San Francisco, California 94109

Tel.415-885-6663

cc: Environmental Protection Agency
Council On Environmental Quality
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DeGolyer and MacNaughton Report

DEGOLYER AND MACNAUGHTON
6626 DANIELS AVENUE

DALLAS,TEXAS 75206

July 17, 1972

TCLCAIIOIIC
AACA COO C CIA

COO ~ ~ ) ~ I

CAOLC OCIIAC

Pacific Energy Corporation
4676 Admiralty ti'ay
Los Angeles, California 90291

Gentlemen:

Pursuant to your request, we have conducted an appraisal
of your geothermal steam properties within The Geysers "Known
Geothermal Resources Area" (KGRA) in Sonoma, Lake and Mendocino
Counties in Northern California, as defined by the U. S. Geological
Survey, In conducting this appraisal, we have relied upon our past
investigations of The Geysers KGRA, our prior evaluations of your
Rorabaugh and Bruno subleases, and upon confirmation of our earlier
conclusions by subsequent drilling on those leases.

As of this date, you have completed four wells on your
Rorabaugh sublease on which two commercial wells were completed by
the previous owner. One well currently is being drilled. The com-
bined productive capacity of completed wells is approximately
1,000,000 pounds of steam per hour, which is the amount required
to operate one 55,000 kilowatt generating plant.

Based on the foregoing, it is our opinion that 373 acres
of the Rorabaugh and Bruno subleases are reasonably classified as
proved and probable for commercial steam production. The remaining
807 acres in these two subleases comprise an area for possible geo-
thermal steam development. You also own leases covering approximately
13,000 acres within such KGRA which are more remote from developed
and producing geothermal steam properties and which also should be
classed as possibly productive. No values have been assigned to such
leases.

For your further information, we estimate that the develop-
ment of the 373 acres will produce, through 1990, 1.2 trillion pounds
of steam which is equivalent to 60 million kilowatt hours of elec-
trical energy and which will yield a future net revenue (gross
revenue less drilling and operating costs and payment of royalties
and production payments) of $ 56 million.

DeGOLYER and MacNAUGHTON
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MAP B

Rorabaugh and Bruno
Properties at The Geysers

Legend

Rorabaugh and Bruno Properties

PEC - Getty Area

o Other Leasehold Properties
of the Company

HZGl KGRA Boundary

THE GEYSERS KGRA
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productive GRI wells for thc disposal of plant condensate and liquid effluent, if any, from producing
wells. GRI wells not used for either of the foregoing purposes will bc permanently abandoned in
accordance with the applicable rules and regulations of the California Division of Oil and Gas.

The Company's development program on its Rorabaugh and Bruno Properties contemplates the
drilling of a series of production units with thc dclivcrability of approximately 1,000,000 pounds of
stcam per hour per unit with each unit to consist of six wells spaced at such intervals as good engineering
and producing policics dictate, provided that suflicient quantitics of stcam are cncountercd and that
arrangements can bc made for thc sale of such stcain. Management anticipates that, subject to the
foregoing, additional wells will bc completed at the rate of one well each 90 to 120 days for each
drilling rig utilized. Although no assurance can be given that commercial quantities of geothermal
stcam will be discovered in any future well, the Company believes, on the basis of its completed wells and

'heevaluation of DeGolycr and MacNaughton (see "DcGolyer and MacNaughton Rcport" at page 13),
that the acreage available on the Rorabaugh and Bruno Properties for drilling operations posscsscs
suAicicnt probabilities for commercial production to warrant continuation of the minimum drilling
program indicated above.

Drilling techniques for geothermal steam are similar to those employed for oil and gas but must
allow for higher temperature gradients than are normally encountered in oil and gas well drilling. Each
of the steam wells completed at The Geysers by the Company has been drilled by an indcpendcnt,
unrelated drilling company on a fixed price, turnkey contract basis. Thc typical contract provides for
additional scrviccs, including well deepening, running tests, side tracking and other operations.as
requested by thc Company, at various rates of additional compensation. Each future well drilling
contract will be separately negotiated and may be on different terms. The Company does not intend ~

to acquire or operate drilling rigs at any time in thc forcsecablc future.

The Company supervises all drilling and well completion operations and expects to maintain and
operate its productive steam wells following completion. The Company also will construct and maintain
pipes to transmit stcam produced from the Company's wells to any electric generating plant which may
be installed to utilize stcam from the Company's properties.

TABLE A

STEAM QUELLS DRILLED BY THE COMPANY ON THE RORABAUGH PROPERTY

Well Name

Rorabaugh A-1

Rorabaugh A-2

Rorabaugh A-3

Rorabaugh A-4

Rorabaugh A-5

Date
Drilling

Commenced

5/30/71

9/ 2/71

1/ 4/72

4/ 6/72

7/ 1/72

Dcllvcrahlc
Pounds of

Steanl
Pcr IIour»

Date Well Depth of
Complctcd Well

8/ 2/71 213,000 6,810 ft.

10/31/71 226,800 7,150 ft.

2/23/72 213,300 6,859 ft.

5/17/72 167,400 7,200 ft.

(Being drilled at the date of this Prospectus)

* Pcr oriflce plate tests.
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The Geysers geothermal steam field (The Company's Rorabaugh A.l Well in the foreground)
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DrillingRig at Rorabaugh A.l Well site





PRELIMINARY PROSPECTUS

PROSPECTUS

DATED AUGUST 2r 1972. I
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PACI&'IC ENERC Y CORPORATION
COMMON STOCK

$ .10 Par Value
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Rcprcsentativc of thc Underwriters.

aa
co

CD DD

c a
Ca

CCI

CII
OCI

a

CO

Per Share..
Total..

Price fo
Pubiic(1)

Undcnvriting
Discounts and

Cominissions(1)
Procccdsto

Com pany(1) (2)

C/l

~O

CI

~D

a

CD
L

V7

IY4

Ol O a
CD

c CODD
Cl a el
CD ~a

La

CD

aL CD CICa a ~

,a CCP
~ a@Iol a,a
a-cn~E'

~ clCll

CD
~II

III CD ~
coI/I ~

~-a~a R
CD cl co

CD

IO
a coa~ cll
CD Cn Ce

(1) In order to cover over-allotincnis, if any, thc Company has granted to thc Underwriters a

30 day option to purchase up to an additional 150,000 shares. To the extent the option is exercised,
thc price to the public, underwriting discounts and commissions and proceeds to the Company will be
correspondingly increased. (See "Underwriting.")

(2) Before deducting expenses payablc by the'ompany estimated at 8

This offering involves:

(a) Special risks concerning thc Company. (See "Introrlrcctorcy Statement —Risk
IIactors.")

(b) Iinriieiliate substantinl rlilritiow of the net book value of tIic shares oflerecl
hereby fronc the prcblic offering price. (See "Introcluctory Statenrent —Dilution'')

(c) The issuance to Arlvest Co., Representative of the Unrlenoriters, of 5-year
warrants to purchase 50,000 shnres of the Conipnny's Conrnrorc Stock at 8 per sharc
(see "Unrlerioriting"), inrlenrnifieation anil lIie right to ilesignnte arc aililitional member
of the Boanl of Directors (arc employee of the Representative is noio a rlirector).

These shares arc offered subject to prior sale, when, as and if delivcrcd to and accepted by the
Underwriters, and subject to approval of certain legal matters by counsel, the right to reject any order in
whole or in part and other conditions.

PU l'NAIM,iDDFF2N, DOOLiljt. 3.'3.Z', NEAVBURKGE14
Divisioliof ABVEST. CO.

Thc date of this Prospectus is , 1972
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i'Be <Ji'eBi'" BWQ A'Jsj> o! /3...
... has nothing to do with farmin~, little to do
with minerals, b<It everything to do vrith heat.

Ii n*m oF or.n when newspapers
had Sunday supplements f)))ed with
wildly improbable stories, a perennial
feature showed how it was possible
to gcncrate power from tho heat of
the earth's core. Like as not, it would
carry pictures of onc of thc geysers
of the American West, or the instal-
)ation at Lardcrello, Italy, that had
been generating electricity from natu-
ral steam since 1904.

Well, there arc some new believers
these days. Within two months, thc
Interior Department wi)) put up for
lease 59 million acres of potcntia)
geothermal federal land in 14 western
states (sea»>ap, Iohich excludes North
and Soulh Dakola, IIa<oaii and Alas-
ka). About 1 million primo aeres-
whcre natural stcam vents or hot water
pools confirm the existence of thermal
we))s-are expected to go at compet-
itive bidding for about $ 15 per acre
per year. Thc rest, without obvious
thermal signs but deemed geo)ogically
promising, wi)) be )eased at $ 1 ger
acre per year for ten years. If no geo-

thermal steam is found, the )ease can
be converted to a mineral )case if
anything else of value turns up.

There is, of course, a touch of
magic in geothermal power. Wells
sunk into the bowels of the earth yield
apparently inexhaustible amounts of
stcam or boiling water whose heat
can be used to spin turbines and gen-
erate vast amounts of electricity. Vast
amounts? A recent study sponsored
by" the ibationa) Science Foundation
estimated that the U.S.'eothermal
resources could generate 132,000 meg-
awatts of electricity by 1985, vs. a
current total U.S. capacity of about
350,000 Mw. It uses no foreign ex-
change, as imported oil would. It
would probably be the cleanest power
ever generated. And it's cheap: Pacific
Gas & E)cctric already generates pow-
er from stcam in the Geysers area of
California for 5.3 mills ger kilowatt
hour-just over half a cent-vs. 7 mills
per bvh for other thermally gen-
erated power in California and 8.5
mills.to 9 mills for nuclear power.
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tAt<or,iu, i<Ic'es no iuci cosa ior
geothermal power.

If geothermal power is so good,
why hasn't it been developed already?
"Because there werc power sources
available where thc absolute costs
werc going down and there werc no
uncertainties," says Dr. Martin Gold-
smith of thc California Institute of
Technology. "Coal and oil were cheap
and readily available, and when you
built a fossil-fueled plant you knew
exactly what it would cost, how much
power you would gct and how long
thc plant wou)<l last. This wasn't so
with geothermal power. Now there
arc uncertainties with conventional
plants, and thc costs are rising."

Among the companies currently ex-
ploring and drilling for geothermal

'nergy are Union Oil, Standard Oil of
California, Getty Oil, Phillips Petro-
leum, Gulf Oil and Mobil Oil. Most
of these are cxpccted to apply for
)eases on thc federal lands, and many
not now exploring are also cxpectcd
to be bidders.

An additional reason for the widc-
sprcad interest is the promising nature
of test surveys to date, such as carried
out l>y Senturion Sciences, a Tulsa-
bascd gcothcrmal research conipany.
"We have found six very likely areas

~ out of 31 tests we have conducted,"
says Senturion's President 7ohn )3ailcy.
"Wo use the surface geology and un-
derground vibrations to show us thc
best places to look."

The Geysers area project, like most
in operation or under construction
around tho wor)d, uses natural dry
steam to spin its turbine generators.
But San Diego Gas 8 L'lcctric
(FonBES, Apr. I5), working with
Magnra Power, hopes to complete a
plant this year tlmt willusc heat froin
Iratural hot water, a far morc common

, natural resource. Its success, says the
Ccntcr for Energy Information, will
make the northern Gulf of iMexico an-

'other likely area. 13ecausc such hot
water often contains corrosive or con-
taminating minerals, it may be pumped
back into thc earth after heat has
been extracted.

But perhaps thc best indication of
thc potential of geothermal power is
rising congressional interest in thc sub-
ject. Two bills are expected to be in-
troduced this session of Congress to
stimulate geothermal dcvclopmcnt.
They will initiate a $ 10-million, fivc-
ycar prograin of research into geo-
thermal power techniques, a»d cstal>-
)ish a loan program, backed by a
$20-million revolving fund, to iinance
private exploration and power gcn-
cration from geothermal areas, the
recovery of mineral by-products and
even the possible desalination of water
as a side benefit. Ii

FORBES, JANUARY 15, 1973 31
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(aQ II>c Geysen. Vast steam d>velopsnent.

>,">~ Svrpn>e Valley. Ihogmn Jis<overy,

, ", jhono long Voltoy, Good pro>porting
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)CG, ahd et i)>. Cti I (tr)a'Qa't))ncaa;S 1oea(jy

sat >lee<CO Ons ea ~ a ~ < ~ >) ~ ~ ~ o Ovhn I,'Cot>)<Cr<11al

;) !,; >a. C("n 1'vie o. Tj:o j»avsa, of
V ae»<)aj h>V a't>je!>a IIV, 'Ve'>Sl ltn )iln>'I) ('>ln
vs toit<»s!<I Is<tees to)ist!» its'» » I I jil>l»<js
> Iss'> 'oa'sale'> <sic<i >elates»s lite<'ii I{l <I>'IV<> iiii>

t> 'I I s!',jit >s' va.ivja<'tc<l hot voo
I>y I,"a<1ijy rorsiiv:.>rd into ts)e United
Ss ~ sa('S olid ta)>'eljirsu aiea ~

~ '! (',V'e)a,i'{ 1 ~ I ~ 1<c In)e)QI'jaj Yalijcy
so( ~ ~ s ~ so oseotG'ea S('sa Y'ji>ecattinj> an{t
<irva l<s;oi a'»I. I>njstcv prospects fnr
<assis'a'sea:s>ls ~ he>i><',n>o> he>S dl >lied l)VO
'lva''>>la ~ "aa)<.'at O! >'i't the >jchOr nr{'1
,>'aa;s;!I iujirs )lair)i rsf thc hnr(lcr near
tV<a'Xia'<><i~ S{){:i>i jS >'Onnu)je tel>tS On >ta

I A<iso>s) ~

Aoot'ier vviji of j)avticular interest
h:>s I)rc;1 <'rjilrd io;I c I',nst 5"csa area
ct))oa (If ii{>ltvttjce or uhout I'/ n)iics
i)sr)i'ss'sC<)St Os i>chCr. Tise U.S. DVVCau

, ( f jtcrsut))e'attest ds'jjjcd thC 8<600-t't Vlcla

t s) ah sb a >'Sra <soon'1 a jy s)S I i)c f>I'St

phono uf n;jpt)oilljon projcrt to dr..
I<'I allo{'vi>l'.Its{>i'',('r>lis>'Ilolll I».'t>t <'oo

I st< I>t>«>j Is» ss tttsiis>sil>s Ve>sisal j<s>'l'I'III>l ~

list>> isiirl isis>as> I>i>i'I){i>n>n I» Ijss> lln
„'>i>'vir>1 >>>1'iey: A p)lot di'snih)nlitn)
pla;)'. soori v;iil hc inst: I!cd. "'Vrotoalty
thc jjuvcao I oj)cs to prorlurc 2.6 mii-
jjon neve-ft r>f v;ntcr yr >riy and gen-.

s

crate povror qt tho s:o))e tiri c.
Ao(>ther;)oj)l>c (a;;Qncy, tho ih)iver-

sjly of C:)li'{>vaja nt Hjvcvsjdc, has
drjllid a 2<sf>a'lit ft CXpCVlnlQnial 1vell On

tile j)uncs >su>nl;>ly in tho I?Ost Mesa
'II'>lt>el<4!!>I>O<', lll h> I>l'nj',I'(>US<

Ko>jjl ro)d Cast. Several other f>lens
.offer „"cothcrtval potential io Cnji. ~

fornia, partjcuiaviy in tho,fn1'orth
and on thc casiern sido of tj e Sierra
>Yiountt)<rase

It) ts)o 1'sorshCr<Stcrsl tit) Oi l>'IO Staae>

j20 )ViilCS t)O)'tes1ycst Of Rene> >boys)

s>i!>It>)>n n»oouncrd I> rljt{covcry ):>r;I

oo>olll ot Iso)'I)l'It{o Vollry lo I{ la>>ts»'.

I s>l>nlys I >I'ill>s>l I>l 'I,l>ill its II»I )Vssll ls»>i

<'Ilt>l'»<'II>II!IIII'll hvl>l>.'h I>»ll{» It n
I!>III'jidato

f<>r Iho Maj;I))tl)))ax pvr>cess,
tho con)paoy raid.

jo I )0 No))0 Lr)oj', Yr>jlcy area nf
j.ast Crntral Cnlifovr>ia, Getty anti
Guif hnVC rill'r»>j, (>C)'Ctsj',Q s>9'sjli<)><S< ~

aloojt with Gr<ili){.r)i)«l It{:snore..", I»-
tcvl)atioo;ll. Getty has drjljcrl on (ho
oovjh shovo of IY>otic I.ake an«GI?I
on tho sr>ulh I;I>r>ro, jjniji hr>I{.:: 'hr> rc

till>I�>I

<i>l ll>ill Ii'Iill>l I» la>l'I >I >I>I<e I' i>el

Ink> ~ . IVI>ile lhoy foupd nl)ove-nor>nnl
t(!mpcratures, the colnpanjes aban-
doned the wells as noncommcrciai.
'I'hc <h'jllinj, vvns done under an pnree.
ment with Southern California Fdison.

Thc U.S, Government is tht) maJor
landholder in tho area, Tho ~~>S, Gco.
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:;,Ci;.:C Gns <t F<cctric Co.'s <u:vcr Riant 3 contains tivo 55mw Ocn.
:r; lo;S. Sa'am frOm Unicn'S V'Ci)S 'u(nS ti><hines aa a AOminai 160 <)Sip
an~~ 355 F»
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iiOOY68 D<iginp CO. <ig iS in the laSt Stage Oi <frilling a SlCam WC)l
for Union at Thc Geysers. Rit< is nca( target, Lvith a nII)Ltu<c of stcam
ar<f cutthigs blowing tron> tho hoio.
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).il fi3

; fesvhtto <Si,
'Y(t.sos'cat

( n'iSa

I'diiei'lif)L<'D

(ia'l)htlg soL Oia <in(a gals sail

fjiiiS<~ <.S isl CI'sea'g>y Sile< t Calli<eau)a<>A< asi-

«a",.:7 'ac,)L: ni erer,,y scarc 1 is oii tho
a

t><'V<.a'<I) niasj Oi'sa COA)j'iiissi< S> aiS Vs'e)a

,"..". (<rj).'ht~ Cnt>ti'i'lcaors< sara", s)s'Irticf;)ala

lr>,'r ir< n Ii)'4aas)ie. bonn'1 ills'ove)ca)ii)g
~ cn',herlt);si ci acr " fo'lec(i'jc")elver
;r'Iaisersilaosl.

l a'si: aat'I'<IS Oa Co>iceatr<ltloli St'L'CtCii.

fa'L'Dsn tii('Aia)criAiYaltry ln tiiin SOutal>
~ ~ a ~

i L'n> the rist'Lts'Is)'e<) Ciuyse"s areil iil
t;;e Ivc:;'inst);-rct tral part of thc
SI <'C,:LA( tn ' VO Canlc red><eras

Oi'h

~ cast and far A>Art)a,
Pl

fa<IL'.<a n)(aj<7rs as Ljiiiot) Oil Coa oi
Cali'.Ori',i;L, Staildat'd Oil f.'n. of Ca)i-

sa)I>LI<L) Oia 4 Gs<S Cea ~ Cuaf Oil Coa p
;in<i Phi)))AL I>clrolcuni COL';), have a
a<<i<(» i<i <lie iliiui'<) Ol Stl,'<slit l)uwel's

/Lis isiive Siii)S)<iisalal< I<!iisr. i)soir>ingna

)ril Oi's LS iiie 1 ai",'<.St "Cotherii)A> OI)

cr;i:.or <A i> e stale. I; 'f')c
Ccysei's.''ic'd,

.'>.') Iniics rnrlil of SAA Prlittcfscn, '

alii)<i<u)s stc<)iiiia for folIL'icctile-

<Le<)Or<Lain;r, l)s>Iver iihinis> Ail(i <L ftA)1

flit<AtsnuiL vs<i)i )e oaiit, i'L'otll its \vc ls
iii:i:e fiei(l—five to eii;ht pcl;)lant-»
tinln;L is l)ro(iucin,'; ste; ni foi'00,000
l vI ol Povrc 'oa''sac)lie Cas 8 B)cc-..
tric Cn.

OaaVi(a ~ 4. I'I~ a(sCrSOsi, Caliifol'Ill<iS <>CO.

t)ic.";r,al isfiircr in )lie Division of Oil
(inta CaiS ao SaicralniiCallo> a)CiiCVCS arsilt

in iris thin. 20 years i;cntllerlnal
cttci"'.y '<vile laces (j r<) oi Ca>isrol >s<a's

~ ~ i ~nl;I,') )Vra)r ii'.rlttrcn)eniS, a iiS O'Ca S
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So«fcc; Coiiro<nhi f)cpa(I<Iso<It of Conservation, l)ivislon of Oil on<i Gas, r<L>Os<st iv72.
isnte: 'ft>is e:tioin<O rertcels Wily (<resent I)CVCiof>nirnt I<en<i, not loin! st;itc ln)teil<i<i).

an ouitpit o>f 6 to 9 "iillioni(LV 'potential pro(iuction. Signal has six
'1'I<s, foi'a"O'L'iii:ioil opera(ors, is . ~ Lvells capable of producin An<l is

a side )usi;icss ti At dove)ops naturally nci>otiating with PC8 l; for constl'lic.
froid (aleir ezi)et't)SC in fimiittg attd .,'ie)1 Of q pOVICr plant, "Ihn sa>iun)I)

i)r<idaacssalg 0'sa <LAd »ASa area ls About 3 liiiles sontiieast of liic
'f"le C>eysers. ')'hc oirth of ta)e niod- . mail) fic)d.

crit gentherniat indi sttp in Ca)ifornia 'nion, Signal, anil'Pacific Encl;.y
too'( ',))aco >I j960 vrhcri the first I2,u00." 'orp. rill are dri))ing lvcils tant ivnuld
ltw:Llrbit)e „cne:a;Or be an oprrating'n)at'gc thr. field. EVC))s <Irillcd ivithlii
A 7)'e Geysc 's field, ',:,.': the la: t year indicnto cspansinn to t)LC

'foday )AOre tha;i 1)0 wc))s havo 'northwest an<I southeast.
been dril?r<i in ' field. >Viore liian 85

' LC ising is still hcavy in thc nrca.
are Capabse Of prod-,Cfn;;, but n)a»y I IrapCrial VA)fey, 'l'he ))lost e!<Citit)„"

arc ssht'it ir, wi:lie rwaitirg constt>LC- . deveioPnicnts in grnihcrninl cnerity
aloli Os peneratsni' 'l>itS al'O tf(l(in('iaCO in Cali(Amia'S ini~

i'ddition to Un>nn) oilier corn perial VA)icy-the desert country ln
panies nro c'ILVin„'ut a shat'e Of tho tho SO)ton Sca urea near >%e))cn.
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logical Survey has been making re-
search studies and plans a lease sa'lc

for development.
The drilling. While drilling to date

has been no bonanza, several drilling
contractors are sharing in the busi-
ness that the geothermal search has
developed.

Big Chief Drilling Co. has rigs in
the northeast and at The Geysers.
Beeline Drilling Co. has a rig at Sur-
prise Valley. R. B. Vrontgomery lras

*

a rig north ol'he Geysers. I)oover
Drilling Co. has two rigs at The
Geysers, and Californina Production
Services has one rig there.

The upswing in drilling is apparent
from state records showing that 23

geothermal wells were drilled in the
1971-72 fiscal year, compared with 13

the year before. This fiscal year 12

wells have been drilled so far, and
the record of 23 last year should be
topped easily by July l.

Drilling requirements vary with tne
area, but Tl e Geysers field presents
special pro'olems for tii driller.,

Drillingbegins with mud, bu't as the
bit nears s'earn production, the driller
switches to compressed air. Air is
used as the drilling medium at this

'point because pressure from the weight
of mud is much higher than. the prcs-
sure of steam in the reservoir. Nod
lost into the producing zone will bake
and seal off the steam from the vic)l.

Compressed air carries the cuttings
to the surface but does not block the

permeability.
John Cromling of Big Chief Drilling

'ays the rig should bc overdesigncd
'or the job. The draw works and drill-
ing engines should be a minimum of

'1,000 hp to meet hoisting require-
ments.

The rig needs two 660-hp mud, pumps
to handle'the output of a 17r/>-in. sur-
face hole properly. The rotating sys-
tem must be extra hcavy duty to
tolerate the excessive torque and in-
stantaneous shock loading.

The rotary clutch, shaft, and chain
are very susceptible to damage ard
most be properly designed to match
the job.

Cromling recommcnrls that the sur-
face drilling equ)pn>ent include an
independent rotary drive.

Because the formations encountered
close to the surface may be as hard
as, or harder than, those encountered
at G,000 ft, a second stage stccl mill-
tooth bit is required for spudding, and

»
~

I

cause of faulted and fractured forma-
tions, thc bit wi)) jump and bounce
unless the weight and revolutions per
minute are coordinated properly.

"It is impossible to svrite an in-
fallable recommended bit program for
The Geysers," Cromling told .the
Society of Petroleum Engineers re-
cently at Bakersfield. "Every we))
must be drilled as a wi)dcat due to
the tremendous variations of local
faulting and lithology. It is a must to
)iave qualified personnel on the rig
who are capable of adjusting the drill-
ing program to suit t)tc abruptly
changing hole conditions."

The geology.'alifornia is particu-
larly blessed with high potential for
geothermal energy doe to forces of
geologic activity that scientists only
recently have begun to understand.

Anderson, the geothermal chief, told
the SPE meeting in Bakersfield that ..
advocates of plate-tectonics estimate
the North American Continent began
sliding across an active zone of sea-

floor spreading about 4.5 million years
ago. The spreading centers and re-
lated faults caused the Gulf of Cali-
fornia to form, and tire spreading ex-
tends beneath the Imperial Valley.

"The immense heat gene'rated
pro-'ides

the valley with its enormous
geothermal potential," Anderson said.
"The continuing study of plate-tec-
tonics wi)) undoubtedly aid explora-
tion geologists in their search for geo-
thermal energy."

And, in. energy-hungry California,
you can be sure geologists will use
this ncw tool-and any other with any .

promise.
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