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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.
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Asse sment‘o Geo hermal Enetgy Potentia1»3fﬂ]t;ﬂi

. I.  INTRODUCTION. = .

TheMSulphurdale Geothermal Fleldf:/s located 1n Beaverie

Progect economlcs -arerrbased onv

’parametets bel1eved to be 7rate, but there is no assurance@-

~fthat such cash flow pro:ectxonsj w111 be. realized




VJnghave'been‘completed to a depth of 1300 fee Tln the Cove FortigT?

Sulphurdale KGRA The producxng characterlstlcs 1nd1cate 2
:that commer01al development should be pursued £

itfé;?7Th two wells were tested at an average rate of'

‘;115 000 lbs/hr, a flowzng:";perature of 244v- 255 degrees F,_ ”'

ejand a’ wellhead pressure £:32 8- psxa. Based on the current*d

Both wells are completed ‘ »_ an altered «andx‘

3ffjfractured volcanxc formatxonrthat starts at a depth of abouto

';':1100 feet Faulting, analogousdto the proven area, surrounds




" the successful wells.

ac‘eS/well (1000'

between wells)

”,funtll actual reserv01r performance can be observed

;'”An area*within 2500 feet of a produc1ng well can be

'v’ﬁly Such an area would

Mother Earth Industries,

"'::shows a pre—tax raterof ret tn of 27% for a 20 year project

”,flife.r The pro:ect would clude two 1n1tia1 wells and four
1iflfrep1acement wells.»_"'fl b ‘ e




7 The Cove Fort - Sulphurdale area, 1n Beaver and- Mlllard
‘.COURtIES, Utah, had been 1dent1fied as a. geothermal resource

f,*arearbased on surface HZS ?gas seeps and SU1f“f deP°Sitsi -

:'250 000 lbs/hr. 1Moere;119?8 ;reported that cuttings from

ﬁT:Jbetween 1100 and 1169' 16 ed a stronle altered fractured

,zone wlth quartz monzonxte, 1ning., A rev1ew of the drxlllngvf



fproducxng fractures éfé{j_ikéif?tbfeitéhdfjh&ithéééiﬁard“ét

least to 42-7

.MASS FLOW
L'iLBS/HR)

' ptoduct1on.*7  fact the oncentration of non—condens1ble
'aSi;about 70% 5pased -on ‘an

'7-;gases primar11y C02 and_H'



1nathe

fconcentrat1ons

Edetected dur1ng the blowoutj_.»f?wau

7f11000 to 5000 ppm;by welght

The w1de range of measurements'was a’ result of the free21ng

: ,;,weather aff ectln- ; mea

“fbehave err,a."cally;wheni

effect1ve1y.h

ments and the

st“produced

c;'plet1on of wells could

fact that wells 7

made and resulted i

"accomplished safely and costh—.~




Additional well tests were conducted later in January,‘7v e

'”-:fearller.tests were measured -Estlmates of non-condensrble gas”

'1fcontent vere. obtalned from water dlsplacement tests.; Results

findlcated an average gas content of 62% by wexght compared to
?'p60% calculated from partlal pressure methods. ‘,G s samples."

Four out of theif“f”*

”:1;fcontenti“over 50%liwou1d

Mf'ﬁand a flowing pressure of 54“PSi§- Results °f the well teSt;'

'are 1ncluded 1n Append1x

ﬁl€wa5792 000 bls/hr at a flow gftemperature of 280 degrees F,r”

tw;,nearly 1dentica1 to the?i.pjs9f:a



'*{ Observatxonf mad ,by 1:36 personnel dutlng the blow,f~

| "5f:out of 34 7 indxcated hlgher volumes and better steam qualltyf'y

'flthan was be1ng experxence :at 34 7B Well 34 7A was dr111ed'

Vfrom the same site as 34—7 to a depth of 1300 feet _ The well

'zencountered the same steam produ01ng formationsr and was .

,,;s1mu1taneously. };3

IV, WELL TESTS- MAY 2

;;Both wells,, 34-7A ’», rrequlpped ,1n the}'

,;'manner shown 1n Figure 5 : central mon1tor1ng station was

2%féétf§gu§:ff_ that all, easurements' could be recorded»

 , 7 efflciently. In addition,,strlp chart recordets were used tob,

‘,,







,EST:COMPARISON;
4/2/84‘

rFlowxng Pressure (psxg)
~Gas 'Pressure: (psia)
_Steam Pressure (psia), 4.7 _ A S
- “Total Flow (lbs/hr) 94 000 . 92,000 'y72 000 '
- _Gas Flow (lbs/hr) ,} 56,400 - 40,000 15,000
rfsteam Flow (lbs/hr) 37,600',1f1;52;009— 57;000,

The above table only 1nc1udes data durlng testlng with al

v5- o:1f1ce plate. :j;:'**"~-x

two wells‘

between the

20 year pro:ect

est data over a

"fiife.r Total steam produced over the 20 year —period by ane

7~}f1ndlvidual well ;ig;; ; 13 billion rlbs.  To test the

';reasonableness of these pr “qtigns,' they were compared wlth;




(1§iir

ana pykstra

Zniiathe Sulphurdale wells. 7ec11ne
f5%¥Dykstra 1s based on aCtua}_pefformance of 2a ‘
rﬁwells from several areas of The Geysers Fleld It is’ the mostf;
?useful general dec11ne curVe avallable._ Thus 1t 1s concludede

sfthat the pro:ected{ performance of Sulphurdale wells is}’

",'reasonable and is acceptabrﬁ for use in plann1ng and econom1c7>

. forecasts.

\_ _ non-condensible : gas concentrations. Next

Although 1ﬁdiVidﬁel well behavior is 1mportant, thee

true scope of the SulphurT Vesresource can only be understood»

‘ ;;;' :; ';’1:5[.[ ‘ 3f‘-»j,‘ 11



, ‘,:tﬁ;e o

1ng.v
X ‘pressured because 1n1t1a1

'o:bottomhole eaSurements 1nd1cated a pressure of 95 psig and a,-

f:temper ture of 300 degrees F : Normal hydrostat1c pressure ‘

d?;;xshouid» be :approx1mate1y ”500 psig.,, ThlS leads: to the“

cap~rock or

ﬂeconc1u91on that . some seall" mechanlsm, exther

V_Moore (1984):1ndlcates ,that the observed hydrohhermale :

_Lalterat1on of the volcanic' ocks found in well 34-7 could not‘

'ifhave occurred at temperaturesilower than 400 degrees F Thus‘

”5"hot water m1grat1ng fromk; ldeep source could have once

; A detailed reservoirgif,i,»~:ﬁ

"r‘Vat thiSV:'




] the migratory process,

to caus,

:';tecton1c event,

"ﬁ?leavxng a mlnerallzed cap rock and a steam fllled zone.

TQThrough tlme, gravzty segregation ,occurred creatlng higher'

:”gas saturatlons at the top of the reserv01r.i"ef5;"':

Eff'f;rapldly. f"
> of the ffiel&gf’freservoir

~ | over the producing

the”t

hat charged the volcanic zone

— ) '
x

the hotrwater to gradually boil&off,f}f’*



‘*f;pressures w;ll'

: {;;relatlonshipfbeﬂwee"

“]};reservoxr

h':jhistory is est blished

sensitive

to small changes

°gases. Thzs could expla1

at caused the alterat1on 1n the

"ifmuch below the temperature th

":crock@ The condensate then possxbly draxned away through the

f“decreaserras Hsteam t‘is éfoaﬁééd:i sTHé
steamirw1thdrawals and reductions in%'”ﬁt' S
't; be fknown unt11 a priductiona
Because of low pressures xnitially{:;{fn

ingt

:,”thhdrawn,'zndxcatlve of poor or no recharge from the deeperi'

rates w111 dec11ne i fasterf f

mum enthalpy'(lzgs BTU/lb) éffsnffa |
st at thls Astate Which maY;ﬁT"””””"

:;condense thquincreaSLng the concentratlon of non-condensrble{“

why the reserv01r temperature 1sae~

e iy T e L e




.- fracture system.

1978)_f reported

agnoze Fle;dfxn Italy. Thls f1e1d has aff

th;corollary 7i h;Sulphurdale%;because it also had hlgh 1n1t1a1_7d

',gas Vconcentratlons on the order of 80% ¢ However, the gasf

“ff’concen:ta 1ons decreased rapxdly as. d1d the pressure.; After,

:t;gtwo years, thiﬁgas concentratlons stabillzed at about 10% of"

'3t”8u1phurda1e and Bagnore are sxmilar,» then the"?xlst1ng wellsd

‘;901ng to follow the behaV1or of Bagnore, it should be evxdent

'jwlthxn the first two years of—productlon.

fleld.‘;



Reserve detetmination ethods for geothermal reserv01rslfﬁ o

'*ffhave not been rigorously rblxshed Many approaches haved

,been attempted and they all g fall ;to prOV1de ,rellable

, estlmates ma1n1y because ﬁgefj';ahﬂ'ﬂlnadequate reserv01r

"»;1desc:1ption.; Heat contint 'ffthe rock can ‘be. calculated, butir”"

r;lW1thout reservoxr dimensxons, the quantxty is meaningless.‘*“d?

7°5}{Tota1 flu;ds int

ca be'*estimated, but these 'values;gé;?n*

"t=?}actual wel‘

"ng'ff*j*calculated toibefﬁorlginally 1n‘p1ace. : Brlgham (1977)

(1973)f

s:aWhltlng

‘”*EHowever,

feuseful

:1:ispec151ca11y since Lt > is. ref 1 the
refgdecline'curves. V'As'show‘ 1gure 6, the predicted declineg
5rcurves for Sulphurdale wells'fare 1n llne w1th actual steam

'1’gwe11 performance 1n Theézeysers. Expected steam recoverles

;'are 13 blllion 1bs/we11 over

7j20 year lee. ~;7=7':d'



B agree with the' well data

f:or geothS1ca1 boundar e 5

'canomaly deflning the boundary 1sfv ryrstrong, such as a majorl

1;fau1t zone.r It is also necessary that the geophy51ca1 data

v:f{i”Sulphurdale, with only two; weils drllled so far, 1t is. easy '

The' approache,y

',Vfireasonable‘until additional nformation becomes available Inf’

»imost fractured reservoirs,

'f?,followed unless the fracturesr're pervas1ve and - extensive. In

- geothermal reservo1rs such : Sulphurdale, ‘reservorrs are

on

1'proven areas o In the case of

N

A;Lthermal fxelds to rely onhr .
°‘oundar1es.i Geologic;*°

Strlct drllling pattern 1s not"yf




,efault controlled and therefore fault zones areﬁ usually thef;pfi: _

j-pattern w111 keep wells 1000 feet apart In the future,

1f econom1cally Justlfled 'A .

""1n~f111 wells can be drilled

’kjrhe estimated well?;"

ver a 20 year perxod

lion;lbs. of steam reserve‘ (13f'

flow model was’ developed. ThlS'

'“ZThus theplr' X

, ves;and well performance 1nto an“fl~-f

1L"fplant w1th both 34—7A and 34-78

15€ of well decllne, a makeup orf

= T



‘f;replSCement well must be drllled and completed 1n the thlrd-f if:*'

";ie '"roject Addztlonal makeup wells are needed inﬂﬁkds;

'Tf{;theil3té and;716th year for a total of 4 makeup wells., Thrs:

;°{fschedule

A’rjf;de'iveries of approximately 200 000 lbs/hr to the power plant

lxnlet i A total of 30 bllllon lbs. of steam 1s requlred to

7f{operate th1s plant for 20 years and the 1n1t1a1 two wells'

"'f;known until operat1ons'begxn ;There 1s, however,'c>f

»'drlllxng will ; maintaxn sufficlent steaml”

’ﬁfprOV1de'1264 bxlllon or 87% of the total Thus the makeup cr;d L

ilreplacementiwells provide;mainly dellverabillty and not very‘Z‘

sié’éiéb’ié

L'>51ncentive to 1mprove the steam ut1l1zat1on through power»

*ﬂ'plant design.

eam: requirement'forh a power:plant:,?fl



'7fglshould be feasible.:_y

'1ﬂ?fcon51dered’

A sultable disposal we11’1s‘ava11ab1e at 42 7 Although”

',the wellihas not be

‘f‘ct‘that 1ost c1rcu1at10n;f;h

'f;was a:problem. durlngid lllng;infers that ingectiongof watetv5;;5w’fgh

In view of the above, the 450 acres. Wlth 130 bllliongn} s

71bs. of steam could potentially support 25 Mw ‘ If 25% of thefp

"9000 acres atound the Sulphurdale wells were proven to be

: f"productxve,“a potentlal output of about 125 MW could be;e

15 MW project also yields ‘a

:rate-of—retutn of 27%, while

:?27% return. ;h7" -

‘;;fhll7?ofp:thel, economlcslihevefz_essumed'_tlﬁO%;1equity




:;was for 5 years "at 15%;

Project '1nterna1 rat o}

gjflmproved from 27% to 32%.,,: Ef§55ji et .~'

In conclusxon, because of the 51m11ar1ty 1n geology -

: between the‘ proven. area and surroundlng areas, there 1s a

1rf;reasonab1e chance thatV add‘tzonal‘ffff: »“

Vfound somewhere in the;900: acres operatea by Mother Earth'

f;jIndustriesf

'1}1ong term well and reserv01' performance, but uSe of°a phasedrr

tfdevelopment strategy and 11head generators will m1n1m1ze

fthrs rlsk L Desplte the 'eservoxr rlsk and 1neff1cient

9conversion due to nonacondensrble gas, ,the large reeerve

o2



t, and dry steam resource presents a

'Gerald Niim1‘

#1372 .

;;22 "

Reglstered Petroleum Englneer



'ajvrgid;’ whlting"
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. SULPHURDALE GEOTHERMAL FIEL

€, rrosttve Lists

~® Extsting Well

~ O Proposed Develop-

ﬂ ~‘Mater Injection
S ::_uen :



e i i

 Mass Flow (KIbs/hr).
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' ThermaSource Inc.
RO S CAt

SULPHURDALE GEOTHERMAL ROJECT ECONOMICS

7.Cbnversion Efficieney;' >;“"‘*?40 lbs of steam/KWH
PIant Capac1ty Factor ’e}"'1185%',,7 £
o {Price (1985) ‘ f;.;~,‘55 mils/KWH (1ncludes wheellng)

e s 55ca1atlon Factor - 4&%on all items

NOTE'* Geothermal equxpment»i eligible for energy tax cred1t of 20%

Net revenue is:

gible for: deplet1on allowance. f;{;_ S



5 MeBase Case

5 ($3M Debt)

10 Year Cash Return =

. (MVeconomics are‘pre-tax)

26
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