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THE LANL FENTON HILL LONG-TERM FLOW TEST
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Abstract

PTC-ICSI predictions for [he Lorrg-Temn Flow TCSI (LTFf) of [he

experimental HoI Dry Rock (HDR) reservoira[ Fenton Hill were

made using Iwo r-ncdels. Both models are dcpendcrrt on es[i -

rrmes of [he “effective” reservoir volume accessed by the fluid

and the mean frisc[ure spacing (MFS) of major joinls fcr fluid

flow, The effective reservoir volume was estimated using a vwi-

ely of techniques, arrr.1[he range of values for the MFS was se[
rhrough experience in rnafeling the thermal cooldown of o[her

experimental HDR reservoirs, The two p-e-test predic[iorrs for

ccddown IO210 ‘C (a value taken to compare the rncdels) from

ini[ial temperature of 240 ‘C arc 6. I and 10,7 years. Assuming

lha[ a minimum of I() ‘C is required [o provide an unequivocal

irrrlicutimr of [hermal cooldown, bo[h models predict [hal the res-

ervoir will nol exhibi[ observable cooldown for SIIIeasl two

years.

lnlroductlun

In nrrticipnlion of ~he inilirs[ion of the Imng-1’crrrr Flow Tes[ of

Ihe 1.ANI. Fen[rsn t{ill ex~rimcnlal IIL3R reservoir, It is desir-

able 10 consider Ihc key rrs~cis of the IeSI and its relu[ion to the

future of IIDR geo[hennal [cchnology as a U.S. alternaic energy

resource, There arc Iwo major nspecIs wish rcspecI 10 Ihe inter-

prem[ion of the resulIs of Ihe LTfT One involves [hc uhility II)

unrfersmnd the hcirt exmdon condi[imrs of the cximing Fcntorr

Ilill IIDR rescrvrrir itwlfdurirrg Ihc flow period of the [;11’1’,
w,hilc [hc ~)thcr involves the cxmqwlu[ion of lhc fcsulls 10condi-

tions (;f o[her rrscrvoim, The eslimates of Iemperu[ure decline

herein corrsidcr only Ihc hcnl cxmwtion conditions of Ihc crrird-
ing I:cnton I ;ill rewrwtir ml Ihe nnliclpalcd production WMICgV

lor the 1,11.-1,

“1’wi)key pnrunsc[crs f[w cvnluoling un I{IN geolhcrrrurl reser-

voir, on Ihe hrs~isor u clnwicnl mining opcruli~m, are Ihe sim

(rind heal cwrtcnl) of the reservoir ml the Pr}!cntlul rnte O( hcnl

exlmclion, ‘1’hcsr fmrrmwlcrs lnv~dvc nn cwlrnnlc of ( 1) the wd,

umc [)f fmc[urm-rock ftmnrslion wh[m hcrrt c(m!cn{ II ucccwi

blr for hcul Irnllsfcr I() u Circululillrs fluid, und (2) Ihr distribnlion

(}[ Irui’[ures, which dtlc Indncw IIIL Iluld flow gc{nncwy und IIIu!

IIw I ,Ilc with wl~it.tl Ihcrttull cnrl}~y CUII be lrun~lcrrcd It} Ihc L’ir

uuliliin~ Iluld l{xiinu~ms U( the cxlrucluhlc cnrr~y frlml Illlk

mslltlmcs rcquittx rculislic t’h(ke (If (hcsc lw(I p:nwoclcl~ ml
wduti(m of IIIC IICUI lrnn~frr cqmukm~ I() cslinu~tc Ihc rule (Jr heat

tmnsfcr and thus [he expcc[ed fluid temperrrhrre decline curve 10

an abandonmem tempcrnturc selected for the specific applica-

tion (e.g., generation ofelecrricily).

As a hca[ mining operalion from an uncertain volume of frac-

tured rcwk of uncer-min tem~ratum distribution, M cs[imule of

tie total energy resource is rarhcr difficull, Several means have

been comidcred to allow such cs[ima[cs, including: ( i ) swept

volume frnm the geometric m-rwrgcrncn[ of Ihc IWO wcllbores;

(2) seismic volume auribu[cd 10 the hydraulic simulations thrrt

crcaled [hc reservoir (3) tinccr fluid volume and cstimalcd mean

reservoir porosily; (4) fluid inflalirrrr volume from pre-LTFf

pressure resling; and (5) [hcrmal extraction analysis from oihcr

rcscr-wsirs, For heat cxtrnction calcultilions, es!imutcs of [hc Fcn-

Ion Ilill rmervoir volurnc frsr [he L~ resulting from scvcrnl

melhocfs dcscrikf Ialcr r~rrgc over a factor of Icn, from 2.8 ro 2R

million cubic meters. For ihe ies[ condiliorrs of m estimated ini-

uul Iemperaium of 240 ‘C to an abrmdorrrncnl lcm~rahm of

150 ‘C for the grani[ic rmk wi[h spcific heat capaci[y of 954 J/

kgK and reck dcnsily of 27(N) kg/m3, IIIC re.wrvoir volumes cor-

respond 10 a resoumc hca[ comcm of (),65 to 6,5 x loin J, a

ruthcr Iargc vulue even for an experimerrlal facilily,

l:or B given production strnlcgy (Ilowralc over a given Iinw

~ri(m!) Ihc ac[ual amour-u of heal cxlrasxcd from Ihc reservoir

rlqxnds on the flow geomemy through the rmcrvoir, IIIC two

cxIreI ws of heal exsruclion are: ( I ) homogcrremrs flow though

distributed porrmily wound wmsll rock partic!e sizes with rupid

Ihcmml cquilihnum, resulting in cffecIlvc hcul cxtrnclion hy Ihc

swccpirrg Iluld; und (2) flow in one or more mnjor frnclurcs from

the i~ljcctitm WCII 10 the pmducliorr WCII whh Irrsuflicicnl !inw m

uchicvc Ihcrnlal cqulllhium between the Iurgc rock nmssrs nrd
[hr circuhlling Iluld, rvsulling in rupid Iemperalurc dcclirrct~f Ihc

frnxtuccd Iluid ‘l’he ctmditl(nls of Ihe actuul, bul UIWCII;IIIl, II(Iw

gcomcmy Is nrodclcd by the nwtsn fructure sprscing (M13), In ~mc

01’ lbc models preserm.! hclow (the !j(il~ m{xlcl), [or cxnmplc,

[his pumrrrclcr dcllncs Ihe mdlus of Mrrseurrsphcriurl rwk bhkk

((w heal truns(rr.

Tu model Ihc ;mlcnliul for pr[ducm! Iltiid lrnqwrulurc decline

twcr Ihc pcrhnl of [bc l;l’1~1’, n SC!of prcdicli(mt huvc Iswn prc -

pured for n prlctitd rntlgc {If rrwrw}ir sim nntl mcnn l’lu~’lllrr

spucirrg, I’bc lnllut duur fol Ihc qilmllnli{m~ were c~lllq~ilcd lI~uIt

prcvloux cxpcrlcnce (r, g,, lltd~lnssnl nnd Kruger, I!)!It!) uml nuvc

keen updutcd since, while IIIC 1111:1’pnlgnlnl wns txing f[mnu



lured. The zeI of inps.u dala used for the present simulations are

listed in Table 1. Predictions were prepared for the sange of res-

ervoir sizes with rrscan fracnm-e spacings of 2010160 m and for

[hc range of an~icips[ed flowrates from 3 hbl/rrsin (unlikely 10

incrcsssc Ihe size of the reservoir) 107.5 bbl/min (likely to srsuh

in frac[ure extension md incmascd water ccrmw.rmption).

Table L Heal Extraction Pammelem

I. Variable Parameters

A. Reservoir Dirrwnsiorss

Volume (1($ m3) Ungth (m) Width(m) Thickness (m)

2.8 I 50 239
5,3 I R5 # 295
6.45 134 129 373

267 140 428
;; 323 168 516

B. Mean Fracture Spacing (m)

20 Large rrc[work of closely inlerconncctcd fr~c[urcs
40 Mcisrr vidue from prior Fenton tlill s[mlics
80 Slmll network of mnin fluid-flow frac[urcs

16(I l%w shon-circuitirsg fraclurcs

II. Crmsranl Paramclers

A. Reservoir Tcm~nsmre (“C)

Mean Initiul
In”ecliun

iA undonnwnl
Model Comparison

D. Reservoir Porms!Iy $

C. Pnxiuclion Flow Rsr!c

I.ow reservoir growth
(hut of gmwlh
Growing rescrv(ilr
Muximurn m[uirruble

D. “I?terrmd prryw-ries

l)cnsily (kg/n l’)

240
50

I 50
210

0,(M)3

(kg/s)

1!

;:

ll(~k Fluid

27(M) N62
I Imt (’upihy (Jfi~ K) 954 4190
Thciltd conduclivl[y (W III-K) 2.7

dI kill Trnns, (’(K~. (W/m . K ) 17(H)‘--

Mlmakr of AcceMsle ItuckVolumefur Iled Itxtructlon

‘lhc r(~k volume nppropri:lir for hcut mmrnfcr ~;llt(llillioll~ UIUSI

rcptc$cm Ihc cl~cclivc volssmr from which hcw will k
CWI ii~mtc(l,The uppn}prinw VIIIUIIW nlust MXWUnt for Ihc fnc’t Ihn[

II(1I ult nyk ~lilllul~llvd Lhming hydmulic fracturing is wl’cwnriiy

pwt {d”Ihc qwcp[ V[IIUIIr whtw II flow Iicld is csurhli~hed

Irlwmw Ilw WCIIN,

StvcI:II iIrrIhtxIY I\ilvc twcIl uwd I(J rn[itmstc Il,c uvuilrrhlc hcul

CINIICIII nK’k vidumc flw thr I;l”t”i’ Ivlcrvoir, “[”hercMSllS (lf Ihc

lfdh)wiu~ nrhrds m sumtnurimd ill ‘Iiddc 2:

●

✎

.

●

✎

computation of the rock volurnc by dividing the mncer-

determincd fluid volume by an appropriate estimalc of

fracture porosity ([racer-determined rwk volume);

estimation based on hydraulic and mechanical

considerations (hydro-mechanical rmk volume);

es[ima[ion from prior cooldown experience (cooldown -

ma[ching volume), This Iechnique is Ihc most reliable

since it uses tempcrmure decline data 10 size !he

reservoir. Of course, mr cslimate using this Iechnique is

not yc[ available for [he Fen[on Hill reservoir.

lhble 2. tilirnales of ReservoirVolumefor theFenlas Hill
HDR Reaervdr

EslimaterJ
Tesl Vorrlf

Me[h(xi (-#Ref. Corrditirms (1 m ) Basis

Swcpl I inlcrwcll
volume dipole

Microwismic I ntinimu’n
cvcnls la estimate

S-wuve vel,

Tracer 2 $ = 10”4
Iesls $ = (),(X)3

Pressure 3 bulk mrrd.
tesls of 55 GPa

1. Robinson and i:ehler (1991)
2. [lush Ct nl, ( 1989)
3. tlrnwn (1991)

2.9
5.3

6,45

::

22
f).fl

16

Georrwric tk)W
arrangcmcnl
around wcllbore
Iucaliorss

Envelope of hypo-
ccnlcrs of seismic
evcms

Mcasurml rracer
Iluitl volume smd
fmrtratinrr porosily

} lyrlriulic swess-
ing of k reservoir

,SweplVolume.Themost con.sctvmivc c.slinu. rteof the elfcctivc

n~k volume swcpI by fluid is obmincd from geometric spacing

of [hc WCIIS, Ilsis mrxlcl USSUIIKSthut when u flow Iickl is SC[up

klwcen Iwo wells, nm)sl of Ihc circulating fluid msvels dircclly

Mwcen the wells, thus contmcling only Ihe rock in the vicini[y

of Ihe IWO wellhns. I;or Ihc IH”l:ll it wus assumed Ihrsl sm

:Ipptwprinlr gconwlry is a righI circuhrr cylinder wi[h dinmclcr

cqunl U) Ihc WCII sepnra[imr dismntc, ‘Ille height is mkcn 10 1X

the dcplh along ihc wcllborm in which Ilsml is cnlcrirtg or lcNv-

ing Ihc WCII. The rli~hmcc bcIwccn wells in Ihc dcpIh imcrvuls

where Ilui(l is cnmring und exiting Ihc WCIIS is uppro~imaicly

I I [) m. l;rom tcmpcrsrlurc log infornmti{m, thr mscrvoir heighl is

srp!rmimutcly 3(IO m, These dimcusiol~s yield u swcpI rock vol

Ullk or 2.9x M’ 1111,

III rrulily, llilld is prnhmhly ftwcrd Ii) kwm’p lhrtw~h u wm~wh:l[

lurgcr voluttm of r{x’k, Iiw cwunplc, ill dipole Ilow, sonm Iluid

cirrululcs ill pulhs In’hind ruch WCII Ircliwr rrm+ing Ihc pnnlut’

Iilm WCII. A more uitprt@ulc cquiv:,lrnl diulllclrr fiw WI(’II II(Iw

wus cwimalcd 89 1.$0 m, rmulling in II swrpl vtdunrc 01

5,{ x I($ ml,

MlwoselwIIlr llork VohImr. ‘1’hctmwllddr (d Iml’rtwiwnit’

cvctll Imwliom drlrrtliinrd dulitlg hydlilulir ~lillwhllilm rilm’
rivrly tmllinr~ thr rr~i{m t)t’ l~wk itl whi(’h Ilw j~titll~ wrrc wiunl

hmwl. ‘lit cslimulr Ihc slimuhltcd rtK’k vtdmllc u$ill~

mirnmiwnic dIIUl, 1! wily NSWIIImd Ihw Ihr lrsrrvtlil i~ t)l chip

wtidul dmpc. ‘1’hcsc mclhtds wcrr rmpltiyml l{) Inmml Ihc



microseismic rock volume eslimate, The lower bourrrJ is

oblained by taking only [hose cven[s within [heqxnhole regions

of [he in”ection and production wells. The resulting estimate is
f1365 x 10 m (Fehler. pm. comm., June 18, 1990). For an ellip-

soid encompfissing 68% of all events, regardless of [heir loca-

tions ( ICSestimate), the microseismic rcwk volume is

16 x 106 m3. However, perhaps a more sophisticated technique

is [o detemlirre, through inversion t,m-hniques that simulta.
neously delermine the event Imacions and Ihe shear wave velm-

i[y as a functirm ofposi[iorr, [he volume of rock whose properties

h~velxen influenced by the hydraulic simulation (Bltxk, 1991).

From [he analysis of Robinson id Fehlcr ( 1991), [he resu!ting

es[imate of rock volume is 28 x 106m3.

Tracer-Determined Ruck Volume. Assuming steady-stale fluid

flow and a tmcer tha[ follows [he sarnc flow palhs its the fluid, Ihe

lo[al fluid volume Vf can be es[irnated from [he firsl momem of

the tracer-determined residence time distribution, Then, assum-

ing an appropriate value for lhe porosity of [he reck mass @ the

mck volume V, is computed using Vr=V~$. The fluid volume

determined from & rritcer expenmerd during [he Ini[ial Closed

lAWp Flow Test ([(’!7) was 22Mt ml (Dash et al., 1989). For the

prosily value of 0,003 git.~n in Table I tbe corresp-snding

Lracer-determined volume would be 6.6 x 106 m~, in god ngree-

rnent wi[h the minimum seismic es[imisic of 6.45 x 106 m~

I lowever, [he es[imatc of pornsity is i[self uncertain, und hfls a

linear eITccI on the rrxk volume cs[ima[e. Thus, fur a porosi[y of

IOA assuming join!s of I mm nperrurc wi[h an avera~e spucing

of 10 m, Ihe resulting tmtcer-determined rock volume is

22 x 106 m3.

lIydro. Mechanical Rock Vtsl:n- III [he pressure mmsient

ex~xrimcnls priorto the l:ll”~(tlrown. 1991 ), fluid wos injecmd

into [he rsrck misss while monitoring Ihe reservoir pres’ ure istIhc

shut-in production WCII, An es[inlutc of the rock volun~ affcc[ed

is given by Vr=KAV/AP, where K is the bulk modulus of Ihe

mincruls, AV is Ihe volurnc chnnge, nncf Al> is the corresponding

pressul’e chwlge. Ihrring [he ini[id singes of Ibis expcrimeru, u

chunge in reservoir pressure of 7.5 Ml>n resulIed from [he injec-

tion of 27 IS m7 of fluid Assuming a hulk Ininluluxof 55 (il>a,

Ihc rclfilion isbwc rcsuhs in a hvdro-nwchunicul rock volume

cslilnulc of 20 x 106 In’, [,u[er in [hc cx~rilnent, pressurization

fr(~ln 15 I() 19 hll)u yiclclcd J rock VOIUIIIC cslimu[c of

I(I x 1($ ,11’, This nlctisiINIIlcnI is considenxl rcliuhle since it

w~s curriml twl ul preswrcs closer 10 Ihc mscrvoir pressure dur

ing circul;lli(m,

R(~h lnst)n i)lld Kruger

reservoir volurrw of 3.6 x I($ m3 using the LANL mcdel,

Summary of the SGP and LANL tleal Extraction Models

The IWO heal transfer models used for the cooldown prmlic[ions
in this s[udy. [he Smnford Geolhemml Program I -dimensiomd

linear heat sweep model (denoted by SGF’) and Ihe [OS Alnrnos

National Laborrsmry tracer-based hen[ transfer model (deno[ed

by 1.AN1.), have been descriixd previously, (e.g., Robinson and

Kruger, 19MI; Hunsbd et al., 1983); stnd Robinson imd Jones,

1987). Features of the IWO models are summarized below.

S(; P Model. The SGP heat sweep model was developed m sim-

uliIte heat extraction in fractured reservoirs with fluid reinjeclion

or circulation m a one-dimensional heat ex~actirm prccess. The

rnm.fel was ini[icwd by llunsbedt et al. ( 1978) based on hem

transfer properties of regul~-shcped r(~k blocks swepl by circu-

lating hem-carrier fluid, Kuo e[ al, (1977) showed from experi-

mental observations tha[ he~t transfer properties of irregular-
shtr@ rock blocks can be successfully approxima[cd as spbcri-

cisl-shisped twks rsfequivident rm.fius for which [he heal Iransfer

equations cursbe solved analylicully (Carslaw md Jaeger, 1973),

I:or a reservoir ctmsis[ing of a wide range of hlcck sires,

Ilunsbedt et al. (1979) showed iha[ Ihe slalislicd distribution of

sizxs could lx effectively modeled as a syslern with a single

mean equivalent rndius, The grsveming equations describing

hem transfer from the equivalen[ $phenca: rocks die given in

I Iunsbt.dt e[ al. ( 1983). The solution for prcscrihed line~r sweep

boundaries and ini[kil condi[brs is accomplished by converging

hem to Laplitce trarrsfoml cqu;~lir.snswith nurra-icisl inversion

by Ihc Sicbfesl ( 1970) algorilhm, The two model parmm[ers are

the effeclive reservoir volume and Ihc n~an frw-lure spacing.

I,ANL Model. ‘[he 1.ANI, betu trmsfcr rmxfcl for IWWWCI1

tlDR resmvoirx is bnsed on the assunlplio~ [hut ~’le process of

heal extraction fmm u Iixed volume of rock depends on the flow

fmttems es[ubllsbed between Ihe injcclion and prrxhrclinn well-

horcs The model uses [he rnasurcd [riutr response tluring cir-

cululiorr 10 npproxirnntc Ihc enlcn[ of [low chunnelling twtween

[hc WCIIS, Ihus mxounting for tbc cffccI of mm unifoml flow on

[he hcu[ cxwticlion Per-f onllol,ce, II ~ssumcs IIMI Ihc rcscrv~)ir ti]ll

k IIWLICM us m .seI of flow f)ii[hs O( different size m-l fhwru[c
udjusle(l [(~mulch the otrscrvcll trticcr rcsp(msc, ‘IIIc Ihcmml

mspoIIse ofeticb pislh is ~ultulii[cd individually, Ihcn Ihc C(MII.

Ix)sile OUdCI hchilvi[)r Is culculu!cd us the Ilowriilc wcighlcd

nwat] of the imlividu; d rcspmscs, tlcut mmsfcr wilhin N] indi

virlunl II(Jw pn(h is culculu[cr-1 llsing u mw.lcl Ihtil is flltl(liilll~(l

Lilly lhe sllllc us the S(;1’ bcil[ Cklrilc’lioll Il)(mlcl, Ullh[mgh lhc

s~dulinn is ~~htisincdti(ltlrcricillly u$ing Iinilc dilTcrulwc Itch

niqucs It) IINXICI Ihc hcul [runsl’cr within the r[wk, .Ille suntc IWU

ndjwwuhlc purutnctcrs, Ihc mcisn ftuclurc spncing uml Ihc I(IIuI

~~hk wduuw, ure pre~ent ill the I.ANI, Imdcl,



Rob inson and Kruger

Comparisonor Results

Tnble 3 Iisrs a summary of ihc LANL mmlcl results, for Ihe five

es[immeo reservoir volumes, of cooldown limes 10 the rnodel-

comparison wmperature of210 ‘C and [he abarrdonmerrt tem-

pemhsrc of 150 ‘C as a func[ion of mean fracture spacing at the
nnlicipated s~ady Ilowra[e of 8 kgfs (3 bbl/min) over the life of

rhc [est. Ttible 4 shows Ihe same results for the SGP rnrsdel.

Tables 5 and 6 Iisl [he results for cm.rldown Iirncs for Ihe range

of steady circulation flowralcs a[ an assurrd mean fracture spac-

ing of 40 m over Ihe reservoir volume. Cooldown curves for ihe

five es[ima[ed reservoir volumes by both r,wxiels are shown in

Figures I 105. The ccmldown curves for Ihc range of flowrstcs

are shown in Figure 6.

Ile chs of Tables.7 and 4 show clearly for both models that

cuoldown to tic comparison temperature of 210 ‘C a[ [he flow-

m[e of 8 k@ is very much depmdem [m bmh the Ioud ‘heal-

tmnsfer-accessible’ reservoir volume and Ihe rrnrs fmcnsre

spacing for fluid tlow. For shorr-circuiting conditions (given by

MFS = 1WI m) the Ii fe[ime [O Ihe comparison [errlpem[urw

ranges from less than 4 days (LANL model) for a reservoir vol-

ume of 2.8 x I(P m3 m 26 years (SGP mrx.lcl) frsra reservoir vol-

ume 10 times as large. The spretid in calculated ct-mldown limes

10 Ihe atsantlonnwrl Iemperau.rre Ta = 150 ‘C is nol quilt so

large, riurging from (),16 years (LANL model) for the smidlesx
vr)lunk 1059 years (SGP rrdcl) for the reservoir 10 Iirncs as

large.

The compnrkm also shows a misjor difference in the IWO nwdcls

UI early [est limes bused ON the model assumptions and formula-

tion. A major aspect of [he difference is auribukd 10 the sweep

[low geometry in the Iwo mmlels, In Ihc LA N1. mode[, grealcr

wcighling is givers 10 [he short-c ircui[irrg flow pmhs which cor-

responds, for a given mean fnsclure spncirsg, m a huger reservoir
volume compru-ml [O Ihc SGP I-D sweep rmxlcl in which uni-

fornl-llow conditions art assumed over all fruclurcs, (@r cxwn-

ple, Tnhle 4 shows u mokfown [imc 10210 ‘C of IL3 I ycnr$ for

ISrrscrvoir volume of S.3 x II* ml for he S(W model, which

corrcslnmds in ‘I”tiblc 310 ir cooklown Iin,e of H.7fr years for n rcs.

ervoir volume of 211x 1(~ nl~ for ihe I.ANI. rnodcl.

I)iscussionand (kmclusions

‘Ihc mnge of rsrck volumes nntl lhcnnul cooldown limes

(Ihltiinctl uxing [hcsc vurimss rock volunK cwimulion [cchniquw

illu~trmcs IINSIwc currrnlly do 1101hiwc u proven technique for

rwimwing the nrck V~IlUIIW ucccssihk for hcn[ mrmfcr, AcIuIIlly,

Ihe mrlure of the discrrpancics urc pmhntdy due in krrge fmrl 10

[he nrethod of c ~timutiwr, uml we musonilhle givcll our under.

sltimling of Ihc phy~icnl prtwcsws inwdvcd, l:or cxwlqdc, Ihe

Illicrt)wiwllic rrwk v[dumc ( ICI c~lilllillr) yickl~ I!IC lurgc~[ vol.

UIIIC cslinlmc hrcuu%c the vtdunse 1}1l[wk ufl”ccIcd in u high pros.
wrr \till)lllii[l[)tl is Iikrly ItI tu grcutcr IIMH Ihc ~wcpI WIIUIIIC

dutin~ ~’il~’ultilitm ill knvrr prrwuiy. 111mldili[m, cslilllillll~ll lrtmll
niqlmy SU(II us IIW hy~illl ll~~hillli~;ll rlwk W)IUIIW llk[hod 11{}IU)I

il(((llllll f~~rIhc Ilicl IIltil u mill unilimn flow Iicld will rxisl
IXIIWWII Ihc wrllt, iusultitlg ill UII cllcr[ivt hCIN trnnsrer nwk

wdullsr Illill It ~lnilllrr Ihiln [hi~ eslim;llr, 111Ilw rnprrlnlrul IIW(I

I~U II)C I)ytlro I,lt.1.hiltliclll IIWII1(MI, IIW ilc~.c~til)lc ~~k is CiIII~

I)IC*WVI mlil[~rlltlv, rcgntdlcsr [jr wl\clhcI Ill! Ihnv p:IllIy lxmlrih

Iuc cqmlly 10 lhr rirculluing Ilow xv\ IrII\, A~ hmg nx dir IMIIIX
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Figure I, P-rdiclcd production well cooldown curves for various

nwm fracmme spacings for a heal msrssfer rock volume

of 2.11x 1($ ml. I“op Iigure - I.ANI. model. llouom tig-

ure - SW model.

Ibble 3, Wlimalcd Lboldown rst If kgh . I.ANL Model

Mciin Time (yuurs) [0 irhwsrh,mcnl [e p
I:ruclurc ),

Comparison er~~ fo~ysemoir volunw ( 1( m )
Spucing Telnp, (“c) , ., 6.4s 16 2U

20 210 0.44 I .45 I .97 fs.lNf I I .2
I 50 545 11.7 14,R 42.4 711,()

40 210 i), I 1 0.41 (),(i) 3,61 ll,7fr
150 2.79 8,22 1(),11 31.S 65,4

w) 210 0.03 0.10 (), 15 (),W 2.74
I SO O,(]!I 2,4V 3.70 21,2 4H.2

I (If) 210 0.01 0.02 0.04 ().26 0,()()
I 50 0.16 0,59 (),W 5.75 17.4

‘Ihhle4. [W-l’ Esllmnkd (’ooldownal tfkgh - S(;P MoM

M~i~l\ .I’imr in yrilr$ Ill Mlldtmlllclll I Islp
I ‘rilcl m

1,, $ ‘
( “Iullp;wison elumrc h~r rrscrvoir vt~lumc (1( ,11 )

Spucin~ “Iclllp (“(’) 2.H 5, \ (145 2H

’20 210 5. I .1 10 J I 1,’) 1,!,.! 5H,(1
I 50 (1.()I I 2,:1 154 .U1(1 f)7 2

40 210 1.49 H,,! 1 107 30.9 !i(l 2
I so (121 1~,~ I 5 () M 2 ofl,9

N() 210 (),14 l,H7 5,”10 2,12 47.2
I f{) 4,(1,! 107 I !,4 )fl, fl (Is, I

l(d) 210 (),[)Y (), ?() (), In 7,() 2(I 4
I so [),?7 !,4,1 6,(I I 10,1 59.()
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Figul: 2. PrcsJimd prruluclion well cmddown curves for various

rmisn fracture spacings for a heiu transfer rock volume

of 5.3 IS I(* m-;. lop figurs . LANL rrmdcl. BOIIIMII tig-

urc - SGP model.

Figure .!. Predicted production WCII corddown curves for various

nwrn friscusrc spacings for a heat transfer rrxk volume

of 6,4S x 1($ m~, I“op Iigurc - LANL model, Bouom lig-
Urc - SGP model,

‘Iubk S. EstimatedGukluwn ot MFS=40 m. LANL Mudel

Iimc in yenrs 10 abamkmmcnt I
TpiI:low RirIe (%mpirris(m crirusrc for rcsccvoir volume (1( m )

(kg/s) ‘kill’. (0(’) 2,R 5.3 6.45 16 211

II 210 ().1I (),41 0,60 3.61 lt.76
I50 279 8.22 10.8 33.5 65.4

12 210 ().()5 0, I~ (),26 1.!$9 4.(IO
I50 1,23 4.25 5,92 20.4 40. I

I (1 210 (),()3 (!, 10 0,15 O.lill 2,74
150 0,(19 2.47 J,y) 14.2 2H.4

~[) 210 (),()2 0.[)6 (),10 0,511 I .75
I 50 ().44 1.57 2,34 10.6 21,()

“l”sIMc6, FMimnlcd ( !ooklown al MFS=40 m. S(: P ModtIl

“1’imc in yc;m m ~hamhmnlcm I Inp-
l’h~w KtiIc (Qtmqmrisoll Fcruturc for rcscmoir volunw (1( m’)
(k#s) “Icm!), ((’(‘) 2H 5.3 6.45 Ifl Ml

u 210 .l.m) H.31 10,7 30,0 5(1,2
150 h, 2 I 12.2 I S,() 3H,2 66.9

l? 210 IRS 4,116 6,,M 19.(I .W.4
I50 3,WJ 7,1)H ~),M4 2$J 44,s

If, ?10 I OH 3,22 4,2ti 11,() 20.5
Ifl) 2.Nt 5,)!$ 72,1 IN() \\. ?

?() 210 () ,,f, ~,~-~ \ (F) 1().fl 20.()
15(} 7 17 4 f)l 5,(IV 1$ () 2f,,5

me physically conncc[ed 10 the well (slircclly or Ihrough olhcr

pa[hs), [he volume is included in the es[ima[c.

“Ilrc approprhste rnck volume fnr a given reservoir Ihhs depends

on [hc rsssump[ions in the heal trnnsfcr mmlcl. For Ihc SGP hcisi

sweep rmnkl, Ihc hcirt mrnsfcr prcclic!ion buses!on u swcpI vol.

umc cslimulc of 6,4S x 1(P ml is rccomn~ndcd bccisusc it is

mm Iikcly to represent [he cffcclivc, mrc-dillwnsi~)nal swcpI

volIImc, II y conlrw. IhC1.ANI. mwcr- hirscd hem tnrmfcr nwlcl

implicitly aucounls for flow lll)n-ullif(~nllilirs, “l”hushe Iurgcr

V;IIUC [~f 16 x 1($ nl~ (hyll~}-llwcllallical rock volumr), the vol.

miw over which u hydruwlic prcwurc rcsponxc is msnsmi[[ed, is

mrwc uppropriu[c for [hc I,ANI. hci IImmsfcr mmlcl, “Ii) rccml-

cilc Ihc t!ifTcrcncc ill lhc$c two vldwmcs, another view d’ Ihc

frilclilrc flow puth clls[rihutiwl in the 1.ANI, mmlcl WIIS ctmsid.

med. I:or [hc seven-flow pirIh model used, Ihc sum of [IN rock

V[)iUlllc~ of !hc qlllilllcsl xIX pmh~ is 2.H X I(* 1111,A Iolui [}fd2%

~~fIhc cimuhsling Iluid lruvcls in lhcsc pullm ‘llw~, Ilwrc is ti clwc

itmcr l~gi[m Inuch wnulicr Ihan lhc Ii,)l:ll v~)lumc t}f 10 x 1($ m‘

in which u signilicum flm-[i(m [If Ihc Iluid flows, Au cquiv:llcm

l)llc dlnnwsitmul ullif~mn flow hCill lr;msfcr Vlllullk (ill) In=

IIhl;llllcd hy Ilt}rl:lilli/illu Clll’11 lll~w pulh Vl}lulln’ hy its frll~llollill

flow rillC, ‘Iht rcxullin~ cquivulcnl hcul lxm’rlll vtduIIlc Iiw uni

l~wnl thlw is N,4 x 10’”111’, which il~N1.S Ill(m L’ll}wly with Ihc

vlllllc Used in Ihc S(il) Illlxlcl (fI,45 n 10’) m ‘), ‘Illc vuluc is ulw)
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Figurk 4. Prmficlecl prmfuclion well cmslslown cumes for various

n~on fracture spacings for a heist msnsfer rock volunw

of 16 x 1($ n$. Top figure - LANL model, Bottnrn lig-

ure - SGP model.

Figure 5. Prcdicled prrrduclion well cmdmwn curves for vurinus

nuxsrr fracmre spacings for n hat transfer nsck volume

of 211K I(P m’. Tup tigure - LANL model, tluuorn lig-

Urc - SGPIrldcl.

in ngrcemerrt with Ihe value of5.3 x I(* ml from [hc tlipok csli-

IIWIC of [he swcfrl volume and [he trncm-tfclemlincd vulurne or

6.6 x I ($ ml for the sekcled porosiiy of ().(X)3, ‘[he olhcr pilrunl -

c[er in the nrodcl is the rwmn fructurc spiscing. For [hc SGP
IIXXIC 1,previous cxpcricncc in simultiling Ihcnmsl cddown

Irch:lvior of Ihc Roxcmunowcs rcscrwir ( Kruger, I W)) suggests

IhilI ii VUILICof 40 m is iq}prsqrrititc for Ihc K1-l:r, WIICIWIS Nicol

ill]ll Kohinsoll ( I W)) showed Ihili a lower VUIUC .)f 15Ili pt[).
vihx.1J~omfmwchw [kcthususing Ihc 1,ANI. truccr IMISCJ

IIMM!C! As wi[h Ihr rrrch v(dumr c%lilliillc, [hc iqqmq’rrimc IIWniI

Irwmsre spticing 10 usc scrIIls10,Icperrd on Ihc nssumplifm% 0(

Ihc twirl cxlrwviml nrsnlcl “1’hisdifl’crcncc ~illl hc rcconcikrl

Inrgtly h~ Ihc fad Ihil[ IIW Ml;!i in IIIC S(iP Imxkl is ~he rzr.liuq

of ml cquivislcnl sphere, whcrcm Ihc I,ANI. Inodrl employs ir

dish ge[mwlry wi[h fril~[u~s ()[ itllinitc cxIcm in Ihc third dimcn.

sion, “1’huslhc friscmm spocing ill Ihc I,AN1, mrxkl should k on

Ihc ~mlm t)f one- Imlf Ihc Ml:S of Ihe S(; P Iw.ufcl for Ihe IWO

Ilnrt.lcl$ 10 wrrspwlll,

( )11lhc Iulsis of Ihiq cllrrcfq)rtllllcncc, our I*S1 l?Slilllilk’ f(}l IIIC

lhcrnml c(nddimvll khil~ i~}r[If Ihr I+m{w Ilill tncrwlir ix hirswl

(NI it rs~k VIIIUIISC IIIMI IIICiSIl Irm”lurc qmcitlg [If 6,45 x l(f) 111’

illlll ,10111, rcslwrlivrly, r’or Ihc ,$(iiJ m(xlcl, Ilnd I(I n 1($ m’ ;ind
20 III. Icslmtlivcly, ItIr IIW I.ANI, II Mmlcl, l;igurr 7 XII(}WX Ihc

IVIIIIIX tll Ihmr Inrditli[mx I[)r llw H k~~ lh~w nut, IIIC ~rnclid

fcumrcs of Ihu predictions are similtir, prticutisrly in regnrds m

Ilw design and durislinrr of a heat cx~climr cxpcrimcm. Ilolh

nmlcls prcdicl [hat several year dill pass kfrwe signilicarsi

thermal cmrldown will bc ohservcd. Thr prr-lm prruic[irmtfor
cofddwn m 210‘C rmdtinx jirom Ihi.; joint mdy urc 6. I yews

/i)r IIIC IA.vl. I wdcl und 10.7 yar.vJiw the SGP mrnfcl, Assure.

ing Ihui n ni::innum of 10 0(’ is requirmf 10 provide m uncquiv-

ucnl indiculimr of Ihcnr,d rxroklowrr, Ihc conclusion is Ihni Ihc

1,1171”will not exhibit olwervrhlc cdlown for III lcn.w IWI~

ycrsrs, (’ooldown occur~ Iirsl in thr LANI, mrdcl, dur 10 Ihc

rnnrc direct wny in which chisnllclling is Simlllil[ctl. 1 Iowcvrr,

h)lh mlxfcls pr did thnt [hc rcsourcc will prudutc tluid UI useful

[cnqwrulure for III IcI.M I () yrrm The oriwl 11[thrrnud CLKMIWI1,

[bough in ilsclf rrw a (ksiruhlc rcsulI, dtKs noI psmml ii rupid

dcgrndil[i~tll [II the quulity of the rrwmrtc. ‘IIIc reservoir Iqqrc:,rs

10 hr Itirgc rnough 10 wrppotl ISkmg flow ICSI in which hwu CM

he mined fur murly ycurs. (Iwrrrrl plIIIls UIIII for the hjwcsl lh}w

rnlc in’1 nhlcs 3 rIIId 610 hc used, I;VCII it higher Illtw rules nnd

illcll’ilscll pr}wrr prmluclilm cllll Irr mwulgcd, Ihr Imnlcl mxulls

Suggcsl Ihnl Coolthnwl should k nnrdcrmc itl u I 1[12 yCilr Ilow

ICMI,



Figure 6. PrwJic[ed praluction well coohJown curves for various

flow m[es for MFS=40 m imd heat wansfer rock ~olurne

‘ of 5.3 x I(* ml. Trrp tigure - IANL model. Bol[om fig-

ure - SGP model,
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