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Abstract

Pre-1est predictions for the Long-Term Flow Test (LTFT) of the
experimental Hot Dry Rock (HDR) reservoir at Fenton Hill were
made using two models. Both models are dependent on esti-
males of the “effective” reservoir volume accessed by the fluid
and the mean fracture spacing (MFS) of major joints fcr fluid
flow. The effective reservoir volume was estimated using a vari-
ety of techniques, and the range of values for the MFS was set
through experience in modeling the thermal cooldown of other
experimental HDR reservoirs. The two pre-test predictions for
cooldown 10 210 °C (a value taken to compare the models) from
initial temperature of 240 °C are 6.1 and 10.7 years. Assuming
that a minimum of 10 °C is required to provide an unequivocal
indication of thermal cooldown, both models predict that the res-
ervoir will not exhibit observable cooldown for at least two
years.

Introduction

In anticipation of ihe initintion of the Long-Tenn Flow Test of
the 1.ANL. Fenton Hill experimental HHDR reservuoir, it is desir-
able to consider the key aspecis of the test and its relation to the
future of HHDR geothermal technology as a U.S. alternate energy
resource. There are two major aspects with respect to the inter-
pretation of the results of the LTFT. One involves the ability o
understand the heat extraction conditions of the existing Fenton
Hill DR rescrvair itself during the flow period of the L1T,
while the other involves the extrupolation of the results to condi-
tions f other reservoirs, The estimates of temperature decline
herein consider only the heat extraction conditions of the exist-
ing Fenton Hill rexervoir und the anticipated production strategy
for the LTHT,

Two key parumeters for evaluating an HDR geothermal reser-
voir, on the basis of a clossical mining operation, are the size
(and heat content) of the reservoir and the potentinl rate of heat
extraction. These parametcrs involve an estimate of (1) the vol-
ume of fructured-rock formation whose hent content is secessi-
ble for heat transfer to a circulating fluid, and (2) the distribution
of fractures, which determines the fluld Hlow geometry and thuy
the 1ate with which thermal enerpy can be trunsferred to the cir
culating fluld. Extumates of the extractable energy from HDR
resources requires realistic choice of these two patameters nnd
solution of the heat transfer equations wo extimate the rute of heat
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transfer and thus the expected fluid tempemature decline curve to
an abandonment temperature selected for the specific applica-
tion (e.g., generation of electricity).

As a heat mining operation from an uncertain volume of frac-
tured rock of uncertain temperature distribution, an estimate of
the total energy resource is rather difficult, Several means have
been considered to allow such estimates, including: (1) swept
volume from the geometric arrangement of the two wellbores;
(2) seismic volume attributed to the hydraulic stimulations that
created the reservoir; (3) tracer luid volume and estimated mean
reservoir porosity; (4) fluid inflation volume from pre-LTFT
pressure testing; and (3) thermal extraction analysis from other
reservoirs. For heat extraction calculations, estimates of the Fen-
ton Hill reservoir volume for the LTFT resulting from several
methods described later runge overa factor of ten, from 2.8 10 28
million cubic meters. For the test conditions of an estimated ini-
tial temperature of 240 °C to an abandonment temperature of
150 °C for the granitic rock with specific heat capacity of 954 J/
kgK and rock density of 2700 kgjml, the reservoir volumes cor-
respond 10 a resource heat content of 0.65 10 6.5 x 10'8), 2
rather large value even for an expenmental facility.

For a given production straregy (Mowrate over a given time
period) the actual amount of heat extracted from the reservoir
depends on the flow geometry through the reservoir. The two
extre: tes of heat extraction are: (1) homogeneous flow though
distributed porosity around small rock particle sizes with rapid
thermal equitibrium, resulting in effective heat extraction by the
sweeping fluid; and (2) flow in one or more major fractures from
the injection well to the production well with insufficient time 10
achieve thermal equilibrium between the lurge rock masses and
the circulating fluid, resulting in rupid wemperature decline of the
produced Nuid, The conditions of the actuul, but uncertain, flow
geometry s modeled by the myean fructure spacing (MI°S). Inone
of the models presented below (the SGP model), for example,
this purameter defines the radius of 1 mean spherical rock block
(or heat transfer.

To model the ;otentinl for produced tuid temperature decline
over the period of the ETET, a set of predictions have been pre-
parcd for a prectical range of reservoir size and mean fracture
spacing. The tnput data foi the simulutions were compiled from
previousexperience (e.g., Robinson nnd Kruger, 198%) and nave
been updated since, while the LT1°T program ways being fonnu
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luted. The set of input data used for the present simulations are
listed in Table 1. Predictions were prepared for the range of res-
crvoir sizes with mean fracture spacings of 20 to 160 m and for
the range of anticipated flowrates from 3 hbl/min (unlikely to
increase the size of the reservoir) to 7.5 bbl/min (likely to result
«n fracture extension and increased water consumption).

Table 1. Heat Extraction Parameters
1. Variable Parameters
A. Reservoir Dimensions
Volume (105 m?) Length (m) Width(m) Thickness (m)

2.8 150 78 239
53 185 97 295
6.45 134 129 n3
16 267 140 428
28 3 168 516

B. Mean Fracture Spacing (m)

20 Ll.arge network of closely interconnected fractures
40 Mecan value from prior Fenton Hill studies

80 Small network of main fluid-flow fractures

160 Few shont-circuiting fractures

I1. Constant Parameters

A. Reservoir Temperature (°C)

Mean Initial 240
Injection 50
Abandonment 150
Model Comparison 210

B. Reservoir Porosity ¢ 0.003

C. Production Flow Rate (kg/s)
Low reservoir growth (]
Onset of growth 12
Growing reservair 16
Maximum atainable 20

D. Thermal Pronerties Rock Fluid
Density (kg/m*) 270 K62
Heat Capacity Ok g K) 954 4190
Thermal conductivity (W/in-K) 2.7
Heat Trans, Coeff. (W/m*-K) 1700

Estimutes of Accessible Rock Vilume for Heat Extraction
‘The rowk voluine appropriate foc heat trmusfer caleulations must
reprexent the effective volumne from which heat will be
extiacted, The appropriate volume must nccount for the fact that
not all rock stimulated during hydraulic tracturing is necessarily
part of the swept voluime when a flow ficld is established
between the wells,

Several methady have been used to extimate the available heat -
content ik volume for the LTET reservoir, ‘The resulis of the
tollowing methods are summarized in Table 2;

« 1ock valume estimite from vimple geometric arguments
related to the positions of wellbores (swepl volume);

¢ determination of the volume of rock in which
mucroseismic events occurred during the hydraulic
stimulutions that created the reservoir imlcroseismic
rock volume),

» computation of the rock volume by dividing the tracer-
determined fluid volume by an appropriate estimate of
fracture porosity (tracer-determined rock voluine);

» cstimation based on hydraulic and mechanical
considerations (hydro-mechanical rock volume);

« estimation from prior cooldown experience (cooldown-
maiching volume). This technique is the most reliable
since it uses temperature decline data 1o size the
reservoir. Of course, an estimate using this technigue is
not yet available for the Fenton Hill reservoir.

Table 2. Estimatea of Reservoir Volume for the Fenton Hill

HDR Reservoir
Estimated
Test Vo
Method Ref. Conditions (l()'l"u :1‘5) Basis
Swept 1 interwell 29 Geometric flow
volume dipole 5.3 arrangement
around wellbore
locations
Microstismic | minimum 6.45  Envelope of hypo-
cvents loestimate 16 centers of seismic
S-wave vel. 28 events
‘Tracer 2 ¢= 104 22 Measured tracer
lests ¢ =0.003 6.6 fluid volume and
formation porosity
Pressure 3 bulk mod. 16 Hydraulic stress-
tests of 5§ GPa ing of the reservoir

1. Robinson and Fehler (1991)
2. Dash ct al. (1989)
3. Brown (1991)

Swept Volume. The most conservative estilmate of the eficctive
rck volume swepl by fluid is obtained from geometric spacing
of the wells. This model assumes that when u flow field is set up
hetween two wells, most of the circulating Quid travels directly
between the welly, thus contacting only the rock in the vicinity
of the two wellbores. For the LTI°T, it was assumed that un
appropriate geometry is a right circular cylinder with dinmeter
equal to the well separation distunce, The height is taken to be
the depth along the wellbores in which Nuid is emering or leav-
ing the well. The distance between wells in the depth imervals
where fluid is entering and exiting the wells is approximately
10O m. From temperature log information, the reservoir height is
aprroximately 300 m. These dimensions yield a swept rock vol
ume of 2.9 x 10% m?,

In reality, fluld is probably ferced o sweep through o somewhat
larger volume of rock, For example, in dipole low, somie Nuid

circulates in pathy behind cach well before reaching the produc
tion well. A more spproprinte equivalent dinmeter for such flow
wuy estimated as 150 m, resulting in o swept volume ol

SAx 105 m?,

Microselsmic Rock Volume. ‘The ensemble of imeraseismic
cvent locationy determined during hydraulic stimulation eflec
tively outlines the region of tock in which the joints were stinm
lted. ‘To extimate the stimulated 1ock volume uving
microscivinic duty, [t way nssutned thin the reservoir is of ellip
sidal shape. ‘These methixdy were employed 10 bound the



microseismic rock volume estimate. The lower bound is
obtained by taking only those events within the ope nhole regions
of the in éecllon and production wells. The resulling estimate is
6.5x 10 (Fehler, pers. comm., June 18, 1990). For an ellip-
soid encompassing 68% of all events, regardless of their loca-
tions (1o estimate), the microseismic rock volume is

16 x 10® m?. However, perhaps a more sophisticated technique
is to determine, through inversion t*~hniques that simulta-
neously determine the event locations and the shear wave veloc-
ity as a function of position, the volume of rock whose properties
have been influenced by the hydraulic stimulation (Block, 1991).
From the analysis of Robinson .md Fehler (1991), the resulting
estimate of rock volume is 28 x 109m3.

Tracer-Determined Rock Yolume. Assuming steady-state fluid
flow and a racer that follows the same flow paths as the fluid, the
total fluid volume V¢ can be estimated from the first moment of
the tracer-determined residence time distnibution. Then, assum-
ing an appropriate value for the porosity of the rock mass 9, the
rock volume V, is computed using V,=V/p. The Auid volume
determined fmm a tracer expenmcnl during the Initial Closed
Loop Flow Test (IC¥T) was 2200 m’ (Dash et al., 1989). For the
porosity value of 0.003 givan in Table 1 the comesponding
wracer-Getermined volume would be 6.6 x 108 m?, in good agree-
ment with the minimum seismic estimate of 6.45 x 108 m’
However, the estimate of porosity is itself uncenain, and h.n a
lmcar effecton the rock volume estimate. Thus, for a porosity of
104, assuming joints of | mm nperturc with an average spacing
of 10 m lhe resulting tracer-determined rock volume is

22 x 106 m’.

Hydro-Mechanical Rock Volo~ In the pressure ransient
experiments prior o the LTFT (Brown, 1991), uid was injected
into the rock mass while monitoring the reservoir pres: ure at the
shut-in production well. An estimate of the rock volume affected
is given by V=KAV/AP, where K is the bulk modulus of the
minerals, AV is the volume change, and AP is the corresponding
pressure change. During the initial stages of this experiment, a
change in rcxcrvmr pressure of 7.5 MPa resulted from the injec-
tion of 2715 m”* of fluid. Assuming a bulk madulus of 55 GiPa,
the relation above rcsull\ in a hydro-mechanical rock volume
estimate of 20 x 10%m*. Later in the experiment, pressurization
from 15 o I9 MPu yielded a rock volume estimate of

16 x 10% i, This measurement is considered reliable since it
was carricd out at pressures closer 10 the reservoir pressure dur-
ing circulation.

Mutching of Observed Cooldown Data. An effective volume
{or heat extraction can be obtained from analysis of nctueal
cooldown histories where injection-production Mlowrates have
been measured during o sustained sieady flow test. An example
15 the matching of the observed production tluid tempe rture
during the 3-year flow test at the 2.5 ki deep Roseminowes
HDR reservoir in Comwall, England. For the mean flowrute of
145 kg/s over the test period and tne regression slope of the
veoldown curve of O L6/yr (fromcdatn provided by Nicol,
19RD), Kruger (1990) wsed the SGF model (deseribed below) 1o
match the cooldown ¢ urvc for a reservoir volume of
28029 x 100mYin unnp wrison 10 the microsesimic vol
ume estinkie of S 1o IH Ciotm? reported by Parker (1989)
Simiturly, Nicol mnd Rubinson (190) obtined o muatch using, o
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reservoir volume of 3.6 x 10% m? using the LANL model.

Summary of the SGP and LANL Heat Extraction Models

The 1wo heal transfer models used for the cooldown predictions
in this study, the Stanford Geothermal Program 1-dimensional

linear heat sweep model (denoted by SGP) and the Los Alamos
National Laboratory tracer-based heat transfer model (denoted

by LLANL.), have been described previously, (¢.g., Robinson and
Kruger, 1988; Hunsbedt et al., 1983); and Robinson and Jones,
1987). Features of the two models are summarized below.

SGP Model. The SGP heat sweep model was developed 1o sim-
ulate heat extraction in fractured reservoirs with luid reinjection
or circulation as a one-dimensional heat extraction process. The
maodel was initicted by Hunsbedt et al. (1978) based on heat
transfer properties of regular-sheped rock blocks swepl by circu-
lating heat-carrier fluid. Kuo et al. (1977) showed from experi-
mental observations that heat transfer propenties of irregular-
shaped rock blocks can be successfully approximated as spheri-
cal-shaped rocks of equivalent radius for which the heat transfer
equations can be solved analytically (Carslaw and Jacger, 1973).
For a reservoir consisting of a wide range of block sizes,
Hunsbedt et al. (1979) showed that the siatistical distribution of
sizes could be effectively modeled as a system with a single
mean cquivalent radius. The governing equations describing
heat transfer from the equivalent sphericai rocks are given in
Hunsbedt et al. (1983). The solution for prescribed linear sweep
boundaries and initial conditions is accomplished by converting
thetn to Laplace ransform equations with numencal inversion
by the Sichfest (1970) algorithm. The two model paramelers are
the effective reservoir volume and the mean fracture spacing.

LLANL Modecl. The LLANL. heat transfer model for two-well
HDR reservoirs is based on the assumption that the process of
heat extraction from a fixed volume of rock depends on the flow
patterns established between the injection and production well-
bores. The model uses the measured tracer response duning cir-
culation to approximate the extent of flow channelling between
the wells, thus accounting for the effect of non-uniform flow on
the heat extraction performance. ttassumes that the reservoir can
be modeled us a set of flow paths of different size and flowrate
adjusted 1o match the observed tracer response. ‘Ihe thermal
response of each path is caleulated individually, then the com-
posite outlet behavior is caleulated ns the lowrate weighted
mean of the individual responses. Heat transfer within an indi-
vidual low path is calculated sing a model that is fundamen-
tally the same as the SGP heat e xtraction moael, although the
solution is obtained numerically using finite ditTerence tech
nigues to model the hest wransfer within the rock. The same two
ndjustable parameters, the mean fracture spacing and the wotul
rock volume, are present in the LLANL, mudel,

The key difference in the approach is that the LANI, mxdel
incorporates information from tracer experiments into the inodel
to characterize the degree of How non uniformity between the
wells, whereas the SGP miode) relates the heat extraction to the
number of heat transfer units (given by the rtio of the mean res
idence time of the fluid to the conduction time constant of the
mean rock block) tor unifonm low,
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Comparison of Resulls

Table 3 lists a summary of the LANL model results, for the tive
eslimated reservoir volumes, of cooldown times to the model-
comparison temperature of 210 °C and the abandonment tem-
peraturc of 150 °C as a function of mean fracture spacing at the
anticipated steady flowrate of 8 kg/s (3 bbl/min) over the life of
the test. Table 4 shows the same results for the SGP model.
Tables § and 6 list the results for cooldown times for the range

of steady circulation flowrates at an assumed mean fracture spac-

ing of 40 m over the rescrvoir volume. Cooldown curves for the
five estimated reservoir volumes by both raodels are shown in
Figures | to 5. The cooldown curves for the range of flowrates
are shown in Figure 6.

The data of Tables 3 and 4 show clearly for both models that
cooldown to the comparison temperature of 210 °C at the flow-
rate of 8 kg/s is very much depzndent on both the total ‘heat-
transfer-accessible’ reservoir volume and the mean fracture
spacing for fluid flow. For shon-circuiting conditions (given by
MFS = 160 m) the lifetime to the comparison temperature
ranges from less than 4 days (LANL model) for a reservoir vol-

ume of 2.8 x 10 m’t026 years (SGP model) for a reservoir vol-

ume 10 times as large. The spread in calculated cooldown times
to the abandonment temperature T, = 150 °C is not quite so
large, ranging from (), 16 years (LANL model) for the smallest
volume to 59 years (SGP model) for the reservoir 10 times as
large.

The companison also shows a major difference in the two models

al early test times based on the model assumptions and formula-

tion. A major aspect of the difference is attributed to the sweep
flow geometry in the two models. In the LANL model, greater
weighting is given to the short-circuiting flow paths which cor-
responds, for a given mean frocture spacing, to a larger reservoir
volume compared to the SGP |-D sweep madel in which uni-
form-flow conditions are assumed over all fracwres, For exam-
ple, Table 4 shows a cooldown time 10 210 °C of 8.31 yeaors for
a rese rvoir volume of 5.3 x 10° m? for the SGP madel, which

corresponds in ‘Table 3 toa cooldown tin.e of 8.76 years for a res-

ervoir volume of 28 x 10° m? for the LANL nxxde!.

Discussion and Conclusions

The range of rock volumes and thenmal cooldown times
obtained using these varous roek volume estimation technigues
itlustrates that we currently do not have a proven technigue for
estimating the nxck volume accessible for heat tunsfer. Acually,
the nature of the discrepancies are probably due in lurge pan to
the methad of estimation, und are reasonable given our under-
standing of the physical processes involved. For example, the
microseismic rock volume (10 estimate) yields the largest vol-

ume estimite because the volume of rock affected in o high pres.

sure stimulation is likely to be greater than the swept volunw
during circulation at lower pressure. In addition, estimation tech
niques such as the hyaro mechanical rock volume method do not
acconnt for the fact that a non-uniform flow ficld will exist
hetween the welly, iesulting in un effective heat transfer rowk
volurne that ss simaller than this estimate. In the experiment used
tor the hydro mechanicnl method, the aceessible rock is com
pressed unilormly, regandless of whether all flow paths contrib
ute equully to the circulting flow system. As long nx the pathy

Temperature (°C)
55388 B 2

Temperature (*C)
AR

Figure 1, Pedicted production well cooldown curves for various
mean fracture spacings for a heat transfer rock volume
of 28 x 108 m*, Top figure - LANL. model. Botiom fig-
ure - SGP model.

‘Table 3. Estimated Cooldown at 8 kp/s - LANL. Model

Mcan Time (ycurs) to abandorment h:)g\p-1
Fracwre  Compurison erawre for reservoir volume (10° m?)
Spucing  Temp.(°C) 28 53 645 16 28
2 210 044 145 197 608 112
150 545 11.7 148 424 786
40 210 01l 041 060 361 876
150 279 R22 108 318 654
80 210 003 010 015 099 274
150 068 249 370 212 4R.2
160 210 001 002 00§ 026 .66
150 016 08 08 575 174

Tuble 4. LTFT Estimated C'ooldown at 8 kg/s - SGP Modcl

Mecan Time in years 10 abandonment .
Fracture  Comparison  erature for reservoir volume (107 m™)
Spacing  Temp. (°C) 28 51 045 Do 28
20 210 S04 1040 129 11y SKO
150 0061 120 154 W6 672
40 210 9 KAL 107 09 562
150 621 122 150 K2 669
R0 210 031 WR?T S 202 472
150 401 107 134 66 653
1ol 210 00 020 O3 79 204
150 0.27 w48 661 WY 590



(0

Time (yeors)

Figui= 2. Predicted production well cooldown curves for various
" mean fracture spacings for a heat transfer rock volume
of 5.3 x 10% m?. Top figurs - LANL madel. Bottom fig-
ure - SGP model.

Table §. Estimated Caovldown at MFS=40 m - LANL Model

Time in years 10 abandonment 1 P;
Flow Rate Comparison erature for reservoir volume (10 m?)

(kg/s) Temp. (°C) 2R S3 645 16 28
8 210 011 041 060 361 K76
150 279 822 108 335 654
12 210 005 018 026 159 4.00
150 123 425 592 204 401
16 210 003 ¢10 015 088 274
150 0.69 247 159 142 284
2 210 0.02 006 010 0548 175
150 044 157 234 106 216

Table 6. Estimated Cooldown at MFS=40 m - SGP Model

Time in years to abandonment wigmp:

Flow Rate  Comparison  enture for reservoir volume (10°m’)

(kp/s) Temp. (YC) 28 .3 645 16 28

| 210 Y49 B 107 300 562
150 621 122 150 3K2 669

12 210 IRS 48 6311 196 164
150 19¢. 798 YRY 251 448

16 210 TOR 322 428 140 265
150 2R1 SKRS 721 IRY W2

0 210 066 212) o 106 206
150 17 458 Sow 150 2068

Robinson and Kruger

Nm
40.|||
e
om
20
40 v vy 20 m
O 220 ~. \\ S
‘r'._ wom
-\‘~ .
180 ~
m‘ \\
[ o %0 4 \'\
120 +—~—r—r—rTr—rrrrrrr——pr—
0 5 0 -] 20
Time (years)

Figure 3. Predicted production well cooidown curves for various
mean fracture spacings for a heat transfer rack volume
of 6.45 x 105 m”, Top figure - LANL model. Bottom lig-
ure - SGP model.

arc physically connected 1o the well (directly or through other
paths), the volume is included in the estimate.

‘The appropriate rock volume for a given reservoir thus depends
on the assumplions in the heat transfer model. For the SGP heat
sweep muadel, the heat ransfer prediction bused on a swept vol-
ume estimate of 6.45 x 108 m? is recommended because it is
more likely to represent the effective, one-dimensional swept
volume, Ry contrast, the LLANL. iracer-based heat transfer maodel
implicitly accounts for flow non-uniformities. Thus the larger
value of 16 x 10 m? (hydro-mechanical rock volume), the vol-
umie over which n hydraulic pressure response is transmitied, is
more appropriate for the LANL. heat trunsfer imnodel, To recon-
cile the difference in these two volumes, another view of the
fractere flow path distribution in the LANL mode] was consid-
cred. For the seven-flow: path mxxdel used, the sum of the rock
volumes of the smatlest six paths is 2.8 x 10° m*. A totul of 42%
of the circuluting Nuid travels in these paths. ‘Thus, there is a core
inner region much smalier than the total volume of 16 x 10% m*
in which a signiticant fraction of the uid flows. An equivalent
one dimensional uniform flow heat iransfer voluie can be
ublained by normatizing ench tew path volume by its fractional
flow rate. ‘The resulting equivalent heat con'ent volume for uni
form flow is X.4 x 10" m*, which agrees more ¢losely with the
value used in the SGP model (6.45 x 10°m*). ‘The value i also
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Figure 4. Predicted production well cooldown curves for various
mean fracture spacings for a heat transfer rock volume
of 16x 108 m?, Top tigure - LLANL model. Bottom lig-
ure - SGP model.

Figure §. Predicted production well coolaown curves for various
mean fracture spacings for a heat transfer rock volume
of 28 x 10°m’. Top tigure - LANL model. Bottom fig-
urc - SGP model,

in agreement with the value of 5.3 x 109 m? from the dipole esti-
mate of the swept volume and the tracer-determined volume of
6.6 x 105 m? for the selected porosity of 0.003. The other param-
cter in the nxxdel is the mean fracture spacing. For the SGP
nxxdel, previous experience in simulating thermal cooldown
behavior of the Rosemanowes reservoir (Kruger, 194%)) suggests
that a value of 40 mis appropriate for the LTT°T, whereas Nicol
and Robinson (1990) showed that a lower value of 15 m pro-
vided a good match to the data using the LANL tracer based
muxlel. As with the rock volume estimate, the appropriate mean
fracture spacing 10 use seems to Jdepend on the assumptions of
the heat extraction madel. "This difference can be reconciled
largely by the fact that the MES in the SGP maxdel ix the radius
ol an equivalent sphere, whereas the LANL model employs a
slab geometry with fractures of inlinite extent in the third dimen-
sion. “Thus the fracture spacing in the LANL maodel should be on
the order of one-half the MES of the SGI® mexdel for the two
nudels 1o correspond.

On the basis of this correspondence, our best estimate for the
thermal cooldown behas ior of the Fenton Hill rexervaoir is based
on i rock volume and mcan fructure spacing of 6,45 x 0 m'
and 40 m, respectively, for the SGi? model, and 160 x 108 m ' and
20 m, respectively, Tor the TANL nuudel. Figure 7 shows the
results of these predictions tor the B kg/s Now rnte. 1he general

features of the predictions are similar, particularly in regards to
the design and duration of a heat extraction experiment. Both
madels predict that several year  will pass hefore signiticant
thermal cooldown will be observed. The pre-tesi predictions for
cooldewn 1o 210 °C resulting from thi. joint study are 6.1 years
for the LAVL 1aodel and 10.7 years for the SGP model. Assum-
ing that & mézamum of 10 °C is required o provide an unequiv-
wcal indication of thernal cooldown, the conclusion is that the
L. FT will not exhibit observable cooldown for at least two
years, Cooldown occury first in the LANL model, due to the
more direct wity in which channelling is simulated. However,
both models pr: dict that the resource will produce fluid at useful
wempernture for at leust 10 years. The onset of thermial cooldown,
though in itself not a desirable fesult, does not portend a rapid
degradation of the quality of the resource. The reservoir appeirs
to be targe enough to support a long flaw test in which heat can
be mined for many years. Current pluns call for the lowest low
rate in “Inbles § mud 6 10 be used. Even if higher flow rates and
increased power production can be maniged, the model results
suggest that cooldown should be nxaderate in o 1 10 2 year tlow
test.
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Figure 6. Predicted production well cooldown curves for various
flow rates for MFS=40 m and heat transfer rock volume
" of 5.3 x 10% m*. Top figure - LANL model. Bottom fig-

ure - SGP model.
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