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Abstract: The development of clean, stable, and renewable hot dry rock geothermal energy is significant for
alleviating the energy crisis, reducing environmental pollution, and improving human health. Enhanced
geothermal system (EGS) is an advanced technology for developing geothermal energy efficiently by stimulating
hot dry rock reservoir. This technology involves a complex hydro-thermal coupling process. A numerical approach
is usually applied for analyzing heat extraction. In this paper, taking the geothermal reservoir of the Cooper basin
in Australia as the research object, two models—a 3D zonal homogeneous permeability model and a heterogenious
permeability model — are established based on the measured microseismic data of hydraulic fracturing. The latter
one is inversed from microseismic data. The temperature field, seepage field and thermal performance of the
reservoir are numerically studied, and their differences are compared and analyzed. The results show that with the
same injection-production flow rate, fluid flows more quickly from the injection well to the production well while
the temperature drops relatively more rapidly in the inhomogeneous model due to the dominant channel revealed
by dense microseismic events near the wellbore. In the homogeneous model, the dominant flow channel is not as
pronounced as in the previous model, and the temperature decreases more slowly. During the operation of the
geothermal reservoir model, the change in heat recovery of the zonal homogeneous model is relatively stable, with
a decline of 3.74%, and that of the inhomogeneous model is rather obvious, with a decline of 12.72%. Compared
with the inhomogeneous model, a smaller temperature drop and a higher heat recovery exist in the homogeneous
model. However, the permeability in the actual reservoir is uneven, and the simulated heat recovery of the zonal

homogenization model is higher than the actual recovery. Therefore, the simulation results of the inhomogeneous
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model have more reference significance for practical engineering.

Keywords: EGS; microseismic data; permeability; hydro-thermal coupling; numerical simulation

By —FIE i L R L AT A T AL AR U,
TF G Bk B PR PR AT KR 2L 10 & e 25K, 925 oy 21 4l d
B mteliz —U, THCE ARG 2 T8 it A A
T AKB 3 M R A R T R IER S, 2 o Hl AR R
Y 30%, FH Y T2 BkA Il . KRS RNE Ik A & 5 A
1 30 F5 P, HJE, T A8 2 B A IR . 5 A 3
BRI SRR L AR S R ME DL ROT &
Horppg #hae™, F 34 58 AU 24 &R 48 (Enhanced Geo-
thermal Systems, EGS), B FH 7K 1 He 4 55 AR R A it
ZUE R m B EE AN AR, sk, Z58k
B 55 T AR AR A8 PR R, AT 32 90T $Os h e i =
I RP, EGS HARNE A S8R JZ T #A B R
ZRATF R A B B R, 41 45 [EB e R &k e
S = S E o [

FIHT EGS HiAR U RRE — M B e A B i %
ZWEGIA MR L BY, NI S H R 2™, P
P SO AE 22 B R, B s A AN B8 A SRR AT, Sl R R
BUEBIUE AR 3BT EGS R MR, 4k, HN
S B PR T AR B BUE A, o i R ik
R Z LA A AL Jiang 459, Ayling " #AN7 T H
TR EGS SR AR P GHE G A, B I 2 S5 300h 2
LA B, AT 5 SR L AT XS B, SRk T AR

BIAERNE: . Llanos 271" RJEFA#5 3 Habanero EGS JT4&
T SRR, B T B R ] ek, 4

TR 7 45 ] Sk S 1 At J2 DA U 3 Y O A, ()
B T HCA W R it TR AT R, R
IR VG [n] A (R A SR AE iz s AL b oy S LA Ji . Hogarth
A UV OB AR LA b DR AT T B AR 2 I
PR B O () S AL, o A8 8 3 0 A 7 L B i R 5
Bric 53 e B R AT XF L, B0 IE T BTl A A G v M
Samin 45" 4 FL B EE ¥ — 1Y =4k ZfL A BT THM B
AU, gt 25 R B T R4, 48 X B 8 R B & )
Sk, DS A X B B R WAREATRE T
TR B A, ST ER R M AR S A 4R T Y 25 ek
o SR, B Z AL BB BB A 75 18 A% )2 45 18] 43 AT
AR B, o T AR A, S BE A i R R R 2L
5 R B WA Ah, O3 — R L iewE 5
T R I B4 5 Bl B AL A A B A, Sun A8 H Y AR
AU TP 2 H 2 A 0T R 0 SR 4 20 1, T DA SRS 78 X
Hi B 2 TP A IR AR T Bl L AR AR HE AT T 2R AR
L, 38 o BB AT T EGS R EES AL 4
IR 3R U] THM 5 G 8500 % SR PR A 52, Xu
SR ER DI R 48 A A R O 2 R AR AR, DL B
5% EGS WAL G R4, #5185 F T Habanero #4



- 192 - 7K SC L T

5% 6 4

fift J22, X R R AR HEAT AL, I 45 SR 3% Y A AR
e DL T R Ml A R AR R R RO . Wang
SRR Y THM B RY p 5 A J5E 5T B A A A1 284 4 21
G, BEADL AL 5 = A L 2 A 1 b P 2 I b A R
F ok A IR 2R T MK R A9 Habanero EGS 1
H, Ak T 20 a 01 ] A [A] 3 AR AE 72 R K /) SR 34
i, S5 AR, 8 A Y PR R 2%, AT DL SRR AL
T I HEHL o ) A 5 3 ) o 5 e MR A AR S A ot
GERALE TR, BIIA g P02 02 ol 55 B AR FK - B
2 21 B oK 24 2% T Ak b — 4R £k B i A A A BE T W 2%
. Yao 55U FE = 4E AR R AR BB B |, BIFSE X
B B 5 a6 R A RE ), 25 SR, R AT KRSk
Rifi 5 DX 8l 0 3 7 1) A 2 3 rhos 1 2R 0 e AR 0% e T
Hm. Li 58U 75 THM ARG F R ae AR 5L AL HEATIT
R, RSB ERERARS IR kA
G, DR I AR i B AR A ) iR AT AU . AR,
T 3ok S A5ERY rp B — B3 R 4 4 4% A3 A ok TRLAR, OR
FE R I A1 )2 v 4 4 1) B0 S D0 5 Bl AL 24 4 AH X 9
HAmZERESZ . SRR, A= .

REC /IR T RKETHE EGS ZWH GG
HEEARE A T AR, (H i T 20E 5 13238 K08 5 o &2
%=, HRTT M LA A, PG o A A A4 2 R A
PR B B A AR A AE R Pk R o 3T 4F 2K, Xing 55477
I FH 0 B Al B8 b B R BB E R A, R T
PO TR T 8 A Jmy, LA R R T o 42
T 37 R B S B () ) AL . AR AR AR 45 5 b
JoT S AR R, IR B AR R AR K B T 2 S U
O3, IR B AT BE R, R A R B
PO AT LA, 25 R SR IR A IR 3 B M & 3 B
EGS RMPERE B2 F M. Xu Z" F) K S 2
rHIC SR 1 U S A T SRR, IR T VR
F Habanero fi# )2, ilE ] T Habanero J- 2 8] (1) 3% 18 14 .
Fang 551" 43 51| F1) F 3 F 57 07 S 2 LA
T RIS I SR B ) 4% 7 A R B IS B )2 8 0B
B, G5 R R W 2 5 38 38 05 e 10 DXl R fE A %% 4
B XA, DL A5 WK ) s 24455 e v M =R 1) 43 AR
AT DU A A R A J2 23S I 18 3 2R, Tl R 4y
A3 L0 Ty 1) L B A 2 o im AR s i AR A ik 42 . B
R FH i 52 B VA 2 8 R AR AR, A% 43
AT R DA B A BRI A . AT aE O O AL A% Rl 43, elost
S 7 1 A R B R AL A E R

BT RS, A SC LR IR # 75 Hb Y Ha-
banero #fifi B 5% X, AN B P b AS EE T fh R W T 4K

i 556k 2 5 18 R 2 18] B S5 RO RO ESL T A TR A A
il B T, ) 455 73 DX 2 JBORSE  AN AR B A L M A
W 4 19 22 W) B Y0R8 & B F PANDAS X A [a] 52 28 v i3
WY WL A A IR R i AE (e AT TR (E
BEAUL, 3BT FLA, RTER AL REI 22 57

1 HR5HE

A SCHE BT H S A 0F & (1) PANDAS,
X —Fh 3L T4 B oT fks T 3% /K 25 2 75 1 (Lattice Bo-
ltzmann Method, LBM) [ %5 {E A5 $01 #2 J7> 5 o #4 3
BIAR G BUE AT I P 13 H] T Habanero Hb #4462
& A BRITEH SOTAT I . BRI AR R

(1) T #5482 78 1l B AH A 1R A A K, B
ARTE A 2% TP 1) 38 B A 38 1Y

(2) AR A T By 48t P4 3 % 3t R A% 5 S5 B

(3) A BT 501 () Py B A4 R0
1.1 HEEE R

TRAE Z LA BT 3 8 AT LR R

¢ﬁm%+v'(p1’)=0 (D

B = ¢ +B.(1-9) 2
Ah: o—— LB
B LA BRI R BUPa
Bev B TR ANIE () R 4 R A/Pa s

P AR H 7 /Pa;
p—— IR R/ (kgm™);
v AR/ (ms™)

A TRV S 18 BRURH i AR % U sh A ) 7 R
y= —S(VP—ngD) (3

K k—— Z LA LB 5 5 /m?;
i TAKRI B 1R/ (Pass);
g HJIMEE/(m-s?);
D RIE /m.
1.2 ZALA TP X -1 e o7
22 AL A0 5t v 5 SO R A A B T A AR 0 A

0T,
(1 =)pC), = = U= V- (AVT) @

¢(pC)f% +(PC)y - VT = ¢V - (4, VTy) (5

A C— H#/(Tkg"K™);
A— FREB/(Wm"K");
T— IR E/K;



2022 4 T30, A5 3 T R O 0 18 i 15 PR )2 S BRI BB R 5T - 193 -
N N | ke M i
; 2012-12-04
f iR LNS 1500 }\
DN A BE e, BE EGS 4 W B b R i Ab T A 1000 2012-11-24
SEMRAS, BT, =T, =T B0 (4) fal(5), ZFL4r sl
JOT B A X Y Ft B T T RN 2012-11-14
oT 0r 1705
Q)= =V - (A, VT) = (pC)v-VT (6) v 153
ot 500 {= 350k
y m (CEER) 20124F
(PO = (1 =)(pC), + ¢(pC); (D Lol S0 som| %L
, 5 , | | @ 200547 K i
An =4 +(1-¢)A, (8 Z1000 -500 0 500 1000 1500/m

L. m—— R MFIAAIRS B4
2 MREHR

JE 43 A7 F R MR R S AR GBS, a1 s .
i Bk R, EEI L R U7 3 500 ~ 4 500 m 7 [ A HE
FECAT Rt 1) R AR B, T BE 24 250 °CPY, S At b
XA R A b A IR R 2 %5 . B A ik Lo
THEY 3500 m AL EE)E, HETEREAL. KB
TR 8 2 TR R S J22 2 A 1, SR A I 2 RIS R AR 11 < 4
p2 T A

Habanero 3 “5-3-(H03) (i F 1 S HARIL 725 560 m
Ib, L) 4221 m, 7E 2008 4EXF 3 ST T K 1R
24200 JENE 1SR 3 5T T IR 42 d (19 A1 ER
T, SRS R, 1 S5 IFFE Tk 44.5 MPa,
35 HIHOE S K 33.5 MPa, 1R 4 15.5 kg/s.

K J7 4955 % 0 ol i A ) s TR o A 3 B AEAE
T 7K P45 44 1) Habanero W2, 0 96k B, 1% K

VA
ky
X
(a) SIXEITMA

I i

I it

E1 ERIMWAEETREE (1EE3H (12, 24])
Fig.1 Geothermal reservoir region to be studied
in Cooper basin (modified from [12, 24])

P My R IR K TR B TR A R T 2 At
MRS, KT BB X B, A SO L P 2
S5 K 9 VTR G B30 M, T R (540
BPBFE

3 Habanero EGS #{H &5

30 —HEBE A

3t F Habanero i #4fiff 12 19 M 5 44 1 R 1E S /K )
PR s R, N T SRR R . AR x,
1z 7 1] BB AR RS 4393 R 1200, 1500, 500 m, F55 %1
FEAK 1 2R 43 %, S RE R 2.5 m, oAt X 3
(1) I A5 RUF i HE 24 X ) A i B A8 K, 7 15~ 20 m 22
6], IS B N R 4 000 ~ 4 500 m, A& 2(a)
TR

VA

k y
X

(b) Bl

I i

B2 SERHYFREEEE

Fig. 2 Homogeneous model (a) and homogeneous model profile view (b)

3.1 S IX A

R 48 25 BT 4 b 30 47 0 ek S A 5 SR, K O S X
e EE T4k 3 2 M = 4ERER, & 2(b) Frs o
JEHIREE K 4 000 ~ 4 245 m, AR TE A B AL K A
W] JZ VR 4 245 ~ 4255 m, JE 4 10 m, S FLEEE A1

BB R R X TR IREE K 4255 ~ 4 500 m,
R LR BB K
3.2 BT R i A X B A

TR T LA e 53 3 b A A R R AR
KA e, SR SO 2 %0 b A5 8 L e W T 4



- 194 - 7K SC Ml J5T T b 5

5 6 1

i #4) 7 Habanero Al 34 7 #6185 A . A SOy £ 98 hy
Geodynamics 7 ] 7F Habanero 1 537K 77 & 243 &
SRR R IR S . AR R WL, TR a5 A 4 AR R B
AT DL R RARAEJZE I35 2800 M, — O Ry, U=
G347 B B X 5 i R B TR 43 A i X )
PRI, S SCHE T Habanero #A4fi X7 £ il 24 A HLEE, AR
P = i B A A PR B N T =R
Fhit )25 15 A

BT T b 7 AR 9 A 2 SO 2R At 1Y ) A A A
545 DX B oA At ) IS AR W) . EAS SO TR
P, B R RS T AN B RO AR B Y 4 B ek 4k,
BT SAL BB AR 2 WA B 1 NI R
B A, O 2 W58 1 A TR A B0 AR
FEBG AT PR . BRI 7 91 B Xing 559, 7EAH
BR TG T 53 v X (0 = 4 RS 3 0 E B3 s AR
BV

K=K0+ZA~exp(ﬁ[) (9)

Bi=-B,-(d,)-B,-(d,) - B;-(d,) (10
A k—— 1 AL B B m’;
K,— ¥R B 5 /m’
RGO BRI FRCD 4=1.0x107);
do. dy. d.—— 5 JE LT AR B R Y TR

-5 WS 9 R A9 S 5
B, B,. By—— WURHFAE x. . 2 J5 [ LR
il 28

3.2 IS

AR 000 o4k, R HA 4 b AE 3 500 ~ 5000 m PR FE
70 FBl A, 00 Tk U B2 RN R B R R T A8 A, IR RE R B
31 °C/km, JE S35 N 8.6 MPa/km, KR | K1
B HE AL 3 A T, 3R TR 1R 71.8 MPa, 1
&4 240.1 °C, NRIAETIH 76.1 MPa, {4 255.6 °C.
AR 4 Llanos 21" F1 O’Sullivan 252 [ #F 5%, BRI T
JIT A0 T A A TR R 1 A s ST, PRI A Y g ]
BE R B AR

G X B B AL e BB 0 AR DLAL, A Y A A ) PR
PET 2% Llanos 55" M BFSE, W3R 1 PR, 762 T4
b2 B 0 AR 2 B A v, 98 37 2305 2o AR W D A AR
PEATITER, HoAth A A Y B 5T 2 50045 40 X 34 o A 7R {4
2

TE 2 AR 0 FHOK AR R & 8 TAR AR . 76
BERIW) IR AR BT, AR B )23 7K iR 5 ol A Y

x1 HERYFEEPELRMERRSH

Table 1 Parameters of rock in the zonal homogenization model

W LA FREM EHRE

B gm ) ke k) T 100 pa)
FRERE 2700 960 0.01 3.395 5.00
YuE X 2700 960 1.40 3.395 5.00
TIRERSE 2700 960 0.01 3.395 5.00

AR EEARTE], A TAERARIE S} 90 °C. 3% 2 APEIF
TAE A i B R S 5

®2 BERIERGHYEERSH

Table 2 Parameters of the circulating fluid

R Hek FRERE B EES A
/(kgm?) /(Jkg"K') /(W-m'K') /(Pa's) /(10'°Pa™)
K 1.000 4200 0.6 0.001 5.0

3.3 MBS RIEE

FIH 2008 4 8 A 47 ) Habanero 1 53 (HO1, ¥
A ) Habanero 3 5 3 (HO3, A= ;=3 ) (&1 3) 11 4] 34
it sh B MR A, S X8 0E R AT ACIE . DAL
Yy S Fe g o i A S B, A AR AL 1 R IR R
77, VA RE A R X R A R, IR IR S

SRR

z
L
X

B3 3 HO1,HO3 i &
Fig.3 Locations of HO1 and HO3 in the model
i HO1 SR 4 347 m, HO3 JFIH2) 4 221 m,
HO3 v+ HO1 AR5 570 m ik,

3301 X BTHIRE SR

Habanero Hb #4 i )2 & BU% 78 5 = 1, HUZ 01 1R2
BRAL, 290 1.0x107° m’, MR4E K J) H 24 7= A i U=
SRy s8] 43 A, 455 Llanos 221 B HF 5%, Habanero Hi
Pttt |2 25 8 0% R AR A I Sk, y 5 W R x 5 1)
B ERZIHR 2 0 1, z 5 B E R, 7R Al
FI RS20 3 X8 E R AT IR . R 3 NEARTS
BRR, A I BRI i S BRI A 0 X L, H
UE AT A, RS S X B 3 R N e B LG R x
] 13107 m?, y J5 ] 2.6x107"° m?, z J5 [6] 4.0x10™"* m?,
10 m JE A B X PLAME i3 R 1 0 1.0x107° m?,



2022 4F ThR, A5 R T O R 1 5 B B S BB CR A B LT Y - 195 -
x3 SRYUREBRARSEXETEFFAHNRINRESKFRE
Table 3 Simulated flow and actual flow of production wells in the homogeneous model with different permeabilities
BiER/m’
B P ] /d B/ (m*s™) SR (s ™)
X y z

1 6.00x107" 1.20x107" 4.00x107 42 0.074 9

2 2.00x107" 4.00x107" 4.00x107 42 0.023 8

3 1.50x107" 3.00x107" 4.00x107 42 0.017 6

4 1.40x107" 2.80x107" 4.00x10™ 42 0.016 4 0.0155

5 1.30x107" 2.60x107" 4.00x107 42 0.0152

6 1.20x107" 2.40x107" 4.00x10™ 42 0.0140

7 1.00x107" 2.00x107" 4.00x107 42 0.0116
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Table 4 Simulated flow and actual flow of production wells in the heterogeneous model with different permeability related parameters
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B, B, B
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2 4.00x10° 1.50x10° 25 42 0.029 3
3 4.00x10° 2.00x10° 25 42 0.0212 0.0155
4 5.00x10° 2.00x10° 25 42 0.0158
5 5.00x10° 2.50x10° 25 42 0.008 6
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