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Thermo-Hydro-Mechanical Coupling Analysis of Fracture Networks During
Heat Extraction from Hot Dry Rock Using Supercritical Carbon Dioxide
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Abstract: To address the unclear issues concerning the evolution of properties in fractured reservoirs
under multi-physical field coupling effects and the influence of fracture network connectivity on
thermal extraction performance during the development of deep geothermal energy from hot dry
rock using supercritical carbon dioxide (SC-CQO,), a numerical simulation study was conducted.
The thermo-hydro-mechanical (THM) coupling in fractured reservoir networks was investigated,
and the heat extraction processes of fracture networks under different fracturing conditions were
simulated. A comparison of heat extraction efficiency was made between SC-CO, and water as
working fluids, the evolution of reservoir properties was explored, and the impact of fracture
network connectivity on various physical fields and reservoir characteristics was analyzed. The
results indicate that, compared with water, SC-CO, yields a higher production temperature, a

slower temperature decline trend, and less impact on reservoir displacement, rendering it more
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suitable for long-term extraction. The production temperature of the multi-hydraulic fracture
network is approximately 24 K higher than that of the single hydraulic fracture network. In a
single hydraulic fracture network, an increase in disconnection distance delays the temperature
decline but raises the pressure loss. In multi-hydraulic fracture networks, disconnection reduces
the heat exchange area and total heat transfer, yet does not affect the thermal breakthrough time.
Reservoir porosity, permeability, and fracture aperture are significantly influenced by THM
coupling. Notably, the fracture aperture near the wellbore undergoes drastic changes due to the
high fluid pressure gradient. This study provides a theoretical basis for the optimization of

fracture networks and efficient heat extraction in enhanced geothermal systems.

Keywords: geothermal energy; hot dry rock; fractured reservoir; supercritical carbon dioxide;

multi-physics field
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Fig. 1 Model of fracture network

1.2 THM &R

AR Z Y R A R ) B L T A BR T
s R i o AR R AR 26 P oK #2482 A Newton-
Raphson 0 1, AEZ A A F Ltk Jr
AR A MUMPS 53k, fAh THM #4384
FRGOR ARSI, R 2 (0 BT SR o A A 456
Y sl RN 155 AR Ak LUR S 3 A 3 A 4
T,

zkxb. xjtu. edu. cn

INWAREC R )
Veo+pg=0 D
o =C(g—¢gy) +pl (2

K 6 BT 5K 0. NAEZ %L 58 WE TR
I3 C O ARE B AR B L Pl R0 A ECAE AR A
LU E s& S W 5K i, e D RN A Sk A5 oIl AR
FLBR AT 008 BN B SR, Heh p SRR T
IS EREIS




5 239

FeWIE &5 I 57— SR Ak T SR T A A it 5ol e o 2R 0 2% 1) R 185 45 3 A 85

Ui Bh S i 5 A
%(SQO[)+V' (‘O[u) = Qm (3)

u=—=2vp (4)
#

b o WA s @ HAEIZFLBR AR su 7R A B
AR 5 Qu TR YRI5 o0 IR AR E) SR 510 BB,
T G il 7 #E A

(pc,,)e“%erfc,,{u- VI+Veq=Q (5

(oc et = @oicy + (1 — @) pycys (6)
s p WEE s, JBUEE RPVE T hp off {URZ
LA B SE s T IR 50 o0 U1 Y 5T 3 5 T FA
B0 N IERHY B s e, M A BT E TR A Q
g HAB R 5 q S S0 S A B B
SR A At J2 R R 1 A2 A B AR L 7 B i 2 LB
JERNS 7 R R BUIT RS &R 20N i E TS
) 7R f =0k~ AL IS B = A 5 - A D A 2 A |
G R P RO RE S R PUR g AR
fift )2 FLBR B R R

o= 1—(1—g00)exp[—KL(p—Po)+

QT(T*T())*(€V*€VO )} (7)
BB IERRRN
S U S O S L,
K_KIO{SDO <§Do l)exp|: Ks(p po)
ar (T—T) — (e — ey, >]} (8)
BBIFRER TR
y = "“'“;;:p 9
d{ — d{o — Uy (10)
MR B EHRRR N
_ i
Ky — 12f{ (11)

S K, H TR BB 5oy 2 R BB 25 e,
hy 8 J5 LI 0 06 15 0y 6 2 FL IR 6 0 0 £
T, SR po BV IE WA s S HA Y
WK E B, R B AW 0, 9 LI T JE A
At 50,00 9 BB 3 5 7 K, Sh9 2480 1 95 1 )
BE s S BRIFRE s, WEBRITEERIA(EL; £0 2L
HURE I 5 505w LRI IE

WLRE b e 3 0 T 1 B 2 WA AE 3 AN HE A
1 T FE 5 7 30390 5 — 4 A BB 00 0 A A 5

zkxb. xjtu. edu. cn

A HYt S %Rk A Peng-Robinson 75 1R

FE3 5 1 ) 3 38 2ok AR Bk A SRR G5 1 0 3 5 i B

YyhiiE ot Z AL RS . LN NS A LR
Peng-Robinson J7 & 4

P RT aa
PV —b VP2V — b

e po. MTMBILENTFE TV R EEIRIRBL R A
R HAE R 8. 314 ] « mol ™ « K sa F16 K 5
BB W R M 2 80 o 2 B 3R 2148 P Bl
Tk B 1 AR b 1) T B A8 TE TR F

12

PRI T R N
€h — a']‘(T_ T"[) (13)
IM
Qi=—T 5 T 14

K T HBHWEL Qo N T #3809 I M
Mandel Ji 3, F 48 328 B 77 5 3082 K RO R 5 6 & .
A T AT IV T35 1 52 s 2K (14D ik
T ARG R e RN 7 A B BAGR sk R T S R T L
AT

Z AL R N

sy

(Pr+990f> /)7[2 = V. (S*aB(P*Prcf)I)_’_FV

(15)

dey

d
015y 7‘?+V « (prug) =— prag WJFQH‘ (16)

K. o, WE)E 5B s N BB JL 07 B8 K 55 S
Ry AR B B 73K B e A Biot REG pa WBH R
I35 F, R HAARTR 155, MoK BE G ug AR A
X R 2R B o K, A R T 12
132 S 7 f , ZE M3 — TR 7R T Z 4L B 1t 4 .
LA KB TR CRM T FH -,
1.3 RIS

COMSOL fEZ Y # I M & B b iy Al S 2
FFBN )12 UE S, AT BR T R A & % 2 FL A 5 b #ufs
S5 R IR VG I Bh Oy B B M g 2 g o O R I S
PR AL B, 781 22 b T TR B 2 v i O i A A7 ) L S
FHHIE . X THM A i ASB R i 4
A BE 5 M I RE JF R L CO, BH17 66 2 BF 5%
IR S Z 2%, R0 s B lH 2
Bl A T 5 S0 Bl S E S

UL i AR TS R AR e M SR, & 2
FIE7R AR SCER X 52 2% S4B ) 45 4% )2 Case A T T ™
RS PR RUE . S IE A AR AR R B AR R T K
fift 2 LRSS R AE T8 B, 430 X 1oz T B2 3 L ik 8h 3 5




86 [T S 11/ N NI O O ] %60 %
37 1 50 4 TSR R SHE 7 407 . Lo A e TR 1 w00r

e 7 T 3SR FAE 30 a SO REIUBCHR 82 30 7 ) 6 B !

30 a PR KBS it 220 1 i J2 JLART ohoO OB (E . SR 3E 380K

ST AR 5 B R RS AR 4 SRR I wl

BB R RS T A 7 I B K R T R .

T 5 B 2 T O/ B A 4 B30 SRS 19 I
W fe 28 R HUER 5 & AR K O 82 694 19 AR AE N

THA A .
885
—— R
- jllf"rb}'/ﬁz Q121 7027
388.0 SR
119 {026
387.5 = ¢
! =
=1
5 .-
g 117 %54 0.25
3870 F ﬁ ﬂlﬂ‘
[ = -
386.5F {115 {024
386 0 llllllllllllllll 023

. 11.3
01234567891011121314151617
W HEE/10°

Bl 2 BRI 4 Case A RS Al S7 P 56 IE
Fig. 2 Grid independence verification of fracture

networks Case A

2 iR 5ive
2.1 ITiENBRMEESHR

1EK 2 58 4y H SC-CO, 5 H,O £ R
TAEA B BLA K T BRI 4% Case 1 FIZ 2K T
ZAPAM L Case A =B RIEE, A& 3 Fiw,
H AT T AR A TR B I 4% 2% 1 F L B SC-CO, R T
VEAS BB, A 7™ 1 00 1 R Uik 88 O g o LR BE T o i
B BT SC-CO, B I /NT H, O, HAEH- B
1 IRE By AN B & . R, JEig &L H O
& SC-CO, 2 TAEA T, 75 22 457K 7 24 B 21 B 1) %4
it 1) 286 v 349 8 BRSSO ) RO . LT L RS
30 a B, DL SC-CO, AT 2 4K J1 24k 2 AR
J7 R B LU B R K T SR BR A 2 0 AR TR e 2 24 K
P L T DL A A R B K 0 S e i 2 A B TS B
B AR P IR

A5 AR 7 I I I 1 e 22 Bt T SR 15 i) 119 25 1k
BN, B4 30 a B, AN [R] H 4k K T 2 BRI 4%
Case 1~Case 6 FUfEEMMAIE IR, &R BN,
FE S4B % 0 R DL T S R 7400 B/ 5 B A R 1 3 R
BRI, R R B G K R X o
XFH 345 JLF A s, H X5 L SC-CO, 1E8 T
YEA B s i T3 45 2 #6570

zkxb. xjtu. edu. cn

3201 D~G~D'D'DD-D-D-~D
------ Case 1, H,O -0 Case 1, SC?CDO?D-DD'D'DD'”'“‘:
—=—Case A, H,0—*— Case A, SC-CO,
300 i . i i i
0 5 10 15 20 25 30

i) /a

B3 ORI AR B 09 A 7 i il
Fig. 3 Bottom hole temperature of production wells

under different working {luid

30

| SC-CO,
NN H,0

777272722772

727227

DDOOIDOIOIWDID
72272227
DL HMMOMLHIDILIOIIY
222722

Illﬁk\‘ Z 7N % /\ /\
Case ] Case2 Case3 Case4 Case5 Case6
ZLE ) 28

B4 AR AR BRI B R 25 T 45 30 a MU AR )2 IR
JE R
Fig. 4 Reservoir fluid pressure loss in the 30th a under

different working fluid and fracture networks

AR AR B AE A ) 4 At S BOR i )= 07
B e . i 5 FIE 6 Bros . BiE TAEA A
W7 A 3t S22 BBCEA L A ) A LT g AR g A T
P AR RS AL B Y FEITE 35 mm LAY . il )2 7E 2
Wit AR S Ak B8 57 R R G B T A T A AR O Y
Bk b AR R AR OB R Ak TR R R
8 J2 0 5 30 AN e FE A R 9 25 AT el T £ B O
A ol BN 5 R AR R AR B B 1) P AL
R . B PR O W BT R A S M oL 2
HPIFR DA A= IR DT A B BAh T
K BA SC-CO, B T AR S J5i I 1 B B3 i )2 37 7% B
N X RIE SC-CO, X b JZ A2 A0 B 52 iR B0 o B3
FAR N R IITFRAr 5




Fr WA IE L AF H I At S A BT SR T 3ACA BRI o A o 2R IR 4 () R R T R e

87

%2 W
35 A E  CaseA i 0. HORGRATE  Case A
S48 SC-CO, s:4% SC-CO
4k H,0 s Ut B4 HO
T---5a p— LY
#10a $10a
H15a ) 201 #15a
E \\\ 520 a g 520 a
—— < —
5 W ----Hi25a @ 151 oo 25a
&l ‘Q\----?T‘BOa = To--30a
\\‘ 10F
5 -
N
/ : Y
0 200 400 600 800 1000

1000

0 200 400 600 800
it AR E /m

5 NIE AR BT 43 B e R AR R B A 3 b B 1Y
R AL
Fig. 5 Reservoir displacement changes induced by different

working fluid at the ends of natural fractures

2.2 HENEKEBEMESSHT

A/NTTRIE T AR FE AT 17 BRLK T 4B I 265 A1
ZIK TP L (3 I B . Q&L 7 B, K [ 24 R
W2 Hb T it 2 I B S AR A A AR 25 . TEBRAROK
FIABR 2 L o 8 X SO 3 5 M ik 2 L SC-CO,
SITEAK 2 P i i AR LA A U, % Gk AR

2B AL B /m

6 ANIE AR B P I e e A B Y
R AL
Fig. 6 Reservoir displacement changes induced by different

working fluid at the connecting line of two wells

o FEWHL B2 AT, EERIRAB 2515 SCCO, /Y
TSl T A B S B R R AR RPN 20 i
JEGEA " R . A5 22 550K 1 RBR I 25 v, RAR R
Wi 140 47 2 19 i 2R B 0 246 1) 2 P A AR R AR 2 Bt
LR . SC-CO, 2l id fe L I 3 e A I AT 21 ik
AR R AR IO T R IAL 3l AR P B S Y

/K

l 393.2

1369.9
1346.6

13233

I 300.0

7 OANFERBEER ST 15 a (9 2L

Fig. 7 Temperature field changes in the 15th a under different fracture networks

P 8 g AN ] . 2% 7K 3 2R I 245 1) A2 7 S IR
BEAAE . W TR 58 4 T Tl Y 5k 0K ) 2B I A
T f JEL U B9 U Bl 3 1 L T EOH IR B PR E R R,
7K 7 2t BT % N, AR A 52 i) S LA R K
I 58 BB AR X AT R T T B R 2 L HL
ik e Ty S R R B | I O (B DD 2 BN S B (U B 2
RTINS 248 R 1 YT P AREN i Dl e 25 1 NS 1 8
TE S5 K T EBRAC PR U8 B B o 1 S i 2
TG AR G A A 7 ] 400 0D AT 4 R A

zkxb. xjtu. edu. cn

7 R EE . AN, S5 5 4 T, SEBNT B 4 1
G R T AR 5T 0 3L 30 BHL 7o 3 T 5 A K D) R AR
RSN . 189 Sy A [ 7 8 AR 2 T 2 457K 1 2R K
SRR . B A K D B RRCHE 13 L ok T 2
Bt 5 3 B O AR UL [ R Bl T B O A 0 SR IR 4%
PR AR KR AT B 2% K 7 B0 W B AN 2 T O 2
BRI 2% e e BT . S5 A P 7 1AL 9 9 S H el
22 457K T BRI 2% v T B A BT 2 5 BT AR A B Y
A 5 A T AR o A T 68 A 5 R UL R AR A




88 [N . ]

PN

%60 %

T A A P R X — LR R TR
T2 220K 7 B W 45 1 4 BIL AR 2 A [R] T PR 2R 0K
T 4B, FAf B S PO T AR A TR 6 R
B UYL T SR B A R O B L A R B
B IK 1 R BT IR AN TR) B 4 AR o A SR B I i
ARG L e A G R vh  H R AR R B R R
e 3 TR AR A B IR S iR, T
W 245 P 77 7 58 4 1 1 1Y T AL 3 8 1 L D A R
S X A SR A o [8] JLF- AR 7 A f 5 RE i

395¢
1 —+—Case 5 =y
s o} i 200 m
385
v 375F
N
%365 -
fid
K355t
R
H
345}
—=—Case 1 2430
335} —e—Case 2
Case 3}15)?%@]5%?9100 m
125 Case 4 ) \ , . )
0 5 10 15 20 25 30
I 111} /a

Bl 8 AN IR BL AR 7K ) 2L BRI 4% 0 A 7 S 3 NS i B AR Ak
Fig. 8 Bottom hole temperature changes of production wells

in different single hydraulic fracture networks

395
—=—Case A SE4iEil
——Case B - 1
385 case B L 1k e
375
o
g
365
R
R
=355
Case D 1
345F —o—Case E} 24 I %
——Case F 34bIri
335 : : - v - ’
0 5 10 15 20 25 30

K1) /a
B9 ANIR 2 £ oK I B0 W 4% 14 A= 5 51 1 TR AR 4k
Fig. 9 Bottom hole temperature changes of production wells

in different multiple hydraulic fracture networks

TEALBRE ) SR Z RS ENT EE R R
IR 16) A SR B L FS R AE L H T 0 2% 1) 45 4 22 S 2
SRR KNG Ty RS, GE 10 iR TR
SABAFE o B W S Al R R OO AR AR I
A7 I K T3 BEBR X B, B KL RS B AT 5K 2.7 em
20 U ) £ A7 7E Wi 25 B L A 00 R R 07 B% R B )
WS . YRR ) FBR 4 SE I (RD LB K 2% Case B
5 Case O, i AL DX 3l 52 943 043 A & o5 K A0 7% B

zkxb. xjtu. edu. cn

F 2.3 cm, MM LA FoK Iy BB % iE (R
BRI 2% Case D~ Case F), i 2 £ 2 & #E — 25 0
/N o ELTE LB T 7 Ak 4 o B it AR () B i
AL DX 53 0 R PR A N7 DI 43 i 4 b T A
LB BN I B A 7 O BB A1 %

Case A

P/
cm
2.5

2.0

B 10 AT Y 2 57K T3 2B M8 TE AR 30 a I (1 it )2 32 7%
AL O
Fig. 10 Reservoir displacement changes of different multiple

hydraulic fracture networks in the 30th a

M T 2K Ty S i m Y7 22 5 8 2 1 i 3
Yo Rk, B 11 WARFZ &K IR .
55 30 a I A9 LR R 3 DL S AR 343 o) 8 T AR AE . AE
SEA MY Case A Hit i, /K 7 S4B B 58 24 19 3L
AR A% i 24 B 0 28 L WU 0 28 b fie /N o 9 HL AR 7= A
EAIZ 8 F 7 B R AL 0. 24 MPa, 4 ) 28
& 7E Case B Al Case C 1, TAEA B AR 7 2% 7K ) 24
Bty = 3 ShaE L N TR 742k BT 0. 33 MPa,
FLBR R 7 43 A FF-4f 3 B0 Sy 35 22 5, 0 #4308 3 1 FH o %8
W MK S BB 2% B 2 A B BB, 4 Case D A
Case E, IHCHT 24 B 190 2% vh AN AE — 55 S8 B K 1 4B Ay

Case A Case B
5 .24 MPa Ap=0.33
| > T |[ J£ J1/MPa
d iy 50.0
Case D
3 .
49.6
Case F
Ap=0. A
N 494

F11 AR 2 45K J1 241 M 4% 7E 58 30 a B M FLBR )
Ak
Fig. 11 Pore pressure changes of different multiple hydraulic

fracture networks in the 30th a




5 239

FeWIE &5 I 57— SR Ak T SR T A A it 5ol e o 2R 0 2% 1) R 185 45 3 A 89

F I W I Z Y 4R TE R & 0. 47 MPa, Y
ZABR L B 3 AL KT %, AN Case F, LT 24 B X 25 v
A SE K 240, TAE A B EE K AR 2B 3% HK
JIBEBR TARIE B AR S AR BEL 36 TR g 45 2K 58 i
K 0. 59 MPa, LB s 3 0 A B A 2 4, A 7= I X B
FE IR S W, PRI, B 7K T S 2 1 22 L AR
FA UL 23 T B A A L U B0 B 8 1 L LB g A3
A1 JRy EB 2% S F B W R A X e B e S
TS KR B ORI

2.3 fEEHHETHSN

AN LA ZLBE R 2% Case A Fil Case F R 8F 54T
RLRGRIE T IR B AR R n sh A2
A, ARG 62 fLBR R i 25 3 R R BIT
BB E R EACRE . B 12 85 30 a B 62
LB ERB B,

WP 12 Bis ARET LB 3. 540X 10 Flg
AN 4.93X10 1 m® RIERRE AL, TF R 24 30 a
BF At 2 LB BE 58 05 2 00 728 Ak B 24 4 T 8/
Fl. HTE2ERSABER 3R KR, &ALk
BHEAA B RIS R L ALRE S B S
R PR BERFAE  ELAE IR B i T R A
. KRR TR EA ST R E s, mA:
77 B ST DX PR L Bt Hs ) B M A K 3 — 25 ) 1 L
BRI AR . oM, Case F R 8 642 50—,
Tl AR P R B KT Case AL PRI AR 7
FERHE LB S 8T FEIRFE AL Case A B HZEM

3500 3514 3528 3542 355 3570
it )z LRI /107

(a) FLBR

480 484 488 492 496 5.00
R IBIEA /(107 m)

(D) BiE#
[l 12 Case A fil Case F 7255 30 a B ¥ i 2 FLBR B 172 3 5
Fig. 12 Reservoir porosity and permeability of Case A and
Case F in the 30 a

P 13 D 2T L AT R A S B B A
FRRHE . ZLBRT R TFRES 0. 50 mm, 76 AR #EAT # it IF
SRR, TR AL (9 LB g ] 2R R A ) A K

zkxb. xjtu. edu. cn

L SR8 BT B2 A A X 2 20 290 0. 58 mm, A
15 aff) 2T L 231 [ 0T DL o B 2 ¥ A 1A T i
JZ BRI B2V TOT UG W s o - K T3 RBR AR e R
A PR 0. 55 mm 24, (HASTE R, B
T 2 A i 4 U 3 A R A T R R AR
DRI Lh SR B3 799 3 1) T 2 52 A of ok ) 52 WA GE 32553

Case A Case E
GAIT I /
M0a %%Hﬁ%* g
0.58
g i |

Misa| <t |
0.56
0.55

" A LFﬂ—iﬁ

30 a < ! = ] =

Pl 13 BRI 5 e i 224 Bt B B ) i) A2 Ak
Fig. 13 Variation of fracture aperture with time in

fracture networks

[ 14 F1El 15 g AS R 2 B0 0 28 25 4 2K T
PR TE AR ARAE . BT AR S5 A R
BEF 30 118 4 B T 32 2 B D] B0 38 3, X 5 T R ) RO
F14) 588 AR 0 A B L B A OG- R IR AR A I DX TR
A O 2 BOA BN AR R ) BRI ALBE
IRTE 3 NI i TK (L S g R QS R
T FE A AR R BRG] & R R R R . XA
[Fi] 700 1) 2L B D 45 T 75, 22 7K ) S B I 4% TR L % o
R e AT L it 2 R 25 7 A 1 AR R g 5 T i R
JUZ s S B R N ) R R R, R 2K
T3 LB N 2% v (1 U A R T 8 G AR R RN (A 22
FRREFCAS B b 22 0% 7 9 22 5 5, DR O )22 N g A7
B SR TT R AR R

0585 | <—yEAJE IR — |
‘ ‘

0.580 F ‘

0.575 P - " !
20570 I |
) | ’
£0.565 \‘ —s0a |
o4 s e o
= Case 1 Az 8 — 5 a
0560 | ; 504 H

| #15a

0555F | %20 a

| %{:;25 a

0550 F — 30

0.545

1 (I)O 2(‘)0 3(‘)0 4(‘)0 5(‘)0 6(‘)0 7(‘)0
ZAALE /m

14 BRI 24BN 45 T 7K 7 24 B - 5 B (] 19 2 £k

Fig. 14 Variation of hydraulic fracture aperture with

time in a single hydraulic fracture network




90 [ 7S S T R N S %60 %
0.61r i(—‘}’i{)\J[‘» e _’ Energy Reviews, 2024, 196. 114364.
060 | ‘ [2] QIAO Mingzheng, ZHOU Yujuan, JING Zefeng. et al.
059k Heat extraction analysis of an innovative single-well
= ossh open-loop geothermal system using scCO, [J]. Ener-
é% 17\\ — gys 2025, 328; 136502.
= 0.57r o [3] ZHANG Wei, WANG Chunguang, GUO Tiankui, et al.
2056 Case A MuXudiifyfir _g:i?oaa Study on the cracking mechanism of hydraulic and su-
055k %EEEEA‘ fﬁég‘; percritical CO, fracturing in hot dry rock under thermal
054k 2T stress [J]. Energy. 2021, 221: 119886.
[4] LIAO Jianxing, HU Ke, MEHMOOD F, et al. Em-
033 I(I)O 2(IJO 3(;0 4(I)0 5(;0 6(;0 7(I)0 bedded discrete fracture network method for numerical
HIrE/m estimation of long-term performance of CO,-EGS un-
15 oK) R BRI S T RO I He 2 Ak oKk ) 2B T 1 der THM coupled framework [J]. Energy, 2023,
T ] 1 22 1 285 128734
Fig. 15 Variation of hydraulic fracture aperture with [5] ATRENS A D, GURGENCI H, RUDOLPH V. CO,
time in a multiple hydraulic fracture network thermosiphon for competitive geothermal power gener-
ation [J]. Energy &. Fuels, 2009, 23(1): 553-557.
3 48 B [6] A, skal, KRR, %, = S Al Bk BT B A7 K f i
AR PR R B R R 5 R [T]. kAL 2,
A SCHIGE SC-CO, FFR A # e B e i 72 rh 2 2023, 48(7): 2733-2749.
BRI 2% R RS A E R IFIE R REBER T A JIANG Shu, ZHANG Kai, DU Fengshuang, et al.
[F) 4 Bt ) 48 76 A ) 322 38 IR 5 T B % M e A4 )2 4 Progress and prospects of CO, storage and enhanced
P YRR L 4B s T BY B 4% 3% G M L THM B A E oil, gas and geothermal recovery [J]. Earth Science,
PR S22 A B 7 B 267 S B8 49 52 W 1L 2023 ABCD) 27352,
BFET FELE L [7] XIE Zhigiang, HAN Dongya, LI Jiangteng, et al. A
SC-CO, M % T M4 T fe 2 15 7 15 10 46 7 I I state-of-the-art review of hydraulic fracturing in
- ) geothermal systems [ J]. Sustainability, 2024, 16(24):
iR FLIR BT P 22 A, SC-CO, Xt fif 11087,
JETR MR WA APSBPEES S SRA T 1) oo, s, st FRERMRIFRH AR
'fgé}ﬁﬂ(%j:}ﬁ ,Eiﬁﬁq:ﬂ%lﬁ@ﬁ/ﬁﬁﬁ@iﬁ% o SRR (1], wERELE, 2024, 49(6): 2131-2147.
PR K 7 SRR £ v, W R RE B i S K T XU Tianfu, WEN Dongguang. YUAN Yilong. Tech-
YEA T35 T OGBS A%, E 52 A4 7= i B R R, (H &3 R nical challenges and strategy of geothermal energy de-
FE S0 s 245K F1 2L BRI 4%, B — AR KT RS 4 velopment from hot dry rock [J]. Earth Science,
O I 7 0L 2 A A T B 2024, 49(6) 2131-2147.
B OBRTIT . H T 2 B 0 2% 4k R A 70 376 3 11 2 B i 3l [9] ZHANG Xu, HUANG Zhaogin, LEI Qinghua, et al.
e e A ATE S A Improving heat extraction performance of enhanced
RIS 985 2 % ST 5 THM geothermal systems: insights from critical fracture
L IR B D A TR S R R network parameter . and’ ‘multrob]‘ectl've (?pt1mlzat1on
method [ J]. Applied Thermal Engineering, 2022,
ZABTF AR B, T RE S| K Ry B R LY, A2 215, 118671,
LIE BIEASE RIS HAEEPIRME RS 107 o, sooptn, fesse. 5. X 200 T #k

AR A — Y 2B R 45 rh AR A W

SE .

[1] QIAO Mingzheng, JING Zefeng, FENG Chenchen, et al.
Review on heat extraction systems of hot dry rock:
classifications, benefits, limitations, research status

and future prospects [J]. Renewable and Sustainable

zkxb. xjtu. edu. cn

JIER ALY R A (] KA T, 2022,
42(4): 63-72.
XIE Zixiao, HUANG Zhongwei, XIONG Jianhua, et al.
Influence of natural fractures on the propagation of hy-
draulic fractures in hot dry rock [J]. Natural Gas In-
dustry, 2022, 42(4): 63-72.

[11] so3g. MO, D055 6K )2 R 28 A S m B




5 239

FeWIE &5 I 57— SR Ak T SR T A A it 5ol e o 2R 0 2% 1) R 185 45 3 A 91

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

EWPEHG [T APz . 2021, 6(1): 92-113.
SHI Can, LIN Botao. Principles and influencing fac-
tors for shale formations [J]. Petroleum Science Bulle-
tin, 2021, 6(1): 92-113.

ZHOU Zhou, JIN Yan, ZENG Yijin, et al. Investiga-
tion on fracture creation in hot dry rock geothermal
formations of China during hydraulic fracturing [J].
Renewable Energy, 2020, 153: 301-313.

LIU Shiduo, XIONG Tingsong, LIU Yong, et al. Opti-
mization design of hydraulic fracturing fracture parameters
of horizontal wells in algal limestone reservoir [ J J.
Processes, 2024, 12(7). 1302.

FU Xiaofei, MA Yuanyuan, LI Shibin, et al. Sensitiv-
ity analysis of mechanical field parameters in fractured
HDR reservoir based on THM coupling [J]. Energy,
2025, 320: 135360.

ZHAO Yangsheng, FENG Zijun, FENG Zengchao, et
al. THM (thermo-hydro-mechanical) coupled mathe-
matical model of {ractured media and numerical simula-
tion of a 3D enhanced geothermal system at 573 K and
buried depth 6 000—7 000 M [J]. Energy, 2015, 82
(15): 193-205.

GUO Tiankui, GONG Facheng, WANG Xiaozhi, et al.
Performance of enhanced geothermal system (EGS) in
fractured geothermal reservoirs with CO, as working
fluid [J]. Applied Thermal Engineering, 2019, 152
215-230.

PANDEY S N, CHAUDHURI A, KELKAR S. A
coupled thermo-hydro-mechanical modeling of fracture
aperture alteration and reservoir deformation during
heat extraction from a geothermal reservoir [J]. Geo-
thermics, 2017, 65: 17-31.

MA Yuanyuan., FU Xiaofei, LI Shibin, et al. Investi-
gation on the effect of the relative position between
fracture and injection-production well on thermal ex-
traction performance [J]. Applied Thermal Engineer-
ing, 2024, 254. 123876.

XUE Zhengian, WEI Zichao, MA Haoming, et al.
Exploring the role of fracture networks in enhanced

geothermal systems: insights from integrated thermal-

[20]

[21]

[22]

[23]

[24]

[2

[26]

zkxb. xjtu. edu.

hydraulic-mechanical-chemical and wellbore dynamics
simulations [ J]. Renewable and Sustainable Energy
Reviews, 2025, 215: 115636.

SONG Guofeng, SONG Xianzhi, XU Fugiang, et al.
Contributions of thermo-poroelastic and chemical
effects to the production of enhanced geothermal sys-
tem based on thermo-hydro-mechanical-chemical mod-
eling [J]. Journal of Cleaner Production, 2022, 377:
134471.

SHI Honglei, WANG Guiling, LU Chuan, et al. En-
hancing geothermal energy recovery in Yangbajing: the
role of natural and artificial fracture connectivity in
EGS performance [ ] ]. 2025, 132:
103438.

SONG Guofeng, SONG Xianzhi, JI Jiayan, et al. Evo-

Geothermics,

lution of fracture aperture and thermal productivity in-
fluenced by chemical reaction in enhanced geothermal
system [J]. Renewable Energy, 2022, 186: 126-142.
LEI Zhihong, ZHANG Yanjun, ZHANG Senqi, et al.
Electricity generation from a three-horizontal-well en-
hanced geothermal system in the Qiabuqgia geothermal
field, China: slickwater fracturing treatments for dif-
ferent reservoir scenarios [ J]. Renewable Energy,
2020, 145: 65-83.

MAHMOODPOUR S, SINGH M, TURAN A, et al.
Simulations and global sensitivity analysis of the ther-
mo-hydraulic-mechanical processes in a fractured geo-

thermal reservoir [J]. Energy, 2022, 247 123511.

] SONG Guofeng, SHI Yu, XU Fugiang, et al. The

magnitudes of multi-physics effects on geothermal res-
ervoir characteristics during the production of en-
hanced geothermal system [J]. Journal of Cleaner Pro-
duction, 2024, 434 140070.

ZHANG Wei, WANG Mingjian, WEI Zhengnan, et
al. Study of the fracture propagation and the corre-
sponding heat mining performance of multi-branch ra-
dial wells geothermal system based on the THM-D
coupling model [J]. Geoenergy Science and Engineer-
ing, 2024, 243: 213302.

) 88 &)

(% 8

cn





