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Single—connected analytical model analysis of stress field response of geothermal
reservoirs induced by staged fracturing
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(1. College of Pipeline and Civil Engineering, China University of Petroleum(East China), Qingdao, Shandong 266580, China;
2. China Institute of Building Standard Design & Research, Beijing 100037, China)

Abstract: The stress field response of the geothermal reservoir induced by staged fracturing will have a direct impact on the
wellbore integrity and casing deformation of the geothermal reservoir. Studying the stress field response of the geothermal reservoir
induced by staged fracturing is important to guide the field fracturing. significance. At present, fracture mechanics is generally used
to solve the stress field response induced by hydraulic fracturing. However, the stress field response of geothermal reservoirs
induced by staged fracturing is essentially the problem of siress interference between fractures under the action of heat—fluid—solid
coupling, which makes this problem difficult to solve. Fracture mechanics solutions are extremely complex. In view of this, the
continuity assumption was introduced to transform this fracture mechanics problem into an elastic mechanics problem, and a
single—connected analytical model of the stress field response of geothermal reservoirs induced by staged fracturing was
established, which greatly reduced the difficulty of solving, and the stress field response after field fracturing can be analyzed more
simply and effectively. Based on ABAQUS, a staged fracturing thermal-fluid—solid coupling numerical model for geothermal
reservoirs was established, and the error of the analytical model was verified to be within 5 % by comparing the average stress in

the x and y directions. Then, using the analytical model, the effects of cluster number, temperature difference and natural fractures
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on the stress field of geothermal reservoirs are discussed. The results show that as the number of clusters increases, the stress

component in the x—direction increases and the siress component in the y—direction decreases in the geothermal reservoir; as the

temperature difference increases, the stress components in the x and y directions in the geothermal reservoir increase accordingly;

as the density of natural fractures increases, the stress component in the x—direction increases and the stress component in the y—

direction decreases in the geothermal reservoir.

Keywords: geothermal reservoir; stress field response; model simplification; elastic mechanics; single—connected model
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Fig. 2 Transformation of fracturing mechanics model to simply connected model in elastic mechanics



2022 4%

2% Hel T, 55 o BT T o P 2 107 37 W) o7 P B 3 fige A AR 28 897

I ) o b o A g o E u_ Eal (16)
__E __EaT (8) o Ttpdx 1-2u

R IR W 2 (16) 72 W1 245 2 1 M BAAK 2 3 7 1] B 3 4%

Ao WK R B C TR AR R, °CL 2T
T rh R 2 B A AL R T

R ) e, = %ﬁ(s)ﬂﬂfeﬁ%ﬁﬁ:

E  ou EaT
a-x_1+/.l,a_1—2p¢ (9)
A e T7 LR St ms A R 2ORAS
U=w, = nwg + EWNH sinq; (10)

A, B J7 ] SR AETETE , msn N R RFEAL
wyy TR IK T BEEETERE , mywy,, T i R R IR RLEE 5T
& mya, W5 i SR RIRRAE 5KV T I e L7
2 (9) R Y25 | 1 o P23 o 7 1] 10 ) 43 i
o, T 07 [0 S5 AL A% B A (B« Oy ) AR TERE ) 5
TR FRIR , B« 05 10 SRR BT E L 5
TR L
WG R A IAGEZ y I7 1815 ) 5350 o), 0]
HRARE 0 A8 s W S )BT AR A
.= A0 + 26e, (11)
o) JEALG R HFEAGE)Z y 7 1011 1 735, MPa.,
FIFARAE 0 = &, + & TRER (1D FR R :
g, =(A+2G)s, + Ae, (12)
B (4) B (5) SR o, h 0! A0, B
m=(13) s

!

sy=(l-u2)i;-uax (13)
0 (2) XA (1B3)RAX(12) 515 -
;L E
oy = +M€x (14)
W) 2% AN 7 2 R R Y M A 2y T
N1t o
E EaT
o, = 1+,u,8"_1—2/,c (15)

ﬂ%mﬁﬁﬁg:%%ﬁU$ﬂﬁéi%%ﬁ:

I or, 1] EH o 7 1) S SECNE A% B (B 2 7 1] 2R B )
S AR, B 07 [0 SR M T | T AR
PEDR H

A B A6 B ] Ao B2 1 2R B 17 1 373 )
I HEAT 73 A, BIVIE i Bl R A AR T B e B T
PELETTIE | DR TR s 00 ) 1) 28 5% W 38 e A S A
(4 (5282 2 AT, Fi i A AT A T R B 73 [ 2R Y
i J2 03 730

2 AT R A AR e

Sy 6 I JIT S i AT S AR ) B A, BT ABAQUS
7 I [ RE A 1 R M A 2 50 B R R B R
R X AT AR AL A T B S IE

21 FARTHEBET

1) JUfr sy, B A RS 2R 120 mx80 m, I
TERTRY rp P ] SLAE 1Y 1 R PR AR S R AR R EE A,
Kl 3a lT7m .

2) MR G G )R IR A R X WA
CPEAP VU 5T, /K F1 244835 53K F Cohesive FLIT
ZH N, AR L L) AL AR 43R W) s 4 45 B s 21
B, T S B 3 0k R A AT 2 DA A R
[FIEE, > 1 SEBR SR 5448 557K J) S44% () 1030, 7 A%
HXPB T s AT T AT XRERT A K ) g
AR A KR BLEETT IR IRBLEE I e

3) M FEAM . W TR A R TCR K
Hi )2 PR AR B R ) B AL R R A PR R A%
P FERE TR A S5R FH 2 i et Jr I AR R T 2
i , PEH SR 1 4540 F 2R T O FLIR R 3 ¢, 3 ik it
TN L3715 A 2% 0 S A6 i ) S B

T3Ah BT R R EEAR SN 3R 1 PR

®1 EBEXSH
Table 1 Basic parameters
FPER N I KR /KR T EHnIw| BUPLoE N it 2R
(GPa) L (MPa) (MPa) (MPa) (MPa) L (c)
15 0.25 36 24 36 6 0.1 100
WERRE WA EinL i =y HE ) HEFDLISE [i] b FR 2R
[m/(Pa-s)] (m) Bk R % (m*/min) (m) (min) o e
1107 0.001 0.000 1 6 10 10 3 20




898 F LA oy BOR RS S M2 10 37 0 57 1) B2 S0 A A B

20224F
B2 ol

UnTE] 3b i 15 4% DR v (31 x 7 1) L 3 27
AR T HE T R AR [T B iR T2 BB «
77 1) B2 gt e AR R AR A s WP 3¢ 7, R T8
FRTE A, 2448 TN L R AT 9 L BT 3 s T A
AL AL FLBE T 5 AP 3d i, i T 2RO L 3
G, 44 IR RE S I T HA (7 8, L 24 A% B )2 19
i R 32 1) 1 SRR I e A AR A

2.2 HERFIMERIE

RS UE T A (AR A () R NS K S
Y G0 52485 Y R A9 PKN AR KGD A B Y 2%

-
i
Eobesived ic
N

a IR ICHER

FLBRIE /) (Pa)

1.234x10°
1.131x10°
1.029x10°
9.257x10
8.229x10’
7.200%10

6.172x10!
5.143x10]
4.114x10]
3.086x10]
2.057%10!
6.029x10’

RHEAT TR HERAE (K 4)

WA 4 iR, BB EE SEE S PRKN BEAD |
KGD BRI Y A5 RARZEAE 5 % AN, & TR BE B , B
P BUE R ) A A B S E

2.3 MRITEEERERIE

Sy S5 A figp BTSSR (1 P 30 e S AR R
W FAGHZ N 2y T BN TT 208 o, o S BEL K o T 1)
FARETERE  IT 5 FEATRL Y TSR MBI 2 PN o Ly 7 )
1038 oo HEFTXE L B LA figp B A Y ) v
H(ES) .

X7 1A N 7] (Pa)
-1.010x10°
-8.588x10°
-1.617x10’
-2.374%10’
-3.132x10’
-3.890x10’
-4.648x10’
-5.406x10’
-6.164x10’
-6.921x10’
-7.679%10’
-8.437x10’
-9.195x10’

b.J¥ )35 45 R

c.iB i 8 R

d.iE b 4 R

K3 Hufhfig)2 R 2R e

Fig. 3 Numerical model of geothermal reservoir fracturing

200
= HfE AT
-o- PKNHH Y
160 -+ KGD# AL
E 120
i
pr
% 80 |
40
0 120 240 360 480 600
JEZL 18] (s)
a FAE

10
- HUE AR
-o- PKNZ Y
8 - KGD# A
B
L 6t
i
ﬁ
2
2 -
0 120 240 360 480 600
JEZLRT ] (s)
b. Z44E L

K4 BERRA R g E

Fig. 4 Numerical model validation verification



20224F
CAAVESEHY Gl

F A o B T MR 2 R 70 67 ) B S A A T 899

BEE R BT, th TREY R R LY R
J7 1) x5 T (K 1588 0 7, i REE Y e ik =
B A, S B Z N « 7 [0 ) 734 o P
PSR Z 3G,y 7 100 B 736 o SFEE R BE 2 9K
/N NS IR Sigp AT A SRR R (B AR R 25 SR B A5 1t
AL . HNE S sl i, B8 s A =
oy TR S o o, o YR AR5 A A ik 2 1]
HZE/NT 5 %, th— 2D Y E T A AR B R 1

3 ME R
3.1 FEEHIR

Pl 6a Xof L TS R RO AR T 10 S A 2 9 7

6 18 71 534k o, [ 6b X L T R TRl SR A% AR T iy s A
f#IZ Ny I N 5t o

B A N, K O 244 TR N 2, 5 8 )y

16] SR 5 i FEE i 2 48, DU S BT A 28 T R b P22

32

5y | = s

- B S

30 +

29 +

28

27

/318 (MPa)

26

25

o , . . . .
0 120 240 360 480 600
4 8] s)
a. o JHTAR SRR H

S x5 1] N 7 4 i o B A7 500G Jin i 44 R (1 6a) 5 75
S, BT AT R B N y O 18 0 ) 93 o B
FEEE s/ (& 6b) .

3.2 BEBMm

T 5 A A R R RN i 2R 25 DE | IRt 435
X EG T AN ) 22 25 4 T 1 H B 2 P oy T 1) 114
Jite, o (7).

HY Tt 200 B AR A S S, R, it 2R B A Ak
Wi 22 RT3 ek 22 185 T /), D) el fige B A 0 ]
R A JZ N o O 1) 0 )t o B S SV A 2
ZYERM IR (K Ta) s 5545, HABATTRBL IR ] 260 s B i
JEW y I7 883 o3 i o B ZRRRI i 2 1l 22 1 R i
HR(E ) o

3.3 RARZEHFM
T2 I AN () TG AR S48 25 PF T B L Vi /=

36

= ST LR

3r - AR

341

33

32+

I 71{H (MPa)

31 F

30

29 +

2 . . . . .
0 120 240 360 480 600
FEA4HT 14 (5)

b o AR A

KI5 b S BE A Ee

Fig. 5 Analytical solution versus numerical solution
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