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Rock property change and temperature distribution near blasting holes

in carbon dioxide blasting reservoir treatment
ZHENG Jun, FAN Tao, DOU Bin", WU Tianyu
(Faculty of Engineering, China University of Geosciences, Wuhan Hubei 430074, China)

Abstract: The traditional geothermal well structure is not suitable for carbon dioxide blasting technology to build hot
dry rock reservoir; Thus, this paper further explores a new well structure and related technology suitable for carbon
dioxide blasting technology. With regard to the actual drilling conditions in the horizontal well section (blasting hole) of
the new well structure, rock mechanics experiments and thermal-fluid-solid three-field coupling numerical simulation
were conducted to study the variation law of physical and mechanical properties and reservoir temperature distribution
characteristics of hot dry rock reservoirs near horizontal well sections (blasting hole) after drilling. The results show
that the thermal stress produced by cooling of drilling fluid is the main cause for the change of reservoir rock properties
and occurrence of the thermal damage zone. The regional temperature distribution exhibits the characteristics of “rapid
cooling zone-steady cooling zone-uncooling zone” in reservoir near the borehole during cooling. The initial reservoir
temperature and the cooling time have major influence on temperature distribution in the rapid cooling zone and on the
thermal damage zone. This study can provide more accurate theoretical guidance for carbon dioxide blasting fractured
hot dry rock reservoir.
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Fig.1 Carbon dioxide blasting reservoir stimulation process
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Fig.2 Convective heat transfer between drilling fluid

and the borehole wall in the blasting hole
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Fig.3 Thermal stress diagram of the elastic

cylindrical granite model
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Fig.6 Fitting curve of the elastic modulus—cooling
amplitude of granite
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Fig.7 Fitting curve of Poisson’s ratio—cooling amplitude

of granite cooled from high temperature (calculated value )
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Table 1 Density of granite after cooling from different heating temperatures
AR/ (geem™)
B/ C H 1 21 2 7 3
AR M#JE WUNE/ e T mEPJE  WUNE/ Y I IS WA/ %

8! 2.612 2.612 0 2.626 2.626 0 2.604 2.604 0
200 2.599 2.594 0.193 2.593 2.587 0.231 2.592 2.586 0.231
300 2.611 2.604 0.268 2.596 2.590 0.231 2.603 2.596 0.269
400 2.605 2.991 0.537 2.992 2.579 0.502 2.599 2.587 0.462
500 2.596 2.571 0.963 2.609 2.582 1.034 2.602 2.977 1.115
600 2.593 2.545 1.851 2.596 2.546 1.926 2.592 2.543 1.890
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Fig.8 Fitting curve of the density reduction rate—cooling

amplitude of granite cooled from high temperature

3 WAMEMEERRESHAMEAR
3.1 BIMHE RS HE

AR YA 58 F FH COMSOL I fE A 0054 B4 T
DL AR AR B AR T PR R O T R B
(L) Bl E G 5 ZE LU0 i Pl T 3 s 2 o 4%
1) [e] P 010 25 0 S5 AR ] — 4 R T = S 5 e
TSR g A [ A J2 1L T K BE (AL FilA 7K V8 i Y
MG o A DL o AR UKL B rh O B 4k Bt
SRR I Bl it B 255 2 25 ALt R0 TR T
B HEAE B A 2 B AR P BORE, IR 2 R .

HRAE 2% 2 8048 L #9260 m X 60 m 1Y 1E J7 B 4 Y
I BEAT AR 23, hg B i T B 45 AU S, A% 1 23
R PR AR AL K I 7 7K SF- B FLBE BRI 147 0 2 A Ak

F2 KERSHEIR
Table 2 Horizontal drilling conditions
BREEUE/  KPBC KCEBOFE BEATAN R WIE
(mh")  KE/m #B/mm £/mm /(L) B /h
2.18 60 165.1 60.3 30.64 20

A0 9 B
P 2 bR BB AR B B R R AR S
i b 3 1 44 ) 2 2 80R 38 Ji R 6 28 23 SR A B
JEREE R A d o KA 2 IR 43 i i D 300,
400,500 #1600 °C, i AR 5 AR5 — 8. FI&
SR AR AR O R RS Bl R BE e R R T KL
Sk 5 7K A L S 6 B4 DG TR T R A R B RO
IS B0 B th Y B 45 ), MR AR S 80 &
3R
JK B I BE AE 273~533 K Z 8] B, 36 3 Hh i 43 A8
A,
oo =2838.54+ 14T — 3.0 X 10 °T?+ 3.7 X
10 7T° 9)
pio=14—0.02T+ 1.4 X 10 *T? — 4.6 X
10 "T?+ 8.9 X 10 °T*— 9.1 X
10 ®T°4 3.8 X 10 °T°, T€[ 413,533 ]

(10)
tio=0.004 — 2.1 X 10 T+ 3.9 X 10 *T* —
2.4 X 10 "T°, Te[ 413,533 ] (11)
Ao=—0.9+89X 10 *T—1.6 X 10 "T?+
7.9X10°T? (12)

Uit B Y, A ST 22 W b T R AR R 1
JEBEE 3R (20 °C) 5 AT i 8 B A il A 5 v
F O, AR LA T AR



5549 555 34

A T A R A2 DO T M LA A SRR A R B S A RIS 19

22 4m
20 -
18
16
14
12
10

B ¢ )
8 4
6 4

T NI

KR (L)

TR

[NCIEN
L

(=}
L

0 5 10 15 20
(a) JLfTHE

0 5 10 15 20
(b) P#% 2
9 MBERKEHBRERTE
Fig.9 Model of the thermal reservoir and

horizontal well section
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Table 3 Model material parameters
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Fig.10 Cooling temperature cloud maps of

hot dry rock reservoir
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Fig.11 Distribution pattern of the temperature

field around the blasting hole wall

e 3 38 A 5 3K 2 T A AR R R R BE T e T
B Wi A [R] 8 PR R 18] T i J2= L B e bR 3 T
DX AL A ¥ 0 B, £ AR RV T (1.2 m) Y 4%
JEE A J22 143 576 B DA - G2k atk IX i ARG 1 B T T2 1

=20 h &8 (degC)

o
m
600
500
400
X 300
200
2
100
2 3 4 5 6 7 m

Fi=40 h E (degC)

5

T U A T DR R T DX R O T 5 - 8 R R
X T B LRE RS , JLF AN 52 Bl S A S, [
1P L o8 L 2 2 T R R i e /D (45 R B AR Y
FE 10 °CH ) o 1T 3 JE DR i J2 400 i ik B 6 435 15
DX LA PRS2 T 55 /N 5 R R 30.64 L/s Y 5%
MYE 50 hJE T #CE A KJE 29 1.5 m, 1.5 m
11 LA RIS N A Z 411X

5 45 T RO HOLA O T A5 B 456 )2 A T RS 43 A
<k, i T 0 B FLBE 0.1 m 5 Fl A fr B AR 52 4%
HI(HH 0.08 m A T LY ) , 12705 Bl P 2 i ]
AT AR Ay Bl VO
3.2.2 VA K X L EE 43 A B 5 i

AR /INAT T2 B 5 M R A 2 R B R R R
¥ HV s [ X A LR AT R P 3 B BB A X4 L ) 5
Wiy, Ay {08 2% A8 Ak s B ik R R R A R B R Y
600 “CHitf JZAE N WF 78 %5 G, 4 I T30 3 158 B 9.897
m/s; B ¥ H B 43 51 B R 20.40,60,80 120 Al
160 h, 15 205 = K an & 12 s o

=60 h 2 (degC)

6 7

(a) 20h (b) 40h
i7E=80 h iS5 (degC) . ii8=120 h S5 (degC) . HE=160 h 2 (degC)
N
3;3 600 q 600 ¥
6 ;
30.8] 500 500
30.6)
304 400 400
30.2|
30| 30)
29.8) 300 300
29.6)
29.4)
292 200 200
24 204
n‘s 100 100 288 100
28.4) 284
2 3 4 5 6 7 m 2 3 4 5 6 1 m 2 3 4 5 6 g ¢ m
(d) 80h (e) 120h (£) 160h

E12 ARE<AMBILEFEEEZE

Fig.12 Temperature cloud maps around the hole wall at different cooling times
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