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Heat control mechanism and productivity optimization of artificial
fracture zone structure of dry hot rock in Gonghe Basin

CHEN Xuanyi, JIANG Zhenjiao, XU Hanying, FENG Bo
(College of New Energy and Environment Jilin University, Changchun, Jilin 130021, China)

Abstract: Hydraulic fracturing is necessary to obtain geothermal energy from the hot dry rocks. The structure of
the artificial fractures plays an important role in controlling the water and heat transport during the heat
production. In this study, we analyzed the influence of the permeability and width of artificial fracture zone on the
coupled heat and flow processes in the Gonghe Basin, China. The results showed that in the fractured reservoir
with permeability lower than 5 D, the outflow temperature increases with the width of the fracture zones. This is
because the injected cold water can sufficiently merge with the thermal water in the reservoir, and has a weak
influence on the water temperature close to the extraction well. A special situation occurs in the horizontal

reservoir with permeability higher than 10 D, where the outflow temperature decreases with the increase of
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fracture zone width, because the overall low temperature zone is increased due to the rapid diffusion of injected

cold water. In the reservoir with horizontal fracture zone, outflow temperature decreases with the increase of the

permeability, because the injected cold water easily arrives the production well. In contrast, in the vertical or tilted

fracture reservoir, the outflow temperature increases with the permeability, because the free convection occurs

strongly in the high-permeable reservoirs. A synthetic comparison suggested that under the same well distance,

heat production is higher in the reservoirs with low-permeable horizontal fracture zone and with high-permeable

vertical fracture zone, among other fracture zones.

Keywords: enhanced geothermal systems(EGS); hydraulic fracture zone; FEFLOW; numerical simulation;

optimizing exploitation; heat control mechanism
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Fig.1 (a) Topographic map of the Gonghe Basin and the location of geothermal well GR1, and

(b) downhole temperature logs in well GR1 aligning with the calculated temperatures
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Fig. 5 Temperature distribution in the central section of the horizontal fracture zone, vertical fracture zone and tilted fracture zone,

with fracture zone width of 50, 100, 150 m, respectively (refer to the location of the fracture zone marked in red
in Fig. 2 for the section location)
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F, B EARIENE 5D A, PR IOBHER R AAEE R IR R 0, [ R

BONFE, WK 6(b)(c). B ARRGE L, 15 A R I 8] I BE R ) A4 22 1k
4.2 AL K B i 9 5 e B ) A9 98 £k i (151 8) o JFR Il BE S B 1] & B JH#a %, H I

TEMIABE S PROT R AR T, SRR X T RGARE  THIRBEREE I I EE A i 48 w5, Z 5 T iR R R, i



2022 4F WRIZ T, S 22 M R PR N T BT 45 4 1 s LR 5 = e A - 197 -
1901 TPRIFEE R TERE . BEF MBI, A% K

180
D
170- ‘\\
NG
b

& Degan s o S —e—JF[E]FE100 m
< b Ao
= 160 Mo TSN ——FFHFE200 m
2 T Al 300 m
= 15044 X
¥ M —SFFIEE400 m
N ’l\ INANANA S .
140 \ 1500 m
R TR A
130+ l"‘\,-m
NN A ALA A
120 . ; : : : ;i .
0 5 10 15 20 25 30 35
KA [l /a
B8 EHEHEWARHFEBELZHT, ARHERE
il SR Bt 1B) 54K h 2%

Fig. 8 Outflow temperature under the well separation of
100 m to 500 m

1710 a J7 PR IR TH0E , IR, FR It
T LB R o R TR A Bl A2 0 R 2SR,
Aok B BT TR T AL 1) SR I, TR T 3 B K T ORI
TEAL BRI, AT R RE U BT BEE
TFR By HEAT, T B8 7K 2 8 3 3K I 532w IR I, 4l
P VR BT 0 218 ek . R Rk B AR E

5P )2 22 [ f e SRR R 0 J8 P4 T AR B 184 T, SR -
T BT B B RN

T YRR R R IR IR R, W A K I )
PE o A ORETE R B, J MR BE AR, TR 0T R R
R, LB AR R, AR TR R, 6%
I8, AV AR BE LA B AR T s AE SR/ I ] R
ZAF T, PRUEFF R 30 a PRI IR T M e R 4
it 10%. LAEL 8 R, 796 B 100 m, BiEHE K 5D
1) T B 2B, B AR IR TR 2l 400 m.

A LR Ak B AR, Gl B B TR [ Rk
B35 RN G BB A e A R R . ARl 9 IR,
K24 B T, BB /N T 1 D I, Bl 24 B 58 B
B 50 m 34 01 % 150 m, % O I (B ¥ B 550 m 3 Ik &
450 m, BB R KT 10 DB, H AL H A H 600 m 3%
JNZ 850 m. TEHE EL AP T, BER/NT 1 DA, #
B HE S B 50 m 4N 2 150 m, A 1A i 650 m
WA ZE 550 m; B ERKT 10D i, e H 400 m
A 300 m.

900 - 900 - 900 -
800 - g 800 - —— %rﬁ:ﬁﬁso m 800 - - %%gizﬁﬁso m
: T —o ZUPEFEFF100 m : —o— ZABFEAF100 m
g 1 S =} ] s J\‘J‘L:X =} i s J:‘J‘L:X
5 700 1 /s .o 7, —— A Isom o 7007 —— ZURIEFE150 m
= 600 - 7 = 600 %, = 600- =
‘ | 4 Ak IS
5001 S 5004 Wiy i 500 - am
£ LA = . SISO
B 400 - —— ABTEESOm B 490] DT B 4001 N §
! —o— ZPEIE100 m N e . 1 e
300 - e ZUPRTERE150 m 300 A = 300 - —
200 200 200
024 6 8101214161820 0246 8101214161820 024 6 8101214161820
BB IFER/D BB FER/D HPRBER/D
(a) 7K 2B (b) T H 2P (c) iRt 2R

B9 ZUPRHIEEANS50~150m, (a) KERET,

(b) EEREHEM () MBREFHORAHFEEERETSERTUHLE

(HEHFAENE 2 A& R )
Fig. 9 Optimized well separation in the model domain with (a) horizontal fracture zone, (b) vertical fracture zone
and (c) tilted fracture zon

ZABRHB B RN ONT 1 D), [l JF MR A
T, KB RS TSR IR Z I, RF BT
A, RS E R KR (KT 1 D), 3 M
LSBT B R e 1) B /N T K 2B, A W — 6
AT, ORI AR 2 BT R A8 TR R T 2 0 B
R s TRHmERK,

DA BB S 1, P34 S8R D 100 m, F-3B 05
&k 300 mD, Fe A IR A 500 m, 78 R5® B
3000 m'/d Z&AFF, RGEWIEG TR AL AT IR F] 173°C,
1547 30 a J5 R IR EE T B 161°C, I FE R A

7t 10%,
5 #it5EW

(D IFRZNET, K 2B rp $ie fL f £ 252
SR e 18] H T 22 Jr 5 | 3 A 5 A o 30 42 o 5 e L RMBTRE
LA v R AR B R T 32 5 0 A R, I 52 B R
UL S B8 1] [ phy X s sl o

(2) 7 7 A0 SR B LA K AR S B 1K P 24 B
A HR SR TR (1 B0 A5 O SR S JRLRE B, {ELAE
BB B ERRT 10 D) KRBT b, JT R Il B



- 198 -

7K SCHb BT TR b S

51

Wt 5 8 0 B 384 A TR D)

(3) 5 {JE H T8 139 e BBk T SR Ly 19 98 38 %
SEREAPHRAEINR . HRBAF B EHR/NT 1D, [{—5%E
JEETT B 7K P 2R Bl Hh A /N (4 S 8] R ] R I AR
SE BYTT SRR BE 5 T 25 R B2 B AR M 1 D i, &) —
G E T 7KV 2R v R TR A8 I ) A R AR E

S E T Hk ( References ) :

1]

(2]

[4]

L6]

(7]

[8]

i SO, X AR B, g, A FRE Rl XTSRRI
5 (30, M Bk 2 42, 2012, 33(5): 807 — 811. [ LIN
Wenjing, LIU Zhiming, MA Feng, et al. An estimation of
HDR resources in China's mainland[J]. Acta Geoscientica
Sinica, 2012, 33(5): 807 — 811. (in Chinese with English
abstract) |

TESTER J W, ANDERSON B J, BATCHELOR A S, et al.
The future of geothermal energy impact of enhanced
geothermal systems [EGS] on the United States in the 21st
Century[R].  Boston: = Massachusetts Institute  of
Technology, 2006.

GERARD A, GENTER A, KOHL T, et al. The deep EGS
(Enhanced Geothermal System) project at Soultz-sous-
Foréts (Alsace, France)[J]. Geothermics, 2006, 35(5/6):
473 — 483.

VPR AR, SRAE 242, B R, 55 4 9 A M IR R G (T A
HOIT R AEORBE R 0], BLEE =41, 2012, 30(32): 42 -
45. [ XU Tianfu, ZHANG Yanjun, ZENG Zhaofa, et al.
Technology progress in an enhanced geothermal system
(hot dry rock)[J]. Science & Technology Review, 2012,
30(32): 42 — 45. (in Chinese with English abstract) ]
LUO S, ZHAO Z H, PENG H, et al. The role of fracture
surface roughness in macroscopic fluid flow and heat
transfer in fractured rocks[J]. International Journal of
Rock Mechanics and Mining Sciences, 2016, 87: 29 — 38.
HE R H, RONG G, TAN J, et al. Numerical investigation
of fracture morphology effect on heat transfer
characteristics of water flow through a single fracture[J].
Geothermics, 2019, 82: 51 — 62.

LI Z W, FENG X T, ZHANG Y J, et al. Experimental
research on the convection heat transfer characteristics of
distilled water in manmade smooth and rough rock
fractures[J]. Energy, 2017, 133: 206 — 218.

JIANG Z J, XU T F, WANG Y. Enhancing heat
production by managing heat and water flow in confined
geothermal aquifers[J]. Renewable Energy, 2019, 142:

684 — 694.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

PASHKEVICH R I, TASKIN V V. Numerical simulation
of exploitation of supercritical enhanced geothermal
system[R]. California:

Proceedings of Thirty-fourth

Workshop on Geothermal Reservoir Engineering, 2009.
WRak K, o 7 B 3895 20 b P R G AT SR 1R BB Y B (B
AL B (0], 0 P A2 B U, 2013, 31(12): 111 — 117.
[ CHEN lJiliang, JIANG Fangming. A numerical study on
heat extraction performance of enhanced geothermal
systems [J]. 2013,
31(12): 111 —117. (in Chinese with English abstract) ]
FRR, 2O, AR, 5 LA R A b H R
SE (EGS)H 4 BETT e vk 8 iRl & i & 0], AR
2R IR B R, 2014, 44(5): 1633 — 1646. [ LEI
Hongwu, JIN Guangrong, LI Jiaqi, et al. Coupled thermal-

Renewable Energy Resources,

hydrodynamic  processes for geothermal energy
exploitation in enhanced geothermal system at Songliao
basin, China[J]. Journal of Jilin University (Earth Science
Edition), 2014, 44(5): 1633 — 1646. ( in Chinese with
English abstract) ]

WREEE, VIR, RAE . IR AR ST RS R
At B B R 0w . TR A BE IR,
2015, 33(1): 82 — 90. [ LING Lulu, SU Zheng, WU
Nengyou. Effect of reservoir permeability on temperature
field in EGS mining process[J]. Renewable Energy
Resources, 2015, 33(1): 82 — 90. ( in Chinese with
English abstract) ]

BBk, ORI, R, 45 VU EE 5 EGSTT K A% 2 i
J£37 5 T R 75 i 5 Wil PR 28 OB SUL AT 5 (). B RE TR
HEJ®, 2015, 3(5): 367 — 374. [ LING Lulu, SU Zheng,
ZHAI Haizhen, et al. Numerical simulation study of the
parameters effect on temperature distribution and mining
life during EGS exploitation, Yangyi of Tibet[J].
Advances in New and Renewable Energy, 2015, 3(5):
367 — 374. (in Chinese with English abstract) ]

Ak, 55 &, ERRNI, 5. COM o M R 48 b i
o i) B (I A B 5 LO]. K BH i 2412, 2014, 35(7): 1130 —
1137. [ YANG Yanlin, JING Jing, WANG Fugang, et al.
Optimal design of well spacing on CO, enhanced
geothermal [J]. Acta Energiae Solaris Sinica, 2014, 35
(7): 1130 — 1137. (in Chinese with English abstract) |
5 U, R I, FHObRIH, 45 . SR 4 b 1 iR Y 1 A R
GEIT R e B (7). BHEE T4z, 2015, 33(19): 62 —
67. [ YUE Gaofan, DENG Xiaofei, XING Linxiao, et al.
Numerical simulation of hot dry rock exploitation using
enhanced geothermal systems in Gonghe Basin[J].

Science & Technology Review, 2015, 33(19): 62 — 67.


https://doi.org/10.3975/cagsb.2012.05.12
https://doi.org/10.3975/cagsb.2012.05.12
https://doi.org/10.3975/cagsb.2012.05.12
https://doi.org/10.3981/j.issn.1000-7857.2012.32.004
https://doi.org/10.3981/j.issn.1000-7857.2012.32.004
https://doi.org/10.1016/j.ijrmms.2016.05.006
https://doi.org/10.1016/j.ijrmms.2016.05.006
https://doi.org/10.1016/j.geothermics.2019.05.014
https://doi.org/10.1016/j.energy.2017.05.127
https://doi.org/10.1016/j.renene.2019.03.147
https://doi.org/10.3969/j.issn.1671-5292.2013.12.024
https://doi.org/10.3969/j.issn.1671-5292.2013.12.024
https://doi.org/10.3969/j.issn.2095-560X.2015.05.008
https://doi.org/10.3969/j.issn.2095-560X.2015.05.008
https://doi.org/10.3969/j.issn.2095-560X.2015.05.008
https://doi.org/10.3969/j.issn.0254-0096.2014.07.005
https://doi.org/10.3969/j.issn.0254-0096.2014.07.005
https://doi.org/10.3981/j.issn.1000-7857.2015.19.010
https://doi.org/10.3981/j.issn.1000-7857.2015.19.010
https://doi.org/10.3975/cagsb.2012.05.12
https://doi.org/10.3975/cagsb.2012.05.12
https://doi.org/10.3975/cagsb.2012.05.12
https://doi.org/10.3981/j.issn.1000-7857.2012.32.004
https://doi.org/10.3981/j.issn.1000-7857.2012.32.004
https://doi.org/10.1016/j.ijrmms.2016.05.006
https://doi.org/10.1016/j.ijrmms.2016.05.006
https://doi.org/10.1016/j.geothermics.2019.05.014
https://doi.org/10.1016/j.energy.2017.05.127
https://doi.org/10.1016/j.renene.2019.03.147
https://doi.org/10.3969/j.issn.1671-5292.2013.12.024
https://doi.org/10.3969/j.issn.1671-5292.2013.12.024
https://doi.org/10.3969/j.issn.2095-560X.2015.05.008
https://doi.org/10.3969/j.issn.2095-560X.2015.05.008
https://doi.org/10.3969/j.issn.2095-560X.2015.05.008
https://doi.org/10.3969/j.issn.0254-0096.2014.07.005
https://doi.org/10.3969/j.issn.0254-0096.2014.07.005
https://doi.org/10.3981/j.issn.1000-7857.2015.19.010
https://doi.org/10.3981/j.issn.1000-7857.2015.19.010

2022 4F

RACUT, A5 R 0 T ARCE RN TR 254 (0 P LB 5 7 e O Ak - 199 -

[16]

[17]

[18]

[19]

[20]

(in Chinese with English abstract) |

LO RUSSO S, CIVITA M V. Open-loop groundwater heat
pumps development for large buildings: a case study[J].
Geothermics, 2009, 38(3): 335 — 345.

SCHILLING O, SHELDON H A, REID L B, et al.
Hydrothermal models of the Perth metropolitan area,
Western Australia: implications for geothermal energy [J].
Hydrogeology Journal, 2013, 21(3): 605 — 621.

SEATAE, B EGIE, KR J B b DX BACRVEE - de AR B
A% (0] Hb R K, 2016, 38(1): 56 — 58. [ DANG
Shusheng, MA Zhiyuan, ZHENG Lei. An optimization of
the distance between geothermal fluid[J]. Ground
Water, 2016, 38(1): 56 — 58. (in Chinese with English
abstract) |

INVAHT, T AE, T8, 3 L0 4 A 7 T A T
REVERE T 0], K SCH 5T TR 5T, 2011, 38(2): 119 —
124. [ SUN Zhixin, LI Baixiang, WANG Zhilin.
Exploration of the possibility of hot dry rock occurring in
the Qinghai Basin[J]. Hydrogeology &
Engineering Geology, 2011, 38(2): 119 — 124. ( in
Chinese with English abstract) ]

FoYETE, EIEH, oA, 55 SR G 3t B RE 43 A
fiE 5 AL 7347 (1], P HL 5T, 2013, 46(4): 223 —
230. [ YAN Weide, WANG Yanxin, GAO Xuezhong, et

Gonghe

al. Distribution and aggregation mechanism of geothermal

[21]

[22]

[23]

[24]

energy in Gonghe basin[J]. Northwestern Geology, 2013,
46(4): 223 — 230. (in Chinese with English abstract) ]
PR, R EE, D@, . F B I A A
DX 3t K BT IRV A 5 T R (0] 7 9 B B, 2000,
19(2): 81 — 84. [ ZHAO Zhen, CHEN Huijuan, MA
Jianqging, et al. On terrestrial heat resource assessment and
its exploitation and utilization in qiabuqia area, Gonghe
basin, Qinghai[J]. Journal of Qinghai Environment, 2009,
19(2): 81 — 84. (in Chinese with English abstract) ]
TKARE, A, IOV, L i I AS MAT
AR A b B 3 5T R AE (9], v [ 3 5T, 2018, 45(6):
1087 — 1102. [ ZHANG Sengi, YAN Weide, LI
Dunpeng, et al. Characteristics of geothermal geology of
the qiabugia HDR in Gonghe basin, Qinghai Province[J].
Geology in China, 2018, 45(6): 1087 — 1102. (in Chinese
with English abstract) ]

SANYAL S K, BUTLER S J. An analysis of power
generation  prospects from enhanced geothermal
systems[C]//Proceedings World Geothermal Congress
2005, 2005.

GENTER A, EVANS K, CUENOT N, et al. Contribution
of the exploration of deep crystalline fractured reservoir of
Soultz to the knowledge of enhanced geothermal systems
(EGS)[J]. Comptes Rendus Geoscience, 2010, 342(7/8):

502 — 516.
YRiR. K E Ak


https://doi.org/10.1016/j.geothermics.2008.12.009
https://doi.org/10.1007/s10040-012-0945-0
https://doi.org/10.3969/j.issn.1004-1184.2016.01.019
https://doi.org/10.3969/j.issn.1004-1184.2016.01.019
https://doi.org/10.3969/j.issn.1004-1184.2016.01.019
https://doi.org/10.3969/j.issn.1000-3665.2011.02.021
https://doi.org/10.3969/j.issn.1000-3665.2011.02.021
https://doi.org/10.3969/j.issn.1000-3665.2011.02.021
https://doi.org/10.3969/j.issn.1009-6248.2013.04.022
https://doi.org/10.3969/j.issn.1009-6248.2013.04.022
https://doi.org/10.3969/j.issn.1007-2454.2009.02.010
https://doi.org/10.3969/j.issn.1007-2454.2009.02.010
https://doi.org/10.1016/j.geothermics.2008.12.009
https://doi.org/10.1007/s10040-012-0945-0
https://doi.org/10.3969/j.issn.1004-1184.2016.01.019
https://doi.org/10.3969/j.issn.1004-1184.2016.01.019
https://doi.org/10.3969/j.issn.1004-1184.2016.01.019
https://doi.org/10.3969/j.issn.1000-3665.2011.02.021
https://doi.org/10.3969/j.issn.1000-3665.2011.02.021
https://doi.org/10.3969/j.issn.1000-3665.2011.02.021
https://doi.org/10.3969/j.issn.1009-6248.2013.04.022
https://doi.org/10.3969/j.issn.1009-6248.2013.04.022
https://doi.org/10.3969/j.issn.1007-2454.2009.02.010
https://doi.org/10.3969/j.issn.1007-2454.2009.02.010
https://doi.org/10.1016/j.geothermics.2008.12.009
https://doi.org/10.1007/s10040-012-0945-0
https://doi.org/10.3969/j.issn.1004-1184.2016.01.019
https://doi.org/10.3969/j.issn.1004-1184.2016.01.019
https://doi.org/10.3969/j.issn.1004-1184.2016.01.019
https://doi.org/10.3969/j.issn.1000-3665.2011.02.021
https://doi.org/10.3969/j.issn.1000-3665.2011.02.021
https://doi.org/10.3969/j.issn.1000-3665.2011.02.021
https://doi.org/10.3969/j.issn.1009-6248.2013.04.022
https://doi.org/10.1016/j.geothermics.2008.12.009
https://doi.org/10.1007/s10040-012-0945-0
https://doi.org/10.3969/j.issn.1004-1184.2016.01.019
https://doi.org/10.3969/j.issn.1004-1184.2016.01.019
https://doi.org/10.3969/j.issn.1004-1184.2016.01.019
https://doi.org/10.3969/j.issn.1000-3665.2011.02.021
https://doi.org/10.3969/j.issn.1000-3665.2011.02.021
https://doi.org/10.3969/j.issn.1000-3665.2011.02.021
https://doi.org/10.3969/j.issn.1009-6248.2013.04.022
https://doi.org/10.3969/j.issn.1009-6248.2013.04.022
https://doi.org/10.3969/j.issn.1007-2454.2009.02.010
https://doi.org/10.3969/j.issn.1007-2454.2009.02.010
https://doi.org/10.3969/j.issn.1009-6248.2013.04.022
https://doi.org/10.3969/j.issn.1007-2454.2009.02.010
https://doi.org/10.3969/j.issn.1007-2454.2009.02.010

