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Abstract: Deep geothermal energy refers to geothermal energy that lies deeper than 3000 meters below
Earth’s surface. China is rich in deep geothermal energy. but how favorable are the exploitation conditions?
Based on the principle of geothermal geology, in association with rock mechanics, we put forward an
indicator system for evaluating the conditions of deep geothermal energy exploitation. We first assign values
to each indicator using the expert scoring method; then we apply the principle of fuzzy mathematics to
obtain a single value so as to assess the exploitation feasibility. This method considers the safety aspect of
enhanced geothermal system (EGS) technology in the development of deep geothermal energy. It advocates
adopting the concept of “soft stimulation”, different from the “rigid stimulation” which may induce
earthquakes and other key factors not conducive to the healthy development of geothermal energy industry.
It also emphasizes the reservoir properties and geophysical fields, expanding and supplementing the previous
evaluation results. The established new method is more suitable for the actual geothermal geological
conditions, i.e., tectonics dominant geothermal distribution in China. In other words, geothermal energy
distribution is closely related to tectonic activities, the stress is relatively high, the crust is generally active
with frequent earthquake events. This method makes full use of expert knowledge, adds the role of fuzzy
mathematical comprehensive evaluation, and makes the quantitative results easy to compare and use.
Therefore, this method is expected to better support decision-making. Based on the new assessment method
and existing deep geothermal research and geothermal exploration results, we attempted to make a
preliminary assessment of the geological conditions of deep geothermal energy development in nine regions
of mainland China, including the north-south geothermal zones in Tibet, the volcanic geothermal regions in
western Yunnan Province, the central and eastern regions of Qinghai Province, Northeast and North China,

and other regions. We revealed quantitative differences of regional geological conditions for geothermal

S B HA:2019 - 03 - 29;1&[E HHH:2019 - 10 - 09
HETE . ERMEBE e SRR L W B H (XDA21050500) 5 Bl % H ARME R 415 H (41430319, 41877209)
TEB T P L1961, 55, fF5E 01, 1A 0, 328 DA S5 bbb T 5 3G TR 24098 . E-mail: z. pang@mail. iggcas. ac. cn

http: //www. earthsciencefrontiers. net.cn #5287 %4, 2020,27(1)



JERRALE B FRTE. ) W F TR (Earth Science Frontiers)2020, 27 (1)

exploitation, showing that continental China has complex geological conditions, often unfavorable to deep
geothermal energy development.
Keywords: hot dry rock; deep geothermal energy; geological conditions; evaluation indicator system; fuzzy
mathematics; continental China

i B RBRAEABREKRT 3000 megbiat, RERBERARTRFE. AT REHE L HR?
ALETFRANTFRE ESET N FEMEFHGIER, I E — 3R B b A TR M B AT 3R 09 35
R AR LT EE—FFERNE R o0d 7 WAL, sk R A B F £ i Lo R B AL TR T L e
MEHARLE , E T EE R T KB TEA A P 638 3%k R 4 (EGS) 69 2R3 % 4 B, B 4% 40 69 “ R b
457 T R o R 09 L E S R A TR AAAT A X R ey B E A4S R R AR e L BEGS A, R A4 B
Bt Fa L R e AT BB RA RS T SR EDI X AT W REBR R LEFDWE N & HENR
KM AR S RN T E AN AR, BT EASHART 2R 4R A BT EMUFES
FAEAER A R AL R S T Ao R, T AT B R AR SR T #6954 5 ik, R R BLA 89 IR 3K
BB R BBIFEARRFEE T PE RS R LA RRIEEH AT L 69 SR RN R @16m i bk
2. 2HBF KL ARAR FEARER DAL R LF, AALHERTUAA R, ABEELKR

135

TR FA B 5 PR K,

KEIF T #E R BERMAL TER &M R0 7 E s EMAF PR XS
FE4 RS .P314; TM616 XEIERE:A XEHHS:1005- 2321 (2020) 01 - 0134 - 18

0 5F

HbIABEAR PR RIR B 43R =25 200 m AR Y
BEHIAAAE ;200 m & 3 000 m 14 M I 2 LB RE
3000 m LA ARHIR)ZHIAAGE . R T D7 s ORI, < T34
BN ARG R Z hikge, F58 |,
A0 AFR A S 2 3 I L 3K R S DA T S22 I AR
R T ZLR R )2 R IR E A RE 5 TR T A A
AR H O SR A A .

] SR e VA Jm) & A 19 ] 2 BE U5 ATl b 24 B s o
NB/T 100972018 (M AEA ) i1 A 2
SUR s — B AS 5 BB A /D B AR IR R T 180
C, HAABETE ST H AR 25 4500 T v AR A A
XA E AR B SCHE T, 76 A BR A2 YA T A
T RXAARE 1) ELAR P, I B2 B 1 R 1 7
7, R R 7 H 75 Y R BPERIE BEAE 180 “C LA
L 5ZEEFRE(175~200 COFY WG S T E R
A2 AR HE BRI AN E S, A FUR IR
JEHARRE T — R, AR 20

RIZ M GE 5 12 MU A RE L) K PR 2 i FA R AH
Lo R R RMERE K. 4T 40 AERIIFSE L IR )Z b
WEET RO ARATE AR R . XA R
bRl B aE  R SE (EGS) Fi R . A RAE#H 16
EGS XAl i o U — 2622 51, A SCH) EGS
BUCRZEA R 2T LR I R 5. EGS

ARGt Kk EF B4 & 72 4 FE AR Y i R
T b R 2 s 2 it B A R (A 0 B 46 A
REF MO LR TRKIE, EEESEElb
[RIET IR P (Soultz) HuIX (10 H , 4% I8 EGS AR 2R
HAABER B ARBE R C LT T, KRR Wik 8 T
JEFLHK .

EGS i ARTE R JRA L FE rp, W BT — S0 R 4
BEEASH o A 355 G ] R ARG B A, ] gk ke 22 U BRI 35
RN, 2006 4, Fi A9 EL2E /R (BaseD T34 7
RIGIH A K A= I 80 56455, 2010 4, [H bR
M2 EE Rybach 78 ElVEE JE 75 W0 5 ) 19 2647
T SRR 25 1 3 B R B o — [l R, D
WP BE (1 K R S EGS, R4 EGS 1K 3K 2
27 XHF EGS & B B 50 ] 38R0 4 10 3% A 52 3
AL TE RN AL A 2638 T TR B 18 ™y
BT IRAWFFE R Z M AARETT R S A 1) L ZE 1

2012 4F, TR 4R & 33 T b | oK Bk 3~
10 ke VREE IR B 401, AR 2 bR EETE 1 H K,
TR 2 16 4 [E M AT 52 1) KM% Ja R GE IR 7 ) S A AT
AL L L Anfal A 2 H AR (0 R 2 4, A K
I FH 5 b 3 28 56 149 8 3R PRI 20 ] 2 £ BFAA 119 7]
R T B . PR IRATER S TR
HARBETF R 25 1 a2 e AL VAN O vk S AR PRIk R R
JRRATHTE 8 RIT 5315 25 6 27 40 2 L E TR
JZ M AR IH R TT K X

TR )2 M ARE S A AN T & B M, AR KRR IR

http://www. earthsciencefrontiers. net.cn 3547 % ,2020,27(1)



136

JERFL S B R, ) #F AT 4% (Earth Science Frontiers)2020, 27 (1)

TP AT Horb L O T S A R R B R
i [ bR EGS $ AR A 7 18] 1E A8 W 3 4 16
“FMERR KR T IR SO SR R A R 2R
I~ 2 T BRI T 20 sl S 2R 5 2 1 T 7
filf AL E X B Z ZOR B

N T A= HEABE T R M T G A 2 7 RORI
SR AR AR GE T AR R S B BUA Y
TRZ MR BETT R A AF DA JEUU R 7 i BEA T A4, A
SCER YIS bR 7 5T B AT REME e Ak

1 P EIR M R E

M EAGEIIRRA AT R AR — ) 75 Lo Lk
PR BRI K SCH BRI A7 725507 T AR
o XFTKPIHIAR G 5 L P B B TR A
A IR XY i A R 4, AU 1 R

R AL D3] FEATAR AN S9N 5 R,
R Gl a7 e e v A 2 7 257 M I B
10.8.6.4 F12(zX (1)), LLF 20 S8R & T HE bR 1)
BESL AP S A0 o0 I A A
R={R,(f),*,R; ,+++\R; ()} =
(10,0447 4+++42)
1.1 KR E
KT — A B RIS R, T LUSE 1
Bt — b XA BB L SV b R R T T A —
ANEERBEC . EEIVELN(Fenton HilD 2 #b 4
REIR IR K MR Ky 92~247 mW « m " i [
il (Pohang) )2 i #4 AE 120 50 37 K b 307 e = 3k 80
mW « m P 4T /R 9% (Soultz) IR 2 Hu G I 16
Wy RHIATE R 82 mW « m "7 5 36 Bl M K A5
(Milford) TR = Hi FA BRI 50 5 KA A (120 £20)

®1 REMRAEFREFETNERER

(D

R RIRPB BRI S o] AR, (H2, Heam it Table 1  The indicator system for evaluating
MAGH A BITNEEZ G . ST R I 2R 55 14525 deep geothermal energy mining conditions
L, R N K ARG . B, L EH] WEREC PR 4R b
W AR AR G A BAL AR TIFE EGSHiH . C, FH A/ (MW » m2)
i IR AR AR A SR T
Hi BB A7 25 UIAH DG 19 L B 25 | sk Py B2y bk Ak . .
SRR FE AR, 7 TR JE M PARE R X e hiE ‘
PAHERRIA R (B AE O gk 8 bR PRI
D), Herp SRR YA 5C 0 AL 48 I b FR R | b IR S LIRS PR o
BIE S HLTHT TR | 7 ARG o S S BEOR L s 3 Cs KUIEH )
VBl BT SR B A 5 BE A B G - )
e JRPRN S ARETE SRR S BRI, . I

FARPRHIEN SF R GFEAE R)OWNER 2 PR, A R4IE

R2 ARFHREROTNEREE

Table 2 List of evaluation levels assigned to mining condition indices
W59
om R, (i) R, () R, (40 R, (53%) R; (%)
KA/ (mW + m ™ *) 90 80 70 60 50
HIEBERE/(CC « km™ 1) 70 60 50 40 30
pitt A BRI ER A TR N PiASEey AR JRRE R e
J& HLUAT YR/ km 5 15 25 35 45
FE AR 32 HR / km 5 10 15 20 25
F3E 17 g SkALPE bS5 Pk JEAH P e
PRIESY $635i] MRAEARBARBIARKE  RE— PSR AR AR BEMEE K
R AR R/ (uW e m ™) 5 4 3 2 1

http://www. earthsciencefrontiers. net.cn 3547 % ,2020,27(1)



PEHAL B L PNEL, %/ #F A4 (Earth Science Frontiers)2020, 27 (1)

137

mW e m 25 S A AR AR B[R] 4 AR 52 Bl
7 i e 3 P K b ARG A A A R (TR D), R
AR CFEIRAER 65 mW « m ) FIPH R 5
CEHHFAE R 90 mW » m 2) &, 3 CE ¥ 307
B4 55 mW « m ) Fl P Jb 3 COF 35 #0050 5 0
50 mW « m *) 5L EEHEM L, 8 T 15 IR
pr N RIEN

AT TR it il DX R M AT A 5 A TR 2 b A
TR0 DX H B IR AR AIE , FRAT DR b AR R 4k 5
K EHFE .90 mW » m™? HiF;80 mW
m 2R 70 mW e m 2 ;60 mW e m 2 N
2250 mW e m * h2E,
1.2 HREEE

—BIE BT s B bR R BE 9 S Y b I R ot
30 °C « km " BIRMHBAAS H X, AR 95 PR, R HL
G b BRCGEUR BY RRAE 2 — b R RS S T
50 °C « ke "M, & & ZF & 1l (Fenton Hill)
WIZ AR E FL B 45 6 2 09 b R B8 & T
60 C « km " R IR BEAE 200 C LA, ek
323 °C s ¥ [E 01 (Pohang) )2 Hi e AL FL H A i) 2
M HLIEAEIE A 40 C « k™' FFIRIREE K 180 CHY5
WA 4 31 (Cooper) TR )2 M A RE AL FL H AR it )2 1)

65°E 70°E  7S°E 80°E 85°E 90°E 95°E 100°E 105°E

105°E

A1

HeTRBRE T 50°C « ke RIS 250 CHT
2 EEF IR K (Soultz) EZHUEEE G FLAY B bRl 2 iR
BREEHEIT 40 °C « k', IR IEE ) 200 “CHY 5 52
Mt AR (Milford) %2 s PAE R FL Y H AR 35 B
JEHN 70 °C « km L FFIRIREE R 5 200~250 CHY,
R FEIAN[) bl DX ) b Pk s B 2 S K AR e M b A
BhFLIR B E 2 FioR.

TR AR LAV 9048 AR U B 1 KB R AT
AL AN AR AL 5 T Uk FLIE S 7R R IR, 45 A
THFEEAT VR 2 M AR BE T %2 37 b 1% S Y of B AR A
Hi AR B (BRI 50 5 G S RARRME R .70 °C « km !
560 C oo km ' HEU550 °C oo km '
40 °C « km ™' #5330 °C « km ' N2,

1.3 #HfEEH

AT %2 B EGS F AR T & 2 Hh B
R DG L N T T A 200 R 0 O B 35 0 R B AR 3R
FR AR e B T R 23 AR, BT,
it 2ol HR F B (DK SRR, B LI
FEAK A — B dt A B4 Lol FLBE B 3T 7= A K i 2
90, BUEA TR A HE0k TR R 22k b
o HE TR /K (8 P 1] pl 24 80 25 4 o 1) o 245 376 3 , T
BRSO A2E B AR, 2 i )2 i AR

110°E 115°E 120°E 125°E 130°E 135°E 140°E =

110°E 115°E 120°E 125°E

o E A 3 X AR 2 A

3k 10D
Fig.1 Heat flow map of mainland China, Adapted from [10].
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Fig. 3 Schematic diagram of the 3. 5 km depth temperature and Karst geothermal
resource distribution in mainland China, Modified from [33].
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Fig. 4 Depth map of the Curie interface of mainland China. Adapted from [34].
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Table 4 Evaluation indices of deep geothermal energy exploitation conditions in typical areas of China
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Table 5 Evaluation index membership degrees and

comprehensive evaluation scores for Changbaishan, Jilin

Hits R, R, R, R, R, r
C, 0 0.5 0.5 0 0
C, 0 0 0 0 1
C, 0 0 1 0 0
. C, 0 0.5 0.5 0 0
C;  0.286 0.714 0 0 0 59
C 1 0 0 0 0
C, 0 0 0.2 0.8 0
Cy 0 0 1 0 0
E 0.086 0.273 0.389 0.031 0.222
*6 NEBEMEXBRREERESIES

Table 6 Evaluation index membership degrees and

comprehensive evaluation scores for the Fenwei Graben

o R, R, R, R, R r
C, 0 0 1 0 0
C, 0 0 0 0.2 0.8
C, 0 0 1 0 0
. c, 0 0.5 0.5 0 0

Cs 0 0 0.857 0.143 0  4.90
C, 0 0 0 0 1
C, 0 0 0  0.333 0.667
Cq 0 0 1 0 0

E 0.000 0.047 0.621 0.071 0.263

x®7 I'FHRIZMREFRREERESITES
Table 7 Evaluation index membership degrees and
comprehensive evaluation scores for the

Yangjiang Basin, Guangdong

v R, R, R, R, R. r

C, 0 0.5 0.5 0 0
c, 0 0 0.2 0.8 0
C, 0 0 1 0 0

. C, 0 0 1 0 0

G C; 0 0 0.143 0.857 0  5.66
Cy 0 0 0 0 1
C, 0.167 0.833 0 0 0
Cy 0 0 1 0 0

E 0.007 0.193 0.485 0.257 0.059
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*8 AREILHTRERREERESITES F 12 HABHAMLXEREREEREZSGES
Table 8 Evaluation index membership degrees and comprehensive Table 12 Evaluation index membership degrees and
evaluation scores for the south-north-trending graben in Tibet comprehensive evaluation scores for the Tengcong
E4 R, R, R, R, R r volcanic area, Yunnan
C, 1 0 0 0 0 [P R, R, R, R, R, ;
C, 0 0 0.5 0.5 0 G, 1 0 0 0 0
C, 0 0 1 0 0 c, 0 0 0.5 0.5 0
. C, 0 0.5 0.5 0 0 C, 0 0 1 0 0
© Cs 1 0 0 0 0 7.66 . C, 0 0.7 0.3 0 0
Cq 0 0 1 0 0 o Cs 0.286 0.714 0 0 0 7.353
C, 0  0.333 0.667 0 0 C, 1 0 0 0 0
Cyq 1 0 0 0 0 C,; 0 0 0 0.227 0.773
E 0.441 0.059 0.390 0.111 0.000 Cq 0 0 1 0 0
x99 FEHASMRIEREEEREAITES E 0.407 0.132 0.313 0.120 0.030
Table 9 Evaluation index membership degrees and F 13 HIFERBMXEFEREERESITS

comprehensive evaluation scores for the Gonghe Basin, Qinghai

£5 R, R, R R, R r

C, 1 0 0 0 0
C, 0 0 0.1 0.9 0
C, 0 0 1 0 0

. C, 0 0.3 0.7 0 0

© Cs 0.286 0.714 0 0 0 7.01
Cq 0 0 0 1 0
C; 0 0 0.34 0.66 0
Cyq 0 0 1 0 0

E 0.348 0.094 0.275 0.285 0.000

10 BSEEFALRENREEEREZSES
Table 10 Evaluation index membership degrees and
comprehensive evaluation scores for the

Leiqiong volcanic area, Hainan

Table 13 Evaluation index membership degrees and comprehensive

evaluation scores for the central and eastern areas of North China

£ Ry R, Ry R, Rs r
C, 0 0 1 0 0
C, 0 0 0 0.5 0.5
Cy 1 0 0 0 0
C, 0 0.6 0.4 0 0
o C; 0 0 0.857 0.143 0 5. 89

Cs 0 0 1 0 0
C; 0 0 0 0.433 0.567
Cy 0 0 1 0 0

E 0.147 0.056 0.524 0.141 0.133

14 HESAM KRR MG R it REHESITNER

Table 14 Results of comprehensive evaluation

of geological conditions for deep geothermal

f R, R, R, R, R r energy exploitation in typical areas in China

G 0 o 07 03 0 75 WX LA

& o 0 05 05 0 1 PRI 4 7. 66

& 0o 0 100 2 LR P 1L X 7.53

¢ oo 0 s 0s 00 3 R 7.01

Cs 0 0.571 0.429 0 0 6.12

c, 1 0 0 0 0 4 R B B X 6.12

C; 0 0 0.9 0.1 0 > BLASEE 5.91

Cy 1 0 0 0 0 6 AL AR 5. 89

E 0.086 0.100 0.604 0.211 0.000 7 2R YL # 5. 66

11 MIBWMXIERREERESTES 8 AL 5. 84

Table 11  Evaluation index membership degrees and 9 YriH s 4. 90

comprehensive evaluation scores for the Songliao Basin

5 R, R, R, R, R; r

C, 0 0 1 0 0
C, 0 0 0 0.8 0.2
C, 0 0 1 0 0

G C, 0 0.7 0.3 0 0
Cs 0 0.286 0.714 0 0 5.34
Cq 0 0 0 0.813 0.187
C; 0 0 0 0.08  0.92
Cq 0 0 1 0 0

E 0.000 0.101 0.580 0.206 0.114
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