% 5055 6 hOE R Vol.50, No.6
20234£12 A GEOLOGY IN CHINA Dec., 2023

doi: 10.12029/gc20220210001

XIS RS TS, Beflfle, 4706 . 2023, FFHE T iR BE 2 AR AR AT SR T 7 1k BGE BLVE 4 X AFSE D] H IR, 50(6): 1655—1666.
Liu Jie, Song Meiyu, Xu Bowen, Ruan Chuanxia, Shi Feng. 2023. Calculation method and suitability zoning of recoverable geothermal fluid in
Guantao Formation of Tianjin City[J]. Geology in China, 50(6): 1655—1666(in Chinese with English abstract).

REMEMAMMNREATRETET ERER S
S XR

XA, REE, B, ek, 7!

(1. RIS T L&, 2 30025032, F 2 W9 T 23545 E 48 (R 2T HR FTAME), 772 300000)

RE: [FIR BRI 7R ik W 1 OGS 7 1141, BERAE T BRAE S BE VRIS V5 R R AR 1Y , K HE ol IR Bt

T REI—— IR R E XA R IR AL T REIEHE MCEI SR B AR L RKHTTF R T ORI B

FAI (2021—20254F) YA gl TAE . LR T 75 SpiAa) 2 il S 500 i PR 00 IR S0, 15 T4 o J0G) RV Tl b A

PRV S A TIRANGE o [T 73k | 4 Rl 2o SR AT GE T o B S BRI T R T 0 W 2H M A s g

PEATPEAN RIS L o [ B 3R 25 R 1A T A 25 S T R A 2 2R A (R DL T, A B 2 AR AR ] SR A4 0.94 < 10°

m'/a; BT o Wik A 25 K RUE K A7 R W BOK A R UR LT i £H M B4 P TR Bk 0.28 x 10° m’/a s BUE A4

AR PRI R E BRI BOK A BRI TE DL T, 4 P A M AR R T Rk 0.296% 10 m'/a. [ 4518 |3l 1 % ELBIFSE , A

SR FGe T o i R B AL T 45 R TR g, OF BRI T 56T GIS 2R ik, # GIS AR FZ R 4 #r

IR i LR K (A EBE P2 oo a oy | S e N B 2 e oo 1 WS G TUME K P

X8R HINTRUR U P 2 MR A TR s ST TR s B AR 5 SR R A s R T

Bl A E AR ER P A IR Sh A, % T AL 2 T T G AT S R AR R
PRIBIR I ISR T AR B AL G 3 T R

FESES P34 XEREG:A XEHE:1000-3657(2023)06—1655—12

Calculation method and suitability zoning of recoverable geothermal fluid in
Guantao Formation of Tianjin City

LIU Jie', SONG Meiyu’, XU Bowen', RUAN Chuanxia', SHI Feng'

(1. Tianjin Geothermal Exploration and Development—Design Institute, Tianjin 300250, China; 2. Tianjin Urban Construction
Archives (Tianjin Geological Archives), Tianjin, 300000, China)

Abstract: This paper is the result of geothermal resources survey engineering.
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[Objective] The "14th Five—Year Plan" is a critical period and a window period for carbon peaking. It requires efforts to promote
clean energy utilization and low— carbon transformation rationally. Low— carbon and clean geothermal resources in Tianjin are
abundant. It is significant to adjust the energy structure and conservation and improve the environment. Tianjin has carried out the
compilation of the "Tianjin Mineral Resources Planning (2021—2025)". Among them, to consolidate the foundation of planning and
finding geothermal reserves, an evaluation topic is set up to conduct in—depth research on the potential of geothermal resources in
Tianjin. [Methods| The special topic evaluates and compares the geothermal resource potential of the Tianjin Guantao Formation by
using the thermal storage method, statistical analysis method, and numerical simulation method. [Results] It is concluded from the
research that the recoverable amount of geothermal fluid in the Guantao Formation is 0.94x10° m*/a without considering recharge
and other constraints; with statistical analysis method in the case of considering recharge, water level depth, and water level drop,
the recoverable amount of geothermal fluid in Guantao Formation is 0.28 x 10° m’/a; numerical simulation method in the case of
considering recharge, temperature drop and water level drop, the recoverable amount of geothermal fluid in Guantao Formation is
0.296 x 10° m’/a. [Conclusions] Through comparative research, it is believed that the statistical analysis method and numerical
simulation method are used to calculate the reliability of the results. The GIS—based AHP is used, and the GIS technology and the
AHP are combined to carry out comprehensive evaluation and suitability zoning of geothermal resource development and utilization

potential in the Guantao Formation.

Key words: geothermal resources; Guantao Formation; geothermal resources survey engineering; statistical analysis method;
numerical simulation method; analytic hierarchy process; Tianjin City

Highlights: This paper makes a statistical analysis of the Guantao Formation reservoir in Tianjin for the first time by using a large
number of long—term geothermal resource dynamic data; Considering the recharge conditions and setting the constraint conditions
of protected resources, the recoverable amount of Guantao Formation thermal reservoir is calculated.
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Table 1 Thermal storage parameters of the Guantao Formation in the Tianjin
PAERM X HESX BMEFEEZECC)  plkg/m’) c/(J/kg-°C) LB /% pul(kg/m’)  cw/(J/kg-°C)
e LIE I 57.9 2103 908 27.0 984.299 4180
FEREMNE mi 48.6 2103 908 27.3 988.686 4180
N m2 63.8 2103 908 27.3 981.166 4180
P TRy 13 53.9 2103 908 27.3 986.239 4180
PAE LY ) 14 58.4 2103 908 27.3 984.018 4180
P 35 1M 15 57.9 2103 908 27.3 984.299 4180
/NG R 6 65.9 2103 908 27.3 979.968 4180
Tk 1 66 2103 910 34.5 979.91 4180
B[ LN 1112 65.1 2103 910 34.5 980.432 4180
BRI 1113 57.4 2103 910 34.5 984.544 4180
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Table 2 Statistics of geothermal resources of each structural unit
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w51 I 36.823 12.564 9.206 3.141
RN It 3.994 1.363 0.998 0.341
W 12 3.336 1.138 0.834 0.285
Ry 13 22.191 7.572 5.548 1.893
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SR AmLE s 0.894 0.305 0.224 0.076
/NG FE T RS e 2.716 0.927 0.679 0.232
T 111 9.125 3.114 2281 0.778
Bl AN 1112 35.619 12.154 8.905 3.038
BRI 1113 23.321 7.957 5.83 1.989
it 139.271 47.521 34.818 11.88
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Table 3 Statistics of geothermal fluid storage capacity and recoverable capacity of each structural unit
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Fig.4 Statistical chart of annual production of thermal reservoirs in Guantao Formation
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Fig.5 Q- scatter plot of the west area of Guantao Formation
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Fig.6 O—S scatter plot of the east area of Guantao Formation
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Table 4 Consumption statistics of each district

WAHZ b HA/mM®  304EMAEE/(10'mY) FERHFER/(10'm®)  FNAEREE/(m/a) R FER/(10° m*/a)
Ng RIX 3898.01 14727.1 490.90 2.0 013
Ng [l 4537.19 27022.6 900.75 2.13 '
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Table 5 Statistics of the mineable volume under different
calculation principles

PfigE RIEFER/(10°mYa)  TFERN RIFRE/(10°mYa)

2 191 26 50% 0.278

Ng 0.139 o
12 R 70% 0.463

FH 50%H1 70%5AF T sG] TR, 7EYE
T IR TP R A Jo () Rk 42 BB SP-349 45 3 14 07 X
TEMBFATE 25 A DX i s DL A 50 %6, 45 1l
FAG3 DX R 4PLH: 9 AT TSR 0 g 4 BROZ I 2 S TR
et 5 1] A AR T A3 B, A IR ) SR /Il
VE AR AT O AR A R 3 45 AN T
B TR 5 R
MG FF R B T 45 R K 6.

4 Hb PR AR ] SR AL X
i A

4.1 MR EFRELERITLE
AR MR AR AT FF R A T 3 R FH I

Gt o AmE U R BT EEARAT 4 H IS
FHZRAT AR A B B TFF SR B[] | W 00 155 19 26
RS E TR . A SOOI TART RN 3048,
I SOR Rl B A AR SR IS (G o pris
FENE AP R RS ARG A T TR i AT 35, X 1
SR AE TR
4.2 WHRRERAIREVTEFEEAEHE
AR A5 DI b A U5 A S R b AR
P i, AN 25 PR 1) kb 2 B b 45 DA T DR R

PFFSHE AR . 166 TMA R, RECEE A GHE
/\?ﬁ{ll@ Uk BE A3 A1, 0 Rtk e Bas i)

o HA] R R A R/ N T 3t 2 1 v R
E\?Llﬁ'?”ﬁ?ﬁﬁ 100, AR LI, NI R
IR, R T DI b ARG DR PE A I, 0 57 s 7
TR R Ao

GErE o BT 5 VR R DL R 5 KA W S
WS A B A A PN T 7 o % X BRI HE A
P R PSP BOR B E TR A R R BT
KA ZAE BA ZAEAS SR b 1t
BB FE R A BRI KA W S ) A
P TF R H A 5 SE PR R A AR AT S ) 8, 1 SR 2y
HESE I AR Ak BN R
TSR S AN, PR iy 1 B8 3 TR )
B4 | W5 et 5 4 1 b BT SR IXC, HL 900 s R
o AN R IR

BRI T VA5 Bt LR e X 5 DX sk
153, R A BRI 0 FR 22 4065 o ot
HEATESEL, PIRE Bh A RK AL K AMNATE A R
g AR WA A SR E AT AT 5 S PR )
P T . R e — Pl m s B
16 H T A R R A s O H A — s B IR Dy
s BT RS A W GO H P

R, PR AR o] TR SR A 2R H
T M 7 HH 480 A [ B AT SR R B R R A T T
TE AN AR 5 7F KB R B B, b A 38 B A ml
HRARIE | TSR IGE T4 ik R (B A ADL 2 A T it
PRI TR TN

F6 REMTERN THFHFRESH

Table 6 Statistics of the mineable volume under different calculation principles

PR L v A e #4 V2 ;f;\‘ =N
- s FFRHIKAL 30 R KAL 30 FE AR Hb G AfFR
T K ME/m T KR /m I KR F%/(°C) /(10°m*/a)
N 2RI 50% 60 186 1.21 0.296
o T2 RIFEZR 70% 55 1.51 0.469

R7T ARAFETEERFREXTEE(10° mYa)

Table 7 Comparison of different methods to calculate the annual mining capacity (10°m’/a)

7% itk Stk LACIERER
. [T E 25 At s PR e e e [i] 25 A e e s e U e
el AR THMALIER 50%  TEFRARIER70%  TEFRALIRIHESR 50%  1H M 4L R R 70%
e PRGN 0.940 0.278 0.463 0.296 0.469
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x8 M EFINESB
Table 8 Weight distribution of evaluation factor

PR R FERE S BIER KGR KA RREER B RRRTKE R R it
_— TR iii%i<1.2 20% 20% 20% 20% 15% 5% 100%
TR 1 4=1.2 25% - 25% 25% 20% 5% 100%

5 HERTTIRZE SR SOE HAE o IX

KT HL AT IR &R & R0 AR
1k LA LA BRS040 BB B, X R i P R
P & R T 0 T 0FA & M AT IR il KRSt &
I B E AR

AU DI P I PEM A AL HIE T GIS )2
WA B GIS B ARFZ IR HTIEARLE &, K bk
TEWRTE R A S - AT LR G PV . B IR ATk
TR A PR R A, GIS T2 i R & il
TP S5 SR 10 28 () 2Rk, R HE b B 5% 5T & R 9
SERR R &, g R T R RS ) 25 A P HR bR
R ZR B 2R iz T 45 18 b A 1Y 8 it it
B R GIS &N BT A i X 43T DI RE , 45 31 K
TR 2R G AR
51 HZEFENMHITEFSE

()BT A5 R Ko H bR, B
X A1 km*x 1 km* 47 BTG 0 I T 347, iff
FEAS RPN 3BT B il 22 (R 85 , 096 B0a >k 5 4K
P TR AR

(2) ¥4 & AR A TR AL 3, S B A 1h A%
Kt B ittt 532 B P gt &5, r i 58 %)
SR

(3) E5 A LR A IS I AR I 2 U5 95, S 25 F
FE X IR R A R, DL AR ST H BRI AR SCRRAE 5
HRYEWFFE H bR REAE , s H bR R 2, 57
H AR Z R 8 bR Al | 392 ] GIS 25 [/ 40 M D) AE 2
NG TS R

(4) & ZAh T R R AR DL SBT3 45
T3 X T 2R BT, XA SR URAE

(5)i2 H GIS Ho AR FAH R 552 7 i ik AT 4564
Br 85, i e B ) & A S

(6) 0 S RT3 753 o
52 A EFRIERE

AR AN R T b HTF & R ) SEBR R

5 X R R RS FRT 22 A S i 5 R i 6 4
R 22 A Ry AT 22T 0 1 VAN TR T JF R A
B e KA R KA R R R (AF [
i) B A VR K B A b O A R . Hh BT
KSR, AT o, A% e HAh S
AT, FER W 7 — 3] WKl 4y, 4% B A 4 i
W28,

HRAE T 53 b v RN 4548 B 1) S 9 kL, R GIS
B IR A B AR FRIT I ZE A 195 WE M 15
O3 B VT2 S R 3 A5 53 6 7 (1) S5 2, AT AT LA
LWLt H PP A HH RS ) 20 B G 1 T RE SR T R T
JifE. PEEN AR 9,

5.3 [EMAREEEESX

R TV P 2 3Bt J2 A AT o i 58 K 1) b 3R
TSP ARAE TR X TR X A PR A A
FFRIX . 2019 4 242 R b #4169 HRAL T
TEFRAS , PR 1412.93%10° m?, HAR TR &
TP R B 1 26.25%, 2019 4EF 51 HR [7] 34 5
A 15 HR A F 5 s ok RS, W it oy
509.94x10* m’, [FIFER 4 36.09%

SEUN € M=) [1EI P aesiIB BT D S & s )
IR R | e KR e ) P UM E K g R [ R A A A
HUC IR X T DX O IR X b X R A R
DX, TR B, BRI IX 118 ] R4 e Je 52 i 45

x99 EMESTRITEER
Table 9 Evaluation score and grade
B MieH P X5

1 >85 LSS 3 VAL UN BRI
2 65~85 EES TSI VI TN TRy IFR
3 55~65 AIRRBETT R 1 — K FEHIITR
4 <55 FIREEFF R I BRAETIG R

R 10 ERBRERSXIER
Table 10 Thermal reservoir zoning in Guantao Formation
Wig BRGHTRER IR RIPER BUIER
A /km? 265 409.5 3281.9 4478.8

http://geochina.cgs.gov.cn FE LT, 2023, 50(6)



1664 i 5|

b, J 2023 4F

Ko LTI X RIS X A0 .25 10,
6 4%

(1) B A T T H 3T W 2 3, 76 R %5 1 [
TR OL T < 17 BE 4 1) BT R TR 4 0.94
10*m’/a,

(2) R FHGETT o M T 58 v W 2 i | 7 2% 1

FERIEOUT , MG IR TF R AR SO AR K 3k g
mkﬁﬁﬁﬂﬁiﬁﬁﬁéﬂ, Ui A KT 200 m, H 34
AR TR R AL 3 m/a B AR AE T, AH i 2
PR 2 4 SR (8] 9 2 50% 80 Hb PG AR AT T SR
4 0.28x10° m’/a, 1 B 41 FA 4% J2 4% A4 01 26 70%
TR AR T TR 58 0.46x10° m/a.

(3) o AT T 548 P 28 2t 7 2% JE ]
FETEOUT , M A TR IR TR R B Ak Sk i ) i
jtftﬁii{ﬂﬁ*ﬁ[@éﬂ, i A KT 200 m, H IR I

TS FEARAS I 2°C I R4 T, TR P AL AV 2

Pz PR 1 E SR 50007 T b BRG] FF R A 0.30%
10° m*/a, T P 4 A fifh J2 g A A ] 98 53R 7003 3 3l 44
AR R &4 0.47x10°m’/a,

(4) L AGRAR T TR i E A 2R, e
FRFH AT U4 A B B mT SR R AV 1 R A T b A 9 U
F 5 7 R FAETE SR B B , b 30 T 3k 31 1A i 15
FEEE , AR G A i AN B AR Sk 00 1 i A
AR AT

(5)38 i3 GIS & i 244~ H1 73 B IT I ER 515951
FOXF N A%, A5 3 1 Bl 2H A2 0 B A DX 1O, TR
ORI I DXy T DS A3 b O AR R R
X, TR, PR X 2 X %) T 50 252 2 J 5 i 4
K, AR b IG5 & 1 A 2

TR

@ JC TS FF BB . 2000, JEETT IR HE P2 5 A 2
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