5 4955 6 hOE R Vol.49, No.6
2022412 A GEOLOGY IN CHINA Dec. , 2022

doi: 10.12029/gc20220604

FRE RS, B, PR, B XL, RVRVKIE . 2022, Y6 ELRE R L S X M AR IR AE KT RV (], LR, 49(6): 1747-1764.
Wang Tinghao, Wang Xinwei, Mao Xiang, Luo Lu, Gao Nan'an, Liu Huiying, Wu Chenbingjie. 2022. Characteristics and development potential of
geothermal resources in northern Cangxian uplift[J]. Geology in China, 49(6): 1747—1764(in Chinese with English abstract).

i EPERE AL AR X B R R IE R FF & & T

EAH SRR T, BB WL AR, Rk

(1. % B BAE A# 2 5 A R EA S, LR 100083;2. ' B G AL # K R I 400 A £ 5 55 F , 7% 100083 ;3. F B i i
XFQLF) R FE, LT 100083)

RE. [ F5 B [ RR TR E ST S 22 08 1 AT 2 X st R0 T A B AR o [ B 32 7735 ) AR SOof i A58
RS B RS A 3 6 B AL X b b S 5 BB A IR IAARAE KA RIS A A
R RS TRINT, #ES7 T X A A pE AR (5T 45 3R ]V B e TS bl DX R A v o o TR 4 b e b A
AT R, R ACHHE LA DX R 32 I R AR I U A A 7K IR, 3 A2 Ve K AR R IR 3R it R o 32 3R
TP I AIE R , VH T R Al RN B T 1] B A8 4 R L) LG S RUE LN IR S [ &g A X
HbITE YRR SO AR 2 55 2 TR B R AN R TR BRI R R . R BERER « X A A TR P AL A AR
MR ] H R I ARG =B ORI R 70 A B2 S A i T A R ], S T X AP
Hb YRR FBE Sy 45°C /km ; M T 7K 50 bt 25 HILVR (1938 1 H HCO,—Na . HCO; - SO,—Na 7K 1] iS4 4 Cl—Na B 7K 3o 3 3 A8 X
PN = AP Y AT SR MR IR A 1.67x10°G, I AR BE 5.72x10° t, 4 R TR PGS Y5 P 3 S (LB T AR 242 m?, 5
FERTEST-H I 25 F T, 7 B B Al DX A7 AT R M A G R 7.06 % 10'GT, 3T A B 2.41x10° t, 7 3l A2 (46 1 1 A
0.8542.m’, BAT R AP AT 7 K i
X E R HGETO IR RRIE MR IR T v BB RS ST s b A T A TR
Bl AT TS T R A 2 BURRIE MR T S S ) A K AESRIE R A 2 A B 2 i e B ke L
S [X e R YRR A 7 i PR AR AR MRy b AR X AR AT SR M B R AR S
25 T b AATTE 2 08 AT BT X
FESES P3I4TKS29 XEIRER:A  XEHS:1000-3657(2022)06—1747-18

Characteristics and development potential of geothermal resources in northern
Cangxian uplift

WANG Tinghao'*’, WANG Xinwei'?, MAO Xiang'?, LUO Lu"’, GAO Nan'an'”,
LIU Huiying"?, WU Chenbingjie"

(1. Sinopec Star Petroleum Corporation Limited, Beijing 100083, China; 2. Key Laboratory of Geothermal Exploitation and Utilization,
SINOPEC, Beijing 100083, China; 3. China University of Geosciences (Beijing) , School of Energy, Beijing 100083, China)

Wim B HA:2021-01-13; B B 85 : 2021-02-21
EETWA : PEA AR E SR E S A S b K PRI S R ORI (JP19002) % )
PEZTBIAT : I, £, 1990 4F A, TR, 577 52 SR Ll , 3= 2 A F s BT UE PP B 5% ; E—mail: wangtinghao.xxsy@sinopec.com

http://geochina.cgs.gov.cn H1[E 1T, 2022, 49(6)



1748 i 5] b J 2022 4F

Abstract: This paper is the result of geothermal geological survey engineering.

[Objective] The characteristics and development potential of geothermal resources is an important basis for the development of
regional geothermal resources. [Methods]Combined the previous research results with the latest drilling data, the geothermal
reservoir model is established based on the analysis of the main factors such as geothermal geological background, thermal reservoir
distribution, geothermal field characteristics and hydrochemical resource types in the northern Cangxian uplift. [Results] Under the
background of high heat flow value in the extensional sedimentary basin of Bohai Bay, the atmospheric precipitation received by the
bedrock in the exposed area of Yanshan Mountain in the north is used as the near source water supply. The cold water enters the
bedrock, is heated by the deep heat source in the deep circulation process, and migrates and enriches along the fracture zone and
unconformity surface, and forms the geothermal heat transfer mechanism dominated by conduction system. [Conclusions] The
geothermal resources in this area are characterized by many types thermal reservoirs, high geothermal gradient of caprock, rapid
recharge rate and huge resources. It is mainly shown as follows: Three sets of main hot water reservoir, sandstone thermal reservoir
of Guantao Formation, karst thermal reservoir of Ordovician and Jixian Wumishan Formation are distributed in the area; the
distribution of geothermal field is mainly controlled by basement structure, and the average geothermal gradient in bedrock uplift
area is 45 °C/km; with the increase of groundwater depth, the groundwater type changes from HCO;—Na, HCO; - SO,—Na to mature
Cl—Na; the recoverable geothermal resources in this area is 1.67x 10" GJ, equivalent to 5.72x10° t of standard coal. The annual
exploitable geothermal resources can meet the heating area of 2 x 10° m’, considering the balance of exploiting and irrigation, the
annual exploitable resource of geothermal fluid in the northern part of Cangxian uplift is 7.06x 10" GJ, equivalent to 2.41x10°t of

standard coal, which can meet the heating area of 8.5x10"m’, which has a good prospect of geothermal market development.

Key words: reservoir evaluation; characteristics of geothermal field; geothermal resource potential; northern Cangxian uplift;
Tianjin; geothermal geological survey engineering

Highlights: Characterizing the characteristics of geothermal resources in the northern part of Cangxian Uplift from multiple angles,
including geological structure background, characteristics of thermal reservoir stratification, horizontal and vertical distribution of
geothermal field, and hydrochemical migration path, and establishing a geothermal conceptual model, on this basis, calculating the
annual recoverable geothermal resources in this area have innovative significance for analyzing the geothermal development
potential under the condition of balanced exploitation and irrigation.

About the first author: WANG Tinghao, female, born in 1990, engineer, majors in minerals exploration, engaged in evaluation of
geothermal resources; E—mail: wangtinghao.xxsy@sinopec.com.
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Fig.1 Stripping Cenozoic geological map in northern Cangxian uplift
1—Mesozoic; 2—Carboniferous—Permian; 3—Ordovician; 4—Cambrian; 5—Qingbaikou System; 6—Jixian System; 7—Proterozoic; 8—Fault; 9—Profile;
10—City; 11—Geothermal well
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Fig.2 Structural and stratigraphic evolution map of the study area (modified from Wang Xinwei et al., 2018)
1—Neogene; 2—Paleogene; 3—Jurassic—Cretaceous; 4—Carboniferous—Permian; 5—Ordovician;
6—Cambrian; 7—Middle—Late Proterozoic; 8—Basement; 9—Fault; 10—Inferred fault
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Table 3 Chemical compositions of groundwater from the study area(mg/L)

iRc] pH TDS Ca** Mgt Na* K* HCO,™ cr SO KA
LTl 8.35 437.57 6.01 1.22 159.58 1.86 329.51 21.27 33.62 HCO:—Na
LT2 8.32 396.12 4.01 1.22 149.88 1.57 311.2 14.18 14.41 HCO:—Na
LHI 7.3 810.1 3922 1117 169.1 13.5 320.7 50.77 170 HCO;-SO,—Na
ZIC1 7.88 3405 101 81.22 902.8 84.44 3432 1425 360 Cl —Na
ZJC2 7.06 4186 140.9 123 1088 86.08 361.3 1856 418.2 Cl-Na
BD-05B  7.16 6088.3 1650 131.4 242.8 40.8 61 3828.6 78.2 Cl—Ca
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Fig.11 Reservoir forming model of conductive geothermal resources in northern Cangxian uplift
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Table 4 Summary of evaluation parameters and calculation results of geothermal resources in Cangxian uplift
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