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Research on potential of development and utilization for shallow
geothermal energy in Ordovician limestone of Jingxing County

ZHANG Yongze, YU Jiancong’, GAO Ning, SONG Xiaoguang, MEI Xuejia

(Land and Resources Exploration Center of Hebei Bureau of Geology and Mineral Exploration and Development
(Hebei Mine and Geological Disaster Emergency Rescue Center) , Shijiazhuang Hebei 050081, China)

Abstract: In order to study the shallow geothermal energy contained in the Ordovician limestone of Jingxing County, a
thermal response test well in the valley is drilled, where the physical mechanics, thermal properties and geothermal
field characteristics of the rock and soil mass are tested. As a result, the average geothermal temperature below 10m
reached 16.77°C, and the heat transfer per unit length in summer and winter under the test conditions were 68.38W/m
and 65.78W/m, respectively. Eight indicators such as the burial depth of the groundwater level and the velocity of the
groundwater were selected to evaluate the suitability of ground source heat pump with buried pipe in Jingxing County,
and the evaluation area was divided into more suitable area, suitable area and unsuitable area. Among them, the more
suitable area is 244.12km’, accounting for 16.82% of the total area. On this basis, the resource potential evaluation
was carried out on the more suitable area, and the resource potential and energy saving and emission reduction capacity
were calculated. In order to better verify the development and utilization value of the shallow geothermal energy
contained in the Ordovician limestone of Jingxing County, the relevant supporting application engineering and
monitoring equipment were installed to monitor the energy consumption under different test conditions. Compared with
the energy consumption of the ordinary household air conditioners, the annual operating cost of ground-source heat
pump with buried pipe is about 55% of the air conditioning, which possess the development and utilization value.

Key words: shallow geothermal energy; suitability evaluation; ground-source heat pump with buried pipe; Ordovician

limestone; Jingxing County

W B #9:2024-01-12; 8B B #1:2024-03-28  DOI:10.12143/.2tgc.2024.03.018

E€WA:

E—1EE:

BEESE:

5 AR

TG4 3t 5B 8 A T A T X0 X AR IR TR B ) A AR R S M T £ (45 - 13000022P00329410085N)
SRR, 55 DU, 1989 4R AR, TR, e AR AR Ll , A, 2B R C3F PR 2 # PR B8 U5 I A W52 A, 0 L 48 A0 S T A 74 X
117G % 8005, 282202965@qq.com o

FHEN Lo DU 1987 4F AR i G TR 3R TRl A, 2SSk SO | TR b B A R T T2 AR Wb AR
JE A P X AL P B 8005, 1015620094@qq.com.

SRR, THEA T S T B L BB A S R i R IT R R AT B [T ] AR TR, 2024,51(3) : 136-141.

ZHANG Yongze, YU Jiancong, GAO Ning, et al. Research on potential of development and utilization for shallow geothermal energy
in Ordovician limestone of Jingxing County[J]. Drilling Engineering, 2024,51(3) :136-141.



W51 3

SROKPR A < e L BB AR R e T2 M IR BE T R R I D F 137

0 35

T2 IR B E R R R VR PR e B R
I FH 1 26 5 6 L 22 LL R 200 m DL A AR HB R K
ALK d AR T 25 CRUEE . H 2 0
i A E R S TR A AR
SRS U R TE 2016 45 3% [ 4 1 HE E AL O b X
R BEEPE "G R HIR RN T K88 T & %
BT T, PR, R O R 9 2 b I B 1 F 5 L
HEEE L,

HRl, B 2B 2 iR fe 2 A i os . TR
SEVESE T 2 A CRE T & D E T T AR 9
SR SE T A KL T MR K IR S B X K K2
T 5 A8 AR AE A5 KR A S FE AR vk 5 R IR 4
M 32 6 12 2 3R BE IS B PR DR AN TR R R, T IR X
THS 5 T DX Ml 7K Hl R BRGRE E AT TS B Ay KT
F5H AR R JE M AR R B B AR G R PR A S
AT HEAT T AR C AR5, T Wi 45 58 T AR L
FIR B TR E S LGS SRS . XS
TR AN ERZ BRI EFHAE T — W
T A SRk B A 5T 22 0 AT 0 AR DU R AT Y i 3
M X R A VR 2 R AR R H AT s R b

AW TAER GG T 0 6 2 B BB R K
R T 2R R 2 MR R L O B T — R
HCE#IF R R HMAE AR DE 58 TAERCE T AH C R
FH R TR B W35 4%, R A 9 Bk X 2 b il
PEAE T 05 EL A B S S SR N S

1 XEMERRBESHY
11 HZHEN

Bl LA L o 3 R 5 0 YT B8 I OB B T
B, b 3R R O A U R AN A S )R
B AR RS = Ry ok E B ILRP B A, B DY R
PR DL R K, R BB R E I (O,m) K
1.2 JKSCH BT 454

TR T A N MR K 2SR SR 5 I &R R HCE 25 AL
Bt 7K R B Bl R i TR k25 S L BRA VS K, BOK R A
S b O kA R R R R R KA AR BER A ERIR B
R o AR LR K 52 A M R KRS AR R 1Y
P, I X AR K R K L
KK HRAE 20 m A2 47, B /K2R 2928 80 m, L
PLA 7K 7 >>10 m*/hem. i1 B35t T 4% 00 K BT BT
A B AR (UL 1) 43 8T, 72 45~108 m IR B B 1y

R RE AR D M BRR K A R S AT AR U A R
N NG’ D R R R (R S B (VY3
FRREAL, 25007 M2 MA L, X R
B 19 b K R S B0, AT ) T R i R

B1 61~65m&n
Fig.1 Core from 61~65 m depth

1.3 HUIR A RRAE

AR I W T 0~120 m I8 BE U Bl 64 i,
Hor 0~10 m Hb il 32 A58 2R 52 0 550K, TR A
i I A b R R AR, O AR IR K RO 1.2 °C/
m, FH R 28 9.37 C; 10 m VA5 , iR B i ks T
o, N ER)Z MR R 16.77 °C, il B B E
2.0°C/100 m. b A6 B2 AR Ak i 2 an 14 2 i

20

16 |

12t

REE/

0 20 40 60 80 100 120
RIE/m
B2 iR ET

Fig.2 Change of ground temperature gradient
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Table 1 Thermal response test results
HALES  FLE/m WERMIR/(C) W T fﬁjﬁ% Rmﬁi’%ﬂ.\; . %?ﬁwﬁj? fibvﬁf:f
16.77 HE T L (8.0 kW) 7.57 0.07 68.38 8.20
ZKO01 120 -
(10 m LA¥) B T (6 °C) 4.00 0.04 65.78 7.89
F2 FiI@mYENERBYESH
Table 2 Physical mechanics and thermal property parameters of rock and soil samples
v . TEE/ WAEE/ MXE LB LB e/ e PR/
A RIS fm R (geem™)  (geem™)  HE OEK/% W [We(mK)'] /[kJ-(kg'K)']  (mm’s™)
RWO01 1.8~2.0 3 RS £ 1.93 2.23 2.72 28.2 0.41 1.56 1294 0.56
(eih)
RWO02 8.3~8.2 3 JRG £ 2.02 2.27 2.70  24.5 0.34 1.67 1213 0.63
(R IRA)
RWO03  11.4~11.6 ff#RRIKAE  2.52 2.60 2.73 7.82  0.08 2.69 834 1.29
RWO04  24.8~25.0 T IKA 2.93 2.58 2.66 4.63 0.05 2.76 804 1.27
RWO05  47.4~47.6  fMERIRIKE 242 2.53 2.73 11.08 0.12 2.54 866 1.20
RWO06  69.7~69.9 Mk KA 261 2.65 2.70 3.14  0.03 3.07 878 1.34
RWO07 86.1~86.3 fM#IkIKA  2.66 2.68 2.70 1.39 0.01 2.87 854 1.25
RWO08 108.1~108.4 fM#RIkIKA  2.62 2.65 2.69 2.82  0.03 3.56 867 1.60
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ground-source heat pump with buried pipe
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Table 3 Ground-source heat pump evaluation

index weight list

—gEr REL/ % —gEM RES /%
iR KR 4.95
TR S Kl 5T 4 4 45 R K 18.45
KRR EE 21.60
b2 7.50
Rt 0 EAUENEYi 2.50
SRR 5.40
287/ Rea 45 LA 34.20
b 3 5.40

b L2 o 21.60% 1 18.45% . DL b = F 23
v b DXORT i 5 R R 4 PAOROR 52 ) R R i 3R
ok, 2 e R KRR 5 3R BRI b R S R
FR A 0T A b DXl R PSR Y e AROR A — E 1Y
Wi o TSRS DO 2R JE R 3 o b X R i /N TR R
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Fig.4 Suitability zoning map of the shallow geothermal

energy using ground -source heat pump with buried pipe
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Table 4 Potential calculation of buried pipe resources

s TV wisg moiss w00 #8010

10* kW 10'kW  m®km?®) m’km?)
BE 244.12 13354.34 12891.85  20.11 13.19
HIX

i BT kg b HE R 7 AR I B i 2.93076 X107 T 1T
A RR e A 45 B R FH b 2 e ARCR G 0T S Y
e HERE J) 7R 0L 2 5.

4 THEXRAE
41 SRR IR

Shy R B 11 56 TIE B B BB 3R K T 2R 1Y v
J2 4 i R B TF R R AN AR IR R S e 4 T
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Table 5 Table of energy saving and emission reduction capacity per unit area of ground-source pump with buried pipe

1 A LRV 3/ ﬁ%‘i%%/ WA/ (tea'okm ?)
HE/(10°Tkm ) (tea'skm?) — A e AR KAy  BEpke BKE
A7 567171.03 19377.21 46234.03 3294.13 116.26 155.02 19.38
27 410646.42 14029.60 33474.63 2385.03 84.18 112.24 14.03
ait 977817.45 33406.81 79708.66 5679.16 200.44 267.25 33.41

HEWZ i v 18 L Ol 55 m®,
411 HUmE T

R 4l S B W 000 50 i BRI 3R B 9 Oy 26 °C L #E ]
FE1E AP T O AT, MR #2817 A /N i
HL B 29 o0 1.04 kW eh, 44 I8 AF 5 L 0.52 I8 S 34 B
% 2= 120 d 3180, 4 2% F N 1557 o6 5 7% 2 & 25 1A [ B
FIIF 0 TO0EAF T, H U5 A S8 A7 B9 /N i o i 2
9 1.50 kW eh, HUiz 2= & 2% 11 2246 7T .
412 HI% T

AR Fh S o 0 000 5 o R B R O 17 °C L FE R
FF1EE T T &MT , HE# R 8 17 4 /N F
L5 24 R 0.46 kWeh, ¥ I8 43 & 1 0.52 70 K 3% 4~ 1l
2120 d3H5E L B3R O 689 T 5 1E 2 15 IRl B 4T T
) T 00 2 A, MU 305 58 AT B /N i L 2o
0.70 kWeh, il ¥& 2= £ 2% H1 o 1048 5T o A [m] i 4%
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Table 6 Statistics of operating energy consumption

- %%@ gﬁw e E?m/
JE/(°C) &) /d Jt

1 689
il ¥ 17 120

2 1048

1 1557
il $4 26 120

2 2246

4.2 BE ARG

38 K 23 A /INEE LA 24 0 1.0 kW eh, 3%
HEBg B L 0.52 70 M A O sl il ¥ 2= 120 d 114, 1
BRI FT B2 1498 9T .

3 A 0F 2 W T A3 AT A ] A AR A A
Br, B E IR R AR B T A P S5 8 A
YIS AT B PR A R BT S LT,
Hi R ISR (1 3z AT B W AR T A R s s
T3, 29 F 759 B 65 R SR AE 8 T 00 %

PR BN 2908 0.46 kW eh, 32 80 & 25 ] fifi
FH 2% FH B G B AIK 38 47 9% FH 24 0 FH B0 15 25 O 2
19 50 % s AR P & [ B G 2, 847 2 298 W 5 %5
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I
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(S TR A U 2 N R AR ) A S
1.2°C/m,F¥iE 29 9.37 °C; 10 m U5 , iR %
W TRRE A H IR Z P B R Y 16.77 °C, iR
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(2) AP TAEXS IR B AT T b L AS7 b Y A
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(3) % 838 B X #E AT 7RI I IR T
FLBE YRS 7 K re i HERE 77 o R R b 3 AE 4 BOR
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