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Abstract: The development and utilization of geothermal resources can play a positive role in reducing CO, emissions
and restraining global climate change. Underground heat transfer of shallow geothermal energy mainly includes the
groundwater well system and the underground buried pipe system. Their common advantages are high energy utilization
coefficient, safety and stability, zero pollution discharge, etc.; however it has advantages and disadvantages in heat
exchange efficiency, development and utilization conditions, space occupation and so on. This paper describes the

suitability evaluation index of the shallow geothermal energy underground heat exchange system; and in the execution
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of the shallow geothermal energy demonstration project in Zhengzhou, field tests such as pumping and reinjection test,

geotechnical thermophysical parameter test and formation thermal response test were carried out respectively, and the

suitability of two heat exchange modes of shallow geothermal energy is analyzed and compared, It is concluded that the

rock and soil in the construction area has high thermal conductivity and volume specific heat capacity, which is

conducive to heat conduction and maintenance; but the buried depth of the regional water level is shallow, the

reinjection capacity is only 107.37m*/d, and is poor. Through comparison, the underground buried pipe heat exchange

system which is more suitable for the development and utilization of shallow geothermal energy in the construction area

has been finally optimized and selected for development.

Key words: shallow geothermal energy; underground heat exchange system; groundwater heat exchange system; buried

pipe heat exchange system; reinjection test; geotechnical thermophysical test; optimize design; Zhengzhou city

0 3l

N BT 2l T 8032 AR AE S A B AL
O 28 B AN 4 5, 2 2 J] i X i) — > 4k
PE . Horf, COL 1 77 A JLTF- 4 5 N ZE %t B IR 1
7 R A Tl 2o A b A% G A K R HE i D) A
R PG o R E A 2 RR VR 1 T FE AR Y
CO, TT ik Z ik 90%°7, 2020 4F , T [ CO, HE ik & i
10042 t, 407 J H A58 —1 0 Jir DL, s> Ak A7 S B T 3
FE, 0T (0 R 10 B V5 R0 R S AE 1T

b ARG PR — R )T R ]
(785 3 T P AR BB VR . N R & R O 2R 4y, M
PG UR 32 A R 2 M AARE P R K R AR T
POE 3R R H WA R Sk B B AR IR A YR
PR et R MR VR A R BRI IR T30, 4
JE K BHBEAY 5.4 6%  BEAY 3.6 £517 . 2015—2020
A A ERETE H A R L 2 3649 GW K 2 27 %, H
I A B LA 1 K 52,090, 4 Bk AR Hb 34
B R AT D 2.526 42 1 B CO, HERL™ o B ok AT
UL b A R A8 & 1) X sk 2D C O HE TC R 410 i) 4
BRA AR AR B B PR A

JIT LA, K 7 4 s b A8 9% 3 A T K % R B [ R
AE R BT R AL A b N T AR K AR IR IR R
SEHLRR R H AR B A

AR SCEE A 2021 4F BE BN 17 TR )2 M AR RE R VI T
FEAR I H AR S B P R X v 2 A A
TF 5% ) FH B L 7K 5 3R A5 0 50 2 ol R e
RGE AT WS, I 4 B e R

il

1 REMAE TRARGEE
LR, [P = M B BE M 48 B4 2R B8 A J8 gy
Ji & TR 73 T B AT LT AR AR AR G A A e R

o2y X 2MR)E AR TT & A H 7 S H
EBEBE Ve R G L, AT LS A B (V) XY
15 Y HE , B st ) DX Y AU R, AT BT IR
MGz AR EOR AR TT R T AL
SERF AR T A AR H 2R KA
B, R K e B R SR R R L R A )
A BB, 2 Y IR) AR A AR RURE M R (0] 9 AL
G, X S5 B 5 582 W0 95 A, K B Al oK 8 s AR
YEF PR IR, X 7K SO 5 2% AF Bk T R 5 M A
IR G X K S T A% A 3 E PR RS X M 5 R 8
TR 5 N N O N a7 S N A E B AT
(], 7 7 7] B2 45 PR AN R /R S T R AR
MR 25 8] B BOK IR RS -

2 MITHRARFEEETENNE
2.1 MK RS

Hb T 7K i R R G T d A K O R [ O 2H A
AE A PRUEAL 2 ]2 Fr g foE , E B TOK BR il &
[l BE ) U T i RN A A ] AR o i DA, X T
T K UE A B R 8 AT A IX K Sl BT 2% A [l
fil 1 K B R Ml B R BE A T A O AT RN

(1) DX S8k SCH BT A5 P PP o SR b /K I 46
TAZR G AR 1) v I, B S5 R T K Y I BE 1
JET ORI HOK AL AN R AN BT R . PR
B 075 BB T K 0 & KR RS SR TR D 3
MHE

(2) 4 T AR Ge I HERE I PR o nlHE BB T 1Y
/NGRS DX S5l i, 5 B 45 1) 401 5 PR B RN R A )
B0 P8 T A R G0 UM, 52 0[] 3 R0OR 1 TR 3R
FEAE GARZ A MR AR SR A .
K FURL oKL, BA F T I P8 SR TR —



148 R TR

202245 H

AR DL, F  F 7K Z R R B A 1 K2 T L R
T0%~100% ; KA v Bb B 7K J2 v el 3 32k 40 %0~
70% 5 th AN ED K 2 I R R 3090 ~50%4 5 ED
Wb A K 2 v B R <30 % o /K o7 B A (1] 3
(4 R /N5 e B S 76 U 0 BRAR O I 0 T, KA 2
TR 5 K 2 R R OREL , 27 [l 3 o R

(3) T KK BRI o 7K R A 4 3R B2 5 i &
B4 R A A o R KK BT A AL 45 TR
JE AR2E RSy MR S R R S TR
SEah b 0 T S EAT R AR PR

(4) Ml 5T 25 55 400 35 1 o 76 7K 50 RN ol 4 7 fr
&~ S G T B e A O B A N N VA N ) O e A
TR TR R 7K HE IS 1R A7 T AN DE AR S
2.2 MIEHRARS

T T K 3 B R G [0 ) A M K R X
R 23 RS I BROK VE AT A BOAR B ) R 2 A e A R
G N o RIS EE PR A, — AL DA
T FHE R .

(Db H R . i 2 45 1 Fn s £
MR VR 2 b AR TR B A O AR S A A
TRB M2 A M A5 A ORI )2 R
TAREAE SR A IR R
SV M BRI DT TR I LR R EE R, 5 U [ R
RN, 22 H T I 2 £ 2 0 S IR BE 4 SR
o HARERE MR A AL SRR AR
HHAEMERE R, Z 800 T afLh AR A EA
Mo LA, R T BRI A 2R A A S RO
PeAb TR, 76 b B i 3 S At b o 200k 4725 +
Hom B B0 T U0 Y R A LR e AR
SR EANEN, B EREHEEG L, HIk, B
FLUR A AR 1 B T AR BT o 0 i A R

(2) 7K 3C Hi J5T 25 AR D7 o 52 BRI B X s /K S
JF SR M X, e T A R G AR e, A
Shy LR K T B U/ T BB Sy IR R R B A 1 T
B RNEA . LA 7R T A B 4R R G008 BE PR AN
R R AT R A R B KR K2 S5 R K3
ZAk VHLUF K ARG LR K B A K S0 H R 45 F
AN .

(PR IEH . F BB H1% 24 T84
1R ¥ AR S 3500 e PR AR AL, bR KK BT A
3 A W R AR Ak B e ) W BEA

3 MR EHAEERE T RMEAIEIT
3.1 T H AR R

0 T 7 2 M FRE 7S v TR A 2021 A BE AN
7 22 L 2 T b S R A T AR ST T R A B
LA AT R I 7 S Y T RE s I H ST R TR
AL TAE AR R I AR 3 i A K K
Hb R e BT R R M R e A R R VR )2 M A
TN R G AR TR AR R T S 4 ) BE R O 31350
m” 2 5 1T R A 1R I 71V

R 5 T P A Tl 0 O e YR A (— ) T H
0, Hb PR BRI 25 I R g R N AR AL AR 300 HAL U Y
PE & 3 B b 45 R 40, Jorp oo O R i 5 kW,
120 m, H48 180 mm, H 5 MBI #E 5 m, 3% # I
Z[E] FA K ST R FE )R % 2 IR T R4 19 19 BB AR
RMIREER R o B AR UG BUR R &
(] B, St 2 15 3 Wl K 4 8 O7 2CEAT AT AT M 40T

J T AR IR T R TR X K 5 ]
FEIS 7RI H F g A A A Y
3.2 RV TR XK Bl

R TR A T KM 17 b8 B o LS R
K VIR i Sy =, JRy 8 e RS AR A, TO0 A 35 O
10~15 m, H F /K AL HR IR 5~15 m. AUOR{E THEE
6 A B TR AR 3 H R K FRBE R W L b, 2y
S HEAT 34 I R AR T A KR 50 & B e
WL

3.21  HhAKIRE:
R IE K & K 2 L Fa 2 I A K 0 TR, 4%
T K SO S8
Q@ R (1)
Tc(HZ*/zZ) r
R=2SVHK (2)

X K—B &R, m/d; Qq— & K & 2k
KA, m/ds H—— R A K I & K2R ms h—
K F KB R, my S—— KA B IR B I, m; R
A my r—— i AR AR mo
AR FESHOR R 1.

M TR LU M e = 4 il K 6 A 50007 3 /K
A 9.36 m*/ (hem) , & BT B IX 55 K 2 6 K 1
By, B3 R BCF M N 8.14 m/d, & & P A Xt
B2




5549 555 34 &

Fi A R MR RE M T e BA AR SR EME A S AL B 149

F1 HWKKEEFESHMR

Tablel Main parameter results of pumping test
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Table 2 Summary of thermophysical parameters of different lithology
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Table 3 Summary of field thermal response test results

HLGAT HLER
o AL/ U/ IR GRS SRIEEIE IOE b e D s
Tt mommo WE/mo (mth) KRE/C KEESC 2/C wpkaw 0 RS
[Wem+K)"] [J«(m*C)"]

152 0.948 25.30 21.88 3.42 3.770 2.07

DJ1 XU 152 180 3.5779
152 1.274 32.02 26.82 5.20 7.703 2.27
152 1.019 24.24 21.57 2.67 3.164 1.86
DJ2 XU 152 180 3.1853
152 1.412 31.73 27.12 4.61 7.569 1.93
152 1.002 26.42 22.87 3.55 4.136 2.05
DJ3 MU 152 180 3.4563
152 1.322 33.25 28.22 5.03 7.732 1.94
152 1.008 25.84 22.38 3.46 4.055 1.83
DJ4 XU 152 180 3.4065
152 1.313 32.38 27.42 4.96 7.573 1.83
4.0 B/ - e C) 1) 60
3.5 F 50 -
R 3.0 | 40
5 s SHRHKTE) /I + (o101 N
S jg 30 F G IEK A/ (W e m)
% 2.0 %
% sl T 20 [ SRS OV - )
HoL | SREHCNE) /W (K] 0 F
0.5 F 0 1 1 1 1 |
0 1 1 1 1 DJ1 (XU) DJ1(#U)  DJ2 DJ3 DJ4
DJ1 DJ2 DJ3 DJ4 L=
L= 6 AEK LG FL R EE 71 # 2
B5 AERKAETHRYESEHEBL Fig.6 Heat transfer capacity curves of
Fig.5 Curves of the geotechnical thermophysical different test holes
parameters of different test holes
(DITXLU) s Hoy Sk 3R 0 31 (DJ4) (B 8 )2 R
342 M HOAAE S B 5 U2 B R R SR P A BB ) s 22 KU
A ALER B2 240 152 m, TAEIX 152 m DL + rh 20 D [l JE AR A+ b R el
1A W) B - 208 B 2 Ry 17.47~18.08 °C, 4% L 3 o] 55 0% RLEAR L, R AT g ab [mHE Oy = B4 T
BT R B S R LA A T 6, 28 P BB RO B ) 4 34 85 4.3% A

IS5 R R R P AR MR RO el 6.7 00 SRR H iR Ty L UG AR

F4 LI A e A 06 i 45 R

Table 4 Field thermal response test results of test holes
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