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Impact of pumping and injection mode on
thermal and seepage field in the energy extraction area
YAN Qiao'?, MA Cong>?*,ZHOU Wet bo** YU Limhong?>?
(1. College of Science, Chang, an University, X{an 710064, China; 2. College of Environmental
Science and Engineering, Chang, an University, Xian 710054, China; 3. Key Laboratory of Subsurf ace
H ydrology and E cology in Arid Areas Ministry of Education, Chang/ an Uniwversity , X tan 710054, China)

Abstract: A three dimensional water heat coupled numerical model was developed to simulate and analyze the evolution of seepr
age and temperature fields under different layout schemes of pumping and injection wells in the Yupinxuan food industrial park
of Xian. The results showed that (1) the variation of groundw ater temperature field is not only associated with the natural
groundwater flow field, but also affected by the layout of pumping and injection wells, and the layout with injection wells on the
opposite side has greater effects on the geothermal field than that with the injection wells on the same side; ( 2) the greater the
distance betw een wells is, the longer the thermal transfixion of pumping wells encounters; (3) from the point of view of re
charge, the layout with injection wells on the opposite side is better than the layout with injection wells on the same side; and
(4) from the point of view of controlling transfixion, the layout with injection wells on the same side is better than the layout
with injection wells on the opposite side. According to the specific conditions of test site, both layout schemes broke through the
phenomenon of thermal transfixion, and the layout with injection wells on the opposite side was selected if only the effects of
seepage field were considered.
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Fig. 1  Histogram of pum ping and injection wells
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Fig.2 2 Location of the production and observation wells
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Fig.3 Fitting of groundwater level
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Fig.4 Fitting of groundwater tem perature
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Tab. 1 Selection of parameters in different areas
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Fig. 5 Water depth contour map of layout with injection wells on the opposite side with different spacing
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Fig. 6 Water depth contour map of layout with injection wells on the same side with different spacing
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Tab.2 Drawdown in the pumping and

injection wells with different spacing
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Fig.7 T emperature distribution of layout with injection wells on the opposite side with different spacing
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Fig. 8 T emperature distribution of layout with injection wells on the same side with different spacing
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Fig. 9 Temperature distribution after 3 years for different layout schemes of pumping and injection wells
PESRE S e A0 A L o, 2% RR A BB AN 7] (1) Kz AR AR A T KRR H K,

REIFIRARNE AT XA T B m R . B O nf LU W, Wi R i B2 e A R IR s, L4 AL S O (R =t b 3% 11
ATE J7 FHROT METBIN SR BT =R KR4S R A 1 4 20 R0 [ G 8

PREC B R, KL BRI I Lo B8 70 MR /K IR AR B R 4t (2) LI B RR O, 7K He & A FABT T 1 I
TUVE SRR SRl 2 o BTk RSN B LE S AT S MUK A . BRI AN L 1 T,
0. 68 m, 2% 7 [0 [B0E (0] 9 e KHR T 0 99 mm, 25 —Fp WEIFINA BT S ARSI %, AR M EER 5
JrZEPIREHE KT BRI 2 S LB, 0T SR I BB N o BRSO [P e S 5 B 20 0 64 75 m 5 94 48 mo
HlK e 8], BRI AE Rl K G R v = A B T <, TRDE Ik (3) HREAR A 40, 5 Bk A R0 [l e 24 L,
TRETEIR 2 P, EA S T . o DA v AT, T A SRS 000 0] ] KA B R () R R A, R T R K ]
e 7 %8 R A S b FOK VA A R Ge i b b e W (R, BT RIRES D R S IR AN 1R, AL U4

AT T % RS, 7K S 10726 {2 4 T ) D W30, 424 4 23
T RS o e B g FLV 26 P, 2 T S [
6 S RAT IR

Siu b B N G 5SS Bl SRR 1 S e NS A R
JKIB U R 7 1A AL BEATSR BRI 23 A, &5 SRAE W

(References) :

[1]  Zheng D. Modeling of standing column well in ground source

* 1160 = 7k3CHFRE TR



Ui %« b B A S B AKR R B X 5 47 B9 %

[6]

[10]

[11]

[12]

heat pump system[ D]. Stillwater: Oklahoma State U niversity,
2004.

Sanner B, Karytsas C, Mendrinos D, et al. Current status of
ground source heat pumps and underground thermal energy
storage in Europe[ J]. Geothermics, 2003, 32: 579 588.

Abdeen M O. Groundsource heat pumps sy stems and applica
tions| J]. Renewable and Sustainable Energy Reviews, 2008, 12
(2):344-371.

e, B5F, SR K R KOTSRS #ER)].
AR 18 R 1, 2004, 23(2) : 26-31. (NI Long, FENG Jia
ping, MA Zurt liang. T he research status and progress of the
groundwater source heat pumps| J]. Building Energy and Air
Conditioning, 2004, 23(2) : 26-31. (in Chinese))

Wik, d78 %, MY AT Ja MR SROK ) SR BB
FIRmL T . A5 251, 2012, 12( 4): 12F 124. ( YANG Wet
tao, MENG Xiarr jun, LIN Bao. Impact of pumping - injection
wells distribution and natural hydraulic gradient on heat trans
fixion[ J]. Refrigeration and Air- conditioning,2012, 12( 4): 12+
124. (in Chinese))

Gringarten A C, Sauty J P. A theoretical study of heat extrac
tion from aquifers with uniform regional flow [ J]. Journal of
Geophysical Research, 1975, 80( 35) : 4956 4962.

W4k, SR %, T 75, 4 K IR R GEh Hh R K B &
FOXRRRISE I WAL T . 55 PROR 57 (4 BRBEF R L 2008, 38
(6): 992-998. (HU Ji hua, ZHANG Yarrjun, YU Zt wang, et
al. Groundwater flow transfixion of groundwater source heat
pump system and its influence on temperature field[ J|. Journal
of Jilin University (Earth Science Edition), 2008, 38(6): 992
998. (in Chinese))

Nam Y, Ooka R. Numerical simulation of ground heat and wa
ter transfer for groundwater heat pump system based on reat
scale ex periment| J]. Energy and Buildings, 2010, 42( 1) : 69 75.

225 I R K IE R RE AL A X AL BT 5 D] K
F: MK, 2013, (ZHOU Xue zhi. Energy transport and
heat transfer on ground-water motion of pumping and in jecting
well group[ D]. Chang chun: Jilin U niversity, 2013. (in Chr
nese))

Nagano K, M ochida T, Ochifuji K. Influence of natural corr
vection on forced horizontal flow in saturated porous media
for aquifer thermal energy storage[ J]. Applied Thermal Em

gineering, 2002, 22(12) : 1299 1311.

R, AR, L, AR M RE AR I R I DA DT I e
AN N R 5 TR R, 2012, 20(3) : 447454,
(GAO Qing,ZHOU Xue zhi, JANG Yan, et al. Quantitative
analysis of thermal breakthrough in pumping and injecting
well group area during earth energy utilization[ J]. Journal of
Basic Science and Engineering, 2012, 20( 3) : 447 454. (in Chr
nese))

KA, A, Bh#. AN [ il D] B A B0 28R 7K IR R
LR J]. Rk T FE 243, 2014, 30( 2): 205211, (SONG
Wei, NI Long, YAO Yang. Experiment on single well

groundwater heat pump systems in different distances be

[13]

[14]

[15]

[ 16]

[18]

[19]

[20]

tween pumping and injection screens[J]. Transactions of the
Chinese Society of Agricultural Engineering (T ransactions of
the CSAE), 2014, 30(2) : 205 211. (in Chinese))

5 e, S R TR [l T K PR R JKIE B B AT AT
[J]. KPFH &2 42, 2006, 27 (12): 1219-1224. (NI Long, MA
Zur liang. Study on the seepage theory for groundwater heat
pump with pum ping& recharge in the same well[ J]. Acta Err
ergiae Solaris Sinica, 27( 12): 1219 1224. (in Chinese))

FRIZEZR, BN, VAR, P BE 5 5 K2 R e DL 5 s

R R[I]. KBABE 23R, 2006,27(11): 1163 1167. (ZHANG

Yuarr dong, WEI Jiz hua, WANG Ji. Influence of well pair dis

tance on the changes of geotemperature field due to aquifer

energy extraction| J]. Acta Energiae Solaris Sinica, 2006, 27

(11): 1163 1167. (in Chinese))

YRAHVT, 2 4F, £, 45 3 K IR R G T BT RTIL = 44

BRI T]. Ak TRE22 3], 2014, 30( 2) : 198 204. (LUO Zuo

jiang, LI Wei, WANG Yan, et al. T hree dim ensional num erical

model for heat balance simulation of ground water heat pump

[J]. Transactions of the Chinese Society of Agricultural Engr

neering( Transactions of the CSAE), 2014, 30( 2) : 198 204. (in

Chinese))

U, JR AR, AR, 4 22T A3 DO R K PGS EE Y X

[J]. BKAb R 5K F) BH, 2014, 12(3) : 156-159. (MA Cong,

ZHOU Wet bo, LI Na. Suitability zonation for groundwater

source heat pumps in Xian[J]. Southrto North Water Trans

fers and Water Science& T echnology, 2014, 12(3): 156 159.

(in Chinese))

FRRCAR, BN, £ U, DX 70 K J2 R BE X i 7 1

SOmAL Y] RO AR (AR B RR) L 2006, 46(9): 1518

1521. (ZHANG Yuarr dong, WEI Jiz hua, WANG Guang

qian. Impact of regional groundwater flow on geological temr

perature field with energy abstraction from the aquifer[ J].

Journal of Tsinghua University ( Science & Technology),

2006, 46(9) : 1518 1521.(in Chinese))

FRIEZR, BRI, 2 57, A5 R K PR AE SRBE M 7k #A RS 5 4L

AL J]. R K 222 3R, 2006, 39(8): 907912, (ZHANG

Yuarr dong, WEI Jia hua, LI Yu, et al. Simulation of changes

in geo-temperature field due to energy abstraction from under

ground aquifers[ J]. Journal of Tianjin University, 2006, 39

(8):907-912. (in Chinese))

A H, A, ERAE, 55 K SCH S B0 S R R KU

P KR B S )] B SUE S L R A e i, 2011, 27

(4):3236. (LI Yue, YUAN Jiarwei, WANG Rurxiang, et

al. Hydro geologic status on the tem perature of water in aqur

fer surrounded by the well of standing column well heat
pumps| J]. Journal of Beijing University of Civil Engineering
and Architecture, 2011, 27(4) : 32-36. (in Chinese) )

TRREL. MR KR R ST RE ST IF L A AT A R 5L

[D]. V4% K% K%, 2011. (YU Lirhong. Study on the

ground water heat pump system experimental and well group

arrangement. optimization [ D]. Xi an: Chang “an U niversity,

2011. (in Chinese))

KBRS TR « 1161



