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Abstract: Considering the occurrence condition and water resources management, this paper studies the zoning of
the groundwater heat pump system in the city of Anyang in Henan, makes the combination of technology and
management and improves the evaluation standard, which is of more practicability. The evaluation of groundwater
resources management and division is established by synthetically analyzing the hydrogeological, hydrodynamic
and hydrochemical conditions of Anyang. The first-level evaluation is carried out by using the improved analytic

hierarchy process of cloud model. The second-level evaluation is completed by using GIS spatial analysis

Ui BHEE: 2020-11-03; 4&iTHHA: 2021-06-10 M : www.swdzgedz.com
EESWE: NSFCIT R AA B IR A F 4 (U1504404) ; il 7 44 BT H S B0 H (122102210101); W A H B TR B AR & AW H
(12A170009)

F—1EE: RICE(1993-), B, WH0F5E A, 38 NFEZ AR T & I BF5E . E-mail: 1534115813@qq.com
BIRAEE: TEE(1976-), B, 104, #dz, 28K SCH B AF5E T/E . E-mail: pingjianhua@zzu.edu.cn


https://doi.org/10.16030/j.cnki.issn.1000-3665.202011003
https://doi.org/10.16030/j.cnki.issn.1000-3665.202011003
www.swdzgcdz.com
mailto:1534115813@qq.com
mailto:pingjianhua@zzu.edu.cn

2022 4F

R, A L TR K IR 2R e Bk B IR B IX R T T - 201 -

function, dividing the groundwater heat pump system into three grades in the study area. The results show that the

suitable development area for the groundwater heat pump system is 117.45 km’, which mainly distributes in the

strong groundwater-abundant area in the center of the alluvial-proluvial fan of the Anyang River and partially

distributes in the peripheral area at the fan edge. The restricted development area covers an area of 459.26 km’,

which distributes in the hilly weak groundwater-abundant areas in southwest and north of the fan margin with the

groundwater level drawdown funnel in the center of the fan body. The forbidden development area is of 24.02 km’

and distributes crossly, covering the water source area, the protected area of the South-to-North Water Transfer

Project, along the railway and expressway. It is more comprehensive and reasonable to take the groundwater

resources management and division into account on the basis of the suitability zoning, which may provide

references for the scientific layout and rational development and utilization of the groundwater heat pump system.

Keywords: groundwater heat pump; cloud model; water resources management and division; Anyang
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Fig. 1 Location of the study area and the sampling points
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Table 1 Basic characteristics of the suitability zoning index of the study area
Him  EKME(m’d) MR FOKIEEEm || g KM m®d ) MIFEER% KRR /m
Z1 518 54.44 19 74 5112 75.11 36
IRICH 4
677 44.65 17 75 756 65.71 42
73 5232 91.74 38 76 1735 65.56 45
H' IRAF 2T i/ mg-L ) %Tﬁif—lﬁw P IKAF 2T TR mg-L ™) W;ﬁﬁfﬁﬁ)%
X1 HCO;—Mg-Ca 583.5 1070 X13 HCO;-Cl—Ca 620.5 1120
X2 HCO;-Cl—Ca 555.5 870 X14 HCO;—Ca 540.0 900
X3 HCO;—Ca 441.0 760 X15 HCO;-80,—Ca 548.5 910
X4 SO,—Na 200.0 1150 X16 HCO;—Ca 4475 740
X5 HCO;—Ca 696.5 1160 X17 HCO;—Ca 392.0 640
KR e HCO;—Ca 286.5 480 X1  HCOySO,—Ca 499.5 780
X7 HCO;—Ca 549.0 930 X19 SO, HCO;—Ca 419.5 700
X8 ClI'SO,—Ca 1175.5 1800 X20 HCO;—Ca 348.5 590
X9 HCO;-Cl—Ca 768.0 1380 X21 HCO;-Cl—Ca 691.5 1190
X10 HCO;—Ca-Mg 318.5 550 X22 HCO;-50,—Ca 596.5 1010
X11 HCO;—Ca 340.5 580 X23 HCO;-S0,—Ca 548.5 910
X12 SO, Cl—Ca 604.5 1230
s R KA imfﬂi{ﬁ P Hﬂiﬂqﬁ ﬂﬂfﬂf& e HiUR K7 iﬂfﬂf{ﬁ e Hﬂfﬂqﬁ ﬂﬂfﬂf&
A e R /m AR IR /m % /m  AFEAFE/m R /m AEAR IR /m
Y1 25.75 -0.13 Y9 10.02 0.97 Y17 4.68 -0.07 Y25 61.00 3.28
Y2 14.60 -1.30 Y10 12.30 0.50 Y18 3.00 0.18 Y26 20.10 1.60
Y3 13.26 -0.31 Y11 5.37 0.49 Y19 1096 1.16 Y27 15.25 0.47
KIDHEIE g 19.24 -1.02 Y12 3.40 -0.43 Y20 2628 0.92 Y28 17.48 1.03
Y5 24.05 -3.69 Y13 6.23 1.45 Y21  30.64 -0.19 Y29 14.19 -0.37
Y6 25.80 -0.30 Y14 3.31 -0.74 Y22  30.70 0.50 Y30 12.72 -0.28
Y7 13.23 223 Y15 4.14 0.09 Y23 4432 1.22 Y31 12.20 -0.90
Y8 10.12 0.05 Y16 476 -1.19 Y24 3698 -2.97 Y32 9.09 0.87
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Fig. 2 Evaluation system of groundwater resources management
zoning of the groundwater heat pump system in Anyang
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Table 2 Definition of the importance scale of cloud model
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Table3 Weight calculation results of the cloud model improved AHP
T WEE B A E G E T
JEtE)Z BEE

Ex En He Ex En He Ex En He LK1 LR2
K 0563 0556  0.560 0353 0340 0343 0.207 0.349
KB 0627 0611 0613 [l 0306 0315 0314 0192  0.192  0.192 0.361 0.124
COKBIRE 0.131  0.129  0.126 0.082  0.079  0.077 0.080 0.066
K 0238 0246 0245 imﬁkjﬁtﬂi?% A 0.688  0.688  0.874 0.164  0.169 0214 0.153 0.260
MK 0313 0313 0.126 0.074  0.077  0.031 0.077 0.130
TRAEZ AT 0.546  0.544  0.547 0.074  0.078  0.078 0.066 0.038
KA S A 0.135  0.143  0.142 fipe 0.288 0285  0.287 0.039  0.041  0.041 0.036 0.012
AR AR 0.166  0.171  0.166 0.022  0.024  0.024 0.020 0.021
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Table 4 Index scoring
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Fig.3 Groundwater resources management division of the groundwater heat pump system in Anyang
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