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Fig. 2 Hydrogeological profile of the study area
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Fig. 3 Multi-year changes of precipitation stations and representative wells of groundwater level in Anyang
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Fig. 4 Data processing flow chart of groundwater recharge model

(1) Z 4 TR A 1 3 Pk 1 b 7KK Ao
S0 R e e Sl R A AL B

(2)FT R AU BS 1 U8 - 8 4 Spatial
Analyst T HH kriging $fi {FFF 53 804 5 578 284>
BIFFE DX, 23 b B T T 7K A 2 1] A AR K 728
P B B BT A S0 BT A B

() MG AT BEH 330 2 W HE K S M By T
IR - 22 ArcGIS H{EAL RIS« 38 i 11 70 A7 $12
IREEE L, B TSR LT 5T DK AR iR A7 23 X
ST AR N KA W 23 DX P2 0 K B 3 IX IR 2 T
BT B R PR TR shp STHF . 275 M 8
T shzl.

(4) T 3 73 A TR0 AS [R] B Je 4 X & J= Ay

BN 2 R KA IR LA R
)Xt & IE i & B E LB )5 - th 7Bt
ARTTR RN MR KRR SR Gk

HE R AX N
Q=Q +Q (3)
Qi =0.001X > uXF, XA, (4)
1
Q,=0.001X > uXF; XA, (5
1

:—th:'Q ﬁ'é%l\é/a\EJZ mB;Q1 Q ﬂﬂE\ﬁ%l‘éﬁiv
e’ s HEEIKEE s F /KL BN ms A Sk 43 X T

%/E{vkmz °
2 HBRE5SR

2.1 “7 < 19”3 @ B AKSFAESHT
2.1.1 ZEWHRAEM

R 22 BH T 7K SR 5% 6 80 JRy W D £y 42 A i
PR WIS A DG T « 197 (R W W I R (3 1), Bk
F ArcGIS B 4K p B4 8 33 Kriging 45 [A] 4 B
TR R T S E) A AR SR B R 5.
P SRR R BRI K 2 B 0 s — &% B
SLVGIRFIMIN 19 AR AL — k. Bima -kl 43 4. 24 h
T R B R HEAE 400 mm R AR T 4R 5 3 W 3000
PR 24 h FE KRFEH B 668 mm; 55— M T4 BH
T IX A2 BB AR RE-PY G 1) 4301, 24 h ek
R TR 0 7 300 mm DA _E o B TR A0 222 FH 3 A 00 4 40
W24 hig KFETR= 413. 9 mm,

F1 AT 19K ERENETE

Tab. 1 Monitoring data of "7/19" torrential rain in Anyang

s WEDEAFR MRE/mm || 45 WSS AFR PR E/mm
1 5| 668.0 12 bizg | 148.3
2 W 667.5 13 T 84. 8
3 I 111.6 14 /NI 245,17
4 K 131.6 15 Ft 138.9
5 X5 134. 4 16 B 92. 4
6 R 68. 4 17 Eiell] 323.1
7 il 218.6 18 —HAf 263.9
8 5k 146. 1 19 WAt 186. 3
9 INE 163.6 20 R 124.5
10 il 133.9 21 FA 179. 4
11 TRpZE 97.8 22 HREL 137.5

S MRS ZFR PETE/mm || g5 MRS AR PRI E/mm
23 Bk 330.0 34 T0 53.6
24 N 137.7 35 Py 79.7
25 Rk 249.1 36 RARIK 61.2
26 /N 303.7 37 o 47.0
27 AT I 613.8 38 KIr Bt 177.3
28 2 300. 5 39 AlE 145.7
29 Kif 245. 8 40 AR 159. 6
30 RITEC 292. 0 41 A 204. 3
31 I 413.9 42 oL 145. 4
32 [ 8% 125. 4
33 ¥ 61.9

TG VR 8 FRTARE A — A2 B T 5 K« 22 P LT KR
W Sk R AN T RRAE K SE N B 1 h e KR TR
93k 100 mm Ph_F MR T AR B VIR AEZK T &3k 24 h
KRR A 668. 0.667. 5 mm, P T4F—i, £
vl 24 h i RFEW RS =A% 8, Fia 2w

TG R W 2 At L % sk B e BH /N RS
V7K PO AT 7 S e e KA L T S T X R AR
B X K E P, L BT 2E PH K SCash Wi gk
AT o 197RERER K AT ST AR ) 265 —
KiK.,

KKK R <+ 1107 -



F19% %64 mALE G AR CE IO

2021 45 12 A

B> BRETESHAEEE
Fig. 5 Rainfall spatial distribution contour
2.1.2  BEKEFAEAT P BT EE 5 hy B K 75. 81 m. A8 H A R K
GEWIKSCHT + 19" MOROK RO B UG VER L O 63 ml BIRIEY 1980 m'/s. BOK TR B

P 6 UK g BRIt K, 7 3 19 | 18 I 20 43
K BRI 67. 51 m; 23 F 30 J3 ik F g K

75

70

IKAE/m

65

ik 40 h,
5656 /2 m’,

2222 PP S R B T A 35 e K

2400
2100
1800
1500

1200 -
~——— K A7 900 1

- =2
ILEE 600 By

00

(%)

aﬂﬁﬂ/h
“7 .

& 6

2.1.3 i %h IR AT
Wm%ﬂ?*z@%ﬁﬁ@ﬁﬁﬁBﬁ%$ﬁ
TR HL R K (& 7Ca) L 7(b))  H R 7K A5 ]
B 7 T EHEH HA . (I REH HL T K
TERE) (2016 A7) WR » % BT AR BB IR X VR 2 H T
IR R 5. 66~ 34. 24 m, Ay TR 1k 7K 5% Y 4 1L

« 1108 -

K % KK B

32

||||I||||||III|||||||||||||||||0

44 48 52 56 60

197 #t k252
Fig. 6 “7/19” flood process

THEFEZS R, A2 2T UEKEE0R .7 « 19”544 B[R] Jn]
T KA PR BT kb 255G FR DA R IK M43 HL R 7K Ry
F L EUK AB SRR 3 3 BB (Bl 7(e) J7(D)
GE2 o A - g TR R 8D« B B 1 ok ik B, I
B 7D 1—2 BB K B s KA A g T T, T]
SR S B #MA L T K 327K KA ik

k2



Felf, & AP R KK R M T AR & T A A R

SN, B KRR BB 2 g y], DLIE 7¢O
23 BrBes E K AL 52 BEKSE M AT BT I
BT 18 e L T R K P AT  (  52 R B A TR
KRB AR S T8 i 8 A AR A T R AT 8
e, 3t FEUE K 22 R PR ST E R T AR R 55 B 3

IR WLIE 7(DH 3—1 BrBe EFAOK A IR T
K BN B i BUR BkA>  Z2 Wk IR R 2R
Ao WIFE KR b RO I DX < 2 D b £ L8
JRANRDSE (] 2) KM AT T E LR 20T PR 3]
18 MR I RS (b2 T KSRt R4 i B 45 F

7 RMATHFEREXAEMERE(Thomas C. W. 2 F 1998 £)
Fig. 7 Anyang city plain area river channel supply(Modified by Thomas C. W. in 1998)

2.2 T Kee B oM
2.2.1 ARMELT

FRIEAIF 7T X 75 2 b T 7K 7K AL W H () 43 A Rl
FIN W FERH 58 B M, BEHUZ BT 27 45 (NYS27
A 22 5 (NYX22 2, 7B 11 5 (TY11
5 NEE 28 B (NH28 5) .34 5 (NH34 5)% 5
ARSI A AR I (B D 4307 2004 4F 1 H & 2016
A 12 F KA W RSB AR 7 R R B B [ I o AL
F2. MK 3 ATHL, ZWELW, FERFFER 6 £ 9
AT KA 2 bl 2 A RN A S B . MR K
A7 W BCH S A R KA i R e R[] 3
Ak SRR [R5 2t BAE T 2= 2 5 s U HE R 7KK
AN 3 T g e by B AT — o IS P R KA B T
) B LU 2R L E] K

F2 XBETELAR

Tab. 2 Correlation degree calculation results

JH 3 WIS KRERRE -
NYS 27 %5 0. 866 6
NYX 22 %5 0.859 5
2004 4£ 1 J1—2016 4 12 ] TY 11 % 0.858 6
NH 28 & 0.862 2
NH 34 & 0. 860 0

DR K KA W - B 7K 7 AR i A NS %8k
Gy Ch) S BT EAE R BB « (k) L 3% Bk
HHEHR 0 SRR . S5 R (% 2) RWAHFIE X%

TR R HE R OCIEBE ~ ¥R F 0. 85, WML T K
TR R A2 A TR R S T A SR i
2.2.2 t4EITE

PEIRFE R B MIAEAE 2 D2 L, B AR
(R RR H (24 b FEFRE =400 mm) {37 T P 30 1L
T X, IR R o0 (24 h BT B =300 mm) {37 T
W AAEET « 197 SR X PU AR J5 IX R
ARG UR B W25 A e AR M T AKOK 7 AR fb a3, i
BewFoE X 21 BRI KA I H 7 2 9 H B9k i bR
e B T K AL R AR IR AR N ) R B A T
kriging 25 [A)4fifE. L4 0.5 m kg 7K (v 725 i 45 X A e
AT SAE LR PRI, 2 7 1 KK A7 AR i 43 DX 12 L
Kl 8Ca), HIE 8Ca)AIHN, “7 « 197 B WPk I )5
T KA A B R T KAV AR e HA 5 B R A 2R
AR — 3, BRI R RN O R KA R T
FRBA S o TE KA AR R 43 XA B LAk L 255 D
G GBI IX AT LR s T ArcGIS XHFFTIX 457K
FEHAT A X R ST A KA IX B2 LA 8 (b)),

R b AR AL I YR R T M ARG A 5 X R 2
MR S5, 1942 m’ ., ek X Z AT K
S K T < o AR T =1 DX R KA 9] T i
JE L TR 3K A [T B K A BRI < ot 7 5 1
TUFH 7K A7 AE 1 3. 88 m, HLABIT [ 16 5 /K A3 A%
1.93 mEH 1. 95 m,

KKK &R+ 1109 -



F194% %64 mAE G AMAE(FIEID 2021 £ 12 A

B8 MTKIMFENEERNSHELIER

Fig. 8 Parameter layer of groundwater storage variable calculation model
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Response of shallow groundwater to rain-storm flood in Anyang City plain area
LI Xiaofeng' , PING Jianhua® ,ZHAO Jichang® , YAN Shousong' , HOU Junshan’ , GENG Wenbin!
(1. School of Water Conservancy Engineering , Zhengzhou University , Zhengzhou 450001, China;
2. School o f the Geo-Science & Technology s Zhengzhou University s Zhengzhou 450001, China;;
3. China Institute Geological Environment Monitoring ,Beijing 100081, China;4. Anyang Hydrology and
Water Resources Survey Bureau of Henan Province ,Anyang 455000,China;
5. Zhangwu Nanhai Reservoir Project Authority of Anyang ,Anyang 455000,China)

Abstract: The North China Plain has become the most serious groundwater overexploitation area in China due to development
and utilization of groundwater resources. Rainwater resources have gradually attracted people’s attention because of potential
water resources. However, most of the current researches focuses on increasing the conversion rate of rain-flood resources and
analyzing the fluctuation of groundwater level, lacking the concerns on the characteristics and amount of groundwater recharge
under the influence of rain-storm flood events. Based on the systematic analysis of rain and flood events, the response character-
istics of groundwater to rain-storm flood events is discussed,a groundwater recharge solution model based on ArcGIS software
is proposed to quantitatively analyze the response of groundwater to the events.

7/19 heavy rain-storm flood event in Anyang City is taken as an example. Based on the long-term monitoring data of
groundwater level and rainfall, the grey correlation coefficient between the elevation value of groundwater level and the precipi-
tation in the corresponding period is calculated, and the correlation between the variation range of groundwater level and the
precipitation is determined. The collected monitoring data of the 7/19 heavy rain from groundwater level monitoring wells and
precipitation monitoring stations in the plain area of Anyang City are used to analyze the spatial distribution characteristics of
rainfall. Groundwater recharge solution model is established through ArcGIS according to the temporal and spatial distribution
characteristics of rainfall and the changing trend of groundwater level. The steps are as follows: the variation of groundwater
level is calculated and the point data is filled into the whole study area by Kriging interpolation; use the surface analysis tools of
ArcGIS to partition data such as water level variation and hydrogeological parameters to establish corresponding attribute
thematic layers; perform overlay analysis on attribute thematic layers, define projection to calculate the recharge of
groundwater.

The correlation coefficient show that phreatic level and precipitation is greater than 0. 85, which reflects the amount of
groundwater resources is significantly affected by rainfall intensity. The 7/19 heavy rain formed two rainfall centers:One is lo-
cated in the western part of Anyang County and the northeastern part of Linzhou, distributed in a north-south direction. Other
one is located in the urban area of Anyang and central Anyang County,distributed in a southeast-northwest direction. The total
process of flood discharge caused by heavy rain lasted 40 hours. The total amount of discharged floodwater reached 65. 6 billion
m® based on estimation of the large cross-section measurement in Anyang Station. The model calculated total amount of ground-
water recharged to the study area was 519 million m®, the flood conversion rate was 0. 8%. Using the same model to analyze the
storm flood events since 1980, the response degree of shallow groundwater to storm floods is directly proportional to the precip-
itation intensity.

Compared with other studies,it is an efficient, intuitive, and feasible method to establish a solution model by using ArcGIS
software to determine groundwater recharge which has relatively low data requirements. In addition to the 7/19 event, the
analysis and calculation of three torrential rain and flood events in Anyang City exhibited good results. This model is suitable for
the calculation of groundwater replenishment and quantitative analysis of rainwater resource utilization in areas with limited
data. It also provides a certain reference value for rainwater resource utilization and groundwater response analysis. Under the
influence of human activities, there are various correlations between the change of shallow groundwater level and precipitation in
different regions. It is necessary to determine the correlation between the change of groundwater level and precipitation to ex-
clude the influence of other factors on the change of groundwater level to ensure the accuracy of the model.

Key words: heaviest rain-storm flood; Anyang City plain area; correlation analysis; groundwater recharge; response
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