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Abstract: Emergencies cause large-scale surface water pollution, challenge the safety of urban water supply
sources, seriously threaten people’s safety, and endanger the ecological environment, economic, and social
stability. The connection between groundwater and land surface is weak; therefore, using groundwater as an
emergency water source is the safest water resource measure. In this research, the Yangzhou urban planning area
was selected as the study area. We determined that the volumetric water required during an emergency is
172 000 m3/d, and the emergency period is 15 days. Additionally, the alert depths of the water level in the second
and third confined aquifers are 20 m and 30 m, respectively. Four emergency water supply schemes were used
according to the emergency water supply plan. Schemes 1 and 2 depict centralized water supplies,
Scheme 3 shows a distributed water supply, and Scheme 4 presents a combination of distributed and centralized
water supplies. Based on the hydrogeological conditions and observation results of the study area,
a three-dimensional coupled groundwater and surface water numerical model was constructed and calibrated
using Hydrogeosphere software. Water table variations caused by emergency pumping of different water supply
schemes and their relationship with compliant drawdowns were analyzed. The results show that the hybrid water
supply scheme can significantly reduce the variation in water level in the study area, slow down the water supply
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pressure of the water source, and reduce the risk of ground subsidence. Moreover, it makes full use of existing pipe

networks. Therefore, a hybrid water supply scheme is recommended as the first choice for emergency water supplies.

Key words: groundwater; alert depth of water level; emergency water supply; numerical simulation; HydroGeoSphere;
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Fig. 1 Location map of the study area
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Fig. 3 Three-dimensional model segmentation (a) and permeability coefficient distribution (b)
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Fig.5 Comparison diagram of the last carved isowater level of the confined aquifer I (a), Il (b), and 111 (c)
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Fig. 6 Location map of centralized emergency water source wells in Dagiao Town and Putou Town
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a—iF 1, b—H 2; c—H 3; d—H 4, e—FH 5, =—3F 6; g—FH 7, h—H 8,
a—well 1; b-well 2; c-well 3; d—well 4; e~well 5; f-well 6; g-well 7; h—well 8.
B 7 AREE DSR2 HKFH B KGR R 8 551 E

Fig. 7 Time series diagrams of water level drop for centralized emergency water supply well groups in Dagiao Town

®2 KIFHEMKFARHK 7d. 15d AR =3 EKHEMKFEMK 7d. 15d A
KGR B R 2R KRR BRI

Table 2 Table of drawdown within 7 and 15 days of Table 3 Table of drawdown within 7 and 15 days of
pumping from the pumping well group in Dagiao Town pumping from the pumping well group in Putou Town
FiRis Hiyhks MWK 7d)5E fiik 15d )5 HEE HiHkE fik 7d 5 ik 15d )5
i /m3 KA Im IKALRET Im i /m3 KA Im JKAL R Im

1 21 542.59 13.45 19.36 1 21542.59 22.41 35.05

2 21 542.59 15.70 23.70 2 21542.59 28.60 46.24

3 21 542.59 17.24 25.72 3 21542.59 30.80 48.50

4 21 542.59 17.21 25.68 4 21542.59 28.62 43.82

5 21 542.59 13.06 18.67 5 21542.59 27.25 40.53

6 21 542.59 15.50 23.87 6 21542.59 28.56 43.23

7 21 542.59 16.34 24.45 7 21542.59 27.47 42.07

8 21 542.59 13.13 19.21 8 21542.59 19.65 29.69

a—iF 1, b—H 2; c—H 3; d—H 4, e—FH 5, =—3F 6; g—FH 7, h—H 8,
a-well 1; b-well 2; c-well 3; d—well 4; e~well 5; f-well 6; g-well 7; h—-well 8.
El 8 JHKEE KNS BoKH B KAGIRERE E 5 E

Fig. 8 Time series diagrams of water level drop for centralized emergency water supply well groups in Putou Town
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26.67 m; fEN; 2K 15 d 2R, SFEK AR K F Bl b, KL IR R R, 7E58 7 d FRIRE
T 4114 m, HIE EEZ 5.6 km. MHFZ) 16 km? 1t TR SRR (20 m), 55 15 d KA R T T AR
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Fig. 9 Contour map of the water level elevation of the
second confined aquifer after 15 days of decentralized
emergency water supply
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Fig. 10 Contour map of the water level elevation of the
second confined aquifer after 15 days of decentralized and
centralized emergency water supply

AR IKBRRAK AL (20 m) o 5 TR HE 7K 55 KK v 2
21.26 m, JRAHAFRRANL(TIL 25 m, HAfX I 30 m).

DX 35k P 565 TR H K A7 s v 56 (1 4 722 Ak A 43 i
FERT A, B TFHKRREDN, Tk 7 d
ZIEidEK 15 d ZJa, HuF KA sh B BN,
WA BUR R T sF, RA AR 8 B8 7K
(VAT 2518

ZEa UL ESER, SrECS RTINS K Oy 5
AT LB /N T AR XA I KA 38 8, s 28 /K U5
BIEEK R 7. 7EFRSE 16 d Bk Z 5, B i A
SRR, A DX H 30 b T 0 8 55 b I 9 1 JRUIRS: R R
FEAR



=

IR S P IR R DX R AR 2 MK 5 8wl AT PRI 431

4 &G

L4 P30 DX A 461, ARl AR DXK Sl o
A, T8 3 My T X A MR K - 2 K R A 5L
THAERY, XA X N 7K St B EAT A4, I X ik
TR K 7 ZE A TR, 4 FP O A AR R o

() 5% 1L FJ5 %8 2 49 5l 32 P AT e R Sk A
Sy 4 AN 2 RE AR K U M £ E B DX, 38 sk T il oK
FEREEAT AR p UK . ARIHEE 2 I IXFE 45 v it
KT ZET BT KIS A4k, S50 BoR, 7En 2t
K 15d H, 7 F 2 A HE X Al K AR AL RS T
Ko TR 180 48 1 7K A7 o 7 U <, (ELRT Sk B A e KK
A7 R R o DX IR AR SR KA, 5] e b ot B3 [ 851 114 JXL
W A, T RO L 1 B KK AT R TR AR R 2o 28 SR I Ao
D] s R ATR LI 32 Sy 4 v = 2 AR i e ) e £
HEIX

()% 3 J ol Sk, KK AR &%
X & K BE 71 0 8 55 43 e 2 4 XN [R) & B K I,
RE R AR oK IR LY 38, (s K SRR S Y
DK G O RS BIA R R, FLAA 51 & i R
18 RS o

R) % 4 HEF o Gk, R ER
SUHEK R, AR Hr A K IR B R SR 5 TR R K I $2 41t
8.32 J7 m3/d MK, BA 91 ARAMBUT R R
I, TIAREKIE 8.88 75 m3d fykiE, WAtk
15 d J&, ZBIUR K KoK TR 18.68 m, R
T 7K B SR KAV (20 m) o 25 TR H 7K e A /K (o7 2 R
21.26 m, JRAEEBRRAKA(TEIL 25 m, HoAth X 5k
30 m). A, SR AT th A g R A KA RE
D b P KRG SR, AT A B SN AR DX AR K
LS, WG K VR A K R T, R AT b 1T T R XL
W, XA AR R FE 48, AT AR A 2 it
KB LT

Acknowledgements:

This study was supported by Jiangsu Provincial
Geological Exploration Fund Project (Jiangsu Provin-
cial Department of Finance Resources and Environ-
ment Department No. 14[2019]).

2% 3Rk

FREENI, SKERE, T, %, 2018, BEH FFR&M T ILVE B 22 0”
X A3 T K i A8 [9]. HiER=44R, 39(1): 94-102.

Bk, THE, EWk, %, 2004, KHTHUT K %0 5 0] £
SRR H[I]. K SCHb ST T A2 M5, (3): 29-39.

BIEME, TLLH], XU, &5, 2017. VLIRAE UYIE b X b T TR XU
B PR [I]. HBTRHE R, 36(2): 222-228.

TLIREKAIT, 2013, V19548 HU T 7K FRoR 5 48 (2014-2020 4F)[R].
B LA KA.

ZEEM, BRaiAy, 1996, M T /K% TGS B = 4 BRI R

BT 5 0 HI]. #ERE2E, 21(1): 103-107.

ZENE, SRR, SCEE, 4, 2022 B R0 D B H TR KO
RIEE T[], HUERELF, 47(2): 633-641.

XIWEZR, TR, 2020. HbgR/Ki5 Y Ui P mr s kR [3]. KRk
29k, 31(2): 302-311.

Xy AR, AEME, 4%, 2022. B fETTHL T 2K N 2K U Y 2
BEK AT A7 P PPN B O S AF ST (3], P B b R R A, 9(L):
115-124.

XU e, 2585, K, 4, 2005. LR T AL KB 0
EWF5E[]. AR KT, (10): 15-17, 67.

otk 2010. VU RGO AR K TR UK ER R R S X[ A
RKIT, 41(24): 7-12.

WIBEE, AR, SEEr, 4, 2011, dbmt 5yl s ik v 2 K
i T 2K G BUE AR K T [3]. FE K A S K BB, 9(5):
103-106, 114.

FH, WA, XUk, 45 2014. bR K %4 FE R A 0 N R K
A TP RAER KA R [I]. KB IR, 30(6): 7-12.

FNETt, 2008. B ¥ HA R 2B R IEBIRI]. HhEREL2E,
(1): 112-116.

FrR, REIZE, ZER, 4, 2011, YT B R K 5 H R KR
ARA[I]. HIBERlE R, 30(11): 1345-1353.

BRUEUL, BRI, A, 4, 2022. WK TS e Wi v R AR
WFoE kR3] o EREE W, 38(5): 27-37.

ARG, MRRAR, PhARER, 4, 2012, v AR 3R B RO T K
iR 550 9], sERER, 37(2): 220-228.

SR, UREE AR, 45, 1998. HEHL T K 5K B AT 4Rk
FF & A AL 5E [3]. HuER 244, 19(4): 371-376.

BRI, BkAF, AUEZE, 2009. HFKHL TR K 32 H SHEA AR
W BAR SR [I]. KR, 25(5): 82-85, 102.

BT KA R, 2018, M ik B IR AR B0 ik
Fil ).

W E g, 25, ZHME, % 2021, FETTHL T KR At KA
PIT—— DL T s B [J]. AN RKIL, 52(9): 46-51.
WAL, VEAERE, BEIEAE, £, 2014 VLR HL R KK RILL R

A FIFFEIR]. FERT: YL Hb BT A AF 5T e

B, ASCE, MG, % 2018, 45T Monte Carlo 751 HHh
FKH T KRR A AU RN 2 A BT [9]. K RI2E4H, 49(10):
1254-1264.

JKILAR, 2010. I T MR K B sk B A BRI [3]. A E KA,
(19): 49-51.

TREA, MR, DRRREN, 4 1997, AZEWE B R AL PR
R OKFRBE RS R S [0]. MR, 18(4): 337-344.

References:

CAI Jinbang, WANG Ping, SHEN Huan, et al., 2020. Water Level
Prediction of Emergency Groundwater Source and Its Impact
on the Surrounding Environment in Nantong City, China[J].
Water, 12(12): 3529.

DAl Fenggang, ZHANG Fawang, WANG Bin, et al., 2018.
Changes of the Groundwater Flow Field of Lu‘an Mining Area,
Shanxi Province, under the Condition of Group Mining[J].
Acta Geoscientica Sinica, 39(1): 94-102(in Chinese with
English abstract).

DUAN Yonghou, WANG Jiabing, WANG Yabin, et al., 2004.
Groundwater resources and its sustainable development in
Tianjin[J]. Hydrogeology & Engineering Geology, (3):



432 o ER

S

CHIE T

29-39(in Chinese with English abstract).

ENDO T, IIZUKA T, KOGA H, et al.,, 2022. Groundwater as
emergency water supply: case study of the 2016 Kumamoto
Earthquake, Japan[J]. Hydrogeology Journal, 30: 2237-2250.

HU Ximei, MA Chuanming, DENG Bo, et al., 2017. Risk
Evaluation of Land Subsidence in Coastal Areas of Jiangsu
Province[J]. Geological Science and Technology Information,
36(2): 222-228(in Chinese with English abstract).

LI Guomin, CHEN Chongxi, 1996. Design and application of 3-D
finite element groundwater transport simulation software[J].
Earth Science, 21(1): 103-107(in Chinese with English
abstract).

LI Xu, SU Shilin, WEN Zhang, et al., 2022. Numerical Analysis of
Estimating Groundwater \elocity through Single-Well
Push-Pull Test[J]. Earth Science, 47(2): 633-641(in Chinese
with English abstract).

LIU Xiaodong, WANG Jue, 2020. Advances in methods for
identifying surface water pollution sources[J]. Advances in
Water Science, 31(2): 302-311(in Chinese with English
abstract).

LIU Yiming, HE Yang, XIONG Xiong, et al., 2022. Feasibility
assessment and scheme research on emergency water supply
of groundwater emergency source in Changde City[J].
Geological Survey of China, 9(1): 115-124(in Chinese with
English abstract).

LIU Zhensheng, LI Ying, HUANG Wei, et al., 2005. On water
distribution plan in dry season of the lower Yangtze river[J].
Yangtze River, (10): 15-17, 67(in Chinese with English
abstract).

MA Jianhua, 2010. Revelation and countermeasures of catastrophic
drought disasters in recent years in Southwest China[J].
Yangtze River, 41(24): 7-12(in Chinese with English
abstract).

MUSSA F E F, ZHOU Y, MASKEY S, et al., 2015. Groundwater as
an emergency source for drought mitigation in the Crocodile
River catchment, South Africa[J]. Hydrology and Earth
System Sciences, 19(2): 1093-1106.

SHEN Yuanyuan, XIN Baodong, GUO Gaoxuan, et al., 2011.
Numerical Simulation and Prediction of Groundwater Flow in
Emergency Karst Well Fields in Fangshan, Beijing[J].
South-to-North Water Transfers and Water Science &
Technology, 9(5): 103-106, 114(in Chinese with English
abstract).

THERRIEN R, MCLAREN R G, SUDICKY E A, et al., 2010.
HydroGeoSphere-a three-dimensional numerical model
describing fully-integrated subsurface and surface flow and
solute transport[R]. Canada: Groundwater Simulations
Group.

VRBA J, RENAUD F G, 2016. Overview of groundwater for
emergency use and human security[J]. Hydrogeology Journal,
24(2): 273-276.

WANG Kun, SHU Longcang, LIU Bo, et al., 2014. Connotations of
safe yield of groundwater and determination of controlled

groundwater level for safe exploitation[J]. Water Resources
Protection, 30(6): 7-12(in Chinese with English abstract).

WANG Xusheng, 2008. Revised Model for Finite-Difference
Modeling of Flowing Artesian Wells[J]. Earth Science, (1):
112-116(in Chinese with English abstract).

WANG Zhonggen, ZHU Xinjun, LI Wei, et al., 2011. A Coupled
Surface-water/Groundwater Model for Haihe River Basin[J].
Progress in Geography, 30(11): 1345-1353(in Chinese with
English abstract).

Water Resources Department of Jiangsu, 2013. Underground water
pressure mining plan in Jiangsu Province(2014-2020)[R].
Nanjing: Jiangsu Water Resources Department.

WEI Xiaoshu, CHEN Yuanhang, CHANG Ming, et al., 2022.
Research Progress on the Monitoring and Traceability
Technology of Water Basins[J].
Environmental Monitoring in China, 38(5): 27-37(in Chinese
with English abstract).

WEN Dongguang, LIN Liangjun, SUN lJizhao, et al., 2012.
Groundwater Quality and Contamination Assessment in the
Main Plains of Eastern China[J]. Earth Science, 37(2):
220-228(in Chinese with English abstract).

WU Aimin, FEI Jin, SHAO Jingli, et al., 1998. A Plan Study on the
Sustainable Development and Utilization of Groundwater and

Pollution in River

Water Resources in Zaozhuang City[J]. Acta Geoscientia
Sinica, 19(4): 371-376(in Chinese with English abstract).

XU Ligang, ZHANG Qi, ZUO Haijun, 2009. Status and progress of
research on interaction and coupled modeling of surface water
and groundwater[J]. Water Resources Protection, 25(5): 82-85,
102(in Chinese with English abstract).

YANG Guogiang, LI Yun, JIANG Yuehua, et al., 2021. Discussion
of emergency groundwater supply mode in Ningbo City: case
of Dasong River Basin[J]. Yangtze River, 52(9): 46-51(in
Chinese with English abstract).

Yangzhou Water Conservancy Bureau, 2018. Yangzhou Water

Bulletin[R]. Water
Conservancy Bureau(in Chineses).

YAO Bingkui, FENG Zhixiang, HUANG Xiaoyan, et al., 2014.
Research on Management of Groundwater alert level in

Resources Yangzhou:  Yangzhou

Jiangsu Province[R]. Nanjing: Geological Survey of Jiangsu
Province(in Chineses).

ZHANG Jiangwei, LU Wenxi, QU Yanguang, et al.,, 2018.
Uncertainty analysis of surface water and groundwater
coupling simulation model based on Monte Carlo method[J].
Journal of Hydraulic Engineering, 49(10): 1254-1264(in
Chinese with English abstract).

ZHANG Yuandong, 2010. Discussion on the management of urban
emergency groundwater source[J]. China Water Resources,
(19): 49-51(in Chinese with English abstract).

ZHANG Zonghu, SHI Dehong, SHEN Zhaoli, et al.,, 1997.
Evolution and Development of Groundwater Environment in
North China Plain Activities[J]. Acta
Geoscientica Sinica, 18(4): 337-344(in Chinese with English
abstract).

under Human



