e 5t = 430 5

Caj-cdiET2ZHETI
HYDROGEOLOGY & ENGINEERING GEOLOGY

FK BRI T AR EH T AR PGS S R RE 1 40T

W, Fixg, Zmy, 6 %, R M, 3 A6, a4k

Evolution of deep groundwater balance and renewability analysis in the North China Plain under new hydrological conditions
YANG Huifeng, LI Zeyan, MENG Ruifang, BAI Hua, SONG Bo, GUO Wei, and BAO Xilin

TEZR AL View online: https://doi.org/10.16030/j.cnki.issn.1000-3665.202409073

AT RE RSB HAN S R

Articles you may be interested in

i Sul A S A ) WY AR SR NS e
Present situation and research prospects of the land subsidence driven by groundwater levels in the North China Plain

SRUEIN, 253, EI0E, BRIE, PG, T2 e, ARAEHE, FERER JKSCHBT TR, 2021, 48(3): 162-171
i T S DX b 7K AR 2 KA 9 B 4T

Discussion on ecological water level threshold of groundwater in Baoding Plain area

RS, TOCR), Be g, SHER, T, BEEE KU TR L. 2022, 49(5): 166-175
BET M KAE PR TR SO 4 BT U K -1 23 Ae
Water balance analysis based on remote sensing observation of surface water cycle in the Heihe River watershed

=V, 2SS, HATP, FBERZEE, #RIGE L, FIIH, 5520, SRHGLL, EIp R, Ehaele /K SCH BT T AR M. 2022, 49(3): 44-56
VT R A A S SR R R

An analysis of the evolution trend and influencing factors of the groundwater flow field in the Sanjiang Plain
XAGI, £ R AE, XA, R, 253G 4T /K SO R TR, 2021, 48(1): 10-17
SRR P i G T K S AR SR RE b

Research on the dynamic characteristics of groundwater and regulation capability of aquifers in the intermediate section of Heihe River

Basin

JRUBE, 2SO, AR S, #RIE L, 2296 /K SO TREMIIR. 2022, 49(3): 11-21

X B ARAC/INAE 7 B I 7R TR KRBt A TR SR s 2 %3]

A study of the irrigation strategy to maintain winter wheat production and prevent confined groundwater depletion

ZEfifl, ATHE 7K SCHUST TR M. 2022, 49(4): 207-214



https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.202409073
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.202012037
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.202112020
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.202112029
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.202008044
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.202201013
https://www.cgsjournals.com/article/doi/10.16030/j.cnki.issn.1000-3665.202204027

Vol. 52 No. 3 FRK o TR %524 53
May, 2025 HYDROGEOLOGY & ENGINEERING GEOLOGY 2025 4E 5 A

DOI: 10.16030/j.cnki.issn.1000-3665.202409073

W ox W, 2R, it 05, S5 BT SR TR AR U IR 2 R KK A 5 SR RE 1 40 BT (3], K SCHb BT TR BT, 2025,
52(3): 28-42.

YANG Huifeng, LI Zeyan, MENG Ruifang, et al. Evolution of deep groundwater balance and renewability analysis in the North China
Plain under new hydrological conditions[J]. Hydrogeology & Engineering Geology, 2025, 52(3): 28-42.

FAKERZN TEILEREREM T KAKEERTS
B 1ath

Ay FERY, Zmy?, 8 £0R WY I A, e
(1. PEARAAFRA AR TAL, T ZEE 050061;
2. FAE MR X3 T KS3 @B RIS F M RLSE, A &M 061000;
3. PERAERSE (KiX) FRBFE, Hk XL 430074)

FE: TS AR A S 255 R S T KK TR, 2 3 R KK R L K Sk R 2 R [, 51 % & 90 2L 2SR 85
HoT A, 2015 A LASK, B KA TE . R KGR SR 27 A v B 0 6 A IR 7K A5 IS A e R TR L R Y I A T R A I TR
Ak 5 77 D T ARG R IR 2 M T K IR &, W2 T KK kAR B AR . 6T IR 2 T /K UK S 2 B ik,
R T /K A B8 48 AR AR AL RRAE, 20 M7 1 33 KA X IR 2 b T K S B 52 M RN o R C AR L HR R R G e M T M B A
FRAE 2 M B 15 SEAR AR AN 1B R A KRR EE | TR 27K Sk 22 DU BORRIR ZR 80 4 A 7K 1 0F M 46 b TR 2 b T 7K 38 3 i f k47
LEA VA o T MR K B 75 TR 116 52 R Ml TG T R 4%, AR 3 TR KK Sk VK 2 BRME, BT IR 2 oK AT A . 45K
B 5 2005 4FAH L, R B K RS2 T, 2020 48R J2 HU N /K95 I 3 B S 250G O, ) [ b 45 2 590 0.25%10° m?, A 9 4 b £ 1k B4
0.88x10° m’, AR FFIRZ 1t T /K K Sk AT b F T FRRAS 2 B 5 4t T /K AF 3 TP R /sl 1.41x10° m?, Hb T 7K 45 B fifs /s /b
HHH 12.29x10° m® 4524 9.70x10° m*; 23 [A] 434, FE 50 LU 3748 K 175 33 2R B0 A5 L B BT Pk 4 R AR 358, DA [B) 43 AT, ISR
B9 725 Tk ol 75 T ] 368 30 308 e A ISP ) AR 9L 9 A A B B 2R T AR AR, 2020 AR R )ZE U K TEET B A 2005 4R AR 3
JE UL T K AT F o 8.52x10° m/a, ZEFE 434 F 1L B B H B B e AU X ARTE TR Z b T K AR HES A FE R
TR BE 22 5, DA ] 7K SCHiL IR B0 50 FF B 7KOF- A5 78 28 23, 2015 4F AR IR JZE 1R K 2% IR 0045 2 28 i, (H 1 R A5 SIAR A HL 5% .
WFFT &5 SR XA Jr - T X IR )2 3R K 6 B0 R R AT 5 4 0T 2 R P 25 i B i 7 3L

KRR RIS KA KA AR Ak H T K BERTRE 15 AT RS X R

FEISES: P64l THERFRERD: A XEHS: 1000-3665(2025)03-0028-15

Evolution of deep groundwater balance and renewability analysis
in the North China Plain under new hydrological conditions

YANG Huifeng'?, LI Zeyan'?, MENG Ruifang'?, BAI Hua'*’, SONG Bo'?, GUO Wei'?, BAO Xilin'?
(1. Institute of Hydrogeology and Environmental Geology, CAGS, Shijiazhuang, Hebei 050061, China;
2. Hebei Cangzhou Groundwater and Land Subsidence National Observation and Research Station, Cangzhou,
Hebei 061000, China; 3. School of Environmental Studies, China University of Geosciences (Wuhan),
Wuhan, Hubei 430074, China)

Wi BEA: 2024-09-08; fEIT HER: 2024-12-17 K FME: www.swdzgedz.com

HEWH: EEK B RBAES TS 54 T H (U2244214) ; v [ 5 I8 25 J= b 5 #5750 H (DD20230078; DD20221752) 5 1 b 45 1137 A
FETH R v 7K A A P BA B2 6 331 (225A4204D)

E—EE: BHog(1977 ), B, 8L, RS TR, FENFRPER S KRN XY . E-mail: yanghuifeng@mail.cgs.gov.cn

BIAEE : 20 (1993—), Zo, Wi, B BAFSY Dt , 2K B IPA AR OC T/E . E-mail: lizeyan@mail.cgs.gov.cn


https://doi.org/10.16030/j.cnki.issn.1000-3665.202409073
https://doi.org/10.16030/j.cnki.issn.1000-3665.202409073
https://doi.org/10.16030/j.cnki.issn.1000-3665.202409073
https://www.swdzgcdz.com
mailto:yanghuifeng@mail.cgs.gov.cn
mailto:lizeyan@mail.cgs.gov.cn

2025 4F

Wy oe i, S5 BRI S0 R AR J0 T TR 2 b T K KT 38 72 5 5T B O 4 BT

.29

Abstract: Groundwater serves as a vital water resource supporting the socio-economic development of the North
China Plain. Long-term overexploitation of deep groundwater and a significant decline in groundwater levels have
led to a series of ecological and environmental geological problems. Since 2015, new hydrological conditions—
such as water source replacement, regular ecological water replenishment, and comprehensive management of
overexploitation of groundwater— have influenced deep groundwater dynamics by reducing extraction through
alternative water supplies, agricultural water-saving measures, and heavy precipitation-based irrigation.
Consequently, the deep groundwater balance has undergone substantial changes. This study used groundwater
balance calculation to study the characteristics of key indicators of water balance changes. Using two geological
background indicators, '“C age and the distribution characteristics of the middle Pleistocene lithofacies
paleogeography, and four hydrologic evaluation indicators, permeability, hydraulic gradient, the difference in
groundwater levels between shallow and deep layers, and the interflow coefficient, the renewal capacity of deep
groundwater was evaluated. Based on groundwater depression cones and land subsidence, thresholds for
groundwater level recovery are identified to scientifically estimate the sustainable yield of deep groundwater.
Compared to 2005, the lateral replenishment in 2020 increased by 0.25x10° m’, and interflow replenishment
increased by 0.88x10° m’. These are primarily because the deep groundwater level in the middle and eastern part is
still declining; The average annual exploitation of groundwater decreased by 1.41x10° m’ and the reduction in
groundwater storage has changed from 12.29x10° m’ to 9.70x10° m’. Spatial analysis indicates that the renewal
capacity in the piedmont plains is better than that in the central and eastern regions because of the larger hydraulic
conductivity. Temporal analysis shows that the renewal capacity of deep groundwater in 2020 has generally
increased compared to 2005. The composition and quantity of vertical interflow replenishment and horizontal
lateral replenishment change with the change of mining yield. The availability of deep groundwater was evaluated
to be 8.52x10° m’/a, primarily concentrated in the middle Pleistocene alluvial fan region of the piedmont plains.
Based on the conditions of recharge, flow, and discharge of deep groundwater, as well as differences in the degree
of development and utilization, the imbalance of deep groundwater has been alleviated since 2015, fundamental
reversal has not yet been achieved. This study provides critical insights into deep groundwater circulation
dynamics and offers guidance for the sustainable development and management of groundwater resources in the
North China Plain.

Keywords: North China Plain; new hydrological conditions;

changes in water balance; renewability of

groundwater; sustainable utilization strategies
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Table 3 Average seepage velocity of different unit

B/ (m-d™)

RO
1L R i £X
1980 0.0135 0.002 6 0.002 5 0.004 6
2005 0.0194 0.006 3 0.005 0 0.008 5
2014 0.021 6 0.006 1 0.004 3 0.008 8
2020 0.029 8 0.009 1 0.007 0 0.0127
N

(a) 20054F (b) 20204F
B/ (m-d )
B 0 ~ <0.002 I 0.004 ~ <0.006 [ 0.008 ~ <0.01 E 0.02 ~<0.03 W 0.04 ~<0.05 _ praciespm 0 25 S0km
B 0.002 ~<0.004 [ 0.006 ~<0.008 3 0.01 ~<0.02 B 0.03 ~<0.04 Bl 0.05~0.24 L1
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Fig.2 Seepage velocity of deep groundwater
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Fig.3 Source and proportion of deep groundwater recharge
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Fig.4 Groundwater leakage modulus in 2020
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Fig. S5 Changes in groundwater extraction and stocks
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Fig. 8 Renewability evaluation of deep groundwater
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Table 4 Area changes in renewability evaluation of deep

groundwater
T A /km?
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20054 20204 A fb
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2015 4F LI, FEHL T KR 25 A 1R A KA
SN, WEHL T KRR B NG, il miE
R 2 R 2 MR K JF R X SR R o) ik
23.42%. 29.30%; % R i X DAl Kok F, i FEtz
B KIR, RIZKIF R BRI M 20.30%.
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