5485 4 hOE R Vol.48, No.4
2021 48 A GEOLOGY IN CHINA Aug., 2021

doi: 10.12029/gc20210411

Mo, & SCBE, STABIN, 215 A AT T s 3047 R, E05, £, 2021 37 40 4L TS5 R /K AL AL B8 B HOBR IR A
W), LT, 48(4): 1142—1155.

Yang Huifeng, Cao Wengeng, Zhi Chuanshun, Li Zeyan, Bao Xilin, Ren Yu, Liu Futian, Fan Cunliang, Wang Shufang, Wang Yabin. 2021.
Evolution of groundwater level in the North China Plain in the past 40 years and suggestions on its overexploitation treatment[J]. Geology in China,
48(4): 1142—1155(in Chinese with English abstract).

IF 40 £F SR AL IR TR A 5
RHBRAERIY

TS TN PV LR S SN 1
5 WEE, R, EHE S, TR

(1. % B 3 AL 3 12K bR BRBE R AT 7T, 74 B R JE 050061 ;2. T H -F R F K5 s & i B B R EF IR 9Ll #F 5
3k,7 b B RE 050061; 3. F EFAE AR ZWFAE PO, R iZ 30017054, #7364 37 3135 Bl 1z, 7Tk B ZJE 050011 ;
5. 6T W R ERIE WM B 3E AL 10019556, KT HRAZA AL, X Z 300191)

RE AR R E =R — | AR R 3272 X 22—, GO R e R X, 22 X F X P, by
BERLE T, M KRR R E M HKOKIR , 5 SR 70%Z25 47, H 20 20 70 AR LR R KRR
AW, I A 7™ R SRR T RIS B /K A7 BT U =1, S I 5 | M i e e b 244 R bRk K A
1R E— I ABE MR w8, ) L4t S 2B W R R o WFFT R KA AR 1] LA b AGHE R 36 B AT T S8 4
LS B ARSI T AR B 2019—2020 45 157 5 1 B /KA GBS K 7 sk A2 eRE BF98 T 2020 4F Bk HL 7K
D7 KR S r ARARDL , RGEHT T T 40 A4 b R /KA AR ARARRAE o BIFSE B ARAL T B AR VU v 2 M T 7K A 2 3
FZ AL LR, 20 4D 80 45U E 2014 45 R PU 2 0 T /KA FRSE Pk T [, B3 MRS 20~60 m, AAT LT kAR
J G — T KA R MR R K, 2014 48 g /K AL IR T AR /KIS , PR 1L AT F2 B T A A7 1 B 1B T 5 rp 2R 3o DX K Ao S B 1 4K
BARAS o RZHUT /KA 20 1140 80 4F AR 22 2014 4F , BV TR RS, i 2= B i X /K A7 B R 32 5, BB ik 51 40~
90 m; 2014 4 JE 3 T X 5 400 X IR 2 b /K A7 2 25 Sk &R, I X KA, [ T BH e, g ol DX AT 2 B T Rt 34
UEAN, TE N KA S AT SR L, LA R ACR AN BRI KR R B bs B2 1 T AR X 1 H AR K A7 BUEAFFE
il b KR A TR TR B 58 LA T A7 W 0 0 LA B i K AL Al /K U5 T A PR AF 98 A . S
B S AE AT TR T /K R RAG UV B, H R KA R T S 2 R T oK R -G I & A B B S
X E ORI MRS s H R KA R TR 1 5 R IR A K SCH TR A TR

FE SRS P64l XEEFRERS A XEHRS:1000-3657(2021)04—-1142-14

Evolution of groundwater level in the North China Plain in the past 40 years
and suggestions on its overexploitation treatment

YANG Huifeng" ?, CAO Wengeng" *, ZHI Chuanshun"?, LI Zeyan" *, BAO Xilin" *, REN Yu" ?,

Yo B H#A:2021-03—24; 2 [ B 1 :2021-06—17

EEWA : P EHFHA R (DD20190336,DD20160230) B .

TEBRN A0, 1977 4 Tl S g TR, 3222 Sk SCH BT 5 7K BERAIESE 3 E-mail:yanghuifeng@mail.cgs.gov.cn
EIEE SO, B, 1985 474 Tl IAESE 61, 322 =i /K SCHBER LA HFSE 5 E—mail:caowengeng@mail.cgs.gov.cn o

http://geochina.cgs.gov.cn H1E LT, 2021, 48(4)



5484 B 43 My W55 3T A0 AFRARL T IR /K 8 AR 5T SRR IR AL 1143

LIU Futian’, FAN Cunliang’, WANG Shufang’, WANG Yabin®

(1.The Institute of Hydrogeology and Environmental Geology, CAGS, Shijiazhuang 050061, Hebei, China; 2.National Observation

and Research Station on Groundwater and Land Subsidence in Beijing— Tianjin— Hebei Plain, Shijiazhuang 050061, Hebei, China;

3.Tianjin Center, China Geological Survey, Tianjin 300170, China; 4.Geological Environmental Monitoring Institute of Hebei

Province, Shijiazhuang 050011, Hebei, China; 5. Beijing Institute of Geo— Environment Monitoring, Beijing 100195, China;
6. Tianjin Institute of Geological Survey, Tianjin 300191, China)

Abstract: As one of the three great plains in China, North China Plain is also one of the main grain—producing areas. As Beijing—
Tianjin—Hebei coordinated development zone and the Xiongan New Area are both located in the region, its geographical location is
extremely important. Groundwater is the main source of water supply in North China Plain, accounting for about 70% of the total
water supply. The increasing exploitation of groundwater since the end of 1970s enables it to be in a state of serious overexploitation
for a long time, forming a huge groundwater depression cone leading to a series of environmental and geological problems such as
land subsidence, ground cracks, wetland degradation, seawater intrusion, etc., restricting the sustainable development of society and
economy. The analysis and research on the evolution of groundwater level can provide support for the treatment of groundwater
overrun and the restoration of falling funnels. Based on the high— density simultaneous measurement of groundwater level from
2019 to 2020 and historical groundwater level data, the flow field and funnel distribution of the current groundwater level in 2020
were clarified, and the variation characteristics of the groundwater level in the last 40 years were systematically analyzed. The
results show that the shallow groundwater in the eastern and western parts of the North China Plain develops in different ways, the
shallow groundwater in the west of the plain continued to decline rapidly from the 1980s to 2014 with a cumulative decline of 20—
60 meters. The water level in the edge of alluvial and diluvial fan in the piedmont of Taihang Mountain declined the most. After the
South— to— North Water Transfer Project began supplying water in 2014, water levels in major western piedmont cities stopped
falling and rose. The groundwater level in the central and eastern regions fluctuated naturally. From the 1980s to 2014, the deep
groundwater level showed a general downward trend, and the water level in the central and eastern regions dropped the most,
reaching 40— 90 m accumulatively. After 2014, the deep groundwater level in urban areas and agricultural areas developed
differently, and the water level in urban areas recovered obviously, while the surrounding agricultural areas still showed a rapid
downward trend. Additionally, based on the analysis of groundwater evolution, aiming at the balance of groundwater mining and
recharge and water level recovery, some suggestions are put forward to carry out the research on the threshold of target water level
for the prevention and control of overexploitation areas, formulate the groundwater abatement and recharge scheme, and optimize
the groundwater level monitoring network. The research results are of great significance to support the accurate management of
groundwater overexploitation in the North China Plain, the restoration of groundwater depression cone, and the rational

development and management of groundwater resources.

Key words: North China Plain; evolution of groundwater level; groundwater depression cone; suggestions on groundwater
overexploitation ; hydrogeological survey engineering
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Fig.4 Changes of groundwater exploitation quantity in the Beijing—Tianjin—Hebei region of the North China Plain
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Table 1 Annual decline rate of shallow groundwater level, precipitation and mining module in different periods

i - . ﬁ%ﬂmﬁ@wﬂ}ﬁ ) Nﬂif*% AR

B i F il IS R

1980—2005 -1~0 2~0 -1~0 2~-1 -1~0

IKABLAE I8 R/ (m/a) 2005—2014 0~2 -2~0 -1~0 -3~0 0~1
2014—2020 0~2 0~1 -1~0 -5~-2 -1~0

1980—2005  573.42 489.61 579.37 489.54 531.81

LK B/ (mm/a) 2006—2014  579.56 503.49 584.50 494.71 560.72
2015—2019  560.56 507.46 606.39 441.51 558.13

N .y 20012005 1.69 1.45 / 1.02 0.61
FEERBE A0 kn') 00 0015 1.47 1.28 / 0.97 0.49

W S101 (At 5T EE A ) S, 2000 4F Z 1, 52
R IR, R JE R KRS TR, N
0.15 m/a, 2000—2014 4, [E 5 HH ICHBT ) 228 ¥ 85 AL Hb
KB FUK AR, H R AGHE SR IGHL T AR
AT RS R A7 1k R 5 B/ INIE 81T}, KA B R AR
YI EF0.4 m, 2014 4 )5 , Ffi 4 ma 7K AL T REfIEOK
DL KRR TAEEE ) BE R VR 2 K A 4k sk
I AEY E 0.6 m/a([El 6a) .

L AR B 2 b DX MR 7K A3 2014 4 2 i 2 A
LR R, 2014 47 J5 B S B W T AR . LAJE
TE] i L AR RS G A 1 A R i B W S, A
2000—2014 4F, 1 N 7K PR 58 A, 12 R KAz
RGN 3 m/a, RV TEIE TR 1 KA R
K1) 2R, 2015 48 5 B 1 rg K JB I T AR i ¥
A ST AR TE K M K2 0k e K A R K R
W, W ARk B A2 B AV HE R Z T PR R M
IKIEZm , R R R e TR (E 6b) .

AR TR B X 2 R K UK ARsK R
&, TR D KA ShASFRAE T BRI 18
W shkaF, LI N T X2 Wil A ], 2000 4 2
I, KA BER A AEFEAE 1.5 m Ak R %3, 2000 4
Ja KDL B BRI (E 6c) .

432 REHT KAnsh & T AL

AEL AR PR 2 R K Sk AR b 22 S I
P LA )2 T 7K Sk 2000 4F 2 Jif LAFRSE T [
R AR AN AR R SR/ MEFR T, LA

KATIAPE B s Wik 1], TR IZ A KK
3k [ 1990—2000 47 I T R #i, SRR 20
m, T SR AR FU TR 2 2R R 52001—2014
ARV Z KA /INIE R B, 2014 48 )5 Bifi 5 7K AL IR T8
Ko NI SR TAEGRASES 12K Sk AR
B W, 2015—2019 4F L F 7K sk BT 7.2 m, 5544 T
1.8 m([&l 7a) o RATIIHIF B 28T X TR = Hb
TFARMEIH K Sk R RESE T R, 2014 4 2 BTTR
JEIK LR 0.8 m/a, 2014 B4, 32 5 Fg KLk & 4
TRIZHL 7K IR DL G AR TRl AR A K A
TRIZ M T 7K Sk R W 5 (&1 7b) .

o R BT R 2 T Kk S SRR B R R B
HREG PG T Bk S R IR S AR B A7 B FE
P Rl THE T TSR S0, LA K T 2 e L g AR R
2R KA W H A 5] (] 7e) , 1994 4F 241K 2 H
KRR TR, KSR B INE 70 m, 423
TR T PRI S 2 m/a, [AIRE, VoM R B B TR 2
ISR H-t s (1 7d) , R)2 R K Sk B 45kt
BN BRI H 2000 4 USRS T R R 2
HT A 0.6 m/a B8 %2 1.1 m/a, I [ R 13 1
%, 3T 30 4F BT RFIE IR ] 60 mo AV TC R CK
U5, A R R b T 7K R 3 B P AR BT R R 2 R K
SAFSE TR R 2

5 48 i

(1)L 40 42 , AU J5i B 7K U] R 3 2

R2 SMBRREM T KK EHREE FEKE FRE—K

Table 2 Annual decline rate of deep groundwater level, precipitation and extraction in different periods

5H . KATW FRZR T #BALHIX “bblX
[IRR 5 =M b b 5
1980—2005 2~0 4~3 2~0 -1~0 2~-1
IR AE Y B3/ (m/a) 2005—2014 -1~0 0~2 2~0 / /
2014—2020 -1~0 6~-2 2~0 / /
TR RAB AL 2001—2005 0.18 0.58 0.16 / /
/(10'm*/a-km®) 2006—2015 0.19 0.59 0.16 / /
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