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Abstract: The per capita water resources of Huaihe River Basin are 475 cubic meters, which is less than one quarter of the national
per capita water resources (2100 m®), and the quality of groundwater is poor. The contradiction between supply and demand of water

resources is prominent, which seriously restricts the high—quality development of regional social economy. Based on the theory of
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water cycle, the study analyzes the groundwater resources, influencing factors, sustainable development and utilization potential in
Huaihe River Basin by using the data of multi—stage groundwater resources survey. The results as follows: (1) The water circulation
process in Huaihe River Basin is mainly affected by artificial mining, which leads to the continuous decline of groundwater level
and the weakening of effective evaporation; The natural resources of groundwater in Huaihe River Basin are 32.697 billion m® per
year; (2) The quality of groundwater in the basin is generally average, and the proportion of Type I —III water in pore groundwater
is less than 30%; At the same time, the water quality is deteriorating compared with the historical data; (3) The exploitation potential
characteristics of shallow groundwater in the basin can be summarized as the south is greater than the north and the mountain area is
greater than the plain ; Jiangsu and Anhui is relatively larger in the Huaihe River Basin; On the contrary, the shallow groundwater in
some areas of Eastern Henan and southwestern Shandong has been over exploited and has no potential for development and

utilization; Finally, the surplus of shallow groundwater in other areas is small; (4) The results provide a geological basis for the

scientific development and utilization of regional groundwater resources.
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Fig.2 Precipitation per month in Huaihe River Basin

Ji XK R I A AT PP o P D X b T 7K DAL B
KR BN AR . I N AR FLBRK R 4 S5
ST, TR 2 AT FLBR R /K AR S 4478 25 ka LA | (28
I, 2005) , HETAESARZMT O NHIZZ T
TKAAS RT3 R 7K, ARG RIE

Hi T 7K PPN A R K S AR ) (GBY
T14848-2017) 2K H S F 25 G 1R 1, X 35 3014
DS/ 00 R A fKe 22 1= 7571 1

H R KT R TP S IR G R KT S0 H
RER) (GWI-D4) FFJRM I, 1 R AESHCh
TR R B % R BN AR A 5 PRI R A L
B, ZE=1.4, BRI K, 12~14 TR TR,
1.0~1.2, FRi 1BV, ZEL< 1LOFR T,
3.2 HEFKIE

DLERS R MR KSR DA s S St Y s ek
N 2000 4F LUK TT R 1) 120 43 W8 125 J5 7K SCH 5 A
TAE AR 3T b 5T R A R L 275 880 A4S 2K S
TR Sl A OG0 AR, 25 A VD R AT — i ] it Bk K
SCH TR A7 I H B AR MR T R
WABRZEGKZFRKERE D X T KRR
R LRI ] kM R B R RBOK RBLR A AR
AP RSCHFBEL

A AR SRR AE TR R T I R
K FE R

3 3 AT KR A FRASH , 445 45 S & ML AR BT T A
RS , A8 T K SCS O T K g
VETF R & o

4 ZER5550r

41 KEIRERET
4.1.1 BeRAMNS B Z T AL

B H Fe R 2 A P BE I e A0, e a2 R an
B3 FR o S5 Wow , AN[] [ B Il i il 22 4 F- 1
[ W HE 22 5 K, 1980 4E LR M 2390 12 m'/a,
1980—1999 4E 4 2317 42 m*/a, 2000—2018 4 K
2339.8 4/ m’/a,
4.1.2 K BB & TA

2000 4 LART 9 78 Bl e QT oKk 5 443k
P KB AT RS A ) th 245 S Y ZE O i T 4
11, 2000—2018 4 7% H A& it 44 FE R TR & 77 9 WA

2380
2360
<
=
£
N
2340
~
0
#2320
2300 I
2280

19804E |3 BT 1980—19994F 2000—20184F

P 3 Tk R e

Fig.3 Statistical map of precipitation in Huaihe River Basin

http://geochina.cgs.gov.cn FPE ML, 2021, 48(4)



1056 i [

b Ji 20214

1565
1560
1555
1550
1545

fZ. m? /a)

1540
1535

AR K/

1530
1525
1520
1515

19804 [ AT 1980 —19994 2000 —20181F

1510

P4 HET i R ]

Fig.4 Statistical map of evaporation in Huaihe River Basin
B AR RS R TR (R A, 20165 B FHAE
2017) . HEM] AL bl 22 AT 1 ZE B A s AR A T ] 4
7N o 1980 4FLUHT, Jit il 22 451 $4 22 Uk i 1560.67
¢ m*/a, 1980—1999 4F- L 4F- - 2 28 H & &= 1538.49
{¢. m’/a,2000—2018 4F- ZAFF- ) 78 HiUL 14 1529.6
fem’a, BUEZE SR, HEFFEMES R
413 AT REZ L

WETRT S A A MR KDy s R LR
JR XK ZE R K AR R Y 32, EEpI, H
A /DI I IR T K VA HE AN S AR, T
MV K IF R R AKAR D

AU VAT 38 3ol >R £ Dy 2 AR 4k (81 5) AT LLE
30 ZAFSR M T KR G R . 20 T4 70 44X
H R K IF R AR 24 79.81 12 m¥/a, 80 AR H R K FF R

160
140
120
100
80
60

40

i R7KIFRAR / (2 m® Ja)

20

0

\d
AN
NN

P P I TIPS D
F S S E S F S S

A

124 87.28 /0. m'/a, 90 AFARHL T K FF R =2k 131.28
fCm*a, BT 2000—2004 4424 1 K SR 38 i
£ 138.03 /2 m¥/a, 70 4FAL 80 AE LI R AL A
KL BT 90 ARARES A HE K , 2000—2018 4EIF R i
SR RE, Ea LB, 4 A Rk A4
R B, LA % 2000 A7 K 36 U g 5 A sk fa] Y
S5, AT DU I AT 3 N TR R K T s A 34
HL R B B, B 1980 4F LLRT, 1980—1999 4F , 2000—
20184E 3B Bt (Kl 6) .
4.1.4 ¥ F KA T AL

TRV 3t Bl b KA PR A A A E R R
NTIFR T8 IR P T R f5e ™ 510 R 7 4R
Ji G PU R LXK e dET R R AR 3 2005 48 K
2020 s T /KA S B | I sk 2
TRARAE A 5352 T R #1542 T 7K B i
R TRARIA 3.2 T km'
4.2 HTKEFBREIRGR
421 HF AT RFH 4 K

ARG —PE ARG 2 UM dRR RN 25
A AR A B RS TSR T R A
X 1) X6 94 0T 3 S0 A 7 R K B YRR X TR
BRI R 1A X 34 R X 6=
I ISR ATIX (R 1. E18),
4.2.2 W T KGR B 18 4 A

TR )2 K IR A 326.97 {1 m/a, Horf 3
JEL X RARGE PR IR K 234.8502 /2 m/a, 11 X KSR %¢

"2
>
">

>
N
">

o A B
> O O

> O
NN
S S S

4 ey

5 eI e B AT A A HGE A

Fig.5 Statistics of groundwater development and utilization in Huaihe River Basin

http://geochina.cgs.gov.cn 1 EMLTT, 2021, 48(4)



A8 4 FEARIRSE ] Pt R K SIS B & 1057
VA 40,3142 m/as VTR K 2o 1L (X KBRSy
140 23.61 42 m*/a; BEARAG L1 Fr b R BB T 7K 2 X R SR W%
3 120 PHE A 10.2042 m¥/a; AR I Fe B2 Jb 3B T /K R X
& 100 KRG H 5.56 4 m'/a; EALIFIT K & 1L X K 4R
E 0 PRV 14.00 12 ma; HETT /K 2RI T 50 8K 9 U
e 11 4 13.86 4/ m/a; T K R 5K ITK Rad I X KK
£ a0 GEIR LA 137342 m/a; OIE PR B P JR R AR
L I VLt 841042 m?/a s WETT IR AL X R IR 8k
; o 21.89 42 m*/a; YT K 25 111 BT JE K AR W A N

19804 YAl 1980 — 19994 2000— 20184

Bl 6 WM itk T /K IR = Geit
Fig.6 Statistics of groundwater exploitation in Huaihe
River Basin

PR A 94.6929 12 m¥/a, 11 Fe AP JR X 8 2 114 N
257754 ma, FeHh FOK UK X Geit, m UK &
R RSR G R 17.91 44 m’/a; HERIK R HZ
SR IX RAR GE R N 31.68 42 m’/a; i UK R LU X
FARGEPRAE N 41142 m¥/a; EALF T K 2R F 5 XK
SRR N 5.69 /¢ m*/a; YT VR K 2 JR X KR 7

22.89 ¢ m’/a; WE ] It AR 28 1L X K AR B
17.414¢ m'/a, B G, INAR RIRGEUR &0y 82.515
¢ m/a; T RE RARGE U 0 83.203 42 m'/a; AR AR
PPN 7113440 m¥/a; Y195 KRBT R 2K 87.755
fCm’/a, WAL IR Z K RAR B &k 2.359 /2 mY/a (K]
9.&10),
4.3 HTKREIR

i FH 2019 4 [E 22 Hb T 7K W i T 7% 780 4~ FL
TR & 2019 4 [X 35, 460 2H 7K Ak 24 MR 50 |, J
T35 A H AL AFE AR , TR I 3 5 2 i X

N

> A
" “s

K 7 g BV
ol 5x. 5 73’
j e ES et
; b i
i, S Wy o
e ¢ o
&7 Y
. umEw v
I\ = f -
P e V) of
w7 g
oy e
e y WPV
= L s gt
i Foifi { j ¥ @a
e ﬁ?ﬁ-%ﬁﬁﬁ)#'ﬁfﬁ ok Wl
. VAT & 3
. (1L wpm AT THE
3 o P 2
S = ©
i 0B E n HI
L BT ZWa b,
7 ST i Y
4 s g YN ] = s
bl ‘, Sy~
K ’t‘z ® % Conf =
s 7Y .
o ) Tailrs &)
S e AR KA FREX
ek v s [ s am, AR it m >
i Obviously decreased of groundwater level
¢ { KA PR

0

50

\:’ D
B

CFR0~2m)
ecreased of groundwater level
KL ETHX

Rise of groundwater level
100
km

P 7 T2 T K AE AR (2020 4F-5 2005 ARSI EHR X L)
Fig.7 Shallow groundwater level change map of Huaihe River Basin (2020 vs 2005)

http://geochina.cgs.gov.cn FPE ML, 2021, 48(4)



1058 H 5|

b Ji 2021 4F

1 ERRIEAKCH R TTR SR

Table 1 Hydrogeological unit division of Huaihe River Basin

— %X 9

90X

Mgk X

VAR AR AR 10 X GE-1-1-1

RS YT IR K A B B LD X GE-1-1

YEAIR A A L X GE-1-1-2
UK &1L X GE-1-2-1

HETT KT R K F B HELL X GE-1-2

TR KT IRIK
AIX(GE-1D
VT b R K
FHIRIX (GE)

EALIE K RIX E A K 2T B X GE-2-1
ALK &R IX GE-2-2

(GE-2)
Ji2 2 i i T K

TR ST IR K 227 B X GE-1-3

PRI K R 1L X GE-1-2-2

HEW K R LWL A7 )5 GE-1-3-1

YRR R A PR i GE-1-3-2
WER K R IR 2 M I GE-1-3-3
WK R PR S5 GE-1-3-4

R K R S5 KITK R X GE-1-3-5
YTIRITIK &7 )5 X GE-1-3-6
VUK R P )5 X GE-1-3-7
EALEIT K R TR X GE-2-1-1

E b K & 1L X GB-2-2-1

AR L R AL A 7K R X GE-3-1-1

JB R AT AR L % X GE-3-1

ZIX(GE-3)

JEARAR L e M I K & X GE-3-1-2

R KRR . &5 R, R I T KR
SR R R T K I~ 2K 5 1 6.7%, V~V 26
TKEE AL EE 93.3% , TR J2 Hi R 7K I~ 280K (7 L
8.5%, N~V ZEIKAEA 1 91.5%, )2 T AR
ST K EZLE 85 Rk A T R AR R T
AEF 5 IR SR b DX PR AR 5 P g e S X R )2

HiF KA R AR

52005 .2010 4FfEA] sl T AT R PEA 45 2R
XL, SR 2 R K BT FEZE D) T 2005—2010 4F:
B EOBAL G 3T A K T B A 1)1 L
T A TR, SRR K LGN T 4.3% 18
VIOKFER T 6.2%(F 11).,

© WA Ctiy
A River

[ masnsrsm

Groundwater resources regionalization

WIH. 7KFE Lake.reservior

P8 IR K BRI 2 X

Fig.8 Groundwater resources evaluation division of Huaihe River Basin

http://geochina.cgs.gov.cn 1 EMLTT, 2021, 48(4)



484 55 4]

SRR - YA T K BE IR DL MOT A2 v g

1059

WERFRE

Resources in the hilly area

90.00
" PRRERE
Resources in the plain area

80.00
70.00
g
i
128 40,00
S
5
12 3000
=2
20.00
10.00
0.00
pEa =R sAm [T

P19 TR AR S22 /K R AR B A A4 e iR
Fig.9 Provincial statistics of natural resources of shallow
groundwater in Huaihe River Basin

v o
S
2
S

=
1=
S

#E

R JZ K H R 2R 2005 4F 1Y 51.6% 3] 2010 4F
65.9% , T4 23 B AL 2019 4R AR K L
BE Tt 25.6%, 1k 2005—2010 4F AL #aH# Ay 1.8
£, BV | VIR KR T
4.4 HTKFFFREN

K TR ) B0k AT X R K R

FIVEHr o T DR ZE T KT B AR S AR 2%
PEF IC PR SRR , BOARIR JZ b 7K IR X
NI X

TRIZHL T /K (B e 2K TR ) SR L
AR TFALHR, X = 5 S AT XK T2 AT
BUX o FEAR VTR A 2RO HE 3 DX 9] g g S
D2 M T RO R U TR BRI L AR R
Iy ML TFRAE T3/ RN TR VR B R R
JEE BT I e PR, B0 (3R 2) .

5 iTieSE#IL

TP K BRI R 475 m?, S 2 4 A
oK B 5 2 (2012 4F, 2100 m*) (9 1/4, fin b K i 4
b, AR BRURAE TS P G M s o FE KL TP £k
TREXF AR MK ARk TR I3 g i K — e A
G T SN BK [)R {EL7E BT A 30 o O 1)
MEE R ARG T K BRI #5881k . H
— B R ) N T T K R B i B T K SR

B ENHKERLX
Mountainous area of Nansi Lake water system
B AR E ALK R X
The river system area on the north slope of the low hills in east Shandong area

B SiLEFK AT RX

#
i
K
®
]
L}
%
X

Plain area of north shandong river system
B RARIRL ERESER KR X
The river system area on the southern slope of the low hills in east Shandong area
BETKRSKITKRTEX
The transition area between the Huaihe River system and the Yangtze River system
B ERKRERTE R
Wavy Plain of Huaihe River System
B EERKRLK
Mountainous area of north Shandong river system
B ERRER G L X
Funiu Mountains in Huaihe River Basin
B AR RX
Plain area of Nansi Lake water system
TER R A L X
Dabie Mountains in Huaihe River Basin
B ERKRILETF R
Piedmont Plain of Huaihe River System
B TRRKR LK
Mountain area of Yishu River system
B ERKREREEZFE
Modern Yellow River Floodplain in Huaihe River System
FRAKERFRX
Plain area of Yishu River water system
HERK R FETTE R

Alluvial marine plain of Huaihe River system

T T T T T T

0 10 2 3 40 50 60
HTKRER / (n’ /a)

70 80 90

K10 R R 3 R R KRBT X GE ]

Fig.10 District statistics of natural resources of shallow groundwater in Huaihe River Basin

http:/geochina.cgs.gov.cn H1[EHBFT, 2021, 48(4)



1060 i [

b J 20214

60.0%

50.0% |-

40.0%
E300% |
43

20.0% |-
10.0% |- I l

0.0% .
20055 20105 20195

HEHT K

III_

20055F 20105F 20195
FEHT K

(SRR RNk RPN O B By S A R |
Fig.11 Proportional change of deep groundwater I-11I water
in Huaihe River Basin

SR, REF T AR E T . ik — 2
AT 3t 3K GE IR LT P &, e A7k 9 U T
P LR

(1) RATF I LB iR /K i 2 7k — 1AL
BT, B TR B P IRk 5 PR B
PR, HAET, RS E KA E R T kS,
412001—2019 4%, K F FH R 3K 65.2% , Hi T 7K
FI K 53.1% , 1 A BLC B S [ i 45 2504 F /0 1
FK MK FIH & e

(2)FFJE S K IX R /K B8R R e i 2, 42 11
BT IR A ] R K i, WET R S T
K5 i [7) R PRI IE A0 0 )23 1 7K 2 1) 3 2 )
R, b DX GG L R A K X B b e
XN &, 2019 AR E R s 1 AR e AL I3
Jb %5 b % 2 b R KRR AR FR AL W B R AR L
26.22% , ALY AR 5 L 20.64% , # R e L AL 45
IR Z K BEAR SRR 1 5 AR R 27.92% , AL i
FR47.17%. AR T R S m 7K IR I A T AR
TEIRATTE

()KL A LR T2 IV TR e ol s
A6 T5 B B DX 7K G5 ) R [R) R g [ B, s i 1 v
LI Z K KK AT E AR AL, g R — e A2
Me 17, 40 3R AL K AR AR T ZE BRI 432
TREEMR X 7K SCEEZR Wil T4, /K B VR e A 4m 4k
R AR S R ] TR 5 B A S A

6 4% i

(1) N TIFRFFEIG A, skt N KA
IR R AR A, T2 M R KRR T e BOR V&

F2 KEMTKIFRE KB (10°m/a)

Table 2 Exploitation potential of shallow groundwater

(10°m’/a)
ITBUIX  nREEE RITRE B RE BN
SR 3.13 473 0.66 T
Tt 0.00 8.35 0.00 T
ST L 7.48 2.63 2.84 NEVADN
B 0.00 4.53 0.00 T
) 0.00 2.87 0.00 T
FkH 1.34 1.10 122 AR
[[E1 0.50 8.01 0.06 T
&/ 20.26 0.93 21.84 HESAPN
J& 0.00 13.13 0.00 Toi 7
YEO )5 6.93 4.90 1.41 lEPADN
WP 1.71 0.27 6.24 NEVADN
e 0.00 8.90 0.00 T
KT 2.89 3.66 0.79 T
I 3 T 18.54 4.14 4.48 lEPADN
JHE T 131 3.88 0.34 T
H & 251 2.40 1.05 Bl
it T 1.52 1.39 1.09 BN
2%l 233 7.07 0.33 T
H 1.22 1.48 0.82 T
T 0.00 4.99 0.00 T
T 0.00 11.95 0.00 T
[E5:-00) 5.35 2.13 251 lEPADN
= PN 17 5.03 5.09 0.99 T
T T 6.56 0.34 19.29 l-PADN
ERHT 7.88 5.94 133 AR
A 1.11 0.27 4.11 AP
WAL 0.77 1.90 0.41 T
R 2.01 0.60 3.36 AP
N 8.45 0.53 15.94 NEVADN
5 M T 3.78 6.29 0.60 T
M=l 11.18 0.50 22.25 lEVADN
T 7.31 0.13 56.98 AP
i@ 427 0.15 28.77 = VADN
TE LT 10.27 0.10 103.92  #HK
M 3.60 0.44 8.18 = PADN
T 11.33 4.57 2.48 PN
SRR T 20.46 0.78 26.36 = VADN
EZ2A 5.50 0.33 16.44 AP
it 186.50 131.40

1R BRI T &A1 2017 .2018 2019 47K
TEONR, L ZR B s M AR BTGV RN R o
Bl AR AR S X I P 2R

VU R HLIX 2005 4F DI 2 1T KA R RES m DA 1
1 B AT 30000 km®, VR JZ LR KA R B B0 AL
IR RGP R RS T, 29 A 8K
%% 50 BE N 2000 4F R (19 1538.49 mm [& 2 T ) 1Y
1529.6 mm,

(2) e A 2 T 7K R SR VR R 326.97
fZmla, N 171.194Z m/a, #0 T 7K G IEARXT— % o
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(3) T I 30 S X R 7K AR — i, T2
WIEFLBK V 2K 5 H o 3Gk 47.7% . 44.9% 5 5
2005 4F 2010 4 [y 52 54 A0 L, K B 2 25 At 3,
2019 4F I E i 2R DXl T 7K H i K L R ik
b7 FUATRE 20% A L URZ2 M /K b AR 2

(4R ZH T /KPR B A R p 2deb o IX
W T Al LB X RMATF R K,
AR RFOE 1.0 DL L, £ K35 103.92x10° mY/a, B
IR B VY R b XTSRRI TN S T An IR | JE
1A S B R ™ 8, e .

TR

O S F A, SN, AR, 2204, RERZE ARt
LRI A/ B, EALE B XL, AR R
B, e WRT5 1 i, B AT S B TR PR 27 A4 SR A5, R
WL, AN . 2012, WA I EAIE M B A 4l (R R AT o
T2 ) B 2 s
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