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Abstract: In order to reveal the response characteristics of total dissolved solids (TDS) increase to groundwater
level decline and the main chemical components that drive TDS to increase in the core area of the groundwater
level funnel in the Hufu piedmont plain, geological statistical analysis, time series variation analysis and GIS

spatial feature analysis technology are applied to analyze the variation characteristics of groundwater level depth,
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TDS and chemical compositions in the study area in the past 50 years (1972-2017). The results show that (1) the
increase of TDS is characterized by stages along with the decrease of groundwater levels. In the initial stage of the
funnel formation (1972-1980), the annual decrease of groundwater levels was the largest, and the annual increase
of groundwater TDS was also the largest. In the middle period (1981-2000), the average annual decrease of
groundwater level was the lowest, and the average annual increase of groundwater TDS was also the lowest. At the
end of the period (2001-2017), the average annual decline of groundwater level was in the middle, and the average
annual increase of groundwater TDS was also in the middle. (2) The influence of groundwater level on the
increasing TDS presents a decreasing effect with the increase of the depth of groundwater level. For each increase
of groundwater level of 1.0 m, the average growth rate of groundwater TDS increased by 21.96 mg/L at the initial
stage of the funnel formation (the groundwater level buried depth ranged from 9.10 m to 23.20 m), the average
growth rate of groundwater TDS increased by 13.54 mg/L at the middle stage (the groundwater level buried depth
ranged from 13.40 m to 42.28 m), and the average growth rate of groundwater TDS increased by 12.32 mg/L at the
end stage (the groundwater level buried depth ranged from 21.41 m to 50.29 m). (3) The increase of concentrations
of Na" and SO?{ in groundwater is the main reason for the increase of TDS in the funnel core area. From the initial
stage to the final stage of the funnel formation, with the increasing depth of groundwater level and TDS, the ratio
of the increment of Na' and SOZ‘ in groundwater to the increment of TDS in each stage shows an increasing
characteristic. However, the total ratio of the increment of Ca2+, Mg2+, HCO3 and Cl contents in the final stage to
the increment of TDS is still 65.88%, which still plays a crucial role in the increasing of groundwater TDS in the
funnel core area.

Keywords: piedmont plain; shallow groundwater; funnel forming process; decline of the water table; total

dissolved solids; Hufu piedmont plain
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Fig.1 Location of the study area, subregions and

groundwater monitoring points
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Fig. 2 Distribution of groundwater level and buried depth in different stages of the funnel formation in the study area
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Table 1 Characteristics of groundwater level changes in different stages of the funnel formation
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Fig.3 Characteristics of groundwater salinity distribution in different stages of the funnel formation in the study area
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Table 2 Characteristic of groundwater salinity changes in different stages of the funnel formation

mx X
PR B PAiotiomm 1 XTDS — i — T
A LU B A LU 1B
R/ ME 471 634 0.74 342 1.38
TDS/(mg'L™") FS SN[ 997 954 1.05 613 1.63
e P 736 737 1.00 518 1.42
(1973—19804F) B/ ME 26.53 24.58 1.08 5.09 5.21
SRR (mg L) RAE 4951 47.86 1.03 30.69 1.61
EHE 36.04 35.00 1.03 23.34 1.54
T/ ME 625 711 0.88 462 1.35
TDS/(mg-L™") BARIE 1231 1353 0.91 738 1.67
it FME 913 933 0.98 626 1.46
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Fig. 4 Interaction between the increase of groundwater salinity and the decrease of groundwater level in the funnel core area
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x3 FmIORHTk TDS 5B ZAN ALY
Table 3 Correlation between TDS and main chemical
components in the funnel core area

STDSHIERE(R)
EEAEL \ -

B L] A

Na’ 0.20 0.37 0.16

Ca” 0.63 0.72 0.68
Mg” 0.56 0.55 0.38

cl 0.22 037 037

Nors 0.16 023 0.04
HCO; 0.20 0.18 0.17

B HRE N 4) 0 fET L, B3I T K P Ca®' L HCO;

FrERNE TDS # K ) FZH ;5 CL SO, & 5 19 iE

115 TDS W iR 46.47%, KA% T Aol ZAHIEH .
R, T X LR 7K TDS # K A549K 5 Ca™'. Mg

B 2 ] B A G R, R O R AL (RY) 435K
0.72, 0.55; 5 Na'. CI', SO HIHCO; % & 2 [] AH %
B8R 555 o AHXTR1 0, Ho 7K TDS 3% K 5 HCO; & &
2 [A)AH S PR 55 , 4 2 MR AT A 0.20 T /1N Ky
0.18; 1T 7k TDS H4 k5 Ca®", Na', Cl fISO> 7
T A S P T S 8, K S M (R 20 31 A 3 79 0.63,
0.20, 0.22, 0.16 KBy 0.72, 0.37,0.37,0.23 (£ 3)

TER ) T X MR /K TDS 3 kad B v, BHES 7415
o Ca’' g IS 5 TDS 84 08 B9 LR AR &K,
13.86%, {H/NTF 91 WY 5 HE 5 Na'dy He SR % 0 1) 2
W 480 KA AIE 5 Mg i L3 M0 40 300 S /NS A 9
BT, SOT N EL R i I Y 21.63% 14K Sk Hh 4
) 23.60%, 538 REFE; HCO; ., CI i HE 3 AH o7 3] 52
W/ NFFAE (£ 4) .

R4 TREFEHTK TDS BiEHEZNFH GRS L X

Table 4 Variation characteristics of the increment contribution ratio of main chemical components in

groundwater salinity increment in different periods

o B ‘ N N B , fb2F 2l o3 He Al
R B K ALFE R TDS Na Ca Mg HCO;  sof cl
r " "3 Ty
B/ (mg L) 24 17 45 16 94 70 80
W11 (1972—19804F ) - . . . .
A TDSH I L 3/% / 514 14.10 513 29.17 21.63 24.84 221 028 026 030
B/ (mgL ) 175 11 24 8 49 41 42
rh(1981—20004F ) o . . . .
i TDSHE IR H%R/% / 627 13.86 446  27.89 23.60 23.93 1.89 033 028 033
B/ (mgL ™) 151 15 20 6 40 37 33
FRII(2001—20174F ) N 1.4 42 44 4
di TDSHE I L5/ % / 998  13.07 417  26.68 24.14  21.96 > 0 0 043
Ty (Ca”+Mg™ ) FISOZ MR I3 LUAH, 1y I Na FIC™ 4RI LLAK, 139 SOZ FIHCOS 2R 3 LUAE, ry 9 Na FISOZ Y1k R 1 LUK .

TEAW, 1 KHF /K TDS 8k 5 Ca’ & i 2 ] &
B A G HRE, A C B B(RY) J 0.68. AR ], AR
13 T 7K TDS 14k 5 Na', Mg™ & 5 22 [a] A 26 14 0
55, FH56 ZE(RY) 43 51 Hh 037, 0.55 W/ K7 0.16, 0.38.
iR 7K TDS 34 K5 Cl & & 2 [AlAH e A SR 05k, A#H
FZB(R) K 0.37; 5 SO FIHCO; F 5 22 ] A X6 1
— B, AR5 2B (RY) 43 3 el B9 0.23, 0.18 T/
4 0.04,0.17(F 3) .

TEARW T X H 7K TDS 34 Kad 2 v, BHES 124 43
th Ca” % B H9 R 5 TDS 54 i 19 LR ok, 5 13.07%,
AFURE X v 30 0 — 2B /0N s Na' B 3 X v 3 i — 25
B Mg i H =l T 4.46% W8N R 4.17%. BT
T, SO; o Fh el IR 23.60% 35K R 24.14%,
B — 2B RRRHIE; HCO; . CL  He 2R AH X v 4] S ik —
W INFERE (R 4) .

Ao, P =R, T X H K TDS 3 K5

Ca™', Mg & b Z A A 1 B 3, MC R Bk 5
HCO; % i Z (AL A PR 55, (A AR SRR R e . X
T T DX HL T ARATS FEAS O 4 1L it HCO;—Ca Y
HCO;—Ca-Mg BUK /KA EREE . (HI T H TRk Na'
SO CI & f2 Ay AN B3 K, S5 PR 1R A R AN 25
AR, PSR, £F T X R /K TDS #3id
Firp, Na & 3005 5 TDS Ba0E 9 H 2 4 19 5.14% .
H Y 6.27% 35 K 2 R Y 9.98%, SO, i H i #1311
i 21.63%. A 23.60% 14 K = AR WA 24.14%, i #
o P R . itk Al UL, H R K Na', SO
BB IR RN BT RS R T X MR UK TDS 34k A 8 55K
FFZE ., HFKd ca®, Mg, HCOHI CI 15 [ 5 0
ANFRAE, A DU A E R AR X ) 308 D 11.17%,
BRI 5 Ak 65.88%., BALE T X
7K TDS #§ Rt k2 CEEAEH (R 4),
MR K B4 A S B LR, (Ca™™+
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Mg ) /SO Al () AT I Y 221, TP I 1.89, AR
98 1.45; Na'/Ca” HefE (ry) . SOZ/HCO; HE A8 (r4)
1 Na'/SOZ LA (ry) AAIIIYT L Hh 300 28 A S0 #8519 K 4
fE(F 4) . ML —LRY], B T XK A HE A W
B, R 7K P Na', SO 5 11 i (9 A Wi KXt TDS
R L TIKNE

BT Na', SO YRR W5, o487 4 R sk fkaF

15 19 S5 A5 7K -V P-4, R BEA iR Na'\ Ca™'\ Mg

HCO;. SO; Fl Cl 4 4 43 i — L i A Hh oK g
MM, T X3 T 7K TDS Fifi 5 7K A0 HEGEAS W7 488 K T 4 K
5.3 KB 5 NZTE SRR

H 1972 4F LIk, T XK Jy# i & A 5 S 80 T
KT, LA 2 7K )2 4 K -5 VR B ) AS D739 4 R b
25 K R R AT TG R AR )5 RUREY
I DX T DXOBRBE A R J3E R R AR Ak T 55 7 b &5 4
FUAEE, A K% T Tl v e VR TR o P i P M o 2 2
ok SR P GEE BRRE) . Wi,
WKW, A B R T X HF K H k2% 40 43 Fil TDS
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Xof b 7K Ak 2 4 43 FTDS 388 K (4 5% e 3 3 S DT
59 LEAMNT RN, W B A E R . A 28
R ss; i AL B 2R 152 AR i K
A RRR M5 B 2 R AR .

6 it

H 20 {20 70 4F A0 I8 L1 RO R e 1 3
T KT LK, Bt M K KA W R B, TSR
X} R 7K TDS AW Kad #2, A W0 F FRfE:

(1) B 3R 7K K A5 A Y R 1) A8 Ak, e =R A% 0 X
iR 7K TDS 4F- 25 34 i 52 BB Be AR AL R ik o w0 3 b
K KA A 34 [ W R K, TDS 4F 14 384 it 5 ok R i
iR 7K KA AF 24 [ i i /0N, TD'S A8 4738 i o e /s oK
HH MR K KA A Y BRI v, TDS AR 34 38 i 3 v

(2) Biti 7K A5 B GR3E C, he F AZ 0 X Hb R 7K K A7 3
TRK /X TDS 38 A5 M 2 I i 38y o T =1 40 X
Hb R IKKAAE SRR 1.0 m, W14 rhH AR TDS
ARy IR 21.96, 13.54, 12.32 mg/L.,

(3) AP, 2R, TS A0 X TR K
Na', SO % i i (5 TDS 19 i 119 o 58 5L R W 38 K 1)
FEIE, J& TDS 8 Ky R 2R N &K

(4) 7K 8 J3 264 5 N0 S0 e <F 0 DX T 7K
TDS 34 KA 52 00 3 B2 HAT By Be PR AR o W03 N0
Bl RN 58 | K Bl ) ZR AR s N R TR B K
2l 7 A 1 I 52 W R 585 AR OK Bl ) AR B S I i
YNSRIl
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