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Evaluation of seawater intrusion degree in Xingcheng city, Liaoning province by entropy
weight method and attribute recognition model
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Abstract: Based on the results of field survey and sample testing,we select five groundwater chemical factors
(Cl, TDS, SO427, A and SAR) as evaluation indices and uses the entropy weight—attribute recognition
method to evaluate the degree of seawater intrusion in Xingcheng city, Liaoning province, China. Results
show that 42% of the 50 sampling sites are mild seawater intrusion degree and 4% are serious degree. Mild
intrusion areas are mainly distributed in the Heinikeng-Zhongxing-Miaohoutou village, the Hulitao-
Wangjiahezi village ,the estuaries of the Yantai, Dongsha and Xingcheng Rivers, whereas serious intrusion
areas are mainly distributed in the Zhoujiawopu-Qingtun-Haitao village. The consistency rate between the
evaluation results of entropy weight—attribute recognition method and that of the chloride ion single index
method is 66%, while the entropy weight—attribute recognition method can more accurately evaluate the
distribution and degree of seawater intrusion. The obtained evaluation results could provide a scientific
basis for preventing and controlling seawater intrusion and the sustainable utilization of groundwater
resources in the study area.
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Fig. 1 Distribution map of groundwater flow field and sampling points in the study area
MaEl TR T
Fe/m —  ™SE
15 K3+ 1: 10000
ol T 11200
3 IR T
ol CI™ ¥ )% /mg-L
s
6 1162
9 144
2 o _ 126
15 : 108
-18 90
21 72
24 54
=27 36
=30 18
&)
Pz W+ [«o) Wk Figz SRR L [Tl [ == M Tk —CI Wk T b /KK {3k (2019 4F)
B2 HRXKZHESE -1
Fig.2 11" The hydrogeological profile of the typical study area
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Tab.1 Statistics table of water chemical characteristics of groundwater samples (N=50)

MHAFEHR Fe/Mi/mg L™ FeRfl/mg L™ A5t /mg L PR /mg L AR 2L
TDS 177.00 11532.90 894.46 1830.10 2.05
Na' 19.66 2793.31 164.18 441.97 2.69
Mgz+ 10.58 272.33 35.52 4423 1.25
Ca”' 25.98 737.28 111.19 105.33 0.95
cr 17.96 6369.00 392.17 1242.08 3.17
50427 17.81 1196.00 140.66 195.49 1.39

HCO; 52.46 761.28 167.25 124.34 0.74
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Tab.2 Selection basis of evaluation indexes
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Cl M FK B B 1, D FUINE K N U 46 AR
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Tab.3 Spatial matrix of seawater intrusion evaluation samples in the study area

4% Cl/mgL' TDS/mgl' SAR A SO, /mgL' 4% Cl/mgL' TDS/mgL' SAR A SO, /mgL’

F-01 144.53 492 2.07 1.26 186.53 S-01 64.20 362 1.16 0.96 102.81
F-02 215.56 519 24.64 1.50 211.12 S-02 23.11 526 1.73 0.43 121.72
F-03 33.35 177 1.15 0.63 26.85 S-03 130.12 1150 1.26 1.20 209.46
F-05 17.96 138 1.50 0.31 17.81 S-05 275.86 1090 2.80 4.86 160.75
F-07 105.04 380 1.48 1.21 88.87 S-08 33.41 200 1.31 0.52 28.39
F-17 28.06 191 1.03 0.33 60.09 S-09 6369.00 11532 31.47 183.33 1196.00
F-21 34.90 199 0.85 0.62 62.55 S-10 253.86 936 1.27 4.71 131.02
F-22 77.21 341 2.27 0.87 65.29 S-11 5479.53 4450 9.50 58.11 697.51
F-27 136.36 442 1.86 1.48 84.26 S-17 148.99 473 2.25 4.89 40.39
B F 0 X ERERBIEZE R, (C, Gy Gy G el G
Ck)jj FE]’J?QJ?%%U£, ER Ci<C<(Ci<< A= Gy ay axp ... axy (2)
Cyo I R 5 2 PR EL AN, BC5  E N
m ml  Am2 ... Amk

TR ] 2R
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Tab.4 Classification criteria and representative values of seawater intrusion evaluation indexes
) B TNE T4 BENRITH JrE AR M
PN DR - - -
YT RFEE e e RFEE /e RFEHE
Cl'/mgL" <250 100 250~1000 500 >1000 1500
TDS/mg L <1000 500 1000~3000 1500 >3000 4500
A <1.0 0.5 1.0~3.6 1.5 >3.6 5.7
SO, /mg'L" <100 50 100~300 150 >300 450
SAR <2.0 1.0 2.0~6.7 3.0 >6.7 10.0
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pyy = 0 Fain (4)
Xmax — Xmin

2 X Xmin 278 [FHEAR B A R REAS 1 8
RAG 5 e/ IME, SR 2P Fa AR 9 S22 5K
HRAREAEERE B:

cr! TDS SAR A
[ 0.0243  0.0561 0.0804 0.0117
0.0373  0.0725 0.5867 0.0143
0.0039 0.0087 0.0104 0.0048
0.0010 0.0043 0.0129 0.0014
B=| 0.0151 0.0523 0.0780 0.0030
0.0147 0.0352 0.0432 0.0112
0.0087 0.0206 0.0172  0.0066
0.0204 0.0385 0.0139  0.0059

SO42_
0.1502 ]
0.1709
0.0158
0.0082
0.0809
0.0680
0.0395
0.0240

0.0851 |
(5)

| 0.0083 0.0270 0.0176 0.0094
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Tab.5 The weights of evaluation indexes
WIS cr DS A 80,” SAR
AE 0.2311 0.1887 0.1907 0.1618 0.2277
SO Ra o R TR P/ = e K =3 7y - o1 I W3 W RN W
JE wie SRIGRIEAS AR VR ALTE wy, W 0] 57K %=Z;wm@ (14)
R ZIRPRER G IR AT pye : g HIEKNRFLFFE(E; n=K+1-t,
mpmﬂdm=zgwwﬁ(mﬁayﬁgm FORMEK N ERFVESE C, (MY, BEE ¢ 191
(12) K,on G BT g, KNS x; #E4T
R EREWN, EERE W06 ~  HEPAIEL
0.75, A< 3CHL 0.65 H4 & AU S (1) A C12) 3H 5 A 58 IX 45 KRR 1Y
h:kaZ;mem§KM} (13) fﬁmgm&ﬁS”%%T%mﬁ?A%%ﬁ
e 20 (14) THEAS 2 T AH B 1 NAR S5 R IE1H

Bk J 2R X013), WA R x; J&F Cy 2.
Fie R U AP 2 ], 38 v K A 45
PR IEAE, 25 R RO, WK AR 2 B

i ARG IZAENS [A]— S5 KR AN AR R L
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Tab.6 Attribute measurement and evaluation results of seawater intrusion level

KbE G L B g || kbt G L B
| II mm Gui | II mm Gui
F-01 033 060 007 2.254 I S-01 068 015  0.17 2.508 I
F-02 025 042 033 1.916 I S-02 071 029  0.00 2.709 I
F-03 085 015  0.00 2.850 I S-03 041 041 0.8 2227 Il
F-05 096 004  0.00 2.962 I S-05 024 052 025 1.994 II
F-06 075 025  0.00 2.747 I S-06 069 018  0.14 2.547 I
F-07 061 035  0.04 2.563 I S-08 088 012  0.00 2.877 I
F-08 0.77 023 0.00 2.767 I S-09 0.00  0.00 1.00 1.000 m
F-09 074 026  0.00 2.737 I S-10 041 040  0.19 2215 II
F-10 068 016  0.16 2.521 I S-11 0.00 000  1.00 1.000 il
F-12 072 024  0.03 2.693 I S-12 062 025 014 2.479 I
F-13 064 035 001 2,633 Il S-13 067 016  0.16 2.506 I
F-14 049 043 007 2.420 II S-16 056 028  0.17 2.392 II
F-16 026 056 0.8 2.087 II S-17 059 022 019 2.396 II
F-17 095 005  0.00 2.954 I S-18 042 037 021 2218 I
F-18 049 042  0.08 2413 Il S-19 068 013  0.19 2.490 I
F-19 030 061  0.08 2219 II S-20 071 012 017 2.545 I
F-20 029 045 026 2.030 II S-21 090 010  0.00 2.901 I
F-21 084 016  0.00 2.839 I S-22 089 011  0.00 2.890 I
F-22 061 021 018 2.428 Il S-23 064 017 019 2.445 Il
F-25 051 031 017 2.339 II S-24 077 012 0.1 2.664 I
F-26 082 018  0.00 2.818 I S-25 065 016 019 2.460 I
F-27 055 032 0.3 2.429 I S-26 075 018  0.08 2.668 I
F-29 031 046 023 2.082 Il S-28 071 022 007 2.644 I
F-30 075 010  0.15 2.594 I S-29 078 020  0.02 2.768 I
F-31 099 001  0.00 2.986 | S-30 068 029  0.03 2.654 I
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