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Table 1 Preliminary evaluation indicators for

seawater intrusion degree
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Table 2 The Pearson correlation coefficient and related significant level (two-sided test) between preliminary

evaluation indicators and chloride concentration

S EC(us/cm) pH ORP(mv) K'(mg/L) Na‘(mg/L)  Ca*(mg/L) Mg*(mg/L) SO/ (mg/L)
Pearson ¢ R4 0.890” 0.06 0.17 0.32 0.694” 0.646" 0.676" 0.4
PR 0 0.8 0.44 0.13 0 0 0 0.06
Gl NOs(mg/L)  3D(%)  8°0(%o) B(mg/L) Li(mg/L) Sr(mg/L) Ca/Cl Mg/Cl
Pearson fH¢ & %L 0.420° 0.501° 0.462" -0.06 0.690" 0.674" -0.458" -0.17
R 0.05 0.01 0.03 0.78 0 0 0.03 0.44
it (Cat+Mg)/Cl  CI/HCO, Ca/Sr TDS(mg/L)  fifiJ¥(mg/L) SAR VAT 35 % (meq/L)
Pearson 1 & 4L -0.447" 0.467" -0.16 0.888" 0.690" 0.39 0.983"
SO 0.03 0.02 0.45 0 0 0.06 0

*0.05 KT L ORI 225 AH G % 0.01 KF_E CRUIND S 25 AH ¢
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Table 3 Training samples for seawater intrusion degree discriminant analysis

IKFEA IKFE4h R KA Cl'(mg/L) EC(ps/cm) TDS(mg/L) VAT 3% (meq/L) 53K
G2 CI-HCOs;-Ca 58.51 444 235.23 2.08 A
G3 Cl-Ca 177.1 1014 563.53 6.19 A
ENG
G4 HCO;:-Cl-Ca 135.4 934 507.272 4.49 A
Gll HCO;-Cl-Ca 74.32 624 369.19 2.55 A
G12 Cl-Ca-Na 443.5 1563 896.15 13.48 B
Gl6 Cl-Na-Ca 463.5 2290 1342.96 15.99 B
G17 Cl-Na-Ca 769 4060 2048.02 24.49 B
G19 Cl-Na-Ca 655.6 3490 2013.46 22.16 B
RN
G20 Cl-Na-Mg-Ca 675.4 2490 1488.48 21.88 B
G21 Cl-SOs-Na-Mg-Ca 540.1 2850 1644.17 19.80 B
G22 Cl-Na-Mg 856.9 3230 1690.37 26.24 B
G23 SO,-Cl-Na 307.8 2750 1693.94 15.77 B
x4 WTKHANIERAR, RNMR)
Table 4 Discriminant analysis results of groundwater (classification A, water samples without seawater intrusion)
KK HuR KA AR Cl(mg/L) EC(ps/cm) TDS(mg/L) TEAE 28 (meg/L) S g5 R
Gl CI-NOs-Ca-Mg-Na 248.00 1438 763.33 8.66 A
G2* CI-HCO;-NOs-Ca-Na 58.51 235.23 2.08 A
G3* CI:NO;-SO-Ca-Mg 177.10 1014 563.53 6.19 A
G4* HCO;-Cl-Ca 135.40 507.27 4.49 A
G10 CI-HCOs-Na 277.70 1152 663.52 8.51 A
G11* HCO:;-Cl-Ca 74.32 369.19 2.55 A
G13 CI-HCOs-Ca-Na-Mg 118.00 411.98 4.10 A
G18 Cl-SO.,-Na-Ca-Mg 218.40 569.81 7.28 A
* N ZRFEA
R5 WARANBRRHMTKERMEHESER
Table 5 The calculation results of groundwater background values in seawater intrusion region
it Cl'(mg/L) EC(us/cm) TDS(mg/L) WAL #h ¥ (meg/L)
FEIME 163.43 911 510.48 5.48
g 22 80.37 311 168.66 2.57
TR 83.06~243.8 600~1222 341.82~679.14 2.92~8.05
GV 5y, TN B Wit AR ONAR DS R /K BT IR Ak LAE R AR AR REFE T B BRAE, 55 % 1& LA b

I3 ARG BUFIEE K AR SG R BE K/, IF B & 4R
s 18] B S5 2 K1) o3 N 2L A 0 v o H I, KR
HEbRAE %E’Jia%%/xﬁ gt —[PARHE, LLCLA I,
BTS2y ) BHUY, P ER R CERI 2 ok <250,
250~600+600~1 500.>1 500 mg/L iX 4 Mg K A
RABIREFEL (T~IV), B S0 5 AR P86 K C1
%1193 43<100.100~250.250~1 000.>1 000 mg/L iX 4
AR NAR FRAR L (T~IV), g e R0 T &
UNERN X NN YN N VN . S 1Y N
SRR IK S M 1R K R K FIRL K 4 S 7K 5T 5
Ko ZHARDHLT K CUHEE 175 5448, LL 250 mg/

PRI 43 5 2 DL AR X | R K CLEk B R 8043
A, LA 7K CIF 1k B2 B (463 mg/L) 1) £23T
{EL 500 mg/L 1E A i /K AN AR FE B2 1T 44 (1) b FRAEL, LA
1 000 mg/L 1F 4 i /K A A2 R BE T 28 1) EBR A, tH
I, K CI R34 <250.250~500. 500~1 000->1 000
mg/L X 4 MRPREH (I~IV) . H4E EC. TDS. #4
HEHEEFEMERR, BT CliE KN Z R
T~V 25 1 S BRAE, TR ECTDS #8555 L AH Y.
NAR TR JE S5 0 () A IR AR R AL (R 60, Torp, i
IKNAZFEEE TR ()T RAEZ 2% A DX MR KT Sl
(1)1 BRAE, A QA IO I PR I S 1R~ 32
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Table 6  Indicator values of different seawater intrusion degrees
I il v
- Too AR BIENE PR PR
KB 5 K SR K B UK UK SRR
B & fHIEH & B M HIEH M
Cl'(mg/L) <250 125 250~500 375 500~1000 750 >1000 1500
EC(us/cm) <1250 625 1250~2300 1775 2300~4200 3250 >4200 6075
TDS(mg/L) <700 350 700~1300 1000 1300~2300 1800 >2300 3275
WELE R % (meg/L) <8.5 425 8.5~16.5 12.5 16.5~32 24.25 >32 47.25
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Fig.1 Lower semi-trapezoid distribution diagram

wlU—ReV (3)
R=(ry)uwn(i=1, 2, ***, n;j=1, 2, ***, m) 4
4) HESRFIBEBORIFLE Ao FEFRE S
B bR AT 2N K NAR 55 90 DR R, 3
THR/INAT & ARFRE 5 5 AMZEEH (T ~IVOARERAE
AR EE A A — 515 2
5) KARBILEG VP FERE B, B=AR, BRI AT
KH VO UKL, VR 5 2R B H— 14K
Ab PR
6) MY £ 5 PR 45 R4 B, W — 1M{E B
RKIVAJE TG o U™ B4 [E UOSEHR Y T A
WIZRE VP R B Tk, WP S R AL
WTTIE, B VPN A B P 1) & SR R 2 b5 AH N P
M 85 I RN (O A 7K NAZ R B VA
29 R RAE H, HAE 5 K ARG 1~4 CREED
WRA B A BT, ) U I — 2%

4
=1

A, HOBWE K ONAZ PR 85 R B =AM, b, 0 VRO
EBHS HRIE L, i VP, B VR 25 1
L BEL)H LA, i 1<H<4,
32 WAKNBEEMER

FR 4 7L R ) o, b SO Rl K N2 25
RN ITER Ry i R s e — 3. PRSI,
23K, H 6N E T 140(26%), 7408 T 11 2
(30%), 104~ )8 T 11124 (44%) , K NAZFEFE 1T 2%
FTITZR K o 2 74% , 32 WA DX 98 7K 7 7K 2 19 g 7K
MR FERE AR R 25O . AR T IT X R 3%
IKITEE AR NAZ FR L S5 VPN AT s H £E B Arc-
GIS 7% [al4di {5 T 2 (IDW R E 57D, nT 6l 2.
i T 7K LB AR I B AR B & K 2 4
(1) TR M AN R R B R K NAR R A SR AN
DAL I 5 123 7K N AR B 1)~ 1 20 A A E 2 7% 7
o B2 BB HE B, SR L, 88 I R 1
WK B K ZWARNAZ FE B e 20 . A ERT
JE 5 1oy 2 P 0 180 R A A A A ) Dk T K ONAR R
B X, BT X AT BE RN K IR A —
(126 2, AH B T BE B AR, 5B B IR AR KN
2P0, B ARTE U DR o SCHR T

39°57'N

N . HEE

A Eios
P 7R 1]

N mew WL NG

o B . = g
» o @
Vg et s

FRE
N 2 i
Hf
N -

(FfE=20m)
B o W o

. 2 Ak
i)

39°54'N

39°51'N

39°48°'N e

39°45°'N

19'1SE 19I8E 119°21'F 119°4°E  119°27°E 119°30°E
K2 R N RE R P10 20 A

Fig.2 The distribution map of seawater intrusion degree
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Table 7 Evaluation results of seawater intrusion degree
IKFES I Il 11 v Hf§  CI'(mg/L) EC(us/cm) TDS(mg/L)  WfE£h/¥ (meq/L) DA &5 R
Gl 0397  0.603 0.000 0.000 1.603 248 1438 763.3 8.66 I
G2 1.000  0.000 0.000 0.000 1.000 58.51 444 235.2 2.08 I
G3 0.715 0285 0.000 0.000 1285 177.1 1014 563.5 6.19 I
G4 0.830  0.170  0.000  0.000 1.170 135.4 934 507.3 4.49 I
G5 0.000 0.052 0.739 0208 3.156 646.6 4400 2216.0 24.87 il
G6 0.000  0.000 0.530 0.470 3.470 1168 4600 2292.2 35.54 il
G7 0.000 0.468 0.532  0.000 2532 6212 2380 1360.1 19.48 il
G8 0.147  0.853  0.000 0.000 1.853 344.6 1500 908.3 11.76 I
G9 0.000 0.005 0.864 0.132  3.127 906.1 3220 1953.7 28.66 il
G10 0.483  0.517  0.000 0.000 1517 271.7 1152 663.5 8.51 I
Gl1 0.990  0.010 0.000 0.000 1.010 74.32 624 369.2 2.55 I
GI2 0.080 0.848 0.072  0.000  1.992 4435 1563 896.2 13.48 il
G13 0.942  0.058 0.000 0.000 1.058 118 741 412.0 4.10 I
Gl4 0.081 0.901 0.018 0.000 1937 4013 1513 930.1 12.47 il
Gl5 0.008 0.786 0206 0.000 2.198 541.9 1733 1028.1 15.63 I
Gl6 0.000 0.667 0.333  0.000 2.333 463.5 2290 1343.0 15.99 11
G17 0.000  0.000 0.867 0.133  3.133 769 4060 2048.0 24.49 11
G18 0.662 0338 0.000 0.000 1338 218.4 939 569.8 7.28 I
G19 0.000 0.095 0.841 0.064 2.969 655.6 3490 2013.5 22.16 il
G20 0.000 0318 0.682 0.000 2.682 675.4 2490 1488.5 21.88 il
G21 0.000 0338 0.662 0.000 2.662 540.1 2850 1644.2 19.80 I
G22 0.000  0.035 0904 0.061 3.026 856.9 3230 1690.4 26.24 11
G23 0.038 0412 0549  0.000 2511 307.8 2750 1693.9 15.77 11
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Seawater Intrusion Degree Evaluation Based on Mathematical Statistics
and Fuzzy Mathematics in Qinhuangdao Yangdai River Plain

ZHANG Bin'?, SONG Xian-fang', HAN Dong-mei', GUO Zhan-rong’, XIAO Guo-qiang®, YANG Ji-long®

(1. Key Laboratory of Water Cycle and Related Land Surface Processes, Institute of Geographic Sciences and Natural
Resources Research, Beijing 100101, China; 2. South China Institute of Environmental Sciences, Guangzhou,
Guangdong 510655, China; 3. Collegae of Ocean and Earth Sciences, Xiamen University, Xiamen, Fujian 361005, China;
4.Tianjin Institute of Geology and Mineral Resources, Tianjin 300170, China)

Abstract: Analyzing the distribution map of seawater intrusion degree can increase the knowledge of seawater
intrusion mechanism, which is not only the important reference for water supplies of production and daily life
but also the core content of seawater intrusion survey and research. In this article, four effective indicators for
seawater intrusion of Qinhuangdao Yangdai River Plain which is located in the northeast of Hebei Province
were selected out according to the different hydrochemical characteristics of fresh groundwater, brackish
groundwater and seawater using the method of mathematical statistics. And then, the background values and in-
dex system of those seawater intrusion indicators were built to carry on seawater intrusion degree evaluation
work based on the approach of fuzzy synthetic evaluation and geographic information system. The research re-
sults can be showed as follows: The chloride ion (CI'), electric conductivity (EC), total dissolved solids (TDS)
and potential salinity are the optimal seawater intrusion indicators which can help to distinguish the intruded
samples from all groundwater samples. The background value of study area for chloride ion concentration, EC,
TDS and potential salinity are 83.06-243.8 mg/L,600-1 222 ps/cm,341.82-679.14 mg/L and 2.92-8.05 meq/L,
respectively. The lower limit value of chloride ion concentration, EC, TDS and potential salinity are 250 mg/L,
1 250 ps/cm. 700 mg/L and 8.5 meq/L, respectively, which can manifest the occurrence of seawater intrusion.
The groundwater samples identified seawater intrusion degree as rank II and rank III , make up 74% of all sam-
ples , which reveals that seawater intrusion degree of study area generally belongs to the medium level. On the
basis of the distribution map of seawater intrusion degree, the seawater intrusion degree of the alluvial aquifers
around Pu River between the Yang River and Dai River is the highest.

Key words: Qinhuangdao; Yangdai River plain; mathematical statistics; fuzzy mathematics; seawater intru-

sion degree



