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Tab. 2 Classification criteria for evaluation indexes of seawater intrusion degree
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Tab.3 Results of sampling analysis of groundwater quality monitoring well
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WWIER  LAm MKMW i L _ sar
Cl Br SO, Na Ca Mg K
1# 2.2 Wk 743.85 1531 637.95 13.76 10.75 6.54 47.1 4.68
24 2.6 R HEIK 588.64  11.08  472.20 6.82 8.52 3.12 24.7 4.47
3# 2.9 Kk 653.37  13.25  483.77 1130 9.59 2.82 35.4 4.54
4 3.1 ok 696.09  14.64  441.57 9.63 9.15 2.03 40.5 6.44
5# 3.4 R HEIK 601.54 436  365.29 6.03 8.85 1.86 15.5 4.12
6# 4.0 &K 533.77  13.50  408.36 8.38 8.01 2.65 3.6 5.74
T# 4.2 oK 633.40  10.16  411.05  11.70 8.86 3.55 16.6 4.70
8# 4.6 oK 73041  12.84  385.13 8.95 12.22 3.01 33.5 5.13
9# 6.2 R EIK 420.23 3.17 189.87 5.48 17.51 231 7.8 1.74
10# 6.3 A& EIK 353.77 228 40931 5.49 22.25 3.38 2.5 1.53
11# 6.5 Wk 204.49 3.77 248.19 7.73 7.43 3.87 29 3.25
12# 6.7 oK 578.01 6.91 479.34 9.87 5.96 3.04 44.3 4.65
13# 7.1 K 283.27 3.48 328.14 7.43 6.46 2.57 12.1 3.50
14# 7.5 oK 384.39 3.31 375.39 8.91 438 2.93 4.6 4.66
15# 8.4 R EIK 311.26 245 30532 5.90 7.14 2.01 3.8 2.76
16# 11.0 K 425.99 3.81 262.09 7.45 5.07 2.99 8.7 3.71
17# 11.1 K 352.55 2.83 219.97 8.63 8.48 3.40 15.5 3.54
18# 12.7 R EIK 182.25 2.16 34038 4.26 7.16 3.33 6.5 1.86
19# 13.1 R EIK 218.38 1.56 24421 4.00 5.67 2.11 3.6 2.03
20# 13.7 K 289.36 2.73 336.62 9.11 7.88 2.59 6.9 3.98
21# 15.3 K 213.49 2.33 141.25 4.78 5.24 3.61 4.5 2.27
224 15.4 Wk 361.22 3.31 297.25 5.51 3.23 2.14 47.5 3.36
23# 16.3 K 272.72 2.58 226.02 4.78 3.23 1.18 5.1 3.22
244# 17.2 A& EIK 115.54 1.17 24545 1.20 2.68 0.79 3.2 0.91
25# 18.7 oK 291.20 1.96  960.94  11.74 12.83 4.51 5.2 3.99
26# 18.8 HEIK 69.26  <0.1 35.84 430 5.35 2.59 6.5 2.16
27# 19.0 &K 315.94 1.03 345.01 475 14.22 4.68 3.4 1.54
28# 19.1 HREIK 283.42 0.85  250.08 6.04 12.10 5.69 0.8 2.03
204 19.2 ok 260.53 134 284381 430 7.86 5.30 1.5 1.68
304 20.7 Kk 102.25 1.01 108.83 2.70 4.74 1.01 1.4 1.59
31# 22.0 oK 160.08 0.89  305.65 3.22 7.92 231 1.8 1.42
32# 24.5 R EIK 115.54  <0.1 472.37 4.46 7.58 4.00 5.2 1.85
33# 24.7 R HEIK 175.86  <0.1 525.62 9.22 8.14 3.72 1.7 3.78
34# 25.1 A& EIK 72.59  <0.1 567.30 4.09 7.14 3.66 5.2 1.76
35# 25.2 Wk 262.77  <0.1 233.87 8.13 5.69 3.66 40.5 3.76
36# 26.2 ok 259.71 0.93 187.99 5.12 6.32 5.02 3.5 2.15
374 27.5 &K 112.47  <0.1 29.18 3.06 4.95 1.61 0.9 1.69
384 27.8 R JEIK 200.40  <0.1 84.75 5.00 7.53 2.04 1.2 2.29
39# 28.5 R EIK 13599  <0.1 42.5 4.46 2.62 2.30 2.5 2.84
40# 31.7 ok 184.04  <0.1 92.62 3.48 4.56 2.48 1.6 1.85
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Tab. 4 The maximum eigenvalue and consistency ratio
of A;—A;y comparison judgment matrix

A Arnax CR A Arnax CR

A, 5.271 0.060 Ag 5.132 0.029
A, 5.265 0.059 Ay 6.985 0.443
A 5.159 0.035 Ag 5.177 0.040
Ay 5.217 0.048 Ay 5.872 0.195
As 5.220 0.049 m 6.656 0.370

I TR B 1 22 0N, 3 o v 2 W R R B A K
FEAR B R, IR . MR 4 "%, HpE
A7, Ay, Ao W—EHELBIRT 0.1, CR,=0.443>0.2,
0.1<CRy=0.195<0.2, CR,;(=0.370>0.2. ¥ A4,
Av MIBR, 37275 SCHR[14], X F6 4% 9 6 B 24T AT 45
JEITE . @I, R Ay, Ay, Ay, Ay, As. Ag.
Ag. Ao W ZE5FE 5 4304 0.129,0.154,0.140, 0.045 ,
0.103, 0.060. 0.167. 0.203, 4/, PEHX 8 ME
M BEATAE, AT 256 W M i i o 28U
Vit s, LRa HIWTHRE 4 i
1.000 0.621 4.047 5.555
1.609 1.000 4.456 6.018
A=|0247 0224 1.000 2.167
0.180 0.166 0.461 1.000 0.283
0.485 0.409 2.747 3.528 1.000
FEFE A WIS KARIE(E A, =5.062, XiF R B94FAE
] W=(0.299, 0.390, 0.084, 0.051, 0.176)",
CR=0.014<<0.1, FIHi € J5 19 & KA Wi {5 B A Y
LR FI T B R — SR, R T R e — 3K
PEEEE, BATRAF SR I, SRR FEBR m(CD) .
m(Br), m(SO; ). m(K"). SAR RYFLE A W=[0.299
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3.3 HRARATAMTY
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JaR B I ST VT AR o AR S B AR 40 A 1k A
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K2 fiiR
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JEE SR8 B o m(CU)XT 45 Gt K AR R BE A BR i )
PRI :

2.060
2.446
0.364
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Fig. 2 Fuzzy membership function of the evaluation index

based on the trapezoidal distribution in the fuzzy
distribution method
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x5 ZFHMNFBANREETFNERNREEIER
Tab.5 Membership matrix of evaluation results of seawater intrusion degree in each monitoring well
5 SR Jm O = SR Jm O e SR Jm P
1# [0000.324 0.676] 15#  [0.065 0.382 0.499 0.054 0] 29# [0.258 0.571 0.171 0 0]
2# [0 00.028 0.422 0.500] 16#  [00.103 0.368 0.480 0.049] 30# [0.434 0.566 0 0 0]
3# [0000.434 0.566] 17#  [00.101 0.469 0.430 0] 31#  [0.369 0.481 0.104 0.046 0]
44 [000.075 0.401 0.524] 18#  [0.279 0.279 0.364 0.078 0] 32#  [0.503 0.227 0.052 0.109 0.109]
S# [0000.203 0.451 0.346] 19#  [0.234 0.433 0.333 0 0] 33# [0.347 0.266 0.156 0.156 0.075]
6# [0.058 0.058 0.096 0.342 0.446] 20# [00.3100.405 0.285 0] 34# [0.5320.240 0 0.114 0.114]
T# [000.109 0.387 0.504] 21#  [0.254 0.323 0.423 0 0] 35# [0.3570.274 0.161 0.161 0.047]
8# [000.119 0.329 0.552] 22#  [00.036 0.389 0.508 0.067] 36# [0.333 0.4810.186 0 0]
o# [0.160 0.160 0.325 0.355 0] 23#  [00.356 0.465 0.179 0] 37#  [0.6890.311 0 0 0]
10#  [0.213 0.213 0.472 0.102 0] 24#  [0.387 0.505 0.108 0 0] 38# [0.451 0.346 0.203 0 0]
11#  [0.246 0.246 0.145 0.321 0.042] 25#  [00.3610.383 0.173 0.083] 39#  [0.484 0.298 0.218 0 0]
12#  [0000.498 0.502] 26#  [0.538 0.242 0.220 0 0] 40# [0.566 0.434 00 0]
13#  [00.270 0.270 0.460 0] 27#  [0.1850.411 0.315 0.089 0]
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Tab. 6 Comparison of evaluation results of seawater intrusion degree in monitoring wells
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Abstract: In this paper, a mathematical model for evaluating seawater intrusion comprehensively based on fuzzy
math and improved analytic hierarchy process is founded. The model takes the invasion degree of seawater as the
evaluation object and chooses five hydro-chemical indexes as evaluation indexes, including CI, Br, SOi’, K" and
SAR (sodium adsorption ratio), the weight of each index is calculated by the improved analytic hierarchy process
and the comprehensive evaluation was carried out by fuzzy mathematical method. Taking Zhaoyuan of Shandong
Province as the study area, we use the evaluation model to evaluate the degree of seawater intrusion in this area, the
results of evaluation are more reasonable and accurate than the results evaluated by the single index evaluation
method, and can provide scientific basis for prevention of local seawater intrusion. The research shows that the
model is a simple, efficient and reasonable method for evaluating the degree of seawater intrusion, also can be

popularized and applied.
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