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The Assessment of Shallow Groundwater Vulnerability in the Lower Reaches of Liaohe River Plain
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Abstract: Considering the limitations of DRASTIC model and the effect of uncertainties on the groundwater resource evaluation,
combining with RS technology, a DRASTICL model based on fuzzy pattern recognition was established. The model was applied to
assess the groundwater vulnerability in the lower reaches of Liaohe River Plain. The sub-watershed information was extracted by
DEM using the hydrologic analysis tool of ArcGIS. According to the uncertainty characterization of the parameters, the stochastic
and fuzzy parameters were simulated under different o-cuts of the triangular fuzzy parameters by Monte Carlo. According to the
simulation under different a-cuts by the DRASTICL model based on the fuzzy pattern recognition and the cumulative distribution,
the different groundwater vulnerable values under different a- cuts and percentiles were obtained. In order to analyze the
groundwater uncertainty and vulnerability, the groundwater vulnerability distribution map under different a- cuts of the lower
reaches of Liao River Plain was visualized by ArcGIS. Finally, the sensitivity analysis was used to identify the actual contribution
of each parameter making to the simulation results. The results show that: (1) the fuzzy pattern recognition model generates a
continuous vulnerability index and describes the groundwater vulnerability of contamination transit continuously from the easiest to
the most difficult by the nonlinear form. (2) Adding the parameter of land use type could better reflect the groundwater vulnerability
degree, which is higher in the paddy field area than in the dry land. (3) This study deals with the uncertainty issues of parameters
effectively from three categories: different alpha levels, different percentiles, and different sensitivity coefficients. This article
reflects the vulnerability degree of groundwater in different regions and under different possibilities and combines the subjectivity
of decision makers with the objectivity of the actual hydrogeological condition for the research region, which has great significance
to local groundwater development and protection.
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Fig. 1 The geographic location map of the lower reaches of

Liaohe River Plain
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Fig.2 Watershed partition of the lower reaches of Liaohe

River Plain
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Fig.3 The land use type of the lower reaches of

Liaohe River Plain
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Tab.1 The ranges and ratings for the depth to groundwater table, net recharge, topography and hydraulic conductivity
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Tab. 2 The ranges and ratings for the aquifer media, soil type, impact of vadose zone and land use type
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Tab. 3 Standard values of two levels with regard to each

parameter
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Tab. 6 The groundwater vulnerability index of the selected

district with different probability levels and percentiles
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Fig. 4 The groundwater vulnerability distribution map under different a cuts of the lower reaches of Liaohe River Plain
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Tab. 7 Sensitivity coefficient of the parameters

28 D/mR/mm A4 S T/(%) I C/(md) L
WK 10% 0.133  0.087 0.003 0.004 0.006 0.209 0.035 0.356
J8/N10% 0.131 0.088 0.003 0.004 0.006 0.169 0.035 0.385

M THIF &SR R B R (B
KEVNKHEF K L>D>>R>T>S>C>A., 5245550
R, ZHCL WSS R, TR ZS SR = R
S L AR TS 78 Al d R B, R T XS
H R AR B AR 52 0 SR B T AR S 0 0 AR
—H, P, 745 1 1 o] PR i 2 4 2 b
(SRR AR SCHBUIR B , T AR AP L T /KRS

4 Zhig

ARSCHE T 1L e s o IX B JE iy b, 7 1
DRASTICL A8 B 55K 2 20— A 1Y i
SR ARANLE G, S 2N BB A AR R3]
RIS GE A DL B, T A DU 4508

(D)iz HE A BERE K205 ik i 32 00
BUSGIRAL 0 B WLASRH 25 &, iU A5 & F

FER BRI o AR R R R A 2t B
FFTr I WS B S AR A AR 25 SR 7= A 1 5
M), K5 DT 225 SR DX ) SCAE[0- 1] 22 (8], el 1 i
553 R R R, TEIINAE A R A 2T 1 4B T SR AR
G5 Y )R B i R AV IBOR .

(2) 38 3204 4= b A1 FH 26 78 5 DRASTIC A5 AU AH
g R AR S S R AT Al
S PR R T A R AR L B K R AR
FEIE M, T 7K 5 0 bR KBRS (175 Y 1A
&, WA S8 BT A R E AR A A
G SR T T K a1

GOARFELE TR EA 3NZK AR ark - A
B 5N RS RZB AT SHORH
FE M R, ] S WS [ M X R K ME S5 PERREE . N
P T DR AR AL TR 2T A B S5 KA, X
A Ji 7% i X 1T K AR T &R R R G Ay

(4) W5 R FH A Bl T RS 0 14
SR BB A — & R B, 40, AR
T KB A5 B 23 Ry B | A AR 2 1 s
25 AR S AR O 15 EORG B PR AR R E AR 8
o BEAN, BIFTEE IR Jry BRI XA AEL 45 5 = A

=/,
=AU

£ 2% Xk (References):

[1] E3E T o, RIRIE 55 rb [ T K75 G R 7t K ot
58k B (0] FR 55 Bl 25 5 45 11,2012,37(21):52- 56. [ Wang
Q, Tan X Y, Chen J F, et al. Current situation and research
progress of groundwater pollution in China[J]. Environ-
mental Science and Management, 2012,37(z1):52-56. ]

[ 2] INA IR 3R K E S P ARG DA O vk S ST T
5 [0]. K Bl 2 3E )’ ,1999(4):444-449. [ Sun C Z, Pan I.
Concept and assessment of groundwater vulnerability and
its future prospect[J]. Advances in Water Science, 1999,4:
444449,

[ 31 5K 4508 2R, 5K e b ZKME 55 PR VT O 1k 5 5 e
[J]. 405 5 %% J5,2010(3):253-258. [ Zhang X, Jiang X D,
Zhang L. Methods and research progress of groundwater
vulnerability assessment[J]. Geology and Resources, 2010,
3:253-258. ]

[4]Aller L, Bennet T, Lehr J H, ef al. DRASTIC: A standard-
ized system for evaluating ground water pollution poten-
tial using hydrogeological settings[M]. Oklahoma: U. S.
Environmental Protection Agency, 1987.

[ 5] Insaf S B, Mohamed M A, Hiyama T, et al. A GIS-based



246 HoBk 5 BBk 2 R

20164F

DRASTIC model for assessing aquifer vulnerability in
Kakamigahara Heights, Gifu Prefecture, central Japan[J].
Science of the Total Environment, 2005,345:127-140.

[ 6] Hamza M H, Added A, Rodrlguez R, et al. A GIS-based
DRASTIC vulnerability and net recharge reassessment in
an aquifer of a semiarid region[J]. Journal of Environmen-
tal Management, 2007,84:2-19.

[7] Lynch S D, Reynder S G, Schulze R E. A DRASTIC ap-
proach to groundwater vulnerability in South Africa[J].
South Africa Journal of Science, 1997,93(2):59-65.

[ 81 %F#k, iNE 5 ShFT Kk, 45 DRASTIC B Bl 5 etk )
R I] K SCH Bt T AR H J5,2010,37(1):102-107. [ E J,
Sun A R, Zhong X Y. Inadequacies of DRASTIC model
and discussion of improvement[J]. Hydrogeology and En-
gineering Geology, 2010,37(1):102-107. ]

[ 9] Thirumalaivasan D, Karmegam M, Venugopal K. AHP-
DRASTIC: Software for specific aquifer vulnerability as-
sessment using DRASTIC model and GIS[J]. Environ-
mental Modelling & Software, 2003,18:645-656.

[10] Afshar A, Marino M A, Ebtehaj M, et al. Rule- based
fuzzy system for assessing groundwater vulnerability[J].
Journal of Environmental Engineering ASCE, 2007,133
(5):532-540.

[11] Pathak D R, Hiratsuka A. An integrated GIS based fuzzy
pattern recognition model to compute groundwater vul-
nerability index for decision making[J]. Journal of Hydro-
environment Research, 2010,51:63-77.

[12] Al-Adamat R A N, Foster I D L, Baban S M J. Groundwa-
ter vulnerability and risk mapping for the basaltic aquifer
of the Azraq basin of Jordan using GIS, remote sensing
and DRASTIC[J]. Applied Geography, 2003,23:303-324.

[13] A P8, Z57% 1 5% 42 45,45 DRASTIC Hhn A Rk A K i
H R 7K 5y 5 PEVEA A 0 (0] G B TR A oA 4R,
1999(5):684-688. [ Yang Q, Luan M T, Chong J Z, et al.
Study of application of DRASTIC index to assessment of
groundwater vulnerability to pollution of Dalian city[J]. Jour-
nal of Dalian University of Technology, 1999,5:684-688. ]

[14] SRS, 75/ N, X LT3, 5 DRASTIC PEA AL AE 15 M i
TRJZ T K a5 PE VT v B 0 (7. 5 U8 A 5 R 05,
2007(2):138-144. [ Zhang T L, Feng X M, Liu HY, et al.
Application of DRASTIC model to groundwater vulnera-
bility assessment in Taizhou plain area[J]. Resources Sur-
vey and Environment, 2007,2:138-144. ]

[15] 220, ATV LV, W90 %7 T DRASTIC RS PP eV 7
2R K G 551 (0], R /K FIIZK HL,2007(1):48-52. [ Li
H, He J T, Chen H G. Assessment of shallow groundwa-
ter vulnerability in Zhanjiang city by using DRASTIC
Model[J]. Guangdong Water Resources and Hydropower,

2007,1:48-52. ]

[16] = FEFIJE 2 a4 P55 T DRASTIC 3 T 7K 5 15 Ytk
2 FARBIAR 2R SRR 77K B2 3F J'€,2000(2):173-
179. [ Wang G L, Zhou H C, Yang Q. A multi-objective
fuzzy pattern recognition model for assessing groundwa-
ter vulnerability based on the DRASTIC system[J]. Ad-
vances in Water Science, 2000,2:173-179. |

[17] BRI ARV, JR B, A5 5 7K 2 M 53 P ASER 3 B7 2F- f
PRI 5 925 [ 3], K F 22 4%,2002(7):23-30. [ Chen S Y, Fu
G T, Zhou H C, et al. Fuzzy analysis model and method-
ology for aquifer vulnerability evaluation[J]. Journal of
Hydraulic Engineering, 2002,7:23-30. ]

(18] i e A, Al £,y R G 5 TH A (1 23 DRASTIC A )
TEH R K IS5 PRI v B9 R (07K F2741,2007,38(1):
94-99. [ Meng X M, Shu L C, Lu Y R. Modified DRAS-
TIC model for groundwater vulnerability assessment
based on entropy weight[J]. Journal of Hydraulic Engi-
neering, 2007,38(1):94-99. |

[19] FhA B2 AHHE Z5 T B9 1L T R KA B e

ST [ K A K B E,2014(5):1-7. [ Sun C Z,

Xi X. Assessment of groundwater intrinsic vulnerability

in the lower reaches of Liaohe River Plain under uncer-

tain conditions[J]. Advances in Science and Technology
of Water Resources, 2014,5:1-7. ]

Ty, B R R R L TP 5 X R K B S5 PR RN B AR D).

PR 85 B 27 2% 41%,2003,23(1):94-99. [ Lei J, Zhang S C.

Study on the groundwater vulnerability assessment in

[20

—

Tangshan plain area[J]. Acta Scientiae Circumstantiae,

2003,23(1):94-99. ]

R 1P W R P N B RS S T SR W 7

I 5 X FE,2003,26(1):44-49. [ Ma J Z, Gao Q Z.

Groundwater vulnerability and its assessing method in

the arid land of NW China[J]. Arid Land Geography,

2003,26(1):44-49. ]

[22] PINA R, A0 T A2, 2R TR, A5 T LT~ Ji b T K e 55 P A
FE[I] MR 27 2 4l (b BR B 27 1i0),2007,37(5):943-948.
[ Sun C Z, Zuo H J, Luan T X, et al. Research on ground-
water vulnerability assessment of the lower Liaohe River
Plain[J]. Journal of Jilin University: Earth Science Edi-
tion, 2007,37(5):943-948. ]

(23] HIE A AR T R /K BEURITA T B R M R 2 o7
[J7.7K SC 3 5 TR Hb %, 2000,27(6):6-8. [ Shu L C, Zhu Y

S. The analysis of uncertainty in the evaluation of ground-

[21

—_

water resources[J]. Hydrogeology and Engineering Geolo-
gy, 2000,27(6):6-8. ]

[24] Ronald E G, Robert E Y. A parametric representation of
fuzzy numbers and their arithmetic operators[J]. Fuzzy
Sets and Systems, 1997,91(2):185-202.



A AE TP Z T K ESS T 247

A BB T, A R T R JE U A s RO 25
B PEM 172K R 24 47,2004(3):65-70. [ Jin T L, Wei Y
M, Ding J, et al. Fuzzy comprehensive evaluation model
based on improved analytic hierarchy process[J]. Journal
of Hydraulic Engineering, 2004,3:65-70. ]

PO KE S, B P ) DRASTIC LR 7
TE 30 K 585 M PPAR T 8 B [ 850 1 52 R 5 AR,
2010,40(9):68-75. [ Li S F, Wang Y, Mao H H, ef al. A
modified DRASTIC model and its application on assess-
ment of groundwater vulnerability[J]. Mathematics in
Practice and Theory, 2010,40(9):68-75. ]

[27] ARG LL PN AT, A5 B A DA IR AR AR

K HAEA BTN b 0 T[] 3527 241,2005,25(4):
552-556. [ Zou Z H, Sun J N, Ren G P, et al. Study and
application on the entropy method for determination of
weight of evaluating indicators in fuzzy synthetic evalua-
tion for water quality assessment[J]. Acta Scientiae Cir-
cumstantiae, 2005,25(4):552-556. |

(28] & FE[ i G, DU AR, 45 5 TRAN AR 7K W IEURL e XU

B 25 5 VEAN 5B K W [9]. 7K 1 27 412,2008,39(9):
1092-1097. [ Luo J G, Xie J C, Ruan B Q, et al. Fuzzy
comprehensive assessment model for water shortage risk
based on entropy weight[J]. Journal of Hydraulic Engi-
neering, 2008,39(9):1092-1097. ]

[30] & #=F. 7K XS 112 M)

[29] TF 3T, B3, 4 35 B, 25 K SR AN S PR 43 7 7 1 [ML.

Jt 50 RF 24 kL2011, [ Wang WS, Zhang X, Jin J L,
et al. Uncertainty analysis method of hydrology[M]. Bei-
jing: Science Publishing, 2011. ]

B AT R 2 AR, 2003,
[ Huang Z P. Hydrology statistics]M]. Hohai University
Publishing, 2003. ]

(311 BRE 75 8. B /K 2B 8 F 0 )AL S MR b T /KR

AL 5 0 [ 7] K B2 15 J,2005,16(4):482-487. [ Chen
Y, Wu J C. Effect of the spatial variability of hydraulic
conductivity in aquifer on the numerical simulation of
groundwater[J]. Advances in Water Science, 2005,16(4):
482-487. ]

[32] WA, R TTA: PR S5 1l T 7K S VF R R A4 2 1 XL

F&: 43 M [J1. 7K F) 24417,2000(3):77-80. [ Shu L C, Zhu Y S,
Sun Q Y, et al. Risk analysis of groundwater allowable
withdrawal evaluation[J]. Journal of Hydraulic Engineer-
ing, 2000,3:77-80. ]

[331 S, S, 0 i 6], 45 R 7K A T ) S0

TR A3 BT [J].3900 96 K2 2 3 (SR B 1R),2007,35(5):
491-495. [ Shu L C, Wang M M, Liu R G, ef al. Sensitivi-
ty analysis of parameters in numerical simulation of
groundwater|[J]. Journal of Hohai University (Natural Sci-
ences), 2007,35(5):491-495. ]



