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An ArcGIS-based analysis of groundwater spatial structure and groundwater

vulnerability in the lower reaches of the Liaohe River Plain
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Abstract; High-quality groundwater bodies with relatively stable water volumes, good water quality, and a high resistance
to pollution are widely distributed throughout the world. They play an important role in, among other things, the domestic
water supply, economic development, and maintaining the integrity of the geological environment and ecological balance.
However, with rapid socio-economic development, increasing human demand for water has resulted in increasing pressure
on, and unreasonable use of, groundwater bodies. Consequently, groundwater systems throughout the world are subject to
varying degrees of pollution and destruction, one result of which is an increasing disequilibrium between the supply of and
demand for water resources.

The field of international hydrogeology is concerned with evaluation of groundwater vulnerability , which is considered a
basic task in the development and protection of groundwater resources. Currently, groundwater vulnerability is thought to
result from characteristics of the groundwater system itself and anthropogenic factors ; research into groundwater vulnerability

can support groundwater protection. GIS, together with the contraposed index method, is the most popular tool for
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calculating groundwater vulnerability indices. Because the hydrogeological environment is not under the complete control of
human activities, a thorough understanding of groundwater vulnerability and the causes of its variation is necessary for
environmental managers to enact preventive and pollution control measures.

This study was based on the DRASTIC model. Groundwater parameters for 3 years (1991, 2000, and 2010) were used
to calculate the distribution of groundwater vulnerability in the lower reaches of the plain of the Liaohe River, using ArcGIS.
Groundwater nitrogen concentration was used as a response index to test the reliability of results. Using the mapping and
spatial statistical analysis functions in GS™, ArcGIS, and Geoda095i, we evaluated and analyzed the spatial distribution,
variation, and spatial correlation patterns of groundwater vulnerability in the tested area. Results showed that;1) Overall
groundwater vulnerability initially decreased but then showed a trend of increase from 1991 to 2010, and high-vulnerability
areas were distributed from the regions around Shenyang to the south coast. 2) From 1991 to 2010, groundwater
vulnerability showed a strong positive autocorrelation ( Moran's I) , the degree of which showed a slight downward trend. 3)
Over the study period, marked changes have occurred in local spatial autocorrelation of groundwater vulnerability and its
significance levels. 4) Groundwater vulnerability in the study area was influenced by a combination of structural and random
factors. While the random factors have gradually increased over time, structural factors remain important. This study
highlights the causes of variation in groundwater vulnerability and the mechanisms that drive its spatial structure in the study
area and can provide a reference for policy makers to support development of groundwater pollution control and protection

plans.
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correlation patterns
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Table 1 Ranks and rating for aquifer buried depthtopographic slope hydraulic conductivity of aquifer

KR BN B ML ORI 5 )
Depth to water Net recharge Topography Hydraulic conductivity of the aquifer
S/ m Wy SR/ mm W I3/ Y Wi BHR/ (m/d) o3
Rank/m Rating Rank/mm Rating Rank/ % Rating Rank/ (m/d) Rating
0—1.5 10 0—>51 1 <0.5 10 0—4.1 1
1.5—4.6 9 51—102 3 0.5—1 9 4.1—12.2 2
4.6—9.1 7 102—178 6 1—1.5 5 12.2—28.5 4
9.1—15.2 5 178—254 8 1.5—2 3 28.5—40.7 6
15.2—22.9 3 >254 9 >2 1 40.7—81.5 8
22.9—30.5 2 >81.5 10
>30.5 1
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Table 2 Classification and rating for aquifer media, soil media and impact of the vadose zone media

FIKEN FiZEA Aquifer media T3S B A Soil media BRI A 25 Vadose zone media
/12& Classification ﬂ?ﬁ-} 4135 Classification ﬂ?% 4135 Classification ﬂ%}
Rating Rating Rating
S INIE S 2 Ak M AR BE SR A 1 1 HRIEJZ 1
AP K IR 3 Bl 2 b/ K+ 3
WA B/ KB 4 Rl TR 3 AR KIS 4
VKT ) 5 FYRD BT 4 TR 6
B s A B E 6 A 5 Z2) 6
PN 6 TP PG 1 6 BRI TR 6
PRIN/ 21 6 i 2 2R PG 7 R B HIRG LR 6
R 8 Jes 8 bk 8
T 9 b 9 i 9
B 10 WR TR e LI AR 10 B 10
x3 HHEHEERNSRS TS
Table 3 Ranks and rating for special vulnerability index
JHPK G Bt HERE SR AL DAL
Water resources of per people Cultivated land proportion Fertilization intensity In'du.stnal wasteflvater
emissions per unit area
Y/ (m*/ N) Iy g1 oy 59/ (1/km?) o G/ (V/m?) RSy
Rank/(m*®/p) Rating Rank Rating Rank/ (/km?) Rating Rank/(v/m?) Rating
>1100 1 <0.05 1 <5 1 <1000 1
1000—1100 2 0.05—0.1 2 5—10 2 1000—2000 2
900—1000 3 0.1—0.15 3 10—15 3 2000—3000 3
800—900 4 0.15—0.2 4 15—20 4 3000—4000 4
700—800 5 0.2—0.25 5 20—25 5 4000—5000 5
600—700 6 0.25—0.3 6 25—30 6 5000—6000 6
500—600 7 0.3—0.35 7 30—35 7 6000—7000 7
400—500 8 0.35—0.4 8 35—40 8 7000—8000 8
300—400 9 0.4—0.45 9 40—45 9 8000—9000 9
<300 10 >0.45 10 >45 10 >9000 10
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Fig.2 Groundwater vulnerability distribution of lower reach of Liaohe River Plain under 2 kmx2 km grid
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Table 4 The percentage and variation of the groundwater vulnerability area in different years

Y] JE55 141743 Vulnerability rating

Period <5 5—6 6—7 7—8 8<
1991 4f 0.56% 9.96% 53.26% 14.07% 22.14%
2000 4F 0 6.29% 33.30% 54.78% 5.63%
2010 4 1.46% 10.14% 38.78% 49.37% 0.25%

MR K B SRR B R, b T K IR IR FR R 2 RN 4 FTAS, 1991 2 2010 AF 0], bR K i 5
ARV E RIS BT TR R v i 55 DX T B g5 B s | AV 55 DX 0 T AR b B B S R, 7R
23 (1A J L AR A A Ay i 2 R W 55 A v DXODN A BH T Ay v A i 320 3 T 1) 9 YA 3k o 0 48, T A PH o 4%
b DX F T 7K S 55 2 B G A B

1991 4 55 P FE B R B4R TP e 6—7 JE I, A 5T IX BT AR 53.26% , J& T3 B, 20 A Ae Hi M
T LU AT R T 3 DR AN 5 X TR0 & JR B R A b X 76 AT K o B b AT T N K 5 1Y
15 LB B URHEES  BUE R R K BE ISR R . LATE B A o 1] DU 00 1 X b T K G 55 1 A e, L
B G55 X (MEFSPEPEAME R T 8) i 22.14% , F B/ A 78 BT RIEL o B S6 1 X 34 &8 T 2L P T,
WA R 3 B AR LR 3] 0.46 , B0 AU AL & BRI F] 41.24 vkm®  ABFSE X e, o AR
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e 55443

A 225 525 M 3 1 S5 30 R0 38 R A A SoCH Eme
IEEIOCR o RS WD i T 7K e 55 1R 1T o 5 AC R 4 T S T S TR R R B 55 A R

WREE T XY AR (K 4) A HL TN y=0.028%  Figd The scatterplot of nitrogen concertration from monitoring
+5.3864, IR I ZH EHa 8 i SPSS 4T W& VEAG S 45 points and the corresponding vulnerability rating
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S5 5, HFATA, 1991 41 2000 47119 L 7K i 55 1 8 BB B U5 3508 S £, 2010 47 LRI L& 30UR
BAf,

Hi R K55 M 0 23 8] S M A2 5 Al DR RN B ML R 225 ) | 235 F v TR 2 32 B0 4% DRASTIC £~ 8k
FE I 7K SCHb BT 251, T BEAILIE: PR 28 32 A H5 R R G 55 ME R R AE N I ARG B 7, B8 C KR
iR K e 554 AR AL Z BEAILYE D 2 2 ma R BE , AR RS, €,/ ( Co+C) 7 1991 ,2000 F1 2010 4F 4351128 4% 5.
9% M1 12.1% , AW Tk, BABHAE 2 km B RAERIEE PN, A 2896 3006 i 7K IR 58 (4 5% i i Aok B R . A
5 HAI15,1991 4F 2000 4FF1 2010 4F B9 M 7K i 5544 25 8] 43 5 A8 F2 735004 5.32 km (1.77 km 1 5.40 km, I
DATE 2 km (R 5RAFE (] BE A 1R 7K e 55 PR 8 B2 1 25 TR AR OGPk

®5 TTAFEEMTKEHERIETEREE

Table 5 The variogram of groundwater vulnerability degree in the lower reaches of Liaohe River Plain

Hf 4] Period PR Model Cy Co+C Ay Cy/(Cy+C) R? RSS

1991 BRIE 0.118000 1.311000 1.93 0.090 0.998 2.462x1073
EiRe 0.085000 2.108000 5.32 0.040 0.999 1.835x1073
&k 0.161897 1.209168 1.33 0.134 0.994 8.757x1073
[ 0.241000 1.189000 1.40 0.203 0.984 2.3x1072

2000 294 0.065000 0.480000 1.09 0.135 0.986 3.523x1073
EiRAe 0.033000 0.561000 1.77 0.059 0.994 1.569%1073
e 0.142126 0.559298 1.33 0.254 0.991 2.24x107
[ 0.110000 0.477000 0.88 0.231 0.982 1.569%10?

2010 294 0.065000 0.537000 5.40 0.121 0.990 2.917x1073
ek 0.00100 0.559000 0.92 0.002 0.969 8.663x107
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Fig.6 The LISA cluster graph of local spatial autocorrelation in the lower reaches of Liaohe River Plain in 1991, 2000 and 2010
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