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Groundwater Vulnerability of Some Cemeteries

in Gyeonggi Province

Jae-Hwang Lee, Jun-Soo Lee, and Kye-Hoon Kim'

Dept. of Environ. Horticulture, The University of Seoul, 130-743

The purpose of this study was to investigate the vulnerability for groundwater contamination at the some
cemeteries in Gyeonggi Province. Twenty-eight out of 43 cemeteries in Gyeonggi province were selected for
this study. The DRASTIC model was applied to those cemeteries, and the reliance of the model was
assessed using the water quality data of the target areas. The DRASTIC model was used for the assessment
of the potential for groundwater contamination using hydrogeological factors. Seven factors including
depth of water, net recharge, aquifer media, soil media, topography, impact of the vadose zone, hydraulic
conductivity of the aquifer were assessed. The DRASTIC index of the study area ranged from 82 to 126
with an average value of 113.99(+11.48). The DRASTIC index was relatively greater in the northern
Gyeonggi province than that in the southern area. The DRASTIC index was similar for the areas with the
similar burial rate and burial density. This study demonstrated that burial rate and burial density should
be considered along with the 7 basic factors for the evaluation of groundwater vulnerability of the

cemeteries.
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Table 1. The conditions of burial grounds investigated in this study.
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Fig. 1. Location of assessment sites.

No. Site Opening Area Capacity No. of graves Burial
date of graves rate
m’ %

1 Bek-ran 1979 61,050 2,500 2,455 98.2
2 Kuk-je 1975 99,868 3464 3457 99.8
3 Chung-hyun 1976 95,430 4,747 1,770 373
4 Sung-nam 1976 148,088 7,493 7,180 95.8
5 Pan-gyo 1978 95,868 3418 3,383 99.0
6 Sam-sung 1978 150,546 7,536 7,492 99.4
7 Gwang-ju 1974 504,140 20,000 12,804 64.0
8 Han-nam 1978 130,926 7,465 4,737 63.5
9 Ko-ryeo 1976 185,357 4,646 4476 96.3
10 Kim-po 1981 32,660 3,200 2,985 93.3
11 Yoeng-rak 1968 114,737 12,505 6,493 519
12 Mo-ran 1966 335,267 13,053 11,904 91.2
13 Su-won 1986 113,197 22,358 9,538 427
14 Un-kyoun 1971 101,345 5,067 4,681 924
15 Shin-se-kye 1971 178,883 8,944 7,147 799
16 Mu-gung-hwa 1976 192,430 10,140 6,361 62.7
17 Pal-dang 1977 142,661 9,415 5,372 57.1
18 Chun-ju-kyo 1967 342,745 20,723 20,723 100.0
19 Yong-in 1975 556,017 22,166 21,707 97.9
20 Seoul 1979 58,088 3.877 3,800 98.2
21 Hwa-kyo 1970 97,124 2,990 2,285 764
22 Il-san 1973 166,682 9,174 8,506 92.7
23 Nak-won 1970 218,877 4,480 4,441 99.1
24 Ha-nul 1971 47,458 3,479 582 16.7
25 Jo-an - - - - -

26 Kyung-mo 1995 311,176 30,130 7,126 237
27 Ki-dok-kyo 1971 107,802 4,300 4,028 93.7
28 Kum-ju 1971 49,587 2,010 1,899 94.5
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7}=r(Office of Technology Assessment, OTA)©¢] &

o ARrBA FALGAS 2002 A
7AA BAE F AstEAAe] FALANES 62 3B
Fog ¥H7} etk olF BEAXGL 239 A
g, A, ARALERY $2E SAEAE $HI}
T (Han, 2000). BAE HodA02A 299 A3}
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Az olfste] Asts BAS 29AD F Ak A3t
Fode PAHI AT FeEAA PR AG A4
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AQGgH Aol B Asre] 99 AP A
3 Bt dFstel Ase B4 BE AL £
Yshe Aol Asts edAGY BhgWoR:

DRASTIC, SIA(Surface Impoundment Assement, A
FAFAIA #H7EY), LSR(Landfill Site Rating, "1 ¥
Aol Ld7bEA HH), #A7lE EY WEEA 9
Als e E 2 F 7} (waste-soil-site interaction matrix),
SRM (Site Rating Methodology, FA| 43} H71H),
WHPA (Well Head Protection Area, #4734 XA
g) 2 pesticide index H7FHo]l gtk o F
DRASTICE 7| 22AE $R2AASH AL 7}
A3 ABHOE Ass 09 APS WA B
Holth(Aller et al., 1987). DRASTIC 2]=foA] o]
S AL 7} ¥ 3 (Al-zabet, 2002; Ettazarini et al, 2004:
Fredrick et al, 2004: Herlinger et al., 2006), == of A4
T As4 edAer WA F AeEE Wy
T}H(Cho et al, 1999; Cho et al, 2004; Hamm et al,
2004: Lee et al, 1996: Lee et al, 1997: Lee et al.,
2006: Min et al, 1996). ¥ AFollX s B ¢ F
JAAFH AEES 432 WA BT ¢ A
DRASTICEH & ©]&3t Ast4 24

EREEES

DRASTICS| 7R  DRASTIC R9& a5 o)
FFgFS vF F Ade FEAATH 2ds THLe
74" 7R 29er A Stk DRASTIC]
& o 77HA 1A HEIFAE FAE Ao
(Aller et al., 1987).

@ A34 (Depth of water)

®@ A et4 T #F(net Recharge)

® 4= v & (Aquifer media)

@ E%2] 2 (Soil media)

® A% 4l (Topography)

® ¥ E3Y F+A E & (Impact of the vadose zone)
@ WEZ9 43 AE% (hydraulic Conductivity of

the aquifer)

DRASTIC Rd& 19879 wH = 3}ARZTF

(Environmental Protection Agency: EPA) 3}

EERE

&9 ¥ 3] (National Ground Water Association,
NGWA)2 Halel vl 533 (National Water
Well Association, NWWA)o| ¢ ale] 7l Rd o)
THEPA-600/2-87-035). ©] 2 483 A9 A

O

& Ay
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(weight), ¥ 9 (range), =+ (rating)°ll
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Table 2. Assigned weight for DRASTIC features.
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Feature Weight
Depth to water 5
Net recharge 4
Aquifer media 3
Soil media 2
Topography 1
Impact of the vadose zone media 5
Hydraulic conductivity of the aquifer 3
Max 226
Min 23

Source: Aller et al., 1987
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Table 3. Hydrologic soil-cover complexes (AMC- I , Ia=0.2S).
Cover description Cover description
Cover type and hydrologic condition A B C S
Full develpoed urban area(vegetation estabilished)
Open space (park, golf courwes, cemeteries, etc.)
Poor condition (grass cover<50%) 68 79 86 89
Fair condition (grass cover 50% to 75%) 49 69 79 84
Good condition (grass cover>75%) 39 61 74 80

Source: USDA, 1997

o] ZHAAC FESH EYFE Table 40] YER
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BEaArt B AFoAE Joeng et al(1995)¢] EHF
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Table 4. Hydrological soil group.

Soil -

° Properties Permeability
type

mm hr'

A Lowest runoff potential, high infiltration rate 7.62~11.43
B Moderately low runoff potentila, good drainage 3.80~7.62
C  Moderately high runoff potential, low infiltration rate 1.27~3.81
D Highest runoff potential, bed drainage 0~1.27
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Table 5. Antecedent soil moisture condition (AMC).

Antecedent precipitation (mm)
AMC Group

Growing season Dormant season

I Ps<35.56
II 35.56<Ps<53.34
ill Ps>53.34

Ps<35.56
35.56<Ps<53.34
Ps>53.34

Source: USDA, 1997
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Table 6. Observation spot.

Observation spot Site

cheon Gwangju, Hannam, Yongin, Suwon, Chunghyeon

Yangpyeong Yeongnak, Moran, Mugunghwa, Paldang, Geumju
Seoul Gukje, Baengnan, Hwagyo, Sinsegye, Ungyeong
Suwon Cheonjugyo, Seoul, Seongnam, Pangyo, Samseong
Incheon Goryeo

Ganghw Gimpo, Ilsan, Gidokgyo, Gyeongmo, Nagwon, Haneul, Joan

- e
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Table 7. DRASTIC index of depth to water table.
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Fig. 2. Relationship between altitude and groundwater level.

No. Site Altitude Calculated groundwater Depth to water DRASTIC index
level table (m)
1 Bek-ran 58 5297 5.03 35
2 Kuk-je 38 38.87 5.13 35
3 Chung-hyun 265 260.98 4.02 45
4 Sung-nam 111 106.23 477 35
5 Pan-gyo 238 233.85 4.15 45
6 Sam-sung 114 109.24 4.76 35
7 Gwang-ju 175 170.54 4.46 45
8 Han-nam 124 119.29 4.71 35
9 Ko-ryeo 82 77.09 491 35
10 Kim-po 90 84.83 5.17 35
11 Yoeng-rak 159 154.46 4.54 45
12 Mo-ran 207 202.7 430 45
13 Su-won 226 221.79 4.21 45
14 Un-kyoung 143 138.38 4.62 35
15 Shin-se-kye 106 101.2 4.80 35
16 Mu-gung-hwa 203 198.68 432 45
17 Pal-dang 319 315.25 375 45
18 Chun-ju-kyo 179 174.56 444 45
19 Yong-in 187 182.6 440 45
20 Seoul 179 174.56 444 45
21 Hwa-kyo 127 122.31 4.69 35
22 Il-san 20 14.78 5.22 35
23 Nak-won 46 40.91 5.09 35
24 Ha-nul 97 92.16 4.84 35
25 Jo-an 121 116.28 472 35
26 Kyung-mo 19 13.78 5.22 35
27 Ki-dok-kyo 33 27.85 5.15 35
28 Kum-ju 112 107.23 477 35
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Table 8. DRASTIC index of net recharge.
. o . DRASTIC
No. Site Precipitation Direct runoff Evapotrans. Net recharge index
mm mm mm mm
1 Bek-ran 16713 8283 4912 216.2 32
2 Kuk-je 1581.0 828.3 260.3 447.1 36
3 Chung-hyun 1406.7 753.6 183.7 4254 36
4 Sung-nam 1380.7 800.7 182.6 348.1 36
5 Pan-gyo 1380.7 800.7 182.6 348.1 36
6 Sam-sung 1410.8 800.7 182.6 348.1 36
7 Gwang-ju 1436.8 753.6 183.7 4254 36
8 Han-nam 1408.6 753.6 183.7 4254 36
9 Ko-ryeo 14193 793.8 1859 300.1 36
10 Kim-po 1487.8 716.4 483.0 196.3 32
11 Yoeng-rak 1507.9 764.8 449.2 205.7 32
12 Mo-ran 14843 764.8 4492 205.7 32
13 Su-won 1527.1 753.6 183.7 4254 36
14 Un-kyoun 1671.3 828.3 260.3 447.1 36
15 Shin-se-kye 1604.5 8283 4912 216.2 32
16 Mu-gung-hwa 1507.9 764.8 2312 4237 36
17 Pal-dang 14542 764.8 2312 4237 36
18 Chun-ju-kyo 1410.8 800.7 182.6 348.1 36
19 Yong-in 1406.7 753.6 394.2 214.9 32
20 Seoul 1501.1 800.7 182.6 348.1 36
21 Hwa-kyo 16325 8283 4912 216.2 32
22 Il-san 1515.8 716.4 2579 421.3 36
23 Nak-won 1515.8 716.4 483.0 196.3 32
24 Ha-nul 1515.8 716.4 483.0 196.3 32
25 Jo-an 1515.8 716.4 636.4 428 4
26 Kyung-mo 1515.8 7164 483.0 196.3 32
27 Ki-dok-kyo 1487.8 716.4 483.0 196.3 32
28 Kum-ju 1419.7 764.8 605.1 49.8 4
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Table 9. DRASTIC index of vadose zone.
. e . . DRASTIC
No. Site Permeability Rating DTW' Rating .
index
1 Bek-ran Moderate 3 5.03 4 14
2 Kuk-je Mod-high 4 5.13 4 16
3 Chung-hyun Mod-high 4 402 5 18
4 Sung-nam Mod-high 4 4.77 5 18
5 Pan-gyo Mod-high 4 4.15 5 18
6 Sam-sung Mod-high 4 4.76 5 18
7 Gwang-ju Mod-high 4 4.46 5 18
8 Han-nam Mod-high 4 471 5 18
9 Ko-ryeo High 5 491 5 20
10 Kim-po Mod-high 4 5.17 4 16
11 Yoeng-rak Moderate 3 4.54 5 16
12 Mo-ran Moderate 3 430 5 16
13 Su-won High 5 421 5 20
14 Un-kyoun High 5 4.62 5 20
15 Shin-se-kye Moderate 3 4.80 5 16
16 Mu-gung-hwa High 5 432 5 20
17 Pal-dang High 5 3.75 5 20
18 Chun-ju-kyo Mod-high 4 444 5 18
19 Yong-in Moderate 3 4.40 5 16
20 Seoul High 5 444 5 20
21 Hwa-kyo Moderate 3 4.69 5 16
22 Il-san Mod-high 4 522 4 16
23 Nak-won Moderate 3 5.09 4 14
24 Ha-nul Moderate 3 4.84 5 16
25 Jo-an Moderate 3 472 5 16
26 Kyung-mo Mod-high 4 522 4 16
27 Ki-dok-kyo Moderate 3 5.15 4 14
28 Kum-ju Slow 2 477 5 14
! Depth to water
- 55 oy AotAe] BT EFFEOIYUL
W5E HALS 15500008 AE, AH, BH, B4,
Frel ¥, olF, FY ALEEL ojgaAQE F NP AFe) FAEE T A8 FAEL
2 Z3tE WA/ Y, 2 A v (banded gneiss) ©] oo HLd 7+ A Yre ALE GPSE ol &
Ak olg g AZAS S WE HIHA BF 3% ato] FA 3tk GPSE ol g3t FHE 7 AH ¢
Fol &ste] FHOR Ass edsbsAel e AEE FNEIRYA A4 HUIEE AE
FeE 03 Ak R BARGe] Azhel] 9] A& (%) S FATh RRe] BAF0] Ao
A3l 9ol M%d ALPPE Bl ACE AZAHE 2 FEA BEso] Q7] Wl AN BA
3= m gl 93 DRASTIC A9 WEEe gle &2 18% o9 AAHES EHAt
Ao7 Rt}
HEZsl FHEI  WESY FHEDe
E & ZAXF EAIES 1:250009 & DRASTIC AFE EYo BEFL3 o499 Zo
WEGEE ol4ath FAEFPRAHY EFA B xFshel AESHATH(Piscopo, 2001). A e
SolA 7t ZAARE ANE FAF F EFEOR FEES 1250009 JUEFEE o g3k
ERIAL. EFBel S0 we 7 AHe EYS
B ten the&e FMEE FHAERE 1:50,0009] A
AN EFS TA AFE, FE AGEZ b AENM G FUE FAF F, Freezest
ARNeH, Z7F 65+, 105+H, 125922 ER/ENU Cherry(1979) 7} AAIg Ed FHHAEEE o]&st
o oHREe BA A BT oA 2EA D of TaAT AAEY 4 A9 A DHe) Fo|r}
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Table 10. Result of DRASTIC index.
Site Dr Rr Ar Sr Tr Ir Cr DBASTIC
index
Chung-hyun 45 36 9 12 3 18 3 126
Su-won 45 36 9 12 1 20 3 126
Pan-gyo 45 36 9 12 1 18 3 124
Gwang-ju 45 36 9 12 1 18 3 124
Mu-gung-hwa 45 36 9 10 1 20 3 124
Pal-dang 45 36 9 10 1 20 3 124
Chun-ju-kyo 45 36 9 12 1 18 3 124
Seoul 45 36 9 10 1 20 3 124
Un-kyoun 35 36 9 10 9 20 3 122
Kuk-je 35 36 9 10 9 16 3 118
Yoeng-rak 45 32 9 10 3 16 3 118
Ko-ryeo 35 36 9 12 1 20 3 116
Mo-ran 45 32 9 10 1 16 3 116
Yong-in 45 32 9 10 1 16 3 116
Sung-nam 35 36 9 12 1 18 3 114
Sam-sung 35 36 9 12 1 18 3 114
Han-nam 35 36 9 12 1 18 3 114
Il-san 35 36 9 10 5 16 3 114
Kim-po 35 32 15 6 3 16 6 113
Kyung-mo 35 32 9 10 5 16 3 110
Shin-se-kye 35 32 9 10 3 16 3 108
Hwa-kyo 35 32 9 10 1 16 3 106
Ki-dok-kyo 35 32 9 10 3 14 3 106
Bek-ran 35 32 9 6 5 14 3 104
Nak-won 35 32 9 10 1 14 3 104
Ha-nul 35 32 9 6 1 16 3 102
Jo-an 35 4 9 6 1 16 3 74
Kum-ju 35 4 9 6 3 14 3 74
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