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ABSTRACT

KEYWORDS

Purpose : The subject site selected in this study was a place that was prepared through
the reclamation of foreshore completed in 1973. Since then, the site has been occupied by
the industry of ship repair for over 30 years.

Field Investigation,
Contamination Source,
Refined Petroleum,

Method : The results of a precise soil examination conducted in 2013 showed that the
site was seriously contaminated with TPH over an area of 10,000m* and GL(-)3.0m in
depth, with an expanding coverage of contamination.

Results : The soil contamination by refined petroleum products often results in adverse
effects to human health and ecological systems, thus the contamination should be purified
as soon as possible.

Conclusion : Hydrogeological investigation can be employed to assess the groundwater
movement and propagation of contamination to determine the potential agents or
contaminants in the soil contaminated with high concentration TPH.

Contaminated Site,

Groundwater Movement
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A % R A=A L}E}Urxl = %* ol Aol G Al AT T thA o] o] R 1 glom, F&E ofA =z
QATAS HAF 1 Mol o] RFolA L Tt whetA, EFQH L] A B vk ofy}t 7SS 54
olgts WY S VI AYOZA EGFA Y 54 B B, o] § AALEFE T8t Aol Bad Aol
(Shin and Park, 2009; Kang et al., 2017).

A9, AHe FE53 AA - B3 2Ho® vo sy HEd B AL A N2 EASES 24
A YA o] s ;ﬂ x| glom, olof we} EF ol gk o]sl et BIF FaAl Eh ATt 53] 71E9 ALEAE
FA e} FARA, 13 R FEA SOl o|HstAA 7E A FHEJY EYF LA ofol theF A AEEol
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SdE g $27F dk(Moon, 2011).

53], A Sl o7t HAE Fiel o3 B¢ B Askr SH2 oA £t 8l AT oA B =gl on,
kA oz o9 Wao] ULt N&H o g AT YA E FFOAEH LS EF AR P AFo = k=AY, A3}
T o] FHAGOR ks B, sk, Ak, sHAHAE ToE HAeH vt WoiAaL Bl B2 ARk
Hlgo] 2t o]H g 7ol A F AL WA As) FrRe el et SHZ ol AAZ FB It} FFLH

Aol S4E 13 e WA 2 B771€ F8o] Basn(U.S. EPA, 2000).

H E3 e AFEAR FE o] A (1978d) — s Fr4H-(1996'9) — A7
”J%/‘HZOOSL&)E oj#=o A YA =4 F AAA df FEatoz FEE o] gk O ORI (F)7F 1978
B 1994 d7bA], O O ORI () 7F 1995\ 78] 20138474 sl g iAol Ay E&& st en 2013 2€ B
LEE AMNAY BEYLd $RE7IES 28] 2013 3¢ B AAARTEH EFFERA PHWE e T2 vk ok
ool 2013 7dol AN BEYLed AhAREA B2 W AAH o] Bl glen, 20154 10"J F7F Ad A
AARE A3 AZEo] Al wet e @ ev FAbE I Qe AR FAFHAT. 2017d A tFRA L] AR A%
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(a) 1986

(c) 1991 (d) 1994
Fig. 1. A past satellite photo (1986 to 1994)
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(a) 1995

82282017

(c) 2010 (d) 2013
Fig. 2. A past satellite photo (1995 to 2013)

0OOMIA(F) ol FRSAL, FURA D F7ERAT} o] Fol7 201487 201599 AHANE HEF A,
Fig. 3(a) 9} o] BE5AE APAE A48 w5 AFE 253} ARA 450 Q3 37 %o] of 5o} glom, Y237
£ 4ol FRE FRAM] WA 0| gtk 201649 ARTA A A U] FEIHE S2ALE BA} SRE FUAO
¥, 20179 @AE Fig. 309k o] $AHAT ABshe] 42 A%E % 720t ob8E A8 52 BF AT Helo]
o,

82202017

(a) 2015 (b) 2017

Fig. 3. Pictures after the ship repair business closes
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3. FE|XIEEY 5 =AL

52 ) AFEA A Fig. 49 2ol thEA S F1sly] glste] 2%e 71HOR ARSI S B3k Auke] 524
54 % glatsinh. FAHL A 33.0 moll 7| (A Fol FARNE wi7bA] 2HsRor, 1 9 AHLS B3l oF
9~12 m7kA] 2t ASTEE A AP FA W) & < @I & o AT ASTE= Table 134
7.%\?}.
Fig. 4. Location of drilling survey
Table 1. Soil profile
, o N value, TCR/RQD
Item Layer thickness(m) Configuration (number/cm, %) Note
Landfill layer 0.0~25 Silty sand containing 9/30~50/17 -
gravel
. 5 Sandy silt, Silty sand, 9
Sediment layer 8.5~18.1 Silty clay, Clayey silt 1/30~19/30 -
Granite soil layer 20.6~28.9 Silty sand 14/30~50/12 -
Granite rock layer 28.9~30.7 When drilling, Silty 50/4~50/3 BH-1
sand to decomposition
. TCR 100%
Bedrock layer 30.7~33.0 Granite rock RQD 65% BH-1

3.2 X[3k4 ZA 21
(1) BURISHS 25

YR A5 E FAFY] SIste] AFAol $EA AHOZRE oF 1247F 5 7247kl AHE Ao 23kel ol
A7 B As9E ST ZAAT Table 29} o] F540] B B B4 A7 A3o] whe} 2 2ol & HolH
oyskow, BH-1, 38 B AS597} oF 40 m HES e B4S
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Table 2. Measurement results of groundwater level in drill site

Item After 12 hours(GL,-m) After 72 hours(GL,-m)
BH-1 4.6 47
BH-2 12 1.1
BH-3 3.8 39
BH-4 1.1 14
BH-5 13 14

(2) BETAE ¥ 7E - RSAIE

ANFE 22 A fd5AE 1.0m~3.0m) & o dFEFAES ¢33 43, BH-1, 2, 3 AYAA E5AF7}
1.02E-03 ~ 1.39E-03 cm/sec® BH—4, 5¥ Aol FFAFRA 7.75E-04 ~ 9.85E-04 cm/secEth & 5E4&
LR 1=

BH-2, 49 A-A §3 - 74 AT 2, Fig. 59 2ol BH-2 AA9] §&& 231.9° ~ 2625 Z SW ~ SWW
Wgo g 521, §42 30.24 ~ 67.68 com/day 2 FRIF AT BH-4 AHY F32 188.4° ~ 2334° &2 S ~ SW
wgog san F45 2448 ~ 40.32 cm/day® E1E AT

BH-4 °

315<>&/ : <\
\

\Ve\oclty \cm/day

i y <135 /

270 /

19:43
20:32
21:05

(a) BH-2

Fig. 5. Flow and flow rater results

(3) LAY L &=ZtroHs) AIH
BH-1, 59 AFANA SFAdS FPsta AAAE &4 A7, Table 3 2 Fig. 67 2¢] BH-1 A3 ] F5A414(K)
= 3.780%x10-4 ~ 4.239%x10—4 cm/sec(H+3.965x10-4 cm/sec)d BYHoH, AFAF(S)+ 4.998x10-3 ~
8.512x10-3 cm/secE A=Y BH-2 AH9 EFEFAFTE 1.723x10-2 ~ 1.066X10-1 cm/sec(FH+
5.779%10-2 cm/sec) o] MR oH, AFAFE 2.784X10-3 ~ 3.357X10-3 cm/secE N HAT. F AHe] AA
71818 FFHATE 8.74 cm2/sec, X{%ﬂ]—? 4.465x10-3, BFAG 4.787x10-3 cm/secE AEFH AT}
ST HSAE Ad, Table 49 2ol EFAFK) Y HYE= 1.63X10-4 ~ 1.33x10-2 cm/secold, Bt
4.87x10-3 cn/secZ /AT FFFAG(T) ] M= 0.12 ~ 10.12 cm2/sece]3 B+ 5.88 cn/seco|t}.
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Table 3. Pumping test results

. . . . Hydraulic parameter
Drilling| Diameter [Depth|Groundwater Distan Aquifer | Quantity
No. | (m) | (m) | level(m) SE;) ““lthickness(m)| (m'/day)

Analysis
method
Theis 1.20 4.998x10-3 4.239x10-4
Cooper
& Jacob
Recovery 1.07 3.780x10-4

T(cn'/sec) S K(cm/sec)

BH-1 75 33 47 - 28.3 30 1.101 8.512x10-3 3.889x10-4

BH-1 Geometric mean 1.12 6.522x10-3 3.965x10-4

Theis 79.86 2.784x10-3 1.051x10-1
Cooper
& Jacob
Recovery 48.77 - 1.723x10-2

BH-5 75 9 31 1.4 7.6 34 81.02 3.357x10-3 1.066x10-1

BH-2 Geometric mean 68.08 3.057x10-3 5.779x10-2
Total geometric mean 8.74 4.465x10-3 4.787x10-3

Item BH-1 BH-5
0. b, Wels (] T T T Obe. Walk
+BH-1 +BHS
Aquifer Model Aquifer Model
Unconfined Unconfined
Solution Solution
Theis Theis
= Parameters - Parametors
£ T =12cm2sec £ T =7086cm2sec
5 S =0004998 5 s S =0002784
5 5 -
£ Kar=01 £ A Kot =01
g =283m g =76m
. 8 B
Theis g 1 g
=} a
3 °
method 5 g
5 5
© S
01 Ll [ m 00t ul | i
1 0. 100 1000, 1 10, 100, 1000,
Time (min)
Obs. Wells Obs. Wells
+BH +BH5
Aquifer Model Aquifer Model
Unconfined Unconfined
- Solution - Soution
Cooper-Jacob Cooper-Jacob
_ - Parameters
: Parameters = n ,
= T =101 cm2isec : ;- 310%;; Isec
[ $=0.008512 5 = 0.
§ 4
Cooper g :
8 8
& g 5
@ @
= a
3 °
]acob 5 - 3§ oo2f Bl
5 5
method s 3
o4 ] 001 4
o T BT R G
1 10. 100. 1000. ' o 00 o0
Adiusted Time (min) Adsted Time (i)
, . I T Obs, Wels
T T Obs. Wells oms
+BH1
ifer Nodel Aquifer Model
Conines r Confined
Confined ool 1
- | Solution [ ] SO_:W?"
Theis (Recovery) L ] heis (Recovery)
Parameters + 4 Parameters )
B T =1227 cmPisec E E T =48.77 cmsec
T 120 - SIS'=20.16 g 0.06 - SIS' = 19.59
. g ) F
Theis g 5
g 8
I} 5 L
Recovery 3 s 0
2 08| 3 004 B
method é &
o 002
0
1 10. o]
Time. ut g

Fig. 6. Pumping test results
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Table 4. Pneumatic slug test result

Depth Initial water Aquifer Hydraulic parameter
Item .
(m) level (m) thickness (m) | Analysil method K(cm/sec) T(cnt/sec)
Bouwer-Rice 2.82x10-3 7.97
BH-1 33.0 47 28.3
Hvorslev 3.50x10-3 9.90
Bouwer-Rice 1.53x10-4 0.12
BH-2 12.0 39 8.1
Hvorslev 2.21x10-4 0.18
Bouwer-Rice 9.19x10-3 6.99
BH-3 9.0 14 7.6
Hvorslev 1.33x10-2 10.12
Mean - 4.87x10-3 5.88
(4) F=HZX AI”
AR FAE B HE fE5e] Aol -"45}] dAste QEEHY TR EA 983 FE4H(mechanical
dispersion) ol2} 817, 274 ooz WAshe FRA SO R Washe YRate] Tk 2130 A7), f2A

o] Aol 2=l el HAYS} (Freeze et al., 1979). A U EA A2 BAASFE Fabr] Yt 4 (1)L o] &3}
o] s

30, AU U

= 32%3/2(671 )1/2 M
A7 U, o AA FUH(m)
Up + AT @& Fr7H(m)
b 529 FAm)
n, Frag=&

A(Up/U) = 05¢ A2 "Ast o/c 7k 03 191 Axke] mapy Atolo] ¥4 Fe F71E
BH-1AH (G F) oA 383 FHAA A Table 59} o] F221AF gk glsyon, o] & &8st FEAAF
(m) & Alkst A3} ofgfe} 2o] 0.723 mE AH=H AT 714, U, = 09m?®, A(U,/U) = 4.873(Fig. 7), b = 27.60 m),

n, = 0.01< Z 839t

Table 5. Factors used in the tracer test

Trect
Test Tracer n]ectlor} Injection Obserbation Pumping Effective
. concentration . . . s . note
well material quantity(L) time (min) rate (m'/day) porosity
(mS/cm)
BH-1 NaCl 67.178 900 88 19.6 0.01 n,(literary value)
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Fig. 7. Curve of concentration history

AAF e =&y, A ]°“‘°ﬂ EHEL A O}Tﬁ]g BAFS)
E Z o)t (Shin et al.,, 2011).
32 FRAE Askr 22O o ® et FeAASH 25
o A A8t 3]1*—1%} T UEE 7H%5]°4‘jr oo Ae duk At HME AF71H R vl A HZARE (United
States Geological Survey, USGS) oA 714 &85 =& 2z ol o] A HEZ ] EA47 Ao5e 49 ALs
He A4 g& vdy 2oz 4 th(Brahana and Mesko, 1988; De Weiest, 1966; Johnson, 1967).
ARk Q1 MODFLOW S| 3@ at= 1) Mdmd DA A9 APEAR B4, ndgdd 2 9484, ti+F 2
A 2 et A4, 2AAY 48 5), 2) Bd s 2 AS9A (B /A, MT3DA &), 3) AA Az} vlu - AE9)
A (o9 &4t A5 A WE B 52 AXNEY T (Zheng, 1990; Freeze and Cherry, 1979).

4.1 M 2z

mdgo AMEH Askr FFe FEUFTF(20129) A8 Aty #eZ|EAYT o @AY FFES
11.35 %¢} 209 H ZF<rE2l 1261.1 mm/years 4F&3 143.1 mm/years A £330 AR 9o Ag
AANEE &8st —rﬁhﬂ_ < getetal FA o AAzAS A on, RdYY-E Fig. 89 BT & A9

P FEAAEY ZAY Ad FgE v oE ASEA 2 2o W Layerg £ $ Fig. 99 Zo] FHAER wet
FAE FEsHAT

- 149 -



o

Journal of the Society of Disaster Information.

(m

)

Vol .14, No.2, pp.141 - 153

Fig. 8. Setting of model area

Hydraulic conductivity
Item (K, cm/s) Soil layer
Kx=Ky Kz
Layer 1 2.0x10-2 2.0x10-3 Landfill layer
Layer 2 | 5.0x10-4 5.0x10-5
Layer 3 | 8.0x10-3 8.0x10-4
Layer 4 | 6.0x10-4 6.0x10-5
Layer 5 | 5.0x10-5 5.0x10-6

L

AFEA L AFH A

A& 62.586 R

3L
=]
U

Fig. 9. Layer classification with hydraulic conductivity

—_

Z(Root Mean Square, RMS) £x+& 5 ~ 10%E wE&of 3t} Fig. 103 Zo] AAkE RMS

, 78 A= 0.684 (m)E EFES REE HUhEAT ARFAREE w2 3F T4

(layer) ¥ A&t 259 Fig. 113 24,

Calculated vs. Observed Head : Time = 365 days

-

Mum. of Crata Points © S

Standard Error of the Estimate | 0.684 (m)
Root Mean Sguared : 217 (m})
Mormalized BMS 62585 (% )
Correlation Coefficient : -0.22

Max. Residual: 3.567 (m} at BH-1/A
Min. Residual: 0.08& (m) at BH-5/A
Residual Mean : 1.685 (m)

Abs. Residual Mean : 1.685 (m)

Fig. 10. Result of correction
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ment layer : clay)

(b) Layer-2(sedi

Va

(d) Layer-4(granite soil)

(c) Layer-3(sediment layer : sand)

Fig. 11. Direction of groundwater flow

4.2 MT3DE &2 2%¥ 2= Ha}

MT3D (Modular Three—Dimensional Multispecies Transport Model) & ©]-83l Fdtd £A Uol| A& F43}
2 (Fig. 12), £47A W 379 (A, B, O) ol tiste] siig A (cell) boll F4 W) Ash =5 1A g6 mg/L)E 4
F ool AN 2ge St Y o frt ALHAJEAE A3

Fig. 12. Area settings of MT3D

Fig. 138 AA = A sector, B sector, C sectoro|A Z+z+ 36593} 1835%
setore AT FA9 Yo BN At 552 FE) AN A(W)E WFor s2m 919
T 5 (18259) 9 Alzte] A wel &0 g StE = s gl vk &, 7AW 5%
o] FojA]7] wjFol| RAFA FZe| ko] o] R A& e Ao E FAHHIJT Sl

2 AAA e gike 53 otk A
° 65
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As5o BEE FE) AN AW)E oz 520, oo 2dde] 19 (365%) =i 54 (18259) ] Azke] A3kl

3 Ae FAT 5 Atk 1T AF B Asee B4 B FHOE ARTLNN 24 BA 9%

©2 FRHUh C sectore At ¥4 BEOoZH A3 BFL FE A AWE

Wero e sEn, ole] oddol 14(365%) Ei 5W(18259) 9] Azte] Ankgel we Aoz SEE AL G

Slek. &, 34 o =@elel nlAEAl Bbo] ol oA Qow, £x) A ool Mg G 2 Es} ulS R
2=
T

oA o] FoA AL Q= AeE FAHHUG

1825 days over

C sector

Fig. 13. Prediction of the diffusion of contaminants
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5. 2 E

-

AT FA ] AvtzAl, B9 8l FAeHAGA T 4T 29 e 22 AEE EEST

19739 wig 2% o1F 004IA ()7} 1978 ARE 1994747, 00 0AHIA| () 7F 1995 Rl 2013674 A
AgstAom A W AN SHEY E?élﬂﬂw*]*é—% T AR AT o At g S THH o=
AES A EFFAF(T) Y B 0.12 ~  81.02 cm®/sec(avg. 20.69 cm®/sec), AFAT(S) & 2.784 <10 *~
8.512x 10 % (avg. 4.913x107°), BFAFE 1.530><10’4~1.066><10 Yem/sec (avg. 2.161x107% em/sec) & #OZ <l
otk G F FFL SW ~ SWW EE S ~ SW ¥g  o% 52t 45542 Holn, 5 Y Aak59E 1.1 ~
4.7 m ol RZ3I e AR FAHUTH

SgolHAr el tiste] &9 £ e AR 2 A4 AR 5&

M3y % F 00AMA (F) 2 000AMA (F) T 2719 JA7} 19784 d i) < 2013378744 A%
o= FAst] gt} ol F B 5 Askr izt A3, Sjg V1EAE JJro}{— FRede] gl e, FSH 2o
o & 8 227 §A vetde o= HO} FEHEFEH 29o] R Std o dddEn
wf Ak Al - AA FYE st Aeke SR olFsAY At E2l A A BT FRY dFoE FAHET

4n:f"
_1_40

References

[1] Brahana, J.V., Mesko, T.O. (1988). Hydrogeology and preliminary assessment of regional flow in the Upper Cretaceous
and adjacent aquifers, northern mississippi embayment: U.S. Geological Survey Water Resources Investigations Report
87-4000, p.65.

[2] De Weiest, R. J. M. (1966). On the storage coefficient and the equation of groundwater flowin nonuniform
homogeneous media. Water Resources Research, 71-4.

[3] Freeze, R. A. and Cherry, J. A. (1979), Groundwater, Hemel Hempstead, Prentice Hall

[4] Johnson, A. 1. (1967). Specific yield-compilation of specific yields for various materials. U.S. Geological Survey Water
Supply Paper 1662-D, 74.

[5] Kang, HH., Kim, J.H., Chung, Y.S. and Park, J.J. (2017). “Characteristics of Soil Stress using Expansion Liquid Sheet.”
Journal of the Korea Society of Disaster Information, Vol. 13, No. 1, pp.43-50.

[6] Moon, Y. S. (2011). Analysis of Soil Contamination and Its Future Prediction in Incheon Area. Master’s thesis, Incheon
University, Korea.

[7] Shin, E. C. and Park, ]. J. (2009). Geoenvironmental Engineering. CIR, p.400.

[8] Shin, E. C,, Lee, S. C and Park, J. J. (2011). “The comparison of Remediation Efficiency for Contaminated Soils under
Vertical Drain System by Numerical Analysis Method.” Journal of Korean Geosynthetics society, Vol. 10, No. 1, pp.
1-8.

[9] US. Environmental Protection Agency(2000), Integrated Risk Information System(IRIS), National Center for
Environmental Assessment, Online Database at http;//www.epa.gov/iris/index.html.

[10] Zheng, C. (1990). A modular three-dimensional transport model for simulation of adjection, dispersion and chemical

reactions of contaminants in ground water systems. S.S. Papadopulos & Associates, Inc.

- 153 —





