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78 8(SYNOPSIS): Soil contamination produced by various human activities is one of the most serious problems occurring in industrial
countries because it can directly contaminate local groundwater which is often the source of drinking water. Significant research effort is
currently being conducted worldwide for remediation of contaminated subsurface. The required remediation approach varies from site to
site, depending un the types of the hazardous waste and site conditions. About 40,000 liters of diesel were leaked when an underground
conduit accidentally broke at a newly constructed landfill site in coastal area, Korea. The bore hole sampling was conducted to examine the
hydrogeological characteristics of the contaminated site and to investigate the subsurface distribution, size of the plume, and the
concentration of the contaminant. A variety of feasible remediation methods was also considered to clean up the contaminants spiked on
soil particles, which could be captured and transported into the wastewater treatment processes. ‘
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Table 1 Typical Program for Contaminant Plume Characterization

Step 1: Source zone characterization
*Locate potential sources
*Define lateral/vertical extent of soil
contamination

Underground storage tank

Soil contamination: extends to "Characterize contaminant properties:
depth of underlying saturated zone solubility, density, etc.
*Select indicator
ot Background wells Step 2: Detection monitoring
’ Perm. k = 2500 ft/yr “Install at least 3 wells to define groundwater
i flow direction
4 Eff. Porosity n = 0.25 *Compare indicator concentrations in

Groundwater flow upgradient and downgradient wells
direction “Run slug tests to define aquifer hydraulic
Gradient i = 0.01 ft/ft properties: permeability, efficient porosity,
hydraulic gradient, etc.

Seepage velocity Step 3: Plurpo length

Vs = ki/n = 100 ft/yr *Locate wplls to define plqme length
Tank age: 10 yrs *Usei, n,and ktodefine Vs

Est. plume length: 1000 ft *Use Vs and estimated source age o estimate

plume length
*Space downgradient wells accordingly
"Repeat as necessary to determine length

Step 4: Plume width
*Locate wells on transverse line to determine
plume width
“Can estimate width using
advection/dispersion equation
“Unusual plume shapes indicate possible
presence of other contamination

Step 5: Plume thickness
“Install nested wells to determine depth of
contamination
*Estimate vertical gradient by comparing static
water levels in deep and shallow nested wells
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dEEe] A9 od9SAE 2x AR AP A Y (in-situ remediation)o] B& ERHe 2 £4¥H £ A& A4AF Y3} F&
FHol N ¥, LHELE e BH WP g9 g 2 ol Egg nae ] T4 HE, s EXE €A N 4
Ae 2B Fo] MFH ok frke Aol BHA £ Atk E O @He o9y & i AAGeRZA Ay Yy E AA
5|0} Rankine®l FEE el 2§ #(Rankine active failure)Z ooz AT 7RE, ide 59 <o AYE AT 4 Utk @A,
SHEYAA Al golFUoly HaA Fo HAF diyo] Mdefslojof & Hojuth £ AX A S Pil Asye] HNE AFe] dHn,
Z7td]go] Bol £8P FF QUL ARHE AGY £ Ue GHAE By ASSEA gv Aol Atk

4 dAcdME 299 A7t o]0 oF LGATE 4o Aaste daysiaeiye]l Agat €74 47 H4-d 9y
& AF3& 2 AeY(pump and treat method), & M HY(soil flushing or solution extraction), A} 31*Y(biodegradation), ¥-& 271»&%
(vapor extraction) 5°] Ut}

Z e d9 £XAAE Yo edgAe] B4l wat Mot AFFE R AdYL 29x99 F&P(extraction wel)E
4A3ld AFe2 o¥d ANseg Tolgde WA LdAA Z7lde &9 AF Aleld Re LEEIE AAN He= vt 24
o2 A7} 75t Eoll FHE 292 AAYL TBHER T ANIIEHC RulAE A4V RS & AN YRYT Feo=
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1995 397 el Ae FHA AEFEA JEE FHFAZALAN FFY AT FYAT o2 ¥E o 400 m A, H
g 2 20 me] AFHel A ASMFHAA P2 AAHE FFFITEY T2 o 4000 A FRU Ao FEHAYL FHA
e o2y o 150 m A AL, FHAYE AFAM 23 m Yold A FREYS FRAYozRE F4AY 200 m 2P &
Aol A fFo] £%F GAFo2N WHAA ANt FRAY2ZVE 4P 2 m HolA Rel FETR AR Ut o] FFTFE &
45 m Holgl g Ze F e 21 2 Yol £UB(FET AWE dNste APUEY deE L A7A L9 WEs FLLE AHE
4. 37 Ade Agdo 2y o 25 m Holof HAdH, FETY T 18 molth ¢ FETE FTHAPLEZEH 2 m HoAF R
A Alztate) oF 110 m Hdoz AYsiohr} dbggo s Ao Ao 70 m 71 AldHO Utk oA FETFH EAo] A FET
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ol 49 A4t Fejvtee A& WAL YLE A3 e dE Aohs 4FFE MU ok 29 A9 gnyo=M HuHo
E EY EE HULE #57F © ol4 /01T ae Ae AAshe MAse At AN Fig. 1& FiAtne last @3 385 g
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LgARE H2 gAY gAolmz WAl PAYeD 438 FANALY AaE vlulshd, YA T4 ATAste) WPRA R 2ALR
A gAY Fue wpographyE HAT £ AR FRHALY EFe A94Q ELNEE e YESH A2 % 4EIR T4 3
. AREAE 48R AWAGln2 HFEAH A YAFE Re2 4AHn, T2 A AHFAE ABVORNEH & 2 m Hololx, &
2 NE 4 4m dold -91*]3}5’: Atk FRAAo] ojPsr] Aol AEel AAe FRAPLZRE A JEF AF B3] o 10 % AR
R LRy

Ao RF2 AP AX oil fenceZt MR EAR, FEAAA (0l remover)7t A4 HEH O H49] RELT AANAD. B 49
o] 93 Wit &Y VL EYL0l PYHe R e HYoldutn B2 I F& 1Y BA 4G Aoz FFEH. 19954 5
¥ & TEF vl 2dY, oln] ol fence ¢ HFo] FF L WAL £ AU, JAE =4 F UUE 2 1FAE A oil fenceE 7HEH
& AudA A&FHA #2L dod, 27149 7EREL $dEA gtk FnE o] HAL 25 FHALRA f¥o] FEHHAMEe ¢H
£ RoHY, §&2E 7B 02% AFAHR(EFFUDE TPE ARY Hf(diesel fueDZ F2 AU A8 2 AHEEH HFL 08403 kg2
LNAPL(light nonagueous phase liquid)2 F%®ch 22t} 71 N4 x&4d Yol =A o ¥]FL 3668 CSTelth, F/fd 71§49 &
w 25ole] WA el gHAleloM A4ro] o 40,000 UM FAHHUCH ol AF HZAA Atz LFHx M e ROB 1
ettt E£8 A5 de wAsnA AFSHAD FEAAANE FEstete] PC-131322 vl g 9% EaAlelct. FE4(nontoxic)elw Hl7E
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i Building: A,B, and C
North oo

This Fiqure is
not
drawn to the
scale
About 40,000 L of diesel
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Underground
utility conduit

Oil bubbles were
first detected on

fuel leaked from the T T TTTTTT] 3/14/95
breakage of the pipe line. {4 B~ )
By CCTV and air test, Oil fence was

the location of the
leakage was found on
3/15/95. 150m from

the sea and 2.3m

installed to prevent

naval contamination
right after the
detection of oil

from ground surface. bubbles

) -
T YT T T TITT
LLLLLLILL

No oil property was
detected for 5/21/95
sample. Oil fence and
remover were proved
to be effective for the

Initial source
control
was conducted near
the leaking area by

¢ 100 existing pipe line
closed due to the leakage
on 3/14/95

removing prevention of minor sea
contaminated water contamination.
groundwater _ Open temporary
during 3/15-3/16. pipe line after closing
existing lines
Oil tank: 1,400,000 L capa. — -
SWL 20m, 400m from the sea - -
* -~

The facility was built on the newly
reclaimed area near sea. The construction was performed during
12/1/92 - 12/20/94.

Fig. 1 Map summarizing the history of events at the site
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—T—--ﬂ-.j“]‘!’,% Z402 od7tsAA boring AANE HASIAT Boring® T3 LHYEE 199659 59 2ol AlHeha oF 204T AHAA
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o HUE ALE § 44 4 AYY. ARE dilling auger2 AHsPonz JAEE A HUT U, FEdPol A ke
22 EEAARE Uex 9goyd XRIARC U $LUEL B & AUk AHE sampled ol EA ¥ ¥R R WAy 2@
% NY4z $9aAh Boringel d4ldl wE Akl Pold B4, X, el A4 @ AHY Age ol Fol FY AHe drilling
logel 71&8gct 2 @B =] ¥E& HAsnA 2 boring AA A F 1 m 7o) o2 gyra7tA] 3~4719) sampled MH A H4A
2E 19954 59 &9l oil fence 34 HelM 242k 15 AEY HARAT 199543 54 L3l A H¢AEE AHs] 2 Hold #JddR TR
&k boringel HA- % AFAE] AHAAXNE Fig. 200 Yt Ak

‘N\ . 100 -
. 90 sain
| 4
: 80 s
E g’ 70 ] ‘/
------ sea water b 4
''''' sampling § 60 1 /'{
16Me locations o 50 V/
-0 A 110m ® 407 /"
17 - 30 1]
18
e, . 20
I 7 10 giit & clay sand gravel
o3 1o Nottoscale ;:3“ 0 +—+—+HHH—— P
@4— leaking source : .01 .1 1 10 100
e [®: Doring locations | Soil Size (mm)
Fig.2 Boring and sea water sampling locations Fig. 3 Soil Size Distribution Curve
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A& g boring A& el Y= 4 P(soil-size distribution)& #stch Y= EXTMA(Fig. 3ol B2 ZYET} 65%, AHE} B%E
R okglie] By Jehuilth F& $9 2 FY(Unified Classification System)2.2 ‘silty sand with gravel(SM)'2 &=t 334] e
£ 05 338§ n 033, &2} @NFFE 1800 kg/m® @ Ao HAHAY. R4AFE 44 BRIAIR) Wite] WA %34YeE2 Hazen
F4¢ olg3te AN ANAH E5AS Ke dg 107~10%cm/lsec2 velkth &3 49 29% S £4& N-Hexane extraction ¥
partition-gravimetric method” & o]€8s] 2 boringA Y LHFFEE A At.

% zdlol B oil fence THAN AAT AFAR FEFRFE 2 g3, A 12 ASAH A dFolM 4Lo2Y FRo2: &
WY #3¢ #FRAG =7 5 Azl 2BHAFE Y] A BAY 43 25-35 mgAel friel EAASE ¢ & U ole ERE
F dgsdAde) =T 2 dslo] AULE WEhE FHelth 23y, A 242 AT ARE Rl dEHA Ut & oil remover ¥
Z oj% sif9 fEol aRFHoE AAYALE $AT & AW EE 23 ARE HAHY]) B3 ARH o 50 mms FEFol Vigd R
& F28 ¥ o, 299 ESo2RE BFREOl Aoz FEEA FAEE & F AUt
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~ Boring® Mgel st A4 el FARIT RBFEEME 4415 Fig 49 ARE A o1 YU Hold REFE=E A
g2 Al injection welld#} extraction well?] el AxE FAse b $2% AEE AFY Aolth o] 28 E T ¢ 5 U ANMY 3
FT RE T rRHANY dUANE FEFF LA AT AW pumping FHFARPE TN 4TFY 71Eo] AAY Rez ¥AY ¥
U A&FFeFR 24U e (954 60 m x 100 mM HARLFEE 88 mgkge2 297t AN boring # 12X HME
A1 131 mgkgo 2 7MY B BES 2T 2y # 154043 25 mgkgel Yt FET ARE wet Wt 27 ga/AARNR o] &
HHo2 oo T ¥ & AN 24 AL Ao TEFUEE il o)EHAULo]l FHFY ol 714 WA 7IEYeo] YWY HAN
A A "o ASFAE -32 m~-40 mB F534 ok 0012 vhdd HFLeAESE 3B mgkgAR e Bt YAB m x 130 m) &
AP 4 54A 96 mgrkge] UERET # 1, 29 3dlAE REol W FE A G @, BT B 49 boring2E FE 09 FE 33 R
ohjo] BHg egdlel F2& TP o e olslgel Fout A1 AL AAHL A 1Y o F71AHRA boringe HAIHA 3k
o},

2gdie] Frle 7]§0) LNAPLOlEZ 2 A34ade uet E4std 240 G& X35 bz 2gde S <4ng
A detgt ¥ AEZRE 2 m~6 m Alold] EAsigedl & ¢ubd Woze 29EAe] $AHA vtn shgdch ¢l gyrdo)
jointy} crackel ¥A3) waslo] low olE Bl 2dEHe] Blf 1 RoR Hold £ Urh oA Heole FAPe) tlS dH3teln
A €% T34 BeAe, FADTER ALE 298] Ay olF4Est LAVEXNGAA RKFol @AY HINAY AR V8
HAZGAI S 4E3A AA =gARRG YA DA deA "ot ol o Ado] A2 vlPRARLE Uil e FAV "4
& A RRo] FH(homogeneous)dHAl olFo] W Zlo] ot} Az, A4 Fo] Wol EAY Aol AHHOZ o]RoIXA] L Fo] fUA
7180l A9 ZEo] 8ol FZ(preferential flow path)2 EHEE REd olY A3 LPEAL AU olF& &4, U] ¥aix
A dd.

Plume thickness: 2-6m according to the rock mass depth

Average =
contamination T
concentration X Average of 30 mg/L
was found in the

38 mg/kg dry soil.
Max conc: 96

5/4/95 samples,
however no oil was

mg/kg at #5 ;
3 ? detected in the
Min conc: 0 mg/kg 5/21/95 samples.
at#1,2,and 3

110m
Average

contamination
concentration [
88 mg/kg

N, Oil fence and oil
remover

i effectively
drysoil. prevent minor sea
Max conc: 131 water

mg/kg at #12
Min conc: 25
mg/kg at #15

contamination

Leaking source

-3.2m  -3.5m  -3.8m  -4.0m -—eg~— D°Pthto groundwater
from the flat surface
- -

70m

Fig. 4 Groundwater surface and plume location/concentration

-W~12-



5 2
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Boring A18-& ¥ @3, 71&(diesel fuel, LNAPL) FHAHolA Al ztato] =549 EEE G A AU #AY, r4AY @
A AE, fE AT AANRIE GAs 49 AL L AAY Re e B dMoY WA J4E B g RES 2HgYeAY
HE 2718 FAA Ao] F olfold o ool Frlede WA YRer R EF9) F1(adsormption capacity)& R3AY o, ¥ 9
Aol A iR Y Aoz JFEY 299 FE} ¥ Fig 490 @ et ok @ 37} boringe 2 Mot Fug 2 Adl(plume)s] &7
S T E wol wiRAst At EX W VFAEL 298 A HIYH EF | njgE @ A &3 (biodegradation)o] ]2} o
= 3% A3d Aoz AZEn a2y feEn A 2HEGE0 mekg ol4be] AVBAL Aol Y A PL e olehst @ol 2oy & A
1=

L O%E 24X EFL 715 @ 295 g& ow xgay
2. HYge 2 REsE REE YA FNSAL, B3 oot 4 £ARNS Bgoa EYG U fEo gz Holslex g %A, ol
fencex= 7|17t 423 £

3. FETE EA4Y FAANE0 m x 10 me AFFE L MU H45 DRAFol daole Fr1R2Wol YEAYo D AN
Bk o] Ade) AN 59 43 Heterd 2 (solvent extractionE AEH B s

Fngd
L. Fetter, C. W, (1993). Contaminant hydrogelogy, MacMillan, New York, NY, pp. 29-31.

2. Valentinetti, R. A, (1989). Federal underground storage tank regulations and contaminated soils, petroleum contaminated soils Vol. I
remediation techniques, environmental fate, risk assessment, Kostecki, P. T. and Calabrese, E. J. ed,, Lewis publishers, pp. 55-60.

3. Daugherty, S. ], (1991). Regulatory approaches to hydrocarbon contamination from underground storage tanks, hydrocarbon contaminated
soils and groundwater, analysis, fate, environmental and public health effects, and remediation, Vol. 1, Kostecki, P. T. and Calabrese, E.
J. ed., Lewis publishers, pp. 23-63.

4 2HYR, 199). F3ig A *HAE 19959 79 314, p28.

5. Bedient, P. B, Rifai, H. S., and Newell, C. J., (1994). Groundwater contamination, Prentice Hall, Englewood Cliffs, N.J., pp. 389-418.

6. Whiffin, R. B. and Bahr, J. M. (1984). Assessment of purge well effectiveness for aquifer decontamination, Proceedings of 4th national

symposium and exposition on aquifer restoration and groundwater monitoring, pp. 75-81.

7. O'Neill, M. W., Symons, J. M., Lazaridou, M. E., and Park, J. B., (1993). In situ treatment of soil for the extraction of organic
contaminants, Environmental progress, Vol. 12, pp. 12~23.

8. Park, J. B., (1994). Laboratory model of remediation of contaminated soils by aqueous solution extraction, Ph.D. dissertation, University
of Houston, Houston, U.S.A., pp. 72-76.

9. Thomas, J. M. and Ward, C. H., {1989). In situ biorestoration of organic contaminants in the subsurface, Environmental science and

-~13-



technology, Vol. 23, pp. 169-174.
10 s9Y 4271 FAE A% B3 89, A4 1990. 5. 4. ¥4F 1A 2 90-11%.

11. American public health association, (1990). Standard methods for the examination of water and wastewater, 17th ed., Washington DC,
pp. 5/24-5/29.

~ Y ~14~



