FFOY EW/AFF BARY 24 - AA A

A g8 (Fg7EEAh

Environmental Remedial Investigation and plan for the soil and

groundwater contaminated with petroleum

Young Woong Kim (Korea Agriculture & Rural Infrastructure Corporation)
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Abstract: The risk of the soil and groundwater that contaminated with petroleum is
well known. The behaviour of petroleum in subsurface is governed by combined
mechanism of several processes such as volatilization, adsorption, dissolution,
biodegradation, etc. Large number of methods of remedial investigation and plan,
therefore, have been developed and practiced. In application of the method, it is required
engineer understands the mechanism of fate of petroleum in subsurface. So sampling
procedures is very important for investigating the type of contaminants and their
concentration as well as the selection of items that must be tested. For designing the
remedial method, it is also required engineers to verify the structural formation of
geology and the locational conditions of a land in detail, to familiar with the regulation,
and to investigate the problems that can be happened after the performance was begun.
In this paper it is shown that the investigation methods of contaminated land and the

proper selection procedure of remedial method using the case history.

Keywords: environmental remediation, petroleum contamination, scil and groundwater,
investigation, plan
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K Ao g | zaMg | zarz N
u = 2 oF 870 A& %5 F7 Ades %
17,000 F B0 SE |10 - 30| o e

RCRA(GHY B 53 59)e] Astqgea F8o] oste] B77k 275E UST (A3HA
=) A A%e 9e E 29 gk o] Fx¢ AR A= MAALAZE A -] A
e AYge 5 AogFHQen USTAGAE AF 27719 #Hart g€ Aoz FAHD
A7l AT 1 FEF £ G weA o= AE o] & JHAT Yok

£ 2 377 279 UST (HapA292) Ao 4%

AN L Egus T3 R AEN 5 (FH)
165,000 3,100 yard3 65,000 ok 100,000
22. FWA

FUANE AJTAAL, AF AAe] FAAYE FHE R ARHF W57
A Boz s F¥ EY R ARSI 472 2959 3 Qok 59, 293
*F =

AMel w23 A% FF AFY2 L SHBAAY ¥, 473

E soluth Bl #F AR EFAA
AT AT QNN A G4 AW, TAE BF ST HUAAG. 2F, TR
WldE 9 EF R A5 Hm Qe nad BdA, 94 54 .
1996 19 6AFE EFRARAY] AP met A-EAMNA AnE EFLGFLA
e 19999 27k g E 3% 2ok

E 3 AEAAGNA DY EFLAFEAA
(1999 129 319 &)

NnPas A A A 7w
1) A F)

A | A | gz | ¢

19,625 12,007 4513 4,404 109 3,105

3. EF/ASFY 72 349 54
FF S dole 7lEd(gasoline)oly F-f(middle distillate), 132 Y & 17

2 (heavy fuel oil) 5& FA3E RoZ o]RAL AH9 I AAHA FoA Aits o]
Atk F7F9 719 dARE 1093 ARE A FAlold HASNG AWegEo] 74 4

_59_



HolA F4E Aoz AF AIEHE AFe F2 19004 699 Atoldl HAE AEZ
FEoh WA 989 B3z 22 $49 ganoz pAHE M{A @3S
(petroleum hydrocarbon)24 ¥4 iL@(carbon chain)dll F44Y 718 & dAE0] 4
HojAle BFE sa . o] &4 -T’—ﬂa I Zolo weA z+ FHui 4] &
2 G54 A4S ZHAA HY, §29A7 98 A5 FTRHE AT dEd g3 X
3} ©&3}l424 (saturated hydrocabon) & E X3} €384 (unsaturated hydrocarbon) 4}l
2 uE F Adv (g 1 2x). 53] BEX3 Bilgeas giid 5ol A E /HAI e
o, fES o= Ax A4S #Ha glo] Foyt Fadt F2o FFEZX = PCBs
(polychlorinatedbiphenyl), BTEX (benzene, toluene, ethylbenzene & xylene), PAHs
(polyaromatic hydrocarbon) §°l 1o™ olg 2% odEAZA FAsT gt

Saturated Hydrocarbons Unsaturated Hydrocarbons
Alkanes Alkenes Alkynes

Olefins(CH,, ) Acetylene(C:Hy )
)i
C-C-C-C C=C

Normal, Continnous chain (CyHotn)

c-C-C-C~-C-C
Arenes

Benzene(C Hy) & C\c

i 1

Iso, branched chain (C Hyit2) Toulene(CyHy) C\C/C

TS
c-C-C-C-C—C Polynuclear Aromatics
C Naphthalene(Cyy Hy) SO _Cs
C
| 1 1
\C /C o
Oxygenates

fic, circle of carbons; hthenes
i i P Ethanol(C,H,0H) ~ C—C-O0-H
e
(,: c|: MTBE(G, Hy,OCH, ) c
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|
c” C—C—O—cl‘
C
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744 (diesel fuel), 5+ (kerosene) &2 AEF (et fuel) 5 FHE A3 o 500
A7tA o] QEEZ FAE ¢ gon a3lei ndE BE 9-20719 @498 FHstn
Jot. wEbA] k&) BlEA vFe) Ax, B dd fEE von, JLAE A &
g 7Hdh

Ldou &#FE 2 2A4Y FA0 FHY FAERA Aoy EAF] FHRT
T 33 g HA g (@skFa nyd 1471004, A 30747HA 9] d2dAE FHet
A Arh.

()DJ\

AfA &sltFae 74 AEELS AFANA 2A 47119 H(phase)o2 EAT F
cdl, 2% 29149 2ol NEA B2 BEXFHdE F7](vapor)ZFH, & 4t EHI
H2E 27 E(residual) e, Bl S3f=lo] ool Ael(aqueous) F2& & YAtol F 35

A2 29 AR ¥ S o2 EA3E AF A (free produc) 22 FEE F Aok

Sorbed
Ground contaminants
surface
A Air
UST | Vapor
AMAA
NAPL Solid
Smear
Zone =
Aquifer Dissolved Dispersion & Dilution
Hydrocarbon
flume

9 AFLd M=

.

a9 2. 7% 294

AL FFHIF AT FEHAE FHIY ZAH AL gH FFE ofd ¢F
22 o]%F3t7] AZAHA EA| Bh(capillary fringe)ol]l 23t ZAUGH] ool ¢ o)A
9] olF glo] AFHA "t 23y {79 FFo] N&EHoZ ALH RAHAUYY AR

s8¢ a7 99 45 -f?:(plume)° G4 obd BHO oI5E AHAA ol A3+
A W AEshed BR300z AUsh) ok ou BEAFTAE F54) Re @
sl 4RSS & A9 Lol Fhold 454G UAH EFede WY
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A=

Azt Well =g {FFAAELS 2R vFe wE& FS (LNAPL; light
non-aqueous phase liquid)ol & A st+H 9ol zf-AHfree product)®] HEE FA3HA =
o, EX0 vlFo] F7& 4% (DNAPL; dense non-agueous phase liquid)E-2 A &593
ol 2 ©f zlo] 3AstA At oldf Eo did SIEI = AL ES Astrol &I}
ATZ S w2 Astey o mEba Sisr) Al Fs

DNAPLA®S ZAfole t4% ugd7x =28 5 led, old 7w ddolut
dey £ mhy ”6‘0‘ ggeo] g Aol 7y RS AddEIAA EeHe A
S 2dAZ 4 JHsAde] At UE B 4E uFoA 71&" 30,000 2ol F+EE X
ol 7} Aol FEFALES e TEF ool

E 4 7 el BXEe 9

Contaminant Contaminant
Phase % of Total 3 % of Total
Volume, gal Volume, yd
Free Product 18,500 64 7,100 1
Residual Phase 10,000 35 250,000 20
Dissolved (water) 333 1 960,000 79

o] Ao A zAFAES FFAEL AL AFHo) & FREE EAFH vxdy g4
o7 AHYY £ Yot EFud 2F o gaso] gle AedAe 2 VA
o] FRHA M7t LoldtA WE AEE & F U

olg} e dHe HAFL ERe FZE& (porosity), AHFTH (retention capacity), A&
9, & 9A49 &F& (sorption) TEH 2 283 AAEH dHT #ES /M2 Uk

4. EF 2 Asts @42 24 A FAAA

o9 BY 2 AstsE %om daAE odd RXE WFoE U 2
o o A}E u}%og 449 24 gy £Uste o] FYURGE Zosjch 24RA
ZAtelE Phase [, I, MBAR FE5o] gon, 2A4AE 2 o 4

7‘(_
AURAZ AN GE &401 wrdolth A A%e wgoz ogdd EF 2 AsteE %
A7) FAAE A EF 2 Astee 54, edgRe F
24717 5ol wet A8E BANAL FYsoF Wk
41 8309 FA=A

YA BHeG ¥
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Z e a9 33 2t} Phase [ 9Al= L9754
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A & dAXxAE 589 @zA 2 e S wge AN #5903 A=
o] AYRE EATY AFH 2FEA AgolH e HURA HAE HAsted, AP 2
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Ay (Ge-PDY) | "7 -
XX ELZHAE = -
JUE R R \Re L;;’E}:TZ?L A, AF7k=] AE, AT | BF, SFEAAA
MERWH - ‘—ﬁ = ] ALEAAEQL | AFARAEAN (A7t FFRAETQA
1~45F ¥ 34
FHN2E
- s v8 | Chrommegrap | B Gas
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=4 Pyrolysis g w4 | Chro ‘gt grap Chromatograph ¥
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B4 7 (>2744) 10 # 15 ¥ 152
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2337 | @Rz o oo (g8 2D
A% 84 22 % AR A # q
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6.1. AN A% R ZAEH

odRY WAFAE WA RAWAo| of 280G o2, HA ABAE ste] A}
S %E-"J HAE 9% By AL FY5HE Fo 29

W‘t’zloﬂ o gt 7}1%"&4 Phase I) ¥ 71 ZAH(Phase IN7F AAIH T o] A& 9
ZAFAAEANA TR 2ol HAHROH, AAE ALXA €48 F FdIAPE 1Y F
olt}. o] ZAME 20009 1él?—E1 397HA] 3MYe AA ojFojzon, ZAARE WR S
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d 49 5H 20029 129717 L EST Adae BT S ¢ms, 2003d 8ENAE
ALF RUEHE dAIsE Agez Hojth watxd 2 moME FHEAL (Phase DT
Ao tFFAd dizt 2@ ZAIHA BAFYY ARFA dAAT AFHN2 @
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AL ZAAH QARA A 2F AJNER L FFEA ESEABAYL] 74 =5
?l TPH, BTEXSh #7182 @34 AAor1gd gt 2oz Jegon, $71E
< 27 AL AYRAA AR AR F 7%, TPHE AA A8 F 327%UA Aoz &5
Ak EFU FEE5E dREE 247ES A vgsln dov, d(Ph)E& BAAE BT
46 ppm (¥A71F 160 ppm)¢! Aol A 170 Al EA 229 ppme] HE ], EAXAVE H
2893, Asse $34 F FPbe] AR AdS £A7F vigsds Row B4
900, Nge] 80%7 Asks £ANEE BE ASNE H471EL 2A 26 FF
sHof, Ao B7rt ad Aoz Yelyd (F 8 =),
N
29 9 839 AdE.
E 8 EY 2 xs: 2AAH
s ZAbA o ‘ A '6}-’?- *’T-é?l-fr."*(ppm)
(ppm) HegZlE | AE8F | FHEF | THET
cd < 0.02 0.01 0.005 0.01 0.02
As < 0.03 0.05 n/a 0.05 0.1
Hg < 0.0005 0.001 EHE B4z E3E
Pb 0.69-12.4 0.05 n/a 0.1 0.2
Cr'” < 0.03 0.05 n/a 0.05 0.1
CN’ < 0.003 0.01 0.05 4% 0.2
gH EA% 28 A 2AAFANN ZHFREL LA U e Rez FAHY
oy B Ao HEX 2HI Aoz YElgon, &g ALdE FF TN
o 47t 2 Ao AGHUY wehA] olo] thEt AL A B AT



> 4
H &4 A (NAPL)SF Bl 3% #7138 E(Non Volatile Organic
Compound)e] F4eol @ LAEZE AAY] A LAA(n-sitwl Ao ELFARAF
3 W (soil flushing, soil stripping, SVE)S % AF§HY RAoln, AlFHAAHANA FF&

(heavy metals), TCE, PCBE Aoz 3 Edodr|E 2o AEHE=XZ #esld
AY A5-E Aot 73 FEE9 PF JIEA) 20HA FEE BYde Aol FL

3= IR 45 32 R =

TP 2AAGo] B4 S HRAFE Jow, FA Uz ARAFTAIL Ao 2d
5714)3% AR 7hs EX Az FHMAAANAM udsjor & Aloldtt. wat #F9
APy ALA BT EFZH BEARY Fxo ozFo] Jder, ek Ao &g,
EY U2 9% 99 2802 FAAA qA7F A& F $ v dEdA

ESRIEER AAA B EX9 F 244 E<Q TPH (F€s8l444), BTEX (Hd4d&
st dsiA 29 EFY A 7EL E 99 o] d3y /1€L H 839 TPH
2,000 ppm °]d2o 2 39t BTEX2 2= TPH 2.8 9e FEFHJom 2 4
AR = gston, wap QEUAL F FAAEHY 4%U Aoz FotHAUTH

® 9. TPHe BTEXS &3 7|&

T % TPH BTEX v
HEH Az 2,000 80 FH7lE
e A A E 800 32 ga71&#

a8y 8 yse @ BE AFUHe HAo] Hatd, HstExe A
AL dPYPAY V1&g FudtH, AHFAG FFo AL #FE unFHooF & e
ALEHAY. £ EGT At A3k 2¥EY9oz A4 F A EVHEY @A
ooz EJAFEF HAYde AaFe FAE 74 ngsHch

o] Fol AlgE HEiAH FAIE s & F e Wtz AFWH A (on site)
Weote AEsn, FNTHNS AMdoA o8 FAHES 2T & e HAAT EFFH

2 FA3%9 Agste Aol dasitn AdEdc e F 1074 2 AAHD 9
$4& - AESYed, HAFH oz AAdE FYS UM 19 1173 22 ¥4
Y (Landfarming), 1% 129} #Z& ulo]23d 3 (Biopile), 282 1% 139 E€&%
¥ (Thermal Desorption)& &3t #3372 Aok FW A AFAe<= A
AEA R AFFAR EG FFo] Fadh Agollen, RAEA] AFA FAH
Ro 2 Fdstgrt

TRAAY L EFY U AFAEE Zgsty 2 o« TPH 10,000 ppm e Eke
2,000 ppm7tA A& &Aoot 2000 ppmoldt AL FAA &&o] wHow, dEAF
H& TPH 10,000 ppm ©l42 2H9ERS HA 200 ppm7tR M7 71538k, AMd7]ztol
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Cl 3 8

ppm% LEAGREE 3ta Jerng AR dqios st Aol ¥A NETE §

T 34 B Ade ?Ml 2 skE Aol A ols, TPH 2,000 ppmo]/e

+, 2FAE S AA H“}O% 23 Zold wet 4FE FA HW, F

AErE e E9o] I FAHE AL 2onz 5 & A

23 A48 S FHsd LHESS &ltﬂz FEER, F7F EY 2R AT AgH F
£ AAT & Y& Aoz ALHJYY.
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7.2
A4 FFLA BEF/ALF A R B diaiMe AAA dEa ARe TH
Fgol Addol HAEHn Qut o} HAA $o Ve @l Ay sEe] =gy A
dA Hed e Aol add A=olA sdd FHE wrEA $E vhel o]
gtaof HEA Ak stul, WEkA] AA AL} gle TH dsie o 2R 93
7ol o2l &ol Wk EF obHAA el A dgstd Atdlst A7) wel dFddY &
FE ol P maHoenA Wi F8&T o, BAUE ] A Fune ol 4F
of #&sta AAAoAA aAAd 09 E/AF HAE AT AHHA A
o E471E8) Ade] wreA e Eoiop gl
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