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Summary

In the United States (U.S.), the monitored natural attenuation (MNA)
approach has been used as an alternative remedial option for organic and
inorganic compounds retained in soil and dissolved in groundwater. The U.S.
Environmental Protection Agency (EPA) defines the MNA as "in-situ
naturally-occurring processes include biodegradation, diffusion, dilution, sorption,
volatilization, and/or chemical and biochemical stabilization of contaminants and
reduce contaminant toxicity, mobility or volume to the levels that are protective
of human health and the environment”.

The Department of Soil Environment. National Institute Environmental
Research (NIER) is in the process for demonstrating the MNA approach as a
potential remedial option for the BTEX contaminated site in Uiwang City. The
project is charactering the research site in terms of the nature and extend of
contamination, biological degradation rate, and geochemical and hydrological
properties. The microbial-degradation rate and effectiveness of nutrient and
redox supplements will be determined through laboratory batch and column
tests.

The geochemical process will be monitored for determining the
concentration changes of chemical species involved in the electron transfer

processes that include methanogenesis, sulfate and iron reduction, denitrification,
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and aerobic respiration. Through field works, critical soil and hydrogeologic
parameters will be acquired to simulate the effects of dispersion, advection,
sorption, and biodegradation on the fate and transport of the dissolved-phase
BTEX plume using Bioplume III model. The objectives of this multi-years
research project are (1) to evaluate the MNA approach using the BTEX
contaminated site in Uiwang City, (2) to establish a standard protocol for future
application of the approach, (3) to investigate applicability of the passive
approach as a secondary treatment remedy after active treatments.

In this presentation, the overall picture and philosophy behind the MNA
approach will be reviewed. Detailed discussions of the site
characterization/monitoring plans and risk-based decision-making processes for

the demonstration site will be included.

1. Introduction

EGE A3Fe LAREAE AFHeor AA4E EA Hol EGFFEAEHY
A AF LAY AR - APHD ok 2 F F /A 9 29 ¢ AHF
3 de gag 3t ik, wekA 0 B8 7 29 ¥R EY € A
s Aol did d7E i) AYPH gen, FE3d MELR JVIEE0
de] EEH 3 JATHIZESFE#F T3, 1997). 8¢ 7jeE2 ZIeAAd Fd3
EE doy 249AY AAY EF4 Wil HAA o& HAA B AgE L2
Atk LFFA e EA we 27 AT 2HE] nFAAME “Monitored
Natural Attenuation (MNA)"o] 29]§F A3 % 3} remedial option (alternatives)
o2 9 vFEn Y Wiedemeier et al., 1998). U.S. EPAE MNAE “994
A =3 glo] EFF A3ty Wl L9EHY ¥E, 54, olF, ¥y AdHe=
Fase #HoE, O Fa WY Fde A, &4, 34, FF, #{E, 553
BESH Ay x3Ed” 3 A JTHUS. EPA, 1997).

FTHEHAT A E MNAE Ad9A Y 2dRA 838 THoZ A7FeEN
olg1dk We] IFuUlelA BEHeY E4E FuA AT d¥FA= Adgd 9
A L QEAE F2 BTEX, 2 FNAE toluenedl & AaA dd HaE,
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L RFN E%9 vadous zoneH R FHFE FiH LIHEAY o)FIEAY S HHF1
AE FoltHFHEZ A T4, 1999).

2 d79 EFL (1) 4A¥A oA  batch®} column test® F3H
biodegradation rate®} X3} @ ¥ 3lAeEoA toluened mobilityE HAs3, (2)
2 A ZALE B3l dEAel ¥ ¥, biogeochemical process, hydrological
processE & ©)&13l™, (3) #7132 monitoring® F#E F model simulationS ¥
3l] long-term contaminant fate®} redistributiong &% 12, (4) risk
assessment®} cost-benefit analysisE& ¥ ¥ alternativeSS H71s] Bo =24, 5) A
AH o2 MNAE remediation option® 2 WolEYX] o Ko i Hoe HFa=2
A3zt sted v B ZHAANE 994 29 FAE FHLE T B A7
o A3 A APFHE FHHZ MY ot

2. Site Description

LEFAE B7IE I siXE en, & Qe AAL Precambrian”] 9

granitic gneiss2 ¥4 =] UtHFig 1). EFL FE°] F3€ F old streamS o
2} o]FH FAE alluviume EAZ FAHJLH, alluviume A4, 28, JE
ol E3td Y FEFgo] & vidoUrt 2 alluviume) HlE 2ol T3}
¥ A E(saprolite)2 FAH AF A5 4F Ads-E 2YAIe 9E€8E
81 e Aoz R
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Fig. 1. Schematic diagram of the study site
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Fig.2. BTEX contents(mg/kg) at the different depths of the soils
along a cross section(B-B', see Figure 1) of the research area.



Egs Ao Q¥ EE BTEX AZH29 FHd 71 AstA Ldso%le
B, 2 FEHY Be FEo| o]FH plumed FFAHE AT sEWFS
2 % 600 m, 2 &2 plumed FAAFAA 150 m FEJHSTHEA

1999). E¥ 29%ols NEZHE 8 mAEY, LYo ZRE HAALEE
A9 ¥ FHAZ plumed ©lFWFo] we ol AJTHFig 2). A &5
LAFEE AT 5o ma yopx|i glom, old EHAME oo XA
of o& AAM3 FHE Aotk A datatte2E MNAH L9 HPA AR H7]
of oj&Zeo] U7l W&o, A A ol A well} 7] monitoring wellS
A Fel At

3. Approach for Assessment

Hydrogical data collection: A3l59 EAXALIE 39 dgd & A
A9 FAE FHF}A o A}FE T BTEXY olFd &L vl A
A= (1) groundwater hydraulics, (2) hydraulic conductivity, (3) effective
porosity, (4) advective groundwater velocity, (5) preferential flow paths, (6)
groundwater user 302 o]F W& FEL MNFXAE 539 2AHYR, FLZ
Abel o)l B} FAF datad HHETA da gloy, AARE XshF B2 o
g AL e AASGIFEYF Ao g A AY e fle AL
2 gAY

Soil and geochemistry: E% pH, texture, mineralogy, total organic carbon &
baseline datag 4% 3}4 geochemical processes& ©]&|3=d] AlE3l3z} Fol,
EYUW residual BTEX phase?] #¥9 ¥ 3(differential vaporization and
dissolution)oll &g XA W& FAH3t3, A 34l §3€ BTEXS xAu &9
3% plume?] W Aglel weEtr FAHY oF oot JMFxAte Aol 93w
22 %9 BTEX/I E¥9 EX33d IR} e Aoz Uiy fd,
BTEXY °]%& F3¥ 4 Y& 7|¥ vadous-zone transport model& ¢, 7}
 gavk dvke ZES U Aske] B HASL PR s=& 2
Ase 2% indicatorE2ZM4, ¥ ATME 8& AAF, nitrate/nitrite®] F 2,
ferrous iron® %7}, sulfate®] Z2, methane® 434, redox potential®d ¥3t T2
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&Aooz ZAdlY BTEXS #A4A £%X9 vl B438t9 conceptual modeldl] ©]
|31 jio

Groundwater model: 2 9 E3<) BTEXS A35ul o] vt did ols=
site assessmento)] FL3% FEoJ IRL modelingZ o]Fo] HF gk
Modeling (1) advection, dispersion, sorption, and biodegradation processE ol
g% 2dYAe &} F¥EE 453, (2) plumed ol wE receptors ¢
A& Hriste, 283 (3) MNAE remedial option.2 w88 of B3 2
A F-ol A= Bioplume I computer model& A}&3le RAdH o2 dojyE ojgdt
9] processEol & A 3lo] &8l€ BTEXS olFH AH3le 7154 =3}
22 . o] model& BTEXE A& + & FEF indigenous microbial
population©] ttE= AH} ZFEF %9 electron acceptorZt A &Sl iz 744 &
3 At} Model9 input dataZ+ BTEXQ %X, hydraulic conductivity, electron
acceptors, dispersivity, retardation, reaerations S.2M calibration® sensitivity
analysis& A A, simulation®] Z34& #AY plumedt oz FFE dF, v
Hrtstaa g

4. Alternatives and Evaluation

A2 3/M¥Fe) FA AAE Faz o}29 471A altemative® AAHINoH
I alternativeS 2 oS3 2& 74 oA HAEHUC

(1) Receptor= @A F-Avte] AT AHojA A3+E He EZ 83 77,
gl HE: A5 4RV FHE 523 de ez Eo9A surface
waterg @A W A7l §H2EE Sl

(2) AA plumed] IF¥E L& AL TZEAZA 2{5A7 AE AL
(brown field), AF&2t= A 3t5E o] 88 A Yol gt

3) A EIH A9 49 7|FAEL regulatory guideZ ©] 831X % land
valuedl & 4%& viAA &= F cleanup 71E X risk assessment& B3 X

e ATEEAY 9A).
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A9 /1AL nBsd 23 7L alternativeEZ U] remediation option2 &
o] Pr1E A x3H

Alternative-1: MNAE 7|& A3WPo=2 AHAAS I 7] monitoring Al 8 -&F © 3t

W,

Alternative-2: MNAE area "B"¢} "C"9] AW Ho g HAHS I area "A"9 2.
E H(residual source)> FEAQA WHoz AHAT F AL
monitoring S 3t WY (Fig. 1 =),

Alternative-3: Enhanced MNAE area "B"$} "C"9 Azl ez AHAII area
"A"9] QPEAL FEHoz2 AA}F 7] monitoringS A3}
= %W¥ (94714 enhancedgte &olE D3t FAZH HHo2
AEH £ FIA7E AE dudted I37)FYd g A
UL d2 5 5 Ao,

Alternative-4: Area "A"$} "B"¢] L dEAE FTHHoZ AAY F JHI}:e
BTEXE area "C"9} #7 MNAZ A3t= .

rr

3

grle]l 71£& long-term effectiveness®} performance, implementability, 2] 3L
costE o FRLw 2% implementabilityd] = #X 9 &4, YA 7143 potential
exposure pathways$®} remediation goal 52 &}t doz2 A%E A+E 9
o] Br} 7]Ee] wel 1Y o “alternatives-2"4} “alternatives-3"F ol A 3}t
M AR Aoz nEyed, 2 olfe UsH 2o

(1) #7 o]l 18 ) area "A"9] IF-= LFEAAY 2/7) oy, &
FT 2 WAE ARFAY AL Agez o 2 At AF3 a7HA A
™,

(2) Area "A"dl= B X3 3ol BTEX7I ®ol ZR3L ol ASHA source2 7
ol A& Zolw, MNAS Z¥H Hri4dd 249 Azt &34 JE3
modeling%t o 2 & W77t o8 A& &5 Ut

(3) 9714 alternatives-48 H3Z 38X FE o|fE area "B'Y ¥ L plumed ©]
FoAlA & o)xAQJA ooy, EEo] Bo] A glo] FIAHA Ase =
E9 7|wte] 4¥%E & Aol dde ¢ "HEold

o
&
o
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A A& alternatives optionE€ MNA approachE A E3l7) ¢85l 2 E A
7F QAN AR HrisiE Zojn, FHBAATLY TAAQ YHo] old S
7} &3t vpolo),
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