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ABSTRACT

A conceptual site model is used to support decision-making of response strategy development, determination, and
implementation within a risk-based contaminated site management system. It aims to provide base information of the relevant
site characteristics and surface/subsurface conditions in order to understand the contaminants of concern and the associated
risk they pose to the receptors. This study delineated the technical details of conceptual site model development, and discussed
the possibility of applying it in domestic subsurface contamination management. Conceptual site models can be developed in
various formats such as tables, diagrams, flowcharts, and figures. Contaminated sites are managed for a long period of time
following the steps of investigation, remediation design, remediation, verification, and post-remedation management. The
conceptual site model can be enhanced in each stage of the contaminated site management based on the continuously updated
information on the site's subsurface environment. In the process of enhancement for conceptual site model, precision is
gradually improved, and it can evolve from a conceptual and qualitative form to a more quantitatvive and three-dimensional
model. In soil pollution management, it is desirable to incorporate the conceptual site model into the soil scrutiny system to
better assess the current status of the contaminated site and support follow-up investigation and management.
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Fig. 1. Vertical profile of the subsurface environment for con-
taminated site definition (Yang et al., 2018).

3lar itk sl E A ERE 2P Sk =
ARl TPdRl FA°e] Aefel] gt ghel7) fAdEfojof 3}
ARk, E-8EE WYz oyt glorna sjjeje] A U
QARAP IS Farsle] HUelA &8 5 Qe
Ze] AolE ARISIGATE F4]9] MeE 3] <lsh
Me TR LS FAFR] s ek Blo] 3
[aitt. A7 Hele gshaE]rlEe] S5Eolof sk
iz xe] ZolAxlE Egsleorsh, o= Fig. 13}
2ol w5 P JhT] [FeliH7E 3PE(MTCA: Model
Toxics Control Act)]E 7|9Eo.2 sl QP EZH] it
7V, 8A, A8 7Fsd flsiAziEAlel wet AxE
AREste = ok Bl A, I35 22 A =
Z720) e XEA o]3} 15 feet(~4.6 my7FA], X3}
F29] ke TS v AEl olelE Tt
< A7, I 24 FYY === thsixe A
SlERAZRR7E A9 2 He7E 2 4 v

324 e Q] SEE 7RE 2] Apdelx] gkl
ARAE o 99, 2954, 183 oA Al 9%
HAe A% 717 A 8A BAR dide] He
o7 HITKNIDEP, 2019). FHolle o4 izt
A Y2 AN LARAE Af3ta e ARElA
A3} T Aol Fae]y] wiiel] 24 A B AFsiA|
g A Ho] fAll e FYor =3 "t aey
ol A9 ZAL g A A e Lol olF
AR} EASRe A7 B 5 olA, SlElie 71Hke]

ANEEd 5 9 iAd 3

=) pelold] elsha ghe RASKE T2 ouig 2h)
Ak, AFa0) gt 0 2AF 2 Hah B Ao
A TgelN 299 26 2 0% A0 A h
Hgo] 25 A B ARLEA 24 O Ao
24 3R Qe QEE e A Be) AR
shjel 4 e o= A7,

22, BAdmdo| 1M @4

9] 2dd, AsHE 2 A g HrR= <l
7F 733 g0l gk A s H7HSIsiE B
sb7] 913 FAVNERES 738k Hlodl B57 840]
t}. 22.1.~223.004= NIDEP(New Jersey Department

of Environmental Protection)®] ‘Technical Guidance for
Preparation and Submission of a Conceptual Site Model,

2019°2 Zsle] ZF BAERd 14 QA4 g &

7HskAt.

5 5o 94% nEsloRin.

222. A5HE

ATHRE o542 =E2HEE 78S = Qlth &
A7F He 9] A4S 3 wiAlR 2d9eEd 5
1 o] FAoM LAEA] AHE olsAEAL it o]
THERE EYSS 53 AR .95 HE, sy
9] Ul tE U029 318 ofF, ABlrE §
Sk 22529 LAER olF, ARETE 5 LHEE
o), BRSO Aale] TRl ¥EHE 3
5ol xgE &= ok QIzF 2 Aeol thk flsiAde]
o5 &= glom, o9} e AHEE &A=l 3}
eHE 3 iAok AHA HEEH =

%), 299 24 iAo A3, 298 wiAlel AR

J. Soil Groundwater Environ. Vol. 27(S), p. 1~18, 2022



4 WA - 5] - ol - AR - 25

S8 4F9) 49, 099 vl FUt 2 Bl
6_H o 1_.1:]—

223, 84

FE8AE dA E nY FEAE BT xFs|of sl
vl EA] S A FA) N e ohe) B
o] g AME-S 2PHetar F8Ae] gk Y =S
aEfafol gtk JARE EAY e FAPIERE S
34 7150l HiEe] Z7] W A] o]Fojxof dh X
AP X1l wEt Al AadEojof gttt 4~8Al=
A A7 AL} A F8AZ S v ¢ ok
A7F 2 A A= A A el HRISAL &
¥ olFARE wt EAlske 98 L9=del o8 <
S BAY RS B AEC] EEh QIZE 84
o] dAl== dAlmEe] FA| ARAKATAY, HEA, &
3o A AR, FH AFAY BE 7Y 52
dd E A Age] AAm AR, S-8AEE8S s
FET 52 A8l A o3k ARSAL Tl Ut
Ae] F8Ale T2 FA ol AFsAY RAE Bl

oI5 & it FAEEC] xR 5 Ak

23. 84 A LI

BANEREDLS Table 13} Fig. 40 AAE A} 2]
FPstarA} she FAlel wel -3 FHoz YL 5
k.

R
ul

A

He FAd gk gkt d% Zézj, 24 a%:l, %]
2 galjof 3bH Holy A} &
23t Ade] i3t =o)x ¥t 4 ATHNIDEP,
9). Ao E XNz FAPidRdds F4] 93] &
Y, A, A A-EAd, FA9] o8 Afd H

X
il

2% o9, pAzRE A
Wl 59 2 9K, A4 T FeE 54 % e
Yo} 9gBAo] B0 olFshe Aol s &

TEAle] 5E 5o FHES Eslof St} Fig. 29 A
£ Bl 7St dAE AHE 5 o feF 22 Ae
A A ERd-e AL (Preliminary) F-A7EEd] F
23k ARk FRE 7] Adgitt, g FAER
de ¥ we 2g W4ew o 2 wad 4+ A
(NTEPA, 2013).

23.2. 3 FApIEEd

T2 LAAATHRE A} AHE ¥R RS &
39| FAkll A9 wol 5k 4o FAEE
oM wERRO) FAE UE 5 g eI sk,
Fig. 29] BolXe SHU-ATHZE=EZHESEAE 7t
FEO R FHEsle] 7 dof| Yukd HA] HRE 7|Ys}o]
2= A

Sk ol x<]
4 CQ"‘J%ﬂ‘;—lE S Aol o
2t Fdsh= ol &2 WAloltt. Fig. 29] ClollA] o]
of gk 01]/\1% SRIE 4= o}, &3k 3 FApiEEdy}
1 AR S 8AY =220l #E A
o= Fig. 29 F dg =

2.3.4. Golo|g) AR R

e Aol 7PEA FAe] L, ATEE, 8A
o} BEE QA5 shte] tololaeile) F¥slE 3§
2o BApdrdg 53] QRIS UepliE dlo &
Aot} Fig. 29] DI 20119 Darwin Harbour®] =]
o Rapea W Aoz, - JFS e F
L3 S A tolojas) FAoE xHZ el
A A HRE B8l Bot ARG BA R s
o] 7Fs3lth. Fig. 29] D2 ¢t ddd 94E5
ghale] teolojage] Fxog FFg Aol

H:l

235 2% FAppdEd
AZVE Are] a0k AXE F

Table 1. Contents and formats according to the topics of the conceptual site model
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Fig. 2. Examples of various types of conceptual site models (DTSC, 2008; NTEPA, 2013).
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Table 3. Checklist for constructing conceptual site model during remedial process (NJDEP, 2019)

37} E
29 fE AA
=R
A2 5=

1 M7 Gt

g AR5 AN
27] A4 27
ofap vhA) 8ok

B2 A3} 99 2|9 (Areas of concern, AOCs)yS AHsl= ¥4 = 52 218 HYE-

FANEED He Ay
2384 (COCs)

Bk 28R
Azl W e 3EA
7130 2984

_j__/,\_xg ol ;q]

A oAk A8 A BE Q7 A% 9 Ael)
EoF

A}

A

271 (&7 AWE))

T FEllel )

7ok (48 FFsa A

w7keE 8A

Ao A5 A e AR

=L = (—rxli—rﬂ 7= Mg

#3E = AETE ARME
AFFA FAZAE 71ﬂ M)
35 Ak AR AR A
714 AE

200ft oJvfe] BE FF o8 I
AME- 7Fs st zji B
HA18} Aol FA] o]-&3E
T2 & A A9 BA S48 A
1?_;]
:L;( ;(]
= Jdﬂ
FE ZAA
AME ZAA
218} Al RFH(invertyZHA] Zle]
EoF
Sl
A& A=
Smear %3
7t A=
o] &A]
A%S FA7A 244
Ef 9
57 234
AAEAS AR
e
A3 B

J. Soil Groundwater Environ. Vol. 27(S), p. 1~18, 2022



B
ol
oy
o
s
i
)
e
Jr

ANEEd 5 9 iAd 11

Table 3. continued
s

SRER

/E/\o

EA ]
"/l\‘ﬂz—‘i o3& ukA
gk, vl A9 94
A1A (Utilities) -1 74 2 (preferential pathways)
F 3% 1A
A FES
2Eg s HhE ALY A E(seeps) 3 (sheen)
WA E“/E]Xq“
7] Aefshy A8
e 5
A%g 7158 38R A8 COCs
w7 el &)
7] &k 1A 37
Z1EZNE 30ft o|We] 2~zEd S 28R AFe

AFZRE 100f ollol Sl A E(free producy (A 2 o]#)
2 AZ2HE 100t o]Hell 3= wlH-F E

Al 232 $5E 23] o= A3k COCse] 7] 2] F71R Y A o1& = A7)k
X514 7155 (sump)2] A0
A AES] %
2|5} AbeE e Be] A
Z)sPd ol 7155 (sump)ll X8t 2 £ (free product)?] 7Y
FA] B 2 Xl SRS wiFA
Hevbsst 238 58 28 Bk 22 AW 3] 9%
Hek A 3o Ex)
71el geld 918 (ex. 4F)
ZAF A2 skt W] ve] QIzkt A 8A Eal
Bk, AEp, A2l 3lE COCs
A} mleel =25 Y= FF
334 q17EA] (ESAs)
7t o] FHRE wEr =23 Y
ESAsZ o|T1= o] 572
=EAZ Q17
A =x - =F7Fs 94
AL A E, AR 5 A2
5} A=)
Haz A3t 24
A3} Ao
A3 28
A3} %] Z7}(Remediation Action Outcome, RAO)
RAO A3}
3 RAO °]F EHE A%
Ao g o] 7zt FEHE7Fs3 7
ik
HAEALE
FA A=, A A=, 54 A 2, B dlolE] A=, b A= (H 39 A= ]%}_F‘z] Ho|B A =, EoF A FF,
A AdA 7H%F5 A4 ‘4‘1‘5—, 8 WA IR, Eokdloly =X, 7‘]5]'1—”'-“‘4 o] =X, 7‘]‘514‘—5&%5%‘ 3} A
11‘5“ Holokx, A & AE vl

b
st
l-'J
;

J. Soil Groundwater Environ. Vol. 27(S), p. 1~18, 2022



12 BRI - 58] - oA

T ek FAPRGRES g tigk AES T3S
2 3P tloly] Ax}(Data Gapye Btk A AEE
T Jom, TFHoEe A Holy s T8 5
ZAE gAY, FANERES ke =R Gl
FEE LS T Sle FEAIE A oR Al Be
sl7] gk A3t 28ES WE = UTHNIDEP, 2019).
Table 39] “New Jersey Department of Environmental
Protection, Technical Guidance for Preparation and
Submission of a Conceptual Site Model, Version 1.1”
St FBHA TAIN EAL RAAIRES
e ol =02 57 9d X3R4 de 4w AR
elale AZRAES AU, THD BANIRDS
7IREe g AAR|XEl] FEES 7I9ehd HsdA At
Wilele] AR B e Hzle s W she HEol
719 oA 719=HA] B7E o] vloly ARjold, F
ANEEDE] profile’d Q77 Hlusle] 4151
U st gaEs JRES dojy ZxlE dds)
il o]E &S] g APPHES BEARK(Recom-

mendation)® 2 AAIE 4= lr}.

Best

A - 259
4. FXHE=H i

4.1. LYTX| 2| tHA|

LAFA A GAH HHS 24 NAE AL
A AR ERIERIE AEAF 9 24, 299 d
2K B Aslg A APE, B oijk Y 2 B
3 Ao, o] w7 9 QARA] ] AA WellA
FEZO|tHUSEPA 2011). ¥ukdog o9Rz] e ¢
Aol AL EHo| wel B2 H7KSite assessment)--
A ZAKSite investigation and alternatives evaluation)-
A3l W ’ﬂ‘:’—“.(Remedy selection)-g3} A 5§(Remedy
implementation)-d3} ¥ &-5(Post-construction activities)-
22 #] $E(Site completion) THEW(USEPA 2011),
Fig. 5% 2o =7} & AAll wepx AR dxk= 25
A 2| wredgitt. sfelere EF A tigk 12
Fo] EoF LAFA WE A5 FAPlEAR 55 X5
g AR EYR AT &k o] e, 53]
=, Y T TS LETA #EE fIg FAo1gA
2o AL A WY DA% ARE doleilolssta
o AE F U= ARAZHe] EYE] e FEolh.

o2
N

F

E oX
o to

5

General Management VCup
Envircnmental CS5M Life Cycle __Practices CERCLA - Superfund Brownfields I Varies by IRFIERP
Cleanup Steps State
Sire Assessuent | Preliminary Assessment (PA]  Fality Asseasment Phsss | Initial Site PA PA Y
g Site Inspection (1) L) E:“'w*‘:!'sgx Charactarization sl 81 sl
[ Prefiminary CSM Hasicnal Priorties List (NPL) Ieiinl Rosponse MR e
g Mo Further Remedial Action el
. A Planned (NFRAF) Protoced (MRSPP)
SiTE Invesniganon | G Remedal | i Facdity Ivvestigaton Phase | ESA 1] RIFS RIFS RIFS
| &no ALTERWATES cﬁm Feasitiy Sty (RIFS) Comecive Action NFRAP
Evauamion Removal Actions - E | Comective Measures Pian {CAF)
Tima CricaliMon-Ti Study (CMS)
REMEDY Proposed Plan Statement of Basis Remedial Action Cleanup Selection ROD Praposed Plan Remedy Selection
Sewecmion Record of Decision (ROD) ) Flan [RAF) ROD
Final Decrsion
Design CSM and Response o
ge Commants
Remery Remedial Design (RD) Camective Measune Cleanup and Cormsctve Action RD RD RO
Tertemenn Remedial Acbon (RA) - Fasionn -Lowmpactsie  RA R~ Inferim Time Critcal
R H Intsrim and Final cleanup and Fmal Remnagwal Acton
M C5M - Risk-based H.m«am (TCrA}
| remediation Piace (FIP) A
- Genenc remedies RIP
| - 8ol mairin cleanup
& Post= DOperatonal & Funcional Period i Property LM O8M Shakedown pencd  Shakedown period
CMSTRUCTION R anagement p
Operation & Maintenance (D8M)  On-site mspections LTM Operaling Properky Lang Term
AcTivimEs A i ™ and cversight Long-berm O&AM and sﬁufﬁﬁy Mmra‘;;emnl
Post-Remedy Long term manitarng (LTM)
CSM Sta rizalion Re\‘]uulkgner.l 0am
L Opa Achyines | Priate- ™
Lorg Term Respanss Action and Publc-ied) *
{Fund-lead groundwater suriace
| Wl ressrabon)
Sme CowrLEnon Conatruction Complete (CC) Centification of cc o Further Action (o] C:;e;.pmn RC
Preliminary or Firal Close Out Comphetce Property (NFA) i (RIC) NEA
Y Ragort (PCORFCOR) Cormective Action Managemant NFA
S Corton-FCOR TR
&g Site Deletion Contrals
(O5M a3 sppropnats
Abbreviatons

CERCLA = Comprenensive Ervirormental Response.
Compansation and Labity Az
RCRA = Resowce Conssrvation and Recovery Aot

SPP = Systematic Project Plarning
DS = Dynamic '‘Wark Sirategies
ATMT = Raal Time Measurement Technaloged

Fig. 5. Various contaminated site management systems (USEPA 2011).

J. Soil Groundwater Environ. Vol. 27(S), p. 1~18, 2022

LUST = Undengrownd Storage Tanks
VCUP = Voluntarily Clean Lip Programs

IRP/ERP = Installation Restoration Program
Enviroremental Restorabon Program
MMRP = Mitary Munitons Response Program



o = s
4.2. RLHFX| H2| HAE FAPHERHS| FF

Akl 9 Fe] = A} GAI(USEPA 2011y o
SHe FAVNEREe] @AM 52 9 R ] wl W
sleitt, §2] %7} @Al A HlwE] 2o ZAF gREe] of
st AE FHste] diestAl A L9FA NEd B
ApllA AlERsle, F71AQ1 ZAE e w3 o
TASHE JEA BARR ojojA|aL, o]% HA] #e s
Aol thkEd Ao gk A2 FARd o
FANERLDS 7538 5 Qe 7IHhs vfEd 4=l
o] wj, FANARLL A TR SF51A] oo}
of 3t} BAPNFRH widshs 5L BXA =
A Ay 4 wkesk XA, £ SA9%kEel, A,
A, T4, FElEAL T2 5)% vl AH#H FXA]
BdoXe o]fdt 54 3kS o83l FXHoE Akt
Ay} 42 28 5 F& FAIZ REIgth(McLane
Environmental, 2018). ©|2]3F A 2dl2 H2|7/]d 2o
AAE A W8o] F7Hgol wet oS AgEsh FAed
2 719 UTHINAVFAC 2017).

1) AP CSM(Preliminary CSM): 3£#]2] ZuEz Q]
ES 98l 7] ARE v ARo] He AP
dojot. 7|& AR ol wEt AR csMe] Eide] A
Ae=t, F2 72 2AR} osjiAR} 1B, A
e e AES AR, 1 ol9]o] FE G A
A, 7z g dlolgHlolz, Afr Alg Ak T RS
B e

2) 7% CSM(Baseline CSM): AP CSM2] ZA} &+
= HolE ¥ Z2AE 57 S 9@ Zagk o
ARE 2hsh= FApdRdo|th AR csMET) 7iA
H Hoh g ARE Aok, FA] el thek ofsit
AR FejEe ), 224 7, dolH AL
R AY, A A3l 8 5o ARE Fsie] o]
B T, 95, F4S g1 4 QU

3) Y CSM(Characterization CSM): FA] BALS ¢
3 AN A9E Tt FAERdeltt. B4] 5493}
213 Foll AAE dlolElE a8 og Fste] Fs)
< bl ARESHt HUlo|EsE HlolHE 7R 2419
A4 9 W9, AT 55 Alofsle 8 A-TH A4St
2 E4ol #t olsi@AIRle] ESAES AP A=
o] 83t

4) g3PdA] CSM(Design CSM): 3= AAls= &
AY] FApdRo|t}. F7F AR a7 AR vjefsiar
Aeigt st 7ol FHEES AUsks HolHE T
stk =817 &4 dHloly, Ad % & AFeHH =1

(0 oy

RANRA 7% 2 A 13
T 0927 E W REE s 43 44 2

>
rr
B
A
z
5
o
x
2
_oIL

ol Efo] H Bk oje} @, 5] 2 7] 4 7]
TS st s HAEE S S8kl e
T Ao

5) Asl/$ks} CSM(Remediation/Mitigation CSM): 2
3} A8 F AMgsle FAVIERde|t 23 &5 AX]
2 A8}, A gl z2 o] de), BRle] £ &
skl e B3 T, ol Wl Adsdol] thgh

&, in-situ ¥ ex-situ F3} AP HZHslol| L83
Uk B 29 2 A B 2 Y] RUEE E5S
F3eim, Z&EAR] FANERD HulolEE F3f ol3)
AR S A1, Ashdsl Fpgollale] FfQl o
Hes GRIs, 35 43} 23 A 5 Ut
A CSM SHAlelA ARSE A3 FUT CSM SH3E Y
dlole] #] Al2gls 7ko g Ashglsl csme 75
gromm ZAE © st vle-S Ae & Qluke
o] Aot

6) @2 CSM(Post Remedy CSM): A3} ¢k8 % t}
& TS 2 AN A o7 AR A9E 5 2
5 55 9 T AERE Algshe FAridRdeld. 4
3} B35 2she dde] /i ave} AE =23

g3} 453} Basl] SR1E Aol Bl @ V1S B
Mgt B89 24 A BF B4, 2] 7]
of 913, A 8 B ARAFEE FAl ALSE
As] B 203 20§ Beld w55

Assted T2 AR AR

J X e

oX,
=2
=
e
N
£
zl
95
ol
==
it

golalA gt

TUle] 4 # AAlel wE 9AA FAUIEE 2
4 g RS aEE] SlEll, Table 49} o] 7 A
HAE A we} FiEsta gRle] a3 HJHE
profiles 3l we} AlEslele 9o 29 He] AA
oF o] Attt 9o 2@FA| #e] A|A -
Al o, FAEEY &8 SHoA FEsoF & A
= BA] H7}Site assessment)l] t-83= HE)|FA), FA4
ZAKSite investigation and alternatives evaluation) =
sl W dE8(Remedy selection)ol] t-83= EFIE
Aol HejzAke] AiE o838l AR CSME =35}
H o]= sjj9]e] AR CcSMI AL HISTEE o] UHE-S

J. Soil Groundwater Environ. Vol. 27(S), p. 1~18, 2022



” HjlA - 7033 - o)A - Pk - 25

Table 4. Required level for each profile of the conceptual site model
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