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ABSTRACT

This paper introduces the ‘Smart Scoping for Environmental Investigations Technical Guide’ issued by the US
Environmental Protection Agency in 2018, which describes the use of smart scoping during lifecycle of remedial
investigation projects. This paper also briefly summarizes the guidelines of soil and groundwater contamination
investigation of South Korea. The smart scoping practices can support the development of a robust and realistic conceptual
site model that is very useful for investigations and evaluations of the contaminated site. The application of evaluation
tools relevant for the site-specific characteristics is important for the development of a conceptual site model. The smart
scoping recommends the use of previous investigation data and implementation of best proven strategies for successful
remedial investigation project. The use of smart scoping in contaminated site investigation will provide better management

of contaminated sites.
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EPA  542-F-11-011.
http://www.brownfieldstsc.org/pdfs/CSM_lifecycle
Fact_Sheet.pdf

+US Army Corps of Engineers.
models. EM 200-1-12. December 28, 2012. https://

www.epa.gov/remedytech/environmental-cleanup-best-

cycle conceptual site model.

Conceptual site

management-practices-effective-use- project-life-cycle
* American Society for Testing and Materials (ASTM).
2014. Standard guide for developing conceptual
sitte models for E1689-95
(Reapproved 2014). https://www.astm.org/Standards/
E1689.htm

+US EPA. 2016.

zation case study: The role of a conceptual site

contaminated  sites.

Innovations in site characteri-
model for expedited site characterization using the

triad approach at the Poudre river site, Fort

EPA  542-R-06-007. https://clu-
in.org/download/char/poudre river case study.pdf

Collins, Colorado.
*US EPA. nd. Conceptual site model development.
http://www.triadcentral.org/mgmt/splan/sitemodel/
index.cfm

*+US EPA. 2006. Systematic planning using the data
quality objectives process EPA/240/B-06/001. https:/
/www.epa.gov/sites/production/files/documents/
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Fig. 1. Components of a conceptual site model (US EPA, 2018).
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*US EPA. 2000. Soil screening guidance for radionu-
clides, 2.1: Developing a conceptual site model.
EPA/540-R-00-007. https://nepis.epa.gov/Exe/ZyPDF.cgi/
P100MBXW. PDF?Dockey=P100MBXW.PDF

+US EPA. 2016. CLU-IN. Key optimization com-
ponents: conceptual site model. Last updated Sep-
tember 23, 2016. https://clu-in.org/optimization/
components_csm.cfm

*US EPA. n.d. Brownfields road map. Last updated
2018.

brownfields-road-map

January 3, https://www.epa.gov/brownfields/
* US EPA. 2008. Triad issue paper: Using geophysical
tools to develop the conceptual site model. EPA
542-F- 08-007. https://www.epa.gov/sites/production/
files/2015-08/documents/issue-paper_triad-
geophysics.pdf
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investigations and feasibility studies under CERCLA.

Interim final. OSWER Directive 9355.3-01. EPA
540/G-89/004.
*US EPA. n.d. Conceptual site model checklist.

https://triadcentral.clu-in.org/ref/ref/documents/
CSM_ Checklist.pdf
*US EPA. nd. Triad central web resources. https://

triadcentral.clu-in.org/index.cfm
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«US EPA. Technical
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*US EPA. nd. High-resolution characterization for
groundwater. Last updated on September 23, 2016.
https://clu-in.org/characterization/technologies/hrsc/

*US EPA. 2017. A practical guide for applying
environmental sequence stratigraphy to
conceptual site models. EPA/600/R-17/293. https://

semspub.epa.gov/work/HQ/100001009.pdf
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*US EPA. Triad central web resources. https://

triadcentral.clu-in.org/index.cfim
*US EPA. Regional screening levels (RSLs) -
generic tables. https://www.epa.gov/risk/regional-screening-
levels-rsls-generic-tables
+US EPA. Regional removal management levels for
chemicals (RMLs). Tables as of: May 2018. https:
/lwww.epa.gov/risk/regional-removal-management-
levels-chemicals-rmls
*+US EPA. Vapor intrusion screening level calculator.
https://www.epa.gov/vaporintrusion/vapor-intrusion-
screening-level-calculator
*US EPA. Superfund chemical data matrix (SCDM).
https://www.epa.gov/superfund/superfund-chemical-
data-matrix-scdm
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+US EPA. 1988. Guidance for conducting remedial
investigations and feasibility studies Under CERCLA.
Interim final. OSWER Directive 9355.3-01. EPA
540/G-89/004. October.

*US EPA. n.d. Conceptual site model checklist.
https://triadcentral.clu-in.org/ref/ref/documents/CSM _
checklist.pdf
+US EPA.
superfund, volume I, human health evaluation manual
(Part A). Interim final. EPA/540/1-89/002. December.
https://www.epa.gov/sites/production/files/2015-09/

1989. Risk assessment guidance for

documents/rags_a.pdf
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+US EPA. 1995. Land use in CERCLA remedy
selection process, OSWER 9355.7-04. https:/
semspub.epa.gov/work/HQ/174935.pdf
*US EPA. n.d. Superfund redevelopment program.
Last updated on January 9, 2018. https://www.epa.

gov/superfund-redevelopment-initiative
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*The EPA's CLU-IN website discusses many

potential remedies and technologies. www.clu-in.org
*The federal

(FRTR) provides information on the application of

remediation technology roundtable
potential technologies. www.fitr.gov

* The
(ITRC) provides

application of technologies. www.itrcweb.org

interstate technology and regulatory council
technical information on the
* The strategic environmental research and develop-
ment program (SERDP) and the environmental
security technology certification program (ETSCP)
provides cutting edge information on data collection

techniques. https://www.serdp-estcp.org/
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5o ZEAE &9, (2) 43t 95 Algd] A A&
7Fs 714 A9, (3) A3t 9=, FA] Ao /A
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+US EPA. 2014. Groundwater remedy completion
strategy: moving forward with the end in mind.
OSWER Directive No. 9200.2-144. https:/nepis.
epa.gov/Exe/ZyPDF.cgi/P100KM8X.PDF?Dockey
=P100KM8X.PDF
+US EPA. nd
completion webpage. Last update on June 4, 2018.

Groundwater remedial action
https://www.epa.gov/superfund/superfund-groundwater-
groundwater-response-completion

*US EPA. 2011. Close out procedures for national
priorities list sites. OSWER Directive No. 9320.2-

22. https://semspub.epa.gov/work/HQ/176076.pdf
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Systematic Project
Planning

[ Comprehensive Team

Dynamic work strategy
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management
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Three-Dimensional
Visualization and @

Analysis

Smart Scoping

N LReaI-Time Measurement}

Technologies

and Multiple Lines of

Communication

( Data Management and J 0

L Collaborative Data Sets}

Evidence

Optimized
Investigations . ‘

Demonstrations of
Method Applicability

’ - Stakeholder Outreach ’

Fig. 2. Best practices for smart scoping in environmental investigation and remediation program (US EPA, 2018).
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7re] delE EEdhes A TS Fasith v A
= ATAQ LEGFA ZALE 913 v Al £ "2 &
oFZ A &8H(Geology), 572118k (Hydrogeology), A8}k
8}H(Geochemistry), 213}8H(Analytical Chemistry), $13
B7K(Risk Assessment), S/38(Toxicology), A& HAl
&l (Geographical Information System), 7 =32 (Infor-
mation Management), =3t 2 E X3 (Soil and
Sediment Science), Z}A|#2](Project Management), 73
obd 9 B ZA(Environmental Safety and Health), 338}
(Engineering), A=38}(Biology), 71’38 (Meteorology), Tt
TR Ad)(Community
Involvement Expertise), J}X-%4](Communications) 5>
2 AR Z2AEY A F7] Y| wt ="
rRAEY] UL Wk 5 ok dE &0, 1A
kel gk Z2AHE ARt ‘374]01]7“13 8 '311‘?_},
ZHE A Afglo] AREH 1 oshe] = .
] sb3Ao] AAIBE =5 ' Ao g D EHe
et 2
«US EPA. 2010. Best management practices: Use

g _1

A ZF-(Regulatory Expertise),

of systematic project planning under a triad approach
for site assessment and cleanup.
https://clu-in.org/download/char/epa-542-f-10-010.pdf

*US EPA. n.d. Multi-disciplinary technical teams.
http://www.triadcentral.org/mgmt/req/techteams/
index.cfm
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+US EPA. 2010. Best management practices: Use
of systematic project planning under a triad
approach for site assessment and cleanup. https:/
clu-in.org/download/char/epa-542-f-10-010.pdf

*+US EPA. n.d. Triad central. Use of immunoassay
test kits, Systematic project planning, and dynamic
working strategies to facilitate rapid cleanup of
the Wenatchee tree fruit research and extension
center site, Wenatchee, Washington. Last ppdate on
June 29, 2007. http://www.triadcentral.org/user/includes/
dsp_profile.cfm?Project ID=27

+US EPA. nd. Triad central. Systematic planning
and conceptual site model case study basewide
hydrogeologic characterization at naval air weapons
station (NAWS) China Lake, Ridgecrest, CA. Last
update on October 22, 2004. http://www.triadcentral.
org/user/includes/dsp_profile.cfm?Project 1D=4

+US EPA. nd. Triad month Triad
communications and systematic planning sponsored
by: U.S. EPA technology
services division. https://clu-in.org/conf/tio/triad2_080609/

*US Navy. 2004. Triad's systematic planning process.

session 2:

innovation and field

http://www.triadcentral.org/ref/doc/2_Adrianne.pdf
*US Army Corps of Engineers. 2006. Draft systematic
planning checklist-implementing
planning.  http://www.triadcentral.org/ref/ref/documents/
Triad_Systematic_Planning_Checklist Oct06 .pdf

systematic project

233. 953 2 A= ey 71 (Dynamic
work strategy and Adaptive management)
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. nd. Triad resource center, Dynamic
work strategies. http:/www.triadcentral.org/mgmt/dwstrat/
index.cfm

+US EPA. 2009. CLU-IN. Triad month session 7:
Dynamic work strategies sponsored by: U.S. EPA
Technology Innovation and Field Services Division.
https://clu-in.org/conf/tio/triad7 082509/

*«US EPA. 2005. Use of dynamic work strategies
under a triad approach for site assessment and
cleanup- technology bulletin. https://nepis.epa.gov/
Exe/ZyPDF.cgi/2000CYTM.PDF?Dockey=
2000CYTM.PDF

234, YT A S48} Ve AR 24 Vs
&-8-(High-Resolution
Technologies)

= B 543K (High-Resolution Site Characteri-
zation, HRSC)E 93l LA&E4e] X, o5 2 1 4
Holl G F= ATEEY o]FA qrEel AHg AL
7k} o] FQsitt. s dE §A| 543 Ve 2

and Real-Time Measurement
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* MIP -4 (Membrane interface probe)

«Fo]A = FF EY(Laser induced fluorescence,

* 29)2 £ 7]& (Forward-looking infrared technology)
T AFE AFHY 2 FYE A 7]E(Passive
samplers and flux meters)
«Hjo]Q dAlo] B AE HAL HAE 7] (Bioassay
and colorimetric test kits)
» 0]52] 434 (Mobile laboratories)
« A3t @ A} AFEHAF 715 (Surface and borehole
geophysics)
olgigt AARE FA4 7|EEL HolH % & us
o e FaL, e FA 58S 97 S
o[HE Al&stAl AlTgt.
u] 7o) ANGE VST Ve AARE SHT 2

i

* FRTR provides information on the application and
cost of measurement technologies. www.frtr.gov
+ITRC provides information on many characteri-
zation techniques and technologies. www.itrcweb.org

* The Triad central website provides information and
case studies on the triad approach. www.triadcentral.
org

*US EPA. n.d. High-resolution characterization for
groundwater. Last ppdated on September 23, 2016.
https://clu-in.org/characterization/technologies/hrsc/
+US EPA. 2003. Using the triad approach to
streamline brownfields site assessment and cleanup.
https://nepis.epa.gov/Exe/ZyPDF.cgi/10002076.
PDF?Dockey=10002076.PDF

US EPA ARLE A~573 7)< A7) 79

235 @3 vy 753 v% 24 gE(Collabo-
rative Data Sets and Multiple Lines of Evidence)

Y vlole) TEold 0ARAY] QRS sop
3] 9l Sht oPge) 24 B BA 7% o)gF
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VS AR AA @ 214 3 712 PEE &
oA BYA FARS sidslor gtk 249 1
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A RS S4S 919 e Al 21 AR,
& #YAE (Cone Penetration Test, CPT), 7] AE%
4, v ZEAAY 71 59 vk WRie] i, o
dRER 53 29E SRtk E4skd A %
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*US EPA. 2001. Current perspectives in site remedia-

rte

|'L1N 2 o

3

tion and monitoring: Applying the concept of
effective data to environmental analyses for conta-
minated Sites. https://clu-in.org/download/char/effective
data.pdf

+US EPA. 2008.
applicability under a triad

Demonstrations of method
approach for site
assessment and cleanup - Technology Bulletin.
http://nepis.epa.gov/Exe/ZyPDF.cgi/P1001FR4.PDF?
Dockey=P1001FR4.PDF

+US EPA. 2015.

emergency response (OSWER) technical guide for

Office of solid waste and

assessing and mitigating the vapor intrusion
pathway from subsurface vapor sources to idoor

air. https://www.epa.gov/sites/production/files/2015-09/
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documents/oswer-vapor-intrusion-technical-guide-
final.pdf

«US EPA. nd. Use of a conceptual site model
involving ROSTTM

and other field- based measurement technologies to

and collaborative data sets

design and implement soil vapor extraction and
petroleum  product extraction
Hartford plume site, Hartford, Illinois. Last updated
on December 31, 2007. http://www.triadcentral.org/
user/includes/dsp_profile.cfm?Project ID=31

+US EPA. n.d. Triad resources center: Analytical,
data,
org/mgmt/meas/key/quality/index.cfm

* ITRC. 2003. Technical and regulatory guidance for

systems at the

and decision quality: http://www.triadcentral.

the triad approach: A new paradigm for environ-
mental project management: http://www.itrcweb.org/
Guidance/GetDocument?document]D=90

«ITRC. 2007. Vapor intrusion pathway: A practical
guideline: http://www.itrcweb.org/documents/vi-1.pdf

2.3.6. oJ3lFAIRFS] FHod(Stakeholder Outreach)
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+US EPA. 2001.
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Stakeholder
the U.S. EPA: Lessons

learned, barriers, and innovative approaches: https:/

involvement and

www.epa.gov/sites/production/files/2015-09/documents/
stakeholder-involvement-public-participation-at-epa.pdf
«US EPA. 2013. Getting in step:
involving stakeholders in your
Edition EPA841- B-11-001.
npstbx/files/stakeholderguide.pdf
* Federal energy regulatory commission. 2001. Federal

engaging and
watershed 2nd

https://cfpub.epa.gov/

energy regulatory commission ideas for Dbetter
stakeholder involvement in the interstate natural
gas pipeline planning pre-filing process. https:/
www.ferc.gov/legal/maj-ord-reg/land-docs/
stakeholder.pdf

*Federal emergency management agency. 2016.

Guidance for stakeholder engagement. https://www.
fema.gov/media-library-data/1470349382727-
a25897d8ed8adfe0d99989d2b0c9a74c/
SE Discovery Guidance May 2016 508.pdf

«ITRC. 2001. Petroleum vapor intrusion guidance-
community engagement. http://www.itrcweb.org/Petroleum
VI-Guidance/Content/7.%20Community%20
Engagement.htm

*« MDOT. 2009. Michigan Department of Transpor-
tation guidelines for stakeholder outreach. https://
www.michigan.gov/documents/mdot/MDOT _
Guidelines_For_Stakeholder Engagement 26485
0 7.pdf
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*US EPA. 2008. Demonstrations of method

applicability under a triad approach for site

assessment and cleanup - technology bulletin.

US EPA ZRIE ~51% 7)< A7) 81

https://clu-in.org/download/char/demonstrations_
of methods_applicability.pdf

+US EPA. 2008. Demystifying the DMA (Demons-
tration of Method Applicability). https://clu-in.org/
conf/tio/dma_072808/

*US EPA. 2008. X-ray Fluorescence (XRF) Session
4: Demonstration of Method Applicability (DMA):
https://clu-in.org/conf/tio/xrf 081408/

+US EPA. 2003. Fort lewis agreed order RI
demonstration of method applicability sampling and
analysis plan addendum: http://www.triadcentral.org/
user/doc/TPP-FortLewis-DMAMemo.pdf

2.3.8. Hlo|g] #]e} oJAkiE(Data Management and
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project managers - how to plan your data. http:/
www.slideshare.net/EarthSoft/narpm-data-management-
datasearles-pdf
+US EPA. 2011.
investigation/feasibility study newtown creek. https:/
/semspub.epa.gov/work/02/162129.pdf

*US Department of Energy. n.d. Suggested elements

Data management plan remedial

for a data management plan. Last modified on:
March 5, 2016.

opportunities/digital-data-management/suggested-

http://science.energy.gov/funding-

elements-for-a- dmp/
«ITRC. 2006. Data management,
visualization techniques: http://www.itrcweb.org/Guidance
Documents/RPO-5.pdf

analysis, and

239. 3xd A1zsk gl
Visualization and Analysis)

n| SPHE AFEEe] EdEAdS Ags] wetshr]
Sl el Y= 7S 88l o AsH olsS Ut
sk, o]& Tl s adHola Hskd A3t =2
Agetn Aty Snke A e AFHAL

- (Three-Dimensional

J. Soil Groundwater Environ. Vol. 25(2), p. 70~85, 2020

N

R - 259

HARRE ©l glo] 7]2oltt. 33k Al HHly] A ES)
o= A, A, Adsle} 5o T8 AT vzl
WSS T B33 Iulo® Fitehs 3xk A3t
2 B2 (Three-Dimensional Visualization and Analysis:,
3DVAYS 3k aaHEQl =Trolnt. 1] 332 331 A
7_1'-3?;]_ o lﬂ;‘/HQ‘ ik&l—g],u:] z] o]———rLf_Q]— I ._/\-] O ]:ﬂ 7‘\,_]_—
olgfsiar FAPIE Bl @4 Tto] BUXE HEE
Aok gtk 33k AlAEE g 24 7S thee] S
oM 22+l AlZstel 4 7PHET A3l ElofE
A4S Al

i kek=4 z%il-z‘ﬂ- r:q]o]g] 3
lolo] W& dloly %
< ARE 7l W Hloly ®d
< A el A B Rl iyt A =4
dlolg o319l Fg
<71E AR 28 Sdist 2 ¥4 Holy 248 F
& 71 dolel o4 HAx
27 dlolee] AFsAE 4
A ol 74 vjef
<33 B ARst 3 AEe S

v] %ol A xR Alzstel 49 dEd
IEFe v 2ot
*US EPA. 2011. Use of geostatistical 3-D data
visualization/analysis in superfund remedial action

07

|

i

riy

investigations. https://clu- in.org/conf/tio/3d 092311/

* ITRC.
visualization techniques. http:/www.itrcweb.org/Guidance
Documents/RPO-5.pdf

2006. Data management, analysis, and

2.3.10. A} #A3HOptimized Investigations)

LAFA AR HA3) AQlolle AnfE 23 Ve
AZAelA Ak WS A8 dart o HHst
AE A9 719 @4 =24, FANd 2l 74984,
Al A7), JsE e, Z2AE 9 H=, RUEY
YELA 5o tig 5463 Bk 7Vl ot H
A3}t HE A= Vs 2 ZF ARE HIE 584, Al
H Hs, Z2AE by H=Re] 8 @A Tl tigk
do] A7 el AF ARRE ARt 3] 2APE X
e A A2 @ 20 theehe dJ5A 2
A HIHE A&slof gtk ol fEixe FAE 2
dlo] oj= Aol U LAFA T 2 B &
HE ALE Tl 34 7Fss TRk 53 7R

LA o 5 ¥ A NZsiof gtk



S LARA ZAF RIS A3 US EPA 2PLE 2519 7% 20 83

n] 337o] AAgE AL HAsel BE FaRde vk 7R B S AL A Bl e 29 vks R

st 2o, o 3%, AE 5 A4ET AQ o4 5 AV A=
+US EPA. Cleanup optimization at superfund sites. E |2 A} 2] 9J3FS Fx] olulsl= WY Yl
Last updated on June 4, 2018. https://www.epa. A Fadt A B AR T sl FApHZ,
gov/superfund/cleanup-optimization-superfund-sites FA g 0dEEe] 27, AR A Ex 2 AE
«US EPA. 2012. National strategy to expand IR ZAsl] ZARL ¢ Qo) «Q AytE ixe] &
superfund optimization practices from site assessment e B ZA HPEHS E\:H = 3Py X]s]—,— LeX: RS INPS R

to site completion. OSWER 9200.3-75. https:// 2
nepis.epa.gov/Exe/ZyPDF.cgi/P100GI85.PDF?Dockey I 74 NHE 7]?'_,5_} —’E 9}5% }_/\}.ugﬂ- HS =5l
o o

=P100GI85.PDF a i AEERRpE 24 S Aok Fel 44 8
+US EPA. nd. Optimizing site cleanups. Last Algo] Aok, s 8-S Ay Asks| AR E &
updated on September 23, 2016. https://clu- in.org/ AT Ul 99%R] ALY % 1) 34
optimization/ go] 2wl 23130 tigk 7R3 el AeRE o
«US EPA. 2010. Optimizing the site investigation EZ‘] ek} ey Ndd fARE Wgo] S
process:  https:/clu-in.org/consoil/prez/2010/Investigation- & 4 A} sANE, 99R A AL OA] LR
process-optimization-slides.pdf A ZAF 2 A3} zgAET] A wel Hele 84
«ITRC. 2004. Remediation process optimization: o] ZA3] hE F A= AL AEL WA A
Identifying opportunities for enhanced and more TSR 5 953 2A=Rs gxy EA)E 2ES
efficient site remediation. http://www.itrcweb.org/ FH3Plole 2 A ojfdRe] At Fe] A
GuidanceDocuments/RPO-1.pdf QARA] ZALe} AR A 7|7te] AlgkE o)A, B
2] Bolz AT} olux] ke EAE Sl skl

3. SELE} X|SEE 2Y¥EX| TAF X|E 1o 92 27] $HE g3t A A1FEEA gl st
o4 2hA 7lellE= ofEeol ok tisEAQl 1 EAIMA olwreltt.

W7 ARGl dial AR A ok ARiAE ASsh] Sl

eyl LaRAl e =AM TEYG Y Me F7F AR B 49 HolBE 1 oS dUF

] Al B A, (EReS Sl Wb ook skon of Sl 37149 A suefe] e
ARy, TASE S9WNTAS g, o meh  sha ok 2 ARG WEEG) BA SO @45

A=) gtk (KMOE, 2015, 2016, 2019). Table 1 A9k X‘@Hﬂ ujEo|t}. o]dt FAIS DslHd FE
LARA ZALFZLE fe EuEe] TES HhxAL 3w AL A SIS BE =EE dAEI
o] Mol et L, TEGSHA fsid B FANE S ko g 53R 04 A 59 A
Ay, Ak edsgriRaxe 2 whH, AR ALY SPAAI7 1S FIAIAE St
S} v Ao WYt AwlE 3ol tist Ve Ul E A L3RR 2ALG7ME B, A8t

AZA 9] F2 ARFES 7HFs] vlwgk Aot} $-2ut I 5 ATd viAER Zzke) Aal, AN, WY 5
ol QLARA st ZAFVE EY, AE & o] Z3kE AR ZFel A FEslal k. ol E
i3 z2)Hel] Al fEH oz [dPstar, v F5% o} AJslepol] sl AR 29, LAY, 2L9H=,
2 Bz 2aRA Uigh ZAE7EE Zlsgeitt. 5t 29 S 5 FeRsle ALEAF Wl AR &
Avk ZAF AR}, A S5 5 1 2] HollMe ] # Ao & AT LGHA ﬁ% I B8 94
7%} & Ajol7} fik. Q1 ofali7k AasiH, olF fsis ZIER e At

U} AF= 1) Fgo] A S @FRAe o HARl #7es B3 LARAY FHAA olslet 1
gt omlE 23] gk 7R3 9] Alde] I = o gt HHgt Asl 2|7} FraE|ojof it HAet |
g=o] ot TEY AR A B 74, Aol H5Ee= e ARES ¥k, FARHF I &

=
i
B AR edmkRIAe A P, o Bl

S eI B2 46 sl 55 FFsste, 2@l )
“mofe] FUEANE B AZo) Wl Aslolo} S T @ SUA olslS F, 0ARA FEAE ofeh

J. Soil Groundwater Environ. Vol. 25(2), p. 70~85, 2020



4 Aum - g - {E) - 259

Table 1. A summary of guidelines for contaminated site investigation in Korea and US EPA smart scoping for environmental
investigation technical guide (KMOE, 2015, 2016, 2019, US EPA, 2018)
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