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ABSTRACT

Even though a systematic sampling approach is very crucial in both the general and detailed investigation phases to
produce the best conceptual site model for contaminated sites, the concept is not yet established in South Korea. The U.S.
Environmental Protection Agency (EPA) issued the ‘Strategic Sampling Approaches Technical guide’ in 2018 to help
environmental professionals choose which sampling approaches may be needed and most effective for given site
conditions. The EPA guide broadly defines strategic sampling as the application of focused data collection across targeted
areas of the conceptual site model (CSM) to provide the appropriate amount and type of information needed for decision-
making. These strategic sampling approaches can prevent the essential data from missing, minimize the uncertainty of
projects and secure the data which are necessary for the important site-decisions. Furthermore, these provide collaborative
data sets through the life cycle phases of projects, which can generate more positive proofs on the site-decisions. The
strategic sampling approaches can be divided by site conditions. This technical guide categorized it into eight conditions;
High-resolution site characterization in unconsolidated environments, High-resolution site characterization in fractured
sedimentary rock environments, Incremental sampling, Contaminant source definition, Passive groundwater sampling,
Passive sampling for surface water and sediment, Groundwater to surface water interaction, and Vapor intrusion. This
commentary paper introduces specific sampling methods based on site conditions when the strategic sampling approaches

are applied.
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Table 1. Resources of “Strategic sampling approaches technical guide” issued by EPA

Web Resources and Description Section

www.clu-in.org/characterization/technologies/hrsc/

EPA’s CLU-IN website contains a comprehensive set of HRSC resources in unconsolidated aquifers (EPA2] CLU-IN . Szzgggg_;
YAte] B w]Ad dj3- HRSC o £ ARE 2331 9l+)
www.triadcentral.org
This website contains references, case studies, and other resources for an investigation using the Triad Approach. - Section3-1
HRSC is best implemented using the Triad Approach (0] $JAfe] Ex= 178 Al#l| 3, Triad ApproachE- A-4-3F
ZAlol gt T2 resourceE FE3FY 902 HRSCE Triad ApproachS ARSI Z AR HALC & f=afl 4= 9) &)
https://www.serdp-estcp.org/ - Section3-1
Strategic Environmental Research and Development Program (SERDP) and Environmental Security Technology - Section3-2
Certification Program (ESTCP) are the Department of Defense's (DoD) environmental research programs, harnessing - Section3-4
the latest science and technology to improve DoD’s environmental performance, reduce costs, and enhance and sustain - Section3-5
mission capabilities. (Strategic Environmental Research and Development Program (SERDP)} Environmental - Section3-6
Security Technology Certification Program (ESTCP)Y> Department of Defense’s (DoD) 37417 & T13o]u], . Section3-7
DoD’s environmental performances &YA1713L -85 AAA7|H, -8 SHE S7RI717] ol Fade =8t o s o
I 71EE o8Ik sls)

- Section3-1
www.clu-in.org/characterization/technologies/hrsc/ (Highlight 1/ Figure

2 in this study)

- Section3-2

US EPA. Groundwater High-Resolution Site Characterization Course. CERCLA Education Center. 2016. .
(Highlight 2)

http://www.itrcweb.org/Team/Public?teamID=11

The Interstate Technology and Regulatory Council (ITRC) developed a technical and regulatory guidance document,
Incremental Sampling Methodology (ISM-1). The document provides users with a practical working knowledge of the
methodology’s concepts and principles, emphasizes the critical importance of clearly articulated sampling objectives,
and provides a sound basis for adapting ISM to meet project goals and site-specific objectives. EPA and ITRC

- Section3-3
(Highlight 3 / Figure

resources include additional references and case studies. (The Interstate Technology and Regulatory Council ITRC)= 4 in this study)

7)%s 2 J7A] X1ZA, Incremental Sampling Methodology(ISM-1)2 7181918, o] F41= A8}l Al ISM 73}
el Azt ARl A4S AlSg =3 SR FH0] FoAS ARl ZRAE Spel At 22| vk &
AL FZA1717] 18 ISME- A& sl ot 3= A= 2|58 EPAS} ITRC resources= 37144l reference2} AH
ATE 233}

https://cluin.org/download/char/RolesofPMsandLabsinSubsampling.pdf

EPA. 2013. The Roles of Project Managers and Laboratories in Maintaining the Representativeness of Incremental and

- Section3-3
Composite Soil Samples. OSWER Directive No. 9200.1-117FS. June(EPA/ 2013. 535 37 composite 3+ EF A1 Z2]
DELE A Aol et ZeAE Aeixjel g o)

- Section3-3
EPA. Incremental Composite Soil Sampling course. CERCLA Education Center. June 2016. (Highlight 3 / Figure

4 in this study)
www.clu-in.org/hrsc

EPA’s CLU-IN website contains a comprehensive set of resources for HRSC in unconsolidated aquifers. High-

resolution site characterization techniques are recommended for characterizing NAPL sources in the subsurface(EPA - Section3-4
CLU-IN $)A}o] Ex= ] 374 b 5230l 4] HRSCell 3+ F3P4 Q) A B2 F33la7 §)3- 534 9] NAPL 2. 99S

EA3laL A93}7] $18ll High-resolution site characterization 7]&o] AMg-E|ofo} & 7}=3})
http://www.itrcweb.org/DNAPL-ISC _tools-selection/Content/1%20Introduction.htm

This ITRC document synthesizes the knowledge of DNAPL site characterization and remediation and provides

guidance on characterization of contaminant distributions, hydrogeology, and attenuation processes (¢] ITRC -4 - Section3-4
DNAPL 7] £ 3k} Bel<belo] gl 2|41 Z31q A 0% @ d o] B-E, Se|A s}, 2] 7 k4 29e) &

Aell A3k ARME AT

- Section3-4

https://cumulis.epa.gov/supercpad/cursites/csitinfo.cfm?id=0200781 (Highlight 4 / Figure
5 in this study)
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Table 1. continued

Web Resources and Description Section

https://clu-in.org/characterization/

The Characterization and Monitoring section of EPA’s CLU-IN website contains a discussion of the three generic
forms of passive (no purge) samplers, and provides links to other references. The site also includes a table describing
common analytes addressed by 15 different technologies (EPA’s CLU-IN $JA}o] E-2] characterizing and monitoring -
Fol A= passive (no purge) samplers®] 3712]2] QU ¢l o] that Eo)2 a5l o} FuAE R P2
g =3} o] SIAfe| Exm 15719 T2 4 A2 715 ARS8l 2AKE o ol ikl e el S 4w

g 5 3l 9l ) - Section3-5
https://www.itrcweb.org/GuidanceDocuments/DSP_4.pdf
ITRC developed a Technology Overview of Passive Sampler Technologies, which includes a comprehensive table of
advantages, limitations, availability and cost of 13 different passive sampler technologies (ITRCE Technology
Overview of Passive Sampler TechnologiesE 7159131, o] Aol = 137]19] A E T}-& passive sampler 7]&2] o]
A, 3, ol-87kFeA Elar wlgell dig E@H o2 MRl 3t ] 3%
- Section3-5
ITRC. Technical Overview of Passive Sampler Technologies. March 2006. (Highlight 5 / Figure

8 in this study)

https://clu-in.org/download/contaminantfocus/sediments/Sediments-Passive-Sampler-SAMS 3.pdf
EPA has developed a guideline for using passive samplers to monitor organic contaminants at Superfund sediment sites

i - Section3-6
(EPAY: Superfund 5142 24 84el 4 £7] 0B mUelY ) 1) Wog +54 A Zel Abg AgAE . DT
7Hh
https://clu-in.org/download/contaminantfocus/sediments/Sediments-Passive-Sampler-SAMS _3.pdf . Sect{0n3-6
(Highlight 6)

https://pubs.usgs.gov/tm/04d02/

EPA recommends the U.S. Geological Survey (USGS) document, Field techniques for estimating water fluxes
between surface water and ground water as a practical compendium of methods for investigating the hydrologic
characteristics of the groundwater/surface water zone(EPAX= X 51=/X| 5= zone2| =213 A48 TAFs=Hl ol
o gk 4829l A 8 (compendium)E4] U.S. Geological Survey (USGS)--A1¢] Field techniques for estimating water
fluxes between surface water and ground water (X| 322} X5} Alo] 2] water flux 715 918 47|68 F33h
https://pubs.usgs.gov/wri/wrir024186/pdf/wri024186.pdf

joint publication EPA-USGS provides guidance on the application of passive samplers for - Section3-7
delineating volatile organic compounds in groundwater discharge areas and nine case studies (EPA-USGS 3-5- %%
= A3 1% Aol EAISR: FUA 5] 2 15171 912 passive samplere] AR5} AP AR S A2 )
https://www.epa.gov/sites/production/files/2015-06/documents/gwsw_workshop.pdf

The proceedings of EPA’s Ground-Water/Surface-Water Interactions Workshop includes information on investigation
methods and evaluation of the hydrological, chemical and ecological aspects of the zone (EPA] Ground-Water/
Surface-Water Interaction Workshop®] Z2A|] =53] 0 2 FAL vl el T3l A K 9} zoneol] o3t 422]8H4, 318H4 |
AR WA ERT)

- Section3-7
(Forward looking
infrared camera)

- Section3-7
(Distributed
temperature sensor)

http://water.usgs.gov/ogw/bgas/thermal-cam/
(Forward looking infrared camera)

http://water.usgs.gov/ogw/bgas/fiber-optics/
(Distributed temperature sensor)

https://trainex.org/offeringslist.cfim?courseid=1515&all=yes - Section3-7
EPA. Best Practices for Site Characterization Throughout the Remediation Process course. CERCLA Education (Highlight 7/ Figure
Center. 2016(EPA. £3589 ZAS 531 Hx] EAE] 29 Ale) 6 in this study)

https://clu-in.org/download/issues/vi/VI-Tech-Guide-2015.pdf

In June 2015, EPA released a final vapor intrusion technical guide that describes a recommended framework for
assessing vapor intrusion. This comprehensive guide provides EPA’s current technical recommendations based on the - Section3-8
most current understanding of vapor intrusion into indoor air from subsurface vapor sources (EPA= 7|3 % 3715
S]al 9.9 framework AR 2713 HEADA S B2 20154 64). o] FRAPAE A3)e] 5] 241
A2 Al 37129 37105l gk 7P 2o ofshZ 7Mke s g EPA] &la) 7|68l A ABT)
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Table 1. continued

Web Resources and Description Section
https://clu-in.org/download/contaminantfocus/vi/ITRC%20VI-1.pdf
The ITRC Vapor Intrusion Pathway Guidance is a practical, easy-to-read, how-to guideline for assessing the vapor
intrusion pathway and includes a companion guide that describes six different, yet common, hypothetical vapor
intrusion scenarios and the investigation approaches that might be followed (ITRC Vapor Intrusion Pathway Guidance
A4 0) 31 817] 4197 2711 F o) B4 2 rjahe ol vl AWM. =1t 7)xe) b, e} 2wk .
o Z7)AF ARl olo] WE 24} 719 ARAE ET) Section3-§
https://clu-in.org/issues/default.focus/sec/Vapor_Intrusion/cat/Overview/
Additional resources may be found on the CLU-IN Issues: Vapor Intrusion (provides many
links/guidance documents) (CLU-IN issues: Vapor intrusion (-2 3= 3= XA E- Al-F )l A 7} resourcesE
AT 5 9L
- Section3-3

(compositing and

dilution 7Id)

Table 2. Additional web link and description for training

https://trainex.org/offeringslist.cfim?courseid=1389
Groundwater High-Resolution Site Characterization

Hekal mials 3A=43h

https://clu-in.org/conf/tio/bmp/
Best Management and Technical Practices for Site Assessment and Remediation, March 2015, CLU-IN Archived Webinar

FA Frlel 2 9E1S $g Al =9} 7]1<9 vE), March 2015, CLU-IN Archived Webinar)
https://clu-in.org/conf/tio/NARPMPresents18 050813/

(National Association of Remedial Project Managers Presents;/Practical Applications and Methods of Optimization across
the Superfund Pipeline, Parts 1 and 2, Spring 2013)

https://cluin.org/conf/tio/triad1 080409/

(Triad Month, Sessions 1 — 7, August 2009, CLU-IN Archived Webinar)

https://clu-in.org/conf/itrc/ISM_020515/

Soil Sampling and Decision Making Using Incremental Sampling Methodology, Parts 1 and 2, February and March 2015,
CLU-IN Archived Webinar(GtE WS AH8st BoF A&} 2xH2A))
https://clu-in.org/conf/tio/ISM1 021612/

Incremental Composite Sampling Designs for Surface Soil Analyses, Modules 1 — 4, CLU-IN Archived Webinar (%] 3% &
oF #48 913k incremental composite sampling A7, =& 1 — 4, CLU-IN Archived Webinar)
https://cluin.org/conf/tio/xrf 080408/

(XRF Training, Sessions 1 — 8, August 2008, CLU-IN Archived Webinar)
https://trainex.org/offeringslist.cfin?courseid=47

Remedial Design/Remedial Action Training(Ed A4 / 5 2] &)
https://trainex.org/offeringslist.cfm?courseid=1515

Best Practices for Site Characterization Throughout the Remediation Process (3 348 5-3ll4] site characterization=-
Az =4 AR

https://clu-in.org/conf/tio/passsamp 082613/

The Use of Passive Samplers to Monitor Organic Contaminants at Superfund Sediment Sites, August 2013, CLU-IN
Archived Webinar (Superfund Sediment SiteellA] 7] £9E22] TUEHS 93 =54 ME2 A4
https://trainex.org/offeringslist.cfim?courseid=1374

(RPM 201, Sediment Module & Vapor Intrusion module)
https://trainex.org/offeringslist.cfim?courseid=1515&all=yes

Best Practices for Site Characterization Throughout the Remediation Process (2.5 34 & 531 7] B4 3] 2
AH)

A Rapid Multi-Scale Approach for Characterizing Groundwater/Surface Water Interactions and Evaluating Impacts on
Contaminated Groundwater Discharge, NARPM 2014. (X|3}5/%]| F4= Ak 32180l t 3t A1 3o} 2 3% x]3l42] vl
o] oggfel] tigk HrhE Sl wEa gofst 2AYe] ATH)

Vapor Intrusion 2014 Update, NARPM 2014 (57]35F)

- Section3-1
- Section3-2
- Section3-4
- Section3-5

- Section3-1

- Section3-1

- Section3-1

- Section3-2

- Section3-2
- Section3-4

- Section3-2

- Section3-4

- Section3-4
- Section3-5

- Section3-6

- Section3-6
- Section3-8

- Section3-7

- Section3-7

- Section3-8
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Fig. 2. Transect-based multi-level vertical profiling using direct push technology [US EPA (2018)].
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LAEZHY] P FEE HRle Aol Fasit. #FAA A A AARE RS sk ERs = T
H(Packer testing), A3l MEH, EEAL 59 = a1, AR F e Follv F83 9y 559 0 9=E
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T At olE WAshs WFoZ AFFTS ol 7D P 29Ed BYE 3RIsla, FaYdoly
(lining)3laL A58 7 AIZES 24T 4= Ut A% g Afolo] it 71d BERolXe] ed=He] AEE ol
glolu] AXE Fale] AdAo] gltkal s Tdo] skt ARE 5 e THE AP MEZT =]

Table 3. Strategic sampling approaches for each condition of sites [US EPA (2018)]

Site conditions

Strategic sampling approaches

1. High-Resolution Site
Characterization for
Groundwater in
Unconsolidated Environments
\2F 3P3elxe] aFa)ls
FAEA=hH

Geology and - Soil coring
Hydrogeology - Cone penetrometer testing
Data - Electrical conductivity meter
(XA}, =g]x]" - Hydraulic profiling tool
8} do]E]) - Borehole flow meters
- Flow velocity sensor
- Point velocity probes
- Mini-piezometers
- Thermal imaging with FLIR and DST
Qualitative - Membrane interface probe

Contaminant Data
A 29E
A dlo|H)
Quantitative
Contaminant Data
el 95iE
A dolH)

Laser induced fluorescence

Passive flux meters
Polyethylene diffusion bags
Mobile laboratory
Fixed-based laboratory

2. High-Resolution Site
Characterization for Fractured
Sedimentary Rock
Environments (F&°] & E|
Ak M o] At F

SR EN

Packer testing
- Borehole liners

- Geophysics

Groundwater sampling
Multi-level groundwater sampling

Acoustic and optical viewer

Caliper logs

Borehole flowmeters

Temperature logs

Rock core sampling using microwave assisted extraction

3. Incremental sampling
EHER)

- Decision unit selection: knowledge of site conditions, data quality objectives, statistical assistance(

Az 2710 gk x4, dlojg] =] A, FAA X8
Sample support: shape, orientation, and size (&, ¥, =7])

Mobile laboratory or fixed-based

Sampling processing (UZ3 #}4): grinding (Z71), drying (AZ), sub-sampling (F-FE)

laboratory (BRI 3 52 1A= AgAl)

- XRF instrument for specific contaminants (5338t 2 9E4e|| I8t XRF 7]7])

4. Contaminant Source Definition
@99 89 AHY)

- Direct push technologies (3]"d%]2] push 7|%)

Geophysics (R-7=2]8h

- XRF

Membrane interface probe (MIP)
Laser induced fluorescence (LIF)

Mobile laboratory or fixed-based

- IS
- 3DVA

laboratory (ER}Y 3 32 A= AgAl)

High-resolution sampling strategy (High-resolution sampling %12¥)
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Table 3. continued

Site conditions

Strategic sampling approaches

5. Passive Groundwater Sampling Devices that recover a grab

G5 A5 AESE) sample
(Grab samples $73=
Z4])

Devices that rely on diffusion
of the analytes to reach
equilibrium between sampler
and well water

(Samplere} well waterA}e]o]]
FH e =] Sl A E
Ao ko) o|Esh A)
Devices that rely on diffusion
and sorption to accumulate
analytes in the sampler

(Samplerel] ¥AEAS &4
3}7] «r]?ﬂ' diffusion (32]"‘]')-»}
sorption(F)el] Y=3h=
]

Two proprietary options are discussed

- Regenerated-Cellulose Dialysis Membrane Sampler
- Nylon-Screen Passive Diffusion Samplers (NPSPDS)
- Passive Vapor Diffusion Samplers (PVDs)

- Peeper Samplers

- Polyethylene Diffusion Bag Samplers (PDBs)

- Rigid Porous Polyethylene Samplers (RPPS)

- Semi-Permeable Membrane Devices (SPMDs)
- Polar Organic Chemical Integrative Sampler (POCIS)
- Passive In Situ Concentration Extraction Sampler (PISCES)

6. Passive Sampling for Surface Polyethylene samplers

Water and Sediment (X| 35

ﬂ;@ ‘,] _'.‘_F_z-l Ag_.%)

Polyoxymethylene samplers
Solid phase micro-extraction samplers
Methodology for translating measured concentrations in the passive sampler into dissolved

concentrations around the passive sampler (passive samplerell 4] Z3] % 35 %=Z- passive sampler T

AHellxe] galld s== W

ghehe W)

7. Groundwater to Surface Water

Interactions (X3¢} 2| 422]
Aps kg

Passive flux meter
Passive samplers
Mini-piezometers
Push point sampler

Ground penetrating radar

HRSC techniques for groundwater component

Forward looking infrared camera
Distributed temperature sensor
Multi-level bundle piezometers

Building assessment
(1E37h

Vapor source assessment
(7] 294 Wh

Indoor air sampling

A4 371 AER)
Outdoor air sampling

A2 371 AEH)
Sub-slab soil gas sampling
(Sub-slab EF 7k~ AMEH)
Groundwater characterization
and monitoring

(X135* characterizationZ}
monitoring)

8. Vapor Intrusion (57135

- Evacuated canisters (Z1-3*12]3} canisters)
- sorbent samplers (active and passive)

- Use methods akin to indoor air sampling (AW 571 AEZ3 5}
Ak g A1)

- sampling probe (s)

- Evacuated canisters (31-3%]2]8} canisters)

- HRSC

- Monitoring well network

Ao, Ut} Guelph thehollA AAEF B Fad
(discrete fracture network, DFN)2 1 % 3}uolt}
(Parker et al., 2012). AFH xol] AHH A|FFolA

A% o 3o] AFAS WA B 5L S48
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Fig. 3. Borehole liner installations used as an innovative cross-hole testing method (Persaud et al., 2018).
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Fig. 4. Incremental Sampling (IS) Replicate Samples in a Decision Unit. (A). Incremental Sampling Methodology by ITRC (B) [Figure
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Fig. 5. Comparative sampling densities using traditional approach versus HRSC [US EPA (2018)].
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Appendix 1. Implementing advanced site characterization tools

Tool Figure and resource link Purpose

- Localize groundwater discharge, help characterize
local hydrogeologic conditions, and optimize
sampling and monitoring locations (X|3}5* ¥l&
A& ok 5 91w, Aol gk SRl A 5
e Hehlier o] Hm S el vy
B 44T A45E 5 )

Forward looking
infrared camera
(FLIR)

https://www.usgs.gov/mission-areas/water-resources/science/
handheld-thermal-imaging-cameras-groundwatersurface-
water?qt-science center objects=0#qt-science center objects

Gas Return Tube
[te detector)

Monitor the concentration of subsurface
contanminants in real time (X537 2 3E4 %
s, = A7k 7HA)

\
i
E
L

Membrane interface

. Volatide Organic 3 M 1 3
probe (MIP) e Use it to analyze qualitative contaminants data

when the researchers want to know the vertical
distribution of contaminants (-53E-42] &% &
g A2 B ok AL v A4 H e 2
=4 v olElE g WPl AMEE)

N/

A method for real-time, in situ field screening of
residual and non-aqueous phase organic
contaminants in undisturbed vadose, capillary
fringe, and saturated subsurface soils and
groundwater (W= A] 9k B-¥ 3 w52
34 Aok Bz} Aakol Rl lef B3} w4
|4 7] G2 A AATEe 2 1917
Al=E]Eshs )

Laser induced
fluorescence (LIF)

To provide highly detailed, qualitative to
semiquantitative information about the
distribution of subsurface contamination that
fluoresces, like petroleum products containing
polycyclic aromatic hydrocarbons (PAHs)
(Polycyclic aromatic hydrocarbons (PAHsyS- 3}
3= petroleum A F2-L 335 W A3 2
=79] el atel b -2 gl A
9 AES 9E 5 30

https://clu-in.org/characterization/technologies/lif.cfm
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Appendix 1. Implementing advanced site characterization tools

- Perform real time ICP metals analysis on-site or at
sea (F7go|L} of2lol| M ArZlo R e a3
e 7s)

- Benefit from rapid results to guide site
characterization and/or recovering works (F-2] 5
5} 5-2 A 3jol ol S WA T 4 9L

%%

Mobile laboratory

- Perform rapid metals analysis at the research site
or pollution source (FAF A7 -2 2ol &A1
e Fus 50 L9EA EM S AlESH A8
=% )

http://www.lambda-at.co.uk/transportable _lab.html

Anatomy of a Packer Test

T

- One or more inflatable bladders, or packers, are
used to isolate different regions of a borehole for
hydraulic testing or water sampling (/‘] F3o 7+
RS AEE IHAA FEIA = EA RS
FH3 4 9ds)

Packer testing

- Map submarine groundwater discharge AFctoll A

Distributed o] A3 1& AL =13 & 5 9le)
temperature sensor

(DTS) - Define gaining stream reaches (°]53 77+
Fiber-optic distributed HAE = 9)S)

temperature sensing

(FO-DTS) | - Define transmissive fractures in boreholes (|53

& '-"""h o oke TdE 2 9w
:';"".,ei'*'-er i

https://www.usgs.gov/mission-areas/water-resources/science/
fiber-optic-distributed-temperature-sensing-technology ?qt-
science_center_objects=0#qt-science_center_objects

J. Soil Groundwater Environ. Vol. 25(2), p. 28~54, 2020



LA A AR FHES 9 2 AEY 71 20 53

Appendix 1. Implementing advanced site characterization tools

’ﬁ *>

et g

S, — S, - Geophysical method which has been developed
B for shallow, high-resolution, subsurface investiga-
Rodor Waves Object Data Colkection tions of the Earth (1% A58 & 183l 5 0=

2517 9130 e A2 e )

https://www.kci.com/resources-insights/innovator/ground-

penetrating-radar-as-part-of-sue-and-damage-prevention/ - Use high frequency pulsed electromagnetic waves

Ground penetrating to acquire subsurface information. Energy is
radar (GPR) __IeR S de ¥ s propagated downward into the ground and is
ciadg - el reflected back to the surface from boundaries at
“3"“““1&7“ which there are electrical property contrasts (GPR
R 2 A519] HHZ A7) glah & AR WA
& AR |9E AR elluiA)s W o= A}
Ha1 27151 A o] ub == AA e 2
AFH oz dakEe] Sk

http://geoviewinc.com/case-studies/geologicalgeotechnical/
seismic-reflection-seismic-crosshole-and-ground-penetrating

Cone rig vith hydraulic pushing system

I = Cone Penetration Test (CPT)

« ASTM D-5778 Field
l l Test Procedures
+ Coninuous push at
21:‘31 s B - Determine the geotechnical engineering properties
Cone penetrometer e H. A of soils and delineating soil stratigraphy (£2--8}
testing A B4 AR Bof TS 7153 S
S 'R Q! 1, = skeeve trction resistance 3 AR
Wl - enlargement 1 1
(4 [l U = porevater pressure
[+ .
Readings taken " mo 3 = Measured tip resmiance
every 1 ot Sem B WO 111 2 q = total cone tip resistance

https://www.americangeoservices.com/cone-penetration.html

- A low density polyethylene bag which is filled
with deionized water and it is worked as the semi-
permeable membrane. And it collects the samples
manually G52 92 ALE]
polyethylene bage]| =], HHra} ko 2 4] 2}-8-5]o]

Polyethylene e AES 522 3)

diffusion bags https://vwwitreweb.org - VOCs in groundwater can be diffused across the

) ’ ’ bag until the concentration in the bag is
equilibrium with the groundwater which is around
(Bag Sholl Q=42 57} Tl A1) o]l
=23 W)7h2] 234 F2] VOCs7} bags 5t
ste] FAkE)
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- Used to seal the borehole to prevent cross
connection between zones of different hydraulic
head and used to measure water permeability and

) groundwater flow in depths(A 532 U235} I
Blended Head AR S e 4 oML, T AR fres

Borehole liners i dopdz SAT ‘B‘J‘%)

- Measure the high resolution of hydraulic
conductivity and temperature of groundwater
which is in equilibrium state(@e]] WH-2] <A
Aol Sl Aol Hhat el A eel £

2 wReson 24 4 o)

Eversion Point
“EP”

https://g360group.org/home/highlights/technologies/flute-
flexible-liners/

- Provide the digital figures as rotatory core(difficult
to work in turbulent flow)(Optical viewer:= 3
7hedt Zojza o] T AY 23S AlF (drellA
= 2h5o] ofelg)

Acoustic and optical

iewers T Lo
View - Digitalize the sound wave which is reflected from

borehole wall(Acoustic viewer:= A] 5= of| 4] g7
= A v 295 HA" s AYGFA " 25}
| s EiEne | 24H)

| vyt ke Hd A% Gz 4yt o B S
| Sexrem v 90

https://clu-in.org/contaminantfocus/default.focus/sec/
Fractured Rock/cat/Characterization/

- Measure the internal radii of the wellbore tubing
and casing continuously(] 53 Z ¢ ¢} S| A5
Fo) 215} woFS AdA0w 2YF > ol

Caliper logs logging =)

- Used in hydrocarbon exploration when drilling
wells(PRPI 2 wells $L 53l Af-8 'A}
e 452 AR
http://www.sparteksystems.com/MFC.aspx

) - Coated with a liquid(polymer), a solid(sorbent), or
A a combination of both. (A (Z=2]™) -2 314
AR Q) F 2R A 452 o] ol
o R, RS o] 83le] M2 T Fo] ¥
SAGMAT R A FE 7F)

Solid phase micro-

extraction samplers SR i v orenin * e serammune
N L SEEGLE™T - The fiber coating extracts the compounds from the
* & e sample by absorption in the case of liquid coatings
SPE fiber dunng exposrs or absorption in the case of solid coatings(&-22}

o] 2 o)

https://www.azom.com/article.aspx?ArticleID=10727
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