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Framing the Challenge

¢ UST Universe- As of EOY FY2015
» 565,956 federally regulated USTs at 204,000 sites
» 528,521 releases reported- 456,660 cleanups
» 71,861 remaining to cleanup
» Limited funding
» Many complex sites
» Remediation systems in place

¢ Superfund Optimization Experience
¢ 20 years, 200+ sites
¢ Common challenges lead to identification of BMPs

¢ Montana DEQ training experience 2012
¢ UST/LUST site complexity- perceptions
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History of EPA Superfund Optimization Program

Systematic site review by a team
of independent technical experts,
at any phase of a cleanup
process, to identify opportunities
to improve remedy
protectiveness, effectiveness and
cost efficiency; and to facilitate
progress toward site completion.
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ptimization Support Iin Superfun
Completed Events 1997-2016

Optimization Review Process

Regional/HQ/Other Request for Optimization

E\rentsf Region
- fo07 o T Total Events
ion L =
& © 11997 to Date| Region
2010 2015 Date

Project Scoping and Kick-off Call

1 21 10%
’ ’ 2 12 12 1 25 12%
Document Exchange, Data Review and Evaluation B = 1 = 12%
4 11 0 12 6%
Site Visit/Stakeholder Interviews 5 12 a 0 16 2%
6 11 0 16 8%
Draft Report/Region Review/Comments Response 7 13 0 19 9%
8 11 2 17 8%
Final Report/Post on CLU-IN 9 & 20 1 27 13%
10 10 14 1 25 12%
s E e E
Optimization Characterization Phase Optimization Design/Remedy Phase Optimization Long term O&M Phases
Typical Findings/ Recommendations Typical Findings/ Recommendations Typical Findings/ Recommendations
1. Low density/high uncertainty 1. Gapsin CSM 1. CSM needs update
2. CSM out of date or 2. Shortcomings in modeling a) Sources
underdeveloped 3. Unaddressed issues in design b)  Low/ high permeability zones
3. Existing data not fully leveraged 4. High cost estimates c) NAPL
4. Over-reliance on high cost 5. Remedy effectiveness can 2. Endpoint and metrics for site
traditional methods be improved by conducting phases completion need better definition
5. Scale of measurements not 6. Explanations for uncertainties can 3. Need for improved data
sufficient for heterogeneity become apparent during start-up management, analysis and reporting
6. End data users not adequately 7. Can confirm validity of current site a) Tracking/reporting performance
considered plans and progress b)  Spatial/temporal data

c) Historic data (paper - electronic)
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http://www.epa.gov/superfund/cleanup/postconstruction/optimize.htm
http://www.cluin.org/optimization/

Recent Optimization Experiences in the Tanks Universe

¢ 7 LUST sites

¢ General observations

» Voluntarily nominated sites for third-party evaluation based on site complexity and
persistent barriers to closure

» Source area remedial activities, such as SVE, UST removal and excavation
significantly reduced impacts at sites

» Issues associated with the location of remedial systems installed by others were
promptly recognized and managed
¢ Observations from desktop and full reviews

» Technical decisions typically made based on funding rather than stepwise
approach to assess receptors and implement closure strategy

> Observed outcomes:
— Imprecise or uncertain CSMs
— No fully defined closure strategy
— Potential receptors not fully evaluated or monitored

— Insufficient remedial system functionality, efficiency, effectiveness towards
site closure or...

— Inadequate monitoring to evaluate metrics




Recent Optimization Experiences in the Tanks Universe

¢ Examples of Observed outcomes
» Imprecise or uncertain CSMs
— Multiple sites should consider potential for submerged LNAPL
— Additional plume delineation recommended at 6 of 7 sites
» Closure Strategy
— Goal of remediation was uncertain at some sites

— Long-term plume management or aggressive soil/aquifer
restoration

» Receptors

— Multiple sites need additional information on public supply
and private drinking wells

— Some sites require more thorough investigation of VI pathway
due to magnitude and proximity to receptors

— Additional identification and evaluation of receptors required
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Recent Optimization Experiences in the Tanks Universe

¢ Examples of Observed outcomes
» Remediation system performance, metrics/monitoring

—Some sites had significant resource expenditures
and investment in P&T systems that did not function
appropriately

— At one site a technology (deemed problematic by
the optimization team) was piloted and yielded
inconclusive results

— At multiple sites injected mixture of surfactants and
persulfate which did not enhance NAPL recovery

— At one site reinjection of treated water caused
mounding and NAPL spreading




Cost Considerations For Optimization Reviews

¢ TIFSD housed in the SF program but...
» Operate Brownfields Technical Support Center
» Provide technical support at UST sites, corridors, pilots
» State training

¢ Regional concerns about cost of recommendations
» Encourage organizations to look at life cycle costs
» Recommendations prioritized and can be phased
» Cost of investigation vs. remediation
» SF, BF, UST, RCRA experience- P&T neither cheap nor fast




What are BIMIPs?

A set of methods or techniques
found to be the most effective and
practical means in achieving an
objective while making the
optimum use of resources
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The Triad Approach — Source of Many BMPs

A work strategy that
incorporates the flexibility to
adapt to information
generated by real-time
measurement technologies

= —

A process for building a

consensus vision

for conducting environmental

investigation and remediation

= —

Real-time = within
a timeframe that allows the project team to react to the

information while in the field

Synthesizes practitioner experience, successes, and lessons
learned into an institutional framework
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Common Triad Related BIMIPs ana
Recent Program/Process Revelations in SF Remedial

1

data

and analysis

communication

Comprehensive Adaptive site Project life cycle Stakeholder
team formation management CSM outreach
I‘ 4 I‘ 4 “ 4 |
. . Real-time Demonstration
Systematic Dynamic work
e s measurement of method
P technologies applicability
u 4 4 4
High resolution 3-D visualization Data
collaborative management and Optimization

» Data management

» Historically reports as mechanism to exchange information, now data as deliverable,
active data management

» Data warehouse, data interoperability, economies of scale

» Collaborative data approaches
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Real-time data visualization
» Conceptual Site Model (CSM) lifecycle management

High Resolution Site Characterization

» Direct sensing tools, scale appropriate measurements




Recent Experience Leads to New Thinking for Media Too

¢ Historical perspective

» Soil- EPA Superfund has historically focused on high quality analytical samples
collected at discrete soillocations

» Groundwater- EPA has historically used monitoring wells, pump tests, etc. to
characterize and monitor sites

s+ Challenges encountered

» Discrete soil sampling designs do not address matrix variability/heterogeneity-
resulting in highly variable or statistically uncertain decision making

Porasity. -~ “"' T ) Large scale averages of aquifer materials obscure primary contaminant

L ' transport and mass storage areas

Hydraul p g

i D ¢ New thinking 1
‘ ‘ Sl ) Soil- Incremental and composite techniques that provide large scale averages
Caplllary pressure i are better suited to represent exposure scenarios, control matrix variability/

| _ sample heterogeneity, and make statistically confident decisions
GQOChem"StrY‘ ¥ v ’ﬂ ) Groundwater- large scale averages derived from aquifer materials can be

misleading restlting in poorly performing or applied remedies. HRSC techniques
provide measurements at scales more appropriate for remedy design.

"
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The CSM is Critical Regardless of Regulatory Framework

¢ Written and graphical expression of site knowledge
¢ Primary basis for project design and execution

¢ Updated throughout project life cycle

¢ Essential to successful projects

p”'mary Anatomy Of a CSM ¢ P-RNdiagramsare NOTFULL CSMs - too simple to serve all CSM functions

¢ However, they are a critical COMPONENT of CSMs
Description of Previous Geology and
PastUse Investigations Hydrogeology

v

ExitStrategies ~ MESECS ('A P38 Intended Reuse

o pucnin (] Crasmte a0 S L e e e [ [Tpn | L= e el
. : Pathway-Receptor e o
Potential Remedies Network Decision Criteria . _
Eworks ¢ CSMshould incorporate all actual and potential P-RNs

¢ Investigation efforts confirm or refute each element of P-RNs




Project Life Cycle CSM Supports Project Phases

o

Best

Environmental Cleanup Best
Management Practices:
Effective Use Of The Project
Life Cycle Conceptual Site
Model. EPA 542-F-11-011

General Management
Environmental CSM Life Cycle Practices CERCLA - Superfund Brownfields IRP/ERP
Cleanup Steps
SITE ASSESSMENT & Preliminary Assessment (PA) Facility(/-%st:)ssment Enyi Phasetl " - Initial S_itet_ PA PA PA
; : nvironmental Site aracterization
% Site Inspection (SI) Assessment (ESA) i iy Sl Sl Sl
Preliminary CSM @ National Priorities List (NPL) i . MR Site
g No Further Remedial Action rlortization
QO
Baseline CSM Planned (NFRAP) Protocol (MRSPP)
SiTe INvESTIGATION | Characterization Remedial Investigation/ Facility Investigation Phase Il ESA Sl RIFS RIFS RI/FS
ANDEALTERNATIVES SM Stage Feasibility Study (RI/FS) (RFI) Gonectve Action NFRAP
VALUATION Removal Actions - Emergencyl Corrective Measures Plan (CAP)
Time Critical/Non-Time-Critical Study (CMS) _ ‘ | '
REMEDY Proposed Plan Statement of Basis Remedial Action Cleanup Selection ROD Proposed Plan Remedy Selection
SeLecTioN Record of Decision (ROD) Plan (RAP) ROD
Final Decision
Design CSM and Response to
Stage ‘ ‘ Comments . » '
REMEDY Remedial Design (RD) Corrective Measure Cleanup and Corrective Action RD RD RD
IMPLEMENTATION Remedial Action (RA) - RIPlEMp IR Peveloprsat - Low-impact site RA RA- Interim Time Critical
Remediation/ Interim and Final cleanup and Final Removal Action
Mitigation CSM - Risk-based Remedy in
Stage remediation Place (RIP) RA
- Generic remedies RIP
_ _ - | - Soil matrix cleanup | ; v v _
PosT- Operational & Functional Period O&M Property LT™ O&M Shakedown period ~ Shakedown period
CCR'STRUCT'O" v Operation & Maintenance (O&M)  On-site inspections Management LT™M Operating Properly Long Term
CTIVITIES Long term monitoring (LTM) and oversight Long-term O&M and Successfully Management
ngtlhRgtn;egy ¥ Optimizati 9 Redevelopment O&M
9 pimiation Activities ﬁ rivate- LTM
Long Term Response Action and Public-led)
(Fund-lead groundwater/surface
) water restoration) v
Site COMPLETION o Construction Complete (CC) Certification of cc No Further Action CcC Response RC
S Preliminary or Final Close Out Completion Property (NFA) Complete (RC) NFA
v % Report (PCOR/FCOR) Cgrrectiv? Ac_ltign Management NFA
= . . omplete wi
= Site Completion - FCOR Controls or without
“’V Site Deletion Controls
O&M as appropriate
Abbreviations:
IRP/ERP = Installation Restoration Program/

SPP = Systematic Project Planning
DWS = Dynamic Work Strategies
RTMT = Real Time Measurement Technologies

EPA

CERCLA = Comprehensive Environmental Response,

Compensation and Liability Act

UST = Underground Storage Tanks

VCUP = Voluntarily Clean Up Programs

RCRA = Resource Conservation and Recovery Act

Environmental Restoration Program
MMRP = Military Munitions Response Program




Data Management is Key

Plans required- Region, Site, Project

Field Data

Laboratory Data

Communicate

Distance
Collaboration

Store Data

QAJQG

Process Data

Scriblets Field Database (e.g., |
Forms |l Lite Scribe)
R.S EDD,SEDD Regional Data ;
Field tools (e.g., XRF) Repository = = ==
(WQX/STORET, EQulsr” =
Database
Make
Decisions
CSM Life Cycle Evolution
MAROS
F/S Plus
Scribe.net
EPA OSC Website \F,'SE;DS ook
Collaboration Pages DST Matrix Decision Support Tools
Web Conferencing EVS/MVS Data Visualization Tools

e Data acquisition

— Occurs quickly, involves
large amounts of data

— Data must be integrated
into CSM quickly to inform
continued data acquisition
while mobilized

e Data input

— Automatic/manual
systems to QC at point of
generation accurately
transfer to databases

e Decision Support

— Statistical, visualization,
modeling

e Communicate
— Force interpretation,

COmiFESS timeframes



Data Management Leads to a Robust
Conceptual Site Model

\
Newmark, CA ] Newmark, CA
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Vertical exaggeration = 5:1

. Investiaticm efforts confirm or refute each

2010 to
present
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Vertical exaggeration = 5:1

TON

Donald Rumsfeld,
Feb. 12, 2002

U.S. Department of
Defense
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Death of the Pancake Model

¢ Bad news...
» LNAPL body structure can be complex
» Sometimes measurable LNAPL never
enters monitoring wells

» Even purposely screened within/across
the LNAPL body, and after years of
monitoring.

¢ Good news...

» Mobile LNAPL remarkably stable if
prevailing hydraulic conditions
maintained

» The geometry and structure of the LNAPL
body can be reliably mapped

» Allows near-surgical precision for
remediation targeting

¢ So now what?
» Remediation strategy based on LNAPL as
the source of dissolved phase COCs
versus LNAPL migration risk

» Enter risk based corrective action,
petroleum mixing zones, low risk closures

AT Wy

Wetting Fluid (e.g [ '~. yal 7 )
water) preferentially | ! R »

contacting the soil |

Flow

Figure 3-8
Typical digtribution of light nonague ows phaze liguid [ LHAPL) in the subsurfacs

Figure 2 — Tank and Pancake Conceptual Model

usT | |

Capi“ary Fringe Free Product

Groundwater Table H,

e




A Few Notes On NAPL

Actual versus Apparent LNAPL Thickness

¢ Observed LNAPL well thickness

» LNAPL inside/outside of wells not always in equilibrium
» Inconsistencies between soil types
» Changes with water elevation fluctuations

» Impacted by hydraulic scenarios (unconfined, confined, perched
groundwater conditions)

» Poor indicator of LNAPL presence and recoverability
» Transmissivity gaining in use and acceptance

¢ Determine actual thickness using well baildown tests
» Modified aquifer slug test solutions for K, (Bower & Rice)
» K, estimated from changes in oil thickness (Lundy & Zimmerman)
» K, estimated from rising water table (Lundy & Zimmerman)

K, estimated from recovery of the oil table (Huntley)
Source: Parcher, Unknown

)

~
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EPA 510-R-15-001

Technical Guide For Addressing

HRSC and Petroleum Vapor INtrusion  eetroleum vasor intrusion At

Leaking Underground Storage

¢ Recommended Actions

» Assess/mitigate immediate threats to safety —Sec 1

(p.11)

» Conduct a site characterization and develop a
conceptual site model (CSM) — see Section 3 (p.39)

» Delineate a lateral inclusion zone — see Section 4 (p.44)

» Determine vertical separation distances for each building
within the lateral inclusion zone — see Section 5 (p.48)

» Evaluate vapor source and attenuation of PHC vapors —
see Section 5 (p.48), Section 8(p.66), Section 9 (p.75),
Section 10 (p.81), Section 12 (p.100), and Section 13
(p.106)

» Mitigate PVI, as appropriate — see Section 1 (p.11)
wEPA




Challenging to IMeet Recommended VI Actions in the

Absence of HRSC Techniques, Tools, and Strategies  (Table 1)

¥ Conduct o site characterization and develop a conceptual site model [C5M)

Lateral Separation
Distance

Once the immediate threats to safety have been mitigated (or it is determined that immediate

Clean Monitoring

Point \: @

environment from intrusion of petroleum vapors. Site characterization®™ and CSM
development provide information about the full extent and location of the contamination; the
nature and characteristics of the contamination; the characteristics of the site that influence

Vadose Zone

contaminant migration, including the potential for biodegradation of PHCs; and the locations of Vapors L i W
E = = c = Residual- or Free-Phase LNAPL .I 3 er,- roa
receptors. Information derived from the CSM helps ensure that sources, pathways, and e e A | Table B

receptors throughout the site are considered; this knowledge can lead to selection of the most

also aid in defining the full extent and location of contamination, detecting the presence of rated Z.°"~?
preferential transport pathways, and locating pockets of PHC vapors. Preferential transport
pathways are avenues of least resistance to the migration of contaminants whether in the
dissolved phase, LNAPL phase, or vapor phase. They include both natural and man-made Tebe 1 Recommende Acors or Addrssing Y1 At Leking Underground Sirag Tonk
featuras such as: Foari P A OB e
e s oo |+ o e
e o ! e e =S,
fast e ecions, | . e et thcan,
Natural Man-made S L et | SR
* gravel lenses and channels = utility corridors (including . o [ e ———
¢ solution channels in karst terrain sewer lines themselves) and Sumoiiore P [ St Mmmm
s bedding planes trenches BT | e |
» fractures, joints, and faults in * elevator pits | S
consolidated rock * sumps and drainage pits e

* gother types of excavations

“The term site characterization is usad throughout this document for consistency. Site charocterization is often
used interchangeably with site gssessment, site evaluation, site investigation, and sometimes site check as they all
mean assembling and collecting information and data about a site.

EPA
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sources with potential receptors. Preferential
transport pathways Include both natural (ie.,
geologic) and man-made [i.2, underground
wilites, excavations) features.

Serazn out buildings that are not likely to be

v BI to namow o

« Construct lateral inclusion zone based

on distance batween clean monitoring

3
only those ag
for Py 2nd for which further investigation should
be conducted.
The lateral inclusion zone is site-specific and:
+ Based on the extent of contaminstion and
distance between Clean MONKorng points
« Decreases in extent as additional data are
inty in the csM

ints
presence of preferential transpart
pathways)

Further scrzen out buildings that are not likely 10
be impacted by VI to focus the investigation an
potential overlie ion in

« or each building within the lateral

inclusion zone, collect additional soil

the dissolved, vapor, and/or LNAPL phase The
vertical separation distance is

« The thickness of cl -active soil

gas, soil samples as

necassary to datermine the vertical

separation distance Additionsl
unnecessary
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’ ° Homogeneous, Isotropic Homogeneaus, Anisotrapic
Let’s Start with Groundwater- L R [ =
: L
Challenges, Strategies, and Tools - -
L L
Challenges e J—
Borden, Ontario 28 0.12 Sudicky (1986) Spatial Directional
° ° Ctis, ANGB 29-8 018-038 |Hess etal (1992) Fiomogeneous < —— Isotropic
e Hete rogeneous, a I‘IISOthpIC p—— = P e
Helerog * Anisotropie
ez ® Aefligan 15-20 0.05 Hess et al. (1992) :
Co n d It I o n S ;I;ii"wer, Ontario 15 0.47 Indelman et al. (1999)
° HydraUIiC gradient- ;\t/;a;icGra’ rodynamic Dispersion
3 dimenSionaI tempo ral E )-7’/ 3 . ¢ Natural Gradient Tracer Tests
’ » Sudicky 1979
variation 25 N L isceeccim
Fl\lfU.pperTSHr-de&' . S.Silt & Clay - 40 ft o met al. 1991
. . . NN e S —
e Advection/Dispersion ey o ODmb
. TN NSE horizontal
e Contaminant phase Mt el e

¢ Transverse vertical dispersion

NAPL (density, viscosity, mobility,

dissolution)

Gas

Solute (dissolved)
Sorbed

wEPA

is even weaker

+ Longitudinal dispersion is
significant

5 —

DNAPL Pool Helght (m)

Stanford-Waterloo Natural Gradient Tracer Test
Layout, Water Resources Research, 1982

Wl creosote

M ol tar
Chiorinated Solvent
I Mixed DNAPL



Let’s Start with Groundwater-

Challenges, Strategies, and Tools

Strategies®

Transects

Vertical profiling
HRSC, direct sensing
Collaborative data sets

Well placement, screen
interval

Tools*

Direct push

Direct sensing- MIP, LIF, FFD
Geophysical and geologic

— CPT, EC, GPR, EM, resistivity
Hydrostratigraphic

— Waterloo APS, HPT, piezocone
Soil gas

— Passive, active

* Partial list




Structure and Pore Fluids Intact

9x9m Cell DNAPL Migration in Aquitard Microbeds

Sampling Scale and Averaging
How “Well” Do You Know Your Site

DNAPL (red) migration

Sand micobed in sand microbed

Monitoring wells yield a
depth integrated flow
weighted average
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n
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Mass Flux Distribution- And The Rise of In-Situ Remedies

Guilbeault et al., 2005
75% of mass discharge occurs

h/-—l—-l\.\. e A A A A through 5% to 10% of the plume

cross sectional area

Figure 11: Selection Trends for Groundwater Remedies (FY 1986-2011)
100%

Optimal Spacing is ~0.5 m

Percen tage of Ground water Decision Documents

New Hampshire PCE Site

— - — P&T —a——  MHNA === ofy === (Other Groundwater G d
i i Remedies (e.g., ICs = roun
i |nSitu Treatment = ————fF=—— (Containment (VEB) ies (e.g., 1Cs) - G AODICV EP H J
e et o L P AN Yoo - Water table
% - o JLh smb ]  PCEL %
Superfund Remedy Report 14t edition 1 I NN : ‘;29(’):’0 s::)“"""y
> o ! s i
e 1980’s- Pump and Treat 90% of GW i st 2aaco Ml 1
0 . 0 0 - : : 2400
remedies, no in-situ remedies - ‘ . 20 1 o
. 60F : 2% 0.01
e 2011- Pump and Treat 30%, In-situ . \\
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How Much is Enough?

1x1 2xz2
20 % 20 50 x 50 100 = 100

With real-time or direct
sensing spacing can be

Chlorobenzene, ug/L

variable o ™ 50" om0 10000

-10 Upper
Clay
- ﬁ} Unit
5 J
. — — /
2 ] =/ ®
2 = 2
=
o>
=1
)
0
5 @
=
E -40 L
g L J
-50 - =
L
- —
Lower Aquitard @ Ohlorobenzene

T T T T T
0 2 4 ] 8

Shallow,
medium,

William ' |
Blake ¥

Multi-Level Sampling Transect
PCE in a Sandy Aquifer

deep

90 100 110 120 130 140 150

10-ft
vertical
spacing

0.8-ft
vertical
spacing

20 100 110 120 130 140 150
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Site Scale and Transect-Based Profiling Approach

€ Transect: Line of vertical
profiles oriented normal
to the direction of the
hydraulic gradient
(groundwater flow)

€ Sample Interval: Vertical
dimension of the
sampled portion of the
aquifer

¢ Sample Spacing: Vertical
distance between
samples

wEPA




Transect Case Study: Secondary Groundwater Plume

Characterization, Pease AFB, NH

¢ VOC and POL release site
¢ VOCs potentially affecting two
bedrock supply wells
» Concern over DNAPL in bedrock
4 Prior monitoring well investigation

did not accurately characterize the
plume

» Defined as “short plume”
¢ 5 Modified Waterloo Profiler

transects performed normal to
plume axis

» A-A" =Downgradient of source
» B-B’ =Through source area

D.
- 10>TCE>1 » C'C’/D'D’/E'E =
\ 4 ° 100>TCD>10 .
= = 1000>TCE>100 Downgradient plume
» PROFILING LOCATION delineation




Profiler Cross Sections Showed VOC Plume was Sinking

with Distance from Source (vs. “short plume”)

VERTICAL EXAGERATION = 2:1

A A B B
WEST GROUND EAST WEST GROUND EAST
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70 l L 70
1 =
E = &
(Wi
Bl E : E L &0
z h 7z
9 5
50 g E -
o &
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(V]
40 \\ - = 40
d i . T e TN
30 INFERRED BEDROCK INFERRED BEDROCK | e
20 R ] ] I ] T T T T T T 20
1] 50 100 150 1] 50 100 150
KEY
TCE Concentration TCE Concentration TCE Concentration

>10ug/L and <100ug/L >100ug/L and <1000ug/L >1000ug/L




Plume Anatomy Characterization & Remediation:

Vertical Profiling vs. Monitoring Well

C VERTICAL EXAGGERATION = 2:1 C
SOUTH NORTH

D
APPROXIMATE WATERTABLE |

801
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60 1

E
—

20+

!t [
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40+ [ S S |
TP NS SN LN N
EUANANANAN NN AN/
SANOIU LA S AN O\ VO YA \
30 o ‘ e S S e A .
- - Tl NP / L
- -- ¥ AT A AT AT T IS NS S A
- -~ r W o S AN AN AN S NN A NN O AN AN AN
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N AN, NN NN, o
o < L

10

ELEVATION IN FEET
ELEVATIOM IM FEET

{ 50 100 150 200 250° 300° 350 400 450 SO0 550" 600 650"

KEY
TCETOX TCETOX TCE/TOX TCE/TOX TCETOX
=>10% and <20% =20% and <30% =30% and <40% =40% and <50% = 50%

| Prior Investigation Monitoring Well | Stone Profile | Stone Monitoring Well
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HRSC- Profound Effect on CSMs
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Membrane Interface Probe- MIP
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Case Example — Real-Time MIP

With onsite VOC vapor speciation
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Recent Study Confirms MIP is Only a Qualitative

Screening Tool

Groundwater
/_\/

Membrane Interface Probe Protocol for
MIP works well for rapid ~ Contaminants in Low-Permeability Zones

location of relative hlgh by David T. Adamson', Steven Chapman?, Nicholas Mahler*, Charles Newell®, Beth Parker?, Seth Pitkin*, Michael
concentration zones Rossi*, and Mike Singletary®
such as plume cores or Abstract

source areas. Accurate characterization of contaminant mass in zones of low hydraulic conductivity (low k) is essential for site management
because this difficult-to-treat mass can be a long-term secondary source. This study developed a protocol for the membrane interface
probe (MIP) as a low-cost, rapid data-acquisition tool for qualitatively evaluating the location and relative distribution of mass in
low-k zones. MIP operating parameters were varied systematically at high and low concentration locations at a contaminated site

M I P does not Work We” to evaluate the impact of the parameters on data quality relative to a detailed adjacent profile of soil concentrations. Evaluation of
. . the relative location of maximum concentrations and the shape of the MIP vs. soil profiles led to a standard operating procedure

for estl matl ng (SOP) for the MIP to delineate contamination in low-k zones. This includes recommendations for: (1) preferred detector (ECD for low
. concentration zones, PID or ECD for higher concentration zones); (2) combining downlogged and uplogged data to reduce carryover;
Contamlnant and (3) higher carrier gas flow rate in high concentration zones. Linear regression indicated scatter in all MIP-to-soil comparisons,

including R? values using the SOP of 0.32 in the low concentration boring and 0.49 in the high concentration boring. In contrast,

Concentratlons Oor mass. a control dataset with soil-to-soil correlations from borings 1-m apart exhibited an R? of >0.88, highlighting the uncertainty

in predicting soil concentrations using MIP data. This study demonstrates that the MIP provides lower-precision contaminant
distribution and heterogeneity data compared to more intensive high-resolution characterization methods. This is consistent with
its use as a complementary screening tool.




Analytical Results from 2 Adjacent Soil Cores:

Good Correlation

Soil Total CVOC Concentration (ug/kg)
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IMIP and Soil Core High Conc. Location: Reasonably Good ID

of Plume Location — Poor Concentration Correlation

MIP PID Signal (uV)
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MIP and Soil Core Low Conc. Location: Reasonably Good ID

of Plume Location — Poor Connection Correlation

MIP ECD Signal (uV)
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Variability in ECD Detector Response

MIP RESPONSE TESTING
TCE and PCE by MIP/ECD

1408005 |- S S | Il Response Test Results: ECD &
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Factors Impacting MIP Performance

Trip Time Disparity
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Correlations and Complex Mixtures

Trip Time Disparity
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Select BTSC Technical Support Projects

Petroleum Brownfields Focus

' Table 2 — Traditdonal Screening/Sampling vs. Real-Time Measurements

0¥
:lﬂ \J I Traditional Screening/'Sampling (Hyvpotherical)
b0 | l""'\-_,—":-w-\r"_ A —— MNo. of Conventional Total No.of Data
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9.IRTH0 Former Husky Oil 22 601 -
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] 1{ ] . Stewve's Amoco 27 T26 F2.600
‘um'w | 4 :.‘- El'IE.'-
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i r——— ™ T35 55063 0.00% vert Slice: Ctr of Pump Island
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Laser Induced Fluorescence

¢ ‘Immediately obvious that LNAPL does not float on the water table... majority
mass of LNAPL below water table... profound implications for remediation’

¢ “Allowed us to confidently target LNAPL remediation efforts with almost surgical
precision... SVE would not have significantly affected submerged LNAPL’

¢ ‘We assumed that free product would simply follow the water table gradient...
LIF data showed us that this is rarely the case; rather, migrating LNAPL follows
the path of least resistance... including opposite the hydraulic gradient’

IR ol SAND!... but sand varies in porosity by 5
orders of magnitude

Where’s the LNAPL?
How about Using LIF to Find It?

by Paul Stock
T he Mivmesota Pollution Control Agency (MPCA) Petroleum Remediation Frogram (FRF) routinely uses data from laser-

induced fluorescence (LIF) probes to target petrolewm Light non-aqueons phase liguids (LNAPLs) when remediation is neces-
sary. Given our expenience m using LIF, PRP staff had gamed a great deal of msight on LNAPL behavior and found themselves
nodding thewr heads t agreement durmg the Iterstate Techmology Regrlatory Councl's (ITRC) mtermet-based tranmmg om LNAPL
befurvior when it first became avalable mt March 2003.

A couple of months ago, several PRP tecloneal staff were tioited to attend a dry rum of the ITRC's LNAPL Classroom Tranmmg
m order to pmuade the ITRC's LNAPL Team with feedback. The LNAPL Team has developed a st of excellent classvoom trammg
modnles that lay out the latest understanding of LNAPL behawior using a multiple lines of evidence approach—LNAPL science. if
you will. This science is consistent with and provides a much deeper understanding of what PRP staff have observed about INAPL
behavior ustng LIE. The LNAPL Classroom Traming alse includes a process for selecting the appropriate remedial techmology to Strong groundwater grad'ent |n
address specific LNAPL concernes usmg at LNAPL science-based site conceptual model (SCM). You muay have guessed by now that
one of EF:;H! things ome needs Aunwﬁ:wiwe's the LNAPL? 7 i guesedty a yeaf S tlme due to an Old dead tree rOOt

The PRP has found that LIF data can reliably answer the question: where's the LNAFPL? Moreover, LIF data can also help lead
to mswers for mmry other important questions about site-spectfic LNAPL behavior and its remediation. After more than a decade
using LIF, we have concluded that ifs strategic apphication results m cost-gffective use of limited resources. The word must be gettig
out. More frequently over the past couple of years, we huve been contacted by regulators, consultants, contractors, ad even some
responsible parties from other stafes maquirmg about the PRP's use of LIF. Recemtly, a regulator from another state troited PRF staff
to tram thetr staff on how to miterpret LIF data. The followimg discussion has been designed to adidress some of these questions.
NOTE: I should explain that, as we became more aware of what LIF was telling us about the behavior of petroleum products released
in the subsurface, we began to abandon the term “free product” in favor of LNAFL. We believe that LNAFL is more scientifically
accurate and deser ct"Pt“E and less prone to past and exdsting misconceptions about free product. However, I will occasionally use the
term “free predu the following discussion when histonically appropriate.

red dyé-stained gasc




Laser Induced Fluorescence (LIF) — Basics of Optical

Screening Tools

¢ Work for LIF Screening Concept
A ro m at I c ‘T-‘—é'gpg‘ba“'%?’ess Self-supported
laser-lab, generator

and grouting system

Compounds (PAH) [ oA et
¢ Detect NAPL | : |

¢ Employ sapphire-
windows

1-2" data spacing.
maps every detail

Works in vadose and
saturated zones

¢ Direct push a2 | F
a4# g AF
¢ Log of depth vs. g0y log 02 iogos

fluorescence | — =

Intuitive color coding

AAAAAAA i-— - - for quick piume ID
— neinsy 0200000 T T TorT-
- & r ={— Signature
———— |

Dakota Technologies, Inc.




LIF —UVOST and TARGOST

¢ Ultra Violet Optical Screening Tools (UVOST)

» Gasoline, diesel, jet (kerosene), motor oil, cutting fluids and
hydraulic fluid

» Does not see PCBs and straight chain halogenated compounds
» Can give product class information though use of waveform

evaluations
» 10-500 ;yom DLs - From “sheen to neat” — might not see
dissolved phase PAHs

» Best for use where presence of NAPL is driver for investigation

» Matrix effects from soil particle size and color and other
things that might be found in soils (sea shells, peat, calcite
and calcareous sands)

¢ Tar Specific Green Optical TARGOST

» Coal tar (MGP waste) and creosote and pentachlorophenol
(wood treatment)

wEPA




How LIF Works —Some Limitations

Manufacturer / Technology / Target
Providers Deployment
Creosote i NA SCAPS (Ammy/Navy/AF) nitrogen laser-337 nm fuels/oils (poor jet fuel
Jablonski Energy Diagrams gov't use OMA detector CPT only ~ Fesponse)
L\er“Eneggytand - FFD — Fuel Vertek mfct'd CW Hg Lamp - 254 7 nm fuels/oils containing low
L Fluorescence Detector  offered by numerous LEDs (?nm) to moderate PAH

field service providers
=Lowest Singlet " T RMICIILCOh)
Exclted State - & ROST - Rapid Optical Dakota dye laser - 290nm fuels/oils containing low
(C) : " . . Screening Tool Fugro exclusively spectral/temporal to moderate PAH

— Forbidden s ) hybrid CPT only
Transition UVOST - Ultra-Violet Dakota XeCl laser - 308nm fuels/oils containing low
to the Gasoline Optical Screening Tool offered by numerous spectral/temporal to moderate PAH
Trlplet State field service providers Percussion & CPT

TarGOST — Tar-specific  Dakota Nd:YAG laser - 532nm coal tars/creosotes
Green Optical Sereening  Dakota exclusively spectral/temporal containing moderate to
et Percussion & CPT TRy AL
E i Soil Color Dakota mfct'd broadband white light Munsell soil color, soil
Ground State (SD) A A 7 i = z offered by Dakota and reflectance class, 777

available to providers Percussion & CPT
Fluorescence  Phosphorescence _ Delayed Figure 1

Fluorescence <> RAKOTA LIF Trainina Course — Julv 2011

¢ Fancy quantum mechanics “stuff” PAHSs, Excitation Wavelength, and Energy Transfer
determines behavior ale

.. dilute PAHs

(fuels and light oils)

Molecules absorb light — might shed W08-UV-higheneray g
egze . ~9 strong absorbance by smaller PAHs
that energy by emitting light w . .- - low chance of energy transfer

“cloud” few neighboring large PAHs
“‘ strong fluorescence

Aromatic (ylng-shaped) molecules concd “close packed” PAHS
excel at th IS _ e .. (tars, creosotes, heavy crude)

strong absorbance by smaller PAHs
high chance of energy transfer

Note to “brainiacs”: See Joseph R. .... “ 9 @, ™any neighboring large PAH
Lakowicz’ ”Principles of Fluorescence Hesk ety HerRcenes
Spectroscopy”, 3rd Edition”

conc’d “close packed” PAHs

.z. .:. . ‘ (tars, creosotes, heavy crude)
—”‘ no absorbance by smaller PAHs

‘ direct excitation of large PAHs

.g. .. .. low chance of energy transfer

532nm - visible - low energy

moderate fluorescence

EPA DAKOTA LIF Training Course — July 2011 1-45s

S
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LIF Quality Control

Single point calibration with known
reference
» Like PID calibration with 100 ppm isobutylene

¢ Reference emitter (RE) - known NAPL
mixture is placed on window before
each push

¢ Subsequent readings normalized by RE
response; data ultimately displayed as
%RE

¢ Corrects for change in optics, laser
energy drift, window, mirror, etc.

» RE approach used by all ROST and UVOST
providers in U.S. and E.U.

¢ Correct shape of waveform also QA’s
the qualitative aspect of the
fluorescence

wEPA

What if this was the “confirmation” sampling borehole? Which boring was “right”?

> RAKDTA LIF Training Course — July 2011 2.46



LIF — The Newest Frontier

no DNAPL present fiber optics

low dye fluorescence
with short lifetimes

DNAPL ganglia

‘ sapphire window

DNAPL present g
high dye fluorescence
with long lifetimes

-
—

ror

T

dye injection port

g




3D UVOST Field Data CSMs
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UVOST SITE INVESTIGATION Wyckoff-Eagle Harbor
2 Upper Aquifer Water Table on 7/25/2012
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Fuel Fluorescence Detector- FFD

Primarily for petroleum
hydrocarbon delineation

¢ Direct push UVF probe (push only)

¢ UV lamp in probe causes
hydrocarbons to fluoresce

Fluorescence captured by probe and
converted to electronic signal

¢ Continuous log of electronic signal
created

¢ Signal strength corresponds to
| concentration and can be imported
to ArcGIS

¢ Impact area can be imaged by
classifying according to signal
strength




Example FFD Logs
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Electrical Conductivity- EC

Electrode Configuration
Direct Contact to Soil

Harrison Commons Area
Wide Assessment

~' m?s.ja/k x 1"\"\.& s \"/ . -'"'-Ah Lot

\“':EPA 151




Cone Penetrometer Testing (CPT) and Piezocone

Static push (no percussion or vibration)

Large heavy trucks

Real-time data from

in situ sensors =
el 1 ST~ -

Variety of sensors- high resolution @ s Traescor . R*&‘;"“g ":“’&;?9”: 00'389?”*,0
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Geoprobe Hydraulic Profiling Tool (HPT)

¢ Continuous hydrostratigraphic data profiling

¢ Describes hydrostratigraphy on the basis of the flow of
water into the formation

¢ Real-time data generation
¢ Direct push (percussion and vibration or static push)

o4

Trunkline

EC (mS/m) HPT Pressure (kPa) CPT Friction Ratio (%)
500 000

Depth (m)
© o & N
®

E-log Wenner Array

HPT Components




Geophysical Surveys

FRGT METHOD SELECTION TOOL

Fill in cells shaded agua-blue (in column C). Al other cells will be automatically updated.

http://water.usgs.gov/ogw/bgas/frgt/
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Assumpltions

Comments

D |indicates method is potentially suitable @ |indicates method is likely appropriatetetfective
g indicates method is likely not suitable ) indicates method iz not likely appropriatefeffective
Methods Appropriate] Effectiveness | Relative | Method contributes to goal: Made infeasible by site parameter:
for goals at site cost A B C D EF GH I J4 KJ1 2 3 4 & & 7 & 3 0 1
Surface methods

L EP terrain conductivity (induction) |2 [ ] (8] Loy o 3
Q2 L ] Lo o o
Q L 0 Low o b 4 "

-z "] i [ ] Loy

5 3P - azimuthy Q O ® Low

£ Selzmic rafraction Q L ® Low o

1 Seizmic ruflection @ [ ] L A o

£ Time donain 1 o . g o el B

Cross-hole methods

[] [ [ ] At o o o
2 L o i o o o o
@ [ ] L Ao o o o

12, Seismic 2 L J L il o o

Borehole methods

15 ATY Q [ ] [ ] low ¥ o

14, Caliper ] & [ ] foy ¥ o

15 EM Induction Q2 [ ] L Low o

16 Flowmeter (zingle hole) ] @ [ ] Lo o o

@ L [ ] Loy o o o o

16, Gamma Q2 [ ] L Low o

13 1P and Mermal Eieziztiviey Q L ® Low o

20, Magnatic suzcoptibility @ * L] Low o

21 NIE, Q L @ Adecfiur o o

ZEOTY Q ] o iow & o

23, Radar [borchols GPR) @ L @] Aot o b

24, Video camers 2 L] o oy | &

Hydrologic tests

25 Dilution/fluid replacement [] [ ] [J i CECH

26, Focysed pocker tozting Q ® ® Mg o o o

21 Fluid resistivity & temperature Q L ® Low o o o

25 High rezelution temperaturs @ @ @ i o o

23 Dpen-hals hydraulic tects Q L] ® At o

30, Trager bagks &) & | ] ik o o o

Thiz FRGT utility iz intended to help select methods and ko azzezs their appropriateness and the potential For success given the goals of your investigation. Actual performance of the

geophusical and hydraulic  toolz may vary depending on the specific bool uzed and acquizition zektings.




Passive/Active Soil Gas

¢ Passive soil gas
» Adsorbent placed in shallow subsurface
» Easy to install, inexpensive, provide good site coverage

¢ Active soil gas
» Hand drive points or direct push deployment
» Depth discrete, can have lower DLs

¢ GC/MS analysis of VOCs (SW-846, TO methods)
¢+ High density

¢ Define areas of concern, refine CSM, optimize drilling programs, locate
source areas, optimize sample collection (location, depth), :I\ -

¢ Gas stations, dry cleaners, solvent plumes

¢ Decisions include: optimized collaborative data locations, identify potential
VIl issues, revise site boundaries, update CSM, well placement/screen
intervals, pathway determinations, etc.

wEPA




Profiler Hardware and Tip Modifications

Waterloo4?s

ADVANCED PROFILING SYSTEM 1994 Waterloo Profiler

Physical Chemical Data
Concentration Data ,
_Hydraulic Head Data 1/,
Index of Hydraulic

Conductivity Data

Two Uses of I Data

-------- = Sampling Configurations

Sample depth selection Stratigraphic Interpretation Gus Ditve Pasip Peristaltic Pump
Sample Retrieval Sample Retrieval
Chlorobenzene, ug/l 385+ 3 : T
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Waterloo”"> Data Acquisition Configuration and Process

Data acquisition

Notebook electronics === === === === - — String potentiometer on drill rig/
computer v Geoprobe measures depth
S I el T T -
e e e e e e -
P _ _ |
y—————N - P Reversible variable- I
, , . i .
Real-time |, and - / Pressure 2?322 %?ir\'lzt?)lgrcngump Water :
: - / - :
water quality data Flow meter -7 Valve / vacuum gauge quality
- X ’ sensor
> > 7 > ————
/ Measures:
/ =Specific
/ conductance
/ *pH
=Dissolved O,
Pressure =Oxidation-
transducer MESVEE

Stainless steel
Compressed pressure vessel
nitrogen with analyte-free
water

potential (ORP)

Sample bottles with

1/8” stainless .
stainless steel holders

steel tubing

T

Waterloo profiler tip with
stainless steel screened

inlet ports

Onsite lab




Polyethylene Diffusion Bag Samplers

¢ Uses
¢ Advantages
¢ Disadvantages

A: Diffusion Bag with Polyethylene Mesh
B: Diffusion Bag Without Mesh

C: Diffusion Bag and Mesh Attached to Bailer
Bottom




Pushpoint Sampler

2 Pushpoint Sampling for Defining Spatial and Temporal Variations in Contaminant Concentrations in Sediment Pore Water

A. Pushpoint sampler. Rod lengths used were 91 centimeters and 183 centimeters.

M ......... [
........... _4cm

4 centimeters

Figure1. A, the 91-centimeter-long PushPoint Extreme Sampler, and B, closeup of the slotted
screen at the tip.

Source: Zimmerman and others, 2005




Groundwater plume dlscharge into surface water is

—---——.—._»\s

spatlally Complex [TV W s

Available online at www.sciencedirect.com
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A PCE groundwater plume discharging to a river:
influence of the streambed and near-river zone on
contaminant distributions

Brewster Conant Jr.*, John A. Cherry, Robert W. Gillham Pine River

Department of Earth Sciences, University of Waterloo, 200 University Avenue West, Waterloo,
Ontario Canada N2L3G1
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Abstract

An investigation of a tetrachloroethene (PCE) groundwater plume originating at a dry cleaning
modified

facility on a sand aquifer and discharging to a river showed that the near-river zone strong!

the distribution, concentration, and composition of the plume prior to discharging into (hg surface

water. The plume, s
the Waterloo profiler, mini-profile
Penetrating Radar (GPR) surveys, streambed temperature mapping (to identify discharg
drivepoint piezor 1 coring and testing. The plume observed in the shallow streambed
deposits was significantly different from what would have been predicted based on the characteristics
of the upgradient plume. Spatial and temporal variations in the plume entering the near-river zone

eambed concentration, and hydrogeology were extensively characterized using

conventional and driveable multilevel \umblcr% (MLS), Ground (a) Site Map (b) Geological

Extent of PCE Plume . Cross-Section
,&{I ng/L cgnlour )

¢ ZOnes),

eters, and s

contributed to the complex contaminant distribution observed in the bed where concentration: Dl'Byu(i:I::i?‘l;Of —t §
varied by factors of 100 to 5000 over lateral distances of less than 1 to 3.5 m. Low hydraulic (projected) H
conductivity semi-confining deposits and geological heterogeneities at depth below the streambed E
controlled the pattem of groundwater discharge through the streambed and influenced where the L Curtis St. H
plume discharged into the river (even causing the plume to spread out over the full width of the EXPLANATION © Profiler location Gaoloé?c Building E Southea
streambed at some locations). The most important effect of the near-river zone on the plume was the 40 m A Soil core location - cross-section line H i
Xtensive anaerobic biodegradation that occurred in the top 2.5 m of the streambed. even though Queen St. : -
essentially no biodegradation of the PCE plume was observed in the upgradient aquifer. Northwest Pine Water King AP10 I—Rau B2 i BS
Approximately 54% of the area of the plume in the streambed consisted solely of PCE 190 k-1 § RngXer AP27 St. St. AP11 Road |
transformation products, primarily cis-1,2-dichloroethene (¢DCE) and vinyl chloride (VC). High £ el PRP3 AP_SS“C 3 B - -
concentrations in the interstitial water of the streambed did not correspond to high groundwater- = 3 RCi2 SG12 1 5 otentiometric L
discharge zones, but instead occurred in low discharge zones and are likely sorbed or retarded T sc11 PPR'R=§1 Fill Sand - — Surface ¥ L. 1
remnants of past high-concentration plume discharges. The high-concentration areas (up to 5529 pg L e = : -""-(-l:;;;;-s-)_ ----- i
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Pine River

Research Site

(a) Streambed

Surficial
Geology

Explanation
srée Streambed piezometer
PrPr+ Waterloo profiler iocation
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South-Central
Discharge Area

(b) Discharge
Through the
Streambed

1 I Silt with Clay or Peat

Explanation

1A Il Silt with Sand or Gravel or Cobbles ,_; GPR transects October 1998

2 [ Sand and Silt with Clay or Peat
3 [ Sand and Silt

4 [] Sand

5 Sand and Gravel
6 [ Sand and Gravel with Cobbles or Boulders

% Soil Core Location
6—6W River transect line and stake labels

North
»D\*

Low-Flow Band

30 Eastern-Shore Discharge Area

56

Explanation
18W Transect label
© Flux calculation location
—50~ Flux contour label L/m?%
0 5 10m

Vertical Flux L/m?d

3-25t0 0
30 to 50

350 to 100
(23 100 to 200
I 200 to 587




Depth Below Streambed cm

8

Distribution of Streambed Temperature

used for
mapping

~ «— Depth of probe

Time measured

—a— 1:02 pm
—+=— 1:50 pm
—a— 2:55pm
—7— 3:53 pm
—a— 557 pm

11J*

Bl

14.5 15.0 15.5

Temperature °C
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$ 8 8

Water Flux L/im'd
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8

° 3

Fitted Equation | I
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I Temperature | -
R ] “
_—e E
l =
£
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-
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Groundwater . |
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Streambed Temperature °C
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( b ) Winter
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Streambed Temperature °C
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Delineating and Quantifying Ground Water
Discharge Zones Using Streambed Temperatures

by Brewster Conant J.

B. Conant Jr.
RO N D W A E R Streambed temperature mapping, hydraulic esting using evinipiczometees, and geachemical analyses of intersti-
U I el water ofthe streambed were used (0 delineae e putern of ground waier discharge n a sandy o

Abstract

dewelop a flus-hased conceptual model for ground watesfurt
method was used o rekite flues obtained from minipiez

witer fnieractions. A iew and simple empirical
a2 10 streambed temperatures. The relationship

o allowed flux 1o be calculated at locations where only streasbed temperatuse reasurements were made. Sl testing
’ I IO o 0 - and potentiomanometer measurements 1t 34 piezometers indicated ground water di from 0.03 1o 446

Liniday (ard possibly as hgh as 7060 Lan*fday) along a 60 mlong by 11 to 14 m wide
similar plar-view paterns of lux were caleulated for both summer and winter using huncreds of streambed temper-
atures measured on a | by 2 m grid. The reach was dominated by ground water discharge and 5% to 75 of the area
or~20K% to 24% of the otal discharge. < 125 of the toal area consisted of recharge zones or no-discharge
onceptual model for ground watcrfsurface water nteractons consising of five diffrcet behavioss was
e bused on the magntude and direction of lu agross the sufuce of the ireambed. The belaviors include

1), igh discharge (e.z. preferentil flowpaths, low to moderse dis-
ontal hyporeic o ground water flaw),a . Gealogical variations a depih
which type of flow behavior occurred i mbe.

hof river. Complex but
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Key Findings

¢ “the near-river zone stron | modlfled the distribution,
concentration, and 05| ion of the plume prior to
discharging info the sur ace water.”

¢ “Spatial and temporal variations in the plume entering the
near-river zone contributed to the complex contaminant
distribution observed in the streambed where concentrations
¥ﬁr|ed I{_)y gagtors of 100 to 5,000 over lateral distances of less
an1lto m

¢ “...geological heterogeneities at depth below the streambed
controlled the pattern of groundwater discharge through the
streambed and influenced where the plume discharged into the
river (even causing the plume to spread out over the full width
of the streambed at some locations).”

¢! essentlall¥ no blodc(ejgradatlon of the PCE plume was
observed in the upgradient aquifer. Approximately 54% of the
area of the plume |n the streambed consisted solely of PCE
transf ormatlon lpro ucts, rimarily cis-1,2-dichloroethene
(cDCE) and vinyl chloride R/

Brewster Conant Jr.*, John A. Cherry, Robert W. Gillham
Journal of Contaminant Hydrology 73 (2004) 249-279
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Thermal Imaging

¢ IR Camera detects variations in temperature at a
moment in time GFLIK 08 a1 200

i A1 K - - I ' , o -
WA 30, X :
AN ' ! Site 101 Site 102
Y / ' '
g _‘.,.l‘ 3 ¢ 2 ) p 410 o 31132013 11:07:17 AM
8 3 ¥ ! = N N A
3 W | ' o i \
g3 N - N v o L F, v ) L]
' -~ . - 3
)

Site 103
IR 0050.Jog S 3132013 11:11:50 AM
7.9°C 3 SFLIR,
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Specific Conductance Survey — Surface Water and
Sediment

<

R/C Boat Con
(Specific Conductance mea
125

July2013Cond Site Location Map
SC (us/cm) 2 feetbls
189-824 0 120 240 480 Meters
6824-1050
1050 - 1812
1812 - 8010
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Distributed Temperature Sensor

Distributed Temperature
Sensing Systems (DTS) measure
temperatures using fiber optics
as linear sensors

Temperatures are recorded
along the optical sensor cable,
in continuous profile

High accuracy of temperature

measurement is achieved over

great distances

Continuous measurement over
kilometers

30 kilometers for each channel
(some systems)

Spatial resolution of about 1
meter (depends on
configuration)

Thermal resolution
0.01 degree Celsius
configuration)

Temporal resolution of seconds
to hours depending on the
desired thermal precision

wEPA

f about
depends on

Streambed Temperature
Stream Temperature = 17.6 deg C

| Streambed Spring Pond
o
g iy
£ *"’T*”ﬂi YN
E \
10 {
5 )
5 {
ot )
4] 200 400 600 800 1000 1200 1400

Distance (meters)

Identifying spatial variability of groundwater discharge in a wetland stream using a distributed

temperature sensor. Christopher S. Lowry, John F. Walker, Randall . Hunt, and Mary P. Anderson. WATER

RESOURCES RESEARCH, VOL. 43. 2007

2-66


http://water.usgs.gov/ogw/bgas/fiber-optics/

Cheaper / Rapid Costlier / Rigorous
(laboratory? field? standard? non- (laboratory? field? standard? non-
standard?) analytical methods standard?) analytical methods

| |

Low detection limit + analyte

Examples Of Other TOO/S | Targmdhighfe"ﬁ“’“mp"“g | specificity

Manages CSM,

Collaborative Data-

Manages analytical
Spatial variability& samplin uncertainty

uncertainty

Collaborative Data Sets

¢ Different methods for same analyte or suite of analytes

¢ Multiple lines of evidence = “weight of evidence”
» Control project and site decision uncertainties

» Revises decision criteria in response to data

¢ One method provides information for when another is required
or beneficial

¢ Control multiple error sources
» Sampling design, matrix, prep, analytical

¢ Result: increased confidence in the CSM; better decisions,
better remedy implementation

» Characterization of chemistry and physical attributes with adequate data
density

wEPA




Example of Collaborative Data Set

Lead Soil Results

Lead Soil Results
Below 400 ppm-Green

Above 400 ppm-Red

'y = o ——
A 2 15 S 4 '
- ”""I...u.'u.‘&a—v—""

Predominance of Lead

) Y Soil results Below 400 ppm
Under Marsh Surface-

Bottom of

¥ No Vertical Migration from
Landfill Landfill to Underlying Soil

Combined Data Set of Conductivity,

Lithology and Lead Soil Results

1-68



Initial site-specific performance
evaluation for a wide range of

Ma naging TOOIS- DMA sampling, testing, and data

management tools

http://brownfieldstsc.or

¢ Performed early in program, though not always appropriate

a/pdfs/Demonstrations
¢ Establishes that proposed technologies and strategies of Methods Applica
- . . . .. o bility. pdf
» provide information appropriate to meet project decision criteria
» perform as advertised by the vendor e R

August 2008

¢ Assesses performance of field analytical technology compared
to fixed-base laboratory

||||||

¢ Highlights laboratory and field method advantages and

challenges @
¢ Provides initial look at CSM assumptions; augments planned
data collection and CSM development

¢ Develops relations between visual observations and direct
sensing tools

¢ Provides flexibility to change tactics based on DMA rather than
full implementation

¢ Optimizes sequencing, staffing, load balance, unitizing costs

wEPA



http://brownfieldstsc.org/pdfs/Demonstrations_of_Methods_Applicability.pdf

http://brownfieldstsc.org/pdfs/Demo

nstrations_of Methods_Applicability
Example DMA Output

Free Product At >50% Relative

Free Product At >75% Relative
Fluorescence for Gasoline

Fluorescence for Oil

100 200

200
Waveform @ 32.99 ft

Waveform @ 26.92 ft

100

100
‘Waveform @ 36.72 ft

Depth (feet)

‘Waveform @ 31.07 fl

Depth (feet)

100 200

100 200
‘Waveform @ 4166 ft

Waveform @ 40.92 ft

0.080-

100 200

Time (ns)
25 50 75

100 200

Time (ns)
25 50 75
Fluorescence (%RE) Fluorescence (%RE)

Fugro Geosci

>.. 6105 Rookin, Houston, TX 77074 (713) 346-4000 www.geo fugro.com



Case Studies of Interest

United States ) Office of Solid Waste and “’&"‘:;’313
Environmental Protection Emﬂozgeﬂcy Response www.clt{-m.
. . . . . Agency (5102G) 542-R-1
Innovations in Site Characterization
Case Study: The Role of a Conceptual Site Model for
Expedited Site Characterization Using the Tnad Approach . s T
at the Poudre River Site, Fort Collins, Colorado Innovations in Site Characterization
Streamlining Cleanup at Vapor Intrusion and Product Removal Sites
U.S. Environmental Protection Agency Using the Triad Appl’O&ChZ
Office of Superfund Remediation and Technology Innovation Hartford Plume Site. Hartford. lllinois

Brownfields Technology Support Center
Washington D.C. 20460

Prepared by:

The Brownfields and Land Revitalization Technical Support Center

In cooperation with:
U.S. Environmental Protection Agency Region 8

U.S. ENVIRONMENTAL PROTECTION AGENCY

United States Office of Solid Waste EPA 542-R-06-007
Eiihonmantal Protsctan and Emergency November 2006 OFFICE OF SUPERFUND REMEDIATION AND TECHNOLOGY INNOVATION
Agency Response (5102G) WWW.epa.gov SUPERFUND TECHNOLOGY SUPPORT CENTER

clu-in.org WASHINGTON, D.C. 20460

wEPA




Now Let’s Look at Soll
Incremental Soil Sampling vs. HRSC in Groundwater

Soill

1. High

Static, Lower
spatial correlation
Low

Low

Decision Unit

N

9 Ol = W

cleanups= blunt
force

wEPA

akhwbE

Lower cost/shorter g

Matrix Property

Variability

Contamination distribution
Mass transfer and storage
Cost of obtaining samples
Typical exposure
scenarios

Remediation applications

(ORIS

oD Qo= e

Groundwater

High

Dynamic, higher spatial
correlation

High

High

Variable

High cost/long
cleanups= finesse,




The Nature of Soil

e Variability in Soil Matrices- 3 scales of importance

;f')f;/.or(\'i\:?htt;)ds Potential Hot Areas Exposure Areas

~ INTERSTATE

IR

+ ROLANDTY -

ASGTONHDL *

CoUNCIL

Particle Size Effects The Nugget Effect a5t onst 500 onsit

286 Lab 416 Lab
: '* . : : : - n
o SRy,
A - 1,280 On-site
e o IR 1,220 Lab

See ITRC, ISM-1
(www.itreweb.org/
1SM-1)
Section 3.3
and
ITRC ISM Internet
Training archives:
http://www.cluin.or;
llive/archive/
and
search for
“incremental”

| > 95% of variability |
due to sample
location

164 On-site
136 Lab

Ist result of lab dup

e aro e
0 e : 24,400 On-site 27,800 On-site pair was 31 ppm .
Firing Range Soil Pb Assumptlon 27,700 Lab 42,300 Lab o iy Red line
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(Std Sieve Mesh| fraction by AA o 0 e 00 1’ deep= 1650
Size (mg/kg) As 129 221 61 39 14 yd3 P
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0 ) [ e |
DA R o Real Ity e 12672016 he sample concentration is
D O - ssumed to “represeat” the
and 4 0 ® & e i
Between 4- and .
. A . O
Between 10 o ih
and 50 6 ot
€ High Concentration  |ow Concentration
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Lead Niton vs. ICP

59 Total pairs

1300
L
1100 = 1.0222 bl
y = 1.0222x + 34.612
13 False Positive o
00—  Errors= 33% - = True Positive 20
5 B 4 Pairs
N\ N -
WU [
[ 2
e ®
INN @,
U ® .
O False Negative Error= 0%
nn True Negative
U\li/,(li 26 Pairs | | ! L L | | l |
~ [ [ | l | I
NN
-1 100 610]0, oUU (00 o]0]0) 1100

Lead ICP in ppm

00



3 Way Decision Structure With Region of Uncertainty

Lead Niton vs. ICP
59 Total pairs

—
(%)
o
o

—
O
O
[l
\

y = 1.0222x + 34.612
2 =0.946

O
o
O

Lead Niton XRF in ppm

3 False Positive

True Positive 19

Errors=7.7%
L J

R z Pairs

¢ 11 Samples for ICP

O False Negative Error= 0%

000 /700 900 1100

Lead ICP in ppm

00




Example of Standardizing Core Descriptions

¢ No visible evidence — No visible evidence of oil on soil sample

¢ Sheen — Can be effective in detecting petroleum-based products in concentrations
lower than regulatory cleanup guidelines. Sheens are classified as follows:

» No Sheen (NS) — No visible sheen on water surface

» Slight Sheen (SS) — Light colorless film; spotty to globular; spread is irregular, not rapid; areas
of no sheen remain; film dissipates rapidly

» Moderate Sheen (MS) — Light to heavy film, may have some color or iridescence, globular to
stringy, spread is irregular to flowing; few remaining areas of no sheen on water surface

» Heavy Sheen (HS) — Heavy colorful film with iridescence; stringy, spread is rapid; sheen flows
off the sample; most of water surface may be covered with sheen

¢ Staining — Visible brown or black staining on soil. Can be visible as mottling or in
bands. Typically associated with fine-grained soils.

¢ Coating — Visible brown or black oil coating soil grains. Typically associated with
coarse-grained soils.

¢ Oil Wetted — Visible brown or black oil wetting the soil sample. Oil appears as a liquid
and is not held by soil grains. Soils oozing petroleum typically contain approximately 2
to 3 percent petroleum.

wEPA




Designating Decision Units (DUs)

e This is the most important design element!

— Should seek stakeholder consensus during planning, NOT
after the data have come in.

e |nformation used to develop DU dimensions and
locations:
— Are there likely “hot” areas present? Size DUs as small
remedial units probably needing cleanup
e Historical site use & aerial photos
e Existing sampling data
e |[nterviews with current or former site workers
— Exposure DUs (for determining exposure risk)
e Size the DUs based on current and future site use

wEPA




Size, Shape and Type of DU

Potential Hot Areas

Exposure Areas

* INTERSTATE

* ADOTONHDIL *

=
9]
4
2
0
Y

*

AJOLVINOIY

See ITRC, ISM-1

(www.itrcweb.org/
ISM-1)
Section 3.3
and
ITRC ISM
Internet Training

archives:
http://www.cluin.org
/live/archive/
and
search for
“incremental”



http://www.itrcweb.org/ISM-1
http://www.cluin.org/live/archive/

* INTERSTATE

Former Power Plant
Proposed as a Community Center

* ADOTONHOAL *

AJOLVINOIY

‘ Transformer repair

area (PCBs)

.‘f’d"'v.,- Ao N

7aﬂieha Vv HWy

A. .k“
-
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=% L - L
v _/ T B

e —— i
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Primary objective is to identify and delineate source area

and extent of contamination that exceeds action levels.



* INTERSTATE

Former Power Plant
Decision Unit Designation

ﬁ
—
<D

* ADOTONHOAL *

AJOLVINOIY

SmaII Source Area DUs
(max 3 OOO ft2, 400 yds3)
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Incremental Sampling Methodology (ISM)

\

Single incremental

sample (IS) covers

a decision unit 5 . g . .
(DU)

Definitive guidance o
s the ITRC ISM ] :
Tech Reg web doc SR e

O) O) o +————

Starti?mg pt chosen at random along edge of DU |

Single DU with 30 increments (happen to
have a plug-shaped sample support) going [siEks
Into a single incremental sample (1S)




Replicate Incremental Samples

Collection of Field
Triplicates

3 replicate
of 30
iIncrements

3 allows stats- mean, UCL

\'.'IEPA 1-82




What About In Soil?

High Density, High/Low Resolution

Arsenical pesticide mixing area in Hawalii
Residential redevelopement

This parcel is 3 acres

As cleanup level = 25 ppm

44 grab samples (judgemental
or random) collected for lab
analysis.

Sampling density of 15
samples per acre.

{"’EPA 2-83



< Viabbpeo

Red .‘Iine represents soil to removed 1” deep= 1650 yd?

fi
Mol ¥ "

\D Dear Developer,
' Please fund the removal and disposal of 1,650 yd? of arsenic-contaminated soil.

Oh, and by the way, there is about a 50:50 chance that this cleanup footprint is
incorrect. The actual volume needing removal could be

1) more than this;
2) less than this; and/or
3) the footprint could be in the wrong place.

So, after confirmation sampling, | may be asking you for more
money to do this all over again. But it will be the data’s fault, not
mine.




concentration Is
assumed to
“represent” the
concentration of
about 4300 sq.ft. of
soll (green)

wEPA

st result of lab dup
pair was 31 ppm

2nd result of lab
dup pair was 17

ppm




= The sample concentratio

" Is assumed to “represent’
the concentration of abou
5800 sq.ft. of soil (green)

‘o

The sample concentration |
Is assumed to “represent” © =

-

the concentration of about
4300 sq.ft. of soll (green) O

-3

v' jl "‘
R

wEPA



How Much Confidence Do You Need?




Settling for 75% decision confidence means removing only 2,650 cu. yd.




Or, again, you can flip a coin to decide whether this cleanup footprint
(1,650 cu. yd.) Is correct.




Decision Unit Designation for
Incremental Sampling




Results
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Putting It All Together project team D fici ceam

collects direct

Real-Time Direct Sensing and CSM Updates next boring sensing data
" Forces data interpretation ... not just ' ‘v
presentation Upload data

Upload field data

visualization to SCRIBE at end of day

" |ncludes all site decision-makers in the .. .croin site

process
* Builds consensus; streamlines decision ’\Visuta"za“m‘(
eam
process downloads
field data

= Saves time and expense

* Reduces repeat mobilizations; flags data
collection errors immediately

. Keeps focus on root causes, not
symptoms
* High mass footprint (where to remediate)
* Matrix distribution (how to remediate)

Pushes the decision process forward

wEPA




Conclusions HRSC and Incremental Sampling

Translated for Remedial Designs

= |n Groundwater
e Limit large scale averaging, use scale appropriate measurements
e Use transects and multi-level sampling
* Use direct sensing and collaborative data sets

= |n Soil

* Use incremental and compositing techniques to control matrix variability,
reasonably represent exposure and decision units

 Many increments and replicate samples provide- good estimate of mean,
and ability to calculate UCL/LCL and statistical confidence

= Real-time CSM Updates/Data Visualization
* Forces interpretation not just presentation
* Includes all decision makers in the process- consensus, streamline

* Save time and money- fewer repeat mobilizations, early ID of data
collection errors

* Keeps focus on root causes not symptoms- High mass footprint (where to
remediate), Matrix distribution (how to remediate)
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