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Premise
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Complex sites (such as
those containing dense
nonaqueougphase liquids
(DNAPLS) are some of the
most difficult to clean up.
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P\ Multiple-technology
remedies often needed
to achieve objectives.

How do you efficiently
construct a remedy and

& set goals at these Sites? et
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A Establishing Realistic Remedial Goals
A DNAPL Remedial Technologies

A Evaluating Performance

A Case Studies

A Discussion
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Two Key ITRC Guidance Documents

H 2
{ ‘Technical/Regulatory Guidance

Use and Mcasurement of Integrated DNAPL Site Strategy
Mass Flux and Mass Discharge
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Setting Realistic Goals Requires Understanding of
Chemical Phases and Transport of DNAPL Releases

ADNAPL movement

. Generalize DNAPL
and caplllary forces Release and Transport DNAPL PomScaIe Dlstrlbutlon

AChemical phase
distribution

Alnterphase chemical

mass transfer

P Interphase Chemical Mass Transi
ADissolved plume .

formation & transport [y DNAPL =Yl Aqueous

AVapor migration — e

(Modified from Parker et al, 2002)
ITRC IDSS Figures 21, 2-3
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Mobile DNAPL vs. Residual DNAPL
vS. Sorbed Contaminant

A Mobile DNAPL
1 Interconnected

separate phase that
|S_Cap'§1ble of Dissolved
migrating P | UM E

A Residual DNAPL o --:eDmon

i Disconnected blobs Flow e iROERStiON'S

and ganglia that are i —
not capable of orption, etc
migrating

A Sorbed Contaminant

I No longer a NAPL

1 Still a residual source
(Modified from Parker

et al, 2002)
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A Response is dependent on m
stage of plume evolution Early st _

: Stage
A Is contaminant mass accessible

to treatment?

A In situtreatment often
preferentially treats high
permeability zones

A Backdiffusion controls
plume response
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Plume Response to Source Treatment

A Mass flux vs.
concentration basis

A Heterogeneous sites
greater plume
response

A Homogeneous sites
lesser plume response

A Tools¢ EPA REMChlor
(Falta et al, 2007)

Plume Flux Reduction

Heterogeneous

Homogeneous
Sites

20 40 60 80

%
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% % %
Source Mass %
Reduction
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Establishing Realistic Remedial Goals

A First and foremost; Address/Prevent Exposure

A Source Removal, Source Reduction, Containment or Control?
A Regulatory Requirements

A MCLs vs. Mass Discharge

A Regulatory Approaches

A Communication

Remediation of DNAPL Sites
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CERCLA and the National Contingency

A UnderCERCL221(d)(2)(A)groundwaterresponseactionsare
governedin part by the followingmandateestablishedoy Congress
I Suchremedialactionshallrequire alevelor standardof controlwhich
at leastattainsMaximumContaminantevelGoals

A Furthermore the NCR40 CFR8300.430(a)(1)(iii)(F)hcludesgeneral
expectationdor purposesof groundwaterrestorationasfollows:

I EPAexpectsto return usablegroundwatersto their beneficialuses
whereverpracticable within atimeframethat isreasonablegiventhe
particularcircumstance®f the site. Whenrestorationof ground water
to beneficialusesis not practicable EPAexpectsto prevent further

migrationof the plume,preventexposureo the contaminatedground

Remediation of DNAPL Sites CDM
Smith
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A GroundwaterRemedyCompletionStrategyis
arecommendedd A (i S 1 &ouiSe6f ActiohD

anddecisionmakingprocessedo achieve

Groundwater Remedy

Completion Strategy groundwaterRAOsandassociatectleanup
Moviny Forward with the End iy Miod levelsusingan updatedconceptualsite model
performancemetricsanddataderivedfrom
& A G S emiSiyekabdticns.

If the existing remedy will not achieve RAOS
associated cleanup levels, either the remedia
technology or the comprehensive remedy shc
be modified.

i 9@l fdz2a S GKS INRdzyRg !l

I Evaluate other technologies

I Select alternative approach/modify RAOs

1

Conduct Technical Impracticability (Tl esmbut%t
Fi - mi
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MCP Source Control Requirements

A 310 CMR 40.1003(5), Source Elimination or Control.

I A Permanent or Temporary Solution shall not be achieved
unless and until each source of OHM Contamination is
eliminated or controlled:

' (a) for a Permanent Solution, is eliminated or controlled

" (b) For a Temporary Solution, is eliminated or controlled,
to the extent feasible

' (c) Parties conducting response actions shall seek to
eliminate each Source of OHM Contamination. In cases
where such elimination is not feasible, response actions
shall control each Source of OHM Contamination.

Remediation of DNAPL Sites

Connecticut Department of Energy and
Environmental ProtectioCT DEEP)
RSR Amendment Package Wave 2

A MNA General Pr&Requisites:
I Source contaminant must be removed or controlled
I Soil remediation completed to meet the
A Direct Exposure Criteria (DEC)
A Pollutant Mobility Criteria (PMC)
' No migrating or mobile LNAPL present
" MNA not applicable to DNAPL

' MNA not applicable at SW discharge point above 10 times
the acute toxicity level (WQS)

' No one currently exposed to the groundwater that exceeds
GW Protection Criteria or Volatilization Criteria

Remediation of DNAPL Sites
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Building the Remedial Action Framework

A Evaluate relationship between
source strength, contaminant e
plume transport and impact to [T
receptors. (T :

A Crltlcal Parameters to Evaluateu—-- '
' Receptors and associated risk 2 ,;;,.",;‘; o
pathways -
' Source strength
' Aquifer assimilation capacity for
plume contaminants

- Contaminant plume dynamies
expanding, stable, shrinking
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Mass Balance and FltBased Site Metrics

Contaminant Plume
\ESS

||'-] the SC-JUI'Ce, Intermediate Boundary
dissolution from Transect Transect Transect
DNAPL to water

takes place Plume Decay?

Understanding site mass balance can lead to
consideration of alternative site remedial
objectives possibly based on mass discharge
mass flux

Remediation of DNAPL Sites




9/15/2014

Mass Discharge for a Contaminant Plume

A Mass diSCharge (M My = Sum of Mass Flux over
i The total mass of any solute a fransect ~y

conveyed by a plume at /
veyed by a piume M
a given location per time

I My is a scalar quantity, T
expressed as mass/time /]

- a

A Mass per time [M/T]

:
A Source or plume strength m—

A Analogous to Total Maximum

Daily Loads (TMDLS) Mgy,= Mass discharge at transect A
Mo, =Sk X Al

Remediation of DNAPL Sites

dB

Concentration vs. Mass Discharge

: o : . Pumping
A Traditional Concentration Approachveasure existing well
plumeto assess
I Impact on receptor (MCLS) d

I Natural attenuation rates
I Remedial options
A Mass Dischargé\pproach Definerate across

specifiedcrosssectional areasf plumeto assess
I Impact on receptor (TMDLS)
I Natural attenuation rates
I Remedial options

Mass discharge approach potentially offers gPumping well
KEY better understanding of potential risks and fconc.=My/Q
BENEFITSattenuation rates, and can lead to sounder
remediation strategies.
Mass discharge approach based on Einarson and Mackay (2001) ES&T, 35(3): 67A-73A
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Mass Flux Mass Discharge Measurement Methoc

A Method 1: Transects (wells or multilevel samplers)
A Method 2: Well Capture/Integral Pump Tests

A Method 3: Passive Flux Meters

A Method 4: Existing Historical Data

A Method 5: Solute Transport Models
‘/O—Transect

1 Contaminant
” Flux (J.)
Source Zone B
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Alternative Remedial Goals

A Mass Discharge at a control plane such source zone, property
boundary or surface water discharge (e.g., TMDLS)

A Alternative concentratiorbased metric with a treatment or
buffer zone.

A Natural attenuationbased flux or mass discharge to transition si
to MNA.

combined with
natural
attenuation in
the plume

What degree of
source
remediation

will be
protective of
the Receptor?
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Interim and Transitional Remedial Goals

A Goals applied to different portions of the source and plume
A When to transition from one technology to another
A When to transition from active to passive remediation (MNA)

Heterogeneous
Sites

Homogeneous
ite

Plume Flux Reduction

20 40 60 80 100
% % % % %
Source Mass % Reduction
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Why use Orders of magnitud®@Mg for remediation?
A Ordersof magnitudeare powersof 10
A Hydraulic conductivity is based @oMs
A VOC concentration is based GoMs
A Remediation performance (concentration, mass, mass dischar

can be also evaluated usi@pMsX @

I 90% reductionl OoMreduction

' 99.9% reduction3 OoMreduction

" 70% reduction0.5 OoM reduction
Example:

' Before concentration 50,000g/L
| After concentration 5ug/L
" Need4 OoMs(99.99% reduction)
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Remedial Objectives

Remedial objectives Set/revisit Functional
Objectives

A How do you define objectives in a clear and concise manner?
A What is the process to make your objectives SMART?
I (specific, measureable, attainable, relevant, and time bound)

Remediation of DNAPL Sites

Types of Objectives

A Absolute objectives
I Based on broad social values

AExample: protection of public health and the
environment

A Functional objectives
I Steps taken to achieve absolute objectives

AExample: reduce loading to the aquifer by treating,
containing, or reducing source

Remediation of DNAPL Sites CDM
Smith

12



9/15/2014

Functional Objectives Should be SMART

SMART means:
A Specific

I Objectives should be detailed and well defined
A Measureable

I Parameters should be specified and quantifiable

A Attainable

I Realistic within the proposed timeframe and availability of
resources

A Relevant
I Has value and represents realistic expectations

A Time-bound
I Clearly defined and short enough to ensure accountability

Remediation of DNAPL Sites

Functional Objectives Time Frame

A Time frame should accommodate
I Accountability

' Natural variation of contaminant concentration and aquifer
conditions

' Reliable predictions
' Scientific understanding and technical ability
A ITRC suggests 20 years or less for Functional Objectives

Site management and active
remediation timeframe may
continue much fonger

Remediation of DNAPL Sites
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Communication¢ The Key to Acceptance

A Stakeholders
I Regulators, Responsible Parties, Affected Parties, General Public
A Conceptual Site Model
I Key to understanding what is possible
A Absolute Objective
I Protection of Human Health and the Environment
I First and foremost, Address/Prevent Exposure
I Restoring Aquifers / beneficial use.
A Functional Objectives
I SMART
I Interim goals and metrics
I Planned transitions

Remediation of DNAPL Sites

DNAPL Treatment Technologies

A Technologiedavelimitations, especially in
heterogeneous DNAPL source zones

A How do you to avoid the trap of relying on a
single remedial technology that wohget
the OoMsreduction you need, in the
timeframe you need it?
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Technologies have Limitations

Chemical

Bioremediation Treatment

Effectiveness

Concentration

Remediation of DNAPL Sites

It becomes harder and harder to reduce plume
flux at heterogeneous DNAPL sites

100%

Heterogeneous
Sites
Plume 0%
Flux
%

Reduction 40%

20% :
Homogeneous Sites
0%

20% 40% 60% 100%

Modified from Basu, et al. (2008) SOU rce Mass % Red UCti on
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