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Northwest  Outline
1) Transition Assessment Basics (Why, When and How)
2) Assessment Framework

3) Technical Justification
* Tools and Methodology

4) Case Studies
5) After Transition

Aboveground
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Activated Carbon)
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racific .« Why Transition from Active to Passive?

NATIONAL LABORATORY

RISK MANAGEMENT
= Able to Manage Risk

v Balance of time, cost, feasibility and
potential risk

= Remaining mass may not constitute
unacceptable risk

v' Mass removal does not necessarily equate
to risk reduction
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NATIONAL LABORATORY

= Predetermined condition is reached Cost per kg contaminant removed

v Source strength, plume behavior, etc.

= Asymptotic behavior under current
remedy

»= Current remedy has become
impractical

= Conditions warrant a Tl evaluation
or development of alternative RAOs

Mass Removal

Concentration

Diffusion Controlled

Cleanup Goal

After NAVFAC, 2012
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= Adaptative management framework can be
used for active to passive transition
v' Addresses uncertainties and enables interim actions

» Recent Guidance for Adaptive Site
Management and End States

v" Remediation Management of Complex Sites (ITRC, 2017)
v" Groundwater Remedy Completion Strategy: Moving Forward

with the End in Mind (EPA, 2014)

v' Groundwater Read Map- Recommended Processes for

Restoring Contaminated Groundwater at Superfund Sites
(EPA, 2011)

v' Alternatives for Managing the Nation’s Complex

Contaminated Groundwater Sites. (National Research
Council (NRC), 2013)

= Technical Basis for Active to Passive Transition
v" Soil Vapor Extraction (Truex et al., 2013)

v

1070
2

Pump and Treat (Truex et al., 2015, 2017)

REMPLEX

CENTER FOR THE REMEDIATION
OF COMPLEX SITES

@PNNL

How to Consider a Transition Assessment

Re-Evaluate Remedy Basis

Develop Interim Objectives and
Adaptive Remedial Strategy

No

Develop Long-Term
Management Plan

Is a Contingency
Remedy Specified?

Can Remedy

Design and Implement Remedy Be Optimized?

Monitor and Evaluate
Performance

Is Progress
Acceptable?

Are Interim
Objectives Met?

* INTERSTATE

IRG

Yes

ADOTONHOIAL *

» COUNCIL

Are Site
No Objectives Met?

AHOLVYINOIY *

ITRC Technical and
Regulatory Guidance
Remediation Management of
Complex Sites RMCS-1
http://rmcs-1.itrcweb.org

Yes

Initiate Closure Process
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1.

Transition Assessment Framework

Refine Conceptual Site Model

 Determine dominant processes under passive conditions
+ ldentify key complexities at site

« Estimate uncertainties

Evaluate Site Objectives

« Potential exposure pathways

 Remedial Action Objective concentrations
 Determine site constraints

Predict Passive Remedy Performance

* Quantify potential impact of remaining source material
« Estimate key fate and transport parameters

Monitor for Selected Performance Indicators
Refine and Update Model Parameters (if needed)
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Site Objectives

Predict Passive
Performance

transition ‘

Monitor

Refine Model
Parameters



o

Pacific
Northwest

NATIONAL LABORATORY

1.

Transition Assessment Framework

Refine Conceptual Site Model

 Determine dominant processes under passive conditions
» |dentify key complexities at site
« Estimate uncertainties

Evaluate Site Objectives

« Potential exposure pathways
 Remedial Action Objective concentrations
 Determine site constraints

Predict Passive Remedy Performance

* Quantify potential impact of remaining source material
« Estimate key fate and transport parameters

Monitor for Selected Performance Indicators
Refine and Update Model Parameters (if needed)
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¥

Determine Site
Objectives

Predict Passive
Performance

transition ‘

Monitor

Refine Model
Parameters
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1.

Transition Assessment Framework

Refine Conceptual Site Model

 Determine dominant processes under passive conditions
« |dentify key complexities at site
- Estimate uncertainties

Evaluate Site Objectives

« Potential exposure pathways
« Remedial Action Objective concentrations
 Determine site constraints

Predict Passive Remedy Performance

* Quantify potential impact of remaining source material
- Estimate key fate and transport parameters

Monitor for Selected Performance Indicators
Refine and Update Model Parameters (if needed)

Q REMPLEX
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Refine CSM

Site Objectives

Predict Passive
Performance

4. Monitor for Selected Performance Indicators  transition

Monitor

EEEEEEEEEEEEEEEEEEEEEEE

OOOOOOOOOOOOOO
@PNNL



o

Pacific

Northwest  Transition Assessment Framework

Refine CSM

Site Objectives

Predict Passive
Performance

transition

Refine Model
Parameters

5. Refine and Update Model Parameters (if needed) Monitor
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Northwest  Relating Mass Estimates to Potential Site Impacts

Balance source and attenuation rates

sorption

advection

dispersion

degradation

attenuation zone

Decision Tools:
« Contaminant Concentrations and Trends
e Contaminant Mass Discharge
« Attenuation Rates and Capacity
» Fate and Transport Assessment
Q REMPLEX « Comparison to Threshold Concentration (RAQO)
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Northwest  Quantifying Source: Mass-In-Place

* Inventory of contaminant mass
* Form (aqueous, sorbed, NAPL, gaseous, etc.)

» L ocation (depth, saturated, unsaturated, different
aquifers, aquitards, and porous medias)

Methods:
 Volume x Concentration Estimation
* [soconcentration Contours

TCE Isoconcentration Contours

EEEEEEEEEEEEEEEEEEEEEEE

Truex et al 2017
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Northwest  Quantifying Source: Mass Discharge
« Mass discharge is the mass of COC per

: Mass Flux
tlme [IVI/ | Groundwater J:q*C
* Mass flux mass per area per time !
B Darcy flux [L/T]

[M/L2/T]
Methods:
= Transect Method (M4=>C;*A*q))

v" Increasing complexity

- Variable groundwater velocity ; /
» Variable conc with depth (multilevel sampling) : Transect

* Pump tests (can use existing P&T systems)
= Passive flux samplers

57
o 0
- ND

= Rebound testing o 4 b
- ND “F ND - ND
ND = ND = ND
Mass Flux ToolKit (GSI)
Q REMPLEX Nichols and Roth, 2004
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Northwest ~ Natural Attenuation Rates and Capacity
* Estimate processes that reduce downgradient A
concentrations | - . C@D E;
= Advective, dispersive mixing, sorption, abiotic/biotic o
degradation and transformations SL
el s__ SLOPE=
g § ~ ; aw
Methods: O
= Sampling of multiple downgradient wells along the ) Distance from Sourc:
flow path

* Tracer/Push-Pull Tests
= Compound Specific Isotope Analysis (CSIA)
= Microbial Analysis

EEEEEEEEEEEEEEEEEEEEEEE

Q REMPLEX EPA 2002
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Northwest ~ Estimating Impacts
Put Source and Attenuation estimates together

* Threshold-concentration
v' mass discharge — attenuation < RAO?

X
Threshold Conc = Cryp + k——

Vcoc
Qambient
. n
S T ] Vcoc = R
; | coc
sorption
mass flux P ¢W well
advection .I
|
dispersion , !
degradation |

attenuation zone

= Fate and transport assessments

EEEEEEEEEEEEEEEEEEEEEEE




BIOSCREEN-AT Natural Attenuation Decision Support System

$.5. Papadopulos & Associates, inc. Version 1.45

1. HYDROGEOLOGY
Seepage Velocity*

or
Hydraulic Conductivity

5. GENERAL

Modeled Area Length*
Modeled Area Width*

Simulation Time*

)
®

M.Karanovic (Jul 2007)

L )

Data Input Instructio

=» Variable* . Dats used diret

20 Value calculated

Hydrauiic Gradient (f (Dont enter any
Porosity ) 6. SOURCE DATA
Source Thickness @

2. DISPERSION

Longitudinal Dispersivity* [ 9.843 ]

Transverse Dispersivity* Source

Vertical Dispersivity* ES 0,000 &) Width ()~ Conc.(mg/L)
100 [ S ]

or ar
Estimated Plume Length P 1450 NGl

Pacific
Northwest

NATIONAL LABORATORY

nentialy Dec:
3. ADSORPTION
Retardation Factor*

View of Plume Looking Down

R EEEE )

v

: Natural Attenuation Software (NAS =
Mass Flux Toolkit (GS|, ESTCP) https://www.nas.cee.vt.edu/index.pép ) Sncesool, | NEEEN 3
https://www.gsi-net.com/en/software/free- oo e o oo
software/mass-flux-toolkit.htmi BIOCHLOR (chlorinated solvents) S L BRT popmm mrm

https://www.epa.gov/water-research/biochlor-
S{?gr/‘fSEK (GSI, 2011) natural-attenuation-decision-support-system
nups.//clu-

in.org/products/dst/DST Tools/SourceDK.htm BIOSCREEN (Petroleum ot st bt s ot
Hydrocarbons) (EPA, 1997, 2002) g

4. BIODEGRADATION
1st Order Decay Coeff*  smboa IS (0er yr)
8. CHOOSE TYPE OF OUTPUT TO SEE;

2 Input Instructions:
115 1. Enter value directly....or
Ao 2 Calculate by filing in gray

= = - - . TYPE OF CHLORINATED SOLVENT: Ethenes ® [5. GENERAL X 002 ﬂlfﬂ:’!‘:i::::—gﬂn 74|
Matrix Diffusion Toolkit (GSI, 2012) https://www.epa.gov/water-research/bioscreen- | goem ==z, e LB
https://www.gsi-net.com/en/software/free- natural-attenuation-decision-support-system vt ¢ [ B O g P, ST
software/matrix-diffusion-toolkit.html Py e S i - N oot A okl

Singe Planar / Location and Input Solvent Concentrations

= Source Options
Alpha x* @ ] s —-—J e
[ o1 |

REMChlor/REMFuel e ==
https://www.epa.gov/water- R R
research/remediation-evaluation-model- i EE S e B BE

TCE Likg) [ETH 0.03

chlorinated-solvents-remchlor oce = =
33 |0 -056

ViewofPlume Looking Dova

Data Input instructions
[ 1) Entervalue directly.

Mass Flux Transect Calculator ...,

[pCE 98.5

Observed Centeriine Conc at Monitoring Wells

Value calculated by model

Site Location and 1.D.: [Texas 1 {Don't enter any data) WLhkg)

Description: MTBE ETH Likg) PCE Conc. (mg/L)
Comrmon R (used in model)’ «| 87 © [TCE Conc. {mgiL) 158 | .22 | 017 | 024 | 019
4 BIOTRANSFORMATION -1t Order Decay Cosficient CE Conc (mgiL) 355 | 28 | I8 | 1.2 | 556
Zonet —T — X naitife rs) Vil |VC Conc. (mglL) 31| 308 | 797 | 252 [5.02¢
PCE _, TCE [Zow | « 07  [ETH Conc. (mol) 00 | 188 307 | 15
TCE . DCE [7.000_| [T 07 [Distance from Source () [0 1 0 1 o0 1 o0 ] 1008

1. SELECT UNITS SYSTEM .

€ Sl Units @ English Units

Fate and Transport Models R T

PUTTC
Zone2 AT it O
i SR He[p Restore RESET
RUN CENTERLINE RUN ARRAY

PCE EE [o00 ]
SEE OUTPUT|| Paste Exa

v' STOMP, MODFLOW, MT3D, | &5 F:F"
RT3D

DSM Data Input Screen
Matrix Diffasion Toobol

2. SELECT CONCENTRATION UNITS
Concentration Units mal v|

3. SELECT ELEVATION UNITS
Elevation Units ftbgs w

DATA_IMEUT _INSTRUCTIONS
1) fnter value dicectly.
-

Toolkst.

Stte Location and 1D [Industrial Site

SYSTEM UNITS
@ S1Unts © Enghsh Unas
2. HYDROGEOLOGY

Transmissive Zone

Transmussive Zone Descrpton . Sand Sord :-l

Transmusseve Zone Effective Porosty 5._7[ 038((-)

Low-k Zone Descripton Sdt L =

Low-k Zone Total Porostty n* 0.43|(-)

Transmisseve Zone Seepage Velocty v 3 70E-01| | a0 [=] __colcutsev | 7|

3. TRANSPORT
Key Constituent (enter deectly or choose from drop down kst)
Plume Loading Concentration immediately Above Low-k

Zone in Vertical Plane Source During Loading Penod
Molecutar Défusion Coefficient in Free Water
Transmissive Zone Apparent Tortuosity Factor Exponent
Low-k Zone Apparent Tortuosity Factor Exponent

4. SOURCE ZONE CHARACTERISTICS

Bulk Denstty of Transmussive Zone Source Zone Length L 32 1|(m)
Buk Densy of Low-k Zone [ Source Zone Width w 30 3)(m)
(Vertical) o o) 100E03|(m) Restoce | 7
CENTER FOR THE REMEDIATION Distribution Coefficient Ky (miA) Source Loading Starts n Year 1952)(format yyyy)
or Calculsted R Source Removed in Year 1978|(format. yyyy)

Transmissive Zona Fraction of Organic Carbon
Low-k Zone Fraction of Organic Carton
Organic Carbon Partitioning Coefficient

OF COMPLEX SITES
@PNNL
Lateral Distance from Source x| 280\(m)
Depth nto Low-k Zone z 3j(m)

f. [ 380E08)c» 5. GENERAL
oA 5 40E-04|(-) See Release Period Resuts for
Kee | 033E+01| i) Year zogg](io:vnu yvyy)



https://clu-in.org/products/dst/DST_Tools/SourceDK.htm
https://www.gsi-net.com/en/software/free-software/matrix-diffusion-toolkit.html
https://www.nas.cee.vt.edu/index.php
https://www.epa.gov/water-research/biochlor-natural-attenuation-decision-support-system
https://www.epa.gov/water-research/bioscreen-natural-attenuation-decision-support-system
https://www.epa.gov/water-research/remediation-evaluation-model-chlorinated-solvents-remchlor
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 Transient conditions
after transition

e Contaminants in
contained/treated zone
must be balanced by
attenuation

* Define size of
attenuation zone and
timeframe

 Need for verification of
transition

EEEEEEEEEEEEEEEEEEEEEEE
OOOOOOOOOOOOOO

%% REMPLEX
&

A

Contained/
Treated
Zone

Active/Passive Transition Considerations

———
’—— -~

P -.‘\
< ~
£

-
=

- -
-~ -
i —— - - - -

——
-~

-
-
-

N

P&T location or
limit of currently
contained plume

Attenuation Zone

7

Receptor, property boundary
or other limit for the plume
during remediation
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Compare Contaminant
Contribution against

Aquifer Attenuation | .
: Duration Time,
Capacity Distance,
and
Rate

Strength Mass

Discharge/Flyx #Zgg?g?rggﬂo&
n

EEEEEEEEEEEEEEEEEEEEEEE
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 Joint Base Lewis 1-5 P&T Systom

Containment

(limited life due to Thermal Treatment /
M CC h O rd ::grggnr&?::‘t;:rtl) Lamslfill L: E&c"l' Stystem
. SyS te m O f P &T a n d o e Natural Attenuation and Containment
source treatment

« Example: Sea Level
Aquifer
= Upgradient flux cut off

= How long to P&T Oy At _

before transition to : \\ SLAP&T System
ﬁi?nnittaelcrl‘ ?;f:nctlue to
source reduction
and containment)
Natural Attenuation

(1]

Window to
Lower Aquifer

Sea Level -
(Lower ;m(

wer;Aquire -

natural attenuation

Truex et al. 2007, 2017

EEEEEEEEEEEEEEEEEEEEEEE




Pacific

Northwest  Case Study

 Remedy considered an attenuation zone and
evaluation of active/passive transition for the
P&T/NA system in the SLA

* Top figure, plume just before initiating P&T

« Bottom figure, estimated plume at end of P&T
just before transition

%% REMPLEX

CENTER FOR THE REMEDIATION

OF COMPLEX SITES
0 @PNNL
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Northwest  Case Study

Prior to P&T, evaluated attenuation processes and
plume migration to estimate attenuation rate

Threshold concentration = Crap / [et4* 0] = 20 ppb

Predictive modeling estimates

* |Initial verification through monitoring of b NG T
downgradient plume natural attenuation during | . -
P&T

=9  REMPLEX

CENTER FOR THE REMEDIATION

OF COMPLEX SITES
0 @PNNL
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« Accounting for
attenuation processes
and spatial aspects of
the system through
modeling

REMPLEX
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OF COMPLEX SITES

@PNNL

Case Study

I I 1

/
/s
4 ll ~
° / .
’I ,/ Se, ’IllaIl/{_/~ po—
554 “ew Creeq
/

’

- Evaluated mixing zone

EXPLANATION

€271 APPROXIMATE LOCATION OF Waughop e ,
CONFINING UN'T W|NDOW ,$/, 1 '| T lI Lake \\\ -V(;f));;nn ,/ —

——  POTENTIOMETRIC CONTOUR — Shows altitude at AT Pl AR A
which water level would have stood in tightly i1 ! \ \“\‘\ Y T N N o /’ / \ A
cased wells. Dashodwhefo approximately | | ! \ \\“‘\‘\ \ I ,ﬂh\\ =S Nominal location
located. Contour interval, in feet, is variable. 14 d O YN \\\\ \ \ Louise “~=wmog=?’

Datum is NGVD of 1929. " l: ,' ‘\ .\\\ \\\\ \ \ where water
! \ :
<= APPROXIMATE DIRECTION /] / \‘ \\ VAN o o beneath American
/ L AR
OF GROUND-WATER FLOW / /[ i \\ \\\ Lake enters the SLA
DATA QUALITY 1/ \ “ AN
. / / & it v , /
. High &/ / / ! ! \ .
. i Q@ 1 .
m:"""‘ Loy a b {' Window where TCE
- / / = 1
i 8l flows from upper
/ *h 1.38 "
- Puget Sound ST 1 A5k aquifer to the SLA
) 7 ’ ) ARy 2
Wells used in mixing zone analysis i I' /
. i
i .
e a »
. ..
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Northwest  Case Study

~20 years of pumping ~28 years of pumping

At transition [ g N e 7

Site boundary |

Max. plume R,
extent
=% REMPLEX

CENTER FOR THE REMEDIATION
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* Threshold Concentrations or Mass Discharge

 |dentify P&T timeframe, threshold concentration,
mass discharge reduction goal, and timeframe

Time Oil Source Area

Source Control P&T Wells ®

for plume/source in relation to selected e e :
attenuation zone Dot /,j\;oe 7
* Document transition criteria xﬂpﬁﬁg\/;&& Plume
= Setting of interim goals in ROD ,/'é@'o
= Verification/reassessment o“

Well 12A (receptor)
Truex et al. 2017

EEEEEEEEEEEEEEEEEEEEEEE
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Pacific

Northwest  Verification Approaches

NATIONAL LABORATORY

* Active remedy
performance
assessment

= Active zone
= Downgradient zone

« Staged verification
* rebound testing

 Post-transition
verification

= contingency actions

EEEEEEEEEEEEEEEEEEEEEEE

Verification Zone

—

Contained/ .
Treated Attenuation Zone
Zone \ /
P&T location or Receptor, property boundary
limit of currently or other limit for the plume
contained plume during remediation
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(Concentra’nons (MW and EW)
Primary COCs — DS #1, DS
#2
» Transformation products —
DS #4
2. Waterlevels — DS #1. DS #5
3. Water quality and
biogeochemical indicators
(pH, DO, dissolved lron,
chloride) and selected WA-
1/DV-1 contaminants (at
selected locations) — DS #3,
DS #5
. P&T effluent (IW)
concentrations
+ COC — DS #1, DS #2,
+ Water quality — DS #3, DS

Monitor . Calculate

Performance Assessment Example

Predict

2 i Aquufer
= Capture zone
* Plume foreach COC
= Mass in aquifer for each
COC
* Mass exiracted for each
(6{0]07
2. Well
« Capture zone for each EW
= EW mass exiracted for each
cCOoC
= COC and other constituents
—Mean, LCL, UCL
— Long-term trends and
statistics
* For the IWSs, capacity and

\ o o/

Other constituents — DS

performance trends

* Update model as needed for
operational configuration
changes

1. Aquifer
= Capture zone and flow paths
* Plume contours/mass over

time
» Mass extraction profile

2. Well
« Capture zone (EW)

* Mass extraction profile (EW)
* Concentration profile
(MW/EW)

A 4

Report

\ ﬂ}uifer \
= Plume changes consistent with lower

or higher mass estimate?
= Trends consistent with meeting 25-
year or |less performance goal?
2. Well
Mass removal at EWs consistent with
lower or higher mass estimate?
= EW and MW trends consistent with
meeting 25-year or less goal?
= EW or MW trends indicate zone of
persistence (potential source) or
inconsistent with predicted capture
zone?
« EW and MW data for environmental
conditions within acceptable zone?
3. Causes for uncertainties and factors
inhibiting remediation
4. 200 West P&T operating conditions,
optimization. and performance. issues

2\

that relate to plume remediation

performance
wddress DS questions (Section A6}

Optimize

ﬂdjust for progress and

efficiencies
* Address performance issues
5o 1
1_Model configuration updates
> . :
» Change EW and W flow rates
» Adjust well network:
» Add, remove, alter wells for
plume extraction
» Change well configuration to
address sources
1 =
_Monitoring network
« A
+» Different monitoring frequency
4_Consider hot spot treatment

>

ac

\

REMPLEX

CENTER FOR THE REMEDIATION
OF COMPLEX SITES

@PNNL

Hanford P&T Performance Monitoring Plan (DOE 2020)

Are
concentrations
amenable fo
MNA
achieved?”

4

Evaluate P&T
Shutdown;
Rebound Studies
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Northwest
st  Source/Groundwater and 3D Consideration
S

- Linear plume

VS.

Infiltration
papapaand Monitoring Well
=

Vapor Intrusion
How much can remain and not

|ssue?
= Y beathreatto groundwater’? .
+ 1Vapor Diffusion ‘ I-

Diffusion X
. 13 sttt
DA ~ O HY (:Cﬂfhann|r“a|<>
Low et vyt v —

EEEEEEEEEEEEEEEEEEEEEEE R Resulting
p—s Groundwater
o Plume?

ssssssssssssss
@PNNL
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Dimensionality of Situation and Transport

Gas Concentration (mg/L)

Disposal
A N\ B [ [ [ O
0050150250350450550650.75085 095
U
Hanford
Formation -~
O One-Dimensional
) Representations
High @ |------eemmmmmmeeeeeeeas
. C =Constant (Co)
' Recharge = Constant
4 3
Ringold
Formation "
water
| Specif table
: Specified
. Lower FI.
CBtcc;lrJ\rcli?tia:Jrr): Cont::::ﬂty -100 -50 0 50 100 150
: X (m)

Truex et al. 2009

O} RempLex
0

OF COMPLEX SITES
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Oostrom et al. 2010



7 Conceptual Site Model and Quantitative

Pacific

Northwest ~ Asgsessment

Example SVE Analysis Approach
* Analysis approach needs to consider Recharge  cmiyr
CSM elements and complexity of *
transport

« Consider CSM refinement during
active remediation

* Identify controlling features and
processes vZT

* Identify sufficient analyses and
appropriate verification

Groundwater

ot

Contaminant, Cgy

or Mg,
Truex et al. 2013

__ _Ppmv
______gd

EEEEEEEEEEEEEEEEEEEEEEE

29



7

Pacific

Northwest  Other Active/Passive Transition Considerations
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« Adaptive Site Management
»= Organizes active-passive
transition within overall
remediation management
* Time and space
» |s there a zone where you

——— - ——— -
’—’ S - -~ -

A

4
-
-

- -
— -
- - ~ —
- e -

can afford to have
contamination during
remediation and allow time  Treated

to reach ultimate Zone

Contained/ .
Attenuation Zone

N e

: ) P&T location or Receptor, property boundary
concentration goal ] limit of currently or other limit for the plume
contained plume during remediation

EEEEEEEEEEEEEEEEEEEEEEE
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* Time and Space

= May need additional
considerations when
lingering sources are
present — extended time,
ARAR waivers

« Contingency actions for
passive elements

" e.g., as identified in the
MNA directive

» Passive monitoring
elements to evaluate
changing conditions

Q REMPLEX

EEEEEEEEEEEEEEEEEEEEEEE
OOOOOOOOOOOOOO

A

~
N
-
-

Contained/
Treated
Zone

Other Active/Passive Transition Considerations

——— - ——— -
’—— -~ P -~

-
-~ -
— -

- - ~ —
- L -

Attenuation Zone

N

P&T location or
limit of currently
contained plume

7

Receptor, property boundary
or other limit for the plume
during remediation
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Thank you

Katie Muller
katherine.muller@pnnl.gov

Mike Truex
mj.truex@pnnl.gov
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