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Pacific

Northwest  Seminar Overview

Objective: Identify an approach and resources for managing
characterization and remediation at complex sites

Challenge: Determining the level of detail needed to provide technical
defensibility for remediation decisions at complex sites.

Take-aways L . . . L L
£ todav’ Approach: Objectives- and interpretation-driven site investigation and
rom to _ay S remedy implementation using technical guidance resources.
seminar.

Impact: Facilitate remedy decisions and effectively manage complex
sites.
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NATIONAL LABORATORY

Subsurface Environment
.

 Describe the
contamination issue

» Evaluate risk and
determine the mitigation
approach

* Implement remediation,
evaluate performance,
adapt as needed, and
determine stopping point

Groundwater
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HOME

NATIONAL RESEARCH COUNCIL
CF DEN

¥ NATIGNAL ACADENVES
- -

ALTERNATIVES FOR MANAGING
THE NATION’S COMPLEX
CONTAMINATED GROUNDWATER SITES

Welcome

Remediation Management
of Complex Sites
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and may prevent 3 she from achiedn fedenl- and state-
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This (TRC Quicance on the Remediation Manapement of Complex Saes provides 8 ncommended ROISHE process for
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Northwest  Categories of Challenges

* Coupled Hydrogeochemical Dynamics
» Groundwater — Surface Water
» (Deep) Vadose Zone — Groundwater

* |Interaction of Biogeochemistry and
Contaminants

= Co-mingled contaminants
= Sorption behavior and reactions
» Persistent/recalcitrant contaminants

pHS

pHB

pHS8

= Extreme environments/contaminant
discharge chemistry

» EXxit Strategies

) ENERGY

Soil Vapor Extraction System
Optimization, Transition, and

i 1 Performance Assessment Closure Guidance
= ACt|Ve tO paSS|Ve for Pump-and-Treat Closure .
or Transition oy

= Current to long-term management
= Adaptive site management steps

Q REMPLEX
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Center for the Remediation of
Complex Sites

The Center for the Remediation of Complex Sites (RemPlex) is a Pacific Northwest National

> . -
A TR

Laboratory (PNNL) platform that couples unique core competencies and expertise with state-
of-the-art facilities and physical assets to develop, mature, and deploy advanced technologies

to solve complex issues of contaminated subsurface environments.

. LEADERSHIP . CAPABILITIES . WORKING WITH US . RESOURCES . NEWS AND
: ‘ ‘ ‘ - HIGHLIGHTS

0%} REMPLEX www.pnnl.gov/projects/remplex
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Northwest  Environmental Remediation Implementation

RCRA/CERCLA
Quantitative Synergistic Remedial Adaptive Predictive
Conceptual Site Model Approaches Monitoring
Establish technical Integrate remedy Reduce uncertainty
foundation to inform combinations to mitigate associated with complex
remedy approaches contaminant issues subsurface processes

&=

CORRECTIVE
ACTION DECISION
AND RECORD
OF DECISION

A &b

PRELIMINARY REMEDIAL
INVESTIGATION
AND FEASIBILITY

STUDY

ASSESSMENT AND
, SITE INSPECTION

TREATABILITY
TESTING

REMEDIAL
ACTION

Technical Basis for

Adaptive Management Risk Indicator National and
Develop remedial Monitoring International Guidance
approaches that Support remediation Create guidance to

adapt, evolve, and exit strategies and facilitate adaptive
respond to remedial long-term monitoring decision-making

actions over time

Q REMPLEX
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Northwest  Complex Site Approach Elements

» Using technical guidance to define an objectives- and interpretation-driven
approach focused on supporting remedy decisions can facilitate identifying
characterization and remediation actions for complex sites

4 ) 4 ) 4 )
Guidance
and €——> Interpretation [€——> Information
Objectives
N\ / N\ / N\ /
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-

Guidance
and
Objectives

~

/

- Need for Mitigation

- Determine End State

- Select Remedy

- Manage/Optimize
Remedy

- Remedy Closure

REMPLEX
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Complex Site Approach Elements

-

-

Interpretation
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Information
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Northwest  Complex Site Approach Elements

Need to Know

4 ) 4 ) 4 )
Guidance
and €—> Interpretation [€——> Information
Objectives
\_ _/ \_ _/ \_ _/
- Need for Mitigation - Natural Attenuation
- Determine End State - EPA GW Road Map
- Select Remedy - ITRC Complex Sites
- Manage/Optimize - Adaptive Site
Remedy Management
- Remedy Closure - Performance Assessment
- End State

- Data Quality Objectives

.§ EEEEEEEEEEEEEEEEEEEEEEE
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Complex Site Approach Elements

Need to Know What is Known

4 ) 4 ) 4 )
Guidance
and €—> Interpretation [€——> Information
Objectives
N\ / N\ / N\ /

- Quantitative
Conceptual Site Model
- Remedy Performance

- Natural Attenuation
- EPA GW Road Map
- ITRC Complex Sites

- Need for Mitigation
- Determine End State
- Select Remedy

- Manage/Optimize
Remedy
- Remedy Closure

.5 EEEEEEEEEEEEEEEEEEEEEEE
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- Adaptive Site
Management

- Performance Assessment

- End State

- Data Quality Objectives

and Optimization
Evaluations

- Predictive Modeling

- Data Analytics

11
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Complex Site Approach Elements N
Building Blocks

of
Need to Know What is Known Understanding
4 ) 4 ) 4 )
Guidance
and €—> Interpretation [€——> Information
Objectives
N\ / N\ / N\ /

- Need for Mitigation - Natural Attenuation - Quantitative - Site Properties
- Determine End State - EPA GW Road Map Conceptual Site Model - Hydrology
- Select Remedy - ITRC Complex Sites - Performance and - Attenuation Processes
- Manage/Optimize - Adaptive Site Optimization - Remediation
Remedy Management Evaluations Processes

- Remedy Closure

.§ EEEEEEEEEEEEEEEEEEEEEEE
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- Performance Assessment

- End State

- Data Quality Objectives

- Predictive Modeling

- Data Analytics

- Modeling Parameters

- Monitoring Data

12



4 Characterization: What do we need to know for

Pacific

Northwest  contaminant mobility and controlling processes?

Field-Scale Underlying Controlling
Processes and Impacts Processes
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\*f/ Hanford Site Example:
Northwest  Sources in the Vadose Zone

 Groundwater is a
concern for
contamination due to
risk of exposure

« Contaminants in the
vadose zone are a
potential source to
groundwater

« How do we evaluate
the strength of this
source?

EEEEEEEEEEEEEEEEEEEEEEE
OOOOOOOOOOOOOO
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Vadose Zone Processes

Infiltration Infiltration

I Fine-grained V _
v v

Layer Jienersion

J""“‘”“’ . ‘“‘“"‘ _—

Source "_{"""

Perched Wate

‘ and ' Lateral spre 3d and

accumulatiol ' in fine
grained sedi nents.

-t Natural Attenuatlon

Capnllary Break

’—"r'y,' “:Y"’""?"" e Cap gl 23 ,.1:1' e

v
“ - - J--"
- » ..

v

Recharge
Y

- Fluxto
Gro,undwaterJ
Adapted from Dresel et al. 2011

Resulting
__Plume

Groundwater Flow i

Q REMPLEX
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MNA in Groundwater

N — I

Source Source Natural Attenuation
Flux Capacity

MNA for Vadose Zone/ Groundwater Systems

N —

Source Source Natural Attenuation

\ Flux . Capacity

Vadose Zone
Natural Attenuation

Truex and Carroll 2013
Truex et. al 2015b
Oostrom et al., 2016
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Northwest  Complex Site Approach Elements
Building Blocks

of
Need to Know What is Known Understanding
4 ) 4 ) 4 )
Guidance
and €—> Interpretation [€——> Information
Objectives
\_ _/ \_ _/ \_ _/
- Need for Mitigation - Guidance: Natural - Quantitative - Site Properties
- Determine End State Attenuation, Evaluating Conceptual Site Model - Hydrology
- Select Remedy Source Flux - Performance and - Attenuation
- Manage/Optimize - Objective: Extent and Optimization Processes
Remedy Timing Needed for Evaluations - Remediation
- Remedy Closure Source Remediation - Predictive Modeling Processes
- Data Analytics - Modeling Parameters

- Monitoring Data
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Northwest  |nterpretation

Disposal site —>YXGNN pisposalsite —>YIGNN
* Scoping
= Based on the aqueous discharge S ) )
. . . ontaminate ontaminat
volume and site characteristics,

what is the estimated flux profile
to groundwater?

- Addressing uncertainties M_

= Attenuation processes Truex ot al 2016
i ostrom et a
* Flux estimates for decisions _ 20 |
and verification s |
% 100 -
’ 50{/\
@’ REMPLEX o

oooooooooooooo
@PNNL Time (years)
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Northwest ~ Attenuation Processes st ecctons N et 10 com

T19 [JT1916C\ T19 T25 S9 S9 1 T19 T19 T25 T25 S9 T19 S9

14C CCUc 138 14C 8C 20C 14C 16C 14C 14C 8C 138 20C

304 CCUz ingold H2/CCU H1/H2 (duplicates) CCUz CCUc 2/CCU H2/CCU H1/H2 Ringold H2
H2

304

extract
phase:
B groundwater aqueous
Wo5MCadlz  adsorbed
D acetate pHS  partial CaCO3
[ acetate pH2.3 311 cacO3
D oxalicacid Fe oxides

eo ]
1.0
W 8MHNO3, 95¢ silicates, phosph. 1

« Use a graded approach

= What portion of the contaminant
inventory is mobile?

= How mobile is the contaminant Ik

Uranium pgfg
o
Uranium pg/g
5

0.0

Borehole/Formation

(tra ns po rt p aram ete rs ) ’P _____ Totdl lodjne in Sequential Extractions . Teftal Yodine Leached in 1-D Columns

= What are the controlling
processes (mechanisms)

* Integrate with predictive
modeling to refine estimates and

0.8

[
o
1

extract

phase:
B groundwater aqueous
B 05MCaCl2  adsorbed
D acetate pH5 part CaCOs
D acetate pH 2.3 311 CaCO3

oxalicacid Fe oxides

B 8M HNO3,95C g;_ pgg4.
8M HNOs extraction nof analyzed

lodine pg/g
lodine pg/g

S
IS
1

0.2 4

0.0

Borehole/Formation Borehole/Formation

define verification approach

Tc-99 Pre-Leach Sequential Extractions

€9552 (9552 (9552 C9487 (9487 230° 13D (9487 (9488

104'13C 134° 194" 134 (duplicates) 582" 219
19 30C 17C 20 36C

=
o
=]

extract
phase:

W groundwater  aqueous

M 0.5M CaCi2 adsorbed

M acetate pHS  partial CaC03

L acetate pH 23 3]l CaC03
B oxalic acid Fe oxides
W 8M HND3, 95C

Tc-99 (ug/g)

=3
2
=3
n

Q REMPLEX
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silicates, phosph.

Truex et al. 2017b
juc== Szecsody et al. 2017

0.000

Borehole/Formation



7 Remediation: How do we enhance design,

Pacific . . . . . .

Northwest  Implementation, monitoring, and optimization?
Controlling Effectiveness and Monitoring, Evaluation
Processes Implementability and Optimization

Untreated

[ J an [ J

Cluster 1: 16:40 09/09/18
A e 9 A
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Soil Vapor Extraction (SVE) Endstate

 SVE is effective but will
experience diminishing
returns

Infiltration
EEERE RS

\Vapor Intrusion
Issue? S ¢
Diffusion

ability

How much can remain and not

 How do we evaluate when :
be a threat to groundwater

SVE should be
terminated?

EEEEEEEEEEEEEEEEEEEEEEE
OOOOOOOOOOOOOO

@PNNL

Monitoring Well

=
=

Diffusion ‘

—

—
~—1

Q.
~——

| —
=

"\ Resulting
Groundwater
Plume?
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Pacific _
Northwest  Complex Site Approach Elements
Building Blocks

of
Need to Know What is Known Understanding
4 ) 4 ) 4 )
Guidance
and €—> Interpretation [€——> Information
Objectives
\_ _/ \_ _/ \_ _/
- Need for Mitigation - Guidance: SVE Endstate - Quantitative - Site Properties
- Determine End State Guidance Conceptual Site Model - Hydrology
- Select Remedy - Objective: Determine - Performance and - Attenuation Processes
- Manage/Optimize when remaining Optimization - Remediation
Remedy contamination does not Evaluations Processes
- Remedy Closure pose a risk - Predictive Modeling - Modeling Parameters
- Data Analytics - Monitoring Data

.5 EEEEEEEEEEEEEEEEEEEEEEE
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Northwest  Modeling and Source Definition Approach

Recharge cm/yr

Source Zone

Increasing
with time

Low Permeability J

Groundwater
Source Zone

Contaminant, C |
or M. . Increasing. -

with timesh

Truex et al. 2013

Q REMPLEX Low Permeability J
0

CENTER FOR THE REMEDIATION
OF COMPLEX SITES

@PNNL

Source Zone

Increasing
with time™s

Source Zone

Increasing
with timey

Low Permeability J
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Northwest  SVE Endstate Transport Analysis

A B 9} D E F G H | J K L
* Conduct estimates, evaluate A o e Lo
u I ) V u 22 Described in: Soil Vapor Extraction System Optimization, Transition, and Closure Guidance 2012-Sep-24 "a;_“e m 30Range il Z:ues
23 -
[ ] ] [ [] 1-9°% 1,5,9°
uncertainty, and define verification 3 e
) 25 Scenario Name: — Case A Case B Case C vzr 10-60 10, 30, 60
26 Contaminant.  — CT TCE TCE L varies® =
a ro a C h 27 T Temperature:  [°C] 19.6 20 20 - o —
30 w AVg. Moisture Content: [VVt %] 8 1 1 q 0.005-03 0.005,0.03,0.3
31 R Avg. Recharge: [cm/yr] 0.5 0.5 0.5 d 10, 25,50,75,100 | 10, 25, 50, 75, 100
32 vzZT Vadose Zone Thickness:  [m] 60 30 30 s 5-30 5
33 L1 Depth to Top of Source:  [m] 40 21 21 = et —
34 z Source Thickness:  [m] 10 5 5 i 01-3000 ot 3 rmontts elepsed time
35 w(=l) Source Width (= Length):  [m] 50 15 15 S8 fostnates below:
36 q GW Darcy Velocity: [m/day] 0.3 0.165 0.165 Recharge
. 37 d Distance to Compliance Well:  [m] 25 50 50 3 ‘ ‘ ‘
http://bioprocess.pnnl.qov/ISVEET Request.htm 38 s Compl WellScreenLength: [m] 5 10 10
39 Source Strength Input Type: — |Gas Concentration|Gas Concentration| Mass Discharge
40 Cgs Source Gas Concentration: [ppmv] 159 50
41 Mg Source Mass Discharge: [g/day] 10
42
43 Calculatedlnput L A
46 STR Source Thickness Ratio™:  [-] 0.167 0.167 0.167
48| SA Areal Footprint of Source™:  [m?] 2500 225 225
50 RSP Relative Source Position™:  [-] 4.00 5.25 5.25
52 L2 Distance — Source to GW:  [m] 10.00 4.00 4.00
53 H Henry's Law Constant™:  [-] 0.890 0.263 0.263
61 Groundwater
62 Result - Estimated Groundwater Contaminant Concentration at Selected Compliance Well _ -
65 Cy Final Groundwater Conc'n:  [ug/L] | 16 | 15 | 31 Cortaminant, Co, O My
66
67 * See below for permissible ranges of intermediate calculated values.
68 ** See the 'HLC' worksheet for details of the temperature-dependent calculation of H.
69
70  [Parameter |Permissible ® The pre-modeled scenarios actually use residual saturation (S), not ° The range for L1is variable (with a maximum range of 0.5 - 49 m) because
Name Range Key Values gravimetric moisture content. However, for user convenience gravimetric it is a function of the permissible range for RSP and the input values of z
71 STR 0.1-05 0.1,025,05 moisture content is used as the input parameter. The key values for S, and VZT.
72 < 1002500 | 100, 200, 900, 2500 were 0.05, 0.3, and 0.55, which correspond to moisture content values of ® The range for z is variable (with a maximum range of 1 - 30 m) because it
ReP 0110 - o1 '1 16 08078, 4843, and 8.879, respectively. Again for convenience, the is a function of the permissible range for STR and the input value of VZT.
73 T 0'5'49 — moisture content range is truncated at 1 wt% and extended to 9 wi%, ® The range for w is a function of the permissible range for SA and the
74 = — although values at or above 8.879 wt% are treated as S,values of 0.55. . square footprint of the source area.
H w;‘*’";ﬁ"‘:"‘ 0.89 ° The applicability of the estimation approach used here should be " The source width must be less than or equal to 20 m to use d = 10.
75 = confirmed for sites with recharge between 2.5 and 7.5 cmfyr. See Section
76 4221 of the PNNL report entitted Soil Vapor Extracton System
E R E M P LEX 77 Optimization, Transition, and Closure Guidance for further discussion.
CENTER FOR THE REMEDIATION 78

OF COMPLEX SITES za , R
@PNNL M_ < » M Notice | SVEET /HLC 1/


http://bioprocess.pnnl.gov/SVEET_Request.htm
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Pacific

Northwest  P&T Performance Assessment and Exit Strategy

Chromate plume Chromate precipitate in source area
« Chromate is mobile i e | s
and should be
amenable to P&T

* Persistent areas of
plumes: identify
cause and address
as part of exit
strategy

« Sediment and
leaching analysis
identify source
characteristics and
soil flushing options

Q REMPLEX
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Pacific _
Northwest  Complex Site Approach Elements
Building Blocks

of
Need to Know What is Known Understanding
4 ) 4 ) 4 )
Guidance
and €—> Interpretation [€——> Information
Objectives
N\ / N\ / N\ /
- Need for Mitigation - Guidance: P&T Exit - Quantitative - Site Properties
- Determine End State Strategy, Evaluating Conceptual Site Model - Hydrology
- Select Remedy Source Flux - Performance and - Attenuation
- Manage/Optimize - Objective: Quantify Optimization Processes
Remedy Secondary Source Evaluations - Remediation
- Remedy Closure Strength - Predictive Modeling Processes
- Data Analytics - Modeling Parameters

- Monitoring Data

.5 EEEEEEEEEEEEEEEEEEEEEEE
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7 Design-Stage Decisions:
Northwest ~ Amendment Injection Monitoring

Particulate amendment
« Concern about evaluating ' " —

in situ distribution of

particulate amendments

—
>
L =

e Can geophysics be applied
to image the distribution”?

 Data inversion techniques .
allow for upfront synthetic i
evaluation of geophysics el
resolution e

IW

Lg% REMPLEX ’
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Pacific _
Northwest  Complex Site Approach Elements
Building Blocks

of
Need to Know What is Known Understanding
4 ) 4 ) 4 )
Guidance
and €—> Interpretation [€——> Information
Objectives
N\ / N\ / N\ /
- Need for Mitigation - Guidance: Geophysics - Quantitative - Site Properties
- Determine End State Data Inversion Conceptual Site Model - Hydrology
- Select Remedy Approaches (E4D) - Performance and - Attenuation Processes
- Manage/Optimize - Objective: Measure in Optimization - Remediation
Remedy situ amendment Evaluations Processes
- Remedy Closure distribution - Predictive Modeling - Modeling Parameters
- Data Analytics - Monitoring Data

.5 EEEEEEEEEEEEEEEEEEEEEEE
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» Technical guidance and use of objectives- and interpretation-driven
approaches facilitate remedy decisions

* Applying and developing technical guidance, fostering appropriate
capabilities, and enabling collaborative efforts are key elements for REMPLEX

* Develop and make available technical guidance documents as resources
» Develop interpretation tools such as data analytics, modeling, and geophysical data
Inversion

= Make available and apply laboratory and field investigation capabilities to obtain
actionable information

* Promote collaborative efforts to address environmental site issues, especially for
complex sites

EEEEEEEEEEEEEEEEEEEEEEE




o

Pacific

Northwest  Summary

» Technical resources are needed to support defining the right level of detail for
remedy decisions at complex sites

* An integrated approach tying information, interpretation, objectives, and
guidance to decisions can facilitate efforts at complex sites

* Determining what we “need to know” can use an integrated approach and
technical guidance that provide a framework for identifying information
sufficient for decision making

EEEEEEEEEEEEEEEEEEEEEEE
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Thank you

remplex@pnnl.gov

www.pnnl.gov/projects/remplex
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Technical Leadership

Independent technical resource with proven track record of
supporting deployment of advanced technologies and
alternative strategies

Multi-institutional Collaborations
Integration and leveraging across federal
and private partnerships to facilitate
solution development

REMPLEX

CENTER FOR THE REMEDIATION
OF COMPLEX SITES

@PNNL

Solution Development

Leverage existing capabilities spanning all TRLs to
provide solutions in adaptive remediation and long-term
stewardship that enable risk-based remediation

www.pnnl.gov/projects/remplex
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