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In Situ Remediation ITRC is a state-led coalition
working to advance the use
Performance of innovative environmental
technologies and approaches
FRTR: SYNTHESIZING EVOLVING CSMs WITH APPLICABLE REMEDIATION TECHNOLOGIES -
to translate good science

Team Leads: Dave Scheer, Minnesota PCA & Janet Waldron, Massachusetts DEP into better deC|S|on—mak|ng.

Presented by:  Kristopher McCandless, Virginia DEQ

Our Unigue Network

m State/City/Local Government
Federal Government

M Private Sector

907
Members

W Academia
m Stakeholders
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Benefits to DOD and DOE ITRC Accomplishments

» Facilitate interactions between federal managers and state regulators Educates state regulators on the use of innovative technologies

» Increase consistency of regulatory requirements for similar
environmental problems in different states

» Provide harmonized approaches to using innovative technology across
the nation
» Reduce review and approval times for those innovative approaches

Promotes the use of innovative technologies

Unites state approaches to complex topics

Inspires collaboration over adversarial relationships
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How Can YOU Benefit from ITRC?

Take ITRC
Training
Courses

Use ITRC
Documents

Join ITRC
Teams

Optimizing Injection Strategies and In Situ
Remediation Performance

DRAFT
INTERNET BASED DOCUMENT
&
TRAINING

(GOING PUBLIC IN APRIL 2020)

Team Leads:
Dave Scheer, Minnesota PCA
Janet Waldron, Massachusetts DEP
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2020 Teams

» Use of Soil Background Concentrations in Risk Assessment (NEW)
» Per- and Polyfluoroalkyl Substances (PFAS) Update & Training

» 1,4-Dioxane (Continuing until Dec. 2020)

» Harmful Cyanobacterial Blooms (Continuing until Dec. 2020)

» Incremental Sampling Methodology Update (Continuing until Dec. 2020)
» Vapor Intrusion Mitigation Training (Continuing until Dec. 2020)

» Advanced Site Characterization Tools (ASCT) (Due in Early 2020)

» Optimizing Injection Strategies & In Situ Remediation Performance
(Due in April 2020)

What is Optimizatione

Optimization is the effort
(at any clean-up phase)
to identify and implement
actions that improve
effectiveness and cost-
efficiency of that phase.

Ths s the EPA definition cited n ITRCs 2016 Geospatial Analysis Optimization document

Foundation of this Document

» 2011 Integrated DNAPL Site
Strategy (IDSS)

» 2015's IDSS Site Characterization
and Tool Selection Document

» Optimization addressed in other
contexts

» Remediation Process Optimization
(2004) (ITRC-RPO-1, 2004)

» Performance-Based Environmental
Management (ITRC RPO-2, 2007)

» Geospatial Analysis for Optimization
(2016) (GRO-1, 2016)

Welcome

Geospatial Analysis for Optimization at Environmental Sites

Purpose of this Document

High Resolution Site Characterization Tools:
Downhole geophysics, MiHPT/LIF/OIP,
LIDAR, ER, tracer test, GPR, Packer testing

Amendment Selection Table
Delivery Factsheets

Bench or Pilot Test
Performance Monitoring Ny

Remedial Design Characterization

OPTIMIZATION TOOL BOX
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Who is this Document written for?

Structure of this In Situ Optimization Document

» The remediation manager who has had a failure of some type:
» Has pushed or moved the plume where they didn’t want it go
» Amendment is reacting with the geochemistry
» Delivery method not compatible with hydrogeology
» Have successfully cleaned up 50% of the mass and but stalled out for the rest

» The practitioner who is just about to start an in situ remediation project
and wants to make sure they have chosen the correct remedy

» This document is NOT a 101 class for remediation! It assumes a basic
CSM has been established and the hydrogeology is known

» Remedial Design Characterization (Ch 2)

» Amendment, Delivery, Dose Design (Ch 3)

» Implementation & Feedback (Monitoring)
Optimization (Ch 4)

» Regulatory Perspectives (Ch 5)

» Community & Tribal Stakeholder
Considerations (Ch 6)

Hot links * Tables * Mouse-over Definitions * Factsheets * References * Case Studies

The Problem & Need for Optimization Regulatory Linear Paradigm

" . : Preliminary Assessment/Site
» Main goal: clean up sites. Investigation
» Traditional approach to the remedial process

was linear. Remed ation/F ity Study

Out of all the proposals received by state regulators for
remediation projects, about 40% of regulators deemed the

first submittal as incomplete.
Why?

v proposed remedy was not fully supported by the CSM
v CSM was inadequate

v inadequate amendment placement according to the CSM

Interactive/lterative Approach ITRC Documents Support Interactive/lterative
Ap pro O C h ITRC IDSS Document ITRC In-Situ Optimization Document

» Evolution of environmental work has led to
the realization that an iterative approach is
required to efficiently clean up sites.

» ITERATIVE : To state repeatedly, repetitious,
repetitive

» INTERACTIVE: Acting one upon (or with)
the other
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ITRC Documents Support Interactive/lterative

Approach

» Common goal: clean up
sites

» The interactive/iterative
approach will support the
conceptual site models that
change with new information

» In Situ remediation is
particularly suited to the
adaptive approach as
unknowns are refined with
bench tests, and pilot tests.
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Chapter 2: Remedial Design Characterization
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| have a failed remedy.
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Tool: Common Issues Spreadsheet

Common y Encountered Issues Associated W th F eld Implementat on  Chapter 4.

Amendment |Field Implementation -  Challenges, Lessons Learned, Discussion, Document Section, Links
Class Technology, Amendment
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RDC: Remedial Design Characterization

When in situ remedies fail or produce less than optimal
outcomes, it is often due to a lack of detailed data or an
insufficiently developed CSM. Remedial Design

Characterization
The success of in situ remedies is directly related to
a thorough understanding of site and subsurface
conditions.

Remedial design characterization (RDC) is the collection of
additional data, above and beyond what are typically
generated as part of general site characterization studies,
necessary to develop a sufficiently detailed CSM, which
enables a design basis for an in situ remedy.

Objectives:

Identify the data required to obtain a focused understanding of the geologic,
hydrogeologic, geochemical, and microbial nature of the site conditions in specific
support of in situ remedial actions. These parameters inform the remedial approach and
technology selection.

Geology - stratigraphy, mineralogy, fractures, soil properties that define flow regimes
Hydrogeology — heterogeneities, aquifer properties that influence flow and transport
Geochemistry - identify electron acceptors, competitors, and metal mobilization risks
Microbiology - assess degradation potential

AN NN
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Another Comprehensive Tool for RDC

In Situ
Remediation Phase/Stej
Approach i
T T
Abitic | Bi
‘I otic Screeni De: Monitori
Physical Properties
Provenance and Mineralogy M M HIGH. MEDIUM
ptratigraphy M M MEDIUM
Degree of eologic Formation] M M MEDIUM
racture Representative Aperture and " “
Lengt MEDIUM
Fracture Connectivity / Rock Quality M M
i i MEDIUM LEGEND
M, L = Applicability
Fracture Orientation M M MEDIUM
(Grain Size Distril M M Hi, Med, Low
(colors) =Relative
Bulk Density 7 ™ importance of data
- " at the remediation
FFraction of Organic Carbon M M phase indicated
Primary and Secondary Porasity M M

Chapter 3: Amendment, Dose, Delivery Design

Characterization '.\
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Amendment Dosage & Delivery

» Amendment Dose Requirements
» Background Demands
» Target Demands
» Volume Considerations

» Amendment Delivery Optimization

» Grid patterns, Injection & Drift, Recirculation ﬁ.@a @ —, N @
» Overcoming Delivery Problems *%’B @) ) - @

» Fouling and well rehabilitation
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Improve the CSM — Why do it2

Preliminary Site
Why spend more money on o Remediation
characterization, when you could (Phaself) | andRoc

be spending it on cleanup? Rewokans o e
When in situ remedies fail, it is g "

often due to a lack of detailed Eectie Reme,
data or an insufficiently LA e
developed CSM. -

F gure 2-1. Conceptual Project Lifecycle costs with and without RDC (Mod fed from (ITRC 2015) 26

Amendment Selection Table

Description’ Typical Injection/Emplacement Technologics
5 Target COCs 5

Treatment Type

‘Common Biotic Amendments (A1)

Acrobic bioremedition
(L)
Biological oxidation

TABLE 3.3 Deta s of Amendment Types and Typical n ect on/Emplacement Technologies

Delive eCTIO eening Ma aple
Dircct Push | Injection Through|  Elcetro- Solid Emplacement | Permeable
Delivery|Injection (DP)|  Wells & Kineties [Link # Da] Reactive
Technique| [link # D1] Boreholes (This is Hydraulic | Pneumatic | Barriers
[link # D2] injection Delivery Delivery
through wells) | Through Wells |  Through | [link # D7]

ot [link #D3] | & Borcholes | Open

aracteristics [link # D5] Boreholes
B [link # D6
Gravels « Gonic 3 A A m .
Cobbles * (Sonic) . NA NA NA .
Sandy Soils . . .
|(Sm Se. Sp. Sw) e © °
Silty Soils (M1, Mh) . ) . . - -
Clayey Soils (CI, Ch, Oh) . o] . . . .
Weathered Bedrock . . S D v s
Bedmck] /Fractired NA . NA ] @ o]
K =107 To 107 (Low Perm R o . R R R
Soils)
K> 107 (High Perm Soils) . . © ° ° .
Depth > Direct Push .
Capabilities i © °© © ©
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Chapter 4: Implementation, Monitoring, Data Analysis Chapter 4: Optimization Staircase

Crmacerzsion o » Implementation & Optimization Staircase —. Implement
Bacch et » Results of pilot or bench test may lead to another pilot or
P bench test before going for full scale site implementation - l
. N Implementation,
» Optimization not meant to create endless cycle of testing, Monitoring and :
THE OPTIMIZATION " but a cost effective, efficient remediation strategy Data Analysis oy
STAIRCASE o] » Adaptive Implementation and Feedback Optimization l
» Data set for CSM and corresponding design (amendment, U
dose, delivery) will never be perfect or fully complete Optimize
o > | » Staircase always allows for feedback to a design step or the
— e o CSM
Wonoring and i Scal .
Data Anaiyis e

Chapter 4: Monitoring

Adaptive Management's Application in the Superfund Process
“Table 4-1. Typical observations ROD/ROC-AESD
Data Type Scenario Potential Implication’ /’"7 "\ /’ i\
Water Level | Waler level a nearby monitoring wells e, 10.%)show a | This type of reslt may inicate aconnection or prefrental pathway. Be
signifcant incease with very ltle lid njected into the awareofth potenial for daylighiing and for amendment disebuton Aisss k. (ueary  Aswess — (o) = )
injection well location challenges. Performance Plan Performance. Pian R Plan’
Trowure Thjection pressurcs are higher than Gxpecied “Tight ol or ik 10 secton 36,12 biofouling may be causing blockage. z r f \ f \
High pressures may result i fracuring or daylighting, R RIFS RD/RA 0&M
Iguntity e
R e S e >
Pressure Tnjection pressures suddenly drop and flow rale increases. A proferential pathway, 1k (o seetion 3.6.1 fracture, or ity corridor - . o \ &
inay have been incrcepid or an injetion pressue fucure may have Remdial Action Maror
Physical Conductivity, temperature, ourbidiy, or other indicator parameter | This type of result may indicate a connection or preferential pathway \
Parameters ofamendment (e g, TOC, o clor) s bserved a a nearby | between wels. It may sl indicte  highe K areaof the s, reuling -
‘monitoring well (c.2., 10 ) at a lower than planned injection | in a larger than anticipated fractured flow. Remsedial Action Implementation . oDt T .
volume. al o]
004 Fodoa o basclen Armaninan RIS RemagatesaionF ety
@ Expiansion of Sgnincant bareaces Sau  tanane

A Powerful Remediation Design Tool for 2020 Thank You!

Stay Updated on ITRC's Activities

O m

itrcweb.org facebook.com/ifrcweb @ITRCWEB linkedin.com/
company/itrc
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