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+ Has your use of MINA included regular evaluations of biodegradation pathways or
just simply “attenuation” (via dilution, dispersion, sorption, etc.)?

+Have you relied on cost, risk tolerance, or political pressure to support an MNA
remedy?



Source Control, Plume Lifecycle, Protectiveness & Restoration, Remedy Selection
Reflecting on Lessons Learned

MNA Strategies and Best Practices:

Adaptive Management

Performance Monitoring and Contingencies

Source Characterization Optimization

Avoiding the Cost Trap P

The session is building off Monitored Natural Attenuation at Remedial Sites - A Foundational Introduction & I -
Conceptual View for Regulators, March 30, 2022. [slides distributed with presentation] g -

/ 7/ — ==



Three Takeaways

Source Control is the Gatekeeper to Successful MNA

Add Accountability Through Contingencies and Adaptive
Management

Don't get stuck in "The Cost Trap" by relying on calculated
groundwater restoration timelines.



The MNA Prerequisite:
SQurce Control

éource control requires active remediation or
physmal/hydrauhc containment of the source mass.

“"Plume Control” is not source control.

Source control success (or failure) is the single
greatest variable determining final cleanup
timeframes.

Implementing MNA without verified, effective source
control is an exercise in futility. ..
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Contaminant Plume Lifecycle

Contaminant Release to Subsurface (Source Material)

Contamination Partitions into Groundwater and Plume Forms

Plume Expands (mass flux outpaces attenuation capacity [Mass IN > Mass OUT])

. S MNA Sweet Spot
Plume Stabilizes (attenuation is equivalent to mass flux [Mass IN = Mass OUT])
Plume Contracts (attenuation exceeds the source mass flux [Mass IN < Mass OUT])

Plume Exhausted (Source depleted, concentrations fall below regulatory standards)

source source source foriner source
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Protectiveness & Restoration

Protectiveness (mitigating exposures) - the Immediate Focus (we're good at this)

Restoration (returning groundwater to its maximum beneficial use)

- The Long-Term Mandate (achievements are few and far between)
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ST Passive Remedies: Managed Natural Mechanisms
ey Balancing Active and Passive Remedies
. INSIDE YOU THERE

’ Technol ‘
) ARE TWO WOLVES + Technology Comparison
Ty ” + Risk Calibration

+ Control

Passive . B S Remedies

Remedies

+ Verification

A reasonable timeframe for natural
attenuation is a “timeframe comparable to -~
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The Fantasy @ Reality
,//,/L/essons Learned

////I\/’(é/jority of RCRA Facilities have >30 ‘ ‘

_“years of environmental data. “ ,) ™~

e

Provides an opportunity to reflect on:
+ Failures and Project Successes
+ Industry Advancements

+ Groundwater Restoration Reality



//Unaddressed Source(s): unidentified,
not-delineated, and not controlled.

Geologic Blindness: misunderstood
contaminant fate and transport.

Missing Science: Don't understand
the kinetics

MNA Implementation

Vague Goals: Unclear restoration
timeframes

Rigid Decision Documents: Lack of ,"
flexibility to transition without re-works. !

Opacity in Remedy Selection: Deviations ~.© /
behind costs, risk tolerance, or agﬁreemep?c%f S



MNA Strategies and Best Practices:

Builds on the MNA Foundational Introduction

Monitored Natural
Attenuation at Remedial Sites

A Foundational Introduction & Conceptual View for Regulators
March 30, 2023

Chris Marks, Ph. D. Arizona Dept. of Environmental Quality
Klara Crincoli, Ph. D. US EPA ORCR
Carolyn Acheson, Ph. D. US EPA ORD (retired)

Disclaimer: The views expressed in this presentation are those of the authors and do not necessarily represent the views
or policies of the U.S. EPA or the Arizona Dept. of Environmental Quality

Covering:
+ Adaptive Management

+ Performance Monitoring and
Contingencies

+ Source Characterization Optimization

+ Avoiding the Cost Trap
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 Strategy: Adaptive Management

| Core Objective: A structured, continuous planning and assessment process to support site progress.
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Strategic Framework Applied to Decision Documents and Performance Monitoring:
-~ = Addresses Data Gaps, Source Failures, Ineffective MNA Remedies Or Cleanup Stagnation
*  Respond Dynamically To Match New Data And Site Conditions

* Avoid Length Administrative Processes, Reworks, And Negotiations

ADAPTIVE SITE MANAGEMENT PLAN

.

— Early Action
Remediation M) {Ramu\.ral OF |y Response

Goal Interim Monitoring P
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/Moving away from
“set-and-forget”
remedies:

Actionable Steps:

« Adding Adaptive Plan Language to Decision Documents

« Adaptive Management Or Monitoring Plans (tracking
remedial progress) and Adding Flexibility for Change

Examples:
» Updating the CSM and Responding to:

New Data or Unforeseen Conditions

Site Reuse and Land Use Changes /

* Meeting Remedial Objectives: e

. . . . . ////// /
Optimizing Performance Monitoring Pt S
Remedy Transitions P
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.~ MNA Expectations as Guardrails:

C s + Use baseline conditions (attenuation mechanisms) and MNA expectations
/ (timeframes, % mass reduction) for comparison in performance monitoring.

+ If MNA departs from expected track use guardrails to initiate contingencies.
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Examples

Contingency Guardrail Triggers Action
Hydraulic Distortions (% shifts) Modify Monitoring
Optimization New Receptor Information and/or
Need Data Gaps Supplem.ent.al
Characterization
Site Reuse or Redevelopment
Trend Reversals, Mass Surges, Expanding Plumes
Stalled Progress (% mass reduction) Remedy Transition
Remediation N and/or
Need Receptor Vulnerability Reevaluation of
Geochemical Failures Reasonable Timeframe
Toxic Daughter Products
Maintain Metrics remain within predictive trends No Action

—



Rethinking Performance Monitoring

Primary Goal: Targeted data to evaluate progress

Core Elements:
+ Monitoring Well Network

+ Sampling Methods, Frequency, Analytical Rigor

+ Data Evaluation (EPA 2011): Well by Well Trends, Spatial
and Mass Analysis, Hydraulic Gradients

Underutilized - Adding Accountability:

+ Guardrails for Contingency Actions

Source

Area

Extent of

Generalized Monitoring Well Network

Dissolved Plume

LEGEND
O Performance Monitoring Well
® Sentinel Well

Source: Missouri DNR 2007. and others

Generalized Monitoring Well Network
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Well not appropriate
for use in evaluating

MNA
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!/ Core Objective: Identifying, Delineating, and Remediation of Unaddressed Sources.

Y An iterative process using desktop audits and targeted data collection.
“ -~ Identifying (suspected) source material:
o Mass and Flux Analytics: stable or increasing trends (analytical data and plume mass)

Plume Geometry & Geologic Reality: Confirmed characterization objectives: Source Delineation
Coupled with Remedy that Controlled (or accounts) for all Source Material.

Forensic & Geochemical Screening: Reviewing data for suspect compound ratios, unexpected co-
contaminants, or geochemical changes.
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' Hydro-Stratigraphic Unit

Source Delineation Objectives

Delineation Metric:

Unsaturated Soil

Leachability: site-specific value, current/future scenario modeling

/ Seasonally Saturated Soil

(smear zone)

NAPL: Presence/absence of mobile and residual phases

High Toxicity [Exposure by Pathway and Magnitude of Risk]

Saturated Soil
(below the water table)

NAPL: Presence/absence of mobile and residual phases.
Solids: leachability / diffusion
Groundwater Analytical

1% Contaminant Solubility [NAPL indicator]

High Concentrations and Toxicity

Bedrock (fractures/matrix)

Same as Saturated Soil and considers fracture network
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Outcomes: Source Characterization Optimization (SCO)

UNSATURATED ZONE

SCO Results:

Action

Suspected Source Material

Investigate & Delineate (If Confirmed)

Confirmed Source Impacting Risk or Goals

Remedy Transition and/or
Evaluation of Reasonable Timeframe

Source Not Identified &
MNA Metrics within Predictive Trends.

No Action -~ - ==
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'/ / / Core Objective: Approach MNA decisions
S with a defensible approach to cost.

1996 RCRA Proposed Rule: Emphasizes cost within balancing criteria.

The Industry Trap (The Reality)
The Profit Drive: Competitive bidding and revenue goals incentivize passive remedies.

This shows up in: Short-Cuts in Efficacy and Source Control

With the outcome of: Generational Kick-the-Can A
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Path 1
Requiring Technical Rigor

2025 MNA Checklist (or equivalent) to
prevent incomplete evaluations.

The Action:

Disapproval unless the facility proves efficacy.

or

Reflect uncertainty in contingencies.

The Evolving Paradigm and ”Tet;hfféiogy d

Path 2
Standardizing the Timeframe

Technology cost-comparison and relying on
mathematical justification.

The Action:

Rely on the cost/benefit analysis to prove a
longer timeframe is justifiable. 4
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for accountability and meet project goals.

4. Source Characterization Optimization: Source zone identification and delineation will

result in better control and lead to defensible decisions on MNA.

5. Avoiding the Cost Trap: Understanding the business of MNA will allow us to better

navigate towards successful groundwater restoration. -



We cannot control institutional limitations, emerging
contaminants, recalcitrant PRPs, or past site decisions, but
we can-prepare our projects for future success.

Questions?
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