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Welcome – Thanks for joining
this ITRC Training Class
A Decision Framework for Applying
Monitored Natural Attenuation Processes to
Metals and Radionuclides in Groundwater

ITRC Technical and Regulatory Guidance: A Decision Framework for Applying
Monitored Natural Attenuation Processes to Metals and Radionuclides in
Groundwater (APMR-1, 2010)
Sponsored by: Interstate Technology and Regulatory Council (www.itrcweb.org)
Hosted by: US EPA Clean Up Information Network (www.cluin.org)

Sites contaminated with metals and radionuclides present unique challenges to the development of effective remedial
alternatives that also provide long-term protection to human health and the environment. The high costs of ongoing
conventional treatment, total removal, and/or management combined with the scale of potential health and environmental
risks make it important to evaluate attenuation-based remedial alternatives. Sites that have been identified as having
metal and/or radionuclide contamination include federal facilities, industrial (e.g., mines) sites, disposal sites, and
transportation corridors. Common metals include arsenic, cadmium, chromium, lead, nickel, copper, and selenium. For
radioactive hazardous substances, uranium, radium, strontium, technetium, tritium, and thorium are the most common
contaminants of concern. The attenuation processes affect most metals and radionuclides by changing their valence
state, which in turn affects their solubility and therefore mobility. When properly employed, Monitored Natural Attenuation
(MNA) is an effective knowledge-based remedy where a thorough engineering analysis informs the understanding,
monitoring, predicting, and documenting of natural processes. In order to properly employ this remedy, there needs to be
a strong scientific basis supported by appropriate research and site-specific monitoring implemented in accordance with
quality systems.
This training and the associated ITRC Technical and Regulatory Guidance document, A Decision Framework for Applying
Monitored Natural Attenuation Processes to Metals and Radionuclides in Groundwater (APMR-1, 2010), is intended for
anyone involved with evaluating, investigating, remediating or managing a site that involves metal and radionuclide
contaminants in groundwater. This training and document provides:
-- Introduction to key attenuation processes for metals and radionuclides
-- Information on incorporating MNA into remedial alternatives for metals/rads
-- Overview of the decision framework on MNA for metals and radionuclides in groundwater within the larger evaluation
framework of a contaminated site
For reference during the training class, participants should have a copy of the decision framework, Figure 3-1 on page 48
of the ITRC Technical and Regulatory Guidance document, A Decision Framework for Applying Monitored Natural
Attenuation Processes to Metals and Radionuclides in Groundwater (APMR-1, 2010) and available as a 1-page PDF at
http://www.cluin.org/conf/itrc/apmr/ITRC-APMR-DecisionFramework.pdf.
ITRC (Interstate Technology and Regulatory Council) www.itrcweb.org
Training Co-Sponsored by: US EPA Technology Innovation and Field Services Division (TIFSD) (www.clu-in.org)
ITRC Training Program: training@itrcweb.org; Phone: 402-201-2419
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Housekeeping
X
X

Course time is 2¼ hours
Question & Answer breaks
• Phone - unmute *6 to ask
question out loud
Simulcast - ? icon at top to
type in a question

X

Turn off any pop-up blockers

X

•
X

X

Download slides as
PPT or PDF

Go to slide 1
Move back 1 slide
Move forward 1 slide

Move through slides
• Arrow icons at top of screen
• List of slides on left
Feedback form available from
last slide – please complete
before leaving
This event is being recorded

Go to
last slide

Go to
seminar
homepage

Submit comment
or question
Report technical
problems

Copyright 2012 Interstate Technology & Regulatory Council,
50 F Street, NW, Suite 350, Washington, DC 20001

Although I’m sure that some of you are familiar with these rules from previous CLU-IN events, let’s
run through them quickly for our new participants.
We have started the seminar with all phone lines muted to prevent background noise. Please keep
your phone lines muted during the seminar to minimize disruption and background noise. During the
question and answer break, press *6 to unmute your lines to ask a question (note: *6 to mute again).
Also, please do NOT put this call on hold as this may bring unwanted background music over the
lines and interrupt the seminar.
You should note that throughout the seminar, we will ask for your feedback. You do not need to wait
for Q&A breaks to ask questions or provide comments using the ? icon. To submit
comments/questions and report technical problems, please use the ? icon at the top of your screen.
You can move forward/backward in the slides by using the single arrow buttons (left moves back 1
slide, right moves advances 1 slide). The double arrowed buttons will take you to 1st and last slides
respectively. You may also advance to any slide using the numbered links that appear on the left side
of your screen. The button with a house icon will take you back to main seminar page which displays
our presentation overview, instructor bios, links to the slides and additional resources. Lastly, the
button with a computer disc can be used to download and save today’s presentation slides.
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ITRC Disclaimer
X

X

X
X

X

This material was sponsored by an agency of the United States Government.
The views and opinions of authors expressed herein do not necessarily state
or reflect those of the United States Government or any agency thereof and no
official endorsement should be inferred.
The information in ITRC Products was formulated to be reliable and accurate.
However, the information is provided "as is" and use of this information is at
the users’ own risk. Information in ITRC Products is for general reference only;
it should not be construed as definitive guidance for any specific site and is not
a substitute for consultation with qualified professional advisors.
ITRC Product content may be revised or withdrawn at any time without prior
notice.
ITRC, ERIS, and ECOS make no representations or warranties with respect to
information in its Products. ITRC, ERIS, and ECOS will not accept liability for
damages of any kind that result from acting upon or using this information.
ITRC, ERIS, and ECOS do not endorse or recommend the use of specific
technology or technology provider through ITRC Products.

This material was prepared as an account of work sponsored by an agency of the United States Government.
Neither the United States Government nor any agency thereof, nor any of their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of
any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring
by the United States Government or any agency thereof. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or any agency thereof and no official
endorsement should be inferred.
The information provided in documents, training curricula, and other print or electronic materials created by the
Interstate Technology and Regulatory Council (“ITRC” and such materials are referred to as “ITRC Materials”) is
intended as a general reference to help regulators and others develop a consistent approach to their evaluation,
regulatory approval, and deployment of environmental technologies. The information in ITRC Materials was
formulated to be reliable and accurate. However, the information is provided "as is" and use of this information is at
the users’ own risk.
ITRC Materials do not necessarily address all applicable health and safety risks and precautions with respect to
particular materials, conditions, or procedures in specific applications of any technology. Consequently, ITRC
recommends consulting applicable standards, laws, regulations, suppliers of materials, and material safety data
sheets for information concerning safety and health risks and precautions and compliance with then-applicable laws
and regulations. ITRC, ERIS and ECOS shall not be liable in the event of any conflict between information in ITRC
Materials and such laws, regulations, and/or other ordinances. The content in ITRC Materials may be revised or
withdrawn at any time without prior notice.
ITRC, ERIS, and ECOS make no representations or warranties, express or implied, with respect to information in
ITRC Materials and specifically disclaim all warranties to the fullest extent permitted by law (including, but not
limited to, merchantability or fitness for a particular purpose). ITRC, ERIS, and ECOS will not accept liability for
damages of any kind that result from acting upon or using this information.
ITRC, ERIS, and ECOS do not endorse or recommend the use of specific technology or technology provider
through ITRC Materials. Reference to technologies, products, or services offered by other parties does not
constitute a guarantee by ITRC, ERIS, and ECOS of the quality or value of those technologies, products, or
services. Information in ITRC Materials is for general reference only; it should not be construed as definitive
guidance for any specific site and is not a substitute for consultation with qualified professional advisors.
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ITRC (www.itrcweb.org) – Shaping the
Future of Regulatory Acceptance
X
X

Host organization
Network
• State regulators

X

•
•
•
•

 All 50 states, PR, DC

• Federal partners
X

DOE

DOD

EPA

• ITRC Industry Affiliates
Program

Wide variety of topics
Technologies
Approaches
Contaminants
Sites

Products

• Technical and regulatory
guidance documents

• Internet-based and
classroom training

• Academia
• Community stakeholders

The Interstate Technology and Regulatory Council (ITRC) is a state-led coalition of
regulators, industry experts, citizen stakeholders, academia and federal partners that work to
achieve regulatory acceptance of environmental technologies and innovative approaches.
ITRC consists of all 50 states (and Puerto Rico and the District of Columbia) that work to
break down barriers and reduce compliance costs, making it easier to use new technologies
and helping states maximize resources. ITRC brings together a diverse mix of
environmental experts and stakeholders from both the public and private sectors to broaden
and deepen technical knowledge and advance the regulatory acceptance of environmental
technologies. Together, we’re building the environmental community’s ability to expedite
quality decision making while protecting human health and the environment. With our
network of organizations and individuals throughout the environmental community, ITRC is a
unique catalyst for dialogue between regulators and the regulated community.
For a state to be a member of ITRC their environmental agency must designate a State
Point of Contact. To find out who your State POC is check out the “contacts” section at
www.itrcweb.org. Also, click on “membership” to learn how you can become a member of an
ITRC Technical Team.
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ITRC Course Topics Planned for 2013 –
More information at www.itrcweb.org
Popular courses from 2012

X
X
X
X
X
X
X
X
X
X
X
X
X
X

New in 2013

Decision Framework for Applying Attenuation X Environmental Molecular
Processes to Metals and Radionuclides
Diagnostics
Development of Performance Specifications
X Biochemical Reactors for
for Solidification/Stabilization
Mining-Influenced Water
Green and Sustainable Remediation
X
Groundwater Statistics and
Integrated DNAPL Site Strategy
Monitoring Compliance
LNAPL 1: An Improved Understanding of
LNAPL Behavior in the Subsurface
2-Day Classroom Training:
LNAPL 2: LNAPL Characterization and
X Light Nonaqueous-Phase
Recoverability - Improved Analysis
Liquids (LNAPLs):
LNAPL 3: Evaluating LNAPL Remedial
Science, Management,
Technologies for Achieving Project Goals
and Technology
Mine Waste Treatment Technology Selection
Project Risk Management for Site Remediation
Use and Measurement of Mass Flux and Mass Discharge
Use of Risk Assessment in Management of Contaminated Sites
Soil Sampling and Decision Making Using Incremental Sampling
Methodology (2 parts)
Bioavailability Considerations for Contaminated Sediment Sites
Biofuels: Release Prevention, Environmental Behavior, and Remediation

More details and schedules are available from www.itrcweb.org.
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Meet the ITRC Trainers
Ann Charles
New Jersey Dept.
of Environmental
Protection
Trenton, New Jersey
609-984-9752
ann.charles@
dep.state.nj.us

Ryan Fimmen
Geosyntec Consultants
Columbus, Ohio
614-378-7189
RFimmen@
Geosyntec.com

Carl Spreng
Jennifer Nyman
ARCADIS
Emeryville, California
510-735-3012
jennifernyman@
arcadis-us.com

Colorado Department
of Public Health
and Environment
Denver, Colorado
303-692-3358
carl.spreng@
state.co.us

Ann Charles is a Research Scientist with the New Jersey Department of Environmental Protection's (NJDEP) Site Remediation Management and
Response Program in Trenton, New Jersey. Since 1988, Ann has been working for the NJDEP in the Bureau of Environmental Evaluation and Risk
Assessment, overseeing publicly funded investigations and remediations that include radionuclide contaminated sites in the Site Remediation
Program. Program and policy initiatives have involved the current development of soil remediation standards for the State of New Jersey, Technical
Requirements for Site Remediation, New Jersey remedial process optimization team, and biennial certification and cap value teams. Ann has been a
member of the ITRC Radionuclides team since 2004. She earned a bachelor's degree from Franklin and Marshall College in Lancaster,
Pennsylvania in 1982 and a master's degree from Miami University in Oxford, Ohio in 1990.
Jennifer Nyman is a Senior Project Engineer in the Emeryville, CA office of ARCADIS. Since 2006, Jennifer has worked at ARCADIS/Malcolm Pirnie
on applied research projects and as technical lead for field projects with metal/radionuclide or bioremediation components. She specializes in the
characterization and remediation of groundwater and sediment, and is a recognized expert on the topics of bioremediation and metal/radionuclide
contamination. Jennifer has authored numerous scientific and professional papers on these topics, including manuscripts published in the journals
Environmental Science & Technology and Applied and Environmental Microbiology. While at Stanford University, Jennifer assisted in the design and
implementation of bioremediation for a uranium-impacted aquifer in Oak Ridge, Tennessee, that for several decades had received radioactive waste
from nuclear weapons production. She joined the Attenuation Processes for Metals and Radionuclides Team of ITRC in 2008. Jennifer earned a
bachelor’s degree in chemical engineering from Montana State University in Bozeman, Montana in 2000 and master’s degree in 2002 and doctoral
degree in 2006, both in Environmental Engineering and Science from Stanford University in Palo Alto, California.
Ryan Fimmen is a research scientist at Geosyntec Consultants in Columbus, Ohio. Ryan started with Geosyntec Consultants in March 2011.
Previously, he worked for 3 years at Battelle where he managed and worked on several projects with metals impacted sediments, soils and
groundwater. Ryan’s primary job responsibilities include development and execution of bench-scale and field-scale research studies in the area of
soil/groundwater remediation. His most recent project experience involves development of a suite of bench-scale experiments to determine the most
effective strategy for remediation of mercury impacted lake and river (freshwater) sediments. Ryan has also worked with the EPA to develop a
technical resource document on the topic of monitored natural recovery of sediments impacted with metal and/or organic contaminants. Ryan joined
the Attenuation Processes of Metals and Radionuclides ITRC team in January 2009 and has worked closely with the team in integrating basic
geochemical processes and principals into the technical regulatory guidance document. Ryan earned a bachelor’s degree in chemistry from Carleton
College in Northfield, Minnesota in 1995, a master’s degree in chemistry from the University of Wisconsin-Madison in Madison, Wisconsin in 1998,
and completed his doctoral studies in geochemistry from Duke University in Durham, North Carolina in 2004.
Carl Spreng is a project manager at the Colorado Department of Public Health and Environment overseeing environmental restoration at DOE's
Rocky Flats site and has been with the Department since 1991. Previously, he worked as an energy exploration geologist involved in searching for
such diverse energy sources as oil shale, tar sands, coal, uranium, and oil & gas. Since 1999, Carl has been the co-leader of ITRC Radionuclides
Team and is an instructor on all of the team's Internet-based training courses. Carl earned a bachelor's degree in 1975 and a master's in 1977, both
in geology from Brigham Young University in Provo, Utah.
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ITRC Attenuation Processes for Metals and
Radionuclides (APMR) Team

X
X
X

Develop consistent approach to evaluate
attenuation-based remedies
Pool technical and regulatory knowledge
Issue guidance documents and offer training

The ITRC APMR Team has a widespread membership base that includes regulators from
EPA headquarters, regional EPA offices, Dept of Energy, State regulators from nearly 10
states, tribes, public stakeholders, contractors, and representatives from National
laboratories
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Why Consider Attenuation-Based
Remedies?

Figure 1-1

Thousands of sites contaminated with metals and / or radionuclides
These are long-lived contaminants that cannot be physically destroyed
Intractable site closure
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How Will You Evaluate AttenuationBased Remedies?
X

X

You will be submitting or
reviewing proposals for
attenuation-based remedies
You will be deciding if an
attenuation-based remedy
is appropriate

No associated notes.
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Why We’re Here Today

X

X
X

Provide framework to evaluate
Monitored Natural Attenuation
(MNA) for groundwater
contaminated with metals or
radionuclides
Strong scientific basis
Governing policies and
guidelines

Photo is from Weldon Springs DOE Superfund Site, near St. Louis, Missouri
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Definitions

X

Monitored Natural Attenuation
(MNA) includes processes that
act without human intervention to
reduce the mass, toxicity,
mobility, volume, or concentration
of contaminants

X

Enhanced Attenuation (EA)
uses engineered technologies to
augment the natural attenuation
processes

Monitored Natural Attenuation (MNA) includes processes that, under favorable conditions,
act without human intervention to reduce the mass, toxicity, mobility, volume, or
concentration of contaminants in soil or groundwater.
Enhanced Attenuation (EA) is the use of low-energy, long-acting (sustainable) technologies
to augment the natural attenuation processes, essentially bridging the gap between highenergy, short-term remedial alternatives and MNA.
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Types of Sites

X
X
X
X
X
X

Nuclear production sites
Disposal sites
Mining operations
Agricultural applications
Federal facilities
Industrial facilities

There are many sites with potential for metals or rad contamination, and there are many
types of waste release scenarios.
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Types of Contaminants
X
X
X

Common site contaminants: As, Pb, Cr, U, Th
EPA’s 2007 MNA guidance
Framework applies to other rads and metals also

Figure 1-2

For more details, see Figure 1-2 and Section 1.1.2 of our companion document.
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Decision Framework Preview

X

X

X

Provides a consistent
and logical evaluation
process
Emphasizes the
interrelationships
between source,
plume, and remedy
Technically defensible

Figure 1-3

This graphic is a simplified version of the MNA Decision Framework.
The full Decision Framework is discussed in detail in Module 3 and in Chapter 3 of the
companion document, Figure 3-1.
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Course Roadmap

X
X

X
X
X

Introduction
Module 1: Viability of MNA
as a Remedial Alternative
for Metals / Radionuclides
Module 2: Introduction to
Attenuation Processes
Module 3: Decision
Framework
Conclusions

This is our roadmap for today’s presentation
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A Decision Framework for Applying
Monitored Natural Attenuation
Processes to Metals and
Radionuclides in Groundwater

MODULE 1:
1
Viability of MNA as a Remedial Alternative
for Metals / Radionuclides

No associated notes.
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Module 1: Viability of MNA as a Remedial Alternative

Barriers to Acceptance
X
X
X
X

Controversial as a remedy
Need for consistent policies, training
Factors affecting acceptance
Advantages, challenges

Some perceptions may result from a lack of experience with metals and radionuclides.
One example challenge is the potentially long timeframes associated with attenuation
processes.
In order to properly employ this remedy, there needs to be a strong scientific basis
supported by appropriate research and site-specific monitoring implemented in accordance
with quality controls.
Most of the topics of this module are covered in Section 4 of the guidance document
(Regulatory Overview).
Also refer to the ITRC document Enhanced Attenuation: Chlorinated Organics, from 2008:
http://www.itrcweb.org/guidancedocument.asp?TID=50.
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Module 1: Viability of MNA as a Remedial Alternative

Regulatory Systems: Federal
X

X
X

1999 EPA Office of Solid
Waste and Emergency
Response (OSWER)
Directive
Policies for site remediation
(e.g., CERCLA)
EPA policy on MNA
forthcoming

Federal regulations are covered in Section 4.1 of the guidance document.
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Module 1: Viability of MNA as a Remedial Alternative

Regulatory Systems

EPA documents:
Monitored Natural
Attenuation of Inorganic
Contaminants in
Ground Water
Volumes 1, 2, and 3

http://www.epa.gov/ada/gw/mna.html

Monitored Natural Attenuation of Inorganic Contaminants in Ground Water, Volume 1:
Technical Basis for Assessment EPA 600-R-07-139, 2007
Monitored Natural Attenuation of Inorganic Contaminants in Ground Water, Volume 2:
Assessment for Non-Radionuclides Including Arsenic, Cadmium, Chromium, Copper, Lead,
Nickel, Nitrate, Perchlorate, and Selenium EPA 600-R-07-140, 2007
Monitored Natural Attenuation of Inorganic Contaminants in Ground Water Volume 3:
Assessment for Radionuclides Including Tritium, Radon, Strontium, Technetium, Uranium,
Iodine, Radium, Thorium, Cesium, and Plutonium-Americium EPA 600/R-10/093, 2010

20

Module 1: Viability of MNA as a Remedial Alternative

Regulatory Systems: State
X
X
X

Not an available remedy historically
MNA can fit intent of the existing regulations
Variable policy between states

Section 4.2 of the ITRC guidance document

State regulation of MNA is covered in Section 4.2 of the guidance document.
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Module 1: Viability of MNA as a Remedial Alternative

Survey of State Regulators
X
X
X
X

Little official MNA guidance
Selected on a case-by-case basis
MNA applied at metal/rad sites in 17 of 24 states
responding to survey
Improved policies and guidelines needed

Responding state, MNA applied for
metals/rads

Responding state, MNA not applied for
metals/rads

Responses to other questions of the survey are in Table 4-1 of the guidance document, and
more details are presented in Appendix C.
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Module 1: Viability of MNA as a Remedial Alternative

Factors Affecting Regulatory Acceptance*

X
X
X
X
X
X
X
X

Removal of source
Site characterization
Stable or shrinking plume
Stability of end-products
Availability of other remedies
Timeframe/attenuation capacity
Monitoring program
Contingencies/institutional controls

* Not all factors apply in every case and the list is
not exhaustive

No associated notes.
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Module 1: Viability of MNA as a Remedial Alternative

Case Study: Hanford, WA
Groundwater Near 300 Area Process Trenches
X

109
108

Uranium (ug/L)

500

Water Level

107
106

400

105
300
200

104
Uranium

103
102

100

Water Level Elevation

Interim action
X Unstable
uranium
plume
X Framework
would have
helped

600

101

MCL/DWS

100

Ja
nJa 90
nJa 91
nJa 92
nJa 93
n
Ja -94
nJa 95
nJa 96
nJa 97
n
Ja -98
nJa 99
nJa 00
n
Ja -01
nJa 02
nJa 03
n04

0

Figure B-4

This case study is described in detail in Appendix A of the guidance document.
Source of Figure: Robert G. Ford, Richard T. Wilkin, and Steven Acree, Site
Characterization to Support Use of Monitored Natural Attenuation for Remediation of
Inorganic Contaminants in Ground Water. EPA. 2007
Expedited Response Action to remove contaminated soil from process trenches started in
1991. Discharge of uranium-free water to trench continued, however.
All discharges to process trenches are stopped in December 1994.
Note that the decision framework presented in this training was not available during the
interim remedy selection for this site. Had the framework been available, the interim remedy
likely would not have relied so heavily upon MNA.
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Module 1: Viability of MNA as a Remedial Alternative

Factors Affecting Regulatory Acceptance*

X
X
X
X
X
X
X
X

Removal of source
Site characterization
Stable or shrinking plume
Stability of end-products
Availability of other remedies
Timeframe/attenuation capacity
Monitoring program
Contingencies/institutional controls
* Not all factors apply in every case and the list is
not exhaustive

No associated notes.
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Module 1: Viability of MNA as a Remedial Alternative

Case Study: As, Pb in Marsh Environment

Source
1 Removal

Natural attenuation
of arsenic & lead

2

In Situ Stabilization

Monitoring of GW quality
across marsh – along 3 MNA
path of GW flow
4 Institutional controls were also implemented for this site

No associated notes.
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Module 1: Viability of MNA as a Remedial Alternative

Advantages of MNA for Metals/Rads
X
X
X
X
X
X

Less remediation wastes
Less cross-media transfer
Reduced risk of human exposure
Smaller footprint
Used with other remedial measures
Generally lower overall remediation costs

These lists of advantages and challenges of natural attenuation are modified from the 1999
EPA OSWER Directive and guidance from the Alaska Department of Environmental
Conservation.
Expanded lists are in Section 4.4 of the guidance document.
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Module 1: Viability of MNA as a Remedial Alternative

Advantages of MNA for Metals/Rads
F-Area Seepage Basins at Savannah River
RCRA Cap
Closed Seepage
Basin
Chemically
Stabilized
Source

Treatment
(Base Addition)
Stream

Vadose Zone

Contaminated-Saturated Zone
380-m (1250-ft)
Tan Clay Confining Unit

Treated-Saturated
Zone
150-m (500-ft)

Figure B-9

Additional details are presented in Appendix A and Section 6 of the guidance document.
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Module 1: Viability of MNA as a Remedial Alternative

Advantages of MNA for Metals/Rads
X
X
X
X
X
X

Less remediation wastes
Less cross-media transfer
Reduced risk of human exposure
Smaller footprint
Used with other remedial measures
Generally lower overall remediation costs

These lists of advantages and challenges of natural attenuation are modified from the 1999
EPA OSWER Directive and guidance from the Alaska Department of Environmental
Conservation.
Expanded lists are in Section 4.4 of the guidance document.
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Module 1: Viability of MNA as a Remedial Alternative

Challenges of MNA for Metals/Rads
X
X
X
X
X
X

Significant site
characterization
Persistence in the
subsurface
Long-term immobilization
Long-term monitoring
Timeframes
Education and outreach
efforts
Photo courtesy of the U.S.
Department of Energy

In the photo, a groundwater remediation project crew is conducting a sampling at a
Geoprobe borehole near Hanford's U Plant Processing Canyon. The photo was taken in
2005.
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Module 1: Viability of MNA as a Remedial Alternative

Tribal and Stakeholder Issues
X

Stakeholders want

•
•
•
•
X

Minimal exposure and acceptable risk
Usefulness of the site
Long-term monitoring, institutional controls
Well-defined contingency plan

Tribal nations as stakeholders

Stakeholder issues are covered in Section 5 of the guidance document.
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Module 1: Viability of MNA as a Remedial Alternative

Key Points
X
X
X

Usually employed with other remedial
technologies
Satisfies regulatory requirements
Improved guidelines needed

No associated notes.
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A Decision Framework for Applying
Monitored Natural Attenuation
Processes to Metals and
Radionuclides in Groundwater

MODULE 2:
2
Introduction to Attenuation Processes

No associated notes.
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Module 2: Introduction to Attenuation

Processes Learning Objectives
X
X
X
X

Learn about attenuation processes for metals
and radionuclides
Understand the relationship between attenuation
processes and aquifer properties
Understand reversibility of metals attenuation
and the need for long-term monitoring
Hypothetical case study

• Co-precipitation of Ni with FeS

No associated notes.
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Module 2: Introduction to Attenuation Processes

MNA Processes
X

MNA processes include

•
•
•
•
X

Precipitation / co-precipitation
Sorption
Radioactive decay
Dilution / dispersion

At most sites sorption, precipitation, or coprecipitation will be attenuation mechanism

• Balance between forces that tend to keep
contaminant in solution vs. forces that tend to
partition contaminant to solid

Precipitation binds a contaminant within a mineral that has the contaminant as a major
component (Example: cerussite PbCO3)
Co-precipitation binds a contaminant within a mineral in which the contaminant is a minor
component (Example: hematite containing chromium Fe1.9Cr0.1O3)
Sorption binds a contaminant at the surface of a mineral - the term sorption often includes
adsorption, ion exchange, and in some cases absorption; adsorption is the electrostatic
attraction of an ion to the surface of a mineral; cation exchange is the electrostatic attraction
of an ion to the surface of a mineral followed by that ion replacing an ion from the mineral;
absorption is typically diffusion of an ion into a microporous surface of a mineral or organic
matter.
Radioactive decay is an intrinsic property of the contaminant
Dilution/dispersion is a hydrodynamic process rather than a chemical process - USEPA
strongly discourages acceptance of dilution/dispersion as a primary attenuation mechanism
in applications of MNA
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Module 2: Introduction to Attenuation Processes

Important Chemistry: pH
X

pH is measure of
how acid water is

pH of Common Substances
Ammonia Cleanser ~11

• pH = -logaH+
• Hydrogen ion (H+)
concentration high
at low pH
• pH<7 is acid,
pH>7 is base

Natural
Groundwaters

Seawater ~8

Beer 4-5

Lime Juice ~2

No associated notes.
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Module 2: Introduction to Attenuation Processes

Important Chemistry: Eh
X

Eh is measure of
oxidation-reduction
potential (ORP)

+
Iron

• Measure of what
direction electrons will
move in a reaction
and with what energy
X

Rust

Eh

Very generally

• Eh<0 reducing
• Eh>0 oxidizing

Ore

No associated notes.

Iron
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Module 2: Introduction to Attenuation Processes

Contaminant Valence State

Redox potential (Eh)
and pH control valence
state of metals and
radionuclides
X Reaction: Gray line
H2AsO4- + 3H+ + 2e- =
H3AsO3 + H2O
X

• Note pH (H+) and
Eh (e-) involved

1
Eh (volts)

H3AsO4

H2AsO4HAsO4-AsO4---

.5

0
H3AsO3
–.5

H2AsO325°C
2 3 4 5 6 7 8 9 10 11 12
pH

Overall: Eh-pH diagrams valuable to assess attenuation because they show effects of both
master variables
Eh is a measure of oxidation-reduction potential – a major control on the species of
contaminants that have multiple valence states
Eh-pH diagrams are equilibrium diagrams and thus only show what is
thermodynamically favored, not what actually exists
Bullet 1: Common misconception is that Eh is the only control on valence states of
contaminants, but pH is also a major control for many contaminants
if H+ appears in the reaction between species, then pH is a major control
Example: H2AsO4- + 3H+ + 2e- = H3AsO3o + H2O
Bullet 2: Example: As(III) is generally less mobile than As(V)
U(IV) forms less soluble minerals than U(VI)
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Eh-pH Diagrams

X

Eh and pH often combined
to show dominance of
dissolved species and
stability of solid phases
This can help predict how
mobile a contaminant might
be
• As (V) strongly adsorbed
to iron oxides, As (III) is
more mobile
• Under reducing conditions
 As (V) is reduced
 Iron oxides dissolve
 As (III) is mobilized

1
H3AsO4
Eh (volts)

X

As (V)

H2AsO4-

HAsO4-AsO4---

.5

0
H3AsO3

–.5

As (III)

H2AsO325°C
2 3 4 5 6 7 8 9 10 11 12
pH

Overall: Eh-pH diagrams valuable to assess attenuation because they show effects of both
master variables
Eh is a measure of oxidation-reduction potential – a major control on the species of
contaminants that have multiple valence states
Eh-pH diagrams are equilibrium diagrams and thus only show what is
thermodynamically favored, not what actually exists
Bullet 1: Common misconception is that Eh is the only control on valence states of
contaminants, but pH is also a major control for many contaminants
if H+ appears in the reaction between species, then pH is a major control
Example: H2AsO4- + 3H+ + 2e- = H3AsO3o + H2O
Bullet 2: Example: As(III) is generally less mobile than As(V)
U(IV) forms less soluble minerals than U(VI)
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Effect of Redox Potential on Solubility
Example: Chromium
0

0

+++++

+++++

Cr3 (OH)4
–1

Cr3 (OH)4
–1

++++
Cr2 (OH)2

–2

–2

Cr(OH)3 (am)

–3

log a CrO4--

log a CrO4--

–3
–4
–5

--

Cr+++

CrO4

–6
++

CrOH

–7

Cr(OH)3 (am)

–4
–5

Cr+++

--

CrO4

–6

CrOH++

–7

HCrO4-

–8

–8

–9
–10

++++

Cr2(OH)2

+
Cr(OH)
Cr(OH)
2
3 (aq)

–9

25°C
0

2

4

6

8

10

12

14

–10

25°C
0

2

4

pH

Eh = 0.6 volts
-solid phase

6

8

10

12

14

pH

Eh = 0.2 volts
-dissolved species

The solid Cr(OH)3(am) is much more soluble at Eh=0.6 volts and pH=7 (orange dotted line)
than at Eh=0.2 volts and pH=7
Approximately 10-3 moles/liter at Eh=0.6 volts compared to 10-7 moles/liter
at Eh=0.2 volts
Note that the reaction controlling solubility of Cr(OH)3(am) is:
Cr(OH)3(am) + H2O = CrO4-2 + 5H+ + 3eWhere e- are electrons, hence relating the solubility of Cr(OH)3(am) to Eh, while the
presence of H+ in the reaction relates the solubility to pH
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Effect of pH on Adsorption
Adsorption of Cations Increasing
+

+

+
+

+

+

+

+
+

-+

+
+

-

+-

-+ -

-+

pH Increasing
+

Cationic Contaminant

Hydrogen Ion
Figure 2-9

Waters adsorbed to surface of minerals exchange hydrogen ions with pore water as pH
changes
leads to change in surface charge on mineral
The change in charge depends on mineral type
one reason mineralogy is so important
Positively charged contaminants (cations) attracted to negatively charged mineral surface
Adsorb more strongly as pH increases
Negatively charged contaminants behave in the opposite way

41 Module 2: Introduction to Attenuation Processes

Variability of Sorption, Precipitation,
and Coprecipitation
X

X

X

Sorption, precipitation,
and co-precipitation are
chemical reactions
Like other chemical
reactions, the rate and
extent of reaction
depends strongly on
chemical composition of
system
Evolving chemical
compositions can change
attenuation of metals and
radionuclides

Sorption, precipitation, and co-precipitation are chemical reactions
Like other chemical reactions, the rate and extent of reaction depends strongly on chemical
composition of system
Evolving chemical compositions can change attenuation of metals and radionuclides
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Sorption
X

X

The partitioning of a contaminant from the
groundwater onto the surface of a mineral or
organic matter in the aquifer
Common minerals with reactive surfaces

•
•
•
•
•

Phyllosilicates
Oxyhydroxides
Sulfides
Carbonates
Natural organic matter

•
•
•
•
•

Clays
Fe/Mn
Fe
Ca, Fe
Humics

Partitioning often quantified by a coefficient (Kd) where:

Kd =

Concentrat ion ( soil )
Concentrat ion ( water )

The higher the Kd, the larger the mass of contaminant partitioned to the solid. In a simple
system, the Kd value is related to rate of contaminant movement or retardation factor
Use of Kd values is common, but controversial because they do not capture the complexity
of most contaminant plume systems. For example, within a given plume at any one time,
multiple Kd values may be measured for a contaminant because of differences in mineralogy
and/or chemistry. More complex treatments of sorption require more characterization data.
Must balance level of complexity and data needs with level of acceptable uncertainty.
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Geochemical Evolution of Plumes
Biogeochemical Conditions
X

X

X

Contaminant plumes
perturb natural
geochemical conditions
Long-term geochemical
evolution will be back
toward natural conditions
If contaminant is not stable
at natural conditions, MNA
is not likely to be effective

Plume Conditions
(mobile contaminant)
Natural Conditions

Figure 2-5

No associated notes.
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Geochemical Evolution and Gradients

Vadose Zone
Leading Gradient

Vadose Zone
Trailing Gradient

Plume
Groundwater
Flow

Plume

Saturated Zone

Groundwater
Flow

Saturated Zone

Time
Migration of geochemical gradients responsible for geochemical evolution
Figure 2-6

No associated notes.
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Relative Process Timescales
Attenuation Processes – Reaction Times

exchangeadsorption
reactions
sec

min

Precipitation
Co-precipitation

hours

days

months

years

Attenuation process rates relative to groundwater residence times define whether processes
are important or not
surface reactions (sorption) potentially important
precipitation/co-precipitation potentially important
processes that occur at rates on the order of decades less likely to be
important on a waste site scale
radioactive decay of U-238 not an important attenuation mechanism
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Relative Process Timescales
Attenuation Processes – Reaction Times

exchangeadsorption
reactions
sec

min

Precipitation
Co-precipitation

hours

days

solid phase transformation
solid-state diffusion

months

years

Attenuation process rates relative to groundwater residence times define whether processes
are important or not
surface reactions (sorption) potentially important
precipitation/co-precipitation potentially important
processes that occur at rates on the order of decades less likely to be
important on a waste site scale
radioactive decay of U-238 not an important attenuation mechanism
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Relative Process Timescales

Rn-220 (56sec)
exchangeadsorption
reactions
sec

min

radioactive decay
I-131 (8 days)

Precipitation
Co-precipitation

hours

days

Sr-90 (28 yrs)
solid phase transformation
solid-state diffusion

months

U-238 (109 yrs)

Attenuation Processes – Reaction Times

years

Attenuation process rates relative to groundwater residence times define whether processes
are important or not
surface reactions (sorption) potentially important
precipitation/co-precipitation potentially important
processes that occur at rates on the order of decades less likely to be
important on a waste site scale
radioactive decay of U-238 not an important attenuation mechanism
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Relative Process Timescales
Attenuation Processes – Reaction Times

exchangeadsorption
reactions

sec

min

Precipitation
Co-precipitation

hours

days
surface water

Sr-90 (28 yrs)
solid phase transformation
solid-state diffusion

months

U-238 (109 yrs)

radioactive decay
I-131 (8 days)

Rn-220 (56sec)

years

ground water

Transport Processes – Hydraulic Residence Times

Attenuation process rates relative to groundwater residence times define whether processes
are important or not
surface reactions (sorption) potentially important
precipitation/co-precipitation potentially important
processes that occur at rates on the order of decades less likely to be
important on a waste site scale
radioactive decay of U-238 not an important attenuation mechanism
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What Controls Contaminant Transport
X

X

X

Source nature
• Mass
• Form
Physical constraints
• Infiltration rate
• Groundwater flow
Chemical constraints
• Contaminant properties
• Aquifer sediment

Mass Loading
Attenuation
Capacity

MNA Possible
Attenuation
Capacity

properties
X

• Groundwater chemistry
Microbiological
constraints
• Indigenous microbial

Mass Loading

community
• Nutrient availability

MNA Unlikely

Source nature: Mass and Form
Physical constraints: (forces that drive contaminant movement)
Infiltration rate and subsurface flow velocities and flow paths
Chemical constraints: (forces that drive attenuation/mobilization reactions)
Contaminant properties (electronic structure, decay rate)
Aquifer sediment properties (mineralogy, texture)
Groundwater chemistry (dissolved constituents, pH, redox potential)
Microbiological constraints: (forces that affect rates of chemical reactions)
Indigenous microbial community and Nutrient availability
Overall: Physical, chemical, and microbiological constraints are interrelated
Bullet 1: Form of contaminant disposal very important to transport – cadmium released in an acidic solution is
likely to reach groundwater faster than cadmium in a solid form in a landfill
Bullet 3: Contaminant properties: electronic structure of contaminant determines its chemical behavior
- Aquifer/sediment properties: mineralogy important to sorption, may provide ions that promote precipitation, may
provide ions that keep contaminant in solution, may control pH and/or redox potential; texture includes grain size
distribution and spatial distribution of fine grained minerals – important to sorption and groundwater flow
- Groundwater chemistry: dissolved constituents can keep contaminant in solution or promote precipitation, pH
and redox potential are so important to contaminant transport that they are often referred to as master variables
Bullet 4: For microbial processes to be important to natural attenuation the appropriate microbial community must
exist in the subsurface
-To sustain community activity at a level that will affect contaminant transport requires sufficient nutrient
availability
-Rates of microbial processes are sensitive to pH and redox potential, with different processes operating optimally
under different Eh-pH regimes
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Microbial Interactions
X

Microbes use redox reactions to gain energy

• Only affect reactions that are thermodynamically
favorable
X

Microbes can either directly or indirectly change
the valence state of the contaminant

• Result is often a large change in solubility and/or
adsorption
• Change in mobility

Bullet 1: Oxidation-reduction reactions tend to be slow in groundwater systems; redox
couples often out of equilibrium
Microbes catalyze reactions of couples such as NO3-/N2, Fe+3/Fe+2, SO4-2/S-2
Bullet 2: Directly -- microbes can catalyze a contaminant redox couple reaction to change
the valence state
Indirectly -- microbes can catalyze more abundant redox couple reactions and change
overall geochemical conditions, which changes the contaminant valence state
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Site Characterization and Sampling
Considerations
X
X

Reliability of understanding is dependent upon
preservation of subsurface condition while sampling
Geochemical changes during sampling may
dramatically alter our understanding of the natural
attenuation processes

• Directly: by altering the contaminant
e.g.: As(III)
As(V)
• Indirectly: by altering the mineralogy (e.g. Iron)

In Situ / Reduced

Ex Situ / Oxidized

Note the significance of the distribution of arsenic between the +3 and +5 oxidations states
limits and skews the use of predictive modeling of arsenic fate and transport.
Precipitation of iron oxides during sampling can significantly alter attenuation mechanisms
and attenuation capacity, leading to erroneous understanding of aquifer properties and MNA
potential.
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X

X

X

Site Characterization and Sampling
Considerations
Chemical changes during
sampling lead to erroneous
understanding of attenuation
MNA for Zn: Formation of ZnSulfide. Upon sampling,
sulfides are oxidized, and
capacity is underestimated
MNA for As: sorption onto
Ferric oxides. Upon sampling,
iron oxides precipitate and
capacity is overestimated

Formation of
Zn Sulfide

Artificial
Arsenic
sorption

Inadequate sample preservation alters the chemistry of the subsurface material, and may
lead to either over- or under-estimation of attenuation capacity.
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Investigating a Suspected Attenuation
Process
X

Example Î Coprecipitation of Ni with FeS
• 0.95Fe2+ + 0.05Ni2+ + HS- → Fe0.95Ni0.05S(s) + H+

X

“Mechanism & Rate” questions to address through
data collection
• Site characterization
 Hydrology, plume mapping, aquifer geochemistry, and

background conditions

• Sample analysis
 Modern analytical/spectroscopic techniques for

laboratory analysis of soils and groundwater
• Bench-scale tests
 Evaluate extent of capacity and process rates

No associated notes.
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Site Characterization
X

Is ambient GW pH significantly different than plume pH?
Could this influence coprecipitation efficiency?
• Background GW data
• Laboratory tests with pH variation

X

What is the source of Fe(II) and HS-?
• Site information on source area waste constituents
• Information/data on microbial processes

X

If source is from microbial reduction, is there sufficient
electron donor supply?
• Information on microbial activity

No associated notes.

55

Module 2: Introduction to Attenuation Processes

Site Data – Sample Analysis
X
X
X
X

Is there sulfate, dissolved sulfide, and Fe(II) in GW?
• GW analysis
Is iron sulfide present in aquifer sediments?
• Acid volatile sulfide analysis
Is Ni associated with iron sulfides in aquifer sediments?
• Extraction, SEM-EDS
Is Ni released from FeS upon exposure to ambient GW
oxygen concentration?
• Laboratory tests using aquifer sediments & ambient GW

No associated notes.
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Bench Scale Tests – Stability and
Reversibility
X

X

X

Does Ni coprecipitate with FeS under GW conditions?
How fast?
• Lab studies
Is Ni released from FeS upon exposure to ambient GW
oxygen concentration?
• Lab tests using aquifer sediments & ambient GW
Is the mass flux of Fe(II) and HS- sufficient to capture Ni
given knowledge of process efficiency?
• Flow data for reactants in combination with lab data on
process efficiency

No associated notes.
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Proposed Framework
X

Emphasizes
interrelationships

•
•
•
•
X

Source
Plume
Remedy
Feedback loops

Greater detail in Module 3

Figure 1-3

No associated notes.
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Question and Answer Break

Introduction
X Module 1: Viability of MNA as
a Remedial Alternative for
Metals/ Radionuclides
X Module 2: Introduction to
Attenuation Processes
Question and Answer Break
X Module 3: Decision
Framework
X Conclusions
X

No associated notes.
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A Decision Framework for Applying
Monitored Natural Attenuation
Processes to Metals and
Radionuclides in Groundwater

MODULE 3:
3
Decision Framework

No associated notes.
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Highlighting Module 2 Key Points
X
X
X
X
X

Metals are not destroyed
Attenuation processes tend to be reversible
Several controlling factors: pH, oxidationreduction potential, presence/absence of iron
Eventually waste sites return to “natural” state
Good indicator of potential success of MNA:

• Contaminants stable when site returns to “natural”
state

No associated notes.
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Goal of Flowchart
X
X

Roadmap for decision making
Framework for

• Transitioning
• Incorporating EPA tiered process for evaluating
MNA
X
X

Decision process for sustainable remedial
alternatives
Defensible protocol

• Documentation for regulators
• Flexibility to incorporate innovative solutions

This framework supports transitioning from active remediation to sustainable solutions. This
is important because metals are not destroyed. Also, many of the radionuclides of concern
have sufficiently long half-lives that for design of treatment systems they can be thought of
as not being destroyed. Thus, treatment systems that will maintain the contaminants in an
immobile and/or less toxic state for the long-term are desirable.
While similar to the ITRC Enhanced Attenuation Chlorinated Organics decision flowchart,
this flowchart focused on metals and radionuclides in groundwater incorporates a four tier
process developed by the US EPA for MNA of inorganics that is discussed in volume 1 of a
3 volume set of technical reports that were published between 2007 and 2010:
Monitored Natural Attenuation of Inorganic Contaminants in Ground Water, Volume 1:
Technical Basis for Assessment EPA 600-R-07-139, 2007
Monitored Natural Attenuation of Inorganic Contaminants in Ground Water, Volume 2:
Assessment for Non-Radionuclides Including Arsenic, Cadmium, Chromium, Copper, Lead,
Nickel, Nitrate, Perchlorate, and Selenium EPA 600-R-07-140, 2007
Monitored Natural Attenuation of Inorganic Contaminants in Ground Water Volume 3:
Assessment for Radionuclides Including Tritium, Radon, Strontium, Technetium, Uranium,
Iodine, Radium, Thorium, Cesium, and Plutonium-Americium EPA 600/R-10/093, 2010
ITRC Enhanced Attenuation: Chlorinated Organics (EACO-1, April 2008) is available from
http://www.itrcweb.org/guidancedocument.asp?TID=50
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Decision Flowchart
X

X

Figure 3-1 of the ITRC
Technical & Regulatory
Guidance for Applying
Attenuation Processes to
Metals and Radionuclides
Available on the
Attenuation Processes for
Metals and Radionuclides
resource page at
http://www.itrcweb.org/tea
mpublic_APMR.asp

Figure 3-1

The ITRC Technical & Regulatory Guidance: A Decision-Framework for Applying
Attenuation Processes to Metals and Radionuclides is available from the ITRC website
(www.itrcweb.org) under “Guidance Documents” and “Attenuation Processes for Metals and
Radionuclides”.
As discussed in section 2.3.5 of the tech reg document and module 2 of this training,
individual metals may behave differently to a single geochemical environment. Thus,
movement through the framework and effective treatment technologies may be unique to
each contaminant.
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Structure & Logic
X
X
X
X

Iterative process
Entry/exit points are not
prescribed
Contingency planning is
part of entire process
Emphasizes a system’s
approach

Figure 1-3

Metals and radionuclides persist in the environment. Treatments, other than removal, are
focused on either immobilization or transformation, unlike organics that are focused on
destruction or biological degradation. This is true of active treatments in the source or plume
or of enhanced attenuation technologies. In section 2.1.6, waste site evolution is discussed.
Due to the persistence of metals and radionuclides and the effect of changing subsurface
conditions on the stability of these contaminants, understanding how the waste site will
evolve and the “final state” of those conditions is a key factor in developing a remediation
plan that will foster meeting the remediation goals for the site and maintaining that protective
state for the long-term.
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Waste Site Evolution & the Framework

X
X
X

Mother Nature
Biogeochemical Conditions
rules
Don’t push the
rock up the hill
Background
conditions should
support
attenuation

Plume Conditions
(mobile contaminant)

Natural Conditions

Figure 2-5

Waste sites are created by introducing “foreign” material into the subsurface over a
timeframe that may range from a single short-lived event to a long-term continuous
discharge. These events/discharges are typically aqueous in nature. In the case of
discharges that result in metals contamination of the subsurface, the process that produces
the aqueous waste is typically designed to keep metals in solution. These fluids when
introduced will alter the subsurface geochemical environment. After the discharge of waste
ceases, up flow (background) groundwater will flow into the system (trailing geochemical
gradient) yielding the long-term geochemical conditions. For success, the metal and
radionuclide contaminants must be stable at these conditions. Treatments that are based on
geochemical conditions that are not consistent with or that cannot be maintained with the up
flow groundwater properties will not be effective over the long-term.
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Key Features/Factors When Using the
Framework
X
X
X

Integrates US EPA’s tiered
approach for MNA
Focused approach to data
collection
Intent is not extensive work or
additional data in each box in
every situation

• e.g., much of Tier I data is
traditional characterization
data for plume delineation

Figure 3-1

No associated notes.
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MNA Evaluation Consistent with 2007 EPA
Guidance
X
X

Four-tiered
approach
Each step
reduces
uncertainty

Source: USEPA

Emphasis of the 4 Tiers:
Tier 1 – Is the plume stable or shrinking
Tier 2 – Identify the attenuation mechanisms that are occurring
Tier 3 – Determine if those mechanisms will be stable and if the attenuation capacity will be
sustainable over the long-term
Tier 4 – Design a performance monitoring plan and contingency plans based on those
mechanisms that are stable and sustainable
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Source and Primary Plume Treatment
X
X

Source generally
requires treatment
For metals and rads,
these actions

• Removal
• Hydraulic control
• Stabilization

Figure 3-1

In general, one thinks of the source as the point where the contaminants are found in the
subsurface in large volume close to the point of discharge. For metals and radionuclides
one may have both primary and secondary sources. Examples include:
A. As you cross a geochemical gradient, in other words you have moved from one waste
compartment to another, a contaminant that was stable becomes mobile and must be
addressed, thus a secondary source.
B. For radionuclides, a secondary source could be a daughter product. This may be
spatially located with the primary source or downgradient.
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Example from Savannah River Site:
Strontium, Uranium, and Iodine
X
X

Source was 3 earthen basins that received acidic
waste from processing operations
Source treatment

• Stabilize soils and cap basins
• Groundwater pump-and-treat

Top photo: One of the 3 basins prior to capping.
Bottom photo: Waste site after capping of the basins was completed.
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Evaluate Treatment Effect on System
X
X
X

Progress in approaching
“background” conditions
Permanence on stabilization
of contaminants
Impacts on naturally
occurring metals

Figure 3-1

No associated notes.
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Example from Savannah River Site:
Strontium, Uranium, and Iodine
X

Source treatment

• Capped basins
• Pump-and-treat system
X

Effect of source/primary
plume treatment on
system

• All contaminants were
reaching compliance
points
• Groundwater pH and
geochemical setting
fostered contaminants
remaining in solution

Top Photo: Stream downgradient of the waste site. Middle Photo: Savannah River National
Laboratory research collecting field data to support research efforts at the F-Area waste site.
Bottom Photo: Aerial photograph of area downgradient of waste site.
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Tier I: Assess System Hydrology, Groundwater
Chemistry, and Contaminant Distribution

X
X
X

X

Delineate contaminant
distribution
Define the system
hydrology
Provide sufficient data
to support
biogeochemical
evolution
Plume must be stable
or shrinking to pass
Tier I

Figure 3-1
Plume Evolution

The data collected for Tier I may be considered by most, the traditional data set needed to
evaluate if a plume is growing, stable, or shrinking. Because the long-term stability of metals
and radionuclides will be predicated on the geochemistry of the groundwater upflow from the
waste source, a more robust evaluation of the upflow conditions than is typically performed
with organic contaminants, may be warranted.
As outlined in Table 2.1 of the Tech Reg document, the data types and analyses include:
Groundwater flow direction, aquifer hydrostratigraphy, contaminant concentrations in
groundwater and aquifer solids, and general groundwater chemistry.
As discussed in section 2.5, the analyses associated with this tier are readily available from
commercial laboratories.
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Tier II: Evaluate Mechanism(s) and Rate(s)
of Attenuation
X
X

Emphasis is on the
current conditions
Data should
• Delineate
biogeochemical gradients
• Organize contaminants
based on geochemical
parameters that control
the attenuation
• Identify the dominant
mechanisms controlling
contaminant attenuation

X

Figure 3-1

“Reasonable” is
determined by the
decision-making parties

As outlined in Table 2.1 of the guidance document, the data types and analyses include:
detailed characterization of system hydrology, detailed characterization of groundwater
chemistry, subsurface mineralogy and/or microbiology, contaminant speciation, reaction
mechanism evaluation.
While “reasonable” is determined by the decision-making parties, factors influencing that
determination are site and contaminant characteristics, economics (use and value of
property), etc.
Similar to Tier I, the majority of the analyses for Tier II are available from commercial
laboratories.
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Tier III: Mechanism Stability and Capacity

X
X

X

Gathering data to make
projections into the future
Incorporating knowledge
of the background or
natural conditions is
important
Challenges to evaluation
of long-term stability are
• Dynamic nature of the
subsurface
• Long-lived nature of the
contaminants

No associated notes.

Figure 3-1
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Tier IV: Design Performance Monitoring
Program and Contingency Plan(s)
X

Important considerations
when developing a
monitoring network
include
• Contaminant
concentrations should
be at values
approaching the
remedial goals and
contaminant flux, if
evaluated, should be
decreasing
• Concentration and flux
changes should occur
more slowly than in
source and primary
source zones

Figure 3-1

Up-gradient monitoring of controlling geochemical conditions can be incorporated in
monitoring (See section 3.11)
There may be other state and program-specific regulations. These were addressed in
Module 2 of the training and are addressed in Section 4 of the document.
For a discussion on Mass Flux the ITRC in August 2010 published “Use and Measurement
of Mass Flux and Mass Discharge”. This document is available on the ITRC webpage under
document number MASSFLUX-1 at http://www.itrcweb.org/guidancedocument.asp?TID=82
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Can Regulatory Criteria be Met?
X
X
X
X
X

Are risks acceptable?
Is plume stable or
shrinking?
Are conditions
sustainable?
Is remediation timeframe
acceptable?
Are the cost/benefits
acceptable?
Figure 3-1

If each of the decisions have been answered in the positive, you have the technical basis for
approving MNA.
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Evaluate Performance
X

X

X

Are attenuation
mechanisms
sustainable over
time?
Is contaminant
concentrations/flux
decreasing?
Monitoring
biogeochemical
evolution of a site
Figure 3-1

For a successful MNA strategy, the site must be stable over the long-term when conditions
evolve to the natural state. The parameters measured should support this evaluation.
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Enhanced Attenuation
X

X

Provides a “bridge”
between active
remediation and
MNA/closure
Uses engineered
treatments to augment
the natural attenuation
processes
• Low-energy
• Long-acting
(sustainable)

X

Goals of the
enhancements are
based on the decisions
that sent the user to the
enhancements section
of the framework
Figure 3-1

An analysis similar to that conducted in Tier II and III would be conducted.
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Enhancement Categories and Technologies
Enhancement Options

Reduce Source Loadings
Hydraulic Manipulation
• Intercept surface and
stormwater flow (e.g.,
cap/cover system)
• Intercept groundwater
• etc.

Residual Source Reduction
• Substrate amendment
• Bioaugmentation
• Geochemical
manipulation
• etc.

Increase Attenuation Capacity
and/or Stability
• Bioaugmentation
• Biostimulation
– Direct biological reactions
– Biologically mediated
abiotic reactions
• Geochemical manipulation
(e.g., pH, alkalinity, oxidation
state)
– Precipitation
– Adsorption
• Reactive barriers
• etc.

Figure 3-3

Technologies listed in the graphic (figure 3-3 of the Tech Reg document) are examples of
types of treatments. They are listed in no particular order of importance. In 2010, the longterm effectiveness of these technologies at maintaining various metals and radionuclides in
a stable form is being evaluated. For some contaminants present in the groundwater, such
as I-129, technologies have yet to be developed, demonstrated and made commercially
available.
Enhanced attenuation is based on a mass balance between contaminant loading into the
system and the attenuation capacity of the system that will result in contaminants meeting
the remediation goals for the system.
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Example from Savannah River Site:
Strontium, Uranium, and Iodine
X

X

All contaminants were
reaching compliance
points
pH controlling mobility
• Sr and U - Base
injection system to
raise pH and stabilize
contaminants
(developed in 2004,
currently in full-scale
operation)
• I - Amendment
addition changes I
form (currently being
demonstrated at fullscale)

Tobacco
Road
Water table
Irwinton Sand
Tan Clay
Reactive Zone

Diagram is a schematic of the target zone for the base injection. The top photo is of the
installation of the barrier wall. The lower photo is of the above ground infrastructure
associated with the base injection operation. Sodium hydroxide and tri-sodium phosphate
are the base amendments that are injected periodically (injection frequency based on downgradient rebounding of pH) to maintain the pH at near natural pH levels (5.5 to 6). The
treatment system consists of a funnel-and-gate setup, as represented by 3 black lines
downgradient of the seepage basins in Figure B-8 of the Tech Reg document.
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Summary
X

Framework provides

• Decision process for
identifying sustainable
remedial alternatives
• Logic for integrating
EPA’s tiered approach
for MNA
• Logic for transitioning
to EA

Figure 1-3

No associated notes.
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A Decision Framework for Applying
Monitored Natural Attenuation
Processes to Metals and
Radionuclides in Groundwater

Conclusions

No associated notes.
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Recap: Regulatory Considerations

X
X
X
X
X

Federal regulation and guidance
Variability between States
Factors affecting regulatory acceptance
Perceived advantages and challenges
Contingency plans

No associated notes.
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Recap: Attenuation Processes Primer

X
X
X
X

Metals / radionuclides versus organics
Dominant attenuation processes
Relationship between attenuation processes and
aquifer properties
Non-destructive mechanisms
1

As (V)

H3AsO4

-

Eh (volts)

H2AsO4

--

.5

HAsO4

---

AsO4

0

H3AsO3

As (III)

–.5

25°C
2

3

4

5

6

7

8

9

-

H2AsO3
10

11

12

pH

No associated notes.
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Recap: Framework to Evaluate MNA

X

X
X

Logical, iterative
process to incorporate
technically defensible
data
Intensive site
characterization effort
Transition and / or
enhanced attenuation
technologies
Figure 3-1

No associated notes.
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Recap: Summary

X

X

MNA is a viable remedial
alternative, with
associated advantages
and challenges
Decision Framework
provides scientific process
to assess MNA as a
component of a site’s
remedial action

No associated notes.
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Thank You for Participating
X

2nd question and answer break

X

Links to additional resources
• http://www.clu-in.org/conf/itrc/apmr/resource.cfm

X

Feedback form – please complete
• http://www.clu-in.org/conf/itrc/apmr/feedback.cfm
Need confirmation of
your participation
today?
Fill out the feedback
form and check box for
confirmation email.

Links to additional resources:
http://www.clu-in.org/conf/itrc/apmr/resource.cfm
Your feedback is important – please fill out the form at:
http://www.clu-in.org/conf/itrc/apmr/feedback.cfm
The benefits that ITRC offers to state regulators and technology developers, vendors, and consultants
include:
Helping regulators build their knowledge base and raise their confidence about new environmental
technologies
Helping regulators save time and money when evaluating environmental technologies
Guiding technology developers in the collection of performance data to satisfy the requirements of
multiple states
Helping technology vendors avoid the time and expense of conducting duplicative and costly
demonstrations
Providing a reliable network among members of the environmental community to focus on innovative
environmental technologies
How you can get involved with ITRC:
Join an ITRC Team – with just 10% of your time you can have a positive impact on the regulatory
process and acceptance of innovative technologies and approaches
Sponsor ITRC’s technical team and other activities
Use ITRC products and attend training courses
Submit proposals for new technical teams and projects
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