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Technical Issues

Natural Attenuation Definition:

Naturally occurring processes in the environment that act
without human intervention to reduce the mass, toxicity,
mobility*, volume or concentration of contaminants

* Immobilization identified as primary process operative for
contaminant metals and metalloids

(SAB Review of EPA’s Research Program for Monitored
Natural Attenuation; EPA-SAB-EEC-01-004)




OSWER Directive Definition for
“Monitored Natural Attenuation”

» (EPA, OSWER Dir-9200.4-17p., 1999)

Reliance on natural attenuation processes to
achieve site-specific remediation objectives
within a time frame that is reasonable compared
to that offered by other more active methods.




OSWER Directive Definition for "Monitored
Natural Attenuation”

> (EPA, Dir 9200.4-17p, 1999)

In-situ processes include: biodegradation,
dispersion, dilution, sorption, volatilization,
radioactive decay, and chemical or biological

stabilization, transformation, or destruction of
contaminants.




Technical Issues

Scientific foundation for assessment and
acceptance:

» Timescale of attenuation process consistent with
regulatory needs for site remediation

» Stability of immobilized contaminant sufficient to resist re-
mobilization due to changes in site geochemistry

» Assessment of immobilization process employing
technically feasible and scientifically defensible analytical
methods

» Geochemical models can be employed to test feasibility of
immobilization process




Scientific and Technical Needs

Framework for screening candidate sites and assessing the
technical requirements to demonstrate viability.

» Identification of contaminant- and site-specific
immobilization processes

» Determination of site-specific rate and capacity of
immobilization process

> Evaluation and codification of test methods to assess
stability of immobilized contaminant

» Development and application guidance on geochemical
models for site characterization
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Framework Document Focus

» Radionuclide and Inorganic contaminants in GW

» Tiered approach for guiding decisions on use of
MNA

» Focus on GW; unsaturated zone treated as
source term

> Addresses both ‘rad’ and ‘non-rad’ elements
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Two major selection criteria

> First, the elements had to be one of high priority
to site remediation or risk assessment activities
for EPA (EPA 1993, EPA 2002).

» Second, selection was based on chemical

behavior considering chemical traits such as:
v’ toxicity,

v cations,

v/ anions,

v' conservatively transported,

v' non-conservatively transported,

v' redox sensitive elements (EPA, 1999A&B)




Selection Criteria Includes

» nonmetals,
transition, noble metals, and lanthanides,

alkaline metals and earths,

vV V VY

actinides and transuranics.




Elements: Radionuclides

Americium Strontium
Cesium Radon
Cobalt Technetium
Iodine Thorium
Plutonium Tritium

Radium Uranium




Elements: Non-Radionuclides

Arsenic Nickel
Cadmium Nitrate
Chromium Perchlorate
Copper Selenium
Lead Zinc

Mercury




Technical Support Document Structure

> Three major volumes:

e Volume I, Conceptual basis, and framework for
technical assessment of inorganics

e Volume II, Element-specific assessment (non rad),
current state of knowledge

e Volume III, Radionuclide-specific assessment, current
state of knowledge

> Strong emphasis placed on site characterization:
e Hydrology
e Biogeochemistry (solid and aqueous)




Inorganics MNA-Volume 1

» Section I- Conceptual Background for
Natural Attenuation

> Section II- Technical Basis for Natural
Attenuation in Ground Water

» Section III- Site Characterization to
Support Evaluation of MNA




Conceptual Background for Natural
Attenuation, Volume 1

> Section I

v' A-Background and Purpose
= Regulatory Criteria
= Regulatory Framework

v" B-Relevant Distinctions in Site Characterization
for MNA of Inorganic Contaminants

v C-Tiered Analysis Approach to Site
Characterization -Tier I-II-III-IV




Modeling and the Tiered Analysis Approach

> Volume 1, Section I-C

> Tier I-Demonstration of Contaminant Removal
from Ground Water

> Tier II-Determine Mechanism and Rate of
Attenuation

» Tier III-Demonstrate Capacity and Stability of
Removal Mechanism

» Tier IV-Long-Term Performance Monitoring




Conceptual Background for Natural
Attenuation continued ...

> Section I (Vol 1)

> D-Role of Modeling in the Tiered Analysis
Approach

» E —Long-Term Performance Monitoring and Site
closure

> F —References




Conceptual Background for Natural
Attenuation (example)

» Section I, D -Role of Modeling in the Tiered
Analysis Approach

v" Developing a Conceptual Model

v Types of Models-(5) simple, mass trans.,
speciation, reaction, reactive transport

v' Modeling and Tiered Analysis Approach-I-1V
v' Choosing Modeling Software

v" Accounting for Uncertainty

v' Model Calibration and Verification




Section II- Technical Basis for NA in GW

» A - Physical Transport Mechanisms
» B — Contaminant Sorption to Aquifer Solids

» C — Microbial Impacts on Inorganic Contaminant
Attenuation

> D - References




Section III- Site Characterization Support
Evaluation of MNA (volume 1)

» A - Site Hydrogeology

» B —Contaminant Quantification, Distribution and
Speciation

» C — Characterization of System Redox and
Underlying Microbial Processes

> D - References




Document Structure
Volume 2 & 3 - Element Chapters

» Occurrence and Distribution

» Regulatory Aspects

» Geochemistry and Attenuation Processes
» Site Characterization

» Long-term Stability and Capacity

» Tiered Analysis




Inorganics MNA-Volume 2

» 9 Chapters » Chromium
» Cadmium > Arsenic

> Lead » Selenium
> Nickel > Nitrate

» Copper » Perchlorate




Radionuclides MNA-Volume 3

» Regulatory Framework for Use of MNA

» Radioactive Decay Process

> Site Characterization

» Indivdual Radionuclide Chapters (11)
v Am, Pu, Sc, I, Ra, Rn, Sr, Tc, Th, H-3, U




Current Technical Support
Document Status

» Document Review

o Internal — Program Offices, Regional (GW Forum)
e 2004

e External Peer Review — Interstate Technology Regulatory

Council
e 2004

Estimated Publication — FY08

» Working Document

e Revisions or updates warranted with increased:

v Understanding of element chemistry
v Experience with technology application

» Policy Directive - FY0S8




Radio- Current Proposed | Mass Equiv to
nuclide MCL (pcCi/L) | MCL MCL (mg/L)
Am-241 15 4.4E-09
Cs-137 200 2.3E-09

H-3 20,000 2.1E-09

[-129 1 5.7E-06
Pu-239 15 2.4E-07
Ra-226 5 5.1E-09




Radio- Current Proposed | Mass Equiv to
nuclide MCL (pcCi/L) | MCL MCL (mg/L)
Ra-228 5 1.8E-11

Sr-90 8 5.9E-11

Tc-99 900 5.3E-05

U-234 30 (or 30 ug/L) | 4.8E-06

U-238 30 (or30pg/L) | 3.0E-02




Element :3:"&; Primary Species at pH7 and | Redox ;rﬁlPSPtortHT;lrough
Oxidizing Conditions Sen- oils at p
(EPA, 1999b) -
sitive
Cationic Anionic Neutral Not Retarded
Retarded
Cd X X X
Cs X X X
Cr X X X X
Pb X X X X
Pu X X X X X




Element Radli_fc"' Primary Species at pH7 and Redox Transport Through
nucli€® | oxidizing Conditions Seh- Soils at pH 7
(EPA, 1999b) sitive
Cationic Anionic Neutral Not Retarded
Retarded
Rn X X X
Sr X X X
Th X X X
3H X X X
U X X X X X




Element Radli%' Primary Species at pH7 and RedoXx Transport Through
nuci€® | oxidizing Conditions Sen- Soils at pH 7

(G gellss Cationic Anionic Neutral Sitive Not Retarded

Draft final) Retarded

Am X X X

As X X X

(limited)

Cm X X X

I X X X X (limited)

Np X X X X (limited)

Ra X X X

Tc X X X X




Element

(EPA, 1999b)

Important Aqueous- and Solid-Phase Parameters
influencing Contaminant Sorption

Cd [Aluminum/Iron-Oxide Mineral], [Calcium], Cation Exchange
Capacity, [Clay Mineral], [Magnesium], [Organic Matter], pH,
Redox, [Sulfide]

Cs [Aluminum/Iron-Oxide Mineral], [Ammonium], Cation Exchange
Capacity, [Clay Mineral], [Mica-Like Clays], pH, Potassium

Cr [Aluminum/Iron-Oxide Mineral], [Organic Matter], pH, Redox

Pb [Aluminum/Iron-Oxide Mineral], [Carbonate, Fluoride, Sulfate,
Phosphate], [Clay Mineral], [Organic Matter], pH, Redox

Pu [Aluminum/Iron-Oxide Mineral], [Carbonate, Fluoride, Sulfate,
Phosphate], [Clay Mineral], [Organic Matter], pH, Redox

Rn none




Element

(EPA, 1999b)

Important Aqueous- and Solid-Phase Parameters
influencing Contaminant Sorption

Sr Cation Exchange Capacity, [Calcium], [Carbonate], pH, [Stable
Strontium]

Th [Aluminum/Iron-Oxide Mineral], [Carbonate], [Organic Matter], pH

3H none

U [Aluminum/Iron-Oxide Mineral], [Carbonate, Fluoride, Sulfate,

Phosphate], [Clay Mineral], [Organic Matter], pH, Redox, [U]




MNA Performance Monitoring Categories

(EPA OSWER Dir 9200.4-17P, 1999)

» Assess background contaminant levels and
ambient geochemical indicators

» Process monitoring to assure progress of
chemical attenuation

» Monitoring to detect plume expansion
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Performance Monitoring Objectives
(EPA OSWER Dir 9200.4-17P, 1999)

Demonstrate natural attenuation is present

Detect changes in environmental conditions

Identify potentially toxic and/or transformation products
Verify plume non expanding

Verify no unacceptable impact downgradient

Detect new releases of contaminants to the environment
that impact MNA

Demonstrate efficacy of institutional controls in place to
protect receptors

Verify attainment of remediation objectives
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MNA Decision Analysis:Tiered Approach

I. Actively demonstrate removal from

ground water (site-specific data and
theoretical basis)

II. Identify/confirm mechanism(s) of
removal

III.Demonstrate long-term capacity and
stability

IV. Design monitoring program, define
triggers for MNA failure, and establish
contingency plan




Sites With Radionuclides (2005)

vV V VYV VY

Radiation Data (2005)

55 Total Sites final on the NPL with Radiation as a Contaminant
of Concern (COC)

21 Federal Facility Sites Final on NPL with Radiation as a COC
All sites have chemical contamination as well

Status:

36 Sites Construction Complete
53 Sites have at least 1 ROD

2 Sites have no ROD




Contaminant | Current MCL? Mass Equiv to Drinking Water
or UMTRCA MCL, UMTRCA, MCL (mg/L)?
(pCi/L) or RBL (mg/L)

Am-241 15 4.4E-09 --

Am-243 15 7.5E-08 --

As -- -- 0.010 (1/23/06)

Ba -- -- 2

Cd -- -- 0.005

ClO, -- -- 0.004¢

Cm-243 15 2.9E-10 --

Cm-244 15 1.9E-10 --

Cm-248 15 3.5E-06 --

Co-57 1,000 1.2E-10 --

Co-60 100 8.9E-11 -~

Cr -- -- 0.1 (total)




Contaminant | Current MCL? Mass Equiv to Drinking Water
or UMTRCA MCL, UMTRCA, MCL (mg/L)P
(pCi/L) or RBL (mg/L)

Cs-134 80 6.2E-11 --

Cs-135 900 7.8E-04 --

Cs-137 200 2.3E-09 --

Cu -- -- 1.34,1.0¢

H-3 20,000 2.1E-09 --

Hg - - 0.002 (inorganic)

1-129 1 5.7E-06 --

Ni-59 300 3.7E-06 0.47 (CMO)!

Ni-63 50 8.5E-10 0.052 (CCCY

NO, -- -- 10 (as nitrogen)

NO, - - 1 (as nitrogen)

Np-237 15 2.1E-05 --

Pb-210 (0.054 RBL)# 7.1E-13 0.0154




Contaminant | Current MCL? | Mass Equiv to Drinking
or UMTRCA | MCL, UMTRCA, | Water MCL
(pCi/L) or RBL (mg/L) (mg/L)P
Pm-147 600 6.4E-10 --
Pu-238 15 8.8E-10 --
Pu-239 15 2.4E-07 --
Pu-240 15 6.6E-08 --
Pu-241 (27 RBL)# 2.6E-10 --
Pu-242 15 3.8E-06 --
Pu-244 15 8.5E-04 --
Ra-226 Sh 5.1E-09 -~
Ra-228 Sh 1.8E-11 --
Se - -- 0.05
Sr-90 8 5.9E-11 --
Tc-99 900 5.3E-05 --




ontaminant Mass Equiv to | Drinking
MCL? or MCL, Water
UMTRCA UMTRCA, or | MCL
(pCi/L) RBL (mg/L) (mg/L)P
Th-228 15 1.8E-11 0.002
Th-229 15 7.1E-08
Th-230 15 7.4E-07
Th-232 15 1.4E-01
U-232 (30 pug/L)¢ 3.0E-02 --
U-233 (30 ng/L)c 3.0E-02 --
U-234 30¢ 4.8E-06 --
U-234 (30 pg/L)c 3.0E-02 --
U-235 (30 pg/L)c 3.0E-02 --
U-236 (30 pg/L)c 3.0E-02 --
U-238 30¢ 9.0E-02 --
U-238 (30 pg/L)c 3.0E-02 --
Zn-65 300 3.6E-11 5.0¢




MCL Notes

a Federal Register, Vol. 65, No. 236, December 2, 2000; MCL is 4 mrem/yr to the whole
body or an organ, combined from all beta and photon emltters MCL is 15 pCi/L, with the
concentration level combined for all alpha emitters, except radon and uranium.

b National Primary Drinking Water Standards, EPA 816-F-02-013 July 2002

Federal Register, Vol. 42, No. 65, March 2, 2000, Rules and Regulations; MCL standard is
30 mg/| for uranium; UMTRCA groundwater standard is 30 pCi/l combined for U-234 and U-238.

d Lead and coPper are regulated by a Treatment Technique that requires systems to control

the corrosiveness of their water. If more than 10% of tap water samples exceed the action level,

\ON%tfg sys;fms must take additional steps. For copper, the action level is 1.3 mg/L, and for lead is
mg

e National Secondary Drinking Water Regulations (non-enforceable guidelines)

f National Recommended Water Quality Criteria: 2002, EPA 822-R-02-047, November
2002; CMC = Criteria Maximum Concentration, CCC = Criterion Continuous Concentration

Risk Based Limits calculated for 30-year exposure duration and 1 x 10-6 risk. These were
calculated using eC|uat|on 11 in Risk Assessment Guidance for Superfund (RAGS): Volume I:
Human Health Evaluation Manual (Part B, Development of Risk-based Preliminary Remediation

Goals), (page 37). The equations were adJusted to account for radioactive decay.
h MCL is 5 pCi/L combined for Ra-226 and Ra-228




Decay Information

Element Symbol Mass Decay Unit Half- Unit SA Decay
Constant Life pCi/g Product
Americium Am 241 1.51x 1073 Yr 4.6 x 10? Yr 3.1x10° Np-237
Carbon C 14 1.21x10* Yr 57x10° Yr 4.5 Stable
Cobalt Co 60 1.3x 10" Wt 5.3 Yr 1.1x10° Stable
Cesium Cs 137 2.31x 107 Yr 3.0x 10! Yr 8.1x 10! Ba-137
Hydrogen H 3 5.63 x 1072 1 1.2 x 10! Wt 9.7x 10° Stable
Iodine I 129 59x 108 Yr 1.2x 107 Yr 2.4x10* Stable
Plutonium Pu 238 8.02x 1073 Yr 8.6 x 10! Yr 1.7x 10! U-234
Radium Ra 226 432x10* Yr 1.6x 103 Yr 9.9x 10! Rn-222
Radon Rn 220 1.25x 107 Sec 5.6x 10! Sec 9.2x 108 Po-216
Radon Rn 222 1.81x 107! Day 3.8 Day 1.5x10° Po-218
Strontium Sr 90 2.46 x 1072 NG 2.8x 10! Yr 1.4x10° Rb-90
Technitium Tc 99 82781038 Yr 2.1x10° Yr 1.7 x 102 Mo-99
Thorium Th 228 3.6x 10! Yr 1.9 Yr 8.2 x 10? Ra-244
Uranium U 238 1.53x 1010 Yr 45x10° Yr 3.3x 107 Th-234




