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In the late 1980s, it was becoming clear that In the late 1980s, it was becoming clear that 
microbial biodegradation limited microbial biodegradation limited 

contaminant transport in groundwater contaminant transport in groundwater 
systemssystems

Q Baedecker et al., 1988 (Bemidji, MN)

Q Barker et al., 1987 (Borden field experiment). "Natural 
Attenuation of aromatic hydrocarbons in a shallow sand 
aquifer"
Q First use of term "natural attenuation"

Q Passive bioremediation, intrinsic bioremediation were other terms

Introduction
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How Should Regulatory Agencies Include How Should Regulatory Agencies Include 
Natural Attenuation Processes in SiteNatural Attenuation Processes in Site--

Specific Remediation Plans?Specific Remediation Plans?
Q According to the U.S. EPA, monitored natural attenuation 

can be selected as a remedial strategy "only….where it 
will meet site remediation objectives within a timeframe 
that is reasonable compared to that offered by other 
methods." 

EPA OSWER Directive, 1999

Introduction



RITS Spring 2003: Estimating Times of Remediation Associated with Natural Attenuation 5

This brought up the issue ofThis brought up the issue of
Time of Remediation (TOR)Time of Remediation (TOR)

How do you estimate times of remediation?

Q In 1999, there was no clear approach to this problem.

Introduction
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NAPL Mass
Dissolved Plume
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There are many processes that contribute to There are many processes that contribute to 
contaminant removal (remediation bycontaminant removal (remediation by

monitioredmonitiored natural attenuation) [RMNA] in natural attenuation) [RMNA] in 
groundwater systems, including:groundwater systems, including:

1. Advection
2. Dispersion
3. Biodegradation
4. Sorption
5. NAPL Dissolution

Introduction
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Each of these components is summed in the Each of these components is summed in the 
solutesolute--transport equation, which can then be transport equation, which can then be 

solved for time (t). solved for time (t). 
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Historically, this approach has been difficult Historically, this approach has been difficult 
to utilize by project managers and regulatorsto utilize by project managers and regulators

Q Requires an in depth knowledge of GW modeling

Q Such models can be difficult to use

Q Results are hard to analyze

Introduction
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NAS is a NAS is a A DecisionA Decision--Making Tool for Assessing Making Tool for Assessing 
Monitored Natural Attenuation and Estimating Monitored Natural Attenuation and Estimating 

Cleanup TimesCleanup Times
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NAS is an interface that allows nonNAS is an interface that allows non--modelers modelers 
to find solutions to the TOR problemto find solutions to the TOR problem

Q Analytical Solutions for plume shrinkage questions

Q Numerical Solutions for Time of NAPL Dissolution

Q NAS prompts the user for required information, sets up the 
problem, and answers site-specific TOR questions.

Introduction
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NAS NAS –– Types of Problems and Source Types of Problems and Source 
ContaminantsContaminants

1. Chlorinated Ethenes
Q PCE or

Q TCE

2. Petroleum Hydrocarbons
Q BTEX

Q MTBE (optional)

Q Naphthalene (optional)



RITS Spring 2003: Estimating Times of Remediation Associated with Natural Attenuation 13

NA Screening ToolsNA Screening Tools

Monitored Natural Attenuation (MNA)
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NAS NAS –– A A ToolTool for Decisionfor Decision--MakingMaking

Is MNA an 
Appropriate 
Technology
at Site X?

Site Data

Remediation 
Objectives

Point of 
Regulatory 
Compliance

Min MaxBest Est.

NAS

Monitored Natural Attenuation (MNA)
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NAS NAS –– Questions AddressedQuestions Addressed

Q Distance of Plume Stabilization

Q Time of Plume Stabilization

Q Time of NAPL Dissolution

1.1. Is MNA an appropriate technology at Site X?Is MNA an appropriate technology at Site X?

andand

What degree of source remediation is What degree of source remediation is 
required at Site X?required at Site X?
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NAS Example NAS Example ––
Naval Submarine Base Kings Bay, GANaval Submarine Base Kings Bay, GA

PCE Source
(total chlorinated
ethenes plume)

(mg/L)
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NAS Example NAS Example –– NSB Kings Bay, GANSB Kings Bay, GA
Site InformationSite Information
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NAS
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NAS
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Estimates Biodegradation Rate ConstantsEstimates Biodegradation Rate Constants
NAS
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Distance and Time of StabilizationDistance and Time of Stabilization
How long will it take?How long will it take?

Source Area Removal,
1998

Collapsed Contaminant Plume,
At remediation Goal

2005?
2050?

Introduction



RITS Spring 2003: Estimating Times of Remediation Associated with Natural Attenuation 22



RITS Spring 2003: Estimating Times of Remediation Associated with Natural Attenuation 23

NAS Simulation of KBANAS Simulation of KBA--13A13A
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Time of NAPL Dissolution (TNAD)Time of NAPL Dissolution (TNAD)
How long will it take?How long will it take?

PCE Source Area
Emplaced 1960

Source PCE
Fully Dissolved

2005?
2050?
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Factors Affecting NAPL DissolutionFactors Affecting NAPL Dissolution

NAPL Properties

Q NAPL mass

Q Residual saturation

Q Contaminant mass fraction

Q Physical properties of NAPL components

Q NAPL dissolution coefficient (kNAPL)

Q Source geometry

SEAM3D
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Source GeometrySource Geometry
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NAPL DissolutionNAPL Dissolution

Mass = 128 kg (gasoline), Sr = 0.115, Vol = 42 gal, k = 3.0 d^-1
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ConclusionsConclusions
Q The TOR problem is difficult but not unsolvable
Q The NAS is a tool designed to facilitate TOR estimates
Q NAS predictions are in line with monitoring data
Q NAS has been used to reach regulatory closure of sites
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NAS and NAS and SEAMSEAM--3D3D SoftwareSoftware

Q Acquiring NAS and SEAM-3D
Q NAS can be downloaded from: http://www.cee.vt.edu/nas/

Q SEAM-3D is part of Groundwater Modeling System (GMS) 
maintained by DoD

Q Two-Day In-Depth Training for NAS
Q Southwest Division, July 22-23; Southern Division, August 5-6

Q Sign up through Engineering Service Center (ESC)
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NAVFAC Points of ContactNAVFAC Points of Contact
Q Cliff Casey

Q caseycc@efdsouth.navfac.navy.mil
Q (843) 820-5561

Q Mark Kram
Q kramml@nfesc.navy.mil
Q (805) 982-2669

Q Tim McEntee
Q mcenteetf@nfesc.navy.mil
Q (805) 982-1551


