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Purpose

» Describe the features of Natural Attenuation Software

— A computational screening tool for assessing the effects of
different source reduction strategies combined with monitored
natural attenuation (MNA)

 Explain how NAS is useful to RPMs for decision making:
— Comparing the efficacy of different remedial strategies

— Formulating inputs for life-cycle cost estimates

 Present case studies of the application of NAS at three
sites and lessons learned
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Presentation Outline

« Background

« Components of Natural Attenuation Software
» Validation of Natural Attenuation Software

» Site Demonstrations

« Summary
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EPA Directive on MNA (1999)

‘MNA is only appropriate if site objectives can be achieved
Time of remediation must be reasonable

‘Remedial strategy using MNA will include:
—Long-term monitoring

—Source control

Challenge in 1999:
—What constitutes time of remediation (TOR)?
—Technical guidance on implementing MNA lacking

—Reliable, accurate computational screening tool needed
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Responding to the Challenge

In 2000, NAVFAC, US Geological Survey, and Virginia Tech
collaborated to produce technical guidance for assessing
MNA as a remedial strategy at US Navy sites

Published in 2003: USGS WRIR 03-4057

—Systematic methodology and decision-making framework for
implementing MNA in conjunction with source zone remediation

—Computational screening tool for estimating the effects of
combining source zone remediation with MNA
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Defining the Problem

Plume reduction consists of two components to meet site-
specific remedial action objectives (RAOs):

* Distance of Stabilization (DOS)

—Reduction in plume length through reduction in source
strength

—Reduction in concentration at point of compliance (POC)

 Time of Stabilization (TOS)

—Time required to re-stabilize contaminant plume

These components are illustrated in the following animation: -
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Distance of Stabilization

The Distance of Stabilization depends on the Natural Attenuation
Capacity (NAC) of the aquifer.
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Distance of Stabilization (cont.)

For any given NAC, source remediation can reduce the mass flux of
contaminants, resulting in a smaller, stable plume where
concentrations meet remediation goals.
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Time of Stabilization

The question often posed is when will the RAO be reached at the

regulatory point of compliance?
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Source Depletion

o At sites where risk is deemed acceptable or source
reduction is technically impracticable, it is useful to
evaluate time for source zone depletion

_ This is illustrated in the next animation: -
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Formulating the Problem

*Once the concepts were defined, the next question was how
to formulate the problem

‘MNA-based remediation strategies are based on the
efficiency of the NAC of the aquifer

*NAC analogous to assimilative capacity in surface water
hydrology and soil science
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Each of these components can be summed in
mass balance equations

NAPL
Advection Dispersion Sorption Biodegradation  Dissolution

oC _§+Dazc: K pp C

ot OX NG n ot

— Rpio + RnapL

Goal: Solve these equations to obtain meaningful TOR
estimates using a systematic, accurate, and reliable method.

Defining the Formulating Solving the
Problem the Problem Problem
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Solving the Problem

Natural Attenuation Software is a computational tool for
evaluating the effect of source zone remediation on plume
reduction and on TOR

—Screening tool for rapid and accurate solutions

—Interactive software program that utilizes a Visual Basic platform
—Enables the user to input site-specific data

—Solutions are determined based on a site-specific RAO

—Post-audit feature for evaluating in-progress sites
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NAS - Version 1

* Funded by NAVFAC (Y0817 project) under ARTT

 Developed by Virginia Tech and U.S. Geological Survey
P

Open Existing Project

Save Current Project

View Data & Results

Tutorials

Exit HAS

Help Menu | About HAS

Facility Name
Site Name

Additional Descrnption

Edit/Review Site
Data

| "Is N afural Aftenuation Software

MaAS Penzacola
Wi TP
Sechion A-4'

Contaminant Mass
Removal / Time of

Source Concentration
Reduction / Time of

Stabilization Remediation
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NAS - Version 2

. About NAS M=

‘Funded through NAVFAC

Technical support from NAVFAC
ESC Dewveloped as a collaboration between:

Mark A. Widdowson, Eduardo Mendez

+Validated under the ESTCP B VirginiaTech

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY

program e
2~ USGS
science for a changing world

Clifton Casey

[ ]
. Mevval Facilities Engineering Command

Copyright & 2008, Al rights reserved by authors. -

T hiz zoftware may contain program bugs that
cause unexpected and/or inaccurate results,

Mo warranty of any kind iz expreszed ar implied. System Info...
Pleasze report any errors bo;
MAS_Tech Supportidit edu.

Natural Attenuation
Software
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NAS - End User Issues

*Who can use NAS?

—Designed for RPMs, contractors and regulators with knowledge
of natural attenuation processes

—Modeling experience not essential
*Availability

—Download installation program at no cost from Virginia Tech
website: http:\\www.nas.cee.vt.edu

—NAS1 approved under NMCI; NAS2 will be available via Naval
Installation Restoration Information Solution (NIRIS)

Data Requirements
—Based on DoD field guidance documents for MNA
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Presentation Outline

 Background

« Components of Natural Attenuation Software
 Validation of Natural Attenuation Software
 Site Demonstrations

« Summary
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Components of NAS

Site Data Assessment Module
*DOS/TOS Module
*Source Depletion Module

*Post-Audit Feature
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NAS - Structure and Function

__— Sorption

+«—— Redox
Indicator Data

Hydrogeology —__

Contaminant &
Source Data

Site Data
Assessment

Plume Reduction Source Depletion

Distance and Time of Time of Source Zone
Stabilization (DOS/TOS) Depletion (TSZD)

\ Point of Regulatory Compliance /

Remedial Action Objective
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Site Data Assessment

Five Data Input Tabs

S— g

—~

* Entered sequentially

* Required before results can be viewed or TOR calculated
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Hydrogeology Data Requirements

Required Data

» Hydraulic Conductivity (K) A
* Hydraulic Gradient (i) —  \[ = Ei
» Effective Porosity (n,) ) groun dwaterr]\e/elocity
 Percent Organic Carbon
—f.. (input) V, :X
K, (NAS library) R

contaminant velocity

— R (calculated by NAS)
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Hydrogeologic Data

Tiisite Data :
General IHydmgeulugyl Contaminatnts I Contaminant Cata I Redox Indicator Data I

=10 x|

1. Enter the following hyedrogealogic and aquiter properties.

Marimum  &verage  Minimum Suyerage

Hydraulic Conductivity [ft/dl] 200 | 250 [ 2o Total Porosity [fE/F1[ 025

Hydraulic Gradient [ft/ftl] 0oos | ooos | o.oos Effective Porosity [E/F1] 025
W feight F'ern:entDrganin:l 007 I 006 I 005

Carbaon [%]

Range of values are
calculated and later used in
TOR estimates
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Types of Contaminants

Tiisite Data N [

General] Hydrogealogy ]Enntaminants] Contarinant 0ata I Fedos Indicator Data ]

1. Chooze the contaminants found at your zite

[=- Contaminatts [=1- MAST:Chiorinated Ethenes[TCE parent)
-- MN&5T:Petroleurn Hydrocarbons = Tatal Chi. Eth.
- NAS1:PH{w/MTEE) - TCE
[ NAST:PH /M aphthalene) - cig-DCE
- MAST:PH[w/MTEE & Maphthalene) - Yiryl Chil
-- MA5T:Chloninated Ethenes[FCE parent) - Ethene
-- MA51:Chlorinated Ethenes[TCE parent) - Chloride
-- Chlorinated Ethanes
" Chlorinated Methanes Group:  MAS1:Chlorinated Ethenes(TCE parent)
.

- Chlorobenzenes Type: Electron Acceptors

Right-click on a group;
Click on “Add Group to List”

Mest > |
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Groundwater Concentration Data Requirements

Minimum Required Data

 Data for 3 or more monitoring wells along main axis of
plume

« Contaminant Concentration

— Source compounds and biodegradation daughter products
« Redox Indicator Constituents

— Dissolved Oxygen

— Dissolved Iron - Fe(ll)

— Sulfate

— Other parameters (optional)
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Contaminant Data

T isite Data =10 x|

General ] Hydrogeology ] Contaminantsz ] Contaminant Data I R edox [ndicator Data ]

1. Enter the date when field meazurements for contaminant concentration were caollected: |12l,a1 1/1994 ;I

2. Enter the number af monitoring wellz zampled for contaminant concentration along the centerling of the plume:

Currently, contaminant concentation data iz reported for 7 wellz.

3. Enter the well name [optional], distance downagradient of the source [required), B.dd D ataSet Add el
and contaminant concentrations meazured at each monitaring point. Delete DataSet | Delete wWell
Diztance  Total Chl Eth. TCE ciz-DCE Wirwl Chl.
el Mame [F] [rgdL] [pgiL] [radL] [radL]

U5GES5 0.0 2723, 2460, 228. 35, BD = Below Detect
(b BE a0.0 2BE3. 2060, 470, 138,
USGSE 730 1833, anz. 403, 628, NS = Not Sam p|ed
5GE51 140.0 Pl 322 1BE. 267
USGEs2 226.0 282 M5 B.5 18.7
G112 3300 479 a7 12.2 BD

Diff S amplers 400.0 BD ED ED BD
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Why Are Redox Indicator Data Needed?

« Rate and extent of chloroethene biodegradation
depends on

) \\
—Ambient redox conditions ‘\
: SN
—Succession along )
Source *
flow path =
« Redox processes tend
tO. S_egregate Into Fe(lll) Reduction DCE?illéeilcéig: +Cl
distinct zones

PCE — TCE — DCE — VC Oxidation,

- Cometabolism

Ll
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Redox Indicator Data

T site Data

=101 I

General I Hydrogeology I Contaminants I Contaminant D ata IEFIE:ID:: Indicator Data I

1. Enter the time when the redoy indicator field measurements were collected:

12111938 [Collected at the same time as contaminant data. )

(+ Collected at a different time than contaminant data | 1 /201998 - |

2. MAS requirez specification of dizzolved ompgen [02], fermous iron [Fe2) and zulfate [S04] at all
redoy well locations. |ndicate which additional redos indicators were meazured at pour site:

[~ Mitrate [NO3) NAS assists the user to
I Manganese(ll] [MNZ] determine the distribution

E nﬁ;?ﬁZTESHUEdE Hes) of redox conditions

[v Hydrogen [H2)
Currently, redoy indicatar data iz reported for 4 wells.

3. Enter the well name [optional), distance downgradient of the source [required), and Add D ataSet Add el
cohcentrations for indicators of redax potential measured at each manitoring paint. Delete DataSet | Delete Well
Diztance  O=wagen  Mnalll] [ron(ll]  Sulfate  Sulfide  Methane Hydrogen Redox
Yell Mame [Ft] [masl]  [mosl]  [maodl]  [modL]  [mofl]  [mgdl] [ribd] it
[k BE a0.0 0z 1.02 447 M5 0.001 27 0.31 |} Ferogenic
5GE51 140.0 BD 07a 295, M5 0.265 54 039 § Ferogenic ¢
USGEs2 226.0 BD 0.145 105 kS 0.053 1.7 0.85 J Ferogenic
G112 3300 BD 0311 85 M5 0.003 01 0.41 |} Ferogenic
Drefault
Fedox SFEEE
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Output — Data and Results

"1 Natural Attenuation Software
File Site DOSYTOS TOR OQutput Window Help

View Output:

Tables and Graphs
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Output — Data and Results (cont.)

T Data and Results Tabular SumMmary

Hydrolz eology
Contaminant Saource
Dizpersivity

Sorption

Contaminant Prafiles
Redox Indicator Profiles

j Print!S ave |

hsacala Lenath: feet
Time: days
e Mass: pounds

* hAlculations

Hyrer. Canductivity [fiid]
Hydraulic Gradient [firf]
Total Porosity [-]
Effective Porosity [-]
Groundwater Wel. [fid]

Source Component
Tatal Shl. Eth.

TCE

ris-DCE

Yiryl Chl.

Ethene

Chloride

Ml axirmurm

30.0
0.005

0.6

Contaminant Source Specifications

cone
Profile
True
True
True
True
Falze
Falze

Average Minirmum MAPL Source
280 200 MAPL Source Lenagth [f] 300
0.004 0.004 MAPL Source Width [f] a0
.24 Contaminated Agquifer Thickness [fi] 10.0
.24
0.4 0.4

MAPL
Constituent
True
True
True
True
True
False
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Output — Data and Results (cont.)

Trisite Data Graphical Summary ;IEIEI_

Contarminant Digplaped ———— ~ Trendline Ophiong Drata Set
|7|TI:E =l hsmw Bestfit (4l Zone Model = | hmsm ]

TCE
10000

1000+

& 1211151992
I Femogenic

1001

Concertration [pgiL]

10

0 100 200 300 400

Diztance from Source [fi)
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Output: Site-Specific Contaminant Degradation Rates

EI TData and Results Tabular Summary
I

MACs/Decay Bates Frint/5ave
Attenuation Rates
L Total Chl. Eth. TCE cis-DCE Yirml Chl.
MAC (Single Zone) [11] 0.0127 0.0106 0.0125 0.0208
Cecay Rate [1/d]
haxirmum 0.00495 0.0077 0.00493 0.0176
Average 0.00749 0.0064 0.0073 0.01486
Minirmum 0.0064 0.0051 0.0062 00117
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Output — Multiple Redox Zones

o At sites where distinct redox zones are evident from the
data, NAS determines redox-specific decay rates

Sulfate-
Reducing Zone
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Time of Remediation Calculations

1 Natural Attenuation Software

File Site DOSYTOS TOR Qutput Window Help

Plume Reduction

* Distance of Stabilization Source Zone Depletion I

* Time to Stabilization
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Distance and Time of Stabilization

Data Requirements

Distance to point of compliance (POC)
‘Regulatory compliance concentration (RCC)
Parameters from Site Data Assessment
Approach

Steady-state, 2D transport (DOS)

Transient, 2D transport (TOS)
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Output - DOS/TOS

TT.-'INaI:uraI Attenuation Software

File Site DOS\TOS TOR  Output

Window  Help

T isource Reduction and Time of Stabilization

1. Enter the diztance from the contaminant source to the nearest downgradient Point of Compliance [POC].

=l
2. Enter the Begulatoy Compliance Concentration [FCC) at the Point of Compliance [POC] to determine the required T arget Source
Concentration [TSC], or enter the TSC after zource reduction to determineg the Concentration at the POC.

Distance to F'IIIE[ft]| 2250 |u5552

Source Beduction Time of Stabilization [years)]
RCC Conc [pgsfL] Breakthrough Time Tirne ta Equilibrium
Contaminant|  [pgsL] el Current  Target | Maximum  Awerage  Minimum | Magioum &serage Minimom
Tatal Chl. Eth. 2.0 1 2723 B3 1.5 1.1 049 3.4 26 21
TCE 5.0 1 2460 96 1.6 1.2 1.0 3.8 219 2.3
ciz-DCE 2 470
Wit Chl. 3 628
) - __
| 7 —
. 48

Target C, = post treatment

Range in time estimates for
source concentration

effect of source remediation to
reach POC
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T"iNatural Attenuation Software

File Site DOS\TOS TOR  Cutput  Window  Help

a# TOS Graphical Output = 0] =

Contaminart ——
¥ Paint of Compliance - mmee e
“Tutal Chl Eth, - P

¥ Regulatory Compliance Cone. ------------ -
Steady State Saolution ] Trangient Salutian I

Carncentration
L B .18
Total Chl. Eth. | | | [w] e, T

3000

2500 1

Existing State

(]
]
=
=

1500 1

Concentration [pgil]

—
=
=
=

z00 4 Transient

/—After Reduction

.,

1] 20 40 &N el 100 120 140 160 180 200 220
Distance from Source [ft] Cloze |
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.TTﬂNaturaI Attenuation Software

File 5Site DOS\TOS TOR  Output

i'ﬂ TOS Concentration v¥=. Time Curye

Window  Help

=10] %]

Enter the Date of Source Reduchan if different from the current D atazet Date. {1221 1990 ;l

Total Chl. Eth. at Well USGS52 at 225.00 ft

Yiew Obzerved Data Paoints [
Yiew Range in Velocity [

an
a0 4 \
1'\
L]
704 ' ]
- = =Min TOS
— 601 \ Ave TOS
E L Max TOS
- 504 \
=
m
E a0t
]
=
(]
O 30+
201
101
I:I } :I Bl
(] (o | -— L |
(] i _ (o |
- = = =
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Source Depletion Model

‘NAS employs a mass-balance approach to the problem of
source zone depletion

—Numerical source-zone model is implemented using the code
SEAM3D

—Implements NAPL Dissolution Package — mass transfer function
for multi-component mixtures

DNAPL
Source \
Zone—_ | & = Compliance Well

55555555555555

Gt
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Source Depletion Model (cont.)

*Based on estimates of source zone mass, composition, geometry,
and mass flux, NAS/SEAM3D tracks each constituent over time in
both the NAPL and aqueous phases

Solvent Leak

DNAPL Source Zone

700x103

600x103

APL

Z 500x1034
1

) 400x103+

Mas

300x103-
LUl 200x10%-
@)

= 100x103-
0- Compliance Well

0 10000 20000 30000

Time (d)
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Time of Remediation (TOR)

*NAS processes the results to enable the user to query the result
for a TOR estimate based on RAO (e.g., MCL)

108

TCE Concentration (ug/L)

100
30000

Time of Remediation (TOR)
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Post-Audit Data Analysis

Goal: Improve TOR estimates through comparison to long-
term performance monitoring data

—Import monitoring data for the comparison of predicted versus
observed trends

—Develop revised concentration vs. time curves
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Post-Audit Data Analysis (cont.)

T Natural Attenuation Software

File Sike DOS\TOS TOR  Qutput  ‘Window  Help

I

General IHydrugeulugyI Contaminants ] Contaminant Drata I Fedox Indicator 0ata ]

Set Cont D ate

1. Enter the follawing bpdrogealogic and aquifer properties. 2 4/8/2007
3 2/8/2003
Mamimurn  Average  Minimum Axverage 4 2/3/2003
: o . ] 34172010
Hydraulic Conductivity [ft4dl] 300 | 190 | 160 Total Porosity [BAF1[ 03
Hydraulic Gradient [ft.-’ft]| 0.0009 | 0.0009 | 0.0009 Effective Paorosity [ft3.-’ft3]| 0.25

Wwieight Percent Organic
Earbmlzﬂ 004 | o024 | o002

Tsource Reduction and Time of Stabilization

1. Enter the diztance from the contaminant source to the nearest downgradient Point af Compliance [POC).

Diztance to POC]H] I 1600 |4 j

Prediction

2. Enter the Begulatony Compliance Concentration [RCC) at the Paoint of Compliance [POC] to determine the required T arget Source
Concentration [TSC], or enter the TSC after zource reduction to determine the Concentration at the POC.

Source Reduction Time of Stabilization [yearz] (pre'
RCC Coni [pgdl] Breakthrough Time Time to Eguilibriuim T
Contarminant| [pafl] Wl Current  Target | Maximum  Average  Minimum | Magimum Aserage Minimum remedlatlon)
Tatal Chl. Eth. 5.0 1 5125 174 52 4.0 25 132 105 E.5
TCE 1 5100
ciz-DCE 2 2a0
I Yirl Chi. 3 142
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Post-Audit Data Analysis (cont.)

160

iﬂ TOS Concentration ¥s. Time Curye

P T

Enter the Date of Source Beduchaon if different from the current D atazet Date. 3 /1 22006 ;I

Total Chl. Eth. at Well 4 at 150.00 fi

Miew Obzerved Data Paoints v
Yiew Fange in Yelocity v

1401

1201

1001

al T

GO T

Concentration [pgil]

401

207

Observed Data

Pre-remediation
prediction of TOS

— = - Min TOS
Ave TOS

--------

2007 1

2008 1

2009 1

2010 1

2011 1

202 1

2013
2014

Timne [yr]

2015
2016
2017
2018 1
20119
2020
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Post-Audit Data Analysis (cont.)

Adjust Range it
General IHydlugeulug_vI Contarminants ] Contaminant Drata I A Of K ValueS
1. Enter the following hydrogeologic and aguifer properties.
M adirurn  Average I Average
Hypdraulic Conduchivity [ft.-"d]l 19.0 | 160 | 160 Tatal Parosity [ft3a"ft3]| 0.3
Hydraulic Gradien i 1.0009 0.0009 Effective Paorosity [fFa"fF]I 025
Wiew Observed Data Paints W 2
Total Chl. Eth. at Well 4 at 150.00 ft Yiew Fange in Yelocity W
160 \
1401
1201
.| — — -Min TOS
=" Ave TOS
s k ve Improved
® 807 Vv,
T s N I
| ® Observed Data Estimate
(]
3 of TOS
401
207
0 } } } -:-I
- o (mp] O — (] ol =T L (i} - o (my] =
S £ 2 £ £ 5 5 5 5 & 5 5 5 & y,
[} (| [} (o] [} [} (o] [} [} (| [} [} (| [}
Timne [ur]
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Presentation Outline

 Background
« Components of Natural Attenuation Software

 Validation of Natural Attenuation Software

+ Site Demonstrations

« Summary
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ESTCP Site Demonstrations

 Objective: Evaluate the capability of the NAS software to
provide reasonable estimates of MNA cleanup timeframes
for a variety of site conditions

o Site Selection Criteria
— Hydrogeology
— Geochemistry
— Contaminant Sources

— Remediation Technologies
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ESTCP Site Demonstrations (cont.)

Facility Name Agency Source Remediation Hydrogeology
Cecil Field, FL Nawy | TCE,TCA MNA — Air Sparging P
NAES Lakehurst, NJ PCE, TCE MNA £0astal plaln

sediments
NAS Pensacola, FL DCB Pump-Treat, MNA C::jitrileﬂgn
Seneca Depot, NY 1k MNA - Source Removal Gladitﬁ:lg" L
Niagara Falls, NY USGS TCE Pump-Treat, MNA Fractured Dolomite
Hill AFB, UT Air Force TCE MNA — Source Containment Fluvial deposits
Fairbanks, AK USGS TCE MNA — Source Removal Alluvial sediments
NSBKge By G| New | por | MA-Thebaodn, | Coemien
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Performance Metrics

*Accuracy — Compare NAS simulations to site data
—Breakthrough times
—Inflection points

Versatility — Role of site conditions
—Hydrogeology/Geochemistry
—Contaminant sources
—Remediation technologies

«Secondary Metrics
—Reliability
—Applicability
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Presentation Outline

 Background
« Components of Natural Attenuation Software
« Validation of Natural Attenuation Software
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Site History — Areas | and J
Natural Contaminant Source Depletion — NAES Lakehurst, NJ

Naval Air Engineering Station (NAES) Lakehurst — military
operations dating back to 1915

Primary mission - aircraft support

*In 1960s and subsequent years, typical disposal of
industrial waste water into holding ponds and swales

«Contamination primarily due to the discharge of water
containing TCE, hydraulic fluid, and ethylene glycol
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Site Map and Contaminant Plumes

« Aqueous-phase plumes are characterized as widely dispersed,
varymg |n Iength from 4, 000 to 5,000 ft

MONITORING WELL
MC MONITORING WELL 1
Cis-1, DCE CONCEN‘I‘RA'HON

T~ [273 | BSUIDINGS

) l'. “::'.I_ ——— STREAMS/BROOKS

T e . ROADWALS

= i | ey CIS=1,2-DCE 1S0CO CENTRA
TION CONTOUR (ug/L

Al | ======— 1SOCONCENTRATION comoun

=l (INFERRED)

i | \ N e i i o __I':'-_
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Hydrogeology

« Atlantic Coastal Plain Aquifer System
 Upper 20 to 100 ft of strata — fine to coarse grained sand

« Water table fluctuates between 7 and 11 ft bgs

 Hydraulic conductivity (K)
— 63-99 ft/day

o NB=T Manapague
~ND

W ND T
e . o *Fuo- +4ND
h ot

« Groundwater velocity
— 0.4-0.9 ft/day
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Plume Geochemistry

« Redox indicator data indicates anaerobic (iron-

reducing) and aerobic zones within the north plume
Total Chloroethene

e 1,2-cis-DCE: primary ™

o 8/1/1998

plume contaminant = Ferrogenic
[ Oxic

« Source concentration
(total chloroethenes)
<1,000 pg/L

N
o
o

Concentration [ug/L]

0 1000 2000 3000 4000 5000
Distance from Source [ft]
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Remediation Approach

‘Pump-and-treat initially proposed as the primary remedial
strategy but not adopted

—Considered ineffective

—Concern over loss of groundwater discharge to wetlands

*The MNA remedial alternative started in 1996 following an
evaluation of site data (i.e., CVOC plume, geochemistry)

*A site groundwater flow and solute transport model
developed using a comprehensive numerical model to
evaluate TOR

—~MODFLOW/MT3DMS
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NAS Application — Source Zone Depletion

« TOR evaluated using NAS v2

* Depleting concentration at
source well

o “Standard” source
characterization

* NAS-based TOR estimates
compared with other methods

NAPL source simulated

for north plume
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Mass Estimates Constrained Using NAS

o

3. Field © Source Well LK
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Comparison of Predictive Tools for TOR

1000 -

\ oo 97 Model
L\ . o / (RT??D;}

Total Chlorinated Ethene Concentration (ug/L)

100 -
NAS
SEAM3D)
10 - Extrapolation of
Regression (2003)
1995 2000 2005 2010 2015
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Lessons Learned

Relative to other approaches, a mass-balance source zone
model calibrated to site data (NAS) is superior to other
models for calculating TOR

*This finding suggests that at some sites, knowledge of
NAPL source complexities (e.g., interfacial area) is not
required for a reasonably accurate estimate of TOR

*However, source characterization is key to reducing the
uncertainty inherent to estimating TOR
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Site History
Source Excavation — Seneca Army Depot, NY

Seneca Army Depot Activity (SEDA) is located in the Finger
Lakes region of upstate New York

*SEDA served as a disposal site for military explosives
dating back to 1941

Landfill received ash from the incineration of solid waste
(1941-79)

°In the early 1980s, a chlorinated ethene plume was
discovered emanating from the Ash Landfill
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Site Map and Contaminant Plume

- = Af)prox xtent
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* Primary contaminants
impacting groundwater

-TCE
—-1-2,cis-DCE
-VC

* Total chloroethene
concentration (source)

—-12,000-24,000 pg/L

* 18-acre footprint
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Hydrogeology

» Surficial aquifer impacted
— Shallow, unconfined i
— Glacial till

— Fractured weathered shale

 Hydraulic conductivity
- 1.3-2.0 ft/day

— 1
= MV-55D

"mo“ﬁ’l“ % E
« Groundwater velocity o5
— 0.10 - 0.26 ft/day
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Plume Geochemistry

Total Chloroethene

1000007

 Anaerobic system

« Single redox zone

10000< o SUIfate'redUCing
conditions are

present in the plume

1000%

Concentration (ug/L)

100 T T T T T T T T T T T T T T
0 200 400 600 800
Distance from Source [ft]

63 Site Demonstrations — Seneca Army Depot, NY RITS Spring 2008: Estimating Remedial Timeframes with NAS2



Remediation Approach

Source area remediation (1994-935)
—Excavation (1.5 acre) and incineration

—Treated soil was backfilled into excavation area

Plume containment and remediation (1998)
—Permeable reactive iron wall (650-ft in length)

—Constructed at plume toe
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Plume Evolution Following Source Excavation

October 1999 st July 2003
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NAS Application — Time of Stabilization

*NAS used to simulate C versus time at
PT12A and PT22, located 180 and 400 ft
downgradient of the source, respectively

*Observed decline in the source zone TCE
concentration

—-12,000 pg/L (pre-excavation)
-5,300 pg/L (post-excavation)

Field-observed TCE concentration used
as input to NAS
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Results of NAS Application

*NAS captured parts of TCE Concentration at PT-12A (200 ft)
the 10-yr trend

—Time of stabilization

—Equilibrium
concentration

*Time fluctuations in
concentrations and data
gaps hinders estimation ]
of breakthrough time ol

2002
2003
2004 T
2005
2006
2007

1936
1997
1995 1
19349
2000
2001 1

Time [y

—_
—_—
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Results of NAS Application (cont.)

*Keeping all input
parameters consistent
with the previous
simulation, the solution
failed to accurately
match the observed
equilibrium
concentration

Consistency in the TOS
estimated is noted

400

300

2001

1007

0l—

TCE Concentration at PT-22 (400 ft)

Result of decreased
source width

-
-------------

mmmmmmmmmmmmmm
GGGGGGGGGGGGGGGGGG
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Lessons Learned

*NAS provided satisfactory performance in non-ideal
hydrogeology

«Accuracy of TOS and equilibrium concentration prediction
improved with proximity to source

Decrease in the source width following remediation can
reposition the plume centerline and potentially reduce the
concentration at some monitoring wells

‘Results demonstrate the importance of characterizing the
post-remediation source zone conditions
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Site History
Source Zone Chemical Oxidation — NSB Kings Bay, GA

‘Naval Submarine Base (NSB) is located on the Georgia-
Florida border

Provides support for Ohio-class nuclear powered ballistic
missile submarines

Site 11: former 25-acre landfill dating back to the mid-1970s

Chloroethene plume discovered migrating from the landfill
in the 1990s
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Site Map and Contaminant Plume

*PCE source concentration Sy
-3,500-9,100 ug/L

(micrograms per Liter)

«Complete transformation of
chloroethenes along flow
path

Approximate Extent
of pre-1998
Contaminant Source
Area

—Reductive dechlorination

—Anaerobic direct oxidation

«3.5-acre footprint
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Hydrogeology

Atlantic Coastal Plain Aquifer System

Contamination present in a 10-ft thick strata of permeable
sand located 30 to 40 ft bgs

*Hydraulic conductivity _ =
— 3 to 5 ft/day Eh Flow Direction | < PCE
S 1500 — +T'CIIE:)CE
. = —¥—CIS-
*Groundwater velocity £ | e
(]
- 0.24t0 0.76 ft/day Lg) 500
O
0 T T T T —i

Distance (ft)

72 Site Demonstrations — NSB Kings Bay, GA RITS Spring 2008: Estimating Remedial Timeframes with NAS2



Plume Geochemistry

*Anaerobic system
—Mix of methanogenic and sulfate-reducing conditions in source

—lIron-reducing conditions further downgradient where cis-DCE
and VC concentrations > TCE/PCE

10000

1000 Fe(lll)-reducing

100

Total Chloroethene
Concentration [Hg/L]

-
=]

SO4'
reducing Flow direction

0 100 200 300 400 500 600 T00
Distance from Source [f]
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Remediation Approach

Pumping wells installed and operated in the early 1990s to
exert hydraulic control on the plume

«Source zone remediation implemented in 1998-99
—In situ chemical oxidation using Fenton’s reagent

—Injection of vegetable oil

The successful removal of the PCE source and subsequent
plume reduction (MNA) documented over a 6-year period
(Chapelle et al. 2005)
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Results of NAS Application

*NAS simulation for the minimum estimated contaminant
velocity reasonably matched the observed data

400

—Breakthrough time o KBA-13A
_ 350 — — —  v=041ftd
3 ° —_— v=0.13ft/d
—Time of stabilization 2 50 V= 0081
—Equilibrium 2 =]
concentration g 2007
'% 150 -
Best-fit occurs for 5 0.
retardation factors o .
outside a range N . SR
0 400 800 1200 1600 2000

consistent with data Time (d)
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Results of NAS Application

Analysis of tracer (sulfate) data at observation wells
enabled calculation of groundwater velocity (v = 0.18 ft/d)

400

Improved estimate of v | R,
was not immediately .
available (t > 895 d)

200 ~

*NAS post-audit feature
was implemented to
revise TOS estimate

150 -

100 -

Total Chlorinated Ethenes (ug/L)

(&)
o
1
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Lessons Learned

*NAS captured the long-term trend in the observed data,
showing the complete breakthrough of remediated
groundwater to target concentrations (i.e., MCLs)

Accurate results were observed at Site 11 when the
groundwater velocity was derived from tracer test data

Determining groundwater velocity and sorption parameters
will result in improved accuracy of TOS following source
zone remediation at all sites
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Cost Savings — Kings Bay

« The RAO and considerable cost savings were realized at
NSB Kings Bay, Site 11 by employing a remedial strategy
of source reduction followed by MNA

Pump-and-Treat Source and Plume Reduction
o Capital cost = $1,920,000 o Capital cost = $915,000 (est.)
e Annual costs: — Chem Ox = $725,000 (3 applications)
— O&M pumping system = $400,000 - Veg Oil = $190,000
— O&M treatment system = $65,000 ¢ Annual costs:
— Monitoring & reporting = $90,000 — Monitoring & reporting = $55,000
 Total estimated life-cycle cost' ¢ Total estimated life-cycle cost!
= $10,500,000 (30 years*) = $1,270,000 (8 years)
*Note: TOR > 30 yr 'Present worth, 5% rate
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NAS - A Useful Tool for Decision-Making

Steps for reaching a decision using NAS are outlined here:
—Characterize plume geochemistry and hydrogeology
—Evaluate data using NAS Site Data Assessment module

—Determine target reduction in the source concentration/mass flux
for different RAO scenarios using NAS DOS module

—Estimate costs to achieve source reduction for each case

—Use NAS TOS or TOR module to estimate when RAO is met at
point(s) of compliance

—Estimate annual costs for monitoring over the period of
performance
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Conclusion

*NAS performance metrics were achieved through the
ETSCP program

—Accuracy
—Versatility

|t is important to restate that application of the DOS/TOS
feature was not a curve-fitting exercise

*The best matches between the observed and simulated
concentrations were achieved at the monitoring wells
closest to the source

—Locations ranging from 18 to 407 ft downgradient
—Average of 185 ft from source
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Conclusion (cont.)

*NAS results demonstrated that the uncertainty in estimating
plume reduction timeframes were reduced with improved
site characterization of hydrogeologic parameters

—Groundwater velocity
—Sorption
Application of NAS to the source zone depletion problem
suggests

—Source zone characterization (before and after remediation) are
useful in improving TOR estimates

—Complex characteristics of a NAPL source are not required
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Take-Home Points

*NAS provides a framework for comparing various
remediation strategies and defining remediation goals
based on a selection criteria:

—Site-specific RAOs and hydrogeology/biogeochemical data

*NAS also provides a tool for calculating life-cycle cost
estimates by combining

—Source zone remediation cost estimates and annual monitoring
costs based on TOR estimates and reduction in plume size and
source strength

‘NAS is widely available and is designed for ease of use
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Resources

«Software

—Download installation program (version 2) at no cost from
Virginia Tech website: http://www.nas.cee.vt.edu

*Other resources available at website
—NAS Users Manual

—Site Demonstrations
«ESTCP Final Report
«ESTCP Cost & Performance Report

—USGS Publications

* WRIR 03-4057
o Circular Series C-1303
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