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Presentation Overview

« Tools for Dissolved Mass Flux
* Tools for Diving Plumes

 New MTBE/TBA Remediation
Guidance Documents




Tools for
Dissolved Mass Flux

Outils pour
le flux de masse dissous




Mass Flux or Mass Discharge

* Total mass of dissolved-phase
constituent migrating through the
subsurface
over time _ -

— Cross-sectional Dy
plane orthogonal to o
flow direction

— Concentrations
— Specific discharge




Mass Flux Estimates

e Mass flux estimates can be used to
evaluate:

— Potential water quality impacts on
downgradient water supply wells

— Natural attenuation of contaminant mass
with distance downgradient of source

— Relative benefits of various remedial
actions based on anticipated reductions in
mass flux from source to receptor




Transect Method

o 2D or 3D Network
 Discretize Subareas ;...

n

 Concentrations,
hydraulic conductivity

* Sum the subarea fluxes
for total mass discharge




Concentration vs. time for
pumping well

Ptak and Teutsch, 2005



Supply Well Impacts

Supply Well Capture
of a Plume:

Csw = Mfl st

— estimate
concentrations in a
hypothetical supply
well

Mf = Csw* st

— calculate mass
discharge targets

protective of water
quality criteria Einarson and Mackay, 2001
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Oxygenates and Mass Flux

» Ether oxygenates and TBA may
attenuate more slowly than other fuel

constituents

* Plumes may be longer and have
iIncreased potential to impact water
supply wells

 Therefore, methods that consider
mass flux are particularly relevant to
ether oxygenates and TBA



Mass Flux ToolKit

Provides tools to Vs Flux Toolkit
calculate mass flux
of contaminants in

groundwater

5] Microsoft Excel - MassFluxToolkit_MTBE_TBAplumes.xls O3
iE) pe Edt Vew I o Tooks Data Wi He estol pov- @ x
PQEHRAGRIT R DR T - | sl e - @
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Mass Flux Toolkit ""‘"

To Evaluate Groundwater Impacts, Attenuation, and Remediation Alternatives

-ree software application in
Microsoft Excel

Developed for the Environmental Security Technolo%y Certification Program
by Groundwater Services, Inc., Houston, Texas with assistance from LFR.

10




ToolKit Features

e (Calculation of total mass flux across one or
more transects of a plume

* Flexible grid spacing

* Four choices for interpolating concentration,
hydraulic conductivity, hydraulic gradient:

Input Data and Grid

. Data Input Instructions
O Erter value direclly.
r " r l Value calculated by model
-
— :
S e e I e Site Location and 1.D.: WK (oiced)
WHSE ‘and THA Transect Mass Fiux

Description:

O s oriransect

4. CHOOSE TRANSECT Tonseat! (7] 5. CHOOSE TIME PERIOD[T () 4 0

#uwis

6. ENTER TRANSECT DATA
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]
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— e a l e S e I O I 62 5 DarcyVelocity @ Hydraulic Conductivity | 6.6 [ & © Mid Paint of Sampling
6.3 Hydraulic Conductivity Urits wa 7]
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6.5  Uniform Hydraulic Gradient? o o
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i i rv: rauli Concentration (uglL
Poink from | Samaling Interval | o1 pme Top [Plume Bottom | (H¥Sradlic | Hydraulic (ugil)
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1
2
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8 325 [l 2 002133
E 325 [3 i) 002133 90
0 325 7 1 002133 05
b 500 [ €l 002133 21
1) 500 3 (3 002133 ]
13 500 5 0 002133 7
1 500 7 1 002133 6
\5 X 665 [ il 002133 i 001 -
7. CHOOSE GRID (OPTIONA [ o Refine GridBy _ Refined Grid 8 SELECT CONSTITUENT FOR CALCULATIONS
Nurber of raws] 20 - Constituert A @ Constituent B
Nurnber of columns B 71 19
Next Step. Back to Transect Calculator Screen I Imgort M Data I Export MW Data I See ConclFiux Grids
Continue Data Input Olear Sereen I Paste Example I Festore Table Formatting I Print I HELP

ToolKit does not evaluate integral pumping tests 11




ToolKit Features

* Three types of uncertainty analysis:
— Interpolation uncertainty

— Uncertainty due to variability in the input data,
using a Monte-Carlo style analysis (Latin

Hypercube)
— Sensitivity of
mass flux
estimate to
each data
point (cross
validation)

Interpolation Error Results

Site Location and 1.D.: LFR
Description: o MTBE and TBA Transect Mass Flux
Next Step: Back to Mass Flux Result Print
Mass Flux Summary Back to Data Input HELP
(of i B Interpol Method:
Hindbaudic Concacsivity: 11 Vertioal- Linear 21 Herizantal: Log Transfomation
& 7 Vivtical Lag o ) Hivizontal Lag Transformation

Hicousli Gractisn ) Vevtio: Linssr 21 HviztalLog Transfamation

Total Mass Flux Including All Points

15454010

without the monitoring point shown in calumn one.

4. The "Contribution of Selected Paint to Total Mass Flux"
column represents the percent contribution each removed
point makes to the total mass flux calculated in the "Mass
Flux Result” sereen and shown on this screen as “Tatal
Mass Flux Including All Poirts”, If the percent change is
large then there as high uncertainty in the mass flLix
calculation.

SELECT TRANSECT TOVIEW [ Transect 1]
SELECT TIME PERIOD TOVIEW [1 (<]

RESULTS
Parameter Total Mass Flux Contribution of
Value Excluding Selected | Selected Point to
Parameter Removed For Parameter Point Total Mass Flux
End of Transect Examined Analysis Units (glday) (%)

7 Start of Transect Conductivity 150E+02 fiid
& R-70 5.0 Conductivity 150E+02 fiid

3 R-70 330 Conductivity 2.20E+01 fiid

4 R-70 510 Conductivity 2.70E+01 fiid

& R-70 B6.0 Conductivity 100E+00 fild

& R-69 7.0 Conductivity 150E+02 fid

7| R-63 40.0 Conductivity 2.60E+01 fild

& R-63 62.0 Conductivity 114E+02 fild

& R-E3 77.0 Conductivity 100E+00 fiid
E4d R-68 10.0 Conductivity 3.10E+01 fiid

n R-68 380 Conductivity B.60E+01 fird
n R-68 58.0 Conductivity 150E+02 fiid
el R-68 770 Conductivity 100E+00 fird
i R-67 15.0 Conductivity 210E+01 fid
ra R-67 44.0 Conductivity 5.00E+01 fild
# R 28 Cavachactisnly ERE+] liizd
Ea FET ang Cavachactisrly liizd
L FEE 288 Cavachactisry licd
L FHEE 4T Cadhaciisriy Vs

>

v
v
2l
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ToolKit Features

» Evaluates potential impacts of
plumes approaching production

wells or
streams

1. CONSTITUENT CONCENTRATION

@ Constituent &

Transect of Interest
Time Period of Interest
Discharge Rate for Each Supply Well

Total Mass Flux (Calculated From Mass Flux Transect Method)
Maxirmumn Constituent Concentration in Water
Extracted from Supply Well

2. CAPTURE ZONE (OPTIONAL)
Nurnber of Supply Wells
Aquifer Thickness

Darcy Velocity for Transect

Capture Zone of Supply Well(s)
Distance of Supply Well from Stagnation Point

(1 Constituent B

Receptor Impact Worksheet - Wells ,_ ...

Transect1 [v)
Ir =)

Date Input Inskuctions:

—  Ener vl dlrecly

Yl coleedated By mooky,
(Dovr ¥ any olaia ]

—1

100E-02[gpm [+
[ 1.70E 00 PEETS

| __3.126-03 JREH

14

9.91E-02 =g

3236 g
1030 224

Capture Zone e

.

] e |
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Uncertainty Not Addressed in
ToolKit
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Error in Mass Discharge (%)

O .
250 -
500 W . .
0.001 0.01 0.1 1

Transect Sample Density (points/m?)
After Einarson et al., 2005

Example of uncertainty related to
transect sampling point density




ToolKit Availability

» Expected release in 2006

* Will be available at
— http://www.estcp.org
— http://www.gsi-net.com/Software/
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Tools for
Diving Plumes

Outils pour
Plumes de plongée
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Gradually Diving Plume

Plume Graduellement De Plongée

T

‘ | Gradual build-up or accretion of clean recharge

.
S
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_— — ~\\ Gradual downward
\‘rpigration of
“Plume Axis

—
Y et et gy s —

E———

=== = PLUME AXIS

b = PLUME THICKNESS
b2 > bl = DUE TO VERTICAL DISPERSION




Consequences of Missing
Diving Plumes

* |nadequate
evaluation of
risk to receptors

Potential for
gradually

L diving pl
High in watershed:
recharge creates

downward vertical
gradient

AN/ Do \
Horizontal flow

A predominant
i in aquifers
7

\

e

ume

3@\.------’Rg.-__-"\_-._--”-

N

Potential for
gradually
rising plume

Low in Watershed:
discharge creates
upward vertical
gradient

; ~j N/

| &~ Vertical flow
7 predominant
7 . in aquitards

4 /
2\ /
/ Horizontal flow
predominant

,/‘A in aquifers

e

* Under-designing corrective actions
* Inadequate assessment of remedial

performance
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“Diving” MTBE Plumes

« MTBE is often associated with the
phenomena of “diving plumes” because it is
— highly soluble
— does not sorb significantly
— Is often slow to biodegrade

* Consequently, MTBE will often migrate
greater distances from a source than other
LNAPL constituents such as BTEX
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API| Technical Bulletin

* Roth, T. and E. Nichols 2006. Diving
Plumes: Assessment, Significance, and
Implications for Characterization and
Monitoring. API Soil and Groundwater
Technical Bulletin Number 24.

« Describes the phenomena and its
significance

* Provides methods to assess potential for
and magnitude of diving plumes

Available soon at www.api.org/mtbe

20



Methods to Assess Potential for
and Magnitude of Diving Plumes

» Analytical and Numerical Models
* Field Characterization Techniques
» Geochemical Assessment

21




Screening model: Ratio of Recharge
Rate to Groundwater Discharge Rate

V
AV4

The slope of plume dive can be estimated by:  Siope =§ z
q
Where:

Slope = change in depth per change in horizontal distance, relative to the
water table surface [m/m]

| = Accretion rate [m/yr]; recharge rate divided by porosity, where the
recharge rate is the net annual recharge to groundwater in m/year

I = recharge rate [m/yr]

V = horizontal groundwater seepage velocity [m/yr]; the specific discharge
divided by porosity

q = specific discharge, also known as Darcy velocity [m/yr]
Assumes:

— evenly distributed recharge

— homogeneous subsurface,

— aquifer is thick relative to the accumulation of recharge

— rate of plume dive is uniform

22



Calculate/Redraw

12001

-—aﬁt——_

source B

Courtesy of James W. Weaver and Vikenti M. Gorokhovski, U.S. EPA 23



New Version will be an
On-Line Numerical Model

* Previous methods are highly sensitive to
recharge rate

* Recharge rate is often uncertain

* New calculator Can rely on measured water
levels, rather -

than estimated | __
recharge rates | omee oo

* Recharge rates | n
are estimated S
via numerical
Inversion

eeeeeeeeeeeeeeeeee

24




New, Improved Plume Dive
Calculator

£ New Plume Diving Applet

Fit Upgradient Head to Data Do Not R
Upgradient Water Surface Elevation [m] 19.81
Background Fit Downgradient Head to Data Do Not v
Select a Model
Downgradient Water Surface Elevation [m] 9.810
Fized Flow System Inputs
| ion of B: of the Aquifi 3.048
A O B Elevation ottom of the Aquifer [m]
Elevation Inputs Upgradient Source Location [m] 167.6
Segment Assighment Inputs | Downgradient Source Location [m] 2057
Fitting Data Well Location [m] 1219

Observation Well Locations

Fitted Recharge Rates

Aquifer Graphic

Aquifer Chart

About

| Run |

Model has completed.

Courtesy of James W. Weaver and Vikenti M. Gorokhovski, U.S. EPA 25




= New Plume Diving Applet




Estimating Dive in
Uncharacterized Segments

£ New Plume Diving Applet

Background

Select a Model
Fixed Flow System Inputs

Segment Property Inputs
Elevation Inputs

Segment Assignment Inputs

Fitting Data
Observation Well Locations

Fitted Recharge Rates

Aquifer Graphic
Aquifer Chart
About

Run Pause Resume Stop

Model has completed.




New MTBE/TBA Remediation
Guidance Documents

Nouveaux Documents De
Conseils De Remédiation de
MTBE et de TBA
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Remediation Guidance from the
Interstate Technology and
Regulatory Council

 Published in 2005: Overview of
Groundwater Remediation
Technologies for MTBE and TBA

» Release expected in mid-2006:
Overview of Source Zone Remediation
Technologies for MTBE and TBA

http://www.itrcweb.org
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m Interstate Technology and
ULl Regulatory Council

« State-led national coalition of personnel
from environmental regulatory agencies
— 40 states
— DOD, DOE, EPA
— Tribes
— Public and industry stakeholders

* Devoted to reducing barriers to, and
speeding interstate deployment of, better,
more cost-effective, innovative
environmental techniques

ITRC produces guidance documents and provides training




ITRC - Shaping the Future of

Regulatory Acceptance

ITRC Internet and Other Training Courses |Trc Membership
' |

« MTBE and Other Fuel Oxygenates

7

« Natural Attenuation ~ ) Av!

« EISB (Enhanced In Situ States ’ sl "ﬂ’
Bioremediation) ‘.‘E%}’a‘_‘,%

« Permeable Reactive Barriers (basic "“‘

and advanced) | \

» Diffusion Samplers s G ST
* Phytotechnologies

* ISCO (In Situ Chemical Oxidation) Federal
» Constructed Treatment Wetlands Partners

« Small Arms Firing Range
Characterization and Remediation

« Systematic Approach to In Situ
Bioremediation

Www.itrcweb.org Industry, Academia, Consultants,
Citizen Stakeholders

Sponsors




ITRC MTBE and Other Fuel
Oxygenates Technical Team

 Current Activities:

— Finalizing technical overview document
“Overview of Source Zone Remediation
Technologies for MTBE and TBA”

— Providing training course “MTBE & TBA:

Comprehensive Site Assessment and
Successful Groundwater Remediation”
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Technical Overview
Documents

* 2005 document focuseson ¢ =T}
remediation of groundwater

. - * 2006 document will focus on
D remediation of source-zone
media (soil, soil gas, LNAPL)
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Overview of Groundwater Remediation
Technologies for MTBE and TBA
(ITRC, 2005)

* Includes Summaries of:
— Physical, Chemical and Biological Processes
— Sample Preservation and Analytical Methods
— Site Evaluation and Cleanup Requirements

« Detailed Descriptions of Treatment Methods:
— Groundwater Extraction and Ex-Situ Treatment
— Air Sparging
— In-Situ Bioremediation
— Chemical Oxidation
— Phytoremediation
— Monitored Natural Attenuation

« Cost Comparison Summary
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Overview of Source Zone Remediation
Technologies for MTBE and TBA
(ITRC, in prep.)

Source Zone Considerations

— Types of Releases and
Source Zones

— Source Zone
Characterization

— Considerations for
Remedy Selection

— Performance Monitoring

& 7

Remedial Technologies Y

Enh:’:ll,lf Groundwater
Plume

— Excavation Groundwatar

Flow

— Multi-Phase Extraction

Zone of residual LNAPL
resulting from groundwater
level fluctuations

Residual LNAPL -—

Vadose Zone
(the unsaturated zone)

Affected
\ & Soil Gas

Aquifer
(the saturated zone)

— Soil Vapor Extraction
— Air Sparging

— Enhancements to Air Sparging and Soil Vapor Extraction

— In-Situ Chemical Oxidation
— |In Situ Bioremediation
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What' s New in the Source
Zone Remediation Document

Classifies release
mechanisms and
resulting source
zones

Considers recent
research on the
significance of
small releases at
operating UST
systems

Summarizes current understanding of
source-zone MTBE and TBA attenuation

processes

RELEASE CHARACTERISTICS

RELEASE
CLASSIFICATION Duration Rate of Mass Total Mass
Release Released
Acute Short Term Low to Small
Moderate
Chronic Long Term Low Small to Large
Catastrophic Short Term High Large

Release Classification Matrix

Provides extensive information on
biodegradation processes

TAME —> TAA

H,CH,C(H,C),C-OCH, H,CH,C(H,C),C-OH

MTBE —  TBA
(H;C),C-OCH, (H;C),C-OH

Collh Coll-CH,

~_ /

THF-CH, ¢—— THF
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Training Courses

* Previous courses:
— New Hampshire
— New York
— New Jersey
— Colorado
— Denmark
— Leipzig
— California
— Nevada

October 2003
December 2003
May 2004
December 2004
May 2005

June 2005
August 2005
March 2006
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