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Housekeeping

+ Entire broadcast offered live via Adobe Connect
— participants can listen and watch as the presenters advance through materials live

— Some materials may be available to download in advance, you are recommended to
participate live via the online broadcast

* Audio is streamed online through by default
— Use the speaker icon to control online playback
— If on phones: please mute your phone lines, Do NOT put this call on hold

— press *6 to mute #6 to unmute your lines at anytime

* Q&A — use the Q&A pod to privately submit comments, questions and report
technical problems

« This event is being recorded

* Archives accessed for free http://cluin.org/live/archive/

Although I’ m sure that some of you have these rules memorized from previous
CLU-IN events, let’ s run through them quickly for our new participants.

Please mute your phone lines during the seminar to minimize disruption and
background noise. If you do not have a mute button, press *6 to mute #6 to unmute
your lines at anytime. Also, please do NOT put this call on hold as this may bring
delightful, but unwanted background music over the lines and interupt 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. 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 15t 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 agenda, speaker information, links to the slides and additional
resources. Lastly, the button with a computer disc can be used to download and
save today’ s presentation materials.

With that, please move to slide 3.
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Seminar Disclaimer

stimulate thought and discussion.

. in this presentation is
intended to supersede or contravene
the National Contingency Plan
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Ron Falta, Ph.

CLEMSON || ™

IVERSITY

Professor, Dept. of Environmental Engineering
& Earth Sciences, Clemson University

B Ph.D. Material Science & Mineral Engineering,
U. of California, Berkley

m M.S., B.S. Civil Engineering Auburn University

Instructor for subsurface remediation,
groundwater modeling, and hydrogeology
classes

Developer of REMChlor and REMFuel Models
Author of Numerous technical articles

Key expertise: Hydrogeology, contaminant transport/
remediation, and multiphase flow in porous media




Charles J Newell,
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ENVIRONMENTAL

B Vice President, GSI Environmental Inc.
B Diplomate in American Academy of Environmental Engineers
B NGWA Certified Ground Water Professional
B Adjunct Professor, Rice University

B Ph.D. Environmental Engineering, Rice Univ.

B Co-Author 2 environmental engineering books;
5 environmental decision support software
systems; numerous technical articles

B Expertise: Site characterization, groundwater modeling,
non-aqueous phase liquids, risk assessment, natural attenuation,
bioremediation, software development, long term monitoring,
non-point source studies




Vangelas, Looney, Farhat

2-CSGSS| W Karen Vangelas, Savannah River National Lab

® M.S. Environmental Engineering, Penn State
® Groundwater, remediation

B Brian Looney, Savannah River National Lab
® Ph.D. Environmental Engineering, U. of Minnesota

B Vadose zone, remediation, groundwater modeling

avG.S1| @ Shahla Farhat, GSI Environmental
B Ph.D. Environmental Engineering, U. of North Carolina

B Decision support tools, remediation, modeling




—_~ Class Objectives J

B What Tools are Out There?

B What Are the Key Questions?
— Will Source Remediation Meet Site Goals?
What Will Happen if No Action is Taken?
Should | Combine Source and Plume Remediation?

What is the Remediation Time-Frame?

What is a Reasonable Remediation Objective?
®  Wrap-Up
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» Introduce publicly available analytical
models and tools and how these tools can
be used in combination to address
questions/issues relevant to remediating
chlorinated solvents and hydrocarbon
fuel sites

» Present options for developing and
diversifying metrics for success
in supplementing traditional
concentration-based goals
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» Encourage decision processes that match
environmental technologies to site specific
and time specific conditions, supporting the
overarching need to transition activities until the
various plume segments (e.g. source to aqueous
plume, aqueous plume, and distal plume)
achieve remediation goals — Combined Remedies.

» Explore how mass balance and mass flux
approaches support plume evaluation,
remedial decisions, and understanding
remediation performance.

» Provide a glimpse on how REMChlor and
REMFuel are applied to solve problems
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>

>

This is not a simple question; the answer
depends on both the site conditions, as
well as on the remediation goals.

Easy to use, mathematically rigorous
tools are now available to help answer
this question.

These tools are mainly based on the
mass-balance approach, where the
source and plume mass and mass fluxes
are key variables.

13



Related Question:

B Is the plume growing, shrinking, or stable?

B Is most of the contaminant mass in the
source area or in the plume?

B What is the mass discharge (flux)
into the plume?
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B How and when to ask questions
B Three types of learning:

B Slides

B Homework exercises

B Demo of running the Models
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B Class Objectives
- What Tools are Out There? J

B What Are the Key Questions?
— Will Source Remediation Meet Site Goals?
— What Will Happen if No Action is Taken?
— Should | Combine Source and Plume Remediation?
- What is the Remediation Time-Frame?
- What is a Reasonable Remediation Objective?

B  Wrap-Up
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Dissolved hydrocarbon and solvent
plumes in transmissive zones
(1970 -1980s)

Adapted from: Chlorinated Solvent FAQs
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Dissolved hydrocarbon and solvent
plumes in transmissive zones
(1970 -1980s)

Plus NAPLs (1990s)

Adapted from: Chlorinated Solvent FAQs
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Dissolved hydrocarbon and solvent
plumes in transmissive zones
(1970 -1980s)

Plus NAPL in transmissive and low
permeability zones (1990s)

Plus dissolved and sorbed phases in
low permeability source zones
(mid 2000s)

A

Adapted from: Chlorinated Solvent FAQs
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Dissolved hydrocarbon and solvent
plumes in transmissive zones
(1970 -1980s)

Plus NAPL in transmissive and low
permeability zones (1990s)

Plus dissolved and sorbed phases in
low permeability zones in source
zones (mid 2000s)

Plus vapor plumes and intrusion into
buildings (mid 2000s)

Adapted from: Chlorinated Solvent FAQs
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Dissolved hydrocarbon and solvent
plumes in transmissive zones
(1970 -1980s)

Plus NAPL in transmissive and low
permeability zones (1990s)

Plus matrix diffusion in source zones
(mid 2000s)

Plus vapor plumes and intrusion into
buildings (mid 2000s)

Plus matrix diffusion in some plumes
(currently emerging)

Adapted from: Chlorinated Solvent FAQs
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S A

Poor design.
Poor understanding of what technologies do.
Misunderstanding the extent / distribution.

Poor recognition of the uncertainties inherent in
remediation design.

Remedial objectives that can only be achieved
over long periods of time at some sites

Source: Chlorinated
Solvent FAQs
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Important at certain chlorinated solvent sites.
Maybe less important for BTEX sites?
One recent paper* on matrix diffusion and MTBE

*Rasa et al., 2011 Lee Ann Doner, MS Thesis, Colorado State University
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Most dissolved plumes can be

traced back to a concentrated
“source area,” where the original D
release occurred.

The source area is usually small
compared to the plume footprint.

The source may contain NAPL, and/or
it may consist of high concentrations
of dissolved contaminants in low
permeability zones.

The mass of contaminant in the source
zone, and the mass discharge of
contaminant out of the source zone
play a central role in the evolution of
dissolved plumes.
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yAffected
—= Soil

— Affected Groundwater

—

* Discharge
from source

e Advection

* Dispersion
* Adsorption
« Degradation |
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Plumes are fed by the source,
and move with the groundwater
flow with some dispersion.

The dissolved contaminants
may also adsorb or diffuse into GW Flow
aquifer materials.

The groundwater pore velocity (Darcy velocity divided
by porosity) and the rate at which the chemical
degrades play a central role the nature of the plume.

High velocities with low decay rates = large plumes.
Low velocities with high decay rates = small plumes.
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Mass Balance

(Change in Accumulation)

OUTPUT
—p
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Label known flows, concentrations, and fate processes
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What will happen if no action is taken?

Will source remediation meet site goals?
How effective must the source remediation be?

Will enhanced biodegradation of the plume meet site
goals? How effective (and long-lived) must the plume
treatment be?

Should | combine source and plume remediation?
How much of each do | need before I get to
transition to MNA?

What is the remediation time-frame?
What is a reasonable remediation objective?
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BREAK FOR QUESTIONS
FROM
PARTICIPANTS
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Will Source Remediation Meet Site Goals?
What Will Happen if No Action is Taken?

Should | Combine Source and Plume
Remediation?

What is the Remediation Time-Frame?
What is a Reasonable Remediation Objective?
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We need some source and plume
characterization data — the more the better.

We need estimates of the source mass, the
source discharge, the groundwater velocity, and
plume decay rates.

We need some understanding of source and plume
remediation efficiency (% removal, cost, etc.).

We can then run simple models such as

REMChlor and REMFuel to test what would happen
with source remediation, plume remediation, or
some combination of the two.
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B Look at what has ha ned at other sites -
particularly | multiple - site studies

B Practice a flexible, feedback-based decision

process |(Observational Approach)
® Use [praciical ool to help

understand the site
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« Combine Source and Plume Models
Together

+ Easier to use than numerical models
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Practical Tools Working Together

Screening Tools
(experience +..)
scenarios, scoring, etc.

A

\4

Data Analysis Tools

(hand calculations + ...)
» MAROS, Mass Flux Toolkit,

EEEEEEEEEEEEEE] sourceDK,etc.

v

» Simplified “Analytical”
Mod

e Qe and/or Numerical
(REMChlor, REMFuel...) Model (as needed)

\ \4
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Analytical model for
plume response

1

Mass balance
model on source
zone predicts
discharge
including effects

of remediation

Couple Models
At the Edge of
the Source Zone
to Provide
Contaminant
Discharge

to Plume Model

Plume mod}al simulates mass
balance based on advection,
dispersion, retardation, and
degradation reactions

plume remediation

(but all with simple flow field)
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HOW:

Analytical groundwater transport
models that combines source behavior
with solute transport in the plume

@D Enter site data.

@ Try to match existing site data (calibration).
@ Ask questions (up to you!).

@D Change variable and see what happens
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WHERE:

WHEN:

WHO:

Free download from EPA Webpage
*http://lwww.epa.gov/nrmrl/gwerd/
csmos/models/remchlor.html

*http://www.epa.gov/nrmrl/gwerd/
csmos/models/remfuel.html

Both available now

Dr. Ron Falta, Clemson University

plus
Stacy, Ahsanuzzaman, Wang, Earle, and Wilson
(EPA co-authors - R.S. Kerr Lab, Ada, OK)
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Explanation of How the
Source Term
Works in REMCHLOR and REMFuel

Analytical model for
plume response

44

44



NAPL .
source Dissolved plume

Groundwater flow, V,

zone/

\

C;,=0 Source Cou=Cs(t)
—— | MASS, M(t) '
dM o (M@®))
- = = C - A, M S | —=

[ =00, (-4, : ( N )
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PCE Concentration, mg/|

160
140
120

-
o
o

80
60
40
20

Pre- and Post-Cosolvent Flood PCE Concentrations

well 1151

well 1152 well 1153 well 1154

Extraction Well
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Field and Modeling Data

1 O Dover AFB
0.9 == PCE release
B (Florida)
08 ;V U © Dover AFB
0.7 PCE release
(Clemson)
0.6
/j — 2-D multiple
0.5 / / DNAPL pool
0.4 dissolut
: simulation
— 3-D si i
0.3 ] n positive
0.2 H)- — correlation
—1 with k
0.1 — 3-D simulation,
0 /r negative
correlation
0 01 02 03 04 05 06 07 08 09 1 with k

Power function model
[Rao et al., 2001; Parker and Park, 2004;
Zhu and Sykes, 2004]

"

v

Laboratory dissolution experiments

I

e
inteorated RNy

integrated

(Jawitz et al.)

c _(Mm

C, M

I'=0
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NAPL is mostly in high

conductivity zones, or is present
as pools in homogeneous media

“Middle of the Road”
(Newell et al., 2006)

NAPL is mostly in low

permeability zones in a
heterogeneous system
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s are Usually

The dissolution of components (such as benzene
or MTBE) from gasoline can be calculated using
partitioning coefficients:

C =K, C,

pnw

The dissolved concentration in groundwater is

equal to the NAPL-water partition coefficient for
the component, multiplied by the concentration
in the NAPL (this is equivalent to Raoult’ s Law)
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Because the dissolved groundwater concentration
is directly proportional to the concentration
remaining in the LNAPL, it responds like our power
function model, with an exponent of =1

r

€& e
CO MO
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m
Groundwater flow, V, 28#27 \
Cin=0 Source cout=cs(t)
> | MASS, M(t) —
d -0()C (1) - AM GO _(M@®
dt : A C. 7
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r-os
A=10m x

= 1,620 kg, V = 20 m/yr,
%m, C, = 100 mg/L
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Normalized Source Concentration vs. Time ]
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Normalized Source Concentration vs. Time ]
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0.001

56

56



@ Need to pick a gamma (I')
@ Thought to range fromIF'=0.5 to N =2.0

If you think you know something about
source architecture, use these rules:

- NAPLis in
low permeability zone

- There are (or will be)
strong matrix diffusion
effects (lots of low-
permeability material
in source zone)

- Lots of pools of NAPL

- NAPL mostly in high
conductivity zones

- Concentration vs. time
shows long plateau
(over many years)

Most - Concentration vs. time shows

Commonly Used obvious decline,
__ Approach (over many years)
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Concentration
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http://www.epa.gov/nrmrl/gwerd/csmos/models/remchlor.html
http://www.epa.gov/nrmrl/gwerd/csmos/models/remfuel.html

and then “run as administrator”

A complete user’ s manual is available as a pdf in the help
section

It is always a good idea to print out the manual,

and keep it handy
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Will Source Remediation Meet Site Goals?

@\
'

€
4y
NUMBER 1

Plume gets shorter
by how much?

¢

Text and Calculations
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BREAK FOR QUESTIONS
FROM
PARTICIPANTS
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New Ways to stay connected!

* Follow CLU-IN on Facebook, LinkedIn, or
Twitter

n https://www.facebook.com/EPACIleanUpTech

u https://twitter.com/#!/EPACleanUpTech

http://www.linkedin.com/groups/Clean-Up-
Information-Network-CLUIN-4405740
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Resources & Feedback

» To view a complete list of resources for this seminar,
please visit the Additional Resources

* Please complete the Feedback Form to help ensure
events like this are offered in the future

Need confirmation of your
participation today?

Fill out the feedback form and check
box for confirmation email.
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