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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

* The purpose of this presentation is to
stimulate thought and discussion.

* Nothing in this presentation is
intended to supersede or contravene
the National Contingency Plan
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BREAK FOR DISCUSSION OF
HOMEWORK EXERCISE 1
AND
RESPONSES TO
MODULE 1 QUESTIONS
FROM PARTICIPANTS
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Analytical model for
plume response
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Affected
Soil

—

Key Driver

* Discharge from
source

Key Processes
* Advection
* Dispersion

* Adsorption

l * Degradation '
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Plume equation solved for each species.

First-Order Decay

n / Porosity

e

Equations are linked through the chemical
reaction terms. reactions
L A ) L
| + IF_1 = | = T
| ¥ [ Lo
Retardation Longitudinal Transverse Vertical
Coefficient Dispersivity Dispersivity  Dispersivity
Hydraulic
Groundwater Conductivity Hydraulic
Seepage \ / Gradient
Velocit ;
Y Ki Effective Soil
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Indigenous micro-organisms are capable of
degrading many contaminants.

Need electron donor and electron acceptor.

I (ike benzene serve as electron donor.
Oxygen, nitrate, sulfate, iron are electron
acceptor.

act as electron acceptor.
Hydrogen/acetate serve as electron donor.
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(Adapted from RTDF, 1997)

Rapid; occurs under
all anaerobic

y conditions Aerobic Oxidation
by Cometabolism

Rapid; occurs
AZ under all anaerobic

¢ conditions Aerobic Oxidation
by Cometabolism

Direct Aerobic
Slower; sulfate- Oxidation
reducing and
methanogenic
I conditions Aerobic
Oxidation
Slower; sulfate-
A reducing and
4 ]| methanogenic
y conditions only Aerobic
Oxidation

All these reactions are First Order Decay.
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Distance from Source
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cisDCE -...
VC -...

> >ci SVCo by | cisDCE->CO,
PCE->TCE->cisDCE-~>VC—>ETH VC—CO,

/

Deeply Anaerobic
High Decay Rates

/
Zone2 |

Highly Aerobic

(for example,
if air sparging here)

_Zone3 |
Low or

Background
Decay Rates
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Slow
hydrolysis

or
A 2 | more slowly under anaerobic conditions

or

A

Occurs under aerobic conditions
(may need acclimation)

or
l, more slowly under anaerobic conditions

Occurs under aerobic conditions

No degradation under deeply anaerobic
s (methanogenic) conditions

All these reactions are First Order Decay.
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MTBE->TBA-... - | MTBE-TBA-CO,

- /
Zonez]

Deeply Anaerobic  Aerobic

(Methanogenic) Both MTBE and
MTBE degrades but TBA degrade
no TBA degradation
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Ivide space

an

iIme INto reaction zones , solve the

coupled parent-daughter reactions for chlorinated solvent
degradation in each zone

Each of these
space-time zones

can have a different
decay rate for each
chemical species.

Natural Natural Natural
attenuation attenuation attenuation

202

b Anaerobic Aerobic Natural

—~ degradation degradation attenuation

2005
Natural Natural Natural
attenuation attenuation attenuation

1975 »>

0 400 700
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. Both models allows plume to develop for any number of years before
remediation (Neat!) (Very Important).

. You can simulate three natural reaction zones.

You can remediate all or part of the plume by increasing degradation
rates for three specific time periods (1 year? 5 years? You pick).

. The plume will respond to all of these factors:

natural attenuation processes
+ plume remediation
+ source decay

+ source remediation (eventually!)
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B Class Objectives
B What Tools are Out There?

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?

Note: Many of these questions are interrelated!
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U.S. EPA DNAPL Challenge (2003)

Reduce potential for DNAPL migration
Reduce long-term management requirements
Enhance natural attenuation

Reduce loading to receptor

Attain MCLs

“Stewardship”

SEPA:

The DNAPL Remediation
Challenge: Is There a Case
for Source Depletion?

—d

i
i

Contres i

ITRC LNAPL Guidance (2009)

Reduce LNAPL to residual saturation range
Terminate/reduce potential LNAPL body migration

Abate/reduce unacceptable soil vapor and/or
dissolved phase concentrations from LNAPL

Aesthetic LNAPL concern Abated (saturation or
(composition)

i

Evaluating LNAPL Remedial Technologies
for Achieving Project Goals

T u——y
S
U [
A | !

o ol d

o B
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Where is the
bulk of the
contaminant
mass?

What is the nature of
the plume over time?
(assume that plume
is relatively large)

How much
concentration
reduction is needed
(maximum /desired)
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Facility

Characteristics:

Perturbed conditions
(chemistry, Source

[Characteristics: ]
Area with observable and

NAPL, etc.) easily detectable impacts
(Need:]

Eliminate or mitigate Characterization data
disturbance by active to quantify impacts and
engineered solution or mitigation activities,
improved design as needed, to provide

environmental protection

l Characteristics:

Area where impacts are
minimal and conditions are
similar to unimpacted settings

Careful characterization

to provide a baseline for
understanding impacts,
development. Application of
sensitive methods and early
warning tools. Fundamental
science!
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Waste

$/lb contaminant or $/cu
yd. Removal

examples:

< $50-$100/cu yd or

< $100/Ib for chlorinated
solvents

hot spot characterization
reduces cleanup volume

$/treatment volume (gallon/cu ft)
example:
<$0.5-$10 / 1000 gallons

zone of capture characterization
needed, optimize extraction to reduce
treatment volume

Operation and
maintenance costs $/time

mass transfer and flux
characterization needed
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Mo nitored Natural
Attenuation

Enhanced Attenuation

Interdiction and
Active
Remediation

Source
Removal
andior
Treatment

wmu_o
KBojouyos3a)

so|dwexg
ABojouyoa]
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a) Simplified
representations
of a groundwater
plume in

space and time

Source

Removal
b) Potential Teament
remedial

technologies

Interdiction and
Active
Remediation

“«— ? —

Enhanced Attenuation

Monitored Natural
Aftenuation
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* Three types: temporal, spatial, simultaneous

+ IDSS team experience most common approaches:
— Intensive technology followed by passive
— Different technology for Source versus Plume
— Any technology followed by MNA

* In past, “opposing” combinations (ISCO then bio)
were thought to be incompatible. This has proven
to not be always the case.

From ITRC Integrated DNAPL Site Strategy training materials 34




Data: McHugh et al., 2012
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| Strong point about these studies ... |

« Strong point about these studies...

* Independent researchers, careful before/after evaluation
* Repeatable, consistent comparison methodology

+ Describes spectrum of sites

* Real data, not anecdotal

+ Several studies described in peer reviewed papers:

Méritoring&Remediation Mahitdfing&Remediation

Performance of DNAPL Source
Depletion Technologies at 59 Chlorinated
Solvent-Impacted Sites

by Trowis: M. McGuire, lpmes M McDode, and Charles . Newell

ISCO for Groundwater Remediation:
Analysis of Field Applications and Performance

by Friedrich J. Krembs, Robert L Siegrist, Michelle L Crimi, Reinhard £ Fumer, and Benjamin 6. Petri

M&ritefing&Remediation
Multiyear Temporal Changes in Chlorinated Solvent
Concentrations at 23 Monitored Natural Attenuation Sites

Charles J. Newell, PE., MASCE'; lain Cowie?; Travis M. McGuire®; and Walt W. McNab Jr.*

State-of-the-Practice Review of In Situ Thermal
Technologies

by Jennifer L Tripiett Kingston, foul R Dahien, and Pavi C. Johnson

From ITRC Integrated DNAPL Site Strategy training materials 36
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From ITRC Integrated DNAPL Site Strategy training materials 37

Hydraulic conductivity is based on OoMs
VOC concentration is based on OoMs

Remediation performance (concentration, mass, Md) can be
also evaluated using OoMs ....

* 90% Reduction: 1 OoM reduction

* 99.9% Reduction: 3 OoM reduction

* 70% Reduction: 0.5 OoM reduction
Example:

» Before concentration 50,000 ug/L

+ After concentration 5ug/L

* Need 4 OoMs (99.99% reduction)

37
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m Not site specific
m Some lump pilot scale, full scale

m May not account for intentional shutdowns
(i.e. they stopped when they got 90% removal)

m Don’t account for different levels
of design/experience

m We are a lot
better now....

From ITRC Integrated DNAPL Site Strategy training materials 39




BREAK FOR QUESTIONS
FROM
PARTICIPANTS
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Collect input data.

Determine things you don’ t know and make best estimate.

Run model and compare results to available data
(such as most recent sampling event).

Adjust model parameters to fit data (plume length
is most common calibration parameter). Typical things
to adjust are parameters in Step 2 above, particularly:

Initial source concentration

Source mass

Biodegradation rate in plume

Seepage velocity

Run sensitivity analysis (vary several parameters
and see which ones are important).

41
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REMChlor and the
TCE Plume

¢
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m Plant in eastern NC, currently produces Dacron
polyester resin and fibers.

m TCE contamination of groundwater discovered in the

late 1980’ s; ~ stable plume about 1250 ft long (380 m).

m Release date unknown, but before 1980.

m Plume is dominated by TCE; small amounts of
cis-1,2-DCE are present and VC is essentially absent.

m Groundwater velocity is slow, less than
100 ft/yr seepage velocity.

from Liang et al., Ground Water Monitoring and Remediation, Winter, 2012
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Source zone TCE mass estimated at 300 Ibs
(136 kg), source zone concentrations up to
~6,000 ug/L.

Source remediation took place in 1999,
consisting of ZVI injection throughout the
suspected source zone. Although source
mass removal was reported as 95%, wells
in the source zone have not seen large
reductions in concentration.

A 5 inch thick permeable reactive barrier
(PRB) using ZVI was installed 290 ft
downgradient of the source in 1999.
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Will Source Remediation Meet Site Goals? Should We Combine Source and Plume Remediation?

REMChlor Model Parameters for Transport/Natural Attenuation

Initial Source Conc., C, 6,000 ug/L Estimated from source wells

Initial Source Mass, M, 136 kg From site reports; assume 1967 release date
Source function exponent, I 1 Estimated

Source Width, W 8m From site reports

Source Depth, D 3.5m From site reports

Darcy velocity, V 8 m/yr Calibrated; reports had estimated 1.5 to 4.6 m/yr
Porosity, ¢ 0.33 From site reports

Retardation Factor, R 2 Estimated

Longitudinal dispersivity, o x/20 Calibrated

Transverse dispersivity, o; x/50 Calibrated

Vertical dispersivity, a, x/1000 Estimated

TCE decay rate in plume, A 0.125 yr? Calibrated (equal to t,,, of 5.5 yrs)
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Fraction of source removed 95% From site reports
in 1999, X o (but large uncertainty)
PRB wall thickness " .
(after 1999) 0.127m (5") From site reports
Estimated from well data
H 1
TCE decay rate in PRB 435 yr (equal to t, , of 14 hours)

T

2022

Notural
Attenustian

/ Attenuation

Notural
Attenustion

Tma
1999

Natural
Attwnustion

Natursl
Attenuation

Natural
Atterustion

Natural
Altenustion

P

BS.127

o~ Natural

Attenuation
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Will Source Remediation Meet Site Goals?
Should We Combine Source and
Plume Remediation?

' GW Flow Direction

"MW-35:
1W-60

V59 1 ‘ Source
| Area
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Will Source Remediation Meet Site Goals?

Should We Combine Source and
Plume Remediation? &
)

N »

\N .*‘ :

GW Flow Direction

49



Will Source Remediation Meet Site Goals?
Should We Combine Source and
Plume Remediation?
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. REMChlor allows plume to develop for any number of years before
remediation (Neat!) (Very Important).

You can simulate three natural reaction zones.

. You can remediate all or part of the plume by increasing degradation
rates for three specific time periods (1 year? 5 years? You pick).

. The plume will respond to all of these factors:

natural attenuation processes

+ plume remediation

+ source decay

+ source remediation (eventually!)
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Now You Try Using
REMChlor For a Site

¢

Questions answered:
What will happen if no action taken?
Will source remediation meet site goals?

53
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Ecological Revitalization Information Session

100

m Initial source i I75.0 100 200 5(;0 8(5 2000
concentration I
is 1 mg/L

m Groundwater pore
velocity is 60 m/yr

1 | 1 . .
0 100 200 300 400

m 1,2-DCA plume 100 |-
biodegradation L e 2008

half life is 2 years

m Plume is stable,
but not shrinking
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Ecological Revitalization Information Session

Where is the bulk What is the nature of How much

of the the plume over time? concentration
contamir]?ant (assume that plume is reduction is needed
mass?

relatively large) (maximum /desired)

Mostly in the DNAPL
source zone

Stable Factor of five hundred
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Assess what will happen if no action is taken.

B Run REMChlor without any source or
plume remediation.

B The source still depletes due to water flushing, but
the depletion may be very slow.

B /f the natural source depletion rate is fast, then
source remediation may not be needed.

56
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Ecological Revitalization Information Session
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In 2080, plume is nearly ™™
the same size, and ~74%
of the original DNAPL
source mass remains.

) n 2008

cl1: 50 100 200 500 800

-100

100 -

1 - 1 TR | R |
200 300 400 500

. . 2080

T | L . |
200 300 400

|
500
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Try source remediation.

We have assumed that we can remove
90% of the source.

Model source remediation between
2010 and 2011.

Note that we could combine source
and plume remediation, but in this
simulation, we look at source
remediation alone.
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Ecological Revitalization Information Session
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Ecological Revitalization Information Session
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Ecological Revitalization Information Session

Mass Discharge vs. Distance at Time= 28.000 Years

Mass Discharge (Kglyr)
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The plume does not respond instantly to
source remediation.

The beneficial effect of source remediation
“washes” downstream until the plume has

readjusted to the reduced contaminant discharge.

Source remediation often results in a
detached plume.

Unless the source treatment is perfect (100%),
there will still be a plume, but it will be smaller.

The degree of plume shrinkage depends not only
on the fraction removed, but also on the amount
of concentration reduction that is needed.
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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

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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