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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 interrupt 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
iIntended to supersede or contravene
the National Contingency Plan




Hand Calculations ]

) T Taxonomic Screening  _| Binning /
Site Data (Scenarios, scoring) Screening

Site Data; ‘Sim'ple" Analytical Models Exploratory
Simplifying (Biochlor, BioBalance) - or decision

assumptions & REMChlor, REMFuel > level

Complex; Numerical Models _
Site-specific (MODFLOW, Tough, RT3D) ComEliDT




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




es g1 | M 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

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




B Karen Vangelas, Savannah River National Lab
B M.S. Environmental Engineering, Penn State
B Groundwater, remediation

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

B Vadose zone, remediation, groundwater modeling

a7 G.si| ™ ShahlaFarhat, GSI Environmental
B Ph.D. Environmental Engineering, U. of North Carolina

B Decision support tools, remediation, modeling




BREAK FOR RESPONSES TO
MODULE 2 QUESTIONS
FROM
PARTICIPANTS




Source remediation can often remove
90% to 99.9% of a contaminant from the
target volume.

Source remediation can be expensive.

Source remediation reduces the
contaminant discharge that feeds the
plume.

It takes time for the plume to respond.




Source remediation shortens the
life of the source.

Source remediation rarely achieves
drinking water standards in the source
zone immediately after deployment.

The likely response of a plume to
source remediation can be modeled
using REMChlor or REMFuel.




Ecological Revitalization Information

Session

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)

13



Ecological Revitalization Information
Session

Where is the bulk What is the nature of How much
of the the plume over time? concentration
contaminant (assume that plume is reduction is needed
mass? relatively large) (maximum /desired)

Source remediation becomes more effective
as we move up this chart

14



Ecological Revitalization Information
Session

Where is the bulk What is the nature of How much
of the the plume over time? concentration
contaminant (assume that plume is reduction is needed
mass? relatively large) (maximum /desired)

Plume remediation becomes more effective
as we move down this chart

15



» New EPA model for UST sites (2012)

»IESIEREE)- download from EPA website

» Based on the REMChlor model for chlorinated
sites (released in 2007)

» REMFuel extends REMChlor capability to model
multiple hydrocarbons (BTEX) and additives
(MTBE, EDB, DCA)

» Considers remediation of both the LNAPL
source and the dissolved plumes
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Example:

Each of these space-
time zones can have

a different decay rate

for each chemical species

A
Natural Natural Natural
time attenuation Jattenuation] attenuation
2015 Chemical Air Natural
Oxidation Sparging attenuation
2005
Natural Natural Natural
attenuation Jattenuation] attenuation
1995 >

60

100

Distance from source, m




For example, we could model first order decay
of MTBE into TBA:

XNyrge = _/IMTBECMTBE

rXnTBA = yTBA/MTBE;LMTBECMTBE _ﬂ"TBACTBA

We would like for all of these decay rate
constants to be functions of distance and time.

REMFuel also can model zero-order and Monod
Kinetics in the plume zone
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- Output vs. Distance

[- =] =]
Source Zone Parameters
Eerzens
Gamma [ 1 Rate (per year) Toluene
= | _Zone 1 Zone 2 Zone3 | Ethyl Benzene
souvin__® | | E| 09 3 EE) [t
& 0 g K] K] K]
Source Height {m]] z 8T 5 . .
> o}
Source Length () s HIEE 22) 22)
E[i5 2 1.1 a4 11
Darcy Velocity (miyi| 10 = Time —= =
— T Period 18 B [ (1.1) @1 @10
& K] K] K]
e
Fraction Removed 03 Daughter Nome [Berzene_Davghter Add Cemponent | Delete Component
Source Remediation Time Decay Rate (per year)
15 (Years) 155 = |_Zone 1 Zone 2 Zone3 | = Reaction Type
3
StartTime (T1)  EndTime (12) | @ B 03 23) 33 Zere Qrder Reaction
e § 7 7 7 £ First Order Reaction
Veloci S 2 ol " Monod Reaction
l—‘l ear
02 0 2 g 2 (12) (22) (22) Daughter Yield
Sigmay wMin whlax £ 5 T m o From Parent o
= 15 c
Number of Stream Tubes 7000 | vear = sl T
8| 0m 21 @1 [Concentration (g/L) | 0.00644 Caleulate
0002 0.0002 s e n
5 ] 0 0 Mass (Kg) 162
slphay (m)  alphaz (m) s Calculate|
4 Factor| 1.76 Calculate|
P l_'_zu xe [758 Source Decay ()| 11
Di: From . Meters
Intervals Win Valus Max Value
X- Direction [101 0.1 B Meter
==~ = MFuel
2 - Direction [1 @ (@ Meter
Time [50 o [50 Year

20




— —
e

[ ——
e,

Selecttypeof MAPL  [Gasoline - Unleaded with high MTBE

Initial Concentration = Xnapl (Mole Fraction) * Cmax (Pure Solubility) * Dilution Factor

Xnapl (Mole Fraction) =

105
Xnapl Mass Fraction 0.006 -
)
Cmax (Pure Solubility) = T8
Dilution Factor (0.01-1.0) = 05

Initial Concentration —0.00644 (/L)

¥ Significant D\QIE’?’—LI

Selecttypeof NAPL  [Gasoline - Unleaded with high MTEE
Initial Mass =Xnapl (Mass Fraction) * Volume NAPL * Density of NAPL
Molecular Wt NAPL | Set Volume of NAPL = 10000 Unit [USGalon v
I
Molecular . Benzene Xnapl (Mass Fraction) = 0.006
I Density of NAPL = 072
I
|| rmitiat Mass = 164 )
L ™
Calculate Retardation Factor h [
Retardation Factor
- OK Ci |
Koc (L/Kg) 83 4 ﬂ
Foc(-) 0.002 —=
| Bulk Density (Kg/L) 18
I Porosity = 0.35 |
(83)(0.002)(16)
Retardation Factor=1+ I
035
i

Retardation Factor =176

¥ Significant Digitsg 3 =

Cancel







Chemicals in soil gas
and pore water

Dissolved chemicals in groundwater

Underground
Gasoline Tank

Groundwater flow

A

Gasoline in soils

Clean groundwater
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NUMBER 2

Now You Try Using
REMFuel For a Site

¢

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

24

24



=

W File Model Help
REMPFusl Project ] Source Zone Paramelers
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== MTBE
TBA
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m Simulate aggressive source remediation in 2012, assume
we can remove 90% of LNAPL

m Also simulate a plume remediation operation (air
sparging, chemical oxidation, etc.) between 20 and 100 m,
starting in 2012 and ending in 2017

m Assume plume remediation increases benzene and
ethylbenzene decay rates by 4X; no effect on MTBE or
TBA

29




W File Model Help =[x
REMFue! Project | s ZonaP:
&-Project: stiouis_souros_remed_plum Source Parameters Component Name [Berzene
i Model Parameters
& View Model Resutts G 1 Decay Rate (per year)
View File Output Source Dimensions: o[ ZoneT W[ Zone2 I Zone3 |
&-View Graphical Outout Source Wicth (m) 20 > HIE 23 =3
i Output vs. Distance = 2o s
Source Height (m) 2 e L 11 11 1
e =
Source Length (m)[ 20 e HEEE @2 32
Flow Parameters Ef5 & T 22 1
Darcy Velocity (miy] 0 = Time >
Peiod 1§ B | (11 @1 @0
Porasity 0.35 £
= e — S N Ay i1
Fraction Remaved 03 Daughter Nome [Benzens_Doughter Add Component | Delete Compenent
Source Remediation Time Decay Rate (per year) Component Specific Paramcters
15 (Years) 155 © [ Zone1 Zone 2 Zone 3 = Reaction Type
z Zero Order React
Stert Time (T1)  End Time (T2) @ A GE) 23 @3 ° ero Order Reaction
- g ) | —] % First Order Reaction
Veelocity - 2 = 1 Monod Reaction
ear
1 02 0) 2] E‘ B 02 (22) (32) Deughter Yield [~
Sigmav uMin wMax = From Farent
| Eos N [ o oy ¢ Tnitial Sot
Number of Stream Tubes 1000 | Year = TS
[ <oz [ ooz e (1.1 (21 3.1 iConcentration (g/L) 0.00644 Calculate|
H ]
alphay (m)  slphaz (m) o 0 0 0| g sy 164 Calculate]
A n Retardation Factor] 176 Calculate|
x1 !207‘ X2 W Source Decay (1iyr)| 11
| Distance From Source, Meters
Simulation Parameers
[Cintervals | MinValue | MaxValue | Units |
X- Direction [101 o1 [200 Meter
2 oo —— = REMFuel
Z - Direction [i o o Meter
P F—— v Time [0 o [s0 Year




4
©
JJ
>
o
o
S
©
-
n
[}
E
=
-
©
[
Q
c
[}
3
2
[a]
]
>
c
g
s
©
bt
s
c
[}
I3}
c
<}
(&)

== Benzene
== MTBE
TBA

€00'88€

10°09¢

Ll0zee

¥20'70€

1€0'9LC

8E0'8¥C

$¥0'02C

250261

65091

990'9€}

Distance X (Meters)

- €L0'80}

8008

180T

60'7C

10,000

1,000
100

(7/6r) uonenuadsuon

10

31




== MTBE
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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?
B Wrap-Up

35
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Difficult case where natural attenuation is low

Long-lived PCE source, high discharge to
groundwater

Low rates of PCE-TCE-DCE-VC decay
Plume is defined by 1 ppb

36




What Will Happen if No Action is Taken?

NUMBER 2

REMChlor Used to
Evaluate MNA

(Tutorial 6)
¢

37
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DNAPL source has

=1.0, C0=100 mg/L; water flow
through source zone is

300 m3 per year

Assume reductive
dechlorination from
PCE - TCE - DCE —» VC

Assume that only %2 of DCE is
converted to vinyl chloride (VC)
by reductive dechlorination, the
other ¥z is destroyed

Ground water pore velocity is

30 m/yr, R=2, decay rates are low:
PCE, 0.4 yr; TCE, 0.15 yr; DCE,
0.1yrt; VC,0.2yr?

M/M, 1

38
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What Will Happen if No Action is Taken?

.
Release of 1620 kg
PCE in 1979. ) PCE |
PCE _)TCE : 100 1000 1000-0
—->DCE -»VC

TCE

-0f the — 7000
PCE DNAPL -
remains : 1000 10000
in the =

source zone

100 1000 10000
2009

Vinyl |chloride
1000 1500
X
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What Will Happen if No Action is Taken?

Distribution of PCE,
TCE, DCE, and VC
B8 years after spill,
with no remediation
of the source

or plume

88% of the PCE

DNAPL remains
in the source zone

1000 10000

PCE

L l
2000

2039
Vinyl chloride

L l L L l
1500 2000
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Ecological Revitalization Information
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What Will Happen if No Action is Taken?

Distribution of PCE,

TCE, DCE, and VC
years after spill,

with no remediation

of the source

or plume.

@598 of the PCE

DNAPL remains
in the source zone.

200

-200

100 1000 10000 2079
PCE
L L L L l L L l L L l
1000 1500 2000
C \ \ |
c2: 10 100 1000 10000 2079
TCE
L l L L l L L l L L L L l
0 500 1000 1500 2000
I [ \ |
:_ c3: 10 100 1000 10000 2079
= W nce
B L L L L l L L L L l L L L L l L L L L l
0 500 1000 1500 2000
C [ \ |
:_ c4: 10 100 1000 10000 2079
- | :l % inyl chlorige
0 500 1000 1500 2000
X

o
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Ecological Revitalization Information

Session

Where is the bulk
of the
contaminant
mass?

Partly in the source

zone and partly in
the dissolved plume

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

relatively large)

Growing

How much
concentration
reduction is needed
(maximum /desired)

Factor of ten
thousand

43
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t
CDl,=—2_ [ ¢l
mT“fe max(0,t—T,,)

Where _ _
q, is the daily water intake (2 I/d) t isthe Time

m s the body mass (70 kg) T, Iis the length of the
T is the 70 lifeti exposure period (30 years)
ite 1S the 70 year filetime C,, is the concentration of the
averaging period carcinogen in the well.

The CDI is essentially the cumulative dose of carcinogen.
With a cancer risk slope factor, SF, the cancer risk is then:

Risk, = CDI, x SF. Risk; =) Risk;
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New Ways to stay connected!

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

ﬂ https://www.facebook.com/EPACleanUpTech

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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