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Outline

e Commingled plume problem at site

* Methodology
* Results and suggestions for implementation
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Commingled

Plume Problem

* TCE, PCE, and other chlorinated solvents are commonly

commingled at contaminated sites and in groundwater
at industrial urban areas

* How to distinguish and delineate where one plume

ends and another

 Particularly difficu
the same chemica

negins?
t when different sites have released
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Is all this ours?

* Site A being blamed for all TCE in
plume

* Objectives:
* |s all this TCE from Site A?
* |f not, what are the other sources?

 Can we delineate the extent of
Site A TCE?

LEGEND

= Estimated extent of EPA Plume for TCE
=% 100-foot buffer from EPA Plume for TCE

1'= PRP Site boundary




Complicated site with
multiple on-site sources

* Site operated 1907 — present
* Multiple vapor degreasers

* Degreasers moved locations
over time

* Multiple different solvents over
time




Groundwater flow compllcated by hydraulic divide

AN 3

-

* Groundwater divide due to
pumping
* Divide appeared ~ 1970
* On-site pumping wells impacted
groundwater flow locally
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TCE contours
suggest other
contributors to
the plume

e TCE contours show hot
spots and anomalies
inconsistent with the
direction of
groundwater flow

* TCE flowing onto Site
from upgradient
source(s)

TCE 2003 (ug/L)
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1) PRP Site boundary



PCE plume looks
- verydifferent
s o from TCE

* PCE plume ends shortly
downgradient of Site A

* Similar short plumes
for other solvents, like

1,1,1-TCA
Ao e * Therefore, there must
1P be other sources of TCE
£ 50 - 100
£ 100 - 200

£ 200 - 500
5] 500 - 1,000 REMITEC
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~ S Many suspicious industrial
‘.I;,Q’ " .
- Ly sitesin the area

e Site in an urban industrial area

* Many historical metal plating
facilities, machine shops, dry
cleaners, and other industrial
sites with the potential to have
used and released chlorinated
solvents
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Potential chlorinated solvent users
may explain TCE anomalies

* TCE hotspots located adjacent to
documented chlorinated solvent
users and some potential users

 Some sites have soil data
indicating TCE releases (Sites C, |,

and K)
* No soil data for many other sites ez
(SitesD, G, L, M, N, P, R, Q) El
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How to identify other sources to this plume?
How to separate Site A’'s TCE plume from others?
Where does Site A’s TCE plume end?
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Methodology involves 3 steps

: - 1. Prepare “fingerprints” consisting of “pie-charts” of PCE and its daughter products
1. Fingerprinting ey |dentify fingerprints that match the site and those that don’t

2 Centerline 2. Plot contaminant concentrations along the centerline of a plume
plot a. ldentify data points with fingerprints matching the site and those that don’t

3. Fit a first-order decay curve to observed data with
fingerprints matching the site

a. Extrapolate the distance to meet the desired
concentration

3. First-order

decay
extrapolation

Sources:

¢ Dai Q, and Chau T. 2008. "Mass separation and risk assessment of commingled contamination in soil and ground water." GeoEdmonton 2008: 61st Canadian Geotechnical Conference and 9th Joint

CGS/IAH-CNC Groundwater Conference, September 21-24, 2008, Edmonton, Canada.
* Robrock K, and Mesard P. 2018. "Distinguishing between multiple dry cleaner sources in a comingled chlorinated solvent plume." Battelle 11t International Conference on the Remediation of
Chlorinated and Recalcitrant Compounds, Palm Springs, CA, April 2018.
¢ U.S. EPA. 2002. Ground Water Issue - Calculation and Use of First-Order Rate Constants for Monitored Natural Attenuation Studies. Washington, DC: U.S. EPA
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Step 1: Molar Pie Chart Fingerprints

PCE TCE cDCE VC

Cl Cl Cl Cl Cl Cl Cl H . . .
o= c=¢ c=¢ c=¢ * Increase in size of pie

suggests additional release
* Increase in proportion of

parent product suggests

additional release

m PCE mTCE cis-1,2-DCE vinyl chloride
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Site A
Fingerprints

* Site fingerprints
show mixed
PCE, TCE and
DCE

* Predominantly
TCE with some
DCE leaving the
Site

LEGEND
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Total molar concentration of
tetrachloroethene (PCE),
trichloroethene (TCE),
cis-1,2-Dichloroethene (cis-DCE)
and Vinyl chloride (VC)

Ratio of molar concentration
Q of PCE; TCE: and




Fingerprints suggest other
contributors to the plume

* Loss of degradation
products and increase
in TCE downgradient
indicate another TCE
source

LEGEND

° PCE source at S|te B Total molar concentration of
tetrachloroethene (PCE),

trichloroethene (TCE),
cis-1,2-Dichloroethene (cis-DCE)
and Vinyl chloride (VC) €]

@ Ratio of molar concentration ) @

of . : and

Site |
of samples with Site A fingerprint ! o)

Ratio of molar concentration ©
@ of : : and

of samples with no Site Afingerprint
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Fingerprints suggest other =g 4 B @
contributors to the plume = Ch

* Loss of degradation ) a«ii‘ ,"
A A

products and increase Fingerpeie

Fingerprints

: ) NOT consistent
in TCE downgradlent with Site A showing (.g consistent
indicate another TCE releases from af gl g
Iifrerent sites ! a\P
source L EGEND Site A fingerprints
] S with PCE from Site B
* PCE source at Site B Total molar concentration of TR “
tetrachloroethene (PCE), ey e
trichloroethene (TCE), T (3
cis-1,2-Dichloroethene (cis-DCE)
and Vinyl chloride (VC) €) &
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@ of PCE, : and Tu
of samples with Site A fingerprint @ o
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Step 2: Centerline plot

——(QObserved data

----- Model extrapolation

Concentration along centerline
(mg/L)
N

Distance (m)

REMIEC
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Centerline

* Plot data along or close to the
centerline

* |In this case, within 350 ft based
on the horizontal dispersion of
the plume

Source: Xu, M. and Y. Eckstein. 1995. "Use of weighted least-squares method in evaluation
of the relationship between dispersivity and field scale.” Groundwater 33(6): 905-908
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TCE concentrations along centerline

Discrete measured data

Interpolated data points from contouring

TCE (ug/L)

20,000
18,000
16,000
14,000
12,000
10,000
8,000
6,000
4,000
2,000
0

Samples with Site A fingerprint
|
0 1000 2000 3000 4000 5000

Distance (ft)

16,000
14,000
12,000

= 10,000

o0

2 8,000

L

O 6,000

4,000
2,000

0

Samples with Site A fingerprint

1,000 2,000 3,000 4,000 5,000
Distance (ft)

/ REMIEC.
#RemTEC EMERGING CONTAMINANTS
SUMMIT



Step 3: First-order decay extrapolation

* Plume attenuation follows first-order decay
e Extrapolate hidden plume using first-order decay curve

e ln(C(x)) —In(C,)
X

Source: #RemTEC EMERGING CONTAMINANTS
« U.S. EPA. 2002. Ground Water Issue - Calculation and Use of First-Order Rate Constants for Monitored Natural Attenuation Studies. Washington, DC: U.S. EPA - SUMMIT




First-order decay curve for Site A TCE

Discrete data points

Interpolated data points from contouring

y = -0.0034x + 9.3153
R2 = 0.5058

500 1000
Distance (ft)

12

In (TCE)

0 500 1000

y =-0.0039x + 10.373
R?=0.8968

Distance (ft)
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Use decay curve to
extrapolate end of TCE
olume (2 ppb) from Site A

e Extrapolate to 2 ppb along
centerline to find end of Site A
TCE plume

* Manually connect centerline to
the edges of the plume

* Discrete and continuous Toc rune ot
extrapolations yielded similar " Comtouous e
=2
plume lengths 2o

EJ50 - 100

£ 100 - 200
200 - 500
1500 - 1,000
4 1,000 - 2,000
32,000 - 10,000

&2 >10,000



Site A TCE plume delineation for sampling event
10 years later

TCE Plume (2012)

# 'Discrete method

# 'Continuous method
TCE 2012 {ug/L)

EJ50 - 100

£ 100 - 200

] 200 - 500
1500 - 1,000
4 1,000 - 2,000
32,000 - 10,000

&2 >10,000

* Fewer data yielded greater

variability between discrete

and continuous methods
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Conclusions and suggestions for
implementing

* Simple, easily implementable forensic method using existing,
conventional data

* Works best with:
* Consistent sampling locations over the years
* Sampling locations along the centerline of the plume

« Recommend comparing discrete measured data and interpolated
data from contouring program for better reliability of results
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Fponent’

Thank you!

Kristin Robrock, Ph.D., P.E.
Exponent
krobrock@exponent.com
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Geologic Models Utilizing Environmental Sequence
Stratigraphy: An Essential Tool to More Effectively
Remediate Contaminated Groundwater Sites

Colin Plank, CPG
October 16, 2024
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. The Problem: Subsurface complexity
Impacts performance and causes
uncertainty.

. Addressing The Problem: Types of
geologic models in use

. Best Practice: Environmental

Sequence Stratigraphy (ESS)

1. Whatitis and how it impacts a model’s
success.

. Project Examples

. Conclusions
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The Problem: The Subsurface is Complex

Complexity Consists of:

Lithologic Heterogeneity

« Cumulative impacts of
seemingly small
features

Stratigraphic Geometry

 Reality vs. Interpreted
Hydro stratigraphic unit
continuity

Van Etten Creek, Oscoda, M

The Subsurface is NOT Homogeneous



Significance of Heterogeneity

lower permeability
e

her permeability

Prolonged remediation time
frames:

 Grainsize and Sorting Controls .\ Advection
Hydraulic Conductivity (K) Drfston \

» Back-diffusion of contaminant | EEGEER

. . * T T
mass from fine-grained storage i @

zones often occurs — ——

—--.___-_—_—_,..-—

—

lower permeability
v

igher permeability

] —
+ *
| —

Modified from Gillham and Cherry, 1983, Fig. 10
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Significance of Geometry

This is the subsurface! .

Impacts hydraulic
connectivity, well
performance, and/or
amendment efficacy

Shallow

Why is Well 7 Off? oo el
Where Else on My Site . L/nterm.
Might | expect This?

Deep




You Need A Better Geologic Model

Geologic Model Types In Use:

« Static Cross Sections and Maps:
« 2D Conceptual/Lithostratigraphic Representations

« 3D Visualizations:
 Predominately Lithostratigraphic & Analytical Interpolations

* Numerical Models:
« Derive Geometry and Parameterization from Above

GEOSYNTEC CONSULTANTS D




Environmental Sequence Stratigraphy (ESS):

EPA/EDO/MR-17/293
September 2017

S EPA St
\-’ Agency

Groundwater Issue

Foundational Geology For A
Stronger Geologic Model

Best Practices for Environmental Site Management:
A Practical Guide for Applying Environmental Sequence
Stratigraphy to Improve Conceptual Site Models

« Use legacy data and understanding of
depositional systems to build a
predictive understanding of site
stratigraphy

* Hypothesis testing guides investigation

Michael R. Shultz!, Richard S. Cramer’, Colin Plank’, Herb Levine?, Kenneth D. Ehman?

CONTENTS
Background 1
I. Introduction - The Problem of Aquifer
Heterogeneity 3
Impact of Stratigraphic Heterogeneity on
Grounds How and iation 4
Sequence Stratigraphy and Environmental
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Il. Depositional Environments and
Facies Models 7
Facies models for fluvial systems 10

Glacial geology and related depositional systems 10

1. Application of Environmental Sequence
Stratigraphy to More Accurately
Represent the Subsurface _______ 12
Phase 1: Synthesize the geologic and
depasitional setting based on regional geologic
work

12

Phase 2: Formatting lithologic data and
identifying grain sizetrends — 16
Phase 3: Identify and mapHsUs — 19
Conclusions 22
References 24
Appendix A: Case Studies — A1
Appendix B: Glossaryofterms _________ B1

This documeant was prepared under the LS. Environmental Probection Agency
Mational D ination Team Decomtamination Analytical And Technical Service
(DATS) Il Contract EP-W-12-25 with Conzolidated Safety Services, inc. [C55),
10301 Democracy Lane, Suite 300, Fairfax, Virginia 22030

'Burns & McDannell
S EPA
*Chievron Enengy Technology Company

BACKGROUND

This issue paper was prepared at the request of the
Environmental Protection Agency (EPA) Ground Water Forum.
The Ground Water, Federal Facilities, and Engineering Forums
were established by professionals from the United States
Environmental Protection Agency (USEPA) in the ten Regional
Offices. The Forums are committed to the identification

and resolution of scientific, technical, and engineering

issues impacting the remediation of Superfund and RCRA
sites. The Forums are supported by and advise Office of
Solid Waste and Emergency Response’s (OSWER) Technical
Support Project, which has established Technical Support
Centers in laboratories operated by the Office of Research
and Development (ORD), Office of Radiation Programs, and
the Environmental Response Team. The Centers work closely
with the Forums providing state-of-the-science technical
assistance to USEPA project managers. A compilation of issue
papers on other topics may be found here:

http://www.epa.gov/superfundremedytech/tsp/issue.htm

The purpose of this issue paper is to provide a practical guide
on the application of the geologic principles of sequence
stratigraphy and facies models (see "Definitions” text box,
page 2) to the characterization of stratigraphic heterogeneity
at hazardous waste sites.

Application of the principles and methods presented in this
issue paper will improve Conceptual Site Models (C5M)

and provide a basis for understanding stratigraphic flux and
associated contaminant transport. This is fundamental to
designing monitoring programs as well as selecting and
implementing remedies at contaminated groundwater sites.
EPA recommends re-evaluating the CSM while completing the
site characterization and whenever new data are collected.
Updating the CSM can be a critical component of a 5 year
review or a remedy optimization effort.

Barrier Front Environments: 1 Mid Barrier Environments: I
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| ESS Methodology

The Environmental Sequence Stratigraphy (ESS) Process

f’l_i il I

T A A

F‘
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“Q&_

S

o Research regional geology to
determine depositional environment,

the foundation of the ESS evaluation.

'~
‘)

:i\?

~ Leverage existing lithology data:
vertical grain size patterns indicative of
genetic relationships.

Map and predict

the subsurface permeability

architecture away from the data points.

GEOSYNTEC CONSULTANTS D



ESS Can Improve All Model Types Because |t

Impacts Foundational Geologic Interpretation

Before ESS USCS Codes and No Facies Analogue After ESS- Lacustrine/Deltaic Facies Correlations

alt

Facies-Based Stratigraphic Geometry is Key —
Predictive Value.

GEOSYNTEC CONSULTANTS D



Using ESS Correlations to Improve or Replace

Lithologic Interpolation
Interpolation

West - East

Brown = silt/clay
White = sand/gravel w e = \Nater table

ESS Interpretation s —

d

% Sand-Rich Alluvial Fan (Aquifer)
T —— S B sit- and Clay-Rich Playa Lake and Paleosol (Aquitard)
with contaminant «.4 s 4
concentration ¥ Hsua  Hvdrostratiaraphic unit desianation
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Using ESS to Inform Numerical Modeling and

Optimize Remediation

Groundwater

Monitoring&Remediation
//\ _-_._._-_._._.__/________._-—-—'

Leveraging Sequence Stratigraphy to Accelerate
Site Remediation: Pliocene Citronelle Formation,

Eglin Air Force Base, Florida, USA

by Mike Shultz, Colin Plank, Mark Stapleton, Leo Giannetta and Rick Cramer

Groundwater Monitoring & Remediation 43, Summer 2023, pages 79-92
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Using ESS to Inform Numerical Modeling and

Optimize Remediation
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PCE Pump and Treat Remediation System Not Meeting

Predicted Performance Goals
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Existing Sections Did Not Effectively Correlate or

Communicate Key Features

100 150 200
i 1 & &
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Down-hole Data Legend
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General Facies Model and Two Key Site Features

arine Maximum

Upper
Shoreface-1
Sands

Estuarine Incised Valley
Fill (heterogeneous mix)
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| ESS Analysis Reveals and Communicates Key Features
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Mapping Leads to Single Targeted Additional Extraction

Treatment System
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Evolution of PCE Plume Mass Post ESS Optimization

ST-69 PCE Mass Estimate Using Isoconcentration Contour Method
Duke Field, Eglin AFB, Florida

N 50.61 ESS Optimization
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Conclusion : A Robust Geologic Model is Key to

sSuccess

Every site has a conceptual model in use,
whether you deliberately created one or not:

« “The A-Sand, The B-Sand....”

« “Shallow, Intermediate, and Deep” f.
 “The Site is a Sandbox...”
None of these are particularly geologic... i

The question is, “Is your model based on...

« Trial and error learning?

* Inherited site lore?

« USCS code interpolations? OR

« Sound stratigraphic hypotheses and the
predictive framework that results?
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Thank You!

Colin Plank
Colin.Plank@Geosyntec.com
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