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The Purpose of This Presentation

- Demonstrate the effect of
commonly observed stratigraphic
patterns on DNAPL migration in the
saturated Zone

- Discuss the origins of these
patterns and discuss why their scale
and orientation is a knowable
quantity
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Conrad and Glass, 2002

Research In DNAPL Migration

- ...heterogeneity causes pooling at
multiple scales. This controls extent
and will critically influence remediation
attempts

- “Variations in texture can have a
profound effect on migration”

t=1h1' 55"

- “We may never have enough geologic
detail to use deterministic simulations
to aid in finding DNAPL”
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What Controls The Heterogeneity of the
Subsurface? The Depositional Environment.
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Soller, D.R. and M.C. Reheis, 2004, Surficial Materials In The Conterminous
United States. U.S. Geological Survey Open-File Report OFR-03-275
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Glacial Cover
(till and outwash)

Coastal Plain
Sediments
(Estuarine,

Deltaic, Marine)

Soller, D.R. and M.C. Reheis, 2004, Surficial Materials In The Conterminous
United States. U.S. Geological Survey Open-File Report OFR-03-275 River Valley Alluvium
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Fluvial Depositional Environments
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Glacial Depositional Environments
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Tank Stratigraphy
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Tanks For The Memories

- Two 6 gallon tanks

-~ 3 grainsizes

e Silt, Coarse Sand (.5-2mm), and
Gravel

- Coal Tar: 1.2 g/cm3, 500csk

~ Time Lapse Camera at 5
minute interval for 16 hours

- 2 stratigraphic scenarios

\S
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Implications of Tank Demonstration
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Use Facies Relationships to Infer Where
Deeper Contamination May Be -~

Levee deposit deeper than
A channel succession implies
more channels at depth
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EPA Issue Paper

- Environmental Sequence
Stratigraphy (ESS)

- A Methodology For
Using a Depositional
Systems Approach

\
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EPA/600/R-17/293
September 2017

st Groundwater Issue

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

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

BACKGROUND
CONTENTS

This issue paper was prepared at the request of the
Background 1 Environmental Protection Agency (EPA) Ground Water Forum.

The Ground Water, Federal Facilities, and Engineering Forums

LA e B ST LA were established by professionals from the United States

Haterogenalty - 3 Environmental Protection Agency (USEPA) in the ten Regional
Impact of Stratigraphic Heterogeneity on Offices. The Forums are committed to the identification
Groundwater Flow and Remediation — . 4 5 Ry 3 4 ¢
) : and resolution of scientific, technical, and engineering

gequence 2:“’ :;grap:\y and Environmental 4 issues impacting the remediation of Superfund and RCRA

ARt ATIAR I sites. The Forums are supported by and advise Office of

Il. Depositional Environments and Solid Waste and Emergency Response’s (OSWER) Technical

Facies Model 7 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

Facies models for fluvial systems 10
Glacial geology and related depositional systems 10

1l Application of Environmental Sequence with the Forums providing state-of-the-science technical
Stratigraphy to More Accurately assistance to USEPA project managers. A compilation of issue
Represent the Subsurface 12 papers on other topics may be found here:

Phase 1: Synthesize the geologic and

depositional setting based on regional geologic http://www.epa gov/superfund/remedytech/tsp/issue.htm

work

Phase 2: Formatting lithologic data and The purposg ofvthls issue paper !5 tolprcnmde a practical guide

identifying grain size trends 16 on the application of the geologic p\;lnr,u?@l of sﬂcquence

EHass s Hantiny and mas HeL 19 stratigraphy and facies modgls (see Dgﬁnmnns text box, )
page 2) to the characterization of stratigraphic heterogeneity

Conclusi: 22 at hazardous waste sites.

References 24 Application of the principles and methods presented in this

Appendix A: Case m Al issue paper will improve Conceptual Site Models (CSM)

and provide a basis for understanding stratigraphic flux and
Appendix B: Glossary ofterms __________ B1 associated contaminant transport. This is fundamental to
designing monitoring programs as well as selecting and
This document was prepared under the U.8, Ervironmental Prelection Ager: implementing remedies at contaminated groundwater sites.
gl H?utunlnm::r;:mw Toam D alio oal And Teo ! EPA recommends re-evaluating the CSM while completing the

ot B radio L, M\fj"{',ﬁ'ﬂm/‘,';livﬂ‘;e'v“'ﬁ" site characterization and whenever new data are collected.
Updating the CSM can be a critical component of a 5 year

‘Bums & M:Donnell
: review or a remedy optimization effort.

A EPA
*Chevron Energy Technology Company
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Table 1. Table showing vertical grain size profiles typical of a variety of depositional environments, major aquifer
and aquitard elements and their common dimensions, impact on CSMs, and implications for required data
resolution for characterization of groundwater remediation sites.

environment
and typical

grain size
profile

symmetrical or bow
Near- ==
shore, )5
Deltaic e

dimensions

Proximal fan channels,
mid-fan sheet sands,
distal fringe sands

X 10Pm=-10*m
Y:10'm=-10°m
Z:10'm=-10sm

Channel axial fill, point
bar, crevasse splays
X: 1m-10'sm

Y 100m=-10"m

Z 10'm-10m

Channel axial fill, bar

complex

X 1m=10'm
Y: 10'm=-10°m
Z:10'm=-10'm

Offshore bar, shelf,
transgressive sand
X 10'm=-10°m
Y 10 m=-10'm
Z 10'm-10m

Shoreface (beach),

X 10'm=10"m
Y. 1m-10°m
Z:10'm=-10m

Major aquitard
elements and
their common

Impact on CSM

Data resolution
needs

Playa lake deposits or Laterally extensive paleosol or playa lake deposits may be thin (10's of cm to High in vertical sense,

paleosol formations mu).bmmmhlywwmmmm Such thin aquitards may  need for lateral resolution

commonly vertically not be due to their thin decreases down-fan

separate fans. Debris-flow  nature. anmapmwywmﬁcdbmmuwdoam and where channels are less

deposits also commonly are laterally offset stacked ( ). Fans are by

clay-rich. channels encased in sheet-flood deposits. Channels are radial from a point

X 10°m=-10°m source and represent permeable pathways. Channel density decreasing down-

Y: 1 m-10°m fan.

Z10'm~10'sm

Floodplain deposits, levee Chamlandponl-bavdepomamenusedmheqnmed floodplain deposlu High both laterally and

deposits, clay drapes on and flow i

lateral accretion surfaces, surface mmsmepoor of specffic g flow paths and

plugs filling Colnoqnlnod “lags” at the bases of

channels. channels and point bars high- Lateral

X 10'm=-10"m lwmndraposem'om'shhohd’ml«um Chyphmﬂlmq

Y 10'm-10°m abandoned channels ("oxbow lakes”) common and provide barriers to

Z 10'm~10'sm flow and fate and

Floodplain deposits, sitt Lo ity high- ility streaks within an overall permeable High both laterally and

and clay plugs filling matrix may flow and Laterally vertically, greater lateral
di ﬂamwunmmymmlntinpwmw-h mm resolution required

X 10°m-10"m more continuous in the down-channel to the el to

Y: 100*m=-10m direction. depositional axis (i.e

Z 10'm=-1sm cross-channel transects)

versus paraliel to

Fair-weather fine-grained
draping shales
m-100m

Y: 10'm=10°m

Z 10'm-10m

Marine flooding shales
capping sequences,
interdistributary fluvial
overbank in upper parts
X: 10'm=10"m

Y: 10 m-10°m

Z 10'm=-10m

Gradational base and top related to snhna sea-level or environment. qun
degree of lateral (coarser grai
fsrmmdepoﬂts(ﬁmf-qmmd)badwbm doqreeolvemul
heterogeneity and “layer cake" stratigraphy.

Laterally extensive, sand-rich near-shore units in upper parts of sequences

Low in lateral sense, high
in vertical

and delta-plain channels. High degree of interbedding of coarse and fine-

grained units in lower parts. SIandduynmmdnm quired in
dip may lead to of of upper parts of sequences
meters to kilometers.



Why Concepts of Depositional

Environment Matter
- Stratigraphy is the plumbing of the subsurface

- Sediment geometry influences the location of
contaminant mass in the subsurface

- Directly affects recoverability and remediation
efficiency

- Understanding helps provide a predictive framework
for addressing delineation concerns and issues of
uncertainty impacting site closure
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INTERNAL STRUCTURE |

LATERAL

CHANNEL| COMPOSITION OF CHANNEL GEOMETRY
TYPE CHANNELFILL | CROSS SECTION MAP VIEW SAND ISOLITH | SEDIMENTARY f
v

g 1 7\ [
z T ofs
z
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