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U.S. EPA GEOLOGY INITIATIVE

» 90% of mass flux contaminant
transport at superfund sites has been
shown to be through 10% of aquifer
material

» A site conceptual model that
accurately reflects the geologic
plumbing is essential for successful
remedy selection and implementation

» ESS reduces uncertainty, time to
remedy complete, and cost
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BACKGROUND
CONTENTS

This issue paper was prepared at the request of the
Background 000000 1 Environmental Protection Agency (EPA) Ground Water Forum,

The Ground Water, Federal Facilities, and Engineering Forums

R s eckicHosTHA Frotiein ot RGOt e were established by professionals from the United Szates

Hnl«ogmti.ly T — 3 Environmental Pratection Agency (USEPA) in the ten Reglonal
!rmpacl‘-il ‘:lm'l‘algaphr.liulmnlgun-:ny on Offices, The Forums are committed to the identification
o ol o o and resolution of scientific, techrical, and engineering
Sequence Slr.tt!grapfr,- arvd Environmental issues impacting the remediation of Superfund and RCRA
et o 4 sites. The Forums are supparted by and advise Office of
Il. Depositional Environments and Solid Waste and Emergency Response’s [OSWER] Technical
Facies Models 7 Support Project, which has established Technical Support

10 Canters in laboratories operted by the Office of Research
and Development [ORD]), Office of Radiation Programs, and
the Environmental Response Team. The Centers work closely

Facies models for fuvial systems
Gladial geology and related depositional systems 10

1. Appli of E tal with the Forums providing state-of the-science technical
Stratigraphy to More Accurately assistarce to USEPA project managers. A compilation of issue
Represent the Subsurface 12 papers on other topics may be found here:

Phase 1: Synthesize the gedogic and
depasitional setting based on regional geologic http:/fwww.epa. gov/superfund/remedytec et

work 12

Phase - Formatting lithologic data and The purpose of this isue paper is to provide a practical guide

identifying graln size trends 16 on the application of the geologic principles of sequence
Phase 3 Idently and map HSUs 19 stratigraphy and facies madels [see "Defnitions” text box,
page 2} to the characterization of s igraphic heterogeneity
Conclusions ——— 22 at hazardous waste sites,
U 24 Appl of the principles and methods presented in this
Appendix A: Case Studies Al issue paper will improve Conceptual Site Models (CSM)
and provide a basis for understanding stratigraphic flux and
Appendix B: Glossary ofterms 81 associated contaminant transport. This is fundamental to
designing monitering programs as well as selecting and

ting remedies at cor 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 erivical component of a 5 year
review ar a remedy optimization effort.




U.S. EPA GEOLOGY INITIATIVE: BEST
PRACTICES FOR ENVIRONMENTAL
SITE MANAGEMENT

» A practical guide for applying Environmental
Sequence Stratigraphy to Improve Conceptual
Site Models*

» Contents of a groundwater monitoring report*

» A framework for characterizing
groundwater/surface water interaction

» Geologic characterization of hazardous waste
sites

» Groundwater sampling methods

*currently published
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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 resalution of scientific, technical, and engineering

ksues impacting the remediation of Superfund and RCRA
sites. The Forums are supported by and acvise Office of

Solid Waste and Emengency Response's {OSWER) Technical
Suppart Praject, which has established Technical Suppart
Centers in laboratories operated by the Office of Research
and Development (ORD), Office of Radiation Programs, and
the Environmental Response Team. The Centers work closaly
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

hitp:f/www.epa gov/superfund/remedytech/tsp/fissue htm

The purpose of this issue paper 5 to provide a practical guide
on the application of the geologic prirciples of sequence
stratigraphy and facies modek (see "Definitions” text bax,
page 2] to the characts ian of strati h i
at hazardous waste sites.

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

and pravide a basis for understandieg stratigraphic flux and
associated contaminant transpart. This is furdamental to
cesigning 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 cata are collected.
Updating the CSM can be a eriical component of a 5 year
review or a remedy optimization effort
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INTRODUCTION: ESS IS ABOUT PATTERN RECOGNITION
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INTRODUCTION: ESS IS ABOUT PATTERN RECOGNITION
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INTRODUCTION: ESS IS ABOUT PATTERN RECOGNITION
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ESS IS ABOUT PATTERN RECOGNITION
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THE PROBLEM OF AQUIFER HETEROGENEITY

Alluvial fan Lilke

» Outcrop analog of meandering fluvial deposits
(Upper Cretaceous Horseshoe Canyon Formation, Alberta, Canada)

» At aquifer remediation site scale
» Ability to map sand channels in three dimensions

» Facies models provide predictive tool for characterization based on depositional environments
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THE PROBLEM OF AQUIFER HETEROGENEITY

[

AL EE A

N\
BURNS“’IEDONNELL




THE PROBLEM OF AQUIFER HETEROGENEITY
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THE PROBLEM OF AQUIFER HETEROGENEITY
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THE PROBLEM OF AQUIFER HETEROGENEITY
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NATIONAL RESEARCH COUNCIL

GEOLOGIC HETEROGENEITY

ALTERNATIVES FOR MANAGING

MATTERS THE NATION’S COMPLEX

CONTAMINATED GROUNDWATER SITES

» More than 126,000 sites across the U.S.
require remediation

» More than 12,000 of these sites are
considered "complex”

» “...due to inherent geologic complexities,
restoration within the next 50-100 years is
likely not achievable.”

» USEPA Geology Initiative addresses historic
underperformance of remedies
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THE ESS PROCESS

Grain-size increasing
e

e
e —
et 295 7= 355 €0 Qﬂ:ﬂml‘_
Determine depositional Leverage existing lithology Map and predict in 3-D the
environment, which is the data: format to emphasize subsurface conditions away from
foundation of the ESS evaluation vertical grainsize distribution the data points
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MAPPED BURIED SAND CHANNELS

USCS-Based Cross Section ESS-Based Cross Section

USCS-Based Cross Section
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GETTING MORE FROM 5M8MWO09

EXISTING SITE DATA

» “All we have are these lousy USCS boring "I
logs”™ 0{ | sm

» USCS is not a geologic description of the so] [smm
lithology ==

» Different geologists |

» Different drilling methods E SwL

» Different sampling intervals SE sP
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ESS PROCESS

5M8MWO09

1 |

Graphic Grain-Size Logs (GSLs) wl| :
» Existing data is formatted for g | = wiusss
stratigraphic interpretation o1 | sm it
71 g ’ . . 401 | sM/ML EZ::“H
» Reveals the "hidden” stratigraphic o o st
information available with existing | Rt R
lithology data || g s
1] SM/ML B oo

jj B ,
s SP
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ESS PROCESS

SMEMWO9
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T35 T o i, i
A s B | 1] et neimsene. s o ompuiwee | | This SM
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; grained silty
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ESS PROCESS

SM8EMWO9
0

ol | sm This SM interval is a fine- to coarse-grained silty
sand with gravel, representative of a channel deposit
201 SW
35 T T T R it e e - 2y
_ M
30{| sm 24+
J 25— 25 ] 100! 14 5 '_-' Silty Sand: 10YR 4/6 fine to coarse, poorly graded, very dense,
. iy ¥ maist, subrounded; trace gravel;
401 | sm/ML 26+ £ ) %% 1| epproximately 5% gravel, 80% sands, 15% fines.
1l « . o
504 | mL/cL -
SM 28+
60E'§ SC
2 SM/ML 18 1] Siliy Sand: 2.5YR 5/4 light olive brown, fine to coarse. poorly
Y[(EE SM ) : graded. very dense, slightly moist, subangular to subrounded;
= 33 58 | trace clay and pravel. large quanz crystals;
g Sp | RNk apptoximately 10% gravel, 80% sands, 10% fines,
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ESS PROCESS

» Reformat existing data

SMEMWO9
. . 4 \$6\ @QQ QW
to identify sequences Jl _ e o
T e | "

» Apply facies models, = N ’i...,j-_ EN g'\zgj
stratigraphic “rules of |} 2 == gl
thumb” to correlate and [ T | - :

T fanll A
map the Su bsu rface, i’: = Example from GW site in S. CA, USA

predict character of
heterogeneity present

BURNS&'IEDONNELL’



MAPPED BURIED SAND CHANNELS
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GRAIN SIZE TRENDS USED TO MAP PATHWAYS

USCS-Based Cross Section ESS-Based Cross Section

USCS-Based Cross Section
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STRATIGRAPHIC “RULES OF THUMB” FOR LOG

CORRELATION

» Generalized guidelines for
stratigraphic correlation of log data

» Intended to facilitate “reality check”
by non-stratigraphers

» Some global guidance (e.g., 7, 8)
» Some specific cautions (e.g., 10, 11)

BURNS\\MEDONNELL'
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10)

11)

Interpretation must consider depositional
environment, facies model

Patterns, not “tops”

Consider erosional events

Correlate clays first instead of sands
Look for paleosols

Channels have erosive bases, flat tops

Increasing heterogeneity with clay content in
fluvial systems

Vertical heterogeneity is an indicator of lateral
heterogeneity
(fluvial systems)

Look for Maximum Flooding Surfaces (coastal
settings)

Avoid the “mounded clay”

Avoid “Pillars” of facies
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Figure 10. Cross section showing a common mistake in correlating subsurface data. Interpreted vertical facies
patterns (“pillars”) corresponding to individual borehole locations with interfingering facies changes laterally. This
cross section reflects biases in USCS classification between different geologists or vintages of data collection, is not
geologically defensible, and is of extremely limited utility in understanding subsurface conditions.
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THE
“MOUNDED
CLAY”

* How different can
two interpretations
of the same data
be?

* Does it matter?

* Isthere a “right
answer”?

* Sometimes, there
are equiprobable
interpretations

* But not this one...
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Figure A11. Exisling CSM depicling three aquifer unils [yellow) wilh gravel-bearing channel tone (orange)
separated by aquitard units (brown). Lower aquitard unit shows convex-up morphology ("mounded”).
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KNOWLEDGE GAINED FROM ANALOG STUDIES AIDS IN
NTERPRETATION OF SUBSURFACE DATA: OUTCROP OF CHANNEL
DEPOSIT

Floodplain deposits (silt and clay)

Channel deposit (sand and gravel)

Floodplain deposits (silt and clay)
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THE .

a D brown = silt/clay lithofacies

wp pore
[:I yellow = sand-rich lithofacies

[ e e = : :
cowsen  (hg &
D orange = gravel-bearing channel lithofacies
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UPDATED CSM

: : :
resistance pressure () W) ()

(coarser)  (higher)
—> —>

T

e . s .

High pore pressure response
indicative of clay-rich floodplain
facies (verified by boring log data).
Clay is at the same elevation as clay
in CPT-3

Insignificant pore pressure response indicative | s s - —
of silty facies (verified by boring log lithology
data). Considerably shallower than clays at
CPT-1, CPT-3. Suggests isolated intrachannel

fines and not floodplain facies

wmrv-ﬂql‘" ‘H-Urﬁmmw—-’-

— - . - . . . .

A\

10 = WERTICAL EXAGERATION

VERTICAL SCALE Fining-upward log High pore pressure response
P e T signature {not present in indicative of clay-rich floodplain
10 0 10 & CPT-1or Crl)’T-s) facies (verified by boring log data).
HORBIZONTAL SCALE Clay is at the si?‘rzﬁilfvatlon as clay
e e e——
100 0 100

Figure A13. a) The original CSM. (b,c) ESS CSM stratigraphic interpretation of CPT data showing a channel deposit
which has breached the principal aquitard unit through erosion. This interpretation is supported by the fining-upward

X nature of the channel deposit in CPT-2, the low pore pressure response of CPT-2 relative to CPT-1 and CPT-3, the
BURNS Q\MSDONNELL' similarity in elevation of the floodplain facies in CPT-1 and CPT-3, and the anomalous elevation of the silt unit in CPT-2.



CASE STUDY: SILICON VALLEY COMMINGLED PLUMES

» Former semiconductor manufacturing
site: VOC groundwater plume
commingled with neighboring plumes

» Scale: Less than 10 acres,
approximately 100 feet depth of
investigation

» Geology: Meandering/anastamosing
stream (buried sand channels)

» Lithology data: Borehole logs

» Approach: In response to five-year
review, use ESS to define contaminant
migration pathways from off-site sources

30!

[
e

0

PACIFIC

OCEAN

25 KILDMETERS
or
15 MILES

Monteray
Bay
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ORIGINAL CSM - B1 ZONE
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GRAIN SIZE TRENDS AND GRAPHIC GRAIN SIZE LOGS

» Normalize different vintages of data collection, etc.

» Identify trends in maximum grain size (indicator of energy level in depositional

processes)
» Provides “pseudo-elog”
» Example of fining upward channel deposit

» Channel “signature” provides basis for mapping

[ fioodpiain

Levee

Bl splay

[] channel fill

SP log scale
ft m

100}30
0-+0

i

Floodplain

Channel fill, point bar
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1|\ (oantact - dritar - cusingay
| Gravofy SAND (SW); brown; modurm donse;

<5% clay; 5-10% sl; very fine to vary coarse
sand; 32-40% fine subangular gravel to 1/4*
dlamater; high ast K

A

\ Sty CLAY (CL); brown moltled black; stiff;
30-40% sill; <5% very fina to fina sand: wary

Sandy SILT (ML); biue-gray; stiff; 5-10% clay;
20-30% vary fine 1o fine sand; low est K
Sty SAND (SM]; blua-g¢
5-10% clay; 20-30% sit; vary fina to medium
sand; <5% fine angular gravel 1o 175"
diamatar; mod ast K

T-12C (cont.)

[0 GRAPHIC LOG DESCRIPTION

'{ Sandy GRAVEL (GP); blue-gray; densa 1o ven
danso; 5-10% clay; 10-15% silt; 20-30% vary
fine to very coarse sand; fine subangular to
subrounded graval to 1/2° diamatar; high est K

(Cormact - driber - cutings)

Sandy GAAVEL (GP); mutlicolored; very

dense; <5% finas; 10-20% medium 13 very

coarse sand; 40-50% fina subangular 1o

subrounded gravel; 30-40% coarss

subrounded to rounded gravel 1o 1° diamster;
high est K

5-10% finas; 30-40% medium to very coarsa
sand; 40-50% fine subangular graval; na
coarso gravel balow 54 304"

Clayay SILT (ML); vary Bght gray; stifl to very
Ty | stiff; 20-30% clay; 5-10% vary fine to fine Fox
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CHANNEL INTERPRETATION

EAST -
B2 0 B B
o < & P i &
o LN B
= = Site boundary
- —{ ;,—=
o Areaofincreasing
| s cencentration, suspected

‘C Elﬂﬂ
s

\
e

LEGEND

00

channel deposit consisting of
coarse-grained sand, gravelly sand typically
fining-upward from gravel-bearing base

200
200

channel margin or splay deposit consisting
of coarse-to fine-grained sand, silty sand

Floodplain deposits consisting of clay, silty
clay, and sandy clay, often with root
structures, caliche nodules (soil horizons)
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CHANNEL INTERPRETATION
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200

Site boundary

o Areaofincreasing
cencentration, suspected

LEGEND

channel deposit consisting of
coarse-grained sand, gravelly sand typically
fining-upward from gravel-bearing base

channel margin or splay deposit consisting
of coarse-to fine-grained sand, silty sand

Floodplain deposits consisting of clay, silty
clay, and sandy clay, often with root
structures, caliche nodules (soil horizons)




DOWNCHANNEL AXIAL PROFILE VIEWS WITH CONTAMINANT
FINGERPRINT DATA

Channel map of HSU-1 (on-site channel) and cross section B-B’ Channel map of HSU-2 (off-site channel) and cross section C-C’
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&
4/

-9 ~ 5
a0 o 5 N
PR 5 5

20’ bgs

40° bgs

N\
BURNS“’IEDONNELL




DOWNCHANNEL AXIAL PROFILE VIEWS WITH CONTAMINANT

FINGERPRINT DATA

CSM reduced
uncertainty and
lead to resolution of
a 5 year review
issue.

provide rationale for
monitoring well
screen depth and
monitoring
objectives.

New CSM will result
in clean up by
parties responsible
for each site related
release.
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Channel map of HSU-1 (on-site channel) and cross section B-B’
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CONCLUDING REMARKS

» Stratigraphy is complex, a critical
control on contaminant flux

» While complex, stratigraphy is not
“‘random”, facies models and
sequence stratigraphy are tools to
improve understanding of
heterogeneity and groundwater CSMs

» ESS reduces uncertainty, time to
remedy complete, and cost
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site characterization and whenever new data are collected
Updating the CSM can be a erivical component of a 5 year
review ar a remedy optimization effort.
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