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US EPA Emphasis on Geologic Based
CSMs and Remediation Based Geology

~ Moeotivation: Determine why some Superfund site remediation efforts are not
successful. Are there a set of circumstances or characteristics commeon for
these sites that prevent attaining cleanup standards?

» ldentified issue; Contaminant flux is often limited to geologically controlled
flow zones. Imperative to identify these flow zones to assure successful
remeadial efforts.

» Goal: Provide remediation industry and regulators with an approach for
applying proven geologic principles and methods to locate flux zones.

» Expectations: Site managers reconsider conceptual site models (CSMs)
fallowing new EPA guidance.
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US EPA Emphasis on Geologic Based CSMs
and Remediation Based Geology

- EPA s committed to applying stratigraphic analysis to our hazardous waste
sites. It is our expectation that stratigraphic analysis utilizing the methods
presented in this new EPA guidance be considered at each site.

- EPA has advocated updating existing conceptual site models when new data
are obtained. This new EPA guidance presents a methodology utilizing
existing data, new data are not necessarily required to perform this analysis.

- Updating existing conceptual site models can occur at any time, from EPA's
perspective this can occur in the near term.

- Stratigraphic analysis is best conducted by experienced stratigraphers. EPA
will be writing into contracts for conceptual site models developed on our
behalf be prepared in collaboration with a stratigrapher.

- EPA’s expectation is for work products and reports submitted to our agency
also be checked by an knowledgeable and experienced stratigrapher.
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US EPA Geology Initiative

- Best Practice series of papers, two completed three in prep

- BEST PRACTICES FOR ENVIRONMENTAL SITE MANAGEMENT,
A Practical Guide for Applying Environmental Sequence Stratigraphy to
Improve Conceptual Site Models

- BEST PRACTICES FOR ENVIRONMENTAL SITE MANAGEMENT,
Contents of a Groundwater Monitoring Report

- BEST PRACTICES FOR ENVIRONMENTAL SITE MANAGEMENT, A
Framework for Characterizing Groundwater/Surface Water Interaction

- BEST PRACTICES FOR ENVIRONMENTAL SITE MANAGEMENT,
Geology Characterization of Hazardous Waste Sites

- BEST PRACTICES FOR ENVIRONMENTAL SITE MANAGEMENT,
Groundwater Sampling Methods

- Stay tuned, publication and training announcements will be made in
EPA’s TechDirect
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General Benefits of ESS Approach

|

|ldentify groundwater flow paths and preferential
contaminant migration pathways

Map and predict contaminant mass transport (high
permeability) zones and matrix diffusion-related storage
(low permeability) zones

ldentify data gaps and determine a focused HRSC program,
If needed

Optimize groundwater monitoring program

Improve efficiency and timeliness of remediating
contaminated groundwater

Reduce cost of remediation

S EPA B eroscin BURNS \\MSDONNELL.



US 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 remedy selection
and implementation.

- Site conceptual models that do not consider
depositional environment tend to incorrectly interpret
the geologic plumbing which leads to faulty remedy
selection/design and unnecessarily lengthy cleanups.
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Best Practices for Environmental Site Management:
A Practical Guide for Applying Environmental Sequence
Stratigraphy fo 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
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

I.  Introduction -The Problem of Aquifer
Heterogeneity 3

Impact of Stratigraphic Heterogeneity on
Groundwater Flow and Remediation — 4

Sequence Stratigraphy and Environmental

Seatsne ol 4 sites. The Forums are supported 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

Facies models for fluvial systems 10 Centers in laboratories operated by the Office of Research

and Development {(ORD), Office of Radiation Programs, and

Glacial geology and related depositional systems 10
the Environmental Response Team. The Centers work closely

lll. 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 12

s e e The purposg of_thls issue paper !s to_prc_)wde a practical guide
identifying grain size trends 16 on the application of the geologic principles of sequence
stratigraphy and facies models (see "Definitions" text box,

Phase 3: Identifyand mapHSUs 19 e 4 2 .
page 2) to the characterization of stratigraphic heterogeneity
Conclusions 22 at hazardous waste sites.
References 24 Application of the principles and methods presented in this
Appendix A: Case Studi A1l issue paper will improve Conceptual Site Models (CSM)
and provide a basis for understanding stratigraphic flux and
Appendix B: Glossaryofterms ___ B1

associated contaminant transport. This is fundamental to
designing monitoring programs as well as selecting and

This document was prepared under the U.S. Environmental Protection Agency implementing remedies at contaminated groundwater sites.
National Decontamination Team Decontamination Analytical And Technical Service EPA recommends re-evaluating the CSM while completing the
(DATS) Il Contract EP-W-12-26 with Consolidated Safety Services, Inc. (CSS), P -

10301 Democracy Lane, Suite 300, Fairfax, Virgnia 22030 5|tzchf: rac:‘enzatlon an: whepgve:lr new data are;collected.
s EREDRel Up‘ ating the CSM can ‘e f] crlmca component of a 5 year
2.8 EPA review or a remedy optimization effort.

3Chevron Energy Technology Company
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Focus on Depositional Environments

Glacial environment

Fluvial environment Lake

Alluvial
Eolian fan

Playa lake (dunes)

S 55 Tidal flat
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Stratigraphic “Rules of Thumb”

Interpretation Methodology and Stratigraphic
“Rules of Thumb"

While there is no substitute for experience

In application of facies models and sequence
stratigraphy for accurate stratigraphic interpretation,
the following generalized “rules of thumb” are

presented to assist practitioners in the groundwater
remediation community to improve subsurface
correlations and prediction.
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Case Studies

APPENDIX A

Case Studies

- #1: Fluvial channel deposits, Silicon Valley, California; Contaminant pathways related to
commingled VOC plumes A2

- #2: Glacial Outwash Channel Systems, Northeast US; DNAPL source for VOC groundwater impact A12

- #3: Glacial terrain, till and lacustrine deposits, Upper Midwest US; LNAPL and dissolved phase
impact at a manufacturing facility A15

- #4: Desert alluvial fan environments, Western US; Managing hexavalent chromium impacts to
groundwater at an industrial facility A20

- #5: Fluvial channel and overbank deposits, Southern California; Updated CSM for perchlorate
plume containment remedy A24

- #6: Incised-valley fills, Gulf Coast Region, US; Optimize VOC plume containment and in-situ
remediation A29
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Presentation Outline

- Paradigm Shift =» Remediation Geology

- Why Environmental Sequence Stratigraphy (ESS)
(The Challenge of Subsurface Heterogeneity)

- What is ESS?

- Case Studies
- Silicon Valley groundwater remediation project

- Kirtland AFB, Albuquerque NM
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Paradigm Shift " Remediation Geology



A Definition of Geology

The science that deals with the earth's physical
structure and substance, its history, and the
processes that act on it.

Geology (stratigraphy) defines the subsurface
“plumbing” that is the primary control of groundwater
flow and contaminant transport.

S EPA B eroscin BURNS \\MSDONNELL.



Just like there are specialties in the
field of medicine...

MD
general practice  OB/GYN anesthesiology neurology cardiology
orthopedic gastroenterology  dermatology psychiatry
pediatrics seismology oncology podiatry urology
radiology ophthalmology pathology hematology
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Stratigraphy, Subset of Geology:
Interpretation of stratified rocks

Geology

mineralogy ~ economic geology geophysics stratigraphy marine geology

volcanology geochemistry  structural geology  sedimentology

paleontology seismology hydrogeology  petroleum geology  tectonics

engineering geology geomorphology  igneous petrology ~ metamorphic petrology
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Traditional Focus on Engineering

Unified Soil Classification System:

Standard Practice for Classifying Soils
(Chart from ASTM)

A D 2487 - 06

GROUP SYMBOL GROUP NAME
<5% fines Cu>6 and 1<Ce3 -SW <15% gravel — - Well-graded sand
: B andlor 1oCe3 _‘1-_-_'__*“"'-5-21‘5'6 gravel —-—u- Wnll-:acl:d :nd with gravel

—.--SP--.._.—_,_________q- <15% gravel ——= Poorly graded sand

T 215% gravel ———= Foorly graded sand with gravel

> tines=ML or MH——=-SW 'SM-T;{W% avel Well "
Cuzz6 and 1£Cl:<_ia<: gravel ——m Woll-graded sand with silt

>16% gravel ———»= Well-graded sand with silt and i
finas=CL, CH,———=-SW-5C 9 sand with silt and grave

—?'ﬂﬂ gravel ———== Well.graded sand with clay [or silty clay)
SI:.HD {or CL-ML) =15% gravel ——# Wall-graded ssnd with clay and gravel
sand > 5-12% fines {or silty clay and gravel]
% gravel

fines=ML or MH——» SP-SM <15% gravel ——a- Poorly graded sand with silt
Cu<6 and/or 1>cc>a<: _ >15% gravel— s Poorly graded sand with silt and gravel
fines=CL, CH,———— = SP-§ C--\__—-H«:wsa gravel ——m Poorly graded sand with clay (or silty clay)
for CL-ML} =15% gravel ——»= Poorly graded sand with clay and gravel
{or silty clay and gravel}

///_'ﬁMFML or MH———=SM _.__‘____________:clﬁx gravel—»= Silty sand
) =15% pravel———s= Silty sand with gravel
1% ilnel—k____“\_i_ »fines=CL or CH +SC < 15% gravel————= Clayey sand
) 215% gravel———= Clayey sand with gravel
—_"‘"-——_._______L fines=CL-ML SC ‘SM T{‘I 5% gravel—= Silty, clayay sand
T 2 15% grevel — = Silty, clayey sand with gravel

FIG. 3 Flow Chart for Classlifylng Coarse-Gralned Solls (More Than 50 % Retalned on No. 200 Sleve)
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Lithostratigraphic Correlations

Connect sands to sands, clays to clays
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Lithostratigraphic Correlations

gonnect sands to sands, clays to clays
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Groundwater Production Industry
Traditional Approach to the Subsurface

Water supply studies based on assumptions of homogeneous
and isotropic conditions, steady-state observations
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Traditional Focus on Hydrology

State of the practice is to apply Darcy’s law,
assume homogeneous and isotropic conditions witin
layers of interest
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Why
Environmental Sequence Stratigraphy
(ESS)?

The Challenge of Subsurface Heterogeneity



The Problem of Ignoring
Aquifer Heterogeneity

- Outcrop analog of meandering fluvial deposits
(Upper Cretaceous Horseshoe Canyon Formation, Alberta, Canada)
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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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The Problem of
Aquifer Heterogeneity
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Cost Savings Example: Optimize
Plume Containment Remedy

. Before ESS

"1 TLam Tiee * oL

T

:’

125’ extraction
g |

interval

(includes non-

impacted strata)

S

~ | 35’ extraction

interval
(impacted
strata only)

—

EPA

United States
Environmental Protection
Agency

Remediation System
Design (Before ESS)

»12 extraction wells

«~200 gpm per well

1,261 million gallons per year

Total cost = $82 million

Estimated Remediation
System Cost (After ESS)
*13 extraction wells

*46 gpm per well
*314 million gallons per year

Total cost = $26.5 million
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Cost Savings Example: Optimize
Plume Containment Remedy

. Before ESS

-1

EPA

125’ extraction

- .
— interval

(includes non-

impacted strata) - Significantly reduced quantity

—) of extracted groundwater
(by 75%)

-] _35' extraction Significantly reduced cost of
interval remediation (by >S50
(impacted oL
strata only) mill IOI’])

—
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Geology/Heterogeneity Matters

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

NATIONAL RESEARCH COUNCIL
OF THE NATONAL ACADEAES

ALTERNATIVES FOR MANAGING

More than 12,000 of these sites THE NATION’S COMPLEX
CONTAMINATED GROUNDWATER SITES

are considered "complex"

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

Alternatives for Managing the Nation's Complex

Contaminated Groundwater Sites
National Academy of Sciences Committee on Future Options for
Management in the Nation's Subsurface Remediation Effort, 2013
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What is ESS?



Emergence of Petroleum Geology
in the Oil Industry

Early days of exploration and As production declined, geology

production, once oil reservoir was became increasingly critical for

discovered, production was limited economical operations.

by facilities capacity (engineering Billions of dollars have been invested
~focus). in research and development of

Kern River Feld

/899

R sandstones and floodpla In the Scott/
unitin T-C-B field. igh-frequency units, the lower and upper Whitehill and the
. See Figy

lawer and upper
From Knox and McRae (1995).
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The Environmental Sequence
Stratigraphy (ESS) Process

‘f:iIHHEI I'F(f:H'i'

R —

Determine depositional Leverage existing Map and predict in 3-D
environment, which is lithology data: format  the subsurface conditions
the foundation of the to emphasize vertical away from
ESS evaluation grainsize distribution the data points
S EPA &issiisposon BURNS \\MSDONNELL.



ESS Is About Pattern Recognition

Glacial depositional systems

@ OLACIATED VALLEY

floocplain

[ channel fill

-~ ;} Splay
Levee

Channel fill, point bar

EPA

United States
Environmental Protection
Agency

Alluvial Plain

Piedmont V. System

Coastal Plain
Incised-Valley System
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ESS Is About Pattern Recognition

Alluvial Fan
e

—

Meandering
Fluwial

offshore

Depositional environments
have distinctive vertical
grain size distributions

/
:
vl %
/
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ESS Is About Pattern Recognition

Alluvial Fan
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— Siream

Meandering
Fluwial
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Depositional environments
have distinctive vertical
grain size distributions
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/

S EPA Gssrisprsn BURNS \\MSDONNELL.

Agency



ESS Is About Pattern Recognition

Alluvial Fan
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Meandering
Fluwial

offshore

Depositional environments
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grain size distributions
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ESS Is About Pattern Recognition

Alluvial Fan
e

—

Meandering
Fluwial

offshore

Depositional environments
have distinctive vertical
grain size distributions
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ESS Is the Means to Optimize
Existing Data

Lithology data is not being used to its full capacity
Boring Logs CPT Logs Geophysical Logs
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Getting More from Existing
Site Data

SMEMWO9

107

20

30

40+

50+

60-

SM
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5M

SM/ML

CL

ML/CL

M

SC

7(

SM/ML

M

| INRRRR NN RN

SP

- “All we have are these lousy
USCS boring logs”

- USCS is not a geologic
description of the lithology

- Different geologists

- Different drilling methods

- Different sampling intervals
- Etc.
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How to Find Buried Channels
with Existing Data

S5M8EMWO9

0.

- I . .
B | P \ Graphic Grain-Size Logs (GSLs)

' =i - Existing data is formatted for
201 —=w T . stratigraphic interpretation
sl | s ki il - Reveals the “hidden” stratigraphic
fesend iInformation available with existing

a0 [ sm/mL Medium Sand lithology data

1l «a e
504 | ML/CL I Gravel Sand wi geavel

- SM
605 SC

;3 I Bl  eyrichsedimens

{1 SM/ML

N 4 1 o - Silts and silty sands

f:,! SP t e
" — _j =T Gravel gravelly sand
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How to Find Buried Channels
with Existing Data

S5M8EMW09 This SMinterval is a fine to medium-grained silty
o

~___ sand
- L H 3.2 i ilty : TOYR 476 dark yellowish brown, fine to medium, 5
14 pZ 20 317 poorly graded, medium dense, slightly moist, subangular; tree
1H SM o 3.7 L] roots are present;
2 l\\‘,/ sl PR approximately 70% sands, 30% fines.
i 3- f
201 sw ] |
4 |
6 3.7 18 o
4019 | sM/ML 7 ’ -+
cL 1 kK
8- i
504 | ML/CL 3 1
SM 95 A
1 ERRER
6041 sc 10 - 5 g5 pre—
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How to Find Buried Channels
with Existing Data

S5MEMW0O9

ol sw | This SMinterval is a fine- to coarse-grained silty
| sand with gravel, representative of a channel
deposit.
] 237 ¢ rI‘{ -------------------------------
30 SM 24+ ::. !
i 25— 25 00| 14| 6 - Silty Sand: 10YR 416 fine to coarse. poorly graded, very denst,
404 | sm/ML 1 % %% LT Soproximately 5% eravel 50% saads, 15% fines,
/ 26~ (.1 HIE s A e
J L i t:: B ".' ‘
so4 | mL/cL ¥ T %
4 LT
°M i i
B s 29+ EREk
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How to Find Buried Channels
with Existing Data

1. Reformat existing data to identify sequences, and

2. Apply facies models, stratigraphic “rules of thumb” to correlate and
map the subsurface, predict character of heterogeneity present
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Example from GW site in S. CA, USA
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Mapped Buried Sand Channels

Yellow = channel
deposits
(sand/gravel)

Gray = flood
plain deposits
(silt/clay)

‘.."EPAEmnm.pMn BURNS \\MSDONNELL.

' {




Mapped Buried Sand Channels

ESS-Based Cross Section

USCS-Based Cross Section
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Stratigraphic “Rules of Thumb”



DEFINITIONS

Sequence Stratigraphy: The study of
sedimentary deposits in the context of their
depositional environments and changes

in relative sea-level, sediment supply, and
available sediment storage areas.

Facies Model: Conceptual construct describing
the processes acting in a particular depositional
environment to transport, deposit, and
preserve sediment, usually presented as a
three-dimensional block diagram illustrating
the organization of sedimentary bodies in the
stratigraphic record.

< E PA Environmental Protecti
nvironmen ion
\’ Agency

PROGRADING BARRIER SHORE

AAAA

mm XS] CONTORTED BEDS
B2 Roots
KEY & punareos HUMMOCKY BEDS

Crossseos [ GVE PR atos

NESTED OFFSET STACKED ‘WINGED' EBB CHANNELS,
TIDAL DELTA LOBES, &
BEACH SAND SHEETS

DISCONTINUOUS

LOWER SHOREFACE &
DELTA-FRONT SANDSTONES

Chnistopher G. St. C. Kendall 2007
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Stratigraphically Defensible
Interpretation: “Rules of Thumb”

- Interpretation must consider depositional environment, facies model
- Patterns, not “tops”

- Consider erosional events

- Correlate clays

- 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”

S EPA B eroscin BURNS \\MSDONNELL.



“Pillar Facies”

LEGEND

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.

~ United States N
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The “mounded clay”

B  rown =sitvelay lithotacies

[ yellow=sand-rich lithofacies

. orange = gravel-bearing channel lithofacies

S EPA Gisaiaroscn BURNS \\MESDONNELL.
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The “mounded clay”

LR
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The “mounded clay”

z

L
. brown = silt/clay lithofacies

D yellow = sand-rich lithofacies
. orange = gravel-bearing channel lithofacies

je
i

CPT-1
— CPT-2
e CPT-3
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Updated CSM

tip pore
resistance pressure
(coarser) (higher)
—>

S
L

CPT-2

CPT-3

—>
J ‘ —
-_" e BN Insignificant pore pressure response PR
] H_'ﬁh pore pressure response indicative of silty facies (verified by boring === =
indicative of clay-rich floodplain log lithology data). Considerably
—— facies ['-'E‘ﬂﬁ'-‘-‘_d by boring log shallower than clays at CPT-1, CPT-3.
(j data). Clay is at the same Suggests isolated intrachannel fines and
= elevation as clay in CPT-3 not floodplain facies
ri
; - — — —
-
10 _x VERTI XAGERATION r
VERTICAL SCALE Fining-upward log High pore pressure response
D — ienat " i indicative of clay-rich floodplain
10° 0 10" S'gi'fcsfl{';? CT,'TEZ‘;" facies (verified by boring log
HORIZONTAL SCALE data). Clay is at the same
e e e elevation as day in CPT-1
100 0 100"
United State
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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

b

PACIFIC

OCEAN

1N
\ Livermore <

~
o N

from off-site sources

o United States
A Environmental Protection
\’ Agency

N\
BURNS&JISDONNELL.



Silicon Valley Site: Original CSM

Zone B4

* GEOLOGIC WELL SCREEN INFORMATION INFERRED FROM CROSS
SEOTION B-B'IN THE H'YDMULlc CONTAINMENT AT 825 STEWART
RIVE ( WEISS ASSOCIATES, 1988).

GEOLOGIC INFORMATION BASED ON INFORMATION AVAILABLE ON
GEOTRACKER WEBS!

LEGEN CUCH  CLAYS GROUND SURFACE
J ML SILTS

SM  SILTY SANDS BORING / WELL CASING Scals In Feet
] ewecraneosous @& Anvees o HORZ:VERT

SPISW  SANDS
COARSE-GRAI
! NED.SONS: GPIGW  GRAVELS

GROUNDWATER WELL

TERMINATION OF BORING

S EPA s s BURNS\\MEDONNELL,



Original CSM - B1 Zone

Q
Site bo nryt)
\

)
NINAVAR:
A Areaofincredsing
concenftration, syspected

L)

<0

]
J1.06

K

(O = Off site source area

APPROXIMATE SCALE IN FEET
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Identify trends in maximum grain size
(indicator of energy level in depositional
processes)

Example of fining upward channel deposit

Channels migrate laterally over time (point bar
deposits)

Channel “signature” provides basis for
mapping

Depositional Environment

D Floodplain

Levee
[ splay
[ channel fill
SP log scale
ft m
% 100 30
Floodplain
0-+0

Splay

Levee
Channel fill, point bar

o United States
A Environmental Protection
\’ Agency

Grain Size Trends and Graphic
Grain Size Logs

Normalize different vintages of data collection,
etc.

Boring Log GSL

............................................

Gravely SAND (SW); brown; medium donse;
]| | <5% clay; 5-10% sil; very fine 10 very coarse
45 : w4l | sand; 30-40% fine subangutar gravel to 1/4*
o . 4] | diamoter; high est K

1\ x Sity CLAY (CL); brawn mettlod black; stiff:
+ 30-40% silt; <5% very fine to fina sand; vary
low @31 K

{Conact « driler - cuttngs)

Sandy SILT (ML), blve-gray; stiff; 5-10% clay;
20-30% very fine 1o fine sand; low est K

Sity SAND (SM}; blue-gray: medium dansa;
5-10% clay: 20-30% sit; vary fine to medium
sand; <5% fino angular grave! to 1/a"
diameter: mod ast K

LL §T-12C (cont.)
&, GRAPHIC LOG DESCRIPTION

Sandy GRAVEL (GP); bive-gray; dense 1o ven

50 dense; 5-10% clay; 10-15% silt: 20-30% very
‘1 fine to very coarse sand; fine subangular to

subrounded graval 1o 1/2° diamaetar; high est K

(Conact - defller - cutings)
Sandy GRAVEL (GP); mutlicolored; very
s5 dense; <5% fines; 10-20% medium 1o very

- coarse sand; 40-50% fine subangular 1o
subrounded gravel; 30-40% coarse
1 ——===d| subrounded to rounded gravel to 17 dlameter;
very high est K
5-10% finos; 30-40% medium to very coarse
60 Sy | sand; 40-50% fine subangular gravel; no
‘_ coarse gravel below 54 3/4°

...............

A

Clayey SILT (ML); very light gray: stifl 1o very
1| stiff; 20-30% day;_S-loS.Q very 151.10 ﬂ:!_o v

N\
BURNS&JISDONNELL.



Posting GSLs
and Channel Interpretation

B2 8 Bt
& ® P
% Pe.a0d &

,,

L

2000

6000

Environmental Protection

SEPA =

Site boundary\

\

-
concentration, suspected

nsite source

A onsite

APPROXIMATE SCALE IN FEET

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

LEGEND

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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Best Practice,
ESS-Based CSM:
Defines Buried
Channels

Source area | ;
remediation ON-SITE | OFF-SITE

200

0.0

-200

| l.
O = Off-site source
2000
area
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Resolve the Mystery of Commingled
Plumes

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’

Cross Section B-B’: Down-channel cross section of HiU-I (on-site channel)

|

Log Concentration
| |

& &
g & & & & » @ & R K P
gulo E S A & P B F 2 o« 2
20’ bgs ~ ==

40’ bgs
Cross Section C-C’: Down-channel cross section of HSU-2 (off-site
channel) I 0 I i j i
S & i P @”’%\ 5o
< SN < < <
20" bgs

40" bgs

0

' {
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Resolve the Mystery of Commingled
Plumes

GToncnlmﬂm
r

Increasing

concentrations

20’ bgs

40’ bgs

Cross Section B-B”: Down-channel cross section of fil-l (on-site channel)

Q;

O & ® &

’ / ’ ’ A
\/\.? ‘\'\ Y A \’\ A A \/\ 4 P

Cross Section C-C’: Down-channel cross section j HSU-2 (off-site

channel) I

o,c 6& M ,\’\‘b
X X

VA —

=

S EPA siinssaon BURNS \\MSDONNELL.




Focused HRSC Program

ECD Max {iV10%)

13 20 22
T T T 1

- MIP/HPT program to validate CSM, G ey
identify additional channel pathways from T=="1 |
off-site source(s) a

- Channel deposits (sand and gravel) pl

validated as contaminant pathways

TCE/cDCI CFC-113
50/4.9/<0.50/<0.50

- Plume “maturity” decreases with depth Ty
20 - o) 3 ii f
a >
7
i m)
1| Hsu2
i)
"_{ NORTH
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Improved CSM Defines Source of
Commingled Plumes

Original CSM ESS-based CSM
Site boundary\
HSU-2 channel \\ <
?g;:nfti;ct;eo:fisnugspected. . onsite

F EPA sirerisrmsen BURNS \\MSDONNELL.



Outcomes and Contribution to EPA

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

New CSM will 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.

S EPA i voecin BURNS \\MSDONNELL.



Kirtland AFB, Albuquerque NM
Uniting Stakeholders Through Focus on Geology

Jet fuel LNAPL up-dip, EDB
dissolved phase plume in
drinking water aquifer downdip

Regional Scale: Rio Grande Rift
Plume Scale: ~7,000 X 1,200 ft.

Water table approx. 500’ bgs,
~1000 ft. borings

Multiple stakeholders including
the public, USGS, NMED, AF,
Sandia Nat’l Labs, PBR
contractor

Public relations issues
Technical team splintering

o United States
A Environmental Protection
\’ Agency

Plume-Scale Cross Section Map

ume Scale Tech Memo
i T T =
332052| DDS | March 2016 | Figure 1

BURNS\\MSDONNELL.




Communication Problems

- Air Force and NMED at odds

- Limited exchange of
information

- Ineffective integration of data

- Political and organizational
groups brought public attention
to the leak

- Public perceived that nothing
was being done

o 1 United States
./ Environmental Protection
\’ Agency

\
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“If this is simply a sand box, why can’t you give me a final answer?”

Kirtland AFB- Previous Section Example
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Reformulating The Approach

- Standup technical working )
groups: Reboot Collaboration -

- Refocus on the Common Enemy:

— Uncertainty Created by
Subsurface Heterogeneity

- Implement a data-driven decision
process for characterizing,
evaluating and selecting interim
measures under RCRA

- Increase public awareness and
involvement through proactive
and transparent communication

- Giving direct access to technical
experts

%
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ESS Step 1
A Depositional Model - The Framework
In Which We Understand The Problem

Braided River Alluvial Fan

Alluvial Fans

Axial Channel Facies
(Braided River)

Fluvial Fans

Figure madified from
Leader and Gawthorpe, 1987,

S EPA Gssrisprsn BURNS \\MSDONNELL.
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Real World Analogs: Plume in Context of
Braided River

,,, —

Abandoned channel belt

N

2 {
Ql
— t — S— ]
) YN
) v Iy
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Real World Analogs: Plume in Context of
Braided River
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.-
106° 37 30"
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1 us o e Geology of Albuquerque West h
1000 0 000 2000 3000 4000 5000 7000 FEET O — 7.5-minute quadrangle,
1 s g 1KLOvETER Bernalillo County, New Mexico
... CONTOURINTERVALOFEET e May, 1998
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ESS Step 2
Integrating Data: Geology Anchoring
The Technical Team

Graphic Core Collection
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Elevation (feet above MSL)

ESS Step 3

Kirtland AFB - ESS Correlation

(Regional Scale)
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Understanding Plume Extents and
Impacts of Rising Water Table
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Public Outreach
Using The CSM to Communicate

News > Community takes part in bulk fuels facility field trip

Community takes part in
bulk fuels facility field trip

Posted 4/21/2015 Updated 4/21/2015 Email story Print story

Like 0 sHpre EvE _

Photos 11},

by Jim Fisher
Kirtland Public Affairs

4/21/2015 - KIRTLAND AIR FORCE BASE, N.M. - Concerned citizens,
local residents, geology buffs and students from the University of New

Mexico and New Mexico Institute of Mining and Technology joined local Colin Plank (right), an earth scientist with the
agencies engaged in cleaning up the Kirtland Bulk Fuels Facility leak Apnil engineering consultant contractor, shares rocks
18 to learn more about the science behind the assessment and cleanup. samples with members of the community
The group visited environmental cleanup sites around Albuquerque and participating in a Bulk Fuels Facility field trip April
geologically illustrative sites near and on Kirtland. 18 near Tijeras Arroyo, south of the Albuquerque
International Sunport. Plank was a member of a
The field trip was a collaboration between the Air Force, the New Mexico team of specialists helping participants to
Environmental Department, U.S. Geological Survey and the Air Force Civil understand hydrology as it relates to the BFF
Engineer Center, the Air Force unit heading up the remediation efforis. contamination plume. (U.S. Air Force photo by Jim
Participants toured sites which were selected to help provide hands-on Fisher)

examples of the geological and hydrological research, assessment and an
overall context for the BFF project, according to Jill Turner with NMED's
Office of the Secretary.

Download HiRes

S EPA isiviamotcn BURNS&JISDONNELL.
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Communication Problems - Resolved
Through Effective CSM Development

I offer my sincere and personal appreciation for your outstanding contributions to the
Kirtland Air Force Base Bulk Fuels Facility cleanup effort. Your selfless dedication,
professional diligence, and willingness to reach out and connect with the affected community
and environmental regulators are commendable.

The Kirtland AFB Interim Measure Milestone event is but one indicator of the great
progress you have helped achieve. It is also a preview of many more future successes as we
work to rebuild the trust between the gracious citizens of Albuquerque and our United States Air
Force.

Keep up the outstanding work!

Sincerely,

g

M DA A. A. BALLENTINE
Assistant Secretary of the Air Force
(Installations, Environment, and Energy)

N\
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Poster: Borehole Geologic Log

BURNS\‘MSDONNELL_

Sedimentological Logging Techniques to Maximize Insight from Borehole Geologic Logs:
Making the Most of Your Opportunity

Colin Plank (cpplank@burnsmcd.com, Burns & McDonnell, Grand Rapids, MI); Mike Shultz (Burns & McDonnell, Concord, CA); Jessica Meyer
(University of Guelph, Ontario, CA); Murray Einarson (Haley & Aldrich, Oakland, CA); and Rick Cramer (Burns & McDonnell, Brea, CA)

The Lithologic Boring and Log:
The Project Team’s Only Direct Observation
of Subsurface Heterogeneity

Borehole logs provide an elementary and critical piece of
data that must not be neglected during a high-resolution site
characterization program. But because drill rigs and drillers’
time are often the primary cost for a field program, detailed
logging can be overlooked, especially when used to capture
valuable 1 of actual in
detail. The remediation industry has accepted a high degree
of variability in log quality and resolution as the norm for this
critical geological data. Improving log quality and resolution
of observations through log form and practices will positively
impact all other facets of site characterization, conceptual site
model development and remediation system design

Traditional logging forms provide three basic data tracks:
a record of analytical sample collection, a Unified Soils
Cl lithic and notes column,
and drilling observations column (blow counts, etc.). Traditional
forms capture geologic data in paragraph format where the

of important is often
Additionally, writing text descriptions is time-consuming and
consequently inhibits the collection of high-resolution logs.

Our revised approach focuses on using a consistent, higher-
resolution alternative to traditional logging formats. Our logging
sheets use discrete data tracks to capture detailed sediment
characteristics, such as visual percentage estimates of grain-
size fractions, sorting, composition, cementation and color. Each
data track provides improved consistency of the data collected.
Our form also includes a graphical scaled column

L
st

Traditional logging forms
(Figure 1) provide lttle structure
to guide collection of data
pertinent to characterization

of aquifer heterogenaity.
Graphically based forms (Figures
-the-field

estimates of grain sizes observed.

Best Practices and Graphical Logging Workflow

Work from strat log sketch (capturing
structures and contact characteristics) toward
sediment details (grain size. sceting, color,
cementation, etc.) Logging crew should consist
of aminimum of two to three staff members.

Use continuous coring methods when possible.

that documents the vertical relative grain-size trends, nature of
geologic contacts, sediment moisture, physical and biological
structures, and other observations, all of which are necessary
when based on

Working together, the detailed visual sketch and discrete data
tracks provide a system of checks and balances that enables a
robust and accurate of sediment t

scale
an environment as possible.

Use settling tubes to estimate relative
percent fine grain sizes (Figure 4). charact

Back-to-basics: hand lease. HCL bottle. visual aids for textus
tics (Figure 5), Munsell color charts, core-facing

val
t00is (scraper).

Give Logging a Try!

Why Does This Matter?
Benefits of Improved Core Logging and Graphical Methods

Using either a check box or quantitative
estimate approach, forms desianed

to facilitate connection with relational
databases make lithologic information
readily available to mapping correlation
nd visua n software appiications.
Figure 9 shows a field form, and Figure 10
shows the data entered into WelICAD,

With an understanding of depositiona
systems established. project geologists
can work directly with hydrogeologists
and remedial engineers to relate

ce goals and aquifer
characteristics (Figure 13). Contaminant
storage and transport are controlled
by lithologic heterogeneities at a
variety of scales. Figure 14 s

NAPL distribution in the subsurface is
control e internal architecture
of 3 point-bar deposit

Acknowledgments

s and the data extracted from them are the point upon which

ation strategies rest. Your Program's success in remediating
groundwater balances upon your ability to characterize and understand the
implications of subsurface heterogenaity.

==

UNIVERSITY
GUELPH g

o United States
A Environmental Protection
\’ Agency

BURNS\\MSDONNELL.



Summary, ESS Benefits

Reduce uncertainty with respect to project end point and time
to complete

Identify groundwater flow paths and preferential contaminant
migration pathways

Map and predict contaminant mass transport (high
permeability) zones and matrix diffusion-related storage (low
permeability) zones

ldentify data gaps and determine a focused HRSC program,
If needed

Optimize groundwater monitoring program

Improve efficiency and timeliness of remediating
contaminated groundwater

Reduce cost of remediation

S EPA iiipcon BURNS \\MSDONNELL.



Thank you!

Rick Cramer
rcramer@burnsmcd.com

Mike Shultz
mrshultz@burnsmcd.com

Colin Plank
cpplank@burnsmcd.com
Herb Levine
Levine.Herb@epa.gov
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