Environmental Sequence
Stratigraphy: A Focus on Geology for
Improved Remediation Decision
Making
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Geology Matters

MATIOMAL RESEARCH COUMCIL

e At least 126,000 sites across the U.S. have ALTERNATIVES FOR MANAGING
contaminated groundwater that requires courA&Tﬁﬁﬁﬂ'%ﬁc?u%%%Eé S[TES

remediation
e Over 12,000 of these sites are considered "complex"

* “There is general agreement among practicing
remediation professionals, however, that there is a
substantial population of sites, where, 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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Traditional Approach to the Subsurface

This is what we are doing now...state of the practice

A Zone Groundwater gradient A Zone Contaminant plume

EXPLANATION

Property Bourdary
Former Biine Shudge Lagoon

Nale: Resulls in Micrograms per Liter
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Original CSM

ZONE A
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DRIVE [ WEISS ASSOCIATES, 1088)

= GEDLOGIC INFORMATION BASED ON INFORMATION AVAILABLE ON

GEOTRACKER WEBSITE.
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Slide 5

CR6 Rotate figure, North arrow needs to be same orientation as regional..same shape as TRW site
Cramer, Rick, 9/20/2016

LH1 add boundaries of the other sites, AMD, Philips, that reinforces the idea of cominlging plumes introduced in slide 5.
Levine, Herb, 9/21/2016

LH3 also, need legend
Levine, Herb, 9/21/2016



Geologic Best Practice ESS-Based CSM

Site boundary

\
Areaofincreasing
concentration, suspected

APPROXIMATE SCALE IN FEET
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Slide 6

CR7 Also need to rotate figure and include north arrow.
Show xsection line A-A'
Cramer, Rick, 9/20/2016

CR8 include additional xsectons that show where the channel is going
Cramer, Rick, 9/20/2016



Geology-Based CSM

Based on geology processes

No longer need to assume
heterogeneity = homogeneous




Benefits of a Geology-Based
CSM

Defines subsurface “plumbing”,
contaminant pathways

Critical to successful remedy
selection, design, and
performance




Best Practice, ESS-based CSM:
Defines buried channels

CR11
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Slide 9

CR11 On xsection, Start with pointing out the gray is the fine grained floodplain matrix that doesn't move water and embedded within are the stream

channels that do move water
Cramer, Rick, 9/20/2016



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’:

Log Concentration
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Cross Section C-C’: Down-channel cross section of HSU-2 (off-site
channel)
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Geology-Based CSM

Environmental Sequence Stratigraphy (ESS) Process

Borehole Log to Graphic Grainsize Log

— Cross Section
‘;,:j'f-'/-"f"»"m:: Map “" |
e = B =
'I e I .
Determine depositional EEE o o
environment which is the
foundation to the ESS 2
evaluation

Leverage existing lithology
data to interpret between

boreholes Map the buried channels to

predict contaminant migration
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CR10

Example of buried channel depositional

I:l Floodplain
Levee
B splay
[] channel fill
SP log scale
ft m

% 100 30
Floodplain
0

0

Channel fill, point bar




Slide 12

CR10 Cramer, Rick, 9/20/2016

CR9 revise to take out splay
Cramer, Rick, 9/20/2016



Fining-upward Grainsize Pattern = Channel Deposit

GRAPHIC LOG DESCRIPTION

™ 7] [eieii]  Feoz sikning betweon 38 and 38 12

— Gravelly SAND layer 1-2° thick below 38 1/2°
(Contact + deiller - cumngs)

Guv&ll'.‘;; Eiﬁélfé'}ﬁ: i:"a:n.‘ m.o-:ﬁu. - m dn:'h:n;
<5% clay; 5-10% silt; very line 1o very coarse
sand; 30-40% fine subangular gravel 10 1/4*
diamater; high ast K

Sity CLAY (CL); brown mottlod black; stiff;
30-40% silt; <5% very fine to fine sand; very
!:‘ ™ e 1“"- bw“lK

= (Contact « drilled - UG )

Sandy SILT (ML); blue-gray: still; 5-10% clay: .

20-30% very fine 1o fine sand; low est K Grain Size Log
Sity SAND (SM); blue-gray; medium dense;
5-10% clay; 20-30% silt; very fine 1o medium
sand; <5% fine angular gravel to 1/8*
diameler; mod est K

—— ARARAR AR A B RR RS BB AR R AR

e
Sandy GRAVEL (GP); blue-gray; dense to very
donso; 5-10% clay; 10-15% silt: 20-30% very Fine Sand
fine to very coarse sand; fine subangular to
eubraundad gravel 1o 1/2° diameter; high est K Viedum Snd  tre

Sandy GRAVEL (GP); mutlicolored; very Coarnt Sardwilines
dense; <5% fines; 10-20% medium lo very
coarse sand; 40-50% fine subangular 1o Coae Sand
subrounded gravel; 30-40% coarse - )
subrounded 1o roundod gravel lo 1% diameter; Gl

vary high est K
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Original CSM
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*  GEOLOGIC WELL SCREEN INFORMATION INFERRED FROM CROSS
SECTION B-&' IN THE HYDRAULIC CONTAINMENT AT 825 STEWART
DRIVE | WEISS ASSOCIATES, 1988)

**  GEOLOGIC IMFORMATION BASED ON INFORMATION AVAILABLE ON
GEOTRACKER WEBSITE.

GLATS GROUND SURFACE
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SATY SANDE BORING / WELL CASING Scaie ' Faut.
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ERMINATION OF BORING
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Unleashing the Power of Existing Site Data

S5MEMWO9
o e “All we have are these lousy USCS
of | sm boring logs”
01 5w * USCS is not a geologic description of
ol e the lithology
ol [  Different geologists
so1 | MucL * Different drilling methods
"B sC e Different sampling intervals
g SM/ML
:E:% * Etc...
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Hidden” Stratigraphic Data

SIMBMIVOD  Existing data is formatted for
| stratigraphic interpretation

o] sm |

I :
) * Reveals the “hidden”
T SwW . . e . .
stratigraphic information that is
o | sm available with existing lithology
40 | sm/mML data
CL
5049 | ML/CL
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H  sm
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“Hidden” Stratigraphic Data

5M8MW09 This SM interval is a fine to medium qgrained

10- SM ii Ll & _-'-:--.:'E?:tysaml.' TOYR 478 dark yellowish brown, Ting @ mm——gw—r'
30 ] poorly graded, medium dense, slightly moist, subangular; tree
-+ roots are present;
‘7:| epproximaely 70% sands, 30% fines.
20- W
30 SM
i1 3 -'.'_' Same as above.
14
40 | sm/mML 18
cL
5014 | ML/CL
SM
GOE-E e
g L Same as above:
E SM/ML 5(8] 2.3 BN RN a;pnx:isn:aw::ﬁ% sands, 35% fines,
H 50/6" :
= sm 0
+H sP
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Hidden” Stratigraphic Data

S5M8BMW09 This SM interval is a fine to coarse grained

| Silty Sand with gravel, representative of a
o smo | channel deposit.
I 73 T e e e e p——— — -
j REE L
20 —=w 24 [
25 14 6 '..j . g 8 Silty Sand: 10YR 4/6 fine to coarse. poorly graded, very dense,
30+ SM 1 S -j:."-;'\_' maist, subrounded: trace gravel;
26 i %5 SR epproximately 5% gravel, 80% sands, 15% fines.
=2 i bt
1 RREE
409 | sm/mL 7 agR
R
cL 28+ Tl
SM ' gREer
30+ 18 | 2.5 [FELL] sity sane: 259 518 tghe olive brown, fine o coarse. poorly
GOE-z SC i 23 | =7 L™ greded. very dense, slightly moist, subangular to subrounded;
i 31 3 ‘ Lm-fﬁa::; glrg;:]g:rlﬁe g;a%n;ﬁ:‘l allél:% fines
H sm/mL ] | Rk ‘ : '
7 % SM
H sp
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“Hidden” Stratigraphic Data

1. Reformatting existing data to identify sequences, and

2. Applying facies models, stratigraphic “rules of thumb” to correlate and map
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Mapped Buried Sand Channels
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ESS-Based Cross Section

USCS-Based Cross Section
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Example: Critical to Remedy Design

L. 125’ extraction
interval; includes
non-impacted
strata

>

|__ 35’ extraction
interval;
impacted strata
only

I

ESS Outcome: Gained regulatory and stakeholder approval for
wholesale modification of containment system design = $55MM

Remediation System Cost (Before ESS)
* 12 extraction wells
e ~200 gpm per well
* 1,261 million gal per year

Capital cost = S7 MM
Treatment cost = $2.5MM/yr;
30 yr=S75 MM
Total cost = $82 MM

Remediation System Cost
(After ESS)

* 13 extraction wells
* 46 gpm per well
* 314 million gal per year

Capital cost = $S2.5MM
Treatment cost = S800K/yr;
30 yr = $24MM
Total cost = $26.5 MM




Technology Endorsed by US EPA

ERA/z=2R-mmma=
Manth 2016

2 e Ground Water Issue

Best Practice for Improving Conceptual Site Models:

US EPA Technical Issue Paper presents A Praclical Guide for Applying Advanced strafigraphic

Concepts fo Confaminated Groundwater Sites

ESS as a best practice for CSMs Michael R Shuifz PhD (AECOM)

Rlchard S. Cramer MS, PG (Burns & McDonnell)
Colin Plank MS, [AECOM)
Herb Levine MS (USEPA)

T BACKGROUND
This issue paper was prepared at the request
Background 1 of the Environmental Frotection Agency (EPA)
I. Introduction - The Problem of Aquifer Ground Water Forum. The Ground Water,
Heterogeneity Federal Facilities, and Enginesring Forums were
|mmﬂf5mwtmgemiymm"mﬂu“ establizhed by professionzls from the United
and Remediation States Environmental Protection Agency (USERA)

3

4
Sequence Stratigraphy and Ervironmental Sequence in the ten Regionzl Offices. The Forums are
Stratigraphy 4 committed to the identification and resolution
7 of scientific, technical, and enginesring issues
0

. et | Envirom and Facles - impacting the remediztion of Superfund and

e 1 RCRA sites. The Forums are supported by and
lll. Application of Environmental Sequence advize Office of Solid Wasts and Emergency
Stratigraphy to More Accurately Represent Fiezponse’s (OSWER] Technical Support Project,
the Subsurface 12 which has established Technical Support
: Synthesize geologic depositiona Centers in |laborstories operated by the Office
:etha::glhassedonmgt:lalgeulugcmtk ! 12  of Research and Development [ORD), Office
L . . . . of Radiation Programs, and the Environmental
Phase 2: Formatting lithologic data and identifying grain size Response Team. The Centers work closely
trends 16 with the Forums providing state-of-the-science
Phase 3: identify and map H5Us 19 technical assistance to WSEPA project managers.
A compilation of issue papers on other topics
N c Concluslons 22 maybe found here:
BURNS\\M-DONNELL References 24 http://www.epa.gov/superfund/remedytech/

Appendix A: Case Studles Al tsp/fissue_him




Questions?
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