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Talk Objectives

1. Develop rigorous CSMs
with HRSC tools &
Environmental Sequence
Stratigraphy (ESS) to
facilitate site closure
strategy.

2. Show evidence of
biodegradation with
chemical speciation and
forensics to NOT have to
perform bioremediation.

Compile
Geologic Data /
Collect with
HRSC Tools

Temporal
Analysis
of
DEF:]
Streams

Water Levels
&
Chemistry
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Apply Stratigraphic

Interpretation using
ESS/
Develop 2-D & 3-D
Geologic Models

Chemical
Forensics &
Speciation

Analysis

Analysis
(Horizontal &
Vertical
Gradients,
TK,S

Define
HGUs / HSUs
& Integrate
into Geologic
Models
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HRSC Tool Overview - MIHPT

Hydrogeology Chemistry

l |
The MIHPT includes the ’ ! !

following detectors:
[ m Hydraulic Profiling Tool (HPT)
m Hydraulic Conductivity (K)
= Electrical Conductivity (EC)
m Electron Capture (ECD)
m Halogen Specific (XSD)

m Photoionization (PID) T = =
B Flame lonization (FID) = | T

Example MIHPT Combined LOg DPT Drill Rig
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HRSC Tool Overview - Waterloo”A”s™ Tool (Groundwater
Profiling)

The WaterlooAPS™(APS)
Is a direct-push
groundwater sampling
tool that generates a
continuous log of sail
permeability and can
collect multiple discrete-
interval groundwater
samples during a single
push of the drill string.

— 10

D

— 20 L_J
25 LI

— 30

APS Sampling Kit IK ng & GW
Sample
Locations
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ESS with MIHPT and Waterloo”APS™ Considerations

Depositional Environment:
m Contrasting grain sizes (i.e., silt and sand sequences) = ' *,
m Saprolite & glacial till = 3

Instrument Sensitivity:
m HPT and Index of Hydraulic Conductivity (IK) is challenged in gravels
B Site specific calibration and verification

Scale of Investigation Interval:
m ~ <100 feet below ground surface (bgs.)
B Need for high Horizontal and vertical resolution
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Sequence Stratigraphy Principles and Terms

Hierarchical

" . ® BasinFill
Dynamic Stratigraphy . ~ ¢
+ =
HYDROSTRATIGRAPHY = ;
=» basin dynamics
“» HYDROSTRATIGRAPHY
@ Particles © SeqUSiEE
=» basic transport process
=» HYDROGEOCHEMISTRY
@ strata

=» glacial dynamics
=» AQUIFER STOREYS

@ Facies Bodies

=» depositional dynamics
=» HYDROFACIES

@ Depositional Elements
==

S

= geomorphic dynamics
=) HYDRAULIC CONNECTIVITY

=» AQUIFER COMPARTMENTS 6‘3‘

@
80

Outcrop

Adapted from Remediation Hydraulics, Payne et al. 2008

Facies & Sub-facies:

® A body of sediments with specified
characteristics defined on the basis of
composition, texture, sedimentary
structures, and morphology.

Facies Associations, Assemblages,
& Sequences:

m Groups of facies that occur together and are
considered to be genetically or
environmentally related.

MIHPT and WaterlooAPS™ HRSC
tools can collect data between
hierarchy 2 through 5.
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ESS Using HRSC - Depositional Environments & HPT Logs

s e o Increasing K =
= |
Zep & ] Estimated K* (ft/day)
Ok Q
i 8’ | * >50 (Highest)
3 3 | X 20-50 (Moderately High)
£ > 9-20 (Mod ly L
o 8 | -20 (Moderately Low)
El T <5 (Lowest K)
& B
s 1 " . ¥ Fining Upward
ﬁu:: 1 T Sequence
o—=E :
Eg L, Erosional
o channel
Adapted from

Shultz et al. 2017
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ESS Using HRSC — HRSC and Traditional Log Integration

<= [ncreasing Depth

1001
.
.
o
o
g
o

65+

60+

- 81.58-109.80

+ 98.22-139.17

1 HPT Press. Max (psi) EC (mS/m) Estimated K (ft/day) Lithology
"
Silt
Y
Lo &
oo 8 o aee ‘b.:.':.,
D'“" .. .
w2 : "
o .f;‘ﬂ' @ Clay
a I
‘ rtd? Silt
» ’l’
.v‘.."" w Clay
.‘:Iﬂnl”N f
& st Qj
- & > i Silt
e, ( :
- __ Fine Sand
PETI. 5T Medium to
i ., -t el Coarse Sand
HPT Press. Max (psi) EC (mS/m) Estimated K (ft per day) Lithology
17.06-34.34 1.09-27.41 <5 (Lowest K) B Clay
34.34 - 51.25 27.41-61.39 5-20 (Moderately Low) B Silt
- 51.25-66.06 © 61.39-810 - 20-50 (Moderately High) " Fine Sand
- 66.06-81.58 © 81.0-9822 - >50 (Highest) “*.-" Medium to Coarse Sand

Traditional geologic
datasets can be educated
with HRSC data sets.

Knowledge of facies
architecture from HRSC
data can be used to
inform ESS at sites with
only traditional data sets.

< Fining Upward
Sequence
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ecommended Soil Logging Practices

Monitoring&Remediation

Meyer et al. 2022

Graphical Shading Logs: An Improved Approach for
Collecting High Resolution Sedimentological Data oot R . .
. . . ondary . ) aram. aram. aram.
at Contaminated Sites Dist from Material = Grain Size Sorting 1 .
by Jessica Me Jonathan Munn, Ei lle Arnaud, Jonathan Kennel and Beth Fark TOPOf £ 8 i
¥ yer @, Jonathan Munn, Emmanuelle Amaud, Jonathan Kennel and Be: rker = Sand Gra phICS comments
Run = = %
= ot [72] 2 =15 E L]
M _ — » =l [ 5g] |4 £ SRAAHEHEHRE
q transport in requires an sccurate rep of the gealoay g the spatial dis- 5 © % =|e = o MME HERHEE
tribution of hydragealogi eters Developing eccurate gealogical models for sedi y systems relies on quality scdlmentulbg\cal data & S =& = Bl=z|5|cle|8]5)|56]8 ol 5
callected from cores. Standard logging forms uzed to callect data from cores create a persistent data gap in hydrogeology because they hinder : Ololv Dlalo ] glolslcl=l=]>
efficient collection of high-quality sedimentological data. These logging forms require fime-consuming text descriptions of sedimentological 7 N N
characteristics and often result in inconsistent, poorly resolved dats insufficient to support realistic geologics| models. We describe gmphlcal - 10R 6/2 RN
approach to core logging, the graphical shading lag, that facilitates rapid, sccurate capture of sedimentalogical data and e NN N |
database to stare the raw data snd interpretations. The visual format of the graphical shading log provides a roadmap of the parameters to — !
log and their paxsible vlues, helping to ensure aceurste and consistent data colectin by loggers with = range of exgerience. Examples from 7
sites with in di nd siliciclastic and carbonate bedrock show how data from the graphical shad- —
ing logs improved geolagical interpretations, supported the design of high-resolution multilevel systems needed to collect minimally blended 05 PPCNrPry
hydrageclogic data, and helped to more sccurstely delineste hydrogeologic units. The format of the graphical shading log and complementary Wt . NARLCR, ra
database are designed to be izzble and ble between hydrogeslagic settings providing & new tool to advance geclogical data -
llection and Improved sedimentological dsts and insight are criticsl inputs for process-based conceptual site models needed to 5 v
effectively mansge contaminant plumes in the subsurface e = 10R 4/6 »
-
AL
Introduction argue diffusion of from low per male- L . . ] inina i
Over four decades ago attention was drawn to diffusion rials into advective pathways was respunstb]e for the failure —_ 10YR 7/4 purple staining in
as a key process contralling contarminant transport in heterog- of many pump and treat systems to reach remediation objec- ] SRP 2/2 parallel stairstep
enous unconsolidated sediments (Gillham and Cherry 1982)  tves and MutchJr. et al. (1993) demonstrated the impacts of — . shapes; soft sed
and fractured rock (Foster 1975). However, the jmﬁonance d.lﬂ‘u_smn fn:_bm the rock matrix IJ_ack to the fr_z!mres on plume " deformation???
of diffusion as a dominant contaminant transport process was persl:le_nce n rrm:mred.mck using 2 numerical model _Ear]y S I '
not fully appreciated until the impact of mass storage and ﬁe]dev_ldenoe furdJiTu;pn ocerol_led releaseuf.:cmmmnanu
re-release of chlorinated solvents from lower permeability “_?ir;d;;’l L‘;L[::dmmll'ty z.o?es n S;mt{.:q"f“ wasgm}
zones on plume persistence and ineffective remediation was v ied sampling of cores for the contaminants of o, i . . _ s
demonstrated and understood widely (Mutch Jr. et al. 1993; concern combined with analytical and numerical modeling, Site: Some Site Station ID: BH-1 Logged b\‘:. Person 1 PE 5 of 10
Parker et al. 1994; Parker and McWhorter 1994). Mackay and and in some cases, regular sampling Ufmrm?nucmal wells and
Cherry (1989) used simplified 1 d illustrations t multilevel systems (e.g., Ball et al. 1997; Liu and Ball 2002;
erry (1989) used simplified examples and ilustrations to Parker et al. 2004; Chapman and Parker 2005; Parker et al. Fi 1. G tic el ts of hical shadi 1 desi 1 for siliciclasti k. Lithology 1 in i ti k
2008). Similarly, field evidence for diffusion of contaminants igure 1. eneric elements ol a graphical shading log designed Ior suHiciclastic rock. Lithology, color, grain size, sorting (a.K.a.
ik inpcs e Gopia g g e el s 4 from the low permeability rock matrix to the fractures in “graded” in USCS scheme), contact relationships, and bedding thickness are relevant parameters for most sedimentary environ-
consident con: ing Lo suppor sile: sedi rock was provided by contaminant distributions sge . . . . . . .
mwf,m;m,emm';’medwjm'smm sampling of amul. ments. Additional parameters included on the log depend on the specific geological setting but commonly include particle rounding,
2022, The Authors. Groundwater Monitoring & Remed tilevel system (e.g., Sterling et al. 2005). Later, a visual sand gravel/clast descriptors, indicators of diagenesis, and/or fossil content.
published by Wiley Pericdicals LLC on behalf of National tank experiment (Doner 2008) complemented by numerical

Ground Water Association.
doi: 10.1111fgwmr.12521

This is an open &ccess article under the terms of the Creative
Commons Attribution NonCommercial License, which permits
use, distribution and reproduction in any medium, provided the
original work is properly cited and is not used for commercizl
purpases.

NEWA.arg

modeling (Chapman et al. 2012} helped to make the impacts
of diffusion driven release of contaminants stored in low per-
meability zones more intuitive and widely appreciated. These
studies, and others, combined with broadly disseminated
publications identifying the limitations of remediation due
to diffusion (e.g., US EPA 2003; National Research Coun-
<il 2004; Sale et al. 2008; Stroo et al. 2012; National Research

Groundwster Monitoring & Remediztion 1

A paradigm shift is coming....
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ESS Using HRSC - Relative Grain Size Profiles from HPT

Logs to Identify Facies Structures | .. Channel
|:| Floodplain _—

—

[] channel fill 7

SP log scal

&, Channel or Splay  Channel Margin

i

Floodplain

Ir?. ; Splay . ) .'."-:.'._
Levee ’

Channel fill, point bar - i

Adapted from Shultz et al. 2017
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ESS Using HRSC - Channel Signatures from HPT Logs
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ESS Using HRSC - Quasi 3-D Geologic Model

A > A’

g

Elevation (fflamsl)

250 500 750 1000 1250 ‘ 1500 1750
Distance Along Transect (ft)

anastomosing

Vs

Adapted from
Makaske 2000

Estimated K* (ft/day)
@ >50 (highest)
@  20-50 (Moderately High)
O 5-20 (Moderately Low)

Q <5 (LowestK)
Intermediate Zone (20-30 ft. bgs.)

Interpreted Depositional Sub-Environments
[ Highest K Channel
Moderately High K Channel/Channel Margin
Maderately Low K Channel Margin
Floodplain

0

100 200

400
Feet
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ESS Using HRSC - MIP & CVOC Solute Mapping

AI

Estimated K* (ft/day)
@ >50 (highest)
@  20-50 (Moderately High)
O 5-20 (Moderately Low)

QO <5 (LowestK)
Intermediate Zone (20-30 ft. bgs.)

Interpreted Depositional Sub-Environments
[ HighestK Channel
Moderately High K Channel/Channel Margin
Moderately Low K Channel Margin
Floodplain

0 100 200

400
Feet

100

95

90

85

80

7%

70

65

60

§5

(@)
e
Estimated K

Plume Core

O o

Mass
; Transfer
AN

s. .
(‘
P = oo — f-" . / :

ECD Detector Solute Detections

Estimated K (ft/day)
<5 (Lowest K)
5-20 (Moderately Low)
20-50 (Moderately High)
+ >50 (Highest)

ECD Response (Volts)
<1

« 110

« >10

Solute Detections

® ND
@ <5 (Below Standard)

O 5-10

10-100

100 - 1,000

/) >1000
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ESS Using HRSC: Chemistry and Water level Integration

Solute Distribution Potentiometric Surface

-Q Monitoring Wells

Solute Detection above applicable standard =50 Interpreted Solute Plume i Caotis
® ND Interpreted Depositional Sub-Environments rouncw !

@ Less than 7.5 (below standard) [ Highest K Channel Interpreted Depositional Sub-Environments
Moderately High K ChanneliChannel [0 Highest K Channel
Margin . .
Midsralely Lo I Grisniel Maiglh Moderately High K Channel/Channel Margin
Floodplain Moderately Low K Channel Margin

0 100 200 400 FIOOdp|ain 0 100 200 400
Feet Intermediate Zone (20-30 ft. bgs.) s ™ e [
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ESS Using HRSC: Chemistry and Water level Integration
Solute Distribution Potentiometric Surface

Anisotropy Anisotro [

> ] 3 py

Water levels alone
do not predict
plume transport.

$ Monitoring Wells

Solute Detection above applicable standard =0 Interpreted Solute Plume Groiitidiater Contotts
® ND Interpreted Depositional Sub-Environments roundw !
@ Less than 7.5 (below standard) [0 Highest K Channel Interpreted Depositional Sub-Environments
O© 75-10 mme.rately High K Channel/Channel [ Highest K Channel
argin - :
10-100 WMoty Lo K el Mgk Moderately High K Channel/Channel Margin
100 - 1,000 Floodplain Moderately Low K Channel Margin
—_— 0 100 200 400 Floodplain 0 100 200 400
| s ™ s | Intermediate Zone (20-30 ft. bgs.) ™ e [ 81

www.erm.com 15



Site 1: Background

Site Location:

Legend

e o1 Approximate Former Building Footprint

Parcel Outlines

& Existing Monitoring Well Network

ISCO Injection Area
Area of Substantial CVOC Reduction
Area with no Significant CVOC Reduction

4

al
e —
e

HRSC & 3-D \ »»
Model Domair

% Average Hed
[ =
f |
:/
i ’
nBuiling Ares
:"f."—‘. g= |
Reduction )
e

m Eastern Massachusetts

= Depositional Environment:
----------- ' + | m Glacio-fluvial (proglacial lake
’ : bottom deposits)
________ "%\ | Multiple Sources of CVOCs (i.e.,

Build

-
- -
-----
-
- -

-
e

.| TCE) and resultant plumes
".“ ISCO Treatment:

ol m Why is the southern boundary
source area rebounding post
ISCO?

m Completed over 100 HRSC
borings within focus area

www.erm.com
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Site 1: Waterloo”PS™ IK Logs Educated with Detailed Core Logs

Detailed Core aps-01 HRSC Log & w ESS Geologic Model _

Eﬁ\ Index§l3§r§;ﬁvity (Ik) Value e, . .
| “,' 121.15_ . <075 ﬂ T W
) ﬂ% 1:5;: 0.75-25 i v ! * - l |

‘FE i | Channel| e

8 w El

E g4 00 | varves

i - “;E ' ! I @vﬁé‘g . M@@

S Distributary

o 4
,é ud Channel
, ;;L varves Geology Type (dashed where inferred)
=3 *t High Hydraulic Conductivity
= | m} Distribut Low Hydraulic Conductivity
| Istributary :
o} W Basal Till
] Channel
o B Bedrock
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Site 1: Chemical Fingerprinting Analysis — Approach

J )

[richloroethen ﬁ

? X Wi n;J Chilerds Ethene

69“040:0

0. !
© N

W) Biodegradation

1,1,1-Trichloroethane

|:| Trichloroethene

|:| cis-1,2-Dichloroethene

|:| trans-1,2-Dichloroethene St ratl g ra p h e rs

|:| Vinyl chloride
- 1,1,1-Trichloroethane
- 1,1-Dichloroethane
- 1,1-Dichloroethene

Acetic Acid

J

g8

1,1-Dichloroethane Ethane

o O30~y b

\ 1,1-Dichloroethene

o ge ) )
@ Biodegradation
> Abiotic Dehydrochlorination
q Abiotic Hydrolysis

For the

pretending to be
chemists!

www.erm.com
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|:| Trichloroethene
|:| cis-1,2-Dichloroethene
|:| trans-1,2-Dichloroethene
|:| Vinyl chloride
- 1,1,1-Trichloroethane

Won-Detect (30 ) ()
- 1,1-Dichloroethane
- 1,1-Dichloroethene

Wen-Detect (40 #) ()

A7 ugll (43 /)

T2.8 uglL (B2 Ft)

10.5 ugl (E58 1)

—
o

]

Elevation (feet) - 5x Vertical Exaggeration

135

130

125

120

s

o

105

100

eI — ,
BSes P Basal Till

www.erm.com
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Green
(MTBE)

Geology Type (dashed where inferred)
High Hydraulic Conductivity
Low Hydraulic Conductivity

Not
enough? We ilililligl
missed it the

first time!
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Integration

IS

Analysi

ing
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Site 1: Chemical Fingerprinting & ESS Integration in 3-D

o
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Site 1: Environmental Visualization System (EVS) 3-D Modeling

_l Trichloroethene

T J C] cis-1,2-Dichloroethene
D trans-1,2-Dichloroethene

[ ] Vinyl chloride

B 1.1 1-Trichloroethane

_--____}T I 1,1-Dichloroethane
[ 1,1-Dichloroethene

cDCE tDCE 11DCE
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Site 1: EVS 3-D Modeling

1,1,1-TCA Tracer MTBE Tracer

Site

uspecte

Suspectad Offsite Source
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Site 1: Chemistry and Water Level Integration (Well Data)

Plume 1 Plume 2

Strategic well placement
In plume cores

www.erm.com 24




Site 1: Chemical Fingerprinting Informed Compound Specific

Isotope Analysis (CSIA)

C'2 is preferentially
degraded, so if you
measure the ratio of

C'3/C'2in a compound,

the ratio will increase as
the compound degrades
(becomes less negative)

Increasing Ratio

L ower concentrations onsite ——Degradation of the compound

than offsite

12C 13C
® proton
% & (O neutron
ﬂlight” Ilheavy!!
“lighter”

Decreasing Ratio
production by degradation of
parent
Dissolution from NAPL
Desorption from soil
Release from the source

¥

“heavier”

www.erm.com
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Site 1: CSIA Results

Locations for 6'°C Analysis:
@ TcEPume 1(-245610-26.18)
) TCEPlume 2(-12.2010 -19.53)
. TCA (signature 1 only)
(O  cDCE (signature 2 only)
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Site 1: Summary

m A successful Downgradient
Property Status (DPS) (a
form of site closure) was
accepted by regulators. No
additional onsite
remediation required.

® The DPS document was
recognized by regulators as
a “go-to” example and
shared during a Licensed
Site Professional
Association (LSPA) meeting.
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: Background

Site 2

Legend
TCE+ Concentrations (ug/L)

[ Trichloroethene
[ cis-1,2-Dichloroethene
[ trans-1,2-Dichloroethene
[ vinyl Chloride
@® Non-Detect
= === Approximate Property Boundary
—— Longsect Line

|

- - - —
20185l
e J'-. g ;‘-: h b
o 3 R it > b
M WG M. 551 N
L4

Site Location:

m East Coast Florida

Depositional Environment:
m Coastal Marine Deltaic

TCE in shallow groundwater
but no historical use or
suspected release.

Adjacent site with degraded
TCE plume.

Temporal problem identified
and 4-D analysis was required.

| www.erm.com
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Site 2: Geologic Model
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Site 2: Hydrogeologic Model (Flow Net and GW Contours)
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Site 2: CVOC Fate and Transport Through Time (Quasi-4D)
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Site 2: What happened after 20187

Did the degraded plume arrive in “shallow” onsite wells
downgradient of the offsite source?.....




Site 2: Summary

It didn’t matter..

The revised CSM resulted in a no
further action outcome.

So, we went to the beach...
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