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AGENDA

1. Introduction to ESS and why it is important to our community

2. The Newark Basin in Connecticut, New York, New Jersey, and
Pennsylvania:

= Beautifully complex cyclically-sequenced sedimentary bedrock

= Monoclinally-dipping bedding imparts first-order control on groundwater
flow, contaminant migration, and amendment distribution

= Significant number of contaminated bedrock sites and commingling of
groundwater plumes

3. Bedrock case studies and methods where ESS has improved
CSMs (from easy to challenging)
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Environmental Sequence Stratigraphy (ESS)
10 ESS Presentations at Battelle 2022

Presentations/Posters in 6 different session tracks

20 ESS Presentations at Battelle 2024

= Depositional Environments & Stratigraphic Considerations for Remediation (6)

= Conceptual Site Models: Improvements in Development and Application (2)

= Advances in the Application of Geologic Interpretation to Remediation (2)

= Process-Based Conceptual Site Models for Informing Remediation (2)

= PFAS Conceptual Site Model Approaches (2)

= High-Resolution Site Characterization (2)

= Geology Revolution Cont'd ... What the Well Will Tell You Before You Dirill (1)
= Addressing Subsurface Heterogeneity throughout the Project Lifecycle (1)

= Innovative and Optimized Amendment Delivery and Monitoring Methods (1)
= Advanced Data Analytics and Forensics Framework for PFAS Rls (1)
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Sequence Stratigraphy Method

= Expert geologic interpretation — in depth, e.q.
petroleum exploration geologist expertise is ideal

540
530

520

= Recognition of stacking patterns of strata, key
surfaces, breaks, and cycles

510

500

= |dentification of facies, sequences, and depositional
environments

490

480

» Understanding of the scales of the component
depositional elements

470

460
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Common Challenge - Multiple Geologists with Varying (or
No) ESS Skills Leads to Multiple Interpretations

CPT-RCUA0000 < 275 > CPT-A0000W

cosoiopoze: —q— Interpretations from CPT Logs
540 —
= Strat column on left interpreted as
530 — layers of “diamicton”, which is unsorted
glacial till in Michigan.
520 :
Clay/silt Layer % = Column on right updated to actual
(6.5’ thick) . .
mapped formations in area (no
icton 910 — . .
diamicton), actually sand layers — a
500 huge difference
L . ® Important to recognize & understand
490 — depositional environment and cycles
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Unrealistic Models without ESS Expertise

ELEVATION (FEET ABOVE MEAN' SEA"LEVEL)
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Monoclinally Dipping Beds
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Dipping Water-Bearing Fractures (WBF)

s nom it d LMAS Model
= ‘ Leaky Multi-Aquifer System

9 « Type 1 WBF
B | — Bedding Plane
g 10 Partings
g 0 — Primary
S |- Pathway
H T _ Multi-Aquifer
A .
8 [ Type 2 WBF

— Steeply-Dipping
Fractures

_ Leaky Dipping Type 1 WBFs impart first-
.‘ order control on groundwater flow
Figufe adapted fmm_Figure F6 of Herman (2010) — Flow along strike (generally)
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Geologic Setting for Bedrock Case Studies -

Newark Basin of NJ

PLP: Passaic Formation

(USGS) Predominantly red beds consisting of
argillaceous siltstone; silty mudstone; argillaceous,
very fine-grained sandstone; and shale

N 1-87

I

o, /' NEWARK ~\
BASIN '“"’

Ramapo Fault

Palisades Interstate Park

ESS - Individual lacustrine cycles
can be traced basin-wide

I VOLCANIC SURFACE FLOWS
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Lockatong Fm and Passaic Fm Deeply Cyclical at
Several Scales
Van Houten Cycle (20K years)

Har:: Hnluten Short g‘lncllulatlng Mcilhaui;hlinmft.}ycle

ycle ycle etlars Mb.) .

Depth Rarik Depth Rank Depth Rank Short Modulating Cycle (109K years)
feat in 01234 feetin 01234  feetin 01234

core L
i

I ':' o McLaughlin Cycle (413K years)

| Strongest Expression — Most
Appropriate for Map-Scale Member
Subdivision

Long Modulating Cycle (1.6-2.0 MM-
years) weakest cycle (not shown)

i

— 413,000 yr "Eccentricity” Cyde —»

REFERENCE:

High-resolution stratigraphy of the Newark rift basin (early
Mesozoic, eastern North America

Paul E. Olsen, Dennis V. Kent, Bruce Cornet, William K. Witte. Roy
W. Schlische

GSA Bulletin, January 1996, v.108, no.1

T

~— 108,000 yr "Eccentricity” Cycle ———

—-.20,000 yr Climatic Precession Cydl

|

Yv°
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Newark Basin Coring Project (NBCP) 1989-1994

21892 PEOlsan & R.W. Schlische

= The Newark Basin Coring

150 Project (NBCP) was a
+ coring site [ scientific drilling project
| funded by the National
”\m b Science Foundation from

1989 to 1994.

= Seven Drilling Locations,
overlapping cores, entire
@ Philadephia Seq uence

M) Martinsville: W) Weston: S) Somerset; R) Rutgers; T) Titusville; N) Nursery; and P) Princeton
https://www.ldeo.columbia.edu/~polsen/nbcp/projectdescription.htm
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Bedrock Geologic Map of the Plainfield Quadrangle
Unian, Mi and S t ies, Mow Jersay

1§ by
[ \} Richard A Volkert, Donld H. Manteverds and Shay Mars Silvestr
= e 23
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Bedrock Geologic Map of the Plainfield Quadrangle
Union, Middlesex and Somerset Counties, New Jersey

b
Richard A. Volkert, Donald H. Ma:teverde and Shay Maria Silvestri -
2013 e A’
T8
@ 2
2 @ FEET
?: § _ — 3,000
T = @ L 2,000
] n n
NBCP Rutgers Core Monoclinally Dipping |
AL
- _
<1/ o — SEALEVEL
-1,000
-2,000
-3,000

Battelle | Conference on Remediation of Chlorinated and Recalcitrant Compounds | 2024




CASE STUDY LOCATIONS

1992 P.E.OIsen & R.W. Schlische https://www.ldeo.columbia.edu/~polsen/nbcp/projectdescription.html

Dalawara

Hiyar NJ

Pennsylvania ..“I'-Jeu.r Jargay
PA SN

Limit of Coastal Flain
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Case Study 1 - Laminated Purple Lake Deposit Marker Beds

DOWN-DIP SECTION SOURCE AREA 0 50 100
Strike & Dip N45°E 8"NW -] ]
Apparent Dip Bearing = N18*W :
A, s Apparent Dip = 7° . g sHEQ s SCALE IN FEET A
o2 . 3 i1 $ 233224 z w
] :; 4 c == MW= ===== = GRADE =

"UNIT B*
BURIED
VALLEY

OVERBURDEN

Badrock Gealagle Map of fhi Perth Ambay and Arttar Kill Quadrangles,
g Middises and Union Courrtics, New Jetney 14

¥
ishard & Voler”, Dunsisl 1 Wemevards, s Soen T Stfond
oy

Richard A. Volkert', Donald H. Monteverde, and Scott D. Stanford
2017

LA NEA N Battelle | Conference on Remediation of Chlorinated and Recalcitrant Compounds | 2024




Correlation of Marker Beds with Optical Televiewer Logs
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CTC Plume Traceable along Specific Bedding Planes
for > One Mile with Complete ESS Correlations
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= Network of 85 Monitoring Wells

= Carbon tetrachloride (CTC) plume
traceable for over one mile within
specific water-bearing fractures

* Plume Discharges to Surface Water
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CTC Plume Commingled with PCE Plumes from
Multiple Offsite Sources

= Carbon tetrachloride (CTC) plume BLUE
= Tetrachloroethene (PCE) plumes RED
» Same ESS/Down-Dip Sections as CTC

= Successfully demonstrated to regulators that
PCE plumes were from offsite sources using
ESS graphics and correlations
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Case Study 2 - Natural Gamma Log ESS
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New Fracture Nomenclature Based on ESS Analysis

Coarsening Upward Sequences
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Correlated Newly Named Bedding Units Site-Wide
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Updated Conceptual Site Model used for Remedial Design
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Case Study 3 Brings Together Multiple ESS Methods
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LANGAN

PFAS Investigated for Historic Chemical Fire
Extinguished with AFFF

PFAS Signatures Reflect Different Sources or Transport Scenarios
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Investigation Documented Updip Fire Training School
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PFAS Migrating Down-Dip from Fire Training School

SITE Sovtny Fire Training School
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PFAS Commingling with 1,4-Dioxane and VOCs;
On-Going Forensic Work

Railroad Tracks
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