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Geologic Setting – Newark Basin
Triassic Passaic Formation (Brunswick)

Paul Olsen and others, Lamont-Doherty Geological Observatory and 
Roy Schlische, Rutgers University



Study Area Buried Under Glacial Deposits



Late Triassic Passaic Formation Members

• Metlars
• Livingston
• Kilmer
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Bedrock Geology
• Late Triassic Passaic 

Formation

• Fractured Interbedded 
Shales, Siltstones and 
Mudstones (very minor 
Sandstones)

• Homoclinal Structure 
    Average Strike N45oE

• Dip 7o - 16o NW in study 
area



Major Planar Features



Dipping Water-Bearing Fractures (WBF)

• Type 1 WBF

̶ Bedding Plane 
Partings

̶ Primary 
Pathway

̶ Multi-Aquifer

• Type 2 WBF

̶ Steeply-Dipping 
Fractures

̶ Leaky

LMAS Model
Leaky Multi-Aquifer System

Dipping Type 1 WBFs impart first-
order control on groundwater flow 
– Flow along strike (generally)



Geologic Setting – Core Samples

Intensely 
weathered 
bedding 
parting

Mineralized 
bedding 
partings

Mineralized 
near-vertical 

fracture & root 
cast

Purple mudstone



Stratigraphic Correlation
Optical Televiewer (OTV)



SITE



SITE



Coppermine Fault“The shales of the vicinity 
have the usual bright-red to 
brownish-red color and dip 
12 degrees toward the 
north.  At the mine they are 
traversed by a vertical 
north-south fissure (Pl. 
XXXII), along which the 
movement has been 
parallel to the bedding, a 
nearly horizontal shove, or 
heave.  This is indicated by 
both the slickensided walls 
and breccia of the fault and 
the abrupt termination of 
the fissure beneath 
undisturbed conformable 
shales above.



Anisotropic Response to Pumping

Site

NW Bedding Plane 
Strike (Type 1 WBF)

Wellhead Protection Areas
(2, 5 & 12 Year Travel Times)



• ISRA-SRP Site 

• 132 acres

• TCE and CTC drivers

• Strike NE-SW Dip 7-16o NW 
• Bifurcates and disperses or 

discharges to creek

Bedrock VOC Plume



Review of Remedy Selection 

Remedy Goals:
• Meet GW cleanup criteria-

15 years
• Address VI Triggers

On and Near-Site
• ISEB/ISCR to MNA
Middle, Distal and SW
• MNA



Bedrock TCE Isoconcentrations
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Bedrock TCE Isoconcentrations



Bedrock Dye Injections

Objectives:

• Estimate groundwater velocities within different fracture units

• Confirm groundwater flow paths in the bedrock aquifer

Implementation:

• Fluorescein dye injected into IW-3br (on-site well)

• Sulforhodamine B injected into IW-4br (off-site well)

• Each injected into 3 water-bearing units (A, B, & C)



Bedrock Dye Injections

Grab Sample with
Fluorescein Dye

Grab Sample with
Sulforhodamine B Dye Charcoal Dye Receptors 

Bag

Monitoring:

• Baseline grab samples were collected prior to dye injection 
and post-injection monitoring was performed on a periodic 
grab basis for a one-year period after dye injection. 

• Charcoal receptor bags 
were used for to 
provide insight into 
tracer concentration 
trends



Bedrock Dye Injections

IW-3br IW-3br 
(Fluorescein Injection)(Fluorescein Injection)

Strik
e

Dip`

Primary Groundwater

Flow Direction
IW-4br (SRB Injection)IW-4br (SRB Injection)



Fluorescein Distribution in Bedrock

IW-3br (Fluorescein Injection)

Strik
e

Dip

340 feet

220 feet
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et

Primary Groundwater

Flow Direction



Fluorescein Distribution in Bedrock



Sulforhodamine B Distribution in Bedrock

IW-4br (SRB Injection)
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Sulforhodamine B Distribution in Bedrock

IW-4br (SRB Injection)
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Open Tectonic 
Fractures 

(>45o dip) All 
Depths



Sequence Stratigraphy Work Shows Small Vertical 
Offsets along Minor Normal Faults 

ROAD



Sulforhodamine B Distribution in Bedrock

IW-4br (SRB Injection)
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TCE Time to Remediation in Bedrock



Full Scale Bedrock Injections



Remedial Action Workplan – Full-Scale Implementation
Phase 1 Injections: December 2020

• 14,200 gallons into bedrock aquifer 
(7 wells)

• In-Situ Enhanced Bioremediation 
(ISEB)

• Widespread Coverage of On- and 
Near-Site Areas



MW-2

Bedrock Water-Bearing Unit B 
Wells & Injections 
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On-Site Groundwater Mounding 

MW-2IW-2bMW-1d



Remedial Action Workplan – Full-Scale Implementation

Phase 2 Injections: January 2023
• 13,800 gallons into Bedrock Aquifer 

(6 wells)

• 2,400 gallons into Overburden 
Aquifer (1 well & 8 DPT)

• ISEB in Bedrock & Combined ISEB + 
ISCR (ZVI) in Overburden

• Targeted Former Source Area

• Performance Monitoring in Progress 
(under DGW-PBR)



Next Steps

• Address Groundwater Mound

• Performance Monitoring / 
Demonstrate MNA

• NJDEP Mandatory Timeframe 
2028



Questions?
Kevin Kelly P.G.

kkelly@langan.com
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