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Bedrock Remediation Challenges

§ Incomplete understanding of groundwater flow and 
contaminant transport

§ Difficult to inject

§ Cost of investigation / remediation

§ Unrealistic remedial objectives

Characterization and Remediation of Fractured Rock 
(FracRx-1) http://fracturedRX-1.itrcweb.org
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Site Investigation

§ Weathered Bedrock

§ Rarely a sharp transition between overburden and 
competent bedrock 

Refusal
Casing Into 
Competent 

Bedrock

?   ?    ?            ?    ?    ?    ?    ?

OverburdenOverburden

BedrockBedrock
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Weathered Bedrock

§ Hydrogeology differs between 
overburden, weathered 
bedrock,                     &  bedrock
§ porosity
§ hydraulic conductivity
§ contaminant                                     

concentrations 

§ Contaminant Flux  

Trichloroethene 
Concentrations 

   1,300 ug/L

64,000 ug/L

Hydraulic Conductivity (cm/s)

Geometric Mean K 
~4x higher in 

weathered bedrock 
than overlying 

overburden
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Site 1 – Where/What is Bedrock?

§ New England site
§ Multi-acre  PCE 

plume
§ Granite bedrock
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Site 1 – (MIS)Interpretation of Data

§ RI evaluated the bedrock/overburden interface
§ Upper bedrock transmissivity closer to unconsolidated deposits than bedrock

§ Thickness of the weathered bedrock zone ranges from 0 to 6 feet

§ “the very shallow bedrock does not have higher K values than the deeper shallow bedrock leads to the conclusion 
that preferred groundwater flow along a highly weathered/ fractured zone on the bedrock surface is not a 
significant transport mechanism at the Site.”
§ Most monitoring wells are 10-foot screens

§ Average shallow bedrock K “skewed slightly on the low side” and average deeper bedrock K “skewed on the high side”

§ Borehole Geophysics
§ likely transmissive fracture zone just below the well casing, at a depth of between 12 and 16 feet

§ likely transmissive fractures encountered at 19 feet
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Weathered Bedrock?

§ Feasibility Study evaluated 
alternatives for Overburden and 
Bedrock

§ Record of Decision

§ Overburden Source Area Enhanced 
Bioremediation

§ Bedrock Source Area Enhanced Bioremediation

§ Two Mulch PRBs
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Site 1 – Remedial Design 

§ Recognition that overburden and 
bedrock not fully delineated for VOCs

§ Sonic drilling utilized as part of 
characterization 

§ Observed significant difference in 
depth between previous refusal (auger 
or direct push) and top of competent 
bedrock 
§ 3 – 10+ feet
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Site 1 – Remedial Design 

Till = low permeability 
(K~10-5 cm/s)

Weathered Bedrock
◼ Sand seam
◼ Driller observed change
◼ ~3 feet thick

Observed change to 
fractured bedrock
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Site 1 – Remedial Design – Mulch PRBs

§ ROD Remedy – Mulch PRB to ~15’ bgs
§ Monitoring wells installed with screens in 

overburden & weathered bedrock

§ Depth to bedrock  
§ 3 – 6 ft on west side
§ 8 – 12 ft on east side

§ Depth to groundwater  
§ 5.5 – 7 ft in summer 
§ 3 – 4 ft in spring

Overburden Well 
Screen 3-6 ft bgs

Weathered Bedrock 
Well

Screen 8.5-13.5 ft bgs

PCE RG 370 ppb
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Site 1 – RemedY

§ Source Area: injection point grids 
§ Northwest TTZ not included in RI/FS/ROD 

§ 2 overburden PRBs 
§ 3 weathered bedrock PRBs
§ Overburden: 74 DPT injection points 

§ Small droplet EVO for silt and till 

§ Weathered Bedrock: 51 injection wells  
§ Installed by Sonic drilling
§ Large droplet EVO

Eastern 
Area 

Western 
Area 
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Site 1 – ReSULTS 

Eastern Area WBR Monitoring Well Downgradient of WBR PRB
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Site 2 – Site Setting  

§ TCE primary contaminant
§ 142,000 ug/L in 2018
§ Likely residual DNAPL 

§ Historic MPE system 

§ Extracted from bedrock & weathered bedrock 

§ Pump & Treat operating (3 wells) 
§ Bedrock: schist (metamorphic) 

§ Depth to competent bedrock varies from 13-22 ft bgs 

§ Objective: accelerate treatment to shorten pump 
and treat system lifetime https://geologyscience.com/rocks/m

etamorphic-rocks/schist/
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Site 2

Very high PID readings              
(overburden)

Mid-1990s boring log 
from DPE well 

installation

Extraction/Monitoring 
Screen in WBR/BR                    

(no screen installed in 
deep overburden)

Saprolite = weathered bedrock

High TCE in bedrock 
based on extracted fluids
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Site 2

Fall Water 
Table

Spring Water Table

PID              
>1000 ppmv

MPE Wells

WBR 
~ 2- 7 ft 

thick
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Site 2 – Pilot TEST

§ Objectives:  
§ Can DPT points be advanced into weathered bedrock?
§ Can remediation solutions be injected into weathered bedrock?
§ Will remediation of deep overburden improve bedrock groundwater?
§ Perform pilot test with limited budget

§ Pilot Test Details:  
§ 3 injection points 
§ Advance to refusal (identify overburden-weathered bedrock interface)
§ SRS®-Z (EVO + ZVI) + bioaugmentation
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Site 2 – Site Setting  

§ DPT advanced 0.5 to 2’ into WBR
1. Expose 2’ of screen to focus injection to weathered 

bedrock
2. Expose entire 5’ of screen to injection at 

overburden-weathered bedrock interface
Bedrock

DPT injection 
screens

98% reduction in 
TCE 12 months 

post-injection in 
Extraction Well 

(MW-10) ~60’ away
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SUMMARY  

§ Remediation CAN be successful in bedrock

§ Design remediation based on CSM
§ Where is the contamination? Where is it traveling? 
§ What are proposed amendments? 
§ How do geologic features impact above questions?

§ Objective: maximize contact between contaminants and reagents
§ Weathered bedrock is an important interval for contaminant transport
§ Remediation can be targeted at weathered bedrock zone



  

Locations Nationwide
Lawrenceville, NJ 
(Headquarters)
Denver Area
Boston Area 
Atlanta Area
San Diego

Treatability 
Laboratory

Chemical Oxidation / 
Chemical Reduction

Bioremediation

Soil Mixing 

Activated Carbon Injectates 
(BOS 100® & BOS 200®)
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Thank You

Surfactant Remediation  Bedrock 
Injections

Paul M. Dombrowski, P.E.

pdombrowski@isotec-inc.com
(609) 275-8500 x202
www.isotec-inc.com


