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Presentation Overview

ÅIntroduction
ïBench-Scale Testing

ÅCase Studies
1. Permeable Reactive Barrier for cVOCs

2. PFAS Treatment

3. PRB for PHCs

4. Injection into Bedrock for Heavy Metals Treatment

ÅTake Aways

ÅQuestions
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Bench-Scale Testing Overview



Below the Surface I Beyond the Science

Bench-Scale Testing ςTypes of Tests

Batch Reactor Tests Flow-Through Column Reactor Testing



Below the Surface I Beyond the Science

Bench-Scale Testing ςTypes of Column Studies

RSSCT = Rapid small-scale column test

Greater than 1 m in length Less than 30 cm in length Very tiny ςRSSCT



Below the Surface I Beyond the Science

What is it?

ÅTreatment conducted on actual samples of soil, groundwater 
or free-product samples

ÅAssess feasibility and effectiveness of treatment options

ÅSmall-scale, multi-variable, low-cost testing used to refine 
full-scale treatment approaches

Bench-Scale Testing ςWhat and Why

Why Bench-Scale Testing?

ÅScreening treatment options for 
a new/uncommon contaminant

ÅMixture of contaminants 

ÅComplex water geochemistry 

ÅSite-specific efficacy

ÅHigh Risk Site

ÅNervous Client

ÅTight Budget/Timeline



Below the Surface I Beyond the Science

Bench-Scale Testing ςWhat and Why



A Permeable Reactive Barrier (PRB) 
Horror Story

Case Study 1



Below the Surface I Beyond the Science

Permeable Reactive Barrier (PRB)



Below the Surface I Beyond the Science

PRB Installation Techniques: Excavation

Macro Zero Valent Iron (ZVI)



Below the Surface I Beyond the Science

PRB Installation Techniques: Injection

Plan View

Profile View

Micro Zero Valent Iron (ZVI)



Below the Surface I Beyond the Science

A Permeable Reactive Barrier (PRB) Horror Story

Å Client vs Consultant vs Contractor story

Å PRB needed to treat cVOCs migrating into water body

Å¢ƘŜ /ƭƛŜƴǘ ƘƛǊŜŘ ŀ /ƻƴǎǳƭǘŀƴǘΧConsultCo

Å ConsultCowas responsible for:

Å The PRB design

Å RFP Process / Construction administration

Å On-Site supervision and QA/QC of PRB install

Å ConsultCoalso carried out bench-scale testing

Å DumbContractor, won the bid to install the PRB

Å End Result?

Å Improper PRB install and Client launces a lawsuit

Å ConsultCoblames DumbContractor

Å VEI is brought in by lawyers to sort it out



Below the Surface I Beyond the Science

A Permeable Reactive Barrier (PRB) Horror Story

Å PRB:

Å trenched cut and fill construction approach

Å using conventional excavation methods

Å a biopolymer slurry for sidewall stabilization

Å Amendment: Zero Valent Iron (ZVI)

Å 20% ZVI in PRB (mixed with sand)

Å Post-installation sampling:

Å target ZVI % was not achieved

ÅWhy? What happened?

Å Four (4) mistakes were made resulting in ZVI design and 
installation failure



Below the Surface I Beyond the Science

Mistake 1: PRB Bench-Scale Testing

Å/ƻƴǎǳƭǘ/ƻΩǎBench-Scale Team ran column studies to 
verify treatment with different amounts of ZVI

Å The Bench Team calculated % ZVI by weight as:
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Å The Bench Team calculated it as:
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Below the Surface I Beyond the Science

Mistake 1: PRB Bench-Scale Testing

ϷὤὠὍ
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= 9.9% ZVI
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= 13.2% ZVI
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ȟ

ȟ ȟ
= 25.8% ZVI

Why does this mistake matter?

They actually tested:

The ConsultCoBench-Scale Team thought they tested:

Result:
1.34x more ZVI used in the test 

than reported in the report



Below the Surface I Beyond the Science

Mistake 2: ZVI Calculation for PRB Design

Å/ƻƴǎǳƭǘ/ƻΩǎBid Team had to write an RFP to get bids from 
contractors. 

Å Remember how to calculate %ZVI?
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Å How did the Bid Team calc it?
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Below the Surface I Beyond the Science

Mistake 2: ZVI Calculation for PRB Design

ϷὤὠὍ = 20.0% ZVI

ϷὤὠὍ = 16.6% ZVI

Why does this mistake matter?

What they were actually telling the Contractor:

The ConsultCoBid Team thought they were telling the Contractor:

Result:
ConsultCois telling Contractor 

to use 0.83 of the ZVI

Mistakes So Far:
Å 25.8% - Bench Team said this was 20%
Å 16.6% - Bid Team said this was 20%
Å This is a difference of more than 1.5x



Below the Surface I Beyond the Science

Mistake 3: Field Direction of DumbContractor

Å ConsultCoawards the work to DumbContractor

Å No one trusts DumbContractor, the RFP and Design Specs 
are written as follows:

Å¢ƘŜ ½±L ŀƴŘ ǎŀƴŘ άƳƛȄ ǿƛƭƭ ōŜ ǾŜǊƛŦƛŜŘ ōȅ ǘƘŜ 9ƴƎƛƴŜŜǊΦέ

Å So who is this Field Engineer?

Å The most junior person in the office


