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PRBs in the UK: Trials and tribulations 
from the trenches.

Practical aspects of actual installations, good and not so good.

Keith Dickson: EERC, QUB, UK
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Perception of Industrial Contamination

Social Issues +
Economic Issues +

Environmental Issues +
Polluter Pays =

Environmental Liability and Risks
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Evaluating Risk

Environmental Liability

• Perceived Risk
• Real Risk
• Human Health Impact
• Environmental Impact
• Social Impact

• Cost vs. Benefit
• Time Scale 
• Sustainable Society

Source: Web Photos
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Chemical Spill

Nuclear Accident?

Climate Change

Groundwater Contamination

Plane Crash

Nuclear Waste
Plane Crash 
(perceived 
by some)
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Risk-Based Remediation: 
Source - Pathway - Receptor
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Risk-Based Remediation: 
Source - Pathway - Receptor

Source Removal
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Risk-Based Remediation: 
Source - Pathway - Receptor
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Risk-Based Remediation: 
Source - Pathway - Receptor
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Plume Study
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Source 
Reduction 

(SR)

Pathway 
Interception

Plume 
management

cf. Source 
oxidation (SO)

cf. Permeable 
Reactive Barrier 

(PRB)

cf. Monitored 
Natural Attenuation 
(MNA)

Treatment train (TT)

Regulatory 
threshold 

Time scale versus contaminant risk for a range of treatment options

Distance of Groundwater flow or time

Time

Contaminant
risk/load

MNA 
only 

PRB Plume 
(Source issue)

Source 
Reduction

TT

Risk Management
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Source Reduction
Oxidation

KMnO4
H2O2
Fentons Reagent
ORC (Oxygen Releasing Compounds)

Reduction

HRC (Hydrogen Releasing Compounds
Carbon sources (Sugar, Ethanol, etc)

Stabilisation

Pillared Clays (e-clays)
Cementation

Enhanced Natural Attenuation
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Plume Management
BH1     BH2      BH3       BH4      BH5       BH6        BH7    BH8

Groundwater Flow

NO3 - NH4

SO4 - H2S

CH4

Dilution

Biodegradation

Natural
Attenuation Queen’s University Belfast Civil Engineering

Environmental Engineering Research Centre

Pathway Interception
Abiotic

ZeroValent Iron (Chlorinated Hydrocarbons)
Zero Valent Iron (Trace Metals)
Zeolites (Metals, Organics, Radionuclides)
Activated Carbon (Metals, Organics)
E-Clays (Organics, other?)

Biologic

Reducing anaerobic (Nitrates)
Aerobic (Organics)

Sequenced

Abiotic & Biologic mixed
Multiple Abiotic zones
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Active or Completed Full-Scale Sites
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Case Study: Sustainable Brown-Field Re-Development
EPSRC Waste and Pollution Management Study

Portadown Gas Works
- Hydrogeology & Modelling
- BioGeochemistry
- Microbial Ecology
- Microbial Genetics
- Full-scale implementation
- Evaluation

• Social Issues 
• Economic Issues 
• Brown-field development
• Urban regeneration

Up to 1500 existing gasworks sites in the UK still requiring 
remediation; a significant proportion of UK derelict sites.
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Portadown PRB Research group (1999-current)

Academic Staff: Prof. R.M. Kalin Dr. T. Elliot, Dr. K. Walsh, Dr. M. Larkin

Research Officers: Dr. Y. Yang, Dr. G. Boshoff, Dr. W. Meier-Augenstein, 

Post Doctoral Fellows: Dr. U. Ofterdinger, Dr. R. Doherty, Dr. V. Decroq, Dr. A. Ferguson 
Dr. T. Adotula

Research Assistants: Ms. A. Downey, Ms. K. McGeough, 

Technical Support: Dr. N. Ogle, Mr. M. Matiasek, Mr. E. Tujek, Mr. M. Carey, Mr. Brian 
Ferguson, Ms. Claire McKillen, Ms. Kellie McCaughan

PhD Students: Mr. M. Craig, Mr. T. Montague, 

Industrial Collaborators: Keller Ground Engineering, Golder Associates, McCallan Bros, 
EcoMesh
Funding Sources: EPSRC, EU, EA England and Wales, DOENI, EHS (NI), QUESTOR 
Centre QUB
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Desk Study and GIS Model
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• Location in Northern 
Ireland

Mourne 
Mountains

Lough 
Neagh

Portadown
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• Surface Water Quality (EHS, 2000)
Strong impact associated with Urban Area – SUDS, Brownfields 
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•Study Area
Urban influence on river water quality

Urban redevelopment plan & influence on environmental quality
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..Introduction
•Current Vulnerability map for the area (GSNI, 1994)
-Moderately Permeable
-High soil leaching potential
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..Driver
• Legislation
-EC Groundwater Directive (80/68/EEC)

*(Groundwater Regulation (NI) 1998)
-EC Nitrates Directive (91/676/EEC)

*(The Protection of Water against Agricultural 
Nitrate Pollution Regulation (NI) [last amended 1999)

*(Action Programme for NVZs Regulation (NI) 1999)

-EC Water Framework Directive (forthcoming)

-Water Act (NI) 1972

-The Waste & Contaminated Land (NI) Order 1997. 
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Background

• Water Quality

• Urban Redevelopment
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..Background
• Water Quality   

(EHS, 2000)
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..Background
•Study Area
Urban influence
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..Pollution Potential
•Sewage
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Study Area Output
•Pollution Potential for Study Area
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•Pollution Potential for Greater Portadown
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Pollution Potential
•Study Area
-High Risk areas
e.g. contaminated land 
& former heavy 
Industry now
Brownfield sites
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Risk Assessment

• Receptors
-Proposed land use industrial/commercial
-River Bann & Lough Neagh (main receptor)
-Groundwater resources (not usable aquifer)
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Risk Assessment

• Contaminant Sources
& Pathways
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Old Landfill

Spoil from factory

Gasworks

Petrol Stations

Pathways:

Groundwater 
Vapour

Direct Contact
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Site Investigation

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Portadown Gasworks Site Investigation
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Ammoniacal Nitrogen Sulphate
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Complex CyanideMineral Oil
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Constructing BH7 
–

Solinst Multilevel
Summer 2000
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Construction of BH8 (Multilevel to compare with 
BH7)

Sample Port Construction : Note Stainless Steel filter
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Ground
water 

sampling 
at BH8 
(2000)
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Naphthalene
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Naphthalene
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4-Methylphenol
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BH8 Selected VOCs
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BH7 - Selected VOC's
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Microbiological Investigation - Toxicity

Microtox Total CFU
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Conceptual Geologic Framework
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BH1/2

BH5

BH3/4

BH6
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Vertical magnification 3 times 



10

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

BH1/2

BH5
BH3/4

BH6

BH7/8

Vertical magnification 3 times 
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Hydrogeologic Framework
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Drawn By: YY
Date:  November 1999

Project:   Portadown Gasworks
                 Site Investigation
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Map:  Ground Surface Elevation
           (AOD) (m)
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Project:   Portadown Gasworks
                 Site Investigation

Map: Groundwater elevation 
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Steady-State
Groundwater 
Flow Model of 
Portadown area 
around the site.
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Risk Assessment

• Source Removal 
• Pathway Interception
• Plume Management
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Old Landfill

Spoil from factory

Gasworks

Petrol Stations

Source Term: est 36,000 m3

Disposal and fill (1998)
£ 1,339,000

Works est: £150K
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Risk Assessment

• Source Removal
• Pathway Interception
• Plume Management
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Current Plume                  Offsite   

Queen’s University Belfast Civil Engineering
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Project:   Portadown Gasworks
                 Site Investigation

Drawn By: RD

0m 40mScale

Extent of modelled individual contamimant 
plumes moving from tar well within aquifer 2 
over 1.7 years
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Model Prediction of 
Off-Site Migration of 
Plume

Concentrations of 
priority PAH’s above 
regulatory consent 
(other evidence of 
MNA?)

Benzene (and other 
BTEX and DRO) do 
degrade before off-site 
migration
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Project:   Portadown Gasworks
                 Site Investigation
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Project:   Portadown Gasworks
                 Site Investigation

Phenanthrene mg/l
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Risk Assessment

• Source Removal
• Pathway Interception
• Plume Management
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Reactor 
Placement to 

Intercept 
Plume
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Laboratory Feasibility Study

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

R.Kalin R.Kalin

Treatability study using site water
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Ammonia to Nitrate
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Toluene & Phenols
Bioremediation

-Natural groundwater 
microbes

- Rapid acclimation

Toluene Biodegradation
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Benzene 
Degradation in the 
Biobarrier

Toluene 
Degradation in 
the Biobarrier

Rates of BTEX removal for the lab-scale 
reactor were use in full-scale designed to 
ensure adequate residence time and hence 
removal of contaminated substances. (note: 
Microtox indicates toxicity is removed 
after only 1 week of pilot scale operation)
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Design Stage
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Reactor 
Placement to 

Intercept 
Plume
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Cement 
Bentonite 
Slurry 
Wall

Biological 
Reactor

Contaminant 
Plume

Site 
Lithologies

Equipotential Heads

Modelled Area 100 x 120 x 20m
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Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre
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Site Work & Installation

Queen’s University Belfast Civil Engineering
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Removal of shallow 
foundations
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Dewatering of gasholder
Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre
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Excavation of 
gasholder

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Remnant 
pipework
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Backfill of 
excavations
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Dewatering of Site required for excavation of 
underground structures

Large 
Scale 
Pump 
Test
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Install Slurry Wall

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Slurry wall 
completed:
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Capping of Slurry 
wall

Excavation of top 
300mm of Bentonite 

wall

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Capping of Slurry wall
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Infiltration Trench Installation
Vibro-Columns
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Reactor Installation
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Installing Reactor
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Project:   Portadown Gasworks
                 Site Investigation
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Contaminant (mg/l) Groundwater Plume Interceptor After Aerobic PRB Reactor 
DRO 13.3 2.6 <0.01 
Acenapthlene 4.8 6.4 <0.01 
Acenapthlyene 10.2 5.5 <0.01 
Anthracene 1.0 1.6 <0.01 
Flouranthene 0.6 0.9 <0.01 
Flourine 5.7 9.8 <0.01 
Napthalene 320.8 57.7 <0.01 
Phenanthrene 3.7 5.4 <0.01 
Pyrene 0.4 0.4 <0.01 
Substituted Phenol 
Isomers 

4.3 0.6 <0.01 

Benzene 6.2 0.4 <0.01 
Toluene 1.7 0.07 <0.01 
Xylenes 1.0 0.05 <0.01 
TOC 83 20 3 
Total Cyanides 10.5 8.9 1.5 
Arsenic 0.06 0.12 0.07 
Nitrate <0.3 <0.3 6.2 
Ammonia 74 19.4 0.8 
Sulphate 450 590 530 
COD 295 NA 15 (?) 
The following compounds are not found above detection limits in the groundwater plume at the EPSRC WPM site: 
Benzo(a)anthracene, Benzo(a)pyrene, Benzo(b)flouranthene, Benzo(ghi)perylene, Chrysene, Dibenzo(ah)anthracene, 
Indeno(123cd)pyrene, Chromium, Cadmium, Copper, Lead, Zinc, Nickel, Mercury 

Queen’s University Belfast Civil Engineering
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Project                   Cost  
 
Site Preparation Works and Support for     £   185,490 
Reactive Barrier Installation  
 
Installation of Slurry Wall and Reactor    £   212,720  
Cash discount for research purpose     £     30,000 
Net cost Installation of Slurry Wall and Reactor   £   182,720 
 
Alterations to BT Phone lines      £        1,480 
 
Monitoring borehole Installation     £        8,500 
 
 
Total Cost Exclusive of VAT      £    378,190 
 
 
Leveraged research support for the Portadown Project 
 
Total Contribution by EPSRC Supported Research Grant  £    388,747.00

(Source Removal est: £1.48M)
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PRB1 – Problems
• Constructed from Pre-cast Units with HDPE Liner
• Became apparent these were not water tight. The HDPE had ripped causing a 

short circuit, groundwater not fully treated.
• Resulted in rebuild using PRB1 as template

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

PRB2 - Rebuilding

• Rebuilt 
Feb-March 2003

• Used PRB1 as 
template

• Design Changes, 
limited to outlet pipe

• Direct concrete pour

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Changes
• Outlet pipe connects 

straight to GAC 
chamber

• Monitoring Pipe PRB 
MP13 added

• Surrounded in 
Bentonite and then 
backfilled

• PRB MP14 monitors 
water levels in 
redundant chamber

• Previously a weir 
system was in operation

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Air Sparging

• Reinforced hose 
pipe 

• 4 No. Air Circuits
• Anchored to Re-Bar
• Return to Site hut 

via PRB MP10
• Compressor and 

Flow control system 
in Site hut

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Revised 
Air Sparging System

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Mission Control
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Monitoring Wells
• 50mm ID Monitoring 

wells installed
• PRB Multi level 

sampling (every 
0.25m)

• Dataloggers 
installed

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Problem 1 – April/May 2003

• Lake Portadown
• PRB2 Floods over time
• Contractor failed to 

include Geo-Sock
• Install Infiltration Pipe 

Collection in GAC 
section

• Install Geosock
• Completed May 2003

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Minor Works 1- May 2003

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Problem 2 –July/August 2003
• PRB begins to flood 

again
• Outlet pipe blocked / 

infiltration trench 
problems?

• Install manhole/ MP15 
downgradient

• Unblock GAC
• Increase infiltration 

trench dimensions
• Completed late Aug 

2003

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Minor Works 2- August 2003

Unblocking of Outlet Pipe

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Problems come in threes

• Infiltration Trench 
extension

• Free 12” Water 
Mains Locating 
Service

• HASP Plan works!
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Water Main – Where they said!

Extension of the
infiltration trench

Finding a 12 inch
Water main the
hard way!Water Main – Where it is!

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

3/20/03 6/28/03 10/6/03

14

15

16

17

18

Key
PRB MP1
PRB MP8
PRB MP13
PRB MP15
BH5
BH4
G2 Inlet
PRB Weir

PRB 2 Commisioned

Minor Works 1

Outlet pipe blocked 

Outlet Pipe Blocked

Minor Works 2

Equilibrium

Time

W
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Water Levels versus Time within PRB2 and downgradient monitoring wells.

Groundwater 
Response within 

PRB2

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Groundwater Monitoring 

• Monitoring of Groundwater across site
• PRB2 reducing contaminants concentration
• Monitoring Strategy – Bi annual

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Groundwater Monitoring:
Aug-Oct 2003

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Summary of Monitoring results
• BH1, BH2 & BH6 groundwater uncontaminated
• BH7 & BH8 continue to indicate highest concentrations of contaminants (PAHs, 

Min Oils)
• Groundwater enters PRB Intercept with DRO conc of 5040ppb & PAH conc 

69.51ppb
• Groundwater exits PRB MP15 DRO conc 29.0ppb & PAH conc 0.45ppb

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Research Project ended 31st July 2003
Industrial Support for Maintenance On-Going

Apply for additional funding:
PhD Support Site
Long-Term Monitoring
In-Situ degradation studies
Continued control of PRB
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In-Situ 
Bioremediation of 
Cyanide, PAH’s 
and Heterocyclic 
Compounds using 

Engineered 
SEquenced 

REactive BARrier 
(SEREBAR) 
Techniques

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Prof. Robert M. Kalin (PI), Mr. Keith Dickson, 
Karen McGeough, 
Dr. Mike Larkin, Dr. Andy Ferguson

Dr. Steve Wallace
Dr. Paddy Daly

Prof. Chris Knowles
Prof. Mark Bailey, Dr. Wei Huang
Dr. Ian Thompson

Prof. Stephan Jefferis
Dr. Norman Kirkby, Dr. Ruben Rodriquez-Quintero

Jamie Robinson
Dr. Russell Thomas

Dr. Genevieve Boshoff
Dr. Brian Bone

Dr. Simon Jackman

In-Situ 
Bioremediation of 

Cyanide, PAH’s and 
Heterocyclic 

Compounds using 
Engineered 

SEquenced REactive 
BARrier (SEREBAR) 

Techniques
Total Project 
£1,681,740

• Environmental Engineering Ethos
• ‘Integration of the built environment within the natural 

environment using science and engineering to meet the 
principles of social, economic and environmental 
sustainability’

• ~Prof. Robert M. Kalin

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Site Selection

•Active site use 
for significant 
period (>10yrs)

•Appropriate 
geology

•Appropriate 
risk drivers

•Appropriate 
risk 
management

•Feasibility

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Regional Scale  Hydrogeology

~10km

~1km

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Local / Regional Scale Hydrogeology

Marina 

Canal

Site area 
3.4 

hectares

N

Site

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre
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Groundwater Sampling 

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Adaptive Groundwater Modelling 

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Biological Oxygen Demand

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

TOC Plume & Base of River Gravels

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Site Specific Hydrogeology Study

• Made Ground: Highly variable unsaturated zone

• River Terrace Lithologies:
Silts – low permeability, generally above water table 
Gravels – Higher permeability, generally below water table 

• Permian Breccia:
Very Stiff, Very low permeability, weathered red clay 

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Numerical Model Development from 
Conceptual Model

•Areas of low or 
no groundwater 
flow due to 
foundations of 
structures 
(gasholding 
tanks etc.)

•Importance 
should be 
assigned to 
prior 
information
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Model Calibration Process

•Plume capture of 
contamination 
entering site 
boundaries?

•A slurry wall 
alone of 10-9m/s 
may eventually 
(100’s of years) 
allow some 
contamination 
through – thus 
plume capture 
and treatment

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

PRB Hydrogeologic Design

• Inverse Particle 
Tracking

• On-site plume 
containment

• Variable flux 
option

Conceptual Reactor design 

GAC No.1

ZVI ? Sand No.1 
(anaerobic)

GAC No.2

Sand No.2 
(aerobic)

Sand No.3 
(aerobic)

Oil Interceptor

Normal Flow

GAC No.1

ZVI ? Sand No.1 
(anaerobic)

GAC No.2

Sand No.2 
(aerobic)

Sand No.3 
(aerobic)

Oil Interceptor

GAC No.1

ZVI ? Sand No.1 
(anaerobic)

GAC No.2

Sand No.2 
(aerobic)

Sand No.3 
(aerobic)

Oil Interceptor

GAC No.1

ZVI ? Sand No.1 
(anaerobic)

GAC No.2

Sand No.2 
(aerobic)

Sand No.3 
(aerobic)

Oil Interceptor

Normal Flow

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

• Batch tests
• Column tests
• Bioboxes

• All tests use contaminated 
groundwater from the Haven 
Road site 

Pilot Scale Treatability Experiments

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Pilot Scale Treatability Experiments

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
site

Sawcuts 700mm wide alongline of slurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation: Concept to Reality

Conceptual Reactor design 

GAC No.1

ZVI ? Sand No.1 
(anaerobic)

GAC No.2

Sand No.2 
(aerobic)

Sand No.3 
(aerobic)

Oil Interceptor

Normal Flow

GAC No.1

ZVI ? Sand No.1 
(anaerobic)

GAC No.2

Sand No.2 
(aerobic)

Sand No.3 
(aerobic)

Oil Interceptor

GAC No.1

ZVI ? Sand No.1 
(anaerobic)

GAC No.2

Sand No.2 
(aerobic)

Sand No.3 
(aerobic)

Oil Interceptor

GAC No.1

ZVI ? Sand No.1 
(anaerobic)

GAC No.2

Sand No.2 
(aerobic)

Sand No.3 
(aerobic)

Oil Interceptor

Normal Flow

Hydrogeology

Reactions

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

SPT
Gravels
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Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Slurry Wall
Installation

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Services
Crossing

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Gas-main
Crossing

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Layout
PRB

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

PRB
Excavation

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Placing
Cells
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Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Placing
Cells

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Placing
Cells

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Backfilling
PRB 

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Inside
Reactor

Weir inlet

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

GAC
Cell

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Air supply
Lines

Pea gravel
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Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Microbial
Sampling

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Sand into
Cells

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Filling
reactors

Queen’s University Belfast Civil Engineering
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Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Filling
reactors

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Filling GAC
Cell

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Aerobic
Reactor
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Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Abstraction
well

Queen’s University Belfast Civil Engineering
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Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Interceptor

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Plumbing
And
monitoring

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Pressure 
transducers

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Infiltration
well

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB Implementation

Completed
Reactor
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PAH by GCMS units ug/l

Sample  Identity

July 2004 Aug 2004 July 2004 Aug 2004 July 2004 Aug 2004 July 2004 Aug 2004 July 2004 Aug 2004 July 2004 Aug 2004 July 2004 Aug 2004 July 2004 Aug 2004
Naphthalene 13.738 23.165 0.395 0.32 0.593 0.09 4.075 0.04 1.072 0.05 <0.01 0.014 0.196 <0.01 <0.01 <0.01
Acenaphthylene 23.729 10.85 0.177 0.8 0.115 0.94 0.257 0.87 0.107 0.78 <0.01 0.07 0.112 <0.01 <0.01 <0.01
Acenaphthene 282.978 35.835 0.059 1.58 0.207 0.25 0.159 0.19 0.059 0.17 <0.01 0.04 0.841 <0.01 <0.01 <0.01
Fluorene 39.192 32.959 0.06 2 0.066 0.23 0.125 0.17 0.058 0.29 <0.01 <0.01 0.132 <0.01 <0.01 <0.01
Phenanthrene 18.813 16.826 0.042 0.2 0.027 0.25 0.144 0.2 0.063 0.23 <0.01 <0.01 0.095 <0.01 <0.01 <0.01
Anthracene 19.155 0.783 0.048 0.07 0.03 0.02 0.038 0.02 0.023 0.01 <0.01 <0.01 0.014 <0.01 <0.01 <0.01
Fluoranthene 1.885 1.514 0.09 2.27 0.019 0.21 0.02 0.09 0.016 0.05 <0.01 <0.01 0.045 <0.01 <0.01 <0.01
Pyrene 1.386 1.208 0.149 3.2 0.017 0.11 0.018 0.08 0.017 0.02 <0.01 <0.01 0.036 <0.01 <0.01 <0.01
Cyclopenta(cd)pyrene 0.022 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Benz(a)anthracene 0.077 0.011 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Chrysene 0.101 0.02 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Benzo(b)fluoranthene 0.035 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Benzo(k)fluoranthene 0.031 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Benzo(e)pyrene 0.056 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Benzo(a)pyrene 0.083 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Indeno(123cd)pyrene 0.031 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Dibenzo(ah)anthracene 0.013 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Benzo(ghi)perylene 0.032 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Anthanthrene 0.012 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
PAH 19 Total 401.369 123.171 1.02 10.43 1.074 2.09 4.836 1.64 1.415 1.59 <0.01 0.124 1.471 <0.01 <0.01 <0.01

PRE  
INTERCEPTOR PRE ZV1 PRE SAND 1 PRE SAND 2 PRE SAND 3 PRE GAC1 PRE GAC2 POST GAC2

Groundwater Monitoring results so 
far…………

T r a in in g
B u il din g

W a s t e  T ra n s f erS t a ti o n

R elo c a t e  t o  n ewlo c a t io n  a s  s h o wn

T a ke  do wn  a n d  r ebu ildin  n ew  lo c a t io na s  s ho w n T a ke  d o wn  A rm c o  ba r r iera n d s t o r e  o ns it e

S aw c u t s  70 0m m  w id e  a lo n glin e  o f  s lu r r y  w a ll

T a ke  do w nf en c e  a n d  r ebu ildf o llo w in g  w o r ks

D em o li sh  bu ild in g  a n ddis po s e  o f f  s it e
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Training
Building

Waste TransferStation

Relocate to newlocation as shown

Take down and rebuildin new location
as shown

Take down Armco barrierand store on
s ite

Sawcuts 700mm wide alongline of s lurry wall

Take downfence and rebuildfollowing works

Demolish building anddispose off site

PRB On-Line Monitoring

On-Line Real Time web-based
monitoring of the following 
parameters

Water Level
pH
Conductivity
Air flow in spargers

Queen’s University Belfast Civil Engineering
Environmental Engineering Research Centre

References & Further Reading:
http://www.prb-net.qub.ac.uk
http://www.prb-net.qub.ac.uk/eerg/dissemination/wpm/index.html (Portadown)
http://www.eti.ca/ (ZVI)
www.claire.co.uk
www.environment-agency.gov.uk/

Design, Installation and performance assessment of a zero valent iron Permeable 
reactive Barrier in Monkstown, Northern Ireland; CL:AIRE Technology 
Report:TDP3, Nov 2001; Beck, Harris Sweeney.(ISBN 0-9541673-0-9)

Guidance on the Design, Construction Operation and Monitoring of Permeable 
Reactive Barriers; Environment Agency, 2002. (ISBN 1-85705-665-5) 
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The ball’s in your court – Any 
Questions?


