PRB:s 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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Evaluating Risk

Environmental Liability

* Perceived Risk

* Real Risk

* Human Health Impact
* Environmental Impact
* Social Impact

* Cost vs. Benefit
* Time Scale
* Sustainable Society
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Risk-Based Remediation:
Source - Pathway - Receptor

Source 2075 » 2 1 DA R

Pathway
Ve Interception

minor risk
= Made Ground

Groundwater pathway
‘major risk
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Perception of Industrial Contamination

Social Issues +
Economic Issues +
Environmental Issues +
Polluter Pays =
Environmental Liability and Risks
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Nuclear Accident?

".* Queen’s University Belfast Civil Engineering < * "
- Environmental Envincering Research Centre

Risk-Based Remediation:
Source - Pathway - Receptor

Source Removal

Sy

Groundwater plume
risk
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Risk-Based Remediation: Risk-Based Remediation:
Source - Pathway - Receptor Source - Pathway - Receptor

Pathway

SIS PR Interception
minor risk

Source Plume Study
Receptor

Groundwater pathway
major risk
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Treatment train (TT) Risk Management

of Permcabe Source Reduction

oxidation (SO) Reactive Barrier

(PRB) Natural Attenuation

(MNA)
Oxidation
Source Pathway Plume KMnO,
Reduction Interception management H,0,
(R Fentons Reagent
ORC (Oxygen Releasing Compo

Distance of Groundwater flow or time Reduction
s e

HRC (Hydrogen Releasing Compounds
Taitis rs’zzr':“l's“;c) Carbon sources (Sugar, Ethanol, etc)
Stabilisation
Reduction Pillared Clays (e-clays)
Cementation

Enhanced Natural Attenuation

Regulatory
threshold

Time
Time scale versus contaminant risk for a range of treatment options

' Queen’s University Belfast Civil Engineering  *™7% Queen’s University Belfast Civil Engincering -

- »
Environmental Engincering Research Centre Environmental Enoineerino Research Centre

Plume Management Pathway Interception

BH1 BH2 BH3 BH4 BH5 BH6 BH7 BH8

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
b L Multiple Abiotic zones
NO; - NH,
i
U

I — Natural

Groundwater Flow 1 Dilution :
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Definition

“A Permeable Reactive Barrier is an engineered
treatment zone of reactive material(s) that is
placed in the subsurface in order to remediate
contaminated fluids as they flow through it

A PRB has a negligible overall effect on bulk fluid
flow rates in the subsurface strata, which is
typically achieved by construction of a permeable
reactive zone, or by construction of a permeable
reactive ‘cell’ bounded by low permeability

barriers that direct the contaminant towards the
zone or reactive media’ S—
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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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Desk Study and GIS Model
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Active or Completed Full-Scale Sites

PRB Zero-valent Iron

. PRB Granular Activated Carbon

PRB New treatment CS,

PRB Seq. Abiotic / Biologic

s
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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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+ Location in Northern
Ireland
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+Study Area

Water Qual ity Of the Upper Bann Urban influence on river water quality

Urban redevelopment plan & influence on environmental quality

Bann (Upper)

+ Surface Water Quality (EHS, 2000)
Strong impact associated with Urban Area — SUDS, Brownfelds

Queen’s University Belfast Civil Engineerin
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: ..Introduction _
Current Vulnerability map for the area (GSNI, 1994) . D rl ve r

-Moderately Permeable

-High soil leaching potential 8 :
» 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)
Vulnerability Classification in the
Greater Portadown area -Water Act (NI) 1972

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

B a Ckg O u n d . (EV"\ll;tveer%;?my

- Water Quality of the Upper Bann
« Urban Redevelopment

Bann (Upper)
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..Background

*Study Area
Urban influence

* Queen’s University Belfast Civil Engincering  ** *
. Fn

Study Area Output

+Pollution Potential for Study Area

Y

il Engineering

Pollution Potential

+Study Area

-High Risk areas

e.g. contaminated land
& former heavy
Industry now
Brownfield sites

Research Centre

..Pollution Potential

Sewage

Sewage and Drainage in the
Greater Portadown area

+Pollution Potential for Greater Portadown

Groundwater Vulnerability to potential pollutants
in the Greater Portadown area

Risk Assessment

* Receptors

-Proposed land use industrial/commercial
-River Bann & Lough Neagh (main receptor)
-Groundwater resources (not usable aquifer)
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Old Landfill
Spoil from factory

Gasworks
Risk Assessment
Petrol Stations

» Contaminant Sources : :
& Pathways ’ / Pathways:

Groundwater
Vapour
Direct Contact
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Portadown Gasworks Site Investigation

| P

Site Investigation
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Intrusive
SI

TP’s 1999
BH’s 2000

Soil &

Groundwater
Sampling

+  Trial pits
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Ammoniacal Nitrogen Sulphate
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Construction of BH8 (Multilevel to compare with
BH7)

Sample Port Construction : Note Stainless Steel filter
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Mineral Oil
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Constructing BH7

Solinst Multilevel
Summer 2000

L3 o
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Ground
water
sampling
at BHS
(2000)
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Naphthalene

Solinst 4-Methylphenol

QUB Multilevel — Im from Solinst QUB Multilevel — Im from Solinst

33

Elevation /m AOD
Elevation /m AOD

23

0 1000 2000 2000 4000 5000 6000 7000 8000
‘Concentration (ppb)
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BH8 Selected VOCs
QUB Multilevel Design Solinst

Elovation / m AOD.
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Conceptual Geologic Framework

Microbiological Investigation - Toxicity

i Environmental Enoineerino Research Centre
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Site Lithologies

Made Ground
13t ey by
Sand & Graved
Jeed cluy layer
Slacai TH

%
T Vertical magnification 3 times
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Hydrogeologic Framework

Vertical magnification 3 times

Steady-State
Groundwater
Flow Model of
Portadown area
around the site.

IR VAT

[

= [ —

- o [ e | e I Temem |
Fr——— o P—r— e
SRoETRE Sl T SRR

' Queen’s University Belfast Civil Engineering <™

Environmental Engincering Research Centre

. : Pre Excavation Modelled Results 5
Final Flow Field Pre- Fit of

Works Observed

and
Note the effect of Modelled

underground BHT Ml ovl Water Table
structures on at Site
pathlines.

(off-site migration of
plume encountered
where modelled
predicted)




Old Landfill

Risk Assessment

* Source Removal
' Source Term: est 36,000 m3

Disposal and fill (1998)
'.‘i £ 1,339,000

' Works est: £150K

en’s University By

Risk Assessment

* Plume Management

Model Prediction of
Off-Site Migration of
Plume

Concentrations of [
priority PAH’s above H
regulatory consent g 1!’
(other evidence of B
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o E o 1

1.7 Years Transport
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Benzene (and other
BTEX and DRO) do
degrade before off-site
migration
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Reactor
Placement to
Intercept
Plume

Risk Assessment

* Pathway Interception
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Laboratory Feasibility Study

Treatability study using site water
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Benzene Degradation

Toluene Biodegradation

Benzene (mg/l)
Samw
Toluene (mg/l)

10 15
Days of operation

Days of operation

‘Ammonia to Nitrate

Benzene & Ammonia verionefiealptencis concanttion Toluene & Phenols

Bioremediation Bioremediation

w

Nitrate (mg/l)
N

-Natural groundwater
microbes
- Rapid acclimation

-Natural groundwater
microbes
- Rapid acclimation

concentration (mg/L)

o =M g
chmmnwn s

o 8

15
Day of operation

o

time (d)
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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)

Benzene Deslgn Stage

Degradation in the
Biobarrier

Toluene
Degradation in
the Biobarrier

s University Belfast Civil Engineerin
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Reactor
Placement to Contaminant
= Plume
Intercept
Plume

Site
Lithologies

Cement
Bentonite
Slurry
Wall

Equipotential Heads

Modelled Area 100 x 120 x 20m
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Compacted clay =
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Site Work & Installation

Removal of shallow
foundations

¥
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Dewatering of gasholder Y
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Excavation of -, X
gasholder = 55, ; = Remnant
pipework
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Dewatering of Site required for excavation of
underground structures

Backfill of
excavations

¥ . -
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Drawdown of BH7 During Dewatering

Fit of
Observed
and
Modelled
Water Table
at Site
during
Dewatering
Activity

BH7Mulitlevel

Observed heads (m)
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Slurry wall
completed:

-
Environmental Engincering Research Centre
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Capping of Slurry
wall [ Capping of Slurry wall

Excavation of top
300mm of Bentonite
wall

Y
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Infiltration Trench Installation
Vibro-Columns
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Reactor Installation
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i After Aerobic PRB Reactor
133 2.6 <0.01
43 64 <0.01 - -
102 55 20.01 Site Preparation Works and Support for 185,490
1.0 1.6 <0.01 Reactive Barrier Installation
F 0.6 0.9 <0.01
Flourine 5.7 9.8 <0.01 Installation of Slurry Wall and Reactor 212,720
N‘athal‘ene 320.8 <0.01 Cash discount for research purpose 30,000

P 37 54 <0.01 .
Pyrenc 02 0 <001 Net cost Installation of Slurry Wall and Reactor 182,720

Substituted Phenol 43 0.6 <0.01 . .

Isomers Alterations to BT Phone lines 1,480
Benzene 6.2 0.4 <0.01

Toluene 17 0.07 <0.01 Monitoring borehole Installation 8,500
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 <03 6.2
Ammonia 74 19.4 0.8
Sulphate 450 590 530 Leveraged research support for the Portadown Project
COD 295 NA 15(7)

The following compounds are not found above detection limits in the groundwater plume at the EPSRC WPM site: Total Contribution by EPSRC Supported Research Grant 388.747.00
i Chrysene, [ S

Project Cost

Total Cost Exclusive of VAT 378,190

, . 7y
Indeno(123cd)pyrene, Chromium, Cadmium, Copper, Lead, Zinc. Nickel, Mercury

* Queen’s University Belfast Civil Engineering ™™ «™ = Queen’s University Belfast Civil Engineering ™ (Source Removal est: £1.48M)
! Environmental Enoincerino Research Centre ' ! . ! Environmental Enoincerino Research Centre




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 *™* *

=

5" Queen’s University Belfast Civil Engineering

]

Changes

QOutlet 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 ERC
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Revised
Air Sparging System

: Environmental Engincering Research Centre.

PRB2 - Rebuilding

Rebuilt
Feb-March 2003

Used PRB1 as
template

Design Changes,
limited to outlet pipe

Direct concrete pour

+,7= Queen’s University Belfast Civil Engineering <™ 3

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
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Mission Control
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Monitoring Wells Problem 1 — April/May 2003

* 50mm ID Monitoring
wells installed Lake Portadown

* PRB Multi level . _' T’ ZRBtZ Fltoo?s.lo:;etr time “
i N ontractor failed to "
sampling (every ' include Geo-Sock

0.25m) Install Infiltration Pipe
» Dataloggers R = e Collection in GAC
installed : - section
: Install Geosock
Completed May 2003
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Minor Works 1- May 2003 Problem 2 —July/August 2003

PRB begins to flood
again
Outlet pipe blocked / ——
infiltration trench i
problems? g
Install manhole/ MP15  « A
downgradient : |
Unblock GAC
Increase infiltration
trench dimensions

» Completed late Aug

s > P o o > -
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Minor Works 2- August 2003 Problems come in threes

« Infiltration Trench
extension

* Free 12" Water
Mains Locating
Service

* HASP Plan works!

Unblocking of Outlet Pipe
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Extension of the
infiltration trench

Finding a 12 inch

Water main the
Water Main — Wh

brn s Belfast Civil Engineering < 7
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Groundwater Monitoring Groundwater Monitoring:
Aug-Oct 2003

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

#,,' Queen’s University Belfz vil Engineering ™75 [, £ ersity Belfast Civil Engineering %"
ey 1 /
FEnvironmental Fi esearch Centre i el Research Centre.

Research Project ended 315t July 2003
Industrial Support for Maintenance On-Going

Summary of Monitoring results

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

Min Oil) ‘ Apply for additional funding:

Groundwater enters PRB Intercept with DRO conc of 5040ppb & PAH conc .

DS PhD Support Site

Groundwater exits PRB MP15 DRO conc 29.0ppb & PAH conc 0.45ppb : 0
Long-Term Monitoring
In-Situ degradation studies

Continued control of PRB
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=3 SECOND SITE
PROPERTY
, & @z In-Sit
. In-S}tu. = |l =". i o Bioremediation of
Bioremediation of 5 — Cyanide, PAH’s and
Cyanide, PAH’s Heterocyclic
and Heterocyclic - Conépofmds “;ing
Compounds usin, ngimneere
Ep X d g 5 v SEquenced REactive
ngineere e ;_-_‘1_‘" & BARrier (SEREBAR)
SEquenced el Techniques
REactive BARrier Total Project
(SEREBAR) £1,681,740
Techniques

Regional Scale Hydrogeology ;

&

eActive site use
for significant
period (>10yrs)

eAppropriate
geology
eAppropriate
risk drivers
eAppropriate
risk
management
eFeasibility

—_>z

Site area
3.4
hectares #
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Model Calibration Process PRB Hydrogeologic Design
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Pilot Scale Treatability Experiments
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PRB Implementation

Microbial
Sampling

PRB Implementation

Sand into
Cells

PRB Implementation

Filling
reactors

PRB Implementation

Filling
reactors

PRB Implementation

Filling GAC
Cell

PRB Implementation

Aerobic
Reactor
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