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Background

Maturity

Maturity

Maturity

Physical/ Chemical/ Green and
biological thermal Sustainable
technologies technologies remediation

1980
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Physical Technology Limitations

BRhR
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Pumping Duration or Volume Pumped

Methods for Monitoring Pump and Treat Performance, Cohen et al, 1994
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Injection Technology Limitations ﬂ-a-&*a

_ Short Circuiting
Thin Lamella (“breakout”)

Preferential Non integral
permeability borehole seal

Density flow

nner pack
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Growth of Thermal

m Technologies: Increasing Thermal Application —
why?

m Technology Basis: Unlike any fluid or physical
based injection/extraction technique, the suite of
heating technologies available does not rely on direct
contact

m Application: Applied correctly, rebound at thermal
sites has been not been shown to be significant
where evaluated

® Rapid and predictable performance
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Methodology to Predict Future Trends &#&*@

® [Internal discussions

m Client outreach

®m Business drivers and changing regulatory frameworks have also been considered

m Review of remedial technologies used at multiple ERM sites over the last two decades in Europe

m Examine historical data to help predict future trends
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In-Situ Remedial Technologies Trends

14

12
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2002

What was the remedial technique used? (tick all that apply) @ barrier wall @Excavation @In situ The...

2004 2006 2008 2010

insitu oxid... @insitu redu...

2012

2014

2016

0 --- -

2018

Monitored... @ Multi Phas... @None @Other @ Permeable... @ Recovery (.. @Recovery (...

2020

5 Dy Db or

UK examples (for NAPL)

Smaller number of sites, but
typically larger more complex
issues

Range of technologies used
declining but combinations more
frequently used

More aggressive technologies
applied in recent years reflects
this complexity and business
drivers
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Changes in Remediation Drivers

Technology selection influenced by technical characteristics, but

also business drivers. Two categories: .
50 e ® ® ° .

e Sosuie T —

® Rapid Site Closure: Site divestiture R

m Permit Surrender: Does baseline data exist? If not, remedial - ° l

end goals therefore tend to be stringent
10

0

On-QOInq ODeI‘atlona| SlteS 2004 2006 2008 2010 2012 2014 2016 2018 2020

® Remediation has traditionally meant deployment of low annual
cost, long term approaches

m Still the case at some sites, at others a change towards one off
source treatment programmes versus continued annual spend
over several decades (reduction in long term reserves)
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Future Trends?




Sustainable/Green Remedial Design

BB

Setting the remediation
technical approach

Setting the remediation
specification and strategy

CLIENT
OBJECTIVE

REMEDIAL
OPTIONS

PROJECT PLANNING SITE EMEDIATION

RISK REMEDIATION

DEFINITION

(brownfield)

INVESTIGATION

ASSESSMENT

APPRAISAL

Green Remediation

CONSTRUCTION

R
o

PTIMISATION

Community & stakeholder engagement

Define System Integration of land

boundaries use and
contamination
Stakeholder
Identification Social
benefits
Environmental,
social & Systematic
economic planning
indicators
Technical
Maximise site reuse,  project
materials & Planning
resources

Sustainable Procurement

Robust Site specific Multi Criteria
conceptual site Risk Assessment  Analysis
model
Incorporation of Cost Benefit
High site specific Analysis
resolution site chemistry, soil
characterisation properties Life Cycle Analysis
Dynamic & real- Vapour data Carbon
time work Footprinting
strategies Bioavailability
Net
BFA /Dye Tracing  Toxicity Testing Environmental
Benefit
Analysis

Green
remediation

Green
technologies

Renewable
Energy

Construction best
management
practices

Examples of activities that can help deliver a sustainable solution

\4
<] CLIENT
7|
| GOAL
7
N
7
N
7

Continuous
optimisation of
system
throughout
project
process

Optimisation of
existing systems

Reassess
remedial goals
and objectives
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Technology Advances

Combinations
® Brand new technologies not
being developed

m High cost/risk of innovation

®m Low cost, low risk
incremental improvements

m Same technologies —
different contaminants

= Combinations: Removal Mechanism: Physical Recovery Removal Mechanism: Biological Degradation
30 days 60 days 60 to 90 days Up to 180 days

Natural Source

Full Steam Maintenance Mode Cool Down

Zone Depletion

Boiler: Max Fire Boiler: Moderate Biosparging/ Monitoring only
Fire @ 40% Bioventing
with warm moist air
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‘Emerging Contaminants’ Focus

m PFAS were developed to be resistant to
biological, chemical and thermal destruction, so
how do we remove them?

m Could be the reverse of what we seen
elsewhere and a return to physical based or
immobilisation technologies?

®m Innovation certainly needed here!

m Other emerging contaminants?
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Technology Transfer

® Most remedial technologies
started in the US and then
became applied in Europe — we

are catching up! Pump
&

Treat

®m Technology application
broadening in geographical extent
across EMEA

® Promote training to quickly move
up learning curve — don’t repeat

any mistakes SVE/

MPE
frac rock

In-situ
Thermal
Remediation
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Data Management &#}*@

Data Last Refreshed on 15/05/2017 00:05:57

Soil Temperature Mapping..

Average of Temperature for selected wells by depth level on
Select a sample date to control the maps below and the daily average table on the right: 27/04/2017

27/04/2017

Intermediate

Key benefits:

peslzgsunse

® Health and Safety

m Cost reduction oo
. g : 54 lngf

m Quality Assurance ;. : m-
m Greater S8 : SEREREER L U =
O p p O rtu n iti eS fo r D.ep‘tr'c::evel B intermediate Base e o

remedial
optimisation
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Conclusions &#&*’#

m Two main trends:

m At sites with the right commercial drivers, aggressive remediation technology application will
continue to expand in terms of number of applications and geographies

B Sustainable remediation expected to continue where there are not the same drivers

® |n both cases effective data management and technology transfer are key to optimising technical
performance and costs

®m Regulatory drivers still there in some countries
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