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Please continue to watch this screen as the webinar will commence at
13:00 BST (GMT+1).
If you have dialed into the conference call and cannot hear anything, that L
is because all participants are on mute and the webinar has yet to begin. m
In case you have forgotten to dial into the conference call, the telephone —
number is 0844 581 5882 or +44 207 151 2568 if calling from abroad or
from a mobile phone. The participant code is 4321320#
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Housekeeping - telephone

» Participants MUST dial into the conference call to hear
the audio aspect of this webinar. Please phone 0844 581
5882 or for international participants and mobile phone
users phone +44 207 151 2568. The participant code
is 4321320#

« If using an office telephone it is advisable to turn off your
mobile phone to stop any unwanted signal interference
coming through the conference call

» Using our telephone conference call system, we should
be able to put all participants onto mute. In case this
doesn’t work, you can mute your telephone by pressing
#6. This is to decrease the risk in hearing background
noise
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Housekeeping - raising your hand
(technical problems)
If you experience any technical
" problems during the webinar
please raise your hand by
Welcome to . clicking on the hand icon at the
The SuRF-UK Framework for Assessing top left of your screen.
the Sustainability of Spll_and The chat function (speech
Groundwater Remediation bubble on the right) will be used
Prescnted by: by CL:AIRE to assist you.
Jonathan Smith, Shell Global Solutions (UK)
Paul Bardos, r* enviranmental technology Lid Remember to un block pop-
Please continue to watch this screen as the webinar will commence at 11:30.  ups by right clicking the Active
Have you remembered to dial into the conference call? X control in your web browser.
Telephone number 0844 521 5882 or +44 207 151 2563 if calling from abroad .
or frem a mobile phone. Participant code 3210857# If the webinar freezes for more L
oN than two minutes, close your o
12 May 2014 SuRF \f s web browser and re-join. =
SuRF UK Webinar 1 e chaia o =17 Lt {
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(asking questions) Q
If you wish to ask the presenter a question you can do so during any part of the webinar
by clicking on the speech bubble on the right (option next to participants). You can type
your question in the ‘chat’ option at the bottom and select ‘Q&A group’ when selecting
recipients. Please send technical problems to Katheryna Baker.
LB 8
L |
Welcome to s
The SuRF-UK Framework for Assessing ..
the Sustainability of Soil and
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Jenalban Smith, Shell Slobal Soluliones (LK)
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or from a mobile phone. Participant code 32108578 S
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Housekeeping — feedback & podcast

» Please do not sign out of the webinar before it
has ended as we would like to gain your
feedback on the content and registration process

 The webinar will be recorded and converted into
a podcast available to download free of charge
from the CL:AIRE website within one week of the

live webinar
L
oo
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Gavin Grant, Ph.D., P. Eng. (Geosyntec)

Lawrence Houlden (Archon Environmental)
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Instructors

» Senior Engineer, Geosyntec Consultants, Inc.

» Contaminant Hydrogeologist, Environmental Engineer
» 130 Research Lane, Suite 2, Guelph, ON, N1G 5G3

* Phone: +1.519.822.2230 ext. 247

» E-mail: ggrant@geosyntec.com

» Website: www.geosyntec.com

* Principal Consultant, Archon Environmental

» Hatters Cottage, Naunton, Cheltenham, Gloucestershire, GL54 3AA
* Phone: +44 (0)1451 851821

* E-mail: lhoulden@archonenvironmental.com
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Overview

 Established DNAPL Remedial Strategies
* History of technology development
* Limitations of in situ technologies

* Recent Advances
* BioDNAPL
* Thermal treatments
» Combined approaches

» What is achievable?
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History of Technology Development

+ Early to late 1980’s

* Pump and Treat the only
tool

* Late 1980’s
* DNAPL paradigm emerges
* In situ air sparging
* 1990’s — decade of in situ —_—
treatment development
* EISB, ISCO, surfactants, thermal

AIRE
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History of Technology Development
+2000°’s
* In situ application strategies refined
» Combined remedies / treatment trains emerge
*2010’s
* In situ technology enhancements (S-ISCO)
* Novel technologies (e.g., STAR) "
o
<
Seelyt 2l 8 Bk,
History of Technology Development
* What have we accomplished?
* No “Silver Bullet”
» Some technologies better suited to certain
applications than others
* Various remedies capable of partial DNAPL mass
removal
* Numerous sites closed
L
* MCLs achieved? e
* Debatable... <
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History of Technology Development
+ USEPA - National Priority List (Superfund®)
* 66 Proposed Sites
» 1287 Final Sites
+ 350 Deleted Sites " Proposed
H Final
* Progress? Deleted
* 21% of sites on NPL closed
* 4% more sites likely to be added
*CERCLA Act of 1980 ;
<
Geosyntec” ARCHON

consultants

Established Remedial Strategies

* What is established?
* Default remedy?
* Regulatory acceptance?
* Site closure?
* Ability to achieve MCLs?

AIRE
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Established DNAPL Technologies and
Their Limitations
Technologies that may be considered “established” for
remediation of DNAPLs:
* Soil:
* Dig & Dump
* Soil Vapour Extraction (SVE)
* Groundwater:
* Pump & Treat
* Air Sparging (AS) s
* Soil and Groundwater: o
* Vacuum Enhanced Recovery (VER) T
15 APPLICATIONS IN REAL ENYIRCNMENTS © CL:AIRE 9/2011
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Established DNAPL Technologies and Their
Limitations continued
Soil:
Dig and Dump Certainty that remedial No treatment - transfers contamination.
(D&D) objectives are achieved. Requires removal of surface plant and
Rapid. other infrastructure.
Increasingly costly especially in UK due
to escalating Landfill Tax
SVE In situ removal — less intrusive Requires off gas treatment.
than D&D. Longer treatment compared to D&D.
Poor or no treatment in lower
permeability zones.
Soil & Groundwater:
Vacuum Enhanced In situ removal — less intrusive No better than P&T in highly permeable ;
Recovery (VER) than D&D. aquifers due to excessive groundwater
Simultaneous soil and abstraction. S
groundwater treatment. Less effective in lower permeability q:
zones. .
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Established DNAPL Technologies and Their
Limitations continued
Groundwater:
Pump & Treat  Simple technology, less Long treatment time and high cost.
reliant on specialist suppliers. Likely will not meet treatment goals in
In situ technology. sensible timeframe.
Biofouling and associated
performance loss in abstraction wells.
Air Sparging Simultaneous stripping and Requires suitable overlying formation
enhanced degradation of for off gas collection
contaminants that degrade Requires off gas treatment.
aerobically. Poor treatment in heterogeneous
Many DNAPLs readily formations due to lower permeability
partition to vapour phase and zones and preferential air flow LUl
therefore are treatable by pathways. o
AS. Causes redox increase that may S
inhibit anaerobic degradation of <]:
chlorinated solvents.
17 APPLICATIONS IM REAL EHYIAGNIENTS © CLAIRE 912011
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Limitations of In Situ Technologies
* Why aren’t in situ remedies more effective?
» Backed by good science
+ Easily demonstrated in the lab
* Long history of knowledge in field of hydrogeology
» Knowledge bolstered by extensive experience in oll
and gas
L
£
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» Geological limitations

» Competing processes
» methanogenesis for EISB

* Unintended consequences:
» Well fouling
* Injection fluid short-circuiting
* Increasing concentrations

19 APPLICATIONS IM REAL ERVIRONMENTS

Limitations of In Situ Technologies

* DNAPL architecture complex and unknowable
* Technologies primarily reagent based
* Delivery of reagents impossible to predict

+ Natural Oxidant Demand for ISCO B,

= LARE )

AIRE

Bio-fouling on pump
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Contents

* Recent Advances

20 APPLICATIONS IM REAL ERVIRONMENTS
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Recent Advances —

In Situ Bioremediation

In Situ Bioremediation (ISB): engineered enhancement of
subsurface microbiological activity, generally involving application
of carbon substrate to degrade DNAPL contaminants by
stimulation of reductive dechlorination.

C Cl M HOlCl H ZH HCIH H 2H HCIH H 2H HCIH H
N P S % - S % G iA = 7
c=cC - CEL - c=c " c=cC - c=c¢C
s ~ s ~ ; A

c cl cl cl cl cl H l H H

PCE TCE cis-1,2-DCE Vo Elhene

Reductive pathway for PCE/TCE (reproduced from ITRC, 2008)

Development status of ISB:

* Proven technology for treatment of dissolved phase DNAPL
contaminants - PCE, TCE, TCA, cDCE, VC, etc.

* Developing technology for treatment of DNAPL source zones

AIRE
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In Situ Bioremediation
How ISB Works at DNAPL Source Zones

Enhance the dissolution and
desorption of contaminant at
the water/DNAPL Interface

* degradation does not occur within L
the DNAPL phase Source Zone

Stimulate microbial ™ Most contaminated

degradation of DNAPL to

ethene/ethane/other low K| east contaminated

haza rd end prOdUCtS After ITRC 2008 “In situ bioremediation of
chlorinated ethene - DNAPL source zones” Ll

Reduce the mass of DNAPL o

source -

<
APPLICATIONE [N REAL ENYIRONMENTS © CL:AIRE 9/2011

Presented by:

Dr Gavin Grant, Geosyntec Consultants Inc, and
Lawrence Houlden, Archon Groundwater & Geoscience 11

© CL:AIRE 9/2011



CL:AIRE Webinar

Dense Non-Aqueous Phase Liquids (DNAPLs)
Site Remediation: Technologies and their

29 September 2011
Geosyntec® ARCHON
consultants Cemnidroater i drpsasice
In Situ Bioremediation Overview of
Application at DNAPL Source Zones
* Deliver carbon donor, together with nutrients, alkaline
buffer and/or bacterial culture to the treatment zone(s) to:
* Modify/Control aquifer redox and pH
* Initiate/Enhance dechlorination
* Dissolve/desorb and degrade DNAPL mass
* Operate and Monitor:
* Monitor process parameters — pH, redox, TOC, etc }
C * Monitor performance — target contaminant concentrations } )
* Adjust conditions — TOC, redox, pH, microbiology - to maintain
optimum performance and ensure complete dechlorination
ISB is a dynamic biochemical process — regular monitoring and system adjustment LLI
required o
* Verify: E
+ Attainment of treatment goal
23 APPLICATIONS IM REAL EHvIIONMENTS © CL:AIRE 9/2011
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In Situ Bioremediation Overview o
Application at DNAPL Source Zones

* Design Considerations:
* Electron donor selection
* Soluble donors — molasses, lactate, methanol, ethanol ....
* Slow-release donors — EVO, chitin, whey, polymers ....
* Partitioning donors — EVO, alcohols
* Electron donor dosing — stoichiometric calculation
* Electron donor delivery method and effectiveness
» Biostimulation; or Biostimulation + Bioaugmentation
* O&M Considerations:
* Frequency of electron donor re-application
* Biofouling
* Post-treatment monitoring period — possible rebound timescales

24 APPLICATIONS IN REAL ENYIRCNMENTS © CL:AIRE 9/2011
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In Situ Bioremediation — Key Challenges

2l 8 Bk,

Challenge ISB P&T ISCO

Low permeability/Heterogeneity/Preferential pathways P P °

(and consequent rebound due to incomplete treatment)

Long treatment times [ ) [ J (@)

Biofouling o o

Other Operation and Maintenance (@) [ J

Potential for mobilisation of contaminants O O

Unfavourable geochemical conditions [ ) [ )

Absence of appropriate bacteria o

Potential for mobilisation of metals o O o L

oo

Inhibition/toxicity of contaminants / co-contaminants [ ) —

Many of these challenges are not unique to ISB and can be solved by appropriate
25 APPLICATIONS IM REAL ENvIIONMENTS engineering. © CL:AIRE 9/2011
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In Situ Bioremediation
Case Study — SABRE Research Site

SABRE: 5 year collaborative project carried out by

a team from UK, US and Canada:

+ Field demonstration over =
600 days in a densely-
instrumented contained test
cell with separate larger
uncontained area.

+ Extensive site
characterisation prior to cell
construction.

» Supported by:

* laboratory microcosm
and column testing. @

+ Process modelling _ =
studies S

InSitu Source Area BioREmediation

To evaluate the performance of
enhanced anaerobic biaremediation for the
treatment of DNAPL source areas

http:/fwoww.claire. co.uk/sabre.php

[ du
e EPSRC
sebre

WaTLAAL
IR

Strearmtube
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Case Study — SABRE Research Site
» Selected electron donor: emulsified vegetable oil (EVO)
» Test cell was Bioaugmented with KB-1 culture.
» Operational issues:
* pH reduced to below optimum (<6.5) - controlled by Bicarbonate
amendment
» Agquifer fouling resulted in difficulty in maintaining constant groundwater
flux into and through cell. i
Test Cell Schematic
T S O
£l ]
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Case Study — SABRE Research Site

* Principal Findings:
» Substantial transformation of TCE to cDCE, and partial
dechlorination of cDCE to VC and ethene.
* Chlorinated ethene flux enhancement factor: =1.6

* Total mass removed: 900 kg as TCE (of the order of
50% source mass reduction).

 Substantial dechlorination in presence of high
sulphate.

+ Significant VC and ethene produced but cDCE
remained dominant CE at end of test period.

* pH control needed.

AIRE
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In Situ Bioremediation

Technology Capabilities and Relative Costs

+  Summary of ISB Capabilities:

* Demonstrated mass removal in DNAPL
source zones

(SABRE, other projects in USA & Canada)
* Treatment timescales measured in years
+ Costs likely low/lowest relative to alternatives
» Cost certainty similar to alternate in situ

technologies, but inferior to ex situ ;
alternatives —
<
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In Situ Bioremediation
Technology Capabilities and Relative Costs

» Costs Comparison:
» Cost estimates for full scale treatment of the SABRE Research Site'
» Cost model results reported by ESTCP/Geosyntec? for hypothetical site

Site SABRE - UK, Hypothetical,
Midlands modelled

Source mass assessed (TCE, tonnes) 20 5.6

Aquifer Type Unconsolidated alluvial

Total Treatment Costs:

ISB £1.5M £1.1M
Chemox £3.0M £1.75M
Other Technologies Thermal: £2.5M P&T: £2.0M

AIRE

1 CL:AIRE report “Overview of the SABRE Field Tests”, CL:AIRE Report SAB 5, September 2010
2 ESTCP “Remediation of DNAPL through Sequential In Situ Chemical Oxidation and Bioaugmentation”, ESTCP Project ER-0116, April 2009
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Thermal Technologies

* Thermal Remediation Overview

* Types of Thermal Remediation:
« Steam Enhanced Extraction (SEE)
* Electrical Resistive Heating (ERH)
* In Situ Thermal Desorption (ISTD)

* Self-Sustaining Treatment for Active
Remediation (STAR)

* Head-to-Head Comparison
» Case Studies

APPLICATIONS IM REAL ERVIRONMENTS © CL:AIRE 9/2011
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Thermal Remediation Overview

» Heat applied to facilitate contaminant mobilization,
solubilization, removal, destruction and/or degradation

» Thermal Techniques include:
* SEE
* ERH
«ISTD
* STAR
* Typically applied in NAPL source Areas

» Implemented in conjunction with Soil Vapor
Extraction (SVE) systems to contain and recover
vapors

APPLICATIONS IM REAL ERVIRONMENTS © CL:AIRE 9/2011
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Steam Enhanced Extraction

Steam injected into source zone
to dissolve, vaporize and
mobilize contaminants that are
recovered using SVE

| Oi.Gas | Treated Ofl-Gas_

Raayclod
F %, | Civwater Water | Waer | Steam
g Vapor i Trealrment|
'—(—i_‘__1—~ roun ) o m
Extraction| |l
Well ~4
il
| |— Submersible i
- X Pump q
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Electrical Resistive Heating (ERH)

* Application of electrical current through subsurface
generates heat

» Steam generation dissolves, vaporizes and mobilizes
contaminants which are recovered using SVE

AIRE
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In Situ Thermal Desorption (ISTD)

iﬂ i

warnimlied b b Genscasice

« Application of heat using:
= array of vertical heater elements and vacuum
wells; or
+ a suUrface blanket of heaters and vacuum
shroud at surface (less common)
* ISTD can achieve high temperatures
(>500 "CR - causes contaminant oxidation
and pyrolysis

AIRE
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Self-Sustaining Treatment for Active
Remediation (STAR)

* Smoldering combustion
reaction deriving energy from
contaminants

» High temperatures (>1000 °C)

destroys contaminants in

Pitt Consol, Newark, New Jersey

AIRE

Before
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Head-to-Head Comparison
Temperature <100°c < 5oooé° 700 . 1000°C
. Volatilization, Oxidation, Smoldering
Mechanisms L . :
steam stripping pyrolysis combustion
Energy Continuous Continuous Locallzeq et
Requirements duration
Operational Weeks to
Timeframe Months Months Days to Weeks
L
$100 to $150 to or
Cost $140/CY gaoocy  Se0t01200Y
<
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Head-to-Head Comparison - ERH
Benefits Limitations
Rapid source area treatment Energy intensive
Unaffected by Heterogeneity Potential high costs
Conducive to bioremediation Not suitable for all compounds of
polishing interest
Requires collection and treatment
of vapors "
(&'
<
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Head-to-Head Comparison - ISTD

Benefits Limitations

Rapid source area treatment Energy intensive
Unaffected by Heterogeneity Potential high costs
In situ contaminant destruction Possibly produce toxic byproducts

(oxidation/pyrolysis)

Ll
('
<
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Head-to-Head Comparison - STAR
Benefits Limitations
Rapid source area treatment Collection of vapors may be
required
Low energy requirements Generally used for low-volatility
DNAPLs
In situ contaminant destruction Minimum concentrations /
saturation to be self-sustaining
Targeted and controllable L
('
<
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consultants STAR Case StUdy (NJ)
star

* Former Cresol Manufacturing
Facility in Newark, New Jersey

» 37 acre site — currently
shipping container storage yard

* Proposed remedy was
excavation and disposal of
>300,000 CY of soil

* STAR Evaluation:
* Treatability study
* In Situ pilot test

AIRE
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consultants

L Objectives

* Test designed to evaluate
STAR:
* At a large scale

« Under saturated conditions i
(i.e., below ground surface *
and below the water table) |

* Quantify mass destruction
rates and remediation efficiency

AIRE

* PTA - 20 by 60 feet, 10-foot thick fill unit
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ctay Pre-pilot Characterization
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Post-Pilot Results
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o Post-pilot Soil Sampling
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char Pilot Test Summary
» Almost 5 tons of coal tar destroyed (below ground
surface and below the water table)
» Concentration reductions of 3-4 orders of
magnitude
* Post-pilot concentrations below NJDEP criteria
» Combustion front propagation up to 30 feet observed
* Sustained destruction rates as high at 800 kg/day at
a single well
» Continued STAR development planned for Site — ;
complete full-scale implementation by December 2015 —
48 APPLICATIONS IM REAL EHYIAONMENTS © CL:AIRE 9/2011

Presented by:

Dr Gavin Grant, Geosyntec Consultants Inc, and
Lawrence Houlden, Archon Groundwater & Geoscience 24

Applicability

© CL:AIRE 9/2011



CL:AIRE Webinar Dense Non-Aqueous Phase Liquids (DNAPLs)
29 September 2011 Site Remediation: Technologies and their
Applicability

Creasyritect ARCHON
Combined Remedies

* What are combined remedies?
* Types of combined remedies

» Sequential

» Concurrent

* Coupled process combinations

» Contingent or conditional combinations
» Application of combined remedies

» Case study L
o
<
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Combined Remedies
* Definition:
* Any remediation that uses more than one
technology
* Purpose:
* Improved performance when single technology
can not achieve adequate remediation
» Harness synergistic interactions between different
phys/chem/bio process
 Improved resource efficiency (i.e., right time and ;
place) —
<
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Seelyt 2l 8 Bk,
Combined Remedies
* Types:
» Sequential (off set in time and independent)
* e.g., Thermal followed by MNA
» Concurrent (applied at same time in different
areas)
* e.g., ISCO in source, biobarrier at perimeter
» Coupled (more than one phys/chem/bio process
applied together)
*e.g.,, S-ISCO ;
» Contingent or Conditional E
Seelyt 2l 8 Bk,
Combined Remedies
* Keys to successful application:
* Implementation approach
 understand capabilities of single technologies
* Understanding of residual effects of previous
technologies
« take advantage of synergies / be aware of
complicating factors)
* Clear transition plan
* performance metrics for each phase) ;
<
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o Sequenced Technologies:
Bioremediation Following Thermal Treatment

Ll
o
Courtesy of: Evan Cox, Leah MacKinnon, and Cory Repta (Geosyntec) <tj
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R Basis for Thermal-Bio:
Key Findings
1. Soil heating releases organic carbon - potential v
electron donor
2. Soil heating reduces microbial community «
composition (methanogens) & dechlorination
capability
3. Optimal dechlorination rate for Dehalococcoides %
occurs at 30 to 35°C
4. Bioaugmentation quickly re-establishes microbial v §
community — highly efficient (no competition) <
sl
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Site Layout

—
New Acid Pit (NAP) ll
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NAP History

water

* Used in 1970s, in-filled in late 1970s
* Previous SVE application

* ERH application in 2008

* Chlorinated solvents remained in GW
* EISB “polishing” application in 2010

56 APPLICATIONS IM REAL ERVIRONMENTS

» 50 x 50 ft lagoon for spent acids, process waste
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ERH Layout & Infrastructure
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ERH Application

» Surface cap of asphalt / concrete
 Potassium citrate electrolyte

* >80 electrode wells installed

* Heating started June 2008

* Soil sampling confirmed remedial objective met
(TCE <400 ug/kg)

* ERH shut down January 2009

= AIRE
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Post-ERH Bioremediation Application

Objectives
* Inject slow-release electron donor

* Emulsified Vegetable Oil (EVO)

» Take advantage of residual ERH heat to promote
rapid VOC dechlorination

* Flexible design to accommodate uncertainties

Ll

(e

—
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Ipeentation: Bedrock

R ._._4 s Bedrock Recirculation Setup:
' RW-9 (IW)

NAP-RW-101 (EW)

Tanks for GW injection
& recirculation
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Implementation: KB-1 Plus ®

* Bioaugmentation with
B KB-1 Plus ®
W . Promotes complete
dechlorination of both TCE
and TCA

* Added ‘midstream’ to push
out from injection wells

* 1-2 L per ERH well

Ll
('
<
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EISB Performance
General Result
Methane >10,000 pg/L
DO, ORP DO < 1mg/L, ORP < -70 mV
Anions — SO4, NO3 Nitrate and sulfate near depleted
Cl Chloride increase by 10 to 100 mg/L from Q1 to Q2
TOC Increase by >100 mg/L
Dehalococcoides  Increase by Order of Magnitude
pH Temporary decrease
ERH Residual Heat Post-ERH (Jan ‘“10): up to 37°C
Baseline (June ‘10): 26 - 37°C
Q1 (Sept “10): 28 - 34°C Ll
Q2 (Jan “11): 17 - 26°C o
<
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VOCs Concentrations - Bedrock
MNAP-RW-101
20000 + Substantial
decreases pre-EVO
12000
='E~ + Further decreases
£12000 post-injection
:E.E: s + Daughter product
g generation (VC,
Y 000 ethene, CA)
i _ + Chloride increase
Dec-09  Mar-10  Jun.10  Oct10  Jan11  aprl 30 mg/L (Q1 - Q2)
trichleroethens cis-1,2-dichloroethens + wvinyl chloride
athena 4 111 -richlorasthans @ 1,1-dichloraethene ;
® 1,1-dichloroathana ® chloroethane * athane —_—
=== EV(Injection Event {
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Case Study Conclusions
ERH
« Effective remediation of overburden
* VOCs remained in underlying groundwater
» Post-ERH reductive dechlorination observed
EISB
* EISB injections facilitated by ERH infrastructure
« Effective delivery to target zone
. L
* VOCs degrading after 2 quarters o
* Many locations TCE/DCE/VC are ND (<MCLs) E
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Contents
Ll
£
« What is achievable? P
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What is Achievable?

Review of Source Remediation Case Studies:
» Geosyntec survey for U.S. Navy in 2004
* Data obtained from 139 locations
» Source remediation success evaluated by:
* Estimate of mass removal
* Decrease in mass flux
* Occurrence of rebound
* MCL or site closure

AIRE
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Technology Breakdown
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Assessing Source Zone Remediation: Review of Case Studies
(ROCs.2004. GeoSyntec, Prepared for: Naval Facilities
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...and the Survey Said
Mass Removal:
* 10 locations had 280% source mass removal
* 4 |ocations had 100% source mass removal:
* excavation pilot test
« two full-scale thermal treatments (six-phase & thermal
conductive)
* ISCO pilot test [permanganate - controlled release]
* 3 had unknown mass flux reduction and/or unknown
rebound
Mass Flux Reduction:
* 13 locations had 280% reduction in mass flux
* 5 thermal six phase heating applications (1 full scale) L
* 4 |SCO (2 permanganate, 2 Fenton’s) o
« 2 bioremediation E

1 surfactant, 1 steam
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DNAPL Remediation Technology
Screening Tool
» Environmental Security Technology Certification Program
(ESTCP)
* Lead by:
» Naval Facilities Engineering Service Center (NFESC)
» Geosyntec
* Queen’s University (Bernie Kueper)
* University of Edinburgh (Jason Gerhard)
* Purpose:
“illustrate which technologies generally work best under o
specific site conditions and desired remedial <_i
outcomes/goals”
69 APPLICATIONS IM REAL ENvIIONMENTS © CL:AIRE 9/2011
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Case Study Collection
. . Surfactant Ot?er
o Case studies entered into ? %
database to date: Dl ¢ ISCO -
e 42 modeling case studies % Permarganate
o 11 lab studies Thermal
« 86 field case studies 24% ISCO - Other
7%
20 field case studies collected, Bioremediation
still to be entered 2
o An additional 56 potential case Laboratory
studies identified from other o Field - Full
ESTCP project sources
Modeling Ll
. . . 30% o
e 70 modeling case studies still =
in production Field - <
34%
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Modeling Approach

Step 1. Create template sites

» Simulate a range of geological, hydrogeological,
and chemical environments

» Simulate a range of DNAPL releases and

Step 2. Model DNAPL Treatment .
« Simulate treatment with selected technologies %

* Metrics evaluated include DNAPL mass
reduction, source zone concentration reduction,
mass flux reduction, plume length

= LARE )

Template

. Remediation
Site Technology

Case study in
Screening Tool

AIRE
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* Field-scale simulations

- EISB

- ISCO

« HD

. P&T ’
. SEAR .
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 Technologies simulated:

‘V

Modeling Approach

Richards, Gerhard and sands 1E13
Kueper (2009)
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What We Have Learned...
10 Pump-and-Treal 1.0 Chemical Oxidation
| DR m——— To reach MCLs,
;08 | v _— you may need to
w0 remove similar
02 W/ £ .
o L2 Z, proportion of
s T T c.0 T 1
00 02 04,08 08 10 00 02 04 06 05 10 DNAPL mass

n
Eivremedizlion

— Mass s
— Cnnoentrlion T

M, = fraction DNAPL mass
remaining

F, = fraction downgradient

: 24 <% | mass flux o
co0 0z 04 G 08 1.0 3 5 X : —_—
g w0 S8 08 10 C, = fraction downgradient <
concentration
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Open symbols = Field Data
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Conclusions

* DNAPL Remediation is a complex problem

* Lots of tools available
* New techniques offer promise

* Keys to success:
* Development of strategy
* Understanding technologies, their limitations,

and synergies with other technologies o
* Managing expectations <
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Questions?

Please answer the five multiple-choice questions which will
appear on your screen shortly so that we can gain your L
feedback on today's webinar. o
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