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% Outline

* Scope: petroleum hydrocarbon sites

 LNAPL source, plume extent and longevity

* Guidance and tools for management of petroleum hydrocarbon sites
* Source zone attenuation - assessment tools

 Site management process

 Methods and tools to assess natural source zone depletion (NSZD) — Baseline
assessment

e Establishing remediation metrics & technology transition metrics
e Efficient and sustainable remediation framework

e Case studies of LNAPL remediation and remedy transitions



% Federal Contaminated Sites Inventory

How many federal contaminated sites O Suspected @ Active @ Closed e 9
are there in Canada? R,
(@] reenland
o o}
Total of 23,078 federal sites: o pis A 6,280 Petroleum
» 5,337 active contaminated sites @ Hydrocarbon Sites

2,355 suspected sites

15,386 closed (remediation is
complete or because no action was
necessary following assessment)

Federal contaminated sites
Investigation sites from past
use

Non-federal sites for which
Government of Canada has
accepted some or all financial
responsibility

1000 km - UT ' Treasury Board of Canada Secretariat | Maps by DBx GEOMATICS inc.
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% US Perspective on Petroleum Remediation Sites

NATIONAL RESEARCH COUNCIL
OF THE NATIONAL ACADEMES

ALTERNATIVES FOR MANAGING
THE NATION’S COMPLEX
LNAPLs comprised of petroleum hydrocarbons and fuel additives CONTAMINATED GROUNDWATER SITES

Development of Underground Storage Tank (UST) Program

End of 2011, 590,104 active tanks in the UST program (registered but do not
necessarily have releases)

At time of report (2013) 87,983 leaking tanks that have contaminated
surrounding soil and groundwater (“backlog”)
= cumulative number of confirmed releases (501,723) - completed
cleanups (413,740)

EPA OUST (2011) study of unaddressed confirmed releases from USTs in 14
states reported that almost half the releases in the backlog are over 15 years old,
and that 78 percent have groundwater contamination

Current remediation technologies are not able to achieve standards —
MNA important component of site management paradigm (NRC, 2013)
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) Multi-Site Database Studies

13 multiple site studies of mostly gasoline releases Specific States — CA, TX, FL, SC, CT or NH

Conner et al., 2015 from USTs Nationwide in USA — CA, NJ, AK, OR, NV
Kulkarni et al., 2015 3,523 LUFT sites California
McHugh et al., 2014 12,000 California
Kamath et al., 2012 48 gasoline retail sites California and New Jersey
Shih et al., 2004 500 UST sites Los Angeles, California

Source: CSAP-Shell Toolkits for Evaluation of Monitored Natural Attenuation and Natural Source Zone Depletion (Toolkits 1 & 2), Hers and
Jourabchi. Submitted by Golder Associates Ltd., 08 July 2016.
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% California Multi-Site Study of Retail Gasoline Sites

California Geotracker Database
(McHugh et al. 2014)

Data from 4,000 sites with monitoring
from 2001-2011 with =2 4 years of data

The estimated median attenuation rate for
benzene = 0.18 per year (all sites, most
active remediation)

When data analyzed separately for
different technologies, only slightly faster
attenuation rate — effect of remediation
limited

Increase in

Technology Constituent Attenuation Rate
(%)
28
11
53
22

20

benzene
SVE
MTBE
. . benzene
ir Spargin
Pareine MTBE

Chemical Oxidation benzene

Pump & Treat MTBE

17

MNA-only technology: 72 sites

Median benzene attenuation rate: 0.13/year

Timeline to attenuation to 5 pug/L from 10 mg/L: 58 years
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‘ Groundwater Plume Extent & Stability

Summary of Plume Lengths

Total Number Delineation = Weighted mean on 90 percentile of

Parameter
of sites criteria (ng/L) plume lengths (m)

Benzene 165 5 130

Summary of Stability Condition: Concentrations

“Non-increasing”
concentrations
(%)

Benzene 905 63 92

Total Number of Decreasing

Parameter . :
sites concentrations (%)

Summary of Stability Condition: Plume lengths

“Non-increasing”
plume lengths
(%)

Benzene 566 32 94

Total Number of Decreasing plume
sites lengths (%)

Parameter
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% Compendium of Tools for Management of Petroleum Hydrocarbon Sites

* Guidance documents on LNAPL assessment, characterization and
remediation

(FCSAP, US EPA, ITRC, API, ...)
e Mass flux estimates
(iFlux Technology, GSI Mass Flux Toolkit, ITRC guidance)

Z Coordinate (Corncerntration)

« Groundwater monitoring of natural attenuation & geochemica
parameters

(FCSAP, ITRC Control Volume Approach)

* Modeling of contaminant fate and transport in groundwater
(US EPA BIOSCREEN, REMFuel, API LNAST, ...)

* Groundwater plume stability, LNAPL footprint, & data visualiz
(AP1 GWSDAT, Ricker Method, ...)

* Trend analysis and plume stability

(US EPA ProUCL, AFCEE MAROS, ...)
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% Source Zone Attenuation

8 July 2016

Toolkits for Evaluation of
Monitored Natural Attenuation
and Natural Source Zone
Depletion

* New approaches and technologies developed for assessing

source zone attenuation processes

e BC Contaminated Sites Approved Professionals (CSAP) &
Shell

* Development of Toolkits for Management of Petroleum
Hydrocarbon Sites

Submitted to:
Contaminated Sites Approved Professional Society
and Shell Global Solutions

 Toolkits 1 & 2: Evaluation of Monitored Natural Attenuation

Report Number: 1417511-001-R-Rev0

and Natural Source Zone Depletion (NSZD)

CSAP-Shell Toolkits for Evaluation of Monitored Natural Attenuation and Natural Source Zone Depletion
(Toolkits 1 & 2), Hers and Jourabchi. Submitted by Golder Associates Ltd., 08 July 2016.
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% Source Zone Assessment

CO, as proxy > -
| CO, efflux CO, 0 o
, 4 ') o g 4 2 3
Soil zone - b 3 g
Soil respiration
CH, oxidation
Co,
Carbonate minerals Vadose zone
Biomass
LNAPL residual Water table
LNAPL pool

Sihota et al. (2011) CO,-Efflux Measurements for Evaluating Source Zone Natural
Attenuation Rates in a Petroleum Hydrocarbon Contaminated Aquifer
Environmental Science & Technology
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% Source Zone Assessment

Conceptual Model for Clean Soils Above f.»fi,z
Temperature as proxy Hydrocarbon Impacted Zone B
Surfage co,

Seasonal
Variation

-
oo

Smear Zone Well ‘l
-

-
=7

Reaction heat
released into
surroundings

/

Reaction Zone
Aerobic _—
I I I e TR HC+ 02 (CO2+H20
Anaerobic

<€—— Depth

-
o

Temperature (degrees C)
N

<0

10/06 4/07 10/07  4/08 10/08 4/09

Plot of temperature measurements at 9 feet depth in background and SZNA

well having 4-foot silt layer near the surface. dT ranges from zero during . o
winter to 2 degrees C during the fall. Sweeney et al. (2013) Battelle Bioremediation &

Sustainable Environmental Technologies
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% Source Depletion Time

Source Depletion Time from Biodegradation in Vadose Zone Based on LNAPL Saturation

10000

Fixed Values: ——T x Saturation = 2E-3 m
~ Porosity = 0.3 =T x Saturation = 4E-3 m
g ity = 3 ~—T x Saturation = 8E-3 m

1000 \H\\\“\ , LNAPL density = 730 kg/m e fon =563
e — Saturation = Average X Saturation = 2E-2 m
- e | Saturation over interval ——T x Saturation = 4E-2 m
\ \\:\\ ——T x Saturation = 8E-2 m
100 =~ g — = —T x Saturation = 2E-1 m

What is the remedial
time frame under
natural conditions?

e — ~—— —T x Saturation = 4E-1 m

—

LNAPL Source Depletion Time (yr)

1

0.1
Muc=TxS,x0 x p, x10° Time = Myc / (M, x 365)
Myic = mass HC(g/m;) Time =Time for mass loss (yr)

0.01 T = Hydrocarbon thickness (m) M, = Mass loss rate (g/mz-day) :
po = LNAPL (oil) density (kg/m’) 6 = soil porosity (dimensionless) CSAP-Shell-Golder Toolkits 1 &2
S, = Average LNAPL (oil) saturation (dimensionless)
0.001 -
0.1 1 10 100

LNAPL Mass Loss Rate (g-TPH/m2-day)
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Site Management Process

Investigation

CSM refinement

Collect addisional data

CSM development

Delineation of
source ronefs)

Identification of potential risk or concern

Meet generic or

numeric standards
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\ Risk Evaluation Stages

Meet applicable
guidance

completed

I

esep e oruppe

LE_ g g2
g? 3 3 E_Eﬁg
e 4
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Q Remediation Framework

Meet applicable

.j . i
| oo pleted }: —— Preliminary risk evaluation

-

o)

133

E1ED B0 WPpE

Meet fdk-baged

itamdards !
[m_[«— Detailed risk assessment

n
!‘:l = |
e =] .
- Ty =
= 5 2= | % F
- ry ol b 4
Y = =1 - I F
.1,' E | & . - =]
T : | ™ o
n = 5 & B = -
o g 5 = = &
b a &= 2R
= i = w =

Concern Remedial Target | Primary Mechanism Remedial Driver
. . Phase change + Some mass Reduction of concentrations to meet
Risk- coC . .
B e (e Composition reduction risk-based thresholds
LNAPL migration or :
presence of mobile LNAPL Saturation Mass removal or recovery Bulk LNAPL removal

15
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‘ Quantifying Source Zone Depletion Rates

l Concern l
One or both
Composition may apply Saturation

g g 29

—~ M —~ (@

o 93 o 2

=3 =3

@ @

(= Q.

) ) W

= Baseline o

v Assessment v
NSZD rate evaluation (establish tollgate) .
. Select tools & NSZD rate evaluation
(LNAPL composition & methods (bulk LNAPL)
bulk LNAPL)
Key Remedy Criteria Key Remedy Criteria
(timeframe, soil / Feasibility (timeframe, LNAPL
vapour / groundwater Implememabmw thickness /
concentrations, ... transmissivity, ...)

Sustainability

(Toolkits 3+4)
Remedy Selection Remedy Selection
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% Mass Depletion Processes

Biodegradation, Dissolution
and Volatilization

Saturated Zone
(ITRC, 2009)

- Oxygen Transpo

Biodegradation

Volatjlizati

Mobile or Residual LNAPL

Groundwater Flow—

L

Vadose Zone
(ITRC, 2009)

4

Dissolved
Plume

Figure 2-2. Vapor transport-related NSZD processes.

Mobile or Residual LNAPL

Acceptor Flux — S

N —

Electron > Dissolution and biodegraaatic

¥

—

— Electron

Acceptor
Depletion

Groundwater Flow —»

Figure 2-1. Groundwater transport-related NSZD processes. \
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% Pathways & Processes of Natural Source Zone Depletion

= Groundwater pathway
» Terminal Electron Acceptors

» Biodegradation Reaction
Byproducts

» Change in dissolved
inorganic carbon (DIC)
= Vadose zone pathway
» CO, concentration in soil gas
» CO, efflux at ground surface

» Change in temperature
profile from biodegradation
reactions

18

V-NSZD
Local fluxes of vapor phase carbon:
Backaround: CO, Vapor Plume: CO, (rarely CH, PHC )

GW-NSZD

Local fluxes of
dissolved carbon:
GW Plume: DIC,
NVDOC, CH,4, PHC

Background: DIC,
NVDOC

Ground surface r

Vadose zone 7

Saturated zone -

Mackay et al. (2018) Comparing natural source zone
depletion pathways at a fuel release site.
Groundwater Monitoring & Remediation
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% Overview of Recent Publications & Guidance

Quantification of | ——
Natural Source Z¢ e crccarecon NCCAR
Processes Welcome to ENVIRO Wiki Devaloped and beought 1 you by
Groundwater s
Momtonng&Remed lation > - Peer Reviewed. Accessible. Written @§ERP - @ESTBP
S — Light Non-A By Experts Your Environmental Information Gateway
—— The goal of the ENVIRO.wiki iz to make acientific and
engineering ressarch results more acceasible to the
target audience, facilitating the permitting, design and See Table of Contents
API PUBLICATION 4784 o o sty T e Catitne) 13 | Search Enviso Wik
FIRST EDITION, May" 2017 summarize current knowledge for environmental
professionals on an array of topics, with crose-linked Search full text
- references to reportz and technical lterature.
Overview of Nat 4 _ —
Featured article / Natural Attenuation Enviro Wiki Highlights
in Sol Z and Groundwat:
P Focesse Sl CO n tr( ;:um:_c;e'::i = mdem; spi"er NO-PURGE/PASSIVE GROUNDWATER SAMPLING
Change " |
by Sanjay Garg, Charles J. Newell, § 2017
Maria Irianni Renno, and Tom Sale
T
LNAPL natural source zone depletion
o ot _ ol August 2018
AMERICAN PETROLELM INSTITUTE
]
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% Overview of Natural Attenuation: Processes & Measurement Proxies

s Fuel Release Source
co, Efflux (above or below ground surface)
. and downward migration
Efff . P._E
Soil gas . " oxygen
gradient . ‘f;‘(‘jf’:r:f ure diffusion setobic
(0, CO, CH, HO) || 5|  ® 2 biodegradation
9 3 A methane
et ¢4 oxidation volatilization oD
e P (hydrocarbon vapours) £ .
A _ - w0
% b fl z 59 E}%
: L . Q
©
o EE—
temperature ~~ Dbiodegradation
Monitorimessegd 77 methanogeneSIS sorption —
groundwater Monitoring Gmuﬁgi‘;ﬂtﬂ egassing dlspersu:ln
chemistry , LNAPL 5 Dissolved
composition Plume

20

Ground Surface

ebullition
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Ry €0, Gas Efflux Method

LI-8100A

Dynamic closed chamber LI-COR Biosciences 8 ey Systam
Active air flow connected to infrared detector Automated Soil Gas -

= o
7

Flux System
Measurement time scale: snapshot (minutes)
14C correction
Static trap E-Flux Fossil-Fuel Trap
Sorbent material to passively capture CO,
Measurement time scale: weeks (~1 to 4 weeks)
14C correction
Forced diffusion dynamic chamber Eosense
Flow regulated by gas permeable membrane eosFD soil CO, flux sensor

Measurement time scale: snapshot (minutes)
continuous monitoring

21

@A R I S

Applied Research for Innovative Solutions



% Background Sources of CO,

* CO, produced from natural soil respiration

CO, Efflux = Contaminant Soil Respiration + Natural Soil Respiration

 Two general approaches:
* Sampling background locations
* Sampling & analysis of radiocarbon (*4C)

Design of program for background correction is
site specific:

22

Heterogeneity in surface cover &
vegetation

Heterogeneity in hydrogeologic conditions
over the LNAPL footprint

Sampling for *C Analysis

background location

AY T
/’_ . \‘~\
\
¢ (] |
,' . . . \\
1
\
® @ C X
1
e @ @O :
\\ ”I
N . . ./’//
_____________

Contemporary (modern)
organic carbon is 14C-
rich, while fossil fuel
carbon is “C-depleted

[ - e
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% Data Interpretation for Establishing Remediation Metrics

Measurement Remediation
Temporal Time Scal Time Scal _ .
ime Scale ime Scale sampllng deSIgn
&

Measurement LNAPL data integration

Locations Footprint

Spatial

Estimated depletion rates

e Evaluating performance of
remediation technology (active
system)

Evaluating the performance of
remediation systems that are
based on enhanced
biodegradation

Baseline Assessment of NSZD Rates:

* Method selection based on:
e Site conditions .
e Bulk or composition (Contaminants of Concern)

* Sampling locations & frequency

e Background correction

 QA/QC procedures
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% Process-Based Approach to PHC Site Remediation

Evaluating
Quantifying Transition

Depletion and
Rates Performance
Metrics

Framework for

Remedy Effective & Sustainable
Selection or Remediation Optimizing
Transition Remedial
(active to System
passive)

Evaluating
Remedial
Timeframe

24
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Site Management Process

» Baseline assessment through NSZD
rate evaluation

* Key remedy criteria
* Remedy selection
 Transition criteria

* Remedy system operation &
monitoring

 Performance assessment

Concemn
¥ One of bath ¥
Composition iy apply Saturation

d &
].."l. eted
e -

Baseline
¥ Assessment
NS5ZD rate evaluation establish tollgats
B NSZD rate evaluatio
LMAPL compos n & : LAR
oulk LiNAFL)
! '
Key Remedy Criterla Eey Remedy Criteria
(timeframe, soil / asibility (timeframe, LMAPL
vapour [ groundwater . ..l " thickness [
concentrations, ...} I transmissivity, _..)
| nolkits 3+4
RemcySlecion
hctive 1 Pasgive Passive Active
Define - Define
transition — transition
criteria W criteria
\ | Salari i
Active System |Soil Active Systerm
Vapour o ren:ajlr::hn rer:aeilﬂl}:;nn R
Sparging, | ) ) Recovery, .|
o a 3 ) i -
X " K |g ;5: [ F|=2
52| Monitoring /| [Monitoring / 'f- 7 & @|/Monitoring /| (Monitoring f :_
O ptimizing Optimizing | | E {. & ;: Optimizing | |, Optimizing ~
o b g8 =8|y o
Performance E . Performance
assessment assessment
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% Transition Criteria - example Remedy Selection

Active Passive
* Risk-based concern Define
o _ o NSZD, MNA,
Composition is the remedial target transition Phyto-
criteria remediation
* SVE system selected \ Solarization
. ' -~
Concentrations and/or Mass Removal Active System (Soil - d
assive
Rate Vapour Extraction, L.
. remediation
20 Sparging, ...)

[EY
(@)

Change

system?

Monitoring /

Monitoring /

Optimizing Optimizing

Meets transition
criteria

—
Performance

assessment

4 Threshold

ANERNe]
SlaaWw

Concentration or Mass Removal
Rate
uonisodwo)

=
3
o)

completed
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% SVE Technology Transition Metrics

Mass Removal Rates for SVE
vs. NSZD

20

Active Mass Removal

2o SVE Rate Approaching or is
e Less than NSZD Rate
S 12
o
-
(]
« 8
z

4 — o —0 \7%

NSZD
0
0 5 10

* example units kg/day Time

Rebound Test

20
g
2 16
= Acceptable Mass
> Removal Rate
= 12
o from Rebound
nu:) Test
a 8
=
4
VO
0
0 5 10
* example units kg/day Time

27
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% SVE Technology Transition Metrics

20

16

12

Mass Removal Rate

Mass Removal Rate vs. GHG Emissions

(TPH & COPC)

Mass Removal Rate

GHG
Emissions

0 5 10

* example units kg/day Time

20
c
16 8
o
(@]
12 5
z
©
g £ 9
qL)O
o §
451
)
L
0 €
L
O
I
O

20

Mass Removal Rate vs. Cost

16

=
N

(00e]

Mass Removal Rate

I

0

* example units kg/day

20

Mass Removal %
Rate 16 £
()]

o

c

12 _g

o

Cost 8 2

©

>

T

4 g

o

o

0 4

5 10 S

Time

Normalized GHC Emissions (or other metric) Increasing with
Little Benefit from Continued Operation (CSAP-Shell Toolkit 4)

Normalized Cost Increasing with Little Benefit from Continued
Operation (CSAP-Shell Toolkit 4)

28
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% Remedial Technology Selection

Step 1

Primary
Mechanism

LNAPL Mass
Recovery

In-Situ Phase Change
& Mass Reduction

Ex-Situ Phase
Change & Mass
Reduction

Mass Control

Phase Change &
Mass Recovery

Technologies Available

10

Step 2
I 3 I £ S
= _B‘ > C ~ =
T loC I £ 0 = o © 9 = o
R c o ~ O = n 4 G 5= =
> O o] O] =
ss IS5 ®E 1 85 = 238% geg& £3 2
cae ¢S o""ll—T(J N = S0 O £ o= =
o 5 o o 3 - O — SIE = £ = c o v =
~ o0 o = o c 5SS € —
C 3 IE’B o>l < E o O g9 x2S s & ©
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S

nno\08®

de’(.a\\s
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Source: CSAP-Shell Remediation Toolkits Project, Hers and Jourabchi, Draft Toolkit 3: Evaluation of Remediation
Technologies for Petroleum Hydrocarbon Sites. Submitted by Golder Associates Ltd., 23 April 2019.
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% Toolkit 4 Sustainable Remediation - Roadmap

Select
Determine Indicators, Document
Stakeholder Methods and Efforts
Input Boundaries

Evaluate CSM Establish GSR

Goals

‘v Possible sites

Level 1 - BMPs All sites
—_—
Level 2 - BMPs+ less .
complex evaluation Retail UST
—_
Level 3 - BMPs + more Refinery
complex evaluation
\ /|

Qualitative analyses
Semi-quantitative analysis or
comparisons

Quantitative analysis or
comparisons

e Best management practices (BMPs) e simple environmental footprint analysis e In-depth EFA and life cycle analysis (LCA)
(EFA) e Impact analysis (triple bottom-line)
e qualitative multi-criteria assessment e Quantitative MCA
(MCA)

- Source: CSAP-Shell Remediation Toolkits Project, Hers, Jourabchi and Beaudoin, Draft Toolkit 4: Methods and Tools for Green M R I S
and Sustainable Remediation of Petroleum Hydrocarbon Sites. Submitted by Golder Associates Ltd., 30 January 2019. Applied Research for Innovative Solutions




% Example - Sustainable Remediation (SR) Dashboard

DRAFT GSR DASHBOARD (V1.0 - Golder Associates) - Not for Distribution

FOOTPRINT INFORMATION

Indicator

GHG

Energy

Waste

Air Pollutant

Tool developed by
Golder Associates

Materials

Ltd. for Toolkit 4

Land and
Ecosystem

Community

Safety

Indicator
; Measurement Data Sources and
(add/subtract |Metric )
Unit Calculators
as warrented)
US EPA Calculators™?
US EPA SEFA’
GHG 1. GHG Emissions (CO,, CH,4, N,0) Tonne CO,e i )
SiteWise: Table A-3, App B
BC Mok’
1. Total energy use (direct and indirect SiteWise: Table A-2, App B;
Energy &Y ( ) MMBtu . 5 PP
= 2. Energy from renewable resources EPA”, BC MoE
% 1. NOx emissions
g Air PoIIutantslo 2. SOx emissions Kilograms SiteWise: Table A-2, App B
2 3. PM10 emissions
>
c 1. Hazardous waste disposed of offsite
o 1 Tonnes or Litres Site-specific estimate
WHRRE 2. Non-hazardous waste disposed of offsite P
. 1. Water use . . . .
Materials ) ) Tonnes or Litres Site-specific estimate
2. Other raw materials (minerals, cement, steel)
Land and 1. Environmental quality Qualitative
c ; 2. Biota (animals and plants) and habitat Qualitative Site-specific assessment
cosystem 3. Soil fertility effects Qualitative

Time

Cost

Source: CSAP-Shell Remediation Toolkits Project, Hers, Jourabchi and Beaudoin, Draft Toolkit 4: Methods and Tools for Green
and Sustainable Remediation of Petroleum Hydrocarbon Sites. Submitted by Golder Associates Ltd., 30 January 2019.
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% Example - Sustainable Remediation (SR) Dashboard

Tool developed by
Golder Associates
Ltd. for Toolkit 4

GSR DASHBOARD
Indicator Metric Measurement Unit
1. Revitalization (economic, social) Qualitative
Community |2. Noise, dust, traffic, visual Qualitative
3. Land use access Qualitative
1. Worker Safety On-site Qualitative
Safety 2. Public Safety Near-site Qualitative
3. Vehicle Accident Risk Accidents per km
Time 1. Time of remediation Years
1. Capital S
Cost ] )
2. Operation & maintance S (NPV)
Source: CSAP-Shell Remediation Toolkits Project, Hers, Jourabchi and Beaudoin, Draft Toolkit 4: Methods and Tools for Green
and Sustainable Remediation of Petroleum Hydrocarbon Sites. Submitted by Golder Associates Ltd., 30 January 2019.
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% Example 1: Site Remediation Effort & Remedy Transition

Source: Battelle Bioremediation Symposium 2019: Waldron, K. (Marathon Petroleum Corporation) et al.
Focusing Remedy Transition at a Former Fuel Terminal in Alaska on Using Green and Sustainable Strategies

Site:

* Former fuel terminal in Fairbanks, Alaska Air sparing system

* TPH-d, benzene and 1,2-dichloroethane
(EDC) impacts in soil and groundwater

Extraction, treatment and

Sustainability Assessment BMPs: ehmacten for elzulie

* Regular communications with regulators on control of the EDC impacts)
strategy of transition to sustainable remediation

* Environmental footprint evaluation (P&T system)

e Optimization of air sparge blower and system
operation to reduce energy use

Sustainability assessment

Tools:
Cop o . .
Ricker Method® Plume Stability Analysis Modified air sparging

- Passive soil gas survey Phytoremediation
- Haley and Aldrich Sustainability Dashboard Passive bioventing (pilot study)
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% Example 2: Site Remediation Effort & Remedy Transition
LNAPL REMEDIAL EFFORTS

Diesel LNAPL

Concem: saturation - mobile LNAPL
Performance metrics: Vacuum-enhanced

Skimming

* LNAPL recovery rates and volume

* LNAPL Transmissivity

 Biodegradation Rates (using CO,
efflux methods)

Stability: LNAPL footprint and

dissolved phase

LNAPL skimming system

2010 2012 2014

Bailing and
Socks (interim
steps)

* Defining transition metrics
* Greater emphasis on transmissivity
*  Working with regulatory agency

Source: Battelle 2018 Chlorinated Conference: Coughlin J. (CP), Pennington, A. (ARCADIS) et al. LNAPL Recovery M R I S
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@) Example 2: Site Remediation Effort & Remedy Transition

Cumulative LNAPL Removal Totals (2010-)

TREATMENT TRAIN CONCEPT ﬂ:

As remediation progresses, different gfm

technologies become more suited to §

reaching project goals g“‘“’

Threshold/performance metrics and T

LCSM guide remedy selection and 01 o2 03 s 205 20
tranﬁiﬁﬂn WNSZD WHVE mskimming B Excavation W Bioventing M Manual Removal

Address Mobile LMAPL . NSZD underlies all
Occurrence Concerns and E;:: s m';'; ;‘; E‘_::ir' - efforts and is the final
Regulatory Requirements ' ?e!": :I!n}n {rln};ii&i‘- g technology in the
with LNAPL Mass Removal y . treatment train

Characterize

Concermns/Objectives;
Short-term Response

Layered technologies help match resource use to risk and goals

. Source: Battelle 2018 Chlorinated Conference: Coughlin J. (CP), Pennington, A. (ARCADIS) et al. LNAPL Recovery % R I S
and Remedy Transitions: A Case Study at a Railyard Fueling Facility
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% Summary

** Guidance and tools for assessment of
natural attenuation at PHC sites

s Development of framework that
incorporates a quantitative and systematic
approach to remediation of PHC sites

* Baseline assessment of natural
attenuation processes

* Performance monitoring
* Transition metrics for the remedial
system
+» Examples of successful remedy transitions

+* Development of fact sheets (in progress)

% Methods for NSZD assessment
(process and measurement proxies)

s Metrics for active remediation system

Evaluating
Quantifying Transition

Depletion and
Rates Performance
Metrics

Framework for

Remedy Effective & Sustainable
Selection or Remediation Optimizing
Transition Remedial
(active to System
passive)

Evaluating
Remedial
Timeframe
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