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(B A systematic approach to building the LNAPL CSM

Methods to fully identify residual LNAPL

The important role of soil structure

Understanding LNAPL transmissivity vs time

The importance of a 3D understanding
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Guidance Documents

Welcome

Light Non-Aqueous Phase Liquid (LNAPL)
Site Management: LCSM Evolution,
Decision Process, and Remedial
Technologies (LNAPL-3)

Are there ways to control the
cost of these potentially
expensive cleanups?

EPA is committed to helping state and local agencies make
cleanups faster, more effective, and less expensive. EPA is working

https://www.epa.gov/ust/cleaning-

underground-storage-tank-ust-releases
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Pay-for-

Performance
Cleanups

Pay-for-performance
cleanups are an alternative
way to contract for
environmental cleanups.
Pay for performance uses
economic incentives and
market forces to encourage
cleanup contractors to
keep cleanup expenditures
under control and meet
cleanup goals as soon as
possible. In pay-for-
performance cleanups,
contractors are paid a set
amount of money for
reaching specific
contamination reduction
goals, which are
predetermined by state
cleanup experts.




Our industry spends over
USSl BILLION each day assessmg, F

information that is incomplete,
inaccurate, and too late.

/



Cost Control

Costs
A

Preliminary Secondary Corrective Long Term Time
Investigation Investigation Action Monitoring
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Former UST Site

PID_Responsge 300

1.0E+007 wy 200
100

What’s wrong with this picture?

1 DE+006 uv UJ.S. Patent 7,058,509



Work Plan Constraints Expended 80% of the Yielding 100% of the
Data and Budget Uncertainty

)

MIPO2 -
EMIPDZ =
(WP P14

600 |~
500

PID_Respons  HOW can we prevent this waste of resources?
1.0E+007 uvy

* Systematic work planning
3.0E+006 Uy * Real time measurements

* Dynamic work scopes
1.0E+006 uv



The LNAPL CSM
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What is LNAPL?

NAPL

NonAqueous Phase Liquid — a separate or
“free” phase liquid; not in solution

LNAPL

A liquid that is less dense than water

Common examples of LNAPL include gasoline,
diesel fuel, jet fuel, and crude oil

Can also include multi-component mixtures

Can be unconfined or confined by
groundwater

© 2021 COLUMBIA Technologies.
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The Effects of Time

i
w~

k Shallow soil organic carbon

Zone 1 - Water wet sand,
continuous non-wetting

soil gas, continuous
intermediate wetting
LNAPL

Vadose Zone =73

Top of capillary fringe
((- Water table
----------------------- C . Zone 2 - Water wet
] ) sand, discontinuous
non-wetting soil gas,
o continuous non-wetting
5 LNAPL
N LNAPL impacted media
E Zone 3 - Water wet
e sand, discontinuous
% non-wetting soil gas,
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Complexity

.ouhﬁus A.l.n ‘i

Methane

Methanogenesis in Saturated and Capillary Zones

LNAPL Dissolution and Biodegradation

Dissolved By-Product Formation
(CO,, Fe**, Mn*, CH )

Groundwater
Flow

Figure 2-1—Conceptualization of Saturated Zone NSZD Processes
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Building the LCSM?
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Measurements of Plume Stability

Csat CRESIDUAL

|

Mobile Migrating
LNAPL present, but

Residual

LNAPL can flow into wells

cannot flow into wells

Courtesy of: "m
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MW Thickness = Indicator Only

LNAPL saturation ual

LNAPL saturation > residual

LNAPL saturation = residual

[T
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Lab Results as Indicators of LNAPL

Release Source

Vapor
Phase S"

Vadose Zone

|

100 mg/kg

Capillary Fringe

Dissolved
Phase
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There is a LOT in LNAPL than BTEX




Petroleum Fluorescence

PAHs fluoresce when struck with UV
light

Each PAH has a unique fluorescence
spectrum

Example PAH Spectra
35
PAH Structures
e . sleng . o]
S R - excitation (laser) wavelength PAH #]
a0 D = 325 - PAH #2
N A o~ . .
D 0O o O < PAH #3
F _J s S - > "
| yrere Corormne Naprtha'ene Prerartiere o =~ ~ PAH #4
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D 2 -~ v 70 )
" / \] % o \-\-[\ J ,-_~\“‘\’ .E g
i) ) o B B i g |
Porylens Berac{ghijperylons Tetrap one Crrysone = [\
Cathz L2tz Captlyz Caath2 f Y 4
A X & 0.5 : -
CUA OO0 S | - : /
s S GHP 0 Dl
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Wavelength (nm)
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Log 8-1

The OIP Log

* Images captured every
15mm (.05 ft.).

* Images are analyzed for
fluorescence in real time.

* The percent of the image
area representing fuel
fluorescence is recorded on
the log.

3.0m
0% detected

5.7m
50.2% detected

8

Fluorescence
(% area)




Membrane Interface Probe

Detecmer Mirpvoin

i — —— FID confirms PID

* PID provides linear response to the number
of double bonds (e.g. Benzene)

-_
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Ground Surface

Water Table

: Contaminated Zone

R

Groundwater Flow

»
Anaerobic © 2
Reaction 10, <+ Mn
Zone - g
NOy =+ N,
Nitrate-Reduction
Aerobic Respiration

Source: API Bulletin 18 Managing Risk at LNAPL Sites 2"d edition, May 2018
21

© 2021 COLUMBIA Technologies.



o N W SSNS PF A
DAr st Byl

5 . L
P




Matrix Effects
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Petroleum Response to UV in Lab

Client Name: Columbia Technologies l‘ I S Laboratories
Fida No.: 17000

Ask what
wavelength of
excitation &

: detection?
'i —&u

1 1 | ] ]
Each Interval Equals One Tenth of a Fool

LI _ -.
Project Name: Milport, AL Boring ID.: SB-01 c‘”’lﬂ” GA“TI'

Project No.: N/A
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Dealing with Heterogeneity

v Water Table

Medium Permeability
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Courtesy of:
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Impact on
Conceptual
Site Models
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Hydraulic Profiling Tool (HPT)

=t w L= —

MIP-28
tector Microvelta Measurement Of SOiI
Pore Pressures

More Permeable

Less Permeable
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Optical Imaging Profiler (OIP)

EC tmSwm) HPT Pvass. Max (o) Flaommsconce (%) s X (hdey)

0 100 20 ) %0 00
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DEPTH » ')
2420 1 o
™
uv .
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Deogen (W)

80 1 2 - | S S G U S——
0 50 00 120

Aba Perometns Pressuse (pw)
Figure 6: Graphs left to right: Soil EC, HPT pressure (formation permeability) along with absolute piezometric pressure (secondary
axis), UV percent area Fluorescence, saved UV image from 24,20ft, and estimate hydraulic conductivity (estimated K)

Source: Geoprobe Systems Inc.
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LNAPL + Matrix Relationship

Range of
Ajr—Water Interface

(not BTEX)

Depth (ft)
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LNAPL Transmissivity
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Lines of Evidence to Assess Mobility

* LNAPL type
e LNAPL release date

e LNAPL release volume
* Soil type
* Plume stability

‘‘‘‘‘‘‘‘

Courtesy of: XM‘
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=l NAPL

Water

Soil NAPL

Water




LNAPL Mobility vs Equilibrium




S

Cost-effectively characterize
Contaminated sites

34



API Bulletin No. 9

American tl®
Petroleum r'
Institute .

A summary of research
E R IJND“]ATER results from the American
Perroleum Institute & GRI.
RE SEARCH BULLE TIN Junc :”()() .\’0_ 9

NoN-AQuEous PHASE LiQuibp (NAPL) MosiLiTY LIMITS IN SoOIL

Eowaro J. Baost « Georee E. DeVaunr + Eouiton Enteresises LLC » WestHoLLow TecknoLocy CeNTER « Houston, Texas
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C,.. for Petroleum Product by Matrix

T

Table 1. Residual NAPL Concentration in Soil Compared to S Limit.

Name Ref] S, Cisndl Comsol | MW S Pow
residual residual
NAPL in NAPL soil molecular| aqueous | vapor
void fracfion | concentration | saturation weight | solubility | pressure
(cm’/gfn')y |in soil (mg/kg)| limit (mg/kg) (g/g-mol)| (mg/L) |(mm Hg)
trichloroethylene (1CE) [ a 0. 70,000 1,045 131 1,100 75
benzene b 074 53,000 444 78 1,750 95
o-xylene c ol 2,000 143 106 178 66
gasoline de| 002{006 | 3,400 10 80,000 106 99 164 102
diesel df| 00402 7,700 1o 34,000 I8 207 39 0.79
fuel oil df | 008402 17,000 10 50,000 18 207 39 0.79
[mineral oil g 01105 20,000 to 150,000 3 244 036 | 0035

Notcs: Unsaturated zone fine to medium \and. Nominal values 8. = 0,12 cm’ /em', foc = 0.005 g/¢ in Couna calculation.
a= Lin ctal. (1982); b = Lenham and Parlgr (1987); ¢ « Boley and Overcamp (1998); d = Fussefl et al. (1981); ¢ = Hoag and Marley
(1986). I~ API(1980). & = Pfannkuch (19
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bp
LNAPL Transmissivity ™ -4
Rate Reference

—0.01 —0.1 —_—1 —_5 —10
LNAPL TRANSMISSIVITY CURVES

20
* LNAPL Transmissivity

accounts for 100

' - 3.7E+04
— Thickness of mobile
LNAPL
— Fraction of pores
occupied by LNAPL 10 3.7E+03
//// 3.7E+02

— Permeability of the
soil

— LNAPL density

— LNAPL viscosity

LNAPL RECOVERY RATE (GPY)

LNAPL RECOVERY RATE (GPD)
=

*  Skimming LNAPL at 0.1

ft2/day results in less than 0.1 3.7E+01
200 GPY recovered ULTI-PHASE &
»  Skimming LNAPL at 5 SKIMMING ENHXV,\?EES
ft2/day results in 7300 ilalel RECOVERY
GPY 0.01 3.7E+00
0.01 0.1 1 10
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Methods of Estimating Potential Recovery

* Weight of evidence

 Field methods
— Baildown tests

— Pilot test technologies

e Desktop methods

— Extrapolate existing
system performance /
— Predictive models

Courtesy of: : m : /
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Spatial Alignment
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LNAPL Above MW

More Permeable

Less Permeable
—_—agm

bownatn 1€ Oep 1
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MW Breach of Permeability Zones

Less Permeable

More Permeable

Depn 2

41

— MEME
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Case Example — Tiger Qil
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1980 Release

 Tank Removal

* Preliminary Investigation
e Secondary Investigation
e Excavation & backfill

* SVE & GW Extraction

* [SOC treatment

* Long term monitoring

S

Free Product Still Present
30 Years Later

© 2021 COLUMBIA Technologies. 43



Outcome of Traditional Approach
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Ll Benzene in GW

i‘;'AMint-os %
l P ¥ *T.I?‘;?;\
{ESh

e

Gr

12 "'i-\ 8




Highest TPH

1,100 mg/kg ==

TPH in Soil

Highest TPH
1,700 mg/kg

nghest TPH
2,100 mg/kg nghest TPH

. 2,900 mg/kg

Soil

Type

M-C Sand

M-F Sand

Silt — F Sand

,__+ | Middle Distillates

M-C Sand

M-F Sand

v ==ty | Middle Distillates
~ 717 | Middle Distillates
. ———T'F.,-——o

Silt — F Sand




TPH in Soil - 2015

IleT 4

TPH-GRO {mg/ka)
10,000

100

10

2015 Soil Sample Results

COLUMBIA

TECHNOLOGIES
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Opticak
Profiler




OIP + MIP-PID

MIP-PID [uV)
37,500,000 100

Fluarescence (%)

25,000,000
15,000,000

| 10 o NN - P
1,000,000 " : - : i — = —
2 \ 250,000 1 - = =
’ ’ — COLUMBIA

N — TECHNOLOGIES
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Benzene in GW
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OIP + MIP-PID vs GW Results

S-2 KMW-E Y
YMW-3 YMW-1 T MiHpt-10

MIP-PID (uV) Fluorescence {%6) Total BTEX {mgfl)
37,500,000 100 10.000.0
25,000,000 1.000.0

100.0
15,000,000
' 10.0
10
1.0
1,000,000 01
0.01

COLUMBIA
TECHNOLOGIES
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Mass Transport
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Geochemlcal Proflles

%

| DO = 22.98 L t”"‘ m ORP = (119)
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MIP-PID [uV) Fluarescence (%)

e 20
1,000,000 I e
- i 7
1 . Dissolved Oxygen
. L . vs LNAPL COLUMBIA

TECHNOLOGIES
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Soil Evaluation |

————




MIP-PID juV)

37,500,000 TPH-GRO (mafkg)

25,000,000 10,900

15,000,000

1.000
1,000,000
100

: 1 Soil Sample Results COLUMBIA

TECHNOLOGIES
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OIP + MIP-PID vs Soil Results

MIP-PID [uY) Fluarescence (%)
37,500,000 100

25,000,000

15,000,000

1,000,000
2 \ 250,000 1 - =

; ; e COLUMBIA
I —— TECHNOLOGIES
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CO, Flux =
12.38 umoles/m?s

Equivalent to:
7,743g/acre*yr

-

COz Flux =

0.51 umoles/m?2s

Equivalent to: —_—
318 g/acre*yr I EFLUX4 |

[EFLUX3 |

JEFLUXS5 |

CO, Flux =
0.18 umoles/m?2s

Equivalent to:
110 g/acre*yr

. AR, S T i
I\/Ieasurlng NSZD

EFLUXZ
.

CO, Flux =
0.16 pmoles/m?s

Equivalent to:
99 g/acre*yr

COz Flux =
0.53 umoles/m?2s

Equivalent to:
329 g/acre yr




Cleaning Power of NSZD

Cleanup
Costs

© 2021 COLUMBIA Technologi
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Key Takeaway Points

* Scale appropriate information is critical to

minimizing the uncertainty in the Site Conceptual
Model

 Understanding the soil matrix is critical

 Remediation parameters are not the same as risk

parameters (i.e. BTEX in water does not represent
TPH mass in soil)

* Multiple lines of evidence are required — much
more than monitoring well data

© 2021 COLUMBIA Technologies.
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Next Steps
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ITRC 17 LNAPL Remedial Technologies

e Excavation * Water/hot water flooding
* Physical containment * In situ chemical oxidation
* In-situ soil mixing * Surfactant- enhanced

* Natural source zone depletion (NSZD) subsurface remediation

» Air sparging/soil vapor extraction .
(AS/SVE)

* LNAPL skimming
* Bioslurping/EFR

Cosolvent flushing
e Steam/hot-air injection
* Radio frequency heating

 Three and six-phase electrical

* Dual pump liguid extraction
resistance heating

* Multi-phase extraction, dual pump
* Multi-phase extraction, single pump

Courtesy of: : M‘
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Treatment “Trains”

1.
2.
3.
4.

il B BB EiIgil B DN NEIIglilBEE N N I
.

LNAPL mass recovery
LNAPL phase change remediation

LNAPL mass control
LNAPL phase change remediation and mass recovery

Dual pump Air sparging/soil vapor Natural source zone
liquid extraction extraction (AS/SVE) depletion (NSZD)

Courtesy of: : m :
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What additional information do we need?

 Risk-Based Drivers
— Reduce risk-level or hazard
— Exposure pathway/LNAPL specific

* Non-Risk Factors (examples)
— Reduce LNAPL volatilization or dissolution
— Reduce source longevity
— Reduce LNAPL mass or well thickness
— Reduce LNAPL transmissivity
— Abate LNAPL mobility
— Corporate policy — liability/risk tolerance

* Regulatory driver: “recover to maximum extent
practicable” — State’s interpretation?

Courtesy of: : M‘
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Set Goals
II for each
applicable
Objective
A good LCSM supports

identification of
appropriate Objectives
and setting relevant Goals



