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L NAPL Saturation & Residual
LNAPL Saturation

LNAPL Saturation (So) > Residual LNAPL Saturation (Sor)

’ fom ":'11‘ & — ‘
LNAPL Saturatlon @S(}) < Resr@rﬁl@ L Satur
- '2-':__, r.y. | o s
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Simplified LNAPL Conceptual Site Model
for a Gasoline Release to the Subsurface
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Common (mis) Perceptions about LNAPL
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v vVvVvVvyy

vVvVvy

LNAPL enters the pores just as easily as groundwater

You can recover all LNAPL

All the pores in an LNAPL plume are filled with LNAPL
LNAPL floats on the water table or capillary fringe like a
pancake and doesn’t penetrate below the water table
Thickness in the well is exaggerated by a factor or 4, 10, 12,
etc.

LNAPL thickness in a well is always equal to the formation
thickness

If you see LNAPL in a well it is mobile and migrating
LNAPL plumes spread due to groundwater flow

LNAPL plumes continue to move over very long time scales




Soil Pore-Scale LNAPL Distribution
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Capillary Fringe

Modified from ASTM, 2006

Vapor
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“Resistance” to Movement of LNAPL into
and Out of Water-saturated Soil Pores

COUNCIL

*+ INTERSTATE

ik

|

ADOTONHIAL *

+ AHOLYIND3Y «

For water wet media

ne ;{-\W\t. REARYC

L;‘}i *4Non-wetting fluid

- e g air or LNAPL)
= - )\ k&
A N N ' v)

Wetting fluid (e.g., | g
water) preferentially e S
contacting the soil P & APEPe o 28
5 ~lmm .

» LNAPL will only move into water-wet pores when
entry pressure (resistance) is overcome

* To distribute vertically and to migrate laterally




*+ INTERSTATE +

o m
. . . . o Q
Vertical LNAPL Distribution “Rc
0 3
+ AOLVIND3Y ::
Pancake Model VS. Vertical Equilibrium Model
No | 1 Yes
* Assumes * LNAPL
LNAPL penetrates
floats on below water
water table s table
» Uniform * LNAPL and
LNAPL_ water coexist
saturation in pores
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Macro Pores/Secondary Porosity

¥

+ COUNCIL

INTERSTATE +
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C D

AHOLYIND3Y +

» Macropores (fractures, root
holes, etc) - low displacement
head (hd)

» Very low LNAPL volume in the
macropore, but LNAPL
potentially would still show up
In a well
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Conceptual Site Model

Goal/Objective of the CSM: Develop a t I:Q?»
dimensional picture of the contami sfrujbutlon
(vertical and horizontal) and he IQ§ Over tlme

A:\ \\’\' ’; -~ L

atagivensite. _5;;:5‘;;--::&;
Use of the CSM The anch@fr‘fm@ the deCISIO

regarding: 1) addltlon%FdaWneeds )
closure canﬁhleraﬂo&aﬂ‘/or the re nedial




Conceptual Site Model

Status of Mass Released:

»Estimate the contaminant mass (| e. fr

and dissolved phase). 4).,_
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Remedial Design Characterization (RDC) SN

1. Remedial Design Characterization (RDC): o\




UVOST

» Ultra Violet Optical
Screening Tool (UVOST)

— Detects PAH
fluorescence

— Fuel NAPL where MIP s
not preferred (e g SVOC J
NAPL) LRTECT



Summary of Detectable Compounds

Coal Tar (MGP waste) Polychlorln,a-ted b|-

Gasoline

Diesel Cre'oé‘l'ete
57 Bentachlorop

Jet (Kerosene)

Motor Oil
Cutting Flu'l S
Hydraullc*'
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Benzene (m In Groundwater as a Function of De

40 50

Benzene (mg/L)
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Screened Interval Benzene
concentratipn — 54 mg/LC

90 mg/L @ 36’ bgs
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Moisture Content

PID
(ppm)

TCE Result
(ug/kg)

Sample
Interval (m)

Depth
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So what do you do with all the Data...

Calculate the Loadings (Ib/ft3) y Q\l““.'@; v
- Use Refined Site Model to Determine ¢ ant
Loadings (Ib/ft3) throughout:the A

- €7 -
IR N ’fﬁa&% 1.




Remedial Technology Evaluations

Technology Development Treatment O&M Capital | System = Relative ~ Time
Description Status Train - Reliability/ Cost
- Maintainability «  «
Groundwater : '
Extraction & Exsitu (HH)
Treatment
Air Sparging m

In well air stripping

Insitu - Chemical
Oxidation

Insitu — Enhanced
Bioremediation
Insitu - Rapid ‘
Remediation S oM
Compounds (BOS
200® o oo,

|

Dual phase extracti ®
", ':0 oF »



Project Summary - Iowa City Terminal
Coralville, Iowa USA
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lowa City Terminal Background

» Coralville, lowa

> 66-acre refined products terminal \v\;;:'.

> Investigations and Remedlatle{;' S
A EA |
>LNAPL and@f&s olved p

el R
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Bench Adsorption Test

IREATMENT IREATMEN]
No, | No, 2

Sml 0
TREATMENT TREATMENT - 10 wi

No. 1 No.2 ENAPI LNAM

Sml 10 mt
LNAFL LNAPL
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’S/i'al" No. 1- |s o) x‘r

" &U et 1: 2’
" than 80% 7‘?

SV Vlal No. L.‘ mr ﬂn .
' remaml 50 B\M'r«*‘
adsorbe ; Cape «y\' ‘w"ﬁw o




Full Scale Design

» Impacted Wells: MW-23, EP-01B, EP-26, EP-27, MW-
47D (0.1 to 1 foot of free product)

»Silt and Clay with discontinuous sand strlnge{gt, f;'

“ N\ \
\
>Remedial Goals: Remove LNAPL ﬁ 'i
Dissolved Phase Standards R q’_\ Lf?"*s
A,, 254
z-\

»BOS 200® Loadlngs In ImpaCted S‘aturated Zone
averaged 0.81 lbs/ft°~ Ioadmgs '\;@ned with dept
e \' - 'Q. e, 3
>Targeted1g1]ectlon Are ‘%ODSf arour n!-f:I-- _
|nject|on12,g§’§S7arled {R h

P ‘\ . =
“ f - 2
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Installation

» December 10, 2007 - LM
» Top Down Injection through Dlrect P :?\',
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Installation

EP-1B Close up of 22 bgs EP-1B Cross-section from 26-30" bgs. Deeper to top.

| PHOTO #1 PHOTO #2
T R - g -

» N




Pre- and Post-Injection Results Summar

September 2008, IDNR issued a “No Further Action” for LNAPL and‘Dissolved Phase

Well ID

Post-Injection
Total TEX

(ug/L)

LNAPL (ft)
Pre-Injection

LNAPL (ft)
Pre-Injection

Notes

36

>0.2

Non-Detect

MW-2A and MW-46D in the same area as
EP-01B had >0.2 ft of LNAPL prior to the
injection

Non-Detect

Non-Detect

MW-20 and EP-23 in the same area as
EP-27 had >0.2 ft of LNAPL prior to the
injection effort

2500 ug/l within
4-months, 6-
months <100

ug/L

0.03 within 4-
months, Non-
Detect 6-months
later

EP-29 in the same area as MW-23 had
>0.2 ft of LNAPL prior to the injection
effort

No Data
Provided by the
Consultant

Non-Detect

LNAPL varied from 0.1 to 0.5 ft (within the
previous 6 months prior to the injection)




Project Summary — Active Petroleum
Facility, C openbagen Denm ark
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Shell Copenhagen — Active Retail Facility

»Brondby, Denmark

»Most Active Retail Facility in all of Denmark:, -+

“& "v) '
Y ) %\\‘:\\ -
» Investigations and Remediation — e X

> Active Pump an,dTreatment aaﬁ SVE System
RATS '-‘Y-"-'."_w . &c ‘\0‘ .‘é v
A ';, \_r _

>LNAPL m 514vemon|t * ‘}ag als%‘dlssolved nh S




Remedial Design Characterization

» Install monitoring well cluster consisting of three wells
screened at varying depths and one bedrock v%\ N\

>4 soll bormgs W|th samples 6611eg,t§1 every 2 feet | L

depth. Y S

'.".f_'f 3 2

»Samples | _,-,(B;Q'_I_den Colorados
> Soil ¢
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Injection Point Layout
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Proposed New MW01 Location
i
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Full Scale Design

»LNAPL Wells: B113, B105, B106, MW-03, MW-01C
(0.1 to 1.5 feet of free product) |

>\ertical Injectlon _zone from&i@ t0 £f2"feet bgs
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Post-Injection Results Summary

» L LNAPL removed from all wells, except 0.5 inches
observed in MW-01C during last event (as much as ~5 feet
In MW-01C during injection)

> Biological Treatment demonst{ated tﬁr’ough anion.

monltorlng (nitrate and sulfate’cg;ammptlon) 48 '» e
“' "";”’ ﬁg ; ’\- .
»BOS 200®,p{amed fof Wide.dissolved pk iase

groundwater remediatioiStmimer 2013 - %
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