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Applied NAPL Science Review (ANSR) is a scientific ejournal that provides insight into the
science behind the characterization and remediation of Non-Aqueous Phase Liquids (NAPLs)
using plain English. We welcome feedback, suggestions for future topics, questions, and
recommended links to NAPL resources. All submittals should be sent to the editor.

Residual, Mobile and Migrating LNAPL

J. Michael Hawthorne, PG and Andrew J. Kirkman, PE
H2A Environmental, Ltd. and AECOM

BACKGROUND: An explanation of residual versus mobile or migrating LNAPL is provided to
clarify common terminology and describe a “weight-of-evidence” approach to evaluate potential
LNAPL migration. Risks to human health and the environment from LNAPL typically occur from
vapor migration into underground or surface structures or chemical dissolution into groundwater or
surface water. If an LNAPL body is migrating, then the “risk footprint” can expand as, for
example, LNAPL or one of its daughter phases migrate into surface water or utility corridors.

Definitions: LNAPL is either residual or mobile (ITRC, 2009).

Residual LNAPL — Immobile LNAPL present in soil pores. Residual LNAPL will not accumulate in a
well or excavation installed across the LNAPL interval.

Mobile LNAPL — LNAPL present above residual saturation. If LNAPL accumulates in a well it is
Mobile LNAPL.
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Migrating LNAPL is actually a subset of Mobile LNAPL.

Migrating LNAPL - Mobile LNAPL moving through soil in any of three directions.
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Migrating LNAPL in soil will stop migrating when it reaches equilibrium with adjacent pore scale
threshold entry pressures and/or plume scale natural losses (e.g., volatilization, dissolution,
biodegradation). LNAPL may migrate locally within a source zone without migrating at the LNAPL
body boundaries. LNAPL that is migrating at the LNAPL body boundaries is often termed an
“expanding LNAPL plume.”

Discussion:  LNAPL bodies in granular porous media typically stabilize within 3 to 10 years
based on model simulations (Golder, 2008). Stabilization occurs when the LNAPL pressure head
is lower than the capillary threshold entry pressure of the granular porous media containing the
LNAPL body (Charbeneau, 2007) and/or when the rate of natural losses via volatilization,
dissolution and biodegradation equals or exceeds the migration rate (Sale, 2011; ITRC, 2009a).

Theoretically, calculation of LNAPL pressure heads, pore entry pressures and the rate of natural
losses could be used to determine the potential for LNAPL migration. However, current models
are imperfect estimates of these values. Consequently, a widely used approach to determine if
LNAPL is migrating is a “weight-of-evidence” evaluation that considers all of the following (ASTM,
2006; Golder Associates, 2008; ITRC, 2009a; ITRC, 2009b; LSPA, 2008; Sale, 2011):

1. Detection of LNAPL in previously unimpacted soils or wells (baseline LNAPL body
dimensions based on soil screening during drilling, NAPL saturations, TPH in soil, laser induced
fluorescence investigations, and/or other appropriate methods) — diagnostic of migrating LNAPL

2. Changes in gauged LNAPL thickness including the detection or lack of detection of LNAPL:

® Persistence (repeatability) of LNAPL detection in wells under similar water table conditions

® |ncreasing apparent NAPL thickness (ANT) values in individual wells over time for equivalent
calculated groundwater surface (CGWS) elevations

® LNAPL hydrogeologic condition and mobile LNAPL interval thickness determination via
evaluation of ANT trends relative to CGWS elevations (see Confined LNAPL, Perched
LNAPL, Diagnostic Gauge Plots)

® Comparison of modeled threshold entry pressures versus mobile LNAPL interval
thicknesses at LNAPL body boundaries (with caution due to model input uncertainty)

® Statistically significant (e.g., Mann-Kendall test) increasing dissolved phase chemical
concentration trends in wells prior to the appearance of LNAPL

® Evaluation of LNAPL detection and ANT trends versus air/NAPL and NAPL/water interface
elevations and lithologies to evaluate the presence of preferential lithologic migration
pathways (e.g., LNAPL in gravel)

3. Evaluation of non-lithologic preferential migration pathways (e.g., fractures, utility trenches)
4. Calculation of LNAPL natural losses (natural source zone depletion)

5. Changes in LNAPL composition not attributable to weathering (e.g., LNAPL compositional
change from gasoline to mixed gasoline/diesel)

6. Evaluation of daughter-phase plume stabilities:

® Dissolved phase chemical concentrations versus CGWS elevations in wells to discern
elevation related trends

® Evaluation of dissolved phase plume stability (e.g., temporal trends in plume footprint, mass
flux discharge, individual well chemical concentrations)

® FEvaluation of vapor phase extent stability

This checklist provides multiple lines of evidence to determine if your LNAPL is migrating at the
plume scale. The result should then be documented in your LNAPL Conceptual Site Model
(LCSM).
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Real World Limitations: A word of caution — LNAPL mobility is complex. For example,
residual LNAPL saturation thresholds will vary for a given soil and LNAPL based on the initial
saturation and subsequent saturation history of that soil. Over a short period of time it can be
difficult to determine whether apparent changes in the LNAPL body footprint in wells represent
migration or localized fluctuations above and below the residual saturation threshold value due to,
for example, water table fluctuations.
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Context Announcements

Volume 1 (2011) of Applied ITRC 2-DAY CLASSROOM TRAINING: Light
NAPL Science Review Nonaqueous-Phase Liquids: Science,

(ANSR) is focused on tools
and scientific concepts to Management, and Technology

improve NAPL conceptual site .
models (CSM). An accurate, In 2012, ITRC (Interstate Technology and Regulatory Council)

detailed CSM will plans to offer the LNAPL 2-day training class at 3 locations
across the country. Details will be at www.itrcweb.org/crt.asp
when dates and locations are selected. Sponsor opportunities
are available. Contact us at training@itrcweb.org or
402-201-2419 to learn more. To sign-up for the ITRC mailing list
to get more information about training opportunities send an
e-mail to training@itrcweb.org and reference “LNAPL Training”

cost-effectively guide risk
evaluations, remedial action
decisions, technology
selection, remedial design,
and end point attainment
(closure) evaluations.

Related Links ANSR readership has grown substantially since the first
issue was published in January 2011. Thank you to everyone
who has supported our mission to demystify NAPL science and
share applied scientific NAPL tools and analyses to everyone
around the globe. ANSR has readers in over 50 countries and
B Caedk O Pranaiee 5E every one of the United States of Americ_:a. We welcome any
feedback - please send comments to Mike Hawthorne.

API LNAPL Resources

ASTM LCSM Guide

EPA NAPL Guidance

ITRC LNAPL Resources

ANSR now has a companion group on LinkedlIn that is open

ITRC LNAPL Training to all and is intended to provide a forum for the exchange of
questions and information about NAPL science. You are all
ITRC DNAPL Documents invited to join by clicking here OR search for "ANSR - Applied

NAPL Science Review" on LinkedIn.
RTDF NAPL Training

RTDF NAPL Publications

USGS LNAPL Facts

ANSR Archives

ANSR Archives

Coming Up

Look for more articles on
LNAPL transmissivity as well
as additional explanations of
laser induced fluorescence,
natural source zone
depletion and LNAPL
Distribution and Recovery
Modeling in coming
newsletters.
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