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Introduction

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 Mike
Hawthorne. If you know
someone who is interested
in NAPL science, please
forward this issue to them
using the "Forward" link at
the bottom of the page.

Announcements

ANSR now has a companion
group on LinkedIn that is
open to all and is intended
to provide a forum for the
exchange of questions and
information about NAPL
science. You are all invited
to join by clicking here OR
search for "ANSR - Applied
NAPL Science Review" on
LinkedIn.

ITRC classroom training:
Light Nonaqueous-Phase
Liquids: Science,
Management, and
Technology (2 days)

Date: Sept 20-21, 2011
Location: Minneapolis, MN
Hosted by the Minnesota
Pollution Control Agency
(MPCA)

Click here for more info &
to register.

ANSR Board Members
Adamski, Hawthorne and
Johnson to Speak at AEHS
LNAPL Workshop - Advances
in LNAPL Site Management
Management Options
Resulting from Better
Understanding

AEHS Foundation

Soil, Water, Energy and Air
Conference, Amherst, MA
October 17, 2011

8:00 am - Noon

Click here for more info

Context

Volume 1 (2011) of Applied
NAPL Science Review
(ANSR) is focused on tools
and scientific concepts to
improve NAPL conceptual
site models (CSM). An
accurate, detailed CSM will
cost-effectively guide risk
evaluations, remedial
action determinations,
technology selection,
remedial design, and end
point attainment (closure)
evaluations.

Terminology conventions:

AN: Air/NAPL interface
(previously AOI)

NW:  NAPL/Water
interface (previously OWI)

CGWS: Calculated Ground
Water Surface

ANT: Apparent NAPL
Thickness

T: Transmissivity
Th: NAPL Transmissivity

bn: Formation mobile
LNAPL interval thickness

Kn: NAPL Conductivity

CSM: Conceptual Site
Model

Coming Up

Look for more articles on
LNAPL transmissivity as
well as detailed
explanations of laser
induced fluorescence and
confined and perched
LNAPL in coming
newsletters.

Related Links
AP| LNAPL Resources
ASTM LCSM Guide

Env Canada Oil Properties DB
EPA NAPL Guidance

ITRC LNAPL Resources

ITRC LNAPL Training

ITRC DNAPL Documents
RTDF NAPL Training

RTDFE NAPL Publications

USGS LNAPL Facts

ANSR Archives

ANSR Online
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LNAPL Transmissivity

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

LNAPL transmissivity incorporates NAPL physical properties,
saturation and relative permeability as well as aquifer
parameters, and correlates well with LNAPL recoverability. It
provides a recoverability metric that is comparable between
sites regardless of geology or product type. It is a
substantially improved metric over apparent NAPL thickness
gauged in wells.

BACKGROUND: Apparent NAPL Thickness (ANT) gauged in
wells has a long history of misapplication as a metric for
recoverability of Light Non-Aqueous Phase Liquid (LNAPL). For
example, the same ANT can exhibit substantially different
recoverable NAPL volumes in different soils with different grain-size
distributions. Consequently, ANT is a poor metric for LNAPL
recoverability. LNAPL transmissivity, on the other hand, is a
summary metric that incorporates NAPL physical properties,
saturation, and relative permeability as well as aquifer parameters,
and as a result correlates very well with LNAPL recoverability.

Think of it this way — an aquifer’'s water production capability is not
determined by measuring the height of the water column in a well,
but rather by performing an aquifer test to measure hydraulic
conductivity and transmissivity. These values are then used to
calculate the “recoverability” (sustainable pumping rate and other
factors) for groundwater from the tested well/aquifer. Logically
then, the recoverability of LNAPL should not be based on measured
thickness in a well, but instead on LNAPL transmissivity, which is
based on the same defining equations as water transmissivity.

(Equation 1)
Where:

T, =LNAPL transmissivity

K, = Average LNAPL conductivity
b, =Mobile LNAPL interval thickness
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(Equation 2)
Where:

pn =LNAPL density
g = Gravitational constant
k = Formation intrinsic permeability

k., = Average LNAPL relative permeability
Mn = LNAPL dynamic viscosity

Cross-sectional diagram showing the relationship between LNAPL
transmissivity and LNAPL conductivity values over the height of
the mobile LNAPL interval.

Definition: LNAPL transmissivity (Tp) is defined as "the quantity
of LNAPL that will flow through a unit aquifer width in a unit time for
a unit gradient" and accounts for the entire vertical interval of
LNAPL flow. LNAPL transmissivity can be thought of as a "how
much, how fast" measure of LNAPL recoverability.

Three dimensional diagram of aquifer (groundwater) transmissivity
versus LNAPL transmissivity. T = aquifer transmissivity, b, =
mobile LNAPL interval thickness, Tha = LNAPL transmissivity, K, =
average LNAPL conductivity.

METHODS: Multiple methods to measure LNAPL transmissivity
exist, including:

1. LNAPL baildown or slug testing
2. Recovery data analysis (short or long term)
O LNAPL only (skimming)
© Vacuum-enhanced LNAPL only (vacuum-enhanced
skimming)
O LNAPL and water (total fluids pumping)
O Vacuum-enhanced LNAPL and water (multi-phase
extraction)
3. Tracer testing

Descriptions of each method are beyond the scope of this article,
but will be addressed in forthcoming guidance from ASTM and
future issues of ANSR. The selection of method carries implications
for the scale of measurement over space and time (e.g., single well
versus area values, point in time versus average values over time).
Reliable LNAPL transmissivity values can only be calculated based
on a sound LNAPL conceptual site model that includes an
understanding of LNAPL hydrogeologic conditions (unconfined,
confined, or perched LNAPL or combinations over time).
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LNAPL Transmissivity Field Test Methods, Scale and Precision Factors

Spatial and temporal scale relationships among the various LNAPL
transmissivity estimation methods. VES = vacuum-enhanced
skimming, MPE = multi-phase extraction.

APPLICATION: Once LNAPL transmissivity values have been
calculated, they may be utilized in a variety of ways, including:

1. LNAPL transmissivity mapping to identify zones or trends of
recoverability

2. Leading (startup) parameter for initiation of hydraulic LNAPL
recovery

3. Lagging (shutdown) parameter for cessation of hydraulic
LNAPL recovery

4. Robust multi-phase model calibration parameter

As of this date, a range of values for LNAPL transmissivity as a
leading/lagging hydraulic recovery metric, rather than a single
threshold value, has typically been utilized in order to accommodate
normal measurement error and naturally occurring heterogeneities
that influence reproducibility of calculated LNAPL transmissivity
values. While some debate exists, a commonly utilized range for
leading/lagging LNAPL transmissivity threshold values is 0.1 to 0.8

ft2/day (ITRC, 2009). This hydraulic LNAPL recoverability threshold
has no application to risk-based criteria for site closure (e.qg.,
dissolved and/or vapor phase issues).

SUMMARY: LNAPL transmissivity (T,) is a universal metric for
LNAPL recoverability that is based on the same equation as water
transmissivity (the industry standard metric for water production),
and represents an improved metric for recoverability of LNAPL over
apparent NAPL thickness (ANT). ANT can be strongly exaggerated
by confined or perched hydrogeologic conditions and varying soil
types and does not generally correlate well with LNAPL
recoverability. Multiple measurement methods for LNAPL
transmissivity exist, including baildown or slug testing, recovery data
analysis, and tracer testing. Each method provides a different
scale of measurement in space and time, with method selection
dependent upon site parameters and the potential use for the
measured values. LNAPL transmissivity may be used as a spatial
indicator for recoverability (mapping), a leading/lagging threshold
metric for hydraulic LNAPL recovery (threshold range of 0.1 to 0.8

ftzlday), and as a robust model calibration parameter for
multi-phase models.

REAL WORLD LIMITATIONS: A word of caution — a detailed
understanding of LNAPL hydrogeology (e.g., Is the LNAPL
unconfined, confined, or perched) is required in order to correctly
calculate drawdown and/or the mobile LNAPL interval thickness,
which are required to accurately calculate LNAPL transmissivity.
Complex mobile LNAPL intervals (e.g., interbeded intervals) can be
difficult to interpret and analyze. As always, multiple lines of
evidence should be used.

REFERENCE: ITRC (2009), Evaluating LNAPL Remedial
Technologies for Achieving Project Goals, Technical/Regulatory
Guidance LNAPL-2, The Interstate Technology & Regulatory
Council.

Disclaimer:  The statements, views and opinions expressed in this article are
solely the views of the Author(s). Every effort has been made to ensure the
accuracy of all the information contained in this article; however, no guarantees,
representations, and/or warranties whatsoever are made as to the accuracy,
completeness or suitability for any purpose of the article content. The Author(s)
and/or the company(s) that are mentioned in this article shall not be held
responsible for any claim, loss, damage or inconvenience arising from or
resulting from any of the information contained in this article. Any such reliance is
at the reader’s sole risk. All copyright and trademarks mentioned in this article are
owned by the respective companies and shall not be reused without written
consent from such owners.
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