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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.
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BACKGROUND: Diagnostic indicators, measurement methods and tools to evaluate LNAPL in
soil include: 1) visual observations of LNAPL presence / absence in soil samples, 2)
photoionization readings of soil samples (e.g., during drilling), 3) Laser Induced Fluorescence (LIF)
and similar tools, 4) laboratory analysis of LNAPL saturation in soil, and 5) laboratory analysis of
Total Petroleum Hydrocarbon (TPH) concentrations in soil samples. Of these methods, only NAPL
saturation and TPH laboratory analyses are quantitative.
An understanding of the distribution of NAPL saturation values in soil is critical for a sound LNAPL
conceptual site model (LCSM). However, saturation analyses can be time-consuming and costly
to obtain and may not be available for older sites. Frequently, only a few saturation values are
available even for sites where such samples were obtained. In these cases, results of NAPL
saturation and TPH in soil values may be merged for comparison and analysis through the
conversion of TPH in soil analytical results to NAPL soil saturation values.
The conversion from milligrams of hydrocarbon per kilogram of soil (mg/kg TPH in soil) to liters of
oil per liter of soil pore space (% saturation) is fairly simple. However, substantial error may arise
if the TPH method used for testing does not fully cover the range of NAPL constituents present
(biased low), or if results for two TPH methods with overlapping ranges are added together
(biased high).
For example, if you have both diesel and gasoline present in the subsurface at a site, you should
not attempt to convert from TPH to percent saturation if you only have TPH(GRO) [gasoline range
organics] or TPH(DRO) [diesel range organics].

Calculation: Equations 1a and 1b are two forms of the same equation that provide estimates
of NAPL saturation based on TPH in soil. The original, detailed equation includes terms for NAPL
in multiple phases (i.e., sorbed, dissolved, vapor)(Feenstra et al, 1991; Parker et al, 1994; Brost
and DeVaull, 2000; Sale, 2001). However, critical inputs for these detailed equations can be
difficult to obtain or estimate accurately.
LNAPL saturation and TPH in soil both involve an initial extraction of the soil sample in a solvent,
although the extraction techniques and solvents are different. The extract is subsequently analyzed
by Gas Chromatography (for TPH) or gravimetrically (for saturation). The solvent extracts
hydrocarbons from all soil sample phases - soil gas, pore water, soil organic carbon and NAPL. If
LNAPL is present in the sample, the LNAPL contribution dominates the other phases. Brost and
DeVaull (2000) provide soil TPH concentrations (Csat) above which LNAPL can be assumed to be
present in soil.
In these equations, the calculated NAPL saturation (Sn) is a dimensionless ratio, TPH is input in
units of mg/kg, porosity is dimensionless, and LNAPL density is in units of g/cm3.

Equation 1a - Soil Grain Density Based Form of the TPH in Soil to NAPL Saturation Equation:

The grain density based form of the equation is useful because the grain density for quartz
dominated sediments is commonly (though not universally) applicable, with a well-established
mean value of 2.65 g/cm3.
Site-specific bulk density values must be known in order to use the second form of the equation.
Bulk density generally varies from approximately 1.4 to 1.8 g/cm3, though values outside this range
may occur. Units are the same as Equation 1a.

Equation 1b - Soil Bulk Density Based Form of the TPH in Soil to NAPL Saturation Equation:

Grain Density and Bulk Density are related as shown in Equation 2.

Equation 1b - Soil Bulk Density Based Form of the TPH in Soil to NAPL Saturation Equation:

In general, the estimated saturation values from the simplified equations are more accurate for
higher TPH values and for NAPLs with smaller concentrations of soluble or volatile chemical
components. A suggested lower limit for TPH in this conversion is 5,000 mg/kg. Readers
interested in more detail should see the listed references, below.
Conversion Tools: The TPH to Saturation Conversion Matrix (attached
tool to estimate NAPL saturation from TPH in soil. The matrix assumes
g/cm3, which is generally valid for quartz dominated soils. Simply select
LNAPL density value, then find the intersecting LNAPL saturation cell
porosity and TPH values.

table) provides a tabular
a Grain Density of 2.65
the table for the closest
for the appropriate soil

The "TPH / Saturation Relationship Graph" provides the LNAPL saturation estimation function
assuming an LNAPL density of 0.8 g/cm3, and provides a visual understanding of the mathematical
relationship between TPH in soil and percent saturation. This figure also provides a graphical
"quick conversion" tool. Assuming a similar LNAPL density, find the intersection of the porosity (y
axis) and TPH in soil value (x axis). Plotted lines are the resulting LNAPL saturation in soil.
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Real World Limitations: A word of caution – many factors can affect the accuracy of the
estimated saturation values derived from the conversion equations and tools presented. For
example, use of a TPH in soil analytical method that does not accurately quantify the full range of
hydrocarbon components present in the LNAPL. The estimated saturation values derived from
these conversion tools can be useful approximations to improve a site LNAPL conceptual site
model (LCSM), and should be used accordingly.
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Context

Announcements

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
decisions, technology
selection, remedial design,
and end point attainment
(closure) evaluations.

ITRC 2-DAY CLASSROOM TRAINING:

Related Links
API LNAPL Resources
ASTM LCSM Guide
Env Canada Oil Properties DB

Light Nonaqueous-Phase Liquids (LNAPL): Science,
Management, and Technology
April 5-6, 2012
Boston, MA
Register now at https://www.regonline.com/ITRC-LNAPL-MA
The Interstate Technology and Regulatory Council (ITRC) is
offering a 2-day training class from the ITRC LNAPL team on
April 5-6, 2012 in Boston, MA, in cooperation with ITRC state
member, Massachusetts Department of Environmental
Protection, and the Northeast Waste Management Officials
Association (NEWMOA).
Sponsor opportunities are available. Contact ITRC at
training@itrcweb.org or 402-201-2419 to learn more.
In 2012-2014, ITRC may offer the LNAPL 2-day classroom
training course in additional locations. Additional details will be
provided at www.itrcweb.org/crt.asp when dates and locations
are selected.

EPA NAPL Guidance
ITRC LNAPL Resources
ITRC LNAPL Training
ITRC DNAPL Documents
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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------------------ASTM Guide for Calculating LNAPL Transmissivity is Now
Available for Purchase at www.astm.org.
ASTM Standard E2856 - Standard guide for Estimation of
LNAPL Transmissivity is now available
"LNAPL Transmissivity is a key metric for sites with LNAPL. The
new ASTM Guide for Estimation of LNAPL Transmissivity is
intended to help the industry generate more consistent
calculations."
Andrew Kirkman, AECOM
ASTM LNAPL Transmissivity Guidance Committee Chairman
------------------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
every one of the United States of America. We welcome any
feedback - please send comments to Mike Hawthorne.
------------------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.
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