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Natural source zone depletion is widely recognized as an
effective means for source mass control and risk reduction
at petroleum LNAPL sites. However, it is a relatively slow
process when compared to well-engineered remediation
systems such as soil vapor extraction, air sparging, and
multiphase extraction that can achieve remedial endpoints
in less than a year to a few years. As with all remedial
alternatives, a key question when evaluating the feasibility of
NSZD, is “how long will it take to reach remedial endpoints?”
While the answers for the faster aforementioned alternatives
has a large range of uncertainty, the upper bound, almost
certainly less than a decade, is still within the range of
durations of industry LNAPL remediation experience,

and, perhaps more importantly, within the range of career
durations of those involved. On the other hand, when

the answer for NSZD is at least a decade to potentially
longer than a century, it raises questions about the level of
confidence in the estimates not in small part because there
is associated uncertainty around the who, how, and when
of validating endpoints. There is also uncertainty about the
natural depletion rate over time. In most environmental
applications, decaying rates of mass depletion (e.g., first
order decay) provide a reasonable description of the
expectations for remedial system performance. However,
NSZD appears to be a zero-order process, i.e., it has a
constant rate, at least for the relatively short duration that
it has been studied, though some have also used first order
decay to fit NSZD data. It is the objective of this study to
draw on well characterized sites and remediation systems
(in particular bioremediation systems) to provide insight into
possible lifetimes for NSZD and NSZD rates over time.

Sites where the pre- and post-remediation conditions

are well characterized and where the mass depletion is

well and completely characterized (i.e., enhanced NSZD
processes, a.k.a., bioremediation, are measured) are selected
for evaluation. These data provide independent measures
of mass depletion to get to an endpoint and estimates of
percentage mass removal. Initial and final characterization
data are used to evaluate the change in specific LNAPL
volume, and LNAPL mass depletion estimates are also
derived from remedial system performance data. In some
cases, composition change can also be characterized, though
this is by processes that may not be exactly the same as
NSZD. Remedial system performance data for enhanced
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natural depletion (or the enhanced natural depletion portion
of remedial systems) is used to gain insight into the variation
of depletion rates with time.

Site data will be presented including the initial conditions

at the site, the remedial processes applied, remediation
performance data, and final conditions at the site. From
these data, conclusions will be presented about the specific
volume reductions observed over the course of remediation,
the mass depletion estimated from remedial performance
data, the variation of mass depletion rates over time, and
insights into composition change. These analogs will then be
extrapolated to NSZD performance.
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