The projects I work on are limited by: (choose the best answer)
A.

Budget constraints, there is sufficient time and technical understanding how goals
could be achieved

B.

Technical constraints, site characteristics (fine grained soil, depth to impacts, bedrock)
limit effectiveness of technologies and ability to reduce impacts

C.

Time constraints, there is a time driver which limits the available approaches to
addressing concerns achieving goals
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The newly updated LNAPLs (Light Non-Aqueous Phase Liquids) training courses help users set appropriate LNAPL remedial goals in the context
of a site-specific LNAPL conceptual site model, provide tools to screen LNAPL remedial technologies to identify an optimal LNAPL remedial technology
to achieve the goals, and provide example performance metrics that would be set to gauge remedial effectiveness and demonstrate achievement of
the goals.
•

A sound LNAPL understanding is necessary to effectively characterize and assess LNAPL conditions and potential risks, as well as to evaluate
potential
t ti l remedial
di l technologies
t h l i or alternatives.
lt
ti
The
Th ITRC LNAPLs
LNAPL Team’s
T
’ updated
d t d ttraining
i i courses provide:
id

•

a technical understanding of LNAPL key concepts and behavior in the subsurface

•

LNAPL conceptual site model (LCSM) development

•

framework for making LNAPL remediation and management decisions

•

informed remedial technology selection and appropriate technology application

LNAPL Training Part 1: An Improved Understanding of LNAPL Behavior in the Subsurface - Connecting the Science to Managing Sites
Part 1 explains how LNAPLs behave in the subsurface and examines what controls their behavior. Part 1 also explains what LNAPL data can tell you
about the LNAPL and site conditions. Relevant and practical examples are used to illustrate key concepts.
LNAPL Training Part 2: LNAPL Conceptual Site Models and Remedial Decision Framework - Do you know where the LNAPL is and how to address
LNAPL concerns? Part 2 addresses LNAPL conceptual site model (LCSM) development as well as the overall framework for making LNAPL
remediation and management decisions. Part 2:
•

discusses key LNAPL and site data

•

when and why those data may be important, and

•

how to effectively organize the data into an LCSM.

Part 2 also discusses how to resolve LNAPL concerns by selecting appropriate goals and objectives, choosing applicable technologies, and assigning
remedial performance metrics and endpoints. Part 2 concludes with a special focus on LNAPL Transmissivity and how it may be used to improve
LNAPL decision making.
LNAPL Training Part 3: Using LNAPL Science, the LCSM, and LNAPL Goals to Select an LNAPL Remedial Technology - Part 3 of the training fosters
informed remedial technology selection and appropriate technology application. Part 3:
•

discusses remedial technology groups,

•

introduces specific remedial technologies,

•

pro ides a framework
provides
frame ork for technology
technolog selection,
selection and

•

introduces a series of tools to screen the several remedial technologies addressed in the updated ITRC document.

A case study demonstrates the use of these tools for remedial technology selection, implementation, and demonstration of successful remediation.
ITRC (Interstate Technology and Regulatory Council) www.itrcweb.org
Training Co-Sponsored by: US EPA Technology Innovation and Field Services Division (TIFSD) (www.clu-in.org)

ITRC Training Program: training@itrcweb.org; Phone: 402-201-2419
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We have started the seminar with all phone lines muted to prevent background noise. Please keep
your phone lines muted during the seminar to minimize disruption and background noise. During the
question and answer break, press #6 to unmute your lines to ask a question (note: *6 to mute again).
Also, please do NOT put this call on hold as this may bring unwanted background music over the
lines and interrupt the seminar.
Use the “Q&A” box to ask questions, make comments, or report technical problems any time. For
questions and comments provided out loud, please hold until the designated Q&A breaks.
Everyone – please complete the feedback form before you leave the training website. Link to
feedback form is available on last slide.
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The Interstate Technology and Regulatory Council (ITRC) is a state-led coalition of regulators
regulators, industry experts
experts, citizen stakeholders
stakeholders, academia and
federal partners that work to achieve regulatory acceptance of environmental technologies and innovative approaches. ITRC consists of all 50 states
(and Puerto Rico and the District of Columbia) that work to break down barriers and reduce compliance costs, making it easier to use new technologies
and helping states maximize resources. ITRC brings together a diverse mix of environmental experts and stakeholders from both the public and private
sectors to broaden and deepen technical knowledge and advance the regulatory acceptance of environmental technologies. Together, we’re building
the environmental community’s ability to expedite quality decision making while protecting human health and the environment. With our network of
organizations and individuals throughout the environmental community, ITRC is a unique catalyst for dialogue between regulators and the regulated
community.
For a state to be a member of ITRC their environmental agency must designate a State Point of Contact. To find out who your State POC is check out
the “contacts” section at www.itrcweb.org. Also, click on “membership” to learn how you can become a member of an ITRC Technical Team.
Disclaimer: This material was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that its use
would not infringe privately owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or
any agency thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States Government or
any agency thereof and no official endorsement should be inferred.
The information provided in documents, training curricula, and other print or electronic materials created by the Interstate Technology and Regulatory
Council (“ITRC” and such materials are referred to as “ITRC Materials”) is intended as a general reference to help regulators and others develop a
consistent approach to their evaluation, regulatory approval, and deployment of environmental technologies. The information in ITRC Materials was
formulated to be reliable and accurate. However, the information is provided "as is" and use of this information is at the users’ own risk.
ITRC Materials do not necessarily address all applicable health and safety risks and precautions with respect to particular materials, conditions, or
procedures in specific applications of any technology. Consequently, ITRC recommends consulting applicable standards, laws, regulations, suppliers of
materials, and material safety data sheets for information concerning safety and health risks and precautions and compliance with then-applicable laws
and regulations. ITRC, ERIS and ECOS shall not be liable in the event of any conflict between information in ITRC Materials and such laws,
regulations, and/or other ordinances. The content in ITRC Materials may be revised or withdrawn at any time without prior notice.
ITRC, ERIS, and ECOS make no representations or warranties, express or implied, with respect to information in ITRC Materials and specifically
disclaim
di
l i allll warranties
ti to
t the
th fullest
f ll t extent
t t permitted
itt d by
b law
l
(including,
(i l di
but
b t nott limited
li it d to,
t merchantability
h t bilit or fit
fitness ffor a particular
ti l purpose).
) ITRC
ITRC,
ERIS, and ECOS will not accept liability for damages of any kind that result from acting upon or using this information.
ITRC, ERIS, and ECOS do not endorse or recommend the use of specific technology or technology provider through ITRC Materials. Reference to
technologies, products, or services offered by other parties does not constitute a guarantee by ITRC, ERIS, and ECOS of the quality or value of those
technologies, products, or services. Information in ITRC Materials is for general reference only; it should not be construed as definitive guidance for any
specific site and is not a substitute for consultation with qualified professional advisors.
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Tom Fox is an Environmental Protection Specialist in the Division of Oil and Public Safety (OPS) within the Colorado Department of Labor and
Employment in Denver
Denver, Colorado
Colorado. Tom has worked with the OPS since 2007
2007. General duties include reviewing site characterization reports and
corrective action plans; and providing guidance to optimize technical and economic feasibility of corrective actions, implementation/operation of
systems, and reimbursement via the state fund. In addition, Tom has been involved in special projects such as developing electronic reporting
formats, assessing the success of carbon injection for petroleum cleanups, and modifying Colorado's policy on LNAPL recovery. Prior to joining
OPS, Tom was a petroleum geologist with ARCO from 1982-1986 doing exploration in the western US, and an environmental consultant on
petroleum projects for several companies during 1986-2007. Tom has authored several articles, papers and presentations on assessment and
corrective action techniques. Tom earned a bachelor's degree in earth science (geology) from Millersville State College (Pennsylvania) in 1980 and
a master's degree in geology from Michigan State University in 1982. He maintains a license as a Professional Geologist in Wyoming.
Andrew Kirkman is the lead LNAPL Technical Specialist for BP America located in Naperville, IL. Andrew joined BP in 2012 and currently
supports LNAPL related site remediation, educational advocacy and research efforts. Previously, was the Global LNAPL Technical lead for AECOM
Environment. Andrew worked as a consultant at AECOM for 14 years. Andrew focused on characterization and remediation of railroad,
manufactured gas plant tie treatment facilities petroleum terminals and refineries in North America as well as Thailand, Indonesia, Australia, New
Zealand, Brazil, Europe and United Arab Emirates. Andrew has led and participated in multiple industry advocacy efforts related to LNAPL, these
include: 1) chairing the ASTM task group that created the standard for estimation of LNAPL transmissivity and the task group that is revising the
ASTM Standard guidance document related to LNAPL Conceptual Site Models and Remediation Strategies; 2) generating publications for Applied
NAPL Science Review, American Petroleum Institute, and Groundwater Monitoring and Remediation and; 3) presenting training sessions and
technical discussions at regulatory agencies, conferences and for industry on topics such as use of NAPL transmissivity, LNAPL baildown tests,
core analyses and laser induced fluorescence technology and improved LNAPL conceptual site models.
Eric M. Nichols , PE, is a principal at Substrata LLC in Newfields, New Hampshire. He has characterized and remediated contaminated sites since
1985 Eric founded Substrata LLC in 2014
1985.
2014. Previously
Previously, he worked for ARCADIS and LFR from 1996-2014
1996 2014, and for Weiss Associates from 19851985
1995. Eric serves as a technical resource for LNAPL and petroleum characterization, remediation, natural source zone depletion, vapor intrusion,
and litigation support. Eric has taught short courses for several organizations, including the U.S. Environmental Protection Agency, the National
Ground Water Association, the American Society for Testing and Materials, the New England Interstate Water Pollution Control Commission, the
American Petroleum Institute, and the University of California Extension. Eric has contributed to ITRC documents and training since 1998 as a
member and trainer for the Fuel Oxygenates Team, the LNAPL Team, and the Petroleum Vapor Intrusion Team. Eric has received Industry
Appreciation Awards for his service on ITRC teams. Eric earned a bachelor's degree in Civil Engineering from the University of California, Berkeley,
in 1982 and a master’s degree in Civil Engineering from the Massachusetts Institute of Technology in 1985. He is a licensed professional engineer
in California.
Jon Smith is a Technical Leader with AECOM, located in Southfield, Michigan. Jon has worked in environmental site investigation and remediation
since 2003, specializing in characterization and remediation of sites with nonaqueous phase liquids (NAPLs). His experience includes the planning
and execution of site investigations using a diverse set of characterization and data evaluation techniques, development of conceptual site models,
assessment of NAPL mobility and recoverability, evaluation of natural source zone depletion (NSZD), and remediation technology screening and
implementation. Jon has helped lead applied field research projects on LNAPL tracer testing, LNAPL transmissivity measurement, NSZD, and in
situ bioremediation. He has provided technical training on NAPLs to several regulatory agencies within the U.S. and Canada and has served as a
technical leader on NAPL projects in the U.S., Canada, Europe, Australia, and Western Asia. Jon earned a bachelor's degree in geology from
Michigan State University in East Lansing, Michigan in 2002.

Welcome to Part 2 of our ITRC LNAPL training series. We assume everyone attended Part 1 and we will quickly
move into our Part 2 content
content.
We want to remind you to visit the ITRC web site to view and use the updated, web-based document. Here is
what’s new about LNAPL-3 (4 items listed at bottom of slide).
This guidance can be used for any LNAPL site regardless of size and site use.
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Learning objectives for this 3-part series.
Part 1 – listed on slide
Part 2
1.

Develop a comprehensive LCSM for the purpose of identifying specific LNAPL concerns.

2.

From that, establish appropriate LNAPL remedial goals and specific, measurable, attainable,
relevant,
l
t and
d titime-bound
b
d ((or SMART) objectives
bj ti
ffor th
these concerns.

3.

Inform stakeholders of the capability and limitations of various LNAPL remedial technologies.

Part 3 (next week)
1.

Select remedial technologies that will best achieve the overall remedial goals for a site.

2.

Describe the process to transition between LNAPL strategies or technologies as the site moves
through investigation
investigation, cleanup,
cleanup and beyond
beyond.

3.

Evaluate the implemented remedial technologies to measure progress toward an identified
technology specific endpoint.
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The main take away from Part 1 of our 3-part series is that our knowledge and understanding of LNAPL
behavior has evolved.
evolved We should all use that knowledge to improve our decision
decision-making
making at release sites
sites. Key
points last week were:
•

LNAPL in wells does not mean 100% saturation (dispel pancake)

•

LNAPL may be present in the subsurface even if not in MWs

•

LNAPL creates Saturation vs. Composition concerns

•

Apparent LNAPL Thickness challenges:
•

LNAPL in
i wellll d
does nott mean it iis migrating
i ti

•

Transmissivity is a better indicator of recoverability than thickness

•

Stable LNAPL bodies can still result in sheens or long-term compositional concerns

•

Biological processes play a large role in LNAPL depletion. These have not been appreciated until recently.

CLICK! And reiterate.
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Our 3-part training series focuses on helping you:
-

Connect Science to LNAPL Site Management

-

Build your LNAPL Conceptual Site Model

-

Select/Implement LNAPL Remedies

This training will be incomplete unless YOU (CLICK) apply this information. After this training our expectation is
that you will use ITRC science-based resources to improve decision making at your LNAPL sites (and for you
regulators and other government agency staff, look at ways you can incorporate ITRC states guidance into your
own guidance)
guidance).
Today (CLICK) in Part 2, we ask: Do you know where the LNAPL is and how to address LNAPL concerns?
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In relation to the process flow diagram in the LNAPL document, this is the section we will covering today.
Today we will
1.

Show how to develop an LNAPL conceptual site model and how that empowers you to make LNAPL
remediation and management decisions
•Discuss key LNAPL and site data for the model
•When and why those data may be important
How to effectively organize the data into an LCSM
•How

2.

Discuss how to relate LNAPL concerns by selecting appropriate goals and objectives, choosing applicable
remedies, and assigning remedial performance metrics and endpoints to those objectives

No associated notes.

No associated notes.

Further highlight the parallel between the decision making and the data collection
Although we have broken these out they are really in Parallel. The decision making process and the
LCSM will both be discussed today, but it is worthwhile to keep this figure in mind.

LCSM informs and identifies LNAPL concerns
Stakeholder engagement – chapter 2

Define what the concerns LCSM is, what is the intent, the final decision made based on it, what is
characterized
h
t i d as partt off it.
it
NSZD – Natural Source Zone Depletion

Point out that if sufficient information is in hand to know that excavation is decided upon or no
remediation
di ti iis needed,
d d th
then continued
ti
d ttesting
ti iis nott worthwhile.
th hil

No associated notes.

No associated notes.

Note the light brown on the right of the Tier 3 is a sand, yes its not in the description because soil
t
type
changes
h
off-site
ff it but
b t on-site
it b
borings
i
d
don’t
’t ttellll us th
that.
t
Example Remaining Questions : Where is LNAPL?, Is all LNAPL sourcing the impacts to wells or
only the portion in bedrock or portion in shallow sand? Is dissolved phase through poor surface
completion or bedrock aquifer

We asked you a question at the start of our presentation

No associated notes.

Now that we have been oriented to the LCSM, let’s take a closer look at the overall LNAPL decision
process and
d some kkey concepts
t and
d tterms. Th
The iinformation
f
ti we’re
’ about
b t tto cover comes from
f
Chapter 5 in our guidance document.
Here is the first learning objective for this portion of today’s training.

The second learning objective is to...

A third outcome

What we will be covering in this module.
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LCSM informs and identifies LNAPL concerns

Some specific examples of each type of LNAPL concern
Stakeholder engagement – refer to Chapter 2

No associated notes.

This “off-ramp” allows some concerns to be addressed without the need for remedial action.
E
Example:
l if ingestion
i
ti off GW att a supply
l wellll iis a risk
i k concern, th
then a comparison
i
off iin-hand
h dd
data
t tto
drinking water standards, and an evaluation of dissolved plume stability, may show that the concern
can be addressed without the need for further remedial action.

No associated notes.

Goals translate an LNAPL concern into a measurable LNAPL condition.
Each concern may have its own goal. Sometimes multiple concerns may share a common goal.
(For brevity, only Composition and Saturation examples are carried forward in the next slides)
More on goals in the next slide…

A goal states, in general terms, the measurable change that you seek in the LNAPL condition.
Both graphics tagged with creative commons license

A goal states, in general terms, the measurable change that you seek in the LNAPL condition.
At this
thi stage,
t
you h
have enough
h iinformation
f
ti tto start
t t th
the process off selecting
l ti a remedial
di l strategy.
t t
You can’t pick a remedy until you know what it needs to achieve!

SMART = Specific, Measurable, Attainable (or agreed-upon), Realistic (or relevant), Time-based

We categorize remedial technologies by the primary remedial mechanism that each employs.
The choice of technology – and remedial mechanism -- can influence how the objectives are
expressed.
An objectives statement typically includes an active word such as : “stop,” “abate”, “control,”
“change,” “remove” or “recover.”
NSZD can work across all three categories of objectives.

This slide shows the first cut of how to think about technologies. What do they do? In the tech reg,
thi iis also
this
l referred
f
d tto as th
the “primary
“ i
mechanism”
h i ” by
b which
hi h LNAPL remediation
di ti ttakes
k place.
l
In addition to the primary mechanism, most technologies also act in other ways. These “multiple
actions” of a technology can be simply represented by the ternary (triangular) diagram.
Example: Dual-phase extraction volatilizes, extracts, and biodegrades LNAPL, so it has both mass
y and phase
p
change
g mechanisms
recovery
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The remedy needs to be capable of meeting the identified LNAPL remedial objectives. Then it needs
performance
f
metrics
t i to
t assure that
th t it is
i implemented
i l
t d effectively.
ff ti l It also
l needs
d an endpoint
d i t to
t know
k
when it has done its job.
Rather than “trying something to see what happens” this process identifies what is expected to
happen, and what to expect when you are done.
p
Measurable, Attainable ((or agreed-upon),
g
p ) Realistic ((or relevant),
) Time-based
SMART = Specific,

No associated notes.
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Discuss how in past years, the concerns at a given site have not readily changed whether its
di
dissolved
l d phase
h
concentrations,
t ti
PVI
PVI, MEP
MEP. H
However understanding
d t di th
the efficacy
ffi
off remedial
di l
technologies to achieve various goals has changed. Pump and treat and LNAPL recovery are not
going to restore aquifer conditions. LNAPL in wells is generally not the largest source of LNAPL.
Correctly directing your focus means weighing additional lines of evidence to establish an effective
remedial approach.
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No associated notes.

Message is Why are we not doing this for other mechanisms. Tn has allowed for improved Estimates
f Recovery
for
R
performance.
f
We
W need
d to
t move in
i that
th t direction
di ti for
f remaining
i i mechanisms
h i
off
remediation.
We have tools to do this for multiple mechanisms

The concerns alone do not inform the remedial selection, gauged thickness does not mean recovery
will
ill b
be effective.
ff ti
W
We are going
i to
t discuss
di
approaches
h tto b
better
tt iinform
f
remedy
d d
decisions.
i i
Thi
This
essentially becomes a remedy selection LCSM

Each Layer build upon the previous question, this is less true for the concerns question but not
absent
b
t ffrom those
th
either.
ith
Discuss that this is the goal of the LCSM or the thinking behind it. Including these aspects into an
LCSM improves decision making relative to the remedy selection. As we go through this section we
will discuss some of the methods to evaluate these topics. This slide and the next provide the big
picture and the details are forth coming.
Improved remedy selection is achieved through Understanding
1.

2.

3.

LNAPL Distribution relative to
a)

Soil layers

b)

Water-table

Nature of the Source
a)

Recoverability, volatility, biodegradability

b)

Residual vs mobile LNAPL fractions

Understanding technical limitations of a technology
a)

These are technology and Site Specific

Characterization can be qualitative e.g., Tier 1 or more quantitative, higher resolution Tier 2-3

Go To 3D model and Discuss Bullets, We know can focus the recovery to the areas with the
hi h t potential
highest
t ti l ffro mobile
bil recovery ((courtesy
t
off Andrew
A d
Kirkman)
Ki k
)

No associated notes.

No associated notes.

If the remedial driver is MEP, perhaps this helps identify why 2-4 foot thickness might be in a well but
l
low
recovery, ttransmissivity
i i it iis observed.
b
d If th
the remedial
di l d
driver
i
iis di
dissolved
l d phase
h
risk,
i k th
then thi
this
might help target remedial activities.

Gauging data is useful, Gauging data not over time but plotted as a diagnostic gauge plot combined
with
ith subsurface
b f
geologic
l i characterization
h
t i ti iis even more useful.
f l

Note that Injection could be ISCO, Air Sparging, perhaps Injected media. Gradient driven
t h l i iinclude,
technologies
l d LNAPL recovery, S
Soilil V
Vapor extraction,
t ti
surfactant
f t t flflushing
hi

Note that Injection could be ISCO, Air Sparging, perhaps Injected media. Gradient driven
t h l i iinclude,
technologies
l d LNAPL recovery, S
Soilil V
Vapor extraction,
t ti
surfactant
f t t flflushing
hi

Characterization can be qualitative e.g., Tier 1 or more quantitative, higher resolution Tier 2-3
Is it Volatile
LNAPL composition tools
Headspace results
PVI Concern
Is It Biodegradable?
Fuel type knowledge
GC analysis
NSZD data
What is the Residual vs Mobile Fraction
Transmissivity 0.1 to 0.8 ft2/day – empirical
Residual smear zone vs mobile interval - can be qualitative or quantitative

Poll - Class Understanding of Transmissivity
What is your understanding of Transmissivity?
A.

Understand its use and have applied on sites

B.

Understand its use but not much experience

C.

Know little about it

Train Module #3 will take these remedial mechanisms and describe each technology in more detail &
h
how
th
these mechanisms
h i
may overlap
l
Note that, unless remediation is needed why would we characterize these as part of the concerns, Tn
perhaps but biodegradation or NSZD rate probably not. This is why there is a remedy LCSM and a
Concerns LCSM. While many of these aspect overlap with Concerns, not all do and the degree to
which they might be characterized doesn’t as well.

Should we implement LNAPL Recovery?
A.

Yes

B.

No

C.

Insufficient information

While the is an example of a large LNAPL release the principles are the same for smaller LNAPL
releases.
l
E
E.g. a smaller
ll release
l
may resultlt in
i 0.2
0 2 ffeett off thickness
thi k
and
d a 10 ffoott smear zone.
Where the relative difference in mobile interval and smear zone are not as dramatic other tools may
be important and knowing the difference is still important for remedial strategy.

No associated notes.

No associated notes.

Explain that a chromatogram presents the relative mole fraction of individual hydrocarbon
constituents.
tit
t The
Th smaller
ll h
hydrocarbons
d
b
are tto th
the lleft
ft and
d as we move right
i ht th
the h
hydrocarbon
d
b
compounds increase in size/molecular weight.
Discuss that Chromatograms may hold a large amount of detail. We are primarily looking at ranges
of what is present to help select the best remedy. This chromatogram presents the gasoline range
fraction of LNAPL. When a Chromatograms has a higher proportion of peaks in the light end of
gasoline range the volatilization mechanism can be effective given the correct geologic conditions.
We cut of the Diesel range of this hydrocarbon
hydrocarbon.

No associated notes.

Note that this is discussed more as a leading and lagging metric in Part 3
Also why are we focused on biodegradation, Other remedial metrics, indicators, e.g., volatility, Tn are
more mature. There is less awareness of the biodegradation performance than other mechanisms.

We’ve discussed one aspect to understand the nature of the source mobile vs residual fraction, Now
we are going
i more ttowards
d th
the chemical
h i l side
id or compositional
iti
l nature
t
off th
the source.
We will discuss biodegradation and vapor aspects as related to remedial mechanisms
Glucose, can be a straight chain carbon molecule with hydrogen and OH groups. It’s the most basic
substrate for us. I look at alkane hydrocarbons similar for microbes when considering hydrocarbon
degradation. More complicated structures have less net energy due to more difficult bonds to break,
lower hydrogen molecules resulting in lower energy yield.

Doesn’t have to be soluble to be biodegradable
Vapor limit is in gasoline to kerosene transition
This is a graph of vapor pressure – black line and biodegradation rates – purple line
The biodegradation rate constant values are not in the same units as vapor pressure and the
absolute values are not comparable. What is comparable is how these values change with
hydrocarbon constituent.
The x-axis represents LNAPL types,
types gasoline,
gasoline Kerosene,
Kerosene diesel as well as individual components of
these mixtures

No associated notes.

No associated notes.

No associated notes.

Characterization can be qualitative e.g., Tier 1 or more quantitative, higher resolution Tier 2-3

No associated notes.

Mobile interval is for sites 1 and 2. Sites 3 and 4 utilized entire smear zone to estimate residual and
mobile
bil ffractions
ti
Sites 1 and 2 utilized Decline curve analysis and core analyses. Sites 3 and 4 utilized multiple TPH
soil samples and recovery data.

No associated notes.

No associated notes.

No associated notes.

Describe volatilization and phase change process. Discuss how benzene dissolved concentrations
would
ld decrease
d
and
d over allll GRO would
ld d
decrease b
because lless soluble
l bl compounds
d remain.
i Ask
A k is
i
the toluene mass increasing or concentration? Ask with SVE is volatilization the only mechanism
Challenge thinking about left over mass, no benzene, no risk, so now what?

No associated notes.

LNAPL Transmissivity was not quantified to decide if LNAPL Recovery should be implemented,
thi k
thickness
was

Poll – Knowledge Check
What technology should be used now to complete remediation?
•
•
•
•
•

LNAPL Recovery
Bioremediation
Vapor
Surfactant
ISCO

No associated notes.

No associated notes.

Discuss why Change in GW concentrations isn’t enough
A lack of change in GW concentration doesn’t indicate why a given technology didn’t work, was it
contact issues, is the rate too low. It is one metric but perhaps needs to be supplemented.

No associated notes.

Should recovery be considered? (Y/N)
Is the recovery Final or Interim measure? (Y/N)
What else could be done to improve remedy selection?
A.

We are good to install a final remedy

B.

Improve vertical and horizontal resolution of impacts and soil type

C.

Quantify Biodegradation Rate

D.

Estimate Volatile Fraction of LNAPL in place

E.

Confirm Sheen LNAPL originates from impacts in well

Now that we’ve covered the remedy selection phase of the LSCM, let’s return to the LNAPL decision
process. You
Y seen this
thi slide
lid already.
l d R
Recallll th
thatt th
the selected
l t d remedy
d needs
d tto b
be capable
bl off
meeting the established LNAPL remedial goals and remediation objectives. The remedy also needs
performance metrics to assure that it is being implemented effectively. It also needs an endpoint to
know when it has done its job.
SMART = Specific, Measurable, Attainable (or agreed-upon), Realistic (or relevant), Time-based

The remedy needs to be capable of meeting the identified LNAPL remedial objectives. Then it needs
performance
f
metrics
t i to
t assure that
th t it is
i implemented
i l
t d effectively.
ff ti l It also
l needs
d an endpoint
d i t to
t know
k
when it has done its job.
[example with numeric metric(s)]
Clip art source: http://clipart-library.com/metrics-cliparts.html

The remedy needs an endpoint to know when it has done its job.
Example of a endpoint: Dissolved risk concern about benzene -> LNAPL composition goal –> phase
change mechanism -> SVE remedy. Endpoint is when dissolved concentrations are reduced to riskbased or regulatory limits at points of compliance.
Transitions should be expected and planned, based on expected performance of technology… not a
pp
or a surprise.
p
disappointment
Clip art source: http://www.clker.com/clipart-treasure-map-1.html

No associated notes.

Putting it all together, we get this.
SMART = Specific, Measurable, Attainable (or agreed-upon), Realistic (or relevant), Time-based
Reiterate that metrics and endpoints should rely on multiple converging lines of evidence

What will be covered in upcoming third training module.
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These are the major topics and concepts covered the next module
Good opportunity to reiterate LCSM update theme. You are getting data to: a. complete a step in the
decision process and b. to update/confirm your LCSM.

What have we covered?
SMART = Specific, Measurable, Attainable (or agreed-upon), Realistic (or relevant), Time-based
Tie whole presentation together more… identify points made in all presentation

We are near the end of Part 2 of training to use ITRC’s new LNAPL document.
(CLICK) Next week in Part 3, we will
•

Discuss remedial technology groups

•

Introduce specific remedial technologies

•

Provide a framework for technology selection

•

Introduce tools to screen the technologies for use

•
•

Introduce performance metrics to optimize your efforts and decide when to stop and/or use another
technology
Use a case study to demonstrate the use of these tools
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No associated notes.

Links to additional resources:
http://www.clu-in.org/conf/itrc/LNAPL-3/resource.cfm
Your feedback is important – please fill out the form at:
http://www.clu-in.org/conf/itrc/LNAPL-3/feedback.cfm
The benefits that ITRC offers to state regulators and technology developers, vendors, and
consultants include:
Helping regulators build their knowledge base and raise their confidence about new environmental
technologies
Helping regulators save time and money when evaluating environmental technologies
Guiding technology developers in the collection of performance data to satisfy the requirements of
multiple states
Helping technology vendors avoid the time and expense of conducting duplicative and costly
demonstrations
Providing a reliable network among members of the environmental community to focus on
innovative environmental technologies
How you can get involved with ITRC:
Join an ITRC Team – with just 10% of your time you can have a positive impact on the regulatory
process and acceptance of innovative technologies and approaches
Sponsor
p
ITRC’s technical team and other activities
Use ITRC products and attend training courses
Submit proposals for new technical teams and projects
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