
Starting Soon: 
LNAPLs Training ïPart 3 of 3

u Light Non-Aqueous Phase Liquid (LNAPL) Site Management: 

LCSM Evolution, Decision Process, and Remedial 

Technologies (LNAPL-3, 2018) - https://lnapl-3.itrcweb.org/

u Download PowerPoint file

ÅClu-in training page at https://clu-in.org/conf/itrc/LNAPL-3/

ÅUnder ñDownload Training Materialsò

u Download information for reference during class

ÅFigure 1.1 (from the LNAPL-3 guidance document)

u Using Adobe Connect

ÅRelated Links (on right)

ÁSelect name of link

ÁClick ñBrowse Toò

ÅFull Screen button near top of page

u Follow ITRC
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Use ñJoin Audioò option in lower left of Zoom webinar to listen to webinar

Problems joining audio? Please call in manually

Dial In 301 715 8592

Webinar ID:  816 6384 0910#

https://lnapl-3.itrcweb.org/
https://clu-in.org/conf/itrc/LNAPL-3/
https://clu-in.org/conf/itrc/lnapl-3/ITRC_LNAPL_Online_TrainingResources-March_2018.pdf
https://www.facebook.com/itrcweb/
https://twitter.com/itrcweb
https://www.linkedin.com/company/itrc?trk=top_nav_home


Part 1: Understanding LNAPL Behavior in the 

Subsurface

Based on ITRC Guidance Document:
Light Non-Aqueous Phase Liquid (LNAPL) Site Management: LCSM 

Evolution, Decision Process, and Remedial Technologies (LNAPL-3, 2018)

Welcome ïThanks for Joining 

this ITRC Training Class

Sponsored by: Interstate Technology and Regulatory Council (www.itrcweb.org) 

Hosted by: USEPA Clean Up Information Network (www.cluin.org) 

Part 3: Using LNAPL Science, the LCSM, and 

LNAPL Goals to Select an LNAPL Remedial 

Technology

Part 2: LNAPL Conceptual Site Models and the 

LNAPL Decision Process

3-Part Training Series: Connecting the Science to Managing Sites
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http://www.itrcweb.org/
http://www.cluin.org/


Housekeeping 

u Course time is 2¼ 

hours

u This event is being 

recorded 

u Trainers control slides

ÅWant to control your 

own slides? You can 

download presentation 

file on Clu-in training 

page

u Questions and feedback

ÅThroughout training: 

type in the ñQ & Aò box

ÅAt Q&A breaks: The trainers 

will verbally answer as many 

questions as they can

ÅAt end of class: Feedback 

form available from last slide 

ÁNeed confirmation of your 

participation today? Fill out 

the feedback form and check 

box for confirmation email and 

certificate

Copyright 2019 Interstate Technology & Regulatory Council, 

50 F Street, NW, Suite 350, Washington, DC 20001
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ITRC (www.itrcweb.org) ïShaping the 
Future of Regulatory Acceptance

u Host organization

u Network

ÅState regulators

ÁAll 50 states, PR, DC

ÅFederal partners

ÅITRC Industry Affiliates 
Program

ÅAcademia

ÅCommunity stakeholders

u Follow ITRC

u Disclaimer

ÅFull version in ñNotesòsection

ÅPartially funded by the U.S. 

government

Á ITRC nor US government 

warranty material

Á ITRC nor US government 

endorse specific products

u ITRC materials available for 

your use ïsee usage policy

u Available from www.itrcweb.org

ÅTechnical and regulatory 

guidance documents

ÅOnline and classroom training 

schedule

ÅMoreé

DOE DOD EPA
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http://www.itrcweb.org/
http://itrcweb.org/Documents/Policy/ITRC-Usage-Policy-for-ITRC-Materials-Final-11-5-12.pdf
http://www.itrcweb.org/
https://www.facebook.com/itrcweb/
https://twitter.com/itrcweb
https://www.linkedin.com/company/itrc?trk=top_nav_home


Meet the ITRC LNAPL Trainers ïPart 3

Lloyd Dunlap 
Trihydro

Kansas City, MO

816-550-3961

ldunlap@trihydro.com

Joann Dyson 
GHD Services Inc.

Durham, NC

980-221-8044

Joann.Dyson@ghd.com

Read trainer bios at
https://clu-in.org/conf/itrc/LNAPL-3/

Tom Fox 
Colorado Division of Oil 

and Public Safety

Denver, Colorado 

303-318-8535

tom.fox@state.co.us
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Tom Palaia
Jacobs

Kittredge, CO

303-679-2510

tom.palaia@jacobs.com 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiHz8-cg7XZAhUQnOAKHQzVBBYQjRx6BAgAEAY&url=https://www.4cconference.com/speakers/lloyd-dunlap/&psig=AOvVaw3p7HEZgdkbz5X9mgfl0dS6&ust=1519234368748748
https://clu-in.org/conf/itrc/LNAPL-3/


Your Online LNAPL Resource
https://lnapl-3.itrcweb.org/

u Expansion of LNAPL Key Concepts

u Development of a LNAPL Conceptual Site Model (LCSM) Section

u Emphasis on identifying SMART goals

u Expansion of Transmissivity (Tn) and Natural Source Zone 

Depletion (NSZD) via Appendices
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ITRC 3-Part Online Training 
Leads to YOUR Action

Part 1:
Connect 

Science to 

LNAPL Site 

Management

(Section 3)

Part 2:
Build Your 

LNAPL 

Conceptual 

Site Model

(Sections 4 

and 5)

Part 3:
Select / 

Implement 

LNAPL 

Remedies

(Section 6)

YOU

Apply 

knowledge 

at your 

LNAPL 

sites

TODAY

Part 3 Learning Objectives:

u Select remedial technologies to achieve objectives 

u Prepare for transition between LNAPL strategies or technologies as the site moves 

through investigation, cleanup, and beyond  

u ñSMARTò-ly measure progress toward an identified technology-specific endpoint
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LNAPL Remediation Technology 
Groups

u Learning Objective:

Understand:

ÅWhat the LNAPL 

remediation technology 

groups are, 

ÅWhy theyôve been 
grouped, and 

ÅHow site goals and 

objectives influence the 

selection of a 

technology group

Phase 

Change?

T
e
c
h
n
o
lo

g
y
 G

ro
u
p
s

P
o
ll 

Q
u
e
s
ti
o

n
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Linkage Between Remedial Goals and 
Remedial Objectives

uñSaturation Goalò ïLNAPL mass 

recovery/control Objective

ÅReduce LNAPL saturation by recovering LNAPL

ÅStop LNAPL migration by containing LNAPL

uñComposition Goalò ïLNAPL phase change 

Objective

ÅChange LNAPL characteristics by phase change

uñAesthetic Goalò ïLNAPL Saturation or 

Composition goals

T
e
c
h
n
o
lo

g
y
 G

ro
u
p
s
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Remedial Technology Groups

u Mass Control

u Mass Recovery

u Phase Change Mass ControlMass Recovery

Phase Change

Key Point: Simplify the selection of technology

T
e
c
h
n
o
lo

g
y
 G

ro
u
p
s
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The Name Game & General 
Technology Group Applicability

ITRC LNAPL-3, Figure 5-3
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Sequenced Technology Deployment -
ñTreatment Trainò

4. Natural Source 
Zone Depletion

1. Mass Control2. Mass Recovery3. Phase Change

ITRC LNAPL-3, Figure 5-3
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Treatment Trains

Good

u When planned with SMART objectives, metrics for 

transition, and endpoints

u Orderly implementation

Bad

u Unplanned, lack specific SMART objectives, metrics 

for transition, and endpoints

u ñThrowingò more technologies at the problem

T
e
c
h
n
o
lo

g
y
 G
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u
p
s
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Guidance Technology Series Tables

u Guidance Appendix A

u A table series (Tables A, B, and C) for each of the 

21 LNAPL remediation technologies

ÅA-series ïgeneral technology information

ÅB-series ïevaluation factors

ÅC-series ïtechnical implementation considerations

u For a technology, the A, B, and C tables are 

presented on consecutive pages

u Key literature references presented in the tables

Key Point: Appendix A presents typical technology applicability to site 

conditions as concluded by the LNAPL Team.  This doesnôt mean you canôt 

apply the technology in a setting different than what is presented.

T
e
c
h
n
o
lo

g
y
 G

ro
u
p
s
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LNAPL Mass Control

Dam the LNAPL!

MCMR

PC

L
N

A
P

L
 M

a
s
s
 C

o
n
tr

o
l 
C

o
n
c
e
p
t
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Saturation Goal

LNAPL 

Remedial 

Goal

Remediation

Objective

Stop LNAPL 

migration by 

physical barrier

LNAPL 

Concern

Terminate 

LNAPL 

body 

migration

Migration

L
N

A
P

L
 M

a
s
s
 C

o
n
tr

o
l 
C

o
n
c
e
p
t

Key Point: Limit mobility or eliminate migration through physical 

barriers (binding or containment) 
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LNAPL Mass Recovery

MCMR

PC

L
N

A
P

L
 M

a
s
s
 R

e
c
o
v
e
ry

 C
o
n
c
e
p
t

Think removal as bulk liquidé
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Saturation Goal

LNAPL 

Remedial 

Goal

Remediation

Objective

Recover LNAPL to 

Maximum Extent 

Practicable

LNAPL 

Concern

Reduce 

LNAPL when 

above 

residual 

range

LNAPL 

occurrence 

in wells

L
N

A
P

L
 M

a
s
s
 R

e
c
o
v
e
ry

 C
o
n
c
e
p
t

Key Point: Reduce mobility and potential for migration by 

changing LNAPL saturation through mass recovery
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LNAPL Phase Change

MCMR

PC

L
N

A
P

L
 P

h
a
s
e
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h
a
n
g
e
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Composition Goal

LNAPL 

Remedial 

Goal

Remediation

Objective

Deplete volatile or 

soluble constituent 

concentration in 

LNAPL

LNAPL 

Concern

Reduce 

concentrations

Risk via 

Vapor 

Intrusion

L
N

A
P

L
 P

h
a
s
e
 C

h
a
n
g
e

Key Point: Reduce soil vapor or groundwater risk by 

removing risk-driving constituent(s) from LNAPL

28



Contrast Between Composition And 
Saturation Goals
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LNAPL Saturation
ITRC LNAPL-3, Figure 3-5

Key Point: Abatement of dissolved or vapor concentration is 

dependent on change in composition (mole fraction) and not 

saturation (unless almost all LNAPL is removed)
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Reduces 

Persistence

Reduces 

Concentration
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Knowledge Check

A. Unconfined, Perched, and Confined

B. Mass Control, Mass Recovery, and Phase 

Change

C. Air Sparging, Skimming, and Excavation

D. Aesthetics, Saturation, and Composition

What are the three technology groups?
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Natural Source Zone Depletion

u Mass Control

u Mass Recovery

u Phase Change

ÁNSZD
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NSZD Learning Objectives

u NSZD processes and importance

ÅIt occurs subsurface at most sites and 

results in LNAPL mass losses

u Incorporate natural source zone 

depletion (NSZD) into your LCSM

ÅThere are various measurement 

methods to suit varied site conditions

u Consider NSZD as a remediation 

alternative

ÅIt is an effective, accepted, and 

sustainable option for low risk sites

N
a
tu

ra
l 
S

o
u
rc

e
 Z

o
n
e
 D

e
p
le

ti
o
n

34



Conceptualization of NSZD

(with permission from API, 2017, http://www.techstreet.com/standards/api-publ-4784?product_id=1984357)

LNAPL-3, Appendix B, Section 2
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Key Aspects of NSZD

u Rates are a bulk measure

ÅAppear to be zero-order 

(constant)

u Direct biodegradation

ÅOil-contact microbiology

ÅObserving significant losses 

of longer chain compounds

(Warren et. al., 2014)

Intracellular n-octadecane 

inclusions
Pseudomonas

(Transmission electron microscopy from Hua et. al., 2014)
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Using NSZD for Decision Making

u LNAPL body stability evaluation

LNAPL-3, Appendix B, Section 5.3
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