
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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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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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: unmute your 

phone with #6 to ask out loud

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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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

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

tom.palaia@jacobs.com 

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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LNAPL Science: Key to 
Improving Decision-making

u Use LNAPL science and its 

application to make good 

decisions at your site

u Develop LCSM for LNAPL 

concern identification and 

establish appropriate LNAPL 

remedial goals and objectives

It is important to use your LCSM to help 

select remedial technology to achieve goals

LNAPL Part 1 and 2 Summary
7



Learning Objectives 
3-Part Training Series

u Use LNAPL science to your advantage and apply at your sites

u Develop LNAPL Conceptual Site Model (LCSM) for LNAPL concern 

identification

u Inform stakeholders about the decision-making process 

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

Part 1

Part 2

Part 3
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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

Based on the ITRC LNAPL-3 Document:  LNAPL Site Management: LCSM 

Evolution, Decision Process, and Remedial Technologies
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LNAPL Remediation Process and Evolution of 
the LCSM ïRelated to the Training Courses 

ITRC LNAPL-3, Figure 1-1

Handout provided
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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?
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Many Technologies Available
(ITRC LNAPL-3 Guidance Table 6.1)

u Excavation

u Skimming

u Vacuum Enhanced Skimming

u Total Liquid Extraction

u Multi-Phase Extraction

u Water/hot water flooding

u Surfactant-enhanced subsurface 
remediation

u Cosolvent flushing

u Steam Injection

u Thermal conduction heating

u Electrical resistance heating

u In-situ smoldering 

u Air sparging/ soil vapor 

extraction

u Biosparging/bioventing

u In-situ chemical oxidation

u Enhanced anaerobic 

biodegradation

u Natural source zone depletion

u Activated carbon

u Phytotechnology

u Physical or hydraulic 

containment

u In-situ soil mixing (stabilization)

21 LNAPL remedial technologies addressed:

Key Point: Who ya gonna call?
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Not Included in Technology Tables

u Manual Bailing

u Absorbent Socks

u Periodic or Short-term 

Vacuum Truck Events

u Passive Skimmers

T
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y
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ro
u
p
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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.
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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
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ITRC LNAPL-3, 

Figure 5-2
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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
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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
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LNAPL Aesthetic (or combination)
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ITRC LNAPL-3, Figure S-1
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LNAPL Mass Control

Dam the LNAPL!

MCMR

PC
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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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Think Barriers

Uncontrolled

Controlled

MCMR

PC

L
N

A
P

L
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a
s
s
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t

Key Point: Mass control technologies block LNAPL from 

affecting the surrounding soil, groundwater and/or surface
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LNAPL Mass Recovery

MCMR

PC

L
N

A
P

L
 M
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n
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p
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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
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 R

e
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o
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n
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Key Point: Reduce mobility and potential for migration by 

changing LNAPL saturation through mass recovery
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LNAPL Phase Change

MCMR

PC
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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
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LNAPL Composition

u Modified by increasing rates of volatilization and 

dissolution from LNAPL body ïphase change from liquid 

to vapor phase or liquid to dissolved phase

u Example technologies

ÅSoil vapor extraction, 

or in combination:

ÁAir sparging

ÁHeating

ÁSteam injection

ÅEnhanced aerobic biodegradation

ÅEnhanced anaerobic biodegradation

ÅIn-situ chemical oxidation
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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?

31



Technology Groups Overview 
Takeaways

u Select your Remedial Goals - Saturation or 

Composition based

u Determine your Remedial Objectives (vapor 

abatement, remove mobile LNAPL)   

u Select your technology from the 3 technology groups

u The 3 groups are:

ÅMass Control

ÅMass Recovery

ÅPhase Change

u Sequence your technology deployment and use the 

ñtreatment trainò

T
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y
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u
p
s
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Natural Source Zone Depletion

u Mass Control

u Mass Recovery

u Phase Change

ÁNSZD

33



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
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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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Using NSZD for Decision Making

u Practicability of recovery

u Endpoint metric for active 

LNAPL remediation

u Benchmark for enhanced-

NSZD remedy design

ÅAeration

ÅEnhanced anaerobic

ÅHeating

LNAPL-3, Appendix B, Section 5.3

(Median NSZD rate from Garg et al., 2017. System data 

modified from Palaia, T. 2016. Natural source zone 

depletion rate assessment. Applied NAPL Science 

Review 6.)
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Four Methods to Measure NSZD

1. Gradient Method

2. Passive Flux Trap

(from API, 2017, 

http://www.techstreet.com/standards/api-publ-4784?product_id=1984357)

CO2 EFFLUX

3. Dynamic Closed Chamber

4. Biogenic Heat

(from E-Flux, LLC, 2017, 

http://soilgasflux.com/main/home.php) 

(from API, 2017, 

http://www.techstreet.com/standards/api-publ-4784?product_id=1984357)
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Case Study - Transition from LNAPL 
Fluid Recovery to NSZD

u Jet fuel pipeline release

u Silt and clay overly silty, 

fine-grained sand

u Submerged LNAPL

u Historical remedial actions

ÅPartial source excavation

ÅLNAPL skimming

Á10,000 gals removed 

(~10 yrs), <100 gallons/yr

ÅSVE system

Á9,600 gallons removed (~5 yrs)

LNAPL-3, Appendix B, Section 5.3.1

O2 Transport

Building

Right of Way

10ò pipeline (release)

Soil excavation

Volatilization
Biodegradation

Submerged LNAPL source zone

Mobile LNAPL

Biodegradation

Biodegradation Biodegradation

SVE treatment 

limits

Dissolved-phase 

hydrocarbons

Street

LNAPL recovery

Residual LNAPL
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LNAPL-3, Appendix B, Figure NSZD-15

Transition Decision Logic

Compile lines-of-

evidence to form basis 

of decision
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Case Study ïDecision Logic to NSZD

Chamber Method UsePassive Flux Trap Method Use

42



NSZD - Summary

Whatôs 

naturally 

degrading and 

whatôs my 

system really 

doing?

u Natural source zone depletion (NSZD) occurs 

subsurface at most sites

ÅChanges LNAPL composition and reduces saturation

ÅIncorporate it into your LCSM

u There are various measurement methods to 

suit varied site conditions

u It is an effective, accepted, and 

sustainable option for low risk sites

u It is a viable remedial alternative 

as a stand-alone or transition

remedy
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LNAPL Remedial Technology
Groups

Á Mass Control - Contain LNAPL at a defined 
boundary (e.g. to protect a receptor)

Á Mass Recovery - Abate LNAPL body 
migration / mobility by removal of LNAPL 
mass

Á Phase Change - Abate unacceptable 
contaminants emanating from the LNAPL 
source

Technologies (i.e. processes) 

sometimes overlap into two groups. 
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21 Technologies (2018) ï
Name Change and Added 

L
N

A
P
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1. Excavation

2. Skimming

3. Vacuum enhanced skimming 

(LNAPL & vapor)

4. Total liquid extraction (LNAPL 

& water)

5. Multi-phase extraction (LNAPL, 

water, & vapor)

6. Water/hot water flooding

7. Surfactant-enhanced 

subsurface remediation

8. Cosolvent flushing

9. Steam injection

10. Electrical resistance heating  

11. Air sparging/soil vapor 

extraction (AS/SVE)

12. In-situ chemical oxidation

13. Natural source zone 

depletion (NSZD)

14. Physical or hydraulic 

containment

15. In-situ soil mixing 

(stabilization)

16. Thermal conduction heating

17. In-situ smoldering 

18. Biosparging/bioventing 

19. Enhanced anaerobic 

biodegradation 

20. Activated carbon

21. Phytotechnology 
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PHASE CHANGE

Biosparge/Biovent

NSZD

ISCO

Enhanced Anaerobic 

Degradation

AS/SVE

MASS 

RECOVERY

Skimming

Excavation

SESR

Water flood

MASS CONTROL

Physical or Hydraulic 

Containment; 

In Situ Soil Mixing

Vacuum Enhanced 

Skimming

Cosolvent Flushing

Electric Heat

Thermal Heat

Phytotechnology

Activated Carbon

Total Liquid

Extraction

Remedial 
Objective 
Grouping 
& Overlap

MPE
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LNAPL Remedial Technology 
Groups

ÅMass Control ïexamples of Goals
ÅContain LNAPL at a defined boundary

ÅMass Recovery

ÅPhase Change
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Mass Control Technologies

u Physical containment or Hydraulic containment

ÅSheet piles

ÅFrench drain 

ÅSlurry wall

ÅGroundwater extraction

ÅTrenches 

ÅPermeable absorptive barrier

u In situ soil mixing (stabilization) 

ÅAlso: Phytotechnology, Activated Carbon, Total 

Liquid Extraction 

u Refer to Tables 6.1, 6.2, 6.3 & Appendix A 
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PC
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Performance Metrics for Mass Control 
Technologies 
See Tables 5.2 and 6.3 for additional metrics

u No first LNAPL occurrence in down gradient sentinel well 

u LNAPL body footprint stabilized based on long-term 

monitoring (quarterly, semi-annual, annual monitoring)

Photo of barrier wall
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Remedy 

Selection LCSM

Example: A LNAPL Plume is 
migrating toward a river

Concern LNAPL migrating into a river Table 5.1

ÅSaturation based

ÅStop the LNAPL migration
Table 5.1

Review or Update the LCSM 

to Select a Remedy
Section 4.4

Guidance Document

Goal

50



ñSMARTò 

Objective

Example continued: A LNAPL Plume 
is migrating toward a river

Stop the migration using 

physical barrier

Table 5.1 

Sections 

5.3 & 5.6

Group of 

Technologies

ÅMASS CONTROL NEEDED

Å List of technologies

Á Physical or hydraulic 

containment

Á In Situ soil mixing

Á Also:

Å Total liquid extraction

Å Phytotechnology

Å MPE

Å Align with the site conditions

Å Further technology details 

needed

Table 5.1

Table 6.3

Appendix A

Guidance Document
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Design &  

Performance   

LCSM

Example continued: A LNAPL Plume 
is migrating toward a river

Å Design and engineer the 

technology to meet Goals

Å Evaluate Performance and 

Set Metrics

Table 6.3     

Section 6.4.1

Example 

Performance

Metrics

Å No first LNAPL occurrence 

in down gradient well

Å LNAPL body footprint 

stabilized

Å No sheens detected in river

Tables 

5.2 &  6.3

Guidance Document
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PHASE CHANGE

Biosparge/Biovent

NSZD

ISCO

Enhanced Anaerobic Degradation

AS/SVE

MASS 

RECOVERY

Skimming

Excavation

SESR

Water flood

MASS CONTROL

Physical  or Hydraulic 

Containment; 

In Situ Soil Mixing

Vacuum Enhanced 

Skimming

Cosolvent Flushing

Electric Heat

Thermal Heat

Phytotechnology

Activated Carbon

Total Liquid

Extraction

Remedial 
Objective 
Grouping 
& Overlap

MPE
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LNAPL Remedial Technology Groups

ÅMass Control

ÅMass Recovery
ÅExamples of SMART Objectives
ÅRecover LNAPL to a practicable limit
ÅLNAPL transmissivity

ÅPhase Change
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Mass Recovery Technologies

u (Simple) Fluid Recovery

ÅSkimming

ÅTotal Liquid Extraction; formerly dual-pump liquid extraction 

ÅVacuum enhanced skimming; or vacuum enhanced fluid recovery 

ÅMulti-phase extraction (MPE) 

u Excavation

u Refer to Tables 6.1, 6.2, 6.3  

& Appendix A 
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MCMR

PC
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(Hot) Water Flooding ïA physical technology

Refer to Tables 6.1, 6.2, 6.3 & Appendix A 

u Increases 
groundwater 
gradient across 
LNAPL

u Decreases 
LNAPL viscosity 
(hot)

Source www.frtr.gov

MCMR

PC
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Steam Injection

Residual 
LNAPL 
Saturation

Hot Water

Steam

Injection Well

Hot Water 
Reinjection

Hot 
Water 

Displacement

LNAPL
Bank

Production Well

LNAPL & 
Water 
Production

Hot Water Formation

Original LNAPL
Accumulation
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Surfactant Enhanced Subsurface Remediation 
(SESR) & Cosolvent Flushing
Refer to Tables 6.1, 6.2, 6.3 & Appendix A 

u Advantages

ÅShort time frame

ÅSESR Safety

ÅCosolvent can reduce some LNAPLs to very low 

saturations

u Disadvantages

ÅSingle fluid waste stream complex to treat

ÅPermitting

u Engineering

ÅInjection ROI (sweep volume)

ÅLNAPL fluid properties and injectant selection
MCMR

PC
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e
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SESR

Cosolvent Flushing
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Examples of Performance Metrics

u LNAPL transmissivity

ÅReduction of 
transmissivity over time 
to assess performance

u Asymptotic recovery

u Dollars per gallon of 
LNAPL removed

$0 

$100 

$200 

0

10

20
G

a
ll

o
n

s
 p

e
r 

d
a
y
 

Time (years)

LNAPL 
Recovery 
Rate

10 year cost 
per gallon

0 1 2 3 4 5

L
N

A
P

L
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a
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s
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e
c
o
v
e
ry
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PHASE CHANGE

Biosparge/Biovent

NSZD

ISCO

Enhanced Anaerobic Degradation

AS/SVE

MASS RECOVERY

Skimming

Excavation

SESR

Water flood

MASS CONTROL

Physical or Hydraulic 

Containment; 

In Situ Soil Mixing

Vacuum Enhanced 

Skimming

Cosolvent Flushing

Electric Heat

Thermal Heat

Phytotechnology

Activated Carbon

Total Liquid

Extraction

Remedial 
Objective 
Grouping 
& Overlap

MPE
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LNAPL Remedial Technology 
Groups

ÅMass Control

ÅMass Recovery

ÅPhase Change ïexamples of Goals

ÅAbate unacceptable vapor concentrations 
by depletion of volatiles from LNAPL

ÅReduce dissolved constituents at point of 
compliance by sufficient depletion of 
soluble constituents from LNAPL

MCMR

PC
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Phase Change Technologies

u Ambient

ÅNatural Source Zone Depletion (NSZD)

ÅAS/SVE

ÅBiosparging and bioventing

ÅMPE;  Phytotechnology

u Refer to Tables 6.1, 6.2, 6.3 & Appendix A 

Trees for phytotechnology
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MCMR

PC
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Other Ambient Phase Change: Air 
Sparging/Soil Vapor Extraction;  

u Volatilizes LNAPL

u Promotes Aerobic
Biodegradation

u Refer to Tables 
6.1, 6.2, 6.3 & 
Appendix A

Image source: ITRC LNAPL 
classroom training: 2015

Unsaturated 

Zone

Capillary Zone

LNAPL

MCMR

PC
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Performance Metrics for Phase Change 
Technologies 
See Tables 5.2 and 6.3 for additional metrics

u Dissolved phase concentration is stable or 

decreasing

u Soil concentrations stable or decreasing; 

endpoint reached when reduced to regulatory 

limits.

u Asymptotic performance of the recovery system

u Volatile or soluble constituents reduced to risk-

based standards
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MCMR

PC
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In Situ Thermal Technologies

ÅMass Control

ÅMass Recovery

ÅPhase Change

64



Heating Technologies

MCMR

PC

u Steam / Hot Air Injection

uOthers

ÅIn Situ Smoldering (primarily combustion)

ÅThermal Conduction Heating 

ÅElectrical Resistance Heating 

Image source: http://hillafb.hgl.com
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Electrode

Vapor line
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In Situ Thermal Technologies

MCMR

PC
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u Increases LNAPL 

volatility

u Reduces LNAPL 

viscosity

u SVE for recovery of 

volatilized LNAPL

u Hydraulic recovery of 

mobilized LNAPL 

u Better in low 

groundwater

velocity settings 

(<heat loss)

Image source: http://hillafb.hgl.com/steam
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In Situ Thermal Technologies Metrics

MCMR

PC
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u LNAPL transmissivity

u Soil concentration at regulatory standard

u Dissolved phase concentration at 

regulatory standard

u Cost per unit volume removed

u Asymptotic mass removal 

u Also refer to Tables 5.2 and 6.3
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Q&A Break
Follow ITRC

u 1st Question and 

Answer Break 

68

https://www.facebook.com/itrcweb/
https://twitter.com/itrcweb
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ITRC LNAPL Management Strategy
In

tr
o
d
u
c
ti
o
n

What do you have?

What needs to be done?

ITRC LNAP-3, Figure 5.2

How to address it?
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LNAPL Remediation Technology 
Selection

Learning Objectives:

u Learn about the 

Technology Selection 

Process

u Apply Remedy Selection 

Process to a real site

O
b
je

c
ti
v
e
s

How do I 

choose a 

remedy?

70



Guidance Process Flow Diagram
Sections 4 and 5

T
ra

in
in

g
s
 1

 &
 2

 R
e
v
ie

w

Covered in Trainings 1 & 2

ITRC LNAPL-3, Figure 1-1

Handout provided
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Guidance Process Flow Diagram
Section 6

T
ra

in
in

g
 3

 P
re

v
ie

w

ITRC LNAPL-3, Figure 1-1

Training 3
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Guidance Process Flow Diagram: 
Figure 6-1

ITRC LNAPL-3, Figure 6-1

Effectiveness

Implementability

Implementation

T
e
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Technology Tables - Appendix A

Guidance Document Appendix A

Å3 different types of tables for each of the 21 

technologies

ÅCalled the A-, B-, and C-series tables

ÁA-series ïgeneral information and applicable geologic 

conditions

ÁB-series ïevaluation factors to consider

ÁC-series ïtechnical implementation consideration

ÅKey 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.
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https://lnapl-3.itrcweb.org/appendix-a-lnapl-technologies-appendix/


Case Study - LNAPL Remedial 
Technology Selection

Learning Objectives:

u Learn the Technology 

Selection Process

u Apply Remedy Selection 

Process to a real site

C
a
s
e
 S

tu
d
y

I wonder how 

LNAPL was  

remediated 

at this site.
Regulator
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Case Study: LCSM
C

a
s
e
 S

tu
d
y

Dissolved phase COC > regulatory limits: 

BTEX, MTBE and 1,2-DCA

ÅWater table ~5-6 ft bsg (+/- 2.5 ft)

ÅGroundwater flow: E & SE; also NE

ÅResidential area

Gasoline 

UST piping leak
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Case Study: LCSM
C

a
s
e
 S

tu
d
y
 -

L
C

S
M

ResidenceResidence

MW12

MW16

M

MW4

Apartments

Station/

C-store Residence

UST leak

MW1 ïLNAPL (<0.5 ft)

MW4 ïLNAPL (up to 0.8 ft)
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Case Study: LCSM

Migrating LNAPL 

C
a
s
e
 S

tu
d
y
 -

L
C

S
M

Apartments

Station/

C-store

ResidenceResidence

Å Potential vapor intrusion at adjacent apartments

Å Potential risks to residences (basements/sump pumps)

Residence

MW1

MW4



Case Study: Cross-section Plan View

LNAPL

Apartments

C
a
s
e
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d
y
 -

L
C

S
M

Station/ 

C-store

« Residence

Residence

Residence ­

A

Bô

Aô

B
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Case Study: Cross Section A-Aô
C
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Case Study: Cross Section B-Bô
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Case Study: Step 1 - General 
Screening

ITRC LNAPL-3, Section 6.2.1

Goal: Identify a subset of possible LNAPL technologies

ÅLNAPL concerns, remedial goals, remediation objectives 

(LNAPL Trainings 1 & 2) 

ÅTable 6-3
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https://lnapl-3.itrcweb.org/wp-content/uploads/2018/02/table_6_3.pdf


Case Study: Site LNAPL Concerns

u LNAPL migrated SE during low groundwater elevations

u Large dissolved plume above regulatory limits

ÅCOC: BTEX, MTBE and 1,2-DCA

u Vapor plume

ÅPotential vapor intrusion at adjacent apartments

ÅPotential risks for residences (basements/sump pumps)

**Site moved to aggressive site status by AgencyC
a
s
e
 S

tu
d
y
 ï

S
te

p
 1
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Knowledge Check

uWhich concern would you consider to be the 

highest priority for this site?

A. Migrating LNAPL

B. Large dissolved plume above regulatory limits 

(COCs: BTEX, MTBE, 1,2-DCA)

C. Vapor plume/vapor intrusion risks to off-site 

properties

P
o
ll 

Q
u
e
s
ti
o

n
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Case Study: Site LNAPL Concerns

u LNAPL migrated SE during low groundwater elevations

u Large dissolved plume above regulatory limits

ÅCOC: BTEX, MTBE and 1,2-DCA

u Vapor plume

ÅPotential vapor intrusion at adjacent apartments

ÅPotential risks for residences (basements/sump pumps)

**Site moved to aggressive site status by AgencyC
a
s
e
 S

tu
d
y
 ï

S
te

p
 1
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Case Study: Step 1 ïGoals, 
Objectives & Table 6-3

C
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p
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https://lnapl-3.itrcweb.org/wp-content/uploads/2018/02/table_6_3.pdf


Case Study: Table 6-3 Geologic 
Factors

ÅGeology

ÁFine grained soils (F)

ÁCoarse grained soils (C)

ÅZone

ÁUnsaturated zone (U) 

ÁSaturated zone (S)

ÅLNAPL type

ÁLow Volatility/Low Solubility (LV/LS)

ÁHigh Volatility/High Solubility (HV/HS)
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ITRC LNAPL-3, Section 6.2.1
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Case Study: Step 2 ïUpdate LCSM

Step 2: Reevaluate/update the LCSM

ÅMay need to collect additional data 

ÅFurther evaluate goals & objectives

ITRC LNAPL-3, Section 6.2.2
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Case Study: Step 2 ïUpdate LCSM

Apartments

C
a
s
e
 S

tu
d
y
 ï

S
te

p
 2

« Residence

Residence

Residence ­

No additional field work:

ÁLIF data already collected at the site

ÁLNAPL source below the water table

ÁLow permeability soils at the site

Station / 

C-Store
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