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Starting Soon: Hydrocarbons 101 Training

This event is being recorded; Event will be available On Demand after 
the event at the main training page

https://www.clu-in.org/conf/itrc/Hydrocarbons/

 If you have technical difficulties, please use the Q&A Pod to request 
technical support

Need confirmation of your participation today?

 Fill out the online feedback form and check box for confirmation email and 
certificate

Interstate Technology & Regulatory Council, 
1250 H Street, NW Suite 850 | Washington, DC 20005



ITRC: Introduction to Hydrocarbons

https://hyd-1.itrcweb.org/ 2



Host Organization

Network – States, PR, DC

Federal Partners

ITRC Industry Affiliates Program

Academia

Community Stakeholders

www.itrcweb.org/

DOE DOD EPA

Disclaimer

Partially funded by the US government

ITRC nor US government warranty material

ITRC nor US government endorse specific 
products

ITRC materials available for your use –
see usage policy

3



4

Tom Fox, Colorado OPS 
tom.fox@state.co.us

Matt Lahvis, Shell 
matthew.lahvis@shell.com

Steve Gaito, AECOM 
steven.gaito@aecom.com

Chris Mulry, GES, Inc
cmulry@gesonline.com

Laura Trozzolo, TRC 
ltrozzolo@trccompanies.com

Lloyd Dunlap, Emeritus, ITRC
dunlaplloyde@gmail.com

Meet Your Trainers

Read Trainer Bios: https://www.clu-in.org/conf/itrc/Hydrocarbons/



Key ITRC Petroleum Hydrocarbon Guidance

PVI (Petroleum Vapor Intrusion)
https://projects.itrcweb.org/PetroleumVI-Guidance/

LNAPL (Light Non-Aqueous Phase Liquids)
https://lnapl-3.itrcweb.org/

TPH (Total Petroleum Hydrocarbons)
https://tphrisk-1.itrcweb.org/

Hydrocarbons Sites (Effective Application of Guidance Documents)
https://hyd-1.itrcweb.org/
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Where Does This Training Apply?

All types of petroleum. Large or small sites.

6



7

Course Training Goals
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Overview of key issues to help 
identify and manage Total 
Petroleum Hydrocarbons 

(TPH), Light Non-Aqueous 
Phase Liquids (LNAPL), and 
Petroleum Vapor Intrusion 

(PVI) risks TOGETHER

Emphasize the importance of 
biodegradation in risk 

management decision making

Present latest science to 
support best practices for site 

investigation (CSM 
development), risk 

management, and regulation 
development

Introduce what's contained in 
the ITRC petroleum 

hydrocarbon                    
guidance documents and 

highlight where they overlap



Course Outline

Fundamentals of 
petroleum 

hydrocarbons

Petroleum 
chemistry

How are TPH, 
LNAPL, and 
PVI related?

Building an 
integrated CSM

What is a 
CSM… what is 
its purpose?

When is a 
CSM 

complete?

Identifying and 
managing the risks 

from petroleum 
hydrocarbons

Defining 
LNAPL risks 
based on 

acute, 
saturation, 

composition, 
or aesthetic 
concerns
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Fundamentals of Petroleum Hydrocarbons
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The Chemistry of Petroleum Fuels

Source: Haley & Aldrich
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• Petroleum fuels (gasoline, motor oil, etc.) are 
distilled from the heating (refining) of crude oil

• Refined fuels contain 1000s of hydrocarbons 
and widely different compositions

• Petroleum and non-petroleum fuel composition are 
commonly quantified from TPH analyses

• TPH analyses measure petroleum hydrocarbons 
that are present in LNAPL, sorbed, dissolved, and 
vapor phases 
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Refined Fuels and Oils are Complex Mixtures

crude oils

Source: TPH Criteria Working Group vol. 5 (1999)
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What is Light Non-Aqueous Phase Liquid (LNAPL)?
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LNAPL is a fluid that has a density less than water 
and is immiscible with water

LNAPL can be difficult to assess and recover once 
released to the subsurface

LNAPL contains >99% of the hydrocarbon source 
mass and often acts as a long-term source of 
vapor, groundwater, and soil contamination



How Petroleum Exists in the Environment

LNAPL Partitioning

~99% of mass remains LNAPL!
(<0.5% in air or water, or on soil surfaces)
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LNAPL Location

Most "stuck" in soil pores

<70% could be mobile LNAPL
(reduces over time)

<50% of that is recoverable
(reduces over time)

30 – 100% of LNAPL mass 
becomes residual

(varies by fuel and soil type, degradation)
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What is TPH (Total Petroleum Hydrocarbons)? 

Source: ITRC TPHRisk-1 Figure 4-3
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TPH is present in soil gas, pore water, sorbed 
phase, and LNAPL related to:

• Original LNAPL release
• LNAPL after weathering
• Hydrocarbons dissolving (leaching) from the parent 
• LNAPL into porewater, groundwater, or surface water 
• Hydrocarbons volatilizing from the parent LNAPL, 

groundwater, or pore water to soil vapor

TPH can be fractionated to understand aliphatic 
and aromatic classes for different carbon ranges
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TPH Versus LNAPL (Migrating, Mobile, and Residual)

Csat is a TPH concentration 
threshold that indicates when 
residual LNAPL is potentially 
present in soil (effective aqueous 
solubility & vapor pressure limits)

Csat varies with fuel type (gasoline, 
diesel) & soil type (sand, silt, clay)

15
ITRC LNAPL-3 Training



What is Petroleum Vapor Intrusion (PVI)? 

1
6

Migration of vapors from petroleum-related contaminants from the 
subsurface into overlying buildings, causing a potential public health 
concern

Often a key risk driver at petroleum release sites, driving environmental 
clean-up

Strongly influenced by source type (fuel type, LNAPL vs. dissolved 
phase)

Differs from chlorinated vapor intrusion (CVI) 

• petroleum vapors are highly susceptible to biodegradation
• can create certain acute risks (explosion hazards) from the production of methane during 

biodegradation
16



Building an Integrated Conceptual Site Model (CSM)

17
ITRC TPHRisk-1 Figure 5-1. Conceptual site model (visual depiction) showing the 
migration pathways of petroleum from source to receptors.
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What Is a CSM and What's It's Purpose?

• A CSM is used to: 
 identify potential sources, pathways, receptors, 

for current and reasonably anticipated future 
site conditions

 define LNAPL concerns, goals, and objectives
 support decision making (site screening, further 

data collection, risk management)

• A CSM (presented as text with supporting 
diagrams) is constantly updated with new site 
information (development and application are 
an iterative process)

Initial CSM

NEW SITE: initial investigation
OLD SITE:  review

Step 1. Identify 
LNAPL Concerns

Step 2. Site 
Screening

No Further 
Action, Site 

Closure

Step 3. More Detailed CSM
(additional site investigation)

Step 4. Define LNAPL Goals and Objectives
Implement Site Management 

(remediation, mitigation, institutional controls)

(Additional Site Investigation)(Additional Site Investigation)

18



CSM: General Petroleum Hydrocarbon Distribution and Exposure Pathways

PHASE

NAPL (non-
aqueous 
phase liquid)

Air/Vapor

Water

Sorbed

MEDIA

EXPOSURE
PATHWAY
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Source: modified from HIDOH Case Study #1, Figure 1-3 (HIDOH 2018)

VADOSE ZONE
(where no NAPL 

is present) 

SURFACE 
WATER GROUNDWATER 

(where no NAPL is present)

VADOSE ZONE & 
GROUNDATER

(where NAPL is present)

hydrocarbon distributions in groundwater and the vadose zone will vary depending 
on hydrocarbon



ITRC’s Hydrocarbons CSM Development Checklist 
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https://hyd-1.itrcweb.org/petroleum-risk-evaluation-checklist/
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Not All CSMs Are Created Equal

• The CSM should be tailored to 
site conditions and identifying 
and managing potential risks 

• Sites with complex hydrogeology 
and/or high technical or 
reputational risks require a more 
detailed CSM!
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Have relevant sources, 
pathways, and 

current/future receptors 
been identified?

Is the information sufficient 
to bound uncertainties 

related to changes in site 
conditions (e.g., 

spatiotemporal variability in 
constituent concentrations, 

changes in land use)* 

Is the information sufficient 
to support the identification 

of LNAPL goals, concerns 
and objectives (described 

in next section)?

* greater uncertainty may be ok at low-risk sites (e.g., urban gas station with no 
drinking water wells)

22

When is the CSM Complete?

22
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Identifying & Managing Risks from Petroleum Hydrocarbons

Initial CSM

NEW SITE: initial investigation
OLD SITE:  review

Identify LNAPL Concerns

Site Screening

No Further 
Action, Site 

Closure
(Additional Site Investigation)

Site Management 
Define Remedial Goals and Objectives
Implement remediation, mitigation, 

institutional controls

More Detailed CSMMore Detailed CSM



Identifying LNAPL Concerns (4 Types)

LNAPL
Concerns

Initial CSM Identify LNAPL 
Concerns

Risk & 
SafetyMigrating 

LNAPL

• Acute risk

Mobile & 
Residual

LNAPL 

Other• Sheens
• Aesthetics (stains and odors)

• Composition/Saturation
o TPH
o PVI

Examples

• Saturation

LNAPL 
RELEASE

GENERAL
TIERED

ASSESSMENT

1) Identify acute risks

2) Identify and address 
Migrating LNAPL

3) Identify and address 
risks from Mobile 
and Residual LNAPL
(TPH, PVI, sheens, 
aesthetics)

24
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Terminology

Remedial 
Concern

LNAPL condition or 
potential condition:
• additional LNAPL 

migration (saturation 
concern)

• safety or 
health/environment risk 
(composition concern)

• seep, sheen, stain, odor 
(aesthetic/other 
concern)

Remedial 
Goals

Desired LNAPL 
outcome of 

remediation (e.g., 
reduce COC 

concentrations to 
below clean-up 

levels) 

Remedial 
Objectives

Describes how the 
goal will be 

accomplished and 
must be linked to the 
technology(ies) to be 

used (e.g., target 
volatiles COCs using 
soil vapor extraction 

- SVE)

25
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LNAPL sat < residual

3

Concerns Differ Based on General LNAPL Scenario

LNAPL sat > residual

2

LNAPL sat > residual

1

Condition: LNAPL in wells, migrating
Concern: LNAPL saturation

Condition: LNAPL in wells, mobile
Concern: LNAPL composition, saturation

Condition: No LNAPL in wells, residual 
Concern: LNAPL composition

Migrating 
LNAPL

Mobile
LNAPL 

Residual
LNAPL 

Image: ITRC LNAPL-3 Figure 3-8. 



Contrast Between Saturation and Composition Goals

Reducing LNAPL saturation will not affect composition (chemical concentrations in 
groundwater or soil gas) unless virtually all LNAPL is removed!!

27Image: ITRC LNAPL-3 Figure 3-5.



Key Message 1

28
LNAPL bodies typically stabilize 

quickly. 

Mobile LNAPL in wells does not mean 
that the LNAPL body is migrating

28Additional Information: LNAPL-3: Section 3.2
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LNAPL Gradient: Finite Releases Flatten Over Time

• A large fraction of the 
pore volume occupied by 
LNAPL will remain as 
residual

• Finite release means 
finite extent

• Abating the release 
promotes stability

Migrating 
LNAPL

Image: ITRC LNAPL-3 Training Additional Information: LNAPL-3: Section 3.2.1



Plume stability occurs when the perimeter of the plume attains sufficient size or location 
such that attenuation mechanisms equal or exceed the mass flux at that boundary

30

LNAPL Body Stability Migrating 
LNAPL

Image: ITRC LNAPL-1 Figure 1-1. Example LNAPL Source Zone Additional Information: LNAPL-3: Section 3.3



What We Have Observed at LNAPL Sites
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LNAPL can initially spread at rates higher than the groundwater 
flow rate due to large LNAPL hydraulic  heads at time of release

LNAPL can spread opposite to the direction of the groundwater 
gradient (radial spreading) 

After LNAPL release is abated, the petroleum hydrocarbon mass 
becomes finite and the LNAPL body becomes stable.  Stability is 
generally achieved within a short period of time (<5 years)

Mobile
LNAPL 

Migrating 
LNAPL

Additional Information: LNAPL-3: Section 3.2
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Evidence To Demonstrate LNAPL Is Not Migrating 

* from: WK78667 Draft ASTM Guide for Advancing Stalled Corrective Action 
Sites Toward Site Closure

Stable/decreasing LNAPL footprint (areal distribution or thickness of LNAPL in 
monitoring wells over time that accounts for seasonal changes in water-table 
elevation)

Stable/decreasing COC concentrations and plume lengths over time

Low LNAPL transmissivities (such as less than 0.8 ft2/d) when not adjacent to a 
surface water body (ITRC, 2018)

Residual LNAPL observed beyond the footprint of mobile LNAPL

LNAPL thickness (in MW) exceeds a critical thickness for migration (LNAPL and 
soil type dependent unconfined conditions only)
Society of Brownfield Risk Assessment - SOBRA, 2023

Migrating 
LNAPL

Mobile
LNAPL 

From WK78667 Draft ASTM Guide for Advancing Stalled Corrective Action Sites Toward Site Closure



Questions

33



Key Message 2

Apparent LNAPL thicknesses in 
wells is affected by water table 

fluctuations and the LNAPL 
hydrogeologic condition.

34Additional Information: LNAPL-3: Sections 3.1, 3.4, and 3.5
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Thickness of Mobile LNAPL ≠ Thickness in Formation 

• LNAPL volumes based on 
pancake model (uniform 
saturations) are over 
estimated

• For a given LNAPL thickness, 
LNAPL saturations and 
volumes are different for 
different soil types (greater 
for coarser-grained soils)
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Mobile & 
Residual

LNAPL 

Thickness of Mobile LNAPL ≠ Thickness in Formation 
(Vertical Distribution is a Shark Fin, Not a Pancake)

Image: ITRC LNAPL-3 Training
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Fluctuations in Groundwater Levels

From API Interactive NAPL Guide, 2004

Gauged LNAPL 
Thickness in 
MWs Over 

Time  
(Refinery)

Fluctuations in GW Levels Can Make LNAPL Appear to Be Migrating When It Is Not

From API Interactive NAPL Guide, 2004

Mobile
LNAPL 

Migrating 
LNAPL

Additional Information: LNAPL-3: Section 3.5/Figure 3-9
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LNAPL Thickness Change with Water Table Fluctuation

After ITRC 2012

(a) (b) (c) (d) (e)

Mobile
LNAPL 

Additional Information: LNAPL-3: Section 3.2.3



Apparent LNAPL Thickness

unconfined LNAPL

Confining      Layer

Confined LNAPL (Bottom Fill) Perched LNAPL (Top Fill)

Perching      Layer

Certain Fractured Rock

Apparent LNAPL Thickness Is Not a Good Indicator of LNAPL Thickness in Formation

38

Mobile
LNAPL 

Additional Information: LNAPL-3: Section 3.4



Key Message 3

3939

LNAPL can be in the formation 
when it is not accumulating in a 

well 

Additional Information: LNAPL-3: Sections 3.1 and 3.5



Mobile & 
Residual

LNAPL Residual LNAPL sources 
represent similar PVI 
risks as mobile or 
migrating LNAPL sources 
and can be difficult to 
identify

Image: ITRC PVI Training

Identification of Residual LNAPL is Critical For PVI Screening and Risk 
Assessment

40



Potential Indicators of Residual LNAPL (mainly gasoline)

Table 3-1 ITRC PVI Guidance - https://projects.itrcweb.org/PetroleumVI-Guidance/

Residual
LNAPL 

41



Soil gas indicators include:
• Oxygen (O2) < 5% vol/vol
• Carbon dioxide (CO2) > 15% v/v
• Methane > 1% v/v
• Benzene > 1,000 mg/m3

• Hexane > 100,000 mg/m3

• C5 – C8 aliphatics > 100,000 mg/m3

• C9 – C12 aliphatics > 10,000 mg/m3

42

Other General Indicators of Residual LNAPL
Residual

LNAPL 



ReferencesExamplesDescriptionData Need

LNAPL-3: Table 3-2

LIF (UVOST/OIP), soil borings (visual, PID, shake tests, 
dye tests), soil concentrations, dissolved-phase 
concentrations, soil vapor (VOCs and/or biogenic 
gases)

Presence
LNAPL Delineation

LNAPL-3: Section 3.5Monitoring wells, core LNAPL saturationsMobile

LNAPL-3: Table 4-2Site history, gas chromatography, biomarkers, 
distillation, PIANO

Chemical
LNAPL Properties

LNAPL-3: Table 4-2Density, viscosity, interfacial tensionPhysical

LNAPL-3: Section 3.4Hydrographs, diagnostic gauge plotsUnconfined, confined, 
or perched

LNAPL Hydrogeologic 
Condition

LNAPL-3: Table 4-1
Release date, mobile LNAPL extent, dissolved and/or 
vapor footprint, hydrographs,

Apply multiple lines of 
evidenceLNAPL Stability

LNAPL-3: Appendix C, Section 2Baildown, manual skimming, LNAPL recovery system 
evaluations

LNAPL transmissivityLNAPL Recoverability

LNAPL-3: Appendix B, Section 4
Gradient, CO2 flux, temperature methods, LNAPL 
composition, polar metabolitesNSZD

Natural Biodegradation 
Processes

LNAPL Characterization Tools

ITRC DNAPL Site Characterization and Tools Selection Worksheet.

LIF: Laser Induced Fluorescence
UVOST: Ultraviolet Optical Screening Tool
OIP: Optical Image Profiler

PID: Photoionization Detector
PIANO: n-Paraffins (P), Iso-paraffins (I), Aromatics (A), 
Naphthenes (N) and Olefins (O)

Migrating 
LNAPL

Mobile & 
Residual

LNAPL 

43



Key Message 4

4444

Biodegradation helps LNAPL 
bodies and groundwater plumes 

stabilize and/or shrink



Biodegradation Is the Ultimate Contributor to LNAPL Stability

Migrating 
LNAPL

45

Mobile & 
Residual

LNAPL 



Biodegradation Is A Primary Contributor to LNAPL Stability

Hydrocarbons degrade faster in the presence of oxygen (aerobic conditions) than without it 
(anaerobic conditions)

• Anaerobic processes are important (account for 
majority of LNAPL weathering in saturated zone)

• Biodegradation, volatilization, and dissolution are 
primary processes involved in LNAPL weathering

• Weathering of LNAPL evidenced by changes in 
dissolved and vapor phase composition

• Some hydrocarbons degrade more quickly than 
others

Migrating 
LNAPL

https://www.itrcweb.org/guidancedocuments/lnapl-1.pdf 46



Biodegradation Is a Primary Contributor to LNAPL Stability

• Microbes that degrade hydrocarbons are ubiquitous
• Biodegradation occurs in the saturated and vadose zones in:

• LNAPL – using enzyme surfactants 
• Aqueous phase -- primary location where bacteria reside

Hua et al., 2014

n-octadecane

Pseudomonas

Dissolved
Pseudo-
solubilized

Direct 
Contact

Migrating 
LNAPL

47



Primary NSZD Processes

• Primary saturated-zone and LNAPL 
processes include:

• Anaerobic biodegradation 
• Degassing and ebullition
• Direct outgassing from microbes in 

contact with LNAPL 
• Dissolution
• Volatilization

• Primary vadose-zone processes include:
• Methane (CH4) oxidation (involving 

oxygen – O2) to carbon dioxide (CO2)
• Aerobic biodegradation of VOCs

Methane oxidation and aerobic biodegradation in the 
vadose zone account for >99% of LNAPL mass loss

Mobile & 
Residual

LNAPL 

Migrating 
LNAPL

48

ITRC LNAPL-1 Figure 1-1. Example LNAPL Source Zone



NSZD Rates Can Compete with Certain Engineered Remediation Systems

Mobile & 
Residual

LNAPL 

Migrating 
LNAPL

Important to factor 
in NSZD rate into 
remedial decision 

making to minimize 
unnecessary 
remediation

N = 11

N = 15

N = 17

Kulkarni et al., 2022
Site Average NSZD Rates: 

various methods
(40 LNAPL sites)

90% > 1600 L/ha/yr 
(170 gal/acre/yr)

49



NSZD in Context with CSM and Remedial Decision Making

Modified from Palaia and Park, 
2023

Mobile & 
Residual

LNAPL 

Migrating 
LNAPL

50

Refine the CSM with quantification of bulk petroleum NAPL and/or chemical 
constituent loss rates

Determine whether NSZD is sufficient to address risk/concerns

Determine the NAPL footprint using vadose zone indicators of biodegradation

Compare NSZD to historical or potential future remedial activities

Support estimates of source zone remedial timeframes

Assess NAPL stability through application of a mass balance of NSZD mass 
losses and measured mobile NAPL flux

NSZD – An important part of the petroleum NAPL CSM



Hydrocarbon Biodegradation Can Lead to Formation
of Polar Metabolites

• Intermediate (anaerobic) 
biodegradation products

• Challenge assessing risk
because of limited toxicity 
information for individual 
metabolites and mixtures

• Different properties from HCs
• O2

• Polar
• More soluble / mobile

Solubility of n-Hexane vs Metabolites

TPH-gas plume 
lengths (Shih 2004)
• Median: 220 feet
• Max: ~600 feet

Mobile & 
Residual

LNAPL 

51



How Can You Identify Polar Metabolites?

Metabolites detected as TPH when 
silica gel cleanup (SGC) not used

C10

C24

TPH-d w/o SGC: 2,900 
µg/L
TPH-d w SGC: ND
Background w/o SGC: NDTPH-diesel

TPH-motor oil

C36

Metabolite
Hump

Identify metabolites using:

• Analysis w/ & w/out SGC

• Chromatogram pattern

• Conceptual site model (e.g., more 
mobile/soluble)

ITRC TPHRisk-1: Figure A5-5 
(data from CA site)

Mobile & 
Residual

LNAPL 

52



Biodegradation is Also a Key Process Limiting PVI

• Hydrocarbons (and methane) attenuate 
rapidly in the presence of O2

• At some distance above the source, 
rates of biodegradation for most COCs 
exceeds rates of upward migration by 
physical processes (e.g., diffusion)

 Aerobic: utilize O2, produce CO2 and H2O

 Anaerobic: utilize CO2 and H2, produce CH4

 Produce heat

 Acclimate/adapt relatively quickly

Mobile & 
Residual

LNAPL 

53

Source:  G.T. Ririe, 2013



Key Message 5
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PVI IS PRIMARILY 
ASSOCIATED WITH LNAPL 
SOURCES: SOURCE TYPE 

MATTERS

54



Site Screening Is Important for PVI: Vertical Screening Distance Concept

Source 
Type 

Matters !!

55

Image: ITRC PVI Training

Mobile & 
Residual

LNAPL 

Vadose
Zone

Dissolved Phase SourceLNAPL Source

Saturated
Zone

Vertical 
Screening
Distance
(5 Feet)

Relative 
Hydrocarbon 

Soil Gas
Conc.

0 1

Vertical 
Screening
Distance 

(15 - 18 Feet)

Negligible
PVI Risk

Aerobic

Interface

RBSL

X

Relative 
Hydrocarbon 

Soil Gas
Conc.

Vadose 
Zone

Saturated
Zone

Water 
Table

Negligible
PVI Risk

Vertical 
Separation 
Distance

0 1

Aerobic

Anaerobic

Interface

Top of 
Vapor
Source

Water 
Table

Top of 
Vapor 
Source

RBSL

X



Which buildings get screened in & 
which screening distance to apply?

30 feet* from edge of PVI source to building 
unless site data prove otherwise 

*30 feet is conservative given that lateral screening 
distances should be roughly the same as the vertical 
screening distances of 5 and 15 ft

Dissolved Phase

x < 30 ft

Lateral 
Inclusion 

Zone

Dissolved-Phase Source

Which Buildings Screen In – Lateral Inclusion Zone

LNAPL Source

Lateral 
Inclusion 

Zone
x < 30 ft

Residual-Phase LNAPL

Mobile & 
Residual

LNAPL 

56



Screening Distances Do Not Apply to Certain Buildings If Precluding 
Factors Are Present

Definition: Site-specific conditions which preclude (prevent) the 
application of site screening 

 Preferential pathways (e.g., utilities, conduits, fractured rock connecting 
vapor source to building) 

 Certain fuel types (e.g., gasoline containing lead scavengers or > 10% 
ethanol by volume)

 Expanding/advancing plume with potential to migrate below buildings or 
enter the “lateral inclusion zone”

 Certain soil types (arid soils or soils with very high organic matter content)

Mobile & 
Residual

LNAPL 

*US EPA (2015) also lists certain building types with large foundations > 66 feet on each side
57



For Buildings That Do Not Screen Out for PVI:
Soil Gas → Subslab Vapor → Indoor Air

Soil Gas, Subslab
Measurements

Indoor Air Measurements

58

Mobile & 
Residual

LNAPL 



Challenges of Receptor (Building) Characterization

modified from
USEPA (2011)

complete
pathway?

Mobile & 
Residual

LNAPL 
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in indoor air (benzene) 

can exceed Risk (based) 
Screening Level (RSL) for 

10-6 Target Risk

modified from
Dawson and 

McAlary (2009)
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Best Practice on Sampling and Analysis for PVI

https://projects.itrcweb.org/PetroleumVI-Guidance/

Groundwater sampling [4.2.2.1]

Soil sampling [4.2.2.6]

Soil Gas sampling [4.2.2.2]

Crawl space sampling [4.2.2.5]

Indoor air sampling [4.2.2.3]

Ambient air sampling [4.2.2.4]

Difference in sampling between petroleum and chlorinated

Supplemental Tools & Data Useful for VI Investigations [Appendix G]

Analysis Methods [Appendix G]

60

Mobile & 
Residual

LNAPL 



Questions
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Key Message 6 

TPH is not necessarily “total”, 
not necessarily all from petroleum,

& not necessarily all hydrocarbons

6262



TPH is a measurement that helps focus the risk assessment:
 Defined by the analytical method used to measure it

 Provides an approximate concentration of the total 
hydrocarbons in a complex mixture

 Provides information about the type, volume, and 
distribution of hydrocarbons in LNAPL

TPH in the Environment

https://tphrisk-1.itrcweb.org

Mobile & 
Residual

LNAPL 

63

17C#  11 23
ITRC TPHRisk-1 Figure A5-4



Four TPH Methods Will Yield Four Different Results

And will measure “TPH” for non-petroleum hydrocarbons!

ITRC TPHRisk-1 Figure 5-3 (NewFields. 2002)

Mobile & 
Residual

LNAPL 

64



Not All TPH Is Petroleum Hydrocarbon

Before Silica Gel Cleanup After Silica Gel Cleanup

ITRC TPHRisk-1 Figure A5-5 (Zemo 2016)

Mobile & 
Residual

LNAPL 

65



Selecting Appropriate TPH Lab Methods

hydrocarbons
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TPH provides an approximate concentration of total hydrocarbons in 
a medium:

 Provides information on hydrocarbon size and distribution

 Result will vary by analytical method used to measure it

 Result may include non-hydrocarbons depending on method used

REMEMBER Key Message 5: TPH is not necessarily “total”, not necessarily all 
from petroleum, and not necessarily all hydrocarbons

Measuring TPH

https://tphrisk-1.itrcweb.org
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Key Message 7

Composition of the fuel matters 
for assessing the risk of mobile or 

residual LNAPL
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Bulk TPH – What’s In That Number? 

Gasoline Diesel Fuel
South Louisiana 

Crude

X- AXIS: Elution Time/Carbon 
Number  
Y AXIS: Relative Concentration

Mobile & 
Residual

LNAPL 
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ITRC TPHRisk-1 Figure 2-3



Unique Characteristics of TPH Effect Exposure

PHASE

NAPL (non-
aqueous 
phase liquid)

Air/Vapor

Water

Sorbed

Hydrocarbons and partially 
oxidized hydrocarbons 
(metabolites)

Vapor

SoilGroundwater
MEDIA

EXPOSURE
PATHWAY

DERMAL, 
INGESTION, 
INHALATION

LEACHING

INGESTION 
(DRINKING 

WATER)INGESTION, 
DERMAL, 

INHALATION, 
ECOLOGICAL

INHALATION

discharge 
to surface 

water

surface spills

Surface
Water

aquatic 
toxicity
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Source: modified from HIDOH Case Study #1, Figure 1-3 (HIDOH 2018)



Human Health Toxicity Assessment

C5 C35

C6 C18 C22

Carcinogenic PAHs

Individual Compound 
Approach

C5 C35

Whole Product

RfD for mineral oil, JP-4, etc.

C5 C35

C8 C16
RfD = 1

(mineral oil)

Fraction/Surrogate

RfD = 0.1
(petroleum streams)

RfD = 2
(weighted 
mixture)
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Tiered TPH Risk Assessment Framework

Tier 1
Screening Level Risk 

Assessment

Data > 
SLs?

Collect 
Data?

Yes

No No

Tier 2/3
Site-Specific Risk 

Assessment

Refine 
Tier 2/3 

RA

Yes

Monitoring or 
NFA

Risk 
Management

Risks > 
Threshold

?

Monitoring or 
NFA

No

Yes

Yes

No

ITRC TPHRisk-1: Abbrev Figure 1-1
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• TPH is a complex mixture

• Unique fate and transport properties of TPH affect 
how risk should be assessed

• Varying types of TPH data lend themselves to a 
tiered assessment approach
 Tier 1 Screening Level Risk Assessment: bulk TPH data and indicator compounds

 Tier 2/3 Site-specific Risk Assessment: TPH fraction data

• Understanding analytical data, CSM, and regulatory framework is critical in 
appropriately assessing risk

Assessing Risk from TPH

Source: Haley & Aldrich
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Risk Management
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Petroleum Risk Management Options

Risk Management Option

Additional Data Collection

Remedial Action
(e.g., cleanup based on LNAPL
or dissolved-phase concerns)

Mitigation
(e.g., PVI active or passive systems)

Engineering Controls
(e.g., barrier wall)

Institutional Controls 
(e.g., deed restrictions)
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Select Remedial Goals

76

Composition
Saturation



Select Remedial Goals

• Saturation Goal 
• Objective:  LNAPL mass control/recovery
• Examples: stop LNAPL migration by containing LNAPL or Reduce LNAPL 

saturation by recovering LNAPL

• Composition Goal
• Objective: LNAPL phase change
• Example: Change LNAPL characteristics by phase change

• Aesthetic Goal 
• Objective: eliminate cause (LNAPL Saturation or Composition)
• Example: stop LNAPL from seeping to river
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Select Remedy That Aligns With Remedial Goals
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Identify Performance Metrics & Endpoints

Baseline *
Assessment

Validation *
Assessment

Transition *
Thresholds

* From WK78667 Draft ASTM Guide for Advancing 
Stalled Corrective Action Sites Toward Site Closure 79



Performance Metrics: Example – ASTM WK78867

(S) = Saturation Concern
(C) = Composition Concern* From WK78667 Draft ASTM Guide for Advancing Stalled 

Corrective Action Sites Toward Site Closure
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Endpoints (Transition Thresholds): Example – ASTM WK 78667

(S) = Saturation Concern 
(C) = Composition Concern

* From WK78667 Draft ASTM Guide for Advancing Stalled Corrective Action Sites Toward Site Closure
81



The characterization of TPH, LNAPL, and PVI requires an integrated approach that is 
communicated through a CSM

Training Summary

https://tphrisk-1.itrcweb.org/ 82

TPH key messages

• TPH is defined by analysis 
• TPH analysis characterizes nature/extent and whether biodegradation is occurring (i.e., 

presence of petroleum metabolites)
• Type of TPH analysis depends on site investigation goals (i.e., fractionated TPH analysis 

provides results that have associated toxicity values; therefore, can quantify human health 
risks)



Training Summary 

https://lnapl-3.itrcweb.org/ 83

LNAPL key messages

• LNAPL is the source of long-term vapor, sorbed and dissolved phases
• LNAPL can be present in the soil pores even if not visible in wells
• LNAPL bodies typically stabilize quickly



LNAPL key messages

• Mobile LNAPL in wells does not mean that the LNAPL body is migrating (or recoverable)
• LNAPL thickness in wells is affected by soil type, water table fluctuations, and the LNAPL 

hydrogeologic condition
• Biodegradation processes deplete LNAPL source mass and helps stabilize LNAPL bodies
• Remedial technology selection based on the LNAPL concern(s):  saturation, composition, 

and/or aesthetic

Training Summary 

https://lnapl-3.itrcweb.org/ 84

unconfined LNAPL



Training Summary 

https://projects.itrcweb.org/PetroleumVI-Guidance/ 85

PVI key messages

• Biodegradation in the vadose zone limits the potential for PVI and serves as the basis 
for lateral and vertical screening distances

• PVI risks are mainly associated with LNAPL (gasoline)



Training Summary 

https://projects.itrcweb.org/PetroleumVI-Guidance/ 86

PVI key messages

• Proper identification of residual LNAPL sources is critical
• Site characterization should focus on the vadose zone given the high likelihood of 

encountering gasoline-related COCs in indoor air above risk-based screening levels



Questions

87

Certificate of Completion https://www.clu-in.org/conf/itrc/Hydrocarbons/
emailed after you complete the Feedback Form

PVI
https://projects.itrcweb.org/PetroleumVI-Guidance/

LNAPL
https://lnapl-3.itrcweb.org/

TPH
https://tphrisk-1.itrcweb.org/

Hydrocarbons Sites
https://hyd-1.itrcweb.org/
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