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
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Key ITRC Petroleum Hydrocarbon Guidance

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

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

LNAEL

Ny

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

Hydrocarbons Sites (Effective Application of Guidance Documents)
https://hyd-1.itrcweb.org/




Where Does This Training Apply?

e B OO mi .

All ps of pr Im. age or small sites.



Course Training Goals

Overview of key issues to help
identify and manage Total Introduce what's contained in
Petroleum Hydrocarbons the ITRC petroleum
(TPH), Light Non-Aqueous hydrocarbon
Phase Liquids (LNAPL), and guidance documents and
Petroleum Vapor Intrusion highlight where they overlap
(PVI) risks TOGETHER

Present latest science to
support best practices for site
investigation (CSM
development), risk
management, and regulation
development

Emphasize the importance of
biodegradation in risk
management decision making




Course QOutline

Fundamentals of Identifying and

Building an managing the risks
h pCT:rtgggerg?ns integrated CSM from petroleum
Y hydrocarbons
Petroleum Defining
chemistry LNAPL risks
based on
acute,
saturat_i(_)n,
How are TPH, When is a composition,

LNAPL, and CSM or aesthetic
PVI related? complete? concerns




Fundamentals of Petroleum Hydrocarbons




The Chemistry of Petroleum Fuels

Petroleum fuels (gasoline, motor oil, etc.) are
distilled from the heating (refining) of crude oil

Bottled Gas

Naptha

 Refined fuels contain 1000s of hydrocarbons
and widely different compositions

Gasoline

Kerosene

Diesel or Gas Qil

Lubricating Oil

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

Heavy Gas QOil

Residual

Crude Qil Boiler Distillation Coiumn Carbons
- TPH analyses measure petroleum hydrocarbons Source: Haley & Adrich
that are present in LNAPL, sorbed, dissolved, and
vapor phases
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Refined Fuels and Oils are Complex Mixtures

Gasoline |

| Naphthas |

| Stoddard Solvent |

| Jet Fuel/ Kerosene

| JP-4 ]
Diesel Fuel/ Middle Distillates
B : Fuel Oils —_—
| Lube Oil, Motor Oil, Grease |

69°C 126°C 216°C 343°C 402°C 449°C
—— | | | - ——

156°F 258°F 421°F 649°F 750°F 840°F

C2 ©€C4 ©GC Cg Cip Ci2 Ciu Cig Cig Cxp Cxm Coy C Cx Cyxp

T I I I T S N

I T

- Ca0r

Source: TPH Criteria Working Group vol. 5 (1999)
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What is Light Non-Aqueous Phase Liquid (LNAPL)?

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

12



How Petroleum Exists in the Environment

Vadose
Zone

LNAPL Location
Most "stuck" in soil pores

@

Capillary
Zone

@

Dissolved Plume

Saturated
Zone

ITRC 2015

LNAPL Partitioning

~99% of mass remains LNAPL!

ﬁ:l (<0.5% in air or water, or on soil surfaces)

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

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

30 — 100% of LNAPL mass

D becomes residual —

(varies by fuel and soil type, degradation)

13



What is TPH (Total Petroleum Hydrocarbons)?

TPH is present in soil gas, pore water, sorbed
phase, and LNAPL related to:

e 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

Aliphatic Hydrocarbons

Cl
- PN
3 C CH
I T o W e W
H; Hy L] H,
n-paraffins/normal-alkanes iso-paraffins/i-alkanes
CH3 CH,\ /CHa»CH; C'H,\ /H
/c=c\ /c=c
H H H \CH:C":
€13-2-pensem trans-2-pentend
naphthenes/ olefins/alkenes
cycloalkanes (not in crude)

Aromatic Hydrocarbons

© é polyaromatlc hydrocarbons

benzenes (PAHs)

Source: ITRC TPHRisk-1 Figure 4-3

14




TPH Versus LNAPL (Migrating, Mobile, and Residual)

TPH > C,,, = LNAPL

C..: Is @ TPH concentration
threshold that indicates when
residual LNAPL is potentially
present in soil (effective aqueous
LNAPL can flow into wells solubility & vapor pressure limits)

Csat Residual Mobile  Migrating

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

/ Potential Composition Concerns
7z Potential Sat Concerns

ITRC LNAPL-3 Training

15



What is Petroleum Vapor Intrusion (PVI)?

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)

e petroleum vapors are highly susceptible to biodegradation

e can create certain acute risks (explosion hazards) from the production of methane during

biodegradation .



Building an Integrated Conceptual Site Model (CSM)




What Is a CSM and What's It's Purpose?

« A CSM is used to:

v" identify potential sources, pathways, receptors,

for current and reasonably anticipated future
site conditions

v" define LNAPL concerns, goals, and objectives

v' 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)

NEW SITE: initial investigation
OLD SITE: review

l—l

Initial CSM | —)
Step 1. Identify

: LNAPL Concerns
Step 2. Site
Screening
Step 3. More Detailed CSM | | E&igﬁﬂgﬁg
(Additional Site Investigation) !

| Closure
Step 4. Define LNAPL Goals and Objectives \
Implement Site Management

(remediation, mitigation, institutional controls)

18



CSM: General Petroleum Hydrocarbon Distribution and Exposure Pathways

PHASE

B NAPL (non-
aqueous
phase liquid)

Air/Vapor
B Water
Sorbed

MEDIA

EXPOSURE
PATHWAY

Igﬁfﬁl{ﬂz DERMAL, INHALATION
INGESTION, ( INGESTION,

DERMAL, WATER) ' INHALATION ' '
INHALATION, N AST
ECOLOGICAL / T= |

groundwater surface spills
discharge to P LEAC‘I-}?N} j

surface water

>

¥\ VADOSE ZONE
(where no NAPL
is present)

VADOSE ZONE &

_—®

SURFACE
WATER GROUNDWATER GR OUIVD_A TER
(where no NAPL is present) (where NAPL is present)

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

hydrocarbon distributions in groundwater and the vadose zone will vary depending
on hydrocarbon 19




ITRC's Hydrocarbons CSM Development Checklist

ITRC Petroleum Risk Evaluation Checklist

HﬂE‘EHCEE to
- ; [all P¥] references can be Seenaria? Notes

accessed through links on
page 12 of the Tech Reg) (YN}

STEP 1: Emergency Response/initial Investigation ([LNAPL: does not address emergency responses)

P%I Figure 1-1 maintain surveillance of any location where an
Was emergency response required? TPH Section 2.4 exposure has already occurred [identifies
TPH Section .2 preferential migration pathways)

STEP 2: Site Characterization to create the Conceptual Site Model

LMAPL Section 4-4.3

How to create an Initial Conceptual Site Model.

TPH Section 5

PV Section 2.3
Where isthe release source location? TPH Table 5-1
I=there an ongoing release of LNAPL? LMAFL Section 3.2.1

PV Section 3.1.4

Site Type - Clazsify site as either:
= Petroleum UST/AST Site: Petroleum UST/AST sites generally include: a)
facilities used for vehicle fueling |e.g., 2= stations, municipal fleet yards,

bus terminals, fire stations, etc.) and b) commercial/home heating oil PVl Section 2.5
tanks. Fuels and oils atthese sites are typically stored in USTs, but could |PVI Table 2-2
be stored in similarly sized ASTs. PVl Section 3.1.1

= Petroleum Industrial Site: Includes: a) bulk fuel terminals, bj refineries, PVl AppendixE
cj exploration and production sites, d) crude oil and product pipelines,
and e)former manufactured gas plants,

https://hyd-1.itrcweb.org/petroleum-risk-evaluation-checklist/ 20




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!

CSM (SITE) COMPLEXITY

hydrogeology, chemical fate and transport

POTENTIAL RISKS

toxicity, sensitive receptors, reputation, community issues

21



When is the CSM Complete?

Is the information sufficient
to bound uncertainties Is the information sufficient
related to changes in site to support the identification
conditions (e.g., of LNAPL goals, concerns
spatiotemporal variability in and objectives (described
constituent concentrations, in next section)?
changes in land use

Have relevant sources,
pathways, and
current/future receptors
been identifiede

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

22



Identifying & Managing Risks from Petroleum Hydrocarbons

NEW SITE: initial investigation
OLD SITE: review

More Detailed CSM No Further

Action, Site
Closure

——)

23




Identifying LNAPL Concerns (4 Types)

LNAPL Initial CSM Identify LNAPL
RELEASE Concerns

e Saturation . * Acute ri§k Risk & 2)
~~_ Migrating ~~ Safety
gL ——— 5

e Composition/Saturation
o TPH -=-—____.
o PVI

—-—
___—_
—

— -

 Sheens
» Aesthetics (stains and odors)

GENERAL
TIERED
ASSESSMENT

1) Identify acute risks

Identify and address
Migrating LNAPL

Identify and address
risks from Mobile
and Residual LNAPL

(TPH, PVI, sheens,
aesthetics)

24



Terminology

Remedial
Concern

LNAPL condition or
potential condition:

e additional LNAPL
migration (saturation
concern)

e 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



Concerns Differ Based on General LNAPL Scenario

LNAPL sat > residual
Condition: LNAPL in wells, migrating
Concern: LNAPL saturation

—1

LNAPL sat > residual

Condition: LNAPL in wells, mobile Mobile

. - Concern: LNAPL composition, saturation LNAPL

LNAPL sat < residual

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

Image: ITRC LNAPL-3 Figure 3-8. 26



Contrast Between Saturation and Composition Goals

Reduces
_ Persistence Reduced
% ~ saturation
25 (less LNAPL)
'E §, Reduces {3
o 3 :
5 o g Concentration
©
c ® &
858 I
é g Changed
5 8 composition
>
w
0 0.2
LNAPL Saturation

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

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



Key Message 1

LNAPL bodies typically stabilize
quickly:.

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

Additional Information: LNAPL-3: Section 3.2 28



LNAPL Gradient: Finite Releases Flatten Over Time

Migrating
LNAPL

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

Finite release means
finite extent

- Abating the release
promotes stability

Image: ITRC LNAPL-3 Training Additional Information: LNAPL-3: Section 3.2.1 79



LNAPL Body Stability

Migrating
LNAPL

vwe e Ly AFL !

Electron — 5 R — . Acceptor
Acceptor Flux — P S e Depletion
_’ '
Groundwater Flow »

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

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

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)

31
Additional Information: LNAPL-3: Section 3.2



Evidence To Demonstrate LNAPL Is Not Migrating

Migrating
LNAPL

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 ft?/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

From WK78667 Draft ASTM Guide for Advancing Stalled Corrective Action Sites Toward Site Closure 32



Questions?

% INTERSTATE

IRG

COUNCIL
ADOTONHD3L *

* AHOLVIND3Y *
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Key Message 2

Apparent LNAPL thicknesses in
wells is affected by water table

fluctuations and the LNAPL
hydrogeologic condition.

Additional Information: LNAPL-3: Sections 3.1, 3.4, and 3.5 34



Thickness of Mobile LNAPL # Thickness in Formation

4
5 —Gravel
< Coarse Sand
3 = 3 —Silty Sand
U= —Silt
Qo )
T8 2 k=
= ¢
v Q0 5
3 E 1 O
Qo
© 7.5 gal/fi2
I 0

0.00 0.20 0.40 0.60 0.80 1.00 ]

Image: ITRC LNAPL-3 Training LNAPL Saturation

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

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)

35



Fluctuations in Groundwater Levels

Migrating
LNAPL

LR # 52 S Average
lam ol X0 =1 ] _:IJ 2 €§E w il Groundwater

™ B ) 4 i m o ,ﬁ i Elevation

Gauged LNAPL T e el ) U g (Feet MSL)
Thickness in T e i P - 2700
MWs Over oy | _, 3 “ p il Tl " S = - 2698
Time L il LR V- o - 2696
(Refinery) ; i~ o e i "~ - 2694
- T 1% . - 2692

- 2690
- 2688

Apr 1982

From API Interactive NAPL Guide, 2004

Fluctuations in GW Levels Can Make LNAPL Appear to Be Migrating When It Is Not
Additional Information: LNAPL-3: Section 3.5/Figure 3-9

36



LNAPL Thickness Change with Water Table Fluctuation

residual
water

3-phas

Elevation

aturation

| -
§5 g
ol

S = o 2
T ®© <
c > 2 0
=) i
ow =
© 37

Time " . :

Additional Information: LNAPL-3: Section 3.2.3

After ITRC 2012



Apparent LNAPL Thickness

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

-9

—Gravel

Coarse Sand
=—Silty Sand
—Silt

(%)

Y ___

Ht above water-LNAPL
interface (ft)
= ]

unconfined LNAPL

=

0.00 0.20 0.40 0.60 0.80 1.00
LNAPL Saturation

Perching Layer
Confining  Layer

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

Certain Fractured Rock

38
Additional Information: LNAPL-3: Section 3.4



Key Message 3

LNAPL can be in the formation

when it is not accumulating in a
well

Additional Information: LNAPL-3: Sections 3.1 and 3.5 39



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

Residual LNAPL sources
represent similar PVI
risks as mobile or

migrating LNAPL sources
and can be difficult to
identify

“Act”
The S
e Lame “l ook”
The Same

[ ) |

Legend
¢ -oxygengas (O2)
4 - petroleum vapors
& - residual LNAPL

|2
I3~

\

Y Y Y vy LY ( (/¢
Vadose Vadose y YL Y
Top of . Zone ! Top of + Zone 4 "I;op of v dy
Vapor o Vapor apor aaose
Source a‘:sw.tﬂg‘a;- Source Source Zone
Y § 4
WaterI 4 -,l, : Water : WaterI :— -— - —
Table Table - Table + eh 2 & | —
LNAPL LNAPL R\LNAPL
Saturated “present” REEEIUIEICD “Not present” Saturated “Not present”
Zone Zone > one
Mobile or migrating Residual-phase Dissolved-phase

LNAPL LNAPL

MW

Image: ITRC PVI Training

= monitoring well
40



.

Indicator

Potential Indicators of Residual LNAPL (mainly gasoline)

Comments

Groundwater

benzene: > 1 - 5 mg/L

TpH(gasoIine): > 30 mg/L

BTEX: > 20 mg/L

current or historical presence of LNAPL (including sheens)

current or historical positive shake test results
benzene > 10 mg/kg

ITRC: TPHg > 250 - 500 mg/kg; US EPA OUST: TPHg > 100
(fresh); TPHp > 250 (weathered, diesel)

ultraviolet light (UV) or laser-induced fluorescence (LIF) response
in LNAPL range

PID or FID readings > 500 ppm

Soil Gas Readings Low (O,) High (CO,, CH,, Aliphatics)

Location relative to UST system (e.g., ta

adjacent (e.g., < 20 feet) from a known or suspected LNAPL
release or petroleum UST/AST equipment

* no specific hydrocarbon concentration in groundwater
that defines all LNAPL types because:
- varying product types
- degrees of weathering

» use of TPH soil concentrations as LNAPL
indicators should be exercised with caution:

- can be affected by the presence of soil organic
matter

- TPH soil concentrations are not well correlated with
TPH or O, soil gas concentrations

nk, dispenser, pipework) or AST

« probability of encountering LNAPL increases closer to
release location

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

41



Other General Indicators of Residual LNAPL

Hydrocarbon 0,
A A

Soil gas indicators include:
- Oxygen (0O,) < 5% vol/vol
- Carbon dioxide (CO,) > 15% v/v
- Methane > 1% v/v
- Benzene > 1,000 mg/m3
- Hexane > 100,000 mg/m3
« Cs — G4 aliphatics > 100,000 mg/m3
. C4— C,, aliphatics > 10,000 mg/m3

CONSTANT HYDROCARBON
& CO,[SOURCE, O, SINK
®

RELATIVE DISTANCE ABOVE WATER TABLE

> > >
RELATIVE SOIL-GAS CONCENTRATION

0@ SOIL-GAS PROBE LOCATION
RESIDUAL-PHASE LNAPL

42



LNAPL Characterization Tools Migrating

LNAPL

LIF (UVOST/OIP), soil borings (visual, PID, shake tests,
dye tests), soil concentrations, dissolved-phase

LNAPL Delineation FITEEENEE concentrations, soil vapor (VOCs and/or biogenic Lofloe sbe -
gases)
Mobile Monitoring wells, core LNAPL saturations LNAPL-3: Section 3.5
Chemical Site history, gas chromatography, biomarkers, LNAPL3: Table 4-2
LNAPL Properties Istfiation,
Physical Density, viscosity, interfacial tension LNAPL-3: Table 4-2

LNAPL Hydrogeologic Unconfined, confined,

Condition or perched Hydrographs, diagnostic gauge plots LNAPL-3: Section 3.4

Apply multiple lines of  Release date, mobile LNAPL extent, dissolved and/or

evidence vapor footprint, hydrographs, LNAPL-3: Table 4-1

LNAPL Stability

Baildown, manual skimming, LNAPL recovery system

LNAPL Recoverability LNAPL transmissivity LNAPL-3: Appendix C, Section 2

evaluations
Natural Biodegradation NSZD Gradlen_t,_ CO, flux, tempera_ture methods, LNAPL LNAPL-3: Appendix B, Section 4
Processes composition, polar metabolites

ITRC DNAPL Site Characterization and Tools Selection Worksheet.

LIF: Laser Induced Fluorescence PID: Photoionization Detector
UVOST: Ultraviolet Optical Screening Tool ~ PIANO: n-Paraffins (P), Iso-paraffins (I), Aromatics (A), 43
OIP: Optical Image Profiler Naphthenes (N) and Olefins (O)



Key Message 4

Biodegradation helps LNAPL

bodies and groundwater plumes
stabilize and/or shrink

44



Biodegradation Is the Ultimate Contributor to LNAPL Stability

Migrating
LNAPL

Tink of the LNAPL ody a glacier

I’E"
77

7

45



Biodegradation Is A Primary Contributor to LNAPL Stability

Migrating
LNAPL

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
B Source Attenuation others
B8 (NSZD & TPH weathering, r

Aeroblc

https://www.itrcweb.org/guidancedocuments/Inapl-1.pdf

46



Biodegradation Is a Primary Contributor to LNAPL Stability /s

LNAPL
- Microbes that degrade hydrocarbons are ubiquitous e s
- Biodegradation occurs in the saturated and vadose zones in: | ! 7
. | @ Direct
- LNAPL — using enzyme surfactants & Contact
seudo- |/ 1
- Aqueous phase -- primary location where bacteria reside solubilized  NgDhsoved
smlamem - - -O- ----------- 1

Aerobic

|

|

I L
|

| Biodegradation

|

i_ CH,, VOCs, CO, :
|

I .’-‘ e

I \,\77‘; 4

L

Sourco Attenuation l
(NSZD & TPH weo‘f erng,

Hua ef al., 2014
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Primary NSZD Processes

Migrating

\ \ \
Oygen Tmnspoﬂ

K¢ “4rco; b0,

4 N4 N4

\* ﬂ‘ / Siodegradation i e CH, + 20, — CO, + 2H,0 + Heat

/ ’ /
ﬁco ﬁ:m ﬁvoc

N VoIauhzabon

Mobile or Residual LNAPL

Electron N T — Acceptor
Acceptor Flux —» NN Depletion
—_— >

Groundwater Flow —————»p

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

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

LNAPL

 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 (CH,) oxidation (involving
oxygen — O,) to carbon dioxide (CO,)

* Aerobic biodegradation of VOCs

48



NSZD Rates Can Compete with Certain Engineered Remediation Systems

Important to factor
in NSZD rate into
remedial decision

making to minimize

unnecessary
remediation

NSZD Rate (L/ha/yr)

100,000

10,000

1,000

100

10

All Active Systems

Modified from Palaia (2017)

Skimming AS/SVE - All MPE (VOC+Bio)

;

Migrating
LNAPL

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

NSZD — An important part of the petroleum NAPL CSM

Refine the CSM with quantification of bulk petroleum NAPL and/or chemical 'V'Lilg“':;‘[‘g
constituent loss rates

Determine whether NSZD is sufficient to address risk/concerns

Determine the NAPL footprint using vadose zone indicators of biodegradation

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 50




Hydrocarbon Biodegradation Can Lead to Formation

of Polar Metabolites

. Intermediate (anaerobic) | TPH - Polar Metabolites
biodegradation products SiafiaRainas o TPH-gas plume
~ \ lengths (Shih 2004)
_ _ > » Median: 220 feet
- Challenge assessing risk - . Max: ~600 feet
because of limited toxicity | 7eh remaueoc: e
information for individual

metabolites and mixtures

Solubility of n-Hexane vs Metabolites

- Different properties from HCs Boiling "
Prop Chemical | Formula | Point Solubility
® 02 (oc) (“g”-)
- Polar n-Hexane CeHs 69 ( 9.5E+03 [D
. More soluble / mobile 2-Hexanone | CeHi,O1 | 128 | 7.7E¥06
/ Hexanoic Acid | CsH120, | 205 | 5.8E+06

51



How Can You Identify Polar Metabolites?

|dentify metabolites using:

* Analysis w/ & w/out SGC
« Chromatogram pattern

» Conceptual site model (e.g>
mobile/soluble) \

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

TPH - Polar Metabolites
TOMORROW?

“light non-aqueous

phase liquid”

B

TPH-d w/o SGC: 2,90

Hg/L
TPH-d w SGC: ND

\

TPH-diesel \

A
N

TPrNgotor oil

Background w/o SGC NE’

ITRC TPHRisk-1: Figure A5-5
(data from CA site)
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Biodegradation is Also a Key Process Limiting PVI

- Hydrocarbons (and methane) attenuate

rapidly in the presence of O,

- At some distance above the source,

rates of biodegradation for most COCs
exceeds rates of upward migration by

physical processes (e.g., diffusion)

v
v
v
v

Aerobic: utilize O,, produce CO, and H,O
Anaerobic: utilize CO, and H,, produce CH,
Produce heat

Acclimate/adapt relatively quickly

<——— Depth

Co, Temp

Seasonal __»
Variation

Aerobic

Anaerobic

0 Concentration ——»

Temperature

Source: G.T. Ririe, 2013
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Key Message 5

PVI IS PRIMARILY
ASSOCIATED WITH LNAPL

SOURCES: SOURCE TYPE
MATTERS
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Site Screening Is Important for PVI: Vertical Screening Distance Concept

LNAPL Source

Source

Type
Matters !!

Vertical
Separation
Distance

Vapor V¥ o

Image: ITRC PVI Training

Relative

' Hydrocarbon

Soil Gas
Conc.

(15 - 18 Feet)

Dissolved Phase Source

Negligible
PVI Risk * (
Top of Y Y Y RBSL
Vapor Vadose .
. Sour ZLone Aerobic
Vertical :
Screening y_ .
; Waterg S = == === === ==
Distance TqueIL A i Interface |

0 1
Relative
Sa;t;r:;ed Hydrocarbon
Soil Gas
Conc.

Legend
¢ -oxygengas (O2)
4 - petroleum vapors
@ - residual LNAPL

Negligible
PVI Risk

Vertical
Screening
Distance
(5 Feet)
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Which Buildings Screen In — Lateral Inclusion Zone

LNAPL Source |,

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

iﬂ %ﬁ%ﬁ
o Residual-Phase LNAPL
30 feet* from edge of PVI source to building

unless site data prove otherwise

Dissolve‘ -Phase Source

*30 feet is conservative given that lateral screening : ST
. . nclusion
distances should be roughly the same as the vertical Zone
screening distances of 5 and 15 ft p
| x < 30 ft

\
\

Dissolved Phase
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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

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

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

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

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

*US EPA (2015) also lists certain building types with large foundations > 66 feet on each side
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For Buildings That Do Not Screen Out for PVI:
Soil Gas — Subslab Vapor — Indoor Air

‘ Select applicable scenario
pregg:ﬂ::;s\i{?or ‘Option (Sectic?lf ;.2.1). design
Management investigative approach
(Section 4.2.2), & implement

h 4 A 4 \ 4
Contaminant Sources Not in Contaminant Sources in Other
Contact with Building Contact with Building Scenarios
Scenario 1 Scenario 2
Soil Gas, Subslab Indoor Air Measurements

Measurements
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Challenges of Receptor (Building) Characterization

Total Percent Detections

]

20 40 (F1]

il 100

Toluene (0.03 - 1.9)

o-Xylene (0.11-2.2)
Ethylbenzene (0.01-2.2

m/p-Xylene (0.4 -2.2) |

Benzene (0.05-1.6) |

Methylene chloride (V.12 - 3.5)

Tetrachloroethylene (0.03 - 3.4)

Carbon tetrachloride (0.15- 1.3)

Trichloroethylene (0.02 - 2.7)
1,1,2-Trichlore-1,2, 2-trifluoroethane (0,25 - 3.8)
1.2-Dichloroethane (0.08 - 2.0)
1,1-Dichloroethylene [0.01 - 0.25)

Vinwl chloride [0.01 - 0.25)

cis 1,2-Dichloroethylene (0.25 - 2.0)
1,1-Dichloroethane [0.08 - 0.25)

VOC:s in Background Indoor Air
(Reporting Limits in ng/ms3)

Chloroform (0.02 - 2.4) |

Methyl tert-butyl ether (MTRE) (0.05 - 1.8) |

1.1,1-Trichloroethane (0.12 - 2.7)

==
m

01

modified from
USEPA (2011)

complete
pathway?

Concentration (ug/m?)

1.0E+02

1.0E+01

1.0E+00

1.0E-01

1.0E-02

modified from
Dawson and
McAlary (2009)

Benzene
RSL

Background concentrations
in indoor air (benzene)
can exceed Risk (based)
Screening Level (RSL) for
106 Target Risk
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Best Practice on Sampling and Analysis for PVI

Groundwater sampling [4.2.2.1]
Soil sampling [4.2.2.6]

Petrelsum Vapor Intrusio 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]
AT A Analysis Methods [Appendix G]

https://projects.itrcweb.org/PetroleumVI-Guidance/ 60




Questions?

% INTERSTATE

IRG

COUNCIL
ADOTONHD3L *

* AHOLVIND3Y *
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Key Message 6

TPH is not necessarily “total”,

not necessarily all from petroleum,
& not necessarily all hydrocarbons
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TPH in the Environment

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

v Provides an approximate concentration of the total N
hydrocarbons in a complex mixture e 314 s

v Provides information about the type, volume, and ‘L‘L LLL N‘M ;
distribution of hydrocarbons in LNAPL WL [Ty

C# 11 17 23

ITRC TPHRIisk-1 Figure A5-4

https://tphrisk-1.itrcweb.org 63




Four TPH Methods Will Yield Four Different Results

Concentration PPM Dry Weight

Bark PeatMoss Horse Cow Cow Wood AlfafaHay Wood Pine Garden
Mulch Manure Manure A Manure B Chips Shavings Needles Compost

Natural Organic Materials
[l Method A B Method B _ | Methodc [ MethodD

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

ITRC TPHRisk-1 Figure 5-3 (NewFields. 2002) 64



Not All TPH Is Petroleum Hydrocarbon

Before Silica Gel Cleanup After Silica Gel Cleanup

] |' B [
12644 || TPHd = 2.3 mg/ . St
1_134-; B lTF‘Hd: 2.3 mg/l ‘ ] 1e4-; TPHd = <0.05 mg/l
1.034—; ; S 1,De4~i
. 9000 1 ‘T‘;—; Laboratory internal standards
8000 1 } 80001
AR 7000] || Oz
6000 . eunu-:
e g \ 5000
4000 . ]

E g . [ ] | ] = =
200{]‘_- . - ' , 3000 L _J Eﬁl P % LLl_ LII.I. = L

0 5 10 15 20 R e e T L T S e 4 :

0 5 10 15 20

ITRC TPHRisk-1 Figure A5-5 (Zemo 2016) 65



Selecting Appropriate TPH Lab Methods

Category Example Methods Application Pros

Bulk TPH

Fractionation

Silica Gel
Cleanup

EPA 8015/8260,
TX1005,
KS LRH/MRH/HRH

TX10086,
MADEP VPH/EPH,
WA Dep Ecology

EPA Method 3630C
with Bulk TPH
Methods

Initial site assessment,
overall extent

Improve site
conceptual model

Remove non-
hydrocarbons,
including polar
metabolites, from
results

Inexpensive

Better define
fate/transport
and risk
characteristics

Better define
extent,
fate/transport,

and risk of
hydrocarbons

May overpredict
hydrocarbons, limited
risk assessment
usability

Expensive

Removes polar
metabolites from the
assessment
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Measuring TPH

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

v Provides information on hydrocarbon size and distribution
v Result will vary by analytical method used to measure it
v 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

https://tphrisk-1.itrcweb.org 67




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?

Sample 1 Sample 2 Sample 3

Example Numeric
Result by GC-FID 15,000 mg/kg 15,000 mg/kg 15,000 mg/kg
(80158B) Extractable

¥
—
T
R
e

Example chromatogram

for same analysis
(Chromatograms courtesy of
Chevron)

............

Note that the first dotted line on the chromatograms is at C10, the second at C28

South Louisiana
Crude

Gasoline Diesel Fuel

ITRC TPHRisk-1 Figure 2-3 69



Unique Characteristics of TPH Effect Exposure

PHASE

Bl NAPL (non-
aqueous
phase liquid)
Air/Vapor

W \Water
Sorbed

MEDIA

EXPOSURE
PATHWAY

INHALATION

AST

(DRINKING DERMAL,
INGESTION, WATER) INGESTION,
DERMAL, \ INHALATION
INHALATION, \ 4 \
ECOLOGICAL T S =
discharge Surface spills l \
to surface | LEACHING
water \/ , :
aquatic \y Graundwater
tOX|C|g,
Surface
Water

Hydrocarbons and partially
oxidized hydrocarbons

(metabolites)

Source: modified from HIDOH Case Study #1, Figure 1-3 (HIDOH 2018)
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Human Health Toxicity Assessment

Individual Compound
Approach

| .
Cs |\ Qrcinogenic PAHs Css
CG C18 C22
Whole Product
|
C > C
5 l\RfD for mineral oil, JP-4, etc. >
Fraction/Surrogate
s J Cas
TSR =2""Cs > RfD=0.1 /C\ RD = 1
(weighted (petroleum streams) 16  (mineral oil)

Image: Figure 6-2. TPH toxicity assessment mixtu re) 71
methods TPHCWG 1999



Tiered TPH Risk Assessment Framework

Tier 1

Screening Level Risk
Assessment

Monitoring or
NFA

v Risks >

Threshold
?

Collect Tier 2/3
Data? Site-Specific Risk
Assessment

Refine
Tier 2/3
Risk RA
Management
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Assessing Risk from TPH

- 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
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Risk Management




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., PVl active or passive systems)

Engineering Controls
(e.g., barrier wall)

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

. LNAPL Concern LNAPL Goal
) Composition

Saturation

Composition
Saturation

Aesthetic or
Combination
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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

Remedial
PHASE CHANGE
TeCh I19|09Y Biosparge/Biovent
Grouping & NSZD
ISCO
over Ia p Enhanced Anaerobic Degradation
AS/SVE

Vacuum Enhanced Skimming
Cosolvent Flushing
Electrical Resistance Heating
Thermal Conduction Heating
Steam Injection
In-Situ Smoldering

MASS RECOVERY

Phytotechnology
Activated Carbon

Skimming . MASS CONTROL
Excavation Total L'C_'“'d Physical or Hydraulic
SESR Extraction Containment;

Water flood In Situ Soil Mixing
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Identify Performance Metrics & Endpoints

| Performance
Metrics

# Endpoint

These assure
effective
implementation

This defines
remedial action
completion

.

Baseline *
Assessment

Transition *
Thresholds

|

Validation *
Assessment

79



Performance Metrics: Example — ASTM E-3488

Example Performance Metrics

System Related Subsurface Related
e TPH/COC concentration in influent/effluent |e Groundwater, soil, or soil-gas
(© concentrations over time, space
e Fluid recovery rates (LNAPL, water, gas) ©
e LNAPL to vapor or water ratios (S) e COC mass flux or discharge in
e Flow rate, pressure/vacuum, temperature groundwater or soil vapor (C)
(S or ©) e LNAPL presence or thickness in

wells (S)
e LNAPL transmissivity (S)

e Electron acceptor distribution
(oxygen) (C)

e Drawdown, water-level mounding (S or C)
e Radius of influence (C or S)

(S) = Saturation Concern
* From ASTM E-3488 Guide for Advancing Stalled Corrective (C) = Composition Concern

Action Sites Toward Site Closure
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Endpoints (Transition Thresholds): Example — ASTM E-3488

Example Transition Thresholds
e LNAPL transmissivity below an ITRC (2018) threshold of 0.1 to 0.8 ft2/day (S)

e Recovery of 95% of LNAPL based on a decline curve analysis (ITRC, 2018) (S)

e Concentrations or mass discharge at (or approaching) established regulatory
target levels within accepted statistical certainty (C)

e Active mass recovery rates similar to (or less than) natural source-zone depletion
rates (ASTM, 2022) (S)

e Active attenuation rates similar to (or less than) natural attenuation rates (ASTM,

2022) (C)

e No (or limited) rebound in concentrations or mass following temporary termination
of corrective action (partial or complete) (S and/or C)

e Mass removal or concentration attenuation rates by active recovery approaching
asymptotic levels while ratio of GHG emissions per unit reduction in mass or
concentration is rapidly increasing (S and/or C)

e Mass removal or concentration attenuation rates by active recovery approaching
asymptotic levels while ratio of costs per unit reduction in mass or concentration is
rapidly increasing (S & C).

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

* From ASTM E-3488 Guide for Advancing Stalled Corrective Action Sites Toward Site Closure
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Training Summary

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

TPH key messages

e TPH is defined by analysis

e 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)

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




Training Summary

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

= —Gravel
§ Coarse Sand
—_ =—Silty Sand
el
: £ —silt
T8
t
e g
3 E
0
m
b
T o v v ' '
0.00 0.20 0.40 060  0.80 1.00

LNAPL Saturation

https://Inapl-3.itrcweb.org/




Training Summary

e Mobile LNAPL in wells does not mean that the LNAPL body is migrating (or recoverable)

e LNAPL thickness in wells is affected by soil type, water table fluctuations, and the LNAPL
hydrogeologic condition

e Biodegradation processes deplete LNAPL source mass and helps stabilize LNAPL bodies

e Remedial technology selection based on the LNAPL concern(s): saturation, composition,
and/or aesthetic

Y __

unconfined LNAPL

% INTERSTATE ﬁ D I
: '“""' ,E-.-T.—TS\ https://Inapl-3.itrcweb.org/
— NVIRONMENTAL RESEARCH

TTTTTTTTTTTTTT STATES




Training Summary

PVI key messages

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

e PVI risks are mainly associated with LNAPL (gasoline)

Lateral Inclusion Zone

¥

%> 30 ft i

v
1
]
3
™
ETEE e !
":.'i'.f-\'

Residual-Phase LNAPL




Training Summary

PVI key messages

e Proper identification of residual LNAPL sources is critical

e 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




PVI [NAPL
https://projects.itrcweb.org/PetroleumVI-Guidance/ |

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

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

Questions?

* INTERSTATE

COUNCIL
ADOTONHO3IL *

RG

+ AHOLYINODIY «

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

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