











FOREWORD

API publications necessarily address problems of a general nature. With respect to partic-
ular circumstances, local, state and federal laws and regulations should be reviewed.

API is not undertaking to meet the duties of employers, manufacturers, or suppliers to
warn and properly train and equip their employees, and others exposed, concerning health
and safety risks and precautions, nor undertaking their obligations under local, state, or fed-
eral laws.

Nothing contained in any API publication is to be construed as granting any right, by
implication or otherwise, for the manufacture, sale, or use of any method, apparatus, or prod-
uct covered by letters patent. Neither should anything contained in the publication be con-
strued as insuring anyone against liability for infringement of letters patent.

All rights reserved. No part of this work may be reproduced, stored in a retrieval system, or
transmitted by any means, electronic, mechanical, photocopying, recording, or otherwise,

without prior written permission from the publisher. Contact the Publisher,
API Publishing Services, 1220 L Street, N.W., Washington, D.C. 20005.

Copyright © 2001 American Petroleum Institute
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RCRA Exemption and Risk-
Based Management: The risk-
based decision-making process
provides an operator with a
means to choose the proper man-
agement and disposal options for
wastes. However, an E&P opera-
tor may be found liable for clean-
up actions under RCRA Sections
f002 and 7003 for releases of
wasles thal pose an imminent and
substantial endangerment to
human health and the environ-
ment. For more information about
the regulatory status of E&P
wasltes, see Appendix A.

Background (or naturally occurring) chemical concentrations
(1.€., those typically found in unaffected areas)

Y

» Analytical detection limits

» Concentrations that may be attainable if the most aggressive
technologies were used for site remediation.

However, since none of these goals is directly tied to the actual risks
posed by the chemicals of concern, there is no way to determine
whether or not these goals actually protect human health and the
environment.

TRADITIONAL APPROACHES MAY MISALLOCATE RESOURCES

There is no way to determine the cost/benefit associated with achieving
the management goals listed above, since the benefit of the action
cannot be determined. Without any knowledge of the benefit resulting
from a given action, there is no way to prioritize actions to focus them
on those problems where the greatest potential for risk reduction exists.
This could conceivably result in a portion of the public being left at
risk, and in the misallocation of both the technical and financial
resources of this country. This represents a problem because there 1s a
limit to the resources that the United States has available to solve the
environmental problems in the oil and gas, or any other, industry.

Risk-BASED APPROACHES PERMIT COST-BENEFIT ANALYSES

In contrast, risk-based approaches to site management clearly describe
the potential health benefits that might result from a particular
environmental management decision. Consequently, the actions that are
taken at a site can be evaluated and prioritized based on the actual
reduction in risk that would be achieved and technical and financial
resources can be allocated appropriately.

SHouLD IT BE USED AT ALL SITES?

Like all technical methodologies and protocols, risk-based decision-
making 1s not necessarily applicable to every situation at every E&P
site. For example, there may be instances where a risk-based assess-
ment concludes that TPH concentrations at a specific site do not pose a
health risk. However, these same concentrations may produce unsight-
ly conditions that may influence site management decisions.

It 1s also important to think carefully about the assumptions that are
made when using risk-based decision-making for site management.
Since it is not uncommon to have limited data available to conduct a
risk-based evaluation of a site, there 1s generally a need to make some
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At most E&P sites, it 1s likely that a tiered risk-based strategy will be
the approach of choice. This is because E&P sites generally involve a
known and very limited number of chemicals of potential concern (e.g.,
crude oil, gas condensates, selected additives), and they have relatively
small operational footprints. Consequently, the lower tiers of risk
analysis will often provide the most cost-effective site management
approach.

WHAT IS THE ROLE OF GENERIC SITE CLEANUP CRITERIA IN
THE RISK-BASED DECISION-MAKING PROCESS?

Both generic and site-specific criteria have a potential role in the
management of E&P sites. Generic site clean-up criteria, many of
which are not explicitly risk-based, can be used as Tier 1 screening
level criteria. E&P site managers can use these criteria for site
management if the desire or need to generate a site-specific risk-based
criteria 1s not present. For example, if a site in its current condition was
already below the generic site clean-up criteria, there would be no need
to incur the expense or spend the time to determine what the site-
specific risk-based criteria would be. Similarly, for a given site, if the
volume of impacted soil (or other environmental media) that exceeds
the generic criteria is small, it may be more cost-effective to take the
necessary remedial action to meet the generic criteria than to determine
if the remedial action is really necessary by generating site-specific
criteria. However, it should be recognized that those generic criteria
that are not risk-based may or may not be protective of human health
and the environment. One of the goals of the recent PERF research
initiatives (1.e., PERF Project 97-08) was to derive a generic risk-based
screening criteria against which existing, non risk-based criteria that are
currently used for E&P site management could be compared.

TIER 1 VERSUS TIER 2 OR TIER 37?7

The development of tiered approaches for the risk-based analysis of
sites was based on the premise that there are situations where
conducting a detailed risk analysis may require more effort and time
than immediate implementation of site remedial actions. For this
reason, after every tier of risk analysis, the site manager must perform a
cost/benefit evaluation to determine 1f 1t makes sense to proceed to the
next level of risk analysis. Only if a clear benefit exists would the
decision to move forward be made. For example, because the Tier 1
assessment 1s often based upon conservatively low, generic site clean-
up goals, the extent of a site remedial action may be larger (and more
expensive) than might be required if a more detailed site-specific Tier 2
analysis were conducted. However, additional time and expense will
be incurred to complete the Tier 2 analysis. At this point, the site

6

Tiered risk-based strategies are
appropriate for E&P sites since
these sites:

[

# Involve known and very
limited number of chemicals

» Have relatively small opera-
tional footprints

Examples of generic site clean-up
criteria for TPH in soils at E&P

sites in North America (mg/kg)

~ Colorado:
+ 1,000 (sensitive site)
+ 10,000 (non-sensitive site)
Louisiana: 10,000

New Mexico: 100; 1,000; or
5,000

Texas: 10,000
Wyoming: 1,000 fo 10,000
Alberta (Canada): 1,000

v v ¥

Cost-benefit analysis will deter-
mine if the more detailed Tier 2 or
Tier 3 analysis is warranted.
Timing is also likely to be an im-
portant factor.
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PART Il
CHARACTERISTICS OF CRUDE OILS,
REFINED PETROLEUM PRODUCTS,
CONDENSATES, AND E&P WASTES

An understanding of the chemical, physical, and toxicological charac-
teristics of crude oils, refined petroleum products, condensates, and
E&P wastes 1s required for the effective application of risk-based
decision-making. However, most of the available analyses of these
materials will not support a rigorous assessment of risk. Several recent
studies have improved this situation by providing the necessary data to
support risk analyses [TPHCWG, 1999; Kerr, et al., 1999a; Kerr, et al.,
:19991:-; Magaw, et al., 1999a; Magaw, et al., 1999b; McMillen, et al.,
1999a; McMillen, et al., 1999b]. A summary of these chemical,
physical, and toxicological data is presented here.

CHEMICAL CHARACTERISTICS

WHAT ARE THE CHEMICAL CHARACTERISTICS OF CRUDE OIL AND ITS
REFINED PRODUCTS?

In the broadest sense, petroleum hydrocarbons can be divided into two
classes of chemicals, saturates and unsaturates. The saturates, also
referred to as alkanes or paraffins-, are comprised of three main sub-
classes based on the structure of their molecules: either straight chains,
branched chains, or cyclic. Straight-chain compounds are known as
normal alkanes (or n-alkanes). The branched chain compounds are
designated isoalkanes and the cyclic compounds, cycloalkanes. [Petro-
leum geologists typically refer to alkanes as paraffins and cycloalkanes
as cycloparaffins or naphthenes|. Within the unsaturates, there are two
main subclasses, aromatics and olefins. This classification of petro-
leum hydrocarbons 1s summarized in Figure 1. The compounds encom-
passed by the classification, aliphatic hydrocarbons, include all of the
non-aromatic compounds shown at the bottom of Figure 1 (1.e., n-
alkanes, isoalkanes, cycloalkanes or naphthenes, and olefins). Aro-
matic hydrocarbons are comprised of one or more unsaturated cyclic
structures, or rings. Benzene contains one such ring, while polycyclic
aromatic hydrocarbons contain two or more rings (e.g., phenanthrene
has three unsaturated rings).

Crude Qil

Figure 2 describes the major classes of petroleum hydrocarbons that are
present in crude oil. The primary saturated and unsaturated hydro-
carbons consist of n-alkanes, isoalkanes, cycloalkanes, and the mono-,
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normal alkanes (or n-alkanes). The branched chain compounds are
designated isoalkanes and the cyclic compounds, cycloalkanes. [Petro-
leum geologists typically refer to alkanes as paraffins and cycloalkanes
as cycloparaffins or naphthenes|. Within the unsaturates, there are two
main subclasses, aromatics and olefins. This classification of petro-
leum hydrocarbons 1s summarized in Figure 1. The compounds encom-
passed by the classification, aliphatic hydrocarbons, include all of the
non-aromatic compounds shown at the bottom of Figure 1 (1.e., n-
alkanes, isoalkanes, cycloalkanes or naphthenes, and olefins). Aro-
matic hydrocarbons are comprised of one or more unsaturated cyclic
structures, or rings. Benzene contains one such ring, while polycyclic
aromatic hydrocarbons contain two or more rings (e.g., phenanthrene
has three unsaturated rings).

Crude Qil

Figure 2 describes the major classes of petroleum hydrocarbons that are
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Appendix A provides a discus-
sion of RCRA exemption for

E&P wastes and definition of
"associated wastes.”

APl and GRI conducted studies
to characterize  "associated
wastes" from wellhead produc-
tion operations:

» APl analyzed 12 wastes;
GRI, 20 wastes. Five
common waste types were
analyzed by both organiza-
tions.

~ Wastes were characterized
for:

(1) VOCs

(2) Semi-volatile organic
compounds

(3) Trace metals

Hydrocarbons Detected in
E&P Wastes:

~ VOCs: benzene, carbon
disulfide, ethylbenzene,
toluene, and xylene

»  Semi-volatile Organic Com-
pounds: phenol, naphtha-
lene, methyl-naphthalene,
methylphenol, chrysene,
and phenanthrene

The wastes that are uniquely associated with exploration and produc-
tion operations are currently exempt from regulation under the
Resource Conservation and Recovery Act (RCRA) as “hazardous
wastes.” Produced water and drilling muds are the two wastes that are
produced in the largest volumes. RCRA-exempt “associated wastes”
include hydrocarbon-containing wastes such as soil impacted with
crude oil, tank bottoms, and workover fluids. Other potentially
significant associated wastes include the gas processing fluids that are
used to dehydrate and remove sulfur from the gas (i.e., glycols and
amines) as well as used exploration additives such as biocides, frac
fluids, and drilling fluids. [See Appendix A for a discussion of the
RCRA E&P regulatory determination and definition of "associated
wastes"|.

Characterization Studies

Both API and GRI have conducted studies to characterize several of the
associated wastes of oil and gas exploration and production. The API
study [American Petroleum Institute, 1996] focused primarily on the
characterization of the associated wastes from wellhead o1l production
operations. Complementing this effort, the GRI study [Gas Research
Institute, 1993] emphasized the characterization of wastes from natural
gas production associated with mainline compression/transmission,
underground storage, and gas processing and conditioning. A common
set of four samples from a single gas processing and conditioning
facility were characterized in both studies.

The API study analyzed a total of twelve different associated wastes
from o1l and exploration and production sites. These wastes included:

» Tank bottoms

» Crude oil impacted soil

» Workover fluids (flowback from spent stimulation fluids)

» Produced sand

» Dehydration and sweetening materials (i.e., glycol waste,

dehydration condensate water, spent molecular sieve, spent
iron sponge, and used amine solutions)

» Pit and sump samples
» Rig wash waters

» Pipeline pigging materials

All but five of the wastes were characterized for volatile organic com-
pounds (EPA Appendix IX of 40 CFR, Part 264: This Appendix of the
Code of Federal Register presents a list of chemicals for groundwater
monitoring at RCRA hazardous waste facilities. This list has also been
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procedures and ecological toxicity data are considered beyond the
scope of this document.

SUMMARY OF KEY DIFFERENCES IN THE CHARACTERISTICS
OF CRUDE OIL, REFINED PETROLEUM PRODUCTS,
CONDENSATES, AND E&P WASTES

In summary, there are some very important differences in the charac-
teristics of crude oil, refined petroleum products, condensates, and E&P
wastes. These differences can have a significant effect on the risk that
1s assoclated with their presence at a site.

WHAT IS THE EVIDENCE OF DIFFERENCES IN BULK HYDROCARBON
COMPOSITION?

Carbon-Number Range

From a broad perspective, crude oil encompasses a wide spectrum of
hydrocarbons compared to its refined products and most of the
condensates. As mentioned, a typical carbon-number range for gaso-
line 1s only Cs to Cjg; diesel, Cy» to Csg; and condensate, <Cg to Csy.
Evidence of these differences can be seen by comparing the gas
chromatograms of crude oil (Figure 3), gas condensates (Figure 5), and
the refined products of gasoline and diesel fuel (Figure 6). These
chromatograms reveal the narrower hydrocarbon distributions that are
typical of the refined products and the condensates.

Chemical Classes of Hydrocarbons

The gas chromatograms also provide evidence of the differences in
hydrocarbon composition that can exist even within a single type of
hydrocarbon mixture. The PERF Project 97-08 made a special effort to
capture the differences among crude oils by collecting seventy samples
of crude oils from all over the world. An indication of how
representative these samples were of the general composition of a
worldwide set of 636 crude oils 1s shown 1n Figure 7 [Tissot B. P. and
D. H. Welte, 1978]. The individual data points shown represent the
composition of the crude oil samples of the PERF project (51 separate
crude oils and crude o1l extracts from 6 soil samples). Every one of
these data points fall within the 95% frequency distribution envelope
that was delineated using the worldwide set of crude o1l samples. The
composition data points from the PERF project also uniformly cover
nearly the entire area within the frequency distribution envelope shown
in Figure 7.

20

Refined products and conden-
sates have narrower hydro-
carbon distributions than crude
oils.

The composition of the crude
oils in the PERF Project, 97-08,

were representative of crude
oils from around the world.
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Exposure assessment Iis an
extremely important element of
the risk evaluation because it
introduces site-specific factors
into the characterization of the
site risk.

All chemicals have the inherent
ability to cause adverse health
effects of some sort, at some
dose level; but only some
chemicals have the ability to
cause cancer.

Key challenges associated with
using toxicity data:

(1) Extrapolating pure chemical
test results to complex
mixtures of chemicals

(2) Extrapolating pure chemical
test results to situations
where the chemicals are
present in soil

(3) Extrapolating test results in
animals to humans

Once it has been determined who might be exposed to chemicals of
potential concern, the next step is to determine how they might be
exposed. This 1s a process in which potentially complete exposure
pathways are identified. In identifying these complete exposure path-
ways, the sources of the chemicals at the site are determined and the
ways 1n which they may move around in the environment and be trans-
ported to places at which receptors might realistically be exposed are
considered. For example, if a crude oil 1s spilled on soil at a site, a
worker in the area may be exposed by direct skin contact with the
impacted soil. Alternatively, some of the components of the crude oil
may vaporize into air and be inhaled by the worker or they may migrate
through the soil into the groundwater and then be transported to a
drinking water well at some distance from the site and subsequently
ingested. The exposure assessment is important because it introduces
site-specific factors into the characterization of the site risk.

The final step of the exposure assessment is to quantify the potential
exposure to 1dentified receptors. Standardized intake equations are
used in this part of the analysis to answer the final question “To how
much of the chemicals of potential concern is a receptor likely to be
exposed?”

ToXICITY (DOSE-RESPONSE) ASSESSMENT

The toxicity assessment answers the question “What dose levels of the
chemicals of potential concern may produce adverse health effects in
people or other receptors?” In the toxicity assessment, chemicals are
usually evaluated separately for their abilities to cause cancer and other
adverse health effects. All chemicals can cause adverse health effects
of some sort at some dose level, but only some chemicals have the
potential to cause cancer. Most available toxicological data for both
carcinogenic and non-carcinogenic chemicals have been generated 1n
the laboratory using pure chemicals that have been added to the food or
water of rats or mice. One of the major challenges 1s in extrapolating
these results to situations in which mixtures of chemicals, such as crude
oil, may be of concern. A second challenge is in extrapolating the
laboratory results obtained in rodents treated with pure chemicals to
situations in which people are exposed to chemicals in soil. In both
cases, uncertainty factors are included to make certain that chemical
toxicity is not underestimated.

RisKk CHARACTERIZATION

The final step of the risk evaluation combines the results of the
Exposure Assessment with the Toxicity Assessment to estimate the
potential risks posed by the site. The result is a conservative risk
estimate that is likely to overestimate the true risks posed by the site.
In reality, the true risk 1s most likely to be much lower than the
estimated risk, and may be as low as zero in some cases.
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The U.S. EPA has developed default values for each of these para-
meters that can be used if no other site- or chemical-specific data are
available. Many state regulatory agencies have also made recommen-
dations for their programs. Where appropriate, default values are
available for several potential human receptors including workers, and
adult and child residents.
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Peoples, 1954; Udo, et al., 1975; Baker, 1970; deOng, et al., 1927,
Plice, 1948; Chaineau, et al., 1997; and Saterbak, et al., 1999]. This
work 1llustrated that >10,000 mg/kg TPH from crude oil did not
adversely impact the growth of most plants nor pose a risk of leaching
to groundwater. Some states adopted a TPH clean-up level of 10,000
mg/kg (1% by weight) based on these results. However, other states
used TPH standards as low as 100 mg/kg in soil that are similar to
those developed for gasoline leaks at underground storage tank sites for
the protection of groundwater. This standard might be applied to an
E&P site even though a heavy crude oil, with no potential to leach to
groundwater, may have been the only onsite petroleum hydrocarbon.
The current research initiatives seck to establish a more consistent
technical approach for the management of petroleum hydrocarbons that
emphasizes the protection of human health and determines if a TPH
concentration of 10,000 mg/kg is indeed protective at E&P sites.

WHAT IS TOTAL PETROLEUM HYDROCARBON OR TPH?

TPH 1s defined by the analytical method that 1s used to measure it.
Conventional TPH measurement techniques quantify only those
hydrocarbons that are extracted by the particular method. To the extent
that the hydrocarbon extraction efficiency 1s not identical for each
method, the same sample analyzed by different TPH methods will
produce different TPH concentrations.

Conventional bulk measurements of TPH in a sample are sufficient for
screening the acceptability of site concentrations, based upon a compar-
ison with existing TPH regulations. However, these bulk measure-
ments are not sufficient to support a human health risk assessment. To
illustrate this point, high bulk TPH concentrations can be measured in
items that clearly do not pose a risk to human health. For example,
TPH concentrations have been measured in many items that can be
found throughout nature including grass (14,000 mg/kg of TPH), pine
needles (16,000 mg/kg of TPH), and oak leaves (18,000 mg/kg). It has
also been measured in household petroleum jelly at concentrations of
749,000 mg/kg. Although these TPH concentrations are substantially
greater than many existing TPH standards, none of these materials are
considered a risk to human health.

WHAT METHODS ARE USED TO MEASURE BULK TPH IN SoOIL AND
GROUNDWATER ?

Analytical Methods

Some of the more common methods for the analysis of TPH include:
(1) Method 418.1 or Modified 418.1, (2) Method 413.1 for oil and
grease, (3) Modified 8015M for Diesel-Range Organics (DRO) and (4)
Modified 8015M for Gasoline-Range Organics (GRO) [TPHCWG,
1998a]. Method 418.1 consists of solvent extraction followed by
treatment in a silica gel column and infrared spectroscopy; the modified
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needles (16,000 mg/kg of TPH), and oak leaves (18,000 mg/kg). It has
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749,000 mg/kg. Although these TPH concentrations are substantially
greater than many existing TPH standards, none of these materials are
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items that clearly do not pose a risk to human health. For example,
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ison with existing TPH regulations. However, these bulk measure-
ments are not sufficient to support a human health risk assessment. To
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items that clearly do not pose a risk to human health. For example,
TPH concentrations have been measured in many items that can be
found throughout nature including grass (14,000 mg/kg of TPH), pine
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749,000 mg/kg. Although these TPH concentrations are substantially
greater than many existing TPH standards, none of these materials are
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749,000 mg/kg. Although these TPH concentrations are substantially
greater than many existing TPH standards, none of these materials are
considered a risk to human health.

WHAT METHODS ARE USED TO MEASURE BULK TPH IN SoOIL AND
GROUNDWATER ?

Analytical Methods
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illustrate this point, high bulk TPH concentrations can be measured in
items that clearly do not pose a risk to human health. For example,
TPH concentrations have been measured in many items that can be
found throughout nature including grass (14,000 mg/kg of TPH), pine
needles (16,000 mg/kg of TPH), and oak leaves (18,000 mg/kg). It has
also been measured in household petroleum jelly at concentrations of
749,000 mg/kg. Although these TPH concentrations are substantially
greater than many existing TPH standards, none of these materials are
considered a risk to human health.

WHAT METHODS ARE USED TO MEASURE BULK TPH IN SoOIL AND
GROUNDWATER ?

Analytical Methods

Some of the more common methods for the analysis of TPH include:
(1) Method 418.1 or Modified 418.1, (2) Method 413.1 for oil and
grease, (3) Modified 8015M for Diesel-Range Organics (DRO) and (4)
Modified 8015M for Gasoline-Range Organics (GRO) [TPHCWG,
1998a]. Method 418.1 consists of solvent extraction followed by
treatment in a silica gel column and infrared spectroscopy; the modified
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Only exposure pathway for TPH
that poses a significant risk of
non-cancer health effects at
E&P sites is direct contact with
hydrocarbon-impacted soil.

There are additional factors that must be considered when conducting
the above calculations. For example, the summation of all of the mass
fractions of the carbon number fractions must equal unity. Also, the
concentration of any carbon number fraction in soil cannot result in
hydrocarbon concentrations in pore water and soil vapor above
saturation levels. The details regarding phase saturation have been
reported elsewhere [TPHCWG, 1999] and are summarized briefly in
Appendix C of this document. This detailed information should be
consulted before any application of this methodology to a site is
attempted.

Lastly, 1t should be understood that there are some key assumptions re-
garding the potential interactive toxicological effects of the individual
fractions of a hydrocarbon mixture that are implicit in the calculation of
the TPH RBSL for the whole crude o1l. Specifically, the methodology
of the TPHCWG assumes that each carbon-number fraction will affect
the same target organ and that the toxic effects are additive. This
assumption is considered appropriate for a screening level assessment
since different hydrocarbon fractions often affect different target
organs, rendering additivity of toxicological effects highly conserva-
tive.

WHAT EXPOSURE SCENARIOS AND PATHWAYS ARE IMPORTANT FOR
CRUDE OiL AND WHAT ARE THE TPH RBSLS FOR THESE
SITUATIONS?

As previously noted, both the current and future land uses will play a
role in establishing the exposure scenarios that are important at an E&P
site. The TPH RBSLs for crude oil that are determined for the site will
be different for these different exposure scenarios because of various
assumptions that are made about the receptors and their frequency of
contact with the site hydrocarbons. In general, residential exposure
scenarios are not considered relevant to most E&P sites and the primary
focus of site management is on commercial or other non-residential
applications. However, in those instances where residential land use 1s
of concern due to the past history of the site development, the conduct
of a site-specific risk assessment to address this scenario may be
warranted and should be considered.

With regards to non-residential land use, it has been determined that the
only exposure pathway for TPH that poses a significant risk of non-
cancer human health effects i1s direct contact with hydrocarbon-impac-
ted soil (i.e., soil ingestion, inhalation of soil particulate, and dermal
contact) [McMillen, et al.,, 199b]. Leaching to groundwater and
volatilization to outdoor air can be important pathways for crude oil at
non-residential sites but only under certain circumstances [Rixey, et.
al., 1999]. This is because most crude oils have low concentrations of
the low molecular weight aromatic hydrocarbons as compared to
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Texas Natural Resource and
Conservation Commission re-
cently issued draft guidance
stating that conventional TPH
measuremenls can be used lo
evaluate a site providing TPH
RBSLs have been determined
for the hydrocarbon mixture at
the site using the fractionation
approach.

WHEN IS IT NECESSARY TO USE THE RISK-BASED ASSESSMENT OF
TPH RATHER THAN CONVENTIONAL TPH MEASUREMENTS OR
ASSESSMENTS?

The use of conventional measures of bulk TPH is more than adequate
for site management purposes providing that RBSLs have been
determined for the specific hydrocarbon mixture at the site or for
specific types of hydrocarbon mixtures, e.g., transformer mineral oil
| TNRCC, 2000]. If 1t i1s suspected that multiple sources of different
hydrocarbons may have been present at the site (e.g., chromatographic
fingerprints of the bulk TPH changes across the site), then it may be
necessary to calculate more than one RBSL for each exposure pathway
of a site. However, in general, only one sample from each potential
source area needs to be evaluated using the more advanced, risk-based
assessment of TPH composition.

TABLE 5. NoON-RESIDENTIAL TPH RBSLs For CrRUDE OIL AND THEIR ASSOCIATED
WASTES (MG/KG)

Leaching to Vaporization to
Groundwater Outdoor Air Surface Soils

Field #1

Crude Ol NL NL 82,000

Tank Bottoms NL NL 84,000

Qily Soil NL NL 76,000

Oiled Road NL NL 96,000

Material
Field #2

Crude Oil NL NL 52,000

Cyclone NL NL 59,000

Separator

Sludge

Slop Oil NL NL 61,000
Field #3

Crude Oil NL NL 63,000

Oily Soll NL NL 100,000
Field #4

Crude Ol NL NL 64,000

Oily Soll NL NL 77,000
Field #5

Crude Ol NL NL 61,000

Oily Soil NL NL 75,000

NL: Not limiting pathway.

In lieu of generating a mixture-specific RBSL for a site, the site
manager can elect to use a pre-determined RBSL provided that it was
generated using a petroleum mixture that is similar to the one of
interest at his site. For example, the State of Texas has developed an
RBSL specifically for transformer mineral oil [TNRCC, 2000]. This
Tier 1 RBSL was based on actual data that were collected on hydroc-
carbon-impacted soils by the utility industry. Any owner of a site that
has transformer mineral oil as a source of hydrocarbon impacts can
now use this RBSL to conduct a Tier 1 screening of his site.

The TNRCC has invited other industries to generate similar data for
gasoline, diesel, and other petroleum hydrocarbons. The objective of
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Low concentrations of PAHSs in
crude oil are unlikely to be a
major risk at E&P sites. These
results suggest that there is no
compelling evidence to routinely
conduct PAH analyses at these
sites.

Average benzene concentration
in 69 crude oil samples was
1,340 mg/kg oil; in condensates,
10,300 mg/kg.

tion at crude oil spill sites [Magaw. et al., 1999a; Magaw, et, al.,
1999b]. The evaluation involved a total of 26 crude oils that were
analyzed and found to contain very low levels of metals (Table 6).
Evaluation of the human health risk associated with soil containing
these crude oils showed that the potential risk due to the presence of the
metals was not significant at total crude o1l concentrations in soil above
10,000 mg/kg, measured as total petroleum hydrocarbons (TPH). The
amount of metals 1n 10,000 mg/kg TPH would also be protective of soil
invertebrates, plants, and soil microbial communities as defined by
published ecological soil screening levels.

Polycyclic Aromatic Hydrocarbons

Similar to the analysis of metals in crude oil, an analysis of 70 crude
oils revealed the presence of very low concentrations of priority
pollutant PAHs including the seven carcinogenic PAHs (Table 7)
[Kerr, et al., 1999a; Kerr. et al., 1999b]. A screening of the human
health risk associated with the presence of the carcinogenic PAHs 1n
crude oil-contaminated soil showed the risk was not significant at TPH
concentrations up to 170,000 mg/kg at non-residential sites. Even
when the more restrictive exposure and toxicity parameters of the State
of California were used, the acceptable levels for crude oil in soil based
on the potential human health effects of PAHs were determined to be
well above 10,000 mg/kg. This indicates that the low levels of PAHs
in crude oi1ls are not likely to be a major risk management consideration
at crude oil spill sites and that TPH RBSLs of 10,000 mg/kg will be
protective of human health with a considerable safety factor. In cases
where groundwater protection may be of concern, the potential for
naphthalene to leach to groundwater may need to be evaluated
separately. Overall, these results suggest that there 1s no compelling
evidence to conduct routine PAH analyses at E&P sites.

Benzene

An understanding of the impact of benzene in terms of cancer risk on
the management of residual hydrocarbons at E&P sites is continuing to
evolve. Current work to examine this 1ssue 1s building upon previous
efforts that were focused on the management of underground storage
tanks (UST). Since the UST programs usually dealt with refined
petroleum products such as gasoline, the majority of the recent work
has been to delineate the key differences that exist when crude oil is the
petroleum hydrocarbon of concern.

Presence of Benzene at E&P Sites. Benzene concentrations were
measured in a total of 69 crude oils and 14 natural gas condensates
[Rixey, 1999]. Its concentration in the crude oil ranged from non-
detect (<1.4 mg/kg o1l) to 5,900 mg/kg o1l, with a mean concentration
of 1,340 mg/kg oil. In contrast, the maximum concentration in the
natural gas condensates was 35,600 mg/kg of condensate (3.56%) with
a mean concentration of 10,300 mg/kg.
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» [f, after mixing a non-exempt characteristic hazardous waste
with an exempt waste, the resulting mixture does not exhibit
any of the same characteristics as the hazardous waste, the
mixture i1s exempt. Even if the mixture exhibits some other
characteristics of a hazardous waste, it is still exempt.

» Generally, 1f a listed hazardous waste (1.e., a waste listed as
hazardous in the Code of Federal Regulations under Subpart
D of 40 CFR Part 261) 1s mixed with an exempt waste,
regardless of the proportions, the mixture is a non-exempt
hazardous waste.

Due to the complexity of the waste characteristics and the environ-
mental regulations, it should be understood that these guidelines only
provide a broad overview of possible waste management strategies.
Before a final strategy is implemented for a given site, the site manager
should consult the governing regulatory agency and/or an
environmental expert in this area.
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EQUATION FOR SoiL RBSL:
LEACHING TO GROUNDWATER

Groundwater RBSL
THQ x RfD, x BW x AT, x 365 92YS
RBSL,, { mg } = year
L-H,0 IR, x EF x ED
where:
THQ = Target hazard quotient for individual constituents [unit-
less]
RfD, = Oral chronic reference dose [mg/kg-day]
BW = Body weight [kg]
ATn = Averaging time for non-carcinogens [years|
IRw = Daily water ingestion rate [L/day]
EF = Exposure frequency [days/year]
ED = Exposure duration [years]

Soil RBSL Based on Groundwater RBSL

RBSL /L —H,0
RBSL [mg/kg — soil] = gw IMg/L —H,0]

LFsw
LF,,, = Ps i
[BWE + kSPS + HHHS] 1+ gw gw
W
where:

LF..= leaching factor [mg/L-H,O/mg/kg-soil]
ow = groundwater Darcy velocity [cm/y]
groundwater mixing zone thickness [cm]

-

r:{-
trg
=
|

I = infiltration rate of water through soil [cm/y]

W = width of source area parallel to groundwater flow direction [cm ]
As = soil bulk density [g/cm’]

H = Henry’s Law constant [em’/em’]

l,s = volumetric air content in vadose-zone soils [em’/cm’]

lys = volumetric water content in vadose-zone soils [em’/cm’]

K, = soil-water sorption coefficient [(g/g-soil)/(g/cm’-H,0)]
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ATn = Averaging time for non-carcinogens [years|
IRw = Daily water ingestion rate [L/day]
EF = Exposure frequency [days/year]
ED = Exposure duration [years]

Soil RBSL Based on Groundwater RBSL

RBSL /L —H,0
RBSL [mg/kg — soil] = gw IMg/L —H,0]

LFsw
LF,,, = Ps i
[BWE + kSPS + HHHS] 1+ gw gw
W
where:

LF..= leaching factor [mg/L-H,O/mg/kg-soil]
ow = groundwater Darcy velocity [cm/y]
groundwater mixing zone thickness [cm]

-

r:{-
trg
=
|

I = infiltration rate of water through soil [cm/y]

W = width of source area parallel to groundwater flow direction [cm ]
As = soil bulk density [g/cm’]

H = Henry’s Law constant [em’/em’]

l,s = volumetric air content in vadose-zone soils [em’/cm’]

lys = volumetric water content in vadose-zone soils [em’/cm’]

K, = soil-water sorption coefficient [(g/g-soil)/(g/cm’-H,0)]
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